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HSP27 (HSPB1) AS A THERAPEUTIC TARGET 
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Human Hsp27(HspB1) is a molecular chaperone which is constitutively 
expressed in several mammalian cells, particularly in pathological conditions. 
This protein has functions as diverse as protection against toxicity mediated 
by aberrantly folded proteins or oxidative-inflammation conditions. In 
addition, it has anti-apoptotic properties and is tumorigenic when expressed 
in cancer cells. Hsp27(HspB1) has implications, either positive or deleterious, 
in pathologies such as neurodegenerative diseases, asthma, and cancers. 
Moreover, mutations in hsp27 gene have been detected which are responsive 
of hereditary motor neuropathies. Hsp27(HspB1) is therefore an active 
determinant in health and disease and not just a passive storage device. 
Approaches as well as preliminary results towards therapeutic strategies 
aimed at modulating the expression and/or the activities of Hsp27(HspB1) will 
be presented. 
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HSPB8 FORMS WITH BAG3 A CHAPERONE COMPLEX STIMULATING 
MACROAUTOPHAGY: POSSIBLE INVOLVEMENT OF SHSP IN 
PROTEIN QUALITY CONTROL 
 
Jacques Landry 
 
Centre de recherche en cancérologie de l’Université Laval, L’Hôtel-Dieu de 
Québec, Québec, Canada, G1R 2J6, jacques.landry@med.ulaval.ca 
 
Intracellular protein aggregation can occur upon proteotoxic stress or 
genetic mutations and represents a major threat in the crowded 
environment of the cell. The Hsp70/Hsp90 proteins and their associated 
co-chaperones form a protein quality control system which can recognize 
such proteins and either assist them in renaturation or target them for 
degradation. Proteins from the small Hsp family, and in particular HspB1 
(Hsp27) and HspB8, may similarly act as molecular chaperones as 
evidenced by their association with human diseases featuring protein 
conformation defects. Diverse types of activities are associated with each 
of these proteins. On one hand, HspB1 (Hsp27) but not HspB8 potentiates 



the renaturation of damaged proteins in the cells. In this activity, HspB1 
recognizes the substrate and then recruits a renaturating machinery likely 
involving Hsp70 family members. On the other hand, HspB8, but not 
HspB1, forms in cells a stable protein complex with Bag3, a Bag family 
member previously identified as a Hsp70 co-chaperone. In association 
with Bag3 but independently Bag3 binding to Hsp70, HspB8 efficiently 
limits the accumulation of aggregation-prone protein substrates by 
targeting them to destruction by macroautophagy, a lysosome-based 
protein degradation system capable of degrading large structures and 
insoluble protein aggregates. In this complex HspB8 likely acts as a 
molecular chaperone responsible for the recognition the damaged 
substrates whereas Bag3 is responsible for recruiting and stimulating the 
macroautophagy machinery. Accordingly, HspB1 engineered to interact 
with Bag3 can also target unstable proteins to degradation. Hence HspB 
proteins can, like Hsp70/Hsp90, function in protein quality control by 
recognizing protein substrates, the fate of which being determined by 
associated co-chaperones that are specific to individual chaperones. 
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RECOVERY OF MACROMOLECULAR SYNTHESIS AFTER STRESS: THE 
ROLE OF SMALL HEAT SHOCK PROTEIN 
 
Nicolette H. Lubsen, N.Lubsen@science.ru.nl 
 
 
Cells stressed by heat downregulate protein synthesis. During recovery 
from heat stress protein synthesis slowly recovers. In the presence of 
either αB-crystallin or Hsp27, both small heat shock proteins, the rate of 
recovery is enhanced. Using fluorescence recovery after photobleaching 
we showed that Hsp27, but not αB-crystallin, increased the pool of mobile 
stress granule-associated EGFP-eIF4E in heat shocked cells. Hsp27 also 
partially prevented the sharp decrease in the pool of mobile cytoplasmic 
EGFP-eIF4G, supporting other evidence for a direct interaction between 
eIF4G and Hsp27. sHsps did not prevent the phosphorylation of eIF2α by 
a heat shock, but promoted dephosphorylation during recovery. Blocking 
the endogenous heat shock response by expressing a dominant negative 
HSF1 mutant during recovery from a heat shock slows the rate of 
recovery of protein synthesis and blocks the restorative effect of sHsps, 
showing that sHsps need to cooperate with other Hsps of which the 
synthesis is induced by heat shock. Translational recovery 24 hours after 
heat shock does not differ between cells expressing dnHSF1 and control 
cells. However, if cells express dnHSF1 as well as the C-terminal fragment 
of GADD34, which causes constitutive dephosphorylation of eIF2α, 
translation does not recover. These data show that two partially 



redundant pathways are involved in translational recovery from a heat 
shock. 
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REGULATION OF SMALL HEAT SHOCK PROTEINS IN AGING AND 
RESISTANCE TO STRESS 
 
Robert M. Tanguay, Geneviève Morrow, Hyun-Ju Kim, Sébastien Michaud 
 
Lab Cellular Developmental Genetics, CREFSIP, Dept Medecine, Pav. 
Marchand, Université Laval, Québec, Canada G1K 7P4. E-mail: 
Robert.tanguay@rsvs.ulaval 
 
Small HSP are involved in the refolding and/or disposal of protein 
aggregates, a feature of many age-associated diseases. In Drosophila 
melanogaster, there are 4 main small Hsps each residing in a different 
intracellular compartment. Targeting the expression of the mitochondrial 
Hsp22, to different cell types can increase lifespan by more than 30%. 
Long-lived flies expressing Hsp22 in motorneurons have an increased 
resistance to oxidative stress and maintain their locomotor activity longer. 
Over expressing the cytosolic Hsp23 in a pan-neuronal fashion (transgenic 
GAL4/UAS system) also increases longevity by 15%. Conversely, a strain 
carrying an insertion in the promoter of hsp23 which downregulates its 
expression in specific cells of the embryonic CNS and in adults has a 
decreased lifespan. The action of these chaperones on lifespan likely 
involves different pathways as suggested by the longevity curves, and 
their respective site and developmental pattern of expression. Microarrays 
analysis was used to unveil the mechanisms involved in lifespan. The 
transcriptional changes brought by Hsp22 overexpression occur early in 
adulthood and are associated with genes involved in energy metabolism, 
protein biosynthesis, and protein folding. The relation between the 
insulin/IGF signaling pathway and the heat shock response has also been 
examined using flies with mutations in the heat shock factor HSF and 
dFOXO. Altogether, these results confirm a beneficial role of the 
expression of small chaperones and corroborate the pivotal role of the 
nervous system and the insulin/IGF pathway in the ageing process. 
Supported by CIHR (Canada) and the EU  6th Framework Programme 
MiMage. 
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FUNCTIONAL INTERPLAY AMONG THE MAJOR CHAPERONE 
MACHINES OF E. COLI 
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Polypeptides emerging from the ribosome are assisted by a pool of 
molecular chaperones and targeting factors, which enable them to 
efficiently partition as cytoplasmic, integral membrane, or exported 
proteins.  In Escherichia coli, the chaperones SecB, Trigger Factor (TF), 
and DnaK are key players in this process.    Here, we report that, as with 
dnaK or dnaJ mutants, a secB null strain exhibits a strong cold-sensitive 
(Cs) phenotype. Through suppressor analyses, we found that inactivating 
mutations in the tig gene encoding TF fully relieve both the Cs phenotype 

and protein aggregation observed in the absence of SecB.  This 

antagonistic effect of TF depends on its ribosome-binding and chaperone 
activities but unrelated to its peptidyl-prolyl cis/trans isomerase’s (PPIase) 
activity.   Furthermore, in contrast to the previously known synergistic 
action of TF and the DnaK/DnaJ chaperone machine above 30°C, a tig null 
mutation partially suppresses the Cs phenotype exhibited by a 
compromised DnaK/DnaJ chaperone machine.   The antagonistic role of TF 
is further exemplified by the fact that the secB dnaJ double mutant is 
viable only in the absence of TF.   Finally, we show that, in the absence of 
TF, more SecA and ribosomes are associated with the inner membrane, 
suggesting that the presence of TF directly or indirectly somehow 
interferes with the process of cotranslational protein targeting to the Sec 

translocon.  Various models to explain our results (occasionally seemingly 
contradictory) will be offered. 
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ROLE OF HSP110 IN THE FUNCTIONAL NETWORK OF HSP70 
CHAPERONES 
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Eukaryotic cells express Hsp110 proteins that constitute a diverged branch 
of the Hsp70 molecular chaperone superfamily. Recently, both the yeast 
Hsp110 member Sse1p and the mammalian orthologue Hsp105 were 
found to act as potent nucleotide exchange factors for cytosolic Hsp70 
chaperones. We set out to characterize the steps of the nucleotide 
exchange cycle of the yeast Hsp70, Ssa1p, catalyzed by Sse1p using H/D 
exchange and mass spectrometry. The mechanism was found to involve 
formation of a stable but nucleotide-sensitive complex. Furthermore, 
Sse1p itself displays nucleotide binding and hydrolysis and adopts 
conformations dependent on the nucleotide binding status. Interestingly, 
nucleotide binding by Sse1p appears to regulate its activity as a 
nucleotide exchange factor. We also used H/D exchange and mass 
spectrometry to map the interaction surface of the Sse1p-Ssa1p complex. 
Based on these results, we can now propose a detailed model for the 
Sse1p-catalyzed nucleotide exchange cycle. 
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NETWORKS OF HSP70 AND J-PROTEIN MOLECULAR CHAPERONES 
 
Elizabeth A. Craig, Alison Meyer and Chandan Sahi 
 
Department of Biochemistry, University of Wisconsin, Madison WI, 53706, 
USA ecraig@wisc.edu 
 
Highly conserved molecular chaperones function in a wide variety of 
cellular processes, including protein folding, translocation of proteins 
across membranes and remodeling of protein complexes. J-proteins are 
obligate partners of Hsp70s that act via their J-domains to stimulate 
Hsp70’s ATPase activity, stabilizing their interactions with client proteins. 
In addition many J-proteins contain additional domains, some of which are 
capable of binding client proteins and allowing J-proteins to “deliver” them 
to their partner Hsp70. Both Hsp70s and J-proteins are encoded by large 
multigene families. Our results indicate that certain Hsp70s and J-proteins 
have evolved to function in specialized cellular processes and/or have 
“nontraditional” functions. For example, Ssz1 forms a stable heterodimer 
with the ribosome-associated J-protein Zuo1 and is required for Zuo1’s 
efficient stimulation of the ATPase activity of its partner Hsp70 Ssb. Jjj1, is 
an example of a specialized J-protein. It plays an important role in the 
biogenesis of 60S ribosomal subunits, likely facilitating the dissociation of 
factors from preribosomes to generate subunits competent for translation. 
In contrast, other J-proteins are multifunctional. The most abundant J-
protein of the yeast cytosol, Ydj1, functions in multiple cellular processes. 
Surprisingly, however, expression of only a J-domain at normal levels is 
capable of rescuing the severe growth defect caused by the absence of 
Ydj1. Thus many functions carried out by this highly conserved and 



complex J-protein require only the capacity to stimulate Hsp70s ATPase 
activity, not the “delivery” of client proteins. 
 

 
 
1B_04_S 
 
HSP110 PROTEIN CHAPERONE FUNCTION IN YEAST 
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SSE1 and SSE2 encode the essential yeast members of the Hsp70-related 
Hsp110 molecular chaperone family. Both mammalian Hsp110 and the 
Sse proteins functionally interact with cognate cytosolic Hsp70s as 
nucleotide exchange factors, and in yeast Sse1 is required for Hsp90 
chaperoning. We demonstrate that Sse1 forms high affinity heterodimeric 
complexes with both yeast Ssa and mammalian Hsp70 chaperones, and 
that ATP binding to Sse1 is required for binding to Hsp70s. The nucleotide 
binding domains (NBD) of both Sse1/2 and the Hsp70s dictate interaction 
specificity, and are sufficient to mediate heterodimerization with no 
discernable contribution from the peptide binding domains (PBD). 
However, the PBD is required for NEF activity. To better understand the 
roles of the Hsp110 chaperones, we are investigating the participation of 
Sse1 in cellular processes requiring Hsp70. To that end, we have 
generated a novel temperature sensitive allele of SSE1 that should shed 
light on the essential functions of this intriguing chaperone family. 
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MULTI-SITE POST-TRANSLATIONAL MODIFICATIONS AND 
FUNCTIONAL INTERPLAY OF HSF1 AND HSF2 
 
Lea Sistonen 
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Heat shock factors, HSFs, are specific transcriptional regulators of heat 
shock genes encoding heat shock proteins, Hsps, that function as 
molecular chaperones in protecting cells against proteotoxic stress. The 



activity of HSFs is under stringent, mainly post-translational control, e.g. 
acetylation, phosphorylation, sumoylation, and ubiquitylation. Among the 
functional domains of HSFs, the amino-terminal helix-turn-helix DNA-
binding domain is the most conserved and it also designates membership 
to the HSF family. The activation-induced trimeric assembly of HSFs is 
mediated by hydrophobic heptad repeats and is unusual, as proteins 
containing leucine zippers often form dimers. Four HSFs have been 
identified in vertebrates, HSF1 and HSF2 being ubiquitously expressed and 
well conserved throughout evolution, whereas HSF3 has been found only 
in avian species and HSF4 only in mammals. The different members of the 
mammalian HSF family have been considered to be functionally distinct; 
HSF1 is essential for the heat shock response, whereas HSF2 and HSF4 
are refractory to stress stimuli but are important for differentiation and 
development, including corticogenesis, spermatogenesis, and maintenance 
of sensory organs, e.g. lens and olfactory epithelium. We have, however, 
evidence for a functional interplay between HSF1 and HSF2. These factors 
can interact through their trimerization domains, and in response to 
stress, they can bind to hsp promoters as well as to satellite III repeats at 
locus 9q12. In both cases, an intact HSF1 is required, suggesting that 
HSF1 influences the DNA-binding activity of HSF2. At the transcriptional 
level, HSF2 is able to modulate HSF1-mediated expression of the target 
genes in a gene-specific manner. 
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HSF1 ACTIVATION AND THE CONTROL OF APOPTOSIS IN 
CHEMORESISTANT CANCERS 
 
G. Belardo,  A. Rossi, S. Ciafre’, A. Ciucci, P. Gianferretti, S. Roberts and 
M.G. Santoro 
 
Department of Biology, University of Rome Tor Vergata and Institute of 
Neurobiology and Molecular Medicine, CNR, Rome, Italy; Department of 
Chemistry, University of Manchester, Manchester, UK. 
 
Activation of the heat shock response (HSR) via HSF1 contributes to 
preserve cellular function and homeostasis under stress conditions, and 
to establish a cytoprotective state in several human diseases. In cancer, 
however, HSR activation has been associated with both anti- and pro-
apoptotic responses. Heat-induced expression of cytoprotective and 
antiapoptotic heat shock proteins (HSP) is a known complication of 
hyperthermia, resulting in cancer cell thermotolerance and 
chemoresistance. In some instances, however, HSF1 activation may 
result in apoptosis induction. We have developed a library of novel potent 
inducers of HSF1 which are characterized by pro-apoptotic activity in 
several types of chemoresistant cancers. We have previously shown that 



HSF1 induction prevents TNFα- and mitogen-induced activation of NF-κB, 
a nuclear factor playing an important role in promoting inflammation, as 
well as cell proliferation and survival. NF-κB has been found to be 
constitutively activated in several types of chemoresistant cancers where 
it suppresses cell death pathways by switching on genes that dampen 
pro-apoptotic signals. We now show that activation of HSF1 by diverse 
chemical inducers, as well as by hyperthermia itself, results in inhibition 
of constitutive NF-κB activity and rapid down-regulation of the expression 
of NF-κB-dependent survival genes, triggering apoptosis in aggressive 
cancers presenting aberrant NF-κB regulation. The results suggest that 
the block of anti-apoptotic signaling pathways utilizing the IκB kinase IKK 
may play an important role in modulating HSR pro-apoptotic effects in 
chemoresistant cancers.  
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ROLES OF HSF1 IN INFLAMMATORY AND IMMUNE RESPONSE 
 
Akira Nakai 
 
Department of Biochemistry and Molecular Biology, Yamaguchi University 
School of Medicine, Ube, Japan, e-mail: anakai@yamaguchi-u.ac.jp 
 
Inflammatory cytokines such as IL-1, IL-6, and TNF-α are induced in 
response to bacterial infection and diseases. These cytokines elicit the 
febrile response that is a complex physiological reaction to disease 
including cytokine-mediated rise in body temperature and activation of 
inflammatory systems. Fever plays beneficial roles on disease prognosis 
clinically. Experimentally, pretreatment of animals with heat shock also 
increases survival in a LPS-injected endotoxic model. These beneficial 
roles of fever are mediated partly by suppressing pyrogenic and 
inflammatory cytokines as expression of TNF-α, IL-1β, and IL-6 reduces in 
heat-shocked cells and in whole body exposed to high temperature. It was 
shown that HSF1 inhibits expression of cytokines by binding directly to 
TNF-α promoter, or by physically interacting with NF-IL6, an activator for 
IL-1β. However, molecular mechanisms underlining fever-mediated 
suppression of cytokine gene expression are uncovered yet. Here we show 
that heat shock suppresses LPS-induced induction of IL-6 by activating 
HSF1 that induces ATF3, a negative regulator of IL-6. In vivo analysis 
using HSF1-null and ATF3-null mice reveals that HSF1 as well as ATF3 
acts as a negative regulator of IL-6 expression in whole body and is 
required to inhibit fever. Unexpectedly, overexpression of ATF3 into cells 
has no effect on IL-6 expression in the absence of HSF1. HSF1 also binds 
directly to IL-6 promoter, and is required not only for a repressor ATF3, 
but also an activator NF-kB to bind to IL-6 promoter by partially opening 



chromatin structure. Taken together with the effects on expression of 
TNF-α and IL-1β, these results indicate that HSF1 plays a major role in 
feedback regulation of the febrile response. 
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HSF2 INFLUENCES THE DECISION BETWEEN PROLIFERATION AND 
MIGRATION FOR NEURAL CORTICAL PROGENITORS 
 
Diane Trouillet, Anne Le Mouël, Rachid El Fatimy, Laurence Denis and 
Valérie Mezger 
 
CNRS UMR8541, Ecole Normale Supérieure, 46 rue d’Ulm 75005 Paris 
 
Heat Shock Factors (HSFs) are not only responsible for response to 
environmental stress, but are involved in developmental processes. We 
showed in collaboration with Lea Sistonen’s lab that HSF2 is involved in 
meiosis in both genders and in brain development (Kallio et al 2002; 
Chang et al 2006). We will describe how HSF2 influences the radial 
migration of young postmitotic neurons during cortical development, but 
also  the proliferation of their neural progenitors (NPCs), using loss and 
gain of function models : Hsf2-/- mice and the overexpression of HSF2 in 
the chick neural tube, by in ovo electroporation. The identification of new 
HSF2 target genes suggests us that HSF2 directly regulates genes that are 
involved in the control of microtubule dynamics, either in mitosis or during 
migration. The question is how HSF2, which is active in NPCs as well as in 
migrating postmitotic neurons, might differentially regulate distinct pools 
of target genes in these cell populations. The ability of HSF2 to 
differentially recruit transcription factors and chromatin modifiers as well 
as its distinct biochemical properties in NPCs versus postmitotic neurons 
has been investigated by biochemical and chromatin immunoprecipitation 
(ChIP) analyses and will be discussed. Such a combination of events and 
properties, coupled with the geography of HSF2 binding sites and of other 
transcription factors sites –characteristic of a given target gene – should 
allow HSF2 to induce or repress transcription and therefore to allow the 
decision for a NPC to continue to divide or to exit the cell cycle and start 
to migrate. Grant supports : ARC (Association pour la Recherche contre le 
Cancer) and ANR Neurosciences (Agence nationale pour la Recherche). 
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HSP RELEASE: PASSIVE VS ACTIVE RELEASE MECHANISMS 
 
Alexzander Asea 
Division of Investigative Pathology, Scott & White Clinic and Texas A&M 
University System Health Science Center College of Medicine, 2401 South 
31st Street, Temple, TX 76508 United States 
E-mail: asea@medicine.tamhsc.edu 
 
Thus far, two mechanisms are recognized by which heat shock proteins 
(HSP) are released from cells into the extracellular milieu and 
subsequently into systemic circulation; a passive release mechanism as a 
result of necrotic cell death, severe blunt trauma, surgery and following 
infection with lytic viruses, and an active release mechanism which 
involves the non classical protein release pathway by which HSP70 is 
released as free HSP72 and within highly immunologically potent 
exosomes. This presentation covers the most recent findings on the 
mechanisms by which stress induces the release of HSP72 into the 
systemic circulation and addresses the biological significance of circulating 
HSP72 to host defense against disease.   
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HSP70 SECRETION AND BINDING: ITS PLACE IN THE IMMUNE 
RESPONSE 
 
Stuart K. Calderwood, Salamatu S Mambula, Jimmy Theriault and Jianlin 
Gong 
 
Beth Israel Deaconess Medical center, Harvard Medical School and Center 
for Molecular Stress Response, Boston University Medical School. 
 
Hsp70 plays a significant extracellular role within the immune response 
and can carry out both pro-inflammatory / pro-immune functions and 
anti-inflammatory effects depending on cellular and tissue context. 
However, understanding its place in the immune response requires 
deciphering the mechanisms by which it  is released and the cell surface 
structures which it binds on target cells in the immune system.  
We have examined mechanisms of Hsp70 release from tumor cells and 
macrophages and have found evidence for an active secretion mechanism. 
Our experiments indicate that hsp70 secretion employs a similar pathway 
to  that used by other “leaderless” proteins such as interleukin 1β (IL-1β) 
involving the entry of Hsp70 into secretory lysosomes and ATP dependent 
release. Our evidence suggest however, that the trigger for hsp70 release 



is different from that which releases IL-1β: for instance, in macrophages 
exposed to E. coli, the trigger for IL-1β release is  lipopolysaccharide, 
while Hsp70 release is triggered by a different signal. In addition, IL-
1β release is independent of Hsp70 release and Hsp70 blocking does not 
alter release IL-1β. 
Hsp70 released from cells binds to adjacent cells. Our experiments 
indicate that such receptors may include a diverse group of structures. 
Hsp70 signaling can be mediated by Toll Like receptors (TLR), CD40 and 
LRP/CD91. However, our recent studies indicate that Hsp70 internalization 
is mediated by scavenger receptors (SR) found on antigen presenting 
cells. We have found that at least 3 members of the SR including LOX-1, 
SREC-1 and FEEL-1/CLEVER-1 can bind and internalize Hsp70. As the SR 
play a profound role in the “cross presentation” of extracellular proteins to 
CD8+ T lymphocytes, these experiments suggest a pathway along  which 
secreted Hsp70 with chaperoned peptide antigens can be taken up by APC 
and interact with immune cells.  
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EXTRACELLULAR HEAT SHOCK PROTEINS: SEARCHING FOR A 
ROLE? 
 
John H.H. Williams 
 
Chester Centre for Stress Research, Department of Biological Sciences, 
University of Chester, Parkgate Road, Chester, CH1 4BJ, UK. E-
mail:John.Williams@chester.ac.uk 
 
Hsp70 can be detected in serum, despite being an intra-cellular protein.  
Hsp70 must therefore be released by damaged cells, or secreted by 
healthy cells. We have previously demonstrated that Hsp70 and Hsp60 are 
released from cells. An increasing number of cell types, including 
peripheral blood mononuclear cells (PBMCs), have been demonstrated to 
release Hsps, including Hsp70, Hsp60 and Hsp90.  
This release of Hsp is stimulated, in vivo and in vitro, by a wide variety of 
stressors. Several cell types respond to extracellular Hsp exposure by 
releasing cytokines, such as TNFα. The type and source (human or 
bacterial) of Hsp alter the cytokine response. Extracellular Hsp70 protects 
cells from heat shock without needing to enter the cells. It is unclear 
whether the interaction of these extracellular hsps with the membrane is 
directly with lipid or protein.  
The aims of this talk are to discuss:  

− routes of Hsp release, and through this challenge the paradigm that 
only necrotic cells release Hsps.  

− how extracellular Hsps interact with cells, and through this 



investigate their potential roles: as danger signals and as cell 
protectors. 
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QUALITY CONTROL OF EXTRACELLULAR PROTEIN FOLDING: AN 
EMERGING FIELD 
 
Justin J Yerbury, Amy R Wyatt, Stephen Poon and Mark R Wilson 
 
School of Biological Sciences, University of Wollongong, Northfields 
Avenue, Wollongong. NSW. 2522. Australia. 
 
Many serious human diseases are thought to arise from the effects of 
intra- or extracellular aggregates of proteins with non-native 
conformations. Inside cells, chaperone and protease systems regulate 
protein folding; however, little is currently known about any corresponding 
mechanisms that operate extracellularly. Knowledge of these mechanisms 
is important because it may lead to the development of new disease 
therapies. We have identified a small family of abundant human plasma 
proteins which have a potent small heat shock protein-like chaperone 
action. These proteins occur in plasma at levels of 0.1-2.0 mg/ml and thus 
in this locale are orders of magnitude more abundant than normally 
intracellular chaperones (e.g. Hsp70) found extracellularly1. The abundant 
extracellular chaperones (ECs) form stable soluble complexes with 
misfolded and partially unfolded proteins to inhibit amorphous protein 
aggregation induced by physical or chemical stresses. The ECs also exert 
potent effects on amyloid formation and toxicity2. Recent data suggests 
that complexes formed between ECs and "damaged" (misfolded/unfolded) 
proteins are rapidly bound by cell surface receptors in vivo and disposed 
of by receptor-mediated endocytosis and lysosomal degradation. Thus, a 
model is emerging in which ECs patrol extracellular spaces, bind to 
damaged proteins when present and mediate their rapid clearance and 
disposal. Disease pathologies associated with protein aggregation may 
arise when this system is overloaded. 
 
1. Yerbury, J., Wyatt, A., Stewart, E., and Wilson, M. R. (2005). EMBO 
Rep. 6, 1131-1136. 
2. Yerbury, J., Poon, S., Meehan, S., Thompson, B., Kumita, J., Dobson, 
C., and Wilson, M. R. (2007). FASEB J. (published on-line April 5, 2007) 
 

 



Module 1 – Poster lectures: 
 
1A_01_P 
 
INHIBITION OF APOPTOTIC CELL DEATH BY A NOVEL 16.2 KD 
HEAT SHOCK PROTEIN VIA HSP90 MEDIATED LIPID RAFTS 
STABILIZATION AND AKT ACTIVATION PATHWAY 
 
Balazs Sumegi1, Szabolcs Bellyei1,2, Eva Pozsgai1, Andras Szigeti1,2, Arpad 
Boronkai1,2, Ferenc Gallyas Jr.1 
 
Departments of Biochemistry and Medical Chemistry1 , Oncotherapy2, 
University of Pécs, Pécs, Hungary 
Correspondence to: Balazs Sumegi, PhD, DSci, Department of 
Biochemistry and Medical Chemistry, University of Pécs, 12 Szigeti Street, 
Pécs H-7624, Hungary. Tel: +36-72-536-276 Fax36-72-536-277 e-mail: 
balazs.sumegi@aok.pte.hu 
 
AlphaB-crystallin homology, heat stress induction and chaperone activity 
suggested that a previously encloned gene product is a novel small heat 
shock protein (Hsp16.2). Suppression of Hsp16.2 by siRNA sensitized cells 
to hydrogen peroxide or taxol induced cell-death. While over-expressing of 
Hsp16.2 protected cells against stress stimuli by inhibiting cytochrome c 
release from the mitochondria, nuclear translocation of AIF and 
endonuclease G, and caspase 3 activation. Recombinant Hsp16.2 
protected mitochondrial membrane potential against calcium induced 
collapse in vitro indicating that Hsp16.2 stabilizes mitochondrial 
membrane systems. Hsp16.2 formed self-aggregates and bound to Hsp90. 
Inhibition of Hsp90 by geldanamycin diminished the cytoprotective effect 
of Hsp16.2 indicating that this effect was Hsp90-mediated. Hsp16.2 over-
expression increased lipid rafts formation as demonstrated by increased 
cell surface labeling with fluorescent cholera toxin B, and increased Akt 
phosphorylation. The inhibition of PI-3-kinase-Akt pathway by LY-294002 
or wortmannin significantly decreased the protective effect of the 
Hsp16.2. These data indicate that the over-expression of Hsp16.2 inhibits 
cell death via the stabilization of mitochondrial membrane system, 
activation of Hsp90, stabilization of lipid rafts and by the activation of PI-
3-kinase - Akt cytoprotective pathway. 
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HSPB8 AND BAG3: A NEW CHAPERONE COMPLEX STIMULATING 
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HspB8 is a member of the small heat shock proteins or HspB family of 
molecular chaperones, which comprises ten members in mammals 
(HspB1-10). We previously demonstrated that, in cultured cells, 
overexpression of HspB8, but not of HspB1 or HspB5, totally blocked the 
insolubilization and accumulation of a pathogenic aggregation-prone form 
of Huntingtin (Htt43Q). Here we report that HspB8 stably and 
sotichiometrically interacts with the co-chaperone Bag3. HspB8 
association with Bag3 is essential for both its structural stability and 
chaperone function, as demonstrated by knocking down Bag3 expression 
by siRNA technique. We next investigated the chaperone function of the 
HspB8/Bag3 complex. We found that Bag3 overexpression, like HspB8, 
facilitated Htt43Q degradation in cultured cells. Treatment with specific 
macroautophagy inhibitors dramatically decreased the HspB8/Bag3 
chaperone activity and lead to the accumulation of aggregated Htt43Q. 
Moreover, HspB8 and Bag3 both increased the number of cells containing 
LC3 positive-vacuoles and stimulated the lipidation of LC3, a step which is 
necessary for LC3 incorporation into the autophagosomes. These results 
strongly suggest the implication of the macroautophagy process in the 
HspB8/Bag3 complex mechanism of action. By joining the ability of 
recognizing endogenous misfolded proteins and of stimulating the 
macroautophagic vacuole formation, the new HspB8/Bag3 chaperone 
complex may play a crucial role in the protein quality control system 
responsible for eliminating potentially harmful aggregating proteins. 
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The data of literature (Benndorf et al J. Biol. Chem.276, 26753, 2001) 
indicate that small heat shock protein with molecular mass 22 kDa 
(HSP22, HspB8 or H11 kinase) can be phosphorylated by protein kinase C 
and p44 MAP kinase. Ser24 and Ser57 of human HSP22 are located in 
consensus sequence RXS recognized by cAMP-dependent protein kinase 



and we supposed that this enzyme could also be involved in HSP22 
phosphorylation. To check this suggestion we obtained three mutants 
(S24D, S57D, S24,57D) of HSP22 and analyzed phosphorylation of the 
wild type protein and these mutants by cAMP-dependent protein kinase. 
Wild type HSP22 and its S24D mutants were rapidly phosphorylated up to 
1 mole of phosphate per mole of protein, whereas S57D and S24,57D 
mutants were not phosphorylated by cAMP-dependent protein kinase. 
These data indicate that S57D is the primary site phosphorylated by 
cAMP-dependent protein kinase. Phosphorylation (or mutations mimicking 
phosphorylation) does not affect the oligomeric structure of HSP22 
analyzed by size-exclusion chromatography and has no effect on chemical 
crosslinking of HSP22. At the same time mutations mimicking 
phosphorylation affect accessibility of Trp residues to solvent and increase 
susceptibility of HSP22 to chymotrypsinolysis. Mutations (or 
phosphorylation) decrease chaperone-like activity of HSP22 if insulin or 
rhodanase were used as model protein substrates. It is concluded that 
HSP22 can be phosphorylated by cAMP-dependent protein kinase and 
phosphorylation of Ser residues located in the N-terminal domain might 
affect its structure and chaperone-like activity. 
Acknowledgement. This investigation was supported by Russian 
Foundation of Basic Science.  
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The kinetics of thermal aggregation of proteins (β-crystallin from calf eye 
lens, glyceraldehyde-3-phosphate dehydrogenase from rabbit skeletal 
muscle and mitochondrial aspartate aminotransferase from porcine heart) 
were studied by dynamic light scattering. On the basis of the study of 
aggregation kinetics a new mechanism of protein aggregation was 
developed. The first stage of protein aggregation is the stage of the 
formation of the start aggregates. The size of the start aggregates was 
estimated by construction of the light scattering intensity versus 
hydrodynamic radius plots. The hydrodynamic radius of the start 
aggregates remains constant at variation of temperature and the protein 
concentration. The second stage of the aggregation process is sticking 
together of the start aggregates. This stage proceeds in the kinetic regime 



wherein the rate of aggregation is limited by diffusion of the particles (the 
regime of “diffusion-limited cluster-cluster aggregation”). Under this 
regime each collision of the interacting particles results in their sticking 
together. Suppression of thermal aggregation of proteins in the presence 
of α-crystallin is due to diminishing of the size of the start aggregates, 
increase in the duration of the latent period over which the start 
aggregates are formed, and transition of the aggregation process into the 
kinetic regime wherein the sticking probability for the colliding particles 
becomes less than unity (the regime of “reaction-limited cluster-cluster 
aggregation”). 
The study was funded by the Russian Foundation for Basic Research 
(grants 05-04-48691-a and 06-04-39008-a), Program “Molecular and Cell 
Biology” of the Presidium of the Russian Academy of Sciences.  
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Alpha-crystallin and Hsp27 belong to the family of small heat shock 
proteins. They are stress proteins and play an important role in preventing 
protein aggregation and cell death by external stress. Methylglyoxal is an 
ubiquitous alpha-dicarbonyl compound produced from the triose 
phosphate intermediates of glycolysis. It reacts rapidly with arginine, 
cysteine and lysine residues in proteins and chemically modifies them to 
form stable adducts. We have studied the effect of methylglyoxal 
modification on the chaperone-like function of alpha-crystallin and Hsp27. 
Methylglyoxal modification of these two stress proteins increased their 
chaperone function on a concentration-dependent manner. Specific 
arginine modification to argpyrimidine was found to be responsible for the 
enhanced chaperone function. Site-directed mutagenesis of 
methylglyoxal-modifiable arginine residues to alanine mirrored the effects 
of methylglyoxal. Introduction of additional guanidino groups abolished 
the chaperone-like function of alphaA-crystallin but subsequent 
modification by methylglyoxal not only revived the chaperone-like function 
but also made it better than the unmodified protein. Modification of both 
substrate proteins and alphaA-crystallin by methylglyoxal further 
enhanced resistance to protein aggregation by thermal and chemical 
stress. These results suggest that physiological dicarbonyl methylglyoxal 
promotes the chaperone function of alphacrystallin and Hsp27 and 
prevents aggregation of proteins and thus may play a vital role in cell 



response to stress in health and disease. 
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Abstract  
Heat shock protein (Hsp) 40 acts as a co-chaperone of Hsp70 by 
facilitating the ATPase activity of Hsp70 as well as promoting the protein 
folding and renaturation by Hsp70. In the present study, Hsp40 gene was 
fused with a gene fragment encoding the HIV-1 TAT protein transduction 
domain (YGRKKRRQRRR) in a bacterial expression vector pTAT-HA to 
produce the TAT-fused Hsp40 (TAT-Hsp40). Purified TAT-Hsp40 was 
effectively transduced into the HEK 293 cells in a time- and dose-
dependent manner. To examine the effect of TAT-Hsp40 upon oxidative 
stress, HEK293 cells were exposed to H2O2. Oxidative stress induced the 
rapid increase of proteasome activity followed by cell death in HEK 293 
cells. However, HEK 293 cells transduced by TAT-Hsp40 showed 
resistance against oxidative stress-induced cytotoxicity. TAT-Hsp40 
transduced cells showed decreased proteasome activity and inhibited 
Hsp70 degradation. These results suggest that Hsp40 might protect cell 
death from oxidative stress by preserving the cellular level of Hsp70. 
 
Keywords: Hsp40, Hsp70, TAT, proteasome, oxidative stress 
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Thermal denaturation and aggregation of mitochondrial aspartate 
aminotransferase have been investigated by differential scanning 
calorimetry (DSC) and dynamic light scattering. The dependence of excess 
heat capacity of AAT on temperature passes through a maximum at 72.4 
degrees C and can be described by a scheme in which the denaturation 
process is considered as an irreversible first-order reaction. Inactivation of 
AAT follows the exponential law. The parameters of Arrhenius equation 
have been determined from the DSC data and temperature dependence of 
the inactivation rate constant. Calculations show that at 57.5 degrees C 
the inactivation constant (kin) is 28.9 times higher than the denaturation 
rate constant (kden) determined from the DSC data. The kin/kden ratio 
decreases with temperature and becomes equal to 1.3 at 77 degrees С. It 
has been shown that alpha-crystallin, the protein possessing a chaperone-
like activity, reduces thermostability of ААТ and accelerates 
thermoinactivation of the enzyme. Suppression of thermal aggregation of 
ААТ in the presence of alpha-crystallin has been demonstrated. The 
protective effect of alpha-crystallin is due to the decrease in the size of 
the start aggregates and transition of the aggregation process from the 
regime of diffusion-limited cluster-cluster aggregation (the sticking 
probability for the colliding particles is equal to unity) to the regime of 
reaction-limited cluster-cluster aggregation (the sticking probability for the 
colliding particles is less than unity). The study was supported by the 
Russian Foundation for Basic Research (grants 05-04-48691-a and 06-04-
39008), Program “Molecular and Cell Biology” of the Presidium of the 
Russian Academy of Sciences and INTAS (grant 03-51-4813). 
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Here we report investigations into the oligomeric organization and 
dynamics of the Saccharomyces cerevisiae small heat-shock protein 
ScHSP26. Using both multi-angle light scattering and mass spectrometry 
(MS) approaches we have shown that at ambient temperature this protein 
is exists as a polydisperse assembly, comprising numerous oligomeric 
states. Relative quantification of these oligomeric states using a tandem 
MS technique demonstrated the 24mer to be anomalously abundant, 
consistent with previous reports which have culminated in a 3D structure 



for this oligomeric state. Significantly, we demonstrate for the first time, 
that ScHSP26 also forms larger oligomers, up to 40 subunits in size at 
room temperature. The oligomers observed were exclusively composed of 
an even number of subunits. This strongly suggests there to be a basic 
dimeric ‘building block’, an observation consistent with the 3D structure of 
the ScHSP26 24mer, as well as studies performed on sHSPs from bacteria, 
plants and mammals. Using an online thermo-controlled device we 
investigated the effect of heat stress on the oligomeric structure of 
ScHSP26. We found that as the temperature was increased, dissociation of 
the oligomers into dimers and monomers was observed. Such dissociation 
has previously been observed for ScHSP26 and other sHSPs. The 
remaining ScHSP26 existed in forms 32 subunits or larger, with the 
majority having assembled into a 40mer. There is a possibility that these 
larger forms are unusually resistant to thermal stress, or ScHSP26 
preferentially associates into these forms at elevated temperatures. 
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There exist two small heat shock proteins (SpHsp15.8 and SpHsp16.0) in 
the fission yeast, Schizosaccharomyces pombe (S. pombe). At the 
elevated temperatures, both SpHsp15.8 and SpHsp16.0 dissociate into 
small oligomers and then interact with denatured substrate proteins. 
SpHsp16.0 exhibited clear enthalpy change for denaturation at over 60 ºC 
in differential scanning calorimetry. In addition, there was another small 
enthalpy change at about 50 ºC, which is likely to correspond to oligomer 
dissociation. The oligomer dissociation and interaction with denatured 
protein of SpHsp15.8 and SpHsp16.0 were analyzed by fluorescence 
polarization analysis (FPA). Both sHsps exhibited temperature dependent 
decrease of fluorescence polarization, which correlates with the 
dissociation of large oligomers to small oligomers. The dissociation of 
SpHsp15.8 oligomer started to occur at about 35 ºC and proceeds 
gradually. On the contrary, SpHsp16.0 oligomer was stable up to about 45 
ºC, but dissociate to small oligomers abruptly at the temperature. 



Interaction between sHsps and denatured CS at the elevated temperature 
was also examined by FPA. Interestingly, SpHsp16.0 is likely to interact 
with denatured CS in the dissociated state, but SpHsp15.8 in the large 
complex in contrast. The results suggest that S. pombe, utilizes two sHsps 
to cope with wide range of temperature and various denatured proteins. 
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The majority of the mitochondrial proteins encoded in the nucleus, 
synthesized in the cytosol and transported into the mitochondria. The 
presequence translocase associated import motor is required in order to 
import matrix-targeted proteins across the mitochondrial inner 
membrane. This transport machinery is composed of the following 
constituents: mitochondrial Hsp70, the nucleotide exchange cofactor- 
GrpE, Tim44, Tim14 and Tim16. All of these proteins are essential to the 
eukaryotic cell viability. However, in order to shed light on the accurate 
cooperation of this intriguing motor, in-vitro analysis of the purified 
components needs to be done. Therefore, our work is focused on in-vitro 
characterization of the structure-function relationship of the two motor 
constituents: Tim14 and Tim16. We characterized the interaction between 
these proteins using two different methods: fluorescence polarization and 
heat thermal denaturation. In order to examine the stability of the Tim14-
Tim16 complex by plotting their heat thermal denaturation curve Circular 
dichroism spectrophotometer was used. In addition, by using fluorescence 
polarization approach, we measured the affinity of these two proteins and 
determined the dissociation constant (Kd) of their complex. 
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Flow cytometry is a rapid and quantitative method of determining 
intracellular heat shock protein (hsp) 70 expression in individual cells from 
a heterogeneous population such as peripheral blood mononuclear cells. 
Hsp70 expression is induced in vivo in a range of leukocyte types in 
response to a variety of stressors. The application of a mild, transient, 
non-lethal, in vitro heat shock is a technique that allows the researcher to 
examine the cellular stress response which is a highly conserved defence 
mechanism. Thus constitutive and in vitro induced leukocyte hsp70 
expression may be a useful indicator of an organism’s adaptation to 
environmental/physiological stress. In the current studies, flow cytometric 
methods were used to demonstrate that hsp70 is constitutively expressed 
in ovine and bovine leukocytes but that the level of expression varies 
considerably between different leukocyte types and between species. The 
optimum temperature for heat shock of leukocytes from sheep and cattle 
without a loss of cell viability is 43.5°C. In sheep, the magnitude of 
upregulation of hsp70 expression by in vitro heat shock was CD14+ cells 
> γδ T cells > neutrophils  > B cells > CD4 = CD8. A similar ranking was 
observed in cattle. Best results were obtained from fresh samples; after 
storage at room temperature for 24 hours upregulation was highly 
variable between animals and less than in fresh samples. These studies 
demonstrate that evaluation of leukocyte hep70 expression by flow 
cytometry is a robust, reproducible method for use in the evaluation of 
stress responses in livestock species.  
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Defective chaperones are implicated in disease, the chaperonopathies, and 
senescence. Defective chaperone identification and elucidation of 
pathogenetic role in disease and ageing requires full gene identification in 
the genome; characterization of genes and proteins in silico, in vitro and 
in vivo; and clinicopathological studies. We applied a series of 
complementary bioinformatics and evolutionary methods (chaperonomics) 
to the study of human Hsp70, and identified 47 loci encoding Hsp70-like 
sequences: 16 were functional genes, encoding proteins conserved at the 



N-terminal but not at the C-terminal domain, of which eight encoded 
typical Hsp70s (65-80kDa) with nucleotide-binding and substrate-binding 
domains, two encoded products lacking most or all of the C-terminal 
domain, and six encoded heavier proteins (> 81 kDa) with atypical C-
terminal domains. Also, 31 hsp70-related pseudogenes were identified. 
Evolutionary analyses showed that ER-residing Hsps evolved by 
duplication while the six typical genes whose products reside in the 
cytosol/nucleus, and the majority of the pseudogenes, originated from 
retrotransposition of one gene, HSPA8. These evolutionary processes 
generated a group of genes with wide diversity further amplified by the 
occurrence of multiple mRNA variants and protein isoforms. The variety of 
the Hsp70 proteins is reflected in the diversity of their patterns of 
expression and localization in an assortment of tissues, cell types and sub-
cellular compartments, through the stages of development and ageing. 
Consequently, the pathogenetic impact of defective Hsp70s should be 
widespread. 
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Lines of evidence suggested that systems involved in the regulation of the 
stress responses and of energy homeostasis are highly integrated. Since 
leptin and cerulenin (the natural fatty acid synthesis inhibitor) have been 
shown to affect food intake and energy homeostasis, and since the stress 
biormarker Hsp-70 gene was found to interact directly with fatty acids, we 
hypothesized that leptin or cerulenin may regulate Hsp-70 gene 
expression. Therefore, the present study was undertaken to examine this 
issue.  
Leptin and Cerulenin significantly (P<0.05) decreased food intake in 
broiler chickens. Leptin significantly down regulated HSP-70 mRNA levels 
in chicken liver and hypothalamus, but not in muscle. In contrast, 
cerulenin significantly induced Hsp-70 gene expression in chicken muscle, 
but not in liver or hypothalamus. These results indicated that the 
regulation of Hsp-70 gene expression in normal chickens, as estimated by 
oxidative stress indices [thiobarbituric acid reacting substances (TBARS), 
ferric reducing/antioxidant power (FRAP), and Caeruloplasmin oxidase 
activity] levels, is tissue-specific. In attempt to discriminate between the 
effect of these products and the effect related to food intake reduction on 



Hsp-70 gene expression, we also evaluated the effect of food deprivation 
on the same cellular responses. Food deprivation for 16h did not affect 
Hsp-70 gene expression in all tissues examined, indicating that the effects 
of leptin and cerulenin are independent of the inhibition of food intake. To 
ascertain whether these effects are direct or indirect, we carried out in 
vitro studies. Leptin and cerulenin treatments did not affect Hsp-70 gene 
expression in Leghorn Male Hepatoma (LMH) and Quail Myoblasts (QM7) 
cell lines suggesting that the observed effects in vivo may be mediated 
through the central nervous system. 
The present study suggest that cerulenin does not act as leptin at least for 
the regulation of HSP-70 gene, however it does mimic some effects of 
leptin to reduce food intake. Although these products altered HSP-70 gene 
expression in normal conditions, it remains to be determined whether they 
would have similar effects in chickens following stress events. 
Key words: leptin, cerulenin, HSP-70, food intake, cell culture, oxidative 
stress 
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Hsp70, potential activator of cell-mediated immunity, can be released by 
tumor cells to extracellular space. Earlier we showed co-stimulating effects 
of exogenous Hsp70 on IFN-γ production induced by IL-2 or IL-12, though 
Hsp70 itself did not evoke IFN-γ production in non-activated NK cells. In 
this work we analyzed the effects of Hsp70 on NK cells using Hsp70 
peptide fragments. NK cells of high purity were isolated with magnetic 
separation and cell sorting. Intracellular IFN-γ production and surface 
expression of CD16, CD56 and CD94 were measured by flow cytometry. 
Six peptide fragments of the substrate-binding domain of inducible Hsp70 
were chosen on the base of information structure analysis of the protein 
sequence [1]. Influence of recombinant Hsp70 and the peptides on IFN-γ 
production and marker surface expression was estimated upon 24 h 
incubation of the cells with IL-2. Hsp70 as well as peptides 399-408 and 
411-424 co-stimulated IFN-γ production in IL-2-activated NK cells 
suggesting that these peptides may contain Hsp70 sites responsible for 
the interaction with NK cells. The same peptides modulated NK cell 



surface antigen expression in Hsp70-like manner. CD3-CD16-CD56+ cell 
population was more susceptible to Hsp70 action comparing with CD3-

CD16+CD56+ population. The Hsp70 effects in the experimental system 
did not depend on LPS. In sum the results testify that exogenous Hsp70 
affects directly human NK cells, leading to the strengthening of IFN-γ 
production and modulation of antigen surface expression in conditions of 
cell stimulation by activating cytokines. 1. Nekrasov A.N., Entropy of 
protein sequences: an integral approach, J Biomol Struct Dyn 20: 87-92, 
2002. 
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Intervertebral discs (IVD) are avascular tissues that separate the bony 
vertebral bodies and act as shock absorbers for the spinal column. At the 
centre of each disc is the nucleus pulposus (NP), a region rich in 
proteoglycan and type II collagen produced and maintained by 
chondrocyte-like NP cells. In vivo, NP cells have adapted to a low oxygen 
environment and constant mechanical loading. We have studied the 
response of NP cells to thermal stress. NP cells were isolated from bovine 
coccygeal IVDs. Primary cells were cultured up to passage 4 (P4). Type I 
and II collagen (Col I/II), aggrecan and GAPDH gene expression were 
determined by PCR at each passage. Cells were cultured for 3 days 
following isolation or passage (P0, 2 and 4) then heat shocked at 45oC for 
1h and allowed to recover at 37oC for 6, 24 and 48h. Total cell number at 
each time point was determined using propidium iodide uptake after 
fixation. At P2 Col I expression was up-regulated and by P3 Col II 
expression was down-regulated whereas aggrecan expression remained 
unchanged. Primary NP cell HSP70 production was maximal (0.5ng/1000 
cells) after 24h recovery whereas those at P2 and P4 were maximally 
elevated (2.8 and 1.7ng/1000 cells respectively) after 6h. Total cell 
number at P0, 2 and 4 were only marginally affected by heat shock (110, 
94 and 102% respectively) compared with controls. Viability was 
unaffected. Freshly isolated bovine NP cells have an attenuated response 
to thermal stress and dedifferentiate in culture losing their chondrocyte-
like phenotype. NP cell dedifferentiation is accompanied by increased 
HSP70 production after heat shock. In vivo, NP cell phenotype reflects 
their tissue environment which is modified by cell culture. 
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Back pain is associated with intervertebral disc (IVD) degeneration, 
resulting from the failure of disc cells to maintain a functional tissue 
matrix. IVDs are avascular and exchange of nutrients & waste product is 
slow. This environment may be detrimental to disc cell function & survival. 
Disc degeneration begins with loss of proteoglycans & fluid, resulting in 
loss of disc height & functional impairment. Disc herniation begins with the 
protrusion of the nucleus pulposus (NP) into the surrounding annulus 
fibrosus (AF). If the AF ruptures the NP can extrude into the spinal canal & 
become separated from the disc. Scoliosis is a spinal deformity with lateral 
curvature of the spine. Hsp27&72 have been identified in “normal” post-
mortem (PM) human IVDs & Hsp72 appeared to increase with 
degeneration. Little is known of Hsps in discs from patients with disc 
pathologies. We have studied HSF1, Hsp27&72 in IVDs from 33 patients 
with herniated (n=19, mean age 43y) & degenerate (14, 45y) discs, 5 
with scoliosis (15y) removed at surgery & 5 control discs (55y) removed 
at PM. IHC was performed using specific mAbs to Hsp27&72 & a pAb to 
HSF1 & labeled with peroxidase and DAB. On each section of disc 200 cells 
were counted. Data are presented as the mean % of +vely stained cells. 
More cells were +ve for Hsp27 & 72 in herniated discs (49% & 38%) than 
in degenerate (37%&26%), scoliotic (26%&21%) or controls (33%&30%).  
Hsp27+ve cells were greater in herniated than scoliotic discs (p=0.02). 
HSF1 staining was greater in controls (24%) than in herniated (16%), 
degenerate (6%) or scoliotic (6%) discs. There were no trends with age 
for any of the antigens. HSF1, Hsp27&72 are detectable in IVD tissue. 
Overall Hsp levels were greatest in herniated and lowest in scoliotic discs 
that may imply less capacity to mount a stress response. 
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(OBJECTIVES)Deoxyspergualin (DSG),a spermidinyl,α- hydrocyglycyl, 7-
guanidinoheptanoyl peptidomimetic, is a potent immunosuppressive 
agent. for rejection of organ transplant., whose mechanism of action 
remains unknown.. 
Dendritic cells (DC) are considered the most potent antigen-presenting 
cells (APC) and they can stimulate CD4＋and CD8＋T cells.. HSP 70 bind to 
DC and induce DC maturation and activated DC to elicit immune responce. 
It has been reported that DSG and DSG analogs bind to Hsp70 and Hsp90. 
We report here DSG inhibit Hsp70 binding to DC by flow cytometry 
analysis and prevent Hsp70 induced DC activation.by TNF-alpha releasing 
assey.These data indicate that interaction of DSG and Hsp70 involve in 
immunosupresive ability of DSG. 
(MARERIALS and METHODS) Bone marrow-derived immature DCs were 
generated from the femurs and tibia of C57BL/6 mice,which were 
incubated in complete RPMI-1640 with 10%heatinactivated FCS and 20 
ng/ml GM-CSF . Flow cytometry analysis was performed to comfirm Hsp70 
binding to DCs.  Immature DCs were incubated with Alexa 488-labeled 
Hsp70 at 4°C for 15 minutes with DSG, DSGanalog(which does not have 
immunosuppressive activity). To evaluate the effect of immunosuppresion 
of DSG, tumor necrosis factor α (TNF-α) release assay was 
done.Immature DCs of mice were incubated for 12hours with Hsp70 
alone, with DSG or DSG analog. 
(Result) Binding of Hsp70 to DCs decreased under DSG presence.Hsp70 
induced TNF-α release of DCs was suppresed by DSG. 
(Conclusion) These results supposed that Hsp70 and Hsp70 family was 
involved in DSG immunosuppresive function. 
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Nascent polypeptides emerging from the ribosome are exposed to a 
complex medium in the cytoplasm crowded with macromolecules such as 
cellular proteins and RNA. The formation of unwanted interactions can 
pose a threat to the proper folding of the nascent chain and can lead to 
aggregation. Assistance to prevent this process comes in the form of 
molecular chaperones, Heat shock proteins. The 70kDa members of the 



heat shock protein family (eg. Hsp70) function as molecular chaperones 
by binding to exposed hydrophobic patches on nascent polypeptides 
forming non-covalent interactions, thereby preventing their aggregation 
and facilitating their proper folding. The folding reaction comprises of 
cyclic binding and release of the unfolded substrate powered by ATP 
hydrolysis. Hsp70 requires the assistance of a co-chaperone, generally 
provided by the Hsp40 group of proteins, for the cycle of protein folding. 
Biochemical analyses have mapped the possible sites of interaction 
between the Hsp70 and Hsp40 proteins and predicted a bipartite mode of 
interaction amongst the components of the chaperone cycle, Hsp70, 
Hsp40 and the substrate. However, structural investigations into the 
mechanistic features of the folding cycle have been hampered by the 
transient nature of interaction. We have devised a cloning strategy for the 
expression and purification of a recombinant human Hsp70/Hsp40 
complex from E.coli .The complex was purified using Ni-NTA affinity 
chromatography and gel filtration column. The gel filtration elution profile 
matched neither of the individual Hsp70 or Hsp40 components. We are 
analysing the stability and behaviour of the recombinant complex with 
both nucleotides and substrates. The recombinant complex will be used to 
understand the mechanistic differences in the interactions of the Hsp70 
with Hsp40 and Hsp70 with substrate during the stages of the folding 
cycle. We will present our human Hsp70/Hsp40 complex cloning, 
expression and purification strategy and its preliminary biochemical 
characterisation. 
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The cytosolic heat shock protein 70 (HSP70) and heat shock cognate 
protein 70 (HSC70) are thought to combine to function as a molecular 
chaperone.  The protein binds transiently to nascent polypeptides and 
unfolded proteins, and prevents intramolecular and intermolecular 
interactions, which can result in misfolding or aggregation.  Precise control 
of Nodal proteins, which are members of the transforming growth factor-ß 

(TGF-ß) superfamily, has been identified as a key endogenous mesoderm 
inducer in vertebrates.  In the present study, we report that the HSC70 
molecular chaperone promotes the mesoderm induction activities of Nodal 



signalling.  To study the biological function of HSC70, the endogenous 
expression of HSC70 was knocked down by the injection of a specific 
antisense morpholino oligonucleotide (HSC-MO).  The HSC-MO-injected 
embryos showed reduced phosphorylation of Smad2 by Nodal signalling, 
and this phenotype was rescued by co-injection of the HSC70 protein.  
However, the HSP70 mutant that lacked the C-terminal tetrapeptide 
(EEVD) motif showed no activity upon induction of Nodal signalling.  The 
Activin type IIB receptor (ActRIIB) was immunoprecipitated with HSC70, 
and its autophosphorylation was enhanced in the presence of HSC70, 
which suggests that HSC70 binds directly to the receptor and modulates 
its activity.  Therefore, HSC70 plays essential roles in the formation and 
activation of the type IIB receptor upon Nodal signalling.   
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Hsp70 is normally an intracellular protein, however there is an increasing 
amount of data demonstrating their release from cells and interaction with 
membrane lipids. Surface Hsp70 expression has been shown to be 
restricted to tumour cells and has an established role as a target for 
tumour immunity.  
We have initially examined surface expression of Hsp70 in leukemic 
patients finding an increased expression of surface Hsp70 in malignant 
cells as expected. Jurkat cells do not express large levels of surface Hsp70 
at normal growing temperatures. However, we have shown an increase of 
surface Hsp70 expression at 42°C but not at 45°C. Pro caspase-2 and the 
effector caspase-3 were both activated after heat shock, with a peak of 
caspase-3 after 2.5 hours and a decrease in viability and necrosis after 
longer time periods and higher temperatures. The time course of the 
appearance of surface Hsp70 correlated with phosphatidilserine (PS) 
externalisation (detected using annexin V) after 42°C heat shock. This 
association is in accordance with previous studies showing the localisation 
of Hsp70 on the cell surface within the lipid raft structures which are 
partly comprised of PS.  
We have also found surface expression of Hsp70 in neutrophils and 
monocytes from normal lysed whole blood, and observed an increase in 
Hsp70 surface expression in these populations after heat shock  at 42°C 



but not at 45°C. Again these data were associated with the increased 
externalisation of phosphatidilserine (PS) on the outside of the cells, 
detected with Annexin-V. We will present further data on the relationship 
between insertion of Hsp70 into the plasma membrane and the secretion 
of Hsp70 from cells. 
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Abstract 
The 70 kDa heat shock protein (Hsp70) can be divided into an N-terminal 
nucleotide binding domain (NBD) that binds and catalyzes the hydrolysis 
of ATP, and a C-terminal substrate binding domain (SBD) that interacts 
with polypeptide targets. Hsp70 proteins assist the protein folding process 
through nucleotide-controlled cycles of substrate binding and release by 
alternating between an ATP-bound state in which the affinity for substrate 
is low and an ADP-bound state in which the affinity for substrate is high. It 
has been long recognized that the two-domain structure of Hsp70 is 
critical for these regulated interactions. Therefore, it is important to 
gather essential information about conformational changes caused by 
nucleotide binding both in each domain and in the spatial position of one 
domain related to the other. In this work we used analytical 
ultracentrifugation and small angle X-ray scattering to characterize the 
effect of both ADP and ATP binding into human cognate Hsc70 protein. 
The results showed that ATP causes a higher global conformational change 
in the quaternary structure of Hsp70 than ADP does. In conclusion, ATP 
binding and hydrolysis trigger the largest changes in conformation. 
Research in the laboratory of CHIR is supported by grants from Fundação 
de Amparo a Pesquisa do Estado de São Paulo (FAPESP), Conselho 
Nacional de Pesquisa e Desenvolvimento (CNPq), and NIH-R03TW007437 
funded by the Fogarty International Center. 
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BODY TEMPERATURE 
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It is well-known that physiological stress created by treadmill exercise can 
result the inductions of HSP70 in skeletal muscle, heart, liver, and adrenal 
glands. Heat production during exercise has been shown to be the  main 
factor for the increased levels of HSP expression in myocardium. On the 
other hand, ACTH release subsequent to hypothalamic-pituitary-adrenal 
activation (HPA) following various stresses is being held responsible for 
adrenal HSP induction. Therefore, exercise-induced adrenal HSP 
expression may be differently regulated than that of myocardium. This 
study tested the hypothesis whether treadmill exercise results in 
inductions of HSP70 independently of an elevation of body temperature. 
Twenty-six female Sprague Dawley rats (13 weeks old) were randomly 
assigned either to a sedentary control group (CON; n=8), or one of two 
exercise training groups: (1) cold exercise (CE; n=9); (2) normal 
temperature exercise (NE; n=9). All animals were individually housed in a 
climate-controlled room (25°C). During exercise training, NE exercised in 
the aferomentioned room while CE did in a cold room (4°C). Animals 
started to run on a treadmill at 25m/min for 10 min and running time was 
increased 10 min per day by reaching 50 min on day 5th. After that, rats 
ran 60 min a day at 30m/min for 4 consequtive days. Rectal temperatures 
were measured before and after each training session. Following last 
exercise bout the animals were anesthetized and both heart and adrenal 
were immediately removed for immunoblotting of HSP70 and HSC70 
expression. Exercise resulted in a significant elevation of body 
temperature only in NE (3.0 ± 0.5°C, p<0.05). In NE group, HSP70 
expression was significantly (p<0.05) higher than those of CON and CE 
groups in both myocardium and adrenal. Although there was a trend to 
increased levels of HSP70 in adrenal in CE group, it was not significantly 
higher than that of CON (p>0.05). The levels of HSC70 were not diferent 
among the three groups in both tissues. This study has shown that 
exercise-related elevations of body temperature could be the main factor 
for the inductions of adrenal HSP70 expression. 
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All living organisms share a common molecular stress response upon 
rapidly up-shifted environmental temperature. The heat shock response is 
characterized by a dramatic change in gene expression patterns and 
elevated syntheses of a family of heat shock protein, most of which 
function as molecular chaperones in preventing the aggregation of 
denatured proteins and/or helping protein refolding. The expression of 
most heat shock genes is strictly repressed under normal conditions, but 
activated once stress response is triggered. The mechanism of heat shock 
regulation differs among the three kingdoms. Compared to bacteria and 
eukaryotes little is known on heat shock regulation in archaea. The first 
transcriptional regulator selectively inhibiting cell-free transcription of 
archaeal heat shock promoters has been recently identified from the 
hyperthermophilic archaeon P. furiosus (1). The 24 kDa protein named as 
Phr forms a homodimer and specifically inhibits the transcription in vitro 
and in vivo by binding to a 29-bp DNA sequence overlapping the 
transcription start site in heat shock promoters. Phr established a novel 
protein family with non-homologous amino acid sequence with eukaryotic 
HSFs. The regulator specifically represses the expression of heat shock 
genes at physiological temperature in vitro and in vivo but is released 
from the promoters upon heat shock response. We report here the crystal 
structure of Phr which represents the first characterized heat shock 
transcription factor in archaea (2). Structure analysis revealed a stable 
homodimer, each subunit consisting of a N-terminal winged helix DNA-
binding domain (wH-DBD) and a C-terminal antiparallel coiled coil helical 
domain. The overall structure shows as a molecular chimera with 
significant folding similarity of its DBD to the bacterial SmtB/ArsR family, 
while its C-terminal part was found to be a remote homologue of the 
eukaryotic BAG domain. The dimeric protein recognizes a palindromic DNA 
sequence. Molecular docking and mutational analyses suggested a novel 
binding mode in which the major specific contacts occur at the minor 
groove interacting with the strongly basic wing containing a cluster of 3 
arginine residues. These results argue for an unprecedented DNA binding 
mode.  
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Heat shock factor 2, HSF2, is a member of an evolutionary conserved HSF 
transcription factor family, which in mammals consists of three genes, 
Hsf1, Hsf2 and Hsf4. The HSFs were originally found as regulators of the 
heat shock response, but mutant analyses revealed HSFs also to be 
important developmental factors. The Hsf2-/- mice show defects in the 
development of the CNS and in the function of the reproduction systems 
of both genders. In males, increased apoptosis in testis as well as reduced 
sperm count are detected. Further, the structure of the seminiferous 
tubules is altered, displaying less differentiating spermatocytes and 
extensive vacuolization of the tubules. The molecular mechanisms causing 
these defects have remained obscure. Thus, we performed a chromatin 
immunoprecipitation on promoter microarray (ChIP-chip) screen on wild 
type mouse testis to find HSF2 target genes. We have now identified a 
large set of novel target promoters of HSF2 in mouse testis. In addition to 
DNA binding, we have verified that HSF2 is transcriptionally active as the 
corresponding mRNAs are altered in Hsf2-/- testis. Many of the novel 
target genes of HSF2 are indeed involved in spermatogenesis. The ChIP-
chip screen surprisingly revealed a significant accumulation of HSF2 on 
genes located on the Y chromosome and important in sperm 
differentiation. Taken together, our results provide strong evidence for 
HSF2 playing significant role in spermatogenetic processes.  
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DEVELOPMENTAL ACTIVITY OF HSF1 REVEALED BY LOSS OF 
FUNCTION EXPERIMENTS 
 
Elisabeth Christians 
 
Traditional description of HSF1 activity is based on stress induction of 
molecular modifications which enable DNA binding and transcription of 
target genes. This view seems to imply that HSF1 is mainly inactive in 
normal, physiological situation.  
Previously published data and the work presented here strongly suggest that this description 
needs to be revised. 
Loss of function by gene targeting of Hsf1 in mice  revealed a complex 
phenotype including HSF1 maternal requirement in the oocyte. Hsf1-/- 
females produce oocyte but they appear to be unable to properly 
accomplish expected developmental steps such as meiotic maturation, 
fertilization and activation, which are mandatory for embryonic 
development.  
In order to better understand the link between HSF1 and those 
developmental steps, we searched for known and unknown targets of 
HSF1 in oocytes.  Using RT combined with real time PCR, we show that 
Hsp genes are differentially expressed and regulated by HSF1 in oocytes 
under normal, physiological conditions. 
Among HSF1 known targets, Hsp86 (Hsp90alpha), which is described as 
the inducible form of Hsp90, is significantly reduced in immature oocyte 
before meiotic maturation.  
Additional experiments will be discussed to show how Hsp90 alpha can be 
one of the key link between HSF1 and early developmental steps 
undertaken by the oocytes.  
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The transcriptional corepressor CoREST is a main component of a 
chromatin modifying complex that recruits the histone deacetylases, 
HDACs1/2, and the histone lysine specific demethylase, LSD1. First 
characterized as a corepressor of the RE1 Silencing Factor/Neural 
restrictive silencing factor (REST/NRSF), its transcriptional regulator role 
has been already demonstrated in the control of the expression of 
neuronal genes. The high evolutionary conservation of CoREST complex, 
allows suspecting that it might control the expression of another subset of 
genes. By a yeast two hybrid screening assay, using CoREST as bait, we 
identified the molecular chaperone heat shock protein 70 (Hsp70) as a 
CoREST interacting protein. We corroborated the association between both 
proteins, and delimited the interacting region of CoREST to its both SANT 
domains. Considering that Hsp70 is involved in the heat shock response 
as a transcriptional corepressor of Heat Shock Factor 1 (HSF1), we 
evaluated whether CoREST regulate the heat shock response. Our results 
show that CoREST overexpression represses the heat shock induction of a 
reporter gene driven by the human Hsp70 promoter. Moreover, CoREST 
represses HSF1 transcriptional activity in both control and heat shock 
treatment. Next, we analyzed if Hsp70 repressor effect depend on CoREST 
expression. Reducing CoREST expression by using a short hairpin RNA 
induces a significant increase over the activity of the Hsp70 promoter 
mediated by HSF1. Moreover, overexpressing Hsp70 is not able to repress 
the activity of HSF1 in cells with reduced CoREST expression. In 
conclusion, we demonstrated that CoREST regulates the heat shock 
response at transcriptional level repressing HSF1 activity. 
Supported by FONDECYT 1030496 
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Febrile response is a complex physiological reaction to disease including 
cytokine-mediated rise in body temperature and activation of 
inflammatory systems. Importantly, fever plays beneficial roles on disease 
prognosis experimentally and clinically, probably by suppressing pyrogenic 
and inflammatory cytokines in cells and in whole body. However, 



molecular mechanisms underlining fever-mediated suppression of cytokine 
gene expression are uncovered yet. Here we show that heat shock 
suppresses LPS-induced induction of IL-6 by activating HSF1 that induces 
ATF3, a negative regulator of IL-6. In vivo analysis using HSF1-null and 
ATF3-null mice reveals that HSF1 as well as ATF3 acts as a negative 
regulator of IL-6 expression in whole body and is required to inhibit fever. 
Unexpectedly, overexpression of ATF3 into cells has no effect on IL-6 
expression in the absence of HSF1. HSF1 also binds directly to IL-6 
promoter, and is required not only for a repressor ATF3, but also an 
activator NF-κB to bind to IL-6 promoter by partially opening chromatin 
structure. These results indicate that HSF1-ATF3 pathway is involved in 
feedback regulation of the febrile response. 
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Abstract 
The inducible regulation of heat shock gene transcription is mediated by a 
family of heat shock factors (HSFs) that respond to diverse forms of 
physiological and environmental stress including temperature, heavy 
metals, oxidative stress. Although HSFs have been extensively studied 
with respect to their regulation by molecular chaperones, regulatory 
mechanism between HSF family members are poorly understood. In this 
study, we identified the interaction of HSF2 with HSF4A but not with 
HSF4B under non-stressed conditions. Using immunoprecipitation assay, 
we found that leucine zipper domain 1-3 of HSF4A was directly interacts 
with HSF2 and inhibits transcriptional activity of HSF2. Interestingly, 
HSF4A was accumulated to the nucleus upon hemin treatment and 
inhibited trimerization and following target gene transcription of HSF2. 
These observations suggest HSF4A as an active repressor of HSF2-
mediated transcription.  
 
Keywords: HSF2, HSF4A, leucine zipper, hemin, immunoprecipitation 
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Gastric lesions result from an imbalance between aggressive and 
defensive factors.  Indirect lines of evidence suggest that heat shock 
factor 1 (HSF1)-dependent induction of heat shock proteins (HSPs) by 
various aggressive factors provide a major protective mechanism.  On the 
other hand, inflammatory bowel disease (IBD) involves infiltration of 
leukocytes into intestinal tissue and both pro-inflammatory cytokines 
(such as TNF-α) and cell adhesion molecules (CAMs) play an important 
role in this step. However, the role of HSF1 in development of IBD has 
remained unknown.  In this study, we examined the production of gastric 
lesions and DSS-induced colitis, animal model of IBD, using HSF1-null 
mice lacking HSF1.  The production of gastric lesions by ethanol or 
hydrochloric acid was stimulated in HSF1-null mice.  Ethanol 
administration up-regulated gastric mucosal HSPs, in particular HSP70, in 
an HSF1-dependent manner, and more apoptotic cells were observed in 
the gastric mucosa of HSF1-null mice than in wild-type mice.  
Geranylgeranylacetone (GGA), a clinically used anti-ulcer drug with HSP-
inducing activity, suppressed ethanol-induced gastric lesions in wild-type 
mice but not in HSF1-null mice. The results suggest that the production of 
irritant-induced gastric lesions in HSF1-null mice is due to their inability to 
up-regulate HSPs, leading to apoptosis.  It is also suggested that the HSP-
inducing activity of GGA contributes to the drug’s anti-ulcer activity.  On 
the other hand, the DSS-induced colitis was worsened in HSF1-null mice. 
DSS-administration up-regulated HSP70 at colonic tissues in an HSF1-
dependent manner.  Comparing to wild-type mice, levels of pro-
inflammatory cytokines (such as TNF-α) and CAMs at colonic tissues with 
DSS-administration were increased in HSF1-null mice. Macrophages 
prepared from HSF1-null mice showed higher activity for 
lipopolysaccharide-stimulated generation of TNF-α.  Suppression of hsf1 
expression stimulated lipopolysaccharide-induced up-regulation of CAMs.  
These results suggest that HSF1 play a protective role against DSS-
induced colitis.  Furthermore, this protective role seems to involve 
suppression of expression of TNF-α and CAMs.  This study provides the 
first direct genetic evidence that HSF1 confer protection against the 
development of gastric lesions and colitis related to human IBD. 
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Heat shock transcription factors (HSFs) regulates expression of heat shock 
genes and genes related to development. HSFs bind to heat shock 
element (HSE), which is composed of at least three inverted repeats of 
consensus sequence nGAAn. Under normal condition, HSF1 and HSF2 
exist as a monomers and a dimmer, respectively. HSF1 is converted to a 
trimer upon heat shock. In contrast, HSF4 constitutively stays a trimer 
that binds to the HSE under normal condition. Recent observations 
showed that HSFs plays roles in physiology including developmental 
processes and complements or competes with each other. However, we do 
not understand how HSFs do so. To examine their cooperativity, here we 
examined specificity of DNA-binding by HSFs. We firstly determined the 
HSE-binding specificity of HSF4 by a random oligonucleotide selection 
method. We found that the G nucleotide in 5’-nGAAn-3’ in all of the 
selected sequences is conserved, but there is little preferences for the 
nucleotides in As. Mutations in the A nucleotides in the nGAAn caused 
decreased binding of HSF1 and HSF2 whereas those affected HSF4 binding 
only a little. There results indicate that the HSF4-binding sequence is an 
inverted repeats of nGnnn. We next performed in vivo chromatin 
immunoprecipitation (CHIP) assay, and 71 candidate target genes were 
identified. Consensus sequence of the putative HSF4-binding sites was the 
same as that identified by a random oligonucleotide selection method. 
These results indicate that HSF4 possesses stronger affinity for a set of 
DNA-binding sites, whose sequences weakly matched with a canonical 
HSE sequence, than HSF1 and HSF2.  
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The transition from normal growth conditions to stress conditions induces 
the cell protective heat shock proteins (HSPs). Hsp genes are activated by 
Heat Shock Factors (HSFs). HSF1, the major stress-responsive 
transcription factor in mammals, is activated through a multi-step 
pathway including posttranslational modifications and binding to Heat 
shock Elements (HSE) upstream of Hsp genes. Although reported to be 
desactivated by heat shock (HS), HSF2 contributes to Hsp induction 
through interplay with HSF1.  
HSFs are also involved in development. Cerebral cortex consists in 6 
layers of neurons arising from migration. We showed that Hsf2-/- cerebral 
cortices display mispositioning of neurons due to disturbances in the 
expression of target genes which control neuronal migration signaling 
pathways (Chang Y, 2006  Genes & Dev).  
We are interested by the intriguing role of HSF1 and HSF2 as coordinators 
between stress and development. Chronic alcoholic intoxication (CAI) 
causes neuronal migration defects in brain development, which are part of 
the fetal alcohol syndrome (FAS), but whose molecular basis remain 
elusive. Since alcohol induces HSPs in cultured cells, we hypothesized that 
CAI disturbs HSF1/HSF2 activities in fetal cortices. Such alterations could 
disturb the expression of target genes that contain HSE and are regulated 
by HSF2 only during normal neuronal migration. 
We showed that HSF1 and HSF2 activities are disturbed both in ex vivo 
alcoholic exposure of cultured cells and in vivo CAI of fetal cortices. 
Differential HSF1 posttranslational modifications were induced by alcohol 
versus HS. Modifications of HSF activities correlated to disturbances in the 
expression levels of various HSF2 target genes involved in neuronal 
migration. By ChIP (chromatin immunoprecipitation), we characterized the 
differential in vivo occupancies by HSF1 versus HSF2 on these genes. 
Therefore HSFs provide a molecular explanation to the FAS aspect of 
neuronal migration defects. 
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Heat shock factor 1 (HSF1), the major stress-inducible transactivator 
binds to heat shock elements (HSE) embedded in the promoter of heat 
shock proteins (HSPs) under stressful conditions and up-regulates the 
synthesis of HSP genes. In principle, HSF1 activation in the heart provides 
protection against ischemic insults and other stressful episodes through 
the increased synthesis and chaperone activities of HSPs. HSF1 level is 
also up-regulated in physiological cardiac hypertrophy following strenuous 
exercise regimens. To study HSF1 functions in the heart, we generated a 
transgenic mouse model expressing cardiac specific, inducible, but 
constitutively active HSF1 whose transcriptional competency does not 
require stressors. Two transgenic mouse lines were characterized, termed 
mHSF1(+) Low Tg and High Tg, with transgene expression ranging 
between equivalent and  ~5-10 fold of the endogenous HSF1 level, 
respectively. In mHSF1(+) Low Tg mice, 7 days expression of mHSF1(+) 
induced  ~3-fold upregulation of each major HSP groups, which conferred 
significantly increased ischemic protection in an ex vivo heart injury 
model. In contrast, doxycyclin feeding of  mHSF1(+) High Tg line 
triggered ~5-10-fold increase in mHSF1(+) and target HSPs levels and 
~30% cardiac hypertrophy in 7 days. Interestingly, 3 weeks mHSF1(+) 
expression resulted in decompensated cardiac hypertrophy, massive cell 
death and fibrosis along with greatly decreased cardiac function and overt 
heart failure in transgenic mice. Mechanistically, we hypothesize that 
upregulated class I and class II histon deacetylase family members, direct 
or indirect targets of  mHSF1(+), may potentiate cardiomyocyte 
hypertrophy, whereas decreased expression of PGC-1α, a transcriptional 
co-activator of mitochondrial biogenesis accelerates the metabolic demise 
of mHSF1(+) High Tg hearts. Our studies have clearly established an 
intriguing dichotomy, based on low and high levels of HSF1 transactivation 
in both protective and pathological cardiac gene expression programs and, 
perhaps, human pathologies. 
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Hsps have been typically regarded as intra-cellular molecules that mediate 
a range of essential housekeeping and cytoprotective functions but 
increasingly there has been accumulating evidence which suggests that 



these molecules have importance as extra-cellular proteins. Hsps have 
been detected on both the cell surface and outside of cells under 
physiological conditions. We added soluble Hsp70 (bovine and 
recombinant) to U937 cells and erythrocytes to determine whether this 
Hsp70 provided added protection to these cells. A time and concentration 
dependent effect was observed in both cell types. A one hour treatment 
with 0.1 µg/ml Hsp70 protected U937 cells from apoptosis induced by 
heat stress at 42.6°C, determined by annexin-V, caspase-3 activity and 
visually using fluorescence microscopy. One hour incubation with 0.5 
µg/ml Hsp70 protected U937 cells from necrosis induced by 46.2°C heat 
shock, measured by propidium iodide, and 1 hr of 2 µg/ml Hsp70 
maintained cellular viability measured by MTS assay compared to control 
populations. Erythrocytes required 3 hr of 10µg/ml Hsp70 to protect 
against cell lysis induced by heat shock at 42°C, treatment with BSA 
showed no effect. These data support a possible role for extra-cellular 
Hsp70 in the protection against heat-induced cell death. Further 
characterisation of this response will be determined by flow cytometry and 
fluorescence microscopy. 
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Heat shock proteins (hsp) play a major role in a variety of cellular 
processes during normal conditions as well as during the restoration of 
homeostasis after stress. Recently, Hsp70, the major stress-induced hsp, 
has been found in the extracellular medium. Moreover, Hsp70 has been 
observed to activate cells of the immune system. Thus, circulating Hsp70 
is thought to act as a danger signal that triggers the response to injury. 
We have previously reported that Hsp70 is capable of interacting with lipid 
membranes and has a high selectivity for phosphatidylserine (PS). The 
incorporation of Hsp70 within PS-containing membranes was enhanced by 
the presence of spingolipids (GM1) and cholesterol, which are major 
components of lipid rafts. In fact, Hsp70 was detected in the lipid raft 
fraction isolated from Triton X-100 solubilized HepG2 cells after heat 



shock (HS). The presence of Hsp70 in this fraction was reduced by 
depletion of cellular cholesterol by treatment with β-cyclodextrin. Hsp70 
was visualized within the plasma membrane of HepG2 cells after HS, co-
localizing with lipid raft markers. Analysis of the extracellular medium of 
HepG2 cells after heat shock revealed the presence of Hsp70 within 
membranes that can be isolated by high speed centrifugation. These 
membranes containing Hsp70 were rich in GM1 and cholesterol, but 
depleted of other cellular components, such as actin. Moreover, the Hsp70 
within these extracellular membranes was resistant to Triton X-100 
solubilization. Thus, extracellular membranes containing Hsp70 resemble 
lipid rafts. We propose that part of the extracellular Hsp70, which may be 
involved in the activation of immune cells, is present in the membrane 
derived from lipid rafts.     
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Environmental or emotional challenge triggers a cascading series of 
physiological responses which are collectively termed the “stress 
response”. The stress response can be assessed at the behavioral, neural, 
hormonal, immunological and single cell, levels and evolved to benefit an 
organism’s chance of survival during times of acute challenge. The stress 
response has been studied for many years, however, its impact on 
specifically immune function has only recently been appreciated. Acute 
activation of the stress response has both inhibitory and stimulatory 
effects on immunity. The focus of this presentation is on a novel 
mechanism for the immunostimulatory effects of stress.  Specifically, we 
propose that an endogenous, ubiquitous cellular stress protein, heat shock 
protein 72, when found in the extracellular environment may contribute to 
stress-induced potentiation of innate immunity. We develop the 
hypothesis that the release of extracellular heat shock protein 72 
(eHsp72) is a normal feature of the acute stress response that can 
have either positive or negative consequences for host defense 
depending on several factors, including the nature of the eHsp72 
(naked versus antigen-associated), and host health status 
(absence or presence of pre-existing inflammatory disease). Thus, 
stress-induced eHsp72 release may be a double-edged sword for host 
defense. 
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Processes to attain and maintaining the correct three-dimensional shape, 
or ‘native conformation’ of proteins are vital. However, certain conditions 
including thermal and oxidative stress cause proteins to unfold and 
aggregate. Intracellular and/or extracellular protein aggregates have been 
identified in a large number of diseases, including Alzheimer’s disease, 
arthritis and type II diabetes. While several intracellular quality control 
mechanisms for the folding state of proteins have been characterized, 
corresponding mechanisms for extracellular protein quality control have 
yet to be identified. Clusterin is an extracellular chaperone that can 
stabilise proteins and prevents their precipitation during exposure to high 
temperatures or oxidative stress. We have demonstrated that clusterin 
stabilizes proteins by forming high molecular weight (HMW) complexes (> 
4 x 107 Da) with them. Using an animal model, the fate of blood-borne 
123I -HMW complexes was investigated. 123I -HMW complexes were rapidly 
cleared from circulation and targeted primarily to the liver and spleen. In 
the absence of specific extracellular proteolytic mechanisms it appears 
likely that extracellular proteins are targeted and transported 
intracellularly for degradation. Receptor-mediated endocytosis is one 
possible route for the clearance of HMW complexes.  Clusterin affinity 
chromatography of cell membrane proteins from liver and spleen may 
identify potential receptors for HMW complexes. These findings suggest an 
important role for clusterin in extracellular protein quality control.  
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α2-Macroglobulin (α2M) is a secreted glycoprotein, found at high levels in 
human blood, best known for its ability to inhibit a large array of 
proteases by a unique trapping method. Protease binding promotes a 
change in structure of α2M yielding an “activated” conformation which 
exposes a binding site for the low density lipoprotein receptor. This 
process facilitates the clearance of α2M-protease complexes from the 
body. We report here that α2M also has potent chaperone properties, 
making it the first known protein to combine both these activities. We 
show that α2M inhibits the heat induced aggregation of citrate synthase 
and creatine phosphokinase, and the oxidative stress induced aggregation 
of lysozyme and α-synuclein. Protease-mediated activation of α2M 
abolishes its chaperone-like activity. However, we show that native α2M is 
able to form soluble complexes with stressed proteins and then 
subsequently become activated by interacting with a protease. This 
activation of α2M in complex with misfolded proteins provides a potential 
mechanism for the in vivo clearance of α2M/stressed protein/ protease 
complexes. We propose that α2M is a member of a small group of 
abundant extracellular proteins with chaperone properties that patrol 
extracellular spaces for unfolded/misfolded proteins and facilitate their 
disposal. 
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Stress (or heat shock) proteins form an ancient defense system of our 
cells. They were considered to be intracellular, but cells under stressful 
conditions can express stress proteins on their surface and release them 
to the extracellular space, where these proteins funtion as a „danger 
signal” and induce apoptosis of target cells as well as activate both 
humoral and cellular immune responses. One of the most important stress 
protein implicated in extracellular signalling is Hsp70, the inducible 
cytosolic isoform of the 70 kDa heat shock protein family.  
In the present experiments we investigated the effect of extracellular 



Hsp70 on the interaction of bacteria with the immun system. 
Our results demonstrated that extracellular Hsp70 was able to bind both 
to the surface of Gram-positive Streptococcus mutans and mitis and 
Gram-negative Escherichia coli bacteria. Acidic milieu (pH 5.5) and high 
temperature (42°C) facilitated while ATP partially inhibited the formation 
of the Hsp70-bacterium complex. We found that extracellular Hsp70 
exerted an opsonizing effect, it was able to activate the killing activity of 
polymorphonuclear neutrophil leukocytes. 
Our results provide a novel mechanism by which extracellular Hsp70 may 
induce the activation of the innate immune response. These findings may 
lead to the deeper understanding of the relationship between stress and 
immunity, as well as may promote the development of immune 
stimulatory drugs. 
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Recent studies demonstrated that Hsp70 is being released into blood or 
the conditioned medium of cultured cells under stressful conditions. 
Exogenously added purified Hsp70 was shown to induce signal 
transduction in monocytes and macrophages. However, whether Hsp70 
can induce signal transduction events in non-immune cells remains 
unclear. The aim of this study was to investigate the signaling events 
triggered by extracellular Hsp70 in carcinoma cells. At initial steps of heat 
stress Hsp70 was shown to appear in the conditioned medium of heated 
A431 carcinoma cells due to its secretion. Both heat shock and 
extracellular Hsp70 induce association of TLR2/4 with downstream adaptor 
protein MyD88 which confirms the activation of TLR2/4. Simultaneously, 
heat shock, extracellular Hsp70  and conditioned medium from heated 
A431 cells stimulate ligand-independent EGFR activation and activation of 
EGFR-dependent signaling pathways including Erk1/2, PLCγ1 and STAT3. 
The depletion of Hsp70 from such medium abolished EGFR transactivation. 
The neutralizing antibody to TLR2 and 4 attenuated both EGFR and 
ERK1/2 phosphorylation which confirms the cross talk between TLRs and 
EGFR signaling systems in A431 cells. Moreover, extracellular Hsp70 and 
heat shock induce association of TLR2 and 4 with EGFR. While the 
protective function of intracellular Hsp70 is well documented, the present 
study provide evidence that Hsp70 secreted from cells at initial steps of 



heat stress might play the same function by mediating EGFR 
transactivation, which is known to prevent stress-induced apoptosis.  
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Group II chaperonins, found in the archaeal and eukaryotic cytosol, 
function independently of the cofactor corresponding to GroES of group I 
chaperonins. Rather, the helical protrusion at the tip of the apical domain, 
which forms a built-in lid of the central cavity, substitutes for the cofactor. 
We have been studying the protein folding mechanism of group II 
chaperonins using the chaperonin from a hyperthermophilic archaeum, 
Themococcus sp. strain KS-1. Previous studies have shown that ATP 
drives the conformational change of group II chaperonins, from the open-
lid, substrate binding conformation, to the close-lid conformation to 
encapsulate unfolded protein in the central cavity. However, the details of 
the ATP-driven reaction remain obscure. It has been considered that the 
conformational change is driven in the cooperative manner. However, the 
mechanism of the cooperation between subunits has not been studied. To 
elucidate this issue, we constructed and characterized the chaperonin 
complexes which are composed of wild and mutated subunits in the 
ordered fashion by connecting them. Although the complexes containing 
mutations around ATP binding sites retained protein folding activity, the 
complex with the helical protrusion deletion had lost ATP dependent 
conformational change and also protein folding activity. Thus, we 
concluded that not cooperative action of ATP hydrolysis but the interaction 
of helical protrusions in the ring is important in the protein folding cycle of 
group II chaperonins. 
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The HSP60 chaperonin is widely appreciated for its role in protein folding. 
However, the detailed information on its cellular functions still remained 
elusive.  The present study is a follow-up of our studies on the functional 
characterization and significance of HSP60 protein in sheep blowfly, Lucilia 
cuprina, which revealed interesting results. The immunocytochemical and 
immunoflourescence studies showed the expression of Lucilia HSP60 
protein to be generally constitutive, whose level rises upon heat stress. In 
a few cell types, it appears tissue- or developmental stage-specific and 
even heat inducible. More striking is its presence in several nuclei of larval 
and adult polytene cell types while gene or protein analysis revealed an 
apparent absence of NLS, strongly suggesting its involvement in both 
cytoplasmic and nuclear functions. The expression pattern in germline 
tissues is more interesting, particularly in ovarian tissues. The oocytes 
showed a stage-specific expression of the protein, varying from 1st – 14th 
stages. The spatial pattern of HSP60 expression in mature eggs indicates 
a distinct role for it. The complete L. cuprina hsp60 gene was cloned using 
genomic PCR strategy and RACE. The major portion of the coding 
sequence of the hsp60 gene was isolated using the primers designed from 
Drosophila melanogaster cDNA sequence. The sequence analysis revealed 
a 2190 bps long sequence with a 1730 bps coding region and 5’ and 3’ 
UTRs of 189 and 271 bases respectively.  Sequence alignment of 
nucleotide and amino acid sequences confirmed a significant homology 
among divergent species. The in-silico analysis of the protein structure 
revealed significant structural homology with GroEL. The real time PCR 
analysis showed that the copy number and expression levels of hsp60 
gene are almost ten fold lesser than its compatriot Drosophila. RNA-RNA 
in-situ hybridizations showed transcript expression to be more in 
differentiating cell types than the differentiated cell types, further pointing 
its functional significance to be differential during various life cycle stages. 
Details of the possible mechanism/s of the nuclear localisation of HSP60 
and its functional significance in cell nuclei and in differentiating (germ) 
cells will be discussed.  
 

 
 



1E_03_P 
 
HSP90 IN C. ELEGANS AND BRUGIA: HIGHLY CONSERVED YET 
DIFFERENT 
 
Eileen Devaney, Vicki Gillan, Kirsty Maitland and Nik A.I.I. Nik Him  
 
The molecular architecture of Hsp90 is highly conserved throughout 
evolution. However, C. elegans Hsp90 is unique amongst eukaryotes 
because of its resistance to Geldanamcyin. This finding was originally 
interpreted as an example of adaptive evolution as both C. elegans and 
the micro-organism that synthesizes GA live in the same ecological niche 
of the soil.  In contrast Hsp90 from the parasitic nematode Brugia pahangi 
specifically binds to GA. Using a comparative genomics approach we have 
investigated whether the GA-resistant phenotype of C. elegans is unique 
or is shared with other nematodes. From our analysis to date additional 
nematodes that express either a GA-resistant or a GA-sensitive Hsp90 
have been identified and we are using this information in an attempt to 
dissect the molecular basis of GA resistance in C. elegans. In addition we 
are expressing the GA sensitive Bp-Hsp90 in C. elegans to determine 
whether this confers GA sensitivity on the free-living species. Our results 
suggest that additional factors beyond the primary amino acid sequence 
and predicted structure determine the GA sensitivity of Hsp90. 
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It has been proposed that Hsp90 captures a client protein like a molecular 
clamp.  The dimeric structure of Hsp90 mediated by the C-terminal region 
appears to be essential as a joint of the clamp.  We here examined the 
effects of the amino acid substitutions present between human Hsp90 
isoforms, i.e., Hsp90α and Hsp90β, and a single nucleotide polymorphism 
(SNP) found in Caucasians on the dimeric interaction.  The dimer-forming 
potential of Hsp90β is less than that of Hsp90α due to the 16 amino acid 
substitutions at the 561-685 amino-acid region of the C-terminus.  
Bacterial two-hybrid system demonstrated, among the 16 amino acids, 
 the conversions of Thr566 and Ala629 of Hsp90α to Ala558 and Met621 
were primarily responsible for impeded dimerization of Hsp90β.   Yeast 
expression system revealed that the SNP (Gln488>His) of the Hsp90α 
observed in Caucasians disrupts the function of Hsp90 (MacLean, M.J., et 



al 2006).  To investigate its molecular mechanism, we evaluated the 
domain-domain interaction of Hsp90α with the missense mutation.  
Human Hsp90α 401-732 interacts with both Hsp90α 1-400 and 401-732 
through the intra-molecular and dimeric interactions, respectively.  The 
two-hybrid system revealed that the mutation selectively decreased the 
latter interaction.  The present study defined the amino acid substitutions 
affecting the dimerization of Hsp90 and demonstrated that the dimeric 
interaction is prerequisite for the in vivo function of Hsp90. 
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Chaperonin proteins cpn60 and cpn10 are essential proteins involved in 
cellular protein folding. Plant chloroplasts contain a unique version of the 
cpn10 co-chaperonin, cpn20, which consists of two homologous cpn10-like 
domains (N-cpn20 and C-cpn20) that are connected by a short linker 
region. Although cpn20 seems to function like other single-domain cpn10 
oligomers, the structure and specific functions of the domains are not 
understood.  We mutated amino acids in the "mobile loop" regions of 
either N-cpn20, C-cpn20 or both: a highly conserved glycine, which was 
shown to be important for  flexibility of the mobile loop and a leucine 
residue shown to be involved in binding of co-chaperonin to chaperonin.  
The mutant proteins were purified and their oligomeric structure validated 
by gel filtration, native gel electrophoresis and circular dichroism.   
Functional assays of protein refolding and inhibition of GroEL ATPase both 
showed that i) Mutation of the conserved glycine reduced the activity of 
cpn20, whether in N-cpn20 (G32A) or C-cpn20 (G130A).  The same 
mutation in the bacterial cpn10 (GroES G24A), had no effect on activity. 
ii) Mutants of the highly conserved leucine of N-cpn20 (L35A) were  
inactive, as was the corresponding mutant of GroES (L27A) iii) Mutants of 
the conserved leucine in C-cpn20 (L133A) retained 55% activity.  We 
conclude that the structure of cpn20 is much more sensitive to alterations 
in the mobile loop than is the structure of GroES. Moreover, only N-cpn20 
is necessary for activity of cpn20.  However, full and efficient functioning 
requires both domains. 
 
 

 



 
1E_06_P 
 
KNOCKDOWN OF THE HSP90 CO-CHAPERONE CDC37 
CHEMOSENSITIZES AND ARRESTS THE GROWTH OF PROSTATE 
CANCER CELLS BY INHIBITING MULTIPLE SIGNALING CASCADES 
 
Phillip J. Gray, Jr., Mary Ann Stevenson and Stuart K. Calderwood 
 
Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, 
MA 02215.  Correspondence: pjgray@bidmc.harvard.edu 
 
In the fight against prostate cancer, the second leading cause of cancer 
death in men, delineation of the complex molecular interactions within the 
prostate cancer cell will be critical to improving outcomes for patients.  
The HSP90 chaperone system is already known to interact with and 
maintain a wide variety of cell signaling pathways commonly dysregulated 
in cancer.  An important part of this system is the kinase and steroid 
receptor targeting subunit Cdc37. Using RNA interference  by lentivirus-
delivered shRNA constructs we were able to determine the effects of 
Cdc37 knockdown on prostate cancer cells.  Our data indicate that loss of 
Cdc37 function induces growth arrest and sensitizes prostate cancer cells 
to chemotherapeutic drugs such as Paclitaxel.  Although loss of Cdc37 
function does not significantly alter the intracellular levels of most known 
HSP90/Cdc37 clients, it does markedly inhibit their activity and ability to 
function in signal transduction.  We show that loss of Cdc37 leads to 
reduced flux through multiple signaling pathways including the Erk 
pathway, the Akt pathway, the mTOR pathway and the androgen receptor 
pathway.  We have also discovered synergistic interaction between the 
knockdown of Cdc37 and the inhibition of HSP90 by the anticancer drug 
17AAG. Thus Cdc37 is important for maintaining the tumor phenotype in 
cancer cells and represents a novel target in the search for multi-targeted 
therapies based on the HSP90 chaperone system. 
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Prefoldin is a molecular chaperone that captures a protein-folding 
intermediate and transfers it to a group II chaperonin for correct folding. 
Previously we have shown that the binding rate of prefoldin to chaperonin 
correlates with the transfer rate of a substrate between them and 
electrostatic interaction is important for their interaction. However, the 
manner in which the prefoldin interacts with its substrates and cooperates 
with the chaperonin is poorly understood. In this study, we examined 
affinities of Pyrococcus prefoldin (PhPFD) and a chaperonin mutant from 
Thermococcus sp. strain KS-1 (CPNαK250E/K256E) in the presence of 
various nucleotides using fluorescent anisotropy and SPR sensor. 
CPNαK250E/K256E takes an open conformation in the nucleotide-free or 
ADP bound states and changes to a closed conformation upon binding of 
ATP. Our results indicate that PhPFD binds more tightly to 
CPNαK250E/K256E in the nucleotide-free state or in the presence of ADP 
than in the presence of AMP-PNP, unhydrolyzable ATP analogue. These 
results agree well with the substrate protein transfer model suggesting the 
prefoldin binds to the open-state chaperonin. The kinetic experiments 
using BIAcore T100 have shown that PhPFD-CPNαK250E/K256E 
interaction involves two steps. The fast encounter step is followed by a 
slower docking step whereby the complex undergoes a slow 
conformational transformation. 
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HtrA from E. coli is a periplasmic serine protease responsible for  
degradation of misfolded proteins. The proteolytic activity of HtrA  is 
regulated in a temperature-dependent manner. According to the HtrA’s 
crystal structure below 30°C the access to the active center is restricted 
by three interacting loops: LA, L1 and L2. At higher temperatures the 
protease is activated and this process most probably requires the 
disruption of the loop trio. The way this process occurs is still not clear. To 
examine the importance of the LA-L1-L2 interaction on HtrA  stability we 
introduced a tryptophan residue into each of the loops. As the wt HtrA 
does not contain tryptophan, the introduced Trp served as internal probe 
for studying  conformational changes within the loops. Using Fourier 



Transform-Infrared Spectroscopy we confirmed that the mutations did not 
affect the secondary structure or the thermal stability of the mutants; 
thus the proteins were suitable for further analysis.  The conformational 
changes induced by temperature were studied by circular dichroism (CD) 
technique at wavelengths 260-320 nm. We monitored the CD spectra at 
temperature range 25- 50oC and focused particularly on the spectrum of 
tryptophan (wavelength range 280 –300 nm). We observed that 
significant changes in the CD signal intensity occurred at temperature 
ranges 30-32,5°C  and 37–45°C. The observed changes correlate well 
with the changes of the HtrA proteolytic activity: at 30°C HtrA becomes 
proteolytically active and at temperature above 40°C the activity 
significantly rises to reach maximum at 50-55°C. 
The obtained results were verified further by spectrofluorimetric methods.   
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Molecular mimicry (MM) has been postulated as a trigger of autoimmune 
diseases (AID). Ku is a heterodimer of 70 kDa (p70) and 80 kDa (p80) 
protein subunits and has a key role in multiple processes, particularly in 
stress conditions: DNA repair, chromosome maintenance, transcription 
regulation, V(D)J recombination. Ku is also part of a group of DNA-
associated antigens targeted by autoantibodies in systemic lupus 
erythematosus and related disorders. It is found in 5% of sclerodermic 
patients, and is suggestive of systemic sclerosis/polymyositis overlap 
syndrome. Since a possible role of MM in the generation of autoimmunity 
to this antigen has been suggested, we used in silico techniques to 
identify potentially responsible microbial proteins. We used BLAST to 
compare amino acid sequences of p70 and p80, with all known sequences 
(as of April 18, 2007) of bacteria (n=5,229,868), viruses (n=629,582) 
and fungi (n=511,126). The cut-off for the E parameter was 0.001. We 
found no homologies with bacterial or viral proteins. Homologous fungal 
proteins were 51 for p70 and 24 for p80. In both cases, only 12 belonged 
to human pathogens (A. clavatus, A. fumigatus, A. nidulans, A. niger, A. 
terreus, C. glabrata, C. globosum, C.  immitis, C. neoformans, N. fischeri, 
Y. lipolytica, and D. hansenii for p70 and C. albicans for p80). Amino acid 
identity range was 20-30% and 20-27%, similarity range was 39-50% 



and 40-48%, E values were between 2x10-66 and 3x10-4 and between 
2x10-35 and 3x10-4, respectively. p70-homologous segments spanned at 
least one of the 3 T-cell epitopes of this molecule, while p80-homologous 
segments spanned at least one of the 3 T-cell epitopes of the autoantigen 
in 8 cases (in the others, overlap was partial). Our data suggest that some 
fungi could trigger anti-Ku-positive AID via MM. Further research is 
needed to verify this hypothesis. 
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Recent studies demonstrated that Hsp70 is being released into blood or 
the conditioned medium of cultured cells under stressful conditions. 
Exogenously added purified Hsp70 was shown to induce signal 
transduction in monocytes and macrophages. However, whether Hsp70 
can induce signal transduction events in non-immune cells remains 
unclear. The aim of this study was to investigate the signaling events 
triggered by extracellular Hsp70 in carcinoma cells. At initial steps of heat 
stress Hsp70 was shown to appear in the conditioned medium of heated 
A431 carcinoma cells due to its secretion. Both heat shock and 
extracellular Hsp70 induce association of TLR2/4 with downstream adaptor 
protein MyD88 which confirms the activation of TLR2/4. Simultaneously, 
heat shock, extracellular Hsp70  and conditioned medium from heated 
A431 cells stimulate ligand-independent EGFR activation and activation of 
EGFR-dependent signaling pathways including Erk1/2, PLCγ1 and STAT3. 
The depletion of Hsp70 from such medium abolished EGFR transactivation. 
The neutralizing antibody to TLR2 and 4 attenuated both EGFR and 
ERK1/2 phosphorylation which confirms the cross talk between TLRs and 
EGFR signaling systems in A431 cells. Moreover, extracellular Hsp70 and 
heat shock induce association of TLR2 and 4 with EGFR. While the 
protective function of intracellular Hsp70 is well documented, the present 
study provide evidence that Hsp70 secreted from cells at initial steps of 
heat stress might play the same function by mediating EGFR 
transactivation, which is known to prevent stress-induced apoptosis.  
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Docosahexaenoic acid (commonly known as DHA; 22:6(ω-3)) is an omega-
3 essential fatty acid. We have earlier shown that DHA affects the 
proliferation and survival of colon cancer cells. In order to evaluate the 
molecular mechanisms involved in the anti-cancer action of this fatty acid, 
gene expression analysis were performed at several time points. The 
results showed activation of a stress response after treatment of the cells 
with DHA. Heat shock protein 70 (HSP70) and the Nrf2-dependent stress 
protein heme oxygenase-1 (HO-1) were both found to be highly up-
regulated at the protein level. These results suggest that stress proteins 
are key mediators or modulators of the effects of DHA. Genes encoding 
redox enzymes were also found to be up-regulated after DHA treatment. 
The work presented here will try to answer if the observed stress protein 
activation in colon cancer cells treated with DHA is related to changes in 
the cellular redox state and involves modification of redox-sensitive 
transcription factors. 
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Hans Selye identified type 2 diabetes as a “disease of adaptation”, a 
pathology that occurs as the stress response itself breaks down in the face 



of prolonged, chronic stress. His writings pondered the etiology of such 
diseases, suggesting that there was a finite energy of adaptation that, 
when depleted, resulted in disease, early aging and ultimately death. Our 
thesis is that type 2 diabetes is indeed the product of a breakdown in the 
stress response that results, not from general energetic constraints, but 
from a specific self-perpetuating cycle that cripples the body’s ability to 
respond to stress via loss of insulin signaling. This breakdown occurs in 
the following way: chronic metabolic stress (from high fat diet, inactivity, 
aging, genetic predisposition) leads to the production of cytokines and 
counter-regulatory hormones (cortisol, epinephrine, growth hormone), 
which impair insulin signaling. Reduction of insulin signaling activates 
glycogen synthase kinase-3 (GSK-3) which deactivates Heat Shock Factor-
1, resulting in lower heat shock proteins (Hsps)-- a state which further 
promotes cytokine activity and augments defects in insulin signaling. Proof 
of concept for this thesis is supported by these observations: 1) Reduction 
of pain and stress in surgery improves outcomes. 2) Insulin infusion at the 
time of surgery or in critically ill patients (with no diabetes) raises Hsp 
levels and improves morbidity and mortality. 3) Agents that improve 
insulin signaling (like GSK-3 inhibitors) raise Hsp levels, thus reducing 
inflammation which further improves insulin signaling and survival. 4) 
When insulin signaling is damaged (pre-diabetes and diabetes), tissue Hsp 
levels are low and tissues are vulnerable to stress. Thus, Hans’ concern 
that the stress response itself can lead to disease and death is valid, not 
due to energy exhaustion, but due to loss of cytoprotective Hsps and 
unabated inflammation.  
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Geldanamycin (GA) is a specific inhibitor of chaperoning function of Hsp90 
protein. We recently reported that intracerebral GA treatment drastically 
reduced basal level of Hsp90 protein in the brain of goldfish (Carassius 
auratus). To understand mechanisms involved in this finding, we 
examined mRNA levels of two isoforms of Hsp90, α and β, after GA 
administration in the brain of goldfish at a dose of 0.05 or 1.0 µg/g-body 
weight. Hsp90α and Hsp90β are stress-inducible and constitutive protein, 
respectively. Levels of Hsp90α mRNA, Hsp90β mRNA and glyceraldehyde-
3-phosphate-dehydrogenase (GAPDH) mRNA in the brain were determined 
by RT-PCR method at allotted time from 4 to 72 h after GA treatment. The 



OD ratio of Hsp90α mRNA or Hsp90β mRNA to GAPDH mRNA was 
calculated as an index of transcription level for Hsp90α or Hsp90β gene. 
The OD ratio for Hsp90α after GA treatment at 1.0 and that at 0.05 µg/g 
both showed a 1.5 fold significant increase in comparison with GA-
untreated control as determined at 12 and 20 h post-treatment; then, 
they peaked 20 and 28 h after treatment, respectively. Thereafter, the 
ratio values both decreased to the control level at 36 h post-treatment. In 
contrast, the OD ratios for Hsp90β were almost constant throughout the 
time course used after treatment without significant deviation from the 
control value. These results suggest that GA caused reduction in the 
abundance of Hsp90 protein in the brain of goldfish is a post-translation 
event, most probably, by proteosome-mediated degradation of GA-bound 
Hsp90α protein, which in turn upregulate transcription of Hsp90α gene. 
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The work is directed towards the solution of one of the most important 
problems of modern biology and medicine – the creation of novel effective 
and safe agents capable of elevating adaptation potential of the human 
body under the influence of various extreme factors. The objective of the 
work is synthesis of a set of short corticotropin-like peptides and study of 
their effect on non-specific resistance of laboratory animals subjected to 
various stress factors. It was synthesized 75 of corticotropin-like peptides, 
which contained from 13 to 2 amino acid residues. The ability of the 
synthesized peptides to inhibit the specific binding of tritium labeled 
corticotropin fragment 11-24 to rat adrenal cortex in vitro was 
investigated. On the base of the obtained results there were selected 6 
peptides (KKRR, KKRRP, VKKPGSSVKV, KKRRLLLL, LLKKRRLLLL, ac-KKRR-
NH2) with the highest inhibitory activity for in vivo tests. The influence of 
the selected peptides on the level of glucocorticoids and catecholamines in 
the adrenals and blood of rats in the experiments on acute hemorrhage 
and hypobaric hypoxia were studied. It was established that intravenous 
injection of peptides KKRR, KKRRP or ac-KKRR-NH2 at the dose of 1 µg/kg 
could correct the changes in the content of corticosterone, adrenaline and 
noradrenaline in the adrenals and plasma of rats that were subjected to 
hemorrhagic shock or hypobaric hypoxia. It has been shown that the 



stress-protective activity of these peptides is mediated by the 
corticotropin receptor in cortex of the adrenals. 
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Moderate overexpression of heat shock proteins (HSPs) or molecular 
chaperones could confer cells and tissues stress tolerance and provide 
beneficial effects on various pathological states associated with protein 
misfolding and protein aggregation. Recently, we found a novel chaperone 
inducing compound, paeoniflorin, which is one of the major constituents of 
a herbal medicine derived from Paeonia lactiflora Pall. Paeoniflorin could 
induce Hsp70, Hsp40, and Hsp27 in cultured HeLa cells. Treatment of cells 
with paeoniflorin resulted in enhanced phosphorylation and acquisition of 
DNA binding ability of heat shock factor 1 (HSF1), as well as the formation 
of characteristic HSF1 granules in the nucleus, suggesting that the 
induction of these HSPs by paeoniflorin is mediated by the activation of 
HSF1. Also, thermotolerance was induced by the treatment with 
paeoniflorin. Paeoniflorin had no apparent toxic effect at concentrations as 
high as 500 µM (Cell Stress & Chaperones 9: 387-389, 2004). 
Also, we investigated the effect of paeoniflorin on the induction of Hsp70 
in mouse stomach and the HCl-induced gastric mucosal injury. 
Administration (i.p.) of paeoniflorin resulted in the induction of Hsp70 in 
mouse stomach detected by western blot and immunohistochemical 
staining. Severe gastric mucosal injury was caused 3 hr after oral 
administration of HCl. Prior administration of paeoniflorin could protect the 
HCl-induced gastric mucosal injury as demonstrated by an overview and 
histological HE staining. The extent of protection was well correlated with 
the expression level of Hsp70. No apparent systemic side effect of 
paeoniflorin was observed so far. Hsp70 was also induced in liver, heart 
and brain by paeoniflorin (manuscript in prepararion). From these results, 
it is suggested that paeoniflorin and paeoniflorin-containing herbal 
medicines might be used clinically as chaperone inducers for the 
prevention and treatment of various pathological states, such as stress 
ulcers and ischemia-induced injuries, and of diseases associated with 
protein misfolding and protein aggregation. 



This work was supported in part by a Grant-in-Aid for the High-Tech 
Research Center Establishment Project (2002-2006, Chubu University) 
from the Japanese Ministry of Education, Culture, Sports, Science and 
Technology.） 
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Adaptogens possess anti-fatigue and anti-stress activities that can 
increase mental and physical working performance against a background 
of fatigue or stress. A characteristic feature of adaptogens is that they act 
as eustressors or challengers and give rise to stimulating or stress-
agonising effects following single administration. The stress-protective 
action achieved by multiple administration of adaptogens is not, therefore, 
the result of inhibition of the stress response of an organism, but of 
adaptive changes in the organism in response to the repeated stress-
agonistic properties of the drug. The aim of the present study was to 
ascertain which mediators of stress response are significantly involved in 
the mechanisms of action of adaptogens, and to determine their relevance 
as biochemical markers for evaluating anti-stress effects in rabbits 
subjected to immobilisation stress. Blood levels of stress-activated protein 
kinase (SAPK/JNK), the phosphorylated kinase p-SAPK/p-JNK, nitric oxide 
(NO), cortisol, testosterone, prostaglandin E2, leukotriene B4 and 
thromboxane B2 were determined in groups of animals prior to daily oral 
administration of placebo or rhodioloside or extracts of Eleutherococcus 
senticosus, Schisandra chinensis, Rhodiola rosea, Bryonia alba or Panax 
ginseng over a 7 day period. Ten minutes after the final treatment, 
animals were immobilised for 2 hours and blood levels of the markers re-
determined. In the placebo group, only p-SAPK/p-JNK, NO and cortisol 
were increased significantly (by 200-300% cf basal levels) following 
immobilisation stress, whilst in animals that had received multiple doses 
of adaptogens/stress-protectors, the levels of NO and cortisol remained 
practically unchanged after acute stress. It is known that NO can strongly 
inhibit the production of cellular energy through two mechanisms: (i) 
inhibition of mitochondrial respiration by reversible and irreversible 



inhibition of cytochrome P450, and (ii) the inhibition of glycolysis through 
modification of the SH-groups of glyceraldehyde-3-phosphate 
dehydrogenase. The inhibition of stress-induced NO production 
demonstrated in the present study may provide an explanation of the 
energy bursting effects of adaptogens that result in a prolonged phase of 
endurance and postponed fatigue. Rhodioloside and extracts of S. 
chinensis and R. rosea (adaptogens containing only phenolic compounds) 
were the most active inhibitors of stress-induced p-SAPK/p-JNK. B. alba 
and P. ginseng (stress-protectors containing only cortisol-like substances) 
exerted little effect on p-SAPK/p-JNK levels. It is suggested that the 
inhibitory effects of R. rosea and S. chinensis on SAPK/JNK activation may 
be associated with their anti-depressant activity as well as their positive 
effects on mental performance under stress. 
 
*E-mail of corresponding author: ap@shi.se 
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Accumulations of unfolded proteins in ER cause ER stress, leading to 
activation of several transcription factors. Among them, XBP1 is one of the 
major transcription factors of ER stress. Under ER stress condition, a 26-nt 
intron of XBP1 mRNA is spliced out by activated IRE1, leading to a frame 
shift. This splicing event creates translational frameshift in XBP1 mRNA to 
produce an active transcription factor. Recently, XBP1 is considered to be 
much correlated with tumor progression, because it has been reported 
that Xbp1-knockdown cells did not form tumors in mice and the 
expression of XBP1 was increased in a several types of tumor cells. 
Therefore, XBP1 inhibitor would be a new class of anti-cancer drug. To 
screen inhibitors of ER stress-induced XBP1 activation, we first 
constructed pcDNA3/XBP1-luc plasmid that is fused the luciferase cDNA 
downstream of XBP1 cDNA. Then, we transfected pcDNA3/XBP1-luc 
plasmid into HeLa cells to generate HeLa/XBP1-luc cells that are stably 
transcribed XBP1-luciferase mRNA. Under normal condition, the XBP1-
luciferase mRNA is not spliced and its translation is terminated at the stop 
codon near the splice site of XBP1 mRNA, resulting in that the luciferase 
protein is not produced. In contrast, under ER stress condition, the 26-nt 
intron is excised, leading to frame shift of XBP1-luciferase mRNA and its 



translation is then terminated at the stop codon of the luciferase mRNA. 
Thus, we can easily detect the XBP1 activation as the luciferase reporter 
signals in HeLa/XBP1-luc cells. In the course of our screening for the 
inhibitor of thapsigargin-induced XBP1 activation from microbial origin by 
using HeLa/XBP1-luc cells, we found and isolated natural small molecules, 
triene-ansamycins such as trienomycin A. Triene-ansamycins showed a 
marked inhibitory activity toward thapsigargin-induced XBP1 activation, as 
evaluated by both luciferase assay and RT-PCR. Here, we will present the 
isolation, structure determination, and biological activities of Triene-
ansamycins.  
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The purpose of the study was to examine the effect of dobutamine (D) 
and nor-epinephrine (NE) on cytokine release of whole blood after ex vivo 
LPS stimulation. Heparinized blood samples were collected from 10 
healthy volunteers, (mean age 33.6±1.5, all men) at 08.00 AM and 
transferred to the lab for processing. One hundred µL of blood was added 
in 900 µL of RPMI 1640 culture medium for final volume of 1 ml and 
placed in plastic culture dishes. Samples were then added to wells and 
maintained at 37o C in a 5% CO2 atmosphere and LPS was added (500 
pg/ml). After incubation of 4 hours the culture plates were centrifuged 
(1800 rpm, 5 min) and supernatants were collected for cytokine 
measurements using the ELISA method. We studied the effect of D and NE 
at different doses (10-6, 10-5, 10-4) on cytokine production after whole 
blood LPS stimulation. We repeated the experiment by adding metoprolol 
(b-blocker) at a dose of 10-5. Total WBCs were 6730 ± 242.2; 
lymphocytes were 2461 ± 395.7 and monocytes 359.2 ± 38.5 per µl. 
Dobutamine and NE significantly (p<0.01) decreased TNF-α production at 
doses of 10-5, 10-4 but not at dose of 10-6 compared to controls. This 
effect was restored by adding metoprolol (10-5) for dose of 10-5 but not for 
dose of 10-4 of D and NE. Dobutamine and NE significantly (p<0.05) 
decreased IL-6 production at a dose of 10-4 but not at doses of 10-5 and 
10-6. This effect was restored by adding metoprolol (10-5). Dobutamine 
and NE decrease pro-inflammatory cytokine release of whole blood 
stimulated with LPS in a dose dependent fashion which is restored by the 
use of b-blockers. Dobutamine and NE seem to have equivalent cytokine 
inhibition effect.  
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STABILIZATION OF IGFBP-1 MRNA BY ETHANOL IN HEPATOMA 
CELLS INVOLVES THE JNK PATHWAY 
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Pierre Fafournoux, Robert Barouki, Helene Rouach 
 
Insulin-like growth factor-binding protein-1 (IGFBP-1) modulates cell 
growth and metabolism and IGFBP-1 induction is suggested to be a 
physiological mechanism to restrict growth process under stress 
conditions in order to preserve the energy for survival functions. The aim 
of our study was to determine the molecular mechanisms involved in 
IGFBP-1 upregulation by ethanol. The human hepatoblastoma HepG2 cell 
line do not expressed ethanol-metabolizing enzymes. Exposure of these 
cells to varying concentrations of ethanol (35 to 150 mM) induced the 
IGFBP-1 mRNA and protein up to 5-fold in a dose-dependent manner. A 
similar effect was observed using primary cultures of human hepatocytes. 
This effect of ethanol in HepG2 cells was not prevented by various 
inhibitors of ethanol metabolism and by the anti-oxidant N-acetylcysteine. 
While ethanol did not modify the IGFBP-1 gene promoter activity, it 
triggered a 2- to 3-fold increase in the IGFBP-1 mRNA half-life and this 
stabilisation required the 5’ and the 3’ untranslated region of the mRNA. 
Ethanol elicits a rapid and transient activation of JNK in HepG2 cells and 
IGFBP-1 induction was partially prevented by a specific inhibitor of the 
JNK pathway. This study reveals a novel pathway of gene regulation by 
ethanol which involves the activation of JNK and the consequent mRNA 
stabilisation. These data improve the current understanding of the 
mechanisms involved in the control of gene expression by ethanol.  
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The p53 family is known to be involved in the transcriptional control of 
growth arrest and apoptosis. Despite the recent identification of specific 
p73-target genes by genome-wide expression profile techniques, p73-
mediated apoptosis occurs mostly through the activation of a set of genes 
that were originally found to be activated by p53. This suggests that 
promoter selectivity by both p53 and p73 might be the result of 
biochemical events such as post-translational modifications and specific 
protein-protein interactions. 
We have already shown that the transcriptional co-activator Yes-
associated protein (YAP) interacts with p73 and determines p73 gene 
targeting in response to DNA damage. We have also found that YAP 
localizes into the PML nuclear bodies and requires PML to exert its function 
as a specific co-activator of p73. Here we show the existence of a pro-
apoptotic auto-regulatory feedback loop, during the apoptotic response, 
between p73, YAP and PML. We demonstrate that the p73/YAP complex is 
required for PML induction after cisplatin treatment and that PML exerts a 
vital role in the execution of the apoptotic process regulating YAP stability. 
YAP is becoming a very intriguing protein due to its critical role in 
regulating p73 accumulation and function following DNA damage, but very 
little is known about its regulation. Here we show that YAP is 
polyubiquitinylated and degraded through the ubiquitin-proteasome 
pathway. We also show that YAP and PML physically interact and that PML 
regulates YAP half-life, preventing its ubiquitinylation and subsequent 
degradation. 
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Heat shock proteins, particularly HSP90, HSP70 and HSP27, are well 
known regulators of apoptosis by interfering with key apoptotic proteins. 
Apoptosis and cell differentiation are two physiological processes that 
share common features like chromatin condensation and the need of the 
proteases called caspases. Little is known about the role of HSPs in the 
differentiation process. Here we show that HSP70, during terminal blood 
red cells differentiation and at the onset of caspase activation, 
translocates into the nucleus where colocalizes and interacts with GATA-1, 
a ttranscription factor essential for red cells progenitors (erythroblasts) 
differentiation. In vitro and in vivo assays demonstrate that HSP70 inhibits 
caspase-3-mediated proteolysis of GATA-1, allowing the differentiation of 
the erythroblasts. If the amount of nuclear HSP70 is reduced, GATA-1 is 
cleaved and the cells die by apoptosis (Ribeil et al, Nature 2007).  
Another HSP needed in the differentiation process is HSP90, and more 
specifically the isoform beta. During monocytic and epithelial cells’ 
differentiation, HSP90β accompanies the protein c-IAP1 (inhibitor of 
apoptosis protein-1) that is translocated from the nucleus to the cytosol. 
This translocation is needed for the cells to differentiate (Plenchette et al, 
Blood 2004). Depletion or neutralization of HSP90β blocks c-IAP1 cytosolic 
translocation and the differentiation process. We conclude that HSPs, like 
HSP70 or HSP90β, by their presence in a given cellular compartment and 
their cytoprotective properties, direct the cells to differentiate.  
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Adaptive responses to mild heat shock are among the most widely 
conserved and studied in nature.  More intense heat shock, however, 
induces apoptosis through mechanisms that remain largely unknown.  
Recently, we have observed that heat shock activates an apical protease, 
which stimulates mitochondrial outer membrane permeabilization (MOMP) 
and processing of the effector caspase-3 in a zVAD-FMK (polycaspase 



inhibitor) and Bcl-2-inhibitable manner.  Surprisingly, however, heat shock 
did not require any of the known initiator caspases (-2, -8, -9, or -12) or 
their activating complexes to promote apoptotic cell death, but instead 
relied upon the activation of an apparently novel apical protease with 
caspase-like activity.  Current efforts in the laboratory are now focused on 
unraveling the mechanisms through which heat shock induces MOMP, and 
our most recent findings will be discussed.   
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Tumor invasion and metastasis are associated with altered lysosomal 
trafficking and increased expression of the lysosomal proteases termed 
cathepsins. Emerging experimental evidence suggest that such alterations 
in lysosomes may form an “Achilles heel” for cancer cells by sensitizing 
them to death pathways involving lysosomal membrane permeabilization 
and the release of cathepsins into the cytosol. Here, I will highlight our 
recent unpublished results on cancer-related changes in the composition 
and function of lysosomes, focusing on the mechanisms by which 
lysosomal Hsp70 inhibits cancer cell death and emerges as a putative 
target for future cancer therapy. 
 
Reference for background information: 
Kroemer G, Jäättelä M. Lysosomes and autophagy in cell death control. 
Nature Rev Cancer 5:886-897, 2005 
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Apoptosis (programmed cell death) is coordinated by a family of cysteine 
proteases—the caspases—that dismantle cells by targeting numerous 
proteins for limited proteolysis. The mammalian caspase family contains 3 
members, some of which participate in apoptosis. Caspases normally exist 
as dormant precursor enzymes in healthy cells but can be activated at the 
onset of apoptosis via a number of distinct activation pathways. Here we 
discuss the caspase activation pathways that are initiated by the cytotoxic 
T cell/Natural Killer cell protease granzyme B, as well as by cytotoxic 
drugs and diverse stress stimuli. How caspase activation results in the 
controlled demolition of the cell will also be explored. 
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Cellular stress has been defined as the threat of damage to 
macromolecules. Since many  lipids, enzymes and signalling pathways 
contribute to the cellular stress response it is necessary to identify the key 
players that are located at major nodes within the stress response 
network. Many types of stresses including UV or ionizing radiation, 
oxidative stress, chemotherapeutic drugs, or starvation cause DNA or 
protein damage. This can result in growth arrest, apoptosis, or 
inflammatory responses. One of the mechanisms involved in these actions 
is the sphingomyelin pathway.  Ceramide, the central molecule in this 
pathway, is an important second messenger that engages different 
downstream effectors depending on the concomitant activation of other 
second messengers and the activity of enzymes that convert ceramide to 
other related metabolites such as sphingosine, sphingosine 1-phosphate 
(S1P) or ceramide 1-phosphate (C1P).  Whilst ceramide is pro-apoptotic 
and can induce cell cycle arrest, S1P or C1P are anti-apoptotic and have 
mitogenic properties. Ceramide and C1P can be interconverted in cells by 
kinase and phosphatase activities. An appropriate balance between the 
levels of these metabolites is crucial for cell and tissue homeostasis. 
Switching this balance towards accumulation of one or the other can result 
in metabolic dysfunction or disease. Therefore, the activity of the enzymes 
that are involved in C1P and ceramide metabolism must be efficiently 
coordinated to ensure normal cell functioning. 
Supported by “Ministerio de Educación y Ciencia” (Grant BFU2006-13689), 



Madrid, Spain, and “Universidad del Pais Vasco, UPV/EHU (Grant 9/UPV 
00042.310-15852/2004), Bilbao, Spain. 
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Poikilotherms, which represent most of the species on Earth, have to be 
able to adapt to changing environmental temperatures.  In particular, the 
correct functioning of their membranes is critical.  In order to ensure this, 
poikilotherms need to modify membrane lipids – sometimes very rapidly.  
We have studied this process in a number of organisms but, in particular, 
in the soil protozoon Acanthamoeba castellanii.  The latter reacts to low 
temperatures by increasing activity of a fatty acid delta -12 desaturase, 
mainly through gene expression.  Following low temperature stress, A. 
castellanii shows increased desaturase activity within minutes.  This leads 
to conversion of oleate to linoleate and more 20C polyunsaturated 
metabolities.  As soon as membrane fluidity is returned to normal, 
phagocytosis and growth recommence.   Interestingly, desaturase activity 
is also regulated independently by oxygen concentrations.  We have 
isolated a gene coding for a delta-12 desaturase which is bifunctional and 
also catalyses delta-15 desaturation.  Aspects of temperature adaptation 
in A. castellanii and other organisms will be discussed.  
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Eight mutations in the small heat shock proteins (sHSP) Hsp22 and Hsp27 
have been associated with the motor neuron diseases (MND) distal 
hereditary motor neuropathy and Charcot-Marie-Tooth disease.  Hsp22 
and Hsp27 interact with each other, suggesting that these two etiologic 
factors may act in the same pathway.  In an effort to learn about the role 
of Hsp22 in MND, we screened a human cDNA library by the yeast two-
hybrid method for potential binding proteins. One identified protein was 
the RNA helicase Ddx20, a core component of the survival-of-motor 
neuron (SMN) complexes. This interaction was verified by independent 
methods including FRET.  Both mutant Hsp22 forms showed abnormally 
increased binding to Ddx20.  Interestingly, Ddx20 itself binds to the SMN 
protein, and mutations in the SMN1 gene cause spinal muscular atrophy, 
another MND.  Thus, these protein interaction data have linked the 
etiologic factors Hsp22, Hsp27, and SMN, and mutations in any of these 
genes cause the various forms of MND.  SMN complexes are involved in 
RNP processing.  The mutant Hsp22/Ddx20 interaction was sensitive to 
treatment with RNase suggesting involvement of RNA in this interaction 
and a potential role of sHSPs in RNP processing. 
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Molecular chaperones play important roles in protein quality control.  
Ample evidence has accumulated to show that they associate with 
membranes although they do not contain transmembrane domains or 
signal sequences. Here, I present an overview of function of molecular 
chaperones, especially those from cyanobacteria, in quality control of 
membrane and membrane-associating proteins.  
In contrast to heterotrophic organisms such E. coli, cyanobacteria have 
layers of green membranes called thylakoid membranes where 
photosynthesis takes place. Thylakoid membranes possess membrane-
embedded protein complexes such as photosystem II as well as peripheral 
soluble protein complexes such as phycobilisomes. Both photosystem II 
and phycobilisomes are thermolabile elements of the thylakoid membrane. 
Small Hsp, GroEL (Hsp60), DnaK (Hsp70), and HtpG (Hsp90) have been 



shown to associate with (thyakoid) membranes. Among them, small Hsp 
has been studied most extensively in terms of cellular localization and 
physiological relevance of small Hsp thylakoid association.   
Genetic studies indicated that small Hsp confers thermostability to 
photosystem II and light-harvesting phycocyanins, the major component 
of phycobilisomes.  Constitutive expression of a small Hsp in 
cyanobacterial cells stabilized subcellular structures such as thylakoid 
membranes under elevated temperature or intensive light stress.  These 
results are consistent with in vitro studies by Vígh’s group that showed 
that small Hsp possesses an ability to stabilize the lipid phase of 
membranes.  Thus, small Hsp possesses not only an activity to protect 
proteins located either in cytosol or in membranes, but also an ability to 
stabilize membranes in vivo.   
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Cancer, diabetes type two, some neurodegenerative and numerous other 
diseases are known to be associated with elevated HSP levels and 
membrane abnormalities. The present study aims to establish a 
mechanism for the connection between lipid composition, fluidity, 
microdomain organization of plasma membrane and expression of HSPs in 
mammalian cells. Our data show that exposure of cells to various 
membrane perturbation modulate the heat shock protein expression 
without inducing protein-unfolding. We examined alterations in the size, 
dynamics and distribution of microdomains on the cells surface upon 
membrane perturbing treatments(heat stress, benzyl-alcohol, cholesterol 
depletion). Microdomains traced by different fluorescent lipid analogues 
(bodipy-GM1, bodipy-SM and fPEG-Cholesterol) and the “bulk” membrane 
regions (labeled with bodipy-C5-PC) were followed with ultrasensitive TIRF 
video and confocal microscopy. These studies made us capable to observe 
relationships between cellular distribution and movements of lipid rafts 
and the level and profile of HSP response. Our observations may lead to 
the development of non-proteotoxic compounds to target specific 
membrane microdomains involved in generation/transduction or 
modulation of stress protein signals which could have considerable 
therapeutic benefit.   
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The mitochondrial Hsp60 chaperone promotes folding of proteins in the 
mitochondrial matrix space, and plays a crucial role in protein quality 
control. A mutation in the HSPD1 (SPG13) gene encoding the mutant 
Hsp60-(p.Val98Ile) protein has been associated with a dominantly 
inherited form of spastic paraplegia. The Hsp60-(p.Val98Ile) protein is 
functionally impaired and displays a reduced efficiency in mediating 
folding of the malate dehydrogenase substrate protein possibly related to 
a reduced ATP-ase activity of the chaperonin complex, but the molecular 
defect involved in axonal degeneration in spastic paraplegia is unknown. 
We have investigated mitochondrial function and gene expression levels of 
key mitochondrial chaperones and proteases in cultured lymphoblastoid 
and fibroblast cells from SPG13 patient cells. We found that impaired 
Hsp60-(p.Val98Ile) function is not related to a severe mitochondrial 
dysfunction phenotype as indicated by assessment of mitochondrial 
membrane potential, cell vitality, and sensitivity towards oxidative stress 
insults. However, a decreased expression of protein quality control 
proteases Lon and ClpP in SPG13 patient cells was demonstrated. We 
propose that decreased protease levels may represent an adaptive change 
of protein quality control giving more time to the folding of proteins whose 
folding is impaired due to a reduced activity of Hsp60-(p.Val98Ile). 
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Exposure of cells to stress induces dramatic changes in gene expression, 
activating the expression of certain genes such as those encoding the heat 
shock proteins or HSPs, and inactivating others. In paralell to the 
activation of hsp gene expression, we have shown that heat shock also 
induces the formation of particular nuclear structures termed nuclear 
stress bodies or nSBs. These structures form principally on the 
pericentromeric region of human chromosome 9 (9q12) through a direct 
binding of HSF1 with satellite III repeated sequences. We have shown that 
heat shock induces the transcription of these repeated sequences into 
non-coding RNAs termed satellite III transcripts. This transcription is RNA-
polymerase II- and HSF1-dependent. The function of the satellite III 
transcripts is still unknown, but several hypotheses can be considered. 
Since they remain associated with chromosome 9 for several hours after 
synthesis, they may play a role in chromatin structure. Alternatively, since 
several splicing factors remain associated to the sat III transcripts, they 
could play a role in the regulation of alternative splicing, a function which 
is indeed altered during heat exposure. I will present our latest findings 
concerning satellite III transcripts and discuss their possible function 
during stress exposure. 
 

 
 
2C_03_S 
 
EUKARYOTIC RNA THERMOSENSOR 
 
Ilya Shamovsky, June Hyung Lee, Maria Vera, Konstantin Shatalin, and 
Evgeny Nudler 
 
Department of Biochemistry, New York University School of Medicine, New 
York, NY, 10016, USA 
 
The heat shock transcription factor (HSF1) plays a central role in the heat 
shock (HS) response in eukaryotes by inducing the expression of heat 
shock proteins (HSPs) and other cytoprotective proteins. HSF1 is present 
in unstressed mammalian cells in an inactive monomeric form and 
becomes activated by heat and other stress stimuli. HSF1 activation 
involves trimerization and acquisition of a site-specific DNA-binding 
activity, which is negatively regulated by interaction with certain HSPs.  
We have shown that HSF1 activation by HS is an active process that is 
mediated by a ribonucleoprotein complex containing translation elongation 
factor eEF1A and a novel non-coding RNA, which we termed HSR1 (Heat 



Shock RNA-1). Both HSR1 and eEF1A are required for HSF1 activation in 
vitro. Antisense oligonucleotides or siRNA against HSR1 impair the HS 
response in vivo, rendering mammalian cells thermosensitive. We also 
show that non-coding RNAs homologous to mammalian HSR1 are present 
in other eukaryotic species including Xenopus, Drosophila and C.elegans. 
HSR1 is constitutively expressed in all these organisms and its 
homologues are functionally interchangeable. Our results suggest a 
general model for eukaryotic HS genes activation whereby HSR1 serves as 
a cellular thermosensor that determines the temperature threshold for the 
HS response; while eEF1A links HSP expression to major cellular 
perturbations during HS, such as translational shutdown and cytoskeleton 
collapse. The central role of HSR1 during HS implies that targeting this 
RNA could serve as a new therapeutic mode for cancer, inflammation and 
other conditions associated with HSF1 deregulation. 
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Every cell needs a large variety and number of proteins for transcription 
and processing of nascent transcripts (splicing, other RNA processing, 
transport etc). Stress or non-permissive conditions, which largely inhibit 
transcriptional and RNA processing machineries, result in high surplus of 
unengaged RNA processing proteins. Since these proteins are not 
degraded but must be available upon recovery, they need to be reversibly 
sequestered. Heat stress induced formation of nuclear stress 
bodies/granules in human cells and clustering of the varieties of nuclear 
speckles (IGCs, paraspeckles, omega speckles etc) in different cell types 
appear to reflect such sequestration.  A major focus of studies in our 
laboratory is on the developmentally expressed and stress-inducible non-
coding hsrω gene in Drosophila. The large nuclear transcript of this gene, 
hsrω-n, is known to be required for organizing the unengaged nuclear 
hnRNPs and related RNA-binding proteins in nucleoplasmic omega 
speckles in nearly every cell type of Drosophila. Using transgenic lines 
designed to either over-express or ablate the hsrω-n transcripts, we 
reconfirm that the large nuclear hsrω-n transcript is required for formation 
of omega speckles and show that this non-coding transcript plays crucial 
roles in normal development and is also essential for survival of the 
organism following stress. We believe that such non-coding RNA species 



perform a wide range of functions in cells through their ability to interact 
with a great variety of proteins and thus act as “hubs” to integrate 
complex networks of gene activity during development and under 
conditions of stress.   
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Glucocorticoids are main actors in the pathomechanism of stress. In the 
original context formulated by Hans Selye in his stress theory, 
glucocorticoids are produced in the adrenal cortex upon the activation of 
the hypothalamic − pituitary − adrenal axis. Their increased production 
mediates alarm reactions in acute stress, facilitating metabolic alterations 
in the general adaptation syndrome allowing the individual to attempt 
countermeasures such as the „fight or flight” response. Recent observations 
show that active glucocorticoids can be also formed from their inactive 
counterparts in various tissues, including liver and adipose tissue. This 
prereceptorial activation takes place in the lumen of the endoplasmic 
reticulum (ER) and depends on the activity of the glucose-6-phosphate 
transporter − hexose-6-phosphate dehydrogenase − 11β-hydroxysteroid 
dehydrogenase type 1 triad. Increased prereceptorial glucocorticoid 
activation is accompanied by the signs of ER stress in certain human 
diseases (obesity, metabolic syndrome, type 2 diabetes). These diseases 
are more common among socio-economically disadvantaged individuals 
and are associated with lifestyle factors and chronic stress. It has been 
recently suggested that the ER can function as a sensor for electron 
donors and acceptors, i.e. nutrients and oxygen. In the current social 
environment of high energy input and minimal physical activity, the ER 
encounters a nutrient (electron) overload, leading to a redox imbalance in 
the lumen, which is the most frequent cause of ER stress and consequent 
apoptosis. Furthermore, reductive effects favor the increased 
prereceptorial glucocorticoid activation. In conclusion, glucocorticoid 
response can be initiated by an autonomous sensing of (nutrient) stress in 
cellular level beside the central neuroendocrine mechanism. 
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Mammalian cells have evolved multiple adaptive pathways, referred to as 
the unfolded protein response (UPR), that allow them to respond to 
perturbations in endoplasmic reticulum (ER) homeostasis. One major pro-
survival mechanism is mediated by the ER chaperone GRP78/BiP, an anti-
apoptotic protein which also regulates ER stress signaling. To probe the 
physiologic function of GRP78/BiP, mouse models were recreated targeting 
the Grp78 allele. This lead to the discovery that complete depletion of 
GRP78 results in early embryonic lethality due to proliferation defects and 
apoptosis of the inner cell mass which is the precursor of embryonic stem 
cells. Our results show that reduction of GRP78 level by half is sufficient to 
maintain cellular homeostasis during development with no major 
consequence in ER stress signaling. This implies that an elevated GRP78 
level is more critically needed in cells undergoing physiological or 
pathological stress, as exemplified by protection of vulnerable neuronal 
cells and allowing cancer cells to evade the host defense system and 
cancer therapies. In this lecture, we will discuss the consequence of 
conditional knockout of GRP78 in specific neuronal cells. Due to hypoxic 
conditions and glucose deprivation caused by poor vascularization, the 
microenvironment of tumors represents physiological ER stress and the 
UPR is activated for tumor cell survival. In this lecture, we will discuss how 
GRP78 deficiency will affect cancer progression and the underlying 
mechanisms responsible for the phenomenon. 
 

 
 
2D_04_S 
 
MANAGING AND EXPLOITING STRESS IN THE ANTIBODY FACTORY 
 
Roberto Sitia 
 
Università Vita-Salute San Raffaele Scientific Institute, 20132 Milano, 
Italy, Fax +39 02 2643 4723, E-mail: r.sitia@hsr.it 
 
Upon encounter with antigen, long-lived B lymphocytes differentiate into 



short-lived plasma cells, the terminal effectors of the humoral immune 
response. Plasma cells are specialized in immunoglobulin (Ig) secretion, 
each of them being capable of releasing thousands molecules per second. 
How do plasma cells achieve such an efficiency? How do they cope with 
metabolic and redox imbalances that exuberant protein secretion can 
cause? Is plasma cell death linked to Ig production, such as to limit 
antibody responses? We have dissected terminal plasma cell 
differentiation through dynamic imaging, proteomics and genomic 
analyses. Our results show that waves of functionally related proteins are 
produced to increase the capacity of the antibody factory, and shed some 
light in the signalling pathways utilised to orchestrate massive de novo ER 
biogenesis. As to the mechanisms that lead to plasma cell death, we 
showed that in the late phases of plasmacytic differentiation, when 
antibody production becomes maximal, proteasomal activity unexpectedly 
decreases. The excessive load for the reduced proteolytic capacity 
correlates with accumulation of polyubiquitinated proteins, stabilization of 
endogenous proteasomal substrates (including Xbp1s, Ik-Bα and Bax), 
onset of apoptosis, and sensitization to proteasome inhibitors. A 
developmental program seems therefore to link plasma cell death to 
protein production, explaining the peculiar sensitivity of normal and 
malignant plasma cells to proteasome inhibitors. 
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Whether part of the normal intra-uterine development, at high altitude or 
in pathological conditions, hypoxia is one of the most common stresses to 
which an organism may be exposed and the ability to adapt to such 
changes in blood gases is crucial for optimal delivery of molecular oxygen 
to respiring tissues. The principal sensory component of this homeostatic 
mechanism is the carotid body. Ideally situated in the bifurcation of the 
common carotid artery, they respond muliplicatively to hypoxia, 
hypercapnia, pH and hypoglycaemia. At the cellular level, hypoxia 
promotes inhibition of plasma membrane the Ca2+-activated, K+ channel 
(BKCa) of carotid body glomus cells which leads to Ca2+ influx and 
transmitter release. Functional proteomics has recently demonstrated that 
hemeoxygenase-2 (HO-2) is an O2 sensor linking hypoxia to BKCa 
inhibition (Williams et al., 2004 Science 306, 2093-2097), 2004; a 



process which depends upon carbon monoxide (CO) as the second 
messenger. The mechanism of such gas/channel interactions is complex, 
and may involve interactions with heme (Jaggar et al. Circ Res 97, 805-
812, 2005. Using chemical and molecular modifications of the BKCa α-
subunit in combination with channel chimera studies, we are now 
beginning to appreciate the kinetic and structural basis of the dynamic 
regulation of BKCa by endogenous production of CO. Taken together, we 
have proposed a model of how HO-2 functions as a sensor of acute 
reductions in environmental O2. Thus, in normoxia, the protein partnership 
of HO-2 and BKCa optimizes the permissive effect of CO. However, during 
the stress of hypoxia, the balance between intracellular heme 
concentration and the evolution of cellular CO is altered, thereby 
promoting channel inhibition and activation of the carotid body. 
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The development of an oxygen-rich atmosphere has been one of the most 
important events in the history of life on Earth. Oxygen with its 
exceptional reactivity, represents the far most potent natural pollution on 
our planet, promoting Life or Death. About 2.4 billion years ago the high 
amount of dissolved and free oxygen, produced by photosynthesis, in the 
oceans and atmosphere has driven to extinction most anaerobic 
organisms. Over the past 500 million years, oxygen levels fluctuated 
between 15 and 35% imposing constant stress on and subsequent 
stringent evolution of living organisms.  
During mammalian embryonic development or in the context of tumor 
expansion, proliferating cells rapidly outstrip the supply of nutrients. 
Although cells sense and respond to variations in concentrations of all 
nutrients, oxygen sensing has emerged as a central control mechanism of 
vasculogenesis. Whereas a decrease in the pO2 (hypoxic stress) induces 
angiogenesis, an increase in pO2 (hyperoxic stress) induces vascular 
pruning. Oxygen concentrations ‘sculpt’ the blood vascular network of 
vertebrates. At the heart of this regulatory system is the Hypoxia-
Inducible Factor, HIF, which interestingly controls, among other gene 
products, the expression of VEGF-A and Angiopoïetin-2 (Ang-2), two key 



angiogenic factors. This finding has therefore placed the hypoxia-signaling 
pathway at the forefront of nutritional control. Rapidly activated upon a 
hypoxic stress, HIF induces a vast array of gene products inducing cell-, 
tissue-, and organismal-survival. Among the HIF-controlled functions are 
inhibition of ATP-consuming processes (protein and lipid synthesis), 
inhibition of mitochondrial respiration (to save O2), increase in anaerobic 
glucose metabolism, regulation of intracellular pH, increased angiogenesis 
and cell migration, and so HIF has become recognized as a strong 
promoter of tumor growth. This pro-oncogenic feature is only one facet of 
the dual action of HIF. Besides being a ‘guardian’ of oxygen homeostasis, 
HIF is capable of inducing pro-apoptotic gene products (BNIP3, BNIP3L) 
that are in fact pro-survival by inducing autophagy. The molecular 
mechanism leading to this survival process that is strictly controlled by a 
drop in pO2 will be presented. 
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The chemical reduction of molecular oxygen which occurs during 
mitochondrial oxidative phosphorylation is the main source of metabolic 
energy for virtually all eukaryotic cells. Decreased tissue oxygen supply 
(leading to hypoxic stress) is a common feature in a range of disease 
states where inflammation occurs including inflammatory bowel disease 
(IBD), arthritis, cancer, atherosclerosis and stroke. Recent studies indicate 
that hypoxia promotes inflammatory signaling pathways through specific 
mechanisms involving altered hydroxylation of specific residues on key 
transcription factors including (but likely not limited to) the hypoxia 
inducible factor (HIF-1) and nuclear factor kappa B (NF-κB). Thus it 
appears that hypoxia plays an important modulatory role in inflammatory 
disease development. It appears that a family of prolyl- and asparaginyl-
hydroxylases are key common oxygen sensors in conferring hypoxic 
sensitivity to these pathways. These hydroxylases are absolutely 
dependent upon the presence of molecular oxygen for activity and are 
thus inhibited in hypoxia leading to derepression of transcriptional 
effectors. A greater understanding of the oxygen sensing and signaling 
mechanisms leading to the activation of these transcriptional responses to 
hypoxia will allow the development of novel therapeutics in a range of 
disease states where hypoxia and inflammation are co-incidental events.  
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The basic Helix-Loop-Helix / Per-Arnt-Sim (bHLH/PAS) family of 
transcription factors perform essential functions during early development 
and help maintain homeostasis in the adult. For example, the Hypoxia 
Inducible Factors (HIF-1a and HIF-2a proteins) play a major role in 
angiogenesis and cellular adaption to low oxygen stress. At normoxia, two 
oxygen dependent hydroxylases posttranslationally modify specific proline 
and asparagine residues of the HIFs, severely dampening their activity. 
During hypoxia, the HIFs exhibit dramatic increases in both protein 
stability and intrinsic transactivation capacity, due to attenuation of these 
two hydroxylases.  The Dioxin Receptor (or Aryl hydrocarbon receptor) 
responds to the stress of xenobiotic infiltration by inducing a battery of 
genes for xenobiotic metabolism. The Dioxin Receptor (DR) is also the 
mediator of toxic responses to dioxins and PCBs. Both HIFs and the DR 
need to heterodimerise with a central bHLH/PAS partner protein, termed 
Arnt, to form active transcription factor complexes. The PAS domain 
provides a critical protein interaction surface during dimerisation and in 
the case of the DR, functions as a signal regulated domain. During our 
studies of stress induced activation mechanisms of the HIFs and DR, we 
have found recurring themes of posttranslational modification and an 
important role of the PAS domain in allowing the bHLH to bind to non-
canonical E-box sequences of DNA. The presentation will present data to 
illustrate and expand upon these themes.  
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The dependence of photosynthesis on light is obvious. The higher the light 
intensity, the higher is the rate of photosynthesis, up to a level where 
light energy is no longer limiting and photosynthesis remains constant. 
However, further increase in the intensity of light may lead to a decrease 
in photosynthesis rate, a phenomenon known as ‘photoinhibition’. 
Photoinhibition is attributed to oxidative damage, primarily to 
photosystem II (PSII) and its reaction center protein D1. A number of 
mechanisms have been evolved during evolution to minimize oxidative 
damage, but if PSII is damaged after all, a PSII repair cycle operates to 
allow photosynthesis to proceed. A key component of this cycle is the 
proteolytic removal of damaged D1 protein, prior to its replacement by a 
newly synthesized one. Degradation of the D1 protein has been a central 
question in the field of photosynthesis for the past 20 years or so, but only 
in recent years the identity of the proteases involved has started to 
unravel. Recombinant FtsH, a thylakoid ATP-dependent metalloprotease, 
was first shown to participate in D1 degradation in an in vitro study. Later 
on, in vivo analysis of Arabidopsis FtsH mutants revealed that they were 
more sensitive to photoinhibition than wild type, and that damaged D1 
protein was stabilized in them. Further analysis of different mutants 
suggested that the chloroplast FtsH complex is composed of two essential 
types of subunits, each one of them is encoded by two redundant genes. 
More recently, analysis of knock-down mutants of the lumenal serine 
protease Deg1 suggested that this protease is also involved in the process 
of D1 degradation. Wider implications to questions of chloroplast 
biogenesis and maintenance will be discussed. 
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The ER is the site of folding and assembly of proteins destined for the 
plasma membrane, the secretory and endocytic organelles and the 
extracellular space. Most of the proteins synthesized in the ER are 
covalently modified by co-translational addition of pre-assembled 
glucose3-mannose9-N-acetylglucosamine2- (Glc3-Man9-NAcGlc2) core 
oligosaccharides. Protein-bound oligosaccharides are exposed to several 



ER-glycanases that sequentially remove terminal glucose or mannose 
residues. Rapid generation of a mono-glucosylated (Glc1-Man9-GlcNAc2) 
trimming intermediate is required to enter the calnexin chaperone system 
in which protein folding progresses with highest efficiency. Removal and 
re-addition of the innermost glucose residue activate cycles of 
dissociation/re-association with calnexin that may facilitate, and in some 
cases is required for acquisition of the polypeptide’s native structure. 
Slower removal of terminal α1,2-bonded mannose residues from N-linked 
glycans occurs upon persistent polypeptide retention in the ER, which is 
symptom of defective folding. Substrate de-mannosylation eventually 
interrupts futile folding attempts, results in substrate exclusion from the 
calnexin chaperone system and promotes retro-translocation into the 
cytosol for degradation operated by the 26S proteasome. De-glucosylation 
and de-mannosylation activities must be tightly regulated because the N-
glycan composition will determine if the associated protein will be 
subjected to folding-attempts in the ER lumen or if it will be retro-
translocated into the cytosol and degraded. 
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Apart from supplying ATP, mitochondria are involved in crucial 
biosynthetic and signaling processes in a eukaryotic cell. Mitochondrial 
protein homeostasis is determined by the import of newly synthesized 
proteins and proteolytic removal of excess or damaged polypeptides. 
Damaged polypeptides, generated under environmental stress conditions, 
are first recognized by chaperones, stabilized and refolded to the 
functional state. If this fails, the proteins are transferred to the proteolytic 
system for their removal. The coordinated activities of chaperones and 
proteases form a protein quality control system that is required for the 
maintenance of organellar function. Mitochondrial proteases belong to the 
AAA+ protein family and can be separated into soluble and membrane-
integrated types. We used a proteome analysis of isolated mitochondria to 
determine the native substrate selectivity of these proteases. We were 
able to identify a group of specific substrates for the matrix protease Pim1 
that were distinguished by an intrinsic low structural stability and the 
presence of small molecule cofactors. Cells lacking mitochondrial 
proteases showed a higher sensitivity to high levels of reactive oxygen 



species (ROS). A specific subgroup of mitochondrial proteins showed 
enhanced degradation rates in the presence of ROS. Enzymes containing 
Fe/S cluster exhibited a high sensitivity to increased ROS levels. 
Interestingly, proteins that belonged to the ROS detoxification system 
showed the highest relative degradation rates. We conclude that the 
protein quality control system contributes prominently to the maintenance 
of mitochondrial protein functions under stress conditions. 
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A quality control system surveys the lumen of the endoplasmic reticulum 
(ER) for terminally misfolded proteins. Polypeptides singled-out by this 
system are ultimately degraded by the cytosolic ubiquitin proteasome 
pathway. This process is termed ER-associated protein degradation 
(ERAD). A central ERAD component is the ubiquitin ligase Hrd1/Der3. This 
ligase forms a complex with its partner protein Hrd3 and with the ER-
membrane protein Der1. Our data imply that Hrd3 is the major substrate 
receptor of this heterogenic ligase complex in the ER-lumen. Although 
Hrd3 and Der1 bind to soluble substrate proteins independently, both 
proteins are essential to trigger substrate dislocation. At the cytosolic face 
of the ER the Hrd1-complex associates with the AAA-ATPase Cdc48/p97. 
Cdc48p binding depends on it’s membrane receptor Ubx2, but most 
importantly also on substrate processing by the Hrd1-complex, suggesting 
that ubiquitination precedes substrate mobilization by the Cdc48/p97-
complex.In addition, we were able to detect an interaction between the ER 
quality control lectin Yos9p and Hrd3p. We have identified designated 
regions in the luminal domain of Hrd3p that interact with Yos9p and 
Hrd1p. Binding of misfolded proteins occurs via Hrd3p, suggesting that 
Hrd3p recognises proteins which deviate from their native conformation 
while Yos9p ensures that only terminally misfolded polypeptides are 
degraded. 
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VARIATION IN STRESS RESPONSES WITHIN A BACTERIAL 
SPECIES AND THE INDIRECT COSTS OF STRESS RESISTANCE 
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ABSTRACT: Bacteria can exhibit high levels of resistance to one or more 
environmental stresses such as temperature, osmolarity, radiation, pH, 
starvation as well as resistance to noxious chemicals and antibiotics. Yet 
evolution has not optimized stress resistance in all bacteria to all stresses. 
Even within a species like Escherichia coli, stress resistance is not 
constant between strains, suggesting that selection for stress resistance is 
under counter-selection in some environments. The trade-offs associated 
with stress resistance in E. coli are due to more than the direct cost of 
resistance mechanisms. A significant indirect cost is that high stress 
resistance is associated with a reduced ability to compete for poor growth 
substrates like acetate or even good substrates like glucose at sub-
optimal concentrations. High stress resistance also decreases the ability to 
use inorganic nutrients like phosphate. This trade-off between self 
preservation and nutritional competence, called the SPANC balance, is 
likely to be major selective influence in natural populations. Another cost 
of high stress resistance in E. coli is an elevated mutation rate and the 
increased generation of deleterious mutations. Directional adaptations in 
SPANC balance and mutation rate are environment-dependent. The most 
common variations in SPANC are due to polymorphisms in the levels of 
global regulators RpoS and ppGpp between different strains. High levels 
favour stress resistance, lower levels allow better nutrition. The intimate 
association of RpoS/ppGpp with stress resistance and SPANC balancing 
influences numerous cellular processes and bacterial properties, including 
virulence.  
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Cold-shock (cs) translational bias, namely the condition which favors 
translation at low temperature of cs mRNAs, is one of the main 
mechanisms by which Escherichia coli cells ensure the selective expression 
of its cs genes after cold stress. The bias is partly due to intrinsic features 
of cs mRNAs, which make them prone to translation at low temperature, 



and to a cold stress-induced transient increase of the Initiation Factors 
(IFs)/ribosome ratio. In this study we have undertaken the task of: i) 
identifying the mechanism generating the stoichiometric imbalance of the 
IFs/ ribosome ratio; ii) unraveling the role of the IFs in the translation 
bias;  iii) elucidating  the secondary structure of the paradigm cs mRNA, 
namely the E. coli cspA mRNA and iv) detecting possible temperature-
dependent variations of its structure.  
The results obtained indicate that: i)  transcription and translation of infA and 
infC which encode IF1 and IF3, respectively, are activated de novo by cs 
while ribosomal subunits assembly is slowed down; ii) at low temperature 
IF3 stimulates the rate of  “30S initiation complex” formation with cs 
mRNAs while inducing the formation of non-productive 70S initiation 
complexes with non-cs mRNAs; iii) the increased level of IF1 and IF3 
during cs is essential to provide a sufficient pool of dissociated 30S 
ribosomal subunits capable of “70S initiation complex” formation and iv)  
the structure of cspA mRNA, as determined by chemical and enzymatic 
probing, changes upon temperature down-shift exposing the translation 
initiation region.  
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Escherichia coli is by far the most common cause of urinary tract 
infections (UTI). Uropathogenic E. coli (UPEC) strains possess several 
virulence determinants that allow them to colonize the urinary tract, avoid 
host defenses, and cause damage to the uroepithelium, which may, in 
some cases, lead to passage of the bacterium into the blood-stream. 
Several genes encoding urovirulence factors, such as hemolysin, cytotoxic 
necrotizing factor type 1 (cnf1), P-pili F13 (pap), S-family adhesins, iron 
systems, some capsule factors and the autotransporter toxin sat1 are 
located in the chromosome and/or plasmids forming clusters named 
pathogenicity islands (PAIs). Several studies have demonstrated that 
quinolone resistant E. coli strains have fewer virulent factors than 
quinolone susceptible strains. Thus, the aim of this work was to study the 
possible relationship between bacterial stress produced by quinolones and 
the loss of virulence factors located in PAIs in UPEC. Three UPEC 
quinolone-susceptible and hemolytic clinical strains were submitted to 



subinhibitory concentrations of ciprofloxacin. A sample of the well showing 
growth at the highest quinolone concentration was spread onto large 
blood Columbia agar plates. The nonhemolytic colonies were analyzed to 
determine the loss of the hemolysin gene (hly) and other factors related 
to PAIs. The three strains lost hemolytic capacity between passages 1-4 in 
the presence of ciprofloxacin. The loss rate was between 1x10-4 and 5x10-

3. No colonies without hemolytic capacity were found after 15 passages of 
wild-type strains using antimicrobial-free culture medium. In conclusion, 
these findings suggest that quinolones produce bacterial stress the 
response of which is a loss of virulence factors. 
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In order to survive under and adapt to different conditions bacteria have 
systems that are able to sense and respond to environmental stimuli. A 
complex network of regulatory systems ensures a coordinated and 
effective answer to different stresses that can act on a bacterium 
simultaneously. Hyperosmolarity and some chemicals as fluoroquinolones, 
salicylate, non-antimicrobial medicaments as diazepam, anti-inflammatory 
drugs, among others, can induce an increased active efflux and organic 
solvent tolerance, loss of porins and multidrug resistance, both in wild 
type strains and clinical isolates of enterobacteria. Besides the role of 
efflux systems in multidrug resistance phenotypes, they seem to have a 
natural function exporting signals for cell–cell communication. AcrAB-TolC 
is an efflux system that exudes fluoroquinolones and is up-regulated by 
SdiA, a quorum-sensing transcriptional regulator. Another transcriptional 
regulators that are also involved in bacterial stress response such as marA 
or soxS, also activate AcrAB-TolC. Sigma factors, and the two-component 
systems CpxAR and BaeSR are also key pieces in the regulation of gene 
expression in response to stress conditions. Thus, the response regulator 
CpxR can lead to an increase of the mRNA level of several drug exporter 
genes and the mutation level as well as to a diminished OmpF assembly. 
From this point of view the development of intrinsic multidrug resistance 
might be understood as part of the bacterial response to stress. The in 
vitro induction of multidrug resistance has been associated with high 
levels of inducers, those that are close to their minimal inhibitory 
concentrations. Therefore, bacterial response to osmotic stress might be 
linked to multidrug resistance phenotypes. 
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The role of OPG in bone turnover through its interaction with RANKL is 
well established, however this protein has now been shown to have anti-
apoptotic properties which may contribute to the survival of cancer cells. 
As confirmation of this potential role we show data that OPG can interact 
with both TRAIL and TNFα using ELISA and BIAcore. We have then 
demonstrated that OPG will protect cells against TRAIL or TNFα induced 
apoptosis.  
We have then focused on the release of OPG under stress conditions from 
MG63 cells and looked at the existence of OPG feedback mechanisms. We 
show that a number of stressors that induce apoptosis also result in an 
increase in the release of OPG from cells. These stressors include – UV 
exposure and exposure to TNFα or TRAIL. The increase in release of OPG 
occurs prior to indicators of apoptosis – caspase 3 activation or Annexin V 
binding. Interestingly, induction of apoptosis by elevated temperature 
coincides with a total cessation in OPG release.  
Production of OPG can be regulated by a feedback mechanism as release 
can be increased by lowering the ambient concentration of OPG, and 
conversely that by increasing this ambient concentration, the release of 
OPG is inhibited. The changes are mirrored by alterations in gene 
expression.  
We discuss the potential role of OPG in the treatment of tumours and 
strategies that can be used to bypass this protection. 
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Many types of mammalian cells can survive a moderately hypertonic 
environment due to a specific adaptation process that results in the 
cellular accumulation of compatible osmolytes. This adaptation process,  
involves early responses, occurring over milliseconds to minutes, and later 
responses, requiring hours to days. The virtually instantaneous reduction 
in cell volume due to the osmotic efflux of water induced by acute 
hypertonic stress is rapidly corrected by what is referred to as regulatory 
volume increase (RVI). This early process is mediated by pre-existing ion 
transport systems that produce increases in the intracellular 
concentrations of potassium, sodium and chloride ions, and the 
accompanying influx of water causes RVI.  The later phase is 
characterised by increased production of heat shock proteins (HSPs) and 
either the synthesis or the uptake and cellular accumulation of compatible 
osmolytes.  In mammalian cells the latter include neutral amino acids or 
their derivatives, polyols such as sorbitol and myo-inositol, and 
methylamines such as betaine. The usual explanation of this phenomenon 
is the need to replace the early cellular accumulation of inorganic ions 
with small organic molecules that do not affect cell function even at 
relatively high intracellular concentrations. Accumulation of compatible 
osmolytes within the cell thus maintains intracellular water homeostasis 
without impairing normal biochemical functions such as protein synthesis. 
Cells do not adapt and die by apoptosis when hypertonic medium has 
been depleted of these molecules. Compatible osmolytes thus enable cells 
to survive under hypertonic conditions, protecting them from apoptosis 
and modulating the adaptive response.    
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Because only few of its client proteins are known, the physiological roles 
of the ubiquitous endoplasmic reticulum chaperone GRP94 are poorly 
understood.  Using targeted disruption of the murine GRP94 gene we 
show that it has essential functions in embryonic development. Grp94 -/- 



embryos die on day 7 of gestation, fail to develop mesoderm, primitive 
streak or proamniotic cavity. Grp94 -/- ES cells grow in culture and are 
capable of differentiation into cells representing all three germ layers. 
However, these cells do not differentiate into cardiac, smooth or skeletal 
muscle.  
Grp94 -/- embryonic stem (ES) cells are also hyper-sensitive to serum 
deprivation and die rapidly.  The death is apoptotic, involving changes in 
mitochondrial potential and activation of caspase 3.  Media conditioned by 
wild type ES cells, or by the myogenic cell lines C2C12 and RD, protect 
grp94-/- cells from apoptosis in the absence of serum.  The active 
component in these media was identified as insulin-like growth factor II 
(IGF-II).  GRP94 interacts physically with pro-IGF-II intermediates, as 
shown by co-immunoprecipitation.  These results suggest, therefore, that 
pro-IGF-II is a client of GRP94 which requires the chaperone activity for 
secretion.  
The muscle differentiation defect of grp94-/- ES cells is also related to 
control of IGF production, because differentiation of mutant ES cells can 
be partially restored by provision of exogenous IGF. In addition, the role 
of GRP94 in muscle differentiation was demonstrated by silencing its 
expression in the myogenic cell line C2C12 with RNAi. C2C12 cells that 
express 10% of normal GRP94 levels are incapable of fusion into 
myotubes and fail to express contractile proteins.  We suggest that the 
importance of GRP94 for embryonic development and its known anti-
apoptotic activity are both due to its control of the production of insulin-
like growth factors. 
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Activation of c-Jun N-terminal kinase (JNK) signaling pathway is a key 
event in neuronal apoptosis. Previous studies demonstrated that in SH-
SY5Y cells UV-induced apoptosis is associated with activation of JNK. The 
cellular mechanisms underlying the control of JNK activity before and 
immediately after stress are not completely understood. Under resting 
conditions the basal activity of JNK is low, since JNK is kept inactive by the 
presence of one or more repressors. Inactivation of JNK may be mediated 
by binding through protein-protein interactions to non-substrate proteins, 
including Glutathione S-Transferase pi (GSTpi). GSTpi belongs to a 
multigene family of isozymes catalyzing detoxification reactions. Although 



it has previously been shown that over expression of GSTpi protects cells 
from JNK-mediated apoptosis, the mechanisms underlying regulation of 
JNK signaling by GSTpi in neuronal cells have never been described. In 
this work, SH-SY5Y cells were treated with UV to evaluate the regulation 
of JNK signaling by GSTpi. The relative concentrations of the GSTpi, p-
JNK/JNK and apoptotic proteins were estimated by Western blot. Direct 
interaction of GSTpi and JNK was determined by co-immunoprecipitation 
assays. Evaluation of GSTpi dimers and multimeric complexes formation 
was performed by SDS-PAGE under non-reducing conditions. Our results 
show that UV treatment induces apoptosis in SH-SY5Y cells and the 
transient activation of JNK. Furthermore, the increase of JNK enzymatic 
activity correlates with changes of GSTpi-JNK complexes and the 
concentration of GSTpi multimer forms. Taken together our results 
suggest that GSTpi may act as a regulator of the UV-induced cellular 
stress response, controlling JNK activity by protein-protein interactions. 
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Heat shock proteins have been implicated in neuronal cell survival. We 
studied here the anti-apoptotic effects of heat-inducible hsp72 in the 
human SH-SY5Y neuroblastoma cell line, propagated in an 
undifferentiated form and able to be differentiated into neurone-like cells 
using retinoic acid with brain-derived neurotrophic factor.  Mild heat stress 
(43C for 30 min) was applied to induce hsp72, subsequently referred to as 
thermal pre-conditioning treatment.  It was observed that thermal pre-
conditioning protects cells against apoptosis induced by a subsequent 
treatment with staurosporine (50 nM). Neurone-like SH-SY5Y cells 
displayed reduced Bax activation, cytochrome c release and nuclear 
fragmentation when thermally pre-conditioned compared to non-pre-
conditioned control cells (all monitored by immunocytochemistry and 
confocal microscopy). The suggestion that hsp72 may be involved in 
blocking apoptosis and that the block by hsp72 may be upstream of Bax 
was tested by constructing stable transfectants over-expressing hsp72 
(5YH72.1). Such cells maintained levels of hsp72 comparable to those 
seen in untransfected undifferentiated SH-SY5Y cells exposed to thermal 



pre-conditioning; similar levels of hsp72 were also found in neurone-like 
untransfected cells without heat shock, conditions that also induce hsp72. 
5YH72.1 cells showed enhanced thermotolerance, at significantly higher 
temperatures than neurone-like untransfected cells (themselves more 
thermotolerant than their undifferentiated counterparts). Moreover, 
neurone-like 5YH72.1 cells treated with 50 nM of staurosporine failed 
almost completely to display Bax activation and nuclear fragmentation.  
Undifferentiated 5YH72.1 cells were also protected but to a lesser extent 
against the molecular effects of staurosporine treatment. The data support 
the proposition that hsp72 is responsible for the thermoprotection 
observed in SH-SY5Y cells. Further, hsp72 acts upstream of the 
mitochondria to prevent apoptosis in these cells when expressed in 
moderately high quantities. 
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Extreme cellular stress induces apoptosis, a deliberate life-relinquishment 
of a cell. Bcl-2 serves as a powerful antidote against apoptotic cell death 
by preventing the mitochondrial permeability transition that causes the 
release of caspase activators. Although the level of Bcl-2 has been shown 
to be altered under a variety of cellular stresses, signaling pathways that 
regulate the Bcl-2 expression are not fully understood. Sigma-1 receptors 
(Sig-1Rs) are endoplasmic reticulum (ER) proteins that are activated by 
steroids and psychotropic drugs. Sig-1Rs express highly in the nervous 
system as well as in carcinomas. Activation of Sig-1Rs is known to 
promote a robust neuroprotective action, whereas inhibition of Sig-1Rs 
promotes cell death such as seen in cancer cells. Recent studies have 
proposed, therefore, the Sig-1R as a potential therapeutic target in 
treatments of ischemia and cancer. Here, we reported that the Sig-1R is a 
novel ER protein regulating Bcl-2 expression. Sig-1Rs co-localized with 
Bcl-2 at the ER, but not at mitochondria in CHO cells. Overexpression of 
Sig-1Rs significantly increased Bcl-2 proteins in mitochondria, whereas 
knockdown of Sig-1Rs by siRNAs caused a prominent downregulation of 
Bcl-2. RT-PCR and Northern blotting revealed that knockdown of Sig-1Rs 
downregulated the bcl-2 mRNA, indicating a transcriptional activation 
and/or mRNA degradation of bcl-2 by Sig-1Rs. In keeping with these 
findings, knockdown of Sig-1Rs potentiated cell death when CHO cells 
were under apoptotic stimuli. Our findings suggest that the novel ER 



protein Sig-1R is intrinsically regulating the level of mitochondrial Bcl-2, 
and, thus, Sig-1R agonists such as pregnenolone sulfate and DHEAS may 
exhibit cell protective action, a least in part, by increasing the expression 
and thus augmenting the anti-apoptotic activity of Bcl-2. (Sponsored by 
IRP/NIDA/NIH/DHHS) 
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Aim: The aim of the present study was to elucidate the role of the high 
temperature requirement A 2 (HtrA2) for the germ cell loss in the heat-
stressed testis. 
Methods: We examined the expression of HtrA2, caspase-9 activity and 
proteolytic activity of HtrA2 in the rat testis and their in vivo responses to 
experimental cryptorchid treatment.  
Results: Northern analysis revealed the expression of HtrA2 mRNA 
peaked at days 1 and 7 after cryptorchid treatment. While the expression 
of HtrA2 mRNA was recognized in the spermatogonium, spermatocytes 
and some spermatids in normal adult rat testis, the experimental 
cryptorchidism treatment resulted in a marked increase in its signal 
intensity in spermatocytes and some spermatids and the layers of 
spermatogonium and early primary spermatocytes became negative at 
days 1 and 7 after the treatment. However, the spermatogonium, Sertoli 
cells and interstitial cells appeared to have strong intensities at days 14, 
28 and 56 after the treatment. Western analysis revealed the expression 
of HtrA2 protein peaked at days 2 and 28, Caspase-9 activity peaked at 
day 2 and HtrA2 proteolytic activity peaked at day 28. Consequently, the 
first peak of HtrA2 mRNA expression was followed by the peak of caspase-
9 activity and the second peak was followed by the peak of proteolytic 
activity. 
Conclusion: These findings suggest the probabilities that the heat stress 
results in germ cell death by caspase-independent manner with the 
elevation of proteolytic activity of HtrA2 as well as caspase-dependent 
manner with the elevation of caspase-9 activity. 
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Human Fas-associated protein, hFAF1, was identified as Fas-associating 
molecule and a member of the apoptosis signaling complex. We identified 
that hFAF1 acts as a scaffolding protein by unveiling the interacting 
proteins and newly found N-terminal ubiquitin-associated (UBA) domain. 
N-terminal UBA domain was identified to recruit K48- and K63-linked 
polyubiquitinated proteins and plays a role to accumulate the 
ubiquitinating proteins as a ubiquitin receptor. One ubiquitin like (UBL) 
domain interacts with Hsp70 and negatively regulates its chaperone 
activity. C-terminal ubiquitin regulatory X (UBX) domain was identified to 
interact with AAA ATPase p97/VCP which is involved in the ubiquitin-
proteasome pathway. These interactions of hFAF1 to two chaperone 
proteins (Hsp70 and VCP) suggest that FAF1 as a ubiquitin receptor plays 
important roles in stress response and apoptotic cell death. In this study, 
we will demonstrate the regulation mechanism by examining the post-
translational modifications using proteomic tools, and the biological 
functions by examining the effects of VCP binding defect mutants and 
RNAi of hFAF1 in response to stress. This can suggest the biological role 
and regulation of ubiquitin receptor hFAF1 in stress-induced ubiquitin-
proteasome system. [Supported by KOSEF NCRC for CCS & DDR and 
FPR05A2-480. J Lee and YM Kim supported by BK21]  
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The involvement of peroxisome proliferator-activated receptors (PPARs) in 
the cancer cell apoptosis is a generally accepted fact. However, some 
reports indicate that the activation of PPARγ is directly responsible for 
carcinogenesis.  
It is well known that the high level of heat shock proteins (HSPs) in cancer 
cells is associated with metastasis, the poor prognosis and the resistance 
to radio as well as chemotherapy. HSP70 as a part of the most important 
systems for maintaining the viability of the cell, is known to counteract 
against the apoptosis. We report here the involvement of HSP70 in anti-
apoptotic action of activated PPARγ in γ-irradiated human colon cancer 
cells.  
We have used Caco-2 cells (human colon adenocarcinoma) as an 
experimental model. In this system PPAR-γ agonists induced nuclear 
translocation of PPAR-γ as well as HSF-1. This translocation was followed 
by the increase of HSP70 mRNA and protein expression.  
Cells subjected to γ-radiation (photons) with therapeutic dose of 2,5 Gy, 
manifested pattern of PARP degradation typical for apoptosis, showing  
both the native 112 KD and digested 85 KD forms. It suggests activation 
of caspases 3 or 6.  Stimulation of the cultures with PPARγ agonists prior 
to the irradiation eliminated altogether the process of PPAR-γ nuclear 
translocation and PARP degradation. PPARγ remained in the complexes 
with AKT-1 in cytoplasmic as well as in nuclear pool. However this 
treatment  did not affect HSF-1 translocation and HSP70 expression.  
According to our elucidation, in γ-irradiated cells nuclear translocation of 
PPARγ is abolished and PPARγ-AKT-1 complexes are conserved in which 
PPARγ remains insensitive for its agonists treatment. Most likely, at the 
same time PPARγ agonists directly  activate HSP 70. The process is 
undisturbed by the γ-irradiation what renders the colon cancer cells 
resistance to apoptosis. 
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Shustova O.A. 
 
Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry, Moscow, 
Russia, amsap@mail.ru 
 
It has been shown that adrenaline in contrast to glucocorticoids can 
activate immune system. However existing data indicate that 
catecholamines like glucocorticoids induce apoptosis in lymphocytes. 
Earlier we demonstrated that lymphoid cell apoptosis is accompanied by 



increase of HSP expression. In this work we carried out a study of effect of 
adrenaline and dexamethasone on apoptosis and HSP70 expression in 
cultures of mouse lymphocytes. Obtained results confirmed apoptogenic 
effect of catecholamine and dexamethasone. However, the stress 
mediators had opposite effects on level of HSP70 expression: adrenaline 
enhanced intracellular content of the protein whereas dexamethasone had 
small but significant inhibitory action on HSP70 expression. The 
catecholamine-induced increase of HSP70 expression was mediated by α-
adrenoreceptor because the effect was suppressed by phospholipase C 
inhibitor but was not decreased by PKA inhibitor. In addition, we have 
revealed that α-adrenergic antagonist prazosin reduce adrenaline-induced 
HSP70 expression while β-adrenergic antagonist propranolol decrease the 
apoptogenic effect of catecholamine. Phenylephrine – specific α-adrenergic 
agonist had no apoptogenic effect in contrast to adrenaline interacting 
with both α- and β-adrenoreceptors. We suppose that the difference 
between immunomodulating activity of catecholamines and glucocorticoids 
may be connected with their opposite influence on lymphocyte HSP 
system. The results suggest that effect of catecholamines on apoptosis 
and HSP70 expression are initiated by the same hormonal signal 
perceived by means of different adrenoreceptors. 
This study was supported by grants from RFBR (06-04-49568) and 
BTEP/ISTC (73/2627). 
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Stress exposure to animals prior to slaughter is causing big variations in 
the meat quality. Using primary porcine myotubes as a model, exposure 
to different stressors was investigated. When myotubes were exposed for 
1 h to 50-250µM H2O2 the peak in expression of mRNA for HSP70 and 
HO1, measured 18 h after stress exposure, was seen at a concentration of 
200 µM H2O2. At 250 µM the expression decreased substantially, indicating 
that the cells were no longer capable of expressing heat shock proteins at 
a high level. Also the appearance of the cells evidenced the toxic effect of 
H2O2 levels above 200 µM. When testing the viability this was confirmed 
as the survival of myotubes exposed to more than 100 µM H2O2 for 1 h 



showed a decreased cell viability determined by WST-1. Based on these 
observations a level of 100 µM H2O2 was chosen for investigating the 
development in expression levels of heat shock proteins over a time 
period in the myotubes. A significant increase in expression of both HSP70 
and HO1 mRNA was observed after exposure to H2O2 for 1 h and 
measuring expression up to 18 h after exposure. No change in the cell 
viability determined by WST-1 was observed when the myotubes were 
exposed to heat (42°C or 45°C) for 1 h. However, comparing cells exposed 
to 42°C and 45°C the expression was approximately 10 times higher when 
exposed to 45°C. No change in the expression level of HO1 mRNA was 
observed when exposed to heat. Hence, primary porcine cells are more 
sensitive to H2O2 compared to myotubes and muscle cell lines from other 
species. In contrast to this, primary porcine muscle cells are not very 
sensitive to heat stress when determining the cell viability by WST-1. 
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The fertile life of the mammalian is short and a few hours after ovulation it 
loses its capacity to be fertilized. Ageing affect oocyte fertilizing ability and 
aged females produce numerous infertile and/or abnormal oocytes. We 
used normal and aged mouse oocytes to analyze initial apoptosis (using 
Anexin V), late apoptosis (using the TUNEL method) and the presence of 
the stress protein HSP70 (using antibodies and RT-PCR). We induced the 
ovulation by hormones (PMSG-HCG) to collect oocytes from young 
females (3 months old). Gametes were also aged in the oviduct after 
ovulation during 20 hours (postovulatory ageing) and other oocytes were 
collected from 12-15 months old females (preovulatory ageing). 
Anexin V showed that a high percentage (39.2%) of initial apoptosis 
appeared in oocytes ovulated by old females, and in oocytes aged in the 
oviduct during 20 hours (31.6%).  TUNEL results showed that the high 
percentages (56.5%) of apoptosis occurred when oocytes were aged in 
the oviduct during 20 hours. Oocytes from young or old females showed a 
similar degree of damage (12.9-16.1%). Nevertheless, young oocytes 
recovered from females that were not treated with hormones, show a 
lower percentage of apoptosis (3.7%). TUNEL procedure was also applied 
to histological sections from ovaries of different ages (3; 11; 14 and 24 
months old). Results showed that apoptotic cells were progressively 



increased in the insterticial tissue of the organ. 
Normal oocytes do not showed the presence of the stress protein HSP70, 
but this protein appeared in the cytoplasm after an exposure to 40ºC 
during 4 hours, and in oocytes after postovulatory ageing. RT-PCR showed 
HSP70 gene expression in aged oocytes. 
These results indicated that ageing increase apoptosis of the mouse 
oocyte and of the ovarian tissue. Apoptosis and HSP70 are principally 
produced by environmental conditions, as the long storage of the oocyte 
in the oviduct or the employ of hormones used to induce ovulation. 
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The jasmonate family of plant stress hormones exhibits selective cytotoxic 
activities towards cancer cell lines as well as leukemic cells from chronic 
lymphocytic leukemia patients. The aim of this project was to elucidate 
the jasmonate mechanism of action. We found that jasmonates induce a 
rapid depletion of ATP in cancer cells, preceding any signs of cell death. 
Furthermore, we found a positive correlation between the susceptibility of 
a given cell type to the cytotoxic effect of jasmonates and the degree of 
ATP depletion induced in that cell. The two major sources of cellular ATP, 
oxidative phosphorylation and glycolysis, determine the steady state 
levels of ATP. Experiments using modulators of ATP synthesis via 
glycolysis or oxidative phosphorylation suggest that the latter is the 
pathway suppressed by jasmonates. Consequently, the direct effects of 
jasmonates on mitochondria were evaluated. Jasmonates induced 
cytochrome c release and swelling in mitochondria isolated from cancer 
cells but not from normal ones. Thus, the selectivity of jasmonates against 
cancer cells is rooted at the mitochondrial level, and probably exploits 
differences between mitochondria from normal versus cancer cells. The 
permeability transition pore complex (PTPC) regulates movement of 
compounds across the mitochondrial membrane. Abnormally long opening 
of this pore can be associated with cytochrome c escape into the cytosol, 
resulting eventually in cell death. Jasmonate-induced release of 
cytochrome c from mitochondria isolated from cancer cells was inhibited 
by inhibitors of PTPC opening, suggesting that the mitochondrial 
permeability transition induced by jasmonates is PTPC-mediated. These 
findings position jasmonates as promising anti-cancer drugs acting via 
energetic depletion in neoplastic cells. 
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COMMON PHYSICOCHEMICAL PROPERTIES OF POLAR LIPIDS 
UNDERLYING THERMAL ADAPTATION OF MARINE HYDROBIONTS 
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Changes of thermotropic behavior and fatty acid composition of the major 
polar lipids from different species of marine invertebrates and 
macrophytes underlying their warm-acclimation and seasonal 
acclimatization were studied by GLC, DSC and polarizing microscopy to 
estimate the capacity of these phylogenetically different ectothermic 
organisms to adapt in conditions of global temperature changes. Common 
strategy of thermal adaptation of studied animals and plants was revealed 
in spite of substantially different composition of polar lipids and their fatty 
acid (FA) pools. The seasonal changes of thermotropic behavior and FA 
composition of phosphatidylcholine (PC) (or DGTS) and 
phosphatidylethanolamine (PE) were consisted with homeoviscouse 
adaptation conception. However Тmax of photosynthetic lipids (glycolipids 
and phosphatidylglycerol) did not change or even increased from summer 
to winter that may induce the low-temperature inhibition of 
photosynthesis. Irrespective to different thermotropic behavior, the 
unsaturation of both lipid groups rose due with increasing n-3/n-6 PUFAs 
ratio. The reciprocal conversion n-6↔n-3 was shown to regulate not only 
the effect of their derivatives but the viscosity of membrane lipids. The 
most share of n-6 in PC and PE seems to connect with enhanced role of 
plasma membrane lipids in communication with environment in summer.  
Whereas increased level of n-3 in photosynthetic lipids appears to 
maintain photosynthesis and respiration at low temperatures. High 
vulnerability of hydrobionts to the sharp temperature elevation in winter 
or superoptimal temperatures in summer were shown to be caused by the 
absence of effective compensation in physical state of membrane lipids 
and proximity of their isotropic transition to these temperatures. 
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Heat shock induces major changes in gene expression. Besides the up-
regulation of specific genes, among which hsp genes, heat shock also 
induces a general shut-down of gene expression underlined by a global 
chromatin remodelling. While the mechanisms involved in the heat-
induced activation of hsp genes have been investigated in details, the 
molecular events associated with the global down-regulation of the 
genome are poorly understood. By using a combination of in situ and 
molecular approaches, we have shown that heat shock induces a massive 
and reversible deacetylation of core histones affecting specific epigenetic 
marks of histones H3 and H4. This deacetylation of core histones is a 
conserved phenomenon. Moreover it is correlated with the intensity of 
stress. We have characterized the molecular mechanisms underlying the 
heat-induced deacetylation, and have identified HDAC1 (Histone 
Deacetylase 1) and HDAC2 as the key actors of this event. Interestingly, 
we found that HDAC1 and HDAC2 are complexed with HSF1 (Heat shock 
factor 1), in a stress dependent manner. We thus identify HDAC1 and 
HDAC2 as novel important actors of the heat shock response. Our last 
results concerning the mechanisms involved in the regulation of HDACs 
activity during stress will be also presented and discussed.  
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Exposure of cells to stress induces dramatic changes in gene expression, 
activating the expression of certain genes such as those encoding the heat 
shock proteins or HSPs, and inactivating others. In paralell to the 
activation of hsp gene expression, we have shown that heat shock also 
induces the formation of particular nuclear structures termed nuclear 
stress bodies or nSBs. These structures form principally on the 
pericentromeric region of human chromosome 9 (9q12) through a direct 
binding of HSF1 with satellite III repeated sequences. We have shown that 
heat shock induces the transcription of these repeated sequences into 



non-coding RNAs termed satellite III transcripts. This transcription is RNA-
polymerase II- and HSF1-dependent. The function of the satellite III 
transcripts is still unknown, but several hypotheses can be considered. 
Since they remain associated with chromosome 9 for several hours after 
synthesis, they may play a role in chromatin structure. Alternatively, since 
several splicing factors remain associated to the sat III transcripts, they 
could play a role in the regulation of alternative splicing, a function which 
is indeed altered during heat exposure. I will present our latest findings 
concerning satellite III transcripts and discuss their possible function 
during stress exposure. 
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Glucosamine treatment of HepG2 cells increased levels of the ER 
chaperones, 78-kDa glucose-regulated protein (Grp78) and Grp94, in a 
dose-dependent manner and led to significant decreases in both cellular 
and secreted apolipoprotein B100 (apoB100) by up to 97% (p<0.01). In 
contrast, no changes were observed in ER resident (ER60, PTP-1B) or 
secretory (albumin, apoE) control proteins. Glucosamine-induced apoB 
degradation was similarly observed in primary hamster hepatocytes and 
McA-RH7777 cells. Glucosamine treatment led to reduced tranlocational 
efficiency of apoB100 in the ER and enhanced its ubiquitination and 
proteasomal degradation. Adenoviral overexpression of Grp78 also led to 
significantly decreased levels of newly synthesized apoB100 in a dose-
dependent manner (p<0.01). Grp78-induced downregulation of apoB100 
was sensitive to inhibition by the proteasome inhibitor, lactacystin, but not 
lysosomal protease inhibitors, E64 and leupeptin, suggesting that 
overexpression of Grp78 selectively induced proteasomal degradation of 
apoB100. We then examined the mechanisms linking glucosamine-induced 
ER stress and apoB-lipoprotein biogenesis. Trypsin sensitivity studies 
suggested glucosamine-induced changes in apoB100 conformation. 
Endoglycosidase H studies of newly-synthesized apoB100 revealed 
glucosamine induced N-linked glycosylation defects resulting in reduced 
apoB100 secretion. Taken together, these data suggest that co-
translational glucosamine treatment may cause defects in apoB100 N-
linked glycosylation and folding, resulting in ER stress and enhanced 
proteasomal degradation. Binding and retention by Grp78 may play a 



critical role in proteasomal targeting and the ER quality control of 
misfolded apoB. Interaction with core lipoprotein lipids may facilitate apoB 
transport out of the ER by reducing Grp78-mediated ER retention. 
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Disulfide bond catalysis is an required of protein production in the 
secretory pathway, from yeast through to man. In the endoplasmic 
reticulum (ER), protein disulfide isomerase (PDI) catalyses the oxidation 
and rearrangement of disulfide bonds, and is re-oxidised by an 
endoplasmic reticulum oxidoreductase (ERO). The elucidation of ERO 
function was greatly aided by the genetic analysis of two S. cerevisiae ero 
mutants. These strains arise from point mutations in the FAD binding 
domain of the Ero protein. The ero1-1 and ero1-2 yeast have conditional 
and DTT sensitive phenotypes, but the effects of the mutations on the 
behaviour of Ero proteins has not been reported. We therefore analysed 
these mutations in the context of Ero1b, a mammalian orthologue of 
Ero1p. Ero1b is upregulated by the UPR, and is strongly expressed in 
secretory tissues. The Gly to Ser and His to Tyr mutations do not prevent 
the dimerisation of Ero1b, or the non-covalent interaction of Ero1b with 
PDI. However, the Gly to Ser mutation abolishes disulfide-dependent PDI-
Ero1β heterodimers. Both the Gly to Ser and His to Tyr mutations make 
Ero1b susceptible to misoxidation and aggregation, particularly during a 
temperature or redox stress. We conclude that the Ero FAD binding 
domain is critical for conformational stability, allowing Ero proteins to 
withstand stress conditions that cause client proteins to misfold. 
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With the exception of the commonly accepted fact that the ER chaperone 
BiP downregulates it, it is unclear how endoplasmic reticulum (ER) stress 
is sensed by the signal transducer Ire1. The crystal structure of the core 
stress-sensing region (CSSR) of yeast Ire1 luminal domain has been 
controversially suggested to indicate that the molecule can bind to 
unfolded proteins. Here we demonstrate that Ire1 clusters upon ER stress 
and actually binds to unfolded proteins. Phenotypes of Ire1 mutations that 
affect these phenomena demonstrate a scenario in which Ire1 is fully 
activated via two steps, both of which are regulated by ER stress but in 
different ways. In the first step, BiP dissociation from Ire1 leads to 
clustering, while in the second step, direct binding of unfolded proteins to 
the CSSR arranges the orientation of the cytosolic effector domains of 
clustered Ire1 molecules. 
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The initiation of endoplasmic reticulum (ER) stress responses and energy 
deficiency in intestinal epithelial cells (IEC) may contribute to the 
pathogenesis of chronic intestinal inflammation. The aim of this study was 
to characterize anti-inflammatory mechanisms of interleukin 10 (IL10) 
using functional epithelial cell proteomics.  
Proteome analysis from primary IEC of Enterococcus faecalis- and 
Escherichia coli monoassociated IL10 deficient (IL10-/-) mice revealed 
increased expression levels of the glucose-regulated ER stress proteins 
(grp)78 under conditions of experimental colitis. Interestingly, the 
induction of ER stress response mechanisms under conditions of chronic 
inflammation was associated with decreased expression levels of the 
mitochondrial creatine kinase and increased activation of the AMP kinase 
system in primary IEC, suggesting dysregulation of the cellular energy 
homeostasis. Most importantly, IL10 inhibited grp78 expression in IL10 
receptor reconstituted epithelial cells. Chromatin immunoprecipitation 
analysis revealed that IL10-mediated p38 signaling inhibited TNF-induced 
recruitment of the ER-derived activating transcription factor (ATF)-6 to the 
grp78 promotor likely through the blockade of ATF-6 nuclear 



translocation.  
The failure of energy homeostasis in primay IEC from inflamed IL10-/- 
mice was associated ER stress responses in the intestinal epithelium. In 
addition, IL10 inhibits inflammation-induced ER stress response 
mechanisms by modulating ATF-6 nuclear recruitment to the grp78 gene 
promotor 
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The unfolded protein response (UPR) activates transcription of genes 
involved in proteasomal degradation. However, we found that in its early 
stages the UPR leads to a transient inhibition of proteasomal disposal of 
cytosolic substrates (p53 and p27Kip1) and of those targeted to ER-
associated degradation (uncleaved precursor of asialoglycoprotein 
receptor H2a). Degradation resumed soon after the protein synthesis 
arrest that occurs in early UPR subsided. Consistently, also protein 
synthesis inhibitors blocked ubiquitin/proteasomal degradation. 
Ubiquitination was inhibited during the translation block, suggesting short-
lived E3 ubiquitin ligases as candidate depleted proteins. This was indeed 
the case for p53 whose E3 ligase, MDM2, when overexpressed,restored 
the degradation, whereas a mutant MDM2 in its acidic domain restored the 
ubiquitination but not completely the degradation. Inhibition of 
proteasomal degradation early in UPR may prevent depletion of essential 
short-lived factors during the translation arrest. Stabilization of p27 
through this mechanism may explain the cell cycle arrest in G1 when 
translation is blocked by inhibitors or by the UPR. 
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Background - Numerous studies indicate an inverse relationship between 
dietary intake of n-3 polyunsaturated fatty acids (PUFAs) and cancer. Cell 
culture studies show that n-3 PUFAs inhibit cell proliferation and induce 
programmed cell death, apoptosis. However, the molecular mechanisms 
behind these effects are complex and unclear. Aim – To investigate 
signaling pathways involved in EPA-induced growth arrest/apoptosis in HL-
60 cells. Materials and methods – Gene expression profiling of HL60 
cells treated with EPA was performed by Affymetrix GeneChip System and 
key markers of relevant pathways verified at protein level by Western 
blotting. Results - Several transcripts involved in ER homeostasis, cell 
cycle and apoptosis were affected. Transcripts involved in the unfolded 
protein response (UPR) pathway, chaperones, folding proteins and 
transcripts involved in apoptosis, were upregulated, whereas cyclin D1 
and cellcycle/progression transcripts were downregulated. Proteins in the 
UPR like eIF2α-P, ATF4, SQSTM-1 and cyclin D1 were verified by western 
blotting. Conclusion - The data clearly show that the n-3 PUFA EPA 
induces apoptosis in HL 60 cells and that the mechanism may be mediated 
through ER stress.  
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Protein homeostasis in mammalian cells is tightly controlled by protein 
synthesis and degradation. An efficient quality control machinery is 
required for proper cell function, which is particularly important in 
conditions of stress. Disruption of homeostasis, e.g  by restriction of 
oxygen or nutrient supply or interfering with calcium balance in the ER 
results in overloading of the ER, causing ER stress and activation of a 
protective cellular mechanism termed the Unfolded Protein Response 
(UPR). During the UPR there is an induction of genes encoding for 
chaperones and E3 ubiquitin ligases targeted to reduce ER protein 
overload through ER-Associated Degradation (ERAD).  
Using a model ERAD glycoprotein substrate and its non-glycosylated 
version we found that several of these UPR induced factors, such as the 



putative mannose lectin EDEM and the E3 RING ubiquitin ligase HRD1 are 
required for degradation of both substrates, whereas the cytosolic E3 
member of the F-box family Fbs2 participates in degradation only of the 
glycoprotein. We found that upon ER stress HRD1 and Fbs2 accumulate 
along with the ERAD substrate in the pericentriolar ER-derived quality 
control compartment (ERQC), previously discovered in our lab. Other 
additional key factors implicated in ER quality control and the ER stress 
response, are also found in the ERQC and their localization depends on the 
function of one of the branches of the UPR. These and other findings 
suggest that protein recruitment to in the ERQC is involved in coping with 
ER stress.  
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Patients suffering from intestinal bowel disease (IBD) have decreased 
anti-oxidant and glutathione levels which are indicative of oxidative stress. 
High concentrations of iron have been shown to increase the oxidative 
status on the cell leading to the induction of endoplasmic reticulum (ER) 
stress and protein oxidative damage. We studied the role of low-dietary 
iron on molecular mechanisms of intestinal epithelial cell (IEC) ER stress 
responses under conditions of chronic experimental ileitis in TNFDARE/WT 
mice. 
Histological analysis of normal-iron fed mice showed severe intestinal 
inflammation with a score of 7.67 +/- 1.53 (pathological range from 0-
10), whereas low-iron fed mice presented a significant reduction of 
inflammation in proximal and distal ileum segments with a score of 2.30 
+/- 0.68. Western blot analysis in primary IEC from TNFDARE/WT and 
wild type mice showed reduced NF-κB activation and MAPK signalling 
including phosphorylation of RelA, cJun and Erk. The activation of ER 
stress responses including expression of glucose regulated protein 78, 
grp58, phosphorylation of eukaryotic initiation factor 2 alpha as well as 
cleavage of caspase 12 and 3 were decreased under low-iron diet. 
Furthermore, proteome analysis identified 40 differentially regulated 
proteins including the iron-regulated pro-inflammatory mediator intelectin.   
This study presents evidence for the beneficial effects of low-iron intake in 



a mouse model of chronic ileitis including regulation of oxidative and ER 
stress response mechanisms at the epithelial cell level and therefore 
pointing to possible therapeutic use of a low-iron diet in patients of IBD.  
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Despite the potential of the endoplasmic reticulum (ER) stress response to 
accommodate adaptive pathways, its integration with other 
environmental-induced responses is poorly understood in plants. Here, we 
performed global expression profiling on soybean leaves exposed to 
polyethylene glycol treatment or to unfolded protein response (UPR) 
inducers to identify integrated networks between osmotic and ER stress-
induced adaptive responses. The results unmasked the major branches of 
the ER-stress response, which includes enhancing protein folding and 
degradation in the ER, as well as specific osmotically regulated changes 
linked to cellular responses induced by dehydration. However, a small 
proportion (5.5%) of total up-regulated genes represented a shared 
response that seemed to integrate the two signaling pathways. These co-
regulated genes were considered downstream targets based on similar 
induction kinetics and a synergistic response to the combination of 
osmotic- and ER-stress-inducing treatments.  Genes in this integrated 
pathway with the strongest synergistic induction encoded proteins with 
diverse roles. Two of them contained a plant-specific development and cell 
death (DCD) domain while another had homology to proteins with an 
ubiquitin-associated (UBA) domain. A NAC domain-containing protein 
exhibited robust early kinetics of induction consistent with a role as a 
transfactor. This integrated pathway diverged further from characterized 
ER-specific branches of UPR as downstream targets were inversely 
regulated by osmotic stress. Collectively, our results describe a novel 
branch of the ER stress response that integrates the osmotic signal to 
potentiate transcription of shared target genes.  
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Ochotona curzoniae, Microtus oeconomus and Myospalax baileyi are all 
native mammals that reside at Qinghai-Tibetan plateau in China and well 
acclimatized to environmental hypoxia. The present paper addresses the 
NF-kB’s, a nuclear transcriptional factor, involvement in hypoxia stress-
induced diversity of IGF-I/IGFBP-1 expression in hepatic and brain cells of 
Tibetan Plateau mammals. The IGF-I/IGFBP-1 from the prefrontal cortex 
and the liver cells was tested 6 h after hypoxia exposure (by CoCl2 
injection i.p. 20, 40 mg/kg or by normobaric hypoxia, 16.0%, 10.8%, 8.0 
%O2) of the Plateau native mammals and mice. PDTC, an inhibitor of NF-
κB, was used and preinjected before the hypoxia to evaluated NF-kB 
action. The results showed that 1) the IGF-I expression in mice hepatic 
cells of M. oeconomus and M. baileyi markedly increased after the hypoxia 
exposure, but there was no response in the liver of O.curzoniae; 2) the 
IGFBP-1 expression in mice hepatic cells of O. curzoniae and M. baileyi 
markedly enhanced, but no response occurred in M. oeconomus after the 
hypoxia; 3) PDTC pretreated before hypoxia reversed the hypoxia-
enhanced IGF-I in M. oeconomus and M. baileyi; 4) PDTC treatment also 
reversed the hypoxia-enhanced IGFBP-1 in O. curzoniae and M. baileyi; 5) 
hypoxia increased the IGF-I mRNA in brain of M. oeconomus and O. 
curzoniae but not of mice; 6) hypoxia did not induce changes of IGF-I 
levels in the brain cells of both plateau mammals and laboratory mice. The 
data suggest that 1) different pattern in IGF-I/IGFBP-1 expression induced 
by hypoxia represents a diversities in hormone regulation and cell 
protection from damage in Tibetan native mammals; 2) NF-κB mediates 
the transcription of IGF-I/IGFBP-1 in liver cells subjecting to hypoxia; 
Together, the diversity of target-gene phenotype expression may 
contribute to the multi-model in cell protection from hypoxia 
damage.Acknowledgement: This work was supported by the NSFC: 
Projects (No. 30393130;30470648; 30570227), and by The National Basic 
Research Program “973” No. 2006CB504100). 
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The hypothalamo-pituitary-adrenal (HPA) axis is affected intensively by 
environment stress in early life. We invistigated whether CRFR1 or CRFR2 
are involved or not in modification of the offspring’s HPA activity and 
behavior response after maternal hypoxia stress (MHS). The pregnant 
mother rats were exposed to different stressors: simulated hypobaric 
hypoxia (5km altitude, 10.8% O2), restraint, cold (4ºC), and in 
combination stress (Hypoxia+Restraint, Hypoxia+Cold, 
Hypoxia+Restraint+Cold) throughout the pregnant period 4h per day for 
22 days, and the growth parameters of postnatal rats, HPA axis activity 
and neuroendocrine function during growing and late age of puberty rats 
were determinated, anxiety-like behavior of adult male rats was evaluated 
by elevated-plus maze (EPM), and the changes of CRFR1 mRNA and 
CRFR2 mRNA expression in pituitary of both late age of puberty and adult 
male rats were measured by in situ hybridizaition. The plasma 
corticosteron, ACTH, were tested using RIA. the NE, and DA levels in 
Locus Coeruleus (LC) determinated by HPLC. The research found that MHS 
significantly decreased the birth weight and delayed the growth rate in 
postnatal rats, enhanced the basal activity of HPA axis, the expression of 
CRFR1 mRNA /CRFR2 mRNA in pituitary of late age of puberty rats, 
induced anxiety-like behavior, elevated the level of NE and DA in the LC. 
These data suggest that perinatal stress significantly infuluences HPA axis 
activity and behavior of adult offspring rat, and the CRFR1 and CRFR2 
may play a role in modification of these activities by pregnent maternal 
hypoxia and combnated stress. Acknowledgement:This work was 
supported by the National Science Foundation of China: Major Project (No. 
30393130) and Projects (Nos. 30270232; 30470648; 30570227), and by 
the China Ministry of Science and Technology (The National Basic 
Research Program “973” No. 2006CB504100). 
 

 
 
2E_03_P 
 
DEFENSE OF THERMAL AND OXYGEN STRESS IN DAPHNIA MAGNA  
 
Bettina Zeis, Sabine Zumbrägel, Rüdiger J. Paul 
 
Institut für Zoophysiologie, Hindenburgplatz 55, 48143 Münster, Germany  
zeis@uni-muenster.de 
 



Small planktonic animals like Daphnia experience high fluctuations of 
environmental oxygen content and temperature, resulting in changes of 
oxygen supply or demand, respectively. Hypoxia or exposure to high 
temperatures may lead to the formation of oxygen radicals (reactive 
oxygen species, ROS) and changes in the cellular redox state. This may 
activate a biphasic stress response system. A fast component of the stress 
response aims to reduce radical damage until cellular homeostasis is 
restored by the slower component (Kültz, 2005, Annu Rev Physiol 
67:225). 
In the microcrustacean Daphnia magna, hemoglobin (Hb) is the central 
effector protein of the homeostasis response to restore aerobic 
metabolism after oxygen- or temperature-induced impairment of tissue 
oxygenation. Differential expression of a set of Hb orthologs enhances 
both, concentration and oxygen affinity of the respiratory protein. We 
studied the induction process of Hb following oxygen or temperature 
stress on the mRNA and protein level. We also detected changes in the 
oxygen-sensitive transcription factor HIF (hypoxia-inducible factor), which 
is under control of ROS. 
Analysing the radical defense system under defined oxygen and 
temperature conditions (Po2: 2, 21, and 60 kPa at 20 °C and 10, 20, and 
30 °C at normoxia: 21 kPa), we found that the activity of catalase was 
slightly increased under hypoxia and at elevated temperature. The 
concentration of the redox buffer glutathione (GSH, GSSG) was increased 
at hyperoxic conditions and high temperatures; the same was true for the 
activity of glutathione-S-transferases. Comparing thresholds for the 
induction of the stress response system for different clonal lines allows us 
to discriminate genetically determined components from acclimation 
effects. 
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We have employed the small fish species marine medaka (Oryzia 
melastigma) as a vertebrate model for studying whole animal response 
under chronic hypoxia, with special interest to investigate regulation of 
telomerase (TERT) expression via hypoxia-inducible factor and to link 



telomerase expression to cell proliferation and apotptosis in non-tumor 
tissues in vivo under hypoxia. The O. melastigma exhibits telomere length 
resembling those of humans. The full-length TERT cDNA, omTERT, 
encodes a protein of 1086 amino acids and contains all of the functional 
motifs that are conserved in other vertebrate TERTs. The omTERT gene is 
ubiquitously expressed in all fish tissues under normoxia, where highest 
expression was observed in gonads and the lowest in liver. In vivo 
expression of omTERT was significantly upregulated in testis and liver in 
response to hypoxia (at 96 h and 48 h, respectively), where concomitant 
induction of the hypoxia inducible factor-1α (omHIF-1α) and 
erythropoietin (omEpo) genes was also observed.  Analysis of the 5′-
flanking sequence of the omTERT gene identified two HRE (hypoxia-
responsive element; nt. −283 and −892) cores. Overexpression of the HIF-
1α induced omTERT promoter activity as demonstrated using transient 
transfection assays. The in vivo effects of TERT expression on tissue 
homeostasis (involving a balance of cell proliferation and apoptosis) in 
whole vertebrate are poorly known. We have optimized a fixation and 
tissue processing protocol for the adult medaka fish which has proven 
successful for quantitative in situ hybridization (Q-ISH) and immuno-
histochemisty (Q-IHC). This whole fish model allows us to study the co-
expression profiles of omTERT gene and TERT protein in multiple organs of 
marine medaka simultaneously, and to relate TERT expression to cell 
proliferation (by PCNA) and apoptosis (TUNEL) in vivo. We found that 
hypoxia induces cell/tissue specific changes in expression of omTERT 
mRNA and protein, telomerase activity, cell proliferation, apoptosis in 
adult medaka. The findings of our whole fish model will shed light on 
hypoxic stress and telomerase biology in vertebrates in vivo. 
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Hypoxia-inducible factor 1α(HIF-1α) is an essential mediator of oxygen 
homeostasis. Tibetan antelope(P.hodgsoni), Plateau pika(O.curzoniae), 



Plateau Zokor(M.baileyi,M.cansus), Root vole(M. oeconomus), and naked 
carp(G.przewalskii) are native vertebrates at Qinghai-Tibetan plateau and 
well acclimatized to hypoxia. To better understand the adaptive 
mechanisms to hypoxia, cDNA encoding HIF-1α was isolated and 
characterized from those vertebrates. The deduced HIF-1α sequences of 
P. hodgsoni, M. oeconomus, M. baileyi and M.cansus showed 90-99% 
identities with those of the human, rat, yak, respectively; G.przewalskii 
89-57% with that of rainbow trout and common carp. The conservational 
and phylogenic clustering of vertebrates HIF-1α sequences was consistent 
with the vertebrate classification. We estimated codons under positive 
selection. All positive selection site were not in key domain, but between 
the key domain of TAD-N and TAD-C (594L, 600L, 604T, 605E, 606E, 
607L, 610V, 615T, 628T, 646Q), and another was 8E in M. baileyi. The 
evidence show that plateau animals could have peculiarities for hypoxia, 
which linked to changes of Tibetan Plateau growing. HIF-1 increased in 
cortex and liver of mice, M. Baileyi, and M. oeconomus under hypoxia not 
in O. curzoniae; EPO increased in cortex and kidney of mice under 
hypoxia, but only in kidney of M. oeconomus under hypoxia. Additionally, 
under CoCl2, EPO increased in cortex and kidney of three Tibetan 
mammals not in mice. The differences of HIF and EPO in Tibetan animals 
and lowland mice suggest diversive strategies are involved in hypoxia. 
HIF-1 may play an role in mice and M. Baileyi not in Tibetan's O.curzoniae 
for hypoxia. The work was supported by the NSFC: (No. 
30393130;30470648; 30570227 and by The Program “973” No. 
2006CB504100). 
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Hypoxia/reoxygenation causes cell death of cardiomyocytes by a 
mitochondrion-dependent pathway. The Ca2+/CaM activated FK506-
binding protein 38 (FKBP38) can interact with Bcl-2 through its PPIase 
active site and participates in the promotion of apoptosis. This study 
investigated the effect of specific FKBP38 inhibition with DM-CHX (N-
(N',N'-dimethylcarboxamidomethyl)-cycloheximide) on the 
hypoxia/reoxygenation-induced apoptosis. Ventricular myocytes from 
adult or neonatal rates were cultured and subjected to hypoxic conditions 



(0.2% O2) for 18 or 24 hrs (adult/neonatal) followed by a reoxygenation 
period (21% O2) of 24 hrs. Hypoxic condition was proved by HIF1-alpha 
expression using western blots. Apoptotic cell analysis was determined by 
using the ViaCount assay (Guava Technologies). In adult myocytes, 
hypoxia caused 34% and hypoxia/reoxygenation 31% apoptotic cells. 
Application of DM-CHX (5µM) resulted in 22% (hypoxia) and 11% 
(hypoxia/reoxygenation) apoptotic cells. In neonatal myocytes, under 
both conditions 64% apoptotic cells were analysed, reduced to 34% after 
DM-CHX (5 µM) treatment. As positive control, caspase-inhibition and 
cyclosporin A showed apoptosis inhibition in both types of myocytes. 
Hypoxia (2.5-fold) and hypoxia/reoxygenation (1.4-fold) caused injury of 
adult myocytes measured by relative lactate dehydrogenase activity, 
which was reduced by DM-CHX (5 µM) treatment. Our results suggest that 
DM-CHX, a specific inhibitor of FKBP38, reduces apoptosis in 
cardiomyocytes in a dose-dependent manner. Such a specific drug could 
be used to decrease the loss of myocytes after damaged injury resulting in 
an improved cardiac function. 
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Hypoxia-induced dysfunction of the central nervous system may be 
caused by neuronal cell death or by changes in its neurochemical 
implicated in the regulation of cell death. PC12 cells may serve as a useful 
model for studying the interaction between hypoxia, and cell death. 
Programmed cell death (apoptosis) plays an important role in a wide 
variety of physiological processes, as well as in pathological cellular 
insults. Abnormal elevation of intracellular Ca2 is thought to be a critical 
trigger of neuronal damage associated with hypoxia or ischemia. Several 
lines of evidence suggest that calcium-activated proteolysis plays a pivotal 
role in hypoxic-ischemic neuronal damage. Indeed, calpain-mediated 
proteolysis appears to be one of the earliest biochemical changes 
occurring after a dense ischemic challenge. In the present study, we 
tested the effects of z-VAD-fmk as a specific caspase inhibitor combined 
with MDL28170 a new and more permeable calpain inhibitor during 
oxygen and glucose deprivation in naïve and NGF treated PC12 cells. Our 



results show that both protease inhibitors confer comparable cell death 
resistance to both naive and NGF treated PC12 cells at a concentration of 
10µΜ. It seems that once the death signal is released the cell has to 
employ either apoptosis or necrosis in order to effect death. Since both 
classes of proteases are implicated in cell death in our system under the 
conditions studied, we hypothesize that the two processes, necrosis and 
apoptosis, are not exclusive to themselves and that at some stages they 
can share functions of their machinery to one another. 
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PRUPOSE: To develop the knowledge about the pathophysiology of colonic 
healing in the presence of portal congestion and to identify biological 
markers of this oxidative stress. 
METHODS: Seventy male Wistar albino adult young rats (Rattus 
novergicus albinus), weighting 250-350g were enrolled. Anesthetic 
procedure consists of Sevoflurane inhalation. Four groups of experiment 
were established: G1 - Control (n = 10), G2 - Colonic anastomosis (n = 
20); G3- Total portal vein occlusion for 30 minutes (n =20) G4- 
Association of both procedures as described for groups 2 and 3. Blood 
samples from all groups were obtained 24 hours and 5 days following 
surgery in order to assess levels of malondialdehyde (MDA) and protein 
carbonyl groups by TBA and Slot-blotting reaction, respectively Intestinal 
fragments stained with Red picrosirius red were also evaluated with 
polarization. Data were analyzed statistically by Anova and Tukey tests.  
RESULTS: Levels of MDA (Figure 1A,B) and carbonyl protein (Figure 2A,B) 
increased significantly either after 24 hours (p < 0.002) or 5 days (p < 
0,0001), only in those rats belonging to group. Five animals of G4 
presented suture dehiscence. In G2 at day 5 it was observed collagens 
types III and I (Figure 3A,B). There were slight inflammatory infiltrate and 
no extra cellular matrix production at G3. G4 showed no collagen 
production (Figure 4A,B). 
CONCLUSION: Portal reperfusion interferes with colonic anastomosis 
healing and biological marker produced may be useful to characterize the 
oxidative stress.  
 



  
 

Figure 1 -MDA levels after one (A) and five days (B) 
 

  
 

Figure 2- Carbonyl protein levels after one and five days 
 

  
 

Figure 3A. G 2, day 5, 100 X 
Picrosirius: It was seen an 

inflammatory response with fibroblasts 
immersed in the collagen matrix. - 

 
Figure 3B. G2, day 5, 100x Polarization: It 

was observed the presence of collagen 
type III (green refringence) and collagen 
type I (yellowish and reddish refringence) 

 
 
 

 



  
 

Figure 4A. G4, day 5, Picrosirius 
X100:An important inflammatory 
reaction was seen at one of the 

anastomotic borders but without tissue 
repair. 

 
Figure 4B.G4, day 5, Polarization 

X100: There was no collagen 
production. 
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Besides fulfilling further important metabolic functions, mitochondria are 
also the place of cellular respiration. During this process, as a side 
reaction, a continuous production of reactive oxygen species (ROS) 
occurs. Because of their proximity to the place of ROS formation, 
mitochondrial proteins are at high risk of being irreversibly damaged and 
misfolded. This implies an important function of proteolysis in 
mitochondrial stress defense. Indeed, yeast cells lacking Pim1, the major 
protease of the mitochondrial matrix, show a significantly higher 
sensitivity to ROS than wild-type cells. In order to get a general overview 
about mitochondrial proteins affected by oxidative stress we performed an 
extensive proteome analysis. We compared the yeast mitochondrial 2D-
pattern after treatment with stress-inducing chemicals, such as H2O2, 
antimycin A or menadione, to that of untreated mitochondria. Under each 
stress condition we identified a number of proteins as candidate 
substrates for proteolysis, with some of them even being sensitive to all 



conditions tested. Proteins affected the most by ROS are either 
themselves involved in oxidative stress defense or contain oxidant-
sensitive structures such as Fe-S-clusters. In vitro degradation assays 
with selected candidate proteins could confirm the results obtained from 
2D studies. For most of the proteins degraded in a stress-specific manner 
we could identify Pim1 as the protease responsible for their turnover.  
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Although N-glycan-mediated recruitment of lectin chaperones (e.g. 
calnexin/calreticulin) can assist the folding and suppress the aggregation 
tendency of newly synthesized glycoproteins at the ER, the glycan-
dependent stabilization of plasma membrane protein remains elusive. 
Here we used the cystic fibrosis transmembrane conductance regulator 
(CFTR), a PKA-activated chloride channel, to investigate the role of N-
glycan in its biogenesis and trafficking. CFTR glycosylation was prevented 
by genetic and pharmacological means, while chaperone-CFTR interaction 
was disrupted in calnexin-depleted cells. Calnexin downregulation by 
siRNA or glucosidase I inhibition decreased CFTR folding efficiency by 
~30% in the ER. In contrast, non-glycosylated CFTR folding was 
attenuated by >80%, suggesting a chaperone-independent role of N-
glycans in the channel conformational maturation. The structural 
destabilization of cell-surface resident, non-glycosylated CFTR was 
documented by limited proteolysis and conceivable constitutes the trigger 
for the ubiquitination of the destabilized channel. Ubiquitin conjugation 
signals to reroute the channel from the constitutive recycling pathway 
towards lysosomal degradation by the ubiquitin-dependent endosomal 
sorting machinery. This mechanism appears to account for the >4-fold 
accelerated turnover of the mutant CFTR in post-Golgi compartments. Our 
results, jointly, indicate that N-glycans are critical determinant of CFTR 
conformational maturation/stability in a chaperone-independent manner 
and outline a possible paradigm for the rapid degradation of glycosylation-
deficient membrane proteins from the cell surface. 
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Abstract: 
The protein quality control system is an evolutionary conserved complex 
mechanism based on a network of cellular proteins with overlapping 
foldase, disaggregase and protease activities. In bacterial cells, the 
coordinated activity of all these elements promote proper protein folding 
or digestion of folding-reluctant, potentially toxic species, what is 
expected to keep misfolding-prone protein species in a soluble state and 
cells free from aggregates. However, recent insights on the biology of 
protein misfolding and aggregation strongly suggest that solubility and 
conformational quality are not matching events, since at least in some 
examples, protein aggregates might contain properly folded species. By 
using Escherichia coli cell models, we have finely explored both protein 
solubility and quality, through the fluorescence emission of green 
fluorescent protein (GFP) engineered variants, in mutant cell strains 
lacking defined components of the quality control system, including main 
chaperones, small heat-shock proteins and proteases. In absence of either 
chaperones DnaK, ClpB or ClpA and proteases ClpP or Lon, GFP-producing 
cells are significantly more fluorescent than wild type cells (up to more 
than two fold), while the solubility of GFP is clearly higher in wild type 
cells exhibiting a fully functional quality control network (up to around two 
fold). In all the identified mutants, the enhanced emission of recombinant 
cells is clearly linked to an elevated intracellular content of highly 
fluorescent GFP molecules, resulting from inhibition of its proteolytic 
degradation and the significant expansion of its half life (from 2 to up to 7 
h, at 37ºC). Interestingly, the excess of functional protein is overstocked 
as highly fluorescent inclusion bodies containing properly folded protein 
species. Overall, these results indicate that the E. coli quality control 
system is governed by an over-committed, chaperone-mediated 



proteolytic machinery that acts on protein species that are either 
functional or can reach functional forms when proteolytically stabilized. 
Intriguingly, the occurrence of molecular determinants of aggregation 
does not require complete protein unfolding, and in fact, solubility and 
fluorescence emission are inversely correlated. Therefore, selected genetic 
deficiencies in the quality control system dramatically enhance the 
intracellular pool of biologically active although insoluble, misfolding-prone 
proteins, a fact that might be specially relevant in the context of high 
quality recombinant protein production. 
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Calreticulin (Crt) is a soluble chaperone of the endoplasmic reticulum (ER) 
that interacts with newly synthesized glycoproteins through a lectin site 
with specificity for Glc1Man9GlcNAc2 oligosaccharides as well as through a 
polypeptide binding site that recognizes non-native protein conformers. 
The relative contribution of each site to the overall functions of Crt 
remains unknown. To address this issue, we created two point mutants, 
D317A and Y128A, that ablate the lectin function of Crt but do not alter its 
tertiary structure. We then examined their abilities to support the 
biogenesis of mouse class I histocompatibility molecules. Class I 
molecules function to present peptide antigens to cytotoxic T cells. They 
consist of a glycosylated transmembrane heavy chain, a soluble subunit 
termed β2-microglobulin and an 8-9 residue peptide ligand. In Crt-
deficient cells, the surface expression of class I molecules is reduced 2- to 
3-fold, loading of peptide ligands is inefficient, and peptide-deficient class 
I molecules are prematurely exported from the ER (defective quality 
control). We expressed wild type Crt as well as both lectin-deficient Crt 
mutants in Crt-deficient cells. Remarkably, the lectin-deficient mutants 
were just as effective as wild type Crt in upregulating class I surface 
expression, enhancing peptide loading and preventing premature export 
from the ER. The mutants were also capable of binding to many newly 
synthesized glycoproteins in addition to class I. We conclude that in the 
absence of lectin-based interactions, Crt can utilize polypeptide-based 
interactions to effect its chaperone and quality control functions. 
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The thioredoxin system, involved in the preservation of the reduced state 
of cytoplasmic proteins, includes two ubiquitous key components of the 
intracellular redox balance: thioredoxin (Trx) and thioredoxin reductase 
(TrxR). Either Trx or TrxR contain a conserved CXXC sequence, switching 
between disulfide and free dithiol. Trx is a small monomeric protein; TrxR 
is a NADPH-dependent homodimeric flavoenzyme. The redox cycle in the 
Trx/TrxR system also involves oscillation between oxidized and reduced 
form of FAD, using NADPH as electron donor. 
This report describes the biochemical characterization of the Trx/TrxR 
system in Pseudoalteromonas haloplanktis (Ph), a psychrophilic 
eubacterium isolated from marine Antarctic sediments. PhTrxR and PhTrx 
were obtained as recombinant His-tagged proteins, or isolated from P. 
haloplanktis cells. The activity of recombinant PhTrxR was evaluated by 
both DTNB- and thioredoxin-reduction methods and compared with that of 
endogenous PhTrxR. After exogenous FAD caption, recombinant PhTrxR 
shows the same activity of the endogenous enzyme. The thermal 
denaturation of the recombinant enzyme was followed by fluorescence 
melting curves in the temperature range 5-75°C. Heat inactivation 
experiments gave a half-life of 10 min at 60°C. However, when studying 
the thermophilicity with the DTNB-reduction method, maximum activity 
was reached at 30°C. Like the endogenous counterpart, recombinant 
PhTrx reduces the insulin disulfides in the presence of either DTT or 
PhTrxR/NADPH. 
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ABSTRACT: Bacteria can exhibit high levels of resistance to one or more 
environmental stresses such as temperature, osmolarity, radiation, pH, 
starvation as well as resistance to noxious chemicals and antibiotics. Yet 
evolution has not optimized stress resistance in all bacteria to all stresses. 
Even within a species like Escherichia coli, stress resistance is not 
constant between strains, suggesting that selection for stress resistance is 
under counter-selection in some environments. The trade-offs associated 
with stress resistance in E. coli are due to more than the direct cost of 
resistance mechanisms. A significant indirect cost is that high stress 
resistance is associated with a reduced ability to compete for poor growth 
substrates like acetate or even good substrates like glucose at sub-
optimal concentrations. High stress resistance also decreases the ability to 
use inorganic nutrients like phosphate. This trade-off between self 
preservation and nutritional competence, called the SPANC balance, is 
likely to be major selective influence in natural populations. Another cost 
of high stress resistance in E. coli is an elevated mutation rate and the 
increased generation of deleterious mutations. Directional adaptations in 
SPANC balance and mutation rate are environment-dependent. The most 
common variations in SPANC are due to polymorphisms in the levels of 
global regulators RpoS and ppGpp between different strains. High levels 
favour stress resistance, lower levels allow better nutrition. The intimate 
association of RpoS/ppGpp with stress resistance and SPANC balancing 
influences numerous cellular processes and bacterial properties, including 
virulence. 
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E. coli IbpA/B proteins in cooperation with other molecular chaperones 
systems prevent the aggregation of thermally denatured proteins and 
support their refolding to the native state. Several data suggest  that 
IbpA/B  participate in the protection of E. coli cells against oxidative 
stress: IbpA/B inhibits inactivation of some E. coli enzymes by superoxide 



radicals in vitro. Furthermore, overproduced IbpA/B increase E. coli 
resistance to superoxide stress. We demonstrate that the IbpA/B 
participate in the protection of E. coli against oxidative stress induced by 
copper ions. The transition metal copper is essential to a variety of cellular 
functions, however even moderately increased  level of copper may be 
toxic for the cell. The toxicity results from the Fenton or Haber-Weiss 
reaction in which copper ions catalyze the production of OH radicals from 
hydroperoxide. We show that the lack of IbpA/B causes increased E. coli 
sensitivity to copper ions. IbpA/B proteins inhibited copper-catalyzed 
oxidation of a model enzyme – alcohol dehydrogenase (AdhE) both in vivo 
and in vitro.  We suggest that the overall ability of IbpA/B to protect cells 
from copper -induced damage may result from the metal chelation and 
direct binding to the protected proteins. Similar activity has been 
proposed for alfa-crystallin, a mammalian molecular chaperone 
homologous to the E. coli  IbpA/B. 
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The E. coli IbpA/B proteins belong to a group of molecular chaperones 
which under heat shock protect polypeptides from irreversible 
denaturation and facilitate their refolding to the native structure in 
cooperation with the ATP-dependent chaperones: DnaK/DnaJ/GrpE and 
ClpB. The role of this chaperone machinery has been thoroughly 
investigated, however it is very little known about their function under 
anaerobic conditions, despite the fact that the gastrointestinal tracts are a 
natural anoxic environment for E. coli. We have focused our interest on 
the role of IbpA/B in protection of alcohol dehydrogenase (AdhE). The 
AdhE is a Fe2+ dependent protein with three enzymatic activities: alcohol 
dehydrogenase, acetaaldehyde –CoA dehydrogenase and pyruvate 
formate lyase deactivase. AdhE converts acetyl-coenzym A to 
acetaldehyde and then to ethanol in reactions coupled to oxidation of two 
NADH molecules. The adhE gene is very highly expressed under anaerobic 
conditions. We demonstrated that IbpA/B in cooperation with DnaK 
system prevented heat - inactivation and aggregation of AdhE under 
anaerobic conditions, both in vitro and in vivo. ClpB inhibited aggregation 
of cellular proteins in anaerobically growing E. coli submitted to heat 



stress, but was not required for the AdhE protection.  
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Stationary phase is characterized by scarcity of nutrients, which is 
essentially the condition in which wild-type bacteria are considered to be 
found in nature. 
A remarkable feature of bacteria is their ability to remain viable during 
prolonged periods of starvation and their capacity for rapid resumption of 
growth when nutrients become available again. 
Bacteria have evolved sophisticated mechanisms towards this end, some 
of the dramatic examples being spore-formation and multicellular 
organization in certain bacteria.  In contrast, many other bacteria, among 
them E.coli and Mycobacterium sp., respond by entering a stress-induced 
program of lowered metabolic activity and increased resistance to various 
kinds of environmental assaults. 
The transition from exponential growth to stationary phase conditions is 
accompanied by physiological and morphological changes along with 
changes in gene-expression patterns, with a generalized shutdown of 
protein synthesis and up-regulation of genes with important functions 
during the stationary phase. 
The Dps (DNA binding Protein from Starved cells) protein binds to DNA 
without an apparent sequence-specificity and is considered to protect DNA 
by direct binding, as well as by its ferroxidation activity that protects the 
cell from Fenton-reaction mediated damage. 
Upon entry into carbon-limited stationary phase, M.smegmatis also 
undergoes physiological changes.  In order to study the stationary phase 
response in more detail, we decided to focus on the M.smegmatis Dps 
(DNA-Binding Protein from Starved Cells) that was identified by previous 
work in the lab as a protein whose expression was up regulated under 
conditions of carbon deprivation. 
The aim of the present study is to investigate the in vivo function of Dps 
in  Mycobacterium smegmatis as well as its structural features. 
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Escherichia coli is by far the most common cause of urinary tract 
infections (UTI). Uropathogenic E. coli (UPEC) strains possess several 
virulence determinants that allow them to colonize the urinary tract, avoid 
host defenses, and cause damage to the uroepithelium, which may, in 
some cases, lead to passage of the bacterium into the blood-stream. 
Several genes encoding urovirulence factors, such as hemolysin, cytotoxic 
necrotizing factor type 1 (cnf1), P-pili F13 (pap), S-family adhesins, iron 
systems, some capsule factors and the autotransporter toxin sat1 are 
located in the chromosome and/or plasmids forming clusters named 
pathogenicity islands (PAIs). Several studies have demonstrated that 
quinolone resistant E. coli strains have fewer virulent factors than 
quinolone susceptible strains. Thus, the aim of this work was to study the 
possible relationship between bacterial stress produced by quinolones and 
the loss of virulence factors located in PAIs in UPEC. Three UPEC 
quinolone-susceptible and hemolytic clinical strains were submitted to 
subinhibitory concentrations of ciprofloxacin. A sample of the well showing 
growth at the highest quinolone concentration was spread onto large 
blood Columbia agar plates. The nonhemolytic colonies were analyzed to 
determine the loss of the hemolysin gene (hly) and other factors related 
to PAIs. The three strains lost hemolytic capacity between passages 1-4 in 
the presence of ciprofloxacin. The loss rate was between 1x10-4 and 5x10-

3. No colonies without hemolytic capacity were found after 15 passages of 
wild-type strains using antimicrobial-free culture medium. In conclusion, 
these findings suggest that quinolones produce bacterial stress the 
response of which is a loss of virulence factors. 
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In order to survive under and adapt to different conditions bacteria have 
systems that are able to sense and respond to environmental stimuli. A 



complex network of regulatory systems ensures a coordinated and 
effective answer to different stresses that can act on a bacterium 
simultaneously. Hyperosmolarity and some chemicals as fluoroquinolones, 
salicylate, non-antimicrobial medicaments as diazepam, anti-inflammatory 
drugs, among others, can induce an increased active efflux and organic 
solvent tolerance, loss of porins and multidrug resistance, both in wild 
type strains and clinical isolates of enterobacteria. Besides the role of 
efflux systems in multidrug resistance phenotypes, they seem to have a 
natural function exporting signals for cell–cell communication. AcrAB-TolC 
is an efflux system that exudes fluoroquinolones and is up-regulated by 
SdiA, a quorum-sensing transcriptional regulator. Another transcriptional 
regulators that are also involved in bacterial stress response such as marA 
or soxS, also activate AcrAB-TolC. Sigma factors, and the two-component 
systems CpxAR and BaeSR are also key pieces in the regulation of gene 
expression in response to stress conditions. Thus, the response regulator 
CpxR can lead to an increase of the mRNA level of several drug exporter 
genes and the mutation level as well as to a diminished OmpF assembly. 
From this point of view the development of intrinsic multidrug resistance 
might be understood as part of the bacterial response to stress. The in 
vitro induction of multidrug resistance has been associated with high 
levels of inducers, those that are close to their minimal inhibitory 
concentrations. Therefore, bacterial response to osmotic stress might be 
linked to multidrug resistance phenotypes. 
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Streptococcus intermedius is an anaerobe and belongs to the anginosus 
group of streptococci (AGS), which constitute a part of the normal flora of 
the human oral cavity as well as the upper respiratory, gastrointestional, 
and female urogenital tracts. AGS are recognized as opportunistic 
pathogens that cause purulent infections and abscess formation. We have 
previously reported that DnaK chaperone controls the expression of 
flagella and several pathogenic factors in Salmonella Typhimurium. 
Therefore, we constructed a dnaK null mutant from S. intermedius in 
order to investigate the possible role of DnaK in pathogenicity. The 
generation time of a dnaK null mutant from S. intermedius was 
approximately twice that of the parent strain. Similar to other gram-
negative bacteria, the dnaK null mutant exhibited a thermosensitive 



phenotype and could not grow above 40°C. However, the dnaK null 
mutant did not show acid and H2O2 sensitivity, which is characteristic of 
gram-negative bacteria. Interestingly, GroEL accumulation was observed 
in the dnaK null mutant. The genome sequences from AGS revealed that 
the heat shock response, including expression of the groESL operon, 
appears to be controlled by the HrcA heat shock gene transcriptional 
repressor. Our result suggests that DnaK might regulate the activity or 
cellular amount of HrcA. Neither the dnaK mutant nor the parent strain 
showed a significant difference with regard to the activity of cytolysin 
(Intermedilysin) and hyaluronidase, and in the ability to form biofilms. 
These data indicate that DnaK in S. intermedius plays a role in the 
fundamental functions for living (e.g., growth, thermoresistance, and heat 
shock regulation) but has less functionality in the modulation of 
expression of pathogenic factors. 
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Prochlorococcus is a marine cyanobacterium responsible for a significant 
part of the global primary production as well as one of the most abundant 
organisms on Earth. Hence, the knowledge of nutrient assimilation in 
Prochlorococcus could provide important information about the physiology 
of this amazing organism and its ability to cope with limitation of nutrients 
and light in the oceanic environment. The main limiting nutrient in the 
ocean is nitrogen, and glutamine synthetase (GS) catalyzes its 
incorporation into carbon backbones, connecting the nitrogen and carbon 
metabolism. Our work is focused on the regulation of this important 
enzyme under stress conditions. Our results show that the degradation of 
GS is regulated by metal-catalyzed oxidation in Prochlorococcus. The 
proteolysis OF GS IS mediated by proteases that recognize the oxidized 
form of the enzyme. Starvation for essential nutrients (such a nitrogen 
and iron) and changes in the redox and energetic state of the cell seem to 
promote the oxidative modification and degradation of GS. On the other 
hand, we have measured the expression of the clpP1, ftsH1 and lon 



genes, encoding for three proteases, under different stress conditions, 
finding that ClpP and La proteases seem to play an important role in the 
response to stress conditions in Prochlorococcus. 
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Follicular fluid (FF) is produced during folliculogenesis, which begins in the 
ovarian cortex with the recruitment of primordial follicles and ends in 
ovulation or atresia. FF may be regarded as a biological “window” 
reflecting metabolic and hormonal processes occurring in the 
microenvironment of the maturing oocytes before ovulation and also a 
predictor of the successful fertilization. Therefore, the knowledge of its 
composition deserves special attention. Oxidative metabolism is essential 
for energy production and is unavoidably associated with the generation of 
reactive oxygen species (ROS). The objective of this study was therefore 
to evaluate, in FF collected from small (<3mm), medium (3-5 mm) and 
large (>5 mm) swine follicles, hydrogen peroxide (H2O2) concentration 
and the activity of the enzymes involved in H2O2 removal, glutathione 
peroxidase (GSH-Px) and catalase (CAT). Our data evidenced that H2O2 

levels significantly (p<0.05) decresed during follicle development: this is 
possibly due to a progressively increased (p<0.05) CAT activity, since 
GSH-Px activity resulted unmodified. The reduction of H2O2 concentration 
during the growth of the swine follicles is possibly of physiological impact: 
at very low concentrations,  ROS are important second messengers 
capable of modulating the expression of genes that govern physiological 
processes, while an increase in their concentration can result in oxidative 
stress causing damage to molecules and structures with deleterious effect 
on oocyte function. 
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Biological systems are frequently exposed to excessive reactive oxygen 
(ROS) and nitrogen (RNS) species, causing a disturbance in the cells 
natural antioxidant defence systems, and resulting in damage to all 
biomolecules, including nucleic acids. So, there has been a growing 
interest in developing substances that can act against excessive 
intracellular free radicals. Here, we studied the protective effects of two 
new nitrogen compounds, from organic synthesis, FMA762 and FMA796, 
on ROS/RNS-mediated cell damage. RNS were generated in PC12 cells by 
the NO donor sodium nitroprusside (SNP). Both FMA762 (37µM) and 
FMA796 (34µM) effectively decreased SNP-induced cell death (MTT test). 
This decrease was shown to be mostly due to their RNS scavenging ability, 
assayed by flow cytometry with the probe DCF. Despite being 
nitrogenated, the compounds do not work as substrates for NO synthase 
and do not lead, per se, to an extra production of NO. In addition, they 
didn’t have any effect on NO synthase, as they didn’t reduce the amount 
of nitrites produced by SNP (measured by the Griess reaction). On the 
other hand, the compounds protected cells against t-BHP-induced DNA 
damage, as assessed by the Comet assay. When added 3h prior to t-BHP 
addition, this protection is similar to the one produced by quercetin. 
Besides, a slight effect in DNA repair also seems to occur. Currently, we 
are assessing the compounds protection in specific DNA lesions, namely at 
the endogenous base oxidation level. Altogether, these data suggest a 
good antioxidant potential for the new compounds, with specific effects at 
the oxidative DNA damage level. 
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Isothiocyanates (ITCs), a class of phytochemicals available from many 
cruciferous vegetables, have been reported to have a dichotomous 
modulating effect on oxidative stress.  In addition, it has been suggested 
that ITCs may display a more cytotoxicity to tumor cells than normal cells.  
Although the effects of ITCs are intensively studied in cancer cell lines, the 
experiments on normal cells appear limited.  The present study therefore 
investigated the modulatory role of allyl and benzyl isothiocyanates (AITC 
and BITC, respectively) on peroxynitrite-induced cytotoxic effect in 
polymorphonuclear neutrophils (PMNs) and simultaneously evaluated the 
formation of 8-isoprostane and nitrotyrosine as biomarkers of oxidative 
and nitrosative stress.  3-Morpholinsydnonimine (SIN-1), a peroxynitrite 
donor, reduced PMNs viability but increased 8-isoprostane and 
nitrotyrosine levels in a concentration-dependent manner.  AITC or BITC 
alone at concentration ≤ 3 µM did not cause the cytotoxic effect as 
compared to untreated control cells.  On the contrary, pretreatment with 
AITC or BITC (.003, .03, .3, 3 µM) further enhanced cytotoxicity in SIN-1-
treated cells.  It was also observed that the increased formation of 
nitrotyrosine, but not 8-isoprostane, was depended on AITC or BITC 
concentration and correlated with the loss of PMNs viability.  The results 
suggest that these ITCs could exacerbate the cytotoxic effect of 
peroxynitrite in isolated milk PMNs, in part, by enhancing nitrosative 
stress. 
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Homocysteine (Hcy) is an independent risk factor for vascular disease and 
Alzheimer’s disease. Hcy promotes its harmful effect by promoting the 
generation of reactive oxygen species (ROS) within the vasculature 
leading to oxidative damage and initiating inflammatory responses which 



ultimately lead to endothelial dysfunction. Folate treatment is an 
established therapeutic strategy to reduce Hcy in patients suffering with 
vascular disorders. Endothelial cells counteract the harmful effect of 
inflammation by upregulating a set of protective genes including the heat 
shock proteins (Hsps). Hsps are a highly conserved group of inducible 
stress proteins involved in the protection and conservation of protein 
synthesis. Hsp70 is upregulated when cells are subjected to stressful 
stimuli, Hsp32 (HO-1) is highly inducible when faced with oxidative stress. 
Data from qPCR show that Hsp70 and Hsp32 (HO-1) are upregulated in a 
dose-dependent manner when cells are exposed to Hcy. MTS viability 
assays indicate that folate (5-MTHF) protects cells from Hcy-induced 
damage. Inhibition of Hsp70 (quercetin) and Hsp32 (Sn(IX) 
protoporphyrin) reduce the protective effect of 5-MTHF. RNAi targeted to 
Hsp70 and Hsp32 (HO-1) support this data. Combined treatment 
(quercetin plus Sn(IX) protoporphyrin) totally inhibit the protective effect 
of 5-MTHF. Combined treatment with siRNA for Hsp70 and Hsp32 also 
totally prevent 5-MTHF protection. 
The data support a role for Hsp32 and Hsp70 in the protection against Hcy induced cell death. 
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Doxorubicin (DOX) is a widely used anticancer agent whose clinical use is 
limited on account of its toxicity which have been associated with reactive 
oxygen species (ROS).Lipoic acid (LA) has cytoprotective potential which 
has previously been explained by its antioxidant properties distinguishing 
from other antioxidants:LA neutralizes free radicals in both the fatty and 
watery regions of cells,and functions in both its reduced and oxidized 
forms.The present study aimed to investigate the protective efficacy of LA 
on DOX induced oxidative damage in heart and kidney tissues.40 rats 
were divided into five groups:1st;control, 2nd;only DOX injected, 3rd;only 
LA administered (50mg/kg/day,20 days), 4th;LA administered for 20 
days+DOX injected, 5th; single dose LA (50mg/kg) injected same time 



with DOX injection.DOX was injected to the rats (4mg/kg) 48 hours before 
sacrifization.In heart and kidney tissues; protein oxidation was assesed by 
the levels of protein carbonyls (PC),also thiobarbituric acid reacting 
substances (TBARS) were determined and antioxidant status of tissues 
were determined by evaluating total antioxidant capacity (TAC) and 
superoxide dismutase (SOD) activity.PC and TBARS levels were elevated 
in both tissues, in DOX injected groups  when compared with the control 
and LA pretreatment restored TAC levels and SOD activity.The study has 
highlighted the beneficial effects of lipoic acid pretreatment in reversing 
the damages caused by doxorubicin.  
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Oxidative stress has been shown to occur in dairy cattle around calving, 
but there is no current data on similar phenomenon in periparturient 
mares. In a previous study we found a decrease of Ferric Reducing Ability 
(FRAP) in mares’ sera around parturition, suggesting non-enzymatic 
antioxidant molecule consumption during this period. Since this 
mechanism could lead to redox imbalance, the aim of the present study 
was to investigate the possible insurgence of oxidative stress in mares 
around foaling by analyzing the same samples. Levels of Reactive Oxygen 
Molecules (ROMs) were measured by colorimetric method on blood 
samples collected from 17 Thoroughbred mares at days -24 (T1), +1 (T2) 
and +9 (T3) relative to parturition. No significant variation was detected in 
ROMs concentration at the intervals considered. These findings seem to 
exclude the occurrence of oxidative stress during the peripartum period in 
mares. Further research is needed to better define the mechanisms 
involved in oxidative status regulation around foaling. 
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Chronic exposure to stress alters prooxidant-antioxidant balance. Genetic 
hypertension (SHR) is a model of chronic stress which is known to be 
accompanied with increased oxidative stress and decreased antioxidant 
enzyme activity.  Angiotensin II (ANG) influences blood pressure via its 
ability to stimulate the NAD(P)H-oxidase and produce reactive oxygen 
species (ROS) such as superoxide (02

.-), which is sequentially metabolized 
by the enzymes superoxide dismutase and catalase. In turn, ROS can 
activate the mitogen-activated protein kinase (MAPK) pathway that is 
associated with growth and cellular differentiation.  Several indirect 
marker of oxidative stress are increased in the brains of SHR compared 
with those of Wistar-Kyoto (WKY) rats. There is no direct evidence, 
however, of changes in oxidative stress and MAPK in the brain in 
hypertension. Thus, we investigates the status of oxidative stress in 
hypothalamus (HYP) and subfornical organ (SFO) of  WKY and  SHR  rats, 
and the involvement of ANG II, by measuring  the enzymatic activity of 
catalase (CAT) and the expression and activation of MAPKs. Male rats, 
200-220g, normotensive WKY or SHR were sacrificed and tissues 
microdissected under stereomicroscopic control. CAT activity was 
determined spectrophotometrically and ERKs activation by Western blot 
analysis. In SHR brain structures such as HYP and SFO, CAT activity was 
decreased when compared with WKY. Likewise, the expression of MAPKs 
and its activation was diminished in the SHR rats. In both structures ANG 
II (10-7M) decreased CAT activity. Our results indicate an alteration of 
oxidative stress and MAPK activation in the brain of hypertensive rats 
(Grant CDCH PG 06-30-5222-2003). 
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Stress ulcer is a common cause of gastrointestinal bleeding and a 
reduction in gastric mucosal blood flow and oxygen derived free oxygen 
radicals play important role in stress ulcer pathogenesis.  Adrenomedullin 
(ADM) is a vasodilator peptide hormone first discovered in human 
pheochromocytoma cells. Together with nitric oxide (NO) and endothelin, 
it is  one of the secretuar product of endothel and its vasodilator effect is 
supposed to depend on NO and effective of protecting the gastric mucosa. 
Calcium dobesilate (Doxium©) is an angioprotective agent widely used for 
the treatment of diabetic retinopathy, vascular diseases and chronic 
venous insufficiency. In our study, we investigated the ADM and NO levels 
in experimentally induced stress model, in rats. To examine the relation 
with oxidative stress, we sought TBARS levels and SOD activity together 
with the effect of calcium dobesilate as well. In ulcerative group; plasma 
ADM and NO, and in gastric mucosa NO levels were significantly increased 
(p< 0,001). Elevated TBARS levels (p< 0,01) and decreased SOD activity 
(p<0,001) were found in gastric mucosa. On the other hand before 
inducing ulcer, pretreated with calcium dobesilate by tube feeding animals 
showed lower plasma ADM and elevated NO levels compared to ulcerative 
animals. No difference were found in comparison between two groups for 
gastric mucosa NO levels. But TBARS levels were lower in calcium 
dobesilate  pretreated group’s gastric mucosa (p<0,001). Our results 
suggests that, in stress ulcer, elevated levels of ADM and NO, may 
generated to protect organism to a response of increased oxidative stress 
and decreased gastric mucosal blood flow. Although these results supports 
that calcium dobesilate has an antioxidant and angioprotective properties, 
probably related to NO, it is needed to work for further on this molecule. 
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The brain renin angiotensin system has an important role in the regulation 
of arterial blood pressure and fluid and electrolyte metabolism. Abundant 
evidence now suggest that a key mechanism by which central angiotensin 
II (ANG) influences blood pressure it’s via its ability to produce reactive 
oxygen species (ROS) such as superoxide (02

.-). Cerebroventricular (IVT) 
ANG administration to conscious rats produces antidiuresis and 
natriuresis, through stimulation of AT1 receptor. The role of ROS in these 



actions is unknown.  Thus, we assessed the involvement of brain 
NAD(P)H-oxidase and ROS by the use of the selective NAD(P)H-oxidase 
inhibitor, Apocynin (APO) and the superoxide dismutase  mimetic, Tempol 
(TEM) administered IVT. Male Sprague-Dawley rats (220 g) were IVT-
cannulated and subjected to the following IVT-treatments: saline (5 µl), 
APO (33 µg/kg/5µl); TEM (50 µmol/10µl). After 30 minutes of each 
treatment, animals received an IVT-injection of either ANG (50 pmol/5µl) 
or saline (5 or 10 µl). Animals were water loaded (20 ml/kg, p.o.) and 
placed into metabolic cages. Urine was collected at 1, 3 and 6 hr. Urinary 
Na+ and K+ was determined by flame photometry. ANG-IVT reduced urine 
volume at 1 hr and increased sodium and potassium excretion at 1, 3 y 6 
hrs. Central administration of APO or TEMP significantly reduced ANG-
induced natriuretic effect (P<0.01), while did not alter ANG-induced 
antidiuresis. Our results suggest a role of brain NAD(P)H-oxidase and ROS 
in the natriuretic action evoked by IVT-ANG  (Supported by Grants from  
CDCH-PI-06-00-6212-2006 and  IIF-10-2005). 
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Oxidation products of lipids, proteins and DNA in plasma and urine of 
experimental animal model were measured as part of a comprehensive, 
multilaboratory validation study searching for non-invasive biomarkers of 
oxidative stress in experimental models, human disease and health. The 
goal of the study was to find the most sensitive, selective and specific 
markers of oxidative stress that are applicable to different oxidative 
insults and stored specimens. Investigators from 24 laboratories 
worldwide are participating in this study. The focus of this presentation 
will be on the findings from measurement of oxidative stress in 
experimental animal models of CCl4 poisoning and ozone exposure. The 
time and dose-dependent effects of CCl4 and ozone exposure on 
concentrations of lipid hydroperoxides, TBARS, malondialdehyde (MDA) 
and isoprostanes were investigated with different old and new techniques. 
In addition, measures of oxidation products of proteins (protein carbonyls, 
methionine sulfoxidation, tyrosine oxidation products) and DNA (strand 
breaks, 8-OHdG, M1G) were carried out as well. The pattern of oxidative 
stress biomarkers seen in these two exposures will offer insight into the 
specificity and sensitivity of the markers and will provide evidence that a 



given product of oxidation may be a marker for some type of oxidative 
stress but not others. 
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Alternative oxidase (AOX) plays a pivotal role in cyanide-resistance 
respiration in the mitochondria of plants, fungi and some animals, which 
acts as second terminal oxidase bypassing directly electrons of ubiquinol. 
Here we show that AOX from the thermogenic skunk cabbage, 
Symplocarpus foetidus, successfully conferred cyanide resistant 
respiration to human cells. To address allotropic expression of skunk 
cabbage AOX in human HeLa cells, we constructed chimera AOX, which 
has mitochondrial targeting signature replaced by human cytochrome c 
subunits VIII. An anti-AOA antibody raised against AOX confirmed 
mitochondrially-targeted AOX protein. Analysis of O2 consumption 
revealed that cyanide insensitive respiration was conferred to AOX-
expressing mitochondria, but not mitochondria isolated from control and 
E217A mutant-expressing cells, whose mutant possesses a failure of 
active di-iron center. These results suggested that AOX functions as 
ubiquinol oxidase and confers alternative cyanide-resistant respiration in 
human cell mitochondria. Flow cytometry analysis demonstrated that 
AOX-expressed cells were found to have significantly increased 
mitochondrial membrane potentials and less reactive oxygen species in 
response to antimycin exposure, a specific inhibitor of respiratory complex 
III. It is suggested that AOX alleviates some detrimental effects on 
respiratory chain by antimycin. Our results suggest that Symplocarpus 
AOX is involved in an alternative respiration pathway in humans and thus 
provides a valuable tool for investigating not only plant AOX in non-plant 
system, but the dysfunctions in cytochrome respiration that leads to 
various mitochondrial diseases. 
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In this study, we investigated whether or not urinary excretion of 
biopyrrins, oxidative metabolites of bilirubin, in mice could be used as a 
biomarker for psychosocial stress. Male BALB/c mice (4 weeks old) were 
housed 5 per cage for 10 days. After acclimatization, mice were exposed 
to two kinds of psychosocial stress; isolation (1 mouse per cage) and 
confrontation (2 mice per partitioned cage for 10 days and then partition 
was removed). Mouse blood, urine, and liver were collected after 7 and 30 
days of stress. Serum levels of corticosterone and urinary levels of 
biopyrrins were determined by EIA and ELISA, respectively. An expression 
of heme oxygenase-1 (HO-1), which is known to be induced by oxidative 
stress, was analyzed using the methods of RT-PCR and western blot in the 
mouse liver. Adrenal hypertrophy and significant increases in serum 
concentration of corticosterone were observed in mice exposed to these 
types of social stress for 7 and 30 days. Both of the social stress for 7 
days markedly induced the expression of HO-1 in the liver, and 
significantly increased the urinary excretion of biopyrrins. These 
phenomenons decreased after 30 days, although they were still rather 
high compared to the control group. These results suggested that social 
stress causes oxidative stress and that biopyrrins could be useful 
biomarkers of psychosocial stress.  
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Adriamycin (doxorubicin) is an anthracycline antibiotic that has been used 
for more than 30 years for the treatment of a wide variety of cancers. It is 
widely accepted that oxidative stress and the production of free radicals 
are involved in doxorubicin action, both in terms of antitumor effects and 
cardiotoxicity. Sialic acid; plays an important role in cellular functions and 
also influences conformation of glycoproteins which is found on the cell 
membrane.Free radicals are potentially dangerous products of cellular 
metabolism. Excessive amounts of reactive oxygen species (ROS) can 
start some lethal chain reactions such as ROS that induces lipid 
peroxidation. Alpha-lipoic acid is a powerful antioxidant. In this study we 
investigated the ROS and sialic acid levels in cardiac and renal tissues of 
doxorubucin- administrated rats and the possible role of lipoic acid.40 
Wistar albino rats were divided into five groups: control, ADR group 
(4mg/kg  intraperitoneal), Acute -lipoic acid and ADR (single dose 
50mg/kg lipoic acid,4mg/kg ADR  intraperitoneal), only lipoic acid 
(50mg/kg,intraperitoneal), the last group lipoic acid (50mg/kg, 
intraperitoneal) and ADR( 4mg/kg daily  intraperitoneal). Sialic acid and 
TBARS levels were elevated in ADR, LA, LA+DOX groups as compared with 
the control group in the cardiac tissue .In renal tissue, sialic acid levels 
declined, in LA and acute LA+ADR, whereas TBARS levels were elevated in 
ADR and LA+ADR group.  
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The aim of our study was to examine changes in the blood and cellular 
antioxidant defense system in response to exogenous heat stress (induced 



by sauna bath) in young men. At rest prior and after sauna bath tympanic 
(Tty) and skin temperatures (Tsk) were measured and body heat storage 
(S) was calculated. Before sauna bath, then 60 min, 120 min and 24h 
post sauna, capillary blood samples were drawn for determinations of: 
hemoglobin content (HB), hematocrit (HCT), glucose (GLU), blood carbon 
dioxide (pCO2), pH and blood oxygen (pO2), respectively. The changes in 
blood (%BV), plasma (%PV) and cell (%CV) volumes were calculated. 
Additionally, venous blood samples were withdrawn to determine plasma: 
cortisol level, activity of  creatine kinase (CK-NAC). Blood antioxidant 
potential was assessed by determination of antioxidant enzyme activities: 
glutathione peroxidase (GSH-Px), superoxide dismutase (SOD), catalase 
(CAT) and glutathione reductase (GR). Exogenous heat stress induced an 
increase in Tty (Δ+2.1oC) and plasma cortisol level, decreased cell (-
.05%), blood (-2.97%) and plasma (-4.36%) volumes. Cell volume 
started to increase after 2h recovery. CK-NAC activity was increased 
provided evidence slight increase in muscle cell membranes permeability. 
There was a decrease of activity of GSH-Px and CAT   as well as an 
increase in activities of SOD and GR immediately post sauna. The 
observations in this study imply that exogenous heat stress was 
associated with activation of cellular and blood antioxidant defense 
system.  
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There is increasing evidence to suggest that reactive oxygen species, 
including a variety of lipid peroxidation products, can induce an adaptive 
response and enhance cell tolerance; however, the details of the 
underlying molecular mechanisms have not been clarified.  In the present 
study using both PC12 cells and cultured cortical neurons, we investigated 
the effect of lipid oxidation products such as 15-deoxy-∆12,14-prostaglandin 
J2 (15d-PGJ2), 4-hydroxy-2-nonenal (4-HNE) and 7-hydroxycholesterol (7-
OHCh) against the cell death induced by 6-hydroxydopamine (6-OHDA) 
and glutamate.  Pretreatment with these lipid oxidation products at 
sublethal concentrations resulted in a significant protective effect against 
subsequent oxidative stress, and 15d-PGJ2, in particular, exhibited a 



complete protective effect against glutamate-induced neuronal cell death.  
Pretreatment with 15d-PGJ2 increased the intracellular glutathione (GSH) 
as well as the gene expression of glutamate-cysteine ligase (GCL), the 
rate-limiting enzyme of GSH synthesis.  15d-PGJ2 protected cells from 
glutamate-induced GSH depletion, while the inhibition of cellular GSH 
synthesis by buthionine sulfoximine abolished the adaptive response 
induced by 15d-PGJ2.  These findings indicate that at low levels, 15d-PGJ2 
acts as a potent survival mediator against glutamate-induced insults via 
the induction of an adaptive response primarily through the up-regulation 
of the intracellular GSH synthesis.  Furthermore, we observed that the 
adaptive response induced by 4-HNE was mediated through the elevated 
thioredoxin reductase activity in an NF-E2-related factor 2 (Nrf2)-
dependent manner, while 7-OHCh exhibited the protective effect via the 
increase of GSH contents in the Nrf2-independent manner.  The possible 
physiological role of adaptive response induced by lipid oxidation products 
via different mechanism, will be discussed. 
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Peroxynitrite is a strong oxidant and capable of oxidizing and nitrating 
several macromolecules.  Peroxynitrite reaction can be reflected via the 
formation of oxidized and nitrated species such as isoprostanes and 
nitrotyrosine as observed in many animal and human conditions 
associated with oxidative/ nitrosative damage.  Since the function of 
neutrophils as the first line of defence can be affected by oxidative/ 
nitrosative stress, the objective of this study was to evaluate the effect of 
peroxynitrite in milk-derived polymorphonuclear neutrophils (PMNs) and 
concomitantly monitor the formation of 8-isoprostane and nitrotyrosine as 
biomarkers of oxidative and nitrosative stress, respectively.  3-
Morpholinsydnonimine (SIN-1), a peroxynitrite donor, reduced PMNs 
viability in a concentration-dependent manner with estimated EC50 value 
of 375 µM.  Meanwhile, the increased levels of 8-isoprostane and 
nitrotyrosine were observed as concentration of SIN-1 increased.  The 
peroxynitrite inhibitors, glutathione, melatonin and uric acid, markedly 



and concentration dependently attenuated the cytotoxicity of SIN-1, in 
which a strong inverse relationship between 8-isoprostane and 
nitrotyrosine levels and cell survival was evident.  The data imply that the 
cytotoxic effect of peroxynitrite on PMNs and the inhibitory action of 
known peroxynitrite inhibitors were mediated via both oxidative and 
nitrosative mechanisms. 
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Propolis (bee glue) is one of the major hive products of bees and is rich in 
flavonoids, which are known for antioxidant activities. It is well known 
that the chemical properties of phenolic acids or flavonoids, in terms of 
the availability of the phenolic hydrogens as hydrogen donating radical 
scavengers, predict their antioxidant properties.  
In this study, the flavonoids scavenging activity of propolis has been 
exploited to obtain protection against the peroxidative damage in rat heart 
mitochondria which was induced by the administration of an acute dose of 
doxorubicin (DXR 20mg kg−1, i.p). The peroxidative lesions were 
evaluated biochemically and biophysically, 24H after DXR administration. 
Abnormal biochemical changes in heart mitochondria from DXR treated 
rats including a marked increase in both malondialdehyde (MDA) and 
anion superoxide production, decrease both of respiratory chain ratio  
(RCR= V3/V4) and P/O.  
Biophysically, collapse of membrane potential of mitochondria, first of the 
two steps of mitochondrial death pathway, and swelling, responsible of 
fragmentation and massive cytochrome c release, were observed. 
Pretreatment of rats with propolis extract, given per os (100mg/kg/day) 
during four days prior to DXR injection, substantially reduced the 
peroxidative damage in the heart mitochondria: we showed significant 
reducing both of mitochondrial MDA formation and production of 
superoxide anion, restoration of RCR and P/O, reducing of rate and  the 
amplitude of mitochondrial swelling and finally restoration of the loss of 
the mitochondrial membrane potential. The data demonstrate that 
antioxidants from natural sources may be useful in the protection of 
cardiotoxicity in patients who receive doxorubicin. 
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Oxidative stress and mitochondrial dysfunction are associated with 
disease, toxic process and aging. Because ROS formation is responsible 
for this dysfunction, we evaluated in vivo and in vitro the prophylactic 
effect of polyphenols extracted from propolis against mitochondrial 
oxidative stress induced by two anticancer drugs in female wistar rat 
using liver and heart mitochondria isolated from rat. RCR, mitochondrial 
swelling, superoxide radical production, lipid peroxidation, SOD and 
catalase activities have been measured to assess the mechanisms of 
protection of propolis extract against doxorubicin and vinblastin toxicity. 
We find that doxorubicin and vinblastin altered heart and liver 
mitochondrial functions respectively as attested by the decrease in 
respiratory control value, the activation of the swelling and the 
overproduction of SO. Myocardial tissue from doxorubicin treated rats 
showed a marked increase in MDA production and depletion of reduced 
GSH contents and an inhibition of catalase and SOD activities. Similar 
results were also observed in liver tissue. Pretreatment of rats with 
propolis extract, given intraperitoneally during 4 days prior to doxorubicin 
and/or vinblastin injection, substantially reduced the peroxidative damage 
in the myocardium and liver and markedly restored the tissues catalase 
and SOD activities. The protective effects obtained by propolis, however, 
were complete and reach those of the control group. Propolis extract at a 
dosing level equivalent to 10-4M was useful to obtain protective effects. 
These results strongly suggest that propolis extract protects heart and 
liver tissues from oxidative stress by protecting the mitochondria. 
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Objective  In recent years, more investigator were attracted by the 
research about the damage of hippocampus induced by prenatal stress. In 
present study, inner mitochondrial membrane potential (IMMP) in 
hippocampal neuron and the content of 8-hydroxy-2’-deoxyguanosine (8-
OH-dG) in hippocampus of offspring rats were measured to make clear the 
changes of mitochondrial function and explore the mechanism of the 
damage of hippocampus induced by prenatal stress. 
Methods  In this experiment the offspring rats were divided into two 
groups, CON group and PNS group(those whose dams were exposed to 
restraint stress on days 14-20 of pregnancy). Offspring (1 month old) 
were anesthetized with ether and decapitated, and hippocampus were 
dissected and stored for later experiment: The mitochondrion of 
hippocampal neurons were labeled with specific fluorescent probe of 
Rhodamine 123 to measure IMMP by flow cytometry; The extracted and 
purified mitochondrial DNA of hippocampal neurons were used to measure 
8-OH-dG, a typical biomarker of oxidative stress, by the method of high 
performance liquid chromatography-electrochemical detection (HPLC-
ECD).  
Results  Prenatal stress significantly lowered the IMMP compared with 
CON group (68.437±10.680 vs 124.780±7.336� P<0.001). Moreover, 
IMMP of female offspring in PNS group was lower than that of male 
offspring in PNS group (61.897± 7.076 vs 74.797±9.910p<0.05). The 
level of 8-OH-dG/105dG in PNS group was higher than that in CON group 
(2.716±0.166 vs 1.631±0.138p<0.001). There was significant difference 
between the female and the male in PNS group alike, the level of 8-OH-dG 
of the female was higher than that of the male  (2.822±0.145 vs 
2.610±0.114p<0.05). 
Conclusion  These data suggest that prenatal stress could affect the 
normal function of mitochondrion in hippocampus of offspring rats, and 
there exists gender-dependent difference. These probably were involved 
in the hippocampal neurons oxidative damage induced by prenatal stress. 
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Pyridine dinucleotides are key redox carriers in the soluble phase of all 
living cells, and both NAD+ and NADP+ play crucial roles in pro-oxidant 
and antioxidant metabolism. The capacity of cells to modulate the 
NAD(P)H/NAD(P)+ ratio is thus critical not only for central redox control of 
metabolism but also for preemptive management of oxidative stress. 
Recent studies show that NAD+ and NADP+ can be utilized to produce a 
number of metabolites important in cell signalling. Other reactions that 
consume NAD+ include protein de-acetylation and poly ADP-ribosylation. 
These developments bring a significant amount of additional interest to 
the investigation of cellular NAD+ biosynthesis and regulation. Relatively 
little is known about NAD+ synthesis in plants. Comparative genomics 
suggests that plants form NAD+ through de novo synthesis from 
quinolinate, as well as by a salvage pathway that reuses nicotinamide 
released from NAD+. NADP+ is produced by phosphorylation of NAD+ The 
purpose of our work was to verify the presence of  mitochondrial 
Nicotinamide mononucleotide adenylyl-transferase (NMN-AT), that 
catalyzes the  reversible reaction NMN+ ATP NAD+ + PPi  NMN was added 
to mitochondria isolated from aged-dehydrated slices tubers of Helianthus 
tuberosus and NAD(P)+ synthesis was tested by means of HPLC 
experiments. The dependence of NAD(P)+ synthesis rate on NMN 
concentration was studied. Hyperbolic dependence of the reaction rate on 
NMN concentration was found and was inhibited by PPi and AMP. The 
characterization of NMN-AT provided compelling evidence that NAD+ 
biosynthesis pathways may exist in plant mitochondria 
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Substantive data has shown that maternal factors, like anxiety, depression 
and some negative stresses, can affect offspring development. Previous 
studies revealed that PNS could cause impairment of spatial learning, 
inhibit cell proliferation in the dentate gyrus and hippocampus and reduce 
the number of hippocampal neurons in offspring rats. JNK and p38MAPK 
are members of serine/threonine protein kinases(MAPK). MAPK not only 
regulates cell proliferation, differentiation and survival, but also plays 
important roles in synaptic plasticity and memory formation. Nuclear 
factor (NF-κB) is involved in regulating cell proliferation, differentiation 
and survival and plays important roles in LTP formation as well.  
In this essay, the expression of NF-κB, p38MAPK and JNK in hippocampus 
of was determined by establishing the model of PNS in order to explore 
the cell signal transduction pathways concerned. Animals were divided 
three groups: control (CON), mid-term stress (MS), late term stress 
(LS). The pregnant rats were exposed to the restraint stress (3 times 
in a day, 45 minutes each time) during the mid-term or late-term 
gestation stage. Western-blotting and immunohistochemistry techniques 
were used to examine the expression of NF-κB and p38MAPK/JNK in 
hippocamous.The results as follows. Both MS and LS decreased the 
expression of p65 in female offspring, and there was a significant 
difference between MS and LS groups (P<0.01). The expression of p50 
was significantly increased in PNS female offspring hippocampus CA1, CA3 
and CA4 region and DG (P<0.05, P<0.01). The results of male offspring 
were contrary. In control group the expression of p65 in male offspring 
was less than that of female CON offspring (P<0.01). In LS group the 
expression of p65 in female offspring was more than that of male 
offspring (P<0.01).The results of Western blotting were similar to those of 
immunohistochemical experiment results. Both MS and LS increased the 
expression of p38MAPK in female offspring, and there was a significant 
difference between MS or LS and CON groups (P<0.01). In control group 
the expression of p38MAPK in male offspring was more than that of 
female CON (P<0.01). In LS group the expression of p38MAPK in male 
offspring was less than that of male offspring (P<0.01). LS decreased the 
expression of JNK in female offspring compared to MS and 
CON(P<0.05� P<0.01). In LS group the expression of JNK in female 
offspring was less than that of male offspring hippocampus (P<0.01). In 



conclusion, PNS had significant effects on the level of NF-κB, JNK and 
p38MAPK in hippocampus, particularly in LS. Additionally female 
offspring was more sensitive to PNS on P38MAPK while male offspring 
was on JNK. These signal transduction pathways may be involved the 
hippocampal changes induced by PNS in offspring rats. 
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Oncogenic Ras induces apoptosis upon protein kinase C (PKC) 
suppression. The mechanisms by which Ras regulates apoptosis remain 
unclear. In this study, we used three V12-Ha-ras effector loop mutants to 
dissect Ras downstream signaling in murine NIH3T3 cells and tested the 
roles of each mutant and the three possible pairwise combinations in the 
induction of apoptosis. The expression of a single ras mutant can not 
activate programmed cell death after treatment with GO6976 (a PKC 
inhibitor). The concurrent activation of PI3K and MAPK pathways increases 
the susceptibility of the cells to apoptosis in response to PKC suppression. 
We also showed that although such co-activation alone moderately 
upregulates ROS production, concurrent suppression of PKC causes a 
dramatic elevation of ROS which leads to the accumulation of unfolded 
proteins in the endoplasmic reticulum (ER) and subsequent induction of 
apoptosis. Thus, our study suggests that under the condition of PKC 
abrogation, oncogenic Ras, via the PI3K and MAPK pathways, perturbs the 
state of the cellular redox, which signals to the ER stress-regulated 
apoptotic machinery for the induction of apoptosis. 
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We have assessed amyloid β-protein (Aβ)-induced neurotoxicity, with and 
without added tunicamycin (TM), an inhibitor of N-glycosylation in the 
endoplasmic reticulum (ER), in organotypic hippocampal slice cultures 
(OHCs). In the OHCs cultured for 3 weeks, there was little neurotoxicity 
after treatment with Aβ25-35 (25 µM) alone for 48 h. However, with TM 
alone, concentration-dependent neuronal death was observed at 
concentrations between 20 and 80 µg/mL. When Aβ was combined with 
TM (Aβ+TM), cell death was more acute than with TM alone. Western blot 
analysis revealed that calpain activity and the active forms of caspase-12 
and caspase-3 were increased after exposure to Aβ+TM as compared with 
exposure to TM alone. In contrast, the levels of GRP94, GRP78 and CHOP 
were not changed in the presence of Aβ. Aβ potentiation of TM 
neurotoxicity was reversibly blocked by S-allyl-L-cysteine (SAC), an 
organosulfur compound purified from aged garlic extract, and the L-type 
calcium channel blocker, nifedipine, in a restricted neuronal area of the 
OHCs. Simultaneously applied SAC also reversed the increases in calpain 
activity and the active forms of caspase-12 and caspase-3 by Aβ +TM with 
no change in the increased levels of GRP 94 and 78 and CHOP. These data 
indicate that Aβ facilitates the calpain-caspase-12-caspase-3 pathway, 
thus potentiating TM-induced neuronal death in the hippocampus. 
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Being located at the interface of blood and brain cerebral endothelial cells 
(CECs) are primary targets of different environmental stimuli. In our study 
we made an attempt to  reveal novel elements of signaling activated by 
hyperosmotic, oxidative and calcium depletion induced stress in CECs. 
Hyperosmotic stress elicited by mannitol has been successfully used to 
reversibily open the blood-brain barrier. We have shown that 
hyperosmotic conditions induce protein phosphorylation on both Ser/Thr 
and Tyr residues. Among the targets of protein tyrosine phosphorylation 
are beta-catenin and possibly the ezrin/moesin complex. Furthermore, our 



results suggest that besides src the receptor tyrosine kinase Axl plays an 
important role in mediating the effect of hyperosmosis. Activation of Rho 
signaling my be involved in the stress response induced by calcium 
depletion. We have shown that besides changes in junctional protein 
expression and localization calcium removal induces significant changes in 
the morphological parameters of CECs as well as revealed by atomic force 
microscopy. These changes could be partially inhibited by the Rho-
dependent kinase inhibitor Y27632 suggesting a role for ROCK in 
mediating the effect of low calcium concentration in CECs. Recent 
research has revealed that non-coding RNAs are able to fulfill a wide 
range of regulatory functions in eukaryotic cells. In our studies we have 
observed, that the non-coding RNA PRINS (Psoriasis Susceptibility-Related 
RNA Gene Induced by Stress) is rapidly upregulated severalfold  by 
oxidative stress induced by DMNQ. Further studies are underway to 
elucidate the role of PRINS in the regulations of endothelial processes. Our 
results suggest that multiple signaling pathways are activated in by 
different stress factors in CECs. 
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The oxidative stress response of lower organisms is mediated by “redox 
sensors”. They consist in transcription factors or oxidases of transcription 
factors which, when activated by specific oxidation of cysteine residus, 
induce an antioxidant response. In mammals, the oxidative stress 
response involves the activation of signaling pathways that induce many 
biological responses including apoptosis. Apoptosis signal regulated 
kinase-1 (Ask1) lies upstream of a major redox-sensitive pathway 
involving Jun N-terminal kinase (JNK). We found that cell exposure to 
H2O2 caused the rapid oxidation of Ask1 leading to its multimerization 
through the formation of interchain disulfide bonds. Oxidized Ask1 was 
fully reduced within minutes after induction by H2O2. During this 
reduction, the thiol-disulphide oxidoreductase thioredoxin-1 (Trx1) 
became covalently associated with Ask1. Overexpression of Trx1 
accelerated the reduction of Ask1 and a redox-inactive mutant of Trx1 
(C35A) remained trapped with Ask1 blocking its reduction. Preventing the 
oxidation of Ask1 either by overexpressing Trx1 or using an Ask1 mutant 
in which the sensitive cysteines were mutated (Ask1-ΔCys) impaired the 
activation of JNK but not the phoshorylation of Ask1 by H2O2. 



Furthermore, oxidation of Ask1 was required for H2O2-induced Ask1-
mediated apoptosis. Those results indicate that oxidation of Ask1 is not 
required for its own phosphorylation/activation but is essential for its 
function upstream of the H2O2-induced JNK signaling pathway. We suggest 
that Ask1 acts as a “redox sensor” in mammalian cells and we propose a 
new model for its activation mechanism by H2O2. 
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Heat shock (HS) rapidly induces the activation of numerous signaling 
pathways. The triggering switches for the activation of these pathways 
and their functions in the HS response are still poorly understood. In this 
study, we show that their induction correlates with an increase in the total 
content of phosphotyrosines. Accordingly, the c-Src and c-Abl tyrosine 
kinases (TK) are activated by HS. To evaluate the possible involvement of 
these TK, we analyzed the HS induction of the p38 and JNK pathways 
after pretreatment with different TK inhibitors. Our results notably show 
that STI571, a TK drug which inhibits c-Abl and PDGFr, greatly reduces 
the HS activation of the p38 and JNK pathways, but has no effect on H2O2-
mediated p38 activation. By using a specific inhibitor of PDGFr and siRNA 
for either PDGFr or c-Abl, we show that c-Abl and not PDGFr is involved. 
Moreover, the expression of a specific siRNA-resistant plasmid encoding 
for c-Abl rescues the HS activation. Since an important fraction of c-Abl is 
nuclear, we initially suggested that the HS signal might arise from the 
nucleus. This was further supported by the observation that HS activates 
ATM, a known upstream activator of c-Abl, and induces H2AX 
phosphorylation. However, cells deficient in ATM or in both DNA-PK and 
ATM were still proficient in HS-induced p38 activation, whereas they could 
not support HS-induced H2AX phosphorylation. From these last results, 
we infer that the HS signal instead comes from the cytoplasmic c-Abl. 
Indeed, the existence of an actin binding domain in c-Abl hints at a 
possible link between the early HS disruption of actin filaments and the 
activation of the p38 and JNK pathways. 
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The Hsp40 chaperone Mdg1/ERdj4 is localized in the ER compartment and 
is upregulated in cells subjected to various stresses like heat shock, 
hypoxia and ER stress. Recently it has been shown that expression of the 
Mdg1 hamster homolog is significantly decreased in a high metastatic cell 
line in comparison to a low metastatic cell line. Overexpression of Mdg1 in 
these cell lines led to a cell cycle arrest. In this work we show that Mdg1 is 
largely upregulated in a variety of tumors. As a target of the IRE1α-XBP1-
pathway, Mdg1 is considered to play a role in the sustained Unfolded 
Protein Response (UPR), in which protein degradation, cell cycle arrest or 
even apoptosis are induced. The investigation of the UPR signaling 
cascade revealed CHOP, which is part of the Integrated Stress Response 
(ISR), as a downstream target of Mdg1. We further show that Mdg1 
protein has the ability to interact with ATF4 protein indicating that CHOP 
transcription might be specifically induced by Mdg1-ATF4 heterodimers. 
Mdg1 protein thus links the signaling pathways during sustained UPR with 
the ISR. Together with the findings that ATF4, CHOP and Mdg1 are highly 
expressed in tumor cells we conclude that ATF4-Mdg1 heterodimers lead 
to cell cycle arrest via CHOP upregulation thereby reducing the risk of 
metastasis formation. 
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A neutral sphingomyelinase (SMase) is considered a major candidate for 
mediating stress inducible ceramide production. Here, we identified and 
characterized the neutral SMase that is activated and generated ceramide 
under stress conditions. The enzyme was found to be a regulator of 
apoptosis mediated by heat stress. A zebrafish cDNA clone responsible for 
Mg2+-dependent neutral SMase activity by the expression cloning system 



was isolated. The cDNA clone encoded a polypeptide of 420 amino acid 
residues (putative molecular mass: 46.9 kDa) containing predicted two 
transmembrane domains at the C-terminal region. The bacterially 
expressed recombinant neutral SMase hydrolyzed a [choline-mythyl-
14C]sphingomyelin optimally at pH 7.5 in dependent on Mg2+ ion. The loss 
of neutral SMase function with anti-sense phosphothiate oligonucleotides 
inhibited ceramide generation, caspase-3 activation and apoptotic cell 
death under the heat stress conditions, indicating that the neutral SMase 
induces a ceramide mediated pro-apoptotic signaling pathway that 
executes the heat-induced apoptosis. 
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Catecholamines, e.g., norepinephrine (NE) have been identified as 
psychogenic stressors and associated with altered immune function. We 
have identified a norepinephrine/β2-adrenergic receptor/cAMP/PKA-
dependent mRNA decay system in T lymphocytes. The Fox family of 
transcription factors has been implicated in regulating lymphocyte 
physiology. Foxm1b is reported to be a master gene related to cellular 
proliferation and Foxo1 has been associated with the suppression of 
proliferation and promotion of apoptosis. Therefore, we explored whether 
a PKA-selective cAMP analogue (8Br-cAMP) and NE could regulate BALB/c 
murine thymocyte cell lines, S49wt and S49kin- (PKA deficient), by 
affecting the genetic expression of Foxm1b and Foxo1. Real-time PCR 
studies revealed a 2-3 fold upregulation of Foxo1 mRNA in S49wt, but not 
kin- cells with 150uM NE or 600uM cAMP as early as 2 hrs after treatment. 
Foxm1b mRNA was downregulated in S49wt cells by greater than 2 fold 
by 8Br-cAMP after 6 hrs (at 24 hrs). Treatment with an Epac-selective 
cAMP (500uM) analogue resulted in no change in Foxo1 or Foxm1b 
expression in S49 wt or S49 kin- cells. These results associate PKA in 
modulating both increased Foxo1 mRNA expression and decreased 
Foxm1b expression and consequent fox gene-mediated regulation of 
lymphocyte physiology. Supported by NIH. 
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Medicago truncatula is a model used to study legume related processes. 
The expected climate changes towards hottest and drier conditions raised 
the need to fully understand molecular and metabolic basis of legume 
response to abiotic stresses. Abscisic acid (ABA) is produced under 
drought conditions and plays important roles in plant stress response, 
namely signalling changes at the transcriptional level. The conserved ABA 
response element (ABRE) and the more degenerated coupling element 
(CE) are the necessary and sufficient cis-acting elements for ABA-
regulated gene expression. Twelve stress-related genes, orthologs of 
reported ABA regulated genes, containing ABA specific cis-elements in 
their promoter regions, were identified in silico. M. truncatula plants were 
grow and collected under different water stress conditions. Plants were re-
watered until they recovered from the different water-stress status and 
were collected. Physiological parameters were measured. The expression 
of the twelve genes will be analysed using qRT-PCR in dehydrated and re-
hydrated M. truncatula plants. The transcription profile of the twelve 
genes will be correlated with the available genomic data. Gene expression 
is not enough to measure the importance of each gene, but together with 
the recognition of the gene product and identification of the cis-elements 
that are directly related with transcription regulation, is a strong tool to 
understand the molecular switches of stress-inducible genes and their role 
in stress response.  
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We investigated the effect of osmotic stress on two drought tolerant 
wheat cultivars: Triticum aestivum cv. Kobomugi is a near isohydric Asian 
landrace, T.a. cv. Öthalom is an anisohydric, dehydation tolerating 
Hungarian genotype. Osmotic stress treatment was applied gradually by 
polyethylene glycol (PEG 6000) treatment reaching 400 mOsm (-0.976 
MPa) on one-week-old plants under controlled conditions. Changes in 
glutathione S-transferase (GST) and glutathione peroxidase (GSPX) 
activities and in their expression levels were determined during a 2-week-
period as function of time. GST isoenzymes represent a large and variable 
group of antioxidative enzymes, with several different activities and 
sequence patterns. Phylogenetic analysis of wheat GSTs was performed in 
silico and using the tentative consensus sequences (TC) a dendogram was 
constructed. According to the conserved sequences used for classification 
of GST proteins, we could identify four groups of wheat GSTs (phi, zeta, 
theta and tau). Real Time PCR analysis with two group-specific primer 
showed a significant increase in the amount of GST transcripts two days 
after plants were exposed to 400 mOsm PEG. The changes in the 
transcript levels were compared with the GST activities measured in the 
same times. According to our results the members of phi GSTs can be 
responsible for the fast response after the osmotic stress, while the tau 
GST group for the later enhancement of GST activity. 
This work was supported by the National R&D program: NKFP 4/064/2004. 
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The corticotropin releasing hormone (CRH) system is involved in 
endocrine, autonomic and behavioural responses to stress. The biological 
actions of CRH-like neuropeptides are mediated by G-protein-coupled 
receptors, CRH receptor 1 (CRHR1) and CRHR2. CRHR1 is widely 
expressed in the mammalian brain (e.g. cerebral cortex, cerebellum, 
amygdala, hippocampus) and in the pituitary gland. Mice deficient for 



CRHR1 display decreased anxiety-like behaviour and dysregulation of the 
hypothalamic-pituitary-adrenal (HPA) axis. Ligand binding increases the 
affinity of the CRHR to G-proteins. Binding of a Gαs-protein will activate 
adenylate cyclase (AC) and protein kinase A (PKA) as well as other cyclic 
adenosine monophoshpate (cAMP) dependent pathways. The reported 
coupling of additional G-proteins to CRHR1 suggests that also other 
second messengers are involved in CRHR-signaling. In order to identify 
specific target genes of CRHR1-mediated signaling pathways we applied 
cDNA and oligonucleotide microarray technology using a mouse 
corticotroph cell line (AtT20) and pituitaries of CRHR1-deficient mice. 102 
genes in vitro and more than 400 genes in vivo were found stress- and/or 
CRH- and CRHR1-dependently regulated. A subset of candidate genes was 
validated in independent material by quantitative real time PCR (qRT-
PCR). These candidates are involved e.g. in cAMP, mitogen activated 
protein kinase (MAPK) or epidermal growth factor receptor (EGFR) 
signaling. In order to examine their functional role the effect of these 
genes on different known target genes downstream of CRHR1 signaling is 
analyzed using reporter assays.  
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The insulin-like signaling (ILS) pathway plays a major role in the 
modulation of lifespan in C. elegans.  Altered stress responses, HSP 
expression and resistance to a wide range of stressors are also associated 
with changes in ILS.  The causal relationship of these phenotypes with 
altered aging is yet to be fully determined.  The transcription factors DAF-
16 and HSF-1 have both been purported as key regulators for these 
effects.  Here we present new data that demonstrates that increased 
resistance to heat shock, due to lowered ILS, is not dependent on a 
transcriptional response, but does still require active translation.  
Furthermore, we describe new genes under post-transcriptional regulation 
in long-lived ILS mutants following heat shock via a genome wide 
translational state array analysis (TSAA). 
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During the inflammatory response, host cells are exposed to pro-
inflammatory cytokines, such as TNF-α, and also hydrogen peroxide 
(H2O2). It is known that the cytokines liberated by neutrophils and 
macrophages induce the NF-κB transcription factor in the surrounding cells 
thus promoting an inflammatory response. MCF-7 and HeLa cells were 
exposed to moderate doses of H2O2 using the steady-state approach: 
[H2O2]ss. It is a controlled and calibrated method that allows applying 
lower concentrations of H2O2 than those applied with the bolus approach, 
because H2O2 consumption by cells is compensated by the continuous 
production of H2O2 by glucose oxidase. TNF-α (0.37 ng/mL) and [H2O2]ss 
(25 µM) acted synergistically to induce NF-κB translocation to the nucleus, 
while an antagonism was observed when H2O2 was delivered as a bolus 
addition (1 mM). The differences in the results might be explained with 
the high oxidative level caused by the bolus addition, which is far from the 
physiological conditions and can disrupt cellular redox homeostasis. The 
synergistic translocation to the nucleus, with [H2O2]ss (12.5 µM) and TNF-
α for 6 h, led to an up-regulation in the expression of some NF-κB-
dependent genes with a pro-inflammatory role (e.g. IL-8, MCP-1, TNF-α), 
but also anti-inflammatory genes, such as Heme oxygenase-1 and IL-6. 
We propose a regulatory role for H2O2 during inflammation, through the 
up-regulation of the expression of pro-inflammatory genes, that stimulate 
the inflammatory response, and anti-inflammatory genes that prevent an 
excessive build up of a pro-inflammatory environment. 
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In this study, we investigated the molecular mechanisms underlying the 
ATP analog adenosine 5´O-(thiotriphosphate) (ATPγS)-induced nucleo-
cytoplasmic shuttling of the mRNA stabilizing factor HuR in human 
mesangial cells (hMC). Using synthetic protein kinase C (PKC) inhibitors 
and siRNA approaches we demonstrate that knock-down of PKCα 
efficiently blocked the ATP-dependent nuclear HuR export to the 
cytoplasm. The functional importance of PKCα in HuR shuttling is 
highlighted by the high cytosolic HuR content detected in hMC stably 
overexpressing PKCα  when compared to mock-transfected cells. The ATP-
induced recruitment of HuR to the cytoplasm is preceded by a direct 
interaction of PKCα with nuclear HuR and accompanied by increased Ser-
phosphorylation as demonstrated by co-immunoprecipitation experiments. 
Mapping of putative PKC target sites identified serines 158 and 221 being 
indispensable for HuR-phosphorylation by PKCα . RNA pull-down assay and 
RNA EMSA demonstrated that the HuR shuttling by ATP is accompanied by 
an increased HuR-binding to COX-2 mRNA. Physiologically, the ATP-
dependent increase in RNA binding is linked with an augmentation in COX-
2 mRNA stability and subsequent increase in PGE2 synthesis. Regulation of 
HuR via PKCα-dependent phosphorylation emphasizes the importance of 
posttranslational modification for stimulus-dependent HuR shuttling. 
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An essential constituent of the integrated stress response (ISR) is a 
reversible translational suppression. This mRNA silencing occurs in distinct 
cytoplasmic foci called stress granules (SGs) that transiently associate 
with processing bodies (PBs) typically serving as mRNA decay centers. 
How mRNAs are protected from degradation in these structures and if SGs 
serve a physiological significant role remains largely elusive. In recent 
studies we identified that the Zipcode-binding protein 1 (ZBP1) regulates 
the cytoplasmic fate of specific mRNAs in non-stressed cells, but also is a 
key regulator of mRNA turnover during the ISR. The association of ZBP1 
with target mRNAs in SGs was not essential for mRNA-targeting to SGs. 



However, ZBP1 knock down induced a selective destabilization of target 
mRNAs during the ISR, while forced expression increased mRNA stability. 
Our results indicate that although targeting of mRNAs to SGs is 
nonspecific, the stabilization of mRNAs during cellular stress requires 
specific protein-mRNA interactions. These retain mRNAs in SGs and 
prevent premature decay in PBs or by the exosome. Hence, RNA-binding 
proteins (RBPs) are essential for translational adaptation during cellular 
stress by modulating mRNA turnover.  
Based on our resent observations we establish a new stress-based 
screening procedure for RNA ligands and thereby identify molecular 
networks facilitating ZBP1 function in SGs. Moreover, we are interested in 
the physiological role of SGs intending to set the stage for the 
identification of SGs in cancer cells and primary tumors.  
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The understanding of gene regulation of molecular chaperones will shed 
light on the mechanisms of post-transcriptional regulation in 
trypanosomatids. The gene organization and gene expression pattern of 
HSP70, HSP60 and HSP10 genes of Trypanosoma cruzi have been 
previously characterized by our group and others, and characterization of 
gene structure and expression of ClpA/HSP100 are currently under way. 
Our aim is to study the mechanisms of gene regulation of these proteins, 
and to that end the presence and function of heat shock-responsive 
elements in the corresponding mRNAs are being investigated.  Plasmids 
containing the chloranfenicol acetyltransferase (CAT) reporter gene under 
the control of the 18S rRNA promoter were constructed in which the CAT 
gene is flanked by segments of intergenic regions containing either the 5' 
or 3' UTR of the HSP70 and Rab7 mRNAs. CAT assays of transiently 
transfected T. cruzi cells show that heat shock-responsive elements are 
present in both the 5’ and 3’ UTRs of HSP70 mRNA. A similar series of 
reporter plasmids are being constructed with HSP10 and HSP60 
sequences. CAT mRNA levels in transfected cells are being determined to 
assess the contribution of mRNA stability and its translation to the 
induction of the CAT enzyme. We are also determining the half-life of the 
endogenous HSP10, HSP60, HSP70 and ClpA/HSP100 mRNAs under 



stressing and non-stressing conditions to further characterize gene 
regulation mechanisms of these proteins. Supported by CNPq and FAPERJ. 
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Aerobic organisms have evolved a series of metabolic defenses whose role 
it is to contain and/or repair the deleterious effects of reactive oxygen 
species (ROS). One of the most prominent of these is Cu-Zn or cytosolic 
superoxide dismutase (cSOD1) which converts superoxide anion radicals 
to hydrogen peroxide and oxygen.  Previous genetic studies investigating 
the phenotypic consequences of a null mutation for cSOD in Drosophila 
melanogaster have resulted in the characterization of a series of 
phenotypes that include: increased superoxide concentration in cells; 
dramatic reduction in longevity; male sterility and female semi-sterility; 
and locomotory and behavioural defects.  It has been speculated that 
increases in superoxide anions in cells triggers a number of defense 
responses.  In this study, we used cSODn108 null flies as well as flies in 
which cSOD activity was restored via transgenic rescue.  Flies were 
collected at 0-24 and 48-72 hours post eclosion and total RNA extracted. 
Transcriptional profiles comparing cSOD null vs. transgenic rescue were 
obtained using long oligonucleotide DNA microarrays from the Canadian 
Drosophila Microarray Centre (CDMC, www.flyarrays.com).  Transcripts from 
more than 200 genes decreased in the cSOD null flies including genes 
involved in reproduction, carbohydrate metabolism, lipid biosynthesis and 
proteases.  More than 80 genes showed increased transcript levels 
including ones involved in lipid catabolism, DNA damage response, 
apoptosis, and cell adhesion.  Unexpectedly, heat shock genes were not 
induced. (This work was supported by NSERC grants to JTW, TLP and the 
CDMC). 
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Ubiquitin Carboxy-terminal Hydrolase isozyme L1(UCH-L1) is a thiol 
protease that recognizes and hydrolyzes a peptide bond at the carboxy-
terminal of ubiquitin, and is involved in the processing of ubiquitin 
precursors and ubiquitinated proteins. It is normally expressed exclusively 
in neurons and testis, and abnormal expression of UCH-L1 has been 
shown to correlate with several forms of cancer, such as cancer of the 
lung, colon, and pancreas. Mutations in the UCH-L1 gene have been 
reported to be linked to susceptibility to and protection from Parkinson’s 
disease. Although the correlation between UCH-L1 and disease is quite 
reported, the molecular mechanism of biological function of UCH-L1 is 
poorly understood. To find out the biological function of UCH-L1, 
Proteomics combining 2D-gel electrophoresis and ESI-q-TOF tandem MS 
were employed and four variants of UCH-L1 were identified. Subsequently, 
differentially regulated genes or proteins in cells overexpressing one of the 
four variants were identified by proteomics and cDNA microarray, and 
confirmed by western blot analysis and real-time quantitative RT-PCR. The 
results demonstrate that UCH-L1 has heterogeneous populations and each 
variant plays significantly different biological roles. [Supported by KOSEF 
NCRC for CCS & DDR and FPR05A2-480. S Kim, HJ Kim and HJ Kim were 
supported by BK21] 
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Gene expression libraries from the ciliate protozoa Tetrahymena 
thermophila, were obtained after exposition to Cd (5 mg/L, 3h or 24h) or 



arsenate (As+5) (7.5 mg/L, 1h). All isolated cDNA molecules presented a 
polyA tail, confirming the mRNA nature of all inserts. From the Cd-gene 
expression library 109 clones were analysed, and 112 clones from the As-
gene library.  Gene expression results show important differences between  
both  heavy metal (Cd / As) cell resistance mechanisms, and also between 
both Cd gene libraries after different treatment times (3h or 24h). From 
the different gene libraries we can point out the following identified 
protein groups; transporters proteins (ABC, ATPases, etc.) 4.6% in Cd3h, 
2.4% in Cd24h and 2.6% in As1h library, protein-kinases (5.5% Cd3h, 
4.8% Cd24h, 3.5% As1h), enzymes involved in protein degradation ( 
6.4% Cd3h, 4.8% Cd24h, 6.3% As1h), oxidative stress protein  ( 2.7% 
Cd3h, 7.3% Cd24h, 18.7% As1h), DNA binding proteins (H4 histone, 
NgoA) 6.4% Cd3h, 26.8% Cd24h, 7.1 As1h). About this last group, the 
NgoA protein (exclusive of this ciliate) is the most abundant  (2 clones in 
Cd3h, 11 clones in Cd24h and 7 clones in As1h), especially after Cd long 
exposure. Metallothioneins are also induced ( 1.8% Cd3h, 14.6% Cd24h, 
0.9% As1h), and among the 3 CdMTs reported in this ciliate (Díaz et al., 
2007) the MTT5 is the most induced, which agrees with the quantitative 
RT-PCR results (MTT5 >> MTT1 > MTT3). Several of these genes might be 
selected to elaborate, in the next future, DNA macro- or micro-arrays to 
detect the presence of these environmental pollutants, or a general 
cellular stress, from soil or aquatic samples.  Supported by project: 
CGL2005-00548BOS.    
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We studied the effects of 24 hours maternal deprivation on gene 
expression in the paraventricular nucleus (PVN) of 9 day-old mice using 
microarray technology. Among the strongest regulated genes we 
discovered a novel transcript (interim name MPIP-101), which showed a 
pronounced upregulation in the maternal deprived group. This gene codes 
for a short hypothetical protein of unknown function that has also a 
human ortholog. The aim of the current study is the functional analysis of 
the expression and regulation of this gene in neonatal and adult mouse 
brain. In the neonate , GR-antagonist treatment prevented an maternal 
deprivation induced upregulation of MPIP101 mRNA in the PVN, indicating 
a GR dependant gene regulation. This finding is in line with a promoter 



analysis of this gene, which revealed several functional GRE sites. In 
conditional CRHR1 knockout mice the maternal deprivation induced 
upregulation of MPIP-101 was significantly reduced, suggesting an 
additional regulatory mechanism via CRH mediated pathways. In adult 
mice MPIP-101 is mostly expressed in the CA3 region of the hippocampus, 
in the cortex and the cerebellum, with very little expression in the PVN 
under basal conditions. Dexamethasone treatment, restraint stress and 
food deprivation result in a profound induction of gene expression in the 
PVN, confirming the data of the neonate. In ongoing studies we analyze 
the cellular localization of MPIP-101, its interaction with other proteins and 
co-localization with central stress markers. 
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Traditionally biological experiments are performed on large populations of 
cells. However, such experiments cannot reveal behaviours on a 
subcellular level. Optical tweezers have proven to be a useful tool for 
conducting single cell studies. By combining optical tweezers and a 
microfluidic device, we have developed a platform where we rapidly can 
change the environment of a single cell. In our microfluidic device 
different media, flowing in separate channels, are combined into a single 
channel. In such small geometries the flow is laminar, which means that 
different media only mix due to diffusion. Consequently a sharp 
concentration gradient of a substance can be established. By moving a cell 
across the gradient, using the optical tweezers, we are able to change the 
environment of a single cell in a fraction of a second. During the 
experiment the cell is monitored using fluorescence microscopy. Our 
method is universal, enabling experiments on many types of cells with 
different stress media. The system can be expanded to include 
holographic optical tweezers, thus enabling several cells to be studied and 
analyzed simultaneously. The experimental platform is demonstrated on 
yeast cells (Saccharomyces cerevisiae). We have monitored the diameter 
of yeast cells that are moved between a flow of pure growth medium and 
a sodium chloride containing flow. In addition we have also studied yeast 
cells where GFP is fused to a protein involved in the induced stress 
response. In this way the spatial localization of both the Hog1 protein and 
the Yap1p protein were followed during osmotic and oxidative stress, 



respectively. 
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Abstract 
Cpr1p coding cytosolic cyclophilin (Cyp)-related peptidyl-proyl cis-trans 
isomerase was strongly induced during ethanol fermentation at 40ºC in 
Saccharomyces cerevisiae KNU5377. The cpr1Δ mutant in S. cerevisiae 
KNU5377Y, not a laboratory strain such as S. cerevisiae BY4741, showed 
the stress sensitivity to manadione (MD). Cell viability in the cpr1Δ mutant 
decreased up to 20% under 0.4 mM concentration of MD. Under the stress 
condition of 0.4 mM MD, markers of oxidative damage such as the levels 
of hydroperoxide, carbonyl content and malondialdehyde was higher in the 
cpr1Δ mutant than in the wild type of KNU5377. But there was no 
difference between the wild type and the cpr1Δ mutant in a laboratory 
strain of S. cerevisiae BY4741 even in the 0.2 mM MD stress. This cpr1Δ 
mutant KNU5377 in these stress conditions repressed the expression of 
various antioxidant enzymes including Cu/Zn superoxide dismutase 
(Sod1p), thioredoxin 2 (Trx2p), thioredoxin reductase (Tlr1p), thioredoxin 
peroxidase (Tsa1p), glucose-6-phosphate dehydrogenase (G6PDH), 
cytosolic isocitrate dehydrogenase (cIDH), alcohol dehydrogenase (Adhp), 
and Hsp104. Interestingly, the expression of Sod1 was reduced in two 
cpr1Δ mutants of KNU5377 and BY4741. The down-regulation of G6PDH 
and cIDH in the cpr1Δ mutant of KNU5377 caused a reduction in the 
cellular NADPH level. These repressed proteins in the cpr1Δ mutant of 
KNU5377 were recovered after treatment of such inhibitor as PMSF under 
the MD stress. In addition, the expression of Cpr1p in KNU5377 was 
regulated by HSF1 under the MD stress. These data indicates that the 
CPR1 in KNU5377 has an effect on the expression of antioxidant enzymes 
and heat shock proteins during the MD stress and is regulated by HSF1..  
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Environmental stress surrounding yeast cells evokes various changes in 
their behaviour in order to survive. In this work, protein and metabolic 
profiles of some carotenogenic yeasts grown in optimal and stress 
conditions were compared. Different 11 carotenogenic yeast strains were 
cultivated under osmotic, oxidative and metal stress. Produced 
carotenoids and ergosterol were measured using HPLC//MS. Glycerol was 
analysed using Boehringer kit. Proteins were analyzed by PAGE-SDS, 1D 
microfluidic system and by 2D electrophoresis. Under all stress conditions 
expression of some protein fractions was changed. Osmotic stress led to 
overexpression of some specific protein fractions in most of studied yeast 
strains. These proteomic profiles were different from protein profiles 
obtained at oxidative as well as metal stress. Presence of exogenous 
stress led to important overproduction of pigments as well as of lipidic 
substances (ergosterol, glycerol). Production of carotenoids by R. glutinis 
cells was about 5-6x higher under oxidative stress, while production of 
ergosterol increased more than 10-x. Salt and metal stress led also to 
slight increase of carotenoid production. Combination of stress factors in 
cultivation media induced significant increase of beta-carotene formation 
mainly in S. roseus  (230mg/g in medium with 2% NaCl and 5mM H2O2 ) 
and in salt stressed R. glutinis ( 200mg/g).  Production of carotenoids 
under exogenous stress changed simultaneously with ergosterol 
production, but inversely to glycerol production.  
Acknowledgements: This work was supported by projects MSM 
0021630501 of the Czech Ministry of Education and IAA400310506 of 
Grant Agency of the Academy of Sciences CZ.  
 

 
 
2L_04_P 
 
BIPHASIC MODULATION OF THE CELLULAR STRESS RESPONSE BY 
HISTAMINE H3R AND H4R RECEPTOR ANTAGONISTS IN 
EUKARYOTIC CELLS 
 
Papamichael K1, Delitheos B1, Thurmond RL2, Tiligada E1 

 



1Dept. of Pharmacology, Medical School University of Athens, Greece; 
2Johnson & Johnson Pharmaceutical Research & Development, L.L.C., San 
Diego, CA, USA 
 
The highly conserved inducible cellular stress response (CSR) to adverse 
environmental/microenvironmental conditions, like heat and drugs, is 
partly coupled to heat shock protein (hsps) expression. Amongst others, 
histamine (HI), a key inflammatory mediator, interacts with diverse 
components of the CSR. This study aimed at exploring the role of H3R and 
H4R antagonists, thioperamide (THIO) and JNJ7777120, respectively, on 
the CSR in yeast, an established experimental model, which lacks known 
HR but possesses HI metabolizing systems. The response was evaluated 
by determining microscopically the viability of post-logarithmic phase 
grown cell cultures after heat shock (HS) at 53oC for 30min. The effects of 
THIO and JNJ7777120 were investigated following administration through 
to the post-logarithmic phase or for 2h (preconditioning) prior to HS. 
Induction of thermotolerance after thermal preconditioning at 37°C for 2h 
served as positive control. The expression of hsps was determined by 
western blotting. Similarly to HI, administration of either THIO or 
JNJ7777120 induced biphasic effects on cell viability, with significant 
increases at 0.03-0.3mM and decreases at 0.3-3mM. The presence of 
cycloheximide, a de novo protein synthesis inhibitor, reversed the effect of 
THIO or JNJ7777120 preconditioning. Preliminary investigation of hsp104, 
hsp70 and hsp60 expression showed a comparable pattern. The ability of 
the HR antagonists to induce a biphasic CSR in yeast, along with the de 
novo protein synthesis contribution in preconditioning with the agents and 
the alterations in hsp expression point to the need for elucidating the 
potential clinical implications of this phenotype.  
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Upon subjection to heat shock temperature 37oC, S. cerevisiae cells 
acquire thermotolerance, which enables survival after exposure to 50oC. 
We found earlier that when cells grown at 24oC, adapted at 37oC and  
treated for 20 min at 50oC are shifted back to 24oC, expression of 
chaperones Hsp104 (cytosol), Kar2p/BiP and Lhs1p (ER) and Hsp78 
(mitochondria) is up-regulated after 2-4 h of recovery at 24oC. We 
designated this novel mechanism delayed up-regulation (DUR), and found 



it to be mediated by Hsf1p via heat shock elements. Analysing global gene 
expression we found here that production of transcription factors Spt3p 
and Med3p (Pgd1p/Hrs1p), essential for thermotolerance, also was subject 
to DUR. Spt3p is a member of the SAGA complex (Spt-Ada-Gcn5-
acetyltransferase complex) and Med3p is a subunit of the Mediator 
complex. HAC1u (uninduced) mRNA is transcribed under normal 
conditions. When unfolded proteins accumulate in the ER, HAC1u is spliced 
by the ER-membrane kinase Ire1p to HAC1i (induced) mRNA, which is 
translated into the transcription factor Hac1p, causing increased 
expression of ER chaperones. We found that expression of HAC1 mRNA is 
subject to DUR. Production of HAC1i was strongly up-regulated during 
recovery at 24oC, due to increased transcription and splicing of HAC1u 
mRNA. In the absence of Spt3p or Med3p, DUR of Hac1p production was 
diminished and delayed. Consequently, a heat-denatured cytosolic 
reporter enzyme failed to be effectively reactivated, and refolding of heat-
denatured secretory proteins in the ER to secretion-competent 
conformations was delayed. Moreover, in the spt3∆ med3∆ mutant the 
cell shape and bud formation were strongly affected. 
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Skp2, an F-box protein of SCF E3 ubiquitin ligase, targets key cell cycle 
regulators for degradation including p27 and p21 to timely control the 
progression from late G1 until mitotic entry, while its protein level is keep 
low via the APC/CCdh1 and 26S proteasome mediated ubiquitination-
degradation pathway at G0-G1. Here we show a novel mechanism for the 
Skp2 destruction under arsenite stress. Arsenite decreased cellular Skp2 
protein and mRNA levels in a dose- and time-dependent manner. Under 
protein synthesis inhibition, arsenite markedly induced Skp2 ubiquitination 
and degradation. Depletion of Cdh1 using small interfering RNA lowered 
the arsenite-induced Skp2 ubiquitination and degradation; however, co-
treatment with 26S proteasome inhibitors MG132, ALLN, or ALLM did not 
avoid the Skp2 degradation under arsenite. Intriguingly, co-treatment 
with leupeptin, an inhibitor of lysosomal proteases, rescued the arsenite-



induced Skp2 destruction. The Skp2 down-regulation was parallel to 
increases in p21 and p27 levels, causing a marked delay of S entry in 
arsenite-treated G1 cells. These results suggest that the arsenite-elicited 
ubiquitinated-Skp2 generated by APCCdh1 is not a target of 26S 
proteasome, while Skp2 proteolysis under this stress requires lysosomal 
proteases. This study also suggests that Skp2 down-regulation may be a 
key contributor to the G1 arrests caused by arsenite. 
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The understanding and realization of directional cell movement towards a 
harder region of a cell culture substrate surface, so-called mechanotaxis, 
might provide a solid basis for a functional artificial extracellular matrix, 
enabling manipulation and elucidation of cell motility. The 
photolithographic surface microelasticity patterning method was 
developed for fabricating a cell-adhesive hydrogel with a microelasticity-
gradient (MEG) surface using photocurable styrenated gelatin to 
investigate the condition of surface elasticity to induce mechanotaxis as a 
basis for such substrate-elasticity-dependent control of cell motility. 
Patterned MEG gels consisting of different absolute surface elasticities and 
elasticity jumps were prepared. Surface elasticity and its two-dimensional 
distribution were characterized by microindentation tests using atomic 
force microscopy (AFM). From analyses of trajectories of 3T3 cell 
movement on each prepared MEG gel, two critical criteria of the elasticity 
jump and the absolute elasticity to induce mechanotaxis were identified: 
1) a high elasticity ratio between the hard region and the soft one, and 2) 
elasticity of the softer region to provide medium motility. Design of these 
conditions was found to be necessary for fabricating an artificial 
extracellular matrix to control or manipulate cell motility. 
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Objective: To establish processes of apoptosis in families of patients with 
mental disorders. Methods: 55 families of patients with dissociative 
(conversion) disorders and 36 families of patients with adjustment 
disorders. We estimate of processes of apoptosis at receptor and cell-like 
levels for the patients and relatives of the first degree of relationship. 
Results: We have observed statistically significant increase of expression 
of a receptor CD95 in patients with dissociative (conversion) disorders in 
comparison with control (14,73±0,85% and 11,79±0,44%, accordingly, 
p<0,05). The level of spontaneous apoptosis of neutrophils for the 
patients and their relatives statistically did not differ from values of control 
(0,86±0,21%; 0,70±0,48% and 0,25±0,12%, accordingly). Such 
neutrophils had the smaller size, sometimes in cytoplasm a little large 
vacuoles were allocated on one pole. Its nucleus had the smaller size with 
condensation and granulation chromatin on perimeter of its border. For 
persons with dissociative (conversion) disorders and their relatives is 
characteristic the tendency to increase of level of spontaneous apoptosis 
of lymphocytes in comparison with control (1,27±0,28%; 0,99±0,44% 
and 0,97±0,35 %, accordingly). The statistically significant increase of 
expression of a receptor CD95 is characteristic for patients with 
adjustment disorders and their relatives in comparison with control 
(15,84±0,91%; 14,67±2,56% and 11,79±0,44%, accordingly, p<0,05). 
The level of spontaneous apoptosis of neutrophils for the patients and 
their relatives differed from values of control (1,83±0,39%; 1,41±0,85% 
and 0,25±0,12%, accordingly, p<0,05). The tendency to increase of level 
of spontaneous apoptosis of lymphocytes is characteristic for the persons 
with adjustment disorders and their relatives (0,92±0,3%; 1,39±0,73% 
and 0,97±0,35%, accordingly). Conclusions: the amplification of 
processes of apoptosis at receptor and cell-like levels is characteristic for 
the patients with dissociative (conversion) disorders and adjustment 
disorders in comparison with the mentally healthy people, the tendency to 
an amplification of this process is characteristic for their relatives of the 
first degree of relationship. This attribute can be used as a probable 
marker of mental disorders. 
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INDEPENDENT APC/C ACTIVITIES DURING CADMIUM-INDUCED 
MITOTIC ARREST 
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Cdc20, an activator of the anaphase promoting complex/Cyclosome 
(APC/C) E3 ligase (APC/CCdc20), timely targets key mitotic regulators for 
destruction via ubiquitination, while its destruction triggered by Cdh1-
dependent APC/C (APC/CCdh1) is essential for mitotic exit. We report here 
the mechanism involved in unscheduled Cdc20 destruction during 
cadmium stress. Cadmium dose- and time-dependently decreased the 
Cdc20 levels in CL3 human non-small-cell lung carcinoma cells at 
exponential growth and early G2 phase. This Cdc20 down-regulation was 
due mainly to a decrease in protein half-life mediated via the ubiquitin-
proteasome pathway. Cdc20 destruction in cadmium-treated early G2 cells 
was correlated to mitotic arrest, which was rescued by blockage of p38 
MAPK activation using SB202190; whereas, JNK or ERK activation were 
dispensable. The cadmium-elicited Cdc20 degradation was also 
suppressed in cells stably expressed a dominant negative form of p38 
MAPK or knockdown of p38� via siRNA. Forced expression of a 
constitutive active MKK6 and p38 markedly induced Cdc20 destruction. 
Intriguingly, Cdc27 (an APC/C subunit) but not Cdh1 (an APC/C activator) 
depletion markedly suppressed the Cdc20 destruction under cadmium or 
overexpressing p38 signaling. Together, these results suggest that stress-
induced Cdc20 ubiquitination and proteolysis requires the p38 MAPK 
signaling and a Cdh1-independent APC/C activity. Such a regulation is 
necessary for preventing the progression from metaphase to anaphase 
after cadmium stress. 
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Cold-shock (cs) translational bias, namely the condition which favors 



translation at low temperature of cs mRNAs, is one of the main 
mechanisms by which Escherichia coli cells ensure the selective expression 
of its cs genes after cold stress. The bias is partly due to intrinsic features 
of cs mRNAs, which make them prone to translation at low temperature, 
and to a cold stress-induced transient increase of the Initiation Factors 
(IFs)/ribosome ratio. In this study we have undertaken the task of: i) 
identifying the mechanism generating the stoichiometric imbalance of the 
IFs/ ribosome ratio; ii) unraveling the role of the IFs in the translation 
bias;  iii) elucidating  the secondary structure of the paradigm cs mRNA, 
namely the E. coli cspA mRNA and iv) detecting possible temperature-
dependent variations of its structure.  
The results obtained indicate that: i)  transcription and translation of infA 
and infC which encode IF1 and IF3, respectively, are activated de novo by 
cs while ribosomal subunits assembly is slowed down; ii) at low 
temperature IF3 stimulates the rate of  “30S initiation complex” formation 
with cs mRNAs while inducing the formation of non-productive 70S 
initiation complexes with non-cs mRNAs; iii) the increased level of IF1 and 
IF3 during cs is essential to provide a sufficient pool of dissociated 30S 
ribosomal subunits capable of “70S initiation complex” formation and iv)  
the structure of cspA mRNA, as determined by chemical and enzymatic 
probing, changes upon temperature down-shift exposing the translation 
initiation region.  
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Intracellular factors determining the resistance to adverse environmental 
events probably play a role in the adaptive response. Any moderate 
adverse event activates defense reserves of the organism via stimulation 
of oxidation processes, which in turn activate antioxidant system and 
improve general organism’s resistance to stress factors. We studied the 
effect of short-term swimming in cold water (13°C) on parameters of the 
blood antioxidant system (SOD, catalase, ceruloplasmin (CP), and 
nonprotein thiols). The test parameters of antioxidant protection increased 
1 h after cold exposure and remained high 1 day after treatment. These 
changes were accompanied by an increase in the adaptive capacity. After 
swimming in cold water the resistance of animals to another stress factor 
(administration of epinephrine) was higher compared to controls. The 



similar changes of blood antioxidant systems were observed after 
investigation of another stress exposure (immobilization of animals during 
30 min.). But the nonspecific reaction of the organism to environmental 
factors may be accompanied by the appearance of stress markers which 
can evaluate role of different stress factors on adaptive response. It is well 
known the immunosuppressive action of ultraviolet B irradiation (UVB) on 
living systems. In our experiments in vivo we showed the different 
modulation action of UVB-irradiation on the immobilization stress-induced 
changes of SOD and CP in blood plasma of animals. The combined 
exposure of immobilization and UVB provided to stimulation of SOD 
activity as compared to only action of immobilization, but abolished the 
stress-induced increase in plasma CP level. The different sensitivity of 
SOD and CP to UVB-irradiation was observed in in vitro experiments: the 
dose-dependent decrease of CP was shown whereas SOD activity did not 
changed. We conclude that plasma CP level may be used as marker of 
UVB-induced immunosuppressive action.  
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The Scrophulariaceae are one of the most diverse plant families and have 
been shown to be polyphyletic. Several Scrophulariaceae which belong to 
the genera Craterostigma and Lindernia desiccation tolerant and are 
therefore of particular interest. Craterostigma plantagineum has been 
used extensively to identify molecular mechanisms, which are involved in 
the acquisition of desiccation tolerance. These studies revealed a large 
number of genes which are up-regulated in response to dehydration. The 
genes can approximately be divided into two groups. One group encodes 
proteins which are directly involved in protection of cellular structures. 
The other group of genes encodes genes which are involved in regulating 
the response to dehydration. The dehydration/rehydration cycle is also 
characterized by a massive sugar conversion from octulose to sucrose.  
C. plantagineum belongs to the Linderniae which comprises desiccation 
tolerant and non-desiccation tolerant plants. Using molecular markers a 
phylogenetic tree was constructed to determine the molecular 
relationships of the different plant species. It appears that desiccation 
tolerant plants cluster together. Comparative studies of these plant 
species identified conserved genomic structures and very recently evolved 
mobile signals in stress-relevant genes.  
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Diapause destined embryos of the extremophile crustacean, Artemia 
franciscana, encyst as gastrulae (cysts), exhibiting profound reduction of 
metabolic activity and extreme stress tolerance. Resistance to stress is 
thought to depend partly on the developmentally regulated synthesis of 
three small heat shock proteins (sHSPs), only one of which is stress 
inducible. The sHSPs form poly-disperse oligomers and function as 
molecular chaperones. The best characterized Artemia sHSP, termed p26, 
confers thermal tolerance on transfected mammalian cells and inhibits 
apoptosis. Molecular analyses by site-directed mutagenesis revealed the 
importance of individual p26 amino acid residues, including a highly 
conserved arginine, in chaperone activity, and suggested that β-strand 7 
has an important role in oligomerization. Artemin, a ferritin homologue, is 
also abundantly up-regulated in diapause destined Artemia embryos. 
Artemin lacks the di-iron ferroxidase center characteristic of ferritin and is 
enriched in cysteines that may promote protein stability by disulphide 
bond formation. Interestingly, artemin and ferritin both function as 
molecular chaperones in vitro and artemin confers thermal and oxidative 
tolerance on transfected mammalian cells. Artemin appears to have 
evolved from ferritin, losing the ability to bind iron, but retaining 
chaperone activity. As a consequence of substantial accumulation in 
diapause embryos, artemin has the potential to contribute significantly to 
stress resistance. The available evidence collectively favors the hypothesis 
that molecular chaperones play critical roles during diapause in A. 
franciscana, and by extrapolation, in other organisms. 
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AN INTEGRATED VIEW OF THE STRESS RESPONSE AND STRESS-
RELATED BEHAVIORAL AND /OR SOMATIC DISORDERS  
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Stress activates the central and peripheral components of the stress 
system, i.e., the hypothalamic-pituitary-adrenal (HPA) axis and the 
arousal/sympathetic system.  The principal effectors of the stress system 
are corticotropin-releasing hormone (CRH), arginine vasopressin, the 
proopiomelanocortin-derived peptides alpha -melanocyte- stimulating 
hormone and beta-endorphin, the glucocorticoids, and the catecholamines 
norepinephrine and epinephrine.  The developing brain undergoes rapid 
growth and is characterized by high turnover of neuronal connections 
during the prenatal and early extrauterine life.  These processes and, 
hence, brain plasticity, slow down during childhood and puberty and 
plateau in young adulthood.  Hormonal actions in early life, and to a much 
lesser extent later, can be organizational, i.e., can have effects that last 
for long periods of time, frequently for the entire life of the individual.  
Hormones of the stress system and sex steroids have such effects, which 
influence the behavior and certain physiologic functions of individuals for 
life.  Exposure of the developing brain to severe and/or prolonged stress 
may result in hyperactivity/hyperreactivity of the stress system, with 
resultant amygdala hyperfunction (fear reaction), decreased activity of the 
hippocampus (defective glucocorticoid negative feedback, cognition) and 
the mesocorticolimbic dopaminergic system (dysthymia, novelty seeking, 
addictive behaviors), hyperactivation of the HPA axis (hypercortisolism), 
suppression of reproductive, growth, thyroid and immune functions, and 
changes in pain and fatigue perception.  These changes may be 
accompanied by disturbed childhood, adolescent and adult behaviors, 
including excessive fear (“inhibited child syndrome”) and addictive 
behaviors, dysthymia and/or depression and gradual development of 
components of the metabolic syndrome X, including visceral obesity, 
diabetes mellitus type 2 and essential hypertension.   Prenatal stress 
exerted during the period of sexual differentiation may be accompanied by 
impairment of this process, with behavioral and/or somatic sequelae.  The 
vulnerability of individuals to develop varying degrees and/or components 
of the above life-long syndrome is defined by as yet unidentified genetic 
factors, which account for up to 60% of the variance.  CRH has marked 
kindling and glucocorticoids have strong consolidating properties, hence 
both of these hormones are crucial in the development of, and can each 
alone produce, the above syndrome. CRH and glucocorticoids may act in 
synergy, as in acoustic startle, while glucocorticoids may suppress or 



stimulate CRH, as in the hypothalamus and amygdala respectively. A CRH 
receptor type 1 antagonist antalarmin inhibits both the development and 
expression of conditioned fear in rats and has anxiolytic properties in 
monkeys.  Profound stressors, such as those from sexual abuse, rape, 
etc., may elicit components of post-stress the syndrome in older children, 
adolescents and adults as well.  Most frequently, chronic dysthymia and/or 
depression may ensue, associated with gastrointestinal complaints and/or 
the premenstrual tension syndrome. A lesser proportion of individuals may 
develop the classic posttraumatic stress disorder characterized by 
hypocortisolism and intrusive and avoidance symptoms; in younger 
individuals it may present as dissociative personality  disorder. 
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According to Hans Selye stress is an unspecific response of the organism 
to any demand made upon it. However, the specific activation of two 
components of the sympathoadrenal system (adrenomedullary and 
sympathoneural) by various stressors has been shown.  
The aim of the present work was to investigate changes in enzymes 
involved in norepinephrine and epinephrine (EPI) synthesis - tyrosine 
hydroxylase (TH), dopamine-β-hydroxylase (DBH) and 
phenylethanolamine N-methyltransferase (PNMT) – their gene expression, 
immunoprotein levels and activities in the adrenal medulla (AM), 
sympathetic ganglia, hearts and brains of rats and mice after a single or 
repeated exposure to various stressors.  Immobilization for 2h (IMO), cold 
4ºC (COLD), administration of insulin 5IU (INS) or 2-deoxyglucose 500 
mg/kg (2DG) were used. A single exposure to IMO, COLD, INS or 2DG 
was found to induce increases in TH, DBH and PNMT mRNA levels in the 
studied organs. Increased transcription rate is responsible for stress-
induced TH and PNMT gene expression. Repeated exposure to these 
stressors elevated besides mRNA also activity and immunoprotein levels of 
the enzymes. Various stressors regulate TH, DBH and PNMT gene 
expression by different transcriptional mechanisms. PNMT gene expression 
is mainly regulated by HPA axis and in corticoliberine gene knock-out mice 
is basically reduced especially after stress exposure. One day cold 
exposure elevated TH mRNA levels in AM, however, 28 day cold exposure 
did not show any changes. Cold-adapted rats, however, responded to 



heterotypic novel stressors (IMO, INS, or 2DG) by exaggerated responses. 
Thus, our data suggest an adaptation of TH and PNMT gene expression 
during long-term exposure to stressors. An exposure of adapted rats to 
novel stressors induces exaggerated responses. It is the readiness of the 
long-term stressed organism to overrespond, already at the level of 
expression of genes, to the changed quality of stressor, that we consider 
as an important adaptive phenomenon of the sympathoadrenal system. 
Supported by Slovak  APVV Grant 0148-06 and VEGA Grant 2-5125. 
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Stress and anxiety disorders present a major mental health problem, but 
their putative involvement in the initiation and/or progression of 
neurodegenerative diseases is being debated. Recent research in the lab 
focuses on the molecular mechanism(s) underlying anxiety-induced 
changes in cholinergic neurotransmission. These mechanisms modulate 
the motor control over movement, regulate working memory, and activate 
brain-to-body communication through the neuron-immune interface 
modifying blood cells composition and platelet production. Importantly, 
stress-associated changes were found in the expression pattern of the 
acetylcholinesterase ACHE gene, which encodes the acetylcholine 
hydrolyzing enzyme AChE. AChE is not one, but a combinatorial series of 
proteins having indistinguishable enzymatic activity yet with variant N- 
and C-termini due to alternate promoter usage and 3'-alternative splicing. 
Differentially induced under stress, they show distinct non-hydrolytic 
properties, interact with variant-specific protein partners and induce 
inverse signaling cascades. Surprisingly, transcriptional and post-
transcriptional regulation of AChE pre-mRNA not only protects blood and 
nerve cells from acute dangers, but may also entail long-term advantages. 
Specifically, causal involvement of both AChE and its closely related 
enzyme butyrylcholinesterase (BChE) in the progression of Alzheimer's 
and Parkinson's diseases, anticipates future therapeutic needs for drugs 
targeting specific cholinesterases or the corresponding RNA transcripts. 
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SEVERE STRESS AND ITS IMPLICATIONS: THE NEED TO 
RECOGNISE CONTRA-VITAL PATHOPHYSIOLOGICAL RESPONSES 
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INTRODUCTION For animals in the wild, predation, not old age is the most 
common mode of death.  Nature appears to provide for the almost 
inevitable event of death from some form of trauma by allowing a quick 
final exit. REVIEW OF LITERATURE Our previous work (Arun, 2004) 
presented a contrarian view of pathophysiology, asserting that the 
catecholamine response (that lasts for only 24 hours) in acute stress plays 
a deciding role in the survival of the animal exposed to severe stress and 
could actually hasten death if the situation is hopeless. HYPOTHESIS We 
propose the use of the term ‘contra-vital’(= deleterious to life) to qualify 
actions taken by an organism’s organ systems to accelerate its own death.   
Our view is at variance with contemporary scientific thinking that reflexes 
exist only to promote the organism’s survival.  From the point of view of 
the individual animal, initiation of the contra-vital response is beneficial 
when death is inevitable since it would diminish suffering.  From a 
sociobiology standpoint, a quick death of a severely injured member is 
advantageous to the herd since rather than a futile wait for an 
irrecoverably injured animal to recover, the herd can move on, accepting 
the animal’s death as a fact. DISCUSSION The systemic response to 
sepsis appears to incorporate a contra-vital reflex and this will be 
elaborated in this paper.  The recent worldwide initiative ‘Surviving Sepsis’ 
campaign is a tacit recognition of the existence of contra-vital responses.  
CONCLUSIONS Physiological systems appear to have a self-destruct 
mechanism available to accept defeat in the face of insuperable stress.  
There is a need for the scientific community to mature in its thinking, fight 
the taboo of studying death and recognize that contra-vital reflexes are a 
reality in severe stress.  
 

 
 
3A_02_P 
 
THE EFFECT OF AGEING ON THE STRESS PROTEINS OF THE 
CYTOSOL AND ENDOPLASMIC RETICULUM. 
 
Jordan L. Holtzman 
 



Departments of Pharmacology and Medicine, and Division of 
Environmental Health Sciences University of Minnesota, Minneapolis, MN, 
USA 
 
The cytosol, the endoplasmic reticulum (ER) and the mitochondria contain 
a number of stress proteins which are essential for life.  A major group of 
these proteins are the heat shock proteins (Hsps).  Members of this family 
are found in all three of these compartments.  The cytosolic forms were 
initially identified because they show significant increased levels when 
cells are exposed to mild hyperthermia (42o C).  This response is mediated 
through the heat shock factors (HSFs).  These are transcription factors 
which when activated by heat stress form trimers which bind to the 
promoter regions of the Hsp DNAs.  In ex vivo studies of human 
leukocytes and rat heptocytes, cells from older subjects showed a 
decrease in the Hsp70 response to heat stress, while the levels of the 
constitutive form, Hsc70 were unaffected.  In some studies this decreased 
response was attributed to an age dependent loss of the HSFs; while 
others have suggested that their levels do not decline, but that the trimers 
become functionally inactive.  Hence there is a decline in the transcription 
of the mRNA for Hsp70, even though the HSFs form trimers. Other studies 
have suggested that the level of Hsp70 has a major impact on longevity.  
For example, in humans it has been reported that longer lived individuals 
have higher levels of Hsp70 than that is seen in those with shorter life 
spans.  In particular, centenarians have a mutation in the promoter region 
of HSP70-1 which increases its level.  Similarly, the dauer mutation of the 
IGF2 receptor in C. elegans, which doubles longevity, is also associated 
with increased levels of Hsp70 and Hsp90.  Finally, in Drosophila high 
levels of the mitochondrial chaperone, Hsp22, increases longevity by 30%. 
One treatment which has repeatedly been demonstrated to increase 
longevity by as much as 30% is caloric restriction.  This increased 
longevity is associated with an increase in the cellular levels of the 
cytosolic Hsps.  The Hsp70 level is also modulated by both plasma 
membrane and cytosolic hormone receptors.  For example, stimulation of 
the α1 receptor of vascular smooth muscle leads to increased hsp70 as 
does estrogen treatment of neurons.  Both responses marked decline with 
age.  There are a number of stress proteins found in the ER.  Yet, unlike 
the cytosolic Hsps, these do not appear to respond to heat stress, even 
though some, such as Bip (GRP78) and GRP94 are members of the Hsp 
family.  Similarly, unlike the cytosolic Hsps, Bip is not affected by caloric 
restriction.  Finally, studies from our laboratory have indicated that in rat, 
hepatic microsomes the constitutive levels of some of the ER stress 
proteins decline with age. These included BiP, Erp55 (PDI), Erp57, Erp72 
and calnexin; while a sixth, calreticulin, was unaffected.   The most 
surprising observation was that, even though these animals were 
maintained from weaning to death in a colony with a constant 
environment, three of these proteins, Bip, Erp55 and Erp57, showed a 
circsemiannual rhythm with peaks in January and July.  This rhythm would 
appear to have been imprinted in the genome of their wild ancestors and 



has remained stable for over 200-400 generations.  In conclusion, there is 
a large body of data indicating that declines in stress proteins with age 
may be a major factor in the reduced capacity of elderly animals to 
respond to a variety of stresses.   
These decreased responses would also appear to have a major effect on 
longevity.   
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Objective. There is evidence for the effectiveness of natural drugs in 
treatment of anxiety. However, there is a need for further prospective, 
double blind, randomized, placebo controlled clinical studies which 
demonstrate efficacy.  
Methods. A preparation containing (amongst others) low dose extracts of 
passiflora incarnata and avena sativa (Neurexan®) was tested in 30 
healthy human volunteers in a randomised, placebo controlled cross-over 
trial. Eligible subjects aged 30 – 60 years were assessed under conditions 
of relaxation and under experimental stress-induction (calculation of 
mathematical tasks with financial reward or punishment according to 
performance). After recording of the electropsychogram (electrical activity 
in the presence of emotional provocations) frequency analysis using Fast 
Fourier Transformation and analysis of source density was performed 1 to 
4 hours after administration of 4 tablets verum or placebo.  Task 
dependent increase of beta 2 power was used as a surrogate parameter of 
a stress induced anxiety. The same experimental procedure was repeated 
for each subject on the ‘crossed-over’ medication after an interval of at 
least one week.  
Results. In the presence of verum, circadian enhancement of alpha 2 
waves was blunted. Beta 2 power was statistically significantly lower 
during the second and third hour after administration in comparison to 
placebo. Values returned to baseline values 5 hours after administration. 
The preparation was very well tolerated. 
Conclusion. Recording of electrical activity during a stress-related 
emotional situation revealed a smaller increase of beta 2 power under 
verum compared to placebo. This is indicative of better coping with task 
related stress whilst on Neurexan®. 
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Psychological stress is associated with numerous diseases, but molecular 
mechanisms linking stress to the development of disease are only starting 
to be understood. Stress alert is conveyed by hormonal signals throughout 
the body, yet a particular cell response to a hormonal signal is not 
determined by the signal itself, but by the molecular composition, energy 
content, and by the physiological role and current status of the target cell. 
Stress induced changes in glycoconjugate structures and expression of 
their receptors lectins appear to be an important molecular consequences 
of stress experience.  At the moment only several fragments of the 
glycobiological mechanisms involved in the physiological response to 
psychological stress are known, but the complete picture is slowly 
emerging. Corticosteroids affect activity of at least one glycosyltransferase 
both in vitro and in vivo. Altered activity of glycosyltransferases results in 
different carbohydrate structures attached to glycoproteins, and these 
changes have been demonstrated both in humans and in experimental 
animals. A change in the carbohydrate structures attached to a 
glycoprotein is a well-established way to change its structural and 
functional properties, and recently this was shown to be one of the 
mechanisms that control activity of membrane receptors. Although this 
type of glycosylation-mediated receptor modulation in stress still has to be 
proven, it is a very interesting hypothesis. On the other hand, new 
glycoconjugate structures could also represent novel signals on the cell 
surface that could alter interaction of the cell with neighboring cells. 
Stress is also known to be associated with the appearance of novel lectins 
that could be receptors for either novel, or also “normal” glycoconjugate 
structures, translating their structures into molecular functions. Although 
most of this is still largely speculative, hopefully more will be known soon 
about the molecular role of glycoconjugates, their lectin receptors, and 
glycosyltransferases in the physiological response to psychological stress. 
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Pheromones function as airborne chemical signals released by an 
individual into the environment that, even in the absence of conscious 
perception, affect the physiology or behavior of other members of the 
same species.  While almost all clinical research in the area has 
concentrated on human reproductive pheromones, non-human mammals 
are known to also possess alarm pheromones, which rapidly transmit 
warning of danger to others of the same species via olfaction.  The 
existence of alarm pheromones is well-established in mammals, with 
animals exposed to odors secreted by acutely stressed conspecifics 
expressing physiological and behavioral changes that are indistinguishable 
from their reactions to predators, including increased neural activity in the 
amygdala, analgesia, increased hiding and avoidance, freezing and 
rearing, hyperthermia, and air-sampling. Using functional MRI, we 
demonstrate here the first direct evidence for a human alarm pheromone, 
with humans showing brain activation of the amygdala and 
hypothalamus—the primary brain regions responsible for the fear 
response—during inhalation of sweat taken from a sample of first-time 
skydivers, with exercise sweat as a control.  The fMRI subjects were 
unable to identify the samples, and rated the odors for both conditions as 
mild and non-aversive. The results were found for breathing the fear 
sweat, but not sniffing it, most likely reflecting the fact that the neural 
circuitry associated with sniffing is explicitly tied to conscious odor 
detection, while pheromones are hypothesized to operate unconsciously. 
Both males and females showed equivalent neural activation, thereby 
ruling out the influence of sexual pheromones in accounting for our 
results.  Our findings indicate that there may be a hidden biological 
component to human social dynamics, in which emotional stress is, quite 
literally, “contagious.” 
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Recently, we discovered that HSP27 is an estrogen receptor beta 
associated protein that represses estrogen mediated transcription (Miller 
et al, ATVB 2005). Moreover, in human coronary arteries the expression of 
HSP27 decreases with the progression of atherosclerotic disease stage and 
serum levels are >3-fold higher in normal controls compared to patients 
with angiographic evidence of coronary artery disease.  Purpose: To 
determine if HSP27 is protective against the development of 
atherosclerosis.  Methods: Mice over-expressing human HSP27 (hHSP27) 
were crossbred with atherosclerosis-prone apoE null mice (apoE) to yield 
hHSP27apoE mice (n=9 female, 5 male) and compared to apoE mice (n=7 
female, 6 male) for aortic lesion development. All mice were fed a 
cholesterol supplemented diet for 4 weeks and euthanized at age 10 
weeks. Results: All mice were viable, of similar body weight and had 
equally elevated cholesterol levels (approximately 1100 mg/dL). 
Quantitative histomorphological studies of en face aortic specimens 
revealed that the percentage aortic area with overt atherosclerosis was 
similar in both groups of male mice. However, amongst female mice there 
was a 41% reduction in atherosclerotic lesion area in the hHSP27apoE vs. 
apoE mice (p<0.001). Moreover, there was a decrease in the degree of 
vessel wall lipid deposition and inflammation in the hHSP27apoE vs. apoE 
mice.  Conclusions: Over-expression of HSP27 is associated with 
attenuated atherogenesis but appears to occur only in female mice – 
thereby suggesting that ovarian hormones may be instrumental in 
mediating this effect. Studies focusing on the precise mechanisms of the 
HSP27 atheroprotective effect including the interplay with estrogen 
receptor modulation are ongoing. 
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CHARACTERIZATION OF AUTONOMIC NERVOUS SYSTEM (ANS) 
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The autonomic nervous system enables all of our body systems to operate 
in an external environment that is both physically and emotionally 
challenging. A Google search using words  “stress autonomic nervous 
system” yielded 43,500 hits. Among the tests of parasympathetic 
cardiovagal regulation include heart rate analysis, heart rate variation with 
deep breathing, variation of beat-to-beat blood pressure and heart rate 
(HR), and the Valsalva ratio. Tests of sympathetic adrenergic vascular 
regulation include blood pressure analysis in various situations, the 



Valsalva manoeuvre, sustained handgrip, mental stress, and cold water 
immersion. Tests of sympathetic cholinergic sudomotor function include 
the sympathetic skin response, quantitative sudomotor axon reflex test, 
sweat box testing, and quantification of sweat imprints.  
We have developed a method to display neural or hormonal β-adrenergic 
responses of heart rate and peripheral cholinergic neural vascular 
responses of finger pulse amplitude to characterize the autonomic state 
and variations during general anaesthesia and sedation. This was done by 
displaying pulse-to-pulse intervals (in ms) on the X-axis and subsequent 
plethysmographic pulse wave amplitudes on the Y-axis (see Figures). The 
data is obtained from Datex-Ohmeda monitors via serial interface and the 
source of the plethysmographic signal is a common pulse oximetry sensor 
on the subject’s finger. The number of traced observations can be set 
(Number of points). Six most recent data is shown as red dots and the 
older ones in white, which forms a trend. Low sympathetic activity is 
characterized by high pulse amplitudes and low heart rates (long 
intervals). Changes in autonomic activity are shown as a movement of the 
spot; vagal activation is seen as pulse rate slowing and increase in 
sympathetic activity is heralded by a decrease in pulse plethysmographic 
amplitude and increase in heart rate. During anticholinergic and β-
blocking medication, heart rate variability is decreased, but these drugs 
do not affect pulse amplitude variability.  
 

  
Fig 1. ANS spot after induction of 
anesthesia, intubation and start of 

operation. 

Fig 2. Response to painful stimulus and 
fentanyl 

 
 
This noninvasive method has been used to follow autonomic state and 
responses during general anaesthesia, conscious sedation, intensive care 
and psychological testing. A Surgical Stress Index (see Google) displayed 
on a scale of 0 -100 is under development. 
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A SYSTEMS GENETICS ANALYSIS OF THE GENERAL STRESS 
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A new multidisciplinary research effort called the Interdisciplinary 
Consortium on the Genetics and Co-Morbidity of Stress (ICOGS) has been 
formed to investigate the genetic variability among individuals in the 
molecular and physiological consequences of chronic activation of the 
general stress response. This international effort is exploiting systems 
genetics to understand the biological consequences of chronic activation of 
the general stress responses—a growing problem in modern societies 
affecting millions of people. The ICOGS will provide a common platform 
for data integration to support a better understanding of the interactions 
between genetics and environmental stress that leads to increased 
disease susceptibility. The integrating platform is a novel and highly 
innovative, diverse genetic reference population of mice called the 
Collaborative Cross (CC). The CC is a population-level mouse model to 
facilitate integration of multiple data types using fixed, reproducible 
genomes representative of the genetic complexity existing in humans. The 
beauty of the CC model is its extensibility, supporting data integration 
over space and time and at all levels - from molecules, to cells, 
physiological systems, and environments. The current application by the 
ICOGS is linking genetic polymorphisms within the CC population with 
variable levels of transcripts, metabolites and physiological characteristics 
in response to emotional and metabolic stress. Variability in these 
intermediate biomolecules is being linked to differential susceptibility to 
behavioral, cardiovascular, immunological and metabolic diseases. The 
platform developed by the ICOGS is open to the larger stress research 
community. The current status of the ICOGS program and routes of 
access will be presented. 
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Depression is a widespread psychiatric disorder that affects 19 million 
people a year in the United States alone. Although its etiology is poorly 
understood, one feature is clear: it involves dysregulation of the 
hypothalamic-pituitary-adrenal (HPA) axis. Additionally, an epidemiologic 
feature is that depression is 2-3 times as prevalent in women than in 
men. Thus, understanding the molecular pathogenesis of the disease 
involves elucidating mechanisms by which E2 influences HPA activation. E2 
exerts many of its effects by binding to estrogen receptor -alpha or -beta 
(ERα or β). A subpopulation of hypothalamic neurons expresses CRF and 
ERβ. Also, there is evidence for E2 regulation of CRF (crf) gene expression 
through both receptors. Thus, we postulated that E2 regulates crf 
expression through ERs. To test this hypothesis, we used a neuronal cell 
line that expresses CRF. Treatment with E2 led to an increase in CRF 
mRNA levels within 1-3 mins. This increase was unaffected by treatment 
with cyclohexamide. Thus, crf meets the standard criteria of an IEG. 
Additionally, the increase in mRNA levels correlated tightly with crf 
promoter occupancy by ERα an ERβ and an altered state of histone 3 and 
4 acetylation. Taken together the data suggest that, like a cellular stress 
response (e.g. rapid expression of c-fos), a systemic stress response 
involves IEG activation. Furthermore, it does so via an epigenetic 
mechanism. Support: NIH R01 NS39951, and an NARSAD Young 
Investigator Award (RMU), and NIH T32 NS044851, a Temporal Biology 
Training grant for Minorities (ASL). 
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“KEEPING ALL TOGETHER IN A FRAGMENTED WORLD: THE 
EVIDENCE BASE OF THE SALUTOGENIC RESEARCH    
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This conference focuses on linking knowledge from different areas of 
stress research particularly exploring the system level. Thus trying to 
make sense of our fragmented world. Social trends point to a major upset 
of the traditional social structures such as the rupture of local and intimate 
networks because of migration into urban areas, changed function and 



structure of family networks, changes in the patterns of working life and 
communication and information technology. At the same time there are 
concerns regarding increasing violence, alienation, a decreasing physical 
and mental health. All this makes it difficult to find and run a coherent life.  
Besides the research of Selye there are other theories and frameworks 
contributing to stress research. One of them is the salutogenic theory 
developed by Aaron Antonovsky in the late 1970s. This presentation 
focuses on the salutogenic approach such as Aaron Antonovsky formulated 
his salutogenic theory “Sense of Coherence” (SOC) as a global life 
orientation to view the world as comprehensible, manageable and 
meaningful. He claimed that the way people view their life has a positive 
influence on their health.[1, 2]  The salutogenesis has become an 
established concept and considered as a paradigm shift from the 
pathogenic focus on risk factors for disease to the salutogenic focus on the 
strengths and determinants for health. How do people manage the lack of 
control of the life? The answer was formulated in terms of SOC and 
General Resistance Resources. The SOC is a resource that enables people 
to manage tension, to reflect about their external and internal resources 
(GRRs), to identify and mobilize them, to promote effective coping by 
finding solutions and resolve tension in a health promoting manner.  
   The findings from an ongoing review of the salutogenic research 1992-
2003 by the authors is presented.[3-7] The review consists of 458 
scientific articles and 13 doctoral theses. To date the SOC questionnaire 
has been used in at least 33 languages in 32 countries all over the World. 
The SOC scale seems to be a reliable, valid, and cross culturally applicable 
instrument measuring health. SOC tends to increase with age. SOC is 
strongly related to perceived good health, especially mental health, and 
QoL. The stronger the SOC the better the perceived health in general. 
SOC seems to have a main, moderating or mediating role in the 
explanation of health. It seems to be able to predict health and quality of 
life. The applicability of the SOC concept in practice on both an individual, 
a group and on a societal level is discussed. With the evidence base of the 
salutogenic research on hands the conclusion is that the Salutogenesis is a 
valuable approach for individuals and groups in order to build capacity and 
coherence and healthy societies.  
 
1. Antonovsky A. Health, Stress and Coping. San Francisco: Jossey-
Bass; 1979. 
2. Antonovsky A. Unraveling the Mystery of Health. How people 
manage stress and stay well. San Francisco: Jossey-Bass; 1987. 
3. Eriksson M. Unravelling the Mystery of Salutogenesis. The evidence 
base of the salutogenic research as measured by Antonovsky's Sense of 
Coherence Scale. Doctoral thesis, submitted. Turku: Åbo Akademi 
University; 2007. 
4. Eriksson M, Lindström B. Validity of Antonovsky's Sense of 
Coherence Scale - a systematic review. J Epidemiol Community Health 
2005;59(6):460-466. 
5. Eriksson M, Lindström B. Antonovsky's Sense of Coherence Scale 



and the relation with health - a systematic review. J Epidemiol Community 
Health 2006;60:376-381. 
6. Eriksson M, Lindström B. Antonovsky's Sense of Coherence Scale 
and It's relation with quality of life: A systematic review. J Epidemiol 
Community Health 2006;Accepted January 2007. 
7. Eriksson M, Lindström B. A Sense of Coherence and health. 
Salutogenesis in a societal context: Åland - a special case? J Epidemiol 
Community, Health In press 2007. 
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In response to numerous forms of cellular stress, levels of the O-GlcNAc 
protein modification are elevated rapidly and dynamically on myriad 
nucleocytoplasmic proteins. Increased O-GlcNAc levels are linked to stress 
tolerance in both cell culture and animal models, suggesting that this 
phenomenon is a survival response of cells. Elevated levels of O-GlcNAc 
have been linked to changes in Hsp70 and Hsp40 protein levels, as well as 
altered capacitive calcium entry, suggesting at least two mechanisms by 
which O-GlcNAc may protect cells. These, and other data, suggest a new 
paradigm in the regulation of stress mediated signal transduction 
pathways, further investigation of which will elucidate new roles for O-
GlcNAc in diverse clinical and cellular settings such as Ischemia-
reperfusion injury, neurodegenerative diseases and aging. In order to 
better understand the mechanism(s) by which O-GlcNAc modulates the 
cellular response to stress, we have determined which proteins are 
dynamically O-GlcNAc modified in response to cellular stress using Stable 
Isotope Labeling with Amino Acids in Cell Culture. We have identified 27 
O-GlcNAc modified proteins, of which 19 exhibited an increase in O-
GlcNAc protein modification in response to heat shock. These proteins are 
predominantly involved in signal transduction, transcription and vesicle 
transport. Currently, we are examining the role of glycosylation on these 
proteins, and determining how this contributes to O-GlcNAc mediated 
stress tolerance. Under a licensing agreement between Covance and Johns 
Hopkins University, GWH receives a share of royalties on sales of 
CTD110.6. 
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THE IMPACT OF THE YEAST RAC-SSB CO-TRANSLATIONAL SYSTEM 
OF CHAPERONES ON THE CELLULAR ACTIVITY OF MUTATED 
PROTEINS 
 
Katarzyna Tomala, Ryszard Korona 
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A large fraction of spontaneous mutations lead to destabilization of protein 
structure. This results in exposure of hydrophobic patches on the protein 
surface. It is thus very likely that mutant proteins are more frequently 
bound by the molecular chaperones. The subsequent processing of 
excessively unstable proteins is poorly known. The more frequent binding 
by the chaperones may help to overcome the effect of mutation and 
secure functioning of the protein in the cell. Alternatively, the excessive 
activity of the chaperones concentrated on a defective polypeptide may 
constitute a signal that it has to be degraded. Our research was focused 
on the RAC-Ssb system of co-translational chaperones in yeast. We asked 
whether its role is to uphold folding efficiency of mutated proteins or 
rather sort them out and exclude from the cellular metabolism. We 
prepared a library of mutagenized ADE2 gene whose inactivity or 
malfunctioning results in red pigmentation of the yeast colonies. We then 
screened for mutations producing red color in strains in which RAC-Ssb 
was inactivated by gene deletion. No such synthetic phenotypes were 
found indicating that mutational destabilization of Ade2p is not aggravated 
in the absence of the chaperone activity. In a second screen, we first 
identified an array of mutationally destabilized variants of Ade2p proteins. 
This was marked by their thermosensitivity. In case of all mutants, their 
growth on media lacking adenine was better when the RAC-Ssb was 
inactivated. This indicates that the activity of chaperones leads to a 
decline of a cellular pool of active Ade2(ts) molecules. Current 
experiments show that the defective protein is present in the cell in form 
of aggregates. We suggest that the RAC-Ssb can have a role in 
sequestering defective proteins from the cytosol and restricting their 
uncontrolled interactions with other elements of the cellular metabolism.  
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MOLECULAR STUDY OF ACID SHOCK PROTEINS IN A 
DIARRHEAGENIC ENTEROAGGREGATIVE ESCHERICHIA COLI 
(EAEC) 
 
Puneet Badesha 
 
EAEC is an emerging pathotype for persistent pediatric diarrhea 
characterized by an aggregative adherence (AA) pattern to HEp-2 cells. 
Its pathogenesis is poorly understood.  Like other enterics, it faces acidic 
conditions in stomach and small intestine. Therefore, the adaptive 
strategies like acid tolerance responses (ATRs) are induced to ensure its 
survival during the disease progression. Outer membrane proteins (OMPs) 
are the key molecules that interface cell with the environment and are 
important in adhesion, invasion and intracellular survival of pathogens in 
the host. Most notable pH-response regulators like Fur, PhoP, OmpR and 
RpoS are reported and the rpoS, an alternative sigma factor is well known 
for the induction of ATRs in S. typhimurium and EHEC.  
ATR in EAEC was studied by growing cells at variable pH range (2.0-7.4). 
Cell survival was observed till pH 4.0 but the preadapted cells (adapted at 
mild acidic pH 5.0 for 2 hours), survived two fold better than that of the 
non-adapted cells (pH 4.0). Phenotypic characterization under acid stress 
conditions was checked in vitro. At pH 4.0, clump formation was totally 
abolished. The biofilm score was <+1.0 (partial honeycomb formation) 
even at 12h of growth at pH 4.0 whereas in control it was +3 (three 
dimensional mounds with visible substratum). Diffusely adherent (DA) 
pattern with HEp-2 cells was observed at pH 4.0 in contrast to typical 
aggregative adherence (AA) in control. The overlapping of 2-D gels of 
OMPs (pH 7.4 vs. 4.0) and digitized PDQuest bioinformatic software 
analysis confirmed the six differentially expressed proteins at pH 4.0. The 
intensity of the main porins was lower at pH 4.0. The spots of interest (pH 
4.0) were digested with trypsin and were analyzed by MALDI-TOF/MS, 
displayed a “peptide fingerprint” of the protein. Western blot analysis with 
stress specific antibodies further revealed ASPs in EAEC are differentially 
expressed, which might be the reason for variation in phenotypic 
characteristics. The expression of ASPs in rpoS mutant was absent (pH 
4.0). Therefore, the putative ASPs associated with an acid-tolerant 
phenotype under rpoS, provides a new information regarding EAEC 
survival at low pH.  Further, characterization of rpoS may reveal more 
specific targets aimed for the disease treatment.  
 

 
 
3C_03_P 
 
SYSTEMIC ANALYSIS OF HEAT SHOCK AND PROTEASOME 
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Heat shock response is well conserved adaptation phenomenon 
characterizing drastic repression of total cellular protein synthesis and 
induction of heat shock proteins (Hsps). Various extracellular stresses as 
well as heat shock induce heat shock response and render cells cross 
resistance to lethal stresses. Recently, denatured proteins have been 
suggested as the sensor of extracellular physical stresses. Cells have two 
clearance systems of the misfolded proteins, proteasomal and autophagic 
degradation. For the proteasomal degradation, misfolded protein are 
tagged by polyubiquitin and guided by proteasome shuttle chaperone 
CDC48/p97. MG132 is the inhibitor of proteasomal function, resulting in 
accumulation of the denatured proteins in cells. In accordance with the 
suggested possibility above, MG132 activates JNK2 mediated 
transcriptional activity of heat shock factor 1.  In this study, we compared 
differentially expressed mRNAs and proteins between heat shock and 
MG132 treatment using DNA chip, fluorescence 2-D difference gel 
electrophoresis (DIGE), and 35S labeling proteomics.  These systemic 
analyses provide the information on the common and differential signaling 
pathways between proteasome inhibition and heat shock response. 
[Supported by KOSEF NCRC for CCS & DDR and FPR05A2-480. HJ Kim is 
supported by BK21]   
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LOCAL AND SYSTEMIC CHANGES IN PROTEIN EXPRESSION 
FOLLOWING BIOTIC STRESS IN EUROPEAN BEECH (FAGUS 
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Pathogen and herbivore attack induced changes in protein expression 
patterns were investigated at proteome level in European beech (Fagus 
sylvatica) saplings. Two model systems were employed: (1) infection with 
the root pathogen Phytophthora citricola which induces root necrosis and 
plant wilting and (2) wounding as elicitor of the response to herbivore 
attack. The plant defence response was investigated at both local and 



systemic level. Protein expression patterns were characterised for root 
and leaf samples by means of two-dimensional electrophoresis at three 
hours after wounding and at different stages of root infection. Infection 
experiments were performed in two experimental setups involving in vitro 
infection of saplings as well as infections in soil. Within the first system we 
investigated both local and systemic response to pathogen infection while 
the latter experiments were used for the study of systemic response in 
conditions close to the natural ones. Wounding experiments were carried 
out in similar conditions in order to enable the direct comparison of plant 
reaction to the two types of stress. The local response to wounding was 
characterised both for roots and leaves of plants grown in liquid system, 
while the systemic response was studied in leaf samples from plants 
grown in liquid culture or in soil. Protein spots up-regulated or down-
regulated in response to infection or wounding were further identified by 
means of mass spectrometry. We were able to identify several proteins 
specifically regulated in response to pathogen or herbivore attack. 
Additionally, a significant overlap of the two defence pathways known to 
exist in plants was confirmed. 
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EVOLUTION OF DESICCATION TOLERANCE: GENOMIC ASPECTS 
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The Scrophulariaceae are one of the most diverse plant families and have 
been shown to be polyphyletic. Several Scrophulariaceae which belong to 
the genera Craterostigma and Lindernia desiccation tolerant and are 
therefore of particular interest. Craterostigma plantagineum has been 
used extensively to identify molecular mechanisms, which are involved in 
the acquisition of desiccation tolerance. These studies revealed a large 
number of genes which are up-regulated in response to dehydration. The 
genes can approximately be divided into two groups. One group encodes 
proteins which are directly involved in protection of cellular structures. 
The other group of genes encodes genes which are involved in regulating 
the response to dehydration. The dehydration/rehydration cycle is also 
characterized by a massive sugar conversion from octulose to sucrose.  
C. plantagineum belongs to the Linderniae which comprises desiccation 
tolerant and non-desiccation tolerant plants. Using molecular markers a 
phylogenetic tree was constructed to determine the molecular 
relationships of the different plant species. It appears that desiccation 
tolerant plants cluster together. Comparative studies of these plant 
species identified conserved genomic structures and very recently evolved 
mobile signals in stress-relevant genes.  
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The term ‘vitamin E’ describes the beneficial biological activity of a group 
of structurally related compounds, the tocochromanols, in animals and 
humans. Those compounds are composed of a chromanol head group and 
a prenyl side chain. Natural vitamin E includes four tocopherols and four 
tocotrienols, which are synthesized exclusively by oxygenic photosynthetic 
organisms. In leaves of vascular plants, α-tocopherol is the predominant 
form of vitamin E. A detailed analysis of tocochromanol distribution in 
chloroplasts isolated from young tobacco leaves showed that α-tocopherol 
is predominantly located in the thylakoid membranes. The protective role 
of vitamin E and the functional interactions between vitamin E and other 
plastid antioxidants (e.g. xanthophyll carotenoids) were studied using 
Arabidopsis and tobacco mutant/transgenic plants that lack or over-
accumulate vitamin E constituents and/or carotenoids. This genetic 
approach was combined with the use of new biochemical and biophysical 
methods that allow characterization, quantification and imaging of lipid 
peroxidation in vivo. Both tocopherols and tocotrienols were found to 
protect thylakoid membranes against photooxidative stress. We also found 
that vitamin E and the xanthophyll zeaxanthin have overlapping functions, 
with lack of vitamin E being compensated by an increased level of 
zeaxanthin and vice versa. Lack of both compounds resulted in a very 
photosensitive phenotype. Vitamin E was also found to be essential for 
tolerance of Arabidopsis towards oxidative stress induced by stress 
conditions different from high light, such as heavy metals.   
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Light-induced decline of photosynthetic activity, generally called as 
photoinhibition, is a general phenomenon in all oxygenic photosynthetic 
organisms under conditions when the metabolic processes can not keep 
up with the electron flow produced by the primary photoreactions. 
Although light-induced damage occurs in all pigmented photosynthetic 
complexes the main site of photodamage is Photosystem II. The main 
factors, which are responsible for the light sensitivity of Photosystem II 
are excited pigment molecules, oxygen, manganese, as well as electron 
donors with high oxidizing potential. Photosystem II can be efficiently 



protected from photodamage by the combination of harmless dissipation 
of absorbed light energy, non-radiative charge recombination and repair 
of damaged reaction center complexes making possible the safe utilization 
of light, the highly energetic substrate of photosynthesis. The lecture will 
cover the principles and basic mechanisms of photodamage of 
photosynthesis, and its repair.  
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USE OF GENE SILENCING AND METABOLOMICS TO CHARACTERIZE 
INTERACTIVE STRESS AND DEFENSE PATHWAYS IN SOYBEAN 
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Induced resistance to pathogens can be specific to a given race of a 
pathogen or effective against a range of pathogens.  The former type of 
resistance involves a form of programmed cell death called the 
hypersensitive response (HR).  The latter type of resistance, called 
general or basal resistance, is often induced in plants by elicitors from the 
pathogen called pathogen associated molecular patterns (PAMPs).  This 
form of resistance has some mechanistic similarities to innate immunity in 
animals.  In the work described here we have used RNAi gene silencing 
and metabolic profiling to study the molecular bases of soybean resistance 
to the pathogen, Phytophthora sojae.  Resistance responses were 
examined in the context of one of the most highly characterized PAMPs, 
the cell wall glucan elicitor (WGE) from P. sojae.  Silencing either of two 
biosynthetic enzymes for soybean isoflavonoids (isoflavone synthase or 
chalcone reductase) led to a complete loss of race-specific resistance and 
HR cell death in response to P. sojae.  Consistent with this, WGE, the 
major pathogen elicitor of the isoflavonoids in soybean, induced an HR-
like cell death in root tissues.  Silencing of the endoglucanase thought to 
release active elicitor fragments from WGE abolished both HR cell death 
and WGE-induced cell death.  Silencing of a unique metallothionein gene 
(MMT) led to greatly enhanced WGE-induced cell death, suggesting a role 
of MMT in preventing runaway cell death.  Finally, silencing of a 
pathogenesis-related protein, PR-1a, led to loss of expression of MMT and 
general resistance.  Thus, our studies led to the revelation of very 
interesting cross-talk between the cell death and general resistance 
pathways in soybean. 
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Pseudomonas syringae cause disease on a broad range of plant hosts. To 
have a successful infection, these bacteria utilize a specialized secretion 
apparatus called the type III secretion system (T3SS). P. syringae secrete 
a large group (20-40+) of effectors through the T3SS directly into plant 
cells. There is tremendous diversity in the repertoire of secreted effectors 
between different P. syringae strains. However, a few effectors are 
common to all P. syringae strains. We have selected one such common 
effector and one rare effector to functionally analyze in detail, including 
their localization in plants and their interaction with potential host targets. 
We have found that these effectors can modify host functions and alter 
their stress responses. This points to an interesting intersection between 
bacterial virulence mechanisms and host stress-coping mechanisms. 
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Disease resistance in plants involves a molecular surveillance mechanism 
capable of responding to a myriad of plant derived elicitors.  Recent 
research in this area has revealed a complex genetic and biochemical 
network required for the regulation of innate immune responses in plants.  
In total, the coordinated interactions of bacterial effector proteins, plant 
chaperones and resistance (R)-proteins contribute to the molecular and 
biochemical events which dictate host susceptibility and resistance.  
Research in our laboratory focuses on the identification and 
characterization of protein-protein interactions which not only function in 
the activation of resistance, but also in the negative regulation of effector-
triggered immunity in Arabidopsis thaliana.  Using NDR1, a protein 



required for the activation of R-protein mediated resistance in Arabidopsis, 
as a molecular and biochemical model for the activation of resistance, we 
are working towards the elucidation of the dynamic linkages between 
effector-triggered immunity and the host actin cytoskeleton.  To this end, 
we have begun characterizing several proteins required for reorganization 
of the actin cytoskeleton in plants, and have identified a genetic 
interaction between bacterial effector action and the dynamics of the host 
cytoskeleton.  Similarities between the activity of Yersinia pestis effector 
proteins and P. syringae effectors will be discussed.  Our working model 
suggests that the actin cytoskeleton of plants may be a virulence target 
for pathogens.   
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Drought stress induces a variety of genes of which products function in 
drought stress tolerance and response in plants. Many stress-inducible 
genes have been used to improve stress tolerance by gene transfer.  In 
this congress, we present our recent studies on molecular mechanism in 
drought stress response and tolerance. We have identified complex 
regulatory systems in stress-responsive gene expression: ABA-dependent 
and ABA-independent systems. In one of the ABA-independent pathways, 
a cis-acting element (DRE/CRT) and its binding proteins, DREB2s, are 
important cis- and trans-acting elements in drought-responsive gene 
expression, respectively. DREB2 is also involved in heat stress response. 
In the ABA-dependent pathways, bZIP transcription factors (AREB/ABF) 
are involved in the major process. Protein phosphorylation is important for 
the activation of AREB proteins. The MYB/MYC and NAC transcription 
factors are involved in ABA-responsive gene expression and jasmonic acid 
response In the ABA-dependent pathway, stress-inducible NCED3 is 
mainly involved in the ABA biosynthesis during drought stress. We 
analyzed metabolic profiles regulated by ABA using T-DNA tagged mutant 
and with GC-MS and LC-MS. We analyzed the function of CYP707A3 in the 
regulation of ABA metabolism during stress responses. We also report the 
functions of SnRK2 protein kinases in drought and ABA responses using 
mutants and transgenic overexpressors.  



 

Umezawa et al. Curr Opin Biotech 17:113-122 (2006) 
Yamaguchi-Shinozaki and Shinozaki. Ann Rev Plant Bio 57:781-803 
(2006)  
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It is often presumed that RNA interference (RNAi) evolved as a cellular 
surveillance mechanism to silence “foreign” double stranded RNAs 
(dsRNAs) so that cells can defend against viral infection or transposons.  
However, recent work suggests a widespread occurrence of dsRNAs 
unrelated to viral replication or transposons.  A significant portion of 
cellular dsRNAs can be formed by natural antisense transcripts (NATs).  
Approximately 10-20% of genes in plant and animal genomes encode cis-
NATs, i.e. these genes overlap but are on the opposite strands of DNA.  In 
Arabidopsis, dsRNAs generated from cis-NATs can be processed by Dicer-
like enzymes into 21-24 nt nat-siRNAs which then direct the cleavage of 
complementary mRNAs.  Evidence indicates that many cis-NAT genes are 
regulated by biotic and abiotic stresses, and they generate nat-siRNAs 
only under specific stress conditions.  The stress-induced nat-siRNAs are 
important components in the regulatory circuits leading to stress 
acclimation.  These results suggest that RNAi is not only critical for cellular 
surveillance but it is also an important cellular gene regulatory 
mechanism.  In this presentation, I will talk about abiotic stress-regulated 
nat-siRNAs and other endogenous siRNAs in Arabidopsis.  In addition, I 
will discuss the role of miRNAs in plant responses to abiotic stresses. 
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Arabidopsis thaliana transcript profiles can report the effects of abiotic and 
biotic stresses on tissue- and cell-specific gene expression. Organizing 
these datasets could reveal the structure and mechanisms of responses 
and cross-talk between pathways, and in which cells the plants perceive, 
signal, respond to and integrate environmental inputs.   
We have clustered Arabidopsis transcript profiles for >30 treatments, 
comprising abiotic, biotic and chemical stresses.  Ubiquitous stress 
responses in Arabidopsis, similar to those of fungal and animal cells, 
employ genes in pathways related to MAP kinases, Snf1-related kinase, 
vesicle transport, mitochondrial functions, and the fundamental 
transcription machinery. The induced response to various stresses can be 
attributed to genes whose promoters are characterized by a small number 
of common regulatory motifs, while secondary motifs have also been 
identified. Most genes that are down-regulated by stress show distinct 
tissue-specific expression patterns and appear to be under strict 
developmental regulation. The ABA-dependent transcriptome is delineated 
in the cluster structure, while functions dependent on reactive oxygen 
species are widely distributed, possibly indicating evolutionary pressures 
conferring distinction to different stresses in time and space. Cell lineages 
in the root express stress-responsive genes at different levels. The 
intersection of stress-responsive and cell-specific profiles identified cell 
lineages affected by abiotic stress. 
In an extension of these studies, the Graphical Gaussian Model (GGM) was 
used to assemble a gene network for the Arabidopsis transcriptome.  
Based on partial correlation (pcor), GGM infers co-regulation patterns 
between gene pairs conditional on the behavior of other genes.  We used 
‘regularized’ GGM, coupled with iterative random samplings, to expand the 
network to cover the whole Arabidopsis genome (22,266 genes).  This 
resulted in a network of ~18,000 interactions (edges) among ~7,000 
genes (nodes) with high confidence (p < 2.2E-19), where the connections 
represented ~0.01% of all possible edges.   
When querying for selected genes, locally coherent sub-networks emerged 
that were predominantly related to metabolic functions and stress 
responses.  Sub-networks for sulfate, phosphate, nitrogen, carbohydrate, 
tryptophan, cell wall metabolism, and the cold stress response were 
analyzed in detail.  GGM recovered interactions with biological significance 
that escaped capture by Pearson correlation networks, while eliminating 
ambiguous interactions inherent in the latter.  GGM displayed many 
known co-regulation pathways as sub-networks and added novel 
components to known edges.  Finally, the network reconciled individual 
sub-networks in a topology joined at the whole genome level, and 
provided a general framework that can instruct future studies on plant 
metabolism and stress responses. 
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AMP-activated kinases (AMPKs) control essential metabolic and signaling 
pathways in response to stress stimuli. Trimeric AMPKs, called Snf1-
related kinases (SnRK1s) in Arabidopsis, are formed by combinatorial 
assembly of 3 catalytic alpha (AKIN10, 11 and 12), 3 substrate targeting 
beta (AKINβ1, 2 and3) and one AMP-binding gamma (AKINβγ/SNF4) 
subunits. SnRK1s undergo self-activation by autophosphorylation, their 
genes show different regulation, and the stability of subunits is controlled 
by proteasomal degradation. SnRK1α kinases are found in complex with 
the α7 subunit of proteasome and SKP1 subunit of SCF ubiquitin ligases 
suggesting a role in ubiquitination-dependent protein degradation. Genetic 
dissection of SnRK1 signaling is hampered by the lack of akin10 and 
akin11 insertion mutations and deficient male transmission of snrk1γ 
mutants. Inducible overexpression of SnRK1α AKIN10 results in 
hypersensitivity to the stress hormone abscisic acid (ABA). AKIN10 
phosphorylates and thereby stabilizes the bZIP transcription factor ABI5, a 
key regulator of germination response to ABA. SnRK1α subunits interact 
with the nuclear WD-40 repeat protein PRL1 (Pleiotropic Regulator Locus 
1) that functions of SnRK1-inhibitor in vitro. In addition to other defects, 
prl1 mutants display ABA hypersensitivity, and hyperphosphorylation and 
stabilization of ABI5. Stability of PRL1 is controlled by proteasomal 
degradation. PRL1 is found in complex with the Myb3R factor CDC5 that 
immunoprecipitates the proteasome, CULLIN1, and several unknown 
ubiquitinated proteins. PRL1 and CDC5 are conserved subunits of Ntc 
(nineteen-complex) spliceosome-activating complex. Inactivation of CDC5 
results in prl1-like phenotype suggesting functional interdependence. Both 
prl1 and cdc5 mutations cause early flowering and changes in petal and 
stamen development. Steady-state mRNA level of FLC, a key repressor of 
flowering, is reduced and FLC pre-mRNA shows defective splicing in prl1. 
Floral defects of prl1 reflect aberrant splicing of pre-mRNAs of floral 
homeotic genes AP1, AP3, AG and PI. Alterations in the levels of 
microRNAs controlling ABA response, leaf development and flowering time 
in prl1 suggest implication of spliceosome activating complex and SnRK1s 
in the control of pre-mRNA splicing and biogenesis of small inhibitory 
RNAs.  
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Abiotic stress is an increasing threat in reducing agricultural productivity 
worldwide. Among abiotic stresses, the high salinity stress is most severe 
environmental stress, which impairs crop production on at least 20% of 
irrigated land worldwide. In saline soils, high levels of sodium ions lead to 
plant growth inhibition and even death. As salinity stress affects the 
cellular gene-expression machinery, it is evident that molecules involved 
in nucleic acid processing including helicases, are likely to be affected as 
well. Helicases are one of the smallest molecular motors of biological 
system, which harness the chemical free energy of ATP hydrolysis to 
catalyze the opening of energetically stable duplex DNA (called DNA 
helicases) or unfold the secondary structures in RNA (called RNA 
helicases) and thereby are involved in almost all aspect of nucleic acid 
metabolism including replication, repair, recombination, transcription, 
translation, and ribosome biogenesis. Mostly all the helicases contain 
some conserved signature motifs including DEAD-box, which act as an 
engine to power DNA unwinding. In plants the role helicases in abiotic 
stress is just begening to emerge. Here we present the isolation of two 
pea DNA helicases (PDH45 and PDH47) and their role in salinity stress 
tolerance.      
PDH45: It contains both the DNA and RNA unwinding activities and is 
homologous to translation initiation factor 4A (eIF4A). Antibodies against 
the PDH45 inhibit in vitro translation, confirming its role in translation 
initiation. The enzyme is localized in the nucleus and cytosol and unwinds 
DNA in the 3’ to 5’ direction. We found that PDH45 mRNA is induced in 
pea seedlings in response to high salt and its over-expression in tobacco 
plants confers salinity tolerance, thus suggesting a new pathway for 
manipulating stress tolerance in crop plants. The T1 transgenics were able 
to grow to maturity and set normal viable seeds under continuous salinity 
stress, without any reduction in plant yield. Measurement of Na+ in 
different parts of the plant showed higher accumulation in the old leaves 
and negligible in seeds of T1 transgenic lines as compared with the WT 
plants.  
PDH47: It is also a DNA and RNA helicase both and is homologous to 
eIF4A. It is unique bipolar helicase that contains both the 3’ to 5’ and 5’ to 
3’ directional helicase activities. The transcript of PDH47 was induced 



under salinity stress. ABA treatment did not alter its expression in shoot 
but induced its mRNA in root indicating the role of PDH47 in both the ABA-
independent and-dependent pathways in abiotic stress. This is also 
localized in the nucleus and cytosol.  
The discovery of salinity stress-induced helicases should make an 
important contribution to our better understanding of DNA and RNA 
metabolisms and stress signaling in plants. This study suggests a new 
pathway to engineer to restore crop yield in sub-optimal conditions. The 
role of some other new helicases in stress tolerance and the possible 
mechanism of salinity stress tolerance will be discussed. 
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In almost every forest we look today we find that there is a net removal of 
CO2 from the atmosphere and carbon is accumulating in the soil and in the 
trees. A net gain of carbon by forest ecosystems implies a lack of balance 
between the processes removing CO2 from the atmosphere and the 
processes returning CO2 to the atmosphere. Ecosystem net primary 
production (NPP) is the difference between the gross photosynthetic 
production (GPP) and the losses of carbon resulting from the autotrophic 
respiration (RA), i.e., NPP = GPP – RA. The net ecosystem production 
(NEP) is the difference between the net primary production (NPP) and the 
heterotrophic respiration (RH) associated with mineralisation of organic 
matter in the soil, i.e., NEP = NPP - RH. For a forest at equilibrium, we 
would expect NEP to be zero (i.e., NPP = RH ). Conversely, when we 
measure NEP > 0, NPP must exceed RH. This world-wide disequilibrium in 
forests today is the reason why forests are a large global carbon sink, 
removing from the atmosphere close to 40% of CO2 emissions. It is 
commonly assumed, and has been shown by some models, that as 
atmospheric [C02] and surface temperature increase in the future, this 
current disequilibrium will reverse (i.e., RH > NPP). A key question is 
whether this is likely?  
Whilst including a carbon cycle in GCMs and other models has been a 
major step forward, a carbon cycle without an associated nitrogen cycle is 
unrealistic. Firstly, correlation across sites shows that NPP is stimulated by 
the concurrent deposition of atmospheric N. Secondly soil warming 
experiments show that N released by decomposition of litter and soil 



organic matter leads to increases in tree leaf area, uptake of CO2 and tree 
growth. Thirdly, after an initial enhancement on warming, RH settles down 
to the rate prior to the increase in temperature. For these reasons, recent 
projections by models linking the carbon and nitrogen cycles show NPP of 
forests increasing over the next 100 years in parallel with RH, as 
atmospheric [CO2] and surface temperature increase. Thus we may expect 
the ongoing removal of [CO2] from the atmosphere by forests (NPP > RH) 
to be maintained. 
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The original stress concept of Hans Selye has also been extended to plants 
and is today well defined to describe the action of unfavorable 
environmental constraints and stressors on plants as well as the plants’ 
response via stress avoiding and stress coping mechanisms including 
special short-term acclimations and long-term adaptations. Several 
examples of stress coping mechanisms are presented. Elevated CO2 is a 
new challenge for plants and the ecosystem. It may not be a real stress, 
but it is a continuous strain. This requires particular acclimation and 
adaptation responses some of which are known. In fact, the plants make 
use of their general stress coping mechanisms either directly applied or in 
a modified form to avoid or compensate possible negative effects of 
elevated CO2. One has to consider that on top of this all the classical 
abiotic, biotic and anthropogenic stressors are threatening plant growth 
and development also under elevated CO2. Thus, the knowledge of the 
general stress coping and stress avoiding responses and tolerance 
mechanisms is needed to understand the regulation of the plants’ 
metabolism. Emission of volatile isoprenoids, such as isoprene or 
methylbutenol or the accumulation of mono- or diterpenes, are now 
understood as a possibility to regulate the internal cell metabolism and to 
protect the plants against photoinibition and photooxidation. 
Measurements of chlorophyll fluorescence and particularly the imaging of  
chlorophyll fluorescence and the plants’ blue-green fluorescence provide 
excellent means to early detect and describe stress symptoms of plants 
and the ecosystem. Several examples are given. 
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The rising atmospheric CO2 concentration  (EC) is an important 
ecophysiological topic. Because of the important CO2 functions (effects on 
carboxylation, RUBISCO activation, stomatal response) on assimilation, it 
is possible to expect wide range of plants responses to EC. Thus, positive 
stimulation of photosynthesis or the assimilation depression - 
photosynthetic adjustment were observed and may be explained by (1) a 
decrease of RuBPCO amount and/or activity, (2) dilution/redistribution of 
nitrogen and phosphorus mineral status of assimilatory apparatus, (3) 
starch, (4) decrease of photosynthetically active pigments content and 
diminution of light-harvesting complexes, and (5) differences in the new sinks-
source status of the plant. All mentioned responses were observed on the 
example of a dense spruce stand exposed for the long-term affected EC. The 
pronounced vertical profile of the photosynthetically active radiation led to 
the differentiation of the photosynthetic apparatus between the shaded (S)  
and sun needles (E). The prolonged exposure to EC was responsible for the 
apparent assimilatory activity stimulation observed mainly in deeply S 
needles. In E needles some signals on a manifestation of the acclimation 
depression of the assimilation were found. The long-term effect of EC was 
responsible for the decrease of nitrogen content.  Moreover, the prolonged 
exposure to EC did not cause any stimulation of electron transport rate (ETR) 
for the E-needles but a strongly positive effect of EC on ETR was observed for 
the S-needles. The analysis shows that the depression of photosynthetic 
activity by long-term impact of EC is mainly caused by decreased 
RUBISCO carboxylation rate. All mentioned modifications to 
photosynthetic assimilation depend on time during the growing season. 
The strong depression of assimilation observed in the autumn months was 
the result of insufficient carbon sink capacity. 
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Global climate change appears to be the greatest ecological problem of 
the future. For example the CO2 emitted into the atmosphere will have a 
long-term effect and this is one of the most influential ecological factor at 
global scale. Its increasing concentration affects the plants directly, 
causing changes in their ecophysiological processes. Consequently, the 
tolerance, reproduction, distribution and abundance of plant species will 
be altered. Species composition and diversity of plant communities, the 
vegetation dynamics are all expected to be changed, too. Considering 
terrestrial ecosystems, grasslands are the second largest vegetation 
formation after the forests and their area is further increasing with the 
land use changes (clearance of the forests, urbanisation, extensive 
agricultural practices and abandonment of agricultural land). On a global 
scale grassllands cover 24% of the Earth's vegetated area. They occur 
over a broad range of climatic and soil conditions and vary from 
intensively managed sown pastures to natural grassland communities. 
Despite their importance, the potential effects of climate change on 
grasslands have received much less attention than effects on other 
ecosystems such as forests. The main objective of the proposed talk is to 
discuss the effects of elevated air CO2 concenrations on the structure 
(botanical, species composition, floral diversity, canopy and below 
ground/root architecture) and function (CO2,and H2O exchange carbon 
cycling, dry matter production responses, etc.) of grasslands and to 
quantify the carbon storage in grassland ecosystems. 
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Cytochromes b561 (Cyt b561) are a newly identified class of trans-
membrane proteins, using ascorbate as an electron donor. These 



proteins have been demonstrated to transfer electrons across the 
membrane in which they are embedded, but their physiological role 
remains unclear. We have identified four Cyt b561 isoforms (AtCytb1-4) in 
Arabidopsis and are characterizing their mechanism of action and using 
biochemical, molecular biological and physiological approaches. Several 
lines of evidence suggest that the plant Cyts b561 are involved in iron 
metabolism and in oxidative stress responses: 1) A knock-out in one 
of the four Cyts b561 identified from Arabidopsis demonstrates a 
particular phenotype under iron deficiency. 2) The recombinant AtCytb1 
protein can be oxidized by iron chelates. 3) The AtCytb1 gene appears 
upregulated under iron-deficiency conditions. And 4) In vivo experiments 
with AtCytb1 expressed in yeast demonstrate its ferric-reductase 
capability. Recent experiments however also demonstrate that the 
AtCytb1 knock-out plants show a particular phenotype under oxidative 
stress conditions. Strongly reduced root development is observed in the 
mutant plants when treated with paraquat. These results suggest that 
Cyts b561 may provide a link between plant iron metabolism and 
oxidative stress phenomena, using ascorbate as the electron donor.  
 
References: Bérczi et al. (2007) An Arabidopsis cytochrome b561 with 
trans-membrane ferrireductase capability. FEBS Lett. 581: 1505-08. 
Griesen et al. (2004) Localization of an ascorbate-reducible cytochrome 
b561 in the plant tonoplast. Plant Physiol. 134:726-34. 
 
Acknowledgements: this work was supported by grants from the 
Belgian Fund for Scientific Research (FWO) and the Hungarian Scientific 
Research Fund (OTKA T-034488) 
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Selenium (Se) is an essential element for humans and animals that is 
required for key antioxidant reactions, but can be toxic at high 
concentrations. We have investigated the effect of Se in the form of 
selenite on coffee cell suspension cultures over a 12 day period. The 
antioxidant defence systems were induced in coffee cells grown in the 
presence of 0.05 and 0.5 mM sodium selenite (Na2SeO3). Lipid 



peroxidation and alterations in antioxidant enzymes were the main 
responses observed, including a severe reduction in ascorbate peroxidase 
activity, even at 0.05 mM sodium selenite. Ten superoxide dismutase 
(SOD) isoenzymes were detected and the two major Mn-SOD isoenzymes 
(bands V and VI) responded more to 0.05 mM selenite. SOD band V 
exhibited a general decrease in activity after 12 h of treatment with 0.05 
mM selenite, whereas band VI exhibited the opposite behavior and 
increased in activity. An extra isoenzyme of glutathione reductase (GR) 
was induced in the presence of selenite, which confirmed our previous 
reports obtained with Cd (Gomes-Junior et al.: Chemosphere 65, 1330-
1337, 2006) and Ni (Gomes-Junior et al.: Plant Physiology and 
Biochemistry 44, 420-429, 2006) indicating that this GR isoenzyme may 
have the potential to be a marker for oxidative stress in coffee. Funding 
by FAPESP and CNPq, Brazil. 
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Ozone (O3) can enter the leaves and react with water forming reactive 
oxygen species (ROS). ROS is able to cause physiological and biochemical 
damage to plants. This study was carried out to investigate the O3 effects 
on two distinct Brazilian cultivars of soybean (Glycine max): ‘Tracajá’ and 
‘Sambaíba’. Plants were grown in two chambers, one with filtered air (FA) 
and the other with filtered air plus 40 ppb of ozone (FA+O3) for five days. 
Components of the antioxidative defense system such as ascorbic acid 
(AA), glutathione reductase (GR), ascorbate peroxidase (APX), guayacol 
peroxidase (GPX), catalase (CAT) and superoxide dismutase (SOD) were 
analyzed and the relative growth rate (RGR) and biomass production were 
also determined. APX and GPX in ‘Sambaíba’ and AA and GPX in ‘Tracajá’ 
decreased under FA+O3. AA and CAT in ‘Sambaíba’ and CAT in ‘Tracajá’ 
exhibited similar levels under both treatments. GR in ‘Sambaíba’ and GR 
and APX increased in ‘Tracajá’ exposed to FA+O3. CAT and SOD activity 
staining by non-denaturing PAGE revealed the same isoforms numbers for 
both cultivars, but different isoforms of GR. ‘Tracajá’exhibited variations of 
some CAT and SOD isoforms in FA+O3. The root/shoot ratio in ‘Tracajá’ 
and root/shoot ratio, leaf RGR and root biomass production in ‘Sambaíba’ 



were lower under FA+O3. O3 treatment induced distinct antioxidative 
responses by the distinct antioxidant systems in response to O3 (AF+O3). 
The antioxidant defense system variations compensated the lower O3 

interference on growth parameters and biomass production. 
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Productivity of plants is greatly affected by environmental stresses, 
therefore there is a continuous need for the genetic improvement of stress 
tolerance in the agriculture. During oxidative stress rapid accumulation of 
reactive oxygen species (ROS) and reactive carbonyl species (RCS, 
carbonyl stress) significantly contributes to the damage of crop plants. 
Improvement of intracellular scavenging capacity of such compounds 
provenly lead to increased stress tolerance. Diverse enzymes can detoxify 
the reactive carbonyl species (eg. 4-hydoxy-nonenal or methylglyoxal). 
Their importance is clearly demonstrated by the fact that overproduction 
of alkenal reductases, aldehyde dehydrogenases or the members of the  
glyoxalase enzyme family in transgenic plants led to improved tolarance 
to wide range of stress conditions. We have isolated the MsALR aldose 
reductase homolog gene from Medicago sativa and showed the 
accumulation of the transcript at higher levels in response to different 
stress treatments. Transgenic tobacco plants ectopically expressing the 
MsALR cDNA were more tolerant to dehydration stress and recovered 
better from damages caused by water deficit than the untransformed wild 
type plants and were more tolerant to heavy metal, salt, dehydration and 
UV-B stress. Results of enzyme activity measurements and in vivo assays 
for protection against methylglyoxal toxicity strengthened our hypothesis 
that one important function of aldo/keto reductase proteins is also the 
elimination of reactive aldehydes and the reduction of the consequences of 
carbonyl stress in plants. 
This work was supported by NKFP Grant No. 4-064-2004, Gábor V. 
Horváth is grateful for the support of the “János Bólyai” Research 
Fellowship. 
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Relatively few endogenous plant genes that share sequence homology 
with the mammalian apoptotic genes have been identified to date. 
Nonetheless, similarities in PCD exist in plants and animals. Mammalian 
proapoptotic gene Bax is known to cause cell death when expressed in 
yeast and plants. We examined transgenic plants expressing both Bax and 
organelle-targeted green fluorescent protein (GFP) to analyze the cellular 
event that occur during Bax-induced plant cell death. The results indicated 
that Bax induced temporal and special cell death events at the organelle 
level. Such events included ion leakage, DNA fragmentation and cell 
shrinkage. The mitochondria changed morphologically from being bacilli-
shaped to being round. The chloroplasts lost membrane function and their 
contents leaked out, followed by the disruption of the vacuole. Light was 
not essential for Bax-induced ion leakage or organelle disruption, but for 
chlorosis. Furthermore, ROS production was involved in triggering cell 
death. To compare Bax-induced cell death and other ROS-mediated plant 
cell death, Arabidopsis leaves expressing mitochondrial-targeted GFP were 
treated with ROS-inducing chemicals, such as hydrogen peroxide, 
paraquat and menadione. After 24h treatment, mitochondria showed 
morphological changes from a bacillus-like to a round shape. The size of 
mitochondria decreased by half compared with controls. Such cellular 
events may cause energy depletion, and resulted in plant cell death.  
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Ageing phenomena and programmed cell death (PCD) are typically studied 
in human or animal cells  rather than in plants. However, the seeds of 
higher plants represent excellent models for the study of ageing because 



viability loss can be easily induced experimentally. ‘Orthodox’ seeds are 
desiccation tolerant and ‘recalcitrant’ seeds are desiccation sensitive. 
Lethal damage, as judged by germination tests, can be induced by 
artificial ageing in orthodox, and by drying in recalcitrant seeds. We have 
investigated mechanisms of viability loss to find a reliable marker that 
quantifies ‘stress’. Oxidative damage has previously been correlated with 
degenerative processes and death, but how exactly this contributes to 
viability loss is unknown. We show in four species subjected to ageing or 
desiccation, that seed viability decreased by 50% when the half-cell 
reduction potential of glutathione (EGSSG/2GSH), a major cellular antioxidant 
and redox buffer, increased to a zone of -180 to -160 mV, in agreement 
with a model that has been suggested for human cells (1). In a meta-
analysis of data representative of 13 plant and fungal orders we show that 
stress generally becomes lethal when EGSSG/2GSH exceeds -160 mV. We put 
forward that this change in EGSSG/2GSH is one of the ‘death triggers’ that 
initiate PCD, finally causing inter-nucleosomal DNA fragmentation in the 
final, or execution phase, of PCD. EGSSG/2GSH is therefore a universal 
marker of plant cell viability and allows us to predict whether a seed will 
live, germinate and produce a new plant, or if it will die.  
 
1. Schafer, F.Q. & Buettner, G.R. (2001) Free Radical Biol. Med. 30, 1191-
1212. 
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Tropospheric ozone is a widespread phytotoxic pollutant that causes 
significant damage to plants, but relatively little is known about ozone 
stress in urban trees. The phenylpropanoid pathway is one of the most 
important pathways for the synthesis of natural products in plants such as 
phenols and lignin. In this study, the hypothesis that phenylalanine 
ammonia lyase (PAL) may be affected by ozone treatment (120 ppb, 5 h 
d-1 for 45 consecutive days) in Liriodendron tulipifera (yellow poplar) 
plants was examined. At the end of exposure, the material showed 
characteristic symptoms of injury in the form of severe minute roundish 
dark-blackish necrosis localised in the interveinal areas of the adaxial 
surface of leaves. Treated plants increase PAL activity after ozone 



fumigation (+43%) and total phenols (+41%) compared to controls. Total 
leaf RNA protocol was optimised for yellow poplar. Degenerate primers 
were designed on highly conserved sequences available on GenBank, that 
encode for this enzyme. The primers yielded 679 bp cDNA fragments. 
Sequences obtained were translated in aminoacids and compared in the 
GenBank. Blast results showed high homology at aminoacids level with 
PAL, confirming that the cDNA fragments isolated effectively encode for 
this gene. In particular, the sequences showed high homologies with 
Ulmus pumila (93%) and with Pyrus comunis (96%). The northern 
analysis of PAL gene expression supports the view of ozone as an abiotic 
elicitor of defence responses in yellow poplar. 
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The production of superoxide is crucial for normal morphogenesis at early 
stages and is causal of apoptosis and senescence at late stages of 
development of etiolated cereals seedlings (wheat, barley and others). It 
was shown, that cyclic change of rate of superoxide production is correlate 
with changes of nuclear DNA synthesis and apoptotic fragmentation in 
cells of some development and senescence separated organs (leaf, 
coleoptile) of this plants. It was found, that antioxidant defence systems: 
superoxide dismutase and peroxidase are activated in apoptotic cells of 
senescence organs. The influence of endogenic antioxidant (ascorbic acid) 
and synthetic antioxidant (α - Ionol) on superoxide production, on 
activation of antioxidant defence systems, on nuclear DNA synthesis and 
nuclear DNA apoptotic fragmentation and on structure of cellular 
organelles was investigated. It was found, that cyclosporin A, inhibitor of 
the mammalian permeability transition pore, inhibits of peroxide formation 
and nuclear DNA apoptotic fragmentation. Taking this date mitochondria 
are likely to be involved in plant programmed cell death, induced by 
oxidative stress, but the molecular mechanisms may be different from 
those found in animals.    
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Seasonal variation in the activity of peroxidase (POD, EC 1.11.1.7), 
superoxide dismutase (SOD, EC 1.15.1.1), and catalase (CAT, EC 
1.11.1.6) was determined in the leaves of two Iris pumila populations, one 
naturally growing at an open dune site and the other in the understory of 
a Pinus stand. A repeated-measures profile analysis revealed that the 
average level, as well as the mean change in the activity of these 
enzymes varied significantly between contrasting light habitats. POD 
activity was significantly greater at exposed dune site than under 
vegetation canopy, and reached its maximum in the summer but only in 
plants experiencing full sunlight. Conversely, in woodland understory, POD 
activity gradually increased from spring to autumn. The mean activity of 
SOD and CAT was consistently greater in plants inhabiting vegetation 
shade compared to those exposed to full irradiance. Throughout the 
growing season, the variation pattern of CAT activity was the same in both 
light habitats, while the response curve of SOD activity changed the shape 
with environmental conditions, particularly in the period from summer to 
autumn. At open dune site in the spring, the activity of POD appeared to 
be inversely related to SOD, suggesting that plants with lower SOD 
production up-regulate their POD level to compensate for SOD reduction 
under given environmental setup. The observed results imply that abiotic 
stress can disrupt the redox homeostasis in I. pumila plants, changing the 
balance between POD, SOD and CAT activities according to the extent of 
oxidative stress in cells. 
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Plants exposed to abiotic stress are subjected to oxidative damage. 
Reactive compounds produced under such conditions significantly increase 



the cytotoxic effect of environmental stress factors. Aldo/keto reductases 
(AKRs) have been considered as effective enzymes for the detoxification 
of lipid peroxidation- and glycolysis-derived reactive aldehydes. The 
promoters of targeted rice AKR genes were screened for stress-related 
transcription factor binding sites (TFBS’s) by a new, enumeration based 
method algorithm. QRT-PCR was used to determine the transcript profile 
for the selected genes in abscisic acid (ABA), H2O2, NaCl and mannitol 
treated rice cell suspensions. Among the genes, OsALR1 showed the 
highest inducibility and transcript level during the treatments, suggesting 
its important role in stress tolerance. Furthermore the Q-PCR experiments 
substantiated, that the number of motifs found in the promoters and the 
stress response of the genes were in close correlation. In addition, the 
photosynthetic parameters of the tobacco lines, overexpressing rice 
OsALR1 and OsALR4 were better then those of the wild type plants after 
paraquat and methylglyoxal (MG) treatments. The in vitro enzyme kinetic 
constants of the GST-OsALR1 fusion protein revealed a high reducing 
activity for toxic aldehydes like MG in the presence of NADPH. Results of 
in vivo assays in E. coli for protection against MG toxicity have also made 
it clear, that one important function of these AKR proteins is the 
elimination of reactive aldehydes from plant cells expletively besides the 
glyoxalase system. This work was supported by NKFP Grant No. 4-064-
2004, Gábor V. Horváth is grateful for the support of the “János Bólyai” 
Research Fellowship. 
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In this work we studied the effect of cadmium (0, 0.010, 0.025, 0.050, 
0.100 mM) on enzymatic and non-enzymatic parameters of tobacco plants 
grown in hydroponic culture, in order to get a further insight in the 
detoxification processes and cadmium absorption mechanisms of that 
plant. Tobacco has been chosen since it has been referred as a cadmium 
accumulator plant. Leaf dry weight percentage increased with cadmium 



concentration indicating lower water absorption possibly due to affected 
root development. Chlorophyll a and b levels decreased markedly (down 
to 16 % of the control value for the highest cadmium concentration of 
0.100 mM) showing that the photosynthetic system was affected by 
cadmium. Hydrogen peroxide measurements showed no significant 
variations, which could indicate that the antioxidant system of this plant is 
capable of quenching the possible excess of hydrogen peroxide induced by 
cadmium. In fact, both guaiacol peroxidase and ascorbate peroxidase 
activities were enhanced with increasing cadmium concentration in 
nutrient solution. Another enzyme usually involved in the antioxidant 
system of plants, superoxide dismutase, showed no difference in its 
activity levels compared to the control. A slight increase on 
malondialdehyde levels, both in leaves and roots, indicated that lipid 
peroxidation should occur as a result of increased ROS formation induced 
by cadmium toxicity. 
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Programmed Cell Death (pcd) is a ubiquitous process in plants that is very 
similar to apoptosis in animals. It occurs in various tissues during plant 
development, such as death of the tapetum cell layer in mature anthers, 
the sheading of leaves in autumn in perennial plants, and in the 
differentiation of xylem. Pcd also occurs as a response to stress such as 
pathogen attack. However, the mechanism by which plants initiate pcd 
and the key proteins involved are poorly understood.  Recently, we 
reported that removal of extracellular ATP (eATP) from plant tissues 
initiates pcd. We also reported that fumonisin B1 (FB1)-induced pcd is 
mediated via eATP depletion and can be blocked by addition of ATP. 
Rescue of cells from FB1-induced death by ATP is possible if ATP is 
supplied before the cells are irreversibly committed to death. Changes in 
gene expression at or around the time of commitment are of interest as 
these could be crucial players in cell death.  We are now using 2-
dimensional difference gel electrophoresis and DNA microarray 
technologies to identify the key components in this pathway, focusing on 
time points around commitment.  We identified a number of differentially 
expressed genes and proteins associated with this death pathway.  



Reverse genetic screening using homozygous knockout mutants has 
allowed us to identify candidates that could prove critical to the execution 
of pcd in plants.  Moreover, the emerging data is beginning to give us 
insight into the mechanism by which eATP sustains cell viability in plants. 
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Six maize inbred lines known to represent a wide spectrum of 
susceptibility to Gibberella stalk rot were investigated for a relationship 
between their phenolic contents in the pith and their resistance to 
Gibberella stalk rot. The phenolic acid profiles were evaluated from silking 
to grain maturity. Four different fractions of phenolic compounds were 
extracted from inoculated and non-inoculated (control) pith tissues: 
insoluble cell wall-bound phenolics, free phenolics, soluble ester-bound 
phenolics, and soluble glycoside-bound phenolics. Analysis by HPLC 
revealed that p-coumaric and ferulic acid were the most abundant 
compounds in the soluble and cell wall bound fractions. The quantity of 
free, glycoside-bound and ester-bound phenolics in the pith was lower 
than the level required for inhibition to of Fusarium growth and/or 
mycotoxins production; however, significant negative correlations between 
diferulic acids contents in the cell walls and disease severity rating four 
days after inoculation were found. According to these results previous 
studies showed significant negative correlations between disease severity 
and diferulic acid contents in the maize grain. Special attention should be 
therefore given to levels of diferulic acids during the early infection 
process. Diferulates may play a role in genotypic resistance of maize to 
Gibberella stalk rot as barriers preformed prior to infection. 
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Quite often biochemical interactions between host-plants and herbivorous 
insect pests are related to stress reactions within infested plant tissues 
and feeding herbivores. In the present paper we report on such dual 
stress reactions within tissues of the bird cherry-oat aphid 
(Rhopalosiphum padi L.) fed on the bird cherry (Prunus padus L.).The 
carried out experiments showed that the aphid infestation had elucidated 
an increase in activity of leucylaminopeptidase and other proteinases 
isolated at pH 5 and pH 7 from the bird cherry leaves. It is important since 
these enzymes are involved in induction of the plant defensive 
mechanisms towards various pathogens. It has been recognized that the 
one of the earliest plant responses to herbivores involve generation  
of the reactive oxygen species and induction of oxidative stress within 
insect tissues. It appears to be real for the studied aphid species since 
depletion of total thiol groups and increase in lipid peroxidation was 
demonstrated within the bird cherry-oat aphid tissues exposured to plant 
phenolics. However, R. padi showed an ability to neutralize the free 
oxygen radicals with help of enzymatic and non-enzymatic antioxidants. 
For example, an induction of the aphid superoxide dismutase and 
catalase, neutralizing toxic oxygen forms was found during the spring 
migration period, when the highest level of the proteinases activity within 
the bird cherry leaves was noted. The role of the stress reactions in 
biochemical interactions between the bird cherry and the bird cherry-oat 
aphid is discussed.  
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Numerous wild and cultivated plant species contain carbohydrate-binding 



proteins called lectins. Most plant lectins are involved in the recognition 
and binding of glycans from foreign organisms, and accordingly are 
believed to play a role in plant defense. However, in recent years evidence 
has accumulated that plants synthesize well-defined carbohydrate binding 
proteins upon exposure to stresses like drought, high salt, wounding, 
treatment with some plant hormones or pathogen attack. 
As early as 1990 Claes et al. (1) demonstrated that a protein called SalT is 
specifically induced when rice plants are subjected to salt stress. Later 
SalT was identified as a dimeric mannose-binding jacalin-related lectin 
composed of 15 kDa subunits (2). More recently we have identified two 
more lectins in rice, belonging to the class of OSR40 proteins and a 
Galanthus nivalis-related lectin, respectively. Expression of the OSR40 
proteins is induced by salt stress or ABA treatment (3). Localization 
studies of the rice lectins demonstrated that they are exclusively located 
in the cytoplasm and the nucleus. The occurrence of the genes encoding 
the three different lectins in the rice genome was studied by screening 
different rice species and cultivars with a different genetic background. 
Lectin induction in response to different stress conditions was also 
analyzed. Since these lectins are synthesized only as a response to 
specific physical, chemical and biotic stress factors, it can be assumed that 
they play a specific physiological role in the plant.  
 
(1) Claes et al., 1991. Plant Cell 2, 19-27. 
(2) Zhang et al., 2000. Planta 210, 970-978. 
(3) Moons et al., 1997. Planta 202, 443-454. 
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The effects of some chemical stressors in high concentration have been 
thoroughly investigated in plants, but information about the same 
stressors in low concentration is very limited. In our experiments the 
effects of low-concentration Cd2+ (5x10-8 M) and a herbicide, DCMU (10-7 



M) were investigated in barley seedlings. Chlorophyll accumulation 
indicated a stimulative effect of both stressors in treated plants. Our aim 
was to reveal the mechanism of this stimulation. The amount of active 
cytokinins increased in treated roots (prior to their transport to the 
leaves). This seems to be the key event in stimulation. In order to identify 
the signaling pathway involved in the increased cytokinin synthesis of 
roots, the PIP2-IP3/DAG and MAPK pathways were tested with different 
inhibitors added together with the stressors to the nutrient solution. It 
seems that the signal is transmitted through DAG and protein kinase C to 
the MAPK pathway. It is known that higher amounts of Cd2+ or DCMU 
cause oxidative stress in plants, upon which the activity of antioxidant 
enzymes (e.g. SOD) increases, and malonyl dialdehyde (MDA) might be 
finally produced by peroxidation of membrane lipids. After application of 
Cd2+ and DCMU, the amounts of SOD and MDA were measured to 
ascertain whether also low-concentration stressors may cause oxidative 
stress. We found a slight transient increase in the amount of SOD in roots. 
This work was supported by grant T-047243 from OTKA. 
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In order to adapt to environmental stresses, plants use diverse signalling 
strategies. Calcium functions as a versatile messenger in mediating 
responses to biotic/abiotic stress signals and a variety of developmental 
cues in plants. The signal-specific Ca signature is readily decoded by an 
array of Ca-binding proteins or Ca sensor. However, little is known about 
the specificity of calcium signatures and how the signal is decoded. 
Several families of Ca2+ sensors have been identified in higher plants, 
such as calmodulin (CaM) and CBL (calcineurin B-like) proteins. Recent 
investigations have demonstrated that this protein variety may be are 
related to the specificity of stress signal perception and to the activation of 
the corresponding stress tolerance mechanisms. Therefore, the knowledge 
of which calcium sensors are triggered by specific stress signals is of 
major importance. Calcium-binding proteins were isolated from Vitis 
vinifera cells, after exposure to several stresses, with the aim to 
understand the specificity and regulation of each individual stress. Vitis 
vinifera cell cultures were exposed to salt, heavy metal, heat and cold 
stresses. Calcium-binding proteins were purified by hydrophobic 



interaction chromatography. Results demonstrated that exposure to 
different stresses induced alterations in the proteins eluted. Protein 
profiles were separated by SDS-PAGE and Native PAGE in the presence 
and absence of calcium. The eluted proteins comprised not only calcium 
binding proteins, but also their targets, since only few proteins presented 
calcium-induced alterations in their conformations.Results provide new 
insights in stress signal transduction and corroborate the importance of 
calcium signaling in plant stress responses. 
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The project focuses on two important aspects of Na+ toxicity in salt-
tolerant rice cv. Pokkali and salt-sensitive cv. BRRI Dhan29, namely i) 
how Na+ stress induces a change in cytosolic Ca2+, [Ca2+]cyt, and pH, 
[pH]cyt, and ii) how cells could maintain a low cytosolic Na+ and/or Na+/K+ 
ratio. The salt-induced changes in [Ca2+]cyt and [pH]cyt and their sources 
were monitored in single rice protoplasts by fluorescence microscopy. The 
expression of the transporter genes OsHKT1, OsHKT2 and OsVHA, which 
are thought to play a significant role in maintaining correct cytosolic Na+ 
and or Na+/K+ ratio, were examined in both rice cultivars under salt stress 
condition by real time RT-PCR and in situ PCR. The results show that Na+ 
must be sensed inside the cytosol, before any changes in [Ca2+]cyt and 
[pH]cyt occur. Sensing of Na+ induced different changes in [Ca2+]cyt and 
[pH]cyt in the two rice cultivars with different sources for the changes. The 
[pH]cyt changes were coupled to different H+-ATPases in the two cultivars. 
The expression analysis of OsHKT1, OsHKT2 and OsVHA showed variable 
and cell- specific induction in these cultivars under salt stress condition. 
The important mechanism for salt tolerance in cv. Pokkali was to keep 
cytosolic Na+ at a low level, by reducing Na+-influx (through down-
regulation of OsHKT1) and compartmentalizing cytosolic Na+ into the 
vacuole (through the induction of vacuolar H+ATPase OsVHA, an energizer 
for the tonoplast Na+/H+ antiporter). Pokkali might also induce increased 
uptake of K+ through the induction of OsHKT2, as evident in this study. 
Vacuolar compartmentalization of Na+ is also present in salt-sensitive cv. 
BRRI Dhan29, but to a lesser extent and much later than in cv. Pokkali. 
The results suggest that the signaling and subsequent adaptive responses 
in the salt-tolerant rice cv. Pokkali are different from that in the salt-
sensitive cv. BRRI Dhan29.  
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Eukaryotic Glutathione-S-transferases (GSTs) comprise a large family of 
enzymes protecting cell from a wide range of biotic or abiotic stresses 
(xenobiotics, heavy metals, oxidative stress). After the complete 
macronuclear genome sequence of the ciliate T. thermophila becomes 
published,  63 putative ORFs encoding  GSTs have been detected. Based 
on the amino acid sequence similarity these GST genes have been 
assigned to the following phylogenetic classes; 7 to the class Omega (91% 
identity), 5 to the class Theta (86 % identity), 2 to the class Zeta 47 
(65% identity), to the class Mu (90% identity) and 2 have not been 
assigned to any known class. Theta and Omega classes are present in all 
eukaryotic organisms, while the Mu class is mammalians specific. So, 
ciliates  (T. thermophila and Paramecium tetraurelia) are the only 
eukaryotic microorganisms with Mu GSTs, which have 30-41% identity 
with human Mu GSTs. The structural and chromosomal location 
characteristics of these 63 ciliate GSTs are described and discussed. 
Likewise, a phylogenetic analysis of all known ciliate GSTs is carried out. 
Several GST genes are clustered in the genome of T. thermophila, and 
this location is related with their expression capacity. The expression gene 
analysis, by RT-PCR, under different stress conditions (heavy metals, 
oxidative stress) and the screening of other EST databases (starvation, 
conjugation), have shown that; 1- about a 28% of Mu GSTs are expressed 
under the used stress conditions. 2- about 50% expressed GST genes, 
from the same class, are not clustered. 3- several GST genes are 
differentially  over-expressed under a specific stress with regard control.         
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Electron transport processes were investigated in different plant species in 
vivo under the conditions in which the oxygen-evolution was fully inhibited 
by a heat pulse (48-51 °C, 40 s in water bath). This treatment induces no 
visible symptoms and the plants recover in 1-2 days. Under these 
conditions, the K peak (~F400 µs) appears in the fast chl a fluorescence 
(OJIP) transient reflecting partial QA reduction, which is due to a stable 
charge separation resulting from the donation of one electron by tyrozine 
Z. Additional fluorescence increase occurs in the 0.2-2 s time range of the 
fluorescence kinetics indicating additional QA

- accumulation. Recently we 
have shown that this QA

- accumulation was due to naturally occurring 
alternative electron donors at the donor side of photosystem II. The 
donation probably originates from ascorbate, which provides electrons 
with a halftime of ~30 ms in barley (Tóth et al. 2007, Biochim Biophys 
Acta 1767: 295-305). In this study, we investigated several other plant 
species, including Pisum sativum, Arabidopsis thaliana, Agropyron 
elongatum, Marchantia polymorpha, as well as the cyanobacterium 
Synechocystis PCC 6803 and the green alga Chlamydomonas reinhardtii. 
We established the functioning of the alternative electron donors in all the 
investigated species. Preliminary data indicate that the inactivation 
temperatures of the oxygen-evolving complex and the halftimes of 
electron donation may vary from species to species, and may also depend 
on the growth conditions. We will discuss the physiological significance of 
this alternative electron donation to photosystem II in light and heat 
stress. 
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Abiotic stress is an increasing threat in reducing agricultural productivity 
worldwide. The high salinity stress impairs crop production on at least 
20% of irrigated land. As salinity stress affects the cellular gene-
expression machinery, it is evident that molecules involved in nucleic acid 
processing including helicases, are likely to be affected as well. Helicases 
are one of the smallest molecular motors of biological system, which 
harness the chemical free energy of ATP hydrolysis to catalyze the 



opening of energetically stable duplex DNA (called DNA helicases) or 
unfold the secondary structures in RNA (called RNA helicases) and thereby 
are involved in almost all aspect of nucleic acid metabolism. Mostly all the 
helicases contain some conserved signature motifs including DEAD-box, 
which act as an engine to power DNA unwinding. In plants the role 
helicases in abiotic stress is just begening to emerge. Here we present the 
isolation of two pea DNA helicases (PDH45 and PDH47) and their role in 
salinity stress tolerance. PDH45 and PDH47 both are homologous to 
eIF4A, involved in translation initiation, localized in nucleus and cytosol, 
and contain multiple activities including DNA and RNA unwinding, ATP-
binding and ATPase. The transcript of both the genes were found to 
upregulated under salinity stress. However, both the proteins contain only 
56% identity and differ in following properties: PDH45 is unipolar, active 
at only basic pH, expressed more in root than shoot and not regulated by 
ABA treatment; while PDH47 is a bipolar enzyme, active at both acidic and 
basic pH, expressed more in shoot than root and upregulated by the ABA 
treatment. The over-expression PDH45 in tobacco plants confers high 
salinity tolerance without yield loss, thus suggesting a new pathway for 
manipulating stress tolerance in crop plants.  
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OSRK1 is a rice SnRK2 protein kinase activated by hyperosmotic stress 
and ABA. In the present study, we investigated regulatory mechanism and 
down stream targets of OSRK1. GST-fused recombinant OSRK1 showed 
strong substrate preference for rice bZIP transcription factors and 
uncommon cofactor requirement for Mn2+ over Mg2+. We observed positive 
relationship between autophosphorylation level and kinase activity. 
Moreover, OSRK1 could transphosphorylate itself. By deletion of C-
terminus 73 amino acids or mutations of Ser-158 and Thr-159 to aspartic 
acids (Asp) in the activation loop, the activity of OSRK1 was dramatically 
decreased. Our data suggests that inter-molecular (auto)phosphorylation 
of catalytic domain of OSRK1 is important for enzyme activation. In an 
attempt to investigate OSRK1 signaling components, we identified two 



putative calcium binding proteins by yeast two hybrid screening. In vitro 
OSRK1 activity was stimulated by those CBPs. By in gel kinase assays, we 
also showed that ca. 52 kDa and 61 kDa protein kinase activities were 
highly stimulated in response to salt or ABA in roots of transgenic rice 
over-expressing OSRK1. They are likely to be downstream target kinases 
for OSRK1 signaling pathway. This work was supported by On-Site 
Cooperative Agriculture Research Project, RDA, Republic of Korea. 
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Global climate change appears to be the greatest ecological problem of 
the future. For example the CO2 emitted into the atmosphere will have a 
long-term effect and this is one of the most influential ecological factor at 
global scale. Its increasing concentration affects the plants directly, 
causing changes in their ecophysiological processes. Consequently, the 
tolerance, reproduction, distribution and abundance of plant species will 
be altered. Species composition and diversity of plant communities, the 
vegetation dynamics are all expected to be changed, too. Considering 
terrestrial ecosystems, grasslands are the second largest vegetation 
formation after the forests and their area is further increasing with the 
land use changes (clearance of the forests, urbanisation, extensive 
agricultural practices and abandonment of agricultural land). On a global 
scale grassllands cover 24% of the Earth's vegetated area. They occur 
over a broad range of climatic and soil conditions and vary from 
intensively managed sown pastures to natural grassland communities. 
Despite their importance, the potential effects of climate change on 
grasslands have received much less attention than effects on other 
ecosystems such as forests. The main objective of the proposed talk is to 
discuss the effects of elevated air CO2 concenrations on the structure 
(botanical, species composition, floral diversity, canopy and below 
ground/root architecture) and function (CO2,and H2O exchange carbon 
cycling, dry matter production responses, etc.) of grasslands and to 
quantify the carbon storage in grassland ecosystems. 
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HOW DO PLANTS SURVIVE EXTREME CLIMATIC EVENTS? 
 
Ivan Nijs 
 
University of Antwerp, Department of Biology, Universiteitsplein 1, B-2610 
Wilrijk, Belgium, ivan.nijs@ua.ac.be 
 
Climatic extremes, such as heat waves and extreme droughts, are 
predicted to become more frequent and severe in a future atmosphere 
with more greenhouse gases. However, untill now nearly all experimental 
studies on the impact of climate warming on plants have concentrated on 
changes in mean temperature, and studies on extremes are only 
beginning to emerge. Here I report on six recent field studies concerning 
the ecophysiological effects of heat waves, including three studies on 
temperate grassland and three on arctic tundra. In all experiments, the 
heat waves were generated with computer-controlled infrared irradiation 
in the field. In some cases we allowed natural precipitation, in others we 
excluded rainfall completely. We investigated the following questions: (1) 
is resistance to extremes in individuals plants coupled to specific plant 
traits? (2) does resistance vary with the complexity of the community? (3) 
do climatic extremes exert physiological after-effects long after the event 
has passed, e.g. on stomatal functioning, photosynthetic efficiency, 
chlorophyll synthesis/breakdown, etc.? (4) does tundra react differently 
than temperate grasslands? The main findings can be summarized as 
follows. In grassland species, morphological and ecophysiological 
indicators that best explained plant resistance to extreme drought, were 
different from known indicators of resistance to moderate stress. Plant 
survival in complex grassland communities was different from survival in 
monocultures, which can be explained by differences in resource use 
(water). In arctic communities, heat waves alleviated stress during 
exposure, but stress symptoms aggravated after the heat waves had 
ended. Because plant responses were species-specific in most 
communities, future shifts in species composition when current regimes of 
extreme events change, can be anticipated. 
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ASR1 (abscisic acid stress ripening) is a low molecular weight plant 
specific protein encoded by an abiotic-stress regulated gene. The ASR1 
protein possesses a zinc-dependent DNA-binding activity. The DNA binding 
site was suggested to reside in the central part of the polypeptide by using 
truncated forms of the protein. Two additional zinc-binding sites were 
shown to be localized at the amino terminus of the polypeptide. ASR1 
protein is presumed to be a natively unfolded protein using a number of 
prediction algorithms. The degree of order of ASR1 was determined 
experimentally using non-tagged recombinant protein expressed in E. coli 
and purified to homogeneity. Purified ASR1 was shown to be unfolded 
using dynamic light scattering, gel filtration, microcalorimetry, circular 
dichroism and Fourier transform infrared (FTIR) spectrometry. The protein 
was shown to be monomeric by analytical ultracentrifugation. Addition of 
zinc ions resulted in a global change in the ASR1 structure, from monomer 
to homodimer. Upon binding of zinc ions, the protein becomes ordered as 
shown by FTIR and microcalorimetry, concomitant with dimerization. 
Cytosolic ASR1 is unfolded whereas nuclear ASR1 is ordered. The effect of 
zinc binding on ASR1 folding and dimerization, and activity of cytosolic 
and nuclear ASR1 protein in is discussed.  
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Transpiration and photosynthesis are the key parameters of plant 
development. Stress situations inevitably alter the kinetics of these key 
plant physiological processes.  Measuring these parameters to compare 
and characterize agricultural performance of plant cultivars is routinely 
done with portable gas analysis equipment, directly monitoring water loss 



and CO2 use. Since repeated measurements are needed, this procedure is 
tedious and consequently few leaves per plant can be measured. Thermal 
imaging reveals leaf temperature in a non-contact way, and can be used 
effectively for monitoring transpiration as a function of time. To achieve 
single-plant resolution in Arabidopsis, a plant growth-chamber based 
robotised imaging system was used. A number of Arabidopsis ecotypes 
selected on maximum genetic diversity was ranked on average rosette 
temperature. Due to both natural variation in leaf temperature and the 
fact that plant leaf temperature changes during a day, rosettes cannot 
always be discerned from the background of well-watered substrate. 
Therefore leaf area detection was based on co-located chlorophyll 
fluorescence images. In comparison with direct transpiration 
measurements, thermal imaging coupled to automated plant selection 
detected more significant temperature differences. This study proves the 
applicability of thermography under controlled conditions to compare the 
transpirational responses of different plant cultivars, with applications in 
drought tolerance and disease resistance screening. 
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Biocontrol is an environmentally sound method used for the prevention 
and control of plant diseases. Advisedly selected fungal and bacterial 
strains are marketed worldwide promoting to spread of this inexpensive 
and effective technology. The effect of biocontrol species is composed of 
(1) direct interaction with potential plant pathogens, (2) eliciting host-
mediated defense reactions, (3) other beneficial effects as enhanced root 
growth. Trichoderma harzianum is a soil fungi living in the close vicinity of 
plant roots. As a hyper parasite it kills many pathogenic fungi generally by 
hydrolyzing mycelia walls. The T22 T. harzianum strain has also a strong 
chitinase activity and many beneficial effects on the host plant, including 
enhanced root growth. We used the commercially available T22 strain to 
defend fruit trees against drought stress profiting its effect on the plant 
defense reactions. The changes of the superoxide dismutase activity and 



the raise of malondialdehyde level as a consequence of far gone lipid 
peroxidation were monitored during the stress treatment. The 
physiological state of the control and stressed fruit trees was 
characterized also by the chlorophyll content, the fresh weight-dry weight 
ratio and the stomatal conductancy. The results obtained clearly 
demonstrate that T22 treated fruit trees resisted well even the vigorous 
drought stress applied. The enhanced resistance correlated with the 
changing of the activity of the reactive oxygen scavenging system. This 
work was supported by GVOP-3.1.1-2004-05-0061/3.0. 
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The effects of two K levels (50 and 100 mg/kg K2SO4) and six treatment 
of irrigation with solution of NaCl (1, 2, 4, 8, 16 and 20 ds/m) on the 
growth , Chemical composition and plant water relationships seeding of 
Iranian pistachio (Pistachio vera L .) were studied in an arid calcareous 
soil in a glasshouse experiment. Tolerant to salt was less in the low K level 
than high K level, probably because of higher uptake and /or transport of 
Cl and Na ions, lesser osmoregulatory ability, and greater reductions in 
the top and root dry weights. The 50% reduction the top and root dry 
weights were obtained, respectively, at an electrical conductivity of the 
saturation extract (ECe) of 12 and 13 ds/m for low K level and 16 and 
17.5 for high k level.  Higher levels of K fertilization may be beneficial for 
Pistachio to tolerate to salt stress conditions. 
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Imposition of salt stress reduced the net CO2 assimilation rate, chlorophyll 
(Chl) and carotenoid contents, stomatal conductance and biomass 
production of tomato (Lycopersicon esculentum Mill. L. cv. Rio Fuego). 
Pre-treatments of plants with 10-4 M, but not with 10-7 M salicylic acid 
(SA), could partially restore the CO2 fixation rate, Chl a/b ratio, carotenoid 
levels under 100 mM NaCl exposure. Accumulation of soluble sugars, a 
biochemical marker of salinity tolerance of tomato, could be detected in 
pre-treated plants. After SA application, concentrations of hexoses 
(glucose and fructose) remained high in the leaves and that of sucrose in 
the roots during salt stress. Both SA and salt stress increased the H2O2 
production of tissues. Activities of superoxide dismutase and catalase 
(CAT), a H2O2 generating and scavenging enzymes, respectively, 
decreased significantly under salt stress, but in 10-4 M SA pre-treated 
plants, CAT activity was significantly induced both in the root and shoot 
tissues. The improved photosynthetic performance, the accumulation of 
soluble sugars as compatible osmolytes and the effective elimination of 
H2O2 by CAT contributed to the successful acclimation of 10-4 M SA pre-
treated tomato plants to high salinity. – This work was supported by OTKA 
T038392. 
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We investigated the effect of water deficit on the photosynthetic 
parameters and the abscisic acid (ABA) levels in wheat. A comparison was 
made between the changes of the parameters mentioned above, in 
seedling stage under osmotic stress and in reproductive growth phase 
under soil drought in two Hungarian wheat cultivars Triticum aestivum L. 
cv. MV Emese (resistant) and GK Élet (sensitive). The water status 
parameters, CO2 assimilation, chlorophyll a (chla) fluorescence, pigment 
content and ABA levels were determined as a function of the development 
of water deficit. The tolerant genotype cv. Emese maintained higher water 
potential in upper leaves under osmotic or drought stress than the 
sensitive cv. Élet. In spite of this, the tolerant line exhibited an earlier ABA 
accumulation in the grains (DPA 9) than the sensitive line (DPA 24). The 



characteristics of the CO2 assimilation and chla fluorescence parameters 
measured in flag leaf (Yield, qP, NPQ) did not differ between the two 
varieties and compared to the control, the Yield changed similarly to the 
CO2 fixation. But in seedling stage under osmotic stress the CO2 
assimilation declined significantly and in contrast to the flag leaf the qP 
decreased and the NPQ increased significantly in both varieties, and the 
tendencies were the same in both genotypes. The chla fluorescence 
parameters and the efficiency of photosynthesis measured on the 
seedlings did not correspond to those measured on the flag leaf in the 
reproductive growth phase.-This work was supported by Grant No. NKFP 
4/064/2004 
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Investigation of proline metabolism is important both to understand stress 
response mechanisms and to improve crops. Earlier evaluations of stress 
resistance of transgenic arabidopsis plants bearing antisense suppressor 
of proline dehydrogenase resulted in some controversial observations 
(Nanjo et al., 1999; Mani et al., 2002; Ribarits, 2007). We obtained 
tobacco plants bearing a fragment of arabidopsis proline dehydrogenase 
gene in antisense orientation. The usage of heterologous antisense 
suppressor resulted in a mild increase in proline content in non-stressed 
plants (by a factor of 2 to 3 in different lines). Under the stress conditions 
(200 mM of NaCl) the content of proline was increased to similar levels in 
both transgenic and control plants. According to the results obtained 
transgenic plants were characterized by a mild increase in general (non-
specific) stress tolerance: (1) they survive better in the presence of NaCl 
or PEG6000 in growth media and contain a smaller quantity of MDA; (2) 
they tolerate higher concentrations of various heavy metals (Pb, Cd, Ni, 
Hg); (3) the detached leaves of transgenic plants lose water at a lower 
rate; (4) the electrolyte leakage experiments showed lower membrane 
permeability of cells of transgenic plants; (5) after the exposition at high 
temperature, seeds of transgenic plants were characterized by a higher 
germination rate. It may be assumed that an increased level of proline 
under normal conditions could partially alleviate the damage at stress 
onset and facilitate rapid induction of stress response mechanisms. 



Transgenic plants were characterized by normal phenotype and 
development. 
 

 
 
4E_08_P 
 
RESOURCE SHARING AMONG INTERCONNECTED RAMETS 
ENHANCES STRESS TOLERANCE IN IRIS PUMILA  
 
Sanja Manitašević1, Ana Vuleta*, Gordana Matić, Jadranka Dunđerski and 
Branka Tucić* 
 
Department of Biochemistry and *Department of Evolutionary Biology, 
Institute for Biological Research „Siniša Stanković“, 11060 Belgrade, 
Serbia, 1manitas@ibiss.bg.ac.yu 
 
Physically connected ramets of clonal plants are able to reciprocally 
exchange essential resources (i.e., water, assimilates and nutrients) if 
they are unevenly distributed over space. We tested the hypothesis that 
translocation of resources between source and sink ramets increases 
stress tolerance of the whole clone growing in a patchy environment. This 
study was conducted in an exposed population of Iris pumila growing in 
the wild. In early spring, circle-shaped clonal genotypes were cut into two 
equal parts with different integration status: C - with physically connected 
rhizome segments and NC - with ceased connections. One half of each 
clone was shaded with a neutral screen in such a way that both C and NC 
parts consisted of exposed (high-light stressed) and shaded (up to 50% of 
ambient irradiance) quarters. During the summer, the leaf tissues were 
sampled from each quarter within every clone. Variation pattern of the 
following traits was examined: the level of stress proteins Hsp70 and 
Hsp90 (Hsp90a and Hsp90b isoforms), as well as relative water content 
(RWC) and specific leaf area (SLA). While the value of SLA decreased with 
irradiance, Hsp90a expression and RWC increased, regardless of their 
integration status. Conversely, the amount of Hsp70 and Hsp90b 
dramatically elevated exclusively in the exposed quarter interconnected 
with shaded one. These results suggest that resource-sharing among 
interconnected ramets could provide a powerful strategy in I. pumila to 
enhance the tolerance to stressful abiotic heterogeneity commonly 
occurring within its natural habitats. 
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Two species of Brassica were used to study their acclimation to heat and 
high illumination during the first stages of the development. One, B. 
fruticulosa, is a wild species from south-east Spain and is adapted to both 
heat and high light intensity in its natural habitat, while the other, B. 
oleracea, is an agricultural species that is widely cultivated throughout the 
wold. The B. fruticulosa plants grown under high illumination and heat 
showed a greater reduction of the foliar area and biomass than the B. 
oleracea plants in relation with the respective control plants,. The 
quantum yield of the PS II, the capacity of photosynthetic electron 
transport and photochemical quenching, decreased in B. oleracea plants 
when grown under stress conditions, indicating the inhibition of PS II. 
However, in B. fruticulosa the values of these parameters were similar to 
control plants. PS I was more stable than PS II, probably because it plays 
a protective role though cyclic electron flow. The PS I activity increased in 
B. oleracea and B. fruticulosa plants exposed to heat and high 
illumination. The activities of plastidial NADH deshydrogenase complex 
and terminal oxidase were much higher in B. fruticulosa than in B. 
oleracea, and both were stimulated in plants grown in stress conditions. 
Acclimation and tolerance to high illumination and heat of the 
photosystem activities was higher in the wild species than in the 
agricultural species, indicating that plant adaptation to these stresses in 
natural conditions favours subsequent acclimation, and that, the 
chlororespiration process is probably involved in both adaptation and 
acclimation to heat and high illumination. This work was supported by the 
Spanish MEC (BFU2005-09243-C02-01). 
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Soil salinity is an important growth limiting factor for most plants. Salinity 
inhibits plant growth by osmotic stress, nutritional imbalance and some 
specific toxicity and it is being progressively exacerbated by fertilization, 
especially in arid regions. In other hands, nitrogen (N) is an essential 



element for plants. It has a fundamental role in amino acids, proteins, 
nucleoic acids and lots of enzyme structure. The proper use of N fertilizers 
in all soils is important, but particularly so in saline soils, where N might 
reduce the adverse effects of salinity. In high salinity levels, the 
antagonistic relationships are attributed to the negative membrance 
potential of root cells and the negative charge of both nitrate and chloride. 
Most plants respond to salinity stress in their environment by 
osmoregulation of their cellular content. Synthesis and accumulation of 
organic solute of carbohydrate and N compounds (e.g. proline) are used 
for this purpose. The present study, therefore, was initiated to evaluate 
the effects of N and salinity on proline and reducing sugars content in 
pistachio. Pistachio seedlings were grown in potted soils exposed to four 
salinity levels (0, 800, 1600, and 2400 mg NaCl kg-1 soil) and four N 
levels (0, 60, 120, and 180 mg kg-1 soil as urea). As the salinity levels 
increased, the leaf proline content significantly increased while 
concentration of reducing sugars decreased. A significant increase in 
proline and reducing sugars was observed with N application. The 
evidence presented in this study suggests that a function of proline under 
salt stress is that of osmoregulation. Also, the results show that the 
provision of the optimal nutritional regimes, therefore, has an important 
contribution to the determination of pistachio reaction to soil salinity. 
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Salinity is a world-wide problem which adversely affects the growth of 
many plants through a series of interacting factors including some specific 
ion toxicities, ion imbalance and suppression of water potential. Most 
plants respond to changing osmotic potentials in their external 
environment by osmoregulation of their cellular content. Synthesis and 
accumulation of organic solutes (e.g proline) are utilized for this purpose. 
The amount of proline accumulation correlates well with the degree of 
stress in plants subjected to different salts. Soil fertilization appears to be 
beneficial in reducing the plant growth depression due to soluble salts. 
The present study, therefore, was initiated to evaluate the main and 
interactive effects of zinc, phosphorous and salinity levels on proline and 
reducing sugars content in pistachio. Pistachio plants were grown in 
potted soils exposed to four salinity levels (0, 1000, 2000, 3000 mg NaCl Kg-1 soil), 
four phosphorous levels (0, 60, 120 and 180 mg P Kg-1 soil as Ca(H2PO4)2) and 



three zinc (Zn) levels (0, 5, 10 mg Zn Kg-1 soil as ZnSo4.7H2O). As the salinity levels 
increased, the leaf proline content significantly increased. However, Zn 
application declined the proline content but the application of phosphorous 
had not a significant effect on proline and reducing sugars content. The 
reducing sugars concentration was affected by salinity levels and Zn 
application. A significant decrease in reducing sugars was observed with 
increasing salinity levels and decreasing Zn levels. The evidence presented 
in this study suggests that a function of proline in pistachio under salt 
stress is that of osmoregulation. It seems that proline is not directly 
involved in osmoregulation, but it plays an indirect role by increasing 
hydration of protoplasm. The results of this study show that the provision 
of the optimal nutritional regimes, therefore, has an important 
contribution to the determination of pistachio reaction to soil salinity. 
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Abiotic stress can activate the expression of numerous genes through 
several abscisic acid (ABA) dependent and independent pathways. ABA 
plays important roles in dormancy, dessication control, and osmotic stress 
responses. We have identified a novel T-DNA tagged Arabidopsis mutant, 
which is characterized by hypersensitivity to high salinity, abscisic acid 
(ABA) and sugar treatments. The mutant was further characterized by 
enhanced proline accumulation, increased tolerance to methylglyoxalate, 
and altered expression of numerous stress-responsive and other genes.  
The T-DNA insertion disrupted the gene At3g16890, encoding an unknown 
mitochondrial protein, composed of 14 pentatricopeptide (PPR) repeats. 
Overexpression of the full length cDNA in the tagged mutant 
complemented the stress hypersensitivity and lead to increased salt 
tolerance in several transgenic lines. The encoded protein was localized in 
the mitochondria and was associated with complex III. in the 
mitochondrial electron transport system. Characterization of the mutant 
and the corresponding gene suggest a possible link between mitochondrial 
electron transport, stress responses and ABA regulation in higher plants.  
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To improve stress- and disease-tolerance of cultivated plants are a crucial 
problem in the agriculture. Utilization of biologically active substances, 
possessing an effect on metabolism and directing it towards the required 
pathways and thus ensuring the favourable property, could be a possible 
way. The natural intermediate compound S-methylmethionine (SMM), 
which is synthesised from methionine by adenosyl-methionine-
methionine-S-transferase, also belongs to biologically active substances. 
SMM has an important role in the sulphur metabolism, participating in 
methylation reactions, in the biosynthesis of osmoprotectant 
sulphopropionates and through this, in the stress- and disease-tolerance 
of plants. Physiological effect of SMM is similar to that of polyamines 
which is probably due to the fact that SMM can take part in reaction 
pathways leading to the biosynthesis of polyamines. In this work we 
studied the effect of exogenously added SMM in maize (Zea mays L., 
cultivar Norma) under cold stress conditions. Time course of changes in 
polyamine levels (e.g.: putrescine, spermidine) were followed under cold, 
SMM and the combined treatments. To understand the molecular 
background of changes of polyamine level under these circumtances, 
expression of arginine decarboxylase, spermidine synthase and SAM-
decarboxylase genes, which take part in the polyamine synthesis, were 
also investigated. Changes in expression levels of CBF1, which is an early 
induced transcription factor under cold stress conditions and causes 
switching on several structural-genes, were also measured, so that we 
could get broader knowledge for stress avoiding role of the SMM. 
 

 
 
4E_14_P 
 
THE EFFECT OF SOIL ZINC APPLICATION ON LIPID PEROXIDATION 
OF CELL MEMBRANE, PHENOLIC COMPOUNDS AND FLAVONOIDS 
IN PISTACHIO  (PISTACIA VERA CV. GHAZVINI) UNDER SALINITY 
STRESS. 
 
M. Talebi, V. Mozaffari and A. Tajabadipour. 



 
Soil Sciences Department, Vali-Asr University, Rafsanjan, Iran. 
msctalebi@yahoo.com 
 
Salt stress is considered as one of the most important abiotic factors 
limiting plant growth and yield in many areas of the world. One of the 
main criteria for salt tolerance is cell membrane stability under stress. 
Reactive oxygen species (ROS) and lipid peroxidation are considered to be 
destructive to cell membrane under salt stress. Phenolic compounds and 
flavonoids in plants decrease negative effects of reactive oxygen species 
and increase stability of cell membrane. The objective of this study was to 
evaluate the effect of zinc and salinity on some physiological and 
biochemical properties of pistachio (cv. Ghazvini). A factorial greenhouse 
experiment was carried out as completely randomized design with three 
replications. Treatments were 4 levels of Zn (0, 5, 10 and 15 mg kg-1 soil) 
and 5 levels of salinity (0, 800, 1600, 2400 and 3200 mg NaCl kg-1 soil). 
The results indicated that by increasing salinity, lipid peroxidation in 
leaves increased and levels of MDA (as an indicator of lipid peroxidation) 
increased significantly in response to NaCl. MDA concentrations increased 
with soil salinity levels up to 1600 mg NaCl kg-1 soil, but decreased at 
higher salinity. Simultaneously, concentration of other aldehyde increased 
with decreasing MDA. Application of 10 mg kg-1 zinc decreased over 33% 
MDA concentration in leaves. Also, phenolic content and flavonoids 
increased with increasing salinity. Application of 15 mg kg-1 of Zn 
significantly increased these compounds in comparison to control. In other 
words application of Zn increased phenolic compounds by 24% and 
flavonoids by 28%. The results presented in this paper suggest that zinc 
can increase the growth rate of salinity stress in pistachio in increase of 
phenolic compounds and flavonoids as an antistress compounds. 
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Imposition of salt stress reduced the net CO2 assimilation rate, chlorophyll 
(Chl) and carotenoid contents, stomatal conductance and biomass 
production of tomato (Lycopersicon esculentum Mill. L. cv. Rio Fuego). 
Pre-treatments of plants with 10-4 M, but not with 10-7 M salicylic acid 



(SA), could partially restore the CO2 fixation rate, Chl a/b ratio, carotenoid 
levels under 100 mM NaCl exposure. Accumulation of soluble sugars, a 
biochemical marker of salinity tolerance of tomato, could be detected in 
pre-treated plants. After SA application, concentrations of hexoses 
(glucose and fructose) remained high in the leaves and that of sucrose in 
the roots during salt stress. Both SA and salt stress increased the H2O2 
production of tissues. Activities of superoxide dismutase and  catalase 
(CAT), a H2O2 generating and scavenging enzymes, respectively, 
decreased significantly under salt stress, but in 10-4 M SA pre-treated 
plants, CAT activity  was significantly induced both in the root and shoot 
tissues. The improved photosynthetic performance, the accumulation of 
soluble sugars as compatible osmolytes and the effective elimination of 
H2O2 by CAT contributed to the successful acclimation of 10-4 M SA pre-
treated tomato plants to high salinity. – This work was supported by OTKA 
T038392. 
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Embryogenic suspension cultures of Dactylis glomerata were treated with 
different salt concentrations - 85 mM, 170 mM and 255 mM NaCl. While 
85 mM NaCl enhances the level of somatic embryogenesis, higher salt 
concentrations affect negatively the regeneration potential. The protein 
patterns of cell wall-associated and culture media fractions showed 
significant alterations. Proteins, abundant in the cell wall at 85 mM NaCl 
and absent at higher salt concentrations are potential markers for the 
regeneration capacity. Many of these protein fractions appear in the 
culture media at 170 mM NaCl. A protein, with pI 9.2-9.4 and molecular 
weight 73 kD was chosen, as an antigen for screening the human 
semisynthetic single-chain Fv (scFv) phage library (Griffin.1) by 2D phage 
panning for selection of specific monoclonal antibodies. Eight phage clones 
were selected in four rounds of screening. All scFvs were positive on 
Western blot analysis. Selected recombinant antibodies were obtained in 
soluble form by expression in Escherichia coli HB2151. Western blot 
analysis against a 2D PAGE sample of extracellular proteins from cultures, 
treated with 170 mM NaCl, showed two fractions: the 73 kD protein, pI 
9.2, used as antigen, plus a 33 kD, pI 8.3 protein. The 73 kD protein is 



found in the cell wall at 85 mM NaCl and absent at 170 mM. To our 
opinion, the selected antibodies can be used as potential markers for the 
regeneration capacity of Dactylis glomerata cell cultures. 
The research was funded by grant ВУ-Б-203/06 of the Ministry of 
Education and Science of Bulgaria. 
 

 
 
4E_17_P 
 
MEDICAGO TRUNCATULA PLANTS EXPRESSING THE ELIP-LIKE 
DSP22 SHOWED IMPROVED CAPACITY TO RECOVER FROM A 
SEVERE WATER DEFICIT. 
 
Araújo SS1a), Duque AS1, Marques da Silva J2,3, Santos D1, Bernardes da 
Silva A 2,3 and Fevereiro P1,2 

 
1 - Plant Cell Biotechnology Laboratory, ITQB, Universidade Nova de 
Lisboa, Apt 127, 2781-901 Oeiras, Portugal; 2 - Departamento de Biologia 
Vegetal, FCUL, Campo Grande, 1749-016 Lisboa, Portugal; 3 - Centro de 
Engenharia Biológica, FCUL, Campo Grande, 1749-016 Lisboa, Portugal.  
a) Corresponding author: saraujo@itqb.unl.pt 
 
Medicago truncatula cv Jemalong plants expressing the DSP22 showed 
improved capacity to recover from a severe water deficit episode after 
rewatering, when compared to the non transformed line. DSP22, an ELIP-
like protein from Craterostigma plantagineum, is thought to protect the 
chloroplast against photo-oxidative damage during the dehydration and 
rehydration process so characteristic of this resurrection plant. Transgenic 
plants showed higher ΦPSII values under moderate water deprivation and 
during rewatering when compared to the wild type. They also showed 
higher amounts of chlorophylls and lower Chl a.Chl b-1 ratio in both water 
regimes. Such results suggest that the protective roles of the ELIP-like 
DSP22 against water stress or during rewatering may be associated with 
the transient binding to photosynthetic pigments and/or with the 
preservation of chloroplast protein complexes, such as the LHCII. Biomass 
accumulation in the transgenic line was less affected by water deficit than 
in the non transgenic lines. Transgenic M. truncatula plants showed 
evidences of a higher potential to withstand water stress than the non 
transgenic, an aspect that could explain the better chances to recover 
from temporary water stress episodes, which is an important issue when 
addressing plant improvement toward water stress.  
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ATHB7 is a member of HD-zip protein and was demonstrated to be 
involved in drought response in plants. ATHB7 is transcriptionally induced 
by dehydration in post-germinative stages of the life cycle and is 
supposed to act as a negative regulator of growth (Olsonn et al. 2004). 
Constitutive expression of ATHB7 in Arabidopsis led to a suppression of 
shoot elongation growth and retardation of bolting. 
To assess the effect of this gene in an heterologous system we obtained 
transgenic tomato plants overexpressing  ATHB7 mRNA, by using a 
CaMV35S::ATHB7 construct. Transgenic T0 plants did not show any visible 
phenotypic alteration and selected lines showed high level of expression of 
ATHB7 RNA. Drought and salt tolerance was evaluated in T2 tomato 
progeny of four independent transgenic lines. Six replicates for each line 
were grown in greenhouse under normal agronomic trial and under stress 
condition. Drought tolerance was evaluated using one third of irrigation 
water respect to the not-stressed plants while salt tolerance was 
evaluated using irrigation water containing 150 mM NaCl. Physiological 
and agronomical data were collected during the trial and differences in 
stress response were observed among transgenic lines and respect to the 
isogenic lines. No meaningful differences were observed between 
transgenic and non transgenic lines in the non-stressed trials. The 
experiment was repeated using T3 progeny on the two best performing 
transgenic lines and the non transgenic control. 
Results on agronomic performance and physiological data of tested plants 
will be discussed. 
 
(Olsson et al. 2004. Plant Mol. Biol. 55:663-677) 
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In comparison to natural habitats (forests, grasslands, wetlands and 
riparian zones) cities and towns represent very young habitats (Wittig 
2004). The presence of high anthropopressure and the extensive 
infrastructure of urban areas have a major impact on such environmental 
factors as climate, soil layer, hydrology, disturbance regime, and 
management practices (Sukopp and Heneke 1983; Sudnik-Wójcikowska 
and Galera 2005; Turner et al. 2005). The most exposed to drought, 
which is the most important abiotic stress in urban areas, are the 
herbaceous plants: perennials and annuals. In this trial a response to 
water stress of three commonly used garden species, avens (Geum 
coccineum Sm.), heartleaf saxifrage (Bergenia cordifolia (Haw.) Sternb.) 
and stonecrop (Sedum spectabile Bor.) was compared. The first avens is 
very herbaceous and prone to wilting, heartleaf saxifrage has thick 
rhizome and leathery, evergreen leaves and the last one is a succulent 
species adapted to drought. During two vegetative seasons (2005 and 
2006) plants were subjected to water stress: drought was imposed by 
withhelding watering during 10-days cycles, separated by 10-days of 
normal watering. Ammonium content in leaves all the species increased 
significantly under stress but the range of increase was different. The 
reduction in the a+b chlorophyll concentration in leaves of avens was 
significantly time- and stress dependent while reaction of stonecrop and  
heartleaf saxifrage was less spectacular. The above results show that 
ammonium and chlorophyll a+b contents merit further attention as 
possible indicators of plant response to drought stress in ornamental 
plants but additional studies are needed before these parameters can be 
used to evaluate new plants for introduction into urban growing 
conditions, or as selection criteria in breeding for adaptation to demanding 
growing conditions. 
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Drought is one of the major abiotic factors that limits agricultural crop 
production. Nevertheless, water deficit usually coincides with other abiotic 
stresses, adversely effecting plant growth. Plants can survive these 
adverse conditions using different strategies. Plant resistance to water 
deficit may arise from escape, avoidance, or tolerance strategies. Plants 
usually apply a combination of these strategies under dry conditions. 
These distinct strategies are caused by underlying transcriptional 
alterations of a high number of genes. To follow the transcriptional 
changes under water deficit, cDNA macroarray was hybridized with root 
samples of two wheat genotypes, both displaying tolerance to water-
deficit stress but following distinct strategies, derived from an 
experimental system based on reduced irrigation for simulating stress 
conditions. As a result, 8.0 % of the genes were up-regulated and 8.5 % 
were down-regulated in the adaptive cultivar. In the “escaper” genotype, 
these ratios were 5.1 % and 4.8 %, respectively. After functional 
classification of genes induced by water-deficit stress, three groups of 
genes displayed significant differences between the two genotypes: 
stress- and defense-related; signal transduction components; cell 
organization and cell wall biogenesis-related genes. These results suggest 
a hypothetical elucidation of the molecular genetic background of the 
different tolerance strategies of the two examined wheat genotypes. 
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Abiotic stresses are very important factors that can reduce the crop 
production. Plant root is the primary organ for uptake of water and 
nutrients, therefore plays important role in tolerance to stresses like 
drought or salinity. Plants developing stronger and deeper roots suffer less 
from water deficit. Genes facilitating development of efficient root system 
during drought stress can increase the survival of the plant. Fusions of 
drought stress-related root-specific promoters to these genes may provide 



environment friendly and efficient solution to improve roots of crop plants 
under stress conditions. The aim of our work is to develop expression 
cassettes for cereals for the above purpose. Two promoters were selected, 
the rice Catalase B and the RSOsPR10 promoters. The CatB promoter is 
known to be root-specific, the expression of the RSOsPR10 mRNA is high 
in salt and drought stress conditions in root. Both promoters have stress-
related transcription factor binding sites and motifs (MYB, WRKY, DREB, 
LTRE, root motifs) in their sequence. The 1.6 kb CatB promoter and the 2 
kb of the 5` flanking region of the RSOsPR10 were cloned, and fusions of 
these promoters to reporter genes (GUS, eGFP, YFP) were constructed 
and transformed into rice Nipponbare cv. calli. On the regenerated T0 rice 
plants, salt stress was performed that revealed the RSOsPR10 promoter 
directing root-specific and stress-induced expression pattern of GFP in 
stress conditions. Tests on the CatB transformed calli, regeneration of 
their T0 plants are in progress. Independent T1 lines of RSOsPR10 
transgenic rice plants will be generated for detailed characterization of the 
expression cassette. 
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Chromium is a highly toxic non-essential metal for microorganisms and 
plants. Due to its widespread industrial use, chromium (Cr) has become a 
serious pollutant in diverse environmental settings. Cr toxicity in plants is 
less studied than in animals, but it seems to depend on Cr valence state: 
Cr6+, more soluble and mobile, is more toxic than Cr3+. So, in this work 
we studied the genotoxic and histologic effects of this two Cr species in 
three Lactuca sativa L. cultivars (Póvoa, Teide and Twistil). For this, 
plantlets were grown on solid matrix and watered with ½ Hoagland 
solution containing final concentrations of 0, 50, 150 and 300 mg/L of Cr3+ 

and Cr6+ (supplied respectively as CrCl3.6H2O and as K2CrO4). After 30 
days, leaves and roots were sampled for histological and flow cytometric 
(FCM) analyses (0 and 300 mg/L). Nuclear DNA content and the G2:G0/G1 
ratio were estimated, and changes in the full peak coefficient of variation 
(mesure of DNA damage) of the G0/G1 peak were recorded. While in roots, 
significant differences in nuclear DNA content were detected between 
control and exposed plants exposed to Cr3+ (all cultivars), for leaves this 



was verified for plants exposed to Cr6+ (cv. Póvoa). As for the G2:G0/G1 
ratio, a significant increase was observed in roots of plants exposed to 
Cr6+, whereas in leaves this ratio decreased (all cultivars).  
 
Work funded by FCT/POCTI/AGR/60672/04; FCT Fellowships: Eleazar 
Rodriguez: FCT/SFRH/BD/27467/06 and João Loureiro 
FCT/SFRH/BD/9003/02,  
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Several metals - such as copper – are essential microelements but in high 
concentrations they damage plants by causing oxidative stress. The effect 
of copper was investigated in 2 weeks-old Pisum sativum, after one-week 
treatment with different CuSO4 concentrations (5, 10, 25 and 50 µM). 
Growth parameters (root-shoot length and mass), the capacity of the 
heavy metal uptake, the root-to-shoot translocation and the changes of 
the macro element distribution were measured. Catalase (CAT), guaiacol-
peroxidase (GPX), glutathione reductase (GR) and glutathione-S-
transferase (GST) activities were also determined and NO synthesis was 
detected in roots. Plants kept the metal ions in their roots, while a 
minimal translocation to the shoot was detected only in cases of 25 and 
50 µM treatments. Cu2+ caused growth inhibition in roots; it means 30-
50% decrease in root length and mass compared to control plants. GR 
activity decreased dramatically in root tissues while in shoot we observed 
increased enzyme activities. GST activities slightly decreased in both 
tissues. In plants treated with 25 µM Cu2+, time dependence of enzyme 
activities was measured. GPX activity increased in both roots and leaves; 
GR and CAT activities increased in shoots but decreased in roots. NO 
production was measured after 100 µM heavy metal treatment from 1 to 
48 hours. On the basis of the time course, the Cu2+-induced NO 
production clearly showed a biphasic reaction, namely, a fast burst of NO 
release followed by a slow increase. It is concluded that the immediate 
stress response in the alarm phase is the decrease of defence capacity 
accompanied by the appearance of NO in the root, while in the shoot 
acclimatization processes are initiated. –This work was supported by grant 
No. NKFP 3A/009/2004. 
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The molecular response of chlorophyll(Chl)-protein pattern to Cd 
treatment was studied in poplar plants grown in hydroponics. The 
relationship between Chl-protein level and their mRNA level was aimed to 
examine. Plants were treated with 10 µM Cd(NO3)2 starting at their four-
leaf stage. Structural and functional photosynthetic parameters were 
measured and RNA samples were extracted from developing and mature 
leaves during the two-week treatment. Chl-protein pattern analyzed by 
Deriphate-PAGE revealed that the most effected complex was the 
photosystem I including its light-harvesting antenna, LHCI. To investigate 
whether the reduced amount of proteins was due to the change of the 
expression profile, the mRNA level of the Lhca1-4 genes has been 
analyzed by quantitative real-time RT-PCR. In addition, their stress-
enhanced relatives Lhca5 and Lil1 gene (ELIPs early light induced 
proteins) were also studied. Transcription of the rarely expressed Lhca5 
slightly enhanced in mature leaves at the beginning of the Cd treatment. 
However, in young developing leaves high expression level was detected, 
which decreased remarkably during leaf development. In Cd-treated 
plants a strong reduction was demonstrated. Similar results were 
observed in the case of Lil1 gene, though its enhancement was stronger in 
mature leaves in early phase of the treatment. The abundantly expressed 
Lhca genes (1-4) displayed identical transcriptional behavior. In young 
expanding leaves Cd inhibited their transcription and mRNA levels 
decreased gradually, whereas in mature leaves Cd-induced inhibition was 
less pronounced. The results obtained at mRNA level were consistent with 
those at protein level. It is hypothesized that the reduction in the amount 
of LHCI antenna under Cd stress was triggered by transcriptional 
response. 
This work was supported by grant T-043646 (OTKA).  
 

 
 



4G_04_P 
 
ANTIOXIDANT AND MORPHOLOGIC ANALYSIS OF LYCOPERSICON 
ESCULENTUM CV MICRO-TOM PLANTS SUBJECTED TO CADMIUM 
STRESS 
 
1Gratão, P. L., 1Monteiro C. C., 2Rossi, M. L., 2Rodriguez, A. P. M., 1Peres, 
L. E. P., 1*Azevedo, R. A.  
 

1Lab. Genética Bioquímica de Plantas/Dep. 
Genética/ESALQ/USP/Piracicaba/SP/Brasil; 2Lab. Biotecnologia 
Vegetal/CENA/USP/Piracicaba/SP/Brasil; 1*Pesquisador Dep. Genética - 
ESALQ/USP/Piracicaba/SP/Brasil, raazeved@esalq.usp.br 
 
The contamination of environments by heavy metal pollution mainly by 
cadmium (Cd), which is considered one of the more toxic, is generated by 
mining, industrial activities, sewage sludge and phosphated fertilizers 
used in agriculture. Cd can induce excessive production of reactive oxygen 
species (ROS) which can cause serious damage to cellular metabolism, 
leading to growth inhibition. A class of antioxidant enzymes acts in the 
scavenging of ROS and plants exposed to heavy metals may exhibit 
alteration in enzyme activity. In this study we observed alterations in CAT 
and peroxidases activities in tomato cv Micro-Tom plants. SOD 
isoenzymes activities were also shown to be altered. Besides, morphologic 
analysis allowed the evaluation of Cd-induced damage. The results 
suggest that in tomato cv Micro-Tom the main defence system to Cd 
stress is variable during the heavy metal exposure period and its 
concentration. The study of such responses may allow the evaluation of 
tolerance levels and specificity of the response to levels of pollution in the 
environment. These data may be useful in breeding programs or 
biotechnological alternatives to produce and/or select tolerant plants that 
may be used in phytoremediation in order to reduce the amount of heavy 
metals in contaminated areas. Another important aspect is the 
identification or selection of plants that accumulate very low amounts of 
Cd in the parts that are used for animal and human food. (Financial 
support by FAPESP and CNPq).  
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The balance between antioxidants such as ascorbate (ASC) and 
glutathione and oxidative reactive oxygen species (ROS) is known to play 
a pivotal role in the response of plant cells to abiotic stress. Here cell 
cultures of Arabidopsis thaliana were investigated on their response to 
elevated levels of aluminum, zinc or cadmium. For Zn and Al no significant 
H2O2-accumulation was detected. Cd, however, induced a rapid and 
concentration dependent and initially extracellular H2O2-accumulation that 
could be inhibited by DPI (20 µM). RT-PCR analysis of 3 Rboh genes 
showed an increased transcription of Rboh F after 15 min. No change in 
ASC concentration was observed during the first three hours after Cd-
addition. In contrast glutathione levels completely diminished within one 
hour. This drop could be attributed to an increase in phytochelatin 4. At 
the plasma membrane, Cd further induced a significant decrease in 
dehydroascorbate uptake activity (up to 90% inhibition after four hours). 
This decrease is not present when cells are treated with LaCl3, before 
exposure to CdCl2. LaCL3 is a typical inhibitor of Ca channels and is known 
to prevent Cd uptake and Cd induced ROS production in plants. Therefore 
these results seem to indicate Cd uptake is a prerequisite for the change 
in DHA transport activity. However DPI did not prevent the drop in DHA 
uptake activity indicating that this response seems to be independent of 
the H2O2-production. The possible function of the drop in DHA uptake in 
response to Cd stress will be discussed. 
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KINETICS OF PHOTOSYNTHETIC RESPONSES AND DEVELOPMENT 
OF PROTECTIVE MECHANISMS DURING CD STRESS IN POPLAR 
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It is well known that Cd inhibits photosynthesis and induces oxidative 
stress. However, the time scale of appearance of symptoms and the onset 
of the protective mechanisms has been scarcely studied. To get 
information on the kinetics of processes depending on leaf maturity, Cd 
effects on both photosynthetically competent and developing leaves of 



poplar plants (Populus alba v. Kopeczki, grown in hydroponics) were 
followed during the treatment (with 10 µM Cd(NO3)2) of plants being in 
four-leaf stage for a three-week period. In mature leaves, the actual 
quantum efficiency of photosystem(PS)II (ΔF/Fm’) and non-photochemical 
quenching (NPQ) did not change. Reduction of CO2 fixation and stomatal 
conductance were the earliest responding parameters starting to change 
from the day 2-3. Decrease in chlorophyll (Chl) content, Chl a/b ratio, and 
in the amount of PSII core was slight (starting from day 3). The activity of 
ascorbate peroxidase (APX) decreased, and the amount of 
malondialdehyde (MDA) slightly increased from day 4 compared to 
controls. In newly developed leaves most of the studied parameters were 
more strongly affected. Lowered Chl content, Chl a/b ratio (decrease in 
PSI>LHCII>PSII), and inhibited CO2 fixation appeared early (from day 3), 
while reduction in ΔF/Fm’, NPQ, APX activity and increase in MDA content 
were observed from day 4. While CO2 fixation was the most influenced 
parameter in mature leaves, the stage of photosynthetic structures was 
equally important in developing leaves. A recovery phase started on the 
second week of treatment even in the presence of Cd. 
This work was supported by grant T-043646 (OTKA). 
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CD-INDUCED INHIBITION OF PHOTOSYNTHESIS CAN BE 
RECOVERED BY ELEVATED FE SUPPLY 
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Cd causes Fe deficiency-like symptoms, and thus inhibits photosynthesis. 
Surplus Fe supplied together with the Cd diminished or even abolished the 
effects. However, it was due to the decreased Cd translocation into the 
shoots. To clarify how important is the Cd-induced Fe deficiency among 
the effects of Cd on photosynthesis we studied the recovery effect of 
surplus Fe supplied after the Cd symptoms had been developed. 
Hydroponically cultured poplar (Populus glauca v. Kopeczkii) plants were 
treated with 10 µM Cd(NO3)2 for a week, during which the Cd symptoms – 
including growth retardation, decreased chlorophyll (Chl) synthesis 
(increased red/far-red fluorescence ratio), reduced Chl a/b ratio and 
photosynthetic activity (CO2 fixation, the effective photosystem II 
efficiency – ΔF/Fm’), increased blue-green fluorescence (BGF) – were 



developed. Next week normal (10 µM) or fivefold amount of Fe-citrate was 
given together with or without Cd into the nutrient solution. None of the 
recovery treatments restored the growth rate or BGF to the control level. 
However, photosynthetic parameters were partially or totally recovered, 
though the Cd content of leaves did not decrease. The recovery of red/far-
red fluorescence started from the vein region and then developed into the 
farther parts. Kinetically, the higher the Fe content, the faster the 
recovery was. Concerning the dynamics of regeneration, Chl a/b ratio and 
ΔF/Fm’ were the most sensitive parameters. In conclusion, the Cd induced 
Fe deficiency plays a key role in Cd effects on photosynthesis, and the 
defects can be repaired by extra Fe supply. 
This work was supported by grant T-043646 (OTKA). 
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THE INFLUENCE  OF ELEUTHEROCOCCUS SENTICOSUS (RUPR. ET 
MAXIM. EX MAXIM) EXTRACT TO THE TOXICITY OF CADMIUM 
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Cadmium is known to be human carcinogen based on sufficient evidence 
of carcinogenicity in humans. It disturbs the activity of biochemical 
systems of cells. The sensitivity of cells or tissues to cadmium appears to 
be related, at least in part, to their ability to produce metallothionein 
(MT), a protective molecule that binds heavy metals, including cadmium. 
Activation of the MT formation in response to cadmium exposure results in 
production of metallothionein, which sequesters cadmium, thus limiting its 
genotoxic effects. 
Eleutherococcus senticosus (Rupr. et Maxim. ex Maxim) can modify 
cadmium influence and it`s toxicity. The aim of the study was to evaluate 
the effect of Eleutherococcus senticosus (Rupr. et Maxim. ex Maxim) 
extract on the  accumulation of cadmium in liver, kidney and blood and 
mitotic activity of liver cells after the chronic intoxication by cadmium. 
Research was supported by a Grant (No. G-71/06) of Lithuanian 
Foundation for Research and Studies. 
Experiments were carried out on the white laboratory mice. Mice (n=57) 
were periodically i.p. injected for 6 weeks with CdCl2 (0.05 LD50 Cd2+) and 



Eleutherococcus senticosus (Rupr. et Maxim. ex Maxim) extract solutions 
of two different concentrations (0.05 LD50 and 0.1 LD50) and their 
combinations. Control mice were injected with 0.9% saline. Cadmium 
concentration in blood and tissue specimens was determined by atomic 
absorption spectrophotometer Perkin-Elmer/Zeeman 3030. The number of 
mitotic liver cells was counted in 10 randomly selected reference areas 
(0.04 mm2). Preparation of extract from roots of Eleutherococcus 
senticosus (Rupr. et Maxim. ex Maxim)  was made in the factory 
“Valentis” (Lithuania). 
Cd2+ concentration in blood of mice in group Eleutherococcus senticosus 
(Rupr. et Maxim. ex Maxim) (0.05)+Cd was 2,45-fold higher, therefore in 
group Eleutherococcus senticosus (Rupr. et Maxim. ex Maxim) (0.1)+Cd 
was 1,72-fold higher comparing to cadmium  group, in liver that was 
1,61-fold and 1,43-fold, respectively, in kidney 1,72-fold and 1.90-fold, 
respectively. The mitotic activity of liver cells induced by Cd2+ after 
injection of Eleutherococcus senticosus (Rupr. et Maxim. ex Maxim) 
extract was the same as in control group. 
Long-term injections of extract of Eleutherococcus senticosus (Rupr. et 
Maxim. ex Maxim) (0.05 LD50 and 0.1 LD50) combined with CdCl2 (0.05 
LD50) leads to the significant increase of cadmium concentration in blood 
and  investigated organs of experimental mice.  Eleutherococcus 
senticosus (Rupr. et Maxim. ex Maxim) decreases the mitotic activity of 
liver cells induced by cadmium. 
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LONGEVITY ASSURANCE MOLECULAR PATHWAYS IN HUMAN CELLS 
 
Efstathios S. Gonos 
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Ageing and longevity are two multifactorial biological phenomena whose 
knowledge at molecular level is still limited. We have developed a clonal 
senescence induced system and we have cloned several senescence 
associated genes. Analysis of the function of one of the isolated genes, 
encoding for Clusterin/Apolipoprotein J (CLU), suggests that it is a novel 
survival factor. CLU is found over-expressed in vitro under a variety of 
stress conditions and in vivo in samples from patients suffering from 
various age-related diseases as well as in primary tumours which have 
acquired chemotherapeutic drug resistance. In addition, it has been 
demonstrated that inhibition of endogenous CLU expression by RNA 
interference induces growth retardation, higher rates of endogenous 
cellular death and sensitizes human cells to stress (Cancer Res 64, 1834-
1842, 2004). Recent findings indicate that effective and sustained CLU 
depletion by siRNA induces late morphological alterations, growth arrest at 
the G1/S checkpoint and activation of the mitochondrial axis of apoptosis 
that engages caspase-9. Moreover, CLU knock-down resulted in down 
regulation of the BH pro-survival (bcl-2 and bcl-XL) proteins and activation 
of p53 and its downstream targets, namely p21WAF1/CIP1 and bax. 
We have also attempted an overall molecular and biochemical approach 
regarding proteasome function in replicative senescence and cell survival. 
We have observed reduced levels of proteasomal peptidase activities 
coupled with increased levels of oxidized and ubiquitinated proteins in 
senescent cells. We have found the catalytic subunits of the 20S complex 
and subunits of the 19S regulatory complex to be down-regulated in 
senescent cells. This is accompanied by a decrease in the level of both 
20S and 26S complexes (J Biol Chem 278, 28026-28037, 2003). In 
support, partial inhibition of proteasomes in young cells by specific 
inhibitors induced a senescence-like phenotype. Stable over-expression of 
β subunits or POMP in human cell lines resulted in enhanced proteasome 
assembly and activities and increased cell survival following treatments 
with various oxidants. Moreover, stable over-expression of β5 subunit 
delayed senescence in human fibroblasts (J Biol Chem 280, 11840-11850, 
2005). Finally in search of natural compounds that may activate 
proteasome, we have identified that the main constituent of olives, 
oleuropein, exerts stimulatory effects on proteasome. Importantly, 
continuous treatment of human fibroblasts cultures with oleuropein delays 



senescence by approximately 15%.  
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CHEMICAL STRESS RESPONSE MIMETICS EXTEND LIFESPAN 
 
Gordon J. Lithgow   
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glithgow@buckinstitute.org 
 
There are considerable mechanistic links between organismal stress 
resistance and aging1. We have shown previously that long-lived mutants 
of the nematode C. elegans are resistant to thermal stress and over-
accumulate small heat shock proteins (shsps) which alone can extend 
lifespan2-4. A large number of genes determine normal aging rate in the 
nematode and mutations in these genes tend to be highly pleiotropic 
including effects on organismal stress resistance and stress gene 
expression. We undertook genetic screen for mutations that conferred 
increased resistance to multiple stresses and were surprised when we 
tagged a gene shown in other organisms to affect checkpoint functions. 
Checkpoints are evolutionarily conserved signal transduction pathways 
that arrest cell division in response to DNA damage or stalled replication 
forks.  We demonstrated that CID-1, CHK-1 or CDC-25 checkpoint 
proteins also determine organismal stress resistance and lifespan. This 
pathway and other signaling pathways have remarkable effects on 
lifespan; we have observed some mutations extend lifespan 500%. 
 
Each of these genetic modulators of aging is a potential target for 
chemical interventions. We will describe a series of screens of chemical 
compound libraries and show that chemical modulators of aging can be 
identified. These may open up new therapeutic avenues for age-related 
diseases. 
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AGE DEPENDENT COLLAPSE OF PROTEIN FOLDING HOMEOSTASIS 
 
Anat Ben-Zvi and Richard I. Morimoto 
 
Department of Biochemistry, Molecular Biology, and Cell Biology, Rice 
Institute for Biomedical Research, Northwestern University, Evanston, IL 
60208, USA 
 
The balance between protein folding and degradation forms the cellular 
protein-folding homeostasis, which can compensate for inherent, off 
pathway misfolding. During the life span of an organism there are changes 
in expression of cellular folding and degradation components as well as an 
accumulation of damage proteins, however, the impact of these changes 
on the cellular folding homeostasis is not known. Using meta-stable 
proteins in C. elegans to probe for changes in the folding capacity, we find 
that there is an age dependent collapse of the cellular folding 
environment. This drop in folding capacity is modified genetically, by the 
Hsf-1 and Daf-16 pathways promoting or postponing homeostasis decline. 
We find that both pathways contribute independently to protein folding 
homeostasis but down regulation of either pathway is sufficient to disturb 
folding homeostasis. We suggest that the balance between misfolding 
loads and folding and turnover machinery determines this age dependent 
folding homeostasis collapse. 
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The phenomenon in which adaptive responses to low doses of otherwise 
harmful conditions improve the functional ability of cells and organisms is 
known as hormesis. Several physical, chemical and biological stressors 



exhibit hormetic effects, including heavy metals, pesticides, antibiotics, 
chemotherapeutic agents, ethanol, aldehydes, chloroform, pro-oxidants, 
hypergravity and ionizing radiation. The key conceptual features of 
hormesis are the disruption of homeostasis, the modest 
overcompensation, and the re-establishment of homeodynmaics. A critical 
component of the homeodynamic property of living systems is their 
capacity to respond to stress. Thermoregulation, detoxification, cell 
proliferation/apoptosis, DNA repair, heat shock protein synthesis, protein 
turnover and antioxidative responses are some of the main homeostatic 
responses. Therefore, it is observed that if cells and organisms are 
exposed to brief periods of mild stress so that their stress response-
induced gene expression is upregulated and the related pathways of 
maintenance and repair are stimulated, several anti-aging, health-
improving and longevity-promoting hormetic effects occur. Extensive 
studies performed in our labs have shown that repeated mild heat stress 
has anti-aging hormetic effects on various cellular and biochemical 
characteristics of human skin fibroblasts undergoing aging. These effects 
include the maintenance of chaperone protein profiles, reduction in the 
accumulation of oxidatively and glycoxidatively damaged proteins, 
stimulation of the proteasomal activities for the degradation of abnormal 
proteins, improved cellular resistance to ethanol, hydrogenperoxide and 
ultraviolet-B rays, and enhanced levels of various antioxidant enzymes. 
Further research will elucidate the mechanisms and possibilities of human 
applications of physical and mental stress as a beneficial challenge . 
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Hsp70 is a multi-gene family composed of stress-inducible members 
(Hsp70) and other members that are constitutively expressed (Hsc70). 
The heat shock proteins Hsp70 and Hsc70 exhibit similar molecular 
structure and biochemical functions. Constitutively expressed Hsc70 is 
enriched in the mammalian nervous system compared with non-neural 
tissues and present at high levels in neuronal cell bodies. After thermal 
stress, Hsc70 is translocated to synapse-enriched areas of the cerebral 
cortex where it associates with Hsp40 to form a complex that can refold 
denaturated proteins. These results suggest that the heat shock response 
in the nervous system involves not only the synthesis of stress-inducible 
Hsps but also translocation of constitutively expressed Hsc70 to synapse-



enriched areas where it could participate in neuroprotective mechanism 
that preserve synaptic function during times of stress. Neurodegenerative 
disorders such as Alzheimer's disease, Parkinson's disease and ALS have 
been termed 'protein misfolding disorders'. These diseases differ widely in 
frequency and impact different classes of neurons. Hsps provide a line of 
defense against misfolded, aggregation-prone proteins and are among the 
most potent suppressors of neurodegeneration in animal models. Analysis 
of constitutively expressed heat shock proteins revealed variable levels of 
Hsc70 and Hsp27 in different classes of neurons in the adult brain. The 
differing levels of these constitutively expressed heat shock proteins in 
neuronal cell populations may confer a variable buffering capacity against 
protein misfolding disorders that correlates with the relative frequencies of 
the previously mentioned neurodegenerative diseases. Upregulation of 
Hsps could offer a therapeutic strategy to counter conformational changes 
in neuronal proteins that trigger pathogenic cascades resulting in 
neurodegenerative diseases. Differentiated neurons in both in vivo and in 
vitro systems have been reported to be refractory to Hsp induction by 
conventional heat shock. We will report on a compound that induces Hsps 
in differentiated neurons with the interesting feature that it induces a 
wider set of Hsps in differentiated human neurons compared to 
differentiated rodent neurons.  
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Stroke is the third leading cause of death in many countries. Data from 
both animal stroke models and primary cultures have demonstrated that 
Hsp70 overexpression can reduce cerebral ischemic injury. We have used 
viral vectors and DNA transfection to overexpress Hsp70 in the brain and 
in brain cells. We have previously reported that overexpression of Hsp70 
and Hsp40 reduce ischemic injury in in vitro models of ischemia, and 
Hsp70 overexpression is effective in rodent models of stroke. To delineate 
which domains within Hsp70 are important for protection from ischemia in 
the brain we compared two mutants to full length wild type Hsp70. One 
was a point mutant in the ATPase domain- K71E, the second was a 
deletion mutant encoding the carboxy terminal domain, amino acids 381-
640. The constructs were injected intracerebroventricularly, resulting in 
transfection of both neurons and astrocytes. We observed that both the 
ATPase deficient mutant and the carboxyterminal domain alone were 
similar to the wild type HSP70 in ability to significantly reduce focal 



ischemic injury in the rat. Additional effects of Hsp70 that could contribute 
to protection were studied in Hsp70 overexpressing mice subjected to 
focal ischemia. Here we found evidence of reduction of inflammation- 
reduced activation of NFkB, and decreased expression of iNOS, in the 
Hsp70 overexpressing mice. We also found previously that Hsp70 
overexpression was associated with higher levels of the antiapoptotic 
protein Bcl-2. We have thus found at least three mechanisms contributing 
to protection of the brain from ischemia by Hsp70. These are binding of 
unfolded proteins, inhibition of inflammation and inhibition of apoptosis. 
Hsp70 is a multifaceted protein, and at least several of its effects are 
involved in protecting the brain from ischemia. 
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Heat shock proteins (hsps) are know to play a role in neurodegenerative 
diseases, including Amyotrophic Lateral Sclerosis (ALS), in which 
motoneurons degenerate, resulting in muscle weakness, paralysis and 
finally death, usually within 2-5 years of diagnosis. Evidence suggests a 
relationship between the level of the heat shock response (HSR) and the 
specific vulnerability of motoneurons to degeneration in ALS. For example, 
motoneurons have an unusually high threshold for the activation of the 
HSR which may result in abnormal protein folding and trafficking and an 
increased susceptibility to apoptotic insults. We have recently up-
regulated the HSR in a mouse model of ALS. Treatment of SOD1G93A mice 
with arimoclomol, induces the expression of hsp70 and hsp90, resulting in 
a delay in disease progression and a significant increase in survival. 
However, the effects of arimoclomol are unlikely to result only by 
increasing hsp levels in motoneurons since genetic manipulations that 
increase hsp70 in SOD1G93A mice fail to alter disease progression. It is not 
only the mechanism, but the site of action of arimoclomol and hsps in 
SOD1G93A mice that remains unclear. We are characterising the HSR in this 
model of ALS as a function of disease progression and testing the 
differential neuroprotective effects of a variety of manipulations that up-
regulate expression of hsps. Our results show that not all agents that 
activate the HSR will necessarily have beneficial neuroprotective effects on 
motoneurons. Moreover, activation of the HSR in non-neuronal cells may 
have greater neuroprotective effects than targeting the HSR within 
motoneurons themselves. We hope that a better understanding of the role 



of the hsps in ALS will help to optimize targeting of the HSR as an 
effective therapeutic strategy for this fatal disease. 
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NEUROPROTECTIVE EFFECTS OF EXTRACELLULAR HSP70 
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When the cytoprotective function of Hsps was a relatively new concept in 
the 1980s, we and Hightower respectively observed that Hsp70 was 
passed from one cell to another and released into the extracellular fluid 
(Tytell & Lasek, Brain Res 324:223, 1984; Hightower & Guidon, J Cell 
Physiol 138:257, 1989). These were unexpected results because the 
Hsp70 family was thought to be exclusively intracellular proteins. In the 
two decades since, extracellular Hsp70 has become well-documented. Our 
1984 observation that glial Hsp70 was transferred into the axon led to the 
novel hypothesis that, in the nervous system at least, the stress tolerance 
of neurons was not solely dependent on their own Hsp70, but could be 
supplemented by additional Hsp70 from adjacent glia. For neurons, this 
hypothesis has major implications because those with long axons (mm to 
meters in length) require newly synthesized proteins to be transported 
from the neuronal cell body to remain functional. If stress or injury occurs 
in axons at some distance from their cell bodies, hours to days are 
required for newly synthesized Hsp70 to reach the injury site, which is too 
long to be of use. Thus, supplying Hsp70 at the injury site would be more 
effective in maintaining neuronal and axonal function. We have tested this 
idea in a number of models. . In the injured sciatic nerve, local application 
of Hsp70 improved sensory and motor neuron survival. Similarly, in the 
light-damaged rat eye, Hsp70 injected into the vitreous chamber 
promoted survival of photoreceptors. In cultured glia and neurons, we 
found that glia released Hsp70 and that neurons took up Hsp70 from the 
medium, leading to greater resistance to apoptosis induced chemically or 
by lack of trophic factor. Therefore, Hsp70 has potential as a therapeutic 
agent in acute nervous system injury. 
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METALLOTHIONEIN-MEDIATED IMMUNOMODULATION; NEW 
ROLES FOR AN OLD STRESS RESPONSE 
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Metallothionein (MT) is an unusual stress response protein with a novel 
and intriguing structure and a set of distinct biological functions.  The 
protein is remarkably cysteine rich, and many of its functions revolve 
around cysteine-associated thiols.  This highly conserved protein is known 
to be a reservoir of essential divalent heavy metals, it sequesters 
toxicants and scavenges free radicals, and it can act to regulate 
transcription factor activity.  In each of these instances, the principal site 
of action is thought to be in the nuclear and cytosolic compartments, and 
this perspective is consistent with the observation that MT does not have a 
signal sequence for export through the endoplasmic reticulum and golgi 
apparatus.  Despite this signal sequence absence, there is strong evidence 
that MT can be released to extracellular spaces in significant amounts 
under stressful circumstances.  We have found that MT in the extracellular 
environment can act as a chemotactic agent, and that this response may 
be mediated by interactions with G-coupled protein receptors.  Our recent 
studies have focused on mechanisms of cadmium-mediated 
immunomodulation, and the effect of manipulations of MT gene dose on 
the progression of humoral immunity against T-dependent antigens during 
low dose cadmium or zinc exposure.  At doses of metal that do not 
influence the humoral response in wild type mice, mice that carry a 
targeted disruption of the Mt1 and Mt2 genes show significant 
immunosuppression in the presence of cadmium, but not zinc.  In 
contrast, both cadmium and zinc suppress the humoral response of mice 
that carry the Mt1 transgene construct that drives over-expression of 
metallothionein.  This suppression is associated with changes in the 
cytokine profile produced by stimulated splenocytes.  Both cadmium and 
zinc are inducers of MT mRNA and protein expression, but at sub-toxic 
concentrations of these metals only cadmium provokes a selective release 
of MT to the extracellular environment.  We have also explored the impact 
of changes to the MT gene dose in mice infected with Listeria 
monocytogenes.  Clearance of L.m. was accelerated in mice that carry 
both the targeted disruptions of Mt1 and Mt2, as well as in mice that carry 
the Mt1 transgene construct when compared to congenic wild type 
controls.  We hypothesize that MT may represent an central regulator of 
immune functions that occur under stressful circumstances, and that 
manipulations of MT levels in the extracellular environment may provide 
an avenue for the management of inflammatory, infectious, autoimmune 
and neoplastic disease processes. 
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COPPER METABOLIC DISORDER IN MYOCARDIAL PATHOGENESIS  
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The association of copper (Cu) with cardiomyopathy has been recognized 
for a long time, but its clinical significance has not been explored until 
recently. In diabetic patients and rat model, Cu chelation therapy using a 
Cu chelator trientine has been shown to ameliorate cardiac pathological 
changes and improve heart function. In contrary, we have observed that 
dietary supplementation with physiologically relevant levels of Cu can 
reverse established hypertrophic cardiomyopathy in aortic banding mouse 
model even in the presence of pressure overload. Both results have 
indications for Cu metabolic disorders in cardiomyopathy in humans. 
However, it is important to distinguish the fundamental differences in Cu 
metabolic disorder between diabetic and pressure overload 
cardiomyopathy. Both diabetes and pressure overload cause cardiac 
oxidative stress, mitochondrial damage, hypertrophy and dysfunction. 
However, we have observed that Cu levels slightly increase in the heart, 
but significantly decrease in the liver of streptozotocin (STZ)-induced 
diabetic mice. In contrary, Cu concentrations decrease in the heart, but do 
not change in the liver of pressure overload mice. It is possible that 
diabetic complications lead to systemic disorder of Cu metabolism and 
disruption of Cu detoxification in the liver, thus increasing the risk of Cu 
toxicity to organs including the heart, but in pressure overload the heart is 
the primary organ of Cu metabolic disorder leading to cardiac Cu 
deficiency but maintaining liver detoxification function. In this context, Cu 
chelation would be beneficial to patients with diabetic cardiomyopathy, but 
Cu supplementation would improve the condition of pressure overload 
cardiomyopathy. Both cases have been demonstrated in animal studies 
and it is important to apply the information generated from animal studies 
to human cardiomyopathy patients. These studies were supported in part 
by US-NIH grants HL59225 and HL63760.  
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BRAIN INJURY AND OXIDATIVE STRESS: THINK ZINC! 
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Zn2+ is a potent mediator of neuronal injury both “in vitro”and “in vivo”, 
and trans-synaptic movement of the cation from pre- to post-synaptic 
neurons has been shown to greatly contribute to a variety of neurological 
conditions including cerebral ischemia, brain trauma and epilepsy. Zn2+ can 
enter neurons through glutamate receptor-associated channels [NMDA 
and AMPA/kainate channels (Ca-A/K channels), voltage-sensitive calcium 
channels (VSCC), or Zn2+-sensitive membrane transporters (like the 
Na+/Ca2+ and Na+/Zn2+ exchangers). Mechanisms by which Zn2+ exerts its 
potent neurotoxic effects include both mitochondrial and extra-
mitochondrial pathways. Experiments in cortical neurons have shown that 
mitochondria play an important role in restoring Zn2+i homeostasis but this 
Zn2+ uptake leads also to prolonged mitochondrial depolarization and free 
radicals generation. In addition to roles in acute injury, Zn2+ might play 
roles in the selective neurodegeneration associated with aging and 
Alzheimer’s disease (AD). Indeed, cumulative effects of repeated Zn2+ 

exposures could contribute to the oxidative damage and mitochondrial 
dysfunction seen in AD. Interestingly, Zn2+ homeostasis is affected by 
oxidative stress, as reactive oxygen species are potent triggers 
for injurious cation release from Zn2+ binding proteins (metallothioneins). 
In this talk, we examine how Zn2+ dyshomeostasis and oxidative stress 
might act synergistically to promote degeneration in the context of several 
neurological conditions. 
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CYTOPROTECTIVE METAL IONS 
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The cellular stress response and stress protein expression form the 
biologic basis of stress conditioning protocols.  Currently most information 
on inducible cytoprotection has been focused on the use of  hyperthermia 
as the inducing agent. Heat shock preconditioning has amply 
demonstrated the proof of concept that stress conditioning protocols have 
the potential to provide beneficial cytoprotection in the setting of elective 
invasive medical and surgical procedures.  While whole-body hyperthermia 
is a very effective agent, a pharmacologic agent would be more attractive 
as a clinical method to achieve a cytoprotected state in diseased humans.  
Metal ions have been shown to be potent inducers of the cellular stress 



response, are anti-inflammatory and capable of providing clinically 
relevant cytoprotection.  We have successfully used the chloride salts of 
tin and zinc to provide in vivo cytoprotection in animal models of:  1. 
Rodent renal artery occlusion, 2. rabbit spinal cord ischemia 3. acute 
pulmonary inflammation, rabbit fat embolism syndrome (intravenous 
administration of oleic acid), 4. acute inflammation within the rodent 
mesenteric blood vessels.  In these models, evidence for induction of 
stress proteins and inhibition of acute inflammation will be presented as 
potential mechanisms for the observed cytoprotection.  The nature and 
activities of tin and zinc metals will be compared and contrasted.  
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MOLECULAR UNDERSTANDING OF HPA AXIS INVOLVEMENT IN 
STRESS/IMMUNE CIRCUITS 
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The immune-neuroendocrine systems have an intimate cross 
communication making possible a satisfactory response to environmental 
changes and stress. The hypothalamic-pituitary-adrenal axis (HPA) has a 
key role in the interaction between the immune and neuroendocrine 
systems and in the stress response.  Cytokines activate the HPA axis and  
induce a rise in glucocorticoid levels, which are instrumental in order to 
control immune-cytokine overreactions, acting on T lymphocytes and 
other ctyokine/target cells. The specificity of hormonal and cytokine 
signals on their target cells is crucial to provide specificity to their actions. 
The cross-talk between cytokine-induced transcription factors such as 
Tbet,  GATA-3, NFκB, and AP-1 and steroid (i.e. glucocorticoid) receptors 
involve both genomic and non-genomic actions, and constitutes the 
mechanism for fine tuning both hormone and cytokine responses. 
Corticotrophin releasing hormone (CRH) is the key mediator of the HPA 
axis of the central nervous system response needed to adapt to stressful 
conditions. The final outcome of CRH/CRH1 signaling depends on the 
context of specific cells and ligands, cross-talk of signaling pathways and 
the effector actions of the pathways once they are activated. This 
specificity bears consequences at the CNS level where CRH activates 
through the same receptor (CRHR1) different signaling pathways 
depending on neuroanatomical context. All these molecular interactions 
represent a key step for understanding, at the cellular and genetic level, 
the specificity and ultimate response of physiological neuroendocrine-
immune interactions during stress.   
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INTERLEUKIN-1 SIGNALING AT THE INTERSECTION OF 
NEURONAL, IMMUNE AND METABOLIC STRESS 
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Macrophages , adipocytes and macrophages in white  adipose tissue, 
microglia and neurons can synthesize the proinflammatory cytokine and 
endogenous pyrogen ; IL-1 β in response to acute  immune, mechanic, 
oxidative and hypoxic  insult , and  to excitatory neurotoxic events. IL-1 
synthesis is also induced by chronic elevation of misfolded proteins or 
metabolic/endocrine  stressors like elevated leptin levels. The IL-1 levels 
being highly inducible within short time serve as a common signal in 
neuronal immune and endocrine signaling. 
The wide spread expression of IL-1type 1 receptor on neurons, 
pancreatic-β cells and macrophages ,T and B cells  accounts for the global 
inflammatory effects f IL-1 . 
The acute stress leading to rapid activation of the HPA axis, lowering 
seizure threshold  and fever response by IL-1 utilizes the rapid 
transcription independent neuronal effects of  IL-1 . The molecular steps 
of this signaling have been delineated in molecular detail showing that  IL-
1R1-MyD88-Neutral Spingomyelinase-ceramide cSrc – phosphoprotein 
steps mediate the early IL-1 response. After 45-60 min the classical Toll 
signaling pathway involving the NFKB mediated induction of COX2 and the 
subsequent production of the inflammatory mediator PGE2. 
The chronic inflammatory stress presented by obesity and the role of IL-1 
in the conversion from insulin resistance to type 2 diabetes will also be 
discussed. 
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Studies have shown suppressive effects of PUFA on T cell functions 
suggesting that lipids can have potent immunomodulatory effects. It is 
now accepted that the membrane of T cells is heterogeneous and contains 
microdomains called lipid rafts (LR) playing an important role in TCR 
signalling. Thus, variations in lipid levels and composition may determine 
their effects on immune response. Each time when lipids are ingested the 
immune system is submitted to a lipid stress. The precise mechanism for 
this effect has not been fully investigated in vivo in humans. Our aim was 
to determine whether there are differences in T cell functions and 
signalling depending on the way of lipid administration and composition. 
Peripheral T cells were isolated from healthy subjects before and after 2-
hours of an intravenous infusion of heparin + Intralipid (HI) during a 
euglycemic hyperinsulinemic clamp to induce a 2.5-fold elevation in 
plasma linoleic acid concentration. Similar experimental setting was 
designed after an oral meal (OM).. HI and OM reduced peripheral T cell 
membrane fluidity and altered lipid raft organisation. Both associated with 
reduced T cell proliferation upon CD3 + CD28 co-stimulation. Tyrosine 
phosphorylation of LAT and activation of Akt in T cells were also impaired 
without a reduction in T cell receptor expression. The LR polarization was 
also altered. A selective increase in plasma linoleic acid concentration and 
in intravascular lipolysis therefore have a suppressive effect on peripheral 
T cell CD28-dependent activation and this effect associates with changes 
in plasma membrane properties. The lipid composition of nutritional 
therapy in patients at high risk of septic complications may be crucial and 
may also be of relevance for type 2 diabetes. Furthermore, oral nutrition 
rich in lipids constituting a chronic lipid stress, at long term, could 
contribute to the observed immunosenescence. 
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NEUROENDOCRINE RESPONSE IN SUSCEPTIBILITY TO 
INFLAMMATORY, AUTOIMMUNE AND INFECTIOUS DISEASES 
 
Esther M. Sternberg 
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The central nervous system (CNS) plays an important role in regulating 
immunity and in susceptibility and resistance to autoimmune, 
inflammatory and infectious diseases. Cytokines released during 
inflammation mediate changes in brain function, inducing sickness 
behaviors, sleep, fever and activation of the hormonal stress response 



(hypothalamic-pituitary-adrenal axis, HPA axis). In turn neural and 
neuroendocrine responses, including the HPA axis, sympathetic and 
parasympathetic responses, regulate immune responses, thus providing 
important extra-immune system feedback control of immunity. HPA axis 
activation inhibits inflammation through the generally anti-inflammatory 
action of the glucocorticoids. However, physiologic concentrations of 
glucocorticoids are immunomodulatory, shifting cytokine production from 
a TH1 to a TH2 response and enhancing delayed type hypersensitivity. 
Interruptions of the HPA axis at any level and through multiple 
mechanisms, whether genetic, surgical or pharmacological, render 
inflammatory resistant hosts susceptible to inflammatory disease. In 
contrast, over-activation of this axis, as in chronic stress, enhances 
severity of infections, through the immunosuppressive effects of the 
glucocorticoids. The association of a blunted HPA axis with 
autoimmune/inflammatory disease occurs across species, strains and 
diseases, and in a variety of human autoimmune/inflammatory illnesses. 
Tissue resistance to glucocorticoids resulting from polymorphisms, 
mutations or dysfunction of the glucocorticoid receptor (GR) is also 
associated with enhanced autoimmune/inflammatory disease expression.  
We have described a new mechanism for glucocorticoid resistance related 
to bacterial toxin repression of the GR and other nuclear hormone 
receptors. This suggests a potential new mechanism for shock and 
inflammatory sequelae of bacterial infections, and potential new 
approaches to developing therapies for these conditions.  
 
References: 
Sternberg EM. Neural regulation of innate immunity: a coordinate non-
specific host response to pathogens. Nature Reviews Immunology 
6(4):318-28, 2006. 
 
Marques-Deak A, Cizza, G and Sternberg EM. Brain-immune interactions 
and disease susceptibility. Molecular Psychiatry, 2005, 10 (3), 239-250. 
 
Webster JI, Tonelli L, Sternberg EM. Neuroendocrine Regulation of 
Immunity.  Annual Review of Immunology. 2002. 20:125-163 
 
The Balance Within. The Science Connecting Health and Emotions. by E.M. 
Sternberg, M.D., W.H. Freeman, New York. Hard cover 2000; paperback 
Holt, Times Imprint, 2001 
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THE MECHANISMS BEHIND THE BRAIN’S RESPONSE TO STRESS 
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When an organism experiences a stressful situation, this is perceived 
through the brain and thus gives rise to the activation of the sympathetic 
nervous system and the hypothalamo-pituitary-adrenal axis. As a result 
brain cells, including those involved in the initial appreciation of the 
stressor, are exposed to elevated levels of monoamines like 
noradrenaline, to specific neuropeptides and to corticosteroids. We have 
examined the effects of these hormones on neuronal function in limbic 
regions, particularly the hippocampal CA1 area. In the initial phase after 
stress (<1 hr), rapid effects of noradrenaline, CRH and vasopressin will 
increase the excitability. Corticosterone, through a non-genomic pathway, 
plays a permissive role in the effects of the other stress hormones but can 
also by itself increase local excitability and facilitate the induction of long-
term potentiation (LTP). Collectively, the excitatory effects of stress 
hormones in this phase may help to promote focused attention, vigilance 
and start the encoding of information about the event. At the same time, 
though, gene-mediated cascades are started via corticosterone binding to 
its nuclear receptors, which will alter transcriptional activity of responsive 
genes. These effects develop slowly (1-2 hrs), i.e. at a point in time that 
hormone concentrations are back to the pre-stress level; the effects can 
last for hours. The gene-mediated actions include an enhanced influx of 
calcium -hence more firing frequency accommodation-, reduction of 
noradrenergic responses and suppression of LTP induction. These actions 
will help to normalize the earlier aroused activity in the hippocampus, 
which can be regarded as a ‘central’ negative feedback. As information 
reaching the circuits at this time must be very salient to pass the 
threshold for LTP induction, earlier encoded information will be preserved.  
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GENETIC MANIPULATIONS OF HORMONAL SIGNALING IN THE 
HIPPOCAMPUS 
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University of California, Berkeley, CA  
 
Glucocorticoids (GCs), the adrenal steroids released during stress, 
compromise the ability of neurons to survive neurological injury.  In 
contrast, estrogen protects neurons against such injuries. We designed 
three genetic interventions to manipulate GCs actions, which reduced their 
deleterious effects in rat both in vitro and in vivo.  The most effective was 
a chimeric receptor combining the ligand-binding domain of the 
glucocorticoid receptor (GR) and DNA-binding domain of the estrogen 



receptor.  Expression of this receptor reversed the outcome of the stress 
response by rendering GCs protective rather than destructive. Our 
findings elucidate principal steps in the neuronal stress response pathway, 
all of which are amenable to therapeutic intervention. GCs are also 
implicated in reducing adult hippocampal neurogenesis. There has been 
little evidence for the presence of type 1 GR or type 2 (mineralcorticoid) 
receptors in neuronal precursor cells (NPC), and therefore suggested that 
GCs must indirectly inhibit NPC proliferation, though the mechanism has 
remained obscure. We demonstrate that GR mRNA is transcribed and 
yields a cytoplasm-localized receptor in isolated NPC from the adult 
hippocampus.  Treatment of NPC grown in vitro with GCs induces 
decreased proliferation index, and a down-regulation of Nestin, a protein 
marker that is down regulated as NPC stop dividing and differentiate. This 
response is blocked using the GR-specific antagonist indicating that the 
GCs response is mediated by the glucocorticoid receptor. We demonstrate 
decreased proliferation and a shift in cell fate choice in NPC following GCs 
treatment, which is blocked by the anti-GCs genetic manipulation. The 
apparent responsiveness of NPC to GCs suggests that neurogenesis is 
directly modulated via GR signalling pathways.  
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A dysfunction of the stress response is suspected in the etiology of 
metabolic and behavioral disorders (ie anxiety, depression, drug 
dependence). A major component of this response involves the release of 
adrenal glucocorticoids (GCs) and the activation of the glucocorticoid 
receptor (GR), a transcription factor.  
To study GR function in vivo, we develop and analyze animal models 
lacking GR in given brain cell populations. Molecular, physiological, 
electrophysiological and behavioral studies of these animals should allow 
us to locate the cell types involved and to better define the mechanisms 
underlying GR function in brain physiology and in pathological situations.  
We previously showed that the selective inactivation of the glucocorticoid 
receptor (GR) gene in mice brains (GRNesCre) profoundly reduces 
motivation for cocaine. More recently, we showed that these behavioural 
effects are associated with a change in the impulse activity of midbrain 
dopamine neurones.  



To determine in which cell type the function of GR is required to modulate 
motivation for cocaine, we generated animal models in which GR is 
selectively inactivated in either pre-synaptic dopamine neurons 
(GRDATCre) or post-synaptic cells (GRD1Cre). Characterization of these 
models will be presented. To address the question of the interaction of 
GCs and serotonergic pathway, we generated a mouse transgenic line that 
allow Cre recombination in all 5-HT1A neurones and obtained conditional 
GR inactivation. Analysis of this animal model will be presented.  
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AISA ("ANTI INFLAMMATORY SENESCENCE ACTIVES") A PLANT 
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Psycho-social stress induces arterial vasomotor alterations such as 
vasospams and transitory hypertension. Moreover, stress has a profound 
impact on vascular endothelium, inducing a systemic inflammation. 
Starting from plant extracts, we have isolated through bio-guided 
selection, characterized and patented 4 mono-terpens, that we have 
named "AISA", Anti-Inflammatory Senescence Actives, targeting activated 
endothelium. In our in vitro platform, they inhibit the expression of 
adhesion molecules and the polymerization of actin fibers, following the 
activation by TNF-α. Inhibition is conserved at all replicative passages of 
vascular endothelial cells. In pre-clinical models, AISA 5203-L is well 
tolerated and has a good oral bio-availability. This molecule has shown 
convincing anti-inflammatory performance in a rat TNBS colitis model, 
comparable to those obtained with ibuprofen. Using AISA-5203-L in a 
stress model, a substantial anti-stress activity could be documented by a 
FOB (Functional Observation Battery) of 56 tests (patent pending). 
We would like to propose that a new anti-inflammatory molecule of plant 
origin interfering with cell replicative senescence would be responsible of 
relevant anti-stress effects. This hypothesis would permit the positioning 
of AISA molecules as candidates therapeutic applications in multi-factorial 
diseases, such as hypertension, neuro-degenerative diseases, chronic pain 



syndrome, obesity and depression. 
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INTERACTION OF HSP-16.2 WITH HISTONES AFTER HEAT-SHOCK 
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Stress response is a very significant determinate of the life history of C. 
elegans. As the first metazoan genome to be sequenced, C. elegans is a 
major model for molecular genetic studies of aging because of the 
availability of a range of single gene mutant lines with greatly extended 
lifespan. Interestingly, these long-lived variants are also stress tolerant. 
Among others, we demonstrated that at least one chaperone gene 
encoding heat shock protein -16 (hsp-16) works together with reduced 
insulin signaling to bring about lifespan extension. However, the 
mechanism by which hsp-16 increases lifespan or thermotolerance in this 
animal model remains unclear. 
We have now obtained an stable transgenic line that over-express the 
fusion protein HSP-16.2::GFP under the control of hsp-16.2 promoter that 
presents a remarkable thermotolerance and a high expression of the 
fusion protein after heat-shock (HS) measured by westernblot. The 
lifespan of these over-expressing lines is extended (36%, p<0.001) as 
compared to control strain, N2. This strain also presents a widespread 
expression of this transgene in multiple tissues. We have found a 
relocalization of HSP-16.2::GFP to the nuclei of several neurons of the 
nerve ring and some intestinal cells after HS in this strain as revealed by 
DAPI and GFP colocalization. On line with this observation, we have 
identified Histone-3 and Histone-4 through MALDI-TOF and LC/MS mass 
spectrometry by coimmunoprecipitation with an HSP-16.2 specific 
antibody and posterior separation of the proteins via 1-dimensional gel 
electrophoresis after HS.   
These results show that histones are targets of HSP-16.2 during stress 
conditions (HS) and suggest a nuclear role of chaperones to regulate 
thermotolerance and maybe other stressing conditions like aging.     
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LIPOIC ACID: HOW AN INCREASE IN RESPIRATION CAN DECREASE 
STRESS AND INCREASE LIFESPAN IN C. ELEGANS 
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Aging is the most important risk factor in developed countries. 
Consequently, there is considerable interest in the pharmacological 
manipulation of aging as a way to uncover new avenues for development 
of therapeutics. Genetic alterations can extend the lifespan of the 
nematode C. elegans as much as five-fold and in principle chemical 
compounds could do the same. Based on the mechanistic relationship 
between aging and stress response, we have screened for compounds that 
enhance stress resistance. Lipoic acid (LA), a cofactor of the Krebs cycle 
enzymes pyruvate and glyceraldehyde dehydrogenases, increases 
respiration and lifespan in the adult nematode worm C. elegans. This 
seems somewhat paradoxical in the context of the rate of living theory of 
aging in which lifespan is inversely proportional to the rates of metabolic 
processes. We investigated the effect of the LA treatment on the 
mitochondrial physiology of C. elegans. We find that lipoic acid decreases 
the mitochondrial membrane potential and see some evidence for an 
increase in the amount of mitochondria. This in turn results in lower 
oxygen radical production (steady state superoxide anion levels), which 
may explain the lifespan extension. The LA-treated worms are not overtly 
hyperactive and have the same levels of ATP and fat content as untreated 
controls. Our working hypothesis is that stimulation of the Krebs cycle, 
without changing the other metabolic parameters, increases the number 
of mitochondria and in consequence lowers the burden of activity in each 
of the mitochondria, resulting in less stress and longer lifespan. 
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OXYGENASE 1 EXPRESSION IN RAT LIVER. 
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Many authors recognize that heme oxygenase 1 (HO-1) expression is a 
marker of cellular response to oxidative stress; since ageing is related to 
oxidative “wear and tear”, HO-1 may represent a candidate biomarker of 



ageing. In this study, we evaluated the hepatic expression of HO-1 mRNA 
in 2.5-24 month-old rats; this expression was higher at 6 months than at 
2.5 months of age, but thereafter increased no further. However, while 
2.5 and 6-month-old rats responded to acute ethanol intoxication by 
displaying increased expression of liver HO-1 mRNA, 18 month-old rats 
did not show any response; this phenomenon suggests that during 
development and ageing the transcriptional response to oxidative stress is 
progressively impaired. This may be due to decreased transcriptional 
ability to respond to stress in older animals, rather than by a reduction in 
oxidative stress. Grants from the University of Genova, MIUR PRIN 
#2004063943_001 and #2004068552_002, and FIRB 2001 
#RBAU01JBH8_003. 
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Fragile X-associated tremor/ataxia syndrome (FXTAS) is a late-onset 
neurodegenerative disorder that appears to affect carriers of premutation 
alleles (55 to 200 CGG repeats) of the FMR1 gene. The pathogenesis of 
FXTAS involves the direct toxic effect of the elevated levels of expanded 
CGG repeat FMR1 mRNA.  We have recently described neural cell models 
that are capable of recapitulating the formation of intranuclear inclusions, 
the pathologic hallmark of FXTAS. We have discovered that several 
proteins including lamin A/C and the stress response proteins αB-crystallin 
and Hsp27 genes are dysregulated in response to expression of the 
expanded CGG repeat.  To quantify these observations we analyzed the 
expression of FMR1, αB-crystallin, Hsp27, and lamin A/C by real time 
quantitative PCR in cultured human cells derived from subjects with 
severe FXTAS and age-matched controls.  We also studied cultured cells 
derived from mice with expanded CGG repeats and wt controls.  Our 
results show that subjects with premutations have elevated levels of 
expression of stress response genes and cellular redistribution in cultured 
cells.  Immunofluorescent studies of additional proteins and flow 
cytometry DNA analysis indicate cell cycle dysregulation in cells with 



expanded CGG repeats consistent with accelerated aging in both mouse 
and human models.  We discuss the implications of these results on neural 
plasticity.   
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DIURNAL AND AGE CHANGES IN STRESS RESPONSIVENESS OF THE 
HYPOTHALAMIC-PITUITARY-ADRENAL (HPA) AXIS AND 
ERYTHROCYTE ANTIOXIDANT ENZYMES 
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The aim of the study was to examine chronobiological characteristics of 
the HPA axis functioning and the antioxidant enzyme activities in stress 
and aging. Female Macaca mulatta of 6-8 years (young mature) and 20-
27 years (old) were subjected to acute psycho-emotional stress (two 
hours immobilization) at 9.00 or 15.00 h. Levels of ACTH, cortisol (F), 
dehydroepiandrosterone sulfate (DHEAS), and testosterone (T) in 
peripheral blood plasma were measured before the stress and 5, 15, 30, 
60, 120, 240 min and 24 h after the challenge. In parallel, activities of 
superoxide dismutase (SOD), glutathione peroxidase, glutathione 
reductase (GR), glutathione-S-transferase, and lipid peroxidation (LPO) 
were measured in hemolyzed erythrocytes. Young monkeys demonstrated 
much higher increase of ACTH, F, T, DHEAS levels and GR activity in 
response to the stress imposed at 15.00 than to identical stress imposed 
at 9.00. However, no such circadian differences in dynamics of the 
hormonal secretion and GR activity after the stress were found for old 
animals. Young monkeys demonstrated also much higher accretion of 
ACTH, F, T, DHEAS levels and GR activity in comparison with old monkeys 
in response to the afternoon stress. The changes in GR activity with stress 
and aging correlated well with the changes in the F, DHEAS, and T level. 
SOD activity in old monkeys was lower than in young ones before the 
stress and increased in response to the stress that was accompanied by 
light decrease of LPO. In contrast to old monkeys, young ones 
demonstrated decrease of SOD activity and some increase of LPO with 
stress. There was a high level of correlation between the stress changes in 
SOD activity and the changes in the F level in old monkeys but there was 
no correlation in young monkeys. The lack of correlation between stress 
dynamics of F level and SOD activity may be caused by marked activation 
of adrenal T secretion in young monkeys. These results suggest that the 
HPA axis plays an important role in regulation of antioxidant enzymes 
defense in stress conditions and that this regulation shows age 
differences.  
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POTENTIAL USE OF PLANT ADAPTOGENS IN AGE-RELATED 
DISORDERS  
 
Makarov V., Makarova M.N., Stoloschyck N.V. 
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In traditional medicinal systems, members of a small group of higher 
plants were considered to possess restorative properties and were used as 
general tonics in the treatment of disease and in convalescence. Through 
a series of studies conducted in the early 1950s, Soviet scientists first 
established that several of these plants also possessed the capacity to 
enhance the “state of non-specific resistance” (SNSR) of an organism to 
stress. Plants that exhibit this “adaptogenic effect” are currently used to 
increase mental and physical work capacity and performance against a 
background of fatigue and stress, and also to improve the quality of life. 
Additionally, the efficacy of plant adaptogens in the relief of mild and 
moderate depression has recently been demonstrated. The aim of the 
present study was to investigate the effect of adaptogens, administered in 
the form of standardised extracts of Rhodiola rosea, Schisandra chinensis 
and Eleutherococcus senticosus in their fixed combinations (ADAPT-232, 
ADAPT-Plus and ADAPT-Extra-Plus), on the age-related deterioration of 
function of the innate defence, cardiovascular and central nervous 
systems in 2 year old rats. Drugs and placebo were administered daily 
over a period of 4 months, and alterations in adrenal weight, ECG 
parameters, motor activity, learning ability, duration of hexanal-induced 
sleep, formation of immobilisation stress-induced stomach ulcers, 
spontaneous promotion of tumours, apoptosis of spleen lymphocytes, and 
levels of 17- hydroxy-corticosteroids in the urine, and cholesterol, 
albumins and total proteins in the blood, were monitored. The results 
showed that repeated administration of adaptogens can diminish or 
prevent a range of age-related disorders including reduced liver 
detoxifying function, malfunction of the central nervous system (i.e. loss 
of memory and learning ability), development and progression of cardiac 
insufficiency and hypercholesterolemia, impaired protein synthesis, 



reduced activity of the hormonal system, increased sensitivity to stress 
(hypodynamia-induced damage to the stomach and adrenals), impaired 
apoptosis, and spontaneous promotion of tumours. It is concluded that 
adaptogens have potential value in the treatment of age-related disorders 
of the stress system in the elderly and may be effective in maintaining the 
health status of such individuals at the normal level.  
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Mitochondria are the chief source of both energy and oxidants inside the 
cell. This dual role can damage cells despite an array of antioxidants 
available to mop up endogenous oxidants including hydrogen peroxide, 
superoxide and hydroxyl radicals. The mitochondrial haplotype J seems 
related to ‘successful’ ageing in Italian, Finnish and Irish groups of 
nonagenarian/centenarians.  In this study we questioned whether J 
haplotype octo/nonagenarians from the BELFAST study demonstrated 
enhanced anti-oxidant profile or other phenotype characteristics. 
Methods: Briefly, community-living, mentally alert (Folstein >27/30) 
octo/nonagenarian subjects were enlisted as part of BELFAST study. DNA 
typing for mitochondrial haplotypes was collected and blood for serum 
antioxidants together with Blood pressure measurements. Serum uric 
acid, bilirubin, ceruloplasmin, glutathione, selenium and vitamins C, A, E 
and α-carotene were not significantly different between J and non J 
mitochondrial haplotypes but whole blood and serum gluthatione 
peroxidase (GSHpx) were lower in J haplotype octo/nonagenarians. Both 
systolic and diastolic blood  pressure was significantly lower in J haplotype 
octo/nonagenarians. 
Conclusion: BELFAST study octo/nonagenarian subjects, carrying the J 
haplotype, do not show enhanced antioxidant status for most of the major 
antioxidants, including uric acid and vitamin C, but show reduced whole 
blood and serum glutathione peroxidase status. Interestingly J 
mitochondrial haplotype octo/nonagenarians did have lower systolic and 



diastolic blood pressure. 
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Future reconstructive surgical procedures will have the possibility of using 
tissue engineered constructs to rebuild missing or defective body parts in 
humans and in veterinary medicine. Such constructs require three 
essential components: cells, a scaffold and signalling molecules. A great 
deal of attention has been paid to the harvesting of stem-cells both of 
fetal and autogenous adult origins which are to be expanded in tissue 
culture. Such expanded stem-cell derrived populations of cells are used to 
populate resorbable scaffolds. Much work has been done in understanding 
the potential sources and roles of key bioactive cell signalling molecules 
such as Bone Morphogenetic Protein (BMP).  Cells that exist in isolation or 
as parts of complex organs and tissues have known responses to certain 
stressors. Cells and tissues that are grown ex vivo in extra corporeal 
bioreactors must be provided with environments that minimize cellular 
stress and promote maximal growth when cellular populations are to be 
expanded. These cellular constructs are sensitive to varying 
concentrations of ascorbic acid, dexamethasone and β-glycerophosphate. 
The reactions of cells and tissues to hypoxic and hyperoxic environments 
are also important. At the molecular level these reactions occur in part 
due to superoxide radicals while at the tissue level they are mediated by 
bioactive signalling proteins such as Vascular Endothelial Growth Factor 
(VEGF). There is evidence that both hypoxia and hyperoxic states may 
promote angiogenesis and further tissue growth. This presentation will 
review our understanding of these processes and mechanisms in the 
context of tissue engineering. 
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Chronic stress impairs a number of aspects of cognition such as 
acquisition of memory, its consolidation and recall. Similar alterations 
were observed in aged rats. It is well known that stress causes 
acceleration of the brain aging. In stressed as well as in aged rats 
disturbances of hypothalamo-pituitary-adrenal axis and consecutive 
hypercortisolemia are seen. Excessive cortisolemia leads to a number of 
neurochemical and neuroanatomical changes in brain, especially in the 
hippocampus, which is particularly vulnerable because of high density of 
glucocorticoid receptors. As a result neurogenesis is disturbed in the 
hippocampal areas CA1 and CA3 and the neuronal atrophy occurs leading 
to the decrease of its volume and lowering total number of neurons and 
their ramifications.  
We recently found, that dried crude herb of H. perforatum (350 mg kg-1 
for 21 days orally) reversed negative effects of chronic stress on cognition 
(spatial reference and working memory, recognition memory, conditioned 
behaviour, learning, acquisition and recall of the avoidance behaviour), 
but still our knowledge about the mechanisms of this improvement is 
poor. It is known that H. perforatum normalizes the dopaminergic and 
noradrenergic transmission in medial prefrontal cortex, normalizes 
decreased by stress 5-HT1A and 5-HT2 receptors, balance exaggerated 
NMDA receptor function, and also restores normal cortisolemia.  
This study assessed an association of the H. perforatum improvement of 
age-related memory impairments with the increase of CREB and 
phosphorylated CREB in hippocampus. Middle-aged rats (78-weeks old) 
displayed clear-out decline in the acquisition of spatial working memory in 
the Morris water maze similar that in the young rats (8-weeks old) after 
21-day restraint stress. Chronic administration of H. perforatum 
effectively prevented these negative effects of aging and stress (p<0.01) 
that could be partially explained by the concomitant increase of CREB 
phosphorylation in the hippocampi (p<0.01) of aged rats. 
This study seems to justify the conclusion that St John’s wort in a crude 
form may have a considerable action relieving stress- and aging-related 
cognitive deficits by an activation of CREB regulated genes in 
hippocampus.  
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Objective: A noninvasive determination of skin surface proteolytic activity 
may be important for medical purposes.  The aim of this research is to 
explore the relationship between photo-stress of skin and cathepsin L 
activity in the epidermis of human.  Materials and Methods: Nine healthy 
male outdoor workers were enrolled (36.1 ± 12.2 yr, mean ± SD).  The 
study protocol was approved by the Ethical Committee of the Institutional 
Review Board of the University of Toyama.  A tape stripping technique 
using D-SQUAME tape (Cuderm Co., TX) was used to collect the human 
stratum corneum from both the posterior (solar-exposed area) and 
anterior (solar-protected area) regions of the forearm.  The cathepsin L 
activity was analysed by the azocasein assay using a spectrophotometer.  
Unused tape stripping was analysed as a negative control.  The calibration 
curve for cathepsin L activity was measured using a standard sample 
(human liver, EMD Chemicals Inc., Germany).  Results and Discussion: 
The relative absorbance of the solar-exposed areas ranged between 0.045 
and 0.107 and that of the solar-protected areas ranged between 0.064 
and 0.125.  The mean relative absorbance of the negative control, solar-
protected and solar UV-unexposed areas were 0.002, 0.084 and 0.101, 
respectively.  The cathepsin L activities of the solar-exposed and solar-
protected areas were equivalent to 5.6 and 6.8 U/l.  Thus, the cathepsin L 
activity of the solar-exposed area was lower than the solar-protected area 
(paired Student’s t-test, P < 0.05).  Conclusion: Cathepsin L activity may 
be a biomarker of the photo-stress. 
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Heat shock proteins (hsps) are know to play a role in neurodegenerative 
diseases, including Amyotrophic Lateral Sclerosis (ALS), in which 
motoneurons degenerate, resulting in muscle weakness, paralysis and 
finally death, usually within 2-5 years of diagnosis. Evidence suggests a 



relationship between the level of the heat shock response (HSR) and the 
specific vulnerability of motoneurons to degeneration in ALS. For example, 
motoneurons have an unusually high threshold for the activation of the 
HSR which may result in abnormal protein folding and trafficking and an 
increased susceptibility to apoptotic insults. We have recently up-
regulated the HSR in a mouse model of ALS. Treatment of SOD1G93A mice 
with arimoclomol, induces the expression of hsp70 and hsp90, resulting in 
a delay in disease progression and a significant increase in survival. 
However, the effects of arimoclomol are unlikely to result only by 
increasing hsp levels in motoneurons since genetic manipulations that 
increase hsp70 in SOD1G93A mice fail to alter disease progression. It is not 
only the mechanism, but the site of action of arimoclomol and hsps in 
SOD1G93A mice that remains unclear. We are characterising the HSR in this 
model of ALS as a function of disease progression and testing the 
differential neuroprotective effects of a variety of manipulations that up-
regulate expression of hsps. Our results show that not all agents that 
activate the HSR will necessarily have beneficial neuroprotective effects on 
motoneurons. Moreover, activation of the HSR in non-neuronal cells may 
have greater neuroprotective effects than targeting the HSR within 
motoneurons themselves. We hope that a better understanding of the role 
of the hsps in ALS will help to optimize targeting of the HSR as an 
effective therapeutic strategy for this fatal disease. 
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We have shown that electro-acupuncture (EA) significantly reduces 
ischemic infarction in the rat model of cerebral ischemia (right middle 
cerebral artery occlusion, MCAO). Since there are multiple acupoints that 
may cause different effects on the body, we asked, in this work, whether 
the EA protection from cerebral ischemia varies with the acupoints 
stimulated. We observed that 1-hour MCAO greatly reduced cerebral blood 
flow and caused the brain infarction and EA with sparse-dense wave 
(5Hz/4s-20Hz/4s) at 1.0mA for 30 minutes differentially attenuated the 
ischemic infarction depending on the acupoints used. In the group of head 
acupoints, i.e., “Shuigou” (Du 26) and “Baihui” (Du 20), the cerebral 



infarction was greatly reduced from 33.4%±3.1%  to 4.9%±1.2% of the 
brain (n=30, P<0.01) with significant improvement of neurological deficit 
(from 6.0±1.0 to 1.0±1.0 in scales of 0-7). EA at “Quchi” (LI 11) and 
“Neiguan” (P 6) on the left anterior limbs reduced the infarct volume to 
8.6%±3.8% (n=12, P<0.01) with the scales of neurological deficit being 
reduced to 2.0±1.0 (n=22, P<0.01). In sharp contrast, EA at “Quchi” (LI 
11) “Neiguan” (P 6) on the right anterior limbs did not lead to any 
significant changes in the infarct volume (29%±6.3%, n=9) and 
neurological deficit (5.5±0.5, n=9). Also, EA at “Yanglingquan”(GB 34) and 
“Sanyinjiao”(SP 6) on the left posterior limb had no protective effect on 
the ischemic injury. These results suggest that the EA protection from 
cerebral ischemia is relatively acupoints-specific. Supported by STCSM 
(3DZ19544-1-1), 973-Program (2005CB523306), NSFC (30672721) and 
NIH (HD34852). 
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When the cytoprotective function of Hsps was a relatively new concept in 
the 1980s, we and Hightower respectively observed that Hsp70 was 
passed from one cell to another and released into the extracellular fluid 
(Tytell & Lasek, Brain Res 324:223, 1984; Hightower & Guidon, J Cell 
Physiol 138:257, 1989). These were unexpected results because the 
Hsp70 family was thought to be exclusively intracellular proteins. In the 
two decades since, extracellular Hsp70 has become well-documented. Our 
1984 observation that glial Hsp70 was transferred into the axon led to the 
novel hypothesis that, in the nervous system at least, the stress tolerance 
of neurons was not solely dependent on their own Hsp70, but could be 
supplemented by additional Hsp70 from adjacent glia. For neurons, this 
hypothesis has major implications because those with long axons (mm to 
meters in length) require newly synthesized proteins to be transported 
from the neuronal cell body to remain functional. If stress or injury occurs 
in axons at some distance from their cell bodies, hours to days are 
required for newly synthesized Hsp70 to reach the injury site, which is too 
long to be of use. Thus, supplying Hsp70 at the injury site would be more 
effective in maintaining neuronal and axonal function. We have tested this 
idea in a number of models. . In the injured sciatic nerve, local application 
of Hsp70 improved sensory and motor neuron survival. Similarly, in the 
light-damaged rat eye, Hsp70 injected into the vitreous chamber 



promoted survival of photoreceptors. In cultured glia and neurons, we 
found that glia released Hsp70 and that neurons took up Hsp70 from the 
medium, leading to greater resistance to apoptosis induced chemically or 
by lack of trophic factor. Therefore, Hsp70 has potential as a therapeutic 
agent in acute nervous system injury. 
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Traditional Chinese medicine has advocated the use of acupuncture to 
treat stroke for a long history. However, its efficacy and mechanisms need 
scientific testing with modern techniques. This study was performed to 
address three critical questions: 1) how effective does electro-acupuncture 
(EA) reduce ischemic infarction in the brain? 2) how long time of EA is 
optimal for the maximal efficacy? and 3) is the EA efficacy dependent on 
the regulation of blood flow since the infarction is caused by cerebral 
ischemia? The experiments were carried out in the rat ischemia model 
with middle cerebral artery occlusion (MCAO). EA was delivered to 
“Shuigou” (Du 26) and “Baihui” (Du 20) with sparse-dense waves 
(5Hz/4s-20Hz/4s) at 1.0mA±0.1mA, starting from 5 mins after the onset 
of MCAO. The results showed that EA induced a significant increase in 
cerebral blood flow in the ischemic cortex. EA for 5-30 mins significantly 
reduced ischemic infarct volume and relieved neurological deficits.  This 
benefit effect increased with EA length between 5 and 30 min with the 
infarct volume being reduced by >80% in the 30-min group (n=60, 
P<0.01). In sharp contrast, EA for 45min or more did not reduce the 
ischemic infarction with an increase in neurological deficits and death rate. 
Interestingly, the cerebral blood flow was also increased in this group 
during EA. These data suggest that 1) EA does protect the brain from 
cerebral ischemia; 2) the EA efficacy is dependent on appropriate EA 
duration; and 3) the increase in the blood flow may contribute to the EA 
protection, but it is not a sole factor responsible for the EA-induced 
protection from cerebral ischemia. Supported by STCSM (3DZ19544-1-1), 
973-Program (2005CB523306), NSFC (30672721) and NIH (HD34852). 
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We have observed that electro-acupuncture (EA) protects the brain from 
ischemic injury in an acupoint-specific manner. Since EA effects vary with 
stimulation parameters, we wondered whether the EA-induced protection 
changes with the stimulation intensity and frequency when applying EA 
and tested it in this work. The experiments were carried out in the rat 
ischemia model (middle cerebral artery occlusion, MCAO) with EA being 
delivered to acupoints of “Shuigou” (Du 26) and “Baihui” (Du 20). Because 
the increase in cerebral blood flow (CBF) is a key index of the EA 
protection from cerebral ischemia, we systemically investigated the effects 
of EA, with different stimulation parameters, on CBF in the ischemic 
model. At 1.0 mA of EA stimulation for 30 mins, 5-20 Hz (sparse-dense 
wave) led to a significant increase in CBF and decrease in the cerebral 
infarction (-85%, P<0.01 vs. MCAO alone). The CBF could be increased by 
EA at up to 40 Hz with a major increase between 2 and 30 Hz. At 40 Hz, 
EA induced a marginal increase in the blood flow. EA with >40 Hz 
stimulation led to no/little change in the CBF. On the other hand, the EA-
induced increase in the CBF was sensitive to the change in current 
intensity. The intensity less than 0.6 mA did not induce any significant 
change in the CBF. With a higher intensity, 0.8 mA caused a slight but 
significant increase, and 1.0-1.2 mA led to a major increase in the CBF. 
With “optimal” intensity and “non-optimal” frequency (e.g., 1.0 mA and 70 
Hz) or “optimal” frequency intensity and “non-optimal” intensity (e.g., 5-
20Hz and 0.4 mA), EA could not induce a significant increase in the CBF. 
We conclude that the EA-induced increase in CBF is largely dependent on 
EA conditions, especially the intensity and frequency. Supported by 
STCSM (3DZ19544-1-1), 973-Program (2005CB523306), NSFC 
(30672721) and NIH (HD34852). 
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Mercury Hg(II) and lead Pb(II), are two hazardous environmental 
contaminants having nephrotoxic effects and whose toxic action appear to 
be associated to the cellular increase of reactive oxygen species (ROS). 
Cells respond to oxidative damage by synthesizing highly conserved stress 
proteins, heat shock (HSP) and glucose related proteins (GRP). These 
molecular chaperones protect other cellular proteins and organules from 
injuries induced by a variety of stressors, including heavy metals. So, the 
present in vitro study is undertaken to compare the expression of five 
stress proteins in rat proximal tubular cells exposed to subcytotoxic 
concentrations of Hg(II) or Pb(II) salts. Proliferating NRK-52E cells 
received for 24h culture media containing 20µM HgCl2 or 60µM PbCl2 then 
the presence and abundance of HSP25, HSP60, HSP70, GRP75, GRP78 
were analysed by immunohistochemistry and Western blotting. 
Concomitantly, in order to check if stress proteins response might be 
really related to a renal oxidative damage, ROS and glutathione (GSH) 
levels were measured by flow cytometry and spettrophotometric analysis. 
Our data proved that in NRK-52E both HgCl2 and PbCl2 treatments 
enhance the expression of constitutive chaperones (HSP25, GRP75 and 
GRP78) and the cell GSH content, even if at different grade. Interestingly, 
only Hg(II) ions stimulate either the ROS formation or the inducible HSP70 
protein. These results suggest that, in our in vitro system, Hg(II)-induced 
ROS production and expression of peculiar stress proteins could be a 
consequence of a different mechanism of action of this metal with respect 
to Pb(II). 
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Unliganded glucocorticoid receptor (GR) is located in cytoplasm in form of 
multiprotein heterocomplex with various proteins including Hsp90 and 
Hsp70. The structure, composition, assembly and functional significance of 



this complex depends on cell type, physiological demands and 
environmental conditions. It is known that toxic effects of mercury could 
be reflected on structure and function of transcriptional factors such as 
GR. The influence of mercury on association of rat kidney GR with heat 
shock proteins Hsp90 and Hsp70 and on cytosolic levels of these Hsps was 
investigated. The GR heterocomplexes with Hsp90 and Hsp70 were 
immunopurified from renal cytosol of rats administered with different 
doses of mercury (1, 2 and 3 mg Hg/kg b.w.). A quantitative 
immunoblotting procedure was applied to determine the levels of GR, 
Hsp90 and two Hsp70 isoforms (constitutive Hsp73 and inducible Hsp72) 
in the renal cytosol, as well as the amounts of these proteins within GR 
heterocomplexes immunoprecipitated by anti-GR antibody. Mercury was 
found to stimulate GR association with all examined Hsps. The most 
prominent effect of the metal was stimulation of Hsp72 interaction with 
GR. On the other hand, the metal administration led to an increase of 
Hsp90 level in the cytosol, while the cytosolic levels of Hsp70 isoforms 
remained unaltered. These findings suggest that association of Hsps, at 
least Hsp70, with the GR might be ascribed to changes in the affinity of 
their interaction rather than to changes in Hsps availability in the cytosol. 
Therefore, GR heterocomplex assembly seems to be a controlled process 
enabling chaperoning and functioning of the GR in concert with 
physiological demands. 
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Zn2+ is a potent mediator of neuronal injury both “in vitro”and “in vivo”, 
and trans-synaptic movement of the cation 
from pre- to post-synaptic neurons has been shown to greatly contribute 
to a variety of neurological conditions 
including cerebral ischemia, brain trauma and epilepsy. Zn2+ can enter 
neurons through glutamate receptor-associated channels [NMDA and 
AMPA/kainate channels (Ca-A/K channels), voltage-sensitive calcium 
channels (VSCC), or Zn2+-sensitive membrane transporters (like the 
Na+/Ca2+ and Na+/Zn2+ exchangers). Mechanisms by which Zn2+ exerts its 
potent neurotoxic effects include both mitochondrial and extra-
mitochondrial pathways. Experiments in cortical neurons have shown that 
mitochondria play an important role in restoring Zn2+i homeostasis but this 



Zn2+ uptake leads also to prolonged mitochondrial depolarization and free 
radicals generation. In addition to roles in acute injury, Zn2+might play 
roles in the selective neurodegeneration associated with aging and 
Alzheimer’s disease (AD). Indeed, cumulative effects of repeated Zn2+ 

exposures could contribute to the oxidative damage and mitochondrial 
dysfunction seen in AD. Interestingly, Zn2+ homeostasis is affected by 
oxidative stress, as reactive oxygen species are potent triggers for 
injurious cation release from Zn2+ binding proteins (metallothioneins). In 
this talk, we examine how Zn2+ dyshomeostasis and oxidative stress might 
act synergistically to promote degeneration in the context of several 
neurological conditions. 
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Abstract: The decline of amphibian populations could be related to 
physico chemical agents producing oxidative stress. Although Reactive 
Oxygen Species (ROS) participate in metabolic signalling pathways that 
regulate cell survival, proliferation and apoptosis, an excess of ROS induce 
oxidative stress and could result in damage and death.  In this study 
conducted with Chaunus arenarum embryos we report the effects of 
different experimental conditions that show the possibility (i) to prevent, 
or at least, to mitigate the adverse effects of oxidative stress, and (ii) to 
exacerbate the toxicity by means of the synergic effect of agents inducing 
oxidative stress. In the first case the lethality induced by ultraviolet B light 
(UV-B) was prevented with Zn and Se in single or combined pre-
treatments. Zn also protected against the lethality produced by Cu, Al, Cd, 
Ni, and Pb. Synergic effects were obtained by simultaneous treatments of 
photodynamic toxicity plus Zn, UV-B plus Ni and 2,4-D plus Cu. The 
results point out the complexity of the environmental scenarios related to 
oxidative stress effects on living organisms which could be of major 
relevance in the case of endangered species. 
  
Keywords: Amphibian embryo, Oxidative stress, Copper, Aluminum, Lead, 
Nickel, Zinc, Cadmium, 2,4-D, Photodynamic effect, UV-B, Antagonism, 



Synergism 
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HSPs modulate the immune response by signaling throughout receptors 
and transporting antigenic peptides to antigen presenting cells. Here we 
have studied if an intestinal epithelial cell line infected with rotavirus (RV) 
release constitutive and inducible heat shock proteins (Hsc70 and Hsp70, 
respectively). Caco-2 cells (a human colon adenocarcinoma cell line) were 
grown 14-21 days in a transwell system until they achieved polarization. 
Cells were considered to be polarized when the transepithelial cell 
resistance (TER) was above 300 Ohms/cm2. Caco-2 cells were infected 
with the RV strain RRV with a multiplicity of infection of 5, and the release 
of Hsc70 and Hsp70 was evaluated at different time points after infection 
in both the apical and basal chamber by western blot and ELISA, 
respectively. 24 h post-infection both HSP were found in the apical 
chamber of infected, but not in control treated cells. At this time the TER 
was still above 300 Ohms/cm2, and we detected a higher number of 
infectious RRV particles in the apical side of the wells than in the basal 
side. At 48 h, we evidenced a fall of the TER due to monolayer disruption, 
and we could detect both infectious virus and HSPs in the apical and basal 
side of the cultures. We also determined that released HSPs are mainly in 
a soluble form, not precipitable by ultracentrifugation. The simultaneous 
release of HSPs and RV by infected intestinal epithelial cell lines suggests 
that HSPs may modulate the induction of the mucosal immune response 
against this pathogen. 
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Purpose: To evaluate leukocyte apoptosis in patients with acute 
myocardial infarction (AMI) and with unstable angina pectoris (UAP). 
Methods: The study comprised of 41 consecutive patients with AMI 
(mean±SD age:57±11) and 29 with UAP (61±10), all admitted in the 
Coronary Care Unit (CCU) within 6 hours from the onset of symptoms. Ten 
patients without acute heart disease hospitalized in the cardiology 
department, served as Control group (C) (56±10). Blood samples were 
obtained on admission (0h), 24h, 48h and 72h after enrollment. Apoptosis 
in peripheral leukocytes was determined once in 19 healthy volunteers (H) 
(52±9). Leukocyte apoptosis was evaluated by flow cytometry. Early 
apoptotic intact cells (FITC+/PI-) were discriminated from late apoptotic 
cells lacking membrane integrity (FITC+/PI+) by double staining with 
Annexin V-FITC and Propidium Iodine (PI). Results: Early apoptosis of 
lymphocytes was considerably decreased at 0h in AMI when compared to 
C and H group ([mean % ±SD] 6.3±5.1 vs 11.4±8.3, p=0.048 and 
6.4±3.7 vs 10.2±4.8, p=0.042 respectively). Similarly, early apoptosis of 
monocytes was decreased at 0h in AMI and UAP when compared to H 
group ([mean % ±SD] 42.3±26.4 vs 63.2±24.5, p=0.016 and 42.9±20.3 
vs 63.2±24.5, p=0.033 respectively). In contrast, early apoptotic 
neutrophils were notably increased at 0h in AMI compared to UAP group 
(6.2±7.8 vs 3.1±3.1, p=0.042). Leukocyte apoptotic expression patterns 
were monitored during the first 72 hours after admission. Late apoptotic 
lymphocytes increased at 72 hours after admission in AMI and UAP group. 
In contrast, early apoptotic neutrophils were gradually decreased from 
admission (0h) in AMI by 3.39% (p=0.001) at 24h, 3.38% (p=0.026) at 
48h and 4.43% (p<0.001) at 72h. Conclusions: Supportive evidence of 
prolonged lifespan of peripheral leucocytes was provided by the observed 
delay of apoptotic manifestations in lymphocytes and monocytes. 
Increased neutrophil apoptosis after the onset of AMI could compromise a 
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Psychogenic stress is associated with norepinephrine (NE) release and 
immune dysfunction. We have shown that NE increases the rate of Thy-1 
mRNA decay in S49 T lymphoma cells through a classical 
β2AR/AC/cAMP/PKA pathway.  The Thy-1 mRNA sequence contains an ARE 
in its 3’UTR, a sequence commonly associated with message stability.  In 
this study we use a 116 base pair Thy-1 ARE probe to identify by 
photoaffinity binding or biotinylation mRNA binding proteins (bps), 
determine if NE alters binding, and investigate associations between PKA 
substrate phosphorylation and the decay mechanism.  RNA-protein 
binding experiments using Thy-1 ARE and S49 protein extract revealed 
binding of at least 10 proteins including, AUF1, HuR, TIAR, KSRP, and 
Hsc70.  NE treatment of wt or PKA mutant cells had no effect on the 
ability of these proteins to bind to the ARE.  NE induced phosphorylation 
of PKA substrates in wt cytoplasmic extract identified by immunoblotting a 
variety of proteins of molecular weights of 35-10.kD.  Thy-1 ARE binding 
proteins, AUF1, Hsc70, and HuR were detected in phosphoprotein isolated 
from wt whole cell extract by affinity chromatography and AUF1 may be a 
PKA substrate.  In addition, a pull down assay using a biotinylated ARE 
rich Thy-1 probe and 32Pi metabolically labeled protein isolated at least 
five phospho-binding proteins, two of which, 60 kD and 105 kD, increased 
in phosphate incorporation after NE treatment.  These results characterize 
mRNA bps and target phosphoproteins that may relate to NE-mediated 
Thy-1 mRNA decay. Supported by NIH 
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Water insoluble hetrocylcic compounds, such as quinazolinones are 
reported to having pharmacological effects such as anti-inflammation, 
sedation, ,anti-depression, anti-bacterial, anti-allergic, anti- blood pressur 
and...Aspects of their properties on reducing blood fat, inhibiting some 
proteins and  specifially preventing  cell movements, are the newest ways 



of treating cancer and HIV disease.  
Previous studies at the Department of Biology, Faculty of 
Science,University of Shahid Behehsti,showed significant teratogenic 
effects of two new derivatives of quinazlonines on skeletal and 
morphological  structures( exencephaly, exophthalmia ,microphthalmia, 
anophthalmia, disturbance in polarity of  limbs and….). So,finding any 
effects at histological level would have been quite interesting 
results,regarding not observing any obvious disturbences in organs such 
as kindneys.Pregnant Balb/C mice(n=20) were divided into 3 groups of : 
control, receiving only distilled water, sham , receiving 
0.5%(methylcelloluse 9the solvent) and experimental groups, receiving 
100mg/kg/ body weight of 4(3H) quinazolinone-2-propyl-2-phenylethyl) 
and 4(3H)quinazlonones-2-ethyl-2-phenylethyl , by IP injections,on day 
8th of gestation. Kidneys were fixed in formaldehyde after birth and 
stained with H & E. Confirming the pathological results , one- way ANOVA 
and Chi-Square tests were applied for quantitative and qualititative data 
(P<0.05).   Pathological examinations indicated numerous amacits cells 
(often single nucleus) and hyperaemia around kidney tubules and in 
interstitial spaces. Hypercellularity in glumerulus , swellings and 
diminished lumen diameter ,especially in proximal tubules were also 
observed. 
 Statistical analysis showed no significant differences between average 
size of glumerulus and average size of cells of distal tubules and collecting 
ducts  in control, sham and treated groups, but it was significant in 
proximal tubules(decreasing). In this case the average  Hypercellular  
glumerulus appeared in two experimental groups. 
Regarding inflammation of different parts of kidney and effective roles of 
toxic components as cellular stress in stimulating  immune system 
,creating kidney nephritis(interstitial nephritis and glumeronephrits) and 
necrosis 
suggest that these components may have some nephrotoxic effects on  
kidneys of Balb/C mice and  can be harm  structure of cells  so  treating 
with these components can be considered as one kind of cellular stress 
which effect specially  the tubular system of kidney and  using during 
pregnancy is prohibited.  
 
Key words: Quinzaloinones, pathological effects, Balb/C mice, kidneys 
cells, cell stress  
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The popular herbicide, atrazine, is a potent endocrine disruptor that de-
masculinizes and feminizes exposed amphibians, by reducing androgens 
and increasing estrogen production. This effect is not unique to 
amphibians, but has been demonstrated in fish, reptiles, and mammals 
(including laboratory rodents and humans cell lines) as well. In addition, 
several independent studies in amphibians and laboratory rodents have 
demonstrated now that atrazine also increases stress hormone 
(glucocorticoid) synthesis and secretion as well.  Furthermore, when 
combined with other commonly applied pesticides, the effects of atrazine 
are magnified. Exposed larvae suffer from retarded growth and 
development and immuno-suppression resulting in increased disease 
contraction and increased mortality. These effects have been 
demonstrated in both the laboratory and in the field: Tadpoles 
downstream of agriculture show retarded growth and development and 
suffer high mortality rates in response to pathogens relative to tadpoles 
upstream of agriculture. These effects indicate that pesticide 
contamination may play a critical role in amphibian declines even in 
localities and incidences where population declines appear to be due to 
other causes such as disease. 
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It is well established that stress- induced release of opioid peptides could 
affect development of inflammation via mechanisms involving changes in 
the activity of inflammatory cells both locally and systemically. To 
compare the effects of restraint stress (RS) and local injection of opioid 
peptide on Concanavalin A-induced paw inflammation, male Dark Agouti 
(DA) rats were either exposed to RS for 2h or intraplantarly treated with β 
-endorphin (β -End, 0.01-10 µg). While 0.01 µg of β -End increased paw 
edema, exposure of rats to 2h of RS significantly diminished it. In 
addition, peritoneal macrophages from intact and previously stressed rats 
were tested for adherence and production of reactive oxygen species 



(ROS) in the presence or absence of 10-12-10-8 M of β -End in vitro. 
Results showed that β -End suppressed macrophages adherence and ROI 
production, in contrast to RS that increased both macrophage functions. 
However, previous exposure to RS counteracted suppressive influence of β 
-End on macrophage adherence but did not change the suppressive effect 
of β-End on macrophage ROI production. Our results suggest two main 
conclusions. First, ROI produced by inflammatory cells more likely 
suppress development of tissue inflammation than promote tissue 
destruction and swelling. Second, exposure to RS can functionally alter 
macrophages and make them less sensitive to the in vitro treatment with 
β -End. (Supported by the Ministry of Science and Environmental 
Protection, Republic of Serbia, Belgrade, Grant No. 145049). 
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Hsp70 chaperone is known to possess high adjuvant activity; for instance 
Hsp70 of Mycobacterium tuberculosis constitutes the active part of BCG 
vaccine. In order to assess the adjuvant ability of Hsp70 we used laser 
irradiation of skin of internal surface of mouse ear followed by the 
injection of anti-influenza vaccine Vaxigrip into the same site. According to 
Western blotting data Hsp70 almost completely disappeared from the area 
of the exposure to laser in comparison with non-treated site; 48 hours 
later the Hsp70 content returned back to basal value. We suggest that the 
chaperone can be released from laser-treated cells as shown earlier for 
other Hsp70-inducing factors. In another experimental setting pure 
Hsp70/Hsc70 preparation from bovine muscle was injected along with 
influenza vaccine. In both cases, stimulation of endogenous Hsp70 release 
or exogenous chaperone delivery was sufficient to induce stable cellular 
and humoral response to vaccine antigen as proved by in vitro and in vivo 
tests. Additionally, bacterial lipopolysaccharide (LPS) from Serratia 
marcescens (prodigiosin) modified by electron beam or laser irradiation 
was also found to possess adjuvant activity to Vaxigrip vaccine, when 
employed alone or with the exogenous Hsp70. The adjuvant effect of 
prodigiosin was due to activation of TLR2/4 and trans-activation of 
receptors to alpha-fetoprotein, GM-CSF and IL-2. In summary these data 



prove that the combinatory application of chaperones with modified LPS 
can be promising in the novel vaccine development.  
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It is evident that there are differences in immune variables under acute 
stress between genders and menstrual cycle phases. Marked impact of 
gender causes women to be more prone to stress-induced diseases. 
Involvement of the apoptosis in stress response has been studied recently 
and has a potential to be one of the mechanisms in varying immune 
response. We aimed to investigate the effect of acute stress on apoptosis 
of immune cells in men and women and at different phases of the cycle. 
Healthy men (n=17) and women (n=16) volunteers (age 18-25) were 
subjected to Stroop color-word interference and cold pressor tests. 
Women tested both at follicular and luteal phases. Pre and post-test 
lymphocyte subsets and apoptotic lymphocytes were determined 
flowcytometrically. Menstrual phase was assured by plasma estrogen and 
progesterone levels. Stress response was evaluated by blood pressure and 
heart rate measurements and plasma cortisol levels. Nitric oxide (NO) was 
measured by chemiluminescence. All the data was evaluated statistically. 
Acute stress decreased CD4+ cells in all groups, CD4+/CD8+ ratio in men 
and women at follicular phase. CD19+ cells were reduced in women at 
follicular phase and increased in men, whereas CD56+ cells were 
increased in women and decreased in men after the stress. Annexin V+ 
helper T cell ratio was higher in all groups in post-test samples. Acute 
stress resulted in increased NO levels in men. Stress-related apoptosis of 
T cells can explain the depressed cellular immunity, diverse immune 
responses in men and women at follicular and luteal phases which may be 
modulated by NO. Further studies can enlighten the diversity of immune 
responses to stress between men and women via apoptosis.  
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Radiation-induced lung fibrosis is one of severe side effects for 
radiotherapy in lung or breast cancer patients. We previously reported 
that Galectin-1 was significantly increased in radiation-induced fibrotic 
lungs by proteomic analysis in vivo. In this study, we show that Galectin-1 
mediates radiation-induced differentiation from fibroblast into 
myofibroblast characterized by accumulation of smooth muscle alpha actin 
(α-SMA) and collagen type I. Morphological changes of WI38 human lung 
fibroblast cells were observed from day 2 after 4Gy irradiation and 
sustained up to 9 days. Galectin-1 expression was up-regulated by 
radiation, and knockdown of endogenous Galectin-1 by specific short 
hairpin RNA (shRNA) significantly reduced α-SMA synthesis as well as 
switched the phenotype of myofibroblast. Exposure to radiation on WI38 
cells also activated TGF-β secretion, which is a major profibrotic cytokine 
and a crucial mediator of fibrosis in many different tissues, and stimulated 
its downstream signaling molecule Smad-2 and -3 activation. However, 
knockdown of Galectin-1 did not affect the levels of Smad-2, -3 or 
inhibitory Smad-7 expressions. These data taken together suggest that 
galectin-1 could regulate radiation-induced fibroblast differentiation via 
Smad-independent pathway and may provide an alternative approach to 
the treatment of lung fibrosis. 
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Recent evidences have been indicating that Heat shock proteins (HSPs) 
play an important role as a “danger signal” in the extracellular milieu on 
behalf of immune surveillance. Above all, Hsp70 and Hsp90 elicit 
intriguing efficient CTL responses by so called “cross-presentation” with 
yet entirely unknown mechanism. Here, we discuss that the immunologic 



roles of HSPs, particularly Hsp90, in the MHC class I-restricted cross-
presentation by bone marrow-derived dendritic cells (DCs). We show that 
Hsp90-peptide complex enter the endocytic pathway via putative Hsp90 
receptor and associated peptide might be transferred onto endosomal 
MHC class I molecules. Moreover, we show that immunization with Hsp90-
peptide complex efficiently elicits CTL responses and antitumor effect. 
Interestingly, this presentation is TAP-independent, but rather follows 
endocytic pathway. Meanwhile, when Hsp90-whole protein (OVA) antigen 
complex were pulsed to DCs, this protein antigen could enter at least in 
part via TAP-dependent pathway to the ER, and finally was presented to 
MHC class I molecules. However, OVA alone without Hsp90 could not 
enter into this pathway, but rather into MHC class II pathway. 
Here we discuss novel insights into the immunologic role of Hsp90 in 
cross-presentation of antigens, efficient induction of MHC class I-restricted 
CTL responses, and application to peptide/protein antigen-based 
immunotherapy of cancers.  
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Abstract: 
Traditional Chinese medicine (TCM) has long realized that an unpleasant 
environment or mental stimulation is closely related to the occurrence and 
progression of disease. In TCM, therefore, it is viewed that “Gan” can 
regulate psychological status. In addition, numerous studies believe that 
the function of the “Gan” in TCM is closely related to the neuroendocrine-
immune network of modern medicine. Therefore, this study discusses the 
influence of psychological factors on the occurrence of asthma and the 
action mechanism of “ShuGan” therapy in regulating stress to prevent and 
treat asthma. This is done through the use of “ShuGan” and “LiFei” (lung-
regulating) therapy to treat rats with asthma and under stress. 
Objective: To discuss the influence of psychological factors on asthma 
occurrence and the action mechanism of “ShuGan LiFei” prescription of 
TCM in regulating stress to prevent and treat asthma. 
Results: “ShuGan LiFei” therapy could reduce plasma corticosterone, 
decrease CRH positive neurons in the paraventricular nucleus of 
hypothalamus, up-regulate the expression of GRmRNA in hippocampus 
CA3, and alleviate hippocampal neuronal lesion. Moreover, the therapy 



could significantly alleviate pulmonary pathological changes in rats with 
asthma under the condition of restraint stress through increasing CD4

+, 
CD4

+/CD8
+ in peripheral blood and plasma IFN-γ, and decreasing plasma 

IL-4. 
Conclusions: “ShuGan LiFei” therapy may regulate the hyperfunction of 
HPA axis and the immune dysfunction of asthma in rats under the 
condition of restraint stress. 
Key words: Restraint stress; Asthma; “ShuGan LiFei” therapy; Traditional 
Chinese medicine 
*E-mail address: tongyao@hku.hk 
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It is speculated that Hsp70 serves as an antigenic chaperone in the 
cytosol for MHC class I antigen presentation.  However, there have been 
only a few evidences that support the hypothesis.  We have found that 
HSP70 was associated with TAP in cells.  In the presence of ATP, HSP70 
was dissociated from TAP, indicating that peptide-binding form of Hsp70 
might be preferentially bound to TAP and peptide-free form might be 
detached from TAP.  In addition, we found that Hsp70-binding polyamine 
compound deoxyspergualine (DSG) could inhibit the association of Hsp70 
with TAP.  TAP-mediated transfer of cytosolic peptides was inhibited in the 
presence of DSG and cell surface level of MHC class I molecules was 
decreased to almost the equal level of those on TAP-deficient cells.  By 
using radio-labeled antigenic peptides, it was shown that cytosolic 
peptides with high affinity to Hsp70 could be transported into the ER by 
TAP more efficiently than those with low affinity.  Taken together, our 
data strongly suggest that cytosolic Hsp70 serves as a chaperone for 
cytosolic peptides and facilitate the antigen presentation of the client 
peptides.  Stimulation of dendritic cells (DC) with Hsp70 induced 
activation of DC, leading to TNF release.  Therefore, extracellular Hsp70 
has a cytokine-like function that activates innate immunity.  When mice 
were immunized with Hsp70-binding peptides in combination with Hsp70, 
antigen-specific cytotoxic T cells (CTL) was efficiently induced.  In 
contrast, immunization with non-binding peptides in combination with 
Hsp70 failed to elicit the CTL response.  These data indicate that 
extracellular Hsp70 might serve as a chaperone for extracellular antigens.  



Hsp70 might facilitate the cross-presentation of client peptides to MHC 
class I molecules in DC, thus activating adaptive immunity as well as 
innate immunity.  Interestingly, the binding of Hsp70 to the cell surface 
Hsp-receptors on DC was inhibited in the presence of DSG.  It is therefore 
suggested that immunosuppressive and anti-inflammatory action of DSG 
may be explained at least in part by the suppression of both intracellular 
and extracellular antigenic chaperone function of Hsp70.  Important roles 
of Hsp70 as an antigenic chaperone in the immune system and host 
defense system would be highlighted in this presentation. 
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Heat shock factor 2 (HSF2) belongs to the family of heat shock 
transcription factors (HSFs), the members of which orchestrate cellular 
stress responses and participate in processes of development and 
differentiation. While HSF1 is the major executor of the heat shock 
response, HSF2 is involved in germ cell differentiation and in cortical 
development. To investigate the targets of HSF2 in mouse 
spermatogenesis, a ChIP-on-chip screen on whole testis was carried out. 
Our results reveal HSF2 binding on various cytokine genes, and show the 
corresponding proteins to be differentially expressed in wt and Hsf2-/- 
mice. Since HSF2 cooperates with and is regulated by HSF1 during heat 
shock, we investigated the possible influence of HSF1 on the novel HSF2 
targets. Whereas certain cytokine genes are occupied by both factors, we, 
interestingly, also discovered HSF2 targets that are not bound by HSF1. 
Accordingly, similar protein levels of HSF2-specific target genes were 
detected in wt and Hsf1-/- mice, which indicates gene-specific effects for 
HSF1 and HSF2. Diverse functions of HSF1 and HSF2 are further 
supported by their different expression patterns in seminiferous tubules 
where HSF2 is expressed in a stage-dependent manner and the levels of 
HSF1 remain relatively constant throughout spermatogenesis. In testis, 
cytokines are important for germ cell migration and for creating and 
maintaining the site of immune privilege. Furthermore, the detected 
cytokine environment in Hsf2-/- mice is associated with testicular 
inflammation and infertility. Thus, HSF2-regulated cytokine expression 
elucidates novel testicular and immunological functions, emphasizing the 



multifaceted character of HSF2. 
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Stress-inducible heat shock protein 70 (HSP70/HSP72) has been shown to 
enhance or enable induction of antigen-specific T cell responses. Recently, 
the ability of HSP70/peptide complexes to elicit CTL responses by cross-
presentation of exogenous antigen via HLA class I has been coming into 
focus of immunotherapy. Little is known about differences in the function 
between pro- and eukaryotically expressed HSP70 used for the in vitro 
induction of specific CTLs. When prokaryotically expressed HSP70 is used, 
endotoxin contamination is always a major concern. Therefore, we 
expressed HSP70 eukaryotically to analyse the role of endotoxin-free 
HSP70 in the induction of specific CTLs. FITC-labelled HSP70 could be 
shown to be rapidly taken up by monocytes and macrophages of the 
peripheral blood as well as by primary human keratinocytes. In our 
endotoxin-free system uptake of Tamra-labelled nonapeptides of different 
specificity was significantly enhanced in peripheral blood monocytes as 
well as in keratinocytes in the presence of rhHSP70. rhHSP70 could be 
shown to enhance cross-presentation to CD8 T-cells in different 
experimental approaches. Preliminary results support the predominant 
role of CD91 as HSP70 receptor. Our results indicate that eukaryotically 
expressed HSP70/peptide complexes could be a useful tool to generate 
antigen specific CD8 T cell responses.  
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In insects, biogenic amines, dopamine (DA) and octopamine (OA), and 
gonadotropins, juvenile hormone (JH) and 20-hydroxyecdysone (20E), are 
the main components of neurohormonal stress-reaction. For the progress 
of oogenesis in Drosophila under normal and stress conditions a proper 
balance between JH and 20E is of a paramount importance: imbalance (a 
shift of the balance in the direction of JH or 20E) leads to dramatic 
changes in oogenesis and fecundity (Soller et al., 1999; Gruntenko et al., 
2003, 2005; Rauschenbach et al., 2004). Here we demonstrate that (I) D. 
virilis and D. melanogaster females possess a mechanism of reciprocal 
regulation of JH and 20E which is essential to maintain the JH/20E 
balance: (a) a rise in JH titre leads to a rise in the activity of ecdysone 20-
monooxygenase (which converts ecdysone to 20E) and their 20E titre; (b) 
a rise in 20E titre results in a dose-dependent rise in JH levels; (c) 20E 
regulates JH indirectly via DA metabolic system - a rise in 20E titre 
increases DA content in young females and decreases it in mature 
females, thus leading to a rise in JH levels in both; (d) there is a feedback 
in the regulation of JH by DA - a rise in JH titre leads to a decrease in DA 
in young females and its rise in mature females. (II) Under normal 
conditions, reproduction is regulated by genes that control DA metabolic 
pathways (indirectly via JH); under unfavorable conditions, reproduction is 
regulated by genes that control OA metabolism. (III) Individual stress-
resistance depends on expression of genes controlling the background 
level of DA. The study was supported by RFBR grants ## 07-04-00194, 
06-04-48357. 
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FOS EXPRESSION IN HYPOTHALAMUS AND MEDULLA DURING 
SEIZURES IN RATS 
 
Kiyomi, Koizumi, Rena Orman, and Mark Stewart 
 
SUNY Downstate Medical Center, Department of Physiology & 
Pharmacology, Brooklyn, NY, USA 
 
Autonomic nervous system consequences of seizures range from mild 
(e.g. sweating, piloerection) to severe (Sudden Unexplained Death in 
EPilepsy, SUDEP), but the severity of autonomic disturbances are poorly 
correlated with seizure severity.  We used urethane anesthetized rats to 
study the spread of kainic acid-induced limbic seizure activity into 
hypothalamic, medullary, and peripheral autonomic relays.  Peripheral 



nerve activity was recorded with a linear array electrode.  ECG and blood 
pressure were continuously monitored. 
Peripheral multi- and single-unit activity, recorded from right or left vagus 
nerve, cervical sympathetic ganglion, and renal sympathetic nerve was 
elevated during each recurrent seizure.  Activity recorded from the 
splanchnic nerve was not changed substantially.  Increases in firing were 
sustained during seizures for vagus nerve in particular, whereas short 
episodes of increased activity were most frequently observed in renal 
sympathetic nerve recordings. Baroreceptor reflex responses to 
phenylephrine or nitroprusside were in the right direction, but prolonged. 
Increased expression of c-fos was detected in autonomic and 
neuroendocrine parts of paraventricular nucleus and in the supraoptic 
nucleus.  Increased expression of c-fos was also detected in the rostral 
ventrolateral medulla and dorsal motor nucleus of the vagus.  Increases in 
expression were comparable in the right and left hemispheres. 
We conclude that autonomic disturbances that occur during seizures will 
be “balanced” if seizure activity is bilateral.  We suggest that the most 
sever disruptions will occur when the seizure activity, or its pattern of 
spread, results in a transient unilateral over-activation of hypothalamic or 
medullary brain regions. On the other hand, we suggest that the 
neuroendocrine consequences of seizures will be correlated with seizure 
severity, and will likely result in significant gender differences in seizure 
patients. 
 

 
 
5E_03_P 
 
Endocrine stress response induced by hypobaric-hypoxia 
 
 S. Simeoni, P. Monnazzi, R. Biselli* and F.R. Patacchioli 
 
Department of Human Physiology and Pharmacology “V. Erspamer”, 
University “La Sapienza” and * Experimental Flight Center, Dpt of Aviation 
and Space Medicine, Pratica di Mare, Rome, Italy. 
francesca.patacchioli@uniroma1.it 
 
The measurement of hormones in saliva provides an interesting and 
reliable tool to assess the response of the neuroendocrine system to 
different stressors.  
Hypoxia familiarization is an integral part of the aviators' education. For 
many aviators, hypoxia prevention begins in the hypobaric (altitude) 
chamber. In order to reach the experience of typical signs and symptoms 
of hypoxic hypoxia, twelve proficient paratroops were exposed to high 
altitude in a hypobaric chamber. 
We monitored the hypothalamic-pituitary-adrenal axis response to 
hypobaric hypoxia collecting salivary samples each two hours in the day of 
the simulation in the hypobaric chamber,  and also the day before and the 



day after. 
Altitude-induced hypoxia represents a strong environmental stressor as 
shown by the significant increase of cortisol released during the 
“hypobaric chamber day”. Moreover, dhea-s levels were significantly 
increased in the day of the strenuous hypobaric chamber training: this 
result is  consistent with the more recent literature suggesting a stress-
buffering role of dhea-s. A comparison most of interest was that 
contrasting the cortisol to dhea-s ratio measured in the day of stress 
exposure with that one measured the day before: no difference was found 
between the two measures. What can be drawn from this result, together 
with the observation that this very stressful experience appears not to be 
associated with an impairment of cortisol and dheas circadian fluctuation, 
is that the group of paratroops we have studied presented a good level of 
stress resilience.  
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Regular exercise reduces the incidence of colon cancer and possibly 
inflammatory disorders of the intestine, however, the mechanisms 
underlying these exercise-induced adaptations are not well understood.  
This study examined the effects of an exhaustive bout of exercise on 
cellular stress proteins.  Fifteen young (4 weeks) C57BL/6 mice were 
randomly assigned to one of three experimental groups: (1) sedentary 
(S), (2) treadmill training (TT) and (3) wheel running (WR).  Sedentary 
mice maintained normal cage activity, TT mice ran 5 days per week, at 
approximately 75% 2VO& max, on a motorized treadmill and WR mice had 
free access to running wheels.   Following 12-14 weeks of training, all 
mice underwent an exhaustive bout of exercise on the treadmill and were 
euthanized 2 hours afterwards by cervical dislocation.    Blood samples 
were obtained by cardiac puncture and the intestines were removed for 
processing.  Total HSP 70 expression, in segments of the small and large 
intestine, and plasma IL-6 concentration were quantified by ELISAs. 
Levels of JNK and ERK½ in the small and large intestine were measured 
by Western Blot techniques.  Both modes of exercise training (TT and WR) 
significantly increased HSP 70 expression to exhaustive exercise in the 
large intestine, whereas in the small intestine, HSP70 expression was 
significantly increased by exhaustive exercise in the TT mice only.  



Preliminary results indicate that JNK and ERK1/2 expression are down-
regulated in the TT mice.  There were no significant differences in plasma 
IL-6 levels between the groups. The results of this study are useful for 
identifying the intestinal molecular pathways that may be modified by 
different forms of exercise training and by the stress of exhaustive 
exercise.  
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Interleukin-6 (IL-6) is a pleiotropic cytokine that increases up to 100 fold 
with exercise (Ostrowski et al, 1998). It has also been linked to 
immunosupression (Smith, 2003) and underperformance syndrome (UPS) 
(Robson, 2003). The aim of the present study was to investigate the IL-6 
response when subjects are under considerable stress from the 
combination of exercise and heat. This exposure regimen is similar to that 
of athletes acclimating to the heat. 
 
Seven male subjects (age 30 ± 4 yr, height 1.80 ± 0.08 m, body mass 

73.8 ± 8.5 kg; means ± SD) completed 2 hr cycle exercise (44%  
. 
VO2peak) 

in a hot, humid environment (38 ºC, 60% relative humidity) on 3 
consecutive days. Blood samples, obtained at rest and immediately post 
exercise on days 1 and 3, were analysed for plasma IL-6 and soluble IL-6 
receptor (sIL-6R) via ELISA. Statistical analyses were performed using 
two-way repeated measures ANOVA and post-hoc Bonferroni corrected 
paired t-tests where appropriate.  
 
There were no differences in resting IL-6 or sIL-6R concentration between 
days. Exercise heat stress resulted in an increase (P<0.05) in IL-6 on 
days 1 and 3, with the increase being greater (P<0.05) on the first day 
(∆IL-6, day 1: 4.4 ± 1.7 pg.ml-1 versus day 3: 2.5 ± 1.6 pg.ml-1). sIL-6R 
concentration was increased (P<0.05) with exercise from 37.8 ± 10.3 to 
41.6 ± 11.7 pg.ml-1 on day one but the increase was not significant on 
day three. There were no differences between days.  
 
The present study has demonstrated that within 3 days subjects adapt to 
exercise and heat stress by attenuating the rise in IL-6 during exercise. 
 



Reference 
Ostrowski et al (1998). J Physiol; 513(3):889-894 
Robson (2003). Sports Med; 33(10):771-81 
Smith (2003) Sports Med 33(5):347-364 
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Aerobic physical activity is associated with a reduced risk of coronary 
heart disease, and may favorably modify the prooxidant – antioxidant 
balance. The aim of study was to assess the influence of a 8-week aerobic 
physical activity program on oxidative stress markers and antioxidant 
parameters in healthy, elderly women. 
The study was performed on 41 female subjects – members of the 
University of Third Age. Participants had an average age of 65, declared 
good health condition. Subjects performed 8 weeks of the cycle ergometer 
physical workout. The training consisted of 40 minutes sessions of 
physical exercise (30 minutes with workload at the level of 70-80% of 
ventilatory threshold intensity) repeated three times per week. Before and 
after 4 weeks of the training program subjects underwent a ventilatory 
threshold estimation during physical test with increased intensity. Before 
and after 8-weeks of the training, in a fasting state (between 8 and 9 
a.m.) the blood was taken from the ulnar vein for biochemical analysis. 
Total antioxidative status (TAS) and concentrations of thiobarbituric acid 
reactive substances (TBARS) were measured in plasma. In the serum 
samples, levels of antibodies against oxidative modification of LDL (oLAB), 
glucose, HDL-cholesterol, triglycerides and insulin were assessed. 
Atherogenic index of plasma (AIP), insulin resistance index (HOMAIR) were 
calculated. Reduced glutathione (GSH) concentration and glutathione 
peroxidase activity (GPx) were determined in the red blood cells 
hemolysate. The 8-week aerobic physical activity program  resulted in a 
significant decrease (P < 0.01) in serum concentrations of glucose, LDL- 
cholesterol, TBARS, as well as a significant decrease glutathione 
peroxidase activity in red cells (P < 0.05) and index HOMAIR (P < 0.01). 
TAS and GSH concentrations increased significantly in the subjects (P < 
0.01). The obtained results show that 8-week aerobic training enhanced 



insulin sensitivity, and the balance between oxidants and antioxidants in 
healthy, elderly women. These favorable changes may decrease the risk of 
atherosclerosis in physically active elderly subjects. 
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We studied the hypothalamus pituitary adrenocortical (cortisol) and the 
hypothalamus pituitary (growth hormone GH) system responses to an 
immersion done in an unexplored siphon placed in a cave, 700m under 
the surface. The combination of heavy exercise in a demanding 
environment before diving, the absolute darkness, the confinement, the 
cold temperatures and the emotion for the exploration as well as the 
awareness that if an accident happened the situation became drastically 
very critical represent a unique multiple stress model that may be helpful 
in understanding the endocrine expression of exercise and psychological 
stress. Owing to the high skill of the performance only one cave-diver was 
tested; however this subject repeated the same immersion twice. Two 
blood drawings were performed: (1) at the bottom of the cave, pre 
siphon, (2) at the end of the exploration of the siphon lasted about 45 
minutes. Two blood drawings, as controls, were performed on the same 
potholers, at the same resting time envisaged for the day of the 
experiment to minimize the specimen processing time influences and any 
circadian fluctuation. Serum GH and cortisol were measured with a 
chemiluminescence assay (DXI 800 Beckman Coulter, Fullerton, California, 
2004) within 24 hours. The  marked rise of GH values during diving 
underlines the great intensity of cave diving effort probably due to the 
difficult route that the cave diver covered and the bulky technical 
equipment dressed while the rise of cortisol is likely due to the 
combination of exercise, emotional stress, cold temperature and darkness.      
 

 
 



5F_05_P 
 
WOULD LITERATURE ON TAI CHI FOR STRESS BE SUFFICIENT FOR 
A META-ANALYSIS?  
 
Chenchen Wang, Timothy McAlindon  
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Purpose:  To systematically review world literature for the effects of Tai 
Chi (TC) exercise on  psychological stress and determine the sufficiency of 
data for a meta-analysis of their outcomes. 
 
Methods:  We searched Medline, PsycINFO, Sportdiscus, Social Sciences, 
Health Star, EMBASE, China Hospital Knowledge, China National 
Knowledge Infrastructure, Traditional Chinese Medicine Databases and 
article references until February 2007. Inclusion criteria were all types of 
human clinical studies that reported original data written in English or 
Chinese and which included at least one clinical outcome relevant to 
psychological health. We extracted data on the population characteristics, 
study setting, type and duration of TC, study design, psychological 
outcome, and primary results. 
 
Results:  We screened 1172 abstracts and identified 23 studies (10 
randomized controlled trials, 9 nonrandomized controlled trials, 4 
observational studies). These eligible studies were conducted in 4 
countries (USA, Canada, China, Australia) involving a total of 2335 
participants (age range is from 10 to 92). Of the 23 studies, 19 clinical 
trials with a total of 1153 subjects consistently reported that 4 weeks to 
46 months of TC training resulted in higher levels of several indices of 
psychological well-being, including reduction of stress, anxiety and 
depression, and improved life satisfaction compared with the controls. 
Four observational studies further demonstrated that 6 months to over 20 
years TC practice improved mood, and reduced stress and depression. 
 
Conclusions: The heterogeneity of the study designs, settings, methods 
of comparisons, exercise background, TC style, and duration, precluded a 
formal meta-analysis. However, TC appears to be associated with 
improvements in psychological stress and well-being in both eastern and 
western populations.   
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Quercetin (3,3’,4’,5,7-penthydroxy flavone) is an important constituent of 
the flavonoid family present in many fruits and vegetables. Various 
pharmacological activities of quercetin have been demonstrated including 
suppression of tumor growth by inhibition of neovascularization. However, 
its mechanism of action has not been clarified yet. Ovarian follicle is an 
excellent model to study angiogenesis since it is an unique exception to 
the general quiescence of the adult vasculature. In previous studies, we 
demonstrated an involvement of reactive oxygen species (ROS) in 
angiogenesis signalling. Therefore, the aim of this research was to 
evaluate if the treatment with 5 or 50 µg/ml of quercetin modulates 
superoxide anion (O2

-) generation and superoxide dismutase (SOD) 
activity in granulosa cells collected from swine follicles. Our results 
evidenced that the highest concentration af quercetin was able to 
significantly (p<0.01) inhibit O2

- output, while the lowest dosage was 
ineffective. On the contrary, SOD activity was unmodified by both 
concentrations tested. Since we previously demonstrated that an increase 
in O2

- generation is a critical event in promoting angiogenetic process, we 
may argue that the antiangiogenetic effect of quercetin could be 
mediated, at least in part, by the inhibitory effect on O2

- levels; in 
addition, since SOD activity is not augmented, we conclude that, as 
evidenced in other systems, quercetin could act as a free radical 
scavenger. 
 
This work was supported by FIL and MIUR-COFIN grants 
 

 
 
5G_02_P 
 
STRESS AND NIGHT EATING SYNDROME AMONG UNDERGRADUATE 
STUDENTS 
 
Stephanie A. Bughi,  Jatturong Wichianson, Selena Nguyen-Michel & 
Donna Spruijt-Metz. 
 
University of Southern California, Institute for Health Promotion & Disease 
Prevention Research, Los Angeles, CA, USA 
 
OBJECTIVE: Increased stress is a disturbing trend in college student 
health nationwide, especially since students often engage in unhealthy 
behaviors such as ATOD use and overeating to deal with stress. This study 
investigates the relationship between academic stress, and night eating 



syndrome (NES) in university undergraduates. METHODS: Participants 
were students from a private university in Southern California. Stress was 
measured by using the General Well-Being Scale, with a score ranging 
from 0 to 110 (stress <72 and distress <60). The Night Eating 
Questionnaire was used to assess the students’ eating patterns after 
dinner. RESULTS: Participants were 93 undergraduate students (63 
females, 30 males, mean age 20.4+/-1.76 years). From this sample, 
53.8% of students reported stress, and half of them reported distress. The 
stress score (SS) was not different between female and male students. 
However, females (12.6+/-5.3) experienced more anxiety than males 
(15.2+/-4.6; t =2.38, p=0.021). In contrast to juniors (73.4+/-17), 
senior students (61.79+/- 14.9) experienced the highest stress level 
(F=2.43, p=0.04). NES was present in 7.7 % of students (4 males, 3 
females), while evening hyperphagia was present 
 in 72.8% students (20 males, 47 females). Evening hyperphagia 
correlated with anxiety  
(r= -0.24, p=0.020). CONCLUSIONS: 1) Senior college students 
experienced significantly more stress than juniors. 2) Anxiety was more 
prevalent in female students. 3) Evening hyperphagia was common and 
was associated with anxiety. Stress in college students is prevalent and 
may lead to abnormal eating patterns, which may partially explain the 
contribution of stress to development of obesity. 
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Capsaicin (8-methyl-N-vanillyl-6-nonenamide), the active component of 
chili peppers, is widely believed to stimulate appetite. The "capsaicin high" 
is a euphoric sensation caused by the consumption of large quantities of 
capsaicin from capsaicin-laden foods. We have previously found that gene 
expression of a sweet taste receptor T1R3 as well as capsaicin receptor 
VR1 was decreased in the circumvallate papilla of rats that had repeated 
exposure to oral capsaicin, and they showed preferences on sweet 
solutions, revealing a molecular basis underlying the hedonic effect of oral 
capsaicin. In this study, we examined ambulatory activity and c-Fos 
expression in the nucleus accumbens (Accb) in rats with repeated oral 



capsaicin. Male SD rats received daily 1 ml of 0.02 % capsaicin or distilled 
water in their oral cavity with ad libitum access to rodent chow and water. 
On days 1, 5 and 10, rats were placed in the activity chamber 30 min 
after capsaicin exposure, and then the ambulatory activity was recorded 
for 30 min. Two days after the behavioral session without capsaicin, rats 
were transcardially perfused with 4 % PFA and the brain tissues were 
processed for c-Fos immunohistochemistry. Ambulatory counts decreased 
significantly in the capsaicin group compared with the control group on 
each test day. The ambulatory counts of capsaicin rats, but not of control 
rats, further decreased on the second test day compared to the first test 
day. The number of c-Fos-ir nuclei significantly decreased in the Accb and 
the cingulate cortex of capsaicin rats compared to the control group. 
Together with our previous finding, this result suggests that hedonic 
properties of oral capsaicin may be mediated by decreased c-Fos 
expression in the brain reward pathway. Supported by KMOST (JWJ).  
 
Key Words: Behavior, Immunohistochemistry, Reward pathway, Sucrose 
intake, Taste receptor  
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Human beings living in oxygen environment and using oxygen for their 
aerobic metabolisms have to deal with free radicals, which are normally, 
at very low levels, produced by several metabolic processes. When 
antioxidants/oxidants ratio is balanced, nothing will happen, but when this 
balance is disturbed the oxidative stress (OxS) will appear. High-grade 
OxS has an impact on development of inflammatory diseases and any 
kinds of approach, which have beneficial effects, are welcome. 
Lactic acid bacteria (LAB) of our intestinal microflora play a significant role 
in the gut ecosystem having beneficial cross- talk with human organism. 
LAB of human origin helps to restore normal microbial function, 
stimulating immune system, and some of them carry remarkable 
antioxidative, anti-atherogenic and anti-cancerogenic properties. Viable 
LAB considered as good tools for designing health supporting functional 
food.  
 Our previous studies have shown that antioxidative probiotic L. 
fermentum ME-3 possesses substantial antioxidative and antimicrobial 
activity and has beneficial effects on human well being. Consumption of 



probiotic ME-3 correct OxS status in clinically non-problematic subjects, 
suppresses high-grade OxS in diseased persons in the association with 
clinical outcome, which points to the possibility to gain the better quality 
of life as adjunct therapy. 
Regular intake of dietary products, enriched with special probiotics, 
without necessity to change typical eating habits of person (patient) might 
be used easily accessible low cost large scale tool for population. 
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Salvia officinalis (common sage) is a medicinal plant to which antioxidant, 
anti-inflammatory and antimutagenic properties have been attributed. 
Recent results from our laboratory showed cellular and in vivo antioxidant 
effects of sage as well as metformin-like effects at the rat liver level, 
suggesting an antidiabetic potential for sage. In order to test these effects 
in humans, we performed a pilot trial with six healthy female volunteers. 
The trial was carried out in three phases, which includes two weeks of 
baseline, four weeks of sage treatment (drinking of a sage infusion twice a 
day) and two weeks of wash-out. Sage treatment positively affected the 
erythrocyte antioxidant status as shown by increased SOD and CAT 
activities. Cholesterol and LDL levels significantly decreased and HDL 
levels significantly increased after treatment, indicating benefits also in 
lipid metabolism. However, no changes in glucose clearance were 
observed in the oral glucose tolerance tests at the end of treatment 
period. In addition, a reduction of in vitro lymphocyte DNA damage 
induced by H2O2 was observed during the treatment period, which was 
maintained through the wash-out period. During the S. officinalis drinking 
period, lymphocyte Hsp70 protein expression was significantly increased 
(about 2.25 times) and decreased to baseline following the wash-out 
period. Overall these results confirm the health improving potential of 
sage infusion drinking. 
This work was supported by FCT research grant POCI/AGR/62040/2004. 
CFL and MFA were supported by FCT grants SFRH/BPD/26316/2006 and 
SFR/BD/12527/2003, respectively. We also acknowledge Rui Silva for 
assisting with blood samples collection. 
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The gastrointestinal mucosa is constantly exposed to luminal oxidants 
from ingested foods as reactive oxygen species (ROS) that elicit 
membrane destabilization, alterations in DNA, inactivation of proteolytic 
enzymes . The ingestion and/or occurrence of these reactive species,  
particularly in the long term,  are responsible for injury to the intestinal 
mucosa in several disease states, as well as inflammatory bowel disease 
and intestinal cancer.  Bovine milk proteins are a source of biologically 
active peptides that can be released during gastrointestinal digestion or 
food processing. They may act as regulatory compounds which exhibit a 
wide range of biological functions such as antimicrobial, antihypertensive, 
antioxidant and opioid activities. However no study have been carried out 
on peptides in buffalo milk and/or on peptides released in whey during 
technological transformation of buffalo milk. Our study focuses on 
characterizing peptide fraction of buffalo mozzarella-cheese waste whey 
by complementary mass spectrometric techniques. Moreover  we have 
investigated a cytomodulatory and antioxidant effect of peptide fractions 
from buffalo mozzarella-cheese whey on hydrogen peroxide-induced 
oxidative damage in CaCo-2 cell lines. We have demonstrated  that a 
specific peptide fraction (F3) after 12h of treatment, decreased ROS 
production (-42%O2

-) and enhanced cell differentiation (27%Alkaline 
Phosphatase activity/min). Our results showed that peptide fraction (F3) 
derived from buffalo mozzarella-cheese waste whey  is potential health 
enhancing nutriaceutical for food and pharmaceutical applications. 
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Water deficit of soils is the principle factor limiting crop yield in large areas 
of world. Plants undergo significant morphological and metabolic changes 
in response to drought. Many of these changes are believed to adaptive 
responses by which plants cope with water stress. It is generally accepted 
that the first result of stress is an alteration in the structure and function 
of cell membranes. There are more than 420000 ha of nonbearing and 
bearing pistachio trees in Iran. Despite the economic importance of this 
crop, very little information is available on its moisture needs and 
nutritional requirements. Therefore, the effects of three irrigation 
frequencies (1, 3, and 7 days) and five potassium (K) levels (0, 75, 150, 
225, and 300 mg K kg-1 soil as K2SO4) on the proline and reducing sugars 
content and activity of catalase and peroxidase of pistachio were studied 
in a glasshouse experiment. Water frequency decreased all of growth 
parameters (shoot and root dry weight, stem length and leaf area) but 
potassium application had no significant effects on the growth parameters. 
As the irrigation intervals and K application increased, the proline content 
significantly increased. In contrast to proline, with increasing irrigation 
frequencies and K application the reducing sugars concentration 
significantly decreased. A significant decrease in peroxidaes and catalase 
activity was observed with increased K levels. However, with increasing 
irrigation intervals, activity of these enzymes increased. In conclusion, the 
results of this study clearly demonstrate that although K application had 
no significant effects on some growth parameters, it significantly modified 
the biochemical indices and somewhat overcame the depressing effects of 
water stress. 
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Phenotypic sex in fish is influenced by environmental conditions in addition 
to genotype.  Therefore, various stressors, such as temperature, hypoxia 
and pollution at sublethal levels, are assumed to influence the sex ratio.  
In order to evaluate the hypothesis, we designed an experiment to assess 
the effect of heat shock on sex ratio using zebrafish as the model.  As the 
time of heat stress during development is critical, temperature sensitive 



stage was selected for the study.  The phenotypic sex ratio was examined 
until 40 days, using histological observation.  The results were compared 
with a control without heat shock.  Results indicated that in control a 
50/50 male to female ratio was maintained.  However, a significantly 
higher increase in male phenotype was observed.  Our study also 
indicates that 14 to 16 days post fertilization is critical for sex 
differentiation of primitive gonad. TUNEL staining and 
immunohistochemical observation of the gonads showed the induction of 
caspase-3 mediated proapoptotic signaling in the gonadal cells after the 
heat shock.  Therefore, proapoptotic signaling mechanism may regulate 
the sex differentiation in the gonads at this stage and may be markedly 
induced by stress conditions.  We report a model of the evaluation effects 
on sex differentiation using zebrafish.  We anticipate that this model will 
facilitate further study of the exposure to stressors by monitoring their sex 
ratio and gene expression patterns in the gonad. 
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The measurement of fecal steroid metabolites has proved to be a reliable 
technique for monitoring endocrine status in a variety of mammalian 
species. We verified the biological relevance of quantifying the 
concentration of cortisol fecal metabolites to assess the physiologic stress 
response of the Syrian hamster. Two experiments were performed using a 
total of 10 adult female hamsters. To suppress adrenocortical activity, five 
females were injected with 200 µg/100 g body weight of dexamethasone, 
dissolved in 1 ml of sterile isotonic saline solution. Dexamethasone is an 
artificial steroid that mimics endogenous glucocorticoids and reduces 
circulating corticosteroid levels via the negative-feedback mechanism of 
the HPA axis. To investigate the effects of the injection procedure itself on 
the pattern of excreted fecal steroid metabolites, five females received an 
injection of 1 ml of sterile isotonic saline solution. All fecal samples voided 
by each group were collected and homogenized on a daily basis for 5 days 
before (to assess basal concentration) and thereafter for 4 days after the 
injections.  Cortisol fecal metabolites were extracted with ethanol and 
quantified by radioimmunoassay. The basal concentration of cortisol fecal 



metabolites was 3.95 ± 1.25 �g/g of feces in the control group and 5.78 ± 
0.62 �g/g of feces in the group injected with dexamethasone. On the first 
day after injection, whereas a slight increase in cortisol concentration in 
the control group (4.81 �g/g of feces) (p<0.05??? – very important!!!) 
was observed, it decreased abruptly to 1.60 �g/g of feces (28% in 
relation to basal value) p<0.05??? in the dexamethasone group. These 
data strongly suggest that the changes in fecal concentrations of cortisol 
metabolites reflect the variations in blood values. Therefore the 
quantification of cortisol metabolites in feces enables non-invasive 
monitoring of adrenocortical activity in the Syrian hamster. 
 
Noninvasive techniques to monitor reproductive or stress hormones are 
now widely used in captive and free-ranging wildlife. These methods offer 
great advantages and deserve to be used also in laboratory rodents. 
However, we remain naive about factors that may influence the accuracy 
of these techniques. The aim of this study was to evaluate the adequacy 
of were ovariectomized, and. We determined per-gram fecal cortisol 
metabolite concentrations, total 24-h fecal output and total 24-h fecal 
cortisol metabolite production. Surgery considerably affected fecal output, 
and using per-gram versus total cortisol metabolites led to different 
conclusions: whereas concentrations increased significantly just after 
ovariectomy and decreased on subsequent days, the total excreted 
cortisol metabolites varied in a symmetrical pattern. Therefore, the 
relative per-gram measure of hormones may not reflect the total amount 
of circulating hormones, because these measures are comparable only if 
the volume of the material in which the hormone is contained is the same 
in the 2 groups.  
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Climate change predictions suggest that for some regions heat waves will 
become more severe and be of longer duration. The effects of prolonged 
heat stress both at the whole organism and at the cellular level needs to 
be investigated. Angus steers (n=24) were housed in controlled climate 
rooms and exposed to 4 d of thermoneutral conditions (TN) followed by 9 
d of heat stress (HS). Feed and water was available at all times. Rectal 
temperature (RT) was recorded every 30 min. Blood was collected from 



each animal 4 times a day and analysed for creatine kinase (CK), 
aspartate aminotransferase (ASK), lactate dehydrogenase (LDH) and 
glucose. Ambient temperature (TA) and relative humidity (RH) were 
recorded every 5 min. Climatic conditions (mean±s.e.) during TN were 
21.6oC±1.9 and 62.3%±8.8 respectively for TA and RH. During HS the 
conditions were 32.7oC±2.4 and 41.4%±12.1. During HS feed intake was 
38% lower and individual water intake increased from 20L/d to 41 L/d.  
Serum CK increased (P<0.05) from 1.66±0.13 U/L during TN to 
2.03±0.13 U/L on day 9 of HS. For the duration of the study CK, LDH and 
AST remained within the normal range. Mean glucose fell (P<0.05) from 
4.86 mmol under TN to 4.41 mmol on day 8 of HS. During TN RTMEAN was 
38.7 oC, and ranged between 38.6 and 38.9 oC. RTMAX occurred close to 
1300 h each day of TN. RTMIN occurred at around 0600 h. The diurnal 
pattern was consistent during TN. During HS, RT varied ± 1.0oC each day. 
RTMEAN was 39.8oC on day 1 and 40.1oC for days 2 – 4. The maximum 
RTMEAN occurred on day 6 (40.4oC) and remained close to this level for the 
next 3 d. RTMAX occurred between 2100 and 2200 on days 1 – 4 of HS. 
From day 5 – 9 the diurnal pattern was characterized by multiple peaks 
and troughs with no consistency. During this period RTMAX occurred 
between 1500 and 1800.  
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Stress can lead to changes in the immune response of turkeys resulting in 
decreased resistance to opportunistic bacterial pathogens. Three lines of 
turkeys were tested for response in T-maze and open field tests during 
the first 8 days after hatch and behavior was observed after catching, 
moving, and transport. They were also compared for corticosterone (Cort) 
levels and heterophil/lymphocyte ratios (H/L) at 15 wk of age, in response 
to an Escherichia coli challenge followed by transport stress.  Large 
commercial line birds (Comm) were faster and more active in the T maze 
at day 2 than smaller Egg line birds. Male Comm line birds were faster 
than male Egg line birds when tested in an open field at day 8. Egg line 
birds had more sleeping behavior after moving to a new floor pen as 
compared to both an intermediate-sized line (F line) and the Comm line. 
Transport stress increased Cort levels in all 3 lines and the increase was 
greater in males compared to females. The Egg line had higher basal Cort 



levels (P = 0.03) and higher levels after transport (P< 0.0001). The H/L 
ratios were affected by both transport stress and line but not by sex.  The 
H/L ratio was lower in the Egg line as compared to both the F line and the 
Comm line (P< 0.0001), with the Comm line having the greatest increase 
in response to transport. Previous studies determined that Egg line birds 
were more resistant to the deleterious effects of challenge and the Comm 
line displayed the most adverse effects. These data suggest that 
differences in activity of fast-growing turkeys may be used to select birds 
that are less susceptible to inflammatory bacterial disease and that the 
H/L ratio may be more useful than serum Cort in evaluating the 
deleterious effects of stress. 
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Early life events can have short and long-term effects on neuroendocrine, 
autonomic, and behavioural responses to stress and appear to play an 
important role in the etiology of stress-related disorders. Glucocorticoids 
are key mediators of these brain-endocrine-immune connections. To gain 
information on molecular modifications caused by psychosocial stress in 
coincidence with weaning of piglets, we investigated the effects of social 
isolation on days 7, 21 and 35 of age on the expression of genes 
regulating glucocorticoid response in stress-related brain regions. 
Evaluation of glucocorticoid receptor (GR), mineralocorticoid receptor (MR) 
and 11ß-hydroxysteroid dehydrogenase 1 and 2 (11ß-HSD1 and 11ß-
HSD2) mRNA expression by real-time RT-PCR revealed significant 
differences in quantity of these genes in hypothalamus, hippocampus and 
amygdala. A single isolation from mother and siblings for 4 hours caused a 
significant increase of ACTH and cortisol concentrations. The hypothalamic 
GR, MR and 11ß-HSD1 mRNA levels significantly increased in piglets 
exposed to isolation stress, whereas in the amygdala the MR mRNA 
expression significantly decreased. The 11ß-HSD2 mRNA levels were not 
influenced by social isolation in the brain regions. In conclusions, 
psychosocial stress in form of a short-term maternal deprivation and 
social isolation in piglets caused age-dependent and region-specific 
modifications in mRNA levels of stress-related genes in the brain. 



Furthermore, the results emphasize that these glucocorticoid regulating 
genes are involved in mediating emotional experience in pigs.  
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In humans salivary secretory immunoglobulin A (sIgA) has been proved 
an objective and sensitive marker for stress. In animals, however, stress 
is hard to determine, and reliable, non-invasive parameters are needed for 
the assessment of strain. Salivary cortisol is commonly used to detect 
stress responses in animals but interpretation is not always easy for 
various reasons. In the present work sIgA is established as a dependable 
indicator for both physical and psychological stress in working dogs. 
Hence, the results of three different studies will be presented: 1) 19 
search-and-rescue-dogs underwent search exercises on five different 
days, with 2 searches per day and a 20 min break in between; 2) 20 
search-and-rescue-dogs took part in a 3-days-lasting program with 4 
rubble searches per day, strains had duration of 20 min each and a 60 
min break in between; 3) 26 police dogs were examined during 4 weeks of 
basic training with protection exercise units in weeks 1 and 4, each 
included a strain phase of 3-minute protection exercise. Salivary samples 
were collected in intervals before and after the strain periods. Salivary 
sIgA and cortisol were analyzed by ELISA. Resulting data from the three 
studies showed significantly, that acute stress leads to a decrease in sIgA 
from mean concentration of 1 g/L down to 0.2 g/L, whereas salivary 
cortisol concentration increased. Long-term strain resulted in an increase 
in sIgA in search-and-rescue-dogs during the 3-days-lasting program, 
while police dogs showed a reduction after their 4-week-training. 
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Tail docking of piglets is a routine procedure on farms to prevent tail 
biting behavior, however docking causes an acute stress response.  The 
objectives of this research were to determine stress responses to tail 
docking in piglets and to compare two methods of tail docking; cautery 
iron (CAUT) and the more commonly used blunt trauma cutters (BT).  At 
approximately 6 days of age, piglets were tail docked using CAUT (n = 
20), BT (n = 20), or sham tail docked, but their tails were left intact 
(CON; n = 40).  Blood samples were taken prior to tail docking and at 30, 
60 and 90 min after tail docking.  Behavior and vocalizations were 
recorded during the tail docking procedure to measure the immediate 
reaction to tail docking and in the home pen before and after tail docking.  
Behaviors measured included tail movement, butt movement, leg kicking 
and overall activity.  Hematological measures did not differ (P > 0.05) 
among treatments.  Cortisol concentrations were higher (P < 0.05) among 
BT compared with CON piglets 60 min after tail docking, however, cortisol 
concentrations did not differ (P > 0.05) among CAUT and CON piglets at 
this time.  Furthermore, cortisol concentrations were higher (P < 0.01) 
among BT than CAUT piglets 60 min after tail docking.  Behavioral activity 
and vocalizations were greater (P < 0.01) in docked piglets compared with 
CON, regardless of treatment.  Furthermore, butt movement was greater 
(P < 0.005) in BT compared with CAUT piglets.  The sharp pain of BT 
caused both a rise in cortisol concentrations and more behavioral activity 
compared with CON or CAUT piglets.  Combining behavioral and 
physiological measures of stress provided a more complete picture of 
piglet welfare in a challenging farm situation.  
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Serum PON1 is HDL-associated enzyme that hydrolyzes oxidized 
phospholipids generated on LDL and HDL during oxidative stress and it is 
considered as an anti-oxidative/anti-inflammatory component of HDL. The 



aim of this study was to investigate serum PON1 activity and MDA level as 
well as the relationship between PON1 activity and total cholesterol and 
HDL-C concentrations in dairy cows during pregnancy and postpartum 
period. A total of 133 dairy cows were distributed into six groups: 
pregnant cows in 1st trimester (P1, n=21), 2nd trimester (P2, n=17) and 
3rd trimester of pregnancy (P3, n=10); lactating cows in the early 
puerperium (L1, 1-15 days postpartum, n=23), late puerperium (L2, 16-
30 days postpartum, n=27) and mid-lactation (L3, 40-60 days 
postpartum, n=11). The median PON1 activity was significantly lower 
(P<0.05) in groups P3 (216 U/L), L1 (223 U/L) and L2 (189 U/L) 
compared to P1 (283 U/L), P2 (257 U/L) and L3 (329 U/L). MDA 
concentration was significantly higher (P<0.05) in P3 (2.43 mmol/L) than 
in P1 and P2 (1.78 mmol/L and 1.5 mmol/L, respectively). A significant 
correlations were found between PON1 activity and total cholesterol 
(r=0.536; P<0.001) and HDL-C (r=0.52; P<0.001). There was no 
significant correlation between PON1 activity and MDA level (P>0.05). 
Results demonstrate lower PON1 activity in late pregnancy and early 
postpartum and higher MDA level in late pregnancy indicating that 
reproductive stress in dairy cows could influence an imbalance of 
antioxidans/prooxidants equilibrium. 
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According to some researchers animals use certain coping strategies to 
deal with stressful situations. In the case of social carnivores social stress 
is a substantial part of the overall stress load. Previous research has 
established two extreme (proactive and reactive) coping styles in several 
animal species, but means of coping with social stress has not yet been 
investigated in the case of dogs. The aim of this study was to develop a 
testing procedure, where police dogs had to deal with social stress caused 
by a strange human approaching threateningly in the absence of their 
handler. We simultaneously measured changes of cortisol levels and 
described the behavior displayed in the course of the test. A factor 
analysis of the behavioral variables discriminated three factors (‘shyness’, 



‘boldness’, ‘ambivalence’). Based on these three factors as secondary 
behavioral variables a combination of an cluster and a discriminant 
analysis established that in case of police dogs three types of coping 
strategies can be identified, namely ‘proactive’, ‘reactive’ and ‘passive’. 
Individuals in our ‘Proactive’ group are characterized by low HPA-axis 
reactivity, high level of activity and the short attack latency, while 
subjects in our ‘Reactive’ group show high HPA-axis reactivity and long 
attack latency. Our ‘Passive’ group consists of the least active individuals, 
they failed to show attack behavior and reacted to approaching human 
with passivity and submission, while their HPA-axis reactivity has been 
normal. 
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 Withania somnifera (ashwagandha, Indian ginseng) is an 
immunostimulant herbal medicine used to improve overall health and 
prevent diseases, particularly in the elderly. We had found to be an 
effective stress modulator herbal medicine. However, the mechanisms 
underlying its anxiolytics effect is poorly understood. To elucidate the 
mechanism of Withania somnifera, we investigated the effect of a 
methanolic extract from the root and stem of Withania somnifera (WS) on 
nitric oxide (NO) production in wistar rats.We found that WS (1–256 
µg/ml) produced a significant and concentration-dependent increase in NO 
production, an effect which was abolished by N-nitro-L-arginine methyl 
ester (L-NAME, 3–300 µM), a nonselective inhibitor of NO synthase 
(NOS).As it has been already shown about the involvement of nitric oxide 
(NO) in stress-induced neurobehavioral changes in rats .Moreover, 
elevated plus maze (EPM) and open field test (OFT) analysis showed that 
WS increased, in a concentration-dependent fashion modulates stress 
induced neurobehavioral patterns. Activity of NOS was checked using NOS 
detection system(Sigma FCANOS ) in brain sample. These results 
demonstrate that WS may induce the synthesis of neuronal NOS 
expression likely by acting at transcriptional level. nNOS level is checked 
by western blot analysis. The increased NO production by brain could 
account, at least in part, for the anxiolytics properties of Withania 
somnifera. 
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During this work the effects of exogenous auxin (indolebutyric acid, IBA) 
and osmotic stress on root morphology and nitric oxide (NO) generation in 
roots were compared in pea plants. Five-day old plants were treated with 
IBA at a concentration range of 10-9- 10-3M and osmotic stress was 
induced by 50-400 mOsm polyethylene glycol (PEG 6000) for another 5 
days. NO generation was examined by in situ and in vivo fluorescence 
method. Both root characteristics and NO intensities were followed as the 
function of time. The increasing concentrations of IBA as well as PEG 
resulted in shortening of primary roots (PRs), enhancement of lateral root 
(LR) number and significant increase of NO generation. By virtual 
sectioning of PRs, it was determined that the accumulation of NO occurred 
at the basis of LRs during both treatments. Time-dependence 
investigations revealed that in the case of IBA treatments, the LR number 
increased in parallel with an intensified NO generation, while elongation of 
PRs was not followed by changes in NO levels. During osmotic stress, the 
time curve of LR development was similar to that of IBA-treated roots, 
but, significantly, it was preceded by a burst of NO. This early phase of NO 
generation under osmotic stress was clearly distinguishable from that 
which accompanies LR initiation. It is concluded that osmotic stress and 
the presence of exogenous auxin resulted in partly similar root 
architecture but different time courses of NO synthesis. We suppose that 
the early phase of NO generation may fulfil a role in the osmotic stress-
induced signalization process leading to the modification of root 
morphology. –This work was supported by grant No. OTKA T048436. 
 

 
 



5I_03_P 
 
EVALUATION OF IN VITRO LDL OXIDATION MEDIATED BY CUPPER 
AND NITRIC OXIDE PRODUCTION IN HUVEC IN PRESENCE OF 
HUMAN DYSLIPIDEMIC PLASMAS. 
 
Lamperti, L., Binder, P., Nova, D., González, I., Searle, A., Aguilar, R. & 
Aguayo, C.  
 
Clinic Biochemistry and Immunology Department, Pharmacy Faculty, POX-
237, University of Concepción, Chile, llampert@udec.cl 
 
Low-density lipoprotein (LDL) is involved in the pathogenesis of 
atherosclerotic lesions, through modifying processes such as oxidation. 
We examined the in vitro susceptibility to oxidation of LDL isolated from 
normal individuals in presence of hypercholesterolemic human plasma and 
we assayed the same plasmas to evaluate the effects on the nitric oxide 
(NO) production in human fetal endothelial cells (HUVEC). Plasma from 20 
dyslipidemic patients and 10 normal individuals were analyzed for total 
cholesterol (TC), high density lipoprotein (HDL), LDL, triglycerides and the 
ratio TC/HDL was calculated. The LDL susceptibility to oxidation was 
measured and expressed in seconds (lag phase and maximal rate time 
(MRT) for conjugated dienes formation). The NO production was 
evidenced by florescence microscopy and flow cytometry (FC) using 4,5-
Diaminofluorescein Diacetate (DAF-2 DA). The kinetic curve for isolated 
normal control LDL (50 ug/mL, 3 uM Cu) shown a lag phase of 3145s ±43 
and MRT of 5030s ±80. Plasma of patients with high cholesterol (>200 
mg/dl) exhibited a shorter MRT for conjugated dienes (-15% ±4 vs control 
MRT) when the ratio TC/HDL is > 5.0, but MRT is longer (+25% ±11 vs 
control MRT) when the hypercholesterolemic patients ratio TC/HDL is <5. 
The MRT for normal individual was +80% ±15 vs control MRT. The NO 
production in HUVEC stimulated with Acetylcholine (7,5 uM, IF=100%) 
was lower when cells were incubated 24 hrs with plasma ratio TC/HDL >5  
(62.2% ±3.8 vs 49.2% ±6.2 normal cholesterol plasma). The mayor 
susceptibility to LDL oxidation showed a correlation with a minor 
disponibility of NO in hypercholesterolemic patients. 
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In blood vessels, superoxide anion radical (O2

•−) formation has been 
ascribed to different enzymes, among them endothelial nitric oxide 
synthase (eNOS). The improved methods for the detection of O2

•− has 
greatly contributed to the identification of the mechanisms involved in the 
shift of eNOS activity from a NO to a O2

•− synthase. This is of high 
importance because this shift in activity plays a significant role in the 
pathophysiological mechanisms of vascular disease. In this presentation, 
we show evidence for the role of the cofactor tetrahydrobiopterin (BH4) as 
the molecular switch that controls O2

•− release from eNOS. BH4 effects 
were shown to be dependent on both its redox state and concentration. 
For the enzyme reaction to be coupled and form exclusively NO, however, 
requires optimal BH4 supply. In the absence of BH4, eNOS generates 
superoxide from the breakdown of the heme–dioxygen complex at the 
oxygenase domain of the enzyme. Asymmetrical-dimethyl-L-argine 
(ADMA) or L-NMMA did not alter O2

•− release, and L-NAME caused a partial 
inhibition. Examining the role of eNOS protein interaction revealed that 
caveolin-1- scaffolding peptide inhibits O2

•− production in a dose 
dependent manner. Overall, the data presented indicate that O2

•− 
production from eNOS is increased by the diminished availability of the 
reduced BH4 cofactor but not by deficient levels of L-arginine or 
accumulation of methylated L-arginine in the endothelium. [Supported by 
grants  GACR 305/05/0336,  MSMT 0021620806 and 1M6837805002].   
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Excessive nitric oxide (NO) synthesis by nitric oxide synthase 2 (NOS2) 
has been implicated in the pathogenesis of inflammatory illness, including 
inflammation-induced stress. Novel therapeutic approaches have changed 
the trend towards pharmacologic modulation of exaggerated host 



response, namely host modulatory therapy. That is why the present study 
evaluated Berberis vulgaris extract effect on NO synthesis in experimental 
inflammation models. There have been used 10 groups of Wistar-
Bratislawa male rats: 2 groups with experimental inflammation 
(turpentine-induced acute inflamation, Freund’s Adjuvant-induced 
arthritis), 4 groups with experimental inflammation treated with Berberis 
vulgaris extract (administrated i.p. in two dilutions: 0,2 %, respectively 
0,02% expressed in berberine), 2 groups with experimental inflammation 
treated with a nonselective NOS inhibitor (L-NAME), and 2 groups with 
experimental inflammation treated with ibuprofen, as an NOS2 inhibitor. 
After 24 hours from turpentine administration, respectivelly after 4 weeks 
from  Freund’s Adjuvant administration, NO synthesis was appreciated in 
all groups by measuring serum nitrite/nitrates (Griess) and citrulline 
concentrations. Conclusions: 1. Berberis vulgaris extract significantly 
reduced NO synthesis in experimental inflammation models; 2. The higer 
dilution of Berberis vulgaris extract had a stronger inhibitory effect on NO 
synthesis; 3. The effect of Berberis vulgaris extract was smaller than that 
of  L-NAME and ibuprofen. 
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Nitric oxide (NO) has been identified as a mediator in many physiological 
functions. Several research scientists have reported the possibility that 
acute exercise induced endothelium-dependent vasodilation is due mainly 
to an increase in NO release and also discussed NO metabolites change in 
saliva. In general, NO metabolites assay is used by the Griess reaction, 
however, the assay is time-consuming. 
  
We have studied high speed NO assay in human saliva using Lab-on-a-
Chip integrated with analytical procedures, such as on-chip pre-
concentration, separation and simultaneous detection of NO metabolites, 
NO2

- and NO3
- within 1 minutes including off-line sample pre-treatment 

with 10-fold pure water dilution. 
  
In this paper, we will introduce the high speed Lab-on-a-Chip assay based 



on capillary zone electrophoresis with UV detection method using a novel 
running buffer and an advanced microfluidic control. We achieved 
complete separation assay of NO metabolites in 10-fold diluted saliva 
within 15 seconds. And we will also introduce preliminary application for 
exercise tolerance test using bicycle ergometer. The exercise tolerance 
level was changed stepwisely from 0 to 183 W for 15 minutes. Human 
saliva samples were collected before and after the test in  high exercise 
intensity group, 6 healthy volunteer (5 female and 1 male aged from 40 to 
66 years) and low exercise intensity group, 4 healthy volunteer (1 female 
and 3 male aged from 21 to 47 years). The preliminary results of the 
change of NO metabolites in saliva will be introduced and discussed in the 
congress. 
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Spaceflight influences vestibular function and causes motion sickness in 
astronauts. Stress response is induced by microgravity and other 
spaceflight conditions. However, little is known about the relationship 
between stress response and vestibular function in gravitational alteration. 
The purpose of this study was to examine the hypergravity effects on the 
neuronal activities of hypothalamic arcuate nucleus (ARC) in the presence 
and absence of vestibular function in rats. Young male Wistar rats were 
exposed to gradually increasing gravity-force in a light-blocked dark 
centrifuge. Electrophysiological data were obtained through chronically 
implanted electrodes by telemetrical recording of the unit activities at ARC 
with or without injection of xylocaine into both inner ears. The firing 
frequency in the ARC started to increase when the centrifugal force 
reached to 2.0G, 40 seconds after initiating centrifugation. By contrast, 
the firing frequency in the ARC of xylocaine-injected rat started to 
increase when the centrifugal force reached 1.4G, 15 seconds after 
starting centrifugation. Thus, the latent period for hypergravity-responsive 
ARC activity was significantly shortened by vestibular blockade. On the 
following day when xylocaine effects were expired, the ARC 
responsiveness to hypergravity resumed the basal level. Data suggest 
that the vestibular function may modulate the gravity-stress response in 
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Gravity is an important environmental stress for human being who 
maintains upright posture. Neural and humoral mechanisms operate to 
maintain upright posture in humans against gravitational stress. One of 
the mechanisms is sympathetic neural control of blood pressure. 
Sympathetic neural traffic leading to skeletal muscles called muscle 
sympathetic nerve activity (MSNA) has been proved to play an essential 
role to maintain blood pressure homeostasis through baroreflexes. The 
present study aimed to clarify how gravitational stress influences MSNA in 
humans. Subjects were 20 healthy male subjects ranging in age between 
18 and 24 years. MSNA was recorded and identified from the tibial nerve 
using microneurography (1), simultaneously with hemodynamic functions. 
In 10 subjects, gravitational stress was loaded by head-up tilt changing 
posture from supine to standing using a tilt table. We analyzed how 
gravitational stress from the head to the leg (+Gz) expressed as sine 
function of the tilt angle influences MSNA and cardiovascular functions. We 
also analyzed MSNA responses in subjects who complained of orthostatic 
hypotension during head-up tilt. In another 10 subjects, MSNA was 
measured during exposure to short- and long-term microgravity induced 
by parabolic flight and simulated by head-down bed rest for 14 days, 
respectively. We analyzed the influence of microgravity on MSNA and 
compared the results with changes in the same activity reported in 
microgravity in space. We conclude that +Gz stress is a strong activator of 
sympathetic neural traffic leading to skeletal muscles in humans to 
maintain blood pressure homeostasis during standing. Excessively low and 
high sympathetic responders to gravitational stress can cause orthostatic 
hypotension. Short-term microgravity suppresses sympathetic nerve 
activity to muscles but long-term exposure to simulated microgravity 
rather enhances the same activity as reported in spaceflight depending on 
complex mechanisms including plasma volume reduction.  
 



1. Tadaaki Mano, Satoshi Iwase and Shinobu Toma: Microneurography 
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traffic in humans (Invited review). Clin. Neurophysiol., 117: 2357-
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Fever is a potent inducer of 70 kDa heat shock proteins, particularly 
hsp72, and in vitro studies show that hsp72 supports replication and gene 
expression for multiple viral families. Despite the frequent occurrence of 
fever in viral infection, the biological (i.e., in vivo) significance of virus-
hsp72 interaction is poorly defined. The present work addresses the in 
vivo significance of virus-hsp72 interaction using a mouse model of 
measles virus (MV) encephalitis. Hsp72 stimulates MV transcription, a 
response that is disrupted in an N protein amino acid substitution mutant 
(N522D). Neonatal mice receiving an intracranial inoculation of MV are 
afebrile and exhibit H-2 restricted differences in susceptibility to infection; 
H-2d mice are resistant to infection due to robust adaptive antiviral 
immune responses whereas H-2b are susceptible due to deficiencies in this 
response. Here we show that transgenic overexpression of hsp72 
increases MV transcription within infected brains of H-2b (susceptible) 
C57BL/6 mice, resulting in increased viral protein expression, CPE and 
virus-induced mortality. In contrast, overexpression of hsp72 in congenic 
C57BL/10 having the H-2d resistance phenotype are completely protected 
against MV challenge, compared to > 30% mortality in non-transgenic 
mice. Protection reflects a viral transcriptional response to hsp72 based 
upon no significant differences in infections by the N522D variant in 
transgenic versus non-transgenic mice. Collectively, these findings 
suggest that hsp72-mediated stimulation of viral transcription (and thus 
antigenic burden) can facilitate adaptive immune response leading to viral 
clearance, but if the host is immune compromised, this host protective 
strategy back-fires, leading to enhanced viral virulence.   
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Purpose of this experiment; In the previous study, we reported that BDNF 
was produced from salivary gland in the condition of acute immobilization 
stress. In addition, salivary glands were origin of plasma BDNF in that 
condition. Next, in chronic immobilization stress, we thought to examine 
whether there is a relationship between salivary gland and neurotrophins 
expression. 
Materials & Methods; Chronic stress group was also performed against 
rats which were resected the bilateral major salivary glands 
(sialoadenoectomy). Chronic stress was induced by enclosing each animal 
in flexible wire mesh shaped to fit its body. 
Results; Increased neurotrophins mRNA and protein expression were 
observed in duct cells as a result of chronic stress, as demonstrated by 
real-time PCR, immunohistochemistry and ELISA. Chronic stress 
significantly increased the level of plasma neurotrophins. There were 
significant differences between non-stress and chronic stress in the 
plasma neurotrophins level (p>0.05). Rat submandibular gland was 
identified as an organ which expresses neurotrophins. Furthermore, the 
results of this study suggest that increased salivary neurotrophins 
expression occurs following chronic stress. There were no significant 
differences between stressed rats and stressed sialoadenoectomy rats in 
the plasma neurotrophins level. 
Conclusion; Our data, therefore, suggest an existence of a different 
between acute and chronic stress was suggested in source of plasma 
BDNF and NT-3. Future studies are needed to examine the origin of 
plasma BDNF and NT-3 in chronic stress. 
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Purpose of this experiment; The present study examined the effect of 
immobilization stress on BDNF and TrkB expression in male rat 
submandibular glands. 
Materials & Methods; Male Sprague-Dawley rats, 9 weeks of age were 
used in this study. All experiments were performed using four rats per 
group. The rats were exposed to immobilization stress for 30 min, 60 min, 
or 180 min. 
Results; Increased BDNF mRNA and protein expression were observed in 
duct cells as a result of immobilization stress, as demonstrated by real-
time PCR, western blot, immunohistochemistry, and analysis by 
microdissection. TrkB mRNA was not detected in salivary gland tissue, or 
oral or esophageal mucosa, by RT-PCR. Rat submandibular gland was thus 
identified as an organ which expresses BDNF. Acute immobilization stress 
for 60 min significantly increased the level of plasma BDNF. However, 
plasma BDNF elevation was markedly suppressed in bilaterally 
sialoadenectomized rats. There were no significant differences between 
stressed (60 min) and non-stressed rats with respect to the BDNF mRNA 
expression in the hippocampus, heart, lung, liver, pancreas, or spleen, as 
determined by real-time PCR. 
Conclusion; Under acute immobilization stress, the rat submandibular 
gland has been shown to increase production of BDNF, thereby 
contributing to the elevation of plasma BDNF levels. We believe that 
salivary gland can be influenced the health of distant organs. It is 
necessary to determine the target organs of plasma BDNF in this stress 
model. 
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Heat shock protein 70 (HSP70) is a major molecular chaperone and plays 
an important role in protection of cells in renal medulla against high 
osmolality. As the urinary concentrating mechanism is being built up after 
birth, urine osmolality increases gradually form 300 mOsm/kg to 2,000 
mOsm/kgH2O; accordingly, cells in renal medulla are exposed to an 
elevated and variable interstitial osmolality.  To understand the possible 
roles of HSP70 in the developing kidney, expression of HSP70 and the 
changes of HSP70 expression in the loop of Henle following infusion of 
furosemide were investigated. Immunohistochemistry analysis revealed 
that little immunoreactivity of HSP70 was detected in embryonic kidneys.  
On postnatal day 1, HSP70 was first detected in the inner medullary 
collecting duct (IMCD) of the papillary tip. The intensity of HSP70 
immunostaining in the IMCD steeply increases ascending to the border 
between outer and inner medulla during the first three week after birth. At 
birth, all loop of Henle in rat renal papilla have the configuration of short 
loop and there is no ascending thin limb. During the first two week of life 
the cuboidal epithelium of the thick ascending limb is gradually 
transformed into the ascending thin limb by a process that start just 
before the bend of the loop and proceeds toward the outer medulla. From 
4 to 14 days of age, HSP70 was detected in the cells after transformation 
in the ascending thin limb, beginning at the papillary tip and ascending to 
the border between the outer medulla and the inner medulla. Since then 
expression of HSP70 gradually increased, and by 21 days after birth, 
HSP70 was detected in IMCD and ATL in most part of inner medulla. In 
adult rat kidney, expression of HSP70 was highest in IMCD.  The gradual 
increase in HSP70 is associated with an increase in its mRNA abundance. 
However, furosemide infusion resulted the significantly decrease HSP70 
expression in the renal papilla. These data demonstrated that expression 
of HSP70 was closely correlated with the changes in interstitial osmolality 
during the development of kidney.  We suggest that HSP70 protects 
tubular epithelial cells in inner medulla from the stress of high osmolality 
during the development of kidney. 
Keywords; HSP70, Developing kidney, Osmotic stress 
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Ectothermy and endothermy constitute the major thermoregulatory 
strategies in living organisms. While ectotherms can be prone to changes 
in body temperature (Tb) in correlation with ambient temperature (Ta) 
variations, the internal physiological milieu of endotherms remains 
relatively stable despite external thermal fluctuations. The chicken is ideal 
for comparing ectothermic and endothermic ‘thermal states’, as during 
ontogeny its embryo undergoes a transition from ectothermy to 
endothermy. By using avian development as a model system for transition 
from ectothermy to endothermy, we show that, in contrast to the 
ectothermic state, in the endothermic state the organism is more resistant 
to heat but relies less on HSPs as a first-line thermoprotective 
mechanism. Moreover, intraspecific, real-time, in vivo measurements in 
genetically diverse fowl strains relate improvement of thermoresistance in 
endotherms to improved Tb regulation, with a concomitant delay in HSF 
activation and HSPs expression. The time course of this delay and the Tb 
at which it occurs imply that the ontogenetic and evolutionary pathways 
leading to improved thermoresistance may have followed two, apparently 
non-related, parallel routes: a cellular one, in which the acquisition of 
thermoresistance is not HSP-dependent and could result from altered 
mechanisms of thermal sensation, and a peripheral one, characterized by 
altered homeostatic mechanisms that lead to differential patterns of Tb 
regulation.  
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Findings of the last years put evidence about persisted neurogenesis 
during the whole postnatal age and not only during prenatal period. One 
of the most studied region of postnatal neurogenesis is the subventricular 
zone, which harbours steadily dividing stem cells and progenitors, which 
migrate along a distinct pathway the rostral migratory stream (RMS), to 



populate the olfactory bulb and establish connections with their neuronal 
targets. This system represents a simple well-defined model allowing 
experimental observations of postnatal neurogenesis. We used BrdU 
immunohistochemistry to study the effect of EMR on postnatal 
neurogenesis within the RMS in the newborn, adult and aging rats. 
Quantitative analysis showed significant differences of postirradiation 
changes in dependency to the rat age, the EMR duration and 
postirradiation survival of animals. The EMR of 2-6.7 mW/cm2 induced 
significant changes of proliferating cells number within the RMS and 
disrupts typical double peeks of proliferating cells number, characteristic 
for the first postnatal month. Three sets of the mentioned EMR doses (5 
hr/day) induced significant decrease of proliferating cell number within the 
RMS of rats irradiated at P8 regardless postirradiation survival period. On 
the other hand the same doses of the EMR applied in two sets induced 
increase of proliferating cells numbers only in the acute postirradiation 
period. In the aging rats the same doses of EMR induced decrease of 
proliferationg cell number regardless postirradiation survival period. 
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The chaperonins, a subset of molecular chaperones have been classified 
into groups I and II, and we are investigating their occurrence in the 
human genome. Here we report on human CCT, which belongs to group 
II. Extensive searches of databases and published literature were 
performed using bioinformatics and complementary methods. The nine 
canonical cct subunit genes (cct1-cct8, cct6A and B included) were 
characterized. In addition, at least 15 cct-related pseudogenes and 3 cct-
related protein-encoding genes were identified. All 9 cct genes are 
multiexonic and several have more than one mRNA variant with multiple 
protein isoforms. The proteins encoded by these genes with their mRNA 
variants so far identified have 339 (cct7, isoform “b”) to 556 amino acids 
(cct1, isoform “a”), with the great majority having over 530 amino acids. 
Most of the cct genes have related protein-encoding genes and/or 
pseudogenes. Our analysis thus far revealed that of the 15 pseudogenes 
three are related to cct1, one to cct3, three to cct4, two to cct5, three to 
cct6A, two to cct7, and one to cct8. Several chromosomes do not harbor 
cct genes or pseudogenes but others have them in various numbers, e.g., 
chromosome 7 has one cct subunit gene and six pseudogenes; 
chromosome 5 has one cct subunit gene, and four pseudogenes; other 
chromosomes have between one and three genes and/or pseudogenes. 
We investigate the evolutionary relationships of cct, hsp60, and related 
protein-encoding genes and pseudogenes, and the diversity of their 
proteins (origin, structure, distribution, function, pathology). 
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Distal hereditary motor neuropathies (distal HMN) are characterized by a 
selective degeneration of the axons of motor neurons, while the sensory 
neurons are spared. The biological process of this selective degeneration 
of motor neurons is still unknown. In 2 distal HMN type II pedigrees linked 
to chromosome 12q24.3, we identified the same mutation (K141N) in the 
small heat shock 22kDa protein 8 (HSPB8). A second mutation (K141E) 
was found in 2 smaller families. Co-immunoprecipitation showed an 
increased binding of both HSPB8 mutants to the interacting partner heat 
shock protein27 (HSPB1). We previously reported a Russian family with 
autosomal dominant axonal Charcot-Marie-Tooth disease (CMT) and 
assigned the locus (CMT2F) to chromosome 7q11-q21. This locus 
contained HSPB1 as one of the candidate genes. Mutation analysis of 
HSPB1 revealed a (S135F) missense mutation segregating in the CMT2F 
family. Screening for HSPB1 mutations in a large cohort of CMT2/distal 
HMN patients identified additional mutations. Expression of mutant HSPB8 
in COS-1 and N2a cells promoted formation of intracellular aggregates and 
a reduction of neuronal cell survival. In vitro chaperone activity assay 
showed a reduction on the cytoprotective function of mutant proteins. 
Early passages of the primary fibroblast cultures from the distal HMN 
patient’s skin biopsy showed the formation of aggregate/aggresome 
complex, which sequestered several molecules including mitochondria. 
Measurement of mitochondria transmembrane potentials in these primary 
fibroblast cells evidenced that patients but not controls persons exhibited 
a depolarized mitochondrial potential.  
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The cytosol, the endoplasmic reticulum (ER) and the mitochondria contain 
a number of stress proteins which are essential for life.  A major group of 
these proteins are the heat shock proteins (Hsps).  Members of this family 
are found in all three of these compartments.  The cytosolic forms were 
initially identified because they show significant increased levels when 
cells are exposed to mild hyperthermia (42o C).  This response is mediated 
through the heat shock factors (HSFs).  These are transcription factors 
which when activated by heat stress form trimers which bind to the 
promoter regions of the Hsp DNAs.  In ex vivo studies of human 
leukocytes and rat heptocytes, cells from older subjects showed a 
decrease in the Hsp70 response to heat stress, while the levels of the 
constitutive form, Hsc70 were unaffected.  In some studies this decreased 
response was attributed to an age dependent loss of the HSFs; while 
others have suggested that their levels do not decline, but that the trimers 
become functionally inactive.  Hence there is a decline in the transcription 
of the mRNA for Hsp70, even though the HSFs form trimers. Other studies 
have suggested that the level of Hsp70 has a major impact on longevity.  
For example, in humans it has been reported that longer lived individuals 
have higher levels of Hsp70 than that is seen in those with shorter life 
spans.  In particular, centenarians have a mutation in the promoter region 
of HSP70-1 which increases its level.  Similarly, the dauer mutation of the 
IGF2 receptor in C. elegans, which doubles longevity, is also associated 
with increased levels of Hsp70 and Hsp90.  Finally, in Drosophila high 
levels of the mitochondrial chaperone, Hsp22, increases longevity by 30%. 
One treatment which has repeatedly been demonstrated to increase 
longevity by as much as 30% is caloric restriction.  This increased 
longevity is associated with an increase in the cellular levels of the 
cytosolic Hsps.  The Hsp70 level is also modulated by both plasma 
membrane and cytosolic hormone receptors.  For example, stimulation of 
the α1 receptor of vascular smooth muscle leads to increased hsp70 as 
does estrogen treatment of neurons.  Both responses marked decline with 
age.  There are a number of stress proteins found in the ER.  Yet, unlike 
the cytosolic Hsps, these do not appear to respond to heat stress, even 
though some, such as Bip (GRP78) and GRP94 are members of the Hsp 
family.  Similarly, unlike the cytosolic Hsps, Bip is not affected by caloric 
restriction.  Finally, studies from our laboratory have indicated that in rat, 
hepatic microsomes the constitutive levels of some of the ER stress 
proteins decline with age. These included BiP, Erp55 (PDI), Erp57, Erp72 
and calnexin; while a sixth, calreticulin, was unaffected.   The most 
surprising observation was that, even though these animals were 
maintained from weaning to death in a colony with a constant 
environment, three of these proteins, Bip, Erp55 and Erp57, showed a 
circsemiannual rhythm with peaks in January and July.  This rhythm would 
appear to have been imprinted in the genome of their wild ancestors and 



has remained stable for over 200-400 generations.  In conclusion, there is 
a large body of data indicating that declines in stress proteins with age 
may be a major factor in the reduced capacity of elderly animals to 
respond to a variety of stresses.   
These decreased responses would also appear to have a major effect on 
longevity.   
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Molecular chaperones are not only fascinating molecular machines, but 
have a number of functions, which can be understood only by considering 
the emergent properties of protein-protein interaction, signalling and 
organelle networks – and that of chaperones as special constituents of 
cellular networks. Moreover, chaperones themselves are networks of 
amino acid side chains offering vulnerable points for damage. Why are 
chaperones special in the context of cellular networks? Chaperones (1) 
have weak links, i.e. low affinity, transient interactions with most of their 
partners; (2) connect hubs, i.e. act as ‘masterminds’ of the cell being 
close to several centre proteins with a lot of neighbours; (3) are in the 
overlaps of network modules, which confers them a special regulatory 
role. Chaperones may be inhibited by (1) mutations; (2) their damage 
e.g. after oxidation; (3) their overload, i.e. a growth in the need of 
chaperones and/or a decrease of their availability or (4) by 
pharmacological inhibitors. Inhibitory modes (1) through (3) may occur in 
various diseases and during the aging process. Chaperone inhibitors are 
efficient multi-target drugs in several diseases such as cancer. Defective 
chaperones may uncouple or quarantine modules of cellular networks, 
which increase protection and efficiency of the cell during stress. 
Moreover, after stress chaperones are essential to re-build inter-modular 
contacts by their low affinity, ‘quasi-random’ sampling of the potential 
interaction partners in different cellular modules. This opens the way to 
the chaperone-regulated disassembly, re-assembly, adaptation and 
modular evolution of cellular networks, and helps us to design novel 
therapeutic and anti-aging strategies. 
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αB-CRYSTALLIN: A NEW PLAYER IN CANCER 
 
Vincent Cryns (Invited Speaker) 
 
Cell Death Regulation Lab, Feinberg School of Medicine, Northwestern 
University, Chicago, IL USA 
v-cryns@northwestern.edu 
 
αB-crystallin, a member of the small heat shock protein family, is induced 
by cellular stress and functions to limit stress-induced damage by 
suppressing protein aggregation. We have demonstrated that αB-crystallin 
inhibits apoptosis induced many stimuli, at least in part, by disrupting 
activation of the cell death protease caspase-3. We have also shown that 
αB-crystallin is commonly expressed in poor prognosis basal-like breast 
cancer and likely contributes to the aggressive behavior of these tumors. 
This presentation will focus on new insights into the mechanisms by which 
αB-crystallin inhibits apoptosis and promotes tumor progression and its 
integral role in the cellular stress response. 
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HEAT SHOCK PROTEIN 70 (HSP70)  
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Stress or heat shock proteins (HSPs) are remarkably conserved in all 
living organisms. Their synthesis is induced in response to a variety of 
physiological and environmental insults. In the cytosol HSPs play an 
essential role as molecular chaperones by assisting the correct folding of 
nascent and stress-accumulated misfolded proteins, preventing protein 
aggregation, transport of proteins, and supporting antigen processing and 
presentation. On the plasma membrane and in the extracellular milieu 
they act as danger signals for the adaptive and innate immune system. 
Either they act as carriers for immunogenic peptides, induce cytokine 
release or provide recognition sites for activated natural killer (NK) cells. 
Here we will discuss the problem why Hsp70, the major stress-inducible, 
cytosolic member of the HSP70 family is selectively found in the plasma 



membrane of tumor cells but not on normal cells and elucidate the 
immunological consequences (1,2).  
References 
1. C. Gross, W. Koelch, A. DeMaio, N. Arispe, G. Multhoff, J. Biol. Chem., 
278 (2003) 1173-41181. 
2. P. J. Beresford, M. Jaju, R.S. Friedman, M.J. Yoon, J. Liebermann, J. 
Immunol., 161 (1998) 161-167. 
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HSP72 AND HSP27 REGULATE THE P53 PATHWAY AND SUPPRESS 
THE SENESCENCE PROGRAM IN CANCER CELLS 
 
Yaglom J., Gabai V.L., O’Callaghan C., Sherman M.Y. 
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Many tumors have high levels of the major heat shock proteins Hsp72 
and/or Hsp27, which correlates with aggressiveness of tumors, resistance 
to chemotherapy and poor prognosis. Originally, it was suggested that 
these Hsps facilitate tumorigenesis because they can suppress apoptosis 
of cancer cells caused by activation of oncogenes, like myc, or by the 
adverse factors of tumor microenvironment. Here we demonstrate that 
both Hsp72 and Hsp27 can suppress the p53 pathway and prevent 
senescence, another major break on cancer development. For example, 
over-expression of Hsp27 inhibited activation of the p53 pathway by 
doxorubicin, nutlin-3 or TGF-β, and suppressed development of 
senescence in response to these stimuli.  In contrast, specific depletion of 
Hsp27 or Hsp72 in a variety of cancer cell lines led to inhibition of Hdm2, 
activation of p53 and induction of p21. As a result, about 30-40% of cell 
population became growth arrested and developed features of cell 
senescence, while the rest of the population also having activated p53 
continued to divide slowly, but became sensitive to radiation, doxorubicin 
and other drugs. These data indicate that high levels of Hsp72 and/or 
Hsp27 allow cancer cells to avoid activation of an intrinsic senescence 
program by suppressing p53. At least in certain cancer lines, the intrinsic 
senescence program was associated with activation of oncogenes. In fact, 
in MCF-7 cells, which have constitutively active mutant of PI3 kinase 
(PIK3CA oncogene), depletion of Hsp72 or Hsp27 led to activation of p53 
and senescence. However, inhibition of PIK3CA that down-regulates PIP3 
prevented activation of p53 and development of senescence upon 
depletion of Hsps. Similar results were seen with down-regulation of PIP3 
in cell lines transformed by PTEN oncogenic mutations. These data 
indicate that overexpression of Hsps plays a crucial role in supporting 
division of cells at early stage of transformation upon activation of 



oncogenes that control PIP3 levels.   
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DIVERGENT OUTCOMES OF HSP90 INHIBITION – PROBLEM OR 
OPPORTUNITY ? 
 
Francis Burrows 
 
Biogen IDEC, San Diego, CA, USA 
 
Hsp90 is a ubiquitous molecular chaperone implicated in the 
pathophysiology of a range of diseases and so is a target of high interest 
for therapeutic intervention. Most drug targets eventually become 
resistant, e.g. by mutation, overexpression or anergy, but Hsp90 is 
uncommon in that it directly controls both cytotoxic and cytoprotective 
pathways through it’s key role in regulating mitogenic and survival 
signaling as well as antiapoptotic stress responses. Recent work has 
indicated that the HSF-1-dependent heat shock response (HSR) decreases 
the cytotoxic potency of Hsp90 inhibitors in cancer cells in vitro by several 
mechanisms, but, since normal cells are thought to mount a more robust 
HSR than their transformed counterparts, it is unclear what impact 
inhibition of the HSR might have on the therapeutic index of these drugs 
in vivo. On the other hand, conditions characterized by excessive cell 
death, such as neurodegenerative diseases, stroke and peripheral 
neuropathy, could potentially be treated by pharmacological induction of 
the HSR in neurons. Biogen IDEC has identified potent Hsp90 modulators 
that induce client protein degradation and the HSR with equal potency, 
which are in clinical development for cancer. In addition, we are also 
exploring the potential of compounds that selectively induce client protein 
degradation or favour cytoprotective pathways for use in Alzheimer’s 
Disease and Huntington’s Disease in addition to oncology.  
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ACETYLATION AS A DYNAMIC REGULATOR OF HSP90 FUNCTION: 
IMPLICATIONS FOR FURTHER DEVELOPMENT OF PHARMACOLOGIC 
HSP90 INHIBITORS 
 
L. Neckers 
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Heat shock protein 90 (Hsp90) chaperones a key subset of cellular 



signaling proteins and is necessary for malignant transformation.  
However, many aspects of Hsp90 regulation remain unresolved.  Hsp90 is 
subject to an array of post-translational modifications which affect its 
function, including acetylation.  In the last few years, several investigators 
have reported that histone deacetylase (HDAC) inhibitors and knock-down 
of HDAC6 induce Hsp90 acetylation and inhibit its activity.  While 
pharmacologic inhibition and RNA knockdown of HDACs have been very 
useful in identifying reversible acetylation as a potential regulator of 
Hsp90 activity, it is unclear how this process functions at the molecular 
level. Use of HDACi and/or HDAC knockdown techniques allow study of 
only the hyperacetylated (but not hypoacetylated) chaperone, and the 
importance of the acetylation state of individual residues of Hsp90 in the 
context of hyperacetylation of the proteome cannot be queried. 
Furthermore, contributory effects due to histone hyperacetylation cannot 
be discounted. Direct determination of the functional consequences of 
Hsp90 acetylation has awaited mapping of specific sites. These sites are 
now being identified.  K294 (Hsp90alpha) was the first amino acid in 
Hsp90 to be formally identified as an acetylation site and this residue is 
highly conserved in eukaryotic Hsp90.  Conservative mutational analysis 
of K294 revealed its acetylation status to be a strong determinant of client 
protein and co-chaperone binding to Hsp90 in mammalian cells.  
Interestingly, although acetylation status of K294 affects Hsp90 ATPase 
activity, ATP binding is not altered. In yeast, human Hsp90 mutants that 
cannot be acetylated at K294 have reduced ability to support viability, 
while an acetylation-mimicking mutation of K294 possesses the opposite 
property. Further, acetylation status of K294 may determine Hsp90 
sensitivity to N-terminal pharmacologic inhibitors. These data suggest that 
controlled acetylation/deacetylation of K294 plays an important role in 
regulating the Hsp90 chaperone cycle.  
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AND CLINICAL DEVELOPMENT OF HSP90 INHIBITORS 
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We are in a very exciting era of cancer drug discovery in which effective 
mechanism-based therapies are being designed and developed that act on 
the oncogenic proteins and pathways that are hijacked by pathological 
genetic and epigenetic changes to bring about the initiation of cancer and 
subsequent malignant progression.  Therapeutic selectivity for tumor 
versus normal cells is achieved by taking advantage of various 



‘dependencies’ that develop during the induction of cancers.  Two major 
forms of cancer dependency are related to the molecular chaperone and 
heat shock protein 90 (Hsp90).  Firstly, many mutant and overexpressed 
oncoproteins that are involved in oncogene dependence or addiction 
require Hsp90 for their stability and function.  Secondly, cancer cells also 
require Hsp90 and other stress response proteins to help protect them 
against the adverse environmental conditions present in solid tumors.  
Moreover, since Hsp90 inhibition causes combinatorial degradation of 
many cancer-causing proteins, Hsp90 inhibitors are able to attack all of 
the hallmark phenotypic traits of cancer cells and should have a reduced 
liability to the development of resistance compared to more conventional 
drugs.  In this presentation, I will provide an update on the preclinical 
discovery and clinical development of Hsp90 inhibitors.  In particular, I will 
describe what we have learned from the clinical experience with the first-
in-class Hsp90 inhibitor 17-AAG.  This is a derivative of the natural 
product geldanamycin which has been a pathfinder Hsp90 drug, 
demonstrating evidence of target inhibition and therapeutic activity in 
various cancers, including melanoma, breast, prostate and multiple 
myeloma.  I will also  describe our discovery of the new synthetic small 
molecule class of Hsp90  inhibitors based on the resorcinylic pyrazole and 
isoxazole scaffold Hsp90 and discuss their optimization by structure-based 
design in collaboration with Vernalis Limited. Finally, I will describe our 
recent work identifying genes and proteins that are involved in sensitivity 
to Hsp90 inhibitors and that have potential to act as biomarkers for clinical 
use.  
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Especially since the (re-)discovery of T cell subpopulations with specialized 
regulatory activities, mechanisms of anti-inflammatory T cell regulation 
are studied very actively and are expected to lead to the development of 
novel immunotherapeutic approaches, especially in chronic inflammatory 
diseases. HSP are possible targets for regulatory T cells due to their 
enhanced expression in inflamed (stressed) tissues and the evidence that 
HSP induce anti-inflammatory immuno-regulatory T cell responses. 
Initial evidence for an immuno-regulatory role of heat shock proteins 
(HSP) in chronic inflammation was obtained through analysis of T cell 



responses in the rat model of adjuvant arthritis and the findings that HSP 
immunisations protected against the induction of various forms of 
autoimmune arthritis in rat and mouse models. Since then, immune 
reactivity to HSP was found to result from inflammation in various disease 
models and human inflammatory conditions, such as RA, diabetes type 1 
and atherosclerosis.  
Now, also in the light of a growing interest in T cell regulation, it is of 
interest to further explore the mechanisms through which HSP can be 
utilised to trigger immuno-regulatory pathways, capable of suppressing 
such a wide and diversified spectrum of inflammatory diseases. 
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HEAT SHOCK PROTEINS AS IMMUNOMODULATORS 
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The focus in clinical research in rheumatoid arthritis is increasingly shifting 
toward early aggressive intervention to achieve remission or a state of low 
disease and to prevent the development of erosions and functional 
limitations. These objectives have been achieved in general by continuing 
therapies that are costly and have long-term side effects. The question 
remains on whether we can induce lasting immune tolerance and, if so, 
what mechanisms should we target? Are the drugs currently available 
sufficient to meet this goal and are we using them properly? The fact that 
DMARD withdrawal leads to relapses of active diseases in many patients 
indicates that complementary approaches aimed at maintaining tolerance 
are needed. A translational itinerary from idea to end of Phase II trial 
epitope specific T cell immune therapy will be discussed as a potential 
complementary therapeutic tool to currently existing therapies for RA. This 
approach relies on a mechanism of modulation of autoimmune 
inflammation based on immune recognition of heat shock protein derived 
epitopes.  
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WHAT MAKES ARTERIAL ENDOTHELIAL CELLS A TARGET FOR THE 
AUTOIMMUNE ATTACK IN THE EARLIEST STAGES OF 
ATHEROSCLEROSIS? 
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The autoimmune hypothesis of atherogenesis postulates that preexisting 
cellular and humoral immunity to either microbial heat shock protein 60 
(HSP60) or bona fide autoimmunity to biochemically altered autologous 
HSP60 leads to an attack on stressed arterial endothelial cells (ECs). We 
have shown in various animal models with spontaneously occurring 
autoimmune diseases that two essential sets of genes have to be present 
for an autoimmune disease to develop, i.e. genes that code for 
autoimmune reactivity of the immune system and genes that are 
responsible for target organ susceptibility. In the case of atherosclerosis, 
the arterial ECs express HSP60 that is also transported to the cell surface 
after being subjected to classical atherosclerosis risk-factors. We have 
shown the HSP60-inducing effect of most of these risk-factors, including 
mechanical stress (hypertension), oxygen radicals, oxidized low-density 
lipoproteins (oxLDL), proinflammatory cytokines (TNFα), and cigarette 
smoke constituents. Exposure to these classical atherosclerosis risk-
factors entail the simultaneous expression of HSP60 and various adhesion 
molecules (ICAM-1, VCAM-1, P-selectin). Due to their lifelong mechanical 
pre-stress by the arterial blood pressure, arterial ECs have a lower 
threshold for the HSP60 inducing effect of atherosclerosis risk-factors as 
compared to venous ECs. However, when veins are subjected to arterial 
blood flow conditions, e.g. after arterial-venous bypass operations, HSP60 
expression and intimal infiltration with mononuclear cells with subsequent 
restenosis occurs similar to the pathogenetic events in classical 
atherosclerosis. 
 
This work was funded by the European Union MOLSTROKE (Molecular 
basis of vascular events leading to thrombotic stroke) project (LSHM-CT-
2004-005206) and the European Vascular Genomics Network (EVGN) 
(LSHM-CT-2003-503254)  
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Psychogenic stress is associated with norepinephrine (NE) release and 
immune dysfunction. We have shown that NE increases the rate of Thy-1 



mRNA decay in S49 T lymphoma cells through a classical 
β2AR/AC/cAMP/PKA pathway.  The Thy-1 mRNA sequence contains an ARE 
in its 3’UTR, a sequence commonly associated with message stability.  In 
this study we use a 116 base pair Thy-1 ARE probe to identify by 
photoaffinity binding or biotinylation mRNA binding proteins (bps), 
determine if NE alters binding, and investigate associations between PKA 
substrate phosphorylation and the decay mechanism.  RNA-protein 
binding experiments using Thy-1 ARE and S49 protein extract revealed 
binding of at least 10 proteins including, AUF1, HuR, TIAR, KSRP, and 
Hsc70.  NE treatment of wt or PKA mutant cells had no effect on the 
ability of these proteins to bind to the ARE.  NE induced phosphorylation 
of PKA substrates in wt cytoplasmic extract identified by immunoblotting a 
variety of proteins of molecular weights of 35-10.kD.  Thy-1 ARE binding 
proteins, AUF1, Hsc70, and HuR were detected in phosphoprotein isolated 
from wt whole cell extract by affinity chromatography and AUF1 may be a 
PKA substrate.  In addition, a pull down assay using a biotinylated ARE 
rich Thy-1 probe and 32Pi metabolically labeled protein isolated at least 
five phospho-binding proteins, two of which, 60 kD and 105 kD, increased 
in phosphate incorporation after NE treatment.  These results characterize 
mRNA bps and target phosphoproteins that may relate to NE-mediated 
Thy-1 mRNA decay. Supported by NIH 
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The cluster of cardiovascular risk factors labeled the metabolic syndrome 
is linked with low social status. Prevalence studies show a stepwise 
relationship - the lower the social position, the greater the probability the 
syndrome will be present. Systematic differences in diet and physical 
activity contribute to social patterning of the syndrome. In addition, 
psychosocial factors including chronic work stress are linked with its 
development. The Whitehall II study, set up in 1985 to study the 
psychosocial, behavioral and biological causes of health inequalities in an 
office-based cohort of 10,308 adults, obtained repeat measures of job 
stress using a standard self-report questionnaire (Karasek-Theorell job 
strain questionnaire). Components of the metabolic syndrome (waist 
circumference, BP, fasting glucose, serum HDL-cholesterol and 
triglycerides) were measured after 14 years of follow-up. A dose-response 
relation was found between exposure to job stress and risk of ATPIII 



metabolic syndrome which remained after adjustment for age and 
socioeconomic status (OR=2.25 (95% CI 1.3-3.9)). A second prospective 
study showed a similar dose-response relation with general (BMI) obesity 
and central obesity. These findings add to other evidence that 
psychosocial stressors from everyday life are linked to coronary risk. 
Cross-sectional studies link the metabolic syndrome to adverse 
neuroendocrine and autonomic activity (increased urinary cortisol and 
noradrenaline metabolite outputs, and decreased heart rate variability). 
The metabolic syndrome is a valuable research concept for studying 
population health and social-biological translation. 
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Abstract 
Psychosocial stress is now considered to be an important risk factor for 
metabolic syndrome and type 2 diabetes, and development of insulin 
resistance can be a common denominator. Insulin resistance can be 
described as an impaired insulin action in target tissues, i.e. muscle, fat 
and liver. In muscle, insulin-stimulated transmembrane glucose transport 
and the first step in intracellar glucose metabolism, i.e. glucose-6-
phosphorylation, appear to be rate-limiting defects. In adipose tissue, 
insulin resistance is manifested as impaired glucose uptake but also as an 
impaired suppression of lipolysis and, in addition, there may potentially be 
dysregulated production and secretion of adipokines and other adipose-
derived biomolecules. In the liver, there is attenuated insulin action with 
respect to glucose uptake and storage as well as suppression of glucose 
production.  
Type 2 diabetes is in most cases caused by a combination of beta cell 
dysfunction and insulin resistance. Physical inactivity, adiposity due to 
overeating, stress and smoking are risk factors that interact with 
susceptibility genes in the development of the disease. The metabolic 
syndrome is often used to define a cluster of risk markers that predict 
cardiovascular disease but also type 2 diabetes.  
There is no consensus about a unifying underlying mechanism in insulin 
resistance. However, it is now generally accepted that central adiposity 
plays a key role in the metabolic syndrome and it is linked to insulin 
resistance and risk for type 2 diabetes as well as cardiovascular disease. 
Dysregulated neuroendocrine signalling in adipose tissue can contribute to 



the development of insulin resistance and metabolic syndrome, and such 
pathways can mediate the metabolic effect of stress responses that are 
evoked in the CNS. An overview of the field will be given and recent 
results will be presented. Topics will include the links between 
neuroendocrine dysregulation and visceral fat accumulation, fat cell 
metabolism, alterations in fat cell recruitment, differentiation and growth 
as well as adipokine production.  
Recent data will be presented with focus on the the interplay between 
different neuroendocrine sysems - the cortisol axis, sex hormones, the 
autonomic nervous system, catecholamines and the renin-angiotensin 
system. A hypothesis will be presented about a common ‘final pathway’ 
that might merge the insulin-antagonistic actions of hormones, 
inflammation, glucose and lipids, namely the generation of excess reactive 
oxygen species (ROS). Potential pharmacological interventions targeting 
the different signalling pathways, including oxidative stress, will also be 
discussed. 
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Hyperglycemic episodes, which cause vascular complications as a result of 
oxidative stress and complicate even well controlled cases of diabetes, are 
closely associated with the development of vascular disease. Several 
antioxidants and stress response genes have been shown to partially 
protect the vascular system. However, the continuous generation of O2

-
 

via heme-dependent enzymes, including NADPH oxidase and mitochondrial 
cytochrome, has shown that such a strategy is difficult to achieve and 
problematic in diabetes. Heme oxygenase (HO-1) is the sole enzyme that 
degrades heme and subsequently regulates NADPH oxidase and the 
cytochrome oxidase system and O2

- formation via increases in bilirubin 
generation and ferritin synthesis, which are anti-oxidants, and CO, which 
is anti-apoptotic. In an effort to overcome this impasse, we examined 
molecular (gene transfer) and pharmacological (cobalt protoporphyrin, 
CoPP) approaches to increased HO-1/HO-2 expression in providing 
cardiovascular protection in Type I diabetic animal models. Upregulation 
of HO-1 expression attenuates hyperglycemia-mediated increases in 
vascular dysfunction, circulating endothelial cells and fragmentation, 
decreases O2

-, heme levels and iNOS, but increases EC-SOD. 
Translocation of HO-1 to the mitochondrial compartments enhances 



cytochrome oxidase and anti-apoptotic molecules, and decreases 
cytochrome C release, suggesting that HO-1 may regulate mitochondrial 
pro-apoptotic and anti-apoptotic proteins. Using the loss-of-function, HO-
2(-/-) and gain-of-function strategy, we will present data to document 
that HO-2 siRNA treatment decreased basal levels of EC-SOD and 
phosphorylated Akt proteins (serine-473 and threonine-308), although no 
change in Akt protein expression was observed. HO-2 siRNA was also 
associated with an increase in 3-nitrotyrosine (3-NT) and apoptotic 
signaling kinase-1 (ASK-1). Additionally, we will present data to show that 
an increase in HO-1/HO-2 levels, i.e., CO and bilirubin, has a salutary 
effect, modulating the vascular phenotype, as reflected by the increases in 
anti-apoptotic proteins, thus rendering endothelial cells resistant to 
oxidant stress hence preventing vascular dysfunction and the 
development of Type 1 diabetes.  
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TYPE 2 DIABETES, HYPERGLYCEMIA, AND CHRONIC OXIDATIVE 
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The pathogenesis of type 2 diabetes, also known as adult-onset diabetes, 
is usually attributed to a combination of pancreatic islet beta cell 
dysfunction and resistance to the action of insulin in important targets, 
such as liver, muscle, and fat tissue.  The cause of beta cell failure is 
polygenic in nature, whereas the cause of insulin resistance is at least 
partially explained by associated obesity.  It is important to note, 
however, that many type 2 diabetic people are not obese, and that the 
majority of obese individuals do not develop type 2 diabetes.  Thus, it 
appears that type 2 diabetes is primarily a genetic disease that can be 
made worse, but is not caused, by excessive body fat. 
A major issue in the field of type 2 diabetes research is why this disease is 
often characterized by a continual and inexorable decline in glucose 
control despite optimal drug treatment.  This decline in beta cell function 
is associated with chronically elevated blood glucose levels and has led to 
the notion of beta cell exhaustion because of continual stimulation by 
glucose, on the one hand, and the possibility that high concentrations of 
glucose are chemically toxic to the beta cell on the other.  There is an 
intrinsic paradox at play in these considerations.  Since glucose is 
considered to be a physiologic compound and supportive of beta cell 
function at many levels from insulin gene transcription through insulin 
secretion, shouldn’t high glucose levels stimulate insulin synthesis and 
increase insulin stores rather than lead to exhaustion of the beta cell?   
One concept that has emerged is that of glucose toxicity, i.e. chronically 



high glucose levels form metabolites that can be harmful.  This has led to 
the idea that glucose toxicity of the beta cell might be attributable to 
formation of excess levels of reactive oxygen species.  Glucose excess can 
promote increased generation of ROS through several metabolic 
pathways.  One can envision that the normal route of glycolysis and 
oxidative phosphorylation might become oversaturated with glucose.  This 
in turn might lead to shunting excess traffic of glucose molecules along 
any of several alternative routes, including methylglyoxal formation and 
glycation; enediol and � -ketoaldehyde formaton (glucoxidation); 
diacylglycerol formation and protein kinase C activation; glucosamine 
formation and hexosamine metabolism; and sorbitol metabolism (1).  ROS 
are normally generated along all these pathways, including oxidative 
phosphorylation.  One need only to imagine a flooding of all these 
pathways by glucose as a mechanism for excessively high concentrations 
of ROS in many tissues, including pancreatic beta cells.   
This pathophysiologic construction suggests that ROS, which like glucose 
function as positive chemical mediators in physiologic processes, become 
negative forces when they are present in excess concentrations.  Both 
ROS and glucose are seen as having good and evil sides, depending on 
whether their levels are normal or excessive.  This general consideration 
has led to the term glucose toxicity with a major mechanism of action 
being chronic oxidative stress. 
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Patients with type 2 diabetes have reduced gene expression of Heat Shock 
Protein (HSP) 72 which correlates with reduced insulin sensitivity. Heat 
therapy, which activates HSP72, improves clinical parameters in these 
patients. Activation of several inflammatory signaling proteins such as c-
jun amino terminal kinase (JNK), inhibitor of κB kinase and tumor necrosis 
factor-α can induce insulin resistance, but HSP 72 can block the induction 
of these molecules in vitro. Accordingly, we examined whether activation 
of HSP72 can protect against the development of insulin resistance. We 
first show that obese, insulin resistant humans have reduced HSP72 
protein expression and increased JNK phosphorylation in skeletal muscle. 
We next utilized heat shock therapy, transgenic overexpression, and 
pharmacologic means to overexpress HSP72 either specifically in skeletal 



muscle or globally in mice.  Herein we show that regardless of the means 
used to achieve an elevation in HSP72 protein, protection against diet or 
obesity-induced hyperglycemia, hyperinsulinemia, glucose intolerance and 
insulin resistance was observed.  This protection was tightly associated 
with the prevention of JNK phosphorylation.  These findings identify an 
essential role for HSP72 in blocking inflammation and preventing insulin 
resistance in the context of genetic obesity or high fat feeding. 
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Stressfull situation associated with sepsis and non-infectious systemic 
inflammatory response syndrome (SIRS) such as trauma, surgery, 
haemorrhage, or ischemia/reperfusion, is associated with a profound 
alteration of immune status that could explain the increased sensisitivity 
of the patients to nosocomial infections. Endotoxin (lipopolysaccharide, 
LPS) is often found in plasma of sepsis patients, and endotoxin 
translocation from the gut frequently occurs in SIRS patients. During 
sepsis and SIRS, pro-inflammatory cytokines and inflammatory mediators 
contribute in synergy to tissue injury, organ dysfunction, and possibly to 
lethality. To dampen this overzealous process, a counter regulatory loop 
exists, involving anti-inflammatory cytokines and neuromediators that can 
also alter the immune status. In sepsis and SIRS patients, a reduced ex 
vivo pro-inflammatory cytokine production, particularly tumor necrosis 
factor (TNF), in response to LPS and other Toll-like receptor (TLR) 
agonists has been reported. However, cells remain responsive to whole 
bacteria, and their capacity to produce anti-inflammatory cytokine is 
maintained or even enhanced. Thus the terms "leukocyte reprogramming" 
well define the process. Modification of intracellular signaling are presently 
deciphered in patients' leukocytes and some aspects recall what is known 
about "endotoxin tolerance". The reduced capacity of circulating 
monocytes to produce TNF and other cytokines can be mimicked in vitro 
by a pre-treatment of monocytes or macrophages with lipolysaccharide 
(LPS). This is not a specific phenomenon and it can be induced by other 
agents or events. Cross-tolerance between LPS, TLR2, 4, 5, or 9 specific 
ligands, and TNF has been reported.  It is possible that cross-tolerance is 
induced by microbial and endogenous (alarmins) signals of danger. 
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Serious tissue infections may be followed by a period during which the 
host animal is much more susceptible to infection with the same or other 
microbes.   One experimental model for this clinical phenomenon is 
endotoxin tolerance or reprogramming.  For several days after receiving a 
low parenteral dose of Gram-negative bacteria or their cell wall 
lipopolysaccharide (LPS, endotoxin), many of an animals’ reactions to LPS 
and other microbial agonists are “reprogrammed” so that proinflammatory 
responses are reduced while anti-inflammatory ones are maintained or 
increased.  Whereas the adaptive function of this stress reaction may be 
to prevent harmful inflammation-induced damage to the host, it is often 
also immunosuppressive.  We found that deacylation of LPS by a host 
lipase, acyloxyacyl hydrolase (AOAH), is required to terminate LPS-
induced immunosuppression in mice.  Whereas wildtype mice recover 
within 10 days after receiving 10 µg LPS intraperitoneally, mice that lack 
AOAH remain immunosuppressed for at least one month.  The peritoneal 
cells in Aoah-/- mice retain intact LPS for much of this time, their 
proinflammatory responses to LPS (a TLR4 agonist) and Micrococcus 
luteus (a TLR2 agonist) are blunted, and their ability to kill Gram-negative 
bacteria is impaired.   By extinguishing the LPS signal, AOAH seems to 
help the body “re-load” its defensive armamentarium to fight another 
infection.    
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The term "Endotoxin Tolerance" (ET) has been introduced for a state of 
low responsiveness of experimental animals or humans treated with a low 
dose of lipopolysaccharide (LPS, endotoxin). ET has attracted a lot of 



attention since it was shown that cross tolerance exists to other bacterial 
products such as lipoteichoic acid or lipopeptides. Furthermore, it turned 
out that ET protected against bacterial infections - Gram-negative, as well 
as Gram-positive - and ischemia-reperfusion injury. It, therefore, is of 
potential clinical interest to get insight into the cellular and molecular 
basis of ET. To this end, we studied different cellular components of the 
peritoneal cell populations and Kupffer cells of endotoxin tolerant and 
normal mice with regard to gene expression, intracellular signal 
transduction and regulation of cytokine production. Corresponding results 
will be presented. HSP 70 is among the genes that are significantly 
upregulated in peritoneal cells of ET mice compared to normal mice. 
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Critical illness is a severe stress stimulus that disturbs the milieu interior 
and induces homeostatic responses specific to the stimulus and 
generalized responses when the disturbances are prolonged and severe. 
The immune-neuroendocrine response during critical illness is a dynamic 
process, differing between the acute and chronic phases. This acute phase 
lasts typically from about a few hours to several days, depending on the 
severity of the illness and is characterized by an appropriate hormonal 
reaction: the mobilization of fuel stores of the organism, together with 
apparent restrains on their utilization. During the acute phase of critical 
illness the secretory activity of the pituitary gland is stimulated whereas 
anabolic target organ hormones are inactivated. Due to the development 
of intensive care medicine patients who would previously have died during 
the acute phase nowadays survive and enter the chronic or prolonged 
phase of the critical illness. This prolonged phase lasts for days and is 
characterized by an inappropriate hormonal response, resulting in a 
chronic increase in metabolic rate and a breakdown of body tissue. The 
secretory activity of the pituitary gland is uniformly inhibited in relation to 
reduced levels of target organ hormones. These hormonal changes 
suggest an imbalance between immunosuppressive and 
immunostimulatory hormones which might be the cause of the increased 
susceptibility to infectious complications during the chronic phase of 
severe illness. The suppressed pituitary activity allows the respective 
target organ hormones to decrease, resulting in a restored balance 
between the catabolic and anabolic hormonal responses. This recovery 
phase is characterized by restored sensitivity of the pituitary gland to 



reduced feedback control. The distinction of acute and prolonged critical 
illness as different entities with regard to the immuno-neuroendocrine 
adaptation may be helpful in further understanding of the pathogenesis of 
critical illness and the targeting of therapeutic intervention.  
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Background. Bacterial endotoxins (LPS) are known to act as stress 
factors for endothelial cells. 
Aims. As a proof of principle, the present project aimed at developing a 
novel radiotracer-based non-invasive molecular imaging method for in 
vivo visualization of early aortal HSP60-expression in a 
normocholesterolemic rabbit model after induction of endothelial stress. 
Material and Methods. In 14 rabbits, endothelial stress was induced by 
i.v. injection of bacterial endotoxin (lipopolysaccharide, LPS at 10µg/kg) 
while 8 animals were untreated controls. Non-invasive in vivo molecular 
imaging was performed 24 hours after intravenous injection of I-124 
radiolabelled monoclonal anti-HSP60 antibodies using 
computertomography (CT) and positron-emission-tomography (PET). In 
vitro correlation of in vivo imaging was done by en face 
immunohistochemistry and autoradiography of the aorta. 
Results. Compared to control animals, quantitative analyses of in vivo 
non-invasive molecular PET-CT images of rabbit aortae revealed a 
significantly increased endothelial binding of I-124 anti-HSP60 antibodies 
upon application of LPS as an endothelial stressor, especially at sites of 
aortal branching. This was confirmed by in vitro anti-HSP60 
immunohistochemistry and autoradiography data. 
Conclusion. Our first results showed, as a proof of principle, that HSP60-
expression in normocholesterolemic rabbits is significantly increased after 
the induction of endothelial stress and non-invasive in vivo molecular 
imaging of early aortal HSP60-expression using radiotracer labelled anti-
HSP60 antibodies is possible. 
Acknowledgements: This work was supported by the Propter Homines 
Foundation, Vaduz, FL. 
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Amyloids are fiber-like ordered aggregates generated via intermolecular 
cross-ß interactions. In vivo amyloid formation is a widespread 
phenomenon in eukaryotes. Self-perpetuating amyloids provide a basis for 
the transmissible protein isoforms (prions) that cause infectious 
neurodegenerative diseases in mammals (including humans) and manifest 
themselves as non-Mendelian heritable elements in yeast and other fungi. 
Propagation of the prion state in yeast is controlled by the concerted 
action of chaperone proteins. A crucial role in this process is played by the 
chaperone protein Hsp104, which promotes breakage of amyloids into 
smaller oligomeric seeds initiating new rounds of prion proliferation. Prion 
formation and propagation are also influenced by other stress-related 
chaperones (Hsp70 and Hsp40), and by alterations of the protein 
trafficking and degradation networks. Therefore, prion propagation 
employs enzymatic machinery which is normally supposed to protect cells 
from environmental stresses. Some stresses induce prion formation or 
loss. It is possible that prions arise as by-products of the reversible 
assembly of highly ordered complexes, protecting certain proteins from 
destruction during unfavorable conditions.   
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Misfolded proteins are found in many inherited diseases, which collectively 
are called protein conformational disorders. These misfolded proteins, 
typically containing one or more mutations, are retained intracellularly in 



the endoplasmic reticulum or in cytoplasmic aggregates.  Our previous 
studies clearly demonstrated that the clinically common P23H opsin 
mutant associated with autosomal dominant retinitis pigmentosa is 
misfolded and retained in the cell. Pharmacological induction of the heat 
shock response has emerged as an attractive strategy for modulating the 
cellular folding environment and treating protein conformational diseases. 
The induced ensemble of heat shock proteins act as molecular chaperones 
in protein folding and protect against the formation of misfolded protein 
aggregates.  Using a tetracycline-inducible HEK293 cell lines, we have 
studied the effect of the heat shock response on P23H opsin and folded 
rhodopsin levels in the cell. The known chemical inducers of the heat 
shock response, geldanamycin (GA) and celastrol, increase the total opsin 
levels by 1.8- and 1.6-fold (n=3), respectively. Further, GA and celastrol 
reproducibly increase folded rhodopsin levels by 1.7- and 1.4-fold (n=3). 
The level of hsp70 in the treated cells was elevated by 4 fold by GA and 
1.2-fold with celastrol.  Both treatments appear to induce the heat shock 
response and stabilize the folded form of opsin i.e. the form capable of 
binding retinal. Further, the extent of hsp70 increase correlates with te 
yields of folded P23H opsin. Thus, heat shock induction clearly alters the 
cellular stability and fate of P23H opsin. Both compounds are attractive 
candidates for treating P23H opsin associated retinal degeneration. 
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Misfolded and damaged proteins challenge homeostasis and the capacity 
of molecular chaperones and clearance machineries to restore the health 
of the cell. Whereas acute exposures to heat shock and other environment 
stress leads to the induction of cytoprotective responses, the chronic 
expression of misfolded and mutant proteins can result in irreversible 
toxicity as occurs in human neurodegenerative disease.  We are interested 
in understanding how an organism and specific populations of cells detect 
and respond to diverse types of proteotoxic stress.  We have established 
C. elegans models to identify the genes that regulate protein homeostasis 
in response to chronic expression of aggregation-prone proteins 
associated with neurodegenerative disease. These studies have identified 
an important molecular link between the insulin-signaling pathway that 
regulates longevity and HSF-1, the master regulator of protein folding 



quality control and the heat shock response, revealing that longevity is 
closely linked to the cellular folding capacity. Using forward genetics, 
genome-wide RNAi screens and a candidate gene approach, we have 
identified a functionally diverse set of genes that sort into six networks 
involved in RNA metabolism, protein synthesis, protein folding, protein 
degradation, protein trafficking, and mitochondrial function and energy 
metabolism that influence protein homeostasis. Many of these genes are 
also important for the regulation of heat shock gene expression which 
suggests that genetic modifiers for protein quality control defines a 
protein-folding proteome that also functions to sense an imbalance in 
protein homeostasis and regulation of chaperone expression. Using our C. 
elegans models, we are characterizing key Hsp70 chaperone networks 
that coordinately function to protect cells during aging and in response to 
misfolded disease proteins.  
 

 
 
6G_04_S 
 
CHAPEROME SYSTEMS AND PROTEIN MISFOLDING STRESS IN 
TRAFFICKING DISEASE 
 
William E. Balch1,2,6, Atanas Koulov1, Darren Hutt1, Bogdan Tanasa1, 
Wendy Kellner1, Helen Plutner1, Paul Lapointe1, Scott Stagg1, Clint S. 
Potter1,5, Bridget Carragher1,5, Jeffery W. Kelly3,4 and John R. Yates III1 

 
The Scripps Research Institute, Departments of Cell1 and Molecular 
Biology2,and Chemistry3, The Skaggs Institute for Chemical Biology4, The 
National Resource for Automated Molecular Microscopy5, and The Institute 
for Childhood and Neglected Diseases6, 10550 North Torrey Pines Road, La 
Jolla, CA 92037. 
 
Protein folding in the eukaryotic cell is highly sensitive to the local 
environment of the cytoplasm or membrane trafficking compartments, 
and requires the assistance of multiple chaperones that define the folding 
buffer of the cell- the chaperome (Wang et al. (2006) Cell, 127:803). 
Different cell types exploit the variable composition of the chaperome 
environment to maintain protein folding homeostasis- reflecting the kinetic 
and thermodynamic properties of the protein fold. Perturbation of this 
relationship, as occurs in misfolding diseases such as cystic fibrosis 
(CFTR), Gaucher's (glucocerebrosidase), childhood emphysema (alpha-1-
antitrypsin), type II diabetes and numerous amyloid diseases (Alzheimers 
(APP), Parkinsons (alpha-synuclein)), results in an imbalance between the 
protein fold and the folding environment leading to disruption of normal 
physiology. It is becoming increasingly apparent that folding pathways in 
aging and disease can be altered by the cell through stress sensitive 
pathways to maintain or reestablish the proper chaperome environment to 
maintain functionality. Emerging mechanisms by which these activities 



work provides insight into the pathways that can be manipulated through 
biological and chemical approaches to adjust the flow of folded and 
functional protein through the exocytic and endocytic pathways. 
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Stress has a major impact on the course and psychopathology of 
schizophrenia, having significant influences especially on emotion but also 
cognitive processes. In schizophrenia, emotion dysfunctions are a 
hallmark with a special role of negative affect and reduced capacities to 
manage stressful situations and stimulations. Data acquired from different 
samples of healthy subjects and schizophrenia patients will be presented 
to clarify the neural basis of dysfunctional emotion processes applying 
fMRI. Emotion and cognition are mostly investigated as different entities, 
while practically both functions are inseparable and are interacting with 
each other continuously. However, interactions between emotion and 
cognition have not been investigated in greater detail in patients. 
Similarly, in healthy persons there are only a few and rather contradictory 
studies exploring the general effects of emotion on cognitive function. We 
developed and validated tasks investigating the interplay between 
emotions and cognition. Stress was induced in patients and comparison 
subjects by means of negative olfactory stimulation while subjects had to 
perform a combined 0-back/2-back task. A control condition with neutral 
room air stimulation was also applied. According to subjective ratings 
mood induction was successful. The impairing effect of the negative mood 
induction was visible during working memory performance (2-back) only, 
in which the mean number of correct target reactions was significantly 
lower during negative olfactory stimulation as compared to the neutral 
condition. The neuroimaging data reveal a complex dysfunctional 
interaction in patients, where especially frontal and cingular regions show 
aberrant activation patterns. Hence, regions of major importance in 
emotion regulation and integration are affected. 
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The present study investigated whether individuals with schizophrenia, 
and those with an elevated genetic risk for schizophrenia, display an 
altered plasma HVA-response to metabolic stress. Besides, associations 
between the metabolic stress response and brain tissue volumes were 
examined. Patients with psychosis (n=50), non-psychotic first-degree 
relatives of patients with psychosis (n=51) and controls (n=50) 
underwent, in randomised order, double-blind administration of placebo 
and the glucose analog 2-deoxy-D-glucose (2DG), which induces a mild, 
transient clinical state of glucoprivation. Plasma HVA was assessed twice 
before the start of the 2DG/placebo infusion (baseline), as well as four 
times post infusion. MRI cerebral tissue volumes were derived from 
automated segmentation procedures. During the stress condition, 
significant increases in plasma HVA were found. The increase in plasma 
HVA level during the stress condition was significantly stronger in patients 
than in controls, whereas this was not the case in relatives v. controls. 
The HVA level increase in the stress condition was stronger in patients 
with lower grey and white matter volumes. In conclusion, patients with 
psychosis, but not their non-psychotic relatives, show an altered 
dopaminergic/noradrenergic mediated stress response, possibly reflecting 
acquired sensitization of catecholamine systems by repeated 
environmental stressors or repeated stimulation with agonistic drugs. HVA 
level increases were stronger in patients with lower grey and white matter 
volumes, supporting the hypothesis that alterations in cortico-subcortical 
connections affect psychosis susceptibility through an altered stress 
response. 
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Morphologic changes in schizophrenia are thought to represent a complex 
and dynamic process in which multiple brain regions are differentially 
affected. Common neurobiological abnormalities among the schizophrenia-
spectrum may be essential for the pathogenesis of schizophrenia, but 
some additional pathological changes may also be required for the 
development of full-blown schizophrenia. Clarifying the neurobiological 
similarities and differences between established schizophrenia and 
schizotypal (personality) disorder, a schizophrenia-spectrum disorder 
without manifestation of overt and sustained psychosis, would potentially 
discriminate the pathophysiological mechanisms underlying the 
vulnerability to schizophrenia from those associated with overt psychosis. 
Detailed volumetric comparisons using magnetic resonance imaging (MRI) 
revealed differential morphologic alterations in the brain between the 
patients with schizotypal disorder and those with schizophrenia. Volume 
reductions in the amygdala, hippocampus, superior temporal gyrus, and 
anterior parietal cortex common to both patient groups may represent the 
vulnerability to schizophrenia. Volume loss of the prefrontal cortex, 
posterior parietal cortex, cingulate, insula, and fusiform cortex 
preferentially observed in schizophrenia may be critical for overt 
manifestation of psychosis. On the other hand, preserved volume in these 
regions might have relevance to the protection factors from overt 
psychosis in schizotypal disorder. 
 

 
 
6H_04_S 
 
EARLY EMOTIONAL STRESS BY ANALYSIS OF STRESS LINE IN 
MOLAR AND SUSCEPTIBILITY TO SCHIZOPHRENIA 
 
Kunio Yui 1, 2), Koichi Watanabe3), Masayoshi Kobayashi3), Koichi 
Nishijima4) 

 

1) Division of Human Science, Kansai University of International Studies 
2) Department of Psychiatry and Neurology, Kobe University, Graduate 
School of Medicine 
3）X-ray Microanalyzer section, Center for Instrumental Analysis, Niigata 
University 
4) Department of Psychiatry, Jichi Medical School 
 
[Introduction]: It is well known that early life events or urbanicity, that 
interacts with multiple genes, induces persistent sensitization to stress 



possibly through an imbalance in interactions between dopaminergic and 
glutamatergic systems. This stress sensitization may be critical in the 
development or relapse of schizophrenia. Laboratory method for 
estimating early stress is therefore needed. Ameloblast activity in human 
molar’s enamel is slowed during 1-2 days extreme stress, and the 
segment of enamel rods is smaller and often misshapen, making a 
particular dark line seen by microscopy, which we called Pathological 
Stress Line (PSL). We studied the nature of stress sensitization by analysis 
of PSL. According to animal and clinical studies, severe emotional stress 
induce changes of mineral density in bone. Thus, to clarify the type of 
stress related to PSL, we examine mineral changes in PSL portions.  
[Methods]: We examined PSL in third molar in 35 chronic paranoid 
schizophrenics （25 males and 10 females, 41.9±13.5 yeas old）and 32 
normal controls (5 males and 27 female, 28.3±9.1 years old). Changes of 
density in potassium (P), calcium (Ca) and magnesium (Mg) in PSL 
portion were examined by Scanning Microscope and Electron Probe 
Microanalyser (EPMA). Since the rate of enamel elongate is well known, 
PSL was assessed due to its length and definition at half yearly between 9 
to 13 years old: 0, none; 1, slight; 2, mild; 3, moderate; 4, severe. 
Mineral changes were assessed in PSL portions rated as 2-4 due to extent 
of changes of mineral density in one area (1.5 X 1.5 mm): 0, none; 1, 
1/4; 2, 1/3; 3, 1/2, 4, 2/3. 
[Results]: PSL scores in the 35 schizophrenics were significantly higher 
than the 32 normal controls (4.8±5.1 vs. 2.0±2.3, P<0.01). The 35 
schizophrenics exhibited PSL indicative of stressors experienced at age of 
10.5-11.5 years old. Scores in P and Ca were significantly decreased and 
those of Mg were significantly increased in PSL portions. 
[Conclusion]: The present findings suggest that stress sensitization may 
be induced at age of 10.5-11.5 years, which is comparable to previous 
studies indicating that stress exposed at age of 10-13 years may be 
related to the development of adulthood schizophrenia. Decreased density 
of P and Ca and increased density of Mg have been reported to be caused 
by severe emotional stress. The findings on EPMA suggest that severe 
emotional stress at age of 10.5-11.5 years may induce stress 
sensitization. 
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The role of stress in the development and maintenance of symptoms in 
major psychiatric disorders such as schizophrenia is well-established. The 
biological component of stress is mediated largely through the endocrine 
system, predominantly by the hypothalamo-pituitary-adrenal (HPA) axis. 
The two main hypothalamic secretagogues of the axis are CRH and 
vasopressin with more important role of the latter during chronic stress. 
Vasopressinergic dysfunction in schizophrenics was also indicated and the 
naturally vasopressin mutant Brattleboro rats was suggested to be a good 
model for schizophrenia. Therefore we addressed here the question if the 
lack of vasopressin in Brattleboro rats will lead to disturbances in chronic 
stress-induced HPA axis changes parallel with the development of 
schizophrenia. The classical somatic chronic stress symptoms (body 
weight reduction, thymus involution, adrenal gland hypertrophy) and also 
the signs of HPA axis hyperactivity (resting corticosterone elevation and 
POMC mRNA elevation in the anterior lobe of the pituitary) were present in 
all three studied situation (repeated restraint, streptozotocin-induced 
diabetes mellitus, repeated morphine injections) with similar extent in 
control and vasopressin deficient rats disclosing the involvement of V1b 
receptors in the process. On the other hand vasopressin as a 
neurotransmitter may act on other brain regions and there are many 
compensatory mechanisms in Brattleboro rats (e.g. oxytocin, CRH). 
Moreover both the adrenomedullary system and the sympathetic nerves 
are more active in vasopressin deficient rats. So our conclusion is that 
vasopressin may act on the development of schizophrenia through 
influencing other neurotransmitters in brain and not the HPA axis. Chronic 
stress may exacerbate the schizophrenia not through HPA axis changes 
but e.g. glucocorticoid toxicity in hippocampus. 
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The characterization and distribution of  corticotropin-releasing factor 
(CRF) family of  peptides,  CRF, urocortin 1, urocortin 2 and urocortin 3,  
and  the two G-protein coupled receptors, CRF1 and CRF2, as well as the 
development of selective CRF1 and CRF2  receptor antagonists provided 
novel means to understand  mechanisms involve in the stress response. 
The activation of brain CRF1 signaling pathway  plays a primary role in the 
endocrine (activation of pituitary adrenal axis), behavioral (anxiety, 



depression), autonomic (sympathetic activation), and decrease immune 
responses to stress. Combined anatomical, pharmacologic and molecular 
approaches support a role of CRF receptor activation in both the brain and 
the gut as part of key mechanisms involved in stress-related alterations of 
gut propulsive function. Inhibition of gastric emptying and stimulation of 
colonic  motor function are the commonly encountered patterns resulting 
from exposure to various stressors in experimental animals and humans. 
Activation of brain and peripheral CRF2 receptors  mediates stress-related 
inhibition  gastric motor function while that of CRF1 receptors are involved 
in the stimulation colonic secretory and motor functions. Clinical  
investigations also support the notion that stress contributes to visceral 
hypersensitivity of the gut observed in patients with irritable bowel 
syndrome (IBS) as established by their lowered threshold of pain to 
colorectal distension (CRD). Experimental models have been developed 
that recapture clinical features of IBS with regard to stress-related 
hyperalgesia to CRD, gender differences, comorbidity with 
anxiety/depression and altered bowel habit.  Data obtained using 
pharmacologic approaches in rodents subjected to stress indicate  that the 
activation of  CRF1 receptor contributes to the development of  
hyperalgesia to CRD  while CRF2 receptors display opposite effects.  The 
mechanisms through which CRF1 antagonists alleviate colonic responses 
involved  the prevention of stress-related activation of sacral 
parasympathetic ouflow, colonic enteric cholinergic neurons and mast 
cells. The pre-clinical and clinical phase I data support that  targeting of 
CRF1  receptors may open new therapeutic venues for stress-related 
functional gastrointestinal disorders. Supported by NIHDDK and VA Merit 
grants. 
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Capsaicin-sensitive afferents play a role in the regulation of esophageal 
motility. Vanilloid receptor is activated by acidic pH  which triggers pain 
and motor responses leading to esophageal emptying . The aim was to 
investigate the effect of topical capsaicin (Tabasco) suspension on 
esophageal sensation and motility in healthy controls (N=10), patients 
with non-erosive GERD (NERD) (N=10), erosive esophagitis (ERD) (N=10) 
and with Barrett’s metaplasia (BM) (N=10). Visual analog scale was used 
to determine sensation, the esophageal body and lower esophageal 



sphincter (LES) response were analyzed. Topical 1.5 x 10 -4 M capsaicin 
significantly increased the amplitudes (68 +/- 3 to 88.5 +/- 4.7 ; 66+/-2 
to 80+/-3; 70+/-1 to 96+/-4 mm Hg, P < 0.05) and propagation velocity 
(2.7 +/- 0.3 to 4.3 +/- 0.3 ; 3.1+/-0.3 to 4.2+/-0.1; 2.5+/-0.1 to 3.7+/-
0.2 cm/s, P < 0.05) of esophageal pressure waves and LES pressure (15 
+/- 1.4 to 27 +/- 2.6; 13+/-1 to  20+/-1; 14+/-1 to 29+/-3 mm Hg, P < 
0.05) in controls, NERD and ERD patients respectively. None of the above 
responses were present in BM patients. Capsaicin enhanced esophageal 
bolus transit (3.3+/-0.1 to 2.7+/-0.1; 3.2+/- 0.1 to 2.5 +/- 0.1 s, P < 
0.05) in controls and NERD patients. Unchanged bolus clearance was 
found in ERD and BM patients (4.0+/-0.1 vs. 4.1+/-0.1; 4.2+/- 0.2 vs. 
3.9 +/-0.1 s NS). Significantly increased perception to capsaicin was 
found in NERD (66+/-7) and ERD (78+/-9) patients vs. to healthy controls 
(47+/-3) mm. Esophageal capsaicin induced a profound increase in 
emptying which could improve clearance of the esophagus. Chronic acid 
exposure produces allodynia in NERD and ERD patients which is related to 
their symptom development. Capsaicin-mediated esophageal clearance is 
disturbed in ERD and BM patients. 
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Cells respond to stress by activating heat shock protein (HSP) response, 
which constitutes an universal defense system, essential for maintaining 
cell and tissue homeostasis by stabilization of denatured proteins.  In 
gastric mucosa, the surface epithelial cells are directly exposed to 
temperatures ranging from 4°C to 75°C, therefore HSP activation is very 
relevant.  We examined expression of constitutive and inducible HSP70 (c 
and iHSP70) in gastric mucosa of rats at baseline and following treatment 
with cytoprotective drugs: sucralfate, rebamipide, and talcid.  In normal 
gastric mucosa cHSP70 is expressed mainly in the surface epithelium.  
Cytoprotective drugs enhanced expression of cHSP70 in surface epithelial 
and progenitor cells induced iHSP70 in the same areas and significantly 
reduced ethanol-induced gastric mucosal injury.  Ethanol-induced gastric 
injury is significantly increased in mice with KO gene for heat shock factor 
1 (HSF-1) a transcription factor for HSP genes.  This is due to increased 
apoptosis in response to ethanol injury in HSF-1 null mice.  This study 
provides evidence that HSPs after their HSF-1-dependent upregulation 



protect gastric mucosa against injury.  Recent data indicate that HSPs are 
involved in healing of experimental gastric ulcers.  HSP32 are elevated 
during early stage of healing; HSP47 are increased in granulation tissue 
and HSP70 is increased in the epithelial cell of the ulcer margin and 
progenitor cells where it co localized to EGF, IGF-1 and Cox2.  
Conclusions: 1) Gastric mucosa expressed HSP at baseline and their 
expresses is activated by cytoprotective drugs and in response to injury.  
2) HSPs also play important roles in ulcer healing by local interactions with 
growth factors and by protection of regenerating cells. 
 

 
 
6I_04_S 
 
INCREASED EXPRESSION OF TRANSCRIPTION FACTOR EGR-1 IN 
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The transcription factor early growth response-1 (Egr-1) is activated by 
many environmental signals. Recently it was demonstrated the enhanced 
duodenal Egr-1 transcription activity and followed increased expression of 
target genes such as bFGF, PDGF and VEGF in cysteamine-induced 
duodenal ulceration in rats. However, the involvement of Egr-1 expression 
in stress-induced gastric ulceration was not determined. The aim of our 
study was to investigate the effects of stress on Egr-1 expression in rat 
gastric mucosa (GM) at the different time point. The rats were 
immobilized for 6, 12 and 24 hr. Egr-1 expression was determined by 
immunoblotting. It was established that 6 hr of stress exposure induced 
only single punctated hemorragies in GM. 12 hr of stress produced the 
multiply punctated hemorragies. 24 hr of stress exposure developed 
ulcers, errosions and massive hemorragies in rat stomach. The gastric 
injuries were 23,01±4,07 mm2. Egr-1 expression was barely detectable in 
GM of untreated rats. 6 hours of stress increased the gastric Egr-1 
expression by 8 fold (p<0.05) compared to control. At 12 hr of stress 
exposure Egr-1 expression in injured GM was enhanced only 2 fold in 
comparison to control. Egr-1 expression dropped to the basal level after 
24 hr of stress exposure. Thus, the highest level of Egr-1 expression was 
observed in rat GM 6 hr after stress exposure in comparison with 
untreated rats and rats after 12 and 24 hr of stress exposure. So stress-
induced gastric ulceration leads to increased Egr-1 expression in rat GM. 
The results highlight the role of Egr-1 in experimental ulceration. 
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Stress is a major etiologic factor in the pathogenesis of gastric & duodenal 
ulceration (DU), as first described in rats by Hans Selye (Nature, 1936). In 
patients with “peptic ulcers” duodenal ulcers are more frequent than 
gastric ulcers (except in Japan). Thus, our research during the last 3 
decades focused on the molecular mechanisms of DU in rodent models of 
chemically induced DU (Szabo & Selye, Arch. Pathol., 1972; Selye & 
Szabo, Nature, 1973). While acknowledging the role of VacA, CagA & 
other molecules linked to the “pathogenic island” in H. pylori genome, we 
focus on our 3 recent findings on the molecular mechanisms of DU:  
Endothelins (ET-1), the immediate early gene egr-1 & imbalance of 
angiogenic/anti-angiogenic molecules.  Namely, we found an enhanced 
expression & release of ET-1 within 15-30 min after the administration of 
duodenal ulcerogen cysteamine, most likely resulting in local ischemia that 
triggers the expression of hypoxia-inducible factors (HIF-1α).  Our gene 
expression studies also revealed an early (0.5-2 hr) increase in the 
expression of egr-1 that is followed (12-24 hr) by upregulation of 
angiogenic growth factors (e.g., VEGF, bFGF, PDGF).  Surprisingly, this 
event is also associated with an enhanced production of angiostatin & 
endostatin that probably counteract the supposedly beneficial effect of 
angiogenic molecules.  Thus, the initial injury to endothelial & epithelial 
cells in DU seems to be aggravated (& not initiated) by HCl & proteolytic 
enzymes. The resulting mucosal necrosis does not rapidly heal because of 
the imbalance of VEGF & angiostatin/endostatin, hence duodenal ulcers 
develop. The experimental ulcers Selye described morphologically are now 
characterized at the molecular & genome level, involving unexpected 
mediators like ET-1, egr-1 & angiogenesis-related molecules. 
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Recent experimental & clinical studies indicate that adverse life events, 
chronic stress, & depression increase the likelihood of relapse in patients 
with quiescent IBD. Phsycologic stress  increases  plasma corticosterone, 
mast cells degranulation,  reduces colonic mucin secretion and enhances 
intestinal mucosal  permeability, facilitating bacterial adherence & uptake, 
followed by the  sensitization of T cells and initiation of  
inflammatory/immune reaction.  Here we review our recent findings on 
the new molecular mechanisms of experimental IBD induced by chemicals 
in rats & IL-10-KO mice. Namely, we recently found a concomitantly 
increased expression of the angiogenic (VEGF/VPF) and anti-angiogenic 
(angiostatin, endostatin) factors in the colonic mucosa before the 
morphologic appearance of chemically-induced colonic lesions in rats. 
Furthermore, the elevated levels of endostatin correlated with the severity 
of chemically-induced ulcerative colitis (UC) and disease progression in IL-
10-KO mice. This probably results in insufficient angiogenesis & poor 
healing (by interfering with the proliferative action of VEGF), while letting 
the VPF action of VEGF/VPF be manifested in the early stages of IBD. This 
new mechanism is probably supported by another recent finding 
demonstrating a beneficial effect of VEGF neutralization on the severity of 
chemically-induced UC in rats that was associated with attenuation of 
VEGF, PDGF & bFGF expression.  Moreover, we found rapidly increased 
phosphorylation of Erk1/2 and expression of Egr-1, its DNA binding and 
interaction with other transcription factors (AP-2, PPAR, NF-kβ) in colon 
during chemically-induced UC. VEGF neutralization significantly inhibited 
expression of pErk1/2 and Egr-1. Conclusions: 1) The unexpected parallel 
increased expression of both VEGF/VPF & angiostatin/endostatin in UC 
may explain the poor healing & sustained inflammation. 2) Transcription 
factor Egr-1 may play a pivotal role in the VEGF actions in the 
pathogenesis of experimental UC. 3) Stress may play a role in the 
exacerbation but apparently not in the initiation of IBD.  
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The expression of Hsp70 has been extensively studied in many cancer 
types, however there is limited literature on Hsp70 expression in 
Myelodysplasic Syndrome (MDS). MDS is a clonal disorder of 
haematopoietic stem cells characterised by apoptosis of progenitor stem 
cells leading to dysplastic haematopoiesis and variable cytopenias. Certain 
subtypes are associated with a high risk of progression to Acute Myeloid 
Leukemia (AML). Chronic Lymphocytic Leukemia (CLL) is a haematological 
malignancy which may progress from a stable form to acute disease 
requiring treatment. We compared blood samples from patients with MDS, 
AML, CLL and normal age matched controls by flow cytometry for 
intracellular and extracellular expression of Hsp70. CD3 (T cells), CD14 
(Monocytes) and CD15 (Neutrophils) were used to detect differences in 
Hsp70 expression between the main leucocyte populations. CD34+ was 
used as a marker for AML blasts and CD5+/CD19+ as a marker for CLL 
cells. Preliminary data show different patterns of expression of surface and 
intracellular Hsp70 with different subtypes of MDS. In some patients it is 
possible to show two distinct sub-populations of neutrophils one 
expressing more surface Hsp70. The AML data show  populations of blast 
cells which are both intracellular and surface Hsp70+ and this expression 
is higher than in the normal cells. These preliminary data would suggest 
correlation with disease severity. CLL samples show Hsp70 expression on 
CD5+/CD19+ cells. We are currently increasing sample numbers for each 
stages of the individual diseases. We will use these results to determine 
the involvement of Hsp70 in the  progression of the diseases and whether 
manipulation of Hsp70 in these cells would be beneficial. 
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The stress-inducible heat shock protein (HSP) 70 is known to function as 



an endogenous danger signal which can increase the immunogenicity of 
tumors and induce cytotoxic T lymphocyte responses. We show here that 
HSP70 also activates human natural killer (NK) cells which recognize the 
stress-inducible MHC class I chain-related (MIC) A and B molecules on 
tumor cells. We observed that the stress-inducible HSP70, in contrast to 
the constitutively expressed HSC70, activated human peripheral blood 
mononuclear cells in vitro to kill MICA-transfected target cells. The HSP70-
derived peptide TKD (Multhoff et al., Cell Stress Chaperon 6:337, 2001) 
was able to replace the full-length HSP70 in these assays. Cell separation 
experiments identified NK cells as the cytotoxic effector cells which were 
activated by HSP70 or TKD. When MICA/B expression was induced on 
human melanoma cells by pharmacological means and NK cells were 
activated by HSP70 or TKD, both treatments jointly improved the killing of 
the tumor cells. Thus, the synergistic activity of two stress-inducible 
immunological danger signals, HSP70 and MICA/B, leads to enhanced 
cytotoxicity of NK cells. This work was supported by grants from the 
Deutsche Forschungsgemeinschaft (DR 394/2, GRK 289, GRK 1034) and 
the European Union (MRTN-CT-2004-512253; TRANS-NET). 
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HSP90 is critical in the proper folding, stabilization, and trafficking of 
many client proteins that have a major impact on proliferation and 
antiapoptotic signaling necessary for the malignant process. HSP90-
targeted therapy has been introduced into clinical testing with the 
expectation that with degradation of many client proteins, a significant 
antitumor response would be observed. However, clinical trials to date 
have shown only limited and anecdotal activity of this multitargeted 
kinase approach, even though stress response proteins such as Hsp27 and 
Hsp70 are induced in patients after treatment with Hsp90-directed agents. 
We have undertaken studies to delineate factors that may contribute to 
the apparent resistance that has been observed in patients. A549 cells 
have been selected for resistance to geldanamycin (GA) after exposure to 
increasing concentrations of GA in a stepwise fashion. The cells are 
resistant to not only GA but also to the clinically relevant compounds 17-
allylaminogeldanamycin (17AAG) and (dimethylaminoethylamino)-17-
demethoxygeldanamycin (DMAG). These cells overexpress the ABC 
transporter p-glycoprotein (pgp) which has been implicated in GA 



resistance previously. Treatment of these cells with verapamil or 
GF120918, inhibitors of pgp, does not reverse the resistance to GA. 
However, knockdown of HSP27 or HSP70 with siRNA reverses the 
resistance of the cells resulting in an IC50 similar to that of the parent cell 
line. These results suggest that selective targeting of HSP90 alone will 
have limited clinical efficacy. On the other hand, a combined approach 
that affects the stress response by targeting other stress-related proteins 
in addition to HSP90 may overcome this self-induced resistance. 
Supported in part by CA90390 and CA15083 
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Two proteins contribute to the targeting of a cancer cell population 
towards apoptosis or survival, Myc oncogene known mainly as 
proapoptotic factor and Hsp70 stress protein possessing the ubiquitous 
protective activity. Based on our data indicating that Hsp70 can have 
especially high protective activity in heat shock-treated U-937-v-Myc cells 
we suggested that the key function of the former is the abrogation of 
apoptosis specifically mediated by Myc. To check this we used two models, 
in one of whose over-expression of Myc oncogene was continuous (v-Myc 
in U-937 cells) and in another Myc expression was controlled by estradiol 
(c-Myc in Rat1MycER cells). It was found that the stable expression of 
Hsp70 rendered U-937-v-Myc cells more resistant than the original U-937 
cell clones when both having been induced to apoptosis with etoposide 
and camptothecin. Using anti-Hsp70 siRNA we also demonstrated that 
resistance of U-937-v-Myc cells to the cytotoxic effect of above anti-
cancer drugs was fully related to Hsp70 level, whereas in U-937 cells such 
effect of Hsp70 depletion was not observed. In order to prove the data we 
employed another model system, Rat1MycERcells, with inducible 
expression of Hsp70 and of c-Myc. It was found that apoptosis induced by 
camptothecin and sodium butyrate and mediated by active MycER was 
efficiently and dose-dependently suppressed by Hsp70. Taken together, 
our results led us to conclusion that Hsp70 might act as a complement to 
Myc-driven oncogenesis.  
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We studied the effect of quercetin, natural flavonoid, on apoptosis and 
necrosis induction in neuroblastoma cell line and the culture of neurons. 
Quercetin induced apoptosis and necrosis in both studied cell lines, 
whereas neurons were much more sensitive to cell death upon quercetin 
treatment. The number of apoptotic, as well as necrotic cells was 3-6 
times higher in neurons than in neuroblastoma cells.  
We also investigated the effect of quercetin on the level of Hsp72 and 
Hsp27 expression in neuroblastoma cells and neurons. It is worth to note, 
that no Hsp72 expression was observed in neurons. Quercetin appeared to 
be a good inhibitor of Hsp27 expression in neuroblastoma cells and in 
neurons and Hsp72 in cancer cells. Inhibition of Hsp72 and Hsp27 
expression by specific antisense oligonucleotides in neuroblastoma cells 
made the cells more vulnerable for apoptosis induction after quercetin 
treatment. The number of apoptotic cells was comparable with results 
observed in neurons after incubation with flavonoid.  
Quercetin changed the localization of Hsp27 in cancer cells. Direct 
correlation between drug concentration and gradual migration of protein 
from cytoplasm to the nucleus was observed. Quercetin had no effect on 
localization of Hsp72 in neuroblastoma and Hsp27 in neurons, where 
proteins were observed in nuclei. 
Our results indicate that sensitivity of neuroblastoma cells and neurons to 
quercetin induced apoptosis depends on the level of Hsp72 and Hsp27 
expression.  
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Despite years of study, ovarian cancer remains one of the leading causes 
of cancer death in women. Primary ovarian carcinomas exhibit 
mitochondrial dysfunction of apoptosis in ~70% cases. Taxol, the first-line 
ovarian therapy drug, induces apoptosis in SKOV3 cell line and primary 
human ovarian carcinoma cells. We reported previously that taxol-induced 
apoptosis in these cells does not include activation of caspase-9 and 
caspase-3 (Ofir et al, 2002.Cell Death Diff 9,636-642). Recently, we 
showed that taxol-induced apoptosis is associated with procaspase-7 
processing in ovarian cancer cells. Molecular chaperone Hsp90 could 
directly inhibit apoptosome formation and caspase-9 and -3 activation, 
and its elevated expression was found in ovarian cancers. Using the 
specific Hsp90 inhibitor Novobiocin in combination with Taxol on SKOV3 
cells, we observed the processing of caspase-3, however, synergistic 
effect of drug combination on apoptosis rate was insignificant. Primary 
ovarian carcinoma cells isolated from ascites of patients exhibited different 
sensitivity to taxol. Processing of caspase-7 was observed in “taxol-
sensitive” primary cultures, whereas no processed caspase-7 has been 
found in “taxol-resistant” primary cultures. In accordance to the lack of 
caspase-7 cleavage, viability of "resistant" cells was not affected by taxol. 
However, processing of caspase-7 and decreased cell viability were 
observed under Novobiocin treatment in “taxol-resistant” primary 
cultures. Altogether, our results demonstrate that an inhibition of Hsp90 
sensitizes ovarian cancer cells to drug treatment, and that the processing 
of caspase-7 could be a marker for in vitro testing of susceptibility to 
chemotherapy. 
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Doxorubicin (DOX) is the anthracycline with the widest spectrum of 
antitumor activity, but its clinical effectiveness is limited by the 
development of multidrug resistance (MDR). The phenomenon of MDR in 



cancer cells is mainly associated with overexpression of P-glycoprotein (P-
gp) leading to increased efflux of anticancer drugs and down-regulation of 
apoptosis. The p38 and p44/42 signaling pathways were shown to play 
pro-apoptotic roles in DOX-induced apoptosis. The cross-talk between 
MAPK and P-gp pathways in cancer cells is still poorly understood. We 
aimed to investigate whether the MAPK pathways are involved in P-gp 
activation and whether their modification can regulate P-gp and DOX-
induced apoptosis in Hep3B cells. The p38 and p44/42 cascades in cells 
exposed or not to DOX (5 mM) were selectively inhibited by SB202190 
(SB, 0.1-30 µM) and PD98059 (PD, 10 and 30 µM) respectively. Viability, 
cell cycle distribution, P-gp activity and content were studied. Both SB and 
PD strongly stimulated P-gp function as was demonstrated by the 
Rhodamine-123 efflux assay. Western blot revealed the increase of P-gp 
expression in cells treated either p38 or p44/42 inhibitors.  Combining SB 
or PD with DOX inhibited apoptosis and increased cell viability. In 
conclusion, the selective inhibitors SB202190 and PD98059 activate P-gp 
in Hep3B cells. MAPK pathways p38 and p44/42 can regulate P-gp 
transporter in cancer cells and modify the cellular response to 
chemotherapy.  
This work was supported by the Dan David Foundation and the Kamea 
Fund. 
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The HtrA family of serine proteases takes part in cellular stress response 
including heat shock, inflammation and cancer. Down-regulation of human 
HtrA1 and HtrA3 genes has been reported in some cancers, suggesting 
tumor-suppressor role for both genes. An evidence exists showing that 
both HtrA1 and HtrA3 regulate biological processes by modulating TGFβ 
signaling. HtrA2 is a unique HtrA family member playing proapoptotic 
functions. In the present study expression of human HtrA1, HtrA2, HtrA3 
and TGF-β1 genes in ovarian and endometrial cancers was examined by 
semi-quantitative RT-PCR and Western blotting methods. Analyses were 
carried out on 98 ovarian and 123 endometrial tissue specimens, including 
tumors and healthy controls. Our results showed statistically significant 
decrease of HtrA1 and HtrA3 expression in ovarian and endometrial 



tumors comparing to normal tissues. For the ovarian tumors, we have 
found decrease of expression of the HtrA1 and HtrA3 genes in all tested 
tumor groups including the benign, borderline, malignant and Krukenberg 
tumors. In the case of HtrA3, the decrease was dramatic both at the 
mRNA and protein levels; we did not find detectable HtrA3 protein in 
about 38% of ovarian and 20% of endometrial tumors. Our results 
showed a slight decrease in HtrA2 expression in the examined tumor 
tissues. Moreover, our results showed significant negative correlation 
between HtrA1 and HtrA3, and TGF-β1 relative protein levels in 
endometrial tissues, suggesting inhibition of TGF-β1 signaling by HtrAs in 
endometrial cancer. Our results are in agreement with previous reports 
showing downregulation of HtrA1 and HtrA3 genes’ expression in cancers 
and show additional data on correlation between tumor type and HtrA 
expression. This is the first report showing correlation between TGF-β1 
and HtrA proteins’ levels in endometrial cancer. 
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Breast cancer metastasis is the major cause of morbidity and mortality 
amongst patients. To identify novel mediators of breast cancer metastasis 
we have identified clones of the human breast cancer cell line, MDA-MB-
231, that have differential migratory and metastatic propensities. Gene 
array analysis identified an increased expression of several HSF-1 target 
genes in clones possessing a high migratory and metastatic ability. Gene 
expression data mining of cohorts of breast cancer patient specimens 
identified HSF-1 to be positively correlated to increased metastatic burden 
and decreased survival. Therefore, to investigate the role of HSF-1 in 
breast cancer we stably transfected MDA-MB-231 cells with wild-type HSF-
1 (HSF-1WT) and a dominant negative mutant form (HSF-1DN). 
Characterization of these cells revealed that inhibition of HSF-1 function 
rather than its expression per se substantially inhibited anchorage-
independent growth. In addition to this growth effect, HSF-1 was also 
identified to be fundamental in the migratory response of the cells towards 
a number of growth factors, including EGF and IGF-I. Moreover, use of 
known HSF-1 inhibitors, KNK437 and quercetin, resulted in a potent 
inhibition of migration. Examination of cell signalling pathways previously 
described as vital to the migratory behaviour of these cells identified 



PLCγ1 as being downregulated by HSF-1 inhibition, suggesting an 
important interplay between these molecules. Therefore, these findings 
describe for the first time a direct role of HSF-1 in tumour cell migration 
and identify a novel role for HSF-1 in the metastatic cascade. As such, 
HSF-1 may represent a potential therapeutic target in breast cancer 
metastasis.  
 

 
 
6B_10_P 
 
UPR ACTIVATION IN THE HUMAN GASTRIC ADENOCARCINOMA 
CELL LINE AGS ENHANCES RESISTANCE TO THE COMMONLY USED 
ANTI CANCER AGENTS CISPLATIN, DOXORUBICIN AND 5-
FLUROURACIL. 
 
Scriven P, Ritchie J, Wyld L 
 
Academic Surgical Oncology, University of Sheffield, Royal Hallamshire 
Hospital, Sheffield, United Kingdom.  p.scriven@sheffield.ac.uk 
 
Physiological stress such as glucose deprivation adversely impacts on 
protein folding within the ER and via recruitment of chaperone proteins 
such as GRP78 activates a signal cascade known as the Unfolded Protein 
Response (UPR).  This mechanism is cytoprotective if the stressor is mild 
or of short duration, if stress is severe or prolonged then the UPR can 
initiate apoptosis.  The UPR is activated in many solid tumours and has 
been shown to affect chemosensitivity, specifically increasing resistance to 
topoisomerase II inhibitors such as doxorubicin whilst possibly enhancing 
susceptibility to DNA cross linking agents such as cisplatin.  By depriving 
the AGS cell line of glucose our group was able to induce UPR activation as 
demonstrated by a rise in GRP78 levels on Western Blotting after 24hours 
of culture in media containing 0.5mmol and 0.2mmol glucose (compared 
to 11mmol in standard culture).  The sensitivity of UPR activated AGS was 
compared against a standard control for predetermined IC50 doses of the 
commonly utilised anti cancer agents Cisplatin, Doxorubicin and 5-
Flurouracil.  Toxicity  was determined by MTT assay relative to an 
untreated control group for each glucose concentration.  Relative to 
standard 11mmol glucose conditions AGS cells cultured in 0.5 and 
0.2mmol showed a statistically significant increase in survival (p<0.05) 
when exposed to IC50 doses of doxorubicin, cisplatin and 5-Flurouracil.  
These findings suggest a link between the glucose deprived tumour 
microenvironment and resistance to current clinical chemotherapy 
regimes. UPR activation may become an important marker for targeting 
chemotherapy regimes appropriately. 
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The Hsp70 family of heat stress proteins can be regulated by a group of 
proteins collectively known as cochaperones.  HspBP1 is a cochaperone 
with nucleotide exchange activity that binds to and regulates Hsp70.  
Hsp70 is elevated in numerous types of cancer cells and has anti-
apoptotic activity.  Data from this laboratory has shown that HspBP1 
levels are also elevated in a variety of cancer types and therefore the 
HspBP1 to Hsp70 ratio remained constant.  HspBP1 and HspBP1 mutants 
were over expressed in a cancer cell line to determine if increasing the 
HspBP1 to Hsp70 ratio would alter cell growth and tumor formation.   
Increased expression of HspBP1 (approximately 3-4 fold) did not alter cell 
proliferation, cell growth at low densities, cell cycle parameters, apoptosis, 
or cell migration.   However, injection of these cells into SCID mice 
resulted in a lag period before tumor growth and smaller tumors 
compared to controls.  These results suggest that HspBP1 can alter the 
tumor host interaction.  One possible alteration is a suppression of 
vascular endothelial growth factor (VEGF) secretion by the tumor cells.  
Measurement of VEGF secretion revealed that over expression of HspBP1 
did not alter secretion rates.  Therefore, HspBP1 can alter tumor growth in 
mice but the mechanism is unknown.  Understanding how HspBP1 alters 
tumor cell growth will provide new information that can be used to 
develop novel therapies for tumor treatment.         
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Lead acetate [Pb(II)] exhibits weak genotoxicity in mammalian cells due 
in part to the enhanced nucleotide excision repair mediated through ERK 
activation. However, the ERK upstream signaling linking to Pb(II) weak 
genotoxicity remains unknown. Here we report the essential signaling 
transducers for ERK activation that prevent Pb(II) cytotoxicity and 
mutagenicity in human non-small cell lung adenocarcinoma CL3 cells. 
Pb(II) stimulated the membrane localization associated PKCα activation, 
the dissociation of Raf kinase inhibitory protein from Raf-1, and the 
phosphorylation of Raf-1 on S338. The Pb(II)-induced phospho-Raf-
1(S338) were markedly decreased by forced expression of a dominant-
negative Ras. Pre-treatment with Gö6976 (a conventional PKC inhibitor) 
or introducing PKCα small interfering RNA (siPKCα) blocked the Raf/ERK 
activation and significantly increased the cytotoxicity and the hprt 
mutation frequency in Pb(II)-exposed cells. PD153035 (an EGFR inhibitor) 
or SU6656 (a Src family inhibitor) but not AG1296 (a PDGFR inhibitor) 
suppressed the Pb(II)-induced activation of tyrosine kinases and PKCα, 
and phospho-Raf-1(S338) levels. Pb(II) sequentially induced the 
autophosphorylation of EGFR on Y1173 and Src on Y419. Thus, the PKCα 
participates in the EGFR/Src/Ras/Raf/ERK signaling cascade and avoids 
cell death and genomic alteration during Pb(II) exposure. 
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Epidemiological, animal and cell culture studies indicate an inverse 
association between long chain omega-3 fatty acids and growth of cancers 
such as breast, prostate and colon. We have previously shown that 
docosahexaenoic acid (DHA) induces growth arrest in different colon 
cancer cell lines, but little information regarding the molecular 
mechanisms exists. Microarray analysis has revealed that DHA induces 
cellular stress, and that activation of the endoplasmic reticulum (ER) 



stress pathway may be one mechanism leading to growth arrest. The 
main functions of ER are regulation of calcium homeostasis, protein 
folding and processing, and lipid synthesis. Disturbances in any of these 
functions may lead to ER stress. We have observed an accumulation of 
cholesteryl esters in our cell lines after DHA treatment, but only slight 
increases in total cholesterol levels. In addition we observe increased 
protein levels of HMG-CoA reductase, the rate limiting enzyme in 
cholesterol biosynthesis, and nSREBP2, the main regulator of genes 
involved in cholesterol synthesis and uptake. This indicates a cellular 
demand for cholesterol. Previously we have observed that treatment with 
DHA leads to an accumulation of cells in G2/M phase of the cell cycle. 
Progression through G2/M phase is cholesterol-dependent and cholesterol 
depletion will lead to inactivation of CDK1, downregulation of cyclin B1, 
and G2/M arrest. In addition activation of ER stress may lead to cell cycle 
arrest by depletion of cyclin D1. The aim of this study is to investigate the 
mechanisms by which DHA affects cholesterol homeostasis, induces cell 
cycle arrest and ER stress, and the possible link between these events.  
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A major drawback to chemotherapeutic agent doxorubicin is cardiac 
toxicity. To understand the signal transduction pathways activated in 
doxorubicin cardiac toxicity, and the potent synergic effect seen when 
doxorubicin is combined with anti-ErbB2 (trastuzumab), we developed an 
in vivo rat model that exhibits progressive dose-dependent cardiac 
damage and loss of cardiac function after doxorubicin treatment.  The 
hearts of these animals respond to doxorubicin damage by increasing 
levels of ErbB2 and the ErbB family ligand, NRG1β, and by activating the 
downstream Akt signaling pathway.  These increases in ErbB2 protein 
levels are not due to increased ErbB2 mRNA, however, suggesting post-
transcriptional mechanisms for regulating this protein in the heart. 
Accordingly, levels of HSP90, a known ErbB2 protein stabilizer and 
chaperone, are increased by doxorubicin treatment and co-
immunoprecipitation reveals binding of HSP90 to ErbB2.  Isolated 
cardiomyocytes are more susceptible to doxorubicin after treatment with 
HSP90 inhibitor, 17AAG, suggesting that the HSP90 is protective during 



doxorubicin treatment. Thus, our results provide one plausible mechanism 
for the susceptibility of the heart to anti-ErbB2 therapy post-doxorubicin 
therapy in subclinical and clinical conditions. Additionally, these results 
have lead us to further investigate the biology of HSP90 inhibition in the 
heart under various conditions. These isolated heart studies will also be 
included in this presentation.  
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The objectives of the study were to explore the effect of brief academic 
stress on anti Hsp70 and cortisol in serum and saliva and on psychological 
indicators; and to examine the associations between psycho-biological 
indicators. A brief academic stress of venopuncture and blood withdrawal 
was chosen as a model for measuring transient mood, endocrine and cell 
chaperone changes. The study population consisted of 28 healthy 
students, practicing venopuncture as part of their curricular activity.  Sera 
and saliva were collected and analyzed for the existence of anti Hsp70 and 
cortisol using an anti-human Hsp70 (IgG/A/M) and cortisol ELISA Kits and 
following the manufacture’s instructions. Pencil and paper questionnaires 
were administered before (t1) and after (t2) venopuncture and saliva 
donation. Cortisol and anti Hsp70 antibodies were detected in serum and 
saliva among all participants. Additionally, a change in some psychological 
indicators between t1 and t2 took place. Anti Hsp70 in serum was 
positively correlated with anxiety (t2) (r=0.47, p≤0.05) and with anger at 
t2 ((r=0.54, p≤0.05). Cortisol in serum was negatively correlated with 
vigor (t1: r=-0.44, t2: r=-0.48, p≤0.05).  
In conclusion, a brief stress activates endocrine and cell chaperone system 
in serum and saliva, which is rarely studied in Hsps context. However 
associations with psychological variables were detected only in the serum.  
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Escherichia coli DnaJ (Hsp40) heat shock protein is suspected to 
participate in pathogenesis of rheumatoid arthritis (RA) in humans by an 
autoimmune process. We have found previously, using ELISA assay, that 
reaction of the RA patients sera with DnaJ protein and with its human 
homolog HDJ-2 (produced in bacteria) was at least 2-fold and 5-fold 
stronger, respectively, than the reaction of the control group, and there 
was a strong positive correlation between the immune response to DnaJ 
protein and HDJ-2  in RA. Therefore it is possible that in  RA the immune 
response directed against the bacterial protein could cross-react with the 
human homologous protein. In this study, similar results were obtained 
when the HDJ-2 protein produced in insect cells (and therefore modified 
by farnezylation at the C-terminal end)  was used as an antigen. These 
results confirmed previous findings and indicated also that antigenic 
properties of  HDJ-2 did not change significantly upon farnezylation. We 
have assayed antibody levels against the N-terminal fragment of HDJ-2 
encompassing the “J” domain, and against its C-terminal domain. The  
humoral response against the C-terminal domain was significantly 
increased in the RA patients compared to controls, and this response 
correlated very well with the anti-DnaJ response. The anti-DnaJ 
monoclonal antibodies  recognizing the C-terminal domain of DnaJ reacted 
very efficiently with the human HDJ-2, indicating that the C-terminal part 
of HDJ-2 is immunologically similar to its counterpart of DnaJ. These 
results support a hypothesis that human HDJ-2 may function as an 
autoantigen in RA and suggest that the C-terminal part of  HDJ-2 plays an 
important role in this process. 
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T cells specific for bacterial Hsp’s and cross-reactive with self are involved 
in regulation of chronic inflammatory diseases. In the present study we 



investigated the effect of nasal administration of mycobacterial Hsp70 and 
cross-reactive peptides on proteoglycan induced arthritis, a mouse model 
for rheumatoid arthritis. Arthritis was induced in Balb/c mice by i.p. 
immunisation with human proteoglycan (hPG), on day 0 and 21. Nasal 
treatment with mycob. Hsp70 or peptides was done on day -7, -5 and -3. 
Mice were sacrificed 3.5 weeks after development of arthritis and 
splenocytes were stimulated with Hsp70 and PG, and proliferation, 
cytokine production and mRNA expression were analysed. Intranasal 
administration of mycobacterial HspP70 led to a delayed onset of arthritis 
after which the mice developed less severe arthritis than control mice 
receiving PBS intranasally. The maximum mean arthritis score was 
significantly (p=0.026) lower in Hsp70 treated mice (3.8±3.3) compared 
to control mice (9.4±2.6). RT- PCR analysis showed that intranasal 
administration of Hsp70 led to reduced pro-inflammatory cytokine mRNA 
expression and augmented IL-10 mRNA expression. CD4 mRNA 
expression was decreased in the joints of Hsp70 treated mice, indicating a 
reduced (pathogenic) CD4+ T-cell influx in the joint. Similar treatments 
with mycob. Hsp70 peptides comprising cross-reactive T cell inducing 
epitopes also ameliorated disease development. Thus, intranasal 
administration of mycob. Hsp70 induces a protective immune response in 
the model of PGIA. In addition, we identified Hsp70 peptides capable of 
inducing regulatory T cells that can inhibit experimentally induced 
arthritis. 
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The autoimmune hypothesis of atherogenesis postulates that preexisting 
cellular and humoral immunity to either microbial heat shock protein 60 
(HSP60) or bona fide autoimmunity to biochemically altered autologous 
HSP60 leads to an attack on stressed arterial endothelial cells (ECs). We 
have shown in various animal models with spontaneously occurring 
autoimmune diseases that two essential sets of genes have to be present 
for an autoimmune disease to develop, i.e. genes that code for 
autoimmune reactivity of the immune system and genes that are 
responsible for target organ susceptibility. In the case of atherosclerosis, 
the arterial ECs express HSP60 that is also transported to the cell surface 
after being subjected to classical atherosclerosis risk-factors. We have 



shown the HSP60-inducing effect of most of these risk-factors, including 
mechanical stress (hypertension), oxygen radicals, oxidized low-density 
lipoproteins (oxLDL), proinflammatory cytokines (TNFα), and cigarette 
smoke constituents. Exposure to these classical atherosclerosis risk-
factors entail the simultaneous expression of HSP60 and various adhesion 
molecules (ICAM-1, VCAM-1, P-selectin). Due to their lifelong mechanical 
pre-stress by the arterial blood pressure, arterial ECs have a lower 
threshold for the HSP60 inducing effect of atherosclerosis risk-factors as 
compared to venous ECs. However, when veins are subjected to arterial 
blood flow conditions, e.g. after arterial-venous bypass operations, HSP60 
expression and intimal infiltration with mononuclear cells with subsequent 
restenosis occurs similar to the pathogenetic events in classical 
atherosclerosis. 
 
This work was funded by the European Union MOLSTROKE (Molecular 
basis of vascular events leading to thrombotic stroke) project (LSHM-CT-
2004-005206) and the European Vascular Genomics Network (EVGN) 
(LSHM-CT-2003-503254)  
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Several stresses are known to induce an increased generation of 
peroxynitrite, which is able to nitrate specific cellular and plasma proteins 
on tyrosines among which albumin. A recent study by Groenendaal et al. 
showed a strong increase of nitrotyrosine immunostaining in the brains of 
neonates deceased from perinatal asphyxia, indicating the occurrence of 
an important nitrative stress. Similarly, neonatal hypoglycemia has been 
shown to induce nitrotyrosine generation in the brain of animal models. In 
order to investigate the occurrence of nitrative stress in clinical practice, 
we have developed a novel sandwich ELISA allowing the quantitative 
determination of nitrated albumin (nitralbumin) in human plasma as a 
biological marker of peroxynitrite generation.  



In a currently ongoing study on nitrative stress in human newborns (n = 
194), we investigated the plasma nitralbumin concentrations in neonates 
who suffered perpartal asphyxia or neonatal hypoglycemia. Plasma was 
prepared from arterial blood obtained during the first hour of life and 
venous blood at day 1 and day 4 of life.   
We found a significant increase (p < 0.05) in the nitralbumin 
concentration at day 1 in children who developed a post-asphyxial 
moderate or severe neonatal encephalopathy. Newborns who had a 
normal evolution or who developed a mild neonatal encephalopathy had 
nitralbumin levels similar to matched controls. Nitralbumin levels were 
normalized at day 4. 
There also was a significant (p = 0.05) inverse correlation between 
glycemia and nitralbumin levels in preterm neonates (n = 51). After 
exclusion of neonates suffering from concurrent pathologies or 
confounding factors (IUGR, RDS, gestational diabetes) significance 
increased to p < 0.005. This correlation was found both in arterial blood 
obtained during the first hour of life and in venous blood obtained at day 
1, indicating that nitrative stress is an early but sustained response to 
hypoglycemia. Nitralbumin levels were normalized at day 4.  Subdivision 
of this cohort into subgroups according to glycemia, i.e. < 1.4, 1.4 - 2.4 
and ≥ 2.5 mmol/L, further confirmed the statistical significance of the 
inverse correlation with nitralbumin levels. 
Our data indicate the occurrence of nitrative stress in newborns exposed 
to perpartal asphyxia and preterm neonates suffering from moderate to 
severe hypoglycemia. These observations are in agreement with the 
increased tyrosine nitration observed in brains in post-mortem studies of 
asphyxiated human and hypoglycaemic animal neonates.  These latter 
studies indicate that nitrative stress carries a serious risk of potential end-
organ damage due to protein and lipid nitration. Our findings indicate that 
the determination of plasma nitralbumine levels with the ELISA we 
developed is a reliable way of assessing nitrative stress in clinical practice 
and might therefore have a prognostic value for the medium- and long 
term outcome of asphyxiated and preterm hypoglycaemic newborns. 
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Atheroesclerosis is a chronic inflammatory disease: cells involved are 
monocytes, macrophages, and T lymphocytes. Neutrophil 
polymorphonuclear leukocytes (PMNs) are also pathogenic releasing 
myeloperoxidase tightly linked to atherosclerosis and cardiovascular 
disease. Candidate molecules/autoantigens proposed include members of 
the Heat Shock Proteins (HSPs). Polymorphisms of the hsp72 gene 
regulator regions, could account for different sensitivities for the 
development of cardiovascular disease. Epidemiological study of these 
polymorphisms and its possible correlation with morbi-mortality of 
population, may lead to identify efficient tools to be used  as biomarkers. 
92 ♀ (age 49,01 ± 0.68) and 106 ♂ (48,05 ± 0,66) were included 
randomly.  Molecular study of promoter and flanking sequence of hsp72 
gene (NT_007592) in PMNs, PMNs[HSP72] and circulating HSP72 were 
performed. Statistical analysis: Mann-Whitney’s U-test, and ANOVA one-
way. Results: Subjects were divided into 3 groups: G0 without vascular 
risk factors [n=113 (54 men, 59 women)]; G1 with moderate risk factors 
(10%), without illness [n=55 (32 men, 23 women)]; and G2 with evident 
AT disease [n= 30 (19 men, 11 women)].Three SNPs were detected: -
325A→C,-95T→C and -27G→C. SNP -325: 71 subjects (35,9%) were wild 
type (AA), 99 heterozygotes (46,5%) (AC), and 35 (17,7%) homozygotes 
(CC). Homozygotes had the highest [HSP72]i in G2 (p= 0,038 Anova). 
SNP -27 was co-expressed with -325 in 98,49% of total cases (73 WT, 93 
HT, 32 HM).In the same way with SNP –325, CC phenotypes presents 
significant highest [HSP72]i in G2.  SNP -95 was only detected in 
heterozygosis in 20 subjects (10.1%) and it was related to lowest 
[HSP72]i in AT (p=0,052, Anova), and to maximal levels in patients with 
vascular risk factors. With respect to circulating HSP72, the lowest levels 
belonged to G2 (p= 0,94), independently of the phenotype for any of the 
SNPs. Conclusions: in  our study, SNPs -325 and –27 were related in 
their homozygote form, with highest [HSP7]i, which has been proved 
previously to be antinmflamatory, and in consequence, protective of AT 
development and progression.  Heterozygosis of –95 may be 
cardiovascular protective, but when AT is yet established,  results in an 
additional vascular risk factor of AT disease. Grants from FIS 03/1308 and 
FMM. 
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Advanced glycation end-products (AGEs) are involved in the pathogenesis 
of aging and correlated degenerative pathologies, such as diabetic and 
uremic complications, atherosclerosis and amyloidosis. The aim of the 
present study was to reproduce those physiopathological conditions that 
precede the clinical aspects of diabetes or other aging-related diseases 
and resulted only in mild symptoms such as less appreciable levels of AGE 
products (i.e. pentosidine).  Oxidative stress-related parameters were 
nalysed  in J774A.1 murine macrophage cells during chronic exposure (7 
days) to subtoxic concentration of AGE (5% ribose-glycated serum, GS) 
and  subsequently for 48 hours to higher dose (10%GS).   To assess the 
effects of exposure under the different experimental conditions, we 
analyzed both the cytotoxic and oxidative/glycoxidative effects of cellular 
damage.  
No effects on cell viability were evidenced in either experimental 
condition. During chronic treatment, glycative markers (free and bound 
pentosidine) increased significantly in intra- and extra-cellular 
environments, but the production and release of thiobarbituric acid 
reactive substances (TBARs), as index of lipid peroxidation, underwent a 
time-dependent decrease. Exposure to 10% GS, evidenced that glycative 
markers rose further while TBARs elicited a cellular defence against 
oxidative stress. Non-adapted cultures showed an accumulation of AGEs, a 
marked oxidative stress and a loss of viability. During 10% GS exposure, 
GSH levels in adapted cultures remained constant, as did GSSG/GSH 
ratio, while non-adapted cells showed a markedly increased redox ratio. A 
constant increase of HSP70 mRNA was observed in all experimental 
conditions. On the contrary HSP70 protein expression became 
undetectable for longer exposure time; this could be due to the direct 
involvement of HSP70 in the refolding of damaged proteins.  The 
increased levels of Cu/Zn SOD protein and mRNA expressions observed 
during chronic exposure, was followed by a marked decrease after 
subsequent 48 hours 10%GS exposure. MnSOD protein and mRNA 
expressions resulted not affected in all experimental conditions. Our 
findings suggest an adaptive response of macrophages to subtoxic doses 
of AGE, which could constitute an important factor in the spread of 
damage to other cellular types during aging. 
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This study investigated the effect of chronic crowding stress on 
metabolism and cardiovascular functions in normotensive WKY and 
spontaneously hypertensive (SHR) rats. Adult males were exposed to 8-
week crowding (5 rats/cage, 200 cm2/rat).  Controls were kept 4 
rats/cage (480 cm2/rat). Blood pressure (BP) was determined by tail-cuff 
method. Basal BP of WKY and SHR was 110+/-2 and 180+/-5 mm Hg, 
respectively and  crowding significantly elevated BP only in SHR. No 
phenotype-related alterations in plasma corticosterone (pCort) were 
observed in controls. Crowding significantly elevated pCort and reduced 
blood glucose levels, similarly in both phenotypes. Crowding increased 
activation (Thr202/Tyr204 phosphorylation) of extracellular-signal 
regulated protein kinases in the heart of both WKY and SHR, suggesting 
involvement and similar role of this pathway in responses to crowding 
stress in both phenotypes. However, phenotype-related differences were 
observed in cardiovascular responses to stress. Crowding reduced NO 
production in the heart and aorta of SHR and reduced acetylcholine-
induced vasorelaxation of the femoral artery. On the other hand, crowding 
elevated NO production in the aorta of WKY, without changes in the heart, 
and improved vasorelaxation of the femoral artery. In conclusion, chronic 
crowding stress evoked similar metabolic changes in both phenotypes of 
rats while NO production and endothelium-dependent vasorelaxation were 
affected differently in WKY and SHR. This suggest impaired cardiovascular 
adaptation to stress in SHR. Supported by APVV-51-018004 and VEGA SR 
Nos. 2/7064/27. 
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Introduction: By the means of spectral analysis of heart rate, the activity 
in the autonomous nervous system can be expressed as Heart Rate 
Variability, HRV. Low Total Power, TP (total variance in HRV, ms2) and low 
High Frequency power, HF (0,18-0,4Hz), the latter known to mirror vagal 
tone, is associated with higher cardiovascular morbidity. 
Aim: To analyse associations between TP, HF and HbA1c. 
Methods: The study included seventy-four healthy non-diabetic 
participants (50 women, 24 men, mean age 49 years). Levels of HbA1c 



were obtained in 1998 and 2002. In 2002 ECG during the 45 minutes 
clinical examination were analysed and spectral analysis carried out. 
LogTP, logHF and logHF /TP were used as dependent variables.  The 
analyses were carried out by means of general linear models, repeated 
measurements (9 levels of 5 minutes), separately for each gender using 
HbA1c in 1998, 2002 and expressed as change between 1998 and 2002 as 
the independent variable, one at a time. Results were adjusted for age 
and time of examination.   
Results: HbA1c in 1998 was only weakly associated with HRV in 2002. 
HbA1c in 2002 and expressed as change (2002-1998) were significantly 
associated with HRV, i.e. high HbA1c and high change were associated 
with low HRV, most pronounced in men.  
Conclusions: Increase in HbA1c and actual level of HbA1c was strongly 
associated with HRV, in non-diabetic women and men. This indicates that 
the increased cardiovascular risk accompanying insulin resistance may be 
caused by low HRV.  
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It is well accepted that the cardiovascular performance is improved by 
chronic exercise and hampered by stress. However, the detailed 
mechanisms remain unclear. Wistar rats were divided into sedentary 
control and chronic exercise groups; the latter were trained on a treadmill 
for 8 weeks. Rats from either group were exposed to restraint stress and 
their heart rate (HR), mean blood pressure (mBP) and pulse pressure (PP) 
were monitored by telemetric measurements under conscious conditions. 
Moreover, we quantified the acetylcholine-evoked endothelial calcium 
signaling and the heat shock protein 72 (HSP72) expression in isolated 
aortic segments. In general, acute stress induced rapid elevations in HR, 
mBP and PP, which were partially recovered during 1 hr of stress period. 
However, these parameters did not fully return to resting levels even after 
1 hr of post-stress resting. In addition, stress also suppressed endothelial 
calcium signaling and caused elevated HSP72 expression in aortas. 
Comparing with sedentary controls, exercise-trained rats showed i) 
enhanced PP along with reduced HR and mBP at rest and during stress, ii) 
faster recovery of these parameters during post-stress period, iii) faster 
adaptation due to repeated stress, iv) minimal stress-suppressed 



endothelial calcium signaling, and v) augmented stress-induced HSP72 
expression. Taken together, exercise training made the cardiovascular 
system more resistant to stress partially by reducing the stress-induced 
adverse effects and enhancing the stress-induced protective effects in 
vessels. 
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Fatty acids (FA) overload can alter leukocyte functions in dairy ruminants. 
Alfa1-acid glycoprotein (AGP) may function as a binding protein for 
hydrophobic molecules. Periparturient cows often experience a 
concomitant increase of plasma FA and AGP. This study was aimed to 
assess proliferative response of bovine peripheral blood mononuclear cells 
(PBMC) cultured in the presence of various concentrations of FA and AGP. 
Nine pregnant Holstein heifers were utilized as blood donors. PBMC were 
incubated with a mixture of FA reflecting composition of bovine plasma 
FA, and at concentrations mimicking those of cows undergoing various 
degree of lipomobilization (500, 250, 125 e 62.5 µmol/l). AGP was purified 
from bovine plasma and added to PBMC culture at concentrations, which 
reflected those found in physiological conditions or during the systemic 
reaction to inflammation (0.3 and 1.5 mg/ml, respectively). Concanavalin 
A and pokeweed mitogen (PWM) were utilized as mitogens. PBMC 
proliferation was assessed by measuring the 5-bromo-2'-deoxyuridine 
incorporated during DNA synthesis. The highest concentrations of FA 
significantly impaired proliferative response of PBMC to both mitogens. In 
PWM-stimulated PBMC only, the addition of 1.5 mg/ml AGP attenuated to 
a significant extent the negative effects of FA overload on PBMC 
proliferation. Present results suggest that under conditions of intense 
lipomobilization, levels of AGP mimicking those observed during the 
systemic reaction to inflammation may at least partially attenuate the 
negative effects of FA overload on leukocyte functions. 
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TREATMENT WITH SODIUM PENTOSAN POLIYSULFATE 
AMELIORATES MORPHOLOGICAL RENAL ALTERATION AND 
ALBUMINURIA IN DIABETIC RATS 
 
1Mathison Y, 2Finol H.J, 1Quero Z, 2Mayora S. 
 

1Schools of Medicine J.M. Vargas and 2Center of Electron Microscopy, 
School of Science, Central University of Venezuela. 
email:yaira57@yahoo.com 
 
Decrease levels of glycosaminoglycans (GAGs) have been observed in 
kidney and other organs, in human and animal models of diabetes. Long 
term administration of heparins and other glycosamonoglycans have 
demonstrated a beneficial effect on morphological and functional renal 
abnormalities in diabetic rats. We assessed the effect of sodium pentosan 
polysulfate (SPP), a semi-synthetic orally active glycosaminoglycan with 
low anticoagulant activity, on renal involvement in streptozotocin diabetic 
rats. Diabetes was induced in male Sprague-Dawley rats by i.v. 
administration of streptozotocin (STZ). Animals were randomly allocated 
in three groups: C=control, STZ and STZ+SPP= pretreated with SPP 
(15mg/kg, s.c.). After three months of follow-up, blood and 24h-urine 
samples were obtained and than the animals were sacrificed and the 
kidney microdissected for morphometric analysis. Urinary albumin 
excretion was markedly increased in untreated diabetic rats (C= 0,26± 
0,03 vs. STZ= 7,75±1,8 mg/24h) and SPP treatment partially prevented 
the albumin rise (3,7±0,7 mg/24h), without affecting the metabolic 
control HbA1c (C=3,6±1,7; STZ=8,82±0,47; STZ+PPSNa= 8,63 ± 0,54). 
Electron microscope observation revealed typical renal lesions described in 
experimental diabetes (STZ group). SPP administration prevent the 
glomerular and tubular basement membrane thickening and the lost of 
cytoarchitecture induced by experimental diabetes. Our data 
demonstrated that long-term administration of SPP have a favorable effect 
on morphological and functional abnormalities in kidney of diabetic rats 
and suggests a potential therapeutic use of this compound. (Supported by 
CDCH P09-11-5102-2003). 
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ANGIOTENSIN II INHIBITS INSULIN-DEPENDENT GLUT4 
TRANSLOCATION AND AKT ACTIVATION THROUGH NITRATION IN 
SKELETAL MUSCLE 
 
Serge Bottari 
 



Hypoxo-ischemia is known to induce an increased generation of 
peroxynitrite, which is able to nitrate specific cellular and plasma proteins 
on tyrosines among which albumin. A recent study by Groenendaal et al. 
showed a strong increase of nitrotyrosine immunostaining in the brains of 
neonates deceased from perinatal asphyxia, indicating the occurence of an 
important nitrative stress. In order to investigate the occurrence of 
nitrative stress in clinical practice, we have developed a novel double-
sandwich ELISA allowing the quantitative determination of nitrated plasma 
albumin (nitralbumin) in human plasma as a biological marker of 
peroxynitrite generation. 
In a currently ongoing study on nitrative stress in human newborns (n = 
194), we investigated the plasma nitralbumin concentrations in neonates 
who suffered perpartal asphyxia. Plasma was prepared from arterial blood 
obtained during the first hour of life and venous blood at day 1 and day 4 
of life.   
We found a significant increase (p < 0.05) in the nitralbumin 
concentration at day 1 in children who developed a moderate or severe 
neonatal encephalopathy. Newborns who had a normal evolution or who 
developed a mild neonatal encephalopathy had nitralbumin levels similar 
to matched controls. Nitralbumin levels were normalized at day 4.    
Our data indicate the occurrence of nitrative stress in newborn exposed to 
perpartal asphyxia. Whereas we did not observe any measurable nitrative 
stress during the first hour of life it appears to become important during 
the next 24 hours and to disappear by day 4. These observations are in 
agreement with the tyrosine nitration observed in neonate brains in a 
post-mortem study and therefore indicate that nitrative stress carries a 
serious risk of potential end-organ damage due to protein and lipid 
nitration. They also indicate that the determination of plasma nitralbumine 
levels with the ELISA we developed is a reliable way of assessing nitrative 
stress in clinical practice. 
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EFFECTS OF FAT LOSS STRESS IN FAT CELLS 
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Recent years, obesity and the ensuing metabolic disorders such as 
hypertension, type 2 diabetes mellitus have become the severe healthcare 
problem in industrial nations. To cope with this problem, efforts such as 
behavior therapy, surgical intervention and pharmacologic treatment have 
been applied. Although weigh-reducing drugs, due to their fast effect, 
tend to be the most popular choice for people wishing to shed a few 
pounds of their body weight, it was found that there is a high frequency of 



weight regain 
and/or the loss of their effects on reducing weight. In fact, weight 
recurrence occurs frequently with all kinds of weight-reduction programs, 
especially with those that produce quick effects. Our evidences show that 
this phenomenon may be due to the cellular and physiological rescuing-
responses triggered by stress from the sudden loss of body weight/fat. We 
have used both cell and animal systems to study the slim-fast stress and 
its effects, and our findings indicate that the stressed fat cells are more 
active than those unstressed in gene expression, glucose uptake, protein 
synthesis and energy oxidation, etc. In simple words, the stressed cells 
have become more viable. Accordingly, this increased viability might form 
a driving force for cells to recover, even to exceed, rapidly their status 
before stress. The molecular mechanism underlying this rapid recovery 
was investigated, and the results will be discussed. 
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VASCULAR HYPOREACTIVITY IS NOT ASSOCIATED WITH 
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Sepsis is the systemic inflammatory stress induced by infection. In 
previous studies, the administration of lipopolysaccharide (LPS) to animals 
produces a sepsis-like syndrome stress, characterized by low blood 
pressure and vascular hyporeactivity to vasoconstrictor agents 
(norepinephrine, NE). The vascular hyporeactivity to vasoconstrictor 
agents, an important characterization of circulatory failure in septic shock, 
occurred at the late phase of sepsis. The present study was to compare 
vascular reactivity between survival and non-survival rats with endotoxic 
shock. Endotoxemic stress was induced by intravenous administration of 
LPS in male Wister rats. We measured resting membrane potential (RMP) 
and NE-induced tension in isolated thoracic aortas by electrophysiology 
and tension recording experiments. Our results revealed that hypotension, 
bradycardia, hypoglycemia and hypothermia were found in non-survival 
septic rats. However, the RMP and vascular reactivity to NE in aorta were 
not significant different between non-survival and survival septic rats. 
Thus, our results suggest that the mortality in LPS-induced stress was not 
associated with vascular hyporeactivity. Indeed, other mechanisms 
contributed to the mortality induced by LPS should be elucidated in future 
studies.  
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SESAMOL PROTECTS AGAINST FERRIC NITRILOTRIACETATE-
INDUCED OXIDATIVE STRESS IN ACUTE RENAL INJURY IN MICE 
 
Bu-Miin Huang1, Dur-Zong Hsu2, Chang-Hsin Wan2, and Ming-Yie Liu2 
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Occupational Health2, National Cheng Kung University Medical College, 
Tainan, Taiwan 
 
Ferric-nitrilotriacetate (Fe-NTA) has been reported to cause acute nephro-
toxicity in animals and in humans. The aim of this study was to examine 
the protective effects of sesamol on acute renal damage induced by Fe-
NTA in mice. Acute renal injury was induced by giving Fe-NTA to mice for 
24 h. Renal function was assessed by blood biochemistry, creatinine 
clearance, and histological examination. Free radicals were determined 
using a high-performance chemiluminescence analyzer. Fe-NTA (4 mg/kg) 
increased renal lipid peroxidation and induced acute renal injury. Sesamol 
(30 mg/kg) attenuated Fe-NTA-induced acute renal injury, decreased 
renal lipid peroxidation, reduced the generation of renal hydroxyl radical 
and superoxide anion, and inhibited the activity of xanthine oxidase in 
mice. Thus, sesamol might ameliorate oxidative-stress-associated-acute 
renal injury by inhibiting xanthine-oxidase-initiated superoxide anion 
generation, thereby reducing hydroxyl radical production, at least 
partially, in acutely iron-intoxicated mice. 
 
KEYWORDS—Ferric-nitrilotriacetate; acute renal injury, lipid peroxidation, 
oxygen free radicals, xanthine oxidase, sesamol 
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The overzealous production of proinflammatory cytokines in sepsis can 
result in shock, multiorgan dysfunction, and even death. Procalcitonin 



(PCT), a 14-kDa propeptide of calcitonin, is a circulating biomarker of 
bacterial infection but PCT itself has no known activity. Circulating levels 
of PCT and its free aminopetide N-procalcitonin (N-PCT), have been found 
dramatically increased in septic patients, and these rises are correlated 
with severity and mortality. Importantly, in sepsis, the levels of N-PCT 
may be even higher than the PCT values. In vitro studies suggest that N-
PCT may function as a factor suppressing the propagation of inflammation 
through the inhibition of several processes involved during a response to a 
bacterial stimulus.These findings together with N-PCT's sequence 
conservation during evolution, suggest that N-PCT has a critical, and as 
yet undefined, pathophysiological function. In this study, we assessed the 
role of N-PCT as a mediator of sepsis in endotoxin-challenged rats. 
Intraperitoneal administration of an lethal dose (LD100) of E. coli endotoxin 
to normal rats induced a substantial increase in PCT, IL-1β and TNF-α in 
plasma. The administration of recombinant human N-PCT intraperitoneally 
significantly protected rats from endotoxin-induced mortality from 100% 
to 15%, and resulted in a decrease in PCT, IL-1β and TNF-α levels. By 
contrast, N-PCT did not modify IL-10 levels. These results confirm a 
critical part for PCT in the pathogenesis of endotoxic shock and indicate 
that N-PCT is a protective peptide expressed in murine endotoxemia, and 
does so by down-regulating the systemic production of proinflammatory 
cytokines in endotoxin-challenged animals.  
 
This work was supported by grants from the Andalusian Government 
(Consejeria de Salud, 053/05 and 0364/06), Spanish Ministry of Health 
(FIS 06/1394) and the Valme Foundation. 
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UNDETOXIFIED ENDOTOXINS CAUSING PERSISTENT SEPSIS WITH 
PROGRESSIVE PARKINSONISM (A CASE REPORT) 
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A 22-year old female was contaminated with 10 microgram Salmonella 
minnesota smooth lipopolysaccharides (LPS or endotoxin) by an accident 
in lab in 1995. 21 days later parkinsonism started after acute sepsis-like 
symptoms (high fever, chills, myalgia, flu-like symptoms). The LPS-
induced neuronal inflammation (6.6 ng LPS/ml cerebrospinal fluid 
measured in 2001) causes polyneuropathy, myocloni, and reduced 
metabolism of dopamine and glucose shown by positron emission 
tomographies of the brain. The chronic inflammatory LPS-induced stress 
also leads to a multiple chemical sensitivity because of the reduced 
capacity of the liver, which had up taken a part of the LPS, as a filter 



organ. The liver was unable to eliminate the still circulating LPS in the 
blood causing a chronically sub acute sepsis with e. g. tachycardia, 
orthostatic hypotension. Treatment with endotoxin-binding agents like the 
antibiotic drug ofloxacin is improving all symptoms including parkinsonism 
but is unable to cure. After stop taking it the inflammatory reactions are 
increasing again in the whole body because of the re-binding of LPS to the 
cells. Acute feverish phases of inflammation provoked by all kinds of 
stress (e. g. physical or mental exhausting, secondary viral or bacterial 
infections) are marked by a rapid deterioration of parkinsonism with 
akinetic crises (muteness, inability to walk), disorientation, difficulties in 
hearing and seeing. Glucocorticoids, which are not effective in idiopathic 
Parkinson ’s disease, are able to stop these crises, which is comparable 
with some patients suffering from post encephalitic parkinsonism. In rats 
one single i. p. injection of LPS is causing a progressive parkinsonism 
similar to this case report.   
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NON-TOXIC LIPOPOLYSACCHARIDE DERIVATIVES AND 
EXOGENOUS HSP70 PROTECT AGAINST LETHAL SEPTIC SHOCK 
AND IMMUNO-METHABOLIC INJURIES INDUCED BY BACTERIAL 
ENDOTOXIN AND XENOBIOTICS 
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Serratia marcescens endotoxin (LPS) modification by electronic beam and 
CO2-laser radiation resulted to formation of its non-toxic derivatives. The 
parent LPS were modified to 1,5-5,0 kDa oligomers with reduced toxicity 
and enhanced immunogenicity. Treatment of the mice with non-toxic LPS 
derivatives significantly attenuated the lethality, deleterious immune and 
metabolic injuries induced by parent LPS (1-7LD50,i.p). The protective 
effect strongly correlated with the degree of LPS molecular structure 
modification and was significantly enhanced by the combined impact of 
detoxified LPS and extracellular Hsp70. Detoxified LPS activated 
antiendotoxin immune response and reduced LPS-induced inflammatory 
cytokine production. Also it was effective in the treatment of endotoxin-
related injuries, inhibited the deleterious effects of ecological and 
occupational toxicants. Significant exacerbation of whole blood Hsp70 
content after its incubation with modified LPS (in vitro) or in response of 
the patient to high elevation (5000 m) hypoxia and total body 



hyperthermia reveals the necessity for nontoxic LPS application. 
Nonresponders need the application of exogenous chaperons. The 
activation product of yeasts culture Saccharomyces cerevisiae may be a 
promising source of these cytokines. The yeasts were activated by laser 
radiation, electronic beam and cavitation. In summary the data prove that 
application of modified LPS and exogenous chaperones can be promising 
in treatment of toxin-related injuries. 
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The term "Endotoxin Tolerance" (ET) has been introduced for a state of 
low responsiveness of experimental animals or humans treated with a low 
dose of lipopolysaccharide (LPS, endotoxin). ET has attracted a lot of 
attention since it was shown that cross tolerance exists to other bacterial 
products such as lipoteichoic acid or lipopeptides. Furthermore, it turned 
out that ET protected against bacterial infections - Gram-negative, as well 
as Gram-positive - and ischemia-reperfusion injury. It, therefore, is of 
potential clinical interest to get insight into the cellular and molecular 
basis of ET. To this end, we studied different cellular components of the 
peritoneal cell populations and Kupffer cells of endotoxin tolerant and 
normal mice with regard to gene expression, intracellular signal 
transduction and regulation of cytokine production. Corresponding results 
will be presented. HSP 70 is among the genes that are significantly 
upregulated in peritoneal cells of ET mice compared to normal mice. 
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Critical illness is a severe stress stimulus that disturbs the milieu interior 



and induces homeostatic responses specific to the stimulus and 
generalized responses when the disturbances are prolonged and severe. 
The immune-neuroendocrine response during critical illness is a dynamic 
process, differing between the acute and chronic phases. This acute phase 
lasts typically from about a few hours to several days, depending on the 
severity of the illness and is characterized by an appropriate hormonal 
reaction: the mobilization of fuel stores of the organism, together with 
apparent restrains on their utilization. During the acute phase of critical 
illness the secretory activity of the pituitary gland is stimulated whereas 
anabolic target organ hormones are inactivated. Due to the development 
of intensive care medicine patients who would previously have died during 
the acute phase nowadays survive and enter the chronic or prolonged 
phase of the critical illness. This prolonged phase lasts for days and is 
characterized by an inappropriate hormonal response, resulting in a 
chronic increase in metabolic rate and a breakdown of body tissue. The 
secretory activity of the pituitary gland is uniformly inhibited in relation to 
reduced levels of target organ hormones. These hormonal changes 
suggest an imbalance between immunosuppressive and 
immunostimulatory hormones which might be the cause of the increased 
susceptibility to infectious complications during the chronic phase of 
severe illness. The suppressed pituitary activity allows the respective 
target organ hormones to decrease, resulting in a restored balance 
between the catabolic and anabolic hormonal responses. This recovery 
phase is characterized by restored sensitivity of the pituitary gland to 
reduced feedback control. The distinction of acute and prolonged critical 
illness as different entities with regard to the immuno-neuroendocrine 
adaptation may be helpful in further understanding of the pathogenesis of 
critical illness and the targeting of therapeutic intervention.  
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Background. Bacterial endotoxins (LPS) are known to act as stress 
factors for endothelial cells. 
Aims. As a proof of principle, the present project aimed at developing a 
novel radiotracer-based non-invasive molecular imaging method for in 



vivo visualization of early aortal HSP60-expression in a 
normocholesterolemic rabbit model after induction of endothelial stress. 
Material and Methods.  
In 14 rabbits, endothelial stress was induced by i.v. injection of bacterial 
endotoxin (lipopolysaccharide, LPS at 10µg/kg) while 8 animals were 
untreated controls. Non-invasive in vivo molecular imaging was performed 
24 hours after intravenous injection of I-124 radiolabelled monoclonal 
anti-HSP60 antibodies using computertomography (CT) and positron-
emission-tomography (PET). In vitro correlation of in vivo imaging was 
done by en face immunohistochemistry and autoradiography of the aorta. 
Results. 
Compared to control animals, quantitative analyses of in vivo non-invasive 
molecular PET-CT images of rabbit aortae revealed a significantly 
increased endothelial binding of I-124 anti-HSP60 antibodies upon 
application of LPS as an endothelial stressor, especially at sites of aortal 
branching. This was confirmed by in vitro anti-HSP60 
immunohistochemistry and autoradiography data. 
Conclusion. 
Our first results showed, as a proof of principle, that HSP60-expression in 
normocholesterolemic rabbits is significantly increased after the induction 
of endothelial stress and non-invasive in vivo molecular imaging of early 
aortal HSP60-expression using radiotracer labelled anti-HSP60 antibodies 
is possible. 
Acknowledgements: This work was supported by the Propter Homines 
Foundation, Vaduz, FL. 
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The sepsis-induced metabolism has two stress phases: hyper-metabolism 
followed by hypo-metabolism. The vascular hyporeactivity to 
vasoconstrictor agents, an important characterization of circulatory failure 
in septic stress, occurred at the late phase of sepsis. This study was to 
compare vascular reactivity between survival and non-survival rats with 
peritonitis-induced septic stress and to evaluate whether this is associated 
with physiological metabolism. Sepsis stress was induced by a surgery of 



cecal ligation and puncture (CLP) in male Wister rats. We measured 
resting membrane potential (RMP) and norepinephrine (NE)-induced 
tension in isolated thoracic aortas by electrophysiology and tension 
recording experiments. Our results demonstrated that hypotension, 
hypoglycemia and multiple organ dysfunction syndrome (MODS) occurred 
in non-survival rats. In addition, not only the RMP was more 
hyperpolarized in aorta from non-survival rats, but also the vascular 
reactivity to NE was reduced in non-survival rats than that in survival rats. 
However, the RMP and vascular reactivity to NE were not significant 
different in non-survival groups whether they died at early or late phase. 
Our results suggest that non-survival rats after CLP were associated with 
vascular hyporeactivity which may lead to MODS.     
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Sesame oil protects against oxidative-stress-associated hepatic injury in 
experimental sepsis. The aim of this study was to explore the effects 
underlying the inhibitory effect of sesame oil on hepatic lipid peroxidation 
in septic rats. After one-week daily supplement of sesame oil (4 
mL/kg/day, orally) to rats, hepatic injury was induced by cecal ligation 
and puncture. Hepatic oxidative stress was assessed by determining the 
levels of hepatic lipid peroxidation, hydroxyl radical, superoxide anion, and 
nitric oxide 12 h after cecal ligation and puncture in rats. In addition, the 
activity of xanthine oxidase and the expression of inducible nitric oxide 
synthase were also determined. Hepatic lipid peroxidation, hydroxyl 
radical, superoxide anion, and nitrite levels were significantly lower in 
sesame-oil-treated septic rats. Furthermore, sesame oil decreased the 
activity of xanthine oxidase and the expression of inducible nitric oxide 
synthase in septic rats. Therefore, sesame oil might reduce hydroxyl-
radical-associated hepatic lipid peroxidation by inhibiting superoxide anion 
and nitric oxide, at least partially, in septic rats. 

 

KEYWORDS—Liver, lipid peroxidation, reactive oxygen substances, nitric 
oxide, sepsis, sesame oil 
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THE HSP60-(P.VAL98ILE) VARIANT PROTEIN ASSOCIATED WITH 
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We have earlier reported that a mutation (c.292G>A/p.Val98Ile) in the 
human HSPD1 gene that encodes the mitochondrial Hsp60 chaperonin is 
associated with dominantly inherited hereditary spastic paraplegia SPG13 
[1]. To mimic heterozygosity for the Hsp60-(p.Val98Ile) mutation and to 
assess a potential dominant negative effect of co-expression of a wild type 
and the mutant variant of Hsp60 on the function of the 7-meric 
chaperonin complex, we used a flexible bacterial model system. These 
cells lack the endogenous chaperonin genes and are maintained alive by 
expression of a plasmid-encoded Hsp60/Hsp10 operon. The cells harbour 
a second plasmid with a Hsp60/Hsp10 operon encoding a mutant Hsp60. 
The two operons can be turned on and off separately. We compared the 
behaviour of bacterial cells co-expressing either wild type Hsp60 and 
Hsp60-(p.Val98Ile) or wild type Hsp60 and an artificially constructed 
Hsp60 ATPase mutant. Induction of co-expression of the Hsp60 ATPase 
mutant severely inhibited bacterial growth, whereas co-expression of the 
Hsp60-(p.Val98Ile) mutant variant had only subtle yet specific effects. 
Additional experiments indicate that both mutant Hsp60 variants form 
heterologous complexes with wild type subunits. By varying temperature 
and relative amounts of the wild type and Hsp60-(p.Val98Ile) mutant 
variant, we have found conditions under which the mutant exerts a clear 
effect. We propose that the major in vivo consequences of heterozygosity 
for the Hsp60-(p.Val98Ile) variation are due to subtle qualitative and 
quantitative effects remaining to be discovered. 
 
 
 [1]  J. J. Hansen, A. Dürr, I. Cournu-Rebeix, C. Georgopoulos, D. 
Ang, M. N. Nielsen, C. S. Davoine, A. Brice, B. Fontaine, N. Gregersen and 
P. Bross, Hereditary Spastic Paraplegia SPG13 Is Associated with a 
Mutation in the Gene Encoding the Mitochondrial Chaperonin Hsp60. Am J 
Hum Genet 70, 1328-1332 (2002). 
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To establish an animal model for the neurodegenerative disease, 
hereditary spastic paraplegia, we have generated a mouse which is 
heterozygous for an inactivating insertion in the hspd1 gene. Hspd1 
encodes the mitochondrial chaperonin Hsp60. Missense mutations in one 
allele of the gene have been associated with hereditary spastic paraplegia 
in humans. Heterozygous mice were born at the expected frequency 
compared to wild type and displayed no obvious severe phenotype. By 
quantitative RT-PCR we found decreased levels of hspd1 transcript in all 
tissues examined, demonstrating that the inactivation of the hspd1 gene 
is efficient. By Western blotting analysis, we found that the amount of 
Hsp60 protein compared to either cytosolic tubulin or mitochondrial 
VDAC/porin was decreased as well. Breeding of heterozygous animals 
resulted in reduced litter sizes and offspring homozygous for the 
inactivated allele were missing. Timed mating revealed a significant 
proportion of degenerated or growth retarded embryos at 8.5 and 10.5 
dpc and normal developed embryos were either wild type or 
heterozygous. In conclusion, the inactivation of the hspd1 gene is efficient 
at the molecular level and it is associated with a recessive peri-
implantational embryonic lethal phenotype in mice. We expect that 
heterozygous mice will develop hereditary spastic paraplegia due to 
shortage of Hsp60 chaperonin activity, protein quality control failure, and 
mitochondrial dysfunction in motor neurons with very long axons. 
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In mammals, the small Heat Shock Proteins (HSP) family comprises 10 
members called HSPB proteins (HSPB1-10), with chaperone activity. They 
are upregulated in neurodegenerative disorders exerting a neuroprotective 
role. Mutations in HSPB1 and HSPB8 have been linked to peripheral 
neuropathies. We investigated the role of HSPB8 in two motoneuronal 
diseases: spinal and bulbar muscular atrophy (SBMA) and familial 
amyotrophic lateral sclerosis (fALS). SBMA is caused by polyglutamine 
tract expansion (polyQ) in the Androgen Receptor (AR), while fALS is often 
associated to mutations in Superoxide Dismutase 1 (SOD1). Mutant AR 
and SOD1 do not share structural or functional domains, but are unstable 
and tend to aggregate. Immortalized motoneuron, NSC34, expressing 
mutant form of SOD1 (SOD1G93A) or ARpolyQ (ARQ46) contain 
intracellular aggregates of the mutant proteins and have a reduced 
proteasome activity, measured with accumulation of the proteasome 
reporter YFPu. HSPB8 overexpression decreased the levels of both mutant 
proteins and reduced YFPu levels, suggesting a desaturation of the 
proteasome system. Thus,  HSPB8 exerts chaperone activity towards both 
mutated AR and SOD1. By immunoprecipitation, we showed that HSPB8 
does not need a protein-protein interaction to reduce mutant AR and 
SOD1 levels. Moreover, proteasome inhibition with MG132 did not block 
HSPB8 chaperone activity, suggesting that HSPB8 could activate other 
degradative pathways, such as the autophagy. Grants Telethon - Italy 
(#GGP06063),  MIUR-FIRB (#RBAU01NXFP), MIUR-Cofin 
(2005057598_002),  University of Milan-FIRST,  FONDAZIONE CARIPLO.  
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Neural cells differ in their ability to induce heat shock genes in response to 
thermal or disease-related stresses. Motor neurons have a high threshold 
for up-regulation of stress-inducible Hsp70 [Manzerra and Brown, 1992; 



Batulan et al, 2003]. However, increasing levels of multiple chaperones is 
protective in culture and mouse models of motor neuron diseases 
including amyotrophic lateral sclerosis  [Bruening et al, 1999; Kieran et al, 
2004; Batulan et al, 2006], spinal bulbar muscular atrophy [Katsuno et al, 
2005], and Charcot-Marie-Tooth (CMT) disease type 1A due to missense 
mutation in PMP22 [Fortun et al, 2007]. We have demonstrated 
prevention of the disease-related phenotype in a primary culture model of 
CMT2 caused by mutations in nefl encoding the neurofilament light protein 
(NFL), as well as of ALS due to sod1 mutation. Increasing levels of HSPs, 
including Hsp70 and Hsp40, by over-expression of constitutively active 
Hsf1 prevented bundling and fragmenting of the neurofilament network 
and aggregation of CMT-related mutant NFL in motor neurons of 
dissociated spinal cord cultures. Upregulation of chaperones, including 
Hsp27, facilitated degradation of NFL mutants in SW13vim- cells. Given the 
potential for chaperone-based therapies for neurological disorders, our 
group is studying the mechanisms of hsp regulation in motor neurons and 
is using primary culture models of motor neuron diseases to screen 
compounds for their ability to increase neuronal HSP levels and for 
neuroprotection. Differences identified in mechanisms of activating hsp 
expression in neurons included a CaMKIV-dependent pathway for 
upregulating Hsp70 in motor neurons, but not in fibroblasts. 
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The mitochondrial Hsp60 chaperone promotes folding of proteins in the 
mitochondrial matrix space, and plays a crucial role in protein quality 
control. A mutation in the HSPD1 (SPG13) gene encoding the mutant 
Hsp60-(p.Val98Ile) protein has been associated with a dominantly 
inherited form of spastic paraplegia. The Hsp60-(p.Val98Ile) protein is 
functionally impaired and displays a reduced efficiency in mediating 
folding of the malate dehydrogenase substrate protein possibly related to 



a reduced ATP-ase activity of the chaperonin complex, but the molecular 
defect involved in axonal degeneration in spastic paraplegia is unknown. 
We have investigated mitochondrial function and gene expression levels of 
key mitochondrial chaperones and proteases in cultured lymphoblastoid 
and fibroblast cells from SPG13 patient cells. We found that impaired 
Hsp60-(p.Val98Ile) function is not related to a severe mitochondrial 
dysfunction phenotype as indicated by assessment of mitochondrial 
membrane potential, cell vitality, and sensitivity towards oxidative stress 
insults. However, a decreased expression of protein quality control 
proteases Lon and ClpP in SPG13 patient cells was demonstrated. We 
propose that decreased protease levels may represent an adaptive change 
of protein quality control giving more time to the folding of proteins whose 
folding is impaired due to a reduced activity of Hsp60-(p.Val98Ile). 
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Machado-Joseph disease (MJD), also termed spinocerebellar ataxia type3, 
is a neurodegenerative disorder characterized by abnormal movement 
coordination.  The disease is fatal and is inherited in a dominant manner.  
MJD is caused by a pathogenic ataxin-3 protein with an expanded 
polyglutamine (polyQ) stretch.  The neurotoxicity of the expanded polyQ-
containing ataxin-3 is closely associated with its aggregate formation.  We 
report here that a novel J-protein, DNAJC8 (JC8) suppresses the ataxin-3-
polyQ aggregation in a cellular model of MJD.  JC8 was identified by the 
human EST database search for nuclear J-proteins, since ataxin-3 protein 
with expanded polyQ stretch forms aggregation in the nucleus of neuronal 
cells.  Overexpression of JC8 in SH-SY5Y neuroblastoma cells significantly 
suppressed the polyQ aggregation and cell death.  JC8 was co-localized 
with the polyQ-containing protein in the nucleus.  To identify a responsible 
region of JC8 affecting the polyQ aggregation, a series of JC8 deletion 
mutants were examined for their ability to suppress the aggregation.  
Interestingly, C-terminal domain of JC8 was essential for the suppression 
of polyQ aggregation, whereas J-domain was dispensable.  These results 
indicate that JC8 might suppress the polyQ aggregation by a distinct 



mechanism independent of Hsp70-based chaperone machinery and have a 
unique protective role against the aggregation of expanded polyQ-
containing proteins such as a pathogenic ataxin-3 protein.   
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As they are able to bind misfolded proteins, Heat Shock Proteins (HSP) 
may prevent accumulation of toxic poly-Q protein aggregates and as such 
inhibit disease-associated pathogenesis. Several in vitro reports have 
pointed to the classical Hsp70 chaperone machines and their cofactors as 
suppressors of polyglutamine-related protein aggregation. Yet, the 
(limited) in vivo work with mouse models has yielded disappointing results 
from minor delays in disease progression to no effect at all. It has become 
clear recently that the many different Hsp subfamily members may have 
different and substrate specific chaperone-like functions. To seek for 
chaperones that may be particularly effective in dealing with 
polyglutamine proteins, we conducted a reverse genetic overexpression 
screen of the human chaperonome. We identified a number of non-
canonical Hsp40 family members as well as a new member of the small 
Hsp family as superior inhibitors of polyglutamine aggregation. Unlike the 
canonical DnaJB1 (that has mild suppressive activity in vitro), the 
suppression by the non-canonical Hsp40’s was not annihilated by mutating 
the HPD motif in their J-domain, normally required for interaction with 
Hsp70 family members. At suboptimal concentrations of the non-canonical 
Hsp40’s, overexpression of none of the Hsp70 family members was able to 
further reduce the polyglutamine aggregation. All these data suggest that 
they act independently of the Hsp70 machine. The action of the small Hsp 
was independent on its N-termimal domain and as such seems to be 
executed by the crystallin domain. 
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Amyotrophic Lateral Sclerosis (ALS) is a chronic neurodegenerative 
disorder characterized by the selective loss of upper and lower motor 
neurons. This disease results in gradual atrophy of muscles leading to 
paralysis and death about 3-5 years after diagnosis. Familial ALS (fALS) is 
responsible for 10% of cases and mutations in the superoxide dismutase 1 
(SOD1) gene cause 2% of fALS. The exact pathogenic mechanism of 
mutant SOD1 induced motor neuron death is still elusive and is thought to 
involve oxidative stress and protein aggregation. These two phenomena 
are known to induce heat shock proteins (Hsp’s) which protect cells 
through their chaperoning and anti-apoptotic activity. Loss of Hsp27 from 
motor neurons preceding disease has been suggested to contribute to 
their degeneration in ALS mice. Moreover, several Hsp’s, notably Hsp27, 
have been shown to be protective in a number of in vitro ALS models. 
However, we recently showed a lack of protective effect of Hsp27 against 
mutant SOD1-dependent cell death in N2a cells. In this study, we show 
corroborative results using the ALS mice. Mice that overexpress the 
human G93A SOD1 mutant developing ALS-like symptoms were crossed 
with ubiquitous Hsp27 overexpressors and the resulting double transgenic 
mice (Dtg) were tested. The Dtg mice did not live longer, nor had 
significant delayed onset of disease compared to their G93A SOD1 
littermates. No evidence that motor neurons were protected in these mice 
was found histologically. Also no difference in the activation, nor in the 
levels of members of the apoptotic machinery was found in these mice. In 
conclusion, Hsp27 alone does not seem to be sufficient to protect against 
the devastating effects of mutant SOD1. 
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Extremolytes are low-molecular weight osmolytes accumulated by 
extremophilic microorganisms as a response to osmotic and temperature 
stress and are known to act as chemical chaperones by stabilizing cellular 



structures (1). Extremolytes have been shown to prevent the misfolding of 
proteins and to maintain their stability and can reach high intracellular 
concentrations without interfering with metabolism.   
β-Amyloid peptide (Aβ) is the major constituent of senile plaques, the key 
pathological feature of Alzheimer´s disease. Aβ is physiologically produced 
as a soluble form, but the aggregation of Aβ monomers causes 
neurotoxicity. Ectoine, an extremolyte widespread in extremophilic 
(halophilic) bacteria has been shown to interfere with the formation of 
amyloid aggregates in vitro and amyloid-induced cytotoxicity (2,3).  
Using atomic force microscopy and an assay based on thioflavin T 
fluorescence, we have now tested synthetic ectoine analogs and other 
osmolytes for their ability to interfere with Alzheimer peptide Aß amyloid 
formation in vitro. We show that a synthetic analog of ectoine with 
widened ring size interferes effectively with amyloid fibril formation. The 
results indicate the possibility of designing synthetic compounds with 
chemical chaperone properties as potential inhibitors of amyloid formation 
associated with neurodegenerative diseases. 
 
(1) Lentzen G, Schwarz T (2006) Extremolytes: natural compounds 

from extremophiles for versatile applications. Appl Microbiol 
Biotechnol 72:623-634 

(2) Arora A, Ha C, Park CB (2004) Inhibition of insulin amyloid 
formation by small stress molecules. FEBS Lett 564:121-125 

(3) Kanapathipillai M, Lentzen G, Sierks M, Park CB (2005) Ectoine and 
hydroxyectoine inhibit aggregation and neurotoxicity of Alzheimer's 
beta-amyloid. FEBS Lett 579:4775-4780 
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Prion diseases, including ovine scrapie, are fatal neurodegenerative 
diseases characterized by the conversion of the host encoded PrPc into its 
aberrant and aggregate-prone counterpart PrPsc. Molecular chaperones 



provide the first line of defence against misfolded proteins and probably 
function at the earliest stages of prion pathogenesis. In the present work, 
the ovine gene encoding the Hsp90α (HSPCAA1), including the promoter 
and other regulatory regions, has been isolated and characterized. Several 
sequence polymorphisms have also been identified. Genetic and 
cytogenetic mapping localized the ovine HSPCAA1 gene on a chromosome 
region previously described as a QTL interval for scrapie incubation period 
in sheep (OAR19q24dist). Quantitative PCR results revealed no changes at 
HSPCAA1 mRNA level as consequence of the scrapie infection. 
Nevertheless, association analyses revealed that several polymorphisms in 
the 5’ flanking region and intron 10 of the ovine HSPCAA1 gene were 
differentially distributed between sheep with different responses to scrapie 
infection. Taking into account the implication of Hsp90 family in triggering 
stress response under several environmental insults, and in protein 
degradation, results presented here point to HSPCAA1 as a good positional 
and functional candidate gene modulating the response to scrapie in 
sheep. Its possible importance in other amyloidosis modulation shouldn’t 
be ruled out. 
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Misfolded proteins and their aggregates is the cause of a great variety of 
pathologies including polyglutamine-linked diseases, like Huntington’s 
disease (HD). Since most of these diseases can be successfully treated by 
inducing Hsp70 chaperone expression we have used the intrinsic property 
of the former to penetrate inside living cells in a cellular model of HD. We 
found that the incubation of SK-N-SH human neuroblastoma cells 
overexpressing 103-glutamine expansion with pure Hsp70 substantially 
lowered the amount of apoptotic cells. This protection was attributed to 
the anti-aggregate effect of the chaperone that was proved by reduced 
number and size of aggresomes, especially when the chaperone has been 
applied prior to the aggregate formation. At the initial stage aggregation 
of polyglutamine repeats is thought to be accompanied with the latter 
cross-linking to lysines of certain cellular molecules in a process catalyzed 
by tissue transglutaminse (tTG). One of the donors of such lysines is 
glyceraldehydephosphate dehydrogenase (GAPDH), and since the enzyme 



was shown to specifically bind Hsp70, we suggested that the chaperone 
can prevent aggregation by depriving tTG of the substrate. Using the 
same cell model of HD we found that Hsp70 and GAPDH are co-localized 
with polyglutamine aggregates. Furthermore, the chaperone was shown to 
physically interact with GAPDH in Hsp70-overexpressing cells. It was 
found for the first time that the up-regulation of Hsp70 content was 
accompanied with the reduction of GAPDH quantity to be sequestered by 
SDS-insoluble aggresomes. In conclusion exogenously administered 
Hsp70 can prevent aggregate formation in cells overexpressing long 
polyglutamine tracts and therefore the chaperone itself serves as a potent 
anti-neurodegenerative drug.  
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Since the amyloid beta (Aβ) aggregates are the cause of Alzheimer's 
disease, studies on its formation mechanism is important to develop the 
methods for prevention and treatment of Alzheimer's disease. In this 
report, we studied the effect of a molecular chaperone, prefoldin (PFD) 
from Pyrococcus horikoshii OT3 on Aβ aggregation. Lyophilized Aβ peptide 
(2 mg/ml) was dissolved in HFIP. The solvent was then dried using a spin-
vacuum system, and stored in -80 °C. The HFIP-treated peptide was 
dissolved in distilled water by vortex. After sonication, 1 mM peptide 
solution was diluted to 50 µM in PBS buffer with or without 50 µM PFD, 
and incubated at 50 °C. Transmission electron microscope (TEM) 
observation and Western blotting analysis showed that the soluble 
oligomeric (3-50mer) Aβ particles (typically about 10 nm in diameter) 
were produced by incubation with PFD, while fibrillar aggregates were 
produced in the absence of PFD. The cytotoxicity of Aβ aggregates against 
PC12 cells (rat pheochromocytoma cells) was measured by MTT method 
and terminal deoxynucletidyl transferase-mediated biotin-dUTP nick end 
labeling (TUNEL) method. The Aβ soluble oligomer formed by the 
incubation with PFD exhibited higher toxicity than the fibrillar aggregates 
without PFD. This finding is consistent with the recent results that soluble 
oligomers, the intermediates of amyloid fibrillation, have higher toxicity 
than amyloid fibril. We also confirmed that the soluble β soluble oligomer 
induced apoptosis. Our data suggest that PFD recognizes these toxic 



soluble oligomers and prevents further fibrillation. 
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The mechanisms developed by cells to acquire protection from the 
deleterious effects of misfolded proteins are currently well characterized. 
One essential mechanism is the ubiquitin-proteasome system (UPS) which 
has been associated with neurodegenerative disorders of intracellular 
protein aggregation.  
We have studied the UPS in familial amyloidotic polyneuropathy (FAP), a 
neurodegenerative disorder caused by extracellular deposition of mutant 
transthyretin (TTR). The studies were conducted in TTR synthesizing and 
non-synthesizing tissues from affected individuals, in transgenic mice 
models for FAP and in neuroblastoma or Schwannoma cell lines cultured 
with TTR oligomers. We observed that in human FAP tissues, presenting 
extracellular TTR aggregates ubiquitin protein conjugates were up-
regulated, the proteasome levels were decreased and parkin and alpha-
synuclein expressions were both decreased. On the other hand, the liver, 
that normally synthesizes variant TTR V30M, did not show this response. 
A similar response was detected in mice models for TTR V30M or TTR 
L55P. Furthermore, transgenic mice immunized to decrease TTR 
deposition showed a significant decrease in ubiquitin levels and an 
increase in parkin and alpha-synuclein levels in comparison to control 
mice. Studies performed in cell lines with aggregates in medium resulted 
in increased ubiquitin levels. 
The overall results are indicative of TTR deposition as an external stimulus 
to an intracellular UPS response in FAP. 
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The unfolded protein response (UPR) is a protein quality control 
mechanism that initially protects the cells against endoplasmic reticulum 
(ER) stress caused by the toxicity of unfolded proteins. We have 
previously shown that the UPR is activated in neurons in Alzheimer’s 
disease (AD) brain. In addition we find upregulation of the levels of the 
trafficking protein Rab6, which may also be involved in protein quality 
control. The levels of Rab6 show a very strong correlation with levels of 
the ER chaperone BiP in AD brain. We find ER stress as well as high Rab6 
levels in non-tangle bearing neurons early in AD pathogenesis, suggesting 
that it precedes the late Aβ (plaques) and tau pathology (tangle 
formation). Because ER stress is a very early event in AD pathogenesis it 
is a potential therapeutic target. 
Accumulation and aggregation of unfolded proteins is a major 
neuropathological characteristic of AD, however, no aggregates are found 
in the ER itself. This suggests that other processes, for example disturbed 
protein trafficking out of the ER are involved. We use cellular models for 
early Aβ and tau pathology to delineate mechanistic interactions with the 
ER stress response, in order to prevent neurotoxicity. We find that early 
intermediates in Aβ aggregation can induce a mild ER stress response. In 
addition, preliminary data indicate that increased expression of tau 
interacts with the ER stress response as well. Our ultimate aim is to 
modulate the ER stress response in AD to prevent or limit neuronal loss. 
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Short-chain acyl-CoA dehydrogenase deficiency (SCADD) is a rare 
recessively inherited metabolic disorder, affecting the mitochondrial β-
oxidation. Patients are usually presenting neuromuscular features such as 
developmental delay, hypotonia, seizures, as well as a general failure to 
thrive. To study the pathogenesis of the disease, transduced astrocytic 
cells stably expressing five different disease-associated SCAD protein 



variants were established. In the cloning process, the viability of cells 
expressing each one of two severe SCAD variant proteins was severely 
reduced, compared with cells expressing the SCAD wild-type (wt) protein. 
One of these was the rare variation 319C>T (Arg83Cys), which is unable 
to assemble into catalytically active SCAD tetramers, as well as having 
aggregational tendencies in vitro. Six out of six SCAD wt cell colonies 
survived, whereas only four out of seven SCAD Arg83Cys colonies 
survived colony transfer. To investigate whether this variation inflicts with 
the ability of the cell to overcome a stress-full situation, cells expressing 
the wt or the 319C>T variation was subjected to heat stress of 40°C, and 
the stress-response was followed over a time period of 24 hours, 
monitored by selected stress response genes (Hsp70, Hsp60 and HO-1 
(Hemeoxygenase-1)). The cell line expressing the SCAD Arg83Cys variant 
protein revealed an elevated production of HO-1 compared with the SCAD 
wt cells, indicating oxidative stress, elicited by the misfolded mitochondrial 
SCAD variant protein.  
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Stress, both environmental (nutrition, toxins, hypoxia) and emotional is 
ubiquitous and can contribute to epigenetic molecular mechanisms for a 
wide variety of non-communicable diseases from birth to aging.   Maternal 
as well as fetal nutritional stress (deficiency of micronutrients or oxidative 
cell damage due to very high caloric intake) has been shown to imprint 
the risk for adolescent and adult non-communicable disorders such as 
brain disorders, diabetes and cardiovascular disease.  Among these, 
maternal folic acid and vitamin B12 deficiency has been considered to 
contribute to the altered gene expression by altered one carbon 
metabolism and thereby methylation of proteins, DNA and phospholipids, 
particularly containing omega-3 fatty acids. Role of maternal nutrition has 
been considered in schizophrenia but evidence is based on epidemiological 
data. We studied the plasma levels of folic acid, vitamin B12, cortisol and 
homocysteine, one of the most important factor in oxidative stress-
mediated cellular dysfunction, particularly neural cell function during brain 
development.  The drug-naïve patients at the early onset of psychosis 
(N=28) and matched healthy controls (N=34) were enrolled in a study.  



All the study protocols were properly approved by the Institutional Ethical 
Committee and each study subject signed the consent to participate in the 
study.  Compared to normal controls, patients had significantly (p<0.05) 
lower levels of folic acid (5.40 ± 3.99 vs 3.46 ± 1.71 ng/ml) as well as 
vitamin B12 (236.32 ± 132.66 vs 185.52 ± 73.39 pg/ml).  These changes 
were associated with the significantly increased (p=0.05) plasma levels of 
homocysteine in patients (15.99 ± 10.09 vs 11.65 ± 3.88 µmoles/l).  It 
has already been shown that altered methylation of histones, DNA and 
phospholipids as well as the increased morbidity to diabetes and 
cardiovascular disease in schizophrenia.  Our data have important 
implications to prevention of these metabolic stress mediated fetal risks 
for adult disorders including schizophrenia.     
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In the epidemiology of schizophrenia, a very robust but puzzling finding is 
the “birth month” effect: the tendency of people who develop the disease 
to be born most often in late winter and least often in late summer. We 
found the same rhythm among children born with defects of neural tube 
closure (Marzullo and Fraser, 2005). This shifted our thinking  about 
possible causes from peri-natal to peri-conceptional or early embryonic 
events in neurogenesis. Using conceptions rather than births, we also 
observed an interesting correlation with the annual photoperiod; i.e., for 
both disorders, a conception maximum in May-Jun, a month before the 
summer solstice (in the northern hemisphere), and a minimum in Nov-
Dec, a month before the winter solstice. Such timings, coupled with 
evidence of functional and anatomical deficits of cerebral asymmetry in 
schizophrenia, led us to a hypothesis implicating mother’s blood-
mediated, pro-oxidant effects of sunlight on free-radical-sensitive cellular 
processes that, during the early-fourth embryonic week, bring about both 
neural-tube closure and asymmetry development. That is, a sunlight-
dependent cycle of maternal oxidant stress would result in a peri-Jun peak 
of inhibition and a peri-Dec peak of promotion of both processes. This 
hypothesis predicted a May-Jun conception peak among extreme left-
handers, and a Nov-Dec peak among extreme right-handers, in the 
general population. In the present study, we tested this notion using birth 



and hand-preference data on over 10,000 American-born professional 
baseball players. The results were fully consistent with the hypothesis. 
Evidence relating to UV and visible sunlight effects on human blood 
antioxidant potential is also discussed. 
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Chronic exposure to stressful events precipitates or exacerbates many 
neuropsychiatric disorders, including schizophrenia, resulting in the stress 
hypothesis of schizophrenia. Clinical studies have proven that 
schizophrenia is accompanied by hypoalgesia.  Relevant animal models 
are of decisive importance in the study of psychiatric diseases. It is well-
known that subchronic treatment with ketamine or social isolation induces 
schizophrenia-related alterations, which are ameliorated by clinically used 
neuroleptics. The purpose of this study was to test nociceptive responses 
in singly housed and/or subchronic ketamine treatment.  
After weaning on postantal day 21, male Wistar rat pups were either 
group housed (5-6; GR. I and II) or isolated (GR. III and IV) for 20 days. 
6 days later (30 days old rats), animals (Gr. II and IV) were injected with 
30 mg/kg ketamine daily for 14 days. Control rats (Gr. I. and III) received 
saline. The tail-flick latency tests were performed at 41. day at 48 and 52 
oC.   
At 48 oC we found a significant effect of housing conditions, whereas 
ketamine treatment had no effect on reaction time. Both single housed 
groups of animals had significantly higher reaction times compared with 
group-housed rats irrespective of ketamin treatment. In contrast, at 52 oC 
there were no significant differences between the four groups.  
Our study suggests that isolation has effect on acute heat pain sensitivity. 
Since low temperature activates mainly the C-fibers, while the high 
temperature the Aδ-fibers, we suppose that this type of stress disturbed 
primarily the C-fiber linked pain pathways.  
This work was supported by a grant of the National Office for Research 
and Technology (RET-08/04 OMFB-0066/2005) and Hungarian Research 
Grant (OTKA, K60278). 
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The role of stress in the development and maintenance of symptoms in 
major psychiatric disorders such as schizophrenia is well-established. The 
biological component of stress is mediated largely through the endocrine 
system, predominantly by the hypothalamo-pituitary-adrenal (HPA) axis. 
The two main hypothalamic secretagogues of the axis are CRH and 
vasopressin with more important role of the latter during chronic stress. 
Vasopressinergic dysfunction in schizophrenics was also indicated and the 
naturally vasopressin mutant Brattleboro rats was suggested to be a good 
model for schizophrenia. Therefore we addressed here the question if the 
lack of vasopressin in Brattleboro rats will lead to disturbances in chronic 
stress-induced HPA axis changes parallel with the development of 
schizophrenia. The classical somatic chronic stress symptoms (body 
weight reduction, thymus involution, adrenal gland hypertrophy) and also 
the signs of HPA axis hyperactivity (resting corticosterone elevation and 
POMC mRNA elevation in the anterior lobe of the pituitary) were present in 
all three studied situation (repeated restraint, streptozotocin-induced 
diabetes mellitus, repeated morphine injections) with similar extent in 
control and vasopressin deficient rats disclosing the involvement of V1b 
receptors in the process. On the other hand vasopressin as a 
neurotransmitter may act on other brain regions and there are many 
compensatory mechanisms in Brattleboro rats (e.g. oxytocin, CRH). 
Moreover both the adrenomedullary system and the sympathetic nerves 
are more active in vasopressin deficient rats. So our conclusion is that 
vasopressin may act on the development of schizophrenia through 
influencing other neurotransmitters in brain and not the HPA axis. Chronic 
stress may exacerbate the schizophrenia not through HPA axis changes 
but e.g. glucocorticoid toxicity in hippocampus. 
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Various stressors stimulate the production of glucocorticoids, and severe 
stressors may also induce gastric erosion, “stress ulcer”. From the very 
outset, researchers have focused on the point of view that stress-
generated glucocorticoids are causally related with gastric ulcerogenesis. 
In our studies we have focused on the idea that glucocorticoids released 
during acute stress have an adaptive effect on the stomach and, 
therefore, are gastroprotective rather than ulcerogenic. To test this idea, 
we examined the effect of glucocorticoid deficiency (created by different 
approaches and followed by corticosterone replacement) or the 
glucocorticoid receptor antagonist RU-38486 on stress-induced gastric 
erosion in rats. The data obtained show that the reduction in the stress-
induced corticosterone release, or its actions, aggravates stress-caused 
gastric erosion. It is suggested that an acute increase in corticosterone 
during stress protects the stomach against injury caused by this stress. 
Extending this idea, we also hypothesized that glucocorticoids may play a 
role in the gastroprotective effect of preconditioning stress. It is known 
that mild, preconditioning, stress may attenuate stress-induced gastric 
ulceration and this effect is mediated by prostaglandins. We confirmed 
that mild, preconditioning, stress decrease the gastric ulceration caused 
by severe stress and demonstrated for the first time that this effect is also 
provided by glucocorticoids released in response to preconditioning stress. 
The results support gastroprotective role glucocorticoids released during 
stress. Supported by FNM RAS-2007, RFBR-07-04-00622. 
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Alcohol use affects innate immune responses, particularly TNFα, and 
results in alcoholic liver disease. Heat shock proteins, mediators of the 
stress responses influence TNFα production. Here we hypothesized that 
alcohol exposure regulates TNFα production and NFκB activation via 
modulation of the heat shock transcription factor (HSF), hsp70 and hsp90. 
Murine RAW 264.7 macrophages were exposed to 25mM, 50mm and 



75mM concentrations of alcohol for 24h, 48h and 72h followed by 
lipopolysaccharide (LPS) for 15 minutes (for HSF and NFκB binding) or 
16h (for hsp70, hsp90) to study the effects of alcohol. At the end of the 
stimulation, nuclear extracts prepared and subjected to HSF and NFκB 
binding assays whereas hsp70 and hsp90 in whole cell lysates were 
determined by Western blotting. Our findings demonstrate that HSF 
binding was increased after alcohol exposure. Supershift analysis showed 
the presence of HSF-1 proteins and not HSF-2. Interestingly, hsp70 was 
increased by short-term alcohol but prolonged alcohol exposure decreased 
hsp70. Conversely, hsp90 levels were decreased after short-term alcohol 
treatment and increased by prolonged alcohol treatment in macrophages. 
Immunoprecipitation experiments of hsp90, a chaperone for IKK, showed 
decreased hsp90-IKKβ complexes after short-term alcohol whereas 
prolonged alcohol revealed presence of hsp90-IKKβ and increased IKK 
kinase activity. Geldanamycin, an hsp90 inhibitor, blocked alcohol-induced 
increase in TNFα production suggesting an important role for hsp90 in 
alcohol-induced inflammation.  Collectively, our results suggest that 
alcohol exposure regulates HSF-1 binding, hsp70 and hsp90 and thus 
could contribute to elevated TNFα and alcohol-induced liver injury. 
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Background and Aims: The heat shock response is an evolutionarily 
conserved mechanism for the maintenance of cellular homeostasis 
following sublethal noxious stimuli, where heat shock proteins (HSPs) 
induced by stress, chaperone intracellular proteins that might otherwise 
be denatured. HSPs are now appreciated to modulate signaling cascades 
during periods of repeated stress, including chronic inflammation. 
Although the microvascular endothelium plays a critical role in chronic 
intestinal inflammation in IBD, little is known about the role of HSPs in the 
inflammatory activation of HIMEC, the gut specific microvascular 
population.  
Methods: HIMECs from small and large intestine between passages 8 
to12 were used.  HIMECs were activated with thermal stress as well as 
TNF-α and LPS. HSPs and iNOS expression were characterized using RT-
PCR and Western blot analysis. HIMEC activation was assessed using 
whole cell ELISA for detection of cell adhesion molecules, and leukocyte 



binding under low shear stress flow adhesion.  
Results: HIMECs exposed to thermal stress (42C, 1h) with recovery times 
of 1, 6 and 20h demonstrated induction of HSP family members including 
HSP32 (HO-1), HSP60, HSP70, HSP90. TNF-α/LPS activation of HIMEC 
maintained at 37C also demonstrated induced expression of HSP60 and 
HSP70 at the mRNA and protein levels. To investigate the effect of HSP 
induction on inflammatory activation, HIMEC preconditioned with thermal 
stress were assessed with and without TNF-α/LPS activation. Heat shock 
alone induced significant increases in ICAM 1. TNF-α/LPS activation 
following heat shock, resulted in the highest levels of ICAM 1 and E 
selectin expression detected in these cells, which corresponded to 
significantly increased leukocyte adhesion. Heat shock with and without 
TNF-α/LPS failed to induce increased iNOS expression, which normally 
functions to downregulate inflammatory activation in HIMEC.  
Conclusions: Heat shock significantly enhanced TNF-α/LPS induced 
activation of HIMEC. The mechanisms involved increased pro-
inflammatory ICAM 1 and E selectin expression, which was not 
accompanied by an increase in the downregulatory expression of iNOS. 
Further defining the heat shock response may yield insight into 
mechanisms which enhance inflammatory activation of HIMEC in the 
setting of chronic inflammation in IBD.  
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Heat shock protein 70 (HSP70) is a chaperone proteins which was 
reported to be implicated in an activation of innate immunity. However, 
recent data strongly opposes the proposed function of HSP70 as a 
proinflammatory cytokine highlighting the problem of a bacterial 
contamination in a purified recombinant human HSP70 (rhHSP70). As it 
was shown, endotoxin free rhHSP70 is incapable to launch immune 
activation raising the rhHSP70-endotoxin debate and suggesting that the 
real role of HSP70 in an immune system, if any, hasn’t been reviled yet. 
To eliminate the problem of endotoxin contamination we purified HSP70 
from two different leukemic cell lines which were growing in the endotoxin 
free environment. In addition, the purification products were tested for 
LPS content giving negative result. We examined the HSP70 role on 
monocyte derived dendritic cells (DC) presenting its modulatory effect on 



a DC activation state. 24h incubation of DC with HSP70 was effective in 
down regulating surface expression of HLA-DR as well as CD80/86/83. As 
a control we used an endotoxin-contaminated rhHSP70 (erhHSP70) which 
in contrast to HSP70 was highly potent DC maturation molecule. We 
further examined the functional effect of HSP70 treated DC on 
proliferation of allogeneic T cells, where HSP70 was responsible for its 
down regulation. The modulatory effect of HSP70 on DC was also 
investigated on DC cytokine level after CD40L activation, presenting 
decreased level of IL-4/6/10 and TNFα confirming the observed 
phenomenon. Although our results which clearly show that HSP70 has an 
immunological potential as an anti inflammatory agent are contradicting 
most of the published data they are supported by the most recent 
publication on the field of HSP70 conscious about possible endotoxin 
contamination.   
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Hsp70 expression and release increases in response to exercise. To 
determine whether the inflammatory response is involved in the induction 
of Hsp70, we analysed the effects of Aspirin and Ibuprofen 
supplementation and the release of pro and anti-inflammatory cytokines 
on Hsp70 after an intensive anaerobic exercise (30 second maximal 
intensity Wingate test). A group of trained males (N=12) were 
administered Ibuprofen (Ibu, 1200mg) or Aspirin (Asp, 2700mg) and 
compared to a control group (Con). Blood samples were taken before the 
exercise, 10 minutes after, and 1 hour after the second blood taking. 
Hsp70 mRNA, intracellular protein expression, release from leucocytes and 
target cytokine release (IL-6, TNFα, IL-10) were measured. Flow 
Cytometry data showed a decrease on general Hsp70+ lymphocyte 
population after the exercise in Con and Asp but an increase in Ibu group; 
in particular the B cell expressing Hsp70 shows a decrease in Asp but an 
increase after 1h after in Ibu. Hsp70+ T helper lymphocytes showed no 
change in Con, a decrease in Asp and an increase in Ibu 1h after the 
exercise. Hsp70+ NK population decreased in Asp which was not evident 
in Con and increased in Ibu group 1h after the exercise. Hsp70+ 
monocytes decreased straight after the exercise, then returned to normal 
levels in Con and Asp. An increase in Hsp70+ monocytes was shown after 



the exercise in Ibu group. No change in Hsp70+ neutrophils was 
observed. We also showed a slight increase in Hsp70 gene expression 
straight after the exercise in Con but not in Asp or Ibu.  
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Mediodorsal thalamic area (MDT) is a brain area innervating the prefrontal 
cortex (PFC) and implicated as a site of neuropathology in schizophrenia. 
We investigated the function of MDT in neonatal rats as well as influence 
of stressful conditions via examining c-Fos expression at postnatal day 
(PND) 11. We tested three experimental groups that are the home cage- 
(H), maternal deprivation- (M) and injection-group (I). Rats in H-group 
were perfused transcranially immediately (within 5 mins) after picking up 
from their home cages. Rats in M-group were deprived from their mother 
for 60 mins in a novel cage and thereafter perfused. Rats in I-group were 
perfused 60 mins after subcutaneous injections of 100µl saline. Removed 
brains were cut with vibratome and c-Fos- immunoreactivity (ir)-positive 
cells were visualized with immunohistochemical reactions. Images were 
digitally taken and the numbers of c-Fos-ir-positive cells in the MDT were 
counted. Although c-Fos-ir-positive cells were detected in all three groups, 
the total number was significantly increased in I-group compared with H 
or M groups. These results suggest that the MDT-PFC neuronal system 
during the neonatal period is active even under undisturbed environment, 
and that injection stress but not maternal deprivation stimulate the 
activity of the MDT. The present findings support the involvement of 
stress during the development in the pathophysiology of schizophrenia. 
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Environmental factors acting prenatally on the developing foetus are 
important determinants for disorders later in life. Maternal glucocorticoids 
are considered as major candidates for the mediation of stressful prenatal 
events to the offspring. We investigated the effects of increased maternal 
cortisol levels in pregnant sows on central and peripheral alterations of the 
HPA axis, brain neurotransmitter profiles, immune responses and open-
field behaviour of their piglets. Increased endogenous cortisol release was 
induced in pregnant sows by repeated intramuscular administrations of 
ACTH every second day during late gestation, whereas control sows 
received injections of saline. The ACTH treatment of sows significantly 
increased the birth weight of piglets without affecting gestation length, 
number of total born piglets or frequency of stillborn piglets. After birth, 
piglets from ACTH-treated sows showed a suppressed cell-mediated 
immunity. Decreased corticosteroid-binding globulin levels indicate a 
higher amount of biologically available free cortisol and elevated 
noradrenaline levels demonstrate an enhanced activation of the SAM 
system in the offspring from ACTH sows. Hypothalamic HPA axis feedback 
seems to be attenuated after birth in ACTH offspring as shown by a 
slightly reduced glucocorticoid receptor binding. Together with a 
significantly decreased serotonergic activity in the locus coeruleus region 
these alterations may account for the increased responses of the HPA and 
SAM system after an acute restraint stress and the increased emotional 
reactivity during an open-field test. 
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The olfactory bulb is the first relay on the olfactory sensory pathway and 
the target for neural progenitors generated in the subventricular zone 
(SVZ) and which migrate along a well-demarcated pathway - the rostral 
migratory stream (RMS). Although neurogenesis in the SVZ/RMS occurs 
continuously throughout adulthood, the rate of proliferation and the fate 
of new cells may be affected by exogenous factors. Maternal separation 



(MS) is a well-described model of environmental influences on 
development and subsequent nervous system function. In our study MS 
has been used as a model of early olfactory deprivation to investigate its 
effect on neurogenesis in the rat RMS. Pups from postnatal day 1 (P1) to 
P21 were separated from the dam for 3 hrs daily and compared to pups 
that remained with the dam. At the end of MS, resp. one week or three 
months later the rats were injected with BrdU to determine the number of 
dividing cells in the RMS. Dying cells were visualized by Fluoro Jade-B 
histochemistry. The RMS on hematoxylin stained sections after all survival 
times was composed of tightly packed cells as seen in control animals. 
However, cells proliferation was specifically affected immediately after the 
finishing of MS resp. after short-term survival. At P21 there was almost 
complete depletion of dividing cells in the RMS vertical arm. With 
reduction of dividing cells, the number of dying cells noticeably increased 
in this part of the RMS.  Three months after MS, BrdU-positive cells 
displayed the similar pattern of density as seen in control animals. These 
data indicate that adverse experience in life may induce acute site-specific 
changes in the RMS neurogenesis.  This work was supported by the VEGA 
grants 2/6213/26; 2/5135/25. 
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In a prospective-longitudinal study maternal anxiety was measured at 12-
22, 23-32 and 32-40 weeks of pregnancy (wp) with the State Trait 
Anxiety Inventory. 68 firstborns of 86 mothers, recruited at the 
Obstetrical and Gynecological Board consultations of a University Hospital 
were followed up to age 15. HPAA functioning was measured through 
establishing a saliva day-time cortisol profile (shortened version); during a 
week-end day 3 saliva samples were provided, namely immediately after 
awakening, at noon and in the evening. Severity of depressive symptoms 
was measured with the Children’s Depression Inventory (CDI).  We tested 
the following two hypotheses: (a) that maternal anxiety during pregnancy 
predicts altered HPAA function (e.g., a flattened cortisol profile) in 
adolescent offspring; (b) that altered HPAA function mediates the 
association between prenatal maternal anxiety and depression in these 
adolescents. Repeated measurements regression analysis and ordinary 



least-squares regression analyses indicated that maternal anxiety at 12-
22 wp was in female and male offspring (all having reached Tanner 
puberty phase IV),  associated with flattening of the diurnal salivary 
cortisol curve (P =.0463). Moreover in female adolescents this flatter 
cortisol curve was associated with depression (P = .0077). Effects 
remained when controlling for covariates such as postnatal maternal 
anxiety, smoking during pregnancy, birth weight and obstetrical 
optimality. Our results indicate that maternal anxiety during pregnancy 
enhances neurobiological vulnerability to depression - possibly by altering 
(or programming) foetal physiology - and demonstrate the mediating role 

of HPAA-dysregulation in linking an adverse foetal environment to 
depression. These results may lead to a re-orientation of the target of 
primary prevention and treatment of depression. 
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Aspartyl aminopeptidase (AspAP) and glutamyl aminopeptidase (GluAP), 
named together as aminopeptidase A activity (APA) exert angiotensinase 
activity due to their relation to the metabolism of angiotensins in the 
regional brain renin-angiotensin-system (RAS). APA converts angiotensin 
II (AngII) to angiotensin III (AngIII). AngIII possesses most of the 
properties of AngII and shares the same receptors.  Both angiotensins 
participate not only in the central regulation of blood pressure, but also 
participate as neurotransmitters/ neuromodulators. Ethanol (EtOH) is a 
drug of abuse that produces hypertension, and the brain is specially  
sensitive to hypertension, which causes a variety of vascular and cellular 
changes. Previous in vitro studies demonstrated that EtOH inhibits APA 
activity in basal conditions (independently of Ca2+) and also under 
depolarisation (dependently of Ca2+). In this work, we analyse the effects 
of chronic EtOH intake on APA activity under basal/resting and K+-
stimulated conditions in mouse frontal cortex synaptosomes in a Ca2+-
containing or Ca2+-free artificial cerebrospinal fluid (aCSF). The results 
show that EtOH does not modify APA activity under resting conditions in 
presence of Ca2+, but is modified in absence of Ca2+. However, EtOH 
inhibits the K+-stimulated increase in APA activity in presence of Ca2+. In 
absence of Ca2+, this effect is not observed. Due to brain RAS is related 



with the pathogenesis of hypertension at different levels, the inhibitory 
effects of EtOH on angiotensinase activity may explain the changes 
observed in blood pressure regulation, local blood flow and/or fluid and 
electrolyte homeostasis, related to alcohol abuse. 
Supported by Instituto de Salud Carlos III, Fondo de Investigación 
Sanitaria (FIS) through grant # PIO 030922. 
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Ethanol (EtOH) is the most widely and frequently used psychoactive drug 
in modern society. Chronic alcoholism is associated with numerous 
degenerative and inflammatory disorders of the central nervous system. 
The purpose of the present work was to study the influence of EtOH in 
mouse frontal cortex synaptosomes after chronic EtOH intake (15% in 
drinking water during 30 days), under resting and K+-stimulated 
conditions. The neurotoxic effects were analysed by free radicals 
generation (luminol- or lucigenin- enhanced chemiluminiscence),  lipid 
peroxidation of the membrane lipids (thiobarbituric acid reactive 
substances -TBARS-) and the oxidation of synaptosomal proteins 
(carbonyl groups content). In addition, the bioenergetic behaviour of 
synaptosomes was analysed under the different experimental protocols. 
Oxidative stress parameters were modified in a different degree after 
EtOH intake. Thus, under resting conditions, chronic EtOH intake did not 
modify lucigenin-enhanced chemiluminescence, but increased significantly 
(P<0.01) luminol-enhanced chemiluminescence. Under K+-stimulated 
conditions, luminol- and lucigenin-enhanced chemiluminescence were 
significantly higher (P<0.01) after chronic EtOH intake. Changes were 
observed neither under resting nor K+-stimulated conditions in TBARS 
content. Under resting conditions, chronic EtOH intake decreased carbonyl 
content of proteins (P<0.01). Under K+-stimulated conditions, carbonyl 
groups content of proteins were significantly lower (P<0.01) after chronic 
EtOH intake. Finally, only K+-stimulated conditions increased significantly 
(P<0.01) bioenergetic behaviour in control group, whereas decreased 
significantly (P<0.01) after chronic EtOH intake. Although previous in vitro 
studies did not show signs of neurodegeneration after EtOH 
administration, in vivo EtOH intake changes several oxidative stress 



parameters. 
Supported by Instituto de Salud Carlos III, Fondo de Investigación 
Sanitaria (FIS) through grant # PIO 030922. 
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In order to evaluate cardiac, hepatic and pulmonary response to toxic 
stress, a combined treatment of passive smoking plus ethanol was applied 
to 60 female Sprague-Dawley rats (80-100g). These were randomized into 
four groups: control, ethanol (2g/kg), passive smoking (8 cigarettes) and 
a combined group. 15 days post-treatment, an Hsp70 expression was 
determined by Western blot analysis. Samples of even protein loading 
(5.75µg) were separated by SDS-PAGE and blotted onto a nitrocellulose 
membrane. The samples were then incubated with anti–Hsp70. Bands 
were detected by an enhanced chemi-luminescence detection kit and 
exposed to X-ray film for 10 secs. The results were analyzed on a G-800 
Densitometer and Quantity One 5.4.2 software. A differential tissular 
stress response was observed. The greatest recognition of Hsp70 was 
related to the hepatic tissue of the combined group, followed by the 
cardiac and pulmonary tissue. The differences observed were statistically 
significant (Mann-Whitney U test α=0,05). The combined treatment 
promotes the coinduction of Hsp70 in liver and cardiac tissue, whereas 
similar coinduction in the pulmonary tissue was not observed. Consistent 
with this result our previous sub-cellular analysis and its semi-
quantification by Image Pro Plus software have shown approximately 60% 
of alveolar alterations, compared to 8% and 5% of heart and hepatic 
tissue respectively. The relationship between Hsp70 coinduction and cyto-
protection might be important for understanding the role of this protein in 
organ differential damage, as well as the role of passive smoke 
components such as nicotine, to possibly enhance thermotolerance by an 
unknown mechanism.  
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IMPACT OF A CHRONIC ETHANOL TREATMENT IN PRENATALLY 
STRESSED MALE RATS ON THE ETHANOL APPETENCE AND ON 
LEVELS OF DELTAFOSB IN THE NUCLEUS ACCUMBENS 
 
Vincent Van Waes1, Mihaela Enache1, Stéfania Maccari1,2 and Muriel 
Darnaudéry1 

 
1 Unité de Neurosciences & Physiologie Adaptatives EA 4052, Equipe 
Stress Périnatal, Université de Lille 1,  
Villeneuve d'Ascq, France 
2 Department of Experimental Medicine & Pathology, Università di Roma 
“La Sapienza”, Roma, Italy 
 
In rats, prenatal stress affects the activity of the hypothalamic-pituitary-
adrenocortical axis and increases vulnerability to several drugs of abuse 
(amphetamine, 3,4-methylenedioxymethamphetamine and nicotine). 
Repeated exposure to drugs of abuse persistently induces the 
transcription factor deltaFosB in the nucleus accumbens, effect 
hypothesized to contribute to neuroadaptations in dopamine-regulated 
signalling. The aim of the present work was 1) to determine whether 
prenatal stress have an impact on ethanol appetence in rats; 2) to assess 
deltaFosB levels in the nucleus accumbens after a chronic ethanol 
treatment in prenatally stressed and control rats. 
Preference for ethanol was measured in a two-bottle choice paradigm 
(water versus ethanol 2.5%, 5% or 10%) in adolescent (postnatal days 
28-38) naive rats and in adult rats after a chronic oral treatment (ethanol 
2.5%, 5% or 10%). The level of motivation for ethanol was determined in 
adult animals under challenge situations (reduction of ethanol 
concentration, ethanol withdrawal, concurrent choice with sucrose). After 
9 months of ethanol oral treatment, animal were killed, nuclei accumbens 
dissected and deltaFosB levels assessed by western blot. 
Our results indicated that prenatal stress did not modify ethanol 
preference, neither during adolescence, nor after the forced ethanol 
drinking period in adulthood. Moreover, animals’ motivation for ethanol 
was weak, in spite of the long-lasting ethanol exposure. In contrast, the  
chronic oral treatment with ethanol 10% significantly increased deltaFosB 
levels in the nucleus accumbens. This increase was more important in 
prenatally stressed than in control animals. The dissociation between the 
impact of prenatal stress on brain deltaFosB and on ethanol consumption 
suggests that it would be important to evaluate more finely the motivation 
for ethanol in our populations of animals, in particular by modulating the 
palatability of ethanol and/or by considering interindividual differences. 
 
Supported by the ‘Conseil Régional du Nord-Pas-de-Calais’, the ‘IREB’ and 
the ‘FEDER’. 
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GENDER-RELATED DIFFERENCES IN RESPONSE OF RAT BRAIN 
CORTICOSTEROID RECEPTORS AND HEAT SHOCK PROTEINS TO 
ANTIDEPRESSANT IMIPRAMINE 
 
Gordana Matić, Ivana Elaković & Jelena Brkljačić 
 
Institute for Biological Research, Despot Stefan Blvd. 142, 11000 
Belgrade, Serbia; gormatic@ibiss.bg.ac.yu 
 
Sexual dimorphism in the prevalence of major depression1 has been 
considered a consequence of sex differences in the HPA axis functioning2,3. 
Antidepressant drugs enhance glucocorticoid signaling and normalize HPA 
axis reactivity4, representing useful tools for animal studies on the 
pathogenesis of this disorder. The aim of the present study was to 
examine gender-related differences in the response of pituitary and brain 
corticosteroid receptors (CRs) to a typical tricyclic antidepressant drug, 
imipramine. To that end, the effects of a long-term imipramine treatment 
on the protein levels of glucocorticoid receptor (GR), and heat shock 
proteins Hsp90 and Hsp70, as well as on dexamethasone binding to both 
GR and mineralocorticoid receptor (MR) in the pituitary, hypothalamus, 
hippocampus and brain cortex of non-depressed rats were studied. 
Differences in the GR protein level in the tissues of untreated female vs. 
male animals were not noticed. However, imipramine led to opposite 
changes in the cellular level of GR protein in the brain of female and male 
rats, as well as to gender- and tissue-specific changes in in vitro 
dexamethasone binding to GR and MR in the hippocampus and brain 
cortex. Gender-related differences in the expression of Hsp90 and Hsp70 
were noticed mainly in the hippocampus, only after imipramine treatment. 
The results suggest that this antidepressant may affect both the GR level 
and  the mechanisms regulating its binding ability in a gender-related 
manner. [1Kuehner C, Acta Psychiatr Scand 2003, 108: 163-174; 2Young 
EA, Crit Rev Neurobiol 1995, 9: 371-381; 3Seale JV et al, J 
Neuroendocrinol 2004, 16: 516-524; 4Pariante CM, Miller AH, Biol 
Psychiatry 2001, 49: 391-404]. 
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HSP27 IS INVOLVED IN ACTIN BASED CELL MOVEMENT DURING 
WOUND HEALING  
 
Bindi Doshi, Lawrence Hightower, Juliet Lee 
 



Department of Molecular and Cell Biology, University of Connecticut, 91 N. 
Eagleville Rd, U3125, Storrs, CT 06269, USA 
Bindi.Doshi@uconn.edu 
 
Heat induction of HSP27 in vertebrate cells causes microfilament 
stabilization, increased pinocytosis and cell migration.  HSP27 plays an 
important role in cytoprotection, has actin capping activity and inhibits 
actin polymerization in vitro. The amount of HSP27 expressed is regulated 
by gene activation and post transcriptionally whereas activity is regulated 
by phosphorylation in response to stress.  Neither phosphorylated nor 
unphosphorylated multimers alter actin dynamics whereas 
unphosphorylated monomers inhibit actin polymerization in vitro.  
Consequently, HSP27 has been proposed as a regulator of cell invasion; 
however, the direct role of HSP27 in cell motility is unclear.  In the 
present study, we constructed a eukaryotic expression vector using fish 
DNA to investigate the role of HSP27 in cell motility.  Heat shock 
treatment caused relocation of HSP27GFP from diffuse cytosolic 
distributions to concentration in perinuclear regions, suggesting a 
cytoprotective role involving protein aggregation in response to heat.   
CRL1807, a human colon epithelial cell line, was transfected with 
HSP27GFP driven by a CMV constitutive promoter to over-express HSP27.  
In vitro wound assays showed that cells over-expressing HSP27 had a 
faster wound closure rate compared to control cells.  HSP27 levels were 
knocked down in CRL1807 cells using siRNA.  Cells with decreased HSP27 
levels showed slower wound closure rates compared to control cells 
implying a role in regulating motility.  Rapidly moving fish epithelial 
keratocytes were also used as a model cell motility system.  Keratocytes 
over-expressing HSP27GFP had greater cell speed than control cells. 
Western blotting, immunostaining and co-localization with the actin 
cytoskeleton will be presented.  
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PROHIBITIN IS REQUIRED FOR SURVIVAL OF CARDIOMYOCYTES 
AGAINST STRESS INDUCED DAMAGE 
 
Lingjia Qian* Xiaohua Liu Zhen Ren Zhihua Yang 
 
Institute of Health and Environmental Medicine, 300050 Tianjin, China 
newjia@vip.sina.com 
 
Stress is considered as one of main causes inducing myocardial injury. 
Mitochondria play a key role in triggering the necrosis and apoptosis 
pathway of cardiomyocytes under stress. Prohibitin has been shown to 
stabilize and regulate the respiratory chain enzymes in mitochondria. The 
present research was designed to investigate the role of prohibitin in 



mitochondria for cardioprotection. Stress had no influence on prohibitin 
gene expression in cardiomyocytes, but time-and dose-dependently 
increased the prohibitin content in mitochondria. The overexpression of 
prohibitin in cardiomyocytes by transfection of prohibitin gene resulted in 
an increase of prohibitin in mitochondria. Compared with the non-
transfected cardiomyocytes, prohibitin overexpression could protect the 
mitochondria from stress-induced injury. Consistently, the mitochondria-
mediated apoptosis pathway was suppressed in prohibitin overexpressed 
cardiomyocytes after stress treatment, including the reduced change of 
mitochondrial membrane permeability transition and inhibited release of 
CytC from mitochondria to cytoplasma. As a result, stress induced 
cardiomyocyte apoptosis was inhinbited. Moreover, in stressed 
cardiomyocytes the interaction between prohibitin and HSP70 was found, 
and the increase of HSP70 expression promoted the translocation of 
prohibitin to mitochondria and improved the survival of cardiomyocytes 
against stress injury. These indicated that prohibitin protected the 
cardiomyocytes from stress induced damage, increasing prohibitin content 
in mitochondria via HSP70 may constitute a new therapeutic target for 
myocardium injury. 
The research is supported by national basic Research Priority Program of 
China (2001CB510206) and National Science Foundation of China 
(30430590, 30570753) 
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ELEVATED HEAT SHOCK PROTEINS 70 AND 27 ARE CORRELATED 
WITH CNS INJURY IN SURGICAL PATIENTS UNDERGOING DEEP 
HYPOTHERMIA CIRCULATORY ARREST AND DESCENDING 
THORACIC AORTIC ANEURYSM RESECTION 
 
James Hecker 
 
Department of Anesthesia, University of Pennsylvania, Philadelphia, PA 
19104-4283, USA 
Email: heckerj@uphs.upenn.edu 
 
 
Introduction.  The Heat Shock Proteins (HSPs) are members of a highly 
conserved family of molecular chaperones, some of which are rapidly 
induced by severe stress. The inducible form of Hsp70 is normally near 
the lower limit of detection by ELISA in the cerebral spinal fluid (CSF) of 
humans, and remains so despite exercise to exhaustion Dalsgaard et al 
(1). The inducible members of the Hsp70 and Hsp27 families are 
associated with cellular protection and recovery after a near lethal stress. 
Whole animals, isolated organs and cells subjected to heat shock are 
protected against a subsequent near lethal ischemic or hypoxic event. 



Inducible HSPs, in particular Hsp70 and 27, have also been used as 
markers for cells and tissues that have been exposed to a near-lethal 
stress. Although the induction of protective intracellular responses by heat 
shock is not clinically useful, an understanding of the time course and 
correlation with injury of HSPs released during brain and/or spinal cord 
cellular stress (ischemia) is critical in understanding the role of the HSPs 
in cellular survival, and is potentially very useful as a biomarker of severe 
cellular stress. 
Methods.   As a part of the continuing efforts to improve peri-operative 
management by the Hospital of the University of Pennsylvania Aortic 
Surgery Research Group, serial human CSF measurements of Hsp70 and 
27 during Deep Hypothermic Circulatory Arrest (DHCA) and Descending 
Thoracic Aorta repair procedures were collected. These patients are at 
high risk for spinal cord ischemia with surgical resection due to the 
location of the procedure, and routine invasive monitors therefore includes 
a lumbar intrathecal (‘spinal’) drain. In this IRB Approved protocol, CSF 
samples were collected at the following time points: lumbar drain 
placement immediately following induction; at time of aortic cross clamp; 
one, two, and twelve hours after crossclamp; and at regular intervals 
following, or if signs/symptoms of paraparesis developed post-operatively. 
Samples were immediately spun and frozen for simultaneous analysis by 
ELISA. Preliminary results show marked increases in these Heat Shock 
Proteins. 
Results.   Of  the first 23 DHCA and thoracoabdominal aneurysm patients 
(not consecutive), nine have large increases in Hsp70 and 27 by 2 hours 
after crossclamp, nine more have large increases by 48 hours after 
crossclamp, and of these 18, eight have post-operative paraplegia. All 
patients with transient or permanent paraparesis had large increases in 
Hsp70 and Hsp27 at multiple time points in the peri-operative period. One 
patient had high levels of these HSPs at the initial time point just after 
induction of anesthesia, and he had had a carotid endarterectomy 
procedure the preceding day. Reported another way, of the total of 23 
patients examined, all 8 patients with post-operative paraplegia had 
multiple elevated HSPs over the first 48 hours, four patients had multiple 
elevated HSPs without paraplegia, and seven patients had only a few 
mildly elevated time points with no post-op paraplegia.  
Conclusions.   These preliminary results are supportive of Hsp70 and 
Hsp27 as biomarkers for significant spinal cord and perhaps brain 
ischemia.  
 
1. Experimental Physiology (2004) 89.3:271-77. 
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PREDATOR STRESS, MEMORY AND BRAIN PLASTICITY 
 
Diamond, David M. 
 
Departments of Psychology, Molecular Pharmacology and Physiology, 
University of South Florida, Tampa, Florida 33620 USA 
e-mail: ddiamond@mail.usf.edu 
 
It is well-known that the hippocampus is critically involved in the 
formation of new memories. However, extensive research has provided 
strong support for the view that hippocampal functioning is impaired in 
times of strong emotionality. For example, studies have shown that stress 
suppresses the induction of long-term potentiation (LTP), a well-accepted 
physiological model of memory, in rats. Moreover, research on people 
indicates that in times of strong emotionality there is a suppression of 
hippocampal functioning. Thus, despite the importance of the 
hippocampus in processes involved in memory formation, in times of 
stress the hippocampus appears to be inhibited from participating in the 
formation of emotional memories, including flashbulb and traumatic 
memories. In this talk I will incorporate rodent and human studies to 
provide an alternative interpretation of the findings. I will suggest that 
conditions of strong emotionality actually produce enhanced 
neuroplasticity in the hippocampus (and amygdala), which underlies the 
declarative component of emotional memories. The hyperactivation phase 
of plasticity, which is then followed by an inhibitory phase of hippocampal 
plasticity, underlies well-described psychological phenomena in emotional 
memory processing, such as the great durability of flashbulb and 
traumatic memories, as well as stress-induced amnesia. 
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HYPER- AND HYPO-AROUSAL INT HE CONTROL OF 
AGGRESSIVENESS: THE ROLE OF GLUCOCORTICOIDS 
 
Haller J, Halasz J, Mikics E, Toth M, Barsy B. 
 
Institute of Experimental Medicine, Budapest, Hungary 
 
We will show that - beyond chronic HPA-axis hyperfunction -, decreased 
glucocorticoid production also leads to psychopathologies. This point will 
be exemplified by studies on aggressive behavior. Psychopathology-
associated human aggression types are induced by a variety of conditions, 



are behaviorally variable, and show a differential pharmacological 
responsiveness. Thus, there are several types of abnormal human 
aggression. This diversity was not reflected by conventional laboratory 
approaches that focused on the quantitative aspects of aggressive 
behavior. Recently, several laboratory models of abnormal aggression 
were proposed, which mainly model hyperarousal-driven aggressiveness 
(characteristic to intermittent explosive disorder, posttraumatic stress 
disorder, depression, chronic burnout, etc.) and hypoarousal-driven 
aggressiveness (characteristic mainly to antisocial personality disorder 
and its childhood antecedent conduct disorder). Findings obtained with 
these models suggest that hyperarousal-driven aggressiveness has at its 
roots an excessive acute glucocorticoid stress response (and probably an 
exaggerated response of other stress-related systems), whereas chronic 
hypoarousal-associated aggressiveness is due to glucocorticoid deficits 
that affect brain function on the long term. In hypoarousal-driven 
aggressiveness, serotonergic neurotransmission appears to lose its impact 
on aggression (which it has in normal aggression), certain prefrontal 
neurons are weakly activated, whereas the central amygdala (no, or 
weakly involved in the control of normal aggression) acquires important 
roles. We suggest that the specific study of abnormal aspects of 
aggressive behavior would lead to important developments in 
understanding the specific mechanisms underlying different forms of 
aggression, and may ultimately lead to the development of better 
treatment approaches. 
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EARLY ADVERSE EXPERIENCE AND RISK FOR PSYCHOPATHOLOGY  
 
Christine Heim 
 
Department of Psychiatry and Behavioral Sciences, Emory University 
School of Medicine, Atlanta, GA, USA 
cmheim@emory.edu 
 
Childhood trauma is a potent risk factor for developing depression in 
adulthood, particularly in response to additional stress. We here 
summarize results from a series of clinical studies suggesting that 
childhood trauma in humans is associated with sensitization of the 
neuroendocrine stress response, glucocorticoid resistance, increased 
central corticotropin-releasing factor (CRF) and decreased oxytocin 
activity,  immune activation, and reduced hippocampal volume, closely 
paralleling several of the neuroendocrine features of depression. 
Neuroendocrine changes secondary to early-life stress likely reflect risk to 
develop depression in response to stress, potentially due to failure of a 
connected neural circuitry implicated in emotional, neuroendocrine and 



autonomic control to compensate in response to challenge. However, not 
all of depression is related to childhood trauma and our results suggest 
the existence of biologically distinguishable subtypes of depression as a 
function of childhood trauma that are also responsive to differential 
treatment. Other risk factors, such as female gender and genetic 
dispositions, interfere with components of the stress response and further 
increase vulnerability for depression. Similar associations apply to a 
spectrum of other psychiatric and medical disorders that frequently 
coincide with depression and are aggravated by stress. Taken together, 
this line of evidence demonstrates that psychoneuroendocrine research 
may ultimately promote optimized clinical care and help prevent the 
adverse outcomes of childhood trauma. 
 

 
 
7A_04_S 
 
A SYSTEMS-LEVEL MODEL OF STRESS EFFECTS ON COGNITION 
 
Jeansok J. Kim and Taejib Yoon 
 
Department of Psychology and Program in Neurobiology & Behavior, 
University of Washington, Seattle, Washington, U.S.A.  
 
Stress is a biologically significant social-environmental factor that plays a 
pervasive role in our lives, from impacting our daily behaviors to 
producing and exacerbating myriad physical and mental illness. An 
accumulating body of evidence from human and animal studies reveals 
that while the acute response to stress (i.e., heightened cognition) is an 
adaptive mechanism, exposures to uncontrollable (unpredictable and 
inescapable) stress can subsequently produce detrimental neurocognitive 
effects, particularly in the hippocampus. Rodent studies further indicate 
that stress impairs long-term potentiation (LTP), a leading candidate 
cellular mechanism of information storage, in the hippocampus. We have 
recently discovered that amygdalar lesions/inactivation and prefrontal 
cortex lesions block and exacerbate, respectively, stress-induced 
impairments in hippocampal LTP and spatial memory. Moreover, single 
unit recording data indicate that stress alters the firing rate of place cells 
recorded from dorsal hippocampus, providing an empirical bridge between 
stress effects on synaptic plasticity and spatial memory. Based on these 
findings, we will present a conceptual model of the central stress 
mechanism (a neural-endocrine network comprising of amygdala, 
prefrontal cortex and glucocorticoids) regulating hippocampal functioning.  
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LOW-ENERGY STRESS-RELATED DISORDERS. DIAGNOSTIC 
UTILITY OF BIO-PSYCHOSOCIAL MARKERS 
 
Bengt B. Arnetz1,2 , Ulla Maria Anderberg2, Ingrid Anderzen2, and Christina 
Halford2 

 
1Division of Occupational and Environmental Health, Department of Family 
Medicine and Public Health Sciences, Wayne State University, Detroit, 
Michigan 48009, USA. barnetz@med.wayne.edu 
2 Division of Social Medicine, Department of Public Health Sciences, 
Uppsala University, Uppsala Sciences Park, 751 05 Uppsala, Sweden 
 
It is commonly difficult to differentiate low energy states due to stress-
related disorders from depression.1 The aim of the present study was to 
evaluate possible differences in symptoms, psychiatric co-diagnosis, and 
biological stress markers in patients suffering from stress-related 
disorders versus depression. 150 patients that had been referred by 
primary care physicians to an academic stress medicine center were 
evaluated by a physician using structured psychiatric tools, the center’s 
validated stress-assessment visual analogue scales, biological stress 
markers, blood pressure, and Body Mass Index. Patients with depression,  
>20 points on MADRS, scored significantly lower on the global energy 
scale, self rated health, and quality of sleep as compared to patients 
suffering from stress-related disorders. Depressed patients scored higher 
on the global stress scale. Depressed patients rated themselves to be less 
rested following a night’s sleep. Depressed patients scored lower with 
regard to satisfaction with their family and job situations. It is suggested 
that studies involving either stress-related disorders or depression more 
carefully screen the participants with regard to biopsychosocial 
characteristics. A substantial number of patients being referred for stress-
related disorders also suffer from psychiatric co-morbidity. 
 
 1 Arnetz, BB, Ekman R. (Eds). Stress in health and disease. Wiley-VCH. 
Weinheim, Germany. ISBN-13 978-3-527-31221-4. 
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STRESS AND THE HEART: THE PHYSIOLOGICAL BASIS FOR THE 
DEVELOPMENT OF CARDIAC RISK IN DEPRESSION AND ANXIETY 
DISODERS 
 
Gavin Lambert 
 



Baker Heart Research Institute, Melbourne, Australia 
(gavin.lambert@baker.edu.au) 
 
Until recently it was thought that no more than 50% of clinical coronary 
heart disease was explicable in terms of classical cardiac risk factors such 
as dyslipidemia, cigarette smoking, high blood pressure and diabetes. 
Recent large scale epidemiological studies have increased our 
understanding of the mechanisms generating cardiac risk and have 
provided evidence indicating that psychosocial factors, particularly 
depressive illness (MDD), anxiety states, and acute and chronic mental 
stress are involved here, “triggering” clinical cardiovascular events, and 
possibly also contributing to hypertension and atherosclerosis 
development. Although the underlying mechanisms in play are most likely 
multi factorial in origin the sympathetic nervous system is undoubtedly 
paramount in many cases. Using noradrenaline isotope dilution 
methodology and direct nerve recording coupled with invasive blood 
sampling techniques we have examined cardiac sympathetic activity in 
patients with MDD and also panic disorder (PD). By sampling blood also 
from the internal jugular vein we have been able to gain insight into brain 
monoamine turnover in these conditions and have directly evaluated the 
effects of SSRI therapy on brain monoamines in these conditions. The 
pattern of sympathetic activation is very different in patients with MDD 
(bimodal) or PD (normal). Brain monomaine turnover is different in each 
group, with brain noradrenaline turnover being reduced in MDD yet 
normal in PD. Interestingly, in both MDD and PD brain serotonin turnover, 
surprisingly, is markedly elevated before treatment and is significantly 
diminished following SSRI therapy. Clearly, the role of brain monoamines 
and their relation to generating increased cardiac risk merits further 
attention. 
 

 
 
7B_03_S 
 
STRESS AND COMMON HEALTH COMPLAINTS 
 
Holger Ursin 
 
Unifob Health, University of Bergen, Norway 
 
According to the Cognitive Activation Theory of Stress (CATS – Ursin and 
Eriksen 2004),  a formal system of systematic definitions, the term 
“stress” is used for stress stimuli, the stress experience, the non-specific, 
general stress response, and the experience of the stress response. The 
stress response is normal, healthy, and necessary alarm. If sustained 
there may be a risk of illness and disease. The level and duration of the 
alarm depends on the expectancy of the outcome of stimuli and the 
specific responses available for coping.  



The most common health complaints are subjective health complaints like 
muscle pain, tiredness and mood changes. These are normal aches of 
short duration and low intensity for most people. For some the pains and 
complaints are substantial and long-lasting with serious implications for 
functioning. There are no sharp or obvious limits in the distribution of 
health complaints, separating ‘normal’ and endurable pain and complaints, 
and intolerable complaints that need professional help. These conditions 
are most often unspecific, and are the most common reason for 
encounters with health professionals, and the most frequent reason for 
sick leave and disability. There is a striking comorbidity for all these 
conditions. This may be explained by psychobiological sensitization within 
neural loops, which has been suggested as a mechanism for these 
conditions (Ursin 1997).  
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INTERMITTENT NEUROGENIC STRESS DELAYS ONSET OF 
DIABETES IN RATS: SELYE’S EUSTRESS? 
 
Holly E. Bates, A Sirek, MA Kiraly, JTY Yue, D Goche Montes, SG 
Matthews, and M Vranic  
 
University of Toronto, Toronto, Canada.  holdoug@yahoo.ca 
 
Acute stress deteriorates glycemic control in diabetes.  We hypothesized 
that chronic intermittent restraint stress (1hr/d, 5d/wk for 13wks) of male 
ZDF rats, a model of Type 2 Diabetes, would accelerate development of 
diabetes.  Intermittent stress lowered food intake by 15%.  Thus, pair fed 
rats were included to distinguish between the effects of reduced food 
intake and of stress per se.  Surprisingly, intermittent stress delayed 
development of fed and fasting hyperglycemia, effects mediated partly by 
reduced food intake, but also by intermittent stress per se.  The stress-
induced reduction in food intake improved insulin secretion and β-cell 
mass, suggesting these as mechanisms for reduced food intake to 
improve glycemia.  However, intermittent stress per se also led to HPA 
axis adaptations.  Although basal ACTH levels did not differ, intermittent 
stress prevented the 30% increase in basal corticosterone (CORT) with 
food restriction, which could predict 20% of the variation in fed glycemia.  
In addition, intermittent stress led to habituation of restraint-induced 
CORT responses to lower levels than those induced by food removal.  
These CORT adaptations with intermittent stress were consistent with 
adaptation of mRNA levels for hippocampal MR, paraventricular nucleus 
AVP, and anterior pituitary POMC.  Thus, intermittent restraint stress per 
se delays hyperglycemia, presumably via adaptations in the HPA axis that 
prevent the hypercorticosteronemia caused by food restriction.  Since 
hypercortisolemia deteriorates glycemic control, adaptation to repetitive, 



predictable stress may be beneficial for glucose regulation.  Thus, as Hans 
Selye noted when coining eustress, not all stress is deleterious.    
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MATERNAL STRESS AND THE PRENATAL PROGRAMMING OF 
INFANT IMMUNITY 
 
Christopher L. Coe, Gabriele R. Lubach 
 
University of Wisconsin, 22 N. Charter Street, Madison, WI, USA, 
ccoe@wisc.edu 
 
Background.  While stress can influence immune responses at any point in 
the life span, our research has shown that the effects are larger and more 
lasting in the young and aged host.  In particular, during fetal and infant 
development, the maturational trajectory of immunity can be permanently 
altered.  This presentation will focus on changes seen after manipulation 
of the in utero environment and the role of placental and neuroendocrine 
processes in mediating the immune alterations.  Methods. Pregnancy 
conditions of rhesus monkeys were manipulated in several ways, including 
by psychological disturbance of the gravid female, administration of 
dexamethasone acutely, dietary treatments, or viral infection.  The impact 
on the infants’ immune, endocrine, brain, and behavioral development 
was assessed. 
Results.  Maternal stress, or antenatal administration of corticosteroids, 
significantly affected immune responses at birth and continued to have an 
effect on lymphocyte proliferation and cytokine responses up to 2 years of 
age.  These immune changes were associated with changes in the gut 
microbiota (including reduced Lactobacilli and Bifidobacter), which 
increased the risk for infection with enteric pathogens. A novel pathway 
mediating the effect of maternal stress on the fetus was also identified:  a 
reduction in the placental transfer of iron.  Lower iron stores at birth 
increased the risk for an iron deficiency anemia (IDA) in the growing 
infants.  The anemia emerging at 4-8 months of age provided a second 
postnatal hit to the immune system. In addition, infant monkeys from 
stressed pregnancies evinced behavioral and neural changes, including 
immature neuromotor reflexes at birth, greater emotionality during the 
first year of life, and a smaller hippocampus as juveniles.  Smaller 
hippocampal size was associated with less neurogenesis, and a more 
reactive hypothalamic-pituitary-adrenal axis.  Conclusions. Stressful and 
challenging events during fetal life can significantly impact the 
development of immunity at a vulnerable point in ontogeny and change 
the regulatory set points for several physiological systems postnatally. 
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CYTOKINE ACTIONS IN THE BRAIN MEDIATE THE INCREASED 
PREVALENCE OF DEPRESSION IN DISEASES WITH AN 
INFLAMMATORY COMPONENT 
 
Robert Dantzer 
 
Integrative Immunology & Behavior Program, University of Illinois at 
Urbana-Champaign, USA 
 
Physically ill patients experience a high prevalence of affect disorders that 
are exacerbated by relatively minor infections. Activation of the peripheral 
innate immune system induces signs of sickness that culminate in 
depressive-like behavior in adult mice. This response is exaggerated in 
aged mice whose innate immune system is chronically activated. 
Peripheral inflammation is relayed to the brain by both the sensory nerves 
that innervate the site of inflammation and the overflow of inflammatory 
mediators that enters the general circulation. In response to these stimuli, 
brain macrophage-like cells produces cytokines that directly or indirectly 
affect neuronal function. Activation of indoleamine 2,3 dioxygenase (IDO), 
a key enzyme in the metabolism of tryptophan, is an important 
mechanism for the depressive-like effects of immune activation. Enhanced 
activity of this enzyme in response to tumor necrosis factor-alpha and/or 
interferon-gamma induces the production of neurotoxic kynurenine 
metabolites and decreases the bioavailability of tryptophan, which 
ultimately impacts on serotoninergic neurotransmission. The development 
of depressive-like behavior in mouse in response to acute or chronic 
activation of the peripheral innate immune system is temporarily 
correlated with IDO activation in the brain and at the periphery. 
Furthermore pretreatment with 1-methyl-tryptophan, a competitive 
antagonist of IDO, abrogates depressive-like behavior but not sickness 
behavior in mice during the course of inflammation. These preclinical 
findings emphasize the role of cytokines and their metabolic effects in the 
pathophysiology of inflammation-associated depression. Supported by 
NIMH (R01 MH-71349 and MH-079829). 
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LONG PHOTOPERIOD-INDUCED GLUCOCORTICOID RESISTANCE 
AND DECREASED NEGATIVE SELECTION IN DOUBLE-POSITIVE 
THYMOCYTES OF FEMALE BUT NOT MALE MICE. MECHANISMS AND 
POSSIBLE IMPLICATION IN THE GEOGRAPHICAL DISTRIBUTION 
OF AUTOIMMUNE DISEASES 
 



Georges Maestroni 
 
Center for Experimental Pathology, Cantonal Institute of Pathology, 6601 
Locarno, Switzerland 
 
The mammalian immune response is circadian and is regulated through 
daily alterations of darkness and recently defined specific pathway of non-
visual light. The endogenous pace maker that drives this circadian cycle is 
located in the suprachiasmatic nucleus (SCN) of the hypothalamus. Light 
reaches the SCN through non-rod, non-cone intrinsically photosensitive 
retinal ganglion cells. The nervous pathway connecting the non-visual light 
detection in the SCN of the hypothalamus leads to a release of 
neurohormones from the pituitary, pineal, adrenal glands, and the gonads 
that  finally reach the lymphoid organs. We found that exposure of adult 
female but not male mice to long photoperiod (22 hours light: 2 hours 
dark, LP) for 8 days decreased the glucocorticoid sensitivity of the thymus 
gland. Dexamethasone –induced apoptosis was decreased in double 
positive thymocytes and this effect was apparent only in vivo but not in 
vitro. This effect was not observed in prebubertal female mice and in adult 
gonadectomized mice as well as in beta-2 adrenergic receptor gene 
deficient mice.  We exposed to the LP   DO11.10 mice  transgenic for a T 
cell receptor  recognizing an ovalbumin peptide.  The peptide was then 
injected intraperitoneally to induce intrathymic negative selection. The LP-
exposed mice showed a significantly reduced negative selection of double 
positive thymocytes. Intrathymic negative selection  is mediated by 
endogenous glucocorticoids and generates tolerance to self –antigens. As 
the seasonal variation of the photoperiod increases with the latitude, we 
might have disclosed a basic mechanism explaining the gender and 
geographical distribution of autoimmune disorders which are more 
frequent in women and show a north-south gradient of incidence.  
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ALTERATIONS OF THE CATECHOLAMINE-CYTOKINE BALANCE IN 
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Szelényi J. and Vizi E.S. 
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Cytokines are involved both in various immune reactions and in controlling 
certain events in the central nervous system. In our earlier studies it was 
shown that monoamine neurotransmitters, released in stress situations, 
represent a tonic sympathetic control on cytokine production and on the 
balance of proinflammatory/antiinflammatory cytokines. Basic and clinical 



studies have provided evidence that the biophase level of monoamines, 
determined by the balance of their release and uptake, is involved in the 
pathophysiology and treatment of depression, while inflammatory 
mediators might also have role in its etiology. In this work we studied the 
role of changes in norepinephrine (NE) level on the LPS evoked TNF-α and 
IL-10 response both in the plasma and in the hippocampus of mice. We 
demonstrated that the LPS induced TNF-α response is in direct correlation 
with the biophase level of NE as it is significantly higher when the release 
of NE of vesicular origin was completely inhibited in an animal model of 
depression (reserpine treatment) and it is significantly lower in case of 
increasing biophase level of NE by genetical (NETKO) or chemical 
(desipramine) disruption of NE reuptake. IL-10 was changed inversely to 
the TNF-α level only in the desipramine treated animals. Our results 
showed that depression is related both to changes in peripheral and in 
hippocampal inflammatory cytokine production and to monoamine 
neurotransmitter levels. Since several antiinflammatory drugs have also 
antidepressant effect we hypothesized that inhibitors of the monoamine 
uptake system might have multiple targets and are also able to modulate 
the LPS-induced inflammatory responses, which might contribute to their 
antidepressant effect.  
This work was supported by grants OTKA T-046896 and ETT 298/2006 
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SOCIOECONOMIC AND PSYCHOSOCIAL DETERMINANTS OF 
CHRONIC STRESS IN A CHANGING SOCIETY 
 
Maria S. Kopp 
 
Institute of Behavioral Sciences, Semmelweis University, H-1089 
Budapest, Nagyvárad t. 4, Hungary kopmar@net.sote.hu 
 
In the last decades in the transforming societies of Central and Eastern 
Europe (CEE) premature mortality increased dramatically, especially 
among men. In Hungarostudy 2002 survey 12.640 persons were 
interviewed in their homes. They represent the Hungarian population 
according to age, sex and 150 sub-regions above age 18.  Socioeconomic, 
psychosocial, work and family related factors, behavioral and self-reported 
health measures were recorded. From the latest Hungarostudy 2006 
follow-up study 1130 men and 1529 women who in 2002 were between 
the age of 40-69, were included into the present study. By 2006 99 men 
(8.8%) and 53 women (3.6%) died in the 40-69 age group.  After 
adjustment for traditional risk factors, work related measures, such as job 
insecurity and low social support from co-workers predicted significantly 
the all-cause mortality among men. Low education and low personal 



income were connected with premature mortality only among men. Living 
with the spouse was significant protective factor against early death only 
among men, whereas dissatisfaction with personal relations was a 
significant risk factor among women. Beck Depression score and self-rated 
health were much more important predictors of premature death among 
men than among women. In the transforming society of Hungary middle-
aged men are much more vulnerable to the work and socioeconomic 
deprivation related chronic stress factors than women in the same age 
groups. Chronic stress is proposed as an integrating model that can be 
applied to understanding the gender differences in premature mortality 
during social transformation.  
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JOB STRAIN COMPONENTS AND ADRENERGIC ALFA-2 AND Β1-
RECEPTOR-POLYMORPHISMS - A PUTATIVE STRESS-GENE 
INTERACTION AFFECTING OFFICE BLOOD PRESSURE LEVELS IN 
MEN 
 
Bertil Öhlin, Peter M Nilsson, Olle Melander 
 
Department of Clinical Sciences, Lund University, University Hospital, 
Malmö, S-205 02 Sweden.  
 
Background: Job strain and the polymorphisms of both the alpha-2 and 
beta-1-adrenergic receptor genes have both been linked to blood pressure 
elevation, respectively. We aimed at studying a potential interaction 
between job strain and its components (job demand and decision 
latitude), and the beta-1 receptor (Arg389Gly) polymorphism in relation to 
office blood pressure. 
Methods: From the Malmö Diet and Cancer population cohort a total of 
6095 subjects were randomly selected to be followed regarding 
cardiovascular risk factors. From this group, employed individuals with 
baseline questionnaire data regarding work characteristics were included 
(1338 men, 1707 women). Determination of the adrenergic β1-receptor 
Arg389Gly polymorphism was possible in 1271 men and 1601 women, 
and these individuals formed the study group. Associations with the alpha-
2 receptor have already been reported (Öhlin B, et al. J Hypertens 2007, 
accepted for publication) 
Results: Men with job strain and the Arg389Arg genotype had a non-
significant higher SBP (p=0.18) and DBP (p=0.34) than those with a Gly 
allele with or without job strain. The interaction term genotype x job strain 
was of borderline significance for SBP (p=0.07) after adjustments for age, 
country of birth, and job status. The demand score was significantly 
interacting with genotype in men (p=0.01 for SBP, and p=0.009 for DBP), 
after adjustments for age, country of birth, job status, antihypertensive 



treatment, and BMI. Men with a Gly allele had lower blood pressures with 
increasing demand score, whereas men homozygous for the Arg allele had 
lower blood pressures with increasing latitude score. In women, those with 
job strain had borderline significantly higher blood pressures than those 
without job strain, regardless of genetic variants. 
Conclusions: Job strain, and in particular job demands, seems to interact 
with the Arg389Gly polymorphism in men, resulting in higher blood 
pressures in men with genotype Arg389Arg. The genotypes interact 
differently with the components of job strain (demand and decision 
latitude) in terms of blood pressure levels. These preliminary findings 
need to be addressed in future studies. 
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WORK STRESS AND HEALTH IN THE CULTURAL CONTEXT OF 
GLOBALISATION 
 
Johannes Siegrist 
 
University of Duesseldorf, Germany 
 
Economic globalisation has far-reaching impact on the socio-cultural life 
and the health of populations in modern and rapidly developing societies. 
Technological progress goes along with the spread of a Western lifestyle 
that increases the risk of non-communicable diseases. Importantly, a 
globally expanding market of capital, goods and labour results in an 
increase of stressful working conditions among large parts of employed 
people, in addition to the afflictions of unemployment. 
Based on the discoveries of two leading theoretical models, a wide range 
of health-adverse effects of stressful work has now been identified. In 
these models, stressful work is defined as either a combination of high 
demand and low control in one's job, and as an imbalance between high 
effort spent and low reward received in turn, where rewards include 
money, esteem, and promotion prospects including job security. This 
latter model is of particular interest in the context of globalisation as it 
points to violations of  a fundamental principle of economic and social 
exchange, reciprocity. 
Major research findings from epidemiological and experimental studies of 
work stress and health are demonstrated, with special emphasis on 
rapidly transforming societies. In the final part, policy implications of 
current scientific evidence are discussed, with a focus on worksite health 
promotion, and promising preliminary findings from intervention studies 
are reported. Yet, given the scale of challenge, coordinated international 
strategies towards healthy work will be needed. 
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PSYCHOSOCIAL STRESS MANAGEMENT PROGRAMS IN 
TRANSFORMING SOCIETIES 
 
Redford B. Williams 
 
Duke University Medical Center, Durham, NC, USA 
 
Populations living in societies undergoing major transition can be 
subjected to mounting levels of stress that have the potential to produce 
serious health problems in some or all segments of the population.  Since 
the breakup of the Soviet Union in 1989, for example, there has been a 
marked increase in annual mortality in countries of the former Soviet 
Block, most marked in Russia where the annual mortality increased from 
600/100,000 to 900/100,000 – producing an excess of 400,000 deaths 
per year.  Another example is India, where a continuing dramatic 
expansion of the economy has created another set of social, political and 
economic upheavals.  A recent WHO report estimates that by 2010, 65% 
of the world’s cardiac cases will be persons of Indian descent, both in 
India and elsewhere.  It is likely that a significant proportion of these 
increasing mortality and cardiac problems are a result of the stresses 
encountered in these transforming societies.  While all might agree that 
the ideal solution would be to ameliorate the social, political, and 
economic conditions that are creating the health-damaging stress, that 
may be a solution that is easier to contemplate than to implement.  In this 
presentation I will review experiences with one structured stress 
management program, the Williams LifeSkills Workshop, that has been 
implemented, with appropriate adaptations to the different cultures, in the 
Far East and Hungary.  In both regions, results indicate that training in 
coping skills can be implemented with results that clearly document 
reduced stress levels.  To have a favorable impact on the health problems 
in these regions at the public health level, however, it will be necessary to 
develop and implement delivery systems that can disseminate this 
training on a mass scale.  I will conclude by considering how mass media 
and the internet might be used to do this. 
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ACHIEVING STRESSLESS PREDICTABLE PERIO / IMPLANT 
EXCELLENCE 
 
André P. SAADOUN 
 
 



The creation of an esthetic implant restoration with gingival architecture in 
harmony with the adjacent dentition is a formidable challenge.  The 
process of soft and hard tissue healing must be understood and 
incorporated into a carefully coordinated sequence of therapy. 
The essential prerequisites in order to establish an optimal aesthetic 
implant restoration should always remain a precise, comprehensive 
biological and prosthetic diagnosis as well as the choice of the most 
conservative, appropriate, and least traumatic treatment for the patient to 
prevent any injury to the periodontal and dental structure and achieve a 
successful outcome. 
The final objective is to achieve an optimal crown restoration surrounded 
by its natural gingival environment, using delicate ossoeus and/or muco-
gingival plastic surgery. 
A major evolution in implantology has taken place with tapered and rough 
surface implants, inserted in a one-step, non-submerged surgical protocol. 
It is important to identify complications and clinical mistakes and their 
implications on the final esthetic outcome. 
 

 
 
7E_02_S 
 
THE ROLE OF STRESS IN PERIODONTAL DISEASE 
 
B.Willershausen, A.Kasaj, A.Pistorius 
 
Department of Operative Dentistry, Johannes Gutenberg University, Mainz 
Germany 
 
In the last two decades several investigations have been carried out on 
associations between stress factors and periodontitis and a number 
pathogenesis models have been discussed and examined. As a physiologic 
measure of stress urin levels of corticosteroids have been used, and 
increased free cortisol levels in the urine of periodontitis patients as 
compared with controls have been encountered. It was shown that 
emotional stress may interfere with normal immune function and may 
result in increased levels of circulating hormones that can effect the 
periodontium. Stressful life events appear to lead to a greater prevalence 
of periodontal disease and individuals with financial worries, distress, 
depression or inadequate coping mechanisms have a more sever loss of 
clinical attachment. Furthermore, it could be demonstrated that anxiety 
and stress may have a negative influence on the response to periodontal 
therapy and that patients responding less well to periodontal treatment 
have more psychosocial strain and a more passivedependent personality. 
Although epidemiologic data on the association of stress and periodontal 
disease is still limited, it appears that stress may be a putative risk factor 
for periodontitis. 
The purpose of this presentation is to provide an overview, based on own 



data obtained from controlled clinical studies, on the association of stress, 
distress and coping behaviours with periodontal disease.  
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HYPNOSIS IN DENTISTRY 
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In daily practice dentists are faced with a wide array of psychological 
problems including dental fear, gagging, psychogenic denture intolerance, 
bruxism, atypical facial pain etc. Although several hypnotherapeutic 
methods can be used rather effectively to solve most of these problems 
[1,2], only few dentists use such techniques in his/her practice. Therefore 
the aim of the lecture is to introduce the possibilities of hypnotherapy in 
dentistry and to inspire the audience's effort to use this method in the 
dental practice. For this purpose author will summarize the theoretical 
background and basic clinical knowledge of hypnotherapy, and will 
describe how hypnosis can be used for a wide spectrum of dental 
problems. References: (1): Krause, W-R.: Hypnose und Autogenes 
Training. In Schultz, JH.: Hypnosetechnik. Praktische Anleitung zum 
Hypnotisieren für Ärzte. 9. Auflage, bearbeitet und ergänzt von G. Iversen 
und W-R. Krause. Gustav Fischer Verlag, Stuttgart, 1994. (2): Staats, J., 
Krause, W-R.: Hypnotherapie in der zahnärztlichen Praxis. Hüthig Verlag, 
Heidelberg, 1995.     
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PSYCHOSOMATIC DENTISTRY IN HUNGARY. TRENDS AND 
PROGRESS IN THE LAST 10 YEARS 
 
Fábián T.K. 
 
Clinic of Prosthetic Dentistry, Semmelweis University, Budapest, Hungary 
 
Following a rather long brake, an increase of interest in psychosomatic 
dentistry occurred in the middle of  nineties in Hungary. From this time up 
to the present 67 written publications were published from the Faculty of 
Dentistry of the Semmelweis University Budapest related to this topic. 



During this time all together 32 researchers participated in this 
multidisciplinary project including 13 dentists, 6 psychologists, 5 
biochemists, 1 psychiatrist, 1 teacher, 5 dental student and 1 psychology 
student. Research topics included epidemiology of dental fear, clinical 
treatment of dental fear and several oro-facial psychogenic symptoms, 
and stress related biochemical changes of saliva. The lecture will 
summarize the most important data and results of this 10 years project 
and give a broad outline of research possibilities in the next future.    
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GENE - ENVIRONMENT INTERACTIONS IN PTSD AND OTHER 
STRESS-RELATED DISORDERS 
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Stress related disorders can be defined as illnesses whose causation, 
onset, or development is substantially influenced by stress and its 
neurobiological correlates. Among mental disorders, depression, anxiety, 
and post-traumatic stress disorder (PTSD) are typical examples for stress-
related disorders. They are characterized by a moderate heritability 
suggesting the involvement of genetic vulnerability factors. Additionally, 
environmental influences including exposure to stressful life events and 
trauma contribute to the disease risk and can act as triggers for the onset 
of the disorder. Taking both into account, the investigation of gene – 
environment interactions is an important approach to elucidate the 
aetiology of stress-related disorders. We will discuss different approaches 
to examine gene – environment interactions in depression, anxiety, and 
PTSD, summarize the findings from the literature and present own results. 
The investigation of gene – environment interactions could prove as a 
promising approach to extend our knowledge about the aetiology and to 
identify new treatment targets in stress-related disorders. 
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THE SEARCH TO CURE PTSD: EVIDENCE FOR NOVEL MOLECULAR 
TARGETS 
 
Christoph Czermak, MD, Alexander Neumeister, MD 
 



Yale University, Dept of Psychiatry, West Haven, CT, USA, 
alexander.neumeister@yale.edu 
 
Indirect support exists for an involvement of the noradrenergic system, 
the serotonergic system and nicotinic acetylcholine receptors in the 
pathophysiology of posttraumatic stress disorder (PTSD). To untangle the 
relative contribution of these transmitter systems to the pathophysiology 
of PTSD and to identify potential novel targets to treat PTSD, we 
conducted a series of functional imaging studies using positron emission 
tomography (PET) and single photon emission computed tomography 
(SPECT). Using novel radioligands we studied for the first time the 
expression of serotonin (5-HT) receptors types 1A and 1B, the 
norepinephrine transporter and nicotinic acetylcholine receptors in the 
brain of PTSD patients, trauma-exposed and non-traumatized healthy 
control subjects. We also studied changes in electrodermal skin activity 
and neurochemistry following infusion with the α2-antagonist yohimbine in 
PTSD subjects relative to healthy controls. We found evidence for a role of 
the 5-HT1B receptor but not the 5-HT1A receptor in PTSD suggesting the 
5-HT1B receptor as a potential target for drug development. We further 
substantiated the important role of noradrenergic mechanisms in PTSD. 
Altogether, our studies provide evidence for the involvement of 
monoaminergic mechanisms in the pathophysiology of PTSD and identify 
novel targets for drug development. 
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THE PSYCHOBIOLOGY OF COPING WITH PTSD 
 
Miranda Olff 
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m.olff@amc.uva.nl 
 
Although many people are exposed to trauma, only part develop post 
traumatic stress disorder (PTSD) or other posttrauma psychopathology. It 
is possible that humans differ in the degree to which trauma induces 
neurobiological perturbations of their threat response systems, which may 
result in a differential degree of psychopathology. Posttraumatic stress 
disorder (PTSD) has been associated with dysregulation of the 
hypothalamus-pituitary-adrenal (HPA) axis as well as of the 
hypothalamus-pituitary-thyroid (HPT) axis. Findings have not been 
consistent and may depend on methodological issues like controlling for 
relevant variables. Results of a meta-analysis will be shown. In this paper 
we also present data on six HPA and HPT-axis related hormones in civilian 
chronic PTSD patients. Comparing chronic PTSD patients to healthy 



volunteers we found that patients had significantly lower plasma cortisol, 
prolactin and TSH levels. When studying the effects of psychotherapy in 
chronic PTSD patients we found that after Brief Eclectic Psychotherapy 
(BEP) significant changes occurred in levels of cortisol and DHEA. 
Responders showed an increase of cortisol and DHEA levels, while in non-
responders both hormone levels decreased. Differences were only found 
after controlling for depressive symptoms. In conclusion, learning to cope 
with trauma through psychotherapy for PTSD may alter dysregulations in 
the HPA-axis, but comorbid depressive symptoms should be taken into 
account. Continued study of the psychobiology of trauma and PTSD will 
enhance our understanding of adaptation to psychosocial stressors and 
support efforts to treat associated psychological and biological sequelae. 
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STRESS-TRIGGERED REPRODUCTIVE SUPRESSION: AN EVOLVED 
ADAPTATION? 
 
Pablo Nepomnaschy 
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It is estimated that only about 23% of women trying to conceive will begin 
a successful pregnancy during the first menstrual cycle of their attempt. 
This low rate of reproductive success has led some health scientists to 
describe human reproduction as inefficient and, therefore, an evolutionary 
paradox. In contrast to this pathological vision of women's reproduction, 
evolutionary theorists propose that reproductive suppression may have 
originated as an adaptation that, in dire circumstances, helps prevent 
pregnancy. As practitioners’ positions on this issue can affect both 
diagnoses and treatments, the debate of these opposing paradigms is of 
critical importance. 
This talk contributes to the aforementioned debate through an 
examination of the physiologic effects of stress on women's reproductive 
function. Stress is commonly reported to lead to reproductive suppression. 
Most of the available evidence to support this claim, however, has been 
derived from animal and clinical or retrospective studies. Here I present 
data from a population-based, longitudinal study I conducted among 
Kaqchikel Maya in the southwestern highlands of Guatemala. The 
relationship between stress axis (hypothalmic-pituitary-adrenal) activation 
and ovarian function, implantation and early pregnancy fate is discussed. 
Evolutionary and pathologic aspects of the effects of stress on 
reproductive function are evaluated. 
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THE RELATIONSHIP BETWEEN PSYCHOLOGICAL STRESS AND 
FEMALE FERTILITY  
 
Sheiner Eyal, M.D 
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Soroka University Medical Center, Ben-Gurion University of the Negev, 
Beer-Sheva, Israel. 
 
Fertility treatments carry emotional burdens on women and their partners. 
Although the psychosocial aspects of infertility have not been adequately 
addressed in clinical practice, there is consensus in the literature that 
attention to the psychological aspects of infertility is strongly advisable. 
Psychological factors such as depression, state-anxiety, and stress-
induced changes in heart rate might be predictive of a decreased 
probability of achieving a viable pregnancy in various types of infertility 
and fertility treatments. Previous intervention trials did not include 
screening for psychological nor physiological stress markers known to 
predict pregnancy in women experiencing difficulties achieving pregnancy. 
It is not clear whether the psychological stress is a part of the infertility 
etiology as a causative factor (psychogenic hypothesis), or rather 
represents a development of the infertility problem (psychological 
consequences hypothesis). Nevertheless, it is more likely that there is an 
interactive causal association between infertility and psychosocial distress.  
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THE HYPOTHALAMIC-PITUITARY-ADRENAL AND THE 
HYPOTHALAMIC-PITUITARY-GONADAL AXES INTERPLAY IN 
REPRODUCTION 
 
George Mastorakos 
 

Endocrine Unit, Second Department of Obstretics and Gynecology, 
Aretaieion Hospital, Athens University Medical School, Athens; 
mastorak@mail.kapatel.gr 
 
Vertebrates respond to stress with activation of the HPA axis, the 
adrenergic and the autonomic nervous systems. The principal central 
nervous system regulators of the HPA axis are corticotropin releasing 
hormone (CRH) and antidiuretic hormone (AVP). Apart central nervous 
system, CRH has been found in the adrenal medulla, ovaries, 



myometrium, endometrium, placenta, testis and elsewhere. The activation 
of the HPA axis during stress affects all body systems. The reproductive 
axis is inhibited by HPA axis, for the sake of saving energy. The changes 
of the HPG axis during stress are species-specific, and depend on type and 
duration of the stimulus. Several conditions may be associated with 
altered regulation of the HPA axis. Polycystic ovary syndrome, anorexia 
nervosa and pregnancy in the third trimester are all characterized by HPA 
axis activation. In contrast, during postpartum period, HPA axis 
suppression is implicated in the “postpartum blues”. The actions of CRH 
are also essential in fetal development and neonatal survival.   
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STRESS DURING PREGNANCY: CONSEQUENCES FOR MOTHER AND 
CHILD 
 
PC Arck 1, M Ruecke 1, K Nakamura 2, H Fliege 1, M Rose 3, S Blois 1, M 
Pincus 1, BF Klapp 1 
 
1 Charité, University Medicine Berlin, Germany 
2 University of Vancouver, Canada 
3 Qualitymetric, USA 
 
Maternal stress perception has long been suspected as a possible cause of 
infertility, implantation failure, late pregnancy complications and impaired 
fetal development, notions that exist since ancient times and across all 
cultures. In view of the enormous complexity of the regulatory nervous, 
endocrine and immune mechanisms involved in pregnancy maintenance, it 
is evident that pregnancy failure is not a single entity condition, but most 
likely the result of complex dysregulation. This dysregulation can be 
initiated or aggravated by stress. While there are still more open 
questions than answers, the neuro-endocrine-immune circuitry of the 
stress response during pregnancy is becoming increasingly defined, e.g. 
due to the development of particularly instructive rodent models and 
prospectively designed human cohort trials. Subsequently, clinicians are 
becoming far more attentive to the effect of psychological stress on 
pregnancy complications. As a reseult of emerging basic science research 
endeavours elucidating hierarchical, temporal and spatial interactions of 
key parameters during central and peripheral responses to psychological 
stress, a list of candidate molecular targets for clinically useful therapeutic 
intervention has become available by and should be tested in 
interdisciplinary research approaches. 
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THE STRIP-SEARCH VICTIM AND STRESS:  A SOCIAL-
PSYCHOLOGICAL ANALYSIS 
 
Thomas Blass 
 
Department of Psychology, University of Maryland Baltimore County, 
Baltimore, MD  21250, USA 
blass@umbc.edu  
 
Spanning a 9-year period from 1995-2004 a similar hoax was perpetrated 
on 70 fast-food restaurants across the United States.  A man, claiming to 
be a policeman (in actually he was not) would telephone a restaurant and 
tell the manager to strip-search a particular employee (usually female) in 
search of money she supposedly stole.  The managers typically complied 
with the “policeman” whose instructions sometimes went beyond having 
the employee remove all her clothes, to searching her body cavities, and 
even sexual abuse.  Visible stress reactions by the victims were common 
(e.g., crying).  Drawing on police reports, court records, and journalistic 
accounts, I present a systematic analysis of the victims’ stress reactions in 
a sample of such incidents.  This analysis will be presented within the 
framework of a broader, overarching inquiry about the surprising 
willingness of the managers to carry out such reprehensible orders—an 
inquiry informed by the groundbreaking experiments on obedience to 
authority by social psychologist Stanley Milgram conducted at Yale 
University in 1961-62. 
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COGNITIVE DEFICITS CAUSED BY CHRONIC STRESS CAN BE 
PREVENTED BY THE GINKGO BILOBA AND HYPERICUM 
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Waszyngtona 15A, 15-274 Białystok, Poland 
 
Exposure to chronic restraint stress in rats as well as the psychosocial 
stress in humans has been shown to alter cognitive functions such as 
learning and memory and has been linked to the pathophysiology of mood 
and anxiety disorders. Anxiolytic/sedative/antidepressant agents used in 
the management of the stress-related disorders have several side effects 



and are not cost-effective.  
Therefore, in this study we investigated efficacy of the orally given two 
natural medicines: extract of Ginkgo biloba (EGB 761, 100 mg/kg) and 
dried, standardized confection of crude Hypericum perforatum (350 
mg/kg), in the prevention of the post-stress memory dysfunctions. 
Male Wistar rats (150-160 g) were stressed for 21 days by placing them 
for 2 h daily in a tight restraint tubes. There were separate sets of 
experiments testing effects of EGB 761 and H. perforatum. To define 
specific role of the rat stress hormone (cortisol in humans) we ran also 
groups injected daily with corticosterone (5 mg/kg subcutaneously). 
Each experimental set consisted of 6 groups of animals: CONTROL, 
STRESS, corticosterone (CORT), EXTRACT (EGB 761 or H. perforatum), 
EXTRACT + STRESS, EXTRACT + CORT.  
Both, STRESS and CORT groups displayed considerable and statistically 
significant deficits in memory: spatial [measured in the Morris Water Maze 
(MWM) (p<0.05) and the Barnes Maze (BM) (p<0.05)], visuo-spatial 
[measured in the Object Recognition (OR) (p<0.01) Test] and non-spatial 
associative [measured in an inhibitory avoidance (IA) (p<0.01) Test]. 
Both, EGB 761 and H. perforatum administered daily during the stress 
procedure or chronic corticosterone treatment totally abolished most of 
these deficits. Interestingly, in naïve rats EGB 761 improved memory of 
the positively (curiosity - OR) reinforced behaviour more than that of the 
negatively (water immersion – MWM, exposure – BM, electric current – 
IA) reinforced ones. The latter, however, were better remembered by the 
animals receiving H. perforatum. There were only minor differences 
between the beneficial actions of EGB 761 and H. perforatum on the 
deficits caused by stress- and corticosterone. 
In conclusion, G. biloba and H. perforatum appear to contain agents able 
to effectively counteract increasingly important stress-induced cognitive 
deficits. 
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ARE EXTREMES IN ANXIETY LINKED TO COGNITIVE ABILITIES? 
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Anxiety and learning/memory are  hypothesized to be linked phenomena, 
as patients suffering from anxiety disorders and depression display 
changes in cognitive abilities. To mimic the clinical situation, wild type 



CD1 mice (NAB) were selected and inbred for extremes in anxiety-related 
behaviour in the elevated plus maze test to generate (HAB) versus low 
anxiety-related behaviour (LAB) mice. To study the interplay between 
emotionality and cognition, HAB, NAB and LAB mice were subjected to 
various social and non-social learning tasks. The general ability to 
recognise a familiar stimulus animal was assessed by the social 
recognition test. As a more sophisticated measure of social memory, the 
social discrimination task (SD) was performed. Furthermore, we used a 
contextual and cued fear-conditioning (FC) paradigm to investigate 
extinction abilities. The results clearly indicate that all three lines show 
social recognition abilities with a similar decline in olfactory investigation 
of the same stimulus. Remarkably, in the SD only HAB mice succeeded in 
identifying a familiar animal even after 120 min interexposure interval, 
indicating that the SD can be used to reveal differences in cognitive 
abilities between the mouse lines. Interestingly, in both FC paradigms HAB 
mice displayed delayed extinction compared to both, NAB and LAB 
animals. The data suggest that hyper-anxiety typical of HABs is linked to 
enhanced social memory abilities and resistance to extinction. Further 
analyses of the interaction between emotionality and cognition will focus 
on anxiety- and cognition-related neuropeptide systems, the effects of 
antidepressants and extinction-facilitating drugs.  
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Acute severe exercise elevates stress hormone levels and impairs 
cognitive function in rodents.  In contrast, chronic exercise improves 
cognitive function without affecting resting stress hormone levels. It is 
known that synaptotagmin, a Ca2+-dependent synaptic vesicle protein, 
brain-derived neurotrophic factor (BDNF) and its receptor tropomyosin-
related kinase B (TrkB) play important roles in hippocampus-dependent 
learning and memory behavior.  However, whether chronic exercise can 
improve learning and memory by upregulating these molecules remains 
unraveled.  To answer this question, male BALB/c mice were used as the 
animal model.  After 4 weeks of treadmill exercise training, the ability of 
learning and memory was evaluated by one-trial passive avoidance test 
(PA), an aversive learning task.  Hippocampal synaptotagmin and TrkB 



protein expressions were determined by Western blotting, and BDNF was 
measured by ELISA.  Our results showed that after chronic treadmill 
exercise, 1) the retention latency of PA was increased; 2) protein levels of 
hippocampal TrkB and synaptotagmin were elevated; 3) TrkB or 
synaptotagmin protein expression was positively correlated with PA 
performance.  These data suggest that the upregulation of synaptotagmin 
and TrkB may contribute to the chronic exercise-facilitated hippocampus-
dependent cognitive function. 
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To investigate the genetic background of anxiety-related and depression-
like behaviour in mice, two lines, selectively inbred for high (“HAB”) and 
low anxiety-related behaviour (“LAB”), starting out from outbred CD1 
mice. As mutations in the genome are assumed to make up for the 
majority of genetic differences, we plan to pinpoint them with a linkage 
analysis approach. For this, the ‘Mouse Medium Density Linkage Panel’ by 
Illumina, was used to genotype 1449 single nucleotide polymorphisms 
(SNPs) in HAB and LAB mice, as well as in F1 progeny (HABxLAB).  
The animals tested were derived from generation 20 or higher, providing a 
solid basis for genetically homogenous lines.  
In a first analysis, out of the 1449 loci tested, for 225 autosomal loci HAB 
and LAB mice both displayed homozygosity, but for different alleles. 
Cross-mated animals (F1, HABxLAB) were all heterozygous for these loci.  
Compared to an inter-strain analysis approach using two standard inbred 
mouse strains (e.g. BALB/c and C57BL6), where animals do not only differ 
in their anxiety-related behaviour, our intra-strain analysis considerably 
reduces the number of informative SNPs. Therefore, in our mouse lines, 
the number of informative false positive SNPs, relevant to the behavioural 
phenotype, will be much lower. 
Interestingly, about 1/3 of the opposite homozygous SNPs are 
concentrated on only 5 chromosomes, whereas two chromosomes 
contained just 3 and 6 of these SNPs.  
Altogether, the Illumina Mouse Medium Density Linkage Panel seems to 
provide a sufficient number of informative SNPs as to allow the 
identification of a linkage region, causative for the development of the 
anxiety trait. We are planning to genotype a larger number of freely 



segregating F2 generation animals (F1xF1). From this we expect being 
able to identify true candidate regions for anxiety-related behaviour.  
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Lack of a unifying concept for distinguishing adaptation from stress with 
research on psychoneuroendocrine (PNE) processes such as hypothalamic-
pituitary-adrenal axis (HPA) response to psychosocial conditions has led to 
at least four distinct types of errors:  (i) failure to distinguish adaptive PNE 
activation, i.e., “arousal,” from maladaptive PNE activation, i.e., “stress;” 
(ii) failure to distinguish response from conditions that provoked the 
response, i.e., either stressors or a vulnerability of some sort; (iii) 
assumption that subjective distress and psychobiological activation are 
equivalent and interchangeable; and (iv) failure to distinguish differences 
in the causes and consequences of response which is episodic, ephemeral 
and moderated compared to response which is repetitious, prolonged, or 
exaggerated.  Distinguishing adaptive from maladaptive response depends 
on a clear understanding of the adaptive purposes of PNE processes such 
as HPA response to psychosocial conditions, and attention to the context 
and consequences of any specific pattern of response.  This paper 
presents a novel and unifying model in which episodic cortisol response to 
psychosocial factors is conceived as an adaptation to perceived loss of 
reward.  Reward is conceived broadly as being the myriad of social or 
behavioral factors that may lead to specific psychobiological states of 
“reward” (e.g., increased activity in specific dopaminergic regions of the 
pre-frontal cortex).  By testing this conceptual model, researchers stand 
to make substantial contributions to understanding of how the HPA works 
in everyday life, and effects on human health and well-being. 
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Objective. A new rating scale for clinical diagnosis and treatment 
evaluation of complaints of chronic stress was developed in The 
Netherlands. This OK-list consists of 22 universally applicable complaint-
like items, scorable on a 5-point Likert scale. Psychometric evaluation 
showed high validity, reliability and unidimensionality. In this study we 
evaluate the responsiveness of the OK-list in patients suffering from 
chronic stress syndrome, equivalent to the clinical end state of severe 
burnout. 
Methods. A single group repeated measurements design was used. Intake 
and end-of-treatment information on level of chronic stress complaints 
was collected with the OK-list. Responsiveness was assessed using paired 
T-test, SRM and a graphical illustration presenting means for each chronic 
stress complaint. For parallel comparison SCL-90R data were used. 
Results were calculated for two subgroups defined by concurrent 
depression using data collected with the Beck Depression Inventory. 
Results. Comparison with SCL-90R revealed parallel lowering of OK-scores 
between intake and end-of-treatment in both subgroups. All paired T-tests 
were statistically significant (p-values <0.001) and SRMs were close to 
1.5, well above the cut-off score for high responsiveness. Differences 
between intake and end-of-treatment mean item scores were nearly all 
greater than 1 point on the Likert scale.  
Conclusion. The OK-list proved to be highly responsive to change in 
patients treated for chronic stress syndrome and thus provides an 
excellent alternative to questionnaires on chronic stress complaints or 
burnout when evaluation of natural course or treatment effect is 
important. 
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The lecture of psychological stress contains a large number of studies, 
investigating the mediating and moderating effects of dispositional factors 
such as type A behavior pattern, Negative affectivity, and Locus of Control 
over the stress-strain, stress-coping and stress-live events relationships 
(Cooper et al, 2001). Attribution theory, in this respect, has widely been 



utilized to study the mediating roles of such dispositional variables as 
there was a strong need to identify the individuals’ pattern of reasoning 
for different aspects of live events. Hence, In order to investigate the 
mediating roles of causal attributions over the association between coping 
resources and work stressors as well as verify a number of path models of 
the relationships between the concerned variables, 564 fulltime stuffs, 
working at the Universities’ administrative office in the Helsinki capital 
area, participated the study. In this study work stressors were comprised 
of five role conflicts i.e., Overload, Insufficiency, Ambiguity, Boundary, 
and responsibility. Whereas, coping resources consisted of Recreation, 
Self-Care, Social Support, and Cognitive Coping. Mediating variables were 
basically concerned with four dimensions of causal attributions (i.e., Locus 
of control, Stability, Globality, and Controllability) for negative and 
positive events. To measure occupational stress and personal resources, 
using Lazarus’ transactional model of stress (Lazarus & Folkman; 1984), 
72 items were derived from Occupational Stress Inventory Revised Edition 
(Osipow, 1998). The employees’ attributional style was also measured by 
Occupational Attributional Style Questionnaire (Furnham, 2004). The 
primary analysis of the hypotheses indicated the existence of such 
mediation by causal attribution for personal resources and different levels 
of occupational stressors; as such the general path model was supported. 
However, the result of further analysis using hierarchical regression 
analysis and structural equation modeling identified more details of testing 
the hypotheses. For instance, Responsibility did not appear to be a 
significant predictor for the variances of personal resources. Hence, the 
results of this study were mostly in line with the results of the same 
studies in the field of causal attribution (Weiner, 1986).  
NB. The analysis of the data hasn’t been finished yet and the further 
results of testing the hypothesis will be ready for the oral presentation in 
the conference. 
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Baseline glucocortiocoid (GC) levels may be related to the social status in 
small animal species. Here we examined GC levels in a moderately social 
rodent the Egyptian spiny mouse (Acomys cahirinus). Studied animals 
originated from 2 populations, differing considerably in their ecology: the 
population from Abu Simbel (S Egypt) is a desert-dweller, while that from 
Cairo is commensal. To assess baseline GC levels we collected faecal 
samples from 68 individuals belonging to 10 social groups. Each social 
group consisted of animals of both sexes and two age grades (directly 
corresponding to dominance ranks). Levels of GC metabolites were 
assessed by a 5α-pregnane-3β,11β,21-triol-20-one enzyme 
immunoassays (EIA). The results showed no effect of rank and only a 
small effect of sex (higher levels in females) on GC metabolites levels. 
Thus, the hypothesis that dominant males are more stressed than other 
functional groups may be rejected. Surprisingly, there was a considerable 
difference among groups. This may be interpreted as a substantial effect 
of social relationships within each particular group. The commensal 
population exhibited much higher levels of GC metabolites than the desert 
one. This is consistent with behavioural differences of studied populations 
- commensals are more active, but simultaneously also more anxious. 
Evolutionary adaptation to living in buildings is suggested as the ultimate 
cause of these physiological and behavioural differences. 
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The purpose of the present study is to examine how stress that is imposed 
at the fetal stage could influence the same Wistar rat at the adult stage. 
The pregnant rats were exposed to either gravitational stress (1.5 and 
2.0G) or wire-net restraint during the 15th through 21st day of pregnancy 
for 10 min daily. The male offspring of the wire-net restraint mother rat 
showed significant decrease of slope in growth curve at the 15th through 
66th day. The 1.5G gravitational stress on mother rats did not influence 
the body weight of the male offspring, while 2.0G gravitational stress on 
mother rats increased the slope of growth curve of 6 to 10 day-old male 
offspring rats. By contrast, 1.5G gravitational stress and wire-net restraint 



did not influence the feeding behavior in the adult stage of the female 
offspring rats.  However, 2.0G stress increased the slope of the growth 
curve. The somatostatin level in the blood was decreased in gravitational 
stress group in the male, but not in the female offspring rats. Data 
showed that the stress imposed at the fetal stage modified the growth 
pattern even at the adult stage and that the gender difference was 
observed in the anti-stress response. In addition, type of stress may be an 
important factor for producing emotional changes, such as, feeding 
behavior.   
Supported by JSPS grants (No.18500630 and No.18613011, 2006-2007). 
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Neurogenesis has been suggested to correlate with certain aspects of 
brain cognitive function. Several extrinsic stimuli, including physical 
exercise is known to have advantageous effects on neurogenesis and 
brain function. However, why exercise promotes neurogenesis remains 
unknown. Previously, stress-induced high level of corticosterone was 
shown to inhibit neurogenesis, while adrenalectomy enhance 
neurogenesis. As exercise modulates the level of serum corticosterone, we 
hypothesize that corticosterone signaling pathway is involved in the 
exercise-induced neurogenesis. In this study, hippocampal neurogenesis is 
estimated by double-labeling of mitotic marker (BrdU) and neuronal 
progenitor marker (DCX) in the subgranule zone. Our results showed that 
treadmill running exercise (TRE) significantly enhanced neurogenesis. The 
levels of serum corticosterone were elevated immediately and decreased 4 
h after TRE. Five-week TRE down-regulated the protein levels of 
mineralocoticoid receptor (MR), while glucocorticoid receptor (GR) 
remained unaltered. To mimic the exercise-elicited corticosterone 
response, mice were injected with low dose of corticosterone 
(4mg/kg/day) for three weeks. Our results showed that mice received 
corticosterone injection had slightly more BrdU/DCX positive cells than 
those of vehicle controls with no changes in the MR and GR levels. 
Alternatively, mice received MR antagonist, spironolactone, treatment 90 
min before TRE exhibited more neurogenesis than that of TRE. 
Spironolactone alone also expressed significant effect on neurogenesis. 
Taken together, our results suggest that reduced corticosterone signaling 



pathway is involved in the TRE-induced hippocampal neurogenesis. 
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Living in areas of intensive combat and conflict zones, may be 
accompanied by psychological stress among adolescents.  
The present study makes an attempt to explore the influence of the 
combat zone geographical proximity on the stress assessment, and to 
detect and define the specific resulting responses of adolescents. 
A comparison was done between adolescents living in communities along 
the seam-zone, and adolescents living in communities remote from 
Israel’s borders, in the purpose to investigate whether a difference exists 
between the adaptation levels of adolescents exposed to military stress - 
to those who are not. 
The test sample included 279 males and females, ages 14 to 18.  
It was found that adolescents living in the seam-zone vicinity reported a 
primary stress evaluation level higher than that of adolescents from the 
comparison group. In spite of this finding - no significant differences on 
the secondary stress evaluation (control estimation level) was observed 
between the two groups. It was found that adolescents, who revealed the 
lowest adaptation level, were those who reported the highest level of 
uncontrollability. 
Another finding indicates that stress situations, evaluated as 
uncontrollable, lead to an intense use of the secondary control 
engagement strategies (e.g. distraction, positive thinking, cognitive 
restructuring and acceptance) and the disengagement coping strategies 
(e.g. avoidance, denial, wishful thinking). It was also found that for both 
groups - coping strategies of the primary control types (problem solving; 
emotional regulation and emotional expression) predict a higher level of 
adaptation. 
Based on these findings it was concluded that the stress type (controlled 
or uncontrolled) has an important effect on the prediction of selected 
coping strategies and adaptive results. Gender differences were observed: 
the males, living in the vicinity of the seam-zone, revealed the highest, 
while the females - the lowest level of adaptation.  
It will be possible to utilize the present study findings in their adaptation 
to the treatment and the education policy for the more vulnerable part of 



the population of adolescents: the females. 
 
Keywords: psychological stress; adolescents; coping; adaptation 
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Self-injurious behavior (SIB) is a disorder that occurs in both clinical and 
non-clinical populations. Although a role for stress in the etiology and/or 
maintenance of SIB has been proposed, there is little empirical evidence 
for this hypothesis. Our laboratory has been studying the pathophysiology 
of spontaneously occurring SIB (manifested as self-biting and occasional 
self-wounding) in singly housed male rhesus monkeys at the New England 
Primate Research Center. In the present study, we examined the short- 
and long-term effects of an administratively mandated relocation of our 
monkeys (both SIB and controls) on the animals’ behavior and 
hypothalamic-pituitary-adrenocortical (HPA) function. The relocation 
involved movement of the subjects to different cages in a new colony 
room with unfamiliar animals. Daytime and nighttime behaviors were 
recorded, as well as time-dependent changes in salivary, serum, and hair 
cortisol concentrations, and serum corticosteroid binding globulin (CBG). 
Relocation stress induced long-lasting behavioral abnormalities in the SIB 
group, including an increase in self-biting and a disruption in sleep. Both 
groups exhibited rapid increases in salivary and serum cortisol following 
the move. Hair cortisol, which we have validated as an index of long-term 
HPA system activity (Davenport et al., 2006), was elevated over baseline 
at 4 months post-move but not at 1 year. In contrast, serum cortisol 
remained increased over baseline at 1 year, a point at which we also 
observed a compensatory rise in serum CBG. These results may have 
relevance for humans exposed to major life stressors. Supported by 
RR11122 and RR00168. 
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Background Transtheoretical model (TTM) is a theory of behavior change 
that can be applied to single, multiple, and complex behavior targets 
(Prochaska & DiClemente, 1986). The TTM is best known for its 
applications to smoking, high-fat diet, and drinking. TTM assumes five 
stages of change, which are named as Pre-contemplation (PC), 
Contemplation (C), Preparation (P), Action (A), and Maintenance (M) 
stage. There are thus far few attempts that apply TTM to change in 
effective stress management behavior in Japan. To understand change in 
stress management behavior by TTM, this study is to examine association 
of stage of stress management behavior with perceived stress and coping 
in Japanese college students. Method Participants were 699 (243 male 
and 456 female) college students in Fukuoka. The mean ages were 19.7 
and 19.3 years, respectively. The measures were 1) Stage of change 
algorithm, 2) a Japanese version of Rode Island Stress and Coping 
Inventory, and 3) a Japanese version of Stress Management Behaviors 
Inventory consisting of four subscales such as setting a limit, planning, 
reframing, and unhealthy behaviors. Result and Discussion Portions of 
students were 35 % in PC, 15 % in C, 16 % in P, 11 % in A, and 23 % in 
M stage, respectively. Degree of perceived stress declined as stage 
proceeds, whereas perceived frequency of effective coping increased 
across proceeding of stages. Subjects in A and M stage showed lower 
frequency of unhealthy behaviors, and higher planning and reframing 
behaviors. These results replicate previous findings using American 
sample that effective stress management behaviors are associated with 
lower levels of stress and higher levels of appropriate coping, and 
provided support for usefulness of applying TTM to stress management 
behavior in Japan. 
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It is known that speech signal contains features which provide information 
about a human speaker. Although several technologies to detect stress 
using human voice are available, reports on the reliability and validity of 
these technologies are controversial. In this study, we investigated the 
reliability and validity of the Layered Voice Analysis (LVA) technology. 
Methods: One-hundred and six healthy subjects participated this study. 
First, stress was assessed by using Speilberger State-Trait Anxiety 
Inventory (STAI). Blood pressure (BP) was also measured. Then, subjects 
were randomly assigned to the anagram task group and control group. 
Before task begins, all of the subjects were asked to answer 10 questions 
vocally, and they were all recorded. After answering questions, task group 
underwent anagram task whereas control group just read aloud series of 
words. After the task, STAI-S and BP were measured again. Answers to 
each question were analyzed using LVA and 22 parameters were 
computed. The internal consistency was assessed for each parameter 
using answers before task. Two-sample t-test was performed to see if 
parameters change significantly due to anagram task. Results: Of 22 
parameters, Cronbach’s alpha of 18 parameters was more than 0.6. Two-
sample t-test showed that 10 of 18 parameters along with STAI-S and 
systolic BP changed significantly during the anagram task. Conclusion: 
Most of the parameters LVA computed are reliable and the value of these 
parameters changed significantly under stressful conditions. LVA might be 
useful in the detection of mental stress. 
 

 
 
7A_16_P 
 
WIDOWHOOD INCREASES RISK FOR SUBSEQUENT DEMENTIA, 
ESPECIALLY FOR WOMEN: THE CACHE COUNTY STUDY 
 
Norton MC 1, Tschanz JT 1, Østbye T 2, Corcoran C 1, Zandi PP 3, Breitner 
JCS 4, Welsh-Bohmer KA 2  
 
1 Utah State University, 2 Duke University, 3 The Johns Hopkins University, 
4 University of Washington 
 
A host of life stressors increase risk for depression in late life, most 
notably widowhood.  Although depression, in turn, increases risk for 
dementia, few studies have examined the direct association between late-



life stressors and subsequent dementia onset.  Even more rare are large, 
population-based longitudinal studies addressing this research question, 
with their ability to minimize the selection bias inherent in clinic based 
samples.  In Cache County, Utah (USA) elderly (aged 65+) residents were 
assessed for dementia (90% of entire county participated) with a 
multistage case ascertainment protocol in 1995-6 (baseline) and those 
without dementia at baseline were again assessed in 1998-9 and 2002-3.  
The longitudinal sample with at least two evaluations included 3,117 
persons and of these, 2,231 were married, 789 were widowed, and 97 
were separated or divorced at baseline.  Cox proportional hazards 
regression was employed to model effect of marital status, on dementia-
free survival (years) before and after adjustment for gender, age, and 
presence of APOE e4 allele. Before adjustment for covariates, widowhood 
(at baseline) was associated with significantly higher incident dementia 
compared to being married (HR=2.37, 95%CI: 1.96-2.87). A trend for the 
marital status*gender interaction was observed (p=.140) after covariate 
adjustments.  Compared to being married, widowhood was associated 
with increased hazard for dementia in women only (HR=1.77, 95%CI: 
1.00-3.12).  Future studies will examine factors that may mitigate 
increased risk, and the effects of more recent widowhood and multiple 
marital transitions. 
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A commando operation is composed of multiple routines and skills that 
require alertness, attention to external environment, memory 
performance and reactivity to events. As the declarative memory system 
is very sensitive to environmental interactions and stress-generating 
situations, we decided to specifically study the effects of a 5-day 
commando operation on this system. 
 Cognitive and memory performance of 21 male cadets was examined 3 
weeks before and at the end of the operation, using an original 
computerized cognitive test battery allowing field investigation. In a first 
step, the battery evaluated psychomotor and cognitive performance with : 
a subjective vigilance and mood testing, a visuomotor coordination test, a 
selective attention test, and finally a planning test. In a second step, more 



specific memory tests were administered to investigate short-term 
components on the one hand, and long-term components on the other 
hand. For each item, the battery measured the reaction time and 
calculated the percentages of good and wrong responses, as well as the 
percentage of omissions. 
Our results evidenced that a 5-day commando operation significantly 
increased reaction times. In accordance with the relative but significant 
hypovigilance of the subjects, selective attention and short-term memory 
were affected (memory span, visual memory and audiovisual association). 
More surprisingly, long-term memory (semantic memory) was also 
impaired. On the contrary, spatial working memory and planning tasks 
were spared. 
Finally, this field study demonstrates that the stress induced by a 
prolonged commando operation is able to selectively impair several 
components of declarative memory.  
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We studied the effectiveness of a 16-hour structured stress management 
training, the Hungarian version of the Williams LifeSkills program. Since 
November 2004 more than 400 persons of diverse background were 
trained. We monitored short-term and long-term outcomes in a sample of 
24 people with high distress (mean age 34,4 ys, sd=10,35). Data were 
collected before (t1), right after (t2) and 6 month after (t3) the 
intervention. We used standardized questionnaires: Cohen Perceived 
Stress scale (PSS), Spielberger Trait Anxiety Inventory (STAIT), shortened 
Beck Depression Inventory (BDI), Patients Health Questionnaires 
(PHQ15), 5-item WHO Well-being Index (WWB), Rahe Life Meaning 
(MEAN) scale, and 1-item on “satisfaction with life” (SAT). Statistics: 
paired sample T test, levels of significance are * p<0.05 ** p<0.01. After 
the intervention perceived stress decreased and remained at normal level 
at 6 month follow-up (PSS1=31.8, PSS2=22.7**, PSS3=24.3**).* Stress 
related symptoms also decreased (BDI1=19.1, BDI2=9.6**, 
BDI3=11.1**; STAIT1=54.8, STAIT2=42.6**, STAIT3=46.2**; 
PHQ1=8.5, PHQ2=7.1, PHQ3=5.6**). Indices of well-being improved 



(WWB1=6.0, WWB2=8.6**, WWB3=7.9**; MEAN1=9.6 MEAN2=12.1**, 
MEAN3=11.3**; SAT1=5.4, SAT2=7.3**, SAT3=7.0*). Our results 
confirm that stress management skills can be learned via this short 
behavioural intervention, high initial perceived stress and related 
psychological and somatic symptoms decreased, well-being increased, and 
these favourable changes were maintained at 6 month follow-up.  
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Rainbow trout interact aggressively, and form distinct social hierarchies. 
We hypothesized that social interaction against a larger opponent provides 
the impetus and information necessary to stimulate goal-oriented learning 
in subordinate individuals.  A small (~100 g) juvenile rainbow trout in one 
tank compartment was adjacent to a large fish (~300 g; US) in another.  
A small (5 cm) hole leading to an empty compartment, large enough only 
for the smaller fish to pass was only available when the larger fish was 
present.  Once a day the water inflow was turned off (CS); 15s later 
dividers were removed and fish interacted for 15 min.  Larger fish were 
aggressive, and the learning curve for subordinate fish was dramatic 
(600%) over seven days.  Escape time improved daily until fish escaped in 
approximately one minute.  Plasma was taken 3 days before and 1 day 
after social interaction and learning trials.  For samples taken after the 
trials, fish were presented with inflow water off but no large fish 
challenge.  Fish learning to escape showed no change in plasma cortisol.  
However, fish that did not learn to escape exhibited a four-fold increase in 
cortisol, although no large fish was presented as a social challenge. 
Turning off inflow water acts as a conditioned stimulus to provoke 
increased cortisol, and elevated dopamine and serotonin in amygdala, 
hypothalamus and raphé.  Increased anxiety induced by CRF stimulates 
increased attacks, but also increased retreat and escape behavior.  Coping 
strategies appear to be influenced by CRF1 receptor activity. Fear 
conditioning in non-escaping fish is manifest by increased neural and 
hormonal stress responsiveness, whereas those that learn to escape 
utilize spatial learning to cope with social stress. 
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Object: Study of the circular causation between Rahe-Holmes Major Life 
Events (MLE), depression and wellbeing using data from a Hungarian 
follow-up survey Hungarostudy Epidemiological Panel (HEP2006). Sample 
and methods: From participants of a nationwide questionnaire survey in 
2002, 4528 adult persons participated in the second wave of the survey in 
2005. Data were collected about the MLE experienced during the periods 
preceding the first and the second waves, and the shortened WHO 
Wellbeing Score (WS) and Beck Depression Inventory (BDI). The follow-
up enabled us to examine the circular cause-and-effect relationships 
between MLE and psychological states. Results: The relationships between 
MLE stress scores and the number of stressful MLE were uncertain 
because they did hardly or not correlated with the BDI and the WS. 
However, including only the number of the negative MLE we found strong 
relationships. (1) In cross-sectional terms, in both waves we found strong 
relationships between the number of negative MLE, BDI (0,23***; 
0,17***) and WS (−0,15***,−0,14***). (2) The number of negative 
MLE, BDI and WS showed stability between waves (0,15***; 0,27***; 
0,26***). (3) The cross-correlations showed that previous negative MLE 
were strongly related to later BDI and WS (0,17***, −0,12***) while 
earlier BDI and WS showed a weaker but significant relationship with later 
negative MLE (0,09***, −0,07***). Discussion: Negative MLE result in 
permanent stress while the effects of positive MLE are uncertain. Although 
the psychological status has some effect on MLE much more robust effects 
can be found in the opposite direction: negative MLE result in the increase 
of BDI and decrease of WS. 
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The present study describes how development of stress-management 
behaviors (SMBs) was different depend on the level of individual 
subjective well-being. The subjects were 282 participants (56 male and 
226 female) in the 3 months health promotion program. Before and after 
the program, subjects were asked whether they had each of 8 SMBs. 
Subjective well-being was assessed at the pre-program by the revised 
version of Psychological Lively Scale (PLS-R) which consists of 4 
subscales: life satisfaction, negative mood, vitality to challenge, and 
emotional stability. In the result, the development depended on the level 
of PLS-R scores. Most of the subjects with high pre-life satisfaction could 
have passed off their weariness easily, got something to change their bad 
mood or daily stress, and had some pleasure after the program; even 
though, low pre-life satisfaction subjects could not. Same relation was 
found between the level of vitality to challenge and their weariness, 
emotional stability and their weariness, emotional stability and their good 
sleep. The low pre-negative mood, conversely, related to the change of 
their good sleep, some pleasure, and nice way to pass of weariness. The 
augmentation of SMB number was also related to the PLS-R score. This 
result was also related to the pre-number of SMBs. All subjects having few 
pre-SMBs multiplied the number, though subjects with high pre-PLS-R 
changed much more (4.3 to 6.2). While the number of SMBs with low pre-
PLS-R in many pre-SMBs was not significantly changed, high pre-PLS-R 
subjects developed their SMBs even their pre-SMBs were many. These 
results revealed that high subjective well-being accelerate the 
development of SMBs. 
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The aim of this study was to examine the associations between stress 
tolerance capacity measured using IMST (Inventory to measure stress 
tolerance capacity with 20 items) and a stress score measured using IMPS 
(Inventory to measure psychosocial stress with 40 items) among 
apparently healthy adults.1) A total of 684 male (47.1 ± 7.9 years) and 
517 female public school workers (47.5 ± 7.0 years) responded to 



questionnaires which assessed the degree of stress response (i.e., the 
stress score) and the degree of stress tolerance capacity (i.e., the stress 
intolerance score). 2) The higher the stress intolerance score was, the 
higher the stress score was for both men and women. Stress scores of 
men who answered yes to 17 items on the IMST and of women who 
answered yes to 14 items were lower than those of men and women who 
answered no to the same items on this test. The higher the stress 
intolerance scores of men and women were, the higher were the 
proportions of men who answered yes to 38 items and women who 
answered yes to 39 items on the IMPS. A stepwise regression model 
yielded 8 items on the IMST which influenced the stress score for men and 
4 items which influenced it for women. An inverse association between the 
stress score and physical exercise was found to be significant in men, 
while this association was not found in women. The results suggest that 
efforts to increase the stress tolerance capacity, such as having 
appropriate social support, a healthy lifestyle, and a positive attitude 
toward life, may be conducive to lessening psychosocial stress among an 
otherwise healthy population. They also imply that a stress management 
program needs to treat men and women differentially. References: 1) 
Yamamoto K (2005) Development of the inventories to measure 
psychosocial stress and stress tolerance. Jpn J Physiol Anthropol 10: 67-
77 [in Japanese], 2) Yamamoto, K. el al. (2007) The Relationship between 
IMPS-measured stress score and biomedical parameters regarding health 
status among public school workers. J Physiol Anthropol (in press). 
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The purpose of this investigation were two: (1) to obtain a description of 
alcohol consumption patterns among Peruvian university students in 
general, and of subgroups defined by gender and socioeconomic status 
(SES); and (2) to investigate the determinants of non-problematic and 
problematic alcohol use among Peruvian university students, taking into 
account both characteristics of the social context and  the psychosocial 
variables which mediate their influence.  
We consider as predictor variables: Socioeconomic status, gender, 
parents’ use of alcohol and best male and female friends. The mediating 
variables were: perceived stress, coping styles and alcohol expectancies. 
These two sets of variables were related to use of alcohol during the last 



six months. Questionnaires were administered to the participants from 
three universities (N = 1081): one public university and two private 
universities.  
The main findings indicate that most university students in Peru consume 
alcoholic beverages. The prevalence of alcohol use appears to be lower for 
students who attend a public university, whereas almost all students from 
the private universities drink alcohol. Students present a low frequency of 
drinking during weekdays, but consumption increases during the 
weekends, beer being the preferred beverage. Consumption of alcohol is 
also related to tobacco and marihuana. Significant differences in alcohol 
consumption patterns were found for gender and SES. Parental drinking 
was found to have a significant influence on their children’s alcohol use in 
general. More best male friends than best female friends drink alcohol.  
To discriminate between drinkers and non-drinkers, the most significant 
variables were: alcohol consumption of best female or male friends, 
positive expectancies in personal/social aspects of drinking, SES, negative 
expectancies in personal/social aspects of drinking, and gender.  
The results of a discriminant analysis between risky and non-risky drinkers 
indicate that positive alcohol expectancies in personal/ social aspects play 
a major role, along with gender, female and best female friends’ alcohol 
use, and avoidant coping styles.  
 

 
 
7B_01_P 
 
DEPRESSION IN RELATION TO DIFFERENT SOURCES OF STRESS.  
 
Piroska Balog, Szilvia Adam, Tamas Martos, Anna Susanszky, Adrienn 
Stauder, Krisztina Neculai, Maria S. Kopp 
 
Semmelweis University, Institute of Behavioral Sciences, 1089, Budapest, 
Nagyvarad ter 4., balopir@net.sote.hu 
 
The aim of this study was to investigate the role of different sources of 
stress (work-, marital stress, and the role of life goals for both sexes, and 
gender-role stress for men, and work-family conflict for women) in 
connection with depressive symptoms. The study is based on 
Hungarostudy Epidemiological Panel 2006 (N 4528). We analyzed a 
subsample of N= 1679, aged 18-65, actively working and living with 
partner (men 47.4% women 52.6%. Among them 17% men and 20% 
women reported elevated depression score (Shortened Beck Depression 
Scale). To measure sources of stress we used shortened versions of: 
Marital Stress Scale, Effort – Reward Imbalance Questionnaire, Aspiration 
Index, Masculine-Gender Role Stress Scale, and one question for work-
family conflict.  Hierarchical logistic regression analyses were performed to 
study the effect of different sources of stress on depression, and we 
calculated odds ratios (OR) with 95% confidence intervals. Age and 



education were also included in the model. For women age (OR 1, 04 
(1,02-1,06), education (OR 0,86 (0,75-0,98), marital stress (OR 1,97 
(1,24-3,12), work stress (OR 2,40 (1,66-3,45), and work-family conflict 
(OR 1,27 (1,05-1,55) were all related to elevated depression scores at 
step 2. At step 3 when extrinsic life goals were included in the model, age, 
marital stress, work stress and stress from work-family conflict were still 
significantly related to depression, but not the education. We found 
extrinsic life goals as possible mediator between education and depression 
(OR 2,14 (1,44-3,18). In men extrinsic life goals have no effect on 
depression. Neither age nor education was related to depression. We 
found in men only marital stress (OR 1,91 (1,05-3,48) and work stress 
(OR 2,45 (1,60-3,73) significantly related to depression.  
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It is commonly difficult to differentiate low energy states due to stress-
related disorders from depression.1 The aim of the present study was to 
evaluate possible differences in symptoms, psychiatric co-diagnosis, and 
biological stress markers in patients suffering from stress-related 
disorders versus depression. 150 patients that had been referred by 
primary care physicians to an academic stress medicine center were 
evaluated by a physician using structured psychiatric tools, the center’s 
validated stress-assessment visual analogue scales, biological stress 
markers, blood pressure, and Body Mass Index. Patients with depression,  
>20 points on MADRS, scored significantly lower on the global energy 
scale, self rated health, and quality of sleep as compared to patients 
suffering from stress-related disorders. Depressed patients scored higher 
on the global stress scale. Depressed patients rated themselves to be less 
rested following a night’s sleep. Depressed patients scored lower with 
regard to satisfaction with their family and job situations. It is suggested 
that studies involving either stress-related disorders or depression more 
carefully screen the participants with regard to biopsychosocial 
characteristics. A substantial number of patients being referred for stress-
related disorders also suffer from psychiatric co-morbidity. 



 
 1 Arnetz, BB, Ekman R. (Eds). Stress in health and disease. Wiley-VCH. 
Weinheim, Germany. ISBN-13 978-3-527-31221-4. 
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The relationships between psychosocial factors and future cardiac events 
have been investigated mainly in population-based studies. Few data are 
available about the long-term effects of non-clinical variables as worry on 
the outcome after cardiac surgery. 180 patients who underwent cardiac 
surgery using cardiopulmonary bypass were prospectively studied and 
followed up for 4 years. Age, education, living status, worry (4 items from 
Spielberger State-Trait Anxiety Inventory), depression (Beck Depression 
Inventory), perioperative characteristics and clinical risk factors 
(EUROscore, postoperative congestive heart failure, duration at ICU and 
hospital stay) were also assessed. Psychological self-report questionnaires 
were completed preoperatively and 6, 12, 24, 36, 48 month after 
discharge. Clinical end-points were cardiac events requiring hospitalization 
during follow-up. Hierarchical logistic regression analyses were performed 
to study the effect of daily worry on hospitalization, and we calculated 
odds ratios (OR) with 95% confidence intervals. In the last step were all 
analyzed variables were included in the model, postoperative congestive 
heart failure (OR 4,77 (1,27-17,93)), EUROscore (OR 1,84 (0,71-1,004)) 
and the mean of daily worries measured at different time points (OR 1,40 
(1,03-3,18)) were significantly related to hospitalization during follow-up. 
Our results support the notion that daily stressors as worry would predict 
hospitalization after coronary artery and valve surgery.    
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The functional integrity of the noradrenaline transporter (NET) is essential 
for the inactivation of neuronally released noradrenaline. A number of 
clinical conditions have been identified in which there is phenotypic 
evidence of a cardiac defect in NET function, as determined by the 
extraction of tritiated noradrenaline across the heart. An abnormality in 
neuronal noradrenaline reuptake could sensitise the heart to sympathetic 
activation. Patients with panic disorder, major depressive disorder, 
postural orthostatic tachycardia syndrome and essential hypertension 
were identified as having phenotypic evidence of a defect in function of 
NET. The mechanism of reduced NET activity in these patients remains 
unknown but it might have a genetic origin. The aim of this project is to 
investigate the possible genetic mechanisms responsible for impaired NET 
function. In the present study, 97 publicly available single nucleotide 
polymorphisms (SNPs) were selected from NCBI’s dbSNP database within 
the NET gene. SNPs were selected based on their probability of having a 
functional role. These were genotyped in 210 unrelated individuals and 
variation assessed for their influence on several phenotypic measures 
related to noradrenergic metabolism. Of the 97 SNPs selected, 37 were 
found to be polymorphic in our sample group. Based on preliminary robust 
Bayesian quantitative trait nucleotide analysis, several SNPs show 
consistent evidence for association with clinical diagnosis and 
catecholamine levels. 
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Psychosocial stress plays an important role in the development of physical 
ailments. Significant gender effects have been shown to exist before the 
manifestation of these ailments. The following study seeks to explore the 



type and extent of acute and chronic stress among male and female 
patients with chronic illnesses in outpatient rehabilitation clinics. It also 
provides normative data for the measurement of acute stress using the 
analog scale “stress barometer ” and the Trierer Inventory for the 
Assessment of Chronic Stress. 
Method: Cross-sectional study using a self-administered questionnaire 
Instruments: Trier Inventory for the Assessment of Chronic Stress (TICS), 
an analog scale “stress barometer” as a measure of acute stress 
Statistics: Multivariate analysis of variance 
Participants: 353 patients of an outpatient rehabilitation clinic (ZAR: 
Zentrum für Ambulante Rehabilitation) in Vienna, Austria with 
cardiovascular diseases and orthopedic illnesses. 58% of participants were 
male, 31% were currently employed. The mean age was 59.4 years. 
Results: 654 questionnaires were distributed, 509 returned, 353 complete 
data sets (response rate 77 %). After correcting for the influence of age, 
multivariate analyses showed significant differences between men and 
women (p < .001), as well as between employed and retired patients (p < 
.001). In terms of chronic stress, female patients reported being more 
overworked (p < .01), experiencing more social stress (p < .05), feeling a 
stronger sense of insufficient support (p < .05) and having more chronic 
anxiety (p < .001). They also showed higher overall chronic stress 
screening scores than male patients (p < .01). Employed patients 
reported higher levels of acute stress than retired patients (p < .001). In 
terms of chronic stress, they also had higher overall screening scores (p < 
.001). They reported being more overworked (p < .001) and experiencing 
more social stress (p < .001), more intense pressure to succeed (p < 
.001) as well as a stronger sense of insufficient support (p < .05). . While 
working men reported the highest levels of stress from pressure for 
success, working women were most burdened by social stress. For both 
sexes, chronic anxiety was the second most important source of stress. 
Discussion: Psychosocial  stress can be found not only before the 
manifestation of illness, but also during rehabilitation. There are 
significant differences depending on gender and employment. 
Psychological interventions aimed at helping patients cope with stress 
should take these differences into account. 
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Hospitalization remains a stress event for older people. Functional decline 
is a leading complication of hospitalization for older patients. Such decline 
is very stressful both in economic and human terms. The purpose of this 
study was to describe and identify patterns of functional decline during 
and 6-month post hospitalization and to ascertain discrete indicators that 
signal different patterns of functional trajectories, using latent class 
analysis. 
A perspective cohort study was conducted on 296 older hospitalized 
patients aged 65 years and older who consecutively admitted to five 
surgical and medical units at a tertiary medical center in northern Taiwan. 
Participants were assessed during their hospitalization (48 hours within 
admission and before discharge) and 3 and 6 months post discharge. 
Demographics, medication taken, co-morbidities, cognitive status, oral 
health, nutritional status, presence of social support and depressive 
symptoms, admission diagnosis, and length of stay were assessed in order 
to test their relationship with patterns of functional trajectories. 
Functional decline was common with the worse point occurred at 
discharge. Six months post discharge, more than half of subjects (n=149, 
50.3%) never returned to their admission functional status. Three 
patterns of functional trajectories were identified and age, gender, number 
of co-morbidities, cognitive status, nutritional status, and oral health 
status at admission were statistically associated with patterns of decline.  
Visualizing three different patterns of functional trajectories and studying 
indicators that signal such differences will help care providers understand 
how function changed and possible ways to mitigate physiological and 
psychosocial stress in older hospitalized patients. 
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Major depressive disorder (MDD) has been linked with hypothalamic-
pituitary-adrenal (HPA) axis activation. However, the interactions between 
the sympathoadrenal system and HPA axis in MDD are equivocal. Further, 
the actions of selective serotonin reuptake inhibitors (SSRIs) on these 
systems are yet to be identified. Nineteen patients with MDD, but 
otherwise healthy, and 18 healthy controls were recruited from the 
community for plasma cortisol, ACTH and adrenaline measurements. 



Following 12 weeks of SSRI treatment, levels of these hormones were 
again measured in MDD patients. Compared with control subjects, 
patients with MDD had considerably higher state (32±2 vs 58±2, 
p=0.001) and trait (33±2 vs 63±1, p=0.001) anxiety scores. Indicative of 
HPA axis activation, plasma cortisol concentrations were significantly 
increased in untreated MDD [53(37-68) in controls and 69(64-92) in MDD, 
p=0.01, median (25-75 percentile)]. Following treatment, state and trait 
anxiety levels were reduced in MDD patients (p=0.001). Consistent with 
the decrease in anxiety scores, arterial adrenaline concentrations 
decreased in MDD (49±6pg/mL to 36±5pg/mL, p=0.05). Surprisingly, and 
contrary to adrenaline concentrations, cortisol concentrations increased 
following therapy (to 103±60ng/mL, p=0.075). Plasma ACTH levels also 
increased slightly after treatment. No correlations between HPA axis 
activity, symapthoadrenal activity and degree of depression or anxiety 
were observed, except for a significant relationship between plasma 
cortisol and ACTH following SSRI administration (r=0.7, p<0.01). These 
results indicate that the HPA axis and sympathoadrenal system are 
dissociated in untreated and SSRI-treated MDD. 
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The Perceived Stress Questionnaire (PSQ) by Levenstein et al. (1993) 
assesses subjectively experienced stress independently of a specific 
occasion. It has been translated from English into many other languages, 
with validated adaptations in Italian, Spanish, Portuguese, and Swedish, 
and translations in Thai and Korean. In our own studies we translated, 
adapted and validated it in German. 
The paper presents data from several studies that give evidence of the 
psychometric qualities in different groups. A special emphasis is on how 
well the slightly shortened 20-item version (PSQ-20) performs with 
respect to stress and somatic outcomes as compared to the overall 30-
item version (PSQ-30). 
Samples comprise patients with asthma, atopic dermatitis, tinnitus, 
inflammatory bowel diseases, somatoform, affective or eating disorders, 
women during pregnancy, after spontaneous abortion or after regular 



delivery, healthy adults, and students, with over 3000 participants. 
Comparisons between the 20-item and the original 30-item versions 
include a re-analysis of the original ulcerative colitis sample’s prospective 
data. 
A structure of 4 factors (“worries”, “tension” and “joy” (reversed) as 
indicating stress reaction, and “demands” indicating perceived stressors) 
proved fairly stable across different groups. Psychometric properties were 
good. Associations between stress, disease symptoms, physiological 
functioning (e.g. lung function in asthmatics) and immunological 
parameters are reported. A comparison between the 30-item and the 20-
item versions shows that the prognostic performance concerning an 
exacerbation of ulcerative colitis over a period of up to 68 months is 
maintained despite item reduction. 
We propose the PSQ as a valid and economic tool for research on 
perceived stress. The overall score of the revised PSQ-20 permits 
comparison with results from studies with the PSQ-30. 
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Fluoxetine (FLX) is widely used to treat depression in adolescent and adult 
depressive patients. FLX affects activity of the hypothalamic-pituitary-
adrenal (HPA) axis in rats but little is known about whether age-
dependent differences may exist regarding the effects of FLX on HPA axis 
activity, as well as the possible interactions with the stress response. We 
investigated the pubertal (40d) and adult (60d) rodent energy balance 
and corticosterone (B) responses to repeated restraint stress [(3h/day) x 
3days], after daily injection of either vehicle (VEH) or FLX (10mg/kg; 
1ml/kg, ip). We show that independently of age, the effect of FLX on food 
intake and body weight of unrestrained rats was comparable to the effect 
of restraint in VEH-treated rats. Combination of FLX and restraint resulted 
in additive-like effects. However, 40d rats maintained positive ponderal 
growth whereas 60d rats lost weight. Acutely, FLX blocked restraint-
induced acute weight loss during the 3h of daily restraint only in 60d-old 
rats suggesting that FLX reduced energy expenditure. It is likely that this 



effect may alter compensatory mechanisms involved in energy balance 
regulation. FLX increased plasma corticosterone (B) levels, measured 1h 
after injection, similarly in 40d- and 60d-old rats. However, FLX prolonged 
the acute and repeated restraint-induced increases in plasma B levels only 
in 60d-old rats. Nevertheless, the B response adapted with repetition. We 
conclude that acute and repeated FLX treatment in unrestrained rats has 
stress-like effects on energy balance and HPA axis activity. Moreover, 
acute and repeated FLX treatment alters energy balance and HPA axis 
responses to acute and repeated restraint in an age-dependent manner. 
Thus, 40d-old male rats are able to maintain positive energy balance and 
normal B response to restraint whereas 60d-old male rats lose weight and 
show prolonged B responses to repeated restraint.  
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3-methoxy-4-hydroxyphenylglycol (MHPG) is a principal metabolite of 
noradrenaline derived from the brain. Therefore, to assess the saliva 
levels of MHPG is considered as a non-invasive tool for measuring central 
noradrenergic activity. From previous findings, although it is suspected 
that changes in the saliva level of MHPG varies among modes of mental 
stress testing, very few studies have tested this possibility directly. 
Therefore, the purpose of this study was to test different elicitation of  the 
saliva level of MHPG induced Stroop Color Word Conflict Test (SCWCT) 
and Uchida-Kraepelin Test (UKT) as modes of mental stress testing in ten 
male healthy volunteers. The participants performed these two tasks at 
about the same time on two different days according to their schedule 
available. The order of the tasks was counterbalanced. MHPG responses 
varied among tasks; only loading SCWCT resulted in the significant 
increase in MHPG level in the saliva even while both SCWCT and UKT 
induced similar degree of subjective stress state. These results provide 
evidence that mental work load induces increase in levels of MHPG 
specifically, suggesting that there are specific situational dimension(s) 
which activates the central noradrenergic nervous system. Combined with 
previous studies focusing on individual difference, future attempts to 
clarify the dimension (s) would improve our understanding of brain 
noradrenergic activity induced by acute stress. 
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Early life stressors may increase the risk of breast cancer. Although, 
several studies have produced inconsistent support for the role of 
stressors in breast cancer risk.   Because the mammary gland is one of a 
few organ systems that completes its development postnatally, it may be 
uniquely susceptible to genetic and epigenetic modifications caused by 
neonatal experiences. In rodents, as in humans, mother and infant 
interactions influence the development of the HPA axis, impacting on 
hormone levels, immune responses, reactivity to stressors, and possibly 
mammary gland development. Here, we examine how early life 
experiences differentially influence both anxiety-related behaviour and 
mammary gland development. Similar to other studies, we demonstrated 
that immobility in the forced swim test was higher in maternally separated 
(MS; 4hrs/d, PND 2-22) than in handled (H; 15min/d; PND2-22) and 
unmanipulated, typically reared (TR) females, indicating increased anxiety 
and HPA axis reactivity in MS mice. Gross morphological analyses of 
mammary glands demonstrated that differentiation rates (LAU /TEB) in 
mammary glands of adult H mice were higher than in both TR and MS 
mice (p’s<0.01).  Unexpectedly, protein levels of ERα were higher and 
p53 were lower in both neonatally manipulated conditions than in the TR 
condition (p’s<0.01), whereas ERα and p53 gene expression profiles 
among the three conditions were similar. Studies are on-going to better 
elucidate the complex interaction among mother-offspring interactions, 
stressor reactivity, mammary gland development, and breast cancer risk.  
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Stress is known to influence the HPA axis and the autonomic nerve 
system. Furthermore it is related to several disorders. Little is known 
about the effect of attachment quality on acute stress reaction. The 
purpose of this study was to investigate the relation between attachment 
quality and biopsychological stress reactivity. Thirty healthy children (18 
female) participated at the age of 15 on a attachment interview (CAI, 
Child Attachment Interview) and a psychosocial stress test consisting of a 
public speaking and a mental arithmetic task in front of an audience 
(TSST-C). Salivary cortisol and amylase were repeatedly collected before 
and after the stress test. Heart rate and heart rate variability were 
measured continuously. The data are based on a dissertation project 
which was performed by Zulauf-Logoz (1997). The TSST-C resulted in a 
significant increase in cortisol (p<.001), amylase (p<.01), heart rate 
(p<.01), LF/HF-ratio of heart rate variability (p<.01) and a significant 
decrease of HF (p<.01). Secure attached adolescents showed lower 
cortisol-AUCI during stress (p<.05) and lower heart rate and higher HF 
during baseline conditions (both p<.05), when considering the attachment 
to the mother but not to the father. In the present study the TSST-C 
induced an increase in the activity of the HPA axis and the sympathetic 
nervous system, while reducing the activity of the parasympathetic 
nervous system. Attachment quality was shown to influence baseline and 
stress reaction of different biological stress systems. These data show the 
importance of attachment quality in stress research. Further research is 
needed to investigate the role of attachment quality on negative effects of 
stress. Zulauf-Logoz, M. (1997). Die desorganisierte Mutterbindung bei 
einjährigen Kindern. Die motivationspsychologische Bedeutung der D-
Klassifikation im ‚Fremde-Situations-Test’. Bern: Peter Lang. 
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Animal models of stress can provide information about the course and 
etiology of stress related disorders, such as depression and anxiety. The 
incidence of these disorders constantly increases, with serious medical and 
socio-economic consequences. Shaker stress with an unpredictable onset 
can be delivered over long periods of time and is a model of chronic 
psychogenic disturbances. It is thus useful in studies for which classic 
stress models are not able to be used. We refined this model and 
increased its duration to a week for our studies of the Gulf War Syndrome, 
where non-predictability of stress was necessary to mimic battlefield 
uncertainties. Our results showed that exposure to chemical warfare 
agents (i.e. sarin) is more dangerous in combination with chronic 
intermittent shaker stress and that some toxicities have a delayed onset, 
as was observed in those with the Syndrome. This model also was used 
for behavioral phenotyping of stress responses in oxytocin knockout 
(OTKO) mice. Acute shaker stress in OTKO male mice induced a larger 
stress response compared to wild type mice. Neurochemical analysis 
revealed neural substrates for both psychopathology and interactions with 
toxins. These data demonstrate that this stress model is reproducible and 
well controlled. It is a relevant and flexible stress model which can be 
used in various studies in toxicology and behavioral phenotyping.   
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Sociological research is focused on relations of public opinion and real 
stress status of disabled and retired people. Research was done by 
answering questions by targeted persons. First part was completed on 
healthful population (age +18, economically productive, physically 
unhandicapped, total number of informants: 150 for disabled and 132 for 
retired). Those people were put the question: „Do you think, that 
disabled/retired people are suffering from stress?“ Five-points scale was 
every time used. Answer results: disabled people: 61.3% yes (92), 16.7% 
rather so (25), 2% do not know (3), 16% rather not (24) and 4% no (4). 
Retired people: 64.4% yes (85), 14.4% rather so (19), 1.5% do not know 
(2), 13.6% rather not (18) and 6% no (8). As a whole, disabled people 
are supposed to be suffering from stress by 78% of population and retired 
people by 78.8% of population. Second part was done with disabled (total 
48) and retired (total 75) people. Firstly, they were inquired, if they suffer 
from stress. Method is the same as above. As a whole, 31.2% (11+4) 



disabled people subjectively think, that they suffer from stress at least 
sometimes and 68.6% of disabled people state the minimal incidence of 
stress (25+8). 49.3% of retired people subjectively think, that they suffer 
from stress (6+31) and 50.6% of retired people do not confirm this 
statement (26+12). Finally, psychological stress analysis was done 
(method in Cungi, Ch.. 1998. Savoir gérer son stress. Paris: RETZ). 
Objectively 27.1% (13) of disabled and 56% (42) of retired people suffer 
from stress. Result is, that the most of informants in unhandicapped 
population do not correctly apprehend the real stress situation of disabled 
people, but the opinion was right about retired. 
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Chronic hepatitis C produces extra-hepatic disorders and troubles. 
Symptomatic patients, that haven’t got absolute and/or relative contro-
indications, could be underwent to pharmacological treatment with 
interferone. The study means to give prominence to the forms with which 
the HCV chronic subjects ( with genotype 2 and 3) react to the 
appearances of their physics functionality and the neuro-psychic 
symptomatology that comes out after the therapy with the interferone. It 
was administred by a clinical psychologist to 20 patients naïve (M=12 
F=8) mean age 46,15 years, mean of schooling 12 years, all sick with 
chronic HCV, the Illness Behaviour Questionnaire (IBQ) mental reactive 
standardized and validated ;62 items, that form 7 scales, carry on the 
reactions and the feeling of the patients respect the disease and the 
perception of psychosocial situation. The evalutation was carried out at 
the beginning of the treatment with interferone and after 6 months of 
therapy. IBQ, at the beginning of the pharmacological treatment, with 
positive value of HCV-RNA, registered that 9 subjects of 20 had significant 
score for the scales “conviction of disease” and “affective inhibition”. 
After six months of assumption of interferone the haematologic exams 
gave prominence to a persisten reduction of HCV-RNA, while the IBQ 
scale: “hypochondria”, “psycho-somatic perception of disease”, 
“dysphoria”, “negation”, ” irritability”, gave prominence to a significant 
clinically score for all of the sample. Our results, obtained with IBQ, they 
make assume that aspecific physiological answer of the human physical 
and the complicated reactions that follow to a pathological condition and 
the specific pharmacological treatment produce psycho-emotional 
modifications and psyco-somatic stress. 



 
Keywords: chronic hepatitis C, dysphoria, psychosocial stress,  
irritability, IBQ 
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The purpose of the present study was to investigate the long-term impact 
of perceived stress on sleep quality. The sample consisted of 70 British 
white-collar workers (age m=42, 31% females) who participated in a 
survey study and also volunteered for a field study about 4 years later. 
Hierarchic regression analysis was used with age and gender entered in 
the first step and an indicator of baseline sleep quality in the second step 
of the equation, while perceived stress at baseline (measure by the 10-
item version of PSS, aiming at stress the last month) was entered in the 
third step. The result showed that perceived stress level at baseline 
significantly predicted (R2 =.049, p<.05) sleep quality (measured by 
PSQI) 4 years later. This finding suggest that even more momentarily 
perceived stress may reflect a more chronic strain influence. 
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While there is still an open verdict for the role of stress in the 
pathogenesis of childhood asthma, a growing body of research suggests 
that psychosocial stress is a contributory factor development of asthma 
especially during early childhood. However, the area of study where the 
evidence is fairly robust concerns stressful experiences exacerbating the 
symptoms of asthma in children.  
Despite this robust pattern of findings, little is known about the underlying 



mechanisms responsible. Experimental studies have produced inconsistent 
findings. One reason for this may lie in the difficulty of experimentally 
creating true stress conditions – instead, the effects of emotional arousal 
have mostly been measured. Only animal studies have so far managed to 
examine mediators of stress-induced pathways in some detail.  
The presentation will first briefly review the results of a prospective study 
by the author and colleagues (Sandberg et al, 2000, 2004) in conjunction 
with those of a subsequent case - control study by Miller & Chen (2006). 
The former showed that a severely negative life event significantly 
increases the risk of an acute exacerbation of asthma immediately 
afterwards, and again after a period of a few weeks. Chronic background 
stress both magnified the risk related to stressful life events and affected 
the timing of maximum risk. The latter added a possibly important 
validation of these results. It showed that children with asthma who 
experienced a severe life event in the context of chronic stress had 
diminished expression of genes encoding glucocorticoid and β2-adrenergic 
receptors relative to children without comparable stress exposure.   
An attempt will then be made to integrate the above findings in the 
context of stress affecting the immune processes implicated in asthma, 
and within the framework of emotional/ physiological dysregulation, 
possibly reflecting a common underlying genetic vulnerability to atopy and 
asthma. 
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Stress may be defined as any type of threat, either real or perceived, that 
requires compensatory responses for the maintenance of homeostasis and 
the responses may be adaptive or maladaptive. The maladaptive 
responses to a stressor could become a stress and a pathophysiological 
cascade may ensue, for example, depression, increased anxiety or post-
traumatic stress disorder. The hippocampal formation is one of a plastic 
and vulnerable brain structure and highly susceptible to stress and 
glucocorticoids.  Stress and chronic glucocorticoid administration have 



been shown to induce hippocampal damage, such as neuron death, gliosis 
and dendritic atrophy found in many animal models. In this study, MPM 
[N-(5-methyl-3-oxo-1,2-diphenyl-1H-pyrazol-4-yl)-N’-3-
methoxyphenylurea], a synthetic CCK (cholecystokinin) antagonist, was 
tested for the antagonistic effect against stress. Male Spraque-Dawley rats 
were subjected to chronic restraint stress for 6 h/day, for 28 days. Prior to 
the restraint sessions, rats were orally fed with either 5% DMSO or MPM 
(0.5 mg/kg). On day 1, 7, 14, 21 and 28, the animals were tested in 
elevated plus maze and forced swim model. At the end of the treatment, 
rat’s brains were removed and processed for Golgi-Cox method and the 
dendritic trees of CA3 hippocampal pyramidal neurons were observed 
under light microscope. The results showed that MPM could antagonize all 
the effects of chronic restraint stress, including mood disorders and 
hippocampal dendritic atrophy. According to the receptor binding 
property, MPM might antagonize stress effects through both types of 
receptors at hippocampus, pituitary and adrenal glands and break the 
LHPA axis in response to stress.  
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LIVING WITH HIV- IS IT STRESSFUL AS IT SOUNDS?  
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HIV can produce psychosocial stress. HIV/AIDS has characters that are 
associated with stress, like secrets and stigma along with other variables 
of coping with chronic-terminal disease.  
Living with disease, can produce psychological stress, and since the 
relations between mind and body are known, awareness of coping 
mechanisms, and using certain coping styles can reduce stress and 
improve life satisfaction and psychological well being. 
The study presented collected data from 100 people living with HIV/AIDS 
in Israel. The study examined correlations between ways of coping 
(emotional focused or problem solving) and quality of life and well being. 
The main assumption was that using problem solving coping style will lead 
to higher life satisfaction, which are both rational variables and on the 
other hand, emotional focused coping style will lead to well being which is 
an emotional variable. Also were examined stress related variables and 
their association with the depended variables. 
The assumption was partly confirmed and the correlations between the 
affective variables were not confirmed. Other variables, related to 
psychological stress were also correlated with the depended variables. 
Key words: psychological stress, HIV, coping, life satisfaction, 
psychological well being. 
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OBJECTIVES: to study the associations between multiple chronic 
diseases and quality of life and psychological distress scores. 
METHODS: analysis of unit record cross sectional data from Australian 
national surveys for the population aged 20 years or more. Identification 
of an appropriate indicator of multiple chronic diseases (ie comorbidities). 
Use of logistic regression techniques to study associations between (a) 
comorbidities and demographic, socioeconomic and risk factor variables 
and (b) quality of life (general and psychological distress) and 
demographic, socioeconomic and health status indicators. 
RESULTS: older people, obese persons, women, persons with low 
socioeconomic status and those living alone had significantly greater 
probability of having three or more chronic illnesses than did other 20+ 
year olds (p<0.0001). Also people with comorbidities and/or with poor 
self-rated general health; those living alone; people with low educational 
qualifications; and persons with low socioeconomic status were more likely 
to feel dissatisfied, unhappy or terrible about their lives and of having 
moderate, high or very high psychological distress scores than did the rest 
of the 20+ year old population (p<0.0001). 
CONCLUSIONS: age and obesity were found to be major risk factors for 
comorbidities. In turn, comorbidities and self-rated health were negatively 
associated with quality of life - whether indicated by how people felt about 
their lives generally, or by the extent of their psychological distress. 
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Introduction: 
Psychological factors – by intact on the one hand on assessment of 
difficult situations and on the other on stress coping - can promote 
pathophysiological reactions, which are associated with rheumatoid 
arthritis. Up to now, features of personality and temperament, typical for 
rheumatoid arthritis patients, were not assessed. 
Aim of the study: 
Appreciation psychological risk factors characteristics for rheumatoid 
arthritis patients. 
Methods: 
Thirty patients (16 F, 14 M) in age 16-19 (mean age 46) with diagnosis of 
rheumatoid arthritis (according to ARA) were included to the study. 
Control group were health people with family load with autoimmunological 
disorders. The all patients in preliminary period of the disease treated with 
pharmacotherapy and rehabilitation and people belong to control group 
used following questionnaires: 

• Life Orientation Test (M. F. Scheier, C. S. Carver, M. W. Bridges) 
• The Sense of Coherence Questionnaire (A. Antonovsky) 
• Formal Characteristic Behavior: Temperament Questionnaire (B. 

Zawadzki, J. Strelau) 
• Eysenck Personality Questionnaire – Revised (S. B. G. Eysenck, H. J. 

Eysenck, P. Barett) 
• Syndrome of Aggression: Psychological Questionnaire (Z. B. Gaś) 

Results: 
Firstly, we have found that level of optimism, sensivity, activity and 
endurance were statistical significantly lower in group of rheumatoid 
arthritis patients; secondly level of emotional reactivity and neurotism 
were statistical significantly higher. 
Conclusion: 
These results seem to support hypothesis that psychological factors may 
play significant role in induction and progression of rheumatoid arthritis. 
However, taking into consideration multifactor etiopathogenesis of this 
disease, our results should be confirmed in future investigations. 
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Prefrontal cortex (PFC) and hippocampus (HIP) are main limbic structures 
involved in inhibitory feedback to HPA axis during stress. Inhibitory feed-
back is provided by glucocorticoid receptor (GR), which acts as suppressor 
of excessive stress response. The level of blood plasma corticosterone is 
elevated in response to stress, leading to GR activation. Furthermore, the 
GR functions are controlled by inhibitory phosporylation at ser246 (S246) 
by JNK and stimulatory phosphorylations at ser224 and ser232 (S224, 
S232) by CDK. Molecular mechanism of GR posttranslational 
modifications, as well as, subcellular location of its phosphorylated 
isoforms in response to acute stress in vivo have not been precisely 
defined yet. We studied these mechanisms in PFC and HIP of male Wistar 
rats exposed to acute stress by immobilization. The decreased level of 
total GR in the cytoplasm and increased level in the nucleus was 
accompanied by marked decrease of its phosphorylated isoform S246pGR 
in both compartments. The levels of active, phosphorylated JNK isoforms 
were elevated in the cytoplasm and significantly decreased in the nucleus. 
The GR activation by acute stress was indicated by the elevated 
phosphorylation of GR at S232 in the nucleus of HIP. Overall, GR 
cytoplasmic-nucleus shuttling in PFC and HIP is accompanied by changed 
ratios of inhibitory and stimulatory phosphorylation of GR, pointing out to 
their significance for GR subcellular location and response to acute stress. 
 

 
 
7C_01_P 
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Stress is considered as a factor which induces or aggravates inflammatory 
skin diseases such as atopic dermatitis. An influence of stress on the 
interaction of peripheral nerve fibers with cells of the cutaneous immune 
system (mast cells, dendritic cells) with following modulation of an 
inflammation reaction could be proven recently. In this context, Substance 
P (SP) - a sensory neuropeptide - was revealed as an important stress 
mediator with its own stress axis in the skin. Here we postulate stress-
dependent communication between nerve fibers and immune-competent 



cells with effect on the course of inflammatory skin diseases in the spleen. 
To address this question, we employed a combined mouse model of 
experimental allergic dermatitis (AD) and stress. AD was induced in 
C57BL/6 mice by double sensitization (i.p) and an intradermal challenge 
using chicken egg ovalbumin. Animals were additionally exposed to sonic 
stress for 24h prior to challenge. In this model stress leads to a relative 
hyperinnervation of the immune-competent areas of the spleen. At the 
same time, an increased number of antigen-presenting cells (APC) can be 
observed in these arreas and contacts between nerve fibers and APC were 
found. Further analysis of quality and function of neuro-immune 
interaction will reveal the role of the observed stress-induced alterations 
in the spleen in atopic disease . 
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Altered TH1/TH2 immune responses are held responsible for atopic 
disease. Stress appears to be a potent immunmodulator as well as 
aggravator of atopic disease. To examine stress effects on immunity in 
atopy, we employed a combined mouse model of experimental allergic 
dermatitis (AD) and sound stress. In a previous study we had shown that 
stress applied prior to challenge induced neuronal plasticity, increased 
neurogenic inflammation. We also observed an altered cytokine balance 
indicating altered antigen processing. Here we show, that stress prior to 
sensitization alters dendritic cell (DC) function. In stressed animals the 
number of MHCII+ cells in epidermis and dermis is reduced 48h after 
challenge.  DCs, mainly Langerhans cells, migrate more frequently from 
epidermal sheets cultured from treated-skin biopsies obtained 
immediately after challenge when AD animals were exposed to stress. The 
like was observed after treatment of AD epidermal sheets with the stress 
mediator substance P (SP), but not with calcitonin gene related protein. 
Moreover, the effect of stress was abolished when animals were treated 
with NK1 antagonist prior and after stress application. Using flow 
cytometry, we found that these cells migrate to the draining lymph nodes, 
where DCs (CD11c+) from stressed AD animals show significant up-
regulation of co-stimulatory molecules CD80 and CD86. This correlated 
with an enhanced expression of LFA-1 and VLA-4, adhesion molecules 



implicated in facilitation of TH1 and TH2 responses, respectively. Taken 
together, we show that stress activates DC migration and maturation in 
atopic dermatitis-like allergic dermatitis in a SP dependent fashion. Stress 
may therefore be involved in the sensitisation of atopic individuals to an 
allergen and thereby determine the course of the disease.  
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Despite the well documented clinical association of stress and bronchial 
asthma morbidity, experimental data on mechanisms is still limited. To 
explore pathways linking stress and asthma we employ an animal model 
that combines an established protocol of allergic airway inflammation with 
sound stress exposure. Our findings demonstrate that stress dramatically 
enhances airway reactivity and airway inflammation via the neurokinin-1 
receptor, the main receptor for the tachykinin substance P (SP). After 
stress increased SP expression is found in airway innervating neurons. 
Mice with allergic airway inflammation show higher levels of PPT-I mRNA 
(encoding for SP)in lung tissue under stress conditions. In lymph nodes 
the percentage of TNF-alpha+ T-cells is higher in stressed mice or after 
application of SP. Furthermore, we identified the chemoattractant eotaxin 
to be involved in stress increased eosinophilic airway inflammation. 
To prove the relevance of our findings we investigated the correlation of 
stress perception and the cytokine profile of circulating lymphocytes in 
humans. In asthmatic patients stress perception correlated with 
percentages of TNF-alpha+ CD3+ T-cells in peripheral blood. Stress 
perception further correlated with serum BDNF levels in asthmatics but 
not in controls. Interestingly, higher stress perception was associated with 
decreased lung function (FEV1) in asthmatics. 
The results of our studies support the hypothesis that stress deteriorates 
bronchial asthma by inducing a pro-inflammatory cytokine profile - 
probably via neuro-immunological pathways - in asthmatic individuals.  
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Women diagnosed with breast cancer experience psychosocial distress 
that is associated with immune dysregulation. For this investigation, 
epigenetic modification of peripheral blood subsequent to breast cancer 
diagnosis was evaluated. A pre-post, two-group design was used with 
initial data collected 3–4 weeks after diagnosis. This time period, P1, was 
post surgery and was before other therapies. This time period provided for 
an analysis of the effects of psychosocial distress without confounds. 
Women were also sampled 2 months post cancer treatment, designated 
time period P2. Results were compared P1 to P2 and were also analyzed 
with respect to a comparison group of matched women without cancer. At 
P1, women diagnosed with cancer exhibited increased psychosocial 
distress and immune dysregulation, characterized by reduced natural killer 
cell activity and interferon gamma production. Histone analysis of the 
peripheral blood of women diagnosed with cancer at P1 showed reduced 
acetylation of histone H4-K8, K-12 and K-16 when analyzed with respect 
to histones derived from peripheral blood of the comparison group of 
women. At P2, women diagnosed with cancer exhibited decreased 
psychosocial distress and normalized immune function. Furthermore at P2, 
acetylation of histone H4-K8, K-12 and K-16 was greater than at P1 for 
women diagnosed with cancer, and normalized in that the degree of 
acetylation was similar to that of the women of the comparison group. 
This was in contrast to the acetylation pattern of histone H4-K5, which 
was unchanged P1 to P2. These results, coupled with our previous 
observations, demonstrate peripheral blood epigenetic modification of 
histones to be associated with the immune dysregulation characteristic of 
breast cancer patients who experience psychosocial distress.  
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Women diagnosed with breast cancer have psychological distress that is 



accompanied by dysregulated immune function. In this study a mind-body 
intervention was evaluated for its capacity to decrease psychological 
distress and to improve immune function. Women treated with breast 
conserving surgery, radiotherapy, and adjuvant endocrine therapy were 
enrolled into an 8-week mindfulness based stress reduction (MBSR) 
program or into a control group (Non-MBSR) who received usual care. 
Immune and psychological outcomes were assessed pre-, mid-, at 
completion, and post-MBSR. Both groups of women, MBSR and Non-MBSR 
exhibited increased mood disturbance, anxiety, and perceived stress when 
compared to age-matched cancer free women. Peripheral blood 
mononuclear cells (PBMC) from both groups of women produced more IL-
4, IL-6 and IL-10 and less interferon gamma as well as reduced natural 
killer cell activity when compared to the PBMC of age-matched cancer free 
women. When the two groups (MBSR and Non-MBSR) of women were 
compared, the MBSR women showed a more sustained decrease in 
anxiety and an earlier decrease in perceived stress than did the Non-MBSR 
women. Immunologically, MBSR women showed a quicker and more 
profound recovery of PBMC NKCA as well as interferon gamma production. 
NKCA at the post-MBSR time point was equivalent to that of cancer free 
women while the Non-MBSR women still exhibited reduced NKCA.  These 
results suggest that MBSR may permit an earlier return to psychological 
and immunological normalcy in women undergoing diagnosis and 
treatment for cancer.  
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Aim: To explore in the development of awakening cortisol reactivity during 
recovery from long termed stress. 
Methods: Seventy employed persons aged 25 to 61 years were referred to 
a stress management programme at the Clinic of Occupational Medicine in 
2003 and 2004.  
Questionnaires regarding stress symptoms, SF36 and depression (MDI-10, 
WHO scale) were filled out at baseline, after 4 months and one and two 
years. Salivary cortisol was collected at awakening and ½ hour later. TSH, 
HbA1C, fibrinogen and serum lipids were measured at baseline and 4 
months later. 
Results: Behavioural and somatic symptoms as well as perception of 
general health (SF36) correlated to awakening cortisol reactivity (ACR). 



ACR decreased during the follow up period and correlated to decrease in 
symptom score. ACR did not correlate to TSH, HbA1C, fibrinogen or serum 
lipids. 
Conclusion: An almost complete recovery was obtained in one year. The 
HPA axis function seems to be depressed during long-term stress. A 
change in metabolism in an anabolic direction was followed by recovery. 
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Many studies have reported that the acceleration of the noradrenergic 
neurons in the brain have been recognized on the patients with panic 
disorder. There is substantial evidence that the anxiety state in human is 
associated with a high level of 3-methoxy-4-hydroxyphenylglychol(MHPG) 
in the plasma. These finding suggested that saliva level of free-MHPG 
seemed to be useful indicator for assessing the pschopathological 
symptoms of panic disorder. 
The purpose of this study is to investigate the relationships between the 
psychopathological symptoms with SSRI treatment and the saliva of 
Psychoneuroendocrinimmunological (PNEI) indicators. Participants were 
10 first-visit outpatients with panic disorder (8 males, 2 females, 18-46 of 
age) and 20 age-matched healthy volunteers. In order to assess the level 
of free-MHPG, cortisol and s-IgA, the saliva was collected. In addition to 
this, the participants’ anxiety and mood levels were evaluated with HAS, 
POMS, and GHQ-28 by the psychiatrics in charge at their first visit, first 
week, third week and fifth week after beginning of SSRI drug treatment.  
The saliva levels of free-MHPG and cortisol at subjects’ first visit to the 
hospital were significantly higher and saliva level of s-IgA was lower than 
those of control subjects. Following the 5 weeks of SSRI treatment, the 
saliva levels of free-MHPG and cortisol were decreased, while the saliva 
level of s-IgA was increased and the scores of HAS, POMS and GHQ-28 
subscale of anxiety were improved. In addition to this, the levels of free-
MHPG and cortisol were associated with the reduced anxiety and 
depression.  
These results indicated that free-MHPG, cortisol and s-IgA level can be 



useful indicators for assessing the pschopathological symptoms of panic 
disorder, and also the response to drug treatment in these patients. 
 

 
 
7C_08_P 
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Stress is said to cause, trigger and aggravate allergic diseases such as 
atopic dermatitis. Atopic patients show an altered HPA-axis reactivity and 
increased depression and anxiety which have been related to disease 
severity. However, if stress affects dermatitis or dermatitis causes stress 
remains unclear. To address this question, we employed a combined 
mouse model of experimental allergic dermatitis (AD) and stress. AD was 
induced in C57BL/6 mice by double sensitization (i.p) and an intradermal 
challenge using chicken egg ovalbumin. Animals were additionally exposed 
to sonic stress for 24h prior to challenge. We monitored the alterations in 
anxiety- and depression- like behaviour, locomotor activity, exploration, 
and “approach/avoid conflict” behaviour using elevated plus maze (EPM) 
and tail suspension test (TST). AD induction caused slight increase in 
anxiety-like behaviour with tendency to avoid conflict situation. 
Interestingly, stress itself promoted locomotion and exploration. However, 
this effect of stress was reduced when AD mice had been exposed to 
stress. No significant differences in depression-like behaviour were 
observed among the examined groups as measured in TST. At the same 
time we observed a significant decrease in c-Fos+ activated neurons in 
the hypothalamus in AD mice exposed to stress. Taken together, the 
presence of a cutaneous inflammation in the AD mice affected both 
behaviour and HPA reactivity suggest that altered reaction to stress 
stimuli and coping abilities is a result of AD. Enhancement of stress-coping 
skills therefore appears a useful measure to balance AD-induced 
behavioural changes. 
 

 
 
7C_09_P 
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Free radicals are highly reactive moieties and both ROS and RNS have 
been implicated in a variety of pathophysiological states. CNS-Immune 
interactions are important regulators of stress responses and the  present 
study was designed to investigate the possible role of free radicals and 
their interactions during stress-induced behavioral and immunological 
responses in rats. Exposure to restraint stress (RS) persistently 
suppressed behavioral activity in the EPM test, as evidenced by the 
reduced open arm entries and time spent in the open arms as compared 
to the control (no RS). Pretreatment of rats with the antioxidants, ascorbic 
acid, melatonin and NO mimetics, L-arginine and isosorbide dinitrate, all 
differentially reversed RS-induced behavioral suppression in the EPM test. 
The NO synthase inhibitors, L-NAME and 7-nitroindazole, on the other 
hand, either had no influence or induced aggravations in the 
neurobehavioral suppression in the EPM test. Assay of brain homogenates 
showed that RS-induced behavioral changes were closely paralleled by 
enhanced brain MDA levels, and lowered  brain NOx and glutathione 
levels. These changes were significantly modified by the antioxidant and 
NO mimetic pretreatments. In rats immunized with sheep RBC, RS 
suppressed both humoral and cell-mediated immune responses, and 
differentially modulated cytokine (TNF-α and IL-4) levels,  which were 
attenuated by the anti-oxidants and NO precursors/releasers and 
aggravated by NO synthase inhibitors, These immunological changes were 
accompanied by corresponding changes in plasma MDA, glutathione, and 
NOx. These behavioral, immunological and biochemical data in response 
to RS and its alterations by antioxidants and NO-ergic agents are strongly 
suggestive of the involvement of ROS and RNS, in the CNS-Immune 
interactions  during stress.  
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Background: This project examines the physiologic and psychospiritual 
responses to a walking meditation—the labyrinth. Meditation is a 
complementary health practice that integrates the mind, the body, and 
the spirit. Labyrinths have been reported to reduce stress and induce 
relaxation, but no studies testing the effects of a labyrinth walk appear in 
the literature. The purpose of this pilot study is to examine the physiologic 
and psychospiritual responses to a program of walking the labyrinth 
compared to a program of walking on a track at a slow pace. The specific 
aims of this study are as follows: 
(1) Evaluate the effects of a walking meditation (labyrinth) program on 

physiological markers of stress (blood pressure, pulse, respirations, 
Cortisol, IL-6 and CRP) in women 55-70 years of age. 

(2) Determine the effects of a walking meditation (labyrinth) program 
on psychospiritual outcomes (affect, anxiety, aggression, 
depression, and spiritual well-being) in women 55-70 years of age. 

Method: An experimental, pretest-posttest, repeated-measures design 
was chosen for this pilot study. The phenomena of interest are the 
physiologic and psychospiritual responses of women (55-70 years old) to 
a facilitated group labyrinth walking program [Intervention] and a 
facilitated group track walking program [Comparison]. Data was collected 
prior to walking (Time 1), at the end of a month-long facilitated group 
walking program (Time 2) and at the end of the a month of self-managed 
walks (Time 3). 
Results: Data analysis is in progress and findings will be reported. 
Discussion and Conclusions: Holistic and innovative community-based 
interventions addressing disease prevention and health promotion in 
women 55-70 years of age, are an important complementary adjunct to 
traditional care.  
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Our previous study indicated that the acute stress caused increases in the 
saliva level of free-3-methoxy-4-hydroxyphenylglycol (MHPG) and 
secretory-immunoglobulin-A (s-IgA), cortisol, and the score of 
questionnaire (DSSQ: Dundee stress state questionnaire). We have 
clarified that the health state and the daily stress influence the 
Psychoneuroendocirnoimmunological stress response according to the 



model of Experimental-field studies. This study investigated relationship 
between the psychobiological stress response induced by mental stress 
testing and the depression which was evaluated by Beck Depression 
Inventory (BDI).Subjects were healthy 226 volunteers (20.3±3.2 years 
old). At first, the subjects completed BDI. They took 10 minutes rest in an 
armchair prior to the stress session, and were exposed to 15 minutes 
mental stress testing. Before and after the stress session, saliva was 
collected and the subject was assessed a written inquiry subjective scales. 
Mental stress testing increased the saliva free-MHPG level, s-IgA level, 
cortisol level and then gradually reduced to the normal range after the 
stress session. Subjects also showed stress responses such as the tense 
arousal, the self consciousness, and task-irrelevant thought. The saliva s-
IgA level of the depression group (BDI>7) was lower than that of the 
normal group (BDI<4) during the session. And, the negative mood and 
the task-relevant thought of the depression group were higher than that 
of the normal group. In addition, the performance of the task of the 
depression group was lower than the normal group. These results suggest 
that the depression group strengthens cognitive confusion by task, 
recognizes subjective stress strongly along with it, and the immunity 
activity is inhibited. 
Key words: PNEI index, mental stress testing, depression 
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Social withdrawal (SW) of the youth, defined by 1) remaining at home for 
a duration of six months or longer with no social participation and by 2) 
not being diagnosed as schizophrenia or other mental disorders, has 
become a serious problem in Japan. One of the major therapeutic 
difficulties resides in the SW case’s reluctance to meet the others. The 
internet mail counseling helps overcome those difficulties. In order to 
support SW cases, “the net counseling room campaign” was carried out 
intermittently by NHK (Japan Broadcasting Corporation) from October 
2002 to March 2005. The characteristics of the cases consulted from April 
2004 to March 2005 were analyzed. Out of the total 767 individual cases, 
there were 334 males (43.5%) and 433 females (56.5%). The average 
ages were 26.9 years old for males and 24.8 years old for females 
(p<.001). The average durations of SW were 49.6 months for males and 
31.1 months for females (p<.001). Other items for analysis were “reasons 
for consultation”, ”contents of consultation”, ”experience of school 



refusal”, and “how to spend a day”. Some new findings on the actual 
conditions of the SW in Japanese youth were obtained. 
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Unemployment in the former Soviet Union was a direct result of the 
fundamental social and economic changes, which took place in 1990’s, 
and has become a major social phenomenon. Prsently we can but confirm 
the existence of unemployment, which affects a significant number of 
Ukrainians (43% in 2003). 
These studies answered mainly two questions: Who is unemployed and 
what measures do they undertake to find work. On the other hand there 
have been no psychological or psyhopathological studies to answer the 
question, what is the impact of unemployment on the population of the 
SIC? Hoping to at least partially fill the void of research in this area, we 
conducted first study the former Soviet Union that focused on the 
potential psychological consequences, which the existing situation might 
have on the Ukrainian unemployed. 
We have examined 108 unemployed persons and 50 employees: the 
relation between the unemployment situation and the level stress, and the 
social intelligence, workability, attitude to work. We have assed the 
variables according to the length of the unemployment period, the degree 
of stress and the presence of illegal work. 
We have chosen the fallowing methods: The social intelligence test of 
Guilford and O’Sullivan (1977), the test of workability diagnosis of Landolt 
(1997), the social readjustment rating scale of Holmes and Rahe (1967). 
Our study has revealed important fact that can be considered to be 
particular to Ukrainian unemployment - about 50% of the group showed 
low level of stress. This was an unexpected result because the western 
culture considers the unemployment as one of the worst misfortunes, 
after death and disease. We can also state the cultural differences 
concerning the life events.  
The values of social intelligence and of workability (the overall estimate 
and the qualitative characteristics: reliability and accuracy) are 
significantly lower in the group of unemployed compared to the works. 
The unemployed persons’ attitude to work is very specific. The length of 
the unemployment and the level of stress affect both the workability of 
individuals and their attitude to work. 
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Background: It has been shown in the past that psychosocial factors (at 
work and outside work) are associated with various health outcomes. It is 
thought that they influence health partly through health behaviours. Aims: 
To examine the association between the effort-reward imbalance (ERI), 
overcommitment and control over general life, and several alcohol related 
measures in three populations in Central and Eastern Europe in the 
HAPIEE Study. Methods: The sample of population aged 45–69 years old 
in Novosibirsk (Russia), Krakow (Poland), and 6 Czech towns completed a 
questionnaire in 2002-2005 that included ERI, overcommitment (OC), 
control over life, and a number of sociodemographic variables. Annual 
alcohol intake, annual number of drinking sessions, the mean dose of 
alcohol per drinking session, and binge drinking were calculated from 
graduated frequencies in the questionnaire. Data were also available on 
problem drinking (>2 positive answers on CAGE questionnaire). Only men 
who were full-time working at the time of interview were used for the 
analysis (N=6700). Results: After controlling for age and country, the 
measures of problem drinking were associated with ERI, OC and control 
over life. Adjustment for socioeconomic position did not substantially 
change the results. When all 3 psychosocial constructs were used at the 
same model, the estimated effects were reduced but still associated with 
the alcohol related outcomes. Conclusions: Stress at work and outside 
work expressed by ERI, OC and control over life is associated with 
problem drinking in these populations.  
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The psychology of music has inspirational, therapeutic and spiritual values 
which are useful for stress management. Music not only pleases the mind 
but also gives pleasure and ecstasy to the soul. The present study intends 
to explore the influence of Indian and western music on Emotional 
Maturity to reduce ‘STRESS” of individuals. The sample was comprised of 
60 adolescents (13-20 years), which had 30 Indian-music and 30 
Western-music listeners. Following hypotheses was made: 
(1) There would be difference in the levels of Emotional maturity of 

Indian and Western music listeners. 
(2) There would be difference in the levels of Emotional maturity of 

male and female     Indian and Western music listeners. 
“Musical Interest Test” was used to differentiate the music listeners. To 
measure the levels of Emotional Maturity “EMS” (Emotional Maturity Scale 
– Mahesh Bhargava) was used. The important attributes of “Emotional 
Maturity (EM)” are; 
(1) Firm sense of reality 
(2) Flexibility 
(3) Adoptability 

As per the EMS scale higher the score lesser is the maturity level. The 
results indicated that by taking the consolidated data of mean values of 
“EMS”, the highest emotional maturity is indicated by male listeners of 
Indian music with the value of 71.2 and the lowest Emotional maturity is 
indicated by male listeners of western music with the value of 86.4. Just 
by considering the “Mean Values” of listeners, Indian music listeners are 
highly emotionally matured than western music listeners. “t – test” was 
applied on the data for the levels of significance. Results also indicated 
that the maximum significant t-values in the grand total of “Emotional 
Instability, Emotional Regression, Maladjustment, Personality 
Disintegration and lack of Independence” is by the Male listeners of Indian 
and Western music with value of 7.73. The lowest significant value is 
observed between the “Female” listeners of Indian and Western music 
with t-value of only 2.4.  
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Understanding of the aetiology of postpartum mood disorders requires the 
integration of both psychosocial and biological risk factors.  The purpose 
of the previous study was to examine the time after a child is born  from 
the salutogenic perspective. The study evaluated the mood of the mothers  
using the Edinburgh Postnatal Depression Scale (EPDS) during pregnancy 
and after childbirth. The relationships of the couples were studied using 
parts of Spaniers’s Dyadic Adjustment Scale and part of Bienvenu’s Marital 
Communication Inventory.  If the relationship was considered bad, the 
risk of developing depression during pregnancy was 4.7 times higher (RR 
= 4.7, 95%, CI 2.8–8), and after childbirth 5.5 times higher (RR = 5.5, 
95%, CI 3.1–9.6). The qualitative section of the study identifies the 
resources for recovery used by the subjects. A focused interview was 
carried out with 29  mothers  3–10 months after childbirth.  Many of those 
who had exceeded the cut-off point felt they had suffered from passing 
melancholy or they had problems in their marital relationship.  The 
objective is to study stress and recovery in a patient date consisting of 
subjects who feel they live in a difficult relationship. Themes of research: 
Recovery from depression, connection between breast infection and 
postpartum depression, connection between postpartum depression and 
violence,  relations between  recovery and molecular phenomena. 
Prevention ethics section will be applied in the background during the 
entire research project. This application supports a wider project in 
modelling holistic health. 
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In this study 10 female patients (age between 29-58 yr.) with atypical 
oro-facial pain (ICD-10 category: F40-48) were treated with autogenic 
training in a small group, once a week for 10 weeks. The method was 
administered as an initial therapy in the early phase of treatment. The 



first two basic exercises (feeling of heaviness and warmth) were practiced 
only, in sitting position [1]. Suggestions of the therapist [1,2] were given 
via microphone with the use of loudspeakers. Relaxing background music 
was also provided. Symptom palliation was measured with numerical 
analogue scale. In 3 cases (30%) symptoms disappeared totally. At least 
partial symptom palliation occurred in another 4 cases (40%). In 3 cases 
(30%) the treatment was unsuccessful. Belief of the patients in 
psychotherapy and patient-therapist relationship strong enough for 
entering to the exploratory part of psychotherapy were developed in all 
cases (100%). References: (1): Krause, W-R.: Hypnose und Autogenes 
Training. In: Schultz, JH.: Hypnosetechnik. Praktische Anleitung zum 
Hypnotisieren für Ärzte. 9. Auflage, bearbeitet und ergänzt von G. Iversen 
und W-R. Krause. Gustav Fischer Verlag, Stuttgart, 1994 Pp. 71-80. (2): 
Staats, J., Krause, W-R.: Hypnotherapie in der zahnärztlichen Praxis. 
Hüthig Verlag, Heidelberg, 1995. Pp 120-123.  
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Exposure to stress increases dopaminergic activity in several regions of 
the brain. This phenomenon is most profound in the mesocortical 
dopamine system, where stress has been shown to increase selectively 
the release and turnover rate of dopamine. Recent in vitro studies 
employing micro dialysis have indicated that amino acids can increase the 
release of dopamine from prefrontal cortex (PFC) in rat or small animals. 
Disturbance of mastication following occlusal dysfunction has been 
reported to induce mental stress. However the relationship between a 
dysfunction of the stomatognathic system and stress remains to be 
clarified in human. Functional near infrared spectroscopy (fNIRS) is a 
powerful tool for noninvasive imaging. We used fNIRS to examine the PFC 
in healthy volunteers (N =5) under experimental deviated mandibular 
positioning (EDMP) achieved with a resin bite block. The block was 
positioned where the non-masticating-side canine cusp came into contact. 
The trial, 300s in total, started with a 60s pre-rest block, and was followed 
by a 180s EDMP task block and a 60s post-rest block. We found that 



EDMP resulted in an increase in Oxy Hb in the bilateral PFC, indicating 
neural activation in these areas. However, the area activated and degree 
of increase in Oxy Hb varied among subjects. Many studies have found 
that stress resulted in activation of the PFC. Taken together with our 
results, this suggests that the EDMP cause stress, leading to activation of 
the PFC. 
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One of the main mechanisms in the activation of the hypothalamo–
pituitary–adrenocortical (HPA) axis is the release of corticotropin releasing 
hormone hormone (CRH) from the hypothalamus and it’s binding to the 
corticotropin releasing hormone receptor (CRHR1) in the pituitary gland. 
Recently it was reported that two haplotype tagging SNPs (htSNP) in 
CRHR1 are associated with patterns of human alcohol drinking and could 
potentially contribute to the development of alcohol dependence.  Aiming 
to see whether same genetic variations are associated with potential 
predisposition for the development of post-traumatic stress disorder 
(PTSD) we have investigated association of these two haplotypes of 
CRHR1 and PTSD. DNA was isolated from blood of 200 patients with 
diagnosed PTSD and 200 matching control individuals. TaqMan Pre-
designed SNP genotyping assays were used to genotype two htSNPs 
(rs242939 corresponding to T to C exchange at position 44371356 and 
rs1876830 corresponding to C to T exchange at position 44386772 of 
Chromosome 17). Contrary to the situation observed in alcoholism, we 
were not able to find any association of CRFR1 genotype with PTSD since 
frequencies of all alleles were nearly the same in both studied populations. 
Interestingly, the observed frequency of the major allele at rs242939 
corresponded to the frequency reported to correlate with low alcohol 
consumption, while the observed frequency of the major allele at 
rs1876830 was between the reported frequencies for low and high alcohol 
consumers.  
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Research on risk factors in the development of Posttraumatic Stress 
Disorder (PTSD) can be conceptualized using three major paradigms: (1) 
risk due to preexisting psychopathology; (2) risk due to preexisting traits 
or characteristics, which fall along a normal-subclinical continuum; (3) risk 
due to preexisting childhood stress factors in family of origin. The research 
to be reported can be categorized under this third paradigm. The study to 
be reported was designed to compare antecedent stressors in homes of 
origin in a group of 20 Vietnam veterans diagnosed as having PTSD and 
20 Vietnam veterans not meeting criteria for PTSD. 
Samples were balanced on demographic variables, draft status, branch of 
service, rank, and type of discharge. Also, exposure to combat was 
controlled across samples. Findings suggest that veterans who developed 
PTSD had greater childhood stress related to parental alcoholism and 
parental unemployment than did non-PTSD counterparts. Additional 
findings are discussed as are methodological refinements needed to better 
hone in on relationship between family system stressors during primary 
socialization and risk for PTSD. 
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Rauma means a  circle in the local Singale language  in Sri Lanka. 
During January 2005 through march 2005 three Israeli delegation experts 
in post trauma where sent to assist the children victimized by the tsunami 
to cope with the trauma and the post trauma symptoms. The delegations 
where all sponsored by IsraAID – an NGO  Israeli  voluntary organization . 
Rauma-Trauma Model (R.T.M) was the main intervention model that was 
developed on sight and adjusted to the local community 
Theoretical Background: 
Literature describes several trauma  intervention models. The described 



intervention was based on two that integrates both the needs in one hand 
and the coping recourses on the other hand: 
The Conservation of Resources (COR) Model (Hobfoll, 1989) is an 
integrated model of stress that encompasses several stress theories. 
According to the model, individuals seek to acquire and maintain 
resources, including objects (e.g., homes, clothes, food), personal 
characteristics (e.g., self-esteem), conditions (e.g., being married or living 
with someone provides social support, more financial security), and 
energies (e.g., time, money, and knowledge). Stress occurs when there is 
a loss of resources, or a threat of loss. For example, the model proposes 
that the tsunami victims – both children and adults lost all their 
belongings. Since belongings include the fishing boats livelihood recourses 
are gone. This leads to the loss of family roles,  anxiety, passiveness and 
depression.   
The conservation of resource theory posits that resources operate within 
an ecological context where feedback, sharing, and exchange operate 
between the individual, social context, and environment. Given these 
principles, it is reasoned that community interventions must acknowledge 
the solid base of most problems and accept that interventions must target 
resources and be intensive enough to change the ecology in which 
resources operate.  
Lahad (1993) suggests a multi-modal model to understand mental 
resilience in stressful situations.  The model was developed through 
ongoing work with a population living in the shadow of constant threat on 
their lives.  Lahad states that through observing and interviewing people 
under stress it can be seen clearly that every individual has their own 
special combination of coping activities and resources.  
The model relates to the six major characteristics or dimensions that he 
believes to be at the core of the individual’s coping style, as summarized 
in the major theories: Belief and values, Affect and emotion, Social, 
Imagination, Cognition and thought, and Physiology and activities.  Lahad 
called this model BASIC PH and stated that this integrative multi-modal 
model relates to the individual’s coping style as a combination of all six 
dimensions.   
Foa (1985) adds and suggests the prolonged exposure  as a PTSD 
intervention and prevention program containing 3 major steps:  
1. Psycho education interventions concerning  common reactions to 
trauma and the cause of chronic post trauma difficulties. 
2. Imaginable exposure repeated recounting of the traumatic memory 
(emotional reliving)  
3. In-vivo exposure—gradually approaching trauma reminders (e.g., 
situations, objects) that, despite posing no harm, are feared and avoided. 
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There is an increasing body of data relating to the psychological effects of 
terrorism, in particular relating to Posttraumatic Stress Disorder (PTSD). 
Evidence includes studies in the wake of the 9/11 attacks in the US in 
2001, the Oklahoma bombing, as well as terrorist activity in Israel, and 
Kenya. Some caution must be exercised in drawing general conclusions 
from the data as numerous variables are operating including different 
socio-political contexts within which the attacks occur. Elevated rates of 
PTSD in the general population follow terrorist attacks but soon normalize 
whereas directly exposed populations have higher rates (20-38%) and 
more persistent symptoms. An increased risk of PTSD is associated with 
direct exposure, geographical proximity, female sex, low income, poor 
education, poor social supports, prior psychotropic drug use and  high-
level media reporting of events (for vulnerable individuals). Studies to 
date indicate a high degree of psychological resilience in all populations 
affected by terrorism.  
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The issues of risk and protective factors in relationship to manifesting 
PTSD symptoms have begun to be raised in the literature.  A cross-
sectional correlational study of 848 adolescents recently graduated from 
high school in New York City tested three hypotheses: 1) witnessing the 
physical assault of another (independently of being a victim) is traumatic 
and is associated with PTSD symptoms; 2) having a sympathetic adult 
confidant available is a protective factor with regard to PTSD symptoms 
for older adolescents; and 3) having a sense of personal self efficacy is a 
protective factor with regard to PTSD symptoms. Theoretical analysis 



indicates that a “protective factor” may operate at three levels: 1) by 
reducing exposure to the “trauma event”; 2) by reducing levels of PTSD 
symptoms; and 3) by buffering or moderating the impact of the traumatic 
event on PTSD symptoms.  The results of the empirical study indicate:  
first, that witnessing the physical assault of others produces PTSD 
symptoms (medium effect size); and second, that both “availability of an 
adult confidant” and “feeling of self efficacy” reduce the likelihood of an 
adolescent being exposed to physical assault (small effect size), reduce 
the level of PTSD symptoms (medium effect size), but do not significantly 
moderate the impact of exposure to physical assault on PTSD.  Thus, both 
“having available an adult confidant” and “feeling of self efficacy” act as 
protective factors for older adolescents with respect to manifesting PTSD 
symptoms.   The principal protective mechanism of both “availability of an 
adult confidant” and “feeling of self efficacy” appears to be through a 
general reduction of the level of PTSD symptoms.  
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To estimate the effect of traumatic events, from the beginning of life up to 
recent stressors linked to natural catastrophes, war, political persecution 
and migration, we have undertaken an integrated clinical and 
experimental study with a sample of 73 refugees and asylum seekers. 
Every person had been seen individually for at least 8 hours.  
We used a mixed methodology, combining a semi-structured biographical 
interview, a projective test, i.e. the Sentences Completion Test (Rotter & 
Willerman, 1949), for which we have developed a new manner of 
interpretation, and psychometric scales, i.e. the HADS (Zigmond & Snaith, 
1983) and the Index of Wellbeing (Campbell & al, 1976). Furthermore, we 
analysed the artistic production (pictures, stories written under musical 
induction), realized by the people during the arts therapeutic sessions we 
offered to them after the test session, with the objective of helping them 
overcoming the break-up of their life project.  
As our data belonged partly to the nominal and ordinal level of 
measurement, we largely used non parametric multidimensional statistics, 
like Non Linear Principal Components Analysis and multidimensional 
scaling. We could ex tract two profiles of personality functioning, linked 
either to repeated breaks, negligence and maltreatment from the 
beginning of life, or either to a recent external catastrophe, interrupting a 



continuous life course. Through the evaluation of the arts therapeutic 
sessions, we could note the first signs of a resumption of the blocked 
process of subjectivation. 
Our theoretical discussion, focused on the mode of action of arts 
psychotherapy, is based on an integration of recent research results in 
psychopathology and neurobiology. The results of the study allowed us 
proposing differential psychotherapeutic measures for the two profiles of 
traumatized people.  
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We have previously demonstrated a strong association between the 
application of a single or fractionated dose of the N-methyl-D-aspartate 
antagonist ketamine and symptoms of acute (Schönenberg et al., 2007) 
and posttraumatic stress disorder (Schönenberg et al., 2005) in 
moderately injured accident victims. Ketamine has analgesic and sedative 
properties and for that reason it is widely administered in emergency care. 
Based on our previous data there is evidence to suggest that ketamine 
might profoundly augment early stress symptoms, probably via the 
enhancement of glutamatergic neurotransmission, resulting in worsened 
long-term posttraumatic sequelae. The objective of the study to be 
portrayed at the conference is to extend prior findings by prospectively 
examining ketamines’ effects on psychological, endocrinological and 
neuro-cognitive variables. Moderately injured accident victims were 
consecutively recruited in two urban trauma centres. Based on their 
preclinical analgosedation, patients were divided into groups (ketamine vs. 
opioids vs. no medication). Initial assessments of posttraumatic 
psychopathology were carried out within 48 hrs post-event during 
hospital-stay and were repeated two months, six months and one year 
post-event. Further, neuropsychological assessments and a diurnal profile 
of the biological stress markers cortisol and dehydroepiandrosterone 
(DHEA) were determined at each time point. First results of the ongoing 
study will be presented at the conference. 
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Studies of glucocorticoid status in Posttraumatic Stress Disorder (PTSD) 
have hypothesized that these patients are maladapted to stress due to 
distorted feed back regulation of the HPA axis and/or altered sensitivity to 
glucocorticoid.  However, cortisol levels in various biological fluids from 
PTSD subjects have been reported to be low, high or unchanged compared 
to controls. To address this issue, we have studied a group of patients 
with active PTSD symptoms, not currently on medication, in a controlled 
clinical study to determine the metabolic clearance rate of cortisol. PTSD 
symptomatology was confirmed by DSM IV criteria, and by the Clinician 
Administered PTSD Scale (CAPS). The production rate of cortisol (PR) was 
measured after constant infusion of tri-deuterated (d3) cortisol in normal 
saline administered at 20 µg per hour.  Isotope dilution ratios of cortisol 
(d0) and d3-cortisol were determined by stable isotope dilution gas 
chromatography mass spectrometry using pooled serum samples as 
previously described (JCEM 91(9): 3486, 2006). Blood samples (3ml) 
were taken every 30 minutes for 24 hours.  Serum cortisol was measured 
by radioimmunoassay. Daily metabolic clearance rate (MCR24h) was 
calculated from the daily PR using the following formula: 
MCR24h=PR/[cortisol]24h. The MCR24h for PTSD and controls was 122 ± 
46.7 L/d·m2 (n=10) and 94.6  ± 33.4 L/d·m2 (n=10) respectively in 
agreement with reported values.  There was no statistically significant 
difference between the MCR24h in PTSD compared with controls.  We 
conclude that in the chronic and unprovoked state there is no 
demonstrable difference in production rate or metabolic clearance rate of 
cortisol, measured on a daily basis, in this group of PTSD subjects. This 
method provides a way to measure cortisol dynamics more specifically, 
and should be valuable in detailed assessments of psychological conditions 
such as PTSD. 
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The aim of the study was to analyse relationships between work load, 
stress and health complaints among medical students in Estonia 
Method. The student study was carried out in late autumn 2005. The total 
study group consisted of 650 participants from the second to sixth course, 
whereas 470 medicine, 110 dentistry and 70 pharmacy students were 
included. Because of short learning experience the first course was not 
included into the study. The adapted anonymous questionnaire Influence 
of studying on medical student’s health was used. The instrument was 
based on the questionnaire, used in official IFEMSA project since 1998. 
There were 66 questions subdivided into 8 subgroups: demographic data, 
general health evaluation, health, life style, work load, working conditions, 
communication and future vision. Yes/no answers, 10-point scale for 
stress and mainly 5-point scales were used. Also, opened questions were 
included.  
Results. The response rate was 65,7%. Study group consisted of 427 
respondents - 69% medicine, 19% dentistry and 12% farmacy students. 
Most part of them (82%) were females. Medicine students of younger 
courses had significantly higher work load than their older colleagues. A 
half of them spent on studies 8-10 and more hours. The students with 
long working days described significantly higher stress than the others 
(p<0,001). Very high stress (>9) was measured among 7%, high (6-8) - 
45% and moderate (3-5) - 35,5% of respondents (average 5,4±2,3 
points). The most part of students assessed their health good (61%) and 
average (22%). Tiredness (85%), sore eyes (57%) and headache (54%) 
were the main health complaints among medical students. Than more 
health complaints, the higher stress and lack of physical activities and 
hobbies (p<0,001).  
Conclusion. Implementation of stress managing programs for medical 
students is very important. 
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The southern muriqui (Brachyteles. arachnoides), the largest Neotropical 
primate species, is on the verge of extinction with critically endangered 
status (IUCN 2000). We validated noninvasive endocrine monitoring 
techniques for this species by quantifying fecal estrogens and progestins 
in 4 adult females as well as fecal metabolites of testosterone and 
glucocorticoids in 4 adult males and 1 sub-adult male. The study was 
conducted over a period of 11 months under two different environmental 
conditions: a) Two adult males, two adult females and a young male living 
on an island of 600 m2, with natural vegetation, at Curitiba Zoo (PPC) and 
b) two adult couples housed in a large cage of 15.40X5.85X4.70m at Rio 
de Janeiro Primate Center (CPRJ). Fecal samples were collected at least 
every other day over four continuous periods of 20 to 24 days with 45-day 
intervals between to subsequent sampling periods. Reproductive behavior 
was observed on the same schedule. Fecal steroids were extracted by 
dilution in ethanol. We used radioimmunoassay (RIA) in solid phase to 
quantify fecal estradiol, progesterone, testosterone, and glucocorticoid 
metabolites. Estrogen and progestin concentrations in female feces varied 
individually over a wide range (0.03 to 145.56µg/g of dried feces for 
progestins and 0.002 to 71.57µg/g of dried feces for estrogens). Three 
females did not show any ovarian activity over specific periods of the 
study, while ovarian cyclicity was observed over all sample periods in one 
female from CPRJ. Despite of their low levels of fecal reproductive 
steroids, all females displayed proceptive behavior and copulations. 
Surprisingly, despite of their semi-free ranging condition, the PPC males 
showed significantly higher concentrations of fecal glucocorticoids and 
lower concentration of fecal testosterone than the caged CPRJ males 
(p<0.05). As expected, the lowest concentration of testosterone 
metabolites (p<0.05) was found in the feces of the sub-adult male. For all 
males, copulations occurred when testosterone levels were the highest 
and peaks of glucocorticoid concentration were related to stressful 
situations such as copulation or fight. Therefore, this study shown that the 
quantification of fecal steroid metabolites was effective for reproductive 
monitoring as well as for assessing the physiological response to stressful 
events.  
 
Key words: Endocrinology. Steroids. Metabolites. Primates. Stress. 
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Primates living in multi male–female associations can develop SSC during 
sexual active periods. Size of SSC is dependent on fluctuating sex-
steroids. Males intensify socio-sexual contact with females showing 
exaggerated SSC.  
We investigated the socio-endocrine impact of SSC in three different 
species: Facial and anogenital redness in Japanese macaques (JM) during 
the breeding and non-breeding season, perineal swellings in Barbary 
macaques (BM) treated with the contraceptive levonorgestrel during non-
sexual periods, and perineal swellings in chimpanzees (Ch) during intact 
cycle periods. Data from JM and BM were collected under semi-natural, 
from Ch under caged conditions. Fecal samples were used for analyses of 
sex steroid and cortisol (CORT) metabolites. 
In BM, multiple regressions showed a negative relationship between SSC 
size and CORT and a positive one between swelling size and intersexual 
socio-positive contact. Females with enlarged SSC had lower progesterone 
levels and increased estradiol-progesterone ratios.  
Ch females housed with males showed decreased CORT during late and 
decreasing tumescence of the SSC. In single housed individuals, increased 
CORT was related to decreased plasma FSH. Paired females had shorter 
cycle length. 
In JM, a light and a dark group could be discerned with regard to redness. 
In the dark group, intensity of redness increased during the breeding 
season and correlated with the amount of socio-sexual behavior. These 
females had significantly elevated CORT and sex steroid titers. 
In conclusion, reduced HPA activity in females is associated with 
exaggerated SSC and intensified male contact when male mating 
competition for females is diminished (e.g., BM, Ch). 
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Benefits of CAM-related interventions have been demonstrated for 
patients with chronic diseases in which stress and disability are prevalent. 
RP patients experience nightblindness and a slowly progressive loss of 
vision, which eventually leads to bare or no light perception in advanced 
stages. They commonly indicate that they have “good” and “bad” vision 
days, stating that stress causes a decrease in vision, and that vision 
improves when the stress is alleviated. We assessed CAM use by RP 
patients and its perceived effectiveness. A survey posted on an 
anonymous internet forum was completed by 96 RP patients 
internationally. 95% of respondents tried at least one of 9 CAM areas, and 
85% of these respondents felt that CAM affected their stress/anxiety 
levels. 31%, 47%, 17% and 74% of respondents used yoga, meditation, 
mind-body therapy, and spirituality/religion, respectively. Stress/anxiety 
levels were subjectively affected in the following proportions of those who 
used these therapies: 93% Yoga, 92% Meditation, 87% Mind-Body 
Therapies, 84% Spirituality/Religion, 80% Massage Therapy, 78% Energy 
Therapies, 78% Herbal Therapies/Aromatherapy, 64% Movement 
Therapies, and 56% Acupuncture.  A slim majority (~50%) felt that stress 
was affected: a little with acupuncture/mind-body/aromatherapies/herbal 
therapies; moderately with 
meditation/yoga/spirituality/religion/massage/energy therapies, and by a 
large amount with movement therapies. RP patients are using CAM 
modalities, and a large majority attributes some impact upon 
stress/anxiety; therefore clinicians and researchers should be aware of 
their use. Clinical trials with CAM interventions for RP patients are 
necessary to attempt to validate these findings. 
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Background: Working in high-tech companies is characterized with long 
working hours and high demands, factors that strongly effect the levels of 
occupational stress and burnout. The use of aerobic exercise or relaxation 



techniques, in order to reduce Job-related Stress and burnout was 
described in medical literature. Tai Chi Chuan, an ancient Chinese martial 
art, combines slow movements with controlled breathing, and requires 
concentration and serenity. Studies have shown that the practice of Tai chi 
Chuan has similar effects on the cardiovascular system as in moderate 
aerobic exercise, but it also generates additional benefits of stress 
reduction and peacefulness. 
Objectives: To evaluate the influence of practicing Tai Chi Chuan 
compared to other aerobic exercise on occupational stress and burnout 
among high-tech workers in Israel.  
Methods: 40 Israeli high-tech workers, practicing Tai Chi for 1-15 years, 
have received self-report questionnaires in order to evaluate levels of 
occupational stress and burnout. The questionnaires included a 
demographic questionnaire regarding daily work and leisure-time physical 
activity habits, the Karasek job-related stress questionnaire (JCQ) and the 
Shirom-Melamed Burnout Measure (SMBM). 87 other Israeli high-tech 
workers, who don't practice Tai Chi, received identical questionnaires. 
According to their answers, the control group was divided to two groups: 
the people on the first group are doing physical aerobic exercise, and 
those on the second group don't practice any exercise. 
Results: Statistical analysis showed significant differences between the 
study group and the control groups in cognitive burnout outcomes. In 
addition, the control group not doing any physical exercise, was found to 
have larger percentage of workers with burnout values higher than normal 
values. A positive correlation was found between job-related stress and 
burnout in all three groups. Among Tai Chi practitioners, relationships 
were found between age, years and level of practice and burnout 
outcomes. No significant difference was found between the three groups 
in  the stress outcomes. 
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Increasing employee health and participation have been identified as 
crucial to achieve productive organizations. However, there are few 
studies assessing methods to improve psychosocial working conditions, 
employee health and well-being as well as productivity. This study 
assessed the impact on health, biological stress markers, absenteeism and 



productivity from a one year structured intervention program based on 
group-specific psychosocial results from 22 work units in five different 
offices. White collar employees representing 22 different work units were 
assessed before, and one year after, a one-year intervention program 
based on group-specific psychosocial work-related results. Self-rated 
questionnaire data (QWC), biological blood measurements and hard-core 
registry data on sickness absenteeism and productivity were analyzed at 
baseline and at the one-year follow-up. Employee ratings of the 
psychosocial work environment showed a significant statistical 
improvement in performance feedback, participatory management, 
employeeship, skills development, efficiency, leadership, employee well-
being, and work-related exhaustion, (p < 0.05). Restorative hormones, 
such as serum testosterone levels, increased during the intervention (p < 
0.01) and changed levels of serum testosterone were significantly 
correlated to overall changes in organizational well-being during the year 
(r = .51, p<.01). Absenteeism decreased, and productivity improved. The 
study presents practical means for occupational health practitioner to 
participate in the management process of creating healthy work 
organizations. Fact-based psychosocial workplace interventions are 
suggested to be an important process for enhancing employee well-being 
as well as organizational performance. 
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Introduction: Stress is known to be associated with the medical 
profession and starts during the medical training. Stress inoculation was 
reported to significantly decrease the students reported stress level. 
However, “resistance” to stress inoculation is common, if students do not 
practice stress coping techniques. To help students manage stress a 
boosting program: students to educate patients on stress management 
(SPESM) was implemented. Present study reports the results of this 
program. Methods: The study subjects (n=28) are 3rd and 4th year 
medical students (MS), who had one-month rotation in a medical-surgical 
unit, at a  university affiliated program in Southern California. MS’ stress 
level was measured at the beginning and at the end of the rotation by 
using the General Well-Being Scale (GWBS). The total GWBS stress score 



(SS) ranges from 0 to 110. A score <72 = stress, and < 60= distress. 
Following the stress inoculation the MS were advised to implement 
SPESM. Results: 16/28 (57%) of students implemented SPESM 
once/week (Group 1), and 12/28 (43%) more than twice/week (Group 2).  
The SS significantly increased in group 2 (78+/-13.2 vs 84.8+/-11.2, 
p<0.005), but not in group 1. The prevalence of stress/distress did not 
change in group 1, but significantly decreased in group 2, from 41.7% 
to16.7%, p<0.05. Conclusion: “Resistance” to stress inoculation can be 
successfully overcome by using a boosting program (SPESM). Adequate 
management of stress during the medical training will serve as blueprints 
for managing stress later on during medical profession with beneficial 
effects on mental and physical health and subsequent improvement in 
health care delivery.  
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Approximately 50% of all heart attack deaths occur before the patient 
reaches the hospital. Shortening prehospital delay time from symptom 
onset to hospital arrival and calling an ambulance are important to reduce 
mortality and morbidity during cardiac events. The purpose of the study is 
to examine the association between job stress/working hours and 
prehospital delay (time interval from symptom onset to hospital arrival) 
and ambulance use in patients with acute coronary syndrome (ACS) in 
employed women and men.  Methods: In this cross-sectional study, a 
total of 152 consecutive patients (40 women and 112 men) who were 
admitted with ACS and worked more than 20 hours/week were recruited. 
A structured interview was conducted to assess their job stress (job 
demand, job control, social support at work), working hours and symptom 
onset time while patients were still in the hospital. The average age for 
women and men were 50.6 (SD8.5) and 51.0 SD (6.7) respectively. 
Results: Women had significantly lower job control and shorter working 
hours/week compared to men (p < .05). The median prehospital delay 
from symptom onset time to hospital arrival was 6.4 hours in employed 
women and 4.0 hours in employed men. While only 10.0% of employed 
women used an ambulance, 20.5% of men used an ambulance during 
cardiac events. Female gender and daytime shift work were significant 



predictors of not calling an ambulance during ACS, after controlling for 
age, health insurance, severity of illness, working hours, and job control 
(p < .05). 
Conclusions: These reported gender differences in job stress and other 
job factors support the need to educate women as to how to respond to 
acute cardiac events.   
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Aim: To determine the difference in stress perception among female staff 
at various hospital departments. Methods: 984 female employees in 4 
Croatian hospitals anonymously and voluntarily completed the 
Occupational Stress Assessment Questionnaire. According to the factor 
analysis the stressors were classified into 6 groups: Work management, 
Public criticism, Shift work, Professional demands, Interpersonal 
communication and Professional health hazards. The differences were 
analyzed by Mann Whitney U test and P<0.05 was regarded as significant. 
Results: 200 (20.3%) of the analyzed female staff belonged to the 
category physicians, while the remaining 784 (79.7%) were technicians 
and nurses. At all hospital departments physicians made the minority of 
the entire female staff, with the exceptions of anesthesiology and 
pathology, where they made 62% and 53.8% of the total number of 
female employees, respectively. Public criticism (P<0.001), shift work 
(P=0.03) and professional demands (P=0.003) were considered 
significantly more stressful by physicians than by nurses and technicians. 
However, nurses and technicians reported professional health hazards as 
significantly more stressful than physicians (P=0.002). The perception of 
stress related to work management and interpersonal communication 
didn’t significantly differ among professional categories. Conclusion: 
Physicians, on one hand and nurses and technicians on the other hand 
find their job stressful, but the perception of the same stressors among 
female staff is different.  
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A series of organizational changes during the last decades in health care 
organizations have resulted in an uncertain and turbulent working life with 
negative effects on health and job satisfaction. The aim of this longitudinal 
study was to assess affects on health and sickness absence among health 
care employees after organizational changes. The population consisted of 
278 employees divided in a study group, structurally concerned of the 
changes and a control group. The response rate was 81% and 74% 
respectively at baseline and follow up measurements. Group differences 
were analyzed both for an open (n= 226) and closed cohort (n= 156) 
using one-way ANOVA as well as a two-way ANOVA for repeated 
measurement in a closed cohort. To explain predictors for changed health 
a stepwise linear regression analysis was used. The results in the open 
cohort showed that the study group experienced significantly worse self-
rated health and worse work satisfaction after the reorganization 
compared with the control group. The study group had also increased 
their level of work related exhaustion. The results from the closed cohort 
showed that the recovery hormone DHEA-S had significantly decreased 
and sickness absence increased among employees in the study group 
compared to those in the control group. Factors that best predicted 
changed health after the reorganization were work related exhaustion, age 
and coping ability. Sickness absence had increased significant for the 
study group at the 1-year follow up (7% and 2% respectively).  
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The present study aims to evaluate the effect of stress-reduction 
meichenbaum technique on working nurses, teachers and non-working 
housewife mothers according to mother–child stressor traits-
Adaptability, Acceptability, Demandingness, Mood, Hyperactivity / 
Distractibility, Reinforces, Depression, Attachment, Restrictions of 
role, Sense of competence, Social isolation scale, Relationship with 
spouse, Parental health.  
First, 228 working and non-working mothers were matched and they were 
evaluated using "parenting stress index" and "occcupational stress index". 
Second, 24 mothers with high level stress shared in two matched groups 
of experimental and control. Experimental group were under treatment of 
stress-reduction technique for 13 weeks but control group didn,t received 
any treatment. The level of stress in both group was assessed before and  
after the treatment. In order to analysis of data,besides of the basic 
statistical methods. The result of this study showed that 
(1) there was significant difference between stress among working 
mothers  and non-working mothers as well. 
(2) the nature of stressor in expanding of the level of stress in mothers 
had different effects, while, demandingness and relationship with 
spouse in nurses, demandingness and restrictions of role in teachers 
and   demandingness and depression in non-working mothers had 
more contribution in these subjects. 
(3) the result of stress-reduction technique was effective in reducing of 
life, occupational and a few stressor traits. 
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Management process of the institutions which offer service to solve the 
problems of individuals and families may have  some particular difficulties. 
Foremost among these are problems  faced by the managers when they 
try to bring together the different type of professionals on behalf of 
individuals who have constant psycho-social and economic problems . 
Managers are constantly experiencing stress when trying to deal with  
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these problems.  
This study aims to determine the factors that influence work stress of 
social work managers in Turkey. The data have been collected by 
questionnaries sent to 554 social work managers by mail. For statistical 
analysis, questionnary forms of 320 managers were considered to be 
eligible.  
The important results of the study are as follows: The great majority of 
managers have high level of work stress and Type A personality. In work 
stress, marital status, job satisfaction, overall duration of work, 
administrative position, lack of autonomy, lack of personal support from 
the colleagues and obligation to attend many meetings and interviews are 
found to be influential factors (p<0,05).  
Further studies are required to increase both the quality of service offered 
and the quality of life of social workers and social work managers and in 
the long term to determine the organizational and non-organizational 
sources of stress. 
 
This research was supported by Research Fund of Hacettepe University, 
Turkey (Project Number: 0.01.705.001). 
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INTRODUCTION: Psychological distress among healthcare professionals 
has negative effects on the quality of care provided to patients. Physicians 
are in general subjects to multiple stressors. AIM: To reveal the 
differences in reporting work-related stressors between female and male 
physicians in hospitals. METHODS: 370 physicians (200 females and 170 
males anonymously) and voluntarily completed the Occupational Stress 
Assessment Questionnaire. The stressors were related to: Work 
management, Shift work, Professional demands, Interpersonal 
relationship, Public criticism and law suits, and Professional hazards. 
Questions were graded with Likert Scale from 1 to 5. The differences were 
statistically analyzed by Mann Whitney U test and P<0.05 was considered 



significant. RESULTS: An average age of female physicians is 41 years 
(26-60) and average age of male physicians is 43 years (26-63). Male 
physicians are more frequently clustered in surgery and radiology. Both 
groups of physicians reported: Work organization, Public criticism and law 
suits and Professional demands as stressful or very stressful. Shift work is 
significantly more frequently (P=0.003) reported by male doctors vs. 
female doctors. CONCLUSION: Both groups, male and female physicians, 
in hospitals are experiencing high level of stress. Male physicians 
considered shift work more stressful than females, because they are 
clustered in more demanding specialties.  
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Shiftwork and stress have negative effects on performance, well-being 
and sleep, and are associated with an increased risk for ischaemic heart 
disease and metabolic disturbances. Physicians often work in shifts, but 
little is known about possible physiological effects of night call duty. The 
aim of this study was to investigate the impact of physicians’ night call 
duty on autonomic balance, measured by heart rate variability (HRV), and 
to determine whether there were differences between physician 
specialities. For this reason 19 anaesthesiologists were compared with 17 
paediatricians and ENT surgeons. Monitoring by digital holter 
electrocardiogram was made during night call, the recovery period after 
night call, and on an ordinary workday. HRV analyses were made in 24 
hour periods for SDNN (time domain measurement of total variability), 
and in 10 min strips during 1 h at 21:00-22:00 for HFn (frequency domain 
variable, reflecting vagal influence on HRV). Statistically significant effects 
of day in HFnu were seen only among the anaesthesiologists, who had 
21% lower levels during night call compared with day work, and 38% 
lower compared with post night call (P<0.001 for all). Further, the 
anaesthesiologists had 27% lower levels than the pediatricians/ENT-
surgeons during night call (p=0.008). Total variability (SDNN) for 24 
hours, did not differ between pshysician groups or day work versus night 
call. In conclusion, the lower relative influence of parasympathetic activity 
(HFnu) in the evening during night call for anaesthesiologists may indicate 



a higher stress activation compared with pediatricians and ENT surgeons. 
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Aim: To investigate differences in stress perception between physicians in 
surgical and non-surgical specialties. Subjects and Methods: 212 
physicians in surgical and 158 in non-surgical specialties anonymously and 
voluntarily completed the Occupational Stress Assessment Questionnaire 
in four Croatian clinics. Questions regarding stress were graded by the 
Likert Scale from 1 to 5 and due to factor analysis classified in six items: 
Work management, Public criticism, Shift work, Professional demands, 
Interpersonal relationship at workplace and Professional health hazards. 
Items were used as dependent variables in multivariate analysis of 
variance. Results: Significant difference was found between surgical and 
non-surgical specialties on the combined dependent variables: F (6, 
363)=11.6, P<0.001; Wilks Lambda=0.84. When the results for the 
dependent variables were considered separately, the only differences to 
reach significance, using a Bonferoni adjusted alpha level of 0.008 were: 
Professional health hazards: F (1, 368)=41.4, P<0.001, Public criticism: F 
(1, 368)=7.5, P=0.006 and Shift work F (1, 368)=33.7, P<0.001. 
Inspection of mean stress scores (M ± SD) confirms that surgical 
specialties, compared to non-surgical, have higher grades regarding 
professional health hazards (2.7 ± 0.9 vs. 2.1 ± 0.7), public criticism (3.4 
± 0.9 vs. 3.1 ± 0.9) and shift work (3.1 ± 1.1 vs. 2.4 ± 1.2). Conclusion: 
Physicians in surgical specialties perceive higher level of stress due to 
higher exposure to professional health hazards, public criticism and shift 
work. 
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"Working at night affects not only physical condition but also ovarian 
function" has been reported previously.  To investigate the influence of 
working at night on adrenergic system, concentrations of catecholamine in 
plasma and urine were examined during the daytime and at night.  
Seventy seven nurses, who enrolled voluntarily in this study, involved 
shift works rotating from 8:15 to 17:00 (daytime shift), from 15:45 to 
0:30 (evening shift) and from 0:00 to 8:45 (night shift).  Blood was 
obtained before and after shift work, and urine was collected for 24 hours 
from the start of shift work.  Concentrations of dopamine, noradrenaline 
and adrenaline were measured by HPLC.  Plasma concentrations of 
dopamine were decreased after both works of daytime shift (16.3 +/- 3.2 
to 9.7 +/- 1.1 pg/ml) and night shift (13.3 +/- 3.8 to 9.4 +/- 0.9).   
Plasma concentrations of noradrenaline were decreased after daytime shift 
work (316.1 +/- 17.0 to 263.6 +/- 16.5 pg/ml), but not changed after 
night shift work (264.3 +/- 29.6 to 259.0 +/- 15.2).  Plasma 
concentrations of adrenaline were increased after both works of daytime 
shift (31.5 +/- 3.0 to 48.3 +/- 7.1 pg/ml) and night shift (34.7 +/- 6.4 to 
40.8 +/- 5.0).  Total amounts of urinary secretion of dopamine, 
noradrenaline and adrenaline were significantly lower in nurses of night 
shift work than those in nurses of daytime shift work, respectively.   These 
results suggest the possibility that working at night would affect central 
nervous system and adrenal function, and intensifies metabolic clearance 
rate of catecholamine. 
 

 
 
7I_12_P 
 
DAILY LIFE STRESS AND MENTAL HEALTH IN HOSPITAL 
EMPLOYEES 
 
Ohtani, Yoshio 1, Shimada, Eiko 2, Suzuki, Makihiko 3 

 
1) Kitasato University Schol of Allied Health Sciences; Sagamihara-Shi, 
Kanagawa, Japan; y-ohtani@kitasato-u.ac.jp 
2) Knanagawa Prefectural Center of Psychiatry, 3) Kitasato University 
College of Liberal Arts and Sciences 

 
Introduction: Workers in a medical facilities may be greatly affected in 
their mental and/or somatic conditions, although they labor to help 
patients with various diseases. In this study we investigated how daily life 
stresses in the hospital employees influence on their mental health, sleep 



and several phases of anger. 
Methods: 
1）) Subjects: One hundred and forty-eight emloyees in number of the 
Hospital in a big city of Japan (Male 39, Female 80, Unclear 29; 46.2 
years old of mean age) consist of 18 in Medical, 94 in Nursing, 17 in 
Secretary Division and Nuclear 19. 
2) Materials for the assessment of mental and/or psychological conditions 
(4) Daily Life Stress Scale (Munakata et al., 1985) 
(5) Genral Health Questionaire (GHQ-60) 
(6) Athens Insomnia Scale 
(7) State-Trait Anger Expression Inventory 

3) Statistical analysis: Multiple comparison by Bonferoni method using the 
score of Daily Life Stress Scale in 4 step groups [Weak(W);0-4 points, 
Moderate(M); 5-9, Rather Strong(RS);10-18. Strong(S); � 19] as an 
independent variable and the total points of GHQ, Insomnia scale and 5 
phases of STAXI[State(STX-S),Trait(TX-T � ,Anger Expression-Control (AE-
C) � AE-Out (AE-O) � AE-In (AE-I)] as dependent variables: 
Results and Discussions: 
1. In the total score of GHQ, the points of S group was significantly higher 

than those of W, M and RS, as well as RS group’s was higher than W 
group’s� p<0.01 � .This means that the higher score in  

2. As to insomnia, the score of  S group was significantly higher than 
those of W, M and RS groups, and M’s was higher than W’sp<0.01. And 
RS’s was higher than W’sp<0.05. So the data proves the positive 
corelatio between the degrees of stress and insomnia. 

3. Regarding anger, S group showed a significant high score to W, M and 
RS’s in STX-S and STX-T, as well as to W in AE-Ip<0.01. Moreover, RS 
group tended to show a higher score to M’s in AE-Ip<0.05. There were 
not staistically found any significant corelation either in AE-C or AE-O. 
These findings indicate that those who have a strong stress are greatly 
angered at that time, have an irascible personality and tend to hold in 
their temper without expressing outside. 
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Background: with the development of modern civilization, occupational 



stress becomes increasingly important. Physicians are an exposed 
category and they are prone to develop stress-related disease and risk 
behaviors. 
Methods: we conduct a study among 118 physicians, 78 women and 40 
men. The Romanian version of Job Content Questionnaire (JCQ), was 
mailed to all the subjects. We investigate the main scales of JCQ: decision 
latitude (DL), psychological job demands (PJD) and social support (SoS), 
along with the prevalence of smoking, sedentary behavior, cholesterol, 
triglycerides, fibrinogen, CRP and plasma cortisol. 
Results: The final response rate was 112 (94.9%), 72 (64.2 %) women 
and 40 (35.7 %) men aged between 30 and 60. Results are shown in the 
table. 
Smoking (32% of women and 56% of men) and sedentary behavior (over 
60 % both in women and men) positively correlated with PJD and 
negatively with SoS. Total cholesterol positively correlated with PJD in 
both women (r=0.33) and men (r=0.51), and negatively with coworker 
support and depression (r=-0.21, r=-0.28 in women, and r=-0.57, r=-
0.19 in men, respectively). We didn’t find significant correlations of those 
items with proinflammatory state, but we did find interesting correlations 
with plasma cortisol (e.g. negative correlation with coworker support both 
in men and women, P<0.05). 
Discussions: The issue of professional stress is very important in modern 
medicine. Age and gender can be determinants of job strain, but also 
individual job characteristics. Many studies shown positive relations 
between job strain and some harmful habits such as tobacco smoking and 
sedentary lifestyle, as well as with other risk factors like dyslipidemia and 
proinflammatory state; we have to outline again the importance of 
organizational factors in managing both stress and satisfaction at 
workplace. 
 

ITEM DL PJD SoS Cholesterol 
(mg%) 

Triglycerides 
(mg%) 

HDLc 
(mg%) 

Fibrinogen 
(mg%) 

CRP 
mg/l 

Cortisol 
mcg/dl 

mean 71.41 35.25 23.63 180.48 81.40 56.04 333.40 4.84 412.23 

SD 8.90 5.53 6.41 31.81 41.83 12.30 135.58 6.80 171.30 

Legend: DL = decision latitude, PJD = psychological job demands, SoS = 
social support, HDLc high density lipoprotein, CRP = C-reactive Protein 
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Research on public speaking anxiety suggests that choice of therapeutic 
treatment should be made according to specific individual needs and 
personal characteristics.  Specific research on treatment efficacy indicates 
that while some individuals do benefit somewhat from any specific 
treatment, results can be significantly increased by using the therapeutic 
treatment that is specifically adapted to the particular needs of each 
person.  This study was designed to evaluate an integrative approach (IA) 
that aimed to address the different individual needs and allowed the 
individual to use his/her own creative powers of visualization to overcome 
public speaking anxiety at work.  150 public speaking anxious employees 
were randomly assigned to two treatments and a control group.  
Measurements included self report and physiological measures.  
Physiological measures (skin temperature, galvanic skin response and 
heart rate) were taken before and after treatment. Results indicated that 
the IA approach produced significantly lower self report measures of 
stress than either the control group or the PMR group.  All treatment 
groups showed a significant lowering of psysiological measures from pre-
test to post-test. 
 
Keywords: PSA, integrative approach, physiological measure 
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Objectives: We compared the severity and frequency level of 
organizational and ambulance-specific stressors, and studied their 



relationship to structural conditions and individual differences in a 
nationwide sample of operational ambulance personnel (n = 1180). 
Methods: The questionnaire included the Job Stress Survey, the 
Norwegian Ambulance Stress Survey, the Basic Character Inventory, 
General Self-Efficacy Scale, and questions addressing structural work 
conditions. Results: Serious operational tasks and physical demands were 
identified as the two most severe stressors. Lack of support from co-
workers was the most severe and frequent organizational stressor. Higher 
frequency of stressors was most strongly associated with size of service 
districts (β ranging between .18 and .30, p < .01) and working overtime 
(β ranging from .13 to .27, p < .05). Neuroticism (β ranging from .09 to 
.17, p < .01) and low general self-efficacy (β ranging from –.12 to –.16, p 
< .001) were equally strongly related to severity of stressors, as were 
structural conditions. Conclusions: Ambulance-specific stressors were 
reported as both more severe and more frequently occurring stressors 
than were organizational stressors. Structural working conditions were 
more strongly related to frequency of job stressors, but higher levels of 
neuroticism, and lower levels of self-efficacy were equally strongly related 
to stressor severity, as was structural working conditions. 
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Antecedents: Work of nurses is extremely stressful and is combined with 
low professional and social acknowledgement, but is there any difference 
in terms of workplace stress between two groups of nurses in similar 
position? Aim and hypothesis: The aim of the survey is to investigate 
comparatively hospice nurses and nurses caring for elderly patients. 
Hypothesis: due to interdisciplinary approach hospice nurses are in a more 
favourable situation than nurses caring for elderly patients in terms of 
degree of workplace stress and social support. Methods: A cross-sectional 
study was performed among hospice nurses (N=25) and nurses caring for 
elderly patients (N=50) using a test battery comprising the Brief Stress 
and Coping Inventory (Rahe, Tolles, 2002), the Vital Exhaustion 



Questionnaire (Appels, Mulder, 1988), the Support Dimension Scale 
(Caldwell, 1987), and the Effort-Reward Imbalance Questionnaire 
(Siegrist, 1996). Expansion of the sample is being in progress with data of 
Hungarostudy Epidemiological Panel. Results: In terms of social support 
hospice nurses are in a more favourable position (P=0.048). Workplace 
stress is significantly higher in nurses caring for elderly patients than in 
hospice nurses (P=0,035 for overcommitment scale, P=0.034 for extrinsic 
effort scale). Conclusions: Interdisciplinary approach of hospice may 
promote nurses’ acceptance and appreciation, whereas higher social 
support may reduce nurses’ vital exhaustion and the degree of workplace 
stress. This model might be applicable for other groups of health care staff 
as well. 
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STAFF STRESS IN BATHING RESIDENTS IN JAPANESE AGED CARE 
FACILITIES  
 
Edit Nagy-Tanaka, Mio Ito, Ryutaro Takahashi 
 
Tokyo Metropolitan Institute of Gerontology, 35-2 Sakae-cho, Tokyo 173-
0015 Japan, 
E-mail: edit@tmig.or.jp 
 
Bathing residents in long-term aged care facilities, especially residents 
with dementia, is a stressful task. Bathing residents in a bathtub, usually 
twice a week, which is a common practice in Japan, is particularly 
demanding. The purpose of this study was to examine the reasons of staff 
stress in the bathing situation in long-term aged care facilities in Japan. 
Three large-scale (LS) settings and 3 small-scale (SS) settings were 
studied. The methods used were observation of the bathing routines of 21 
staff (19 LS staff and 2 SS staff) and a questionnaire survey to 80 staff 
(61 LS staff and 19 SS staff). Data analysis was done by descriptive 
analysis and content analysis of free answers. The observation results 
revealed a stressful atmosphere in the LS settings, with noisy 
environment, hurried pace of work and confusion about task division. The 
questionnaire ratings showed that the LS staff were significantly more 
dissatisfied with most aspects of bathing, especially with the number of 
residents to be bathed a day and bathing time for each resident. 
According to preliminary results of the free answers, the LS staff felt task-
oriented stress, such as large number of residents, time constraints and 
the responsibility to prevent accidents, while the SS staff mentioned 
person-oriented stress, like persuading demented residents to bathe and 
handling reluctant and violent residents. Nursing implications and stress 
coping methods will be discussed.  
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THE ROLE OF PERSONAL RESILIENCE AND COGNITIVE APPRAISAL 
IN UNDERGRADUATES’ COPING WITH DAILY HASSLES 
 
B. M. S. Bruneau 
 
University of Greenwich, London, United Kingdom. 
B.S.Bruneau@gre.ac.uk 
 
The personal resources a person brings to a situation determine how an 
event is appraised (Lazarus & Folkman, 1984; Frydenberg, 2002; 
Devonport & Lane, 2006). The role of the process in how undergraduates 
manage stress has yet to be established. The present study hypothesised 
that when undergraduates cope with daily hassles their cognitive appraisal 
is mediated by their resilience (optimism, self-esteem, and perceived 
control) levels. Undergraduates are a relevant study group as there are 
concerns that their health is more at risk than that of other people, after 
controlling for age and sex (Stewart-Brown et al., 2000). The present 
longitudinal study involved 511 undergraduates across two UK universities 
who completed a questionnaire at four periods during the first fourteen 
months of their degree programme. The questionnaire comprised the 
Student-Life Stress Inventory (SLSI), Coping Operations Preference 
Enquiry (COPE), Resilience Indicator (RI) and the General Health 
Questionnaire (GHQ-12). Undergraduates’ mean stress score was 
repeatedly at around 2.45, on a scale of 1 to 5, where 5 represents 
extreme stress. High self-esteem and the seeking of instrumental support 
were the only variables which correlated significantly at each time period 
(r(373)=.11, p<.05 time 1) (r(263)=.16, p<.05, time 2) (r(168)=.21, 
p<.01 time 3) (r(157)=.16, p<.05 time 4). High optimism was correlated 
with high psychological well-being only at time one (r(374)=.18, p<.01). 
This research contributes to health psychology as it demonstrates that 
paying attention to undergraduates’ self-worth may promote their health.  
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DIFFERENCES BETWEEN MEN AND WOMEN IN MENTAL AND 
PHYSICAL HEALTH IN THE RURAL POPULATION 
 
Aparicio García, Marta Evelia; Sánchez-López, Mª Pilar; Cardenal Herráiz, 
Violeta; y Dresch, Virginia. 
 
Universidad Complutense de Madrid 
 



In this research project differences have been analysed in physical and 
psychological health between men and women in the Spanish rural 
population, taking into account the work situation (workers, unemployed 
or housewives), psychological variables  (anxiety, self-esteem and 
satisfaction) and physical variables (substance abuse, number of ailments 
and self-perceived state of health). 1000 subjects have taken part, 
representing the Spanish rural population and belonging to the five labour 
categories studied. The findings show that women have worse health than 
men, since they score higher on variables such as Anxiety or Ailments). 
Depending on the labour situation of the participants, unemployed men 
prove to be the healthiest and unemployed women and housewives the 
least healthy.  
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CONTRIBUTION OF SENSORY NEURONS TO SEX DIFFERENCE IN 
THE DEVELOPMENT OF STRESS-INDUCED GASTRIC MUCOSAL 
INJURY IN MICE 
 
Naoaki Harada, Kenji Okajima, Nobuhiko Shimozawa 
 
Departments of Biodefense Medicine, Nagoya City University Graduate 
School of Medical Sciences, Nagoya, JAPAN 
 
Background and Aims: Sensory neurons play a critical role in reducing 
stress-induced gastric mucosal injury by releasing calcitonin gene-related 
peptide (CGRP) through an increase in gastric mucosal levels of 
prostacyclin (PGI2). Since estrogen enhances nerve growth factor-
mediated CGRP production in sensory neurons, we hypothesized that 
stress-induced gastric mucosal injury occurs less in females than in males. 
Methods: Gastric ulcer index (UI), gastric myeloperoxidase (MPO) 
activity, gastric tissue levels of CGRP and 6-keto-PGF1α, a stable 
metabolite of PGI2, were determined in male and female wild-type 
(CGRP+/+) mice and CGRP knockout (CGRP-/-) mice subjected to water-
immersion restraint stress. Results: In CGRP+/+ mice, UI and MPO 
activities were lower and gastric tissue levels of CGRP and 6-keto-PGF1α 
were higher in females than in males, but there were no such sex 
differences in CGRP-/- mice. Sex differences in CGRP+/+ mice were 
eliminated by pretreatment with SB366791 (500 µg/kg, i.p.), a vanilloid 
receptor antagonist, and by ovariectomy (OVX). Reversal of sex 
differences by OVX was not observed in female CGRP+/+ mice with 
estradiol replacement (1 mg/kg/week for 3 weeks).  Levels of CGRP mRNA 
in dorsal root ganglion neurons isolated from female CGRP+/+ mice were 



decreased by OVX and these decreases were reversed by estradiol 
replacement. Conclusions: Estrogen-mediated increases in CGRP levels 
in sensory neurons might contribute to reduce stress-induced gastric 
mucosal injury by attenuating inflammatory responses. This might at least 
partly explain the sex difference observed in the development of stress-
induced gastric mucosal injury in mice. 
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EXTRINSIC LIFE GOAL ORIENTATION IS ASSOCIATED WITH 
MARITAL STRESS FOR WOMEN BUT NOT FOR MEN - EVIDENCE 
FROM THE HUNGAROSTUDY EPIDEMIOLOGICAL PANEL 2006 
 
Tamas Martos, Piroska Balog, Maria S. Kopp 
 
Semmelweis University, Institute of Behavioural Sciences, 1089, 
Budapest, Nagyvarad ter 4. martos.tamas@btk.ppke.hu 
 
Marital stress has been proved to be an important factor in predicting 
various physical and mental health outcomes, including cardiovascular 
morbidity, depression etc. Motivational factors, like life goals and 
aspirations were also associated with health outcomes. Pursuing intrinsic 
goals (e.g. personal growth and good relationships) was shown to be 
associated with improved psychological functioning and better health 
outcomes while extrinsic aspirations (financial success and good 
appearance) were not. Connections between life goals and marital stress 
have not been studied before. The study is based on Hungarostudy 
Epidemiological Panel 2006 (N=4528). We analysed a subsample of 
married/cohabiting people (male N=1550, female N=1875) assessing 
marital stress (MS, via Shortened Marital Stress Scale) and life goal 
orientation (relative importance of extrinsic vs. intrinsic life goals, via 
Aspiration Index). 167 men (10,8%) and 267 women (14,2%) showed 
elevated level of MS. Hierarchical logistic regression analyses were 
performed, and odds ratios for marital stress (with 95% CI) were 
calculated both for men and women. For men relative importance of 
extrinsic life goals was not significantly related to MS (OR=1,31, 95% CI 
0,94-1,81). For women relative importance of extrinsic life goals was 
significantly related to MS (OR=1,38, 95% CI 1,06-1,80) even after 
controlling for sociodemographic variables (age and education) and 
average importance of life goals. Results indicate gender differences 
regarding the relationship between marital stress and life goals: perceived 
marital stress may be connected to extrinsic life goal orientation for 
women but not for men. 
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RISK FACTORS OF MASCULINE GENDER ROLE STRESS AMONG 
MIDDLE-AGED MEN IN HUNGARY 
 
Anna Susanszky, Eva Susanszky, Maria S. Kopp 
 
Semmelweis University, Institute of Behavioral Sciences, 1089, Budapest, 
Nagyvarad ter 4., susana@net.sote.hu 
 
Aim: To investigate relations of masculine gender role stress to work-, 
marital-, social stress, rival behavior, self rated health and socio-
economical status. Methods: Survey among middle-aged (age 36-64) men 
(N=614) selected from Hungarostudy Epidemiological Panel 2006 (N= 
4528) using the shortened Masculine Gender Role Stress Scale 
(Eisler&Skidmore, 1987), the shortened marital Stress Scale, shortened 
Effort – Reward Imbalance Questionnaire, and Bergen Social Relationship 
Scale. Stepwise linear regression analyses (stepwise method) were 
performed to study the effect of different sources of stress and the rival 
behavior on the masculine gender role stress. Age, health and socio-
economical status were also included in the model. Results: Using 
stepwise linear regression analyses, work stress, (standardized 
beta=0.10), educational level (standardized beta=-0.12), and rival 
behavior (standardized beta=0.08) predicted masculine gender role stress 
best (F=6.68; p=0.00). Conclusion: These results highlight that rival 
behavior and work stress may serve as risk factors of gender role stress. 
High educational level emerged as a protective factor of gender role 
stress.  
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GENDER DIFFERENCES IN ATTITUDES TOWARD DEATH AND 
ANXIETY 
 
Agnes Zana – Katalin Hegedus – Gabor Szabo 
 
Semmelweis University, Institute of Behavioural Sciences 
4. Nagyvarad ter, 1024. Budapest, Hungary. E-mail: zanagi@net.sote.hu  
 
Objective: The aim of our research is to investigate whether there are 
gender differences in anxiety and death related attitudes. According to our 
hypothesis the attitudes and anxiety toward death and the pattern of fear 



of death differs for the two genders; we assume that women have higher 
fear of death and anxiety compared to men. 
Method: For the questionnaire survey (N=246, female:167, male 76 /3 
missing/, average age: 41,5) we used the Neimeyer and Moore’s 
Multidimensional Fear of Death Scale (MFODS, Neimeyer and Moore 1994, 
Zana 2006) and the STAI-T (State-Trait Anxiety Inventory, Spielberger 
1970, Sipos 1978). 
Results: The three death fear factors rated highest are Fear for significant 
others, Fear of the dying process and Fear of the dead in both groups. 
However, we found significant gender differences in fear intensity on these 
factors (p<0.04). Overall fear of death (p=0.005) and trait anxiety 
(p=0.021) was significantly higher among women. Older participants 
reported significantly lower fear of death and anxiety compared to the 
younger ones.  
Conclusion: Our results are consistent with previous findings showing that 
women and younger individuals have higher anxiety and death fear levels. 
Men’s lower anxiety and death fear values may be explained by their 
gender specific suppression of emotions, which may be stress inducing.   
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GENETICS OF SALINITY TOLERANCE IN WHEAT 
 
H. Dashti¹, M. Naghavi², A. Tajabadipur3 

 

1,3-Valiasr University, Rafsanjan, Iran 
2 -Tehran University, Karaj, Iran 
 
Six generations (P1, P2, F1, F2, BC1 and BC2) of cross Rovshan × Falat 
was grown in greenhouse condition in order to evaluate gene effects of 
resistance to salinity in wheat. Five characters including: sodium and 
potassium concentrations, K/Na ratios, plant height and heading date 
were recorded and subjected to estimate means and variances pooled 
over replications. Gene effects were calculated by using the six parameter 
model, viz., m (average effect), d (additive), h (dominance), i 
(additive_additive) j (additive_ dominance) and l (dominance_dominance) 
according to Hayman (1958) after testing adequacy of additive-dominance 
(three parameter) model by using joint scaling test of Cavalli (1952). The 
six-parameter model was adequate in most of the cases to explain genetic 
variation among the generation means. Generation mean analysis 
revealed that additive components played a major role, but that 
dominance components also contributed significantly in controlling the 
variability of the recorded characters. The dominant and dominant × 
dominant components of the model for most characters showed values in 



the opposite direction as it indicated the duplicate epistasis, which 
denoted little role of this epistasis in selection as it decreased heterosis in 
selection. This study revealed that these characters showed all three types 
of gene action i.e. additive, dominance and epistasis and should be 
considered to cumulate the resistance genes to salinity in one genotype. 
In order to utilize all three types of gene effects simultaneously, reciprocal 
recurrent selection breeding procedure would be the best option. 
Nevertheless, the information obtained in this study provides a better 
understanding of the genetic resistance to salinity and, it is a prerequisite 
to apply pyramiding of resistance genes. The development of appropriate 
markers linked to resistance genes would greatly enhance the feasibility of 
such a strategy. 
Key words: salinity resistance, generation mean analysis, wheat 
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INVOLVEMENT TUMOR SUPPRESSOR P53 AND HEAT SHOCK 
PROTEINS IN NUCLEOTIDE EXCISION REPAIR AND BASE 
EXCISION REPAIR  
 
Yu-Ching Chang and Yin-Chang Liu 
 
Institute of Molecular Medicine, National Tsing-Hua University, Hsin-Chu, 
Taiwan 30043, Corresponding author: ycliu@life.nthu.edu.tw 
 
Tumor suppressor p53 and heat shock proteins are DNA damage inducible 
proteins. We consider p53 like heat shock proteins as stress inducible 
proteins, and we are interested in their involvement in nucleotide excision 
repair (NER) and base excision repair (BER). Although p53 known as 
genomic guardian may facilitate the DNA repair via its transactivation on 
the expression of repair-related proteins, our recent study and the studies 
of others have implicated the direct involvement of p53 in the repair 
pathways of NER and BER. Our approach differs from others; we have 
used the comet-nuclear extract incubation assay to detect the dependence 
of excision activity of nuclear extract on p53 in vitro. Furthermore, the 
immunofluorescence experiment indicates that p53 is necessary for the 
recruitment of NER repair proteins XPB to the UV-induced damage site. 
We used the similar approach to study hsp70 and found that hsp70 is 
necessary to the activity in the nuclear extract to excise DNA damages 
induced by oxidative stress but not the DNA damages induced by UV 
irradiation. Both hsp70 and hsp27 have been shown in the previous 
studies to enhance the cell survivals upon UV or oxidative stress and have 
been implicated to facilitate NER and BER, however, the molecular 
mechanisms remain unexplored. Our approach may shed some light in 
this regard.  
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A NOVEL HAND-HELD MONITOR OF SYMPATHETIC NERVOUS 
SYSTEM USING BIOMARKER 
 
Masaki Yamaguchi, Kazutaka Teramura, Yusuke Tahara, Josaku Sakakima 
 
Graduate School of Science and Engineering, University of Toyama, Japan, 
yamag@eng.u-toyama.ac.jp 
 
Objective: Salivary amylase activity (sAMY) can be a useful index of 
plasma norepinephrine concentration under a variety of stressful 
conditions, since it appears that increased sympathetic nervous activity is 
a major stimulator of amylase secretion.  In order to realize a hand-held 
monitor of the sympathetic nervous system, we fabricated a completely 
automated analytical system for sAMY using a dry-chemistry system.  
Materials and Methods: The monitor consisted of a disposable test-strip 
and an optical analyser (126 × 130 × 48 mm3; 350 g), which was 
incorporated within an automatic saliva transfer device.  The test-strip 
consisted of a collecting paper and a reagent paper containing 2-chloro-4-
nitrophenyl-4-O-β-D-galactopyranosylmaltoside (Gal-G2-CNP), a substrate 
for amylase.  The collecting paper is directly inserted into an oral cavity, 
and approximately 30 µl of whole saliva is collected from under the 
tongue.  When Gal-G2-CNP is hydrolyzed by amylase, the hydrolyzed 
product (CNP) develops a yellow color and the reflectance is measured by 
the optical analyser.  Results and Discussion: When this monitor was 
used, it took 30 s for saliva sampling, 30 s for saliva transfer and 
measurement, and a total of one minute was enough to measure the 
sAMY.  The calibration curve of the monitor was measured for sAMY.  
Within a range of sAMY between 10 and 140 kU/l, the calibration curve 
showed a coefficient with R2 = 0.97.  With regard to reproducibility of the 
measured results for the saliva transfer volume of the same samples, the 
coefficient variation (CV) was 5.5%.  Conclusion: It was demonstrated 
that the manufactured monitor enabled a user to automatically measure 
the sAMY with a high accuracy. 
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PREJUNCTIONAL AT1 RECEPTOR MEDIATES SYMPATHETIC 
RESPONSE TO COLD PRESSOR STRESS IN HUMANS  
 
Zavala L.E.*,  Cierco M.*, Gutiérrez A.**, Garrido MR***, e Israel A.*** 
 



*Unidad de Investigaciones Farmacológicas y Toxicológicas, UNEFM ** 
Postgrado de Anestesiología, Hospital Universitario “Dr. Alfredo Van 
Grieken”, Coro, Estado Falcón *** Laboratorio de Neuropéptidos, Facultad 
de Farmacia UCV, Caracas, Venezuela. email: lidazavala@hotmail.com 
 
Angiotensin II (ANG) has a role in stress-induced cardiovascular response 
by supporting sympathetic outflow through the stimulation of 
prejunctional AT1 receptors. Thus, blockade of AT1 receptor should 
decrease sympathetic response to stress. To assess this hypothesis, we 
compared the effect of losartan with the effect of eprosartan (EPRO), a 
selective prejunctional AT1 receptor antagonist, on the cardiovascular 
response to cold pressor test (CPT) applied to healthy human volunteers. 
CPT is a model of acute stress known to increase arterial blood pressure 
(BP) and heart rate (HR). CPT was performed by placing the subject’s left 
hand up to the wrist in iced water (4°C) for 90 sec.  82 healthy 
normotensive volunteers were recruited for the study. Informed consent 
was obtained from all subjects. They were divided in three treatment 
groups: placebo (n=37), losartan (50 mg) (n=14) and eprosartan (600 
mg) (n=18). Cardiovascular parameters (BP and HR) were measured in a 
double-blind placebo-controlled fashion in the groups before (basal), 175 
minutes after oral single treatment (basal-2) and post CPT. CPT was 
accompanied by a significant increase in HR, systolic, diastolic and mean 
BP in placebo-treated subjects. Pretreatment with any of the AT1R 
antagonists completely suppressed the pressor response to CPT without 
changes in HR response. Our results demonstrate a role of prejunctional 
AT1 receptor in the regulation of sympathetic response to acute stress. 
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WHAT CHARACTERIZES MEN AND WOMEN WITH HIGH LEVELS OF 
STRESS? 
 
Line Nielsen, Tine Curtis, Tage S. Kristensen and Naja Rod Nielsen 
 
National Institute of Public Health, Øster Farimagsgade 5A, DK-1399 
Copenhagen K, Denmark, 
lin@si-folkesundhed.dk 
  
Background: Despite the fact that stress is a growing public health 
problem little is known about what characterizes individuals with stress. In 
order to prevent stress it is essential to be aware of factors that are 
predictive of stress. The objective of the study is to assess individual and 
neighborhood level factors that are associated with stress in a national 
representative sample of the Danish population.  
Methods: The National Health Interview Survey 2005 consisted of a 
representative sample of the Danish population. The 9.708 men and 



women were asked about perceived stress, health related behavior, 
working conditions, and sociodemographic factors. Data on neighborhood 
factors like crime rate or material deprivation were derived from national 
registries. Stress was assessed by the Perceived Stress Scale. Data were 
analyzed by means of logistic regression models.  
Results: Women had a higher mean score of stress than men. Low 
education, heavy smoking, physical inactivity, lack of social network, and 
poor working conditions were associated with higher perceived stress 
among both men and women. Living in a deprived neighborhood was 
associated with higher stress among women, while living in a 
neighborhood with a high rate of crime was associated with higher stress 
among men.   
Conclusions: This study contributes to the understanding of what 
characterizes individuals with high stress and may thereby help in guiding 
future prevention. To strengthen the knowledge of the relation between 
individual factors, neighborhood factors and stress prospective studies and 
intervention studies are needed. 
 
 
 
 
 
 
 


	abs1
	abs2
	abs3
	abs4
	abs5
	abs6
	abs7_8

