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Your Gut Has a
Mind of Its Own

The

Second
Brain

Mi smo zdravi kad smo sastavljeni od:

10% ljudskih stanica i

90% bakterijskih stanica

Mikrobiota — je nas organ

,The international MetaHIT (Metagenomics of the Human Intestinal Tract) project has
published a gene catalogue of the human gut microbiome derived from 124 healthy,
overweight and obese human adults, as well as inflammatory disease patients, from
Denmark and Spain. The data provide the first insights into this gene set - over 150
times larger than the human gene complement - and permit the definition of both a
minimal gut metagenome and a minimal gut bacterial genome.

Project Coordinator — Prof. S.D. Ehrlich”
Nature, 2011
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Simulacije probavnog trakta

Manchester, Museum of Science & Industry, July, 29th,2016: Cravings — does your food control you?



Zastitna

— Otklanja patogene bakterije
* Kompeticija za hranjiva
* Kompeticija za receptore

* Lucenje antimikrobnih
Cimbenika

Strukturna

,Prirodna granica”

»Tight junctions” medu
stanicama epitela

— Razvoj imunog sustava
— SintezalgA

Metabolicka

— Sinteza kratko-lan¢anih MK

— Metabolizam UH iz hrane

— Sinteza vitamina K, folne kiseline i
biotina

— Apsorpcija FeZ*

Metabolites

Vitamin A and
AHR ligands

Uloga mikrobiote

e Lactobacilli
e Streptococci

e Clostridia

* Enterobacteria

® Enterococcus

e E. faecalis

e Bacteroides

e Bifidobacteria

¢ Fusobacteria

e Lactobacilli

e Peptococci

e Peptostreptococci
* Prevotellaceae

e Roseburia

e Ruminococci

e Verrucomicrobia
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Stomach

Duodenum

Jejunum

lleum

Colon with
caecum and
appendix

Microbial
load per ml

10% to 10°

<10°

10 to 107

10° to 10"?

Mowat and Agace, Nat.rev. Immunol. 2014



Metode istrazivanja mikrobiote
| EEaat
ilogenetska analiza

— Sekvenciranje gena za 16S rRNA Phylogeny S/.* 165 fONA

— Sastay, relativna zastupljenost
Metagenomika

— Sekvenciranje genomske DNA

— Analiza setova gena — funkcionalna
metagenomika

— Filogenetski odnosi

-‘
H : Metatranscriptomics :-: Messenger RNA/
Metatranskriptomika m cONA

— Analiza cjelokupne mRNA, uvid u
diferencijalnu ekspresiju gena

Metaproteomika

— Analiza ukupnih proteina — razliCita ekspresija
ovisno o uvjetima

Metabolomika
Metabolomics Metabolites

— Profiliranje metabolizma domacina i .
mikrobiote T

Chromosomal
genomic DNA

Proteins/

Metaproteomics Peptides

Lepage, P., Gut, 2013



Usvajanje mikrobiote — novorodencad

Vaginal delivery C-section delivery Vaginal delivery C-section delivery

2D BB
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DD

B Acinetobacter I_. Lactobacillus | [] Propicnibacterineae -
B Bacillales B Micrococcineae | [ Sneathia |
B Coricbacterineas [l Meisseria [] Staphyiococcus
B Corynebacterineae [ Pasteurellaceae  [[] Streptococcus

B Haemophilus I L] Prevotelia I [] Other

Reid, Nature Rev Microbiol, 2011



Razvoj mikrobiote u najranijoj dobi
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groznica . cefdinir, kravlje
N ) Actinobacteria dohranaikruta i mlijeko i prehrana
majéino mlijeko % Bacterod rizine pahuljice  hrana odraslih
B Proteobacteria | o
B Firmicutes Prestanak dojenja i
dohrane

Cimbenici koji moduliraju crijevnu mikrobiotu kod novorodenéadi

POZITIVNI NEGATIVNI INTERVENCIUE
vaginalni porod porod na carski rez probiotici od rodenja
terminski porod terapija antibioticima vaginalni brisevi
dojenje dohrana

izlaganje mikroorganizmima prijevremeni porod

Koenig PNAS 108, 4578-85 (2011) ; Dominguez-Bello Nature Medicine (2016)



Poremecaj u ravnotezi crijevne mikrobiote —
disbioza

homeostasis

lumen

outer
mucus layer

inner
mucus layer

intestinal
epithelium

immune cells
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commensal
bacterial species

pathobionts and
pathogen species

antimicrobial peptides
secreted IgA

toxins

Kroni¢na upala - vodi do nastanka
kroniénih metabolickih bolesti

Matijasic et al, Int. J. Mol. Sci. 2016, 17, 578



Bolesti povezane s promjenom mikrobiote

nos crijevo-mozak
utizam

RaspolozZenje

Parkinsonova boles

ma
picke’bole
pertenzija
emija srca
A i
[Reumatoidni j ,il’
artritis f‘/"
?/i'f’.r},\
IN 'J
.i perifernih Zil
ff
Priblizno treé¢ina malih metabolita 0\
koji cirkuliraju u nasem tijelu {
izravni su produkti nastali %

pod utjecajem crijevne mikrobiote.

HIV
Nekrotizirajuéi enterokolitis

inom debelog crij
kija
erancije

bo

etilost
etabolicki sindro
jabetes

IBD
Iritabilini kolon
Gastroenteritis

Modificirano prema —
Sanders ME, J Clin Gastroenterol 45 (2011)
Conlon and Bird,Nutrients 2015, 7, 17-44




Probiotici

« Zivi mikroorganizmi s pozitivhim utjecajem na ravnoteziu u crijevu
— Lactobacillus, Bifidobacterium, Bacillus
* Mijenjaju metabolizam:

— Lipida, ugljikohidrata, kolesterola, makro i mikro nutrijenata, te reguliraju
tjelesnu masu




Prebiotici

e Nerazgradive sastavnice hrane - poticu rast i/ili aktivnost povoljnih
crijevnih bakterija

Polioli — ksilitol, sorbitol, manitol

Disaharidi — laktuloza, laktitol

Oligosaharidi — rafinoza iz soje, oligofruktoze, galakto-oligosaharidi,
Ostali nerazgradivi poli- i oligosaharidi — palatinoza, laktosaharoza
Namirnice/jela: kuhani krumpir; svjeZi voéni sokovi iz bobi¢astog voca

Polisaharidi — inulin, Skrob otporan na glikoliticke enzime
Oligosaharidi majCinog mlijeka

Sinbiotici — sinergisticke mjesavine probiotika i prebiotika
L

( )

de Vrese, Menopause Int. 2009 Mar;15(1):35-4



SPOLNI HORMONI | MENOPAUZA
SPECIFICNI ASPEKTI MIKROBIOTE



Nas metabolizam
pod utjecajem je
srediSnjeg zivCanog

sustava, ali i... '

Food Energy
intake expenditure

| Leptin
Melanocortin | prodyced by white adipose tissue.
Conveys information to the
hypothalamus on the amount of
energy stored in fat
Actions: e Suppresses appefite
o Affects energy expenditure
» Regulates neuroendocrine
function and metabolism

Ghrelin

Produced by the stomach. Conveys information

to the hypothalamus.

Actions: e Stimulates appetite, enhances use of
carbohydrates and reduces fat
utilization, increases gastric motility
and acid secretion and reduces
locomotor activity.

[ Insulin

Fat Tissyk

Stomach

J

Pancreas

Peptide YY3-36

Produced in the intestine in response
to the presence of food. Conveys
information to the hypothalamus
Action: e Suppresses appetite

Adiponectin
Produced by adipose tissue.
Action: e Decreases insulin resistance

”

Resistin
Produced by adipose tissue.
( Action: e In rodents, increases insulin
Insulin resistance?
Produced by the beta cells of the Islets of o Action in humans not
Langerhans of the pancreas. established
Actions: e Promotes transport of glucose from S
the circulation into tissues
o Stimulates uptake of glucose and
deposition of glycogen in the liver
o Decreases release of glucose by
the liver
o Decreases food intake and
increases energy expenditure Schwartz M W Morton GJ.
1y ocfing in the hypotholomus Nature. 2002 Aug 8;418(6898):595-7.




Promjena sastava mikrobiote u pretilosti i posljedicnim bolestima

uge bakterije

_. : ®

[ IstraZivanja su pokazala da se udio bakterija
u crijevu mijenja promjenom zivotnog stila:
* Povecanje Bacteroidetes i smanjenje Firmicutes Bacteroidetes’
mrsavljenjem (Nadal, 2008)

Firmicutes

* Kod pretile djece vise Firmicutes (Kalliomaki 2008)
* Smanjenje Firmicutes nakon barijatricke kirurgije i
mrsavljenja (Zhang, 2009), te povecanje

Bacteroides/Prevotella (Furet, 2010) Debljanje Mrsavljenje

O Mikrobiom posjeduje nizu raznolikost, primjeri

* Pretilost (Greenblum, 2012)
Druge bakterije

* Upalne bolesti crijeva (Ananthakrishnan, 2015)
Bacteroidetes s

* Hipertenzija (Yang, 2015)
O Omjer Firmicutes vs. Bacteroidetes (F/B ratio) ~ / Firmicutes

* Potencijalni biomarker patoloskih promjena (Sanz, 2014)

Tsukumo, 2009



Estradiol i prehrana vs. mikrobiota crijeva
u OVX misica

16 OVX misSica C57BL6
% 8 OVX (50 ug 17p estardiol)

0 8 OVX (uljna otopina - kontrola) Ex

Uravnotezena dijeta Dijeta bogata mastima
Y \ 4 \ 4
Dan O Dan 10 Dan 35
<€ Praéena tjelesna masa i skupljani su uzorci fecesa >
Rezultat:

8 OVX (uljna otopina - kontrola) 8 OVX (50 ug 17 B estardiol)

< Tjelesna masa uveéana 30% ** Tjelesna masa odrzana

2 Firmicutes : Bacterioidetes ¢ Firmicutes: Bacterioidetes

t ' STABILAN
Ram et al., Endocrine Reviews, Vol. 36, 2, 2015



Isoflavones and Functional Foods Alter the Dominant Intestinal Microbiota
in Postmenopausal Women'

Thomas Clavel,*" Matteo Fallani,*
Violaine Rochet,”*

and Véronigue Coxam™*

Michéle Sérézat,”

Patricia Lepage,* Florence Levenez,* Jacinthe Mathey,**

Maléne Sutren,” Gemma Henderson,t
Catherine Bennetau-Pelissero,* Francoise Tondu," Michael Blaut,™ Jo&l Doré,*?

‘Institut National de la Recherche Agronomique, Unité d’Ecologie et de Physiologie du Systeme Digestif,
Jouy-en-Josas, France; TGerman Institute of Human Nutrition Potsdam-Rehbruecke, Department

of Gastrointestinal Microbiology, Nutheta," Germany; **Groupe Ostéoporose, U3M, INRA Theix,

Saint Geneés-Champanelle, France; *Unité Micronutriments, Reproduction, Santé, ENITA de Bordeausx,
Gradignan, France; and T"Danone Vitapole, Nutrition and Health Research, Palaiseau, France

do d30 d60
Isoflavones
Control _
(—n 1) (100 mg/d) r
%; Postmenopausal Tsoflavones
E WOImen o (100 mg/d)
= (39) Probiotic| 4 b
3 =14 | B animalis
g Isoflavones DN-173 010
= {1 (00mgdy >
§ Isoflavones
o Prebiotic | (100 mg/d) §
— (11 - 13) +
ﬂ U. FOS (7 g/d) ﬂ

Fecal samples

Prva studija te vrste
provedena na na ljudima

Suplementacije hrane s
hormonski djelujuc¢im tvarima
(izoflavonima) i
funkcionalnom hranom

Promjene u razliCitosti i
sastavu dominantnih bakterija
u crijevima.

J. Nutr. 135: 2786-2792, 2005.



|zoflavoni soje

R
R, O ?
C
HO O
isoflavone Ry R;
Biochanin A OH OCH;
Genistein OH OH
Formononetin H OCH;
Daidzein H OH

Elisabetta Poluzzi et al., Phytoestrogens in Postmenopause:
Current Medicinal Chemistry, 2014



Meduodnos mikrobiote crijeva i

estrogena -
glycitin 4
.. : . . s @ g
Endogeni i egzogeni estrogeni i (A azﬁ,O Qfﬁfg
.. ev . . . .. Estrogens o (8) o ;:
njima sli¢ni spojevi bivaju o on 9
metabolizirani podu utjecajem w2 genistein

crijevnih bakterija

Nastali metaboliti djeluju
pozitivno na metabolizam
domacina i smanjuju rizik
obolijevanja od pojedinih bolesti

Mikrobiota crijeva kao
potencijalni biomerker pri
vrednovanju i/ili u prevenciji
bolesti izazvanih estrogenima

Estrogenic
metabolites

desmethyl-
angolensin

Chen and Madak-Erdogan; Trends in Endocrinology & Metabolism, Nov 2016



Promjene u vaginalnoj sluznici u razlicitim
fazama u zivotu zene

Prepuberal girls Adult women Postmenopausal women
Low pH H202
High pH High pH
inrsem WY o crspetis Rl ] >
£ - - .
1145) I Lactobacillus sp__ "™ " e f— wes *358 y 1 s
\2 <’f) S i\f\’ é ?4\’
Dnverse f 38 " Vg f Low levels (Mucui ===} === Diverse @/ %) v Ly iy Low levels
mlcroblota (J L\ 5’ (J '\ of estrogen %E 1!3{:‘:;))(( = =—g microbiota _5) 2383 (Jﬁ‘m 333 of estrogen
ne A§H° (o (Ce o= (O ) Pl (JJ

@ . Ao (oo X o - L. cnspatus o333 ,_ tiiors

(J"! %SSW ol (o o] @& -9 - -
= Mucus ® ®_ ® - ®. Mucus
([ ——— ] —_— | [ ——— i ‘.;) 6 =1 ——= ==
() ) G- V) Degradation p “@ . Thick vaginal
| - I — X — \)(iv to glucose ‘ .‘ ‘ ‘ mucosa
0 '& ~ @
| =0 (@@ | Jycopen) s
Squamous l ¢‘ /’ m
epithelium ’ ’ ’
Low levels of Low levels of
glEogen <«——— Thin vaginal mucosa Deposition of glycogen bbb Thin vaginal mucosa

» Microbiota zastupljena s Lactobacilus sp. - visoke razine estorogena
» Odrzavanje lagano kiselog pH sluznice - metabolizam glikogena - glukoze - laktata

Petrova et al

, FEMS Microbiol Rev 37 (2013) 762-792
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Klinicke studije koje ukazuju na
korist od uzimanja probiotika

Probiotik Nacin koristenja Ucinak
L. rhamnosus, Oralni probiotik/1x, 256 Smanjenje gastacijskog
B. animalis trudnica, 1 trom;. dijabetesa
L. rhamnosus Oralni dodatak probiotika, Povecanje otpornosti na
6-mjesecne bebe perturbacije mikrobiote i

prerastanje patogena,
sprjeCavanje alergijskih bolesti

B. longum, B. Oralni probiotik, Smanjena ucCestalost ekcema
animalis, L. trudnice/doijilje/dojencad1-2 kod novorodencadi
acidophillus mj. prije i 6 mj. nakon

poroda
L. rhamnosus, 5 dana/lx/vaginalete Veca uspjesSnost izljeCenja
L. reuteri bakterijske vaginoze nego s

metronidazolom

Reid Nature Rev Microbiol 2011



Intervencija probioticima- primjer hipertenzija

Effect of Probiotics on Blood Pressure: A Systematic Review and Meta-Analysis of
Randomized, Controlled Trials

Saman Khalesi, Jing Sun, Nicholas Buys and Rohan Jayasinghe
Hypertension, 2014

e Meta-analizad9

randomiziranih studija * Moguci mehanizmi djelovanja

koje su pratile utjecaj — Modulacija lipidograma (Gou, 2011)
intervencije probioticima — Djelovanje na renin—angiotensin; inhibicija
na krvni tlak angiotenzin konvertiraju¢eg enzima preko

tripeptida VPP i/ili IPP (ong, 2008)
.. o — Apsorpcija bioloskih tvari i fitoestrogena iz
* Z.nace"Jvno smanjenje s vazodilatacijskim svojstvima (Lye, 2009)
SISEOlIqug krvnqg tlaka — Modulacija metabolizma glukoze,
UoCeno je U pacijenata smanjenje pretilosti i upale opcenito
koji su unosili dnevno >10° (Valentini, 2014)
CFU probiotika
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The Gut Microbiota Regulates Bone Mass in Mice

Klara Sjogren,' Cecilia Engdahl,’ Petra Henning,' UIf H Lerner,'? Valentina Tremaroli,?
Marie K Lagerquist,’ Fredrik Backhed,® and Claes Ohlsson’

' Centre for Bone and Arthritis Research, Institute of Medicine, Sahlgrenska Academy at University of Gothenburg, Gothenburg, Sweden

?Department of Molecular Periodontology, Umea University, Umea, Sweden
3Center for Cardiovascular and Metabolic Research/Wallenberg Laboratory, Sahlgrenska Academy at University of Gothenburg,

Gothenburg, Sweden

Journal of Bone and Mineral Research, Vol. 27, No. 6, June 2012, pp 1357-1367

e Cell

Effects of the gut microbiota on bone
mass

Claes Ohlsson and Klara Sjogren

Centre for Bone and Arthritis Research, Institute of Medicine, Sahlgrenska Academy at University of Gothenburg, 413 45
Gothenburg, Sweden

Trends Endocrinol Metab. 2015 Feb;26(2):69-74.



Moguci mehanizam djelovanja

Mikrobiota crijeva (MC) jedan je od
predlozenih regulatora koStane mase

* Nedavna istrazivanja na germ-
free misevima to potvrduju

Meduodnos je posredovan
imunoloskim sustavom odgovornim
za regulaciju osteoklastogeneze

Dodatno se istrazuje metabolizam
kalcija i setotonina sintetiziranog u
crijevima

Prehrana i okolisni cimbenici utjecu
na sastav MC.

Intervencijska istrazivanja autora
pokazala su da antibiotici, probiotici i
prebiotic koji mijenjaju MC, reguliraju
i metabolizam kosti

Gut microbiota

" Probiotics

=~ Prebiotics

Gut-derived
serotonin

Antibiotics -~ ~

TRENDS in Endocrinology & Metabolism

v" Autori zagovaraju istrazivanja MC -
novi pristup u iznalazenju terapijskih
opcija za osteoporozu

Claes Ohlsson i Klara Sjégren (2015)




Projektni tim — MINUTE for IBD

Assessment of Microbiota, Inflammatory Markers, Nutritional and Endocrinological
Status in IBD Patients - HRZZ — 2014-2018

« Medicinski fakultet Suz- Mihaela Peri¢, Mario Matija$i¢, Hana Cip¢i¢ Paljetak,
Marina Panek, Vera Kufner, Donatella Verbanac

* Imperial College London, UK - Anja Baresic¢

« KBC Zagreb - Zeljko Krznari¢, Silvija Cukovié¢ Cavka, Darija Vranei¢ Bender, Marko
Brinar, Mirjana Kalauz, Dora Grgi¢, Niksa Turk, Ivana Kraljevi¢, Dunja Rogi¢, Dina
Ljubas Keleci¢, Ana Kunovié
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Microbiota and Hypertension

DOI: 10.1161/HYPERTENSIONAHA.115.05315

Gut Dysbiosis Is Linked to Hypertension

Tao Yang.® Monica M. Santisteban.* Vermali Rodriguez.* Eric Li, Niousha Ahmari,
Jessica Marulanda Carvajal, Mojgan Zadeh. Minghao Gong. Yanfei Qi, Jasenka Zubcevic.
Bikash Sahay, Carl J. Pepine, Mohan K. Raizada, Mansour Mohamadzadeh
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Mikrobiota crijeva u Wistar Kyoto (WKY)
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Prehrana opcenito
modulira metabolizam

Medudjelovanje prehrane i mikrobiote utjeCe na metabolizam

domacdina

ietary manipulation

Probiotics Prebiotics
Microbiota Modulation
Y Bifidobacterium Spp.
YLactobacillus Spp.
fFaecaIibacterium
Clostridium cluster XIVa
%, ”-f*;\q‘z,‘ g.QSCFAS production
b s } Acetate

M fauc e § Propionate
wo =g “‘L.,\.r'\
° oo} Butyrate

AN

Ay
N SO
L A S )

| Appetite

t Lipogenesis
t Inflammation
t Oxidative stress

1 Ad:i"p;o-genesis
t Adipocyte
number and size

bGLPa
tPYY production

_ : Microbiota
} Intestinal transit

Kovatcheva-Datchary, 2013



Gut bacteria blast off

Veteran astronaut twins Scott and Mark To send astronauts on
Kelly have ‘gone’ where few have before - .
the International Space Station toilet. bacteria in space.

In 2015, Scott returned to the ISS where Hernan says:
he will live until March 2016. Part of his “It's a challenge for astronau
mission is to send frozen poo back to Earth sampling tube containing li
for analysis. Mark will also send poo, from spilling, take the sample an
Arizona, USA. one gloved hand. We tested
and kit at the Johnson Spac¢
Gut bacteria make up most of the solids in on simulated microgravity fl
poo. With the twins’ contributions, scientists “Vomit Comet™.”
will be able to compare how gut bacteria
behave in space and on Earth in genetically
identical hosts - a historical first.

Hernan Lorenzi’s team devel
sampling kit that Scott Ke(ly.
the International Space Stati

Source: J Craig Venter Institute

Manchester, Museum of Science & Industry, July, 29th,2016: Cravings — does your food control you?



Intervencije u sastav mikrobiote —
Fekalna transplantacija

Manchester, Museum of Science & Industry, July, 29th,2016: Cravings — does your food control you?
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