Tissue Antigens ISSN 0001-2815

HLA class | and class Il frequencies in patients with sarcoidosis
from Croatia: role of HLA-B8, -DRB1*0301, and —-DQB1*0201
haplotype in clinical variations of the disease

Z. Grubi¢", R. Zunec', T. Pero$-Golubiéi¢?, J. Tekavec-Trkanjec?, N. Martinez', M. Alilovi¢?,
S. Smojver-Jezek® & V. Kerhin-Brkljagi¢'

1 Tissue Typing Centre, University Hospital Centre Zagreb, Zagreb, Croatia
2 University Hospital for Lung Diseases ‘Jordanovac’, Zagreb, Croatia

Key words
Croatians; genetic predisposition; human
leukocyte antigen; sarcoidosis

Correspondence

Zorana Grubi¢

Tissue Typing Centre

University Hospital Centre Zagreb
Kispati¢eva 12

10000 Zagreb

Croatia

Tel: +385 1238 8689

Fax: +385 1231 2684

e-mail: zgrubic@kbc-zagreb.hr

Received 20 April 2007; revised 12 June 2007,

accepted 26 June 2007

doi: 10.1111/j.1399-0039.2007.00904.x

Introduction

Abstract

Sarcoidosis is an immune-mediated, multiorgan, granulomatous disease triggered
by a combination of environmental and genetic factors. Numerous studies have
reported about an association of human leukocyte antigen (HLA) alleles with
sarcoidosis, with variation of alleles in different ethnic groups. Therefore, we
investigated 142 Croatian sarcoidosis patients treated at the University Hospital for
Lung Diseases ‘Jordanovac’, Zagreb, Croatia. Diagnosis was based on the presence
of typical clinical features, chest X-ray findings and biopsy evidence of granuloma.
Patients and control subjects (n = 190) were typed for HLA class I antigens by
serology, while for HLA class II, they were tested by the polymerase chain reaction-
sequence specific primers (PCR-SSP) method. Results indicated that HLA-BS,
—DRB1*0301, and —DQB1*0201 positive patients have a significantly higher risk
of acute onset of the disease (AOD), radiological stage I erythema nodosum (EN),
Lofgren’s syndrome, no-medicament therapy, and pulmonary sarcoidosis. On the
other hand, the group of non-treated patients (corticosteroids and/or immunosup-
pressive) showed a significantly lower presence of HLA-B15 antigen in comparison
to controls and treated patients (P = 0.0490 and P = 0.0379, respectively) and for
DRBI1*04 specificity (P = 0.0078 and P = 0.0065, respectively). In the group of
patients with AOD, those who were positive for DRB1*16 specificity have a
statistically significant chance to develop EN, as opposed to those who are positive
for DRB1*15 specificity.

much evidence support genetic inheritance, infectious trans-

Sarcoidosis, found in most populations worldwide, is a multi-
system granulomatous disease of unknown etiology that
predominantly affects the lungs. Sarcoidosis affects both
women and men, but it is slightly more predominant in
women. Although, the prognosis of the disease is generally
good, and approximately two-thirds of the patients achieve
remission, in the remaining patients the disease persists,
requires therapy, and may even be fatal for 1%—5% of patients
(1). For that reason, it might be very helpful to find markers
that are capable of distinguishing different forms of the disease.

The etiology of sarcoidosis is unknown, but the accumu-
lation of CD4+ T lymphocytes and macrophages at the
inflammatory sites is suggestive of an immunological reaction
(2). Multiple causes of sarcoidosis have been proposed and
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mission, and shared exposure to environmental agents.
Current theory suggests that the disease develops in
genetically predisposed hosts who are exposed to certain
environmental agents that trigger an exaggerated inflamma-
tory immune response leading to granuloma formation (3).
A genetic predisposition to sarcoidosis is proposed by
different researches in distinct ethnic groups and by family
studies (4). The first suggestion that genetic factors might
play a part in the predisposition to sarcoidosis dates to the
1920s when the first cases of acute sarcoidosis in siblings
were described. The prevalence of familial clustering in
sarcoidosis (range 1.7% — UK to 9.6% — Ireland) has been
reported in the past (5). Numerous studies have focused
their investigation on the search for genetic factors that
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influence susceptibility to sarcoidosis in HLA region,
although the influence of other genes might also be very
important (6). First studies about the association between
sarcoidosis and HLA, 20 years ago, reported about HLA-
B8 and —DR3 association with sarcoidosis, especially with
the acute form of the disease, but also in general population
of patients (7). Recently, association of sarcoidosis with
variable HLA alleles in different populations has been
described, but most of the present studies showed a relation-
ship between sarcoidosis and alleles at HLA-DRBI1 and
DQBI loci (8-11). Unfortunately, a consensus about which
HLA allele is important in sarcoidosis has not been achieved
(12). The heterogeneity of the reported associations between
sarcoidosis and HLA could be explained by different clinical
categories of the study subjects or by different methods used
for the HLA typing, but also with the specificity of each
investigated population. First, although sarcoidosis is
usually regarded as one disease entity, patients suffering
from it constitute a heterogeneous group regarding their
clinical features such as symptoms, onset of disease, organ
involvement, and prognosis. This represented a problem,
especially at the beginning of investigations, when studies
were performed on a small number of patients and
sometimes on a very heterogeneous group of patients (13,
14). Furthermore, problems resulted from the chosen
technique as well because all previous studies used serologic
typing techniques instead of molecular typing methods,
which give more correct classifications. Finally, population
studies among healthy unrelated individuals clearly showed
that different populations share the same HLA alleles and
haplotypes, but also showed that ethnically specific
distribution of HLA alleles and haplotypes exists in various
populations.

Additional proof for the role of the HLA region in
pathogenesis of sarcoidosis was gained by genome-wide
linkage study, which has emphasized the importance of the
HLA as candidate genes in disease development, namely the
greatest linkage score was found within this part of human
genome.

The aim of the present study was to investigate HLA class
I and class II polymorphisms in a well-characterized group
of the Croatian sarcoidosis patients. In this study, we have
also searched for a characteristic combination of HLA
alleles and their relationship to the clinical manifestations of
sarcoidosis. The current investigation is the first report
about the genetic background of sarcoidosis among
Croatian patients.

Materials and methods

Patients

The sample consisted of 142 patients from University
Hospital for Lung Diseases ‘Jordanovac’, Zagreb, Croatia.
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There were 80 females and 62 males, with a median age of
42 years (range between 23 and 64). Diagnosis of sarcoid-
osis was based on consistent clinical features together with
biopsy-proven noncaseating epithelioid cell granulomas,
according to the international guidelines (15). The clinical
symptoms of the patients varied from none (sarcoidosis
detected on routine chest radiography) to more or less
severe respiratory symptoms or symptoms related to other
organ involvement. Data concerning clinical parameters
were derived from the patients’ medical files. Lung function
measurements, including forced expiratory volume in 1 s
(FEV,) and forced vital capacity (FVC), were measured
with a pneumotachograph. The diffusing capacity for
carbon monoxide (Dpco) was measured by the single-
breath method (Masterlab, Jaeger, Wurzburg, Germany).
Values were expressed as a percentage of those predicted.
Chest radiographs were graded according to the radio-
graphic staging of DeRemee (0 to III), adding stage IV, the
end stage of lung fibrosis (16).

Controls

A total of 190 unrelated healthy individuals without any
signs of the disease served as controls for HLA class I and
class IT polymorphisms (17). They originate from different
regions of Croatia and form a representative sample of the
Croatian population.

Methods

Blood was collected in two test tubes [one with ethyl-
enediaminetetraacetic acid (EDTA) and one with heparin].
Lymphocytes were isolated from heparinized blood by
gradient centrifugation and tested for HLA class I (A and B)
polymorphisms by microlymphocytotoxicity test. Blood
with EDTA was used for isolation of genomic DNA by
NucleoSpin kits following the manufacturer’s protocol
(NucleoSpin, Macherey-Nagel, Diren, Germany). After
isolation, DNA samples were tested for HLA class 11
(DRBI1 and DQB1) alleles by PCR-SSP method.

Statistics

Phenotype frequencies of HLA class I antigens (A and B)
and HLA class IT alleles (DRB1 and DQBI1) were calculated
for the patient and control groups. The frequencies of tested
HLA loci were determined by direct counting: in cases when
only one specificity was present at the given HLA locus, the
second specificity was marked as not defined. The chi-
squared test was used to compare the expected value of
genotype with its observed value in order to confirm
whether it satisfies the Hardy—Weinberg law. The signifi-
cance of the associations between loci was estimated from
2 x 2 tables by chi-squared test (Yates’ correction) or by
Fisher exact test when the number of cases was less than five.
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The odds ratio (OR) of disease risk for a given marker was
also calculated from the 2 x 2 contingency. A value of
P < 0.05 was considered significant.

Results

One hundred and forty-two patients and matched healthy
individuals were recruited for the study. Patient character-
istics are listed in Table 1. Eighty-seven (61.3%) had
chronic onset of the disease (COD) and 55 (38.7%) patients
had acute onset of the disease (AOD). Among patients with
AOD, 42 had erythema nodosum (EN). A group of 27
(19.9%) patients had Lofgren’s syndrome, while 75 (52.8%)
patients developed extrapulmonary manifestations. Ap-
proximately half of our group of patients (n = 78; 54.9%)
required immunosuppressive therapy. Patients were also
divided in two groups regarding their lung function: the first
group was formed by patients (n = 85; 59.9%) for whom
the values of FEV|, FVC, and/or Dy o test were less than
80% predicted, while the second group consisted of patients
(n = 57;41.1%) for whom the values of any of the three tests
were higher than 80% predicted.

Among 16 different observed HLA-A antigens, none was
found with significantly increased or decreased frequency in
the patient group when compared with the control group.
The HLA-B8 was observed with significantly higher
frequency among patients in comparison to controls
(31.69% vs 16.32%; P = 0.00154, OR = 2.379). At DRBI1
locus, DRB1*0301 allele showed higher phenotype fre-
quency among patients with sarcoidosis than among
controls (28.87% wvs 20.53%; P — marginally significant;

Table 1 Patient characteristics

n (%)

Number of patients 142

Females 80 (56.3)

Males 62 (43.7)
Biopsy confirmation 142 (100)
Mean age at disease onset 42 years
Onset of disease

Acute 55 (38.7)

Chronic 87 (61.3)
Erythema nodosum 42 (29.6)
Lofgren’s syndrome 27 (19.1)
Chest radiograph

Stage | 57 (40.1)

Stage Il 61 (49.2)

Stage Il 24 (16.9)

Stage IV 0
Lung function tests
FVC < 80% 34 (23.9)
FEV; < 80% 39 (27.5)
Dico < 80% 71 (50.0)

D\ co, diffusing capacity for carbon monoxide; FVC, forced vital capacity;
FEV,, forced expiratory volume in 1 s; HLA, human leukocyte antigen
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OR = 1.626). Thirteen different alleles were observed at
DQBI locus in the patient’s group, the most frequent was
DQB1*0301 (46.48%), while DQB1*0201 allele was found
with the same frequency as DRB1*0301 allele.

Our tested patients with sarcoidosis showed different
clinical features such as symptoms, onset of disease, organ
involvement, chest X-ray stage, or medicament treatment.
Therefore, patients were divided and analyzed regarding
some of these parameters. Because in the majority of pre-
vious sarcoidosis studies, patients with acute and chronic
sarcoidosis were investigated, we also started our analysis
with respect to the onset of the disease. Comparison of our
patients with acute and chronic onset of sarcoidosis with
controls showed some differences (Table 2). The HLA-BS
antigen was significantly increased in the group of patients
with acute onset of sarcoidosis only when compared with
controls (19.1% vs 8.2%; P = 0.0001) but not in compar-
ison to the patients with COD (19.1% vs 13.2%; P > 0.05).
The difference in the frequency of HLA-B38 between
two groups of patients was marginally significant but not
in comparison to the controls. The higher frequency of

Table 2 The distribution of the most frequent HLA-B and —DRB1
specificities among Croatian patients with acute and chronic onset of
sarcoidosis and healthy controls

Patients Patients
with AOD with COD Controls
HLA- (n = 55) % (n=287) % (n=190) %
B7 0.0909 0.1149 0.1684
B8 0.4000% 0.1322 0.1632
B14 0.0182 0.0115 0.0526
B15 0.0182 0.1379° 0.1158
B17 0.1034 0.0364 0.0526
B18 0.1636 0.1724 0.2263
B27 0.1091 0.1379 0.1053
B35 0.2000 0.1724 0.2105
B38 0.1273 0.0460 0.1316
B40 0.0345 0.0727 0.0684
B44 0.2000 0.1839 0.1474
B51 0.2545 0.1839 0.2316
DRB1*01 0.1636 0.1149 0.1895
DRB1*0301 0.4000°¢ 0.2184 0.2053
DRB1*04 0.1636 0.0920 0.1579
DRB1*07 0.1455 0.1034 0.2158
DRB1*11 0.2545 0.4598° 0.3632
DRB1*13 0.1818 0.1724 0.2842
DRB1*15 0.2182 0.2759f 0.1474
DRB1*16 0.2727 0.1609 0.1737

AOD, acute onset of disease; COD, chronic onset of disease; HLA,
human leukocyte antigen

& P = 0.0001 (in comparison to controls)

b P = 0.0330 (in comparison to patients with COD)

¢ P = 0.0326 (in comparison to patients with COD)

4 P = 0.0057 (in comparison to controls)

¢ P = 0.0228 (in comparison to patients with COD)

f P = 0.0175 (in comparison to controls)
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HLA-BI5 antigen among patients with COD when com-
pared with patients with AOD was significant (6.9% vs
0.9%; P =0.0330). Among HLA-DRBI specificity,
DRB1*0301 was significantly more present among patients
with AOD than among patients with COD (44.0% vs
21.8%; P = 0.0326) as well as among controls (20.9% vs
20.5%; P = 0.0057; Pcorr = 0.0013). Lower frequency of
DRBI1*04 specificity among patients with COD did not
show significance either in comparison to the control group
(9.2% vs 15.8%; P > 0.05) nor in comparison to the group
of patients with AOD (9.2% vs 16.4%; P > 0.05). The
frequency of the DRB1*11 allele at 46.0% among patients
with COD was significantly increased when compared with
the patients with AOD (P = 0.0228), but not in comparison
to the control subjects. Patients with COD also showed
significantly higher frequency of DRB1*15 specificity in
comparison to the controls (27.6% vs 14.7%; P = 0.0175).

Among 55 patients with AOD, 42 patients presented with
EN, while 13 patients did not have EN. Comparison of
patients with EN and controls showed significant dif-
ferences for HLA-B8 antigen (P = 0.0003), DRBI1*16
(P = 0.0342), and DRBI1*0301, —DQB1*0201 combina-
tion (P = 0.0044). It is interesting to note that among 42
patients with EN, 14 patients were positive for DRB1*16
specificity (33.33%), while none of the patients with AOD,
but without EN, was positive for this specificity (33.30% vs
0%; P = 0.0121). At the same time, DRB1*15 allele was
significantly increased among 13 patients with AOD and
without EN in comparison to patients with EN (53.81% vs
11.85%; P = 0.0037). Twenty-seven patients with acute
onset of sarcoidosis and EN also showed Lofgren’s
syndrome. In this group of patients, HLA-B8 antigen
(P = 0.0208), DRB1*16 (P = 0.0102), and DRB1*0301,
—DQB1*0201 combination (P = 0.0037) were also sig-
nificantly increased when they were compared with the
controls.

We also divided patients into two groups according to the
medicament treatment: treated and non-treated patients.

Z. Grubi¢ et al.

Non-treated patients did not receive corticosteroids and/or
immunosuppressives and they did not have signs of lung or
extrathoracic sarcoidosis with organ damage, i.e. severe
sarcoidosis. In Table 3, we listed phenotype frequencies of
the HLA specificities positively and negatively associated
with susceptibility to some other clinical features of
sarcoidosis other than the onset of the disease. Patients
treated with therapy showed significantly higher pheno-
type frequency of DRB1*15 specificity (P = 0.0165). The
non-treated patients showed significantly higher frequency
of HLA-B8 antigen (P = 0.0003) and DRBI1*0301,
—DQBI1*0201 haplotypic association only in comparison
to the controls (P = 0.00252). The lower phenotype
frequency of HLA-B15 antigen among non-treated patients
was significant in comparison to the control group
(P =0.04897) and to the treated group of patients
(P = 0.0376). Lower frequency of HLA-DRB1*01 speci-
ficity among treated patients (9.0%) did not reach
significant P value (P — marginally significant) in compar-
ison to controls (19.0%). At the same time, lower frequency
of DRB1*04 specificity among non-treated patients was
statistically significant in comparison to the controls
(P = 0.0078) as well as in comparison to the treated group
of patients (P = 0.0065).

The difference in the presence of HLA-B8 antigen and
DRB1*0301 allele among patients with chest X-ray stage |
and controls was also statistically significant (P = 0.0039
and P = 0.0245, respectively), while the difference in the
distribution of B38 (3.5% vs 13.2%) and B15 (3.5% vs
11.6%) was marginally significant. At the same time, an
increased phenotype frequency with significant P values
was found for B8 antigen (P = 0.0198) and DRBI1*15
(P = 0.0237) among patients with chest X-ray stage IT or III
in comparison to controls. No significant differences in the
distribution of HLA alleles among these two subgroups of
patients were found.

Finally, we compared patients with only pulmonary
sarcoidosis to the patients with systemic disease. A trend of

Table 3 The list of HLA specificities positively and negatively associated with susceptibility to different clinical features of sarcoidosis

Controls
Patients HLA- Patients % (n=190) % P OR
Treated patients (n = 78) DRB1*15 28.21 14.74 <0.05 2.27
Non-treated patients (n = 64) B8 39.06 16.32 <0.001 3.29
B15 3.13 11.28 <0.05 0.25
DRB1*0301, —DQB1*0201 40.63 20.53 <0.01 2.65
DRB1*04 3.13 15.79 <0.01 0.17
Patients with chest X-ray stage | (n = 57) B8 35.09 16.32 <0.01 2.77
DRB1*0301, —DQB1*0201 35.09 20.53 <0.05 2.20
Patients with chest X-ray stage I, Ill and IV (n = 85) B8 33.33 16.32 <0.05 2.14
DRB1*15 30.67 14.74 <0.05 2.15
Patients with pulmonary sarcoidosis (n = 75) B8 33.33 16.32 <0.01 2.57
DRB1*0301, —DQB1*0201 37.33 20.53 <0.01 2.31

HLA, human leukocyte antigen; OR, odds ratio
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significant difference for HLA-B8 antigen was also
observed in patients with pulmonary sarcoidosis compared
with the control group (P = 0.0039). Statistically signifi-
cant difference was again reached for DRB1*0301 and
DQBI1*0201 alleles. These two alleles were also significantly
more present among patients with pulmonary sarcoidosis
in comparison to the controls (P = 0.0074) as well as in
comparison with the patients with systemic disease (37.3%
vs 19.4%; P = 0.03014). The higher frequency of DRB1*15
allele in the group of patients with pulmonary sarcoidosis
was not significant in comparison to controls.

The study showed that HLA-BS antigen and DRB1*0301,
—DQB1*0201 haplotypic association were significantly
increased in some subgroups of sarcoidosis patients. We
therefore also investigated which of these genetic markers
shows primary and which of them shows secondary
association as a result of its linkage disequilibrium (LD)
(18). Tests showed that HLA-B8 antigen is not increased
when stratified for DRB1*0301 allele, while converse tests
showed the same for DRB1*0301 allele. Analyses have
proved a well-known significant LD between HLA-BS
antigen and DRB1*0301 allele among both patients and
controls (data not presented).

Discussion

Numerous studies have suggested that there is an associa-
tion between certain HLA alleles and sarcoidosis. No
consensus was established about which HLA locus is
directly involved in the pathogenesis of sarcoidosis; various
authors suggested that different loci within the HLA region
are associated, but the most recent studies mainly focused
on the HLA class II genes.

The aim of this first case—control study in the Croatian
population was to analyze HLA class I and class II
polymorphisms among patients with sarcoidosis and to
establish a database for further genetic studies of this very
complex disease. Our data clearly showed the existence of an
association between HLA-B8 and sarcoidosis in general
(regardless of the onset of the disease, EN, Lofgren’s
syndrome, medicament treatments, or chest X-ray stage) as
well as among patients with AOD and radiological stage 1.
In this study, we also did not observe any statistically
significant difference in the distribution (increased or
decreased) of HLA-B7 antigen; i.e. authors from Sweden
reported that HLA-B*07 and HLA-B*08 independently
confer increased risk of sarcoidosis (19).

Our finding that DRB1*0301 is a susceptibility allele
for sarcoidosis with AOD is in concordance with data
for Scandinavian, German, and Italian populations where
a significantly higher frequency of this allele among patients
was also observed (19-21). In fact, in those studies DR3,
more specifically DR17, was found to be associated with
favorable prognosis, spontaneous resolution, and short
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duration of the disease in different sarcoidosis patient
groups.

The difference in the distribution of DRB1*15 allele
among our patients with the chronic onset of sarcoidosis
and control subjects is similar to observations by authors
from Czech Republic, Poland, Sweden, and UK who found
an increased occurrence of this allele among patients with
chronic course of sarcoidosis (19, 22-24). At the same time,
they also reported about the association with DRB1*14
allele, which could not be confirmed with the data from our
study. The suggestion of DR1 and DR4 as protective HLA
specificities against the development of sarcoidosis was not
confirmed by this study either. The only observed statisti-
cally significant difference in the distribution of DRB1*04
specificity is that Croatian patients with this allele are more
likely not to require corticosteroids and/or immunosup-
pressive therapy.

One of the highly conserved HLA haplotypes is HLA-
B*08, —DRB1*0301, —DQAI1*0505, or —DQB1*0201,
which also extends to HLA-A*01. Because this is the hap-
lotype with one of the strongest LD observed in the HLA
region, it is difficult to establish which allele is primarily
associated with the disease. Our analysis showed that both
HLA markers, HLA-B8 and DRB1*0301, equally contrib-
ute to sarcoidosis, while the association with DQB1 appears
secondary as a result of LD. This result supports the thesis
that different heterodimers of the associated haplotype
probably act together. However, it is also possible that
DRBI locus plays the most important role in sarcoidosis
etiology because the majority of T lymphocytes accumulat-
ing in the affected organs express the a,/p T-cell receptor that
identifies antigenic peptides in the complex with HLA class
IT molecules on antigen-presenting cells (25).

Considering the results of the present study, the next
logical step in the elucidation of sarcoidosis etiology would
be to include the analysis of the region between HLA-B and
DRBI loci in studies about the role of the HLA region in
predisposition to sarcoidosis; namely investigations from
various populations reported about specific alleles at
microsatellites and single-nucleotide polymorphisms
(SNP) within the tumor necrosis factor (TNF) gene cluster
characteristic for the above-mentioned haplotype. The
reason for including this region in investigations of
sarcoidosis was provided by a study from the Czech
Republic, which reported about the association between
two SNPs (TNF-308G/A and lymphotoxin-alpha (LTA)+
252*A/G) with Lofgren’s syndrome (26). Additional sup-
port for the investigation of polymorphisms within the TNF
gene cluster is a Japanese study, which reported about the
association between TNFa2 allele among patients with
cardiac sarcoidosis (27, 28).

In summary, these findings have clinical implications
in the diagnosis of sarcoidosis, and they might help physi-
cians in classification of disease severity and prognosis
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prediction at the beginning of the disease. Taken together,
our results strongly imply that the HLA-BS, —DRB1*0301,
—DQB1*0201 haplotype genetically and primarily deter-
mines the predisposition to sarcoidosis in the Croatian
population, and patients positive for this haplotype have
a higher risk for AOD, radiological stage I, and Lofgren’s
syndrome, and they probably will not need immunosup-
pressive therapy.
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