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Abstract

Aim: The aim of this study was to determine the association of HLA-A, -C and -B genes with ankylosing
spondylitis in patients from the Republic of Macedonia.

Material and Methods: This study included 307 subjects (250 healthy individuals and 57 patients with
ankylosing spondylitis who were diagnosed at the University Clinic of Rheumatology in Skopje). The
HLA typing of class 1 (HLA-A, HLA-C and HLA-B) genes was performed using the method of Reverse
Line Strip, after isolation of DNK from the blood leucocytes with the standard phenol-chloroforme
method. The HLA sub typing of HLA-B*27 was performed with high resolution single-strand polymorphism.

Results: We found negative association between HLA-A*03, HLA-A*24, HLA-C*04, and HLA-B*18, as
well as positive association between HLA-C*01, HLA-C*02, and HLA-B*27 group specific alleles and
patients with ankylosing spondylitis. Both HLA-B*27:02 and HLA-B*27:05 alleles have shown positive
association with ankylosing spondylitis.

Conclusion: Group specific alleles HLA-A*03, HLA-A*24, HLA-C*04, and HLA-B*18 are significantly
more frequent in healthy individuals than in patients with ankylosing spondylitis which suggests their
protective role. HLA-C*01, HLA-C*02, and HLA-B*27 group specific alleles (HLA-B*27:02 and HLA-
B*27:05) have strong positive or susceptible association with ankylosing spondylitis.

Introduction
The Major Histocompatibility Complex (MHC) is

the most polymorphic genetic system in humans
discovered so far, best known for his central role in
histocompatibility and immune regulation and has special
clinical role in transplantation of tissues and organs,
transfusion reactions, reproduction and some diseases
[1]. All vertebrates studied so far have a cluster of genes,
called MHC, whose products play role in the recognition
and discrimination of self from foreign antigens.

The human MHC, called HLA, is located on
chromosome 6p21.31 and covers a region of about 3.6
Mbp depending on the haplotype [1]. The HLA complex
is divided into three regions: class I, II, and III regions as
first proposed by Jan Klein in 1977 [2]. Centromeric on
the chomosome 6 are the genes for class 2, telomeric
the genes for class 1 of HLA, and between them are the
genes for HLA class 3, which encode different proteins
like complement factors C4, C2, factor B and TNF-alpha
and beta [3, 4].
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HLA class 1 molecules have one copy of the two
polypeptide chains: heavy chain alpha-polymorphic and
light chain beta2 microglobulin-monomorphic. The genes
for HLA class 1 code the heavy chains of the six HLA
class 1 isoforms HLA-A, -B, -C, -E, -F and -G. The gene
who encodes the beta2 microglobulin, the common light
chain for all HLA class 1 molecules, is located on
chromosome 15 [3,4,5]. The polymorphism of the HLA
class 1 molecules (HLA-A, -B and -C) is due to the
difference in the amino acid sequence of the heavy
alpha chain. The most of these differences are due to
nucleotide substitution in exons 2 and 3 [4]. With the
development of new molecular techniques for HLA typing,
the number of polymorphisms for each HLA class 1 gene
increases.

After the standardization of the methods for
serological typing of the HLA class 1 molecule, started
the studies that assessed the association of different
HLA polymorphisms with certain diseases. In 1973, the
first results have shown the association of HLA-B*27
antigen with ankylosing spondylitis, which is one of the
strongest associations in the HLA locus [6].

The first associations with diseases were
discovered for the antigens of HLA class 1. But, with the
development of techniques for HLA class 2 typing, it was
discovered that a lot of diseases show strong association
with the alleles of this class. Association between HLA
class 1 antigens and hereditary haemochromatosis was
found, i.e. association between HLA- A3, HLA-B14 and
HLA-A3/B14 antigens with relative risk 90 for the later
case. Association between psoriasis and HLA-C6 and
chorioretinopaty and HLA-A29 was also found [3].

However, the strongest association for the HLA
class 1 antigens was found between the HLA-B*27
antigen and spondiloarthropaties, which include
ankylosing spondylitis (AS), Reactive arthritis (Reiter’s
syndrome), Psoriatic arthritis and Enteropathic
arthropathy. Spondiloarthropathies have negative
rheumatoid factor, but show strong association with
HLA-B*27 alleles. However, these associations vary
between different spondiloarthropathies and different
ethnic groups [9].

The HLA-B*27 antigen is not the only mediator
in the development of spondyloarthropaties. Studies
have shown that more than 90% of the patients with
ankylosing spondylitis have the HLA-B*27 antigen, but
only small percent of the subjects that carry the HLA-
B*27 antigen will develop ankylosing spondylitis [10].
The prevalence of the HLA-B*27 antigen among healthy

Caucasians is between 2% and 18% [11]. High
prevalence of HLA-B*27 of 10-50% was found in native
Americans, in Africans 4% and Chinese 4-8%. Japanese
have low prevalence of the HLA-B*27 antigen of 1% [12].
HLA-B*27 antigen also shows weaker association with
the reactive arthritis [13] and spondiloarthropaties
associated with psoriasis and inflamatory bowel disease
[14]. The prevalence of the HLA-B*27 antigen in patients
with reactive arthritis is 30%-70% in the studied population
of West Europe [13].

The aim of this study was to determine the
association of HLA-A, -C and -B genes with ankylosing
spondylitis in patients from the Republic of Macedonia.

Material and Methods

Subjects
This study involved two groups of subjests:

control group and group of patients with ankylosing
spondylitis. The control group included 250 voluntary,
healthy unrelated individuals with Macedonian origin,
age 18-65, without evident signs of disease. The samples
were selected from the Macedonian Human DNA Bank
at the Institute of Immunobiology and Human Genetics
[7]. The group of patients included 57 patients with
diagnosed ankylosing spondylitis (AS) at the University
Clinic of Rheumatology in Skopje.

Methods
After obtaining signed informed consent, DNA

was isolated from 10 ml peripheral blood sample with
EDTA. For isolation a standard phenol-chloroform
method was used. The isolated DNA was stored at 40C
in the Macedonian Human DNA Bank at the Institute of
Immunobiology and Human Genetics.

For analysis of the samples we used the method
of Reverse Line Strip (RLS) according to the protocol
from the 13th International Histocompatibility Working
Group [8]. First the DNA samples were amplified with
polymerase chain reaction (PCR) of the exons 2 and 3
of the genes in the HLA-A, -B and -C locus with biotinylated
primers. The PCR reaction was performed in total volume
of 60 microliters, 30 microliters master mix which
contained the primers, dNTP and Taq polymerase, 15
microliters MgCl2, 10 microliters H2O and 5 microliters
DNA. The termocycler programme used was 95oC 5
minutes, 30 times 95oC 1 minute, 62oC 1 minute and
72oC 1 minute, and final extension on 4oC for indefinite.
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We used kit for Reverse Line Strip (RLS) from Roche
Molecular Systems, USA. Amplified biotinylated DNA
material was chemically denaturated and then the
separated strands were hybridized with specific
oligonucleotide probes immobilized as parallel lines on
nitrocellulose strips. We used strips with 56 probes for
HLA-A, 85 probes for HLA-B and 35 probes for HLA-C.
We used streptavidin-horseradish peroxidase and
chromogen substrate to detect the positive lines. To
interpret the positive blue lines as genotype we used the
software HLA Genotyping Program Roche Molecular
System, Inc.

To determine the HLA-B*27 alleles with 4 digits
we used a high resolution method for HLA typing, SSP
(Sequence Specific Priming). SSP is PCR based
technique for amplification of DNA with set of allele
specific primers in 96-well plate High Resolution SSP
UniTray, PEL-FREEZ. In each well there were specific
dried primers for amplification of specific sequence,
whose order is given by the manufacturer. The
amplification took place in termocycler under these
conditions: 96oC 5 minutes, then 96oC 1 minute, 70oC 1
minute, 72oC 1 minute 5 times, then 96oC 1 minute, 65oC
1 minute, 72oC 1 minute 21 times and 96oC 1 minute,
55oC 1 minute and 72oC 1 minute 4 times. The PCR
products were detected with 2% agarose gel
elctrophoresis with ethidium bromide. For interpretation
of the results we used the software UniMatch Plus,
Version 3.0, PEL-FREEZ.

Statistical analysis
All results were compared using the Student t-

test and Fishers exact test. P values less than 0.05 were
considered significant.

Results
In the HLA-A locus we found 17 different alleles

in both groups of subjects. The most frequent group
specific alleles in the group of healthy individuals were
HLA-A*02 (31.2%), HLA-A*24 (14.2%) and HLA-A*01
(11.8%) and in the group of patients with ankylosing
spondylitis, HLA-A*02 (39.5%) and HLA-A*01 (15.8%).
The group specific alleles HLA-A*29 and HLA-A*33
were found only in the group of healthy individuals, but
with no statistical significance. We found the group
specific alleles HLA-A*03 and HLA-A*24 to be more
frequent in the group of healthy individuals, with OR
value of and respectively, which can suggest their protec–
tive role. The allele HLA-A*69 was found only in the
group of patients with ankylosing spondylitis (Table 1).

Table 1: Association between HLA-A group specific alleles with
ankylosing spondylitis.

N = number of alleles; F = frequency of alleles; OR, Odds Ratio; CI, confidence interval; *,
statistically significant; Inf, infinity; NaN, cannot be calculated; ?, unknown.

Table 2: Association between HLA-C group specific alleles with
ankylosing spondylitis.

N = number of alleles; F = frequency of alleles; OR, Odds Ratio; CI, confidence interval; *,
statistically significant; Inf, infinity; NaN, cannot be calculated; ?, unknown.

In the HLA-C locus we identified 14 group
specific alleles in both groups. The most frequent in the
group of healthy individuals were HLA-C*07 (24.6%),
HLA-C*04 (16.0%) and HLA-C*12 (14.4%) and in the
group of patients with ankylosing spondylitis, HLA-C*07
(16.7%) and HLA-C*12 (9.6%). We found negative
association between HLA-C*04, as well as positive
association between HLA-C*01 and HLA-C*02 and
patients with ankylosing spondylitis (Table 2).

In the HLA-B locus we identified 30 group
specific alleles in both groups. Most frequent in the
group of healthy individuals were HLA-B*51 (14.2%),
HLA-B*35 (13.4%) and HLA-B*18 (13.0%) group specific
alleles, whereas in the group of patients with ankylosing
spondylitis HLA-B*27 (45.6%) and HLA-B*35 (8.8%)
and HLA-B*51 (7.9%) were most frequent. The group
specific alleles HLA-B*12, HLA-B*13, HLA-B*45, HLA-
B*56, HLA-B*58, HLA-B*73, HLA-B*78 and HLA-B*87
were found only in the group of healthy individuals, but
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Discussion
In this study we examined 307 subjects, 250

voluntary, healthy unrelated individuals with Macedonian
origin, age 18-65, without evident signs of disease and
57 patients with diagnosed ankylosing spondylitis at the
University Clinic of Rheumatology in Skopje. We
performed HLA typing in both groups and found that
group specific alleles HLA-A*03, HLA-A*24, HLA-C*04,
and HLA-B*18 are significantly more frequent in healthy
individuals than in patients with ankylosing spondylitis
which suggests their protective role. HLA-C*01, HLA-
C*02, and HLA-B*27 group specific alleles (HLA-B*27:02
and HLA-B*27:05) have strong positive or susceptible
association with ankylosing spondylitis.

Harfouch EI, et al., 2011 [16] investigated the
prevalence of HLA-B*27 and its subtypes associated
with ankylosing spondylitis in 50 Syrian patients and 217
unrelated healthy Syrian controls. They found that 1.4%
of the Syrians and 60% of the patients with ankylosing
spondylitis have the HLA-B*27 allele. The most common
HLA-B*27 variants in patients were B*27:05, which was
found in 67% of the patients, followed by B*27:02 found
in 20% of the patients. HLA-B*27 was identified in all
cases with uveitis, peripheral arthritis, and positive family
history.

Fernández-Sueiro JL et al., 2004 [17] assessed
the prevalence of HLA-B*27 and its subtypes in both the
normal population and in patients with ankylosing
spondylitis in Galicia, Northwest Spain. The prevalence
of HLA-B*27 in the normal population was determined
by checking the number of HLA-B*27 positive samples
in 308 subjects from different areas of Galicia who had
donated organs over a period of 4 years. A total of 106
patients with the diagnosis of ankylosing spondylitis,
according to the modified New York clinical criteria for
definitive ankylosing spondylitis, were collected from
three very representative areas of Galicia. They found
that the prevalence of HLA-B*27 in organ donors was
9.34% [B*27:05 (79.5%), B*27:02 (18%) and B*27:08
(2.5%)] and HLA-B*27 was found in 94.3% of the patients
with ankylosing spondylitis with the subtypes B*27:05
(88%) and B*27:02 (12%) associated with ankylosing
spondylitis.

Joshi R et al., 2012 [18] wanted to determine
whether familial ankylosing spondylitis cases have a
higher genetic load of different susceptibility loci. They
investigated two groups of patients with AS, first group
of 312 patients who had first-degree relatives (FDRs)
with ankylosing spondylitis (familial) and second group

Table 4: Association between HLA-B alleles with ankylosing
spondylitis.

N = number of alleles; F = frequency of alleles; OR, Odds Ratio; CI, confidence interval; *,
statistically significant.

with no statistical significance. In addition, we found
strong positive association between the group specific
HLA-B*27 allele and patients with ankylosing spondylitis,
with OR value of 21.233, and negative association
between the HLA-B*18 allele and patients with
ankylosing spondylitis, OR value 0.372. HLA-B*47 group
specific alleles were found only in the group of patients
with ankylosing spondylitis and not in the group of
healthy individuals which can suggest their possible
association with ankylosing spondylitis (Table 3).

HLA-B*27:02 was found in 27.2% of the patients

N = number of alleles; F = frequency of alleles; OR, Odds Ratio; CI, confidence interval; *,
statistically significant; Inf, infinity; NaN, cannot be calculated; ?, unknown.

Table 3: Association between HLA-B group specific alleles with
ankylosing spondylitis.

with ankylosing spondylitis, whereas HLA-B*27:05 in
18.4% of them. Both HLA-B*27:02 and HLA-B*27:05
have shown strong positive association with ankylosing
spondylitis. The observed Odds-Ratio value for HLA-
B*27:02 is 2-fold higher then the one for HLA-B*27:05
(Table 4).
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of 190 patients who had no FDRs with ankylosing
spondylitis or spondylarthritis (sporadic). All patients
and affected FDRs fulfilled the modified New York criteria
for ankylosing spondylitis. They found that HLA-B*27
was significantly more prevalent in familial than sporadic
cases of ankylosing spondylitis and the ankylosing
spondylitis risk allele at chromosome 21q22 intergenic
region showed a trend toward higher frequency in the
multiplex cases. The frequency of the recently described
non-major histocompatibility complex susceptibility loci
did not markedly differ between the sporadic and familial
cases of ankylosing spondylitis.

Beside HLA-B*27, different MHC markers are
being associated with ankylosing spondylitis. Group of
authors investigated the potential association of major
histocompatibility complex (MHC) markers other than
HLA-B*27 with ankylosing spondylitis. They found HLA
markers and linkage disequilibrium blocks near HLA-
DPA1 and HLA-DPB1 that were statistically associated
with ankylosing spondylitis [19]. We published high
resolution sequencing based method for direct HLA-
DRB1 typing in the healthy Macedonians which can be
used as a control for future association studies of MHC
class II alleles with ankylosing spondylitis [20]. Our
results with rheumatoid arthritis showed susceptible
association for four cytokine alleles, six cytokine
genotypes, one haplotype, and four combinations of
haplotypes, while protective associations were found for
four cytokine alleles, three cytokine genotypes, three
haplotypes, and only one combination of haplotypes.
These results suggest that cytokine gene polymorphisms
might be significantly associated and affect host
susceptibility and/or resistance to rheumatoid arthritis in
Macedonians [21].

Authors examined 262 persons (122 patients
with ankylosing spondylitis and 140 healthy controls) to
determine the frequency of I/D polymorphism genotypes
of angiotensin converting enzyme gene. They found that
the DD genotype of the angiotensin converting enzyme
gene is associated with ocular involvement and
involvement of the sacroiliac joint in patients with
ankylosing spondylitis [22].

Certain authors examined whether KIR genes
contribute to the pathogenesis of ankylosing spondylitis
in Chinese populations [23]. They found that the frequency
of the activator receptor KIR3DS1 gene in the ankylosing
spondylitis group was significantly increased compared
to the controls and thus may play, in addition to HLA-
B*27, an independent role in the pathogenesis of
ankylosing spondylitis.

The prominent role of HLA-B*27 in the
development of ankylosing spondylitis was confirmed by
many researchers. Reveille JD., 2006 [15] in his review
says that there have been over 31 variants of HLA-B*27
identified so far, which have evolved from the original
HLA-B*27 allele (B*27:05) along three geographic lines.
HLA-B*27:05 and B*27:02 are the primary subtypes in
Caucasians with spondylitis, and B*27:04 and B*27:07
are the primary subtypes in Asians. HLA-B*27:06 and
B*27:09 are not disease associated.

In the two groups of subjects, we investigated,
we found only two alleles of the HLA-B*27 group specific
alleles, HLA-B*27:02 and HLA-B*27:05. In the group of
patients with ankylosing spondylitis, the allele frequency
of the HLA-B*27 allele was 45.6%, and HLA-B*27:02
and HLA-B*27:05 had frequencies of 27.2% and 18.4%,
respectively. HLA-B*27 group specific allele was present
only in 3.8% of the healthy individuals. HLA-B*27 is
found only in Caucasians and dominates in Jews, and in
populations in Algeria and Tunisia. The HLA-B*27:04
allele shows strong association with spondylo–
arthropaties, and is dominant in Chinese and Japanese.
HLA-B*27:07 subtype is rare and is described in Asian
populations (India, China and Thailand) and is associated
with spondyloarthropaties [24].

As a conclusion, group specific alleles HLA-
A*03, HLA-A*24, HLA-C*04, and HLA-B*18 are
significantly more frequent in healthy individuals than in
patients with ankylosing spondylitis which suggests their
protective role, while HLA-C*01, HLA-C*02, and HLA-
B*27 group specific alleles (HLA-B*27:02 and HLA-
B*27:05) have strong positive or susceptible association
with ankylosing spondylitis.
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