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Abstract

Aim: The aim of this paper was to genotype HLA DQB1 locus in healthy unrelated Macedonian
population.

Material and Methods: Reverse Line Strip typing for HLA DQB1 locus was performed on a population
of 217 samples from healthy individuals. The results were obtained as alleles, and as NMDP Codes.
Alleles were genotyped and expressed as high resolution with more than four digits with slash between
ambiguous alleles. NMDP Codes were expressed as four digits for unambiguous results, and with
combination of numbers and characters for the certain ambiguous combination. We did not found any
genotypic ambiguities in HLA-DQB1.

Results: We have found 33 different alleles of HLA DQB1 in Macedonian population, 12 of which were
unambiguous with the frequency of 40.55%, and 21 were ambiguous with the frequency of 58.53%. The
biggest frequency (33.64%) was found for HLA DQB1*05 unambiguous groups, and for HLA DQB1*03
ambiguous groups (36.40%). The biggest allele frequency in Macedonian population for HLA DQB1 was
found for HLA DQB1*03NX (0301/01/01/02/09/13) with 27.88%, followed with HLA DQB1*0502 with
13.82%, and HLA DQB1*02MN (0201/02/03) with 10.37%.

Conclusion: Allele frequency of HLA DQB1 in Macedonian population is similar with that found in other
European populations and can be used for anthropology and disease association studies.
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Introduction

Highly polymorphic human leukocyte antigen
(HLA) gene, a cluster of closely linked genes, is located
on the short arm of chromosome 6. It is located alongside
a remarkably large number of other genes that are either
known or predicted to have immunological functions,
such as genes for tumour necrosis factor-alpha, a key
mediator of inflammatory response to infection and for
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various complement and heat shock proteins. Previous
studies have highlighted that HLADQB1 polymorphism
influence individual immune response and thus affect
the outcome of diseases. Many diseases, especially
autoimmune disorders are related to HLA class II gene
polymorphisms. The relationship between the HLA gene
polymorphisms and diseases shows racial, ethnic and
geographic differences.
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The genes for the heteromeric major
histocompatibility complex class II proteins, the alpha
and beta subunits, are clustered in the 6p21.3 region.
Todd et al. (1987) presented a map of the class II loci.
They suggested that the structure of the DQ molecule, in
particular residue 57 of the beta-chain, specifies the
autoimmune response against insulin-producing islet
cells that leads to insulin-dependent diabetes mellitus
(IDDM; OMIM: 222100) [1]. Of the approximately 14
class II HLA genes within the HLA-D region, the DQ3.2-
beta gene accounts for the well-documented association
of HLA-DR4 with insulin-dependent diabetes mellitus
and is the single allele most highly correlated with this
disease. Kwok et al. (1989) found that amino acid 45 was
critical for generating serologic epitopes characterizing
the DQ3.2-beta gene and its nondiabetic allele, DQ3.1-
beta [2]. Todd et al. (1990) found that in Japanese IDDM
was more strongly associated with HLA-DQ than with
HLA-DR (OMIM: 142857); that the A3 allele at the DQA1
(OMIM: 146880) locus was most strongly associated
with disease; that the DQw8 allele of the DQB1 locus,
which is associated with susceptibility to type I diabetes
in Caucasians and blacks, was not increased in frequency
in Japanese patients; and that asp57-encoding DQB1
alleles, which are associated with reduced susceptibility
to type I diabetes in Caucasians, was present in all
except 1 of 49 Japanese patients and in all of 31 controls,
in at least heterozygous state. Forty percent of patients
were homozygous for asp57-encoding DQB1 alleles
versus 35% of controls [3].

In addition to insulin-dependent diabetes
mellitus, an increased frequency of specific alleles at the
DQB1 locus has been claimed for narcolepsy (OMIM:
161400), pemphigus vulgaris (169610), and ocular
cicatricial pemphigoid (OCP; OMIM: 164185). Mignot et
al. (1997) found that narcolepsy is tightly associated with
the HLA-DQB1*0602 allele, especially when the
manifestations include typical cataplexy [4].

The molecule encoded by DQA1*0102/
DQB1*0602, termed DQ0602, confers strong
susceptibility to narcolepsy but dominant protection
against type I diabetes. To elucidate the molecular
features underlying these contrasting genetic properties,
Siebold et al. (2004) determined the crystal structure of
the DQ0602 molecule at 1.8-angstrom resolution [5].
Structural comparisons to homologous DQ molecules
with differential disease associations highlighted a
previously unrecognized interplay between the volume
of the P6 pocket and the specificity of the P9 pocket,
which implies that presentation of the expanded peptide

repertoire is critical for dominant protection against type
I diabetes. In narcolepsy, the volume of the P4 pocket
appears central to the susceptibility, suggesting that the
presentation of a specific peptide population plays a
major role [5].

Cicatricial pemphigoid (CP) is a chronic
autoimmune blistering disease affecting multiple mucous
membranes derived from stratified squamous epithelium
and occasionally the skin. CP has a wide spectrum of
disease manifestations. Patients with oral pemphigoid
(OP) have a benign self-limited disease in which
pathologic changes are restricted to the oral mucosa.
On the other hand, patients with ocular cicatricial
pemphigoid, a chronic condition marked by relapses
and remissions, have ocular involvement and also
perhaps involvement of other mucous membranes. All
clinical types are characterized by the presence of
similar anti-basement zone autoantibody. The factors
that determine the development of one form of CP or the
other are not known. Yunis et al. (1994) studied class II
alleles by DNA testing in 22 Caucasian patients with OP
and their families (19 families) [6]. The results were
compared to those obtained from 17 OCP patients and
their family controls and those of 42 control Caucasian
families studied for bone marrow transplantation. The
results indicated that HLA-DQB1*0301 is a marker of
susceptibility for both oral and ocular forms of CP. The
analysis of the amino acid sequence of the DQB1 alleles
present in both OP and OCP suggested that amino acid
residues at position 57 and positions 71-77 may also be
markers [6].

The aim of the study was to analyze the allele
frequency of HLA-DQB1 locus in Macedonian population.

Material and Methods

Population samples

Two hundred and seventeen unrelated random
healthy Macedonian volunteers of Macedonian origin
and nationality residents of different regions of the
Republic of Macedonia were included in this study. Their
ages ranged between 20 and 59 years. Peripheral blood
was drawn after signing of the informed consent. Genomic
DNA was extracted from the peripheral blood leukocytes
using the standard phenol/chloroform procedure
previously described [7], and stored in the anthropology
project field of our DNA Bank (hDNAMKD) until
processing [8].
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PCR amplification

PCR amplification was performed with
biotinylated primers of HLA-DQB1 genes. The PCR
cycling conditions were: 96°C, 60 sec; 96°C, 15sec;
58°C, 45sec; 72°C, 15s; for 35 cycles, extension at 72°C
for 5 min. and hold program for 15°C indefinitely.

HLA-DQB1 genotyping

HLA-DNA typing of HLA-DQB1 genes was
performed by using the reverse hybridization method
(Dynal RELI SSO HLA-DQB1 Typing Kit, UK). The
labeled PCR products were hybridized in a single reaction
to an array of SSO probes immobilized on nylon
membrane with Bee Robotics, UK. Different probes for
HLA-DQB1 typing were used with corresponding motifs.
The presence of biotinylated PCR product bound to a
specific probe was detected using streptavidin-
horseradish peroxidase (HRP) and a chromogenic,
soluble substrate to produce a blue “line” at the position
of the positive probe. Genotyping software (LIRAS for
LIPA HLA v.6.00) can interpret the probe reactivity
pattern as a genotype and indicates potential ambiguities
[9].

Statistical analysis

The statistical analysis of the observed allele
frequencies was performed by using the Arlequin
Software version 2.000 [10].

Results

The results were obtained as alleles, and as
NMDP Codes. Alleles were genotyped and expressed
as high resolution with more than four digits with slash
between ambiguous alleles. NMDP Codes were
expressed as four digits for unambiguous results, and
with combination of numbers and characters for the
certain ambiguous combination. We did not found any
genotypic ambiguities in HLA-DQB1.

We found 33 different alleles of HLA-DQB1 in
Macedonian population, 12 of which were unambiguous
with the frequency of 40.55% and 21 were ambiguous
with the frequency of 58.53%. The biggest frequency
(33.64%) was found for 05 unambiguous groups, and for
03 ambiguous groups (36.40%). The biggest allele
frequency in Macedonian population for HLA-DQB1 was
found for 03NX (030101/0102/09/13) with 27.88%,
followed with 0502 with 13.82%, and 02MN (0201/02/
03) with 10.37% (Table 1).

The most frequent allele in Macedonian
population is HLA-DQB1*03 with frequencies between
0.346 and 0.433 followed by HLA-DQB1*05 with
frequencies between 0.276 and 0.345. HLA-DQB1*04
allele is present in lowest frequencies in Macedonian
population from 0 to 0.016 (Table 2).

Table 1: The distribution of unambiguous and ambiguous results
of HLA-DQB1 typing by RLS method in Macedonian population.

Table 2: HLA-DQB1 allele frequencies in several Macedonian
populations [11].

Discussion

In this paper we presented HLA-DQB1 allele
frequencies in the Macedonian population. We found
that HLA-DQB1*03 was the most frequent allele (0.377),
followed by HLA-DQB1*05 (0.345), HLA-DQB1*06
(0.152), HLA-DQB1*02 (0.108), and the lowest frequency
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of HLA-DQB1*04 (0.016). Our results, obtained in the
Macedonian laboratory with reverse line strip assay, are
very similar with other published results obtained in
different laboratories of European countries: Finland
[12], Netherlands [13], and Spain [14].

HLA-DQB1 locus was not included in the genetic
structure separation of European populations. But for
Europe, the results obtained for the 3 loci (HLA-A, HLAB
and HLA-DRB1) indicate a major genetic structure
separating West-Central (Austrians and Czech, plus
Polish, French and Spanish, at locus DRB1) and North
(Irish, Finns) from Southeast (Macedonians, Greeks,
Albanians and Croatians, plus Italians, Greek Pomaki,
Slovenians, Romanians and Macedonians, at locus
DRB1) Europeans along the first principal axis of the
PCoordA (Figures 1c, 2c and 3c), while the second axis
separates either the Irish on one side and the Finns on
the other side (loci A and B in Figures 1c and 2c), or the
Sardinians (locus DRB1 in Figure 3c). The sample from
Quebec has been included in this analysis because of
the recent European descent of Quebecers. All loci
indicate that this population is closer to West than to
Southeast Europeans [15].  We expect that HLA-DQB1
allele frequencies in European population follow the
similar genetic structure separation.

Several diseases were found to be associated
with HLA-DQB1 alleles. Type IA diabetes is an
autoimmune disease with genetic and environmental
factors contributing to its etiology. Twin studies, family
studies, and animal models have helped to elucidate the
genetics of autoimmune diabetes. Most of the genetic
susceptibility is accounted for by human leukocyte antigen
(HLA) alleles. The most-common susceptibility
haplotypes are DQA1*0301-DQB1*0302 and
DQA1*0501-DQB1*0201. Less-common haplotypes
such as DQA1*0401-DQBl*0402 and DQA1*0l0l-
DQB1*0501 are associated with high risk for diabetes;
however, large study populations are needed to analyze
their effect. The DQA1*0102-DQB1*0602 haplotype is
associated with diabetes resistance [16]. Narcolepsy is
classically associated with HLA DQB1*0602, the most
specific genetic marker for narcolepsy across all ethnic
groups [17].

In summary we can say that frequency of HLA-
DQB1 alleles in Macedonian population are very similar
with other European populations and can be used for
anthropological comparisons and association studies
with different diseases.
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