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Abstract

Major Histocompatibility Complex (MHC) is a complex of genes situated in the Human
Leukocyte Antigen - HLA regia which define the individuality of each unit. The alleles or molecules of
this system, HLA class 1 and class 2, participate in the process of recognizing, processing and presenting
of antigens which in turn activates the organism’s immunological defense. This system has an important
role in tissue and organ transplantation, in relation to and predisposition for certain diseases. It is known
that there is a correlation between HLA molecules and MS.

Multiple Sclerosis (MS) is a frequent inflammatory disease of the central nervous system (CNS)
characterized by demyelinization of axons. The disease is chronic, it attacks the cerebrum, the spinal
cord and the optical nerves and is a leading cause of nontraumatic disability in the population between
20 and 40 years of age. The disease presentation varies and depends on the lesion location. The most
common symptoms include motor weakness, paresthesia, problems with the eyesight, ataxia, vertigo,
and headache. The generic factors have an important role in the occurrence of MS, as HLA molecules.
Identification of the connection between the HLA molecules and MS in patients from the Macedonian
population

This research included 132 patients with MS, and a control group comprising 852 healthy
subjects. HLA typing was done for all the patients and the HLA molecules were identified. This was
accomplished using a molecular method and by isolating DNA from the blood sample, amplification of
DNA from the sample using polymerase chain reaction, PCR-SSR, placement of the amplicons on
electrophoresis of agarose, processing of the results in relevant program, Helmberg SCORE.

The results have shown association of certain HLA molecules and MS in patients from the
Macedonian population. Regarding the HLA alleles and the risk for MS, it was shown that HLA-A*02
has protective role regarding MS, (P=0.00283, OR = 0.652), while HLA-A*03 is a risky allele for
development of MS (P=0.0469, OR=0.49532) in relation to the control group. The allele HLA-
DRB1*15 and HLA-DQB1*06 is a risky allele for development of MS (P<0.0001, OR=2.945,
P<0.0001, OR=1.9878, respectively), but the allele HLA-DQB1*03 is a protective allele for
development of MS (P=0.0004, OR=0.51634) in relation to the control group. The alleles HLA-A*02,
HLA-B*44, HLA-DQB1*03 have protective roles for development of MS, while the alleles HLA-
A*03, HLA-DRB1*15 and HLA-DQB1*06 are risky alleles for development of MS.

Keywords: Multiple Sclerosis, Major Histocompatibility Complex molecules, disease
association

Introduction

Major Histocompatibility Complex — MHC is a complex of genes that explains the nature of
the immune mechanisms in the human organism and manage them. All the research to date, define
MHC as a genetic marker whose molecules mark the “own” cells with which the immune system of
each individual distinguishes ““its own” from the “foreign”. Its molecules “mark” the individuality of
each person, but also “take care” for safeguarding the integrity of that individuality. It is a system which
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is hugely polymorphous and plays a significant role in the survival of the transplanted organ, therefore
it is called the Main system for tissue compatibility (MHC or HLA). The degree of compatibility
between the recipient and the donor depends on the HLA genes and the antigens that make up this
system, which are constant and genetically predetermined structures, and it determines the
transplantation success.

The research of this system shows that some of its antigens are connected to certain diseases.
The new molecular methods and techniques used in recent years yielded a lot of new knowledge about
the structure, properties, role, and significance of this polymorphous system with further opportunities
for new discoveries.

The polymorphism of the HLA molecules, and especially their role in controlling the
immunological response, as well as the intercellular cooperation guides the interest towards these
molecules and their association with certain, mostly autoimmune diseases (Rheumatoid arthritis, SLE,
Multiple sclerosis, Coeliac disease, Psoriasis vulgaris).

The mechanisms that enable the existence of correlation between the diseases and certain HLA
alleles, primarily arise from the function of the HLA complex in the immune defense of the organism,
due to the physiological function of the HLA molecules, i.e. the difference in the peptide selection. The
“self-change” phenomenon represents the basis and, at the same time the complex of HLA + peptide
changes and does not trigger a complete immune response, thus triggering the disease (Kolevski P
1988). However, it can also be a “self-unchanged” phenomenon or the so-called mimicry with
similarity or structural uniformity of the HLA molecules with the external agent which, again, does not
trigger an immune response (Kolevski P 1988).

Linkage disequilibrium of the genes from the HLA region with the genes directly responsible
for certain disease is referenced as a newer cause for association with certain disease. It has been noticed
that some HLA alleles have a much higher frequency in the individuals with certain disease compared
to the general population (Kolevski P 1988).

Aim
The aim of this paper was to identify the frequency of HLA alleles in the Macedonian
population and their association with MS.

Material and methods

This research included 132 patients, 48 men and 84 women with diagnosed MS who were
treated at the University Clinic for Neurology, Faculty of Medicine in Skopje, UKIM, in cooperation
with the colleagues from the relevant clinic. The control group consists of 852 heathy subjects. HLA
class 1 and HLA class 2 molecules were identified in the patients and in the healthy subjects at the
Department of Immunogenetics, transplantation immunology and molecular genetics at the Institute for
Transfusion Medicine.

For that purpose, 200 Ul of peripheral blood were taken from the cubital vein with EDTA
coagulant from each subject. The isolation of DNA from the blood sample was done using automatic
device Promega, Maxwell 16 and Maxwell isolation kit. The obtained DNA was amplified in
thermocycler, PCR (Eppendorf) device using PCR SSP molecular method and Olerup SSP kit. The
obtained PCR products - amplicons were visualized at 1% agarose gel and the result were interpreted
using Halmberg SCORE computer software [1,2].

The allele frequency in patients with MS and the control group was calculated using the
Arlequin 3.5 software [3]. The significance of the difference between group with MS and the control
group was determined using the 2 test, while, for values <5 the Fisher exact test was used. A value of
p<0.05 was considered to reflect statistical significance. Odds ratio greater than 1 was considered as an
acceptable allele (susceptible, risk allele), while less than 1 was marked as protective allele.

Results

Sixteen allele groups were determined in the test population regarding HLA-A alleles. The
largest percentage of the subjects, 21.6% were carriers of the A*02 allele, followed by A*24 alleles
with 18.6%, A*03 alleles with 16.3% and A*01 allele with 11.7%. The frequency of the HLA-A alleles
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in the control group and in the group with Multiple Sclerosis is given in Table 1. Compared to the
control group, the A*02 allele has protective role in relation to the A*03 allele which is a risk allele and
increases the risk of MS by 1.5 times (OR 0.65212, 1.60442), Table 1.

Table 1. Frequency (%) of the HLA-A alleles in patients with Multiple Sclerosis and in the control
group

Patients with MS Control group

:III‘:; frgllljzl:cy % Sb N* fr(;A(;ILIJZLecy % SD pr OR
A*02 0.215909 21,6  0.025371 43 0.290210 29,02  0.018993  0.0283  0.65212
A*24 0.185606 186  0.023974 40 0.138112 13,81  0.014439  0.0744

A*03 0.162879 16,3 0.022769 33 0.101399 10,14  0.012632  0.0444  1,60442
A*01 0.117424 11,7 0.019851 23 0.125874 12,59  0.013882  0.4780

A*26 0.083333 83 0017043 17 0.050699 507  0.009181  0.1852

A*11 0.056818 57 0014275 14 0.080420 8,04 0011380  0.4053

A*68 0.045455 45 0012844 11 0.043706 437  0.008556  0.7709

A*32 0.045455 45 0012844 11 0.029720 2,97  0.007107  0.1938

A*25 0.022727 23 0.009190 6 0.012238 1,22 0.004601  0.1526

A*30 0.018939 1,9 0.008405 5 0.012238 1,22 0.007107  0.5479

A*29 0.015152 1,5 0007532 4 0.019231 1,92  0.005747  0.8791

A*33 0.011364 1,1 0.006536 2 0.024476 2,45  0.006466  0.1535

A*31 0.007576 0,8 0005347 2 0.019231 1,92  0.005747  0.2931

A*23 0.007576 0,8 0005347 2 0.027972 2,80  0.006901  0.0524

A*66 0.003788 04 0003788 1 0.001748 0,17  0.001748  0.4980

*Homozygotes are counted as one; **p, statistical significance of the frequency of the HLA-A alleles between
the control group and the group with Multiple Sclerosis; SD, standard deviation; OR, odd ratio.

The frequency of the HLA-B alleles in the control group and the group with Multiple Sclerosis
is presented in Table 2. Most of the HLA allele groups, a total of 22, in the group with MS were
identified at the HLA-B locus. The most represented group was B*35 with 18.18%, followed by B*51
with 17.42%, B*18 with 9.85% and B*07 with 9.47%. The B*44 allele group was statistically
significantly less represented in the group with MS with 4.55%, compared to the representation in the
control group with 7.87%, P<0.05, Table 2. Hence, the carriers of B*44 allele had lower risk for
development of MS i.e. this allele is protective allele for MS.

Table 2. Frequency (%) of HLA-B alleles in patients with Multiple Sclerosis and in the control group

Patients with MS Control group

HLA Allele Allele

% SD N* % SD p ** OR

allele frequency frequency
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B*35
B*51
B*18
B*07
B*40
B*08
B*44
B*38
B*39
B*27
B*13
B*15
B*56
B*37
B*55
B*49
B*41
B*14
B*52
B*57
B*50

B*53

0.181818
0.174242
0.098485
0.094697
0.083333
0.053030
0.045455
0.034091
0.034091
0.030303
0.026515
0.022727
0.018939
0.022727
0.015152
0.015152
0.011364
0.011364
0.007576
0.011364
0.003788

0.003788

18.18
17.42
9.85
9.47
8.33
5.30
4.55
3.41
3.41
3.03
2.65
2.27
1.89
2.27
1.52
1.52
1.14
1.14
0.76
1.14
0.38
0.38

0.023783
0.023390
0.018374
0.018055
0.017043
0.013818
0.012844
0.011189
0.011189
0.010570
0.009907
0.009190
0.008405
0.009190
0.007532
0.007532
0.006536
0.006536
0.005347
0.006536
0.003788

0.003788

38
46
25
23
18
13
10

1
1

0.160839
0.146853
0.146853
0.062937
0.045455
0.059441
0.078671
0.033217
0.020979
0.040210
0.031469
0.012238
0.010490
0.013986
0.017483
0.020979
0.012238
0.024476
0.017483
0.013986
0.003497

0.008741

16,08
14,69
14,69
6,29
4,55
5,94
7,87
3,32
2,10
4,02
3,15
1,22
1,05
1,40
1,75
2,10
1,22
2,45
1,75
1,40
0,35

0,87

0.015374
0.014813
0.014813
0.010163
0.008717
0.009895
0.011267
0.007499
0.005998
0.008221
0.007306
0.004601
0.004264
0.004914
0.005485
0.005998
0.004601
0.006466
0.005485
0.004914
0.002470

0.003895

0.9281
0.1127
0.1252
0.1412
0.1458
0.6726
0.0469 0.49532
0.7946
0.3811
0.5190
0.5147
0.4234
0.2986
0.3355
0.8392
0.5967
0.9420
0.2269
0.2776
0.7847
0.9319

0.4444

* Phenotype, homozygotes; **p, statistical significance of the frequency of the HLA-B alleles between the control
group and the group with Multiple Sclerosis; SD, standard deviation; OR, odd ratio

The frequency of HLA-C alleles in the control group and in the group with Multiple Sclerosis
is presented in Table 3. A total of 13 allele groups were determined in the group of HLA-C locus. The
most represented allele group in the MS group was C*07 with 28%, followed by C*12 alleles with
14.7%, C*04 alleles with 12.5% and C*02 was the least represented.

Table 3. Frequency (%) of HLA-C alleles in patients with Multiple Sclerosis and in the control group

Patients with MS

Control group

HLA
allele
c*07
C*12
C*04
C*02

Allele
frequency

0.280303
0.147727
0.125000
0.102273

28.03
14.77
12.50
10.23

SD

0.027696
0.021880
0.020393
0.018684

N*

60
34
29

24
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Allele
frequency

0.279720
0.127622
0.183566
0.068182

%

27.97
12.76
18.36
6.82

SD

0.018784
0.013964
0.016201
0.010548

0.4109
0.4275
0.184
0.1644
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C*15 0.075758 7.58 0.016317 18 0.068182 6.82 0.010548 0.7539
C*06 0.064394 6.44 0.015135 13 0.061189 6.12 0.010030 0.5486
C*03 0.064394 6.44 0.015135 16 0.045455 4.55 0.008717 0.2387
C*01 0.056818 5.68 0.014275 14 0.043706 4.37 0.008556 0.8881
C*05 0.030303 3.03 0.010570 8 0.038462 3.85 0.008048 0.9457
C*14 0.018939 1.89 0.008405 5 0.034965 3.50 0.007687 0.5412
C*08 0.015152 1.52 0.007532 4 0.027972 2.80 0.006901 0.7579
C*17 0.015152 1.52 0.007532 4 0.003497 0.35 0.002470 0.2825
C*16 0.003788 0.38 0.003788 1 0.017483 1.75 0.005485 0.8881

* Phenotype, homozygotes; **p, statistical significance of the frequency of the HLA-C alleles between the control
group and the group with Multiple Sclerosis; SD, standard deviation; OR, odd ratio

In the HLA-DRB1 allele group, the most represented allele was DRB1*15 with 18.5%, and the
DRB1*11 allele with the same representation of 18.5%, followed by DRB1*16 with 14% and DRB1*13
with 11%. The frequency of the DRB1*15 allele in the group with MS in relation with the frequency
of DRB1*15 allele in the control group was statistically significantly higher, P<0.0001, which indicates
that the presence of DRB1*15 allele increases the risk for MS by 2.5 times, OR=2.495, in regard to the
other alleles from the HLA-DRB1 group, Table 4.

Table 4. Frequency (%) of HLA-DRBL1 alleles in patients with Multiple Sclerosis and in the control
group

Patients with MS Control group
HLA
Allele % D N* Allele % sD p** OR
allele frequency frequency

DRB1*15 0.185606 18.56  0.023974 45 0.090909 9.09 0.012031  <0.0001  2.495

DRB1*11 0.185606 18.56  0.023974 41 0.255245 2552  0.018246
DRB1*16 0.140152 14.02  0.021406 36 0.146853 1469  0.014813
DRB1*13 0.109848 10.98  0.019282 27 0.085664 8.57 0.011712
DRB1*04 0.094697 9.47 0.018055 24 0.080420 8.04 0.011380

DRB1*03 0.090909 9.09 0.017727 22 0.078671 7.87 0.011267
DRB1*01 0.068182 6.82 0.015543 18 0.075175 7.52 0.075175

DRB1*07 0.056818 5.68 0.014275 15 0.078671 7.87 0.01126

DRB1*14 0.037879 3.79 0.011772 9 0.059441 5.94 0.009895
DRB1*12 0.011364 1.14 0.006536 3 0.013986 1.40 0.004914
DRB1*08 0.011364 1.14 0.006536 3 0.013986 1.40 0.004914
DRB1*10 0.007576 0.76 0.005347 2 0.019231 1.92 0.005747

* Phenotype, homozygotes; **p, statistical significance of the frequency of the HLA-DRB1 alleles between the
control group and the group with Multiple Sclerosis; SD, standard deviation; OR, odd ratio.

Regarding HLA-DQBL1 allele group, DQB1*05 was most represented with 32.5% which is very
similar to the control group with 34.6%. Furthermore, it is followed by the DQB1*06 allele with 28%
which is significantly higher compared to the control group with 15%. DQB1*03 allele in the MS group
was represented with 18.4% and statistically significantly less represented compared to the control
group with 33.5% (p=0.0001). The analysis showed that the presence of DQB1*06 allele increases the
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risk for development of MS by almost two times (OR=1.9878), unlike the presence of the DQB1*03
allele which reduces the risk for MS by 0.5 times (OR=0.51634), which is presented in Table 5.

Table 5. Frequency of the HLA-DQBL1 alleles in patients with Multiple Sclerosis and in the control
group

Patients with MS Control group
HLA
Allele % D N* Allele % sD p * OR
allele frequency frequency

DQB1*05 0.325758 32.58  0.028899 63 0.346290 34.63  0.014148  0.5485
DQB1*06 0.280303 28.03  0.027696 56 0.152827 1528  0.010699 0.0001  1.9878
DQB1*03 0.189394 18.94  0.024161 40 0.335689 33.57 0.014042 0.0004 0.51634
DQB1*02 0.170455 17.05  0.023187 36 0.141343 1413  0.010359  0.3822
DQB1*04 0.034091 3.41 0.011189 7 0.023852 2.39 0.004537  0.5773

* Phenotype, homozygotes; **p, statistical significance of the frequency of the HLA-DQB1 alleles between the
control group and the group with Multiple Sclerosis; SD, standard deviation; OR, odd ratio.

Discussion

One of the goals of this research was to determine HLA — A, B, C, DRB1, DQBL1 allele
frequency in patients with MS in the Macedonian population compared with a control group and the
risk for development of MS.

The first HLA typing of a Macedonian group of patients with MS was made in 1996 at the HLA
Department, National Institute for Transfusion Medicine, now Institute for Transfusion Medicine [4],
and in 2000-2004, only the association of HLA DRB1, DQBL alleles with MS was investigated [5].

Our results confirmed that in the Macedonian population there are similar allele groups which
are more represented in patients with MS compared to the healthy population [6,7].

These results are consistent with the published papers in the referenced literature [8,9,10,11].
HLA-DRB1*15 is one of the most frequent alleles which is deemed risk for occurrence of MS and bad
prognosis.

Our study confirmed the impact of DRB1*15 allele in the group with MS compared to the
control group. These results are consistent with the published results from various studies around the
world [12, 13].

Our study confirmed the HLA-DQB1*06 allele as a risk allele and HLA-DQB1*03 allele as a
protective allele. Fernandez in a group in Malaga, Spain received results with highest association where
the carriers of DQB1*06 had three times higher risk for development of MS [14].

Conclusion

HLA-A*02, HLA-B*44, HLA-DQB1*03 alleles are protective alleles in the Macedonian
population and reduce the risk for development of Multiple Sclerosis.

HLA-A*03, HLA-DRB1*15, HLA-DQB1*06 are risk alleles and increase the chances for
development of Multiple Sclerosis in the Macedonian population.

Further research is needed to determine the impact to the progression of the disease and HLA
alleles.
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