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Abstract

Background: Multiple sclerosis (MS) is a chronic, inflammatory, demyelinating, and neurodegenerative autoimmune disease of
the central nervous system (CNS). In the disease, the immune system attacks myelin sheath around neurons. The pathogenesis of
this disease is still unknown, but there is evidence of complex interactions of both environmental and genetic factors. The recent
evidence suggests that HLA class I may also contribute to MS and the negative association and protective role of HLA-A*02 with MS
is confirmed. The current study aimed at investigating the association between HLA-A*02 with MS in Khuzestan province, Iran.
Methods: The current study was conducted on 200 patients with MS and 200 healthy controls from Khuzestan Province. The male
to female ratio was 1:4. HLA typing was performed by polymerase chain reaction (PCR) amplification with sequence-specific primers
(PCR-SSP) method. The association between HLA-A*02 and MS was evaluated with SPSS version 21 using chi-square test.
Results: The most abundant type of MS in the current study participants was RRMS with the frequency of 87.93%, and the remaining
20% had progressive relapsing (PR), primary progressive (PP), and secondary progressive (SP) MS. There was a significant decrease
in the frequency of HLA-A*02 in patients with MS (29%) in comparison with the healthy control (54%) and negative association of
HLA-A*02 with MS (P < 0.0001, odds ratio (OR) = 0.356) was observed. The average of EDSS was 1.9 and most of the patients (about
60.5%) had EDSS of 1 - 3. There was no significant statistical association between HLA-A*02 and the variables of gender, ethnicity, EDSS
grade, and type of MS in the study participants.
Conclusions: According to the current study results, HLA–A*02 genotype decreased the risk of MS and had a protective role against
multiple sclerosis in Khuzestan Province.
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1. Background

Multiple sclerosis (MS) is a chronic inflammatory neu-
rodegenerative disorder in which the insulating coats of
nerve cells in the brain and spinal cord are damaged (1).
This damage disrupts communications in the nervous sys-
tem resulting a wide range of signs and symptoms (2, 3).
Some of the clinical features include visual problems such
as nystagmus, optic neuritis or double vision, acute or
chronic paint, muscle spasm, and difficulty in movement
(4). There are significant differences in the occurrence of
MS in various geographical regions. About 30 years ago,
Kurtzke (5, 6) classified geographical areas in 3 regions ac-
cording to MS prevalence: (1) high > 30/100,000, (2) inter-
mediate (5 - 25/100,000), and (3) low risk < 5/100,000. Also,
he reported that the prevalence of MS increases with in-
creasing latitude (7).

The age of onset is typically between 20 - 40 years and

females are at risk 3 times more than males (8, 9). Ap-
proximately, 350,000 individuals in the United States and
2.5 million individuals globally are affected by MS (10).
The worldwide medium prevalence increased from 30 (in
2008) to 33 per 100,000 individuals (in 2013) (11). Recent
investigations showed that the prevalence of MS in Iran in-
creased significantly (12) and it was 45/100,000 individuals
(in 2011) (13). In the recent studies, the prevalence of MS
in Khuzestan province, South-West of Iran, was 15 - 18.50
per 100,000 people (14, 15). The clinical studies described
4 types of MS: 1) About 85% of the affected patients are di-
agnosed with relapsing-remitting (RRMS) type of MS, a re-
lapse phase followed by remission phase (16); 2) The sec-
ond most frequent type of MS is secondary progressive MS
(SPMS) that occurs in about 30% of the patients (1); 3) The
third type of MS that affects 10% - 15% of people with MS is
called primary progressive MS (PPMS) (17); 4) Progressive-
relapsing MS (PRMS) occurs in 5% of cases and has over-
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lap with PPMS and SPMS (7). The Kurtzke expanded disabil-
ity status scale (EDSS) is a method to quantify disability in
multiple sclerosis. The EDSS quantifies disability in 8 func-
tional systems consisting of pyramidal, brainstem, cere-
bral, sensory, bowel and bladder, visual, cerebellar, etc.,
and allows neurologists to assign a functional system score
(FSS) in each of such cases. The range of EDSS varies from 0
to 10 (0 describes no disability and 10 describes death due
to MS) (18).

MS is a multifactorial disease and there are different
factors involved in the pathogenesis of the disease. Genetic
components play an important role in MS disease, either
by themselves or in communication with environmental
factors (19). Studies about twins revealed 25% - 30% concor-
dance rate in monozygotic twins compared with dizygotic
twins with 5% concordance (20). Monozygotic twins are
by birth genetically identical and 30% concordance rate in
monozygotic twins indicates that additional factors such
as virus infections, diet, exposure to sunlight, and geo-
graphical distribution can be involved in trigger and de-
velopment of multiple sclerosis (21, 22). One of the most
important genetic factors in pathogenesis of MS is MHC
(major histocompatibility complex) genes located in short
arm of the chromosome 6 (6p21.3) (2) responsible for 20%
- 60% of genetic factors that contribute to the susceptibil-
ity to MS (23). This region of genome is extensively studied
due to its important roles in autoimmune, infectious and
inflammatory diseases, and in transplantation (24).

The function of MHC molecules is to bind peptide anti-
gens derived from pathogens and present them on the
cell surface to be identified by the related T-cells (25). The
mechanisms of association of MHC with the disease are
not clearly understood. One long-held view suggests a
breakdown in immunological tolerance to self-antigens
through aberrant class II presentation of self or foreign
peptides to autoreactive T-lymphocytes. Thus, it seems
likely that specific MHC class II alleles determine the target-
ing of particular autoantigens resulting in disease-specific
associations (24). The MHC genes include HLA (human
leukocyte antigen). There are 3 classes of HLA I-III. Class I
and II gene products are highly polymorphic cell surface
glycoproteins involved in discrimination of self from non-
self by the immune system. Class I includes HLA-A, B, and C
genes and class II includes HLA-DP, DQ, and DR (25). Class
III region includes genes encoding 4 serum proteins of the
complement system, i e, C2, Bf, C4A, and C4B, and steroide
21-hydroxylase (26). Association of HLA genes with MS was
studied about 40 years ago and the protective role of HLA-
A*02, one of the major types of HLA-A gene, in MS was con-
firmed (23).

The current study aimed at investigating the effect and
association of HLA-A*02 antigen with genetic susceptibil-

ity/resistance to MS, and determining the impact of HLA-
A*02 on gender, ethnicity, type of MS, and EDSS in patients
with MS in Khuzestan Province, Iran.

2. Methods

2.1. Study Groups

There were 2 groups in the current study. One group
included 200 patients with MS from Khuzestan Province
that their diseases were diagnosed according to McDon-
ald criteria (recommended diagnostic criteria for multi-
ple sclerosis) (27) by the expert neurologist, and the other
group included 200 healthy controls that matched by the
patients group for age and gender. The healthy group
did not have any autoimmune or inflammatory diseases.
The mean age of the patients was 31.6 years, ranged 16 -
50; in the healthy control group, the mean age was 30.9
years. Genomic DNA extraction was performed by salting
out method as follows: 2 - 10 mL blood sample in ethylene-
diaminetetraacetic acid (EDTA) was transferred to a 15-mL
tube and centrifuged at 13,000 g for 10 minutes. The super-
natant was discarded and a solution of 1% SDS, 5 mM EDTA,
10 mM Tris-HCl, and proteinase K (10 mg/mL) was added to
the precipitate and incubated for 2 hours at 37°C. Then, sat-
urated NaCl was added to the tube, shaken well and cen-
trifuged at 13,000 g for 5 minutes. The upper aqueous layer
was transferred to a clean tube and 0.7X isopropanol was
added. The precipitated DNA was collected by centrifuga-
tion at 13000 g for 2 minutes and 2X of 100% ethanol was
added to the precipitate. After centrifugation at 13000 g
for 2 minutes, the pellet was dried until all the ethanol was
evaporated off. Then, the pellet was dissolve in an appro-
priate amount of sterile water.

2.2. HLA Typing

The HLA-A*02 typing was investigated by the poly-
merase chain reaction (PCR) amplification method on the
extracted genomic DNA with sequence-specific primers
(PCR-SSP). Each PCR-SSP reaction was deemed to have
worked if the internal control amplification was observed.
Myelin oligodendrocyte glycoprotein (MOG) gene was
used as the internal control. A pair of primers was used as
HLA-A*02 primers for amplification of related HLA antigen.
Also, a pair of MOG primers was used as the internal posi-
tive control (Table 1). The PCR solutions were prepared as
follows: 100µg genomic DNA, 200µM dNTP, 1.5 mM MgCl2,
2.5 units SuperTaq polymerase (Genfanavaran, Iran), and
25 pmol of each primer. PCR was performed in a total vol-
ume of 25 µL in 35 cycles. PCR conditions were as follows:
95°C for 2 minutes; 30 cycles of 95°C for 30 seconds, 59°C
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for 30 seconds, 72°C for 30 seconds; and then 72°C for 5 min-
utes. Finally, several samples were randomly sequenced to
validate the results.

Table 1. Primer Sequences

Name Primer Sequence Tm, °C

HLA-A*02-F 5′ -TCCTCGTCCCCAGGCTCT-3′ 60.5

HLA-A*02-R 5′ -CCCCAGGTCCACTCGGTG-3′ 62.8

MOG-V142-F 5′ -GGGACCAATTCTGTGTCCC -3′ 60

MOG-V142-R 5′ -TGAACCCAGAAGTCACTC ACA -3′ 59

The presence of HLA-A*02 antigens were detected by
the appearance of 249-bp bands on gel electrophoresis.
The band size of MOG gene was 356 bp, which should be ap-
peared in all samples (Figure 1). The frequency of the HLA-
A*02 was determined as a percentage and the significance
association of HLA-A*02 with MS was evaluated with SPSS
version 21 statistical software using chi-square test. P val-
ues less than 0.05 were considered the level of significance.
Also, correlations between HLA-A*02 and EDSS , type of MS,
gender, ethnicity, and some clinical symptoms of MS were
investigated.

Figure 1. Gel electrophoresis. Column 1 is a 100-bp marker. Column 2, 3 are negative
controls, columns 4, 5, 6, and 8 are positive samples, columns 7 and 9 are negative
samples. Control MOG gene PCR product was 365 bp and HLA-A*02 PCR product was
249 bp.

3. Results

The male to female ratio in patients was 1:4 (Table 2)
and the most abundant type of MS in the patient group was
RRMS with the frequency of 87.93% (Table 3). Chi-square,
statistical analysis, and the Pearson chi-square models
were used to determine the association between HLA-A*02
and different variables in patients with MS. As shown in

Table 4, there was a significant decrease in the frequency
of HLA-A*02 in patients with MS (29%) in comparison with
those of the healthy controls (54%); and a negative asso-
ciation between HLA-A*02 and MS (P < 0.0001, odds ratio
(OR) = 0.356) was also observed. The data indicated the pro-
tective role of HLA-A*02 against MS in Khuzestan Province.
The average of EDSS was 1.9 and most of the patients (about
60.5%) had EDSS 1 - 3 (Table 5). Two ethnic groups were stud-
ied, Arab and Persian. The number of Arab and Persian in-
dividuals was 44 and 72, respectively (37.9% vs. 62.1%) (Table
6). There was no significant statistical association between
HLA-A*02 and variables of gender, ethnicity, EDSS, and type
of MS in the current study. Some of the clinical symptoms
and their frequencies are shown in Table 7 and Figure 2.

Table 2. Relationship Between HLA-A*02 and Gendera

Gender HLA-A*02 P Value

No Yes

Male 28 13 0.723

Female 106 43

Total 134 56

aOR = 0.874, 95%CI: 0.414 - 1.844
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Figure 2. Frequency of HLA-A*02 in Case and Control Groups

4. Discussion

According to the studies by Kurtezke, Iran is located
at the low-risk area for MS. However, recent studies re-
vealed that multiple sclerosis is increasing in Iran. There
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Table 3. Relationship Between HLA-A*02 and Type of MSa

HLA-A*02 Disease P Value

RRMS Other Total

No

Count 104 17 121

% of total 59.8% 9.8% 69.5%

Yes

Count 49 4 53 0.226

% of total 28.2% 2.3% 30.5%

Total

Count 153 21 174

% of total 87.9% 12.1% 100.0%

aOR = 0.499, 95%CI: 0.160 - 1.563.

Table 4. Frequency of HLA-A*02 in Patients With Multiple Sclerosis and Controlsa

P Value Population HLA-A*02

Control Case

< 0.0001

108 59 +

92 141 -

200 200 total

aOR = 0.356, 95%CI: 0.236 - 0.538.

are some explanations for the increasing pattern of MS in
the Middle-East and also Iran. One of the most important
causes may be the age of the population in Iran. Iran has
a very young population, with the majority age range of
15-30 years. The fact that the disease is more prevalent in
young adults means that age may be an important factor
for the rise in the prevalence (13). The relationship between
vitamin D deficiency and MS is reported by several stud-
ies. Accordingly, the increase in the prevalence of vitamin
D deficiency may be another explanation for the rise in the
prevalence of MS in Iran. This may be the consequence of
the rise in the use of cosmetics and sunscreen creams, or
exacerbation of air pollution, especially in industrial areas
such as Isfahan, Tehran, and Fars provinces, all of which
have the highest rates of MS cases in Iran (12).

Therefore, Iran can be accounted as an intermediate
risk area. For this reason, investigation on MS is neces-
sary in Iran. Frequencies of class II of HLA include HLA-
DQB1*0602, -DRB1*1501, and -DRB5*01 variants in the MS
population of Khuzestan Province were already reported;
association of HLA-DRB1*1501 and no association of HLA
DRB5*01 and HLA-DQB1*0602 with MS in the population
were observed (28-30). The current study investigated the

Table 5. Relationship Between HLA-A*02 and EDSSa

EDSS HLA-A*02 Total

No Yes

0

Count 18 8 26

% of total 10.5% 4.7% 15.1%

1 - 3

Count 81 40 121

% of total 47.1% 23.3% 70.3%

3 - 5

Count 15 3 18

% of total 8.7% 1.7% 10.5%

> 5

Count 5 2 7

% of total 2.9% 1.2% 4.1%

Total

Count 119 53 172

% of total 69.2% 30.8% 100.0%

aP Value = 0.43.

association between HLA-A*02, an important type of HLA-A
gene of HLA class I in the diagnosis or pathogenesis of MS,
and MS in Khuzestan Province, Iran.

It is believed that MS is predominant among females
compared to males (31-33). In the current study the female
to male ratio was 4:1, which confirmed that MS was more
common in females than in males. In a review in 2013
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Table 6. Relationship Between HLA-A*02 and Ethnicitya

HLA-A*02 P Value

No Yes

Arab 32 12 0.70

Persian 50 22

Total 82 34

aOR = 1.173, 95%CI: 0.511 - 2.695.

Table 7. Relationship Between HLA-A*02 and Some Clinical Symptoms

Symptom HLA-A*02, % P Value

No Yes

Headache 51.7 24.6 0.716

Blurred vision 44.7 24.3 0.479

Constipation 49.3 18.7 0.539

Limbs numbness 43.22 22.03 0.43

Frequent urination 40.6 17.4 0.415

from Iran, the reported ratio ranged 1.8 to 3.8 (34). Also,
other study from Khuzestan Province reported that most
patients with MS (70.5%) were female (35). Moreover, the
results of the current study revealed that the RR was the
predominant type of MS. Recent studies from Iran also re-
ported that the majority of patients with MS (80.1%) and
(92.1%) had RR in Qom and Khuzestan provinces, respec-
tively (35, 36).

In the current study, most of the patients had EDSS 1 - 3.
These results were in agreement with other data from in-
vestigating the epidemiology of MS in Khuzestan province
(85% of the patients had mild disease (0 - 3) (35).

Kobelt showed that EDSS score was different between
countries (Germany 3.8 (± 2.3), Netherlands 3.9 (± 2.2),
Switzerland 4.5 (± 2.4), and the UK 5.1 (± 2) (37).

The current study found that HLA-A*02 had a protec-
tive role against MS in Khuzestan Province (P < 0.0001,
OR= 0.356, 95%CI: 0.236 - 0.538). This finding was in line
with the studies in other populations such as Portuguese
(38), Italian (39), Swedish (40), Italian-UK (41), and African-
Americans (42). All of the investigations confirmed the
negative association of HLA-A*02 with MS. In the study on
Portuguese population, the authors indicated the protec-
tive role of HLA-A*02 allele in the Portuguese patients with
MS (P = 0.001, OR = 0.53) (38). However, the results of the
current study did not match with those of other studies in
Iran. In a study in Tehran, there was no association between
HLA-A*02 and MS. In the study, the frequencies of HLA-A*02
were 36.7% and 35% in the case and control groups, respec-
tively (43). In a study in Kerman, the results did not confirm
the negative association of HLA antigen with MS, but a pro-

tective role of HLA-A*02 for some of the clinical symptoms
such as spasticity was observed (44). In a genome-wide as-
sociation study of the A and B locus of the HLA system, Lotfi
et al. did not report the protective role of HLA-A*02 against
MS (45). Also, in a study by Ramadan et al., on Arab popu-
lation, there was no association between MS and HLA-A*02;
but similar to the study in Kerman, they reported a protec-
tive role of HLA-A*02antigen against muscular dysfunction
in Arab patients with MS (46).

The current study investigated the differences of HLA-
A*02 frequency between Arab and Persian populations in
Khuzestan Province; there was no significant differences in
the frequency of this HLA type between the 2 populations
(Table 6). Also, there was no significant differences in HLA-
A*02 frequency between males and females in Khuzestan
Province (Table 2). Furthermore, the effect of HLA-A*02 on
some common clinical signs was examined. No protective
role of this HLA type on the clinical symptoms of MS was
observed (Table 7). Some of the clinical features of MS were
more frequent in the current study cases in comparison
with those of other studies including headache, blurred
vision, constipation, limbs numbness, and frequent uri-
nation, and the reason can be attributed to genetic back-
ground of Khuzestan Population. It can be concluded that
HLA–A*02 genotype decreased the risk of MS and had a pro-
tective role against MS in Khuzestan Province. It is recom-
mended to evaluate this allele in MS patients in the other
provinces of Iran for more documented results.
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