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Abstract This is one of the first studies to compare the
frequencies of different human leucocyte antigen (HLA)
class I and II alleles and haplotype HLA-DRB1*15-
DQB1#06 in a cohort of 119 patients with multiple scle-
rosis (MS) and a cohort of 124 healthy controls in Belgium.
An association with MS was found for the HLA-DRB1*15
(odds ratio [OR] 2.60 [95% confidence interval (CI)
1.51-4.50]) and HLA-DQB1*06 (OR 197 [95% CI
1.18-3.29]) alleles, and for haplotype DRB1*15-DQB1*06
(OR 2.63 [95% CI 1.52-4.56]). The HLA-B*07 allele also
tended to be more frequent in MS patients (OR 1.46 [95%
CI 0.80-2.65]) and more frequent among MS patients with
than in those without the HLA-DRB1*15 allele (26/54
[48.1%] versus 6/65 [9.2%]; p value <0.0001). Other
alleles were underrepresented in MS patients, such as the
HLA-DRB1*07 (OR 0.39 [95% CI 0.21-0.73]) and HLA-
A*02 (OR 0.56 [95% CI 0.34-0.94]), showing a protective
role against the disease. The HLA-B*44 (OR 0.58 [95% CI
0.31-1.09]) and HLA-DRB1*04 (OR 0.75 [95% CI
0.42-1.34]) alleles tended to be less frequent in MS
patients. Altogether, the significant results observed in this
population are in line with those from other countries and
confirm that propensity to MS can be due to a complex
presence of various HLA class I and class II alleles.
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Introduction

Multiple sclerosis (MS) is a common autoimmune neuro-
logical chronic disease, mostly affecting young adults [1].
The causative agents for MS are still unclear, but it is well
established that genetic predispositions combined with
environmental factors play a central role in the develop-
ment of the disease [1-6]. Even though a recent study
analyzing samples from almost 30,000 MS patients has
identified 110 MS risk variants at 103 discrete loci outside
the major histocompatibility complex (MHC) [7], the
genetic susceptibility to MS is mainly determined by
human leucocyte antigens (HLA), a cluster of genes loca-
ted within the MHC on the short arm of chromosome 6 at
p21.3 [3, 8]. In almost all populations studied, MS was
found to be associated with HLA class II risk alleles
[3, 8-16]: mainly, the DR15 specificity and its individual
alleles (DRB1*#15:01-DQA1*01:02-DQB1*06:02)
[3, 16-19], but also other class II risk alleles (HLA-
DRB1*#13:03, HLA-DRB1*03:01, HLA-DRB1*#08:01 and
HLA-DQB1%03:02) as shown by the high-resolution map
of HLA genetic risk that was recently built from the data of
17,465 MS cases and 30,385 controls [16]. Although
considered as secondary to DR15 contribution, HLA class I
alleles could also be associated with reduced (HLA-
A*02:01, HLA-B*44:02, HLA-B*38:01 and HLA-
B*55:01) or increased (HLA-A*03, HLA-B*07) suscepti-
bility to MS [16, 20, 21]. Among class II risk alleles and
class I protective alleles, the recent refinement study has
identified two interactions that modulated the risk of MS:
HLA-DQA1*01:01-HLA-DRB1*15:01 and HLA-
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DQB1*03:01-HLA-DQB1*#03:02 [16]. Here, we present
the results of a study that compared the incidence of
specific HLA alleles and haplotypes in a cohort of MS
patients and a cohort of healthy controls in Belgium, where
the disease affects about 10,000 people.

Methods
Study population

This study included 119 consecutive patients with MS who
were followed at the Hopital Erasme, Faculty of Medicine,
Université Libre de Bruxelles, Belgium. All patients were
diagnosed with MS according to the criteria proposed by
McDonald et al. [22]. Patients with relapsing/remitting MS
(RRMS), primary progressive MS (PPMS) or secondary
progressive MS (SPMS) were included in the study. As
control population, we used data from 124 anonymized
consecutive healthy organ donors at the Hopital Erasme for
whom the HLA typing of studied loci was available. The
study was approved by the local ethics committee (Ap-
proval No.: P2013/098/B406201316929).

HLA typing

HLA typing was performed on DNA extracted from
peripheral blood mononuclear cells, by low- to intermedi-
ate-resolution polymerase chain reaction using sequence-
specific oligonucleotides (PCR-SSO). Reverse dot blotting
was carried out on a nylon membrane containing immo-
bilized sequence-specific oligonucleotide probes used for
the typing of HLA class I (HLA-A*02, HLA-B*07, HLA-
B*44) and HLA class II (HLA-DRB1*15, HLA-DRB1*04,
HLA-DRB1%07, HLA-DQB1%06) alleles (INNO-LiPA®,
Fujirebio).

Statistical methods

The allele carrier frequencies were determined by direct
counting and calculated as the number of participants
carrying the specific allele (either at homozygous or
heterozygous status) divided by the total number of par-
ticipants. Comparisons of frequencies for the HLA-
DRB1*15, HLA-DRB1*04, HLA-DRB1*07, HLA-A*02,
HLA-B*44, HLA-B*07 and HLA-DQB1*06 alleles, and
the DRB1*15-DQB1*06 haplotype between the MS
patients and the controls were carried out using Chi-square
test. Associations of particular alleles with MS were
expressed as odds ratios (ORs) with 95% confidence
intervals (95% Cls). For every comparison, p values <0.05
were considered to be statistically significant. All p values
were based on two-tailed tests. Bonferroni’s method was
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used for correction by multiplying the p value obtained by
the total number of alleles considered at each locus. Sta-
tistical analysis was performed using STATA 12.

Results
Characteristics of participants

The demographic characteristics of the 119 MS patients
and 124 healthy controls were comparable. This study
included 79 women and 40 men with MS. Among these
patients, 105 had RRMS, 8 had SPMS, and 6 had PPMS.
The mean age of the MS patients was 44 years.

Frequency of HLA alleles

The frequencies of HLA class I and class II alleles in
patients with MS and in the control population are shown
in Table 1. The HLA-DRB1*15 allele (OR 2.60 [95% CI
1.51-4.50]), the HLA-DQB1*06 allele (OR 1.97 [95% CI
1.18-3.29]) and the haplotype DRB1*15-DQB1*06 (OR
2.63 [95% CI 1.52-4.56]) were more frequent in patients
with MS. Although not statistically significant, the HLA-
B*07 allele also tended to be more frequent in MS patients
(OR 1.46 [95% CI 0.80-2.65]). Moreover, the HLA-B*(07
allele was more frequent among MS patients with the
HLA-DRB1*15 allele than in patients without the HLA-
DRB1*15 allele (26/54 [48.1%] versus 6/65 [9.2%]; p value
<0.0001).

Other alleles were found to be underrepresented in MS
patients, like the HLA-DRB1*07 (OR 0.39 [95% CI
0.21-0.73]) and HLA-A*02 (OR 0.56 [95% CI 0.34-0.94])
alleles. Although no statistically significant effect of the
HLA-B*44 (OR 0.58 [95% CI 0.31-1.09]) and HLA-
DRB1*04 (OR 0.75 [95% CI 0.42-1.34]) alleles was
observed, both alleles tended to be less frequent in MS
patients when compared with the control group. Within the
cohort of MS patients, no statistically significant difference
was detected in terms of frequencies of HLA-A*02 (20/54
[37.0%] versus 22/65 [33.8%]; p value = 0.72) and HLA-
B*44 (6/54 [11.1%] versus 14/65 [21.5%]; p value = 0.13)
alleles between MS patients with and without the HLA-
DRB1*15 allele.

Discussion

Different risk and protective alleles as well as combination
of alleles modulating the risk for MS have been identified
in MS patients across the world, stressing the importance of
the genetic background in this disease. The present study
was one of the first to investigate HLA class I and class II
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Table 1 Phenotypic

frequencies of HLA alleles in Allele MS group Control group OR (95% CI) p value p value o,
patients with MS and controls N n (%) N n (%)
A*02 119 42 (35.3) 124 61 (49.2) 0.56 (0.34-0.94) 0.03 0.03
B*07 119 32 (26.9) 124 25 (20.2) 1.46 (0.80-2.65) 0.22
B*044 119 20 (16.8) 124 32 (28.8) 0.58 (0.31-1.09)  0.09
DRBI1*15 119 54 (454) 124 30 (24.2) 2.60 (1.51-4.50) 0.001 0.003
DRB1*04 119 28 (23.5) 124 36 (29.0) 0.75 (0.42-1.34)  0.33
DRB1*07 119 18 (15.1) 124 39 (31.5) 0.39 (0.21-0.73)  0.003 0.009
DQB1*06 119 73 (61.3) 121 54 (44.6) 1.97 (1.18-3.29)  0.009 0.009
DRB1*15-DQB1*06 119 53 (44.54) 124 29 (23.39) 2.63 (1.52-4.56) 0.001

Bonferroni’s method was used for correction for multiple comparisons (p value o)

HLA human leucocyte antigen, MS multiple sclerosis, N number of participants tested in each group, n (%)
number (percentage) of participants expressing the allele, OR odds ratio, CI confidence interval

Bold indicates that there is a statistically significant difference at the p < 0.05 level

alleles and their effect on MS susceptibility in Belgium.
Two previous studies conducted in the 1990s showed that
the DR2 haplotype (now preferentially covered by HLA-
DR15 and HLA-DRI16 serotype group, primarily recog-
nizing gene products of the HLA-DRBI1*15 and HLA-
DRBI1*16 allele groups) (relative risk [RR] = 3.71), the
HLA-DRBI*¥1501 allele (RR = 2.47; p value = 0.0035),
and the DRBI*1501-DQA1*0102 haplotype (RR = 2.65;
p value = 0.0013) were positively associated with MS in
Belgium [23, 24]. A more recent study conducted in 468
Belgian patients with MS and 482 controls confirmed the
association of the HLA-DRB1*1501 allele with MS (OR
2.67 [95% CI 2.11-3.38]; p value =5 x 107%") [25].
Moreover, 313 cases and 1705 controls from Belgium were
included in the recent refinement study, which has built a
high-resolution map of HLA genetic risk and has assessed
interactions involving classical HLA alleles [16]. The
significant results observed in the present study are in line
with these previous findings and with other studies con-
ducted in other countries, and confirm the complex role of
HLA class I and II genes.

Our results confirmed that HLA class II alleles are
associated with MS risk. The HLA-DRB1*15 allele and the
DRB1*15-DQB1*06 haplotype were clearly associated
with the disease, which is in line with the results of broader
studies conducted in Europe, and especially in Caucasian
populations [3, 11, 12, 14, 16, 23, 25-30]. The recently
published fine-mapping study confirmed that MS risk was
dominated by the HLA-DRBI*15:01 (OR 3.92,
p value = 2 x 107°%) allele and suggested that the HLA-
DQB*06:02-HLA-DRB1*15:01 haplotype was associated
with younger age of disease onset [16]. A positive asso-
ciation was also found for the HLA-DQBI1*06 allele, in
accordance with previous studies conducted in 282 patients
with MS in Slovakia (OR 1.99 [95% CI 1.38-2.87]) [12], in

94 MS patients compared with 98 healthy patients in Italy
(DQB1*#06:02; RR = 3.32) [31] and in 149 patients with
MS in Spain (DQB1*06:02; OR 3.1 [95% CI 1.9-5.2])
[32]. Previous association studies performed in African
Americans to better localize the HLA gene responsible for
MS susceptibility showed that the DRB1*1501 disease
associations were independent of DQB1#0602, indicating a
primary role for the DRB1 locus in MS and a potential
modulating influence of the DQB1 locus on clinical out-
come [19]. In our study, the frequency of HLA-B*07 allele
tended to be higher in MS patients, although the associa-
tion was not significant, and this allele was more frequent
among MS patients with the HLA-DRB1*15 allele than in
patients without the HLA-DRB1*15 allele. This observa-
tion is in line with a previous study that found an increased
frequencies of HLA-B*0702 in MS patients (secondary to
DRB1*15, DQB1*06) [33]. The association of MHC class
I alleles with susceptibility to MS supports a possible role
of certain immune cell types, such as CDS8™ T cells, in the
onset of MS [20]. In a previous study, CD8" T cells rec-
ognizing Epstein Barr virus-derived peptides (in the con-
text of HLA-A*02 or HLA-B*07) tended to be more
frequently observed in MS patients than in controls [34].
In our study, other alleles were underrepresented in MS
patients compared with healthy controls. The HLA-
DRB1*#07 allele had a protective role against MS devel-
opment, confirming the results of previous studies con-
ducted in 282 patients with MS in Slovakia (OR 0.53 [95%
CI 0.34-0.83]) [12], in 1784 patients from Scandinavia [9],
and a previous meta-analysis in Caucasians [11]. The HLA
class I HLA-A*02 allele was also underrepresented in
patients with MS; these results are in line with the recently
published fine-mapping study (OR 0.67,
p value = 7.8 x 10770) [16] and remind of previous
studies conducted in 532 patients with MS in the USA (OR
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0.67 [95% CI 0.55-0.81) [20], 1273 Italian MS patients
(OR 0.61 [95% CI 0.51-0.72]) [35], Portuguese MS
patients [36], 1084 Swedish patients (OR 0.63;
p value = 7 x 107'%) [37] and 200 Swedish patients (OR
0.52; p value = 0.0015) [33]. Although the effect was not
significant, the HLA-B*44 allele tended to be less frequent
in MS patients, which is in line with the results of the
recent fine-mapping study (OR 0.78,
p value = 4.7 x 107'7) [16] and a previous study showing
that this HLA class I allele reduced the susceptibility to MS
(OR 0.62 [95% CI 0.48-0.80]) [20]. Finally, the HLA-
DRB1*#04 allele also tended to be less frequent in MS
patients when compared with controls, which confirmed
the results of a study previously conducted in Spain [32].

Altogether, these results confirm that the propensity to
MS can be due to a complex presence of various HLA class
I and class II alleles. The frequency of different HLA
alleles playing a role in MS observed in this study con-
ducted in Belgian patients shows that while some HLA
class I and class II alleles are associated with MS risk,
especially the HLA-DRB1*15 and HLA-DQB1*06 alleles
and the haplotype DRB1*15-DQB1*06, others confer
protection against MS, especially the HLA-A*02 and
HLA-DRB1*07 alleles.
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