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HLA-DRBI alleles and genotypes in patients
with relapsing-remitting multiple sclerosis
from western Mexico: a pilot study
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Abstract. The HLA-DRBI alleles are closely related to genetic susceptibility to mul-
tiple sclerosis (MS). There is a high prevalence of MS in Caucasian populations, whereas
non-Caucasian populations have a low prevalence. In Latin American countries, genomes are
made up of a heterogeneous gene pool, which varies between different regions of each coun-
try. The objective of this study was to evaluate the association of alleles and genotypes of
HLA-DRBI in relapsing-remitting multiple sclerosis (RRMS) in Mexican Mestizos of western
Mexico. HLA-DRBI alleles and genotypes were determined for 59 RRMS patients and 434
healthy subjects. The results show that allele HLA-DRBI1*15 (p: 0.013, OR: 2.74) was associa-
ted with risk of RRMS, no others alleles were significantly associated. Whereas, a risk tenden-
cy was observed for alleles HLA-DRBI*09 (p: 0.062, OR: 6.24), HLA-DRBI*04 (p: 0.086,
OR: 1.876) and genotypes HLA-DRBI*15/*13 (p: 0.068, OR: 15.71), HLA-DRBI*15/*04 (p:
0.068, OR: 6.35). Otherwise, the alleles HLA-DRB1*08 (p: 0.062, OR: 0.340) and HLA-DR-
BI1*01(p: 0.062, OR: 0.29) show tendency to a protective effect. Further research is required
about risk alleles in larger patient RRMS cohorts in western Mexico. HLA-DRBI risk allelic
variation in different regions of Mexico for MS further illustrates the genetic heterogeneity of
the Mexican population and the Caucasian influence in shaping the epidemiology of MS in
Mexico.
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Alelos y genotipos HLA-DRBI en pacientes con
esclerosis multiple remitente-recurrente del
occidente de México: un estudio piloto
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Resumen. Los alelos HLA-DRB] estan estrechamente relacionados con la susceptibi-

lidad genética a la esclerosis multiple (EM). Hay una alta prevalencia de EM en las poblaciones
caucasicas, mientras que las poblaciones no caucdasicas tienen una prevalencia baja. En los pai-
ses latinoamericanos, los genomas se componen de un grupo genético heterogéneo, que varia
entre las diferentes regiones de cada pais. El objetivo del estudio fue evaluar la asociacion de
alelos y genotipos de HLA-DRBI en esclerosis multiple recurrente-remitente (EMRR) en mes-
tizos mexicanos del occidente de México. Se realizé un estudio de casos y controles, se deter-
minaron alelos y genotipos de HLA-DRBI de 59 pacientes con EMRR y 434 sujetos sanos. Los
resultados mostraron que el alelo HLA-DRBI*15 (p: 0,013, OR: 2,74) se asoci6 con riesgo de
EMRR, ningun otro alelo se asocid significativamente. Mientras que se observo una tendencia
de riesgo para los alelos HLA-DRBI*09 (p: 0,062, OR: 6,24), HLA-DRBI*04 (p: 0,086, OR:
1,876) y los genotipos HLA-DRBI*15 /*13 (p: 0,068, OR: 15,71), HLA-DRBI*15 /*04 (p:
0,068, OR: 6,35). Ademas, los alelos HLA-DRBI1*08 (p: 0,062, OR: 0,34) y HLA-DRBI1*01
(p: 0,062, OR: 0,29) muestran tendencia de efecto protector. Se requieren investigaciones adi-
cionales sobre los alelos de riesgo en cohortes de mayor tamafio de pacientes con EMRR en
el occidente de México. La variacion alélica del riesgo HLA-DRBI en diferentes regiones de
Meéxico para EM ilustra la heterogeneidad genética de la poblacion mexicana y la influencia
caucasica en la conformacion de la epidemiologia de la EM en México.

Recrbido.: 10-01-2017 Aceptado: 26-10-2017

INTRODUCTION are recognized: one characterized by episodes

of remission and recurrence (remitting-relap-

Multiple sclerosis (MS) is a chronic autoim-
mune inflammatory demyelinating disease of
the central nervous system (CNS) that typica-
lly affects genetically susceptible young adults
(1). This disease involves cognitive and motor
impairment, usually has two developmental sta-
ges (one inflammatory and another degenerati-
ve), mostly occurs around the second or third
decade of life; and, has a female:male ratio of
2:1(2,3). Currently, three clinical presentations

sing), another with gradual progression (pri-
mary progressive) and third, the conversion of
remitting-relapsing to progressive form (secon-
dary progressive). The first two forms account
for approximately 85% and 15% of the cases
respectively, with conversion of 65% of cases
with remitting-relapsing to secondary progressi-
ve subtype (4). Although Mexico is considered
a country with a low prevalence of MS, recent
studies suggest that inhabitants of Mexico, Ar-
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gentina, and Brazil actually have an average risk
for developing the disease (5). Since 1998, MS
is a leading cause of neurological consultation
in Mexico, exhibiting the highest incidence in
the northern and western regions of the country
(6,7).

Several studies have associated certain ge-
nes encoding neuronal and immunological pro-
teins with the disease. Particularly, the Major
Histocompatibility Complex (MHC) seems to
modulate the risk for MS in most populations
and may even exhibit an odds ratio (OR) of
5.4 (3,8). Among the MHC genes, some HLA-
DRBI alleles such as HLA-DRBI1*15, HLA-
DRBI1*03, and HLA-DRBI1*04 emerge as the
main risk-conferring genetic factors (9—11). In
contrast, HLA-DRBI*01 appears to bestow a
protective effect against MS (10,12,13). It has
also been reported that patients with MS who
carry the HLA-DRBI*15 allele have an early
onset and rapid progression of the disease as
well as a favorable response to treatment with
glatiramer acetate (14,15). On the contrary,
HLA-DRBI*04 carriers show an unfavorable
response to treatment with interferon beta (neu-
tralizing antibody production) and slow disease
progression (16). Noticeably, the risk conferred
by HLA-DRBI alleles depends on the indivi-
dual’s genotype with certain allelic combina-
tions increasing (two- or three-fold) and others
decreasing the OR values (10,17).

In accordance with Mexico’s history, the
genetic pool of the current Mestizo population
comprises three main fractions, namely Cau-
casian, Native American, and African genes.
This ancestry varies around the country: there
are more Caucasian genes towards the north
and more Native American genes to the sou-
theast, whereas the proportion of African genes
remains relatively constant (18,19). In Mexico
City, it has been reported that HLA-DRBI*03,
HLA-DRBI1*04, and HLA-DRBI*08 pose risk
for MS (11,20), whereas, the phenotype HLA-

DR13 (HLA-DRBI*13/X) appears to protect
against MS (21). In unselected Mestizos from
the greater Valley of Mexico region, the fre-
quency of the HLA-DRBI alleles with risk for
MS is: HLA-DRBI*15 in 5.5-10.5%; HLA-
DRBI1*08 in 7.8-16.2%; and HLA-DRBI1*04 in
1.5-4.5% (22). In the present work, we compa-
re HLA-DRBI* alleles and genotypes between
MS patients and healthy subjects from western
Mexico.

MATERIALS AND METHODS

The study protocol and informed consent
were reviewed and approved by the Ethics and
Research Committee of the Social Security Ins-
titute of Mexico (Registration/Approval number
R-2010-1301-8). All individuals included in the
study were invited to participate voluntarily, and
they were informed in detail about the research
and written consent.

a) Sample Collection. The study population
was comprised of 59 unrelated relapsing-re-
mitting multiple sclerosis (RRMS) patients
diagnosed according to the revised McDonald
criteria, from the Multiple Sclerosis Clinic and
434 healthy unrelated control subjects from the
Medical Transplant Unit at the National Wes-
tern Medical Center of the Mexican Social Se-
curity Institute (CMNO-IMSS) in Guadalajara,
Jalisco. All individuals were Mexican Mestizos
with parents and grandparents from the State of
Jalisco (Table I). The patient group had an ave-
rage age of 36.26 years (+ 9.84 years), a mean
value of 2.48 points (+ 2 points) in the expanded
disability status scale (EDSS), and a majority
(67.79%) were females. We selected RRMS pa-
tients because other forms of MS probably have
different HLA allele profiles (23). The healthy
controls have an average age of 36.52 years (+
10.51 years) and roughly 1:1 sex ratio (females
53.45%). (Table I).
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TABLE 1
DEMOGRAPHIC CHARACTERISTICS OF RRMS PATIENTS AND HEALTHY
CONTROLS FROM GUADALAJARA, MEXICO.

RRMS patients Healthy controls
(n=59) (n=434) 1
Gender 0.0377
Female (%) 40 (67.79) 232 (53.45)
Male (%) 19 (32.20) 202 (46.54)
Female:male ratio 2.10 1.14
Age (years) mean + SD 36.26+9.84 36.52+10.51

RRMS: relapsing-remitting multiple sclerosis.
p: chi-square.

b) DNA extraction and typing of HLA-DRBI.
Five milliliters (in duplicate) of venous blood,
collected into tubes containing EDTA, were
taken by venipuncture from each of the studied
subjects. We used the DNA Isolation Kit for
Blood/Bone Marrow/Tissue (Roche Molecular
Diagnostics, Meylan, France) to extract DNA,
and the specific single-stranded oligonucleoti-
de probe (SSO) technique with the Dynal RELI
SSO (Invitrogen, Wirral, United Kingdom)
HLA-DRB typing kit for allele typification in
all samples. DNA amplification was done using
a thermal cycler and biotinylated primers under
the following PCR settings: 35 cycles of dena-
turation at 95 degrees for 15 seconds, annealing
at 60 degrees for 45 seconds, and extension at
72 degrees for 15 seconds. Then, the amplicons
were denatured to form single stranded DNA
and hybridized to nylon SSO-fixed membra-
nes containing the complementary sequences.
Binding detection was by colorimetric reaction
and the interpretation by Dynal RELI SSO pat-
tern-recognizing software.

Statistical Analysis

HLA-DRBI alleles and genotypes were
counted in both groups. Odds Ratio (OR) values
were calculated using the SPSS IBM software,

compared by means of the two-tailed Pearson’s
Chi-Square or Fisher exact test when expected
values in any cell are <5, multiple comparisons
correction for adjusted-p values was made with
SAS University software using false discovery
rate (FDR) method (24) and Bonferroni method.
Finally, the Hardy-Weinberg (HW) equilibrium
of genotypic frequencies in both groups was
determined with the online software GENPOP
version 4.2.
RESULTS

a) Analysis of HLA-DRBI alleles. The fre-
quency of HLA-DRB] alleles in 59 MS patients
and 434 healthy controls is shown in Table II,
whereas, inter-group statistical comparisons are
show in Table III. The allele HLA-DRBI*15
(p=10.013) was the only one that retained statis-
tical significance after corrections for multiple
comparisons with OR of 2.74. The alleles HLA-
DRBI*09 and HLA-DRBI*04 show tenden-
cy to increase the risk for developing RRMS,
OR values 6.24 and 1.88 respectively; while, in
contrast, HLA-DRBI1*08 and HLA-DRBI1*01
showed a protective effect tendency against MS
(OR: 0.34 and 0.29, respectively), but none re-
tain significance after multiple comparisons co-
rrection. (Table II and III).
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TABLE 11
FREQUENCY OF HLA-DRBI1 ALLELES IN RRMS PATIENTS
AND HEALTHY CONTROLS
HLA-DRBI RRMS patients (n=59) Healthy controls (n=434)
Allele Count Allele Frequency Count Allele Frequency
16 2 0.0339 20 0.0461
15 15 0.2542 48 0.1106
14 11 0.1864 94 0.2166
13 16 0.2712 91 0.2097
12 1 0.0169 1 0.0023
11 4 0.0678 64 0.1475
10 0 0.0000 13 0.0300
09 4 0.0678 5 0.0115
08 5 0.0847 93 0.2143
07 9 0.1525 53 0.1221
04 41 0.6949 238 0.5484
03 6 0.1017 62 0.1429
01 4 0.0678 86 0.1982

RRMS: relapsing-remitting multiple sclerosis.

b) Analysis of HLA-DRBI genotypes. Out of
68 different genotypes, 27 (39.7%) were present
in RRMS patients, 66 (97.06%) in control sub-
jects, and 25 (36.76%) in both groups. The two
groups were in Hardy-Weinberg equilibrium
(p>0.05). Four genotypes (Table IV), namely
the HLA-DRBI*15/*¥13, HLA-DRBI*15/*04,
HLA-DRBI1¥09/*14, and HLA-DRBI*04/*04
show tendency to association with a higher risk
of developing MS, but after adjusted p value by
FDR method these alleles and genotypes lost
significance. No genotype appeared to confer
protection for MS. (Table 1V).

DISCUSSION

In European populations, the risk of de-
veloping MS is linked mainly to the HLA-

DRB*1501 allele with some additional effects
of other HLA alleles such as HLA-DRBI*0301
and HLA-DRBI*1303. This was demonstrated
in a very broad study of 17456 cases and 30385
controls of 11 cohorts with European ancestry.
The evidence in this study suggests that HLA-
DRBI*1501 exerts a dominant effect and HLA-
DRBI*0301 has a recessive effect on risk of
RRMS. It was found that classical risk alleles
for MS do not interact outside the HLA region
and that, within HLA, the interaction by epis-
tasis is low. The effects of protective alleles for
MS in the evolution of the disease in European
populations are also low, however the effects
that have been demonstrated could be related
to processes of cross reactivity that occur in the
T cell. In conclusion for this study, in the Eu-
ropean population the interactions between the
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TABLE III
ASSOCIATION OF HLA-DRB1 ALLELES WITH RRMS SUBTYPE
Count
RRMS  Healthy
HLA-DRBI Patients Controls Unadjusted ?)dig?azd Adjusted
Allele  “(1-59) (n=434) pvalue  FDR PYalue . OR o
method onferroni
16 2 20 1 0.671 1.0000  0.726  0.165-3.190
15 15 48 0.002 0.013 0.0260 2.741 1.419-5.295
14 11 94 0.596 0.646 1.0000  0.829 0.414-1.659
13 16 91 0.282 0.407 1.0000 1.403  0.755-2.604
12 1 1 0.225 0.18 1.0000 7.466 0.461-120.98
11 4 64 0.096 0.18 0.7680  0.420 0.147-1.200
10 0 13 0.382 0.289 1.0000  0.877 0.848-0.907
09 4 5 0.015 0.062 0.1800  6.240 1.627-23.94
08 5 93 0.019 0.062 0.1900  0.340 0.132-0.873
07 9 53 0.508 0.6 1.0000 1.294  0.602-2.783
04 41 238 0.033 0.086 0.2970 1.876  1.044-3.369
03 6 62 0.390 0.507 1.0000  0.679 0.280-1.647
01 4 86 0.015 0.062 0.1800  0.294 0.104-0.834

RRMS: Relapsing-remitting multiple sclerosis
Bold text = Significant (p<0.05)

p values of Chi-Square or Fisher exact test (when expected values <5).

CI = Confidence interval (95%)
FDR = False discovery rate

classical risk alleles within HLA as well as the
risk alleles outside the HLA is minimal, sugges-
ting a low interaction of polygenic epistasis in
the modulation of risk alleles (25).

In Mexico, the frequency of HLA-DRBI
alleles in our population in control subjects is
similar to that reported in the general population
of Guadalajara, Mexico (26) (Table I). Among
MS patients frequency of the HLA-DRBI*15
allele was twice more frequent than in the con-
trol group. This high frequency is similar to the
12-20% proportion observed in unselected Cau-

casian populations (27). Therefore, patients with
RRMS included in our study appear to have a
higher fraction of Caucasian ancestry. This ob-
servation agrees with the findings of a GWAS in
MS patients and the general population of the
country’s central region, and implies that a grea-
ter European ancestry increases the risk of MS,
whereas a greater genetic Amerindian compo-
nent protects against this disease (28,29). In our
population, the allele associated with increased
MS risk were HLA-DRBI1*15 (p: 0.026;0R:
2.74; CI: 1.419-5.295). This allele has been re-
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TABLE IV
PROBABLE RISK GENOTYPES FOR RRMS SUBTYPE
Frequency
RRMS  Healthy . A 0
. Unadjusted p value
Genotypes patients Controls —value p value Bonferroni CI
(59) 434) P FDR method

method
15/13 4 2 0.002 0.068 0.155 15.71 2.81-87.76
15/04 7 9 0.001 0.068 0.081 6.35 2.27-17.78
09/14 2 1 0.040 0.680 1.000 15.19 1.356-170.2
04/04 7 19 0.033 0.680 1.000 294 1.18-7.328

RRMS: relapsing-remitting multiple sclerosis.

Frequency: the number of times the genotype appeared in the sample.

CI = Confidence interval (95%).
p = Fisher exact test.
FDR= False Discovery Rate.

cognized worldwide to confer risk of develo-
ping MS and other autoimmune diseases.
Gorodeszky et al reported in 1986 (30), the
first study related to HLA and MS in Mexico and
found association with the HLA-A3-B7-DR15
haplotype in MS patients with strong Caucasian
ancestry in central México, but found no asso-
ciation for the HLA-DRBI*15 allele alone. In
2000, Alvarado de la Barrera et al. (20), in a cen-
tral Mexico population reported a small sample
of 17 cases of familial and sporadic MS, they
found high frequency of HLA-DRBI*15 allele.
However, in this study the association with the
HLA-DRBI*15 allele was not clear because of
the small sample size and the mixture of spora-
dic cases with familial cases, in addition, only
seven patients had mestizo ancestors (fathers
and grandfathers). Subsequently, in a sample of
51 mestizos, Alaez et al. (11), reported the HLA-
DRBI*0403 and HLA-DRBI*0802 alleles, but
found no statistically significant association
with the HLA-DRBI*1501 allele. In similar
manner to Alaez et al.(11), we found a tenden-
cy to increase the risk of RRMS of the HLA-

DRBT*04 allele (unadjusted p: 0.033, OR: 1.87,
IC 1.044-3.369), however, we found the opposi-
te for the HLA-DRBI*08 allele (unadjusted p:
0.019, OR: 0.34, IC 1.044-3.369) which had a
tendency to EMRR protection in our study.

In 2015, Flores et al. (21), for the first time,
found a robust risk association for MS with alle-
les HLA-DRBI1*15 like we did in our popula-
tion. Although it was not found for other risk
alleles previously identified in the population
of central Mexico. Flores et al., also found a
protection association for MS for allele HLA-
DRBTI*13, they used very conservative p value
adjustment by Bonferroni method for multiple
comparisons, we also adjusted the value of P
for multiple comparisons by the FDR method
that has greater power than Bonferroni method,
and yet we did not find protection association
for allele HLA-DRB1*13; This suggests that in
Mexico, regional genetic heterogeneity is im-
portant in the determination of risk or protective
alleles for MS. The heterogeneity in the effects
of HLA alleles is reflected in the study of diffe-
rent diseases in Mexico, for example, a pattern
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similar to that found in MS was found in risk
alleles when HLA alleles were studied in leuke-
mia in Mexican Mestizo children (31). Howe-
ver, in an inflammatory disease, clinically rela-
ted to MS, called optic neuromyelitis (NMO),
no common risk alleles were found between MS
and NMO (32).

In our study we did not find the same risk or
protection association profile for MS than in cen-
tral Mexico, paradoxically, we found a tendency
of protective effect for allele HLA-DRBI1*08
(OR: 0.34, unadjusted p value: 0.019, adjusted
p value:0.062). However we find some simila-
rities to central Mexico, allele HLA-DRBI*04
had tendency to increase the risk for RRMS,
alone, in homozygosis or when associated with
HLA-DRBI*¥15. Otherwise, HLA-DRBI*01
appeared with tendency to protect against MS
in our population (OR: 0.29; uncorrected p va-
lue: 0.015; adjusted p value: 0.062). These di-
fferences in risk allele profile could be due to
genetic heterogeneity in Mexican Mestizo, di-
verse regional subtypes of HLA-DRBI alleles,
some epistasis, epigenetic factors; and more im-
portantly, the complex interaction between the
alleles and the environment.

We determined that in western Mexico the
allele HLA-DRBI*15 increases the risk for de-
velopment of MS; and probably HLA-DRB1*09
and HLA-DRBI*04 contribute to this risk too.
Alleles HLA-DRBI*08 and HLA-DRBI*01
emerge with a tendency to being protective
alleles; and the genotypes HLA-DRBI1*15/*13,
HLA-DRBI*¥15/*04, HLA-DRBI1*09/*14, and
HLA-DRBI1*04/*04 have a tendency to increa-
se the risk for development of RRMS. Further
research is required, since we studied a small
RRMS patient cohort.

The HLA-DRBI risk allelic variation in di-
fferent regions of Mexico for MS, further illus-
trates the genetic heterogeneity of the Mexican
population and the Caucasian influence in sha-
ping the epidemiology of MS in Mexico. Accor-

dingly, the higher incidence of MS in western
Mexico, compared with other regions of the
country, reflects a higher European ancestry
therein.
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