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Available 20 July 2025 development of lesions within the brain and spinal cord. Genetic predisposition,

particularly involving human leukocyte antigen (HLA) genes, plays a pivotal
role in MS susceptibility. The HLA-DQB1*05 allele has been hypothesized to
influence MS risk, though its role in diverse populations remains underexplored.
This study investigates the association between the HLA-DQB1*05 allele and
MS in the Tehran population, aiming to elucidate its protective or risk-
conferring effects in an Iranian context. A case-control study was conducted
with 290 participants, comprising 160 healthy controls and 130 MS patients

ii{f,“ﬁ;fﬁ;me disease diagnosed according to the McDonald criteria. Peripheral blood samples were
HLA-DQB1*05 collected, and genomic DNA was extracted using the salting-out method. The
Multiple sclerosis presence of the HLA-DQB1*05 allele was determined using sequence-specific
SAP-PCR amplification polymerase chain reaction (SAP-PCR). Statistical analysis

revealed a striking disparity in allele frequency: 52.5% of controls carried HLA-

DQB1*05, compared to only 14.6% of MS patients (p< 0.001). The odds ratio

(OR) for MS risk in allele-negative individuals was 6.46 (95% CI: 3.63-11.50),

underscoring a robust protective effect. Chi-square analysis confirmed that

) neither age (p= 0.41) nor gender (p= 0.53) significantly influenced this
*Coéeép%dl':}'lg a.“;hors:‘ ® association. Further analysis demonstrated a gene-dose effect: homozygous
r.n.akr?BEig&asll’lséﬁﬁ.laCir carriers of HLA-DQB1*05 had twice the protective advantage (OR: 0.15)
\compared to heterozygotes (OR: 0.30), suggesting allele dosage critically

modulates MS risk. These findings align with global studies on HLA genes but

highlight population-specific variations, as the protective effect of HLA-

DQB1*05 in Tehran contrasts with reports of neutral or risk-conferring effects

in other cohorts. This study provides compelling evidence that HLA-DQB1*05

significantly reduces MS susceptibility in the Tehran population, likely through

immune-modulatory mechanisms. The allele’s dose-dependent protection and

population-specific role underscore the importance of genetic context in MS

p-ISSN 2423-4257 research. Future work should explore functional mechanisms and validate these
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Introduction (Compston and Coles, 2008). The disease
manifests with diverse symptoms, including
sensory, motor, visual, and cognitive
impairments, significantly impacting patients’
quality of life (Frohman et al., 2006). Globally,
MS affects approximately 2.3 million individuals,

Multiple sclerosis (MS) is one of the most
prevalent autoimmune neurological disorders,
characterized by  chronic  inflammation,
demyelination, and plaque formation in the white
and gray matter of the brain and spinal cord

[c<OX=EM| This work is licensed under the Creative Commons Attribution 4.0 International License


https://creativecommons.org/licenses/by/4.0/deed.en
http://sc.journals.umz.ac.ir/
https://doi.org/10.22080/jgr.2025.29691.1442
https://doi.org/10.22080/jgr.2025.29691.1442

Khabiri and Nakhaei Sistani, J Genet Resour, 2025; 11(2): 174-182

with higher prevalence in regions of high latitude,
such as Northern Europe and North America
(Milo and Kahana, 2010). In Iran, the incidence
of MS has risen sharply, from 0.68 per 100,000 in
1989 to 2.93 per 100,000 in 2008, particularly in
urban centers like Tehran (Elhami et al., 2011),
with Tehran reporting the highest national
prevalence (5.1 per 100,000) due to urban
environmental exposures and genetic admixture
(Elhami et al., 2011; Sahraian et al., 2013).

The pathogenesis of MS results from a complex
interplay of genetic and environmental factors.
Environmental contributors, such as vitamin D
deficiency, viral infections (e.g., Epstein-Barr
virus), and urban environmental factors, are well-
documented risk factors (Ascherio and Munger,
2007). Nevertheless, genetic factors, especially
those related to the human leukocyte antigen
(HLA) system, are critically important in
determining susceptibility to multiple sclerosis.
(Dendrou et al., 2015). The HLA genes, located
on chromosome 6, regulate immune responses by
presenting antigens to T-cells (Abbas arg
Lichtman, 2025). Specific HLA class 1l alleles;
namely HLA-DRB11501, HLA-DQA10102, and
HLA-DQB1*0602, have been con3|stently
implicated in multiple sclerosis susceptifi
across populations, including in Ir
al., 2010; Ghabaee et al., 2009).
specific HLA alleles such as HLA-DRB
HLA-B12 have demonstrated profective

familial MS studies, reinforgingthe nation that
protective class Il (and\eye eles can
shape disease susceptl hi 1., 2012).

were significanfly lesS frequent among Slovak
MS patients (OR=,0.39, P < 0.05), implying its
potential to itigate autoreactive immune
processes. Similar trends were observed in
German and Polish cohorts (Schmidt et al., 2017;
Cierny et al., 2015). Notably, HLA-DQB1*05°s
protective mechanism may involve competitive
binding of myelin antigens, reducing pathogenic
T-cell activation (Jones et al., 2018).

Recent high-resolution HLA studies have
highlighted that variation within the HLA-DQB1
locus exerts heterogeneous effects on MS
susceptibility, with certain alleles conferring risk

and others providing protection in a population-
specific manner (Schmidt et al., 2017; Cierny et
al., 2015). Contemporary sequencing-based
analyses across diverse populations have
reinforced the importance of considering allele
context and haplotype structure when interpreting
associations (Mack et al., 2018) While the
DRB1*15:01~DQB1*06:02 haplotype remains
the most replicated genetic risk factor for MS,
recent data also show phenotype-level
modulation involving DQB105: in a Jordanian
MS cohort, DQB1*05:01 significantly
associated with sensory impai with no
overall DQB1 associationto tasescoptrol status;

regionally,  southerpslra aseline  data
indicate DQB1*05 3 @r mon (~22% of
DQB1), Suppofing plausibility — as
modulg iddle® Eastern populations

mirzargar et al., 2001).
underscores the novelty and
evaluating HLA-DQB105 in the

notable genetic and ethnic
ity due to its geography, successive
m ion events, and long-standing role as a
ossroads between Asia and Europe. Population
alyses of HLA class Il alleles across 11 Iranian
ethnic groups reveal distinct regional variation
shaped by complex ancestral dynamics (Farjadian
et al., 2009) makes it an ideal setting to
investigate population-specific HLA effects. The
city’s rising MS incidence (9% annual increase
since 2010) further underscores the urgency of
such research (Etemadifar et al.,, 2015).
addition, regional reviews note that class Il
DQAL/DQBL1 analyses in MS cohorts from the
Middle East and North Africa are comparatively
limited and often inconsistent, underscoring the
need to examine potentially protective DQB1*05
alleles explicitly. (Maghbooli et al., 2020). Based
on prior findings in European populations
indicating  underrepresentation of HLA-
DQB1*05 genotypes among MS patients (Cierny
et al., 2015), we hypothesized that HLA-
DQB1*05 may also play a protective role against
MS in the Tehran population. Specifically, we
anticipated that carriers of HLA-DQB1*05-
particularly homozygotes-would exhibit a lower
risk of developing MS compared to non-carriers.
This study aimed to evaluate the association of the
HLA-DQB1*05 allele with MS in the Tehran
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population and assess its potential protective
effect. By analyzing 290 individuals (160 healthy
controls and 130 MS patients), we sought to
determine the allele’s frequency, its distribution
across genotypes, and its impact on disease risk.
The findings could enhance understanding of MS
pathogenesis, contribute to genetic screening
protocols, and guide personalized treatment
approaches in Iran.

Materials and Methods
Study populations

This case-control study included 290 participants
from Tehran, comprising 160 healthy controls and
130 patients diagnosed with MS based on the
McDonald criteria (Polman et al., 2011). Controls
were individuals without autoimmune or
neurological disorders, matched for age and
gender with the patient group. The mean age was
35.2 years (SD= 8.4) for controls and 34.8 years
(SD= 7.9) for patients. Gender distribution was
similar, with 78.75% females (126/160) and
21.25% males (34/160) in controls, and 78.46%
females (102/130) and 21.54% males (28/130) in
patients. Inclusion criteria were Tehran residency
and age 18-60 years; exclusion criteria included
other autoimmune diseases or un
history. This study was approv
National Committee of Ethics in
Research of Iran (ap ode:
IR.UMZ.REC.1399.030).® AIll patticipants
provided written informed ¢ n

DNA extraction
Peripheral blood sa s (5 were collected
in EDTAt atients affiliated with

from

the Iranian
medical hist
samples were
(Tehran, Iran) f

ty (With well-documented
healthy controls. All
rocessed at Yekta Laboratory
June 12, 2014, to May 29,

Table 1. Primer specifications for SAP-PCR

2016. Samples were stored at -20 °C until DNA
extraction.
Genomic DNA was isolated using a modified
version of the salting-out technique (Suguna et
al., 2014). Initially, red blood cells (RBCs) were
lysed using a low-salt buffer containing Triton
X100. The resulting white blood cell pellet was
then treated with a high-salt buffer and SDS to
lyse the cells, followed by the addition of 6M
NaCl to precipitate cellular proteins. DNA was
subsequently precipitated using isopropanol. The
integrity and concentration of xtracted DNA
were evaluated using gel,e resis and
spectrophotometric analysfs.
mplification
HLA-DQB1*05 allele,
ri ere designed based
; s unigue polymorphic sites. The
referen guences of exons 1 and 2 for all HLA-
cles were retrieved from the dbMHC

Primer design and
To genotype
Q C'

i-nlm.nih.gov/pub/mhc/mhc/Final_
Alleles were grouped according to their
t designation, and multiple sequence
ments were performed within each group to
consensus  sequences using the
EMBOSS Explorer tool
(http://www.bioinformatics.nl/emboss-
explorer/).

The consensus sequences were then aligned to
identify regions specific to HLA-DQB1*05, and
primers were designed accordingly using
AllelelD 6 and GeneRunner software (Table 1).
Specificity was confirmed by primer-BLAST tool
analysis against the human genome (NCBI) to
exclude off-target amplification, as well as by
negative controls (no-template and non-HLA-
DQB1*05 DNA samples) in all PCR runs.

Primer name Oligonucleotides (5’ to 3°) AT (°C) PL (bp) PC (uM) PCR Cycles
DQB1*05-F 5’- GCTACTTCACCAACGGGAC 60 220 0.4 35
DQB1*05-R 5’- CAGGATCAGCGTGTCCGT 60 220 0.4 35

AT= Annealing Temp; PL= Product Length; PC= Primer Concentration

PCR amplification was performed using the
allele-specific amplification PCR (SAP-PCR)
method in a 25 pL reaction volume. Each reaction
mixture consisted of 100 ng of genomic DNA,

one unit of Tag DNA polymerase, 1.5 mM MgCl,
200 uM dNTPs, and 0.4 uM of each primer. The
thermal cycling protocol included an initial
denaturation at 95 °C for 5 min, followed by 35
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cycles of denaturation (95 °C, 30 sec), annealing (102/130) in the patients (p= 0.53). These findings
(60 °C, 45 sec), and extension (72 °C, 1 min), with confirm effective matching of the study groups
a final extension at 72 °C for 7 min. for age and gender.

PCR products were separated on a 2% agarose gel -

stained with a nucleic acid dye. The presence of a HLA-DQBI*05 allele frequency
211 bp amplification product was considered Overall, 35.51% of participants (103/290) carried
indicative of the HLA-DQB1*05 allele. the HLA-DQB1*05 allele, while 64.48%
(187/290) did not. In controls, 52.5% (84/160)

Statistical analysis were allele-positive, compared to only 14.61%

Statistical analysis was performed using SPSS (19/130) in patients (Table 2). Representative
version 23. Associations between qualitative amplification results are shown in Figure 1. Chi-
variables (e.g., health/disease status, allele square test revealed a hi significant
presence/absence, and genotypes) were evaluated association  between nce and

using the chi-square test, with statistical health/disease status (p<(0. indicating that
significance set at p < 0.05. Odds ratios (OR) with HLA-DQB1*05 is e in healthy
95% confidence intervals (Cl) evaluated the individuals. (r ;

effect of allele absence on MS risk. Hardy-
Weinberg equilibrium was tested using R version
4.2 to confirm unbiased sampling. Descriptive
statistics included means, standard deviations,
and frequency percentages.

Results
Population characteristics ®

The study included 290 participants, with 160
(55.17%) healthy controls and 130 (44.83%) MS
patients. The age distribution showed that (]
of controls (94/160) and 60.76
(79/130) were aged 0-40 years,

Fig. 1. PCR detection of HLA-DQB1*05 allele in 2%

significant difference between ro p= agarose gel (M= 100-bp DNA ladder; 1-4 lines=
0.41, Chi-square test). THe genigler distribttion Representative HLA-DQB1*05-positive samples with
was also comparable, withiy 78%6%¢/females length of 211 bp).

(126/160) in the contrals”an 46% females

Table 2. HLA-DQB1*@5\allele enotype frequencies with association analysis

Gro! Allele present Allele Absent Homozygous carriers Heterozygous Homozygous Non-carriers

frequencie: N (%) N (%) N (%) N (%) N (%)
0) 84(52.5) 76 (47.5) 11(6.9) 76 (47.5) 73 (45.6)
Patient (n=130) 19 (14.6) 111 (85.4) 1(0.8) 18 (13.8) 111 (85.4)
Genotype comparison Comparison OR 95% CI Reference groups
Heterozygous vs. Ref 2.61 1.43-4.74 Homozygous HLA-

DQB1*05 carriers

Non-carrier vs. Ref 16.96 4.83-59.47 Homozygous HLA-
DQB1*05 carriers

Genotype distribution patients, only 0.76% (1/130) were homozygous
for HLA-DQB1*05, 13.84% (18/130) were
heterozygous, and 85.38% (111/130) were
homozygous for non-carrier (Table 2). The
genotype distribution differed significantly
between groups (p< 0.001), with homozygous

Genotype analysis showed distinct patterns
between groups. In controls, 6.87% (11/160) were
homozygous for HLA-DQB1*05, 47.5%
(76/160) were heterozygous, and 45.63%
(73/160) were homozygous non-carriers. In
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HLA-DQB1*05 status strongly associated with
controls.

Odds ratio analysis

The odds ratio (OR) for MS risk in the absence of
HLA-DQB1*05 was 6.457 (95% CI: 3.626-
11.499), confirming that lack of the allele
significantly  increases  susceptibility.  For
genotypes, the OR for homozygous non-carriers
was 16.958 (95% CI. 4.832-59.471), and for
heterozygous individuals, it was 2.605 (95% ClI:
1.432-4.741), with homozygous HLA-DQB1*05
as the reference (Table 2). These results suggest
that homozygosity for HLA-DQB1*05 confers
the strongest protection against MS.

Subgroup analyses

Allele distribution was examined by age and
gender. In the 0-40 age group, 54.26% of controls
(51/94) and 15.19% of patients (12/79) carried the
allele, compared to 50.00% (33/66) and 13.73%
(7/51) in the >40 group. No significant age effect
was found (p=0.72). Similarly, 53.17% of female
controls (67/126) and 14.71% of female patienﬁ
(15/102) were allele-positive, compared to
50.00% of male controls (17/34) and 14.29% of
male patients (4/28). Gender did not infl e
allele effects (p= 0.89).

Hardy-Weinberg equilibrium

Hardy-Weinberg equilibrium testing confirmed
genetic equilibrium in both controls (¥*>=1.904, p=
0.168) and patients (y>= 0.095, p= 0.758),
indicating unbiased sampling.

Structural analysis

The structural analysis of the HLA-DQBL1 protein
reveals distinct features that may underpin its role
in multiple sclerosis (MS) susceptibility. Panel A
of the image highlights the antigen-presenting
region differences, marked by blue, green, and red
segments, reflecting the co us sequence
comparison of HLA-DQB1*0 her alleles
in the specific segment @sed for.designing the
discriminating primer sting potential
variability in pepti di t could trigger
autoimmune res . Pagel B focuses on the

i site, depicted in blue,
and amplified to target
ctic variations. This site’s location

supports t
antigen-prese

onfirm the mechanistic link between these

t
G
uctural elements and disease pathology.

(Fig. 2).

Fig. 2. Structural representation of the HLA-DQB1 protein: A) Differences between HLA-DQB1*05 and other
alleles are highlighted in the antigen-presenting region. Blue residues are located on a-helices flanking the binding
groove and are considered less critical for direct antigen interaction. Green residues are positioned on -sheets within
the groove and are moderately important for peptide binding. Red residues are also located on -sheets within the
groove but occupy positions considered most critical for antigen interaction based on their spatial orientation and the
nature of the amino acid change. B) The allele-discriminating primer site is shown in blue, corresponding to the
target region amplified in this study’s SAP-PCR assay. These structural differences are hypothesized to influence
multiple sclerosis (MS) susceptibility; experimental validation is required.
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Discussion

This study demonstrates a significant association
between the HLA-DQB1*05 allele and reduced
MS risk in the Tehran population, with 52.5% of
controls versus 14.61% of patients carrying the
allele (p< 0.001). The odds ratio of 6.457 for
allele absence underscores its protective effect,
with  homozygous HLA-DQB1*05 status
conferring the greatest resistance (OR=16.958 for
homozygous non-05). These results align with
Cierny et al. (2015), who reported that the HLA-
DQB1*05/*03 genotype conferred a protective
effect in Slovak multiple sclerosis patients (OR=
0.39, p<0.05), suggesting a potentially conserved
mechanism across populations. More recent high-
resolution and regional studies have shown that
HLA-DQB1 effects are not uniform across
populations and may depend on local allele
frequencies and haplotypic backgrounds (Mack et
al., 2018). In some settings, other DQBL1 alleles,
such as DQB1*03:01 and DQB1*05/*@8
genotypes, have demonstrated protective effects,
supporting the broader concept that protective
HLA class Il alleles can shape MS susceptibility
(Cierny et al., 2015). Functional studies r
suggest that DQB1 variation i
antigen presentation and modulate
phenotypes, potentially altering dis@ase c
treatment responsivenessQDevi- arulkar et al.,

2021).
s genetically diverse
otectyVe association

In the context of Te
population, the pronougice
the for population-
filing in MS research

discrepancy may reflect regional genetic diversity
or differences in study design. Compared to high-
risk alleles like HLA-DRB1*1501 and
DQB10602, which are prevalent in Iranian MS
patients, HLA-DQB1*05 appears to
counterbalance susceptibility, highlighting the
complex genetic architecture of MS.

The protective effect of HLA-DQB1*05 likely
stems from its role in modulating immune
responses. The allele may preferentially present
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antigens to Th2 helper T-cells, promoting anti-
inflammatory pathways over pro-inflammatory
Th1l responses. Structural analysis (Data not
shown) indicates that the HLA-DQB1*05
sequence occupies a key antigen-binding groove,
potentially altering peptide presentation to T-
cells. This mechanism could inhibit autoimmune
attack on myelin, a hallmark of MS pathogenesis.
Our findings are consistent with Link et al.
(2012), who identified both rj nd protective
HLA class | and Il alleles—i protective
HLA-DRB1*01 and oups in
Scandinavian MS famili ing that certain
HLA alleles can mit risk in familial
2012). However,
orth American studies,
LA-DQB1*05 are less

genetic backgrounds (McKay et al., 2008). The
high OR for h@Mozygous non-HLA-DQB1*05 in

as those involving the
5:01-DQB1*06:02 haplotype, where
incréasing allele dosage also correlates with
ogressively higher MS risk, reinforcing the
dose-dependent nature of HLA effects in MS (De
Jager et al., 2009).
The identification of HLA-DQB1*05 as a
protective allele has significant implications for
MS management in Tehran, where the disease
prevalence is rising. The allele’s high frequency
in healthy controls (52.5%) suggests its potential
as a biomarker for low-risk individuals,
facilitating targeted screening programs. In a city
with increasing MS cases, such genetic markers
could prioritize preventive interventions, such as
vitamin D  supplementation or lifestyle
modifications, for high-risk groups lacking
protective alleles. Furthermore, understanding the
molecular basis of HLA-DQB1*05’s protective
effect may inspire novel immunotherapies. For
instance, therapies mimicking the allele’s antigen
presentation could suppress autoreactive T-cells,
reducing myelin damage. While current MS
treatments, such as interferon-beta and
fingolimod, focus on broad immunosuppression,
allele-specific approaches could offer
personalized alternatives with fewer side effects.
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The protective association of HLA-DQB1*05 instance, HLA-DQ6 alleles protect against type 1
suggests several clinical applications: 1) risk diabetes, while HLA-DR4 increases risk. In MS,
stratification in prevention programs, where the interplay of protective and risk alleles creates
allele-negative individuals could be prioritized a genetic tug-of-war, modulated by population-
for lifestyle interventions; 2) clinical trial design, specific factors. Our study contributes to this
where accounting for HLA-DQB1*05 status may framework by identifying HLA-DQB1*05 as a
help reduce outcome variability; and 3) protective factor in a Middle Eastern population,
therapeutic decision-making, as allele carriers complementing European and North American
might require less aggressive immunotherapy. data. While our structural analysis (Fig. 2)
However, prospective studies are needed to suggests that HLA-DQB1*05 may influence
evaluate these approaches in Iranian populations. peptide binding via its antigen-presenting groove,
The odds ratio of 6.457 for allele absence and these observations are deriv om in silico
16.958 for homozygous non-HLA-DQB1*05 modeling and require expgri alidation.
genotypes underscore the allele’s dose-dependent Functional studies (e.g., T-cell activafion assays

are needed to
al differences
g responses in MS.
4the computational data
hypothesis for future

protection. This finding aligns with the concept of or peptide-binding exper
HLA haplotype effects, where multiple alleles confirm whether :
interact to modulate disease risk. Future studies
could explore HLA-DQB1*05 in combination
with high-risk alleles like HLA-DRB1*1501 to
map synergistic or antagonistic effects. Such
research could refine genetic risk scores for MS, emoted that this study did not perform
improving predictive models for clinical use. ubtyping of the HLA-DQB1*05
Additionally, the lack of age or gender influeng alle Future work using next-generation
e

on the allele’s effect (p=0.72 for age, p= 0.89 for pg  could clarify whether specific
gender) suggests its universal applicability across sulitypes (e.g., *05:01, *05:02) are responsible for
demographics, enhancing its utility in diverse e ©Observed protective effect. Such resolution
populations. Within Iran, our results contrastswith ay also reveal interactions with other protective
studies emphasizing high-risk Aallele or or risk alleles, refining genetic risk scores for MS.
example, Shahbazi (2010) demon Our study did not stratify analysis by ethnic
HLA-DRB1*1501 was signifi subgroups within Tehran's population, which may
common in multiple sclgsosis gatients, t in influence HLA allele distributions. Future studies

controls in an Iranian cohorf, W habaee should address ethnic-specific effects in Iran's
(2009) found that HLA- heterogeneous population. In the current study,

DRB1*1501-DQA101 2 haplotype vitamin D status, EBV seropositivity, and
was associated with ibility in Iran. The urban/rural residency, known MS risk modifiers,
35.51% freg 1*05 in Tehran were not measured. Future studies should
exceeds the 18:5% y Varzi et al. (2016) integrate serological and geospatial data to
in the Lak w highlighting regional disentangle gene-environment interactions.

genetic variatigh. This disparity may reflect

, . . ) Conclusion

Tehran’s  cosmgpolitan  population,  which

includes diverse €thnicities like Persians, Azeris, This study establishes a significant association
and Kurds. Alternatively, methodological between the HLA-DQB1*05 allele and reduced
differences, such as our use of SAP-PCR versus multiple sclerosis risk in the Tehran population.
older typing methods, could explain frequency The allele’s presence in 52.5% of controls versus
variations. These findings underscore the need for 14.61% of patients, with an odds ratio of 6.457 for
standardized genetic studies across Iran to map its absence, confirms its protective role.
MS susceptibility comprehensively. Homozygosity for HLA-DQB1*05 doubled
The protective role of HLA-DQB1*05 aligns with resistance, highlighting a dose-dependent effect.
emerging paradigms in autoimmune disease These findings underscore the critical role of
research, where specific HLA alleles balance HLA genes in MS pathogenesis and reveal
susceptibility and resistance to disease. For population-specific genetic patterns in Iran. The
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allele’s independence from age and gender effects Dendrou, C. A., Fugger, L., & Friese, M. A.

enhances its potential as a universal biomarker for (2015).  Immunopathology of  multiple
low-risk individuals. However, the study’s focus sclerosis. Nature Reviews Immunology, 15(9),
on a single allele and lack of environmental data 545-558. https://doi.org/10.1038/nri3871
necessitates broader investigations. Future Devi-Marulkar, P., Moraes-Cabe, C., Campagne,
research should explore HLA haplotypes, gene- P., Corre, B., Meghraoui-Kheddar, A., Bondet,
environment interactions, and functional V., ... & Michel, F. (2021). Altered immune
mechanisms to fully elucidate HLA-DQB1*05’s phenotypes and HLA-DQBL1 gene variation in
protective effect. These efforts could improve multiple sclerosis patients failing interferon
genetic  screening,  personalize  treatment treatment. Frontiers in Immunology, 12,
strategies, and reduce MS burden in Iran and 640891.

beyond. https://doi.org/10.3389/fimmu .640891
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