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Abstract: Background: Many factors contribute to the development and the progression of
Multiple Sclerosis (MS), including Human Leukocyte Antigen (HLA) molecules. Some of
them are considered as predisposing, like DRB1*15, DRB1*13, DRB1*03, DRB1*04, DQB1*06,
DQB1*02, while HLA A2, HLA B44, DRB1*11, and DRB1*12 are rather considered as
protective. Data about such associations in the Moroccan population remain unknown. The
aim of this study was to determine the frequency of HLA class I (A and B) and II (DR and
DQ) linked to Multiple Sclerosis (MS) in a healthy population from the South of Morocco.
Materials and Methods: A cross-sectional study was carried out over the 2016–2023
period on 685 Moroccan healthy individuals, including 355 males and 330 females. Of
the total sample tested, 685 underwent HLA class I typing, of which 305 also benefited
from HLA class II typing. HLA class I typing was executed using the CDC (complement
dependent cytotoxicity) technique (OneLambda™, Los Angeles CA, USA), and HLA class
II typing was performed by either PCR-SSP (sequence-specific primer, OneLambda) or PCR-
SSO (sequence-specific oligonucleotides) using the Luminex Xmap (Lifecodes, Immucor,
Peachtree, Corners, GA, USA) system. Results: From different HLA molecules potentially
predisposing to MS, our investigations showed that DRB1*03, DRB1*13, DRB1*15, DRB1*04,
and DQB1*02 were observed in 19.2%, 15.8%, 13.31%, 12.7% and 31% respectively, while the
frequency of those considered as protective, namely HLA-A2, HLA-B44, and HLA-DRB1*11
was 23.31%, 9.21% and 10.1% respectively. Conclusions: The findings of our study give
evidence that among predisposing HLA class II molecules, DR allele groups were more
prevalent, mostly DRB1*03, with also a high frequency of DQB1*06, while HLA-A2 marked
the supposed protective specificities. These results need to be supported by complementary
studies particularly in MS patients.
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1. Introduction
Multiple Sclerosis (MS) is an inflammatory, chronic, and neurodegenerative disease

affecting the Central Nervous System (CNS), due to dysregulations in immune response
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mechanisms [1]. MS occurs in young adults and is one of the main causes of non-traumatic
handicap, leading to disabilities in approximately 2.8 million individuals worldwide with
a stable prevalence over recent decades [2]. The World Health Organization (WHO) has
estimated the prevalence of the disease in North African countries (NA) at 20 cases per
100.000 inhabitants [3].

MS is a multifactorial disease characterized by cellular immune responses, occurring
in genetically predisposed individuals. The onset of the disease is often due to a complex
interaction between genetic predisposition and environmental factors, requiring further
investigation to fully understand its underlying mechanisms [3]. Many studies have high-
lighted the involvement of the human leukocyte antigen (HLA) system in the pathogenesis
of MS since HLA molecules are responsible for presenting antigenic peptides to CD4+ and
CD8+ T lymphocytes [4,5]. MS is related to both class I and class II alleles due to their
crucial function within the immune system. It involves the presentation of peptides derived
from extracellular proteins to immunocompetent cells [6].

The association of MS with HLA has been investigated in many studies, which showed
that MS susceptibility is linked to the HLA-DRB1 gene, accounting for as much as 10.5%
of the genetic variability associated with the susceptibility to MS [5]. It was first shown
that HLA-A*02:01 is independently protective against MS, and later in 2018, when the
Next Generation Sequencing (NGS) studies conducted in Caucasians showed that HLA-
C*03:04 and HLA-B*40:01 alleles were also protective against MS, independently from
the HLADRB1*15:01 allele. The latter accounts for 20% to 50% of the predisposition to
the disease. Additional correlations with HLA-DR3, HLA-DR4 or HLA-DR13 have also
been documented in the literature [3]. It is noteworthy that the HLA class I and II alleles
vary between populations and even according to their ethnicity. This variation may affect
directly the epidemiological aspects of MS [6].

Up to now, studies on the frequency of either predisposing or protecting HLA alleles
associated with MS, especially in the Middle East and North Africa (MENA) regions, are
scarce. The study of genetic polymorphisms within HLA loci in these populations could
help identify susceptible populations, with a view to defining more effective therapeutic
strategies tailored to specific immunogenic profiles and/or preventative measures.

The aim of this study was to determine the frequency of HLA class I and II loci
potentially associated with MS in a healthy population from the south of Morocco.

2. Materials and Methods
2.1. Study Population Selection

We retrospectively enrolled a total of 685 healthy Moroccan individuals during a pe-
riod of 7 years (2016–2023). All included individuals corresponded to donor candidates for
organ, bone marrow, or HSC (hematopoietic stem cells). These individuals came from differ-
ent regions of Southern Morocco, including Marrakech-Safi, Souss-Massa, Guelmim-Oued
Noun, and Drâa-Tafilalet governorates to create a representative dataset of HLA diversity
within the region since the studied population was characterized by the predominance
of Berber/Amazigh populations in this region, alongside Arab and sub-Saharan African
ancestries due to historical migrations and genetic admixture. Inclusion criteria were based
on the absence of previous medical history or contraindications to transplantation and
negative tests for major viral infections, including human immunodeficiency virus (HIV),
hepatitis B virus (HBV), and hepatitis C virus (HCV). Patients who were on the recipient
waiting list for organ, bone marrow or HSC transplant were excluded from this study.
Among the included individuals, 685 underwent HLA class I typing, of which 305 also
benefited from HLA class II typing.
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Clinical data were collected using a datasheet indicating gender, age, origin, and full
medical history of the population studied.

2.2. Sample Collection

Samples were collected from peripheral venous blood in two 9 mL lithium heparin
tubes used for HLA class I typing, and two 5 mL tubes of Ethylenediaminetetraacetic Acid
(EDTA) used for HLA class II typing. EDTA is an anticoagulant agent which guarantees the
stabilization and preservation of various cellular subpopulations essential for HLA typing.
All specimens were then immediately placed into appropriate transport containers and
shipped to the laboratory under controlled conditions to maintain sample integrity. They
were processed within 24h of collection, in order to retain the best quality DNA from the
samples for future analyses.

2.3. Extraction of Genomic DNA

Genomic DNA was isolated from peripheral blood specimens (mononuclear cells) in
accordance with the protocol established by the manufacturer, utilizing the QIAamp DNA
Mini Kit (Qiagen, Hilden, Germany). This methodology encompassed cellular lysis, where
mononuclear cells were treated with a chaotropic salt buffer designed to compromise cellu-
lar membranes and facilitate the liberation of DNA. A silica-based column was employed to
process the lysate, allowing for the selective binding of DNA to the silica membrane, which
enabled the removal of impurities such as salts, metabolites, and additional contaminants
through a series of ethanol-based wash buffers, ultimately resulting in DNA of exceptional
purity suitable for subsequent applications. The concentration and purity of the DNA were
evaluated utilizing the NanoDrop™ 2000/2000c Spectrophotometer (Thermo Scientific™,
Waltham, MA, USA). Quality control parameters (absorbance ratios at 260/280 nm and
260/230 nm) were documented to ascertain the DNA’s adequacy for HLA typing.

2.4. HLA Genotyping Analysis

HLA class I typing (HLA-A and HLA-B) was performed using the standardized
complement-dependent cytotoxicity (CDC) method, employing the Terasaki HLA Tissue
Typing Tray (One Lambda™, Los Angeles, CA, USA). This traditional, well-established
methodology involves incubating lymphocytes derived from patients with specific anti-
HLA sera, followed by the addition of complement. The occurrence of cellular apoptosis
indicates a match between the serum antibody and the HLA antigen expressed on the
lymphocyte. The assay results were interpreted microscopically to determine HLA-A and
HLA-B specificities using the Lambda Monoclonal Typing AB Tray Worksheet provided by
One Lambda™.

For HLA class II typing, high-resolution (allele-level) molecular methods were em-
ployed to meet the need for greater specificity and sensitivity. Specifically, PCR-SSP
and PCR-SSO techniques were utilized. PCR-SSP was used to identify HLA-DRB1 and
HLA-DQB1 alleles with allele-specific primers designed using Fusion Software 4.6.x (One
Lambda™). This method involved amplification with primers specific to distinct HLA
sequences, followed by electrophoretic analysis to identify alleles. PCR-SSO typing was
performed using Luminex® 200 technology (Immucor™), which hybridized fluorescently
labeled oligonucleotide probes with amplified DNA. HLA alleles were assigned using
the Xponent® 3.1 analysis software (Immucor®, Peachtree, Corners, GA, USA), based on
fluorescence intensity patterns.
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2.5. Data Input and Statistical Analysis

Socio-demographic and clinical data of the study population were initially entered
into an Excel database, then transferred and coded on the IBM SPSS statistic 23 platform to
guarantee reliable statistical analysis and vigorous analysis of the data.

Frequencies of HLA class I and II specificities and allele groups were calculated,
considering a double group allele for each individual, corresponding to either homozygous-
or heterozygous-inherited HLA specificity. Potential MS linked HLA-A, -B, -DR and -DQ
were identified.

2.6. Ethical Consideration

The samples examined were obtained through the standard practice of the HLA
laboratory. The Electronic database of the laboratory served to retrieve the sociodemo-
graphic information under the supervision of the laboratory manager. Consequently, ethical
authorization and informed consent were deemed superfluous for this specific case.

3. Results
3.1. Demographic and Social Attributes of the Population

The study population was composed of 66.8% adults and 33.2% children (<18 years),
and the overall mean age was 27 ± 15 years. The 29–39 age group was predominant,
accounting for 44.08% of cases (Table 1). There was a slight predominance of male gender,
with a sex-ratio of 1.07.

Table 1. Demographic and social attributes of the population.

Age Group (Years) Number of Cases Frequency %

≤15 121 17.66
16–28 110 16.05
29–39 302 44.08
≥40 152 22.19

Among the 685 cases studied, 610 had available data regarding their geographical
origins. The region with the highest representation was Marrakech-Safi, accounting for
56.55%. Table 2 presents the geographical origins of the individuals included in the study.

Table 2. Geographic origins of the studied population.

Geographic Area Number of Cases Frequency %

Marrakech-Safi 345 56.55
Souss-Massa 98 16.06
Daraa-Tafilalt 53 8.68

Dakhla-Oued Eddahab 52 8.52
Guelmim-Oued Noun 37 6.06

Laayoune Sakia Hamra 25 4.09

3.2. Frequencies of HLA Class I (A, B) and Class II (DR, DQ) Allele Categories

As exhibited in Table 3, the distribution of HLA class I and II among the popula-
tion shows that within each HLA locus, A2, B51, DRB1*03, and DQB1*02 were the most
prevalent allele groups, at about 23%, 10%, 19%, and 31%, respectively.
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Table 3. Frequency distribution of HLA Class I (A, B) and Class II (DR, DQ) within our series.

Class I Class II

HLA-A Frq (%) HLA-B Frq (%) HLA-DR Frq (%) HLA-DQ Frq (%)

A2 23.3 B51 9.9 DRB1*03 19.2 DQB1*02 31.4
A1 11.6 B44 9.1 DRB1*13 15.8 DQB1*06 24.3
A3 8.9 B8 6.7 DRB1*07 14.8 DQB1*03 24

A23 7 B49 6.4 DRB1*15 13.4 DQB1*05 11.8
A24 7 B45 6 DRB1*04 12.8 DQB1*04 5
A33 3.7 B35 6.4 DRB1*11 10.6 DQB1*07 0
A11 3.3 B18 4.2 DRB1*01 7.1
A32 3.7 B58 4.2 DRB1*08 2
A29 3.1 B27 3.7 DRB1*09 1.6
A26 2.6 B7 4.56 DRB1*10 0.5
A34 2.3 B38 3.1 DRB1*14 0.5
A80 1.7 B53 2.6 DRB1*12 0
A31 1.1 B41 2.4 DRB1*16 0
A66 1.4 B57 2.3
A68 7.8 B42 2.1
A74 0.8 B63 2.1
A36 0.2 B39 2
A69 0.2 B72 1.7
A25 0.1 B52 1.2
A68 7.8 B13 1
A30 6.5 B2 0.1

B37 0.7
B78 0.7
B47 0.4
B55 0.2
B56 0.2
B62 0.2
B64 0.1
B65 0.1
B71 0.1
B73 0.1

3.2.1. HLA Class I Typing Results

Out of the 684 individuals who underwent HLA-A class I typing, the distribution
of allele groups showed that HLA-A2 was the most frequent, at 23.3%, followed by A1
(11.6%), A3 (8.9%), A23 (7%), and A24 (7), while HLA-A68 and HLA-A30 frequencies were
less frequent, at 7.8% and 6.5%, respectively.

Among HLA-B locus allele groups, B51 was the most prevalent, displaying a value of
9.9%, followed by B44 (9.1%), B8 (6.7%), B49 (6.4%), and then B45 (6%) (Table 3).

3.2.2. HLA-A and HLA-B Frequencies According to Gender Haut du Formulaire

According to gender, we noticed a predominance of the A2 allele group in the female
population at 23.6%, followed by A1 (12.3%), A3 (9.4%), A68 (8%), then A24 (7.6%), and
A23 (7%). In the male population, we observed a predominance of HLA-A2 allele groups
with a frequency of 23.1%, followed by A1 (11%), A23 (8.8%), A3 (8.4%), then A24 (8.3%),
and A30 (7.6%).

Regarding the HLA-B locus results, the most common allele groups among the female
group was B51 with 10.94%, followed by B49 (8.21%), B44 (8%), B8 (7.29%), and B35 (6.38%).
In males, the prevalence of HLA-B44 was estimated at 10.28%, followed by B51 (9%),
B7(6.7%), and B45 (6.2%) (Table 4).
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Table 4. Distribution of HLA class I allele groups according to gender.

Female (n =329, Allele n =658) Male (n =355, Allele n =710)

HLA-A Allele Frq % HLA-B Allele Frq % HLA-A Allele Frq % HLA-B Allele Frq %

A1 12.31 B2 - A1 11 B2 0.14
A2 23.6 B7 4.56 A2 23.1 B7 6.76
A3 9.42 B8 7.29 A3 8.45 B8 5.92

A11 3.65 B13 1.22 A11 3.66 B13 0.85
A23 7 B18 4.26 A23 8.87 B18 4.23
A24 7.6 B35 6.38 A24 8.31 B35 5.07
A25 0.15 B37 0.76 A25 0.14 B37 0.56
A26 2.43 B38 2.28 A26 2.82 B38 3.94
A29 2.58 B41 2.13 A29 3.66 B41 2.68
A30 5.32 B42 1.82 A30 7.61 B42 2.39
A31 0.91 B44 8.05 A31 1.55 B44 10.28
A32 4.26 B45 5.78 A32 3.1 B45 6.2
A33 4.1 B47 0.15 A33 3.94 B47 0.7
A34 2.28 B49 8.21 A34 2,25 B49 4.79
A36 0.46 B50 5.78 A36 - B50 4.65
A66 1.06 B53 2.58 A66 0.85 B53 2.68
A68 8.05 B52 0.76 A68 7.61 B52 1.69
A69 0.46 B55 0.3 A69 - B55 0.14
A74 0.76 B57 3.34 A74 0.85 B57 1.27
A80 1.98 B58 3.19 A80 1 B58 5.07

B63 2.74 B63 1.55
B56 0.15 B56 0.28
B62 0.15 B62 0.28
B64 0.3 B64 -
B65 - B65 0.14
B73 0.15 B73 -
B71 - B71 0.14
B72 1.52 B72 1.83
B78 0.46 B78 0.85

HLA-B49 and HLA-B57 were the only allele groups to show a significant association
according to gender in favor of females (p =0.023 and p =0.027, respectively).

3.3. HLA Class II Typing Analysis

Among the 305 cases that benefited from HLA-DRB1 typing, a total of 610 alleles were
analyzed. The most widespread allele groups seen were HLA-DRB1*03 (19.2%), followed
by DRB1*13 (15.8%), DRB1*07 (14.9%) then, DRB1*15 (13.3%) (Table 3). Concerning the
HLA-DQB1 locus analysis, the most frequent allele groups were HLA-DQB1*02 (31.4%),
DQB1*06 (24.3%), then DQB1*03(24%) and, DQB1*05 (11.8%) as described in Table 3.

HLA-DR and HLA-DQ Frequencies According to Gender

In the female population, HLA-DRB1*03 was predominant, with a frequency of 20.18%,
followed by DRB1*07 (16.8%), DRB1*13 (15.6%), then DRB1*04 (12.3%). In the male popula-
tion, the allele HLA-DRB1*03 emerged as the predominant variant, accounting for 18.15%,
succeeded by both DRB1*13 and DRB1*15, each comprising 15.92%, followed subsequently
by DRB1*04, which represented 13.06%.

HLA-DQ typing within the female population showed that HLA-DQB1*02 emerged
as the most frequent allele group (31.4%), followed by DQB1*03 (24.1%) then DQB1*06
(20.7%). In males, HLA-DQB1*02 was present in 28% of the studied group, followed by
DQB1*06 (28%), and DQB1*03 (24.1%) (Table 5).
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Table 5. Distribution of HLA class II allele groups according to gender.

Female (n =155, Allele n =310) Male (n =150, Allele n =300)

HLA-DR Allele Frq % HLA-DQ Allele Frq % HLA-DR Allele Frq % HLA-DQ Allele Frq %

DRB1*01 8.43 DQB1*02 31.4 DRB1*01 8.43 DQB1*02 28

DRB1*03 20.18 DQB1*03 24.1 DRB1*03 20.18 DQB1*03 24.1

DRB1*04 12.35 DQB1*04 4.7 DRB1*04 12.35 DQB1*04 5.72

DRB1*07 16.87 DQB1*05 12.25 DRB1*07 16.87 DQB1*05 10.25

DRB1*08 1.9 DQB1*06 20.78 DRB1*08 2.11 DQB1*06 28

DRB1*09 1.2 DQB1*07 - DRB1*09 1.2 DQB1*07 -

DRB1*10 0 DRB1*10 0.5

DRB1*11 10 DRB1*11 10.84

DRB1*13 15.66 DRB1*13 15.66

DRB1*14 0.6 DRB1*14 0.6

DRB1*15 10.84 DRB1*15 10.84

The frequencies of HLA-DRB1*07 and HLA-DQB1*02 were highly significant in fe-
males, with p-values of 0.042 and 0.018, respectively.

4. Frequency of HLA Class I and II Loci Linked to Multiple Sclerosis
4.1. Frequency of HLA Class I Loci Known to Be Linked to Multiple Sclerosis

In our study, the HLA predisposing class I allele group frequencies were A3 (8.9%),
B7 (4.56%), and then B27 (3.7%), while the most predominant protective HLA frequencies
were A2 (23.3%), B52 (9.1%), and B44 (1.2%).

There was no statistically significant difference observed concerning HLA specificities
associated with MS.

4.2. Frequency of HLA Class II Loci Known to Be Linked to Multiple Sclerosis

HLA class II molecules potentially predisposing to MS allele group frequencies were
DRB1*03, at 19.2%, DRB1*15 (13.3%), then DRB1*13 (15.8%) and DRB1*04 (12.7%). The
frequency of protective allele groups was 7.4% for DRB1*01 and 10.1% for DRB1*11.

Concerning predisposing HLA-DQ loci, DQB1*02 was significantly more frequent in
females with 31.4% (p =0.018), while the frequency of DQB1*06 was also high, at 24.3%.

5. Discussion
Our study was conducted on 685 healthy individuals who were originated from the

south of Morocco, characterized by a dominance of Berber/Amazigh, alongside Arab
and sub-Saharan African ancestries, and contributing to great ethnic diversity in this
geographical region. This diversity is due to historical migratory flows and the strategic
geographic position of Morocco, which have probably contributed to the polymorphic
genetic background.

The study evaluated the frequency of the main HLA class I (A, B) and class II (DQ, DR),
possibly considered as susceptibility or protective factors against MS in a healthy population.

According to the literature, HLA class I polymorphism seems to be less studied
compared to HLA class II in MS since many class I alleles appear to be secondary to class II
associations [6,7]. Studies from the 70s have reported the earliest relationship between MS
and HLA, especially HLA class I alleles. Using serological based techniques, it was shown
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that A3, B7 and B27 are predisposing alleles with high risk of MS [8–10] while A2, B52, and
B44 are associated with reduced susceptibility in many populations [11–13].

The results of the current study highlighted the emergence of HLA-A2 (23.31%),
HLA-A1 (11.62%), B51 (9.94%), and B44 (9.21%) as the most frequent loci within the
population. These observations are in accordance with frequencies previously described in
other Moroccan studies [14,15].

In other countries from the MENA region, like Iran and Iraq, HLA-A2 and B44 are
also more prevalent, with high frequencies among healthy controls [16,17], and are likely
protective against MS. Additionally, Cohorts from Norway [18] and Italy [19] have also
demonstrated a protective role for A2. Despite the consistency in the results confirmed
by numerous studies, the frequencies of A2, A3, A10, and A11 reportedly differ between
populations, and even within the same population. For instance, Ghabaae et al., had
attributed a protective role against MS to HLA-A11, while Lotfi et al. reported an increased
risk of MS within another Iranian population [10,20]. Furthermore, HLA-B7, B27 and A3,
observed with lower frequencies in our study, are generally considered as predisposing
to MS. However, the analysis of allele transmission in Canadians assumed that any effect
attributable to A3 is secondary to linkage disequilibrium (LD) with class II alleles. Similarly,
HLA-A3 is in sturdy LD with HLA-B7. Therefore, any association observed for HLA-B7 is
due to LD with the extended class II alleles [21].

Pertaining to the HLA class II results, the high frequencies of HLA-DRB1*03 (19.2%),
DRB1*13 (15.8%), DRB1*07 (14.86%), and DRB1*04 (12.7%) found in our study are also
described as susceptibility factors of MS in several groups within different ethnic back-
grounds, notably Arabs [5,6]. These findings align with other studies driven in healthy
populations, mainly from Tunisia, Europe, and Asia [6,22]. Among MS-related HLA-DR
alleles that have been reported in the literature, DRB1*15 represents the highest MS risk
factor in the HLA region across several ethnicities. This allele was present in 13.3% of
our population, the same as in Italy (11%), Spain (29%) [23], France (26%), Turkey (21%),
and in Northern Europe populations [23,24]. Moreover, molecular analysis studies have
proven shared amino acids between DRB1*15:01, DRB1*03:01, and DRB1*04:03 alleles,
conferring MS susceptibility by playing an important role in autoantigen presentation
to T lymphocytes [3,25]. The DRB1*03:01 allele has been detected in MS patients from
Morocco and Sardinia [3,26]. In Morocco, DRB1*13 was seen in 12% of healthy controls
and 7.9% of diseased populations [3], whereas it is rarely observed at frequencies greater
than 3% worldwide [6]. Regarding HLA-DQ specificities, our study revealed high frequen-
cies of DQB1*02 (31.4%) and DQB1*06 (24.3%), which align with data reported by Brick
et al. [14] and Izaabel et al. [27]. However, the DQB1*06 allele was more predominant in
MS patients than in controls in European and Caucasian populations, unlike Sardinians
and Italians [28,29]. The demographic composition of the MENA region demonstrated
a comparable distribution of the HLA-DRB1 alleles to adjacent ethnic cohorts, revealing
heightened genetic similarities with Western populations and individuals of Caucasian
descent, in contrast to those originating from Eastern Asia, African-American groups, or
Latin-American populations [30].

To sum up, at the limits of our knowledge, our study is the first to highlight the
distribution of main HLA allele groups in relation to MS in a healthy population from
a large geographical part of Morocco. However, despite their originality, these findings
are preliminary and need to be further supported by investigations, particularly in MS
patients with a stronger effect size. This could facilitate the development of personalized
medical approaches, enabling targeted interventions that take into account individual
genetic and environmental aetiologies. Our study can potentially lead to improvements in
diagnostic and therapeutic strategies. Furthermore, it could enhance patient outcomes by
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adapting treatments to the unique genetic and environmental landscape of each individual,
ultimately fostering more effective management of MS.

6. Conclusions
Given the importance of knowing the factors potentially linked to MS, including

the immunogenic background of a healthy Moroccan population, our study highlighted
high frequencies of HLA-A2, DRB1*03, DRB1*15, DRB1*11, DQB1*02, and DRB1*06. Par-
ticular predisposing HLA allele groups were notably prevalent in our population, like
DRB1*03, DRB1*13, DRB1*15, DRB1*04, and DQB1*02, whereas those considered as pro-
tective, namely HLA-A2, HLA-B44, and HLA-DRB1*11, were also predominant inside a
heterogeneous HLA landscape. These data could help build a local HLA database useful
for better management of MS and other HLA-related diseases.

Understanding these genetic variations is essential for developed and individual-
ized therapeutic approaches, which would enhance preventive strategies customized for
particular demographic groups. It is important to consider genetic diversity in clinical
trials, as this can lead to more effective interventions and a better understanding of the
pathomechanisms of MS.
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