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Abstract 
The leading cause of motor disability in young adults, multiple sclerosis (MS) is an inflammatory, autoimmune 

disease of the central nervous system which mainly affects women and usually begins between the ages of 25 and 

35. Familial MS accounts for 12.6% of MS cases worldwide. This study aims to provide a comprehensive overview 

of familial MS, identifying some of the implicated genes through various analytical approaches, and comparing 

them with the number of candidate genes reported. Over a period of 10 years (2014 to 2024), data on sporadic and 

familial MS, candidate genes and the genetic analysis methods used to identify them have been collected for 24 

countries spread across five continents, with 5 countries (Africa), 8 countries (Europe), 6 countries (Asia), 4 

countries (America) and 1 country (Oceania). Like sporadic MS, familial MS has the highest frequency in Canada 

(32.7%) compared with other countries, and it would appear that the more relatives there are to the affected person, 

the greater the risk of developing the disease. GWAS has proved to be the most effective and promising analysis 

method, since it has been able to identify the majority of candidate genes (more than 200). 
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 الملخص 

التهابي، ومناعي ذاتي يصيب الجهاز العصبي المركزي،   كونه السبب الرئيسي للإعاقة الحركية لدى الشباب، هو مرض 

من حالات    % 12.6يمثل التصلب المتعدد العائلي .عامًا 35و   25ويؤثر بشكل رئيسي على النساء وعادة ما يبدأ بين سن  

تهدف هذه الدراسة إلى تقديم نظرة عامة وشاملة حول التصلب المتعدد العائلي، وتحديد   .التصلب المتعدد في جميع أنحاء العالم

تم جمع بيانات    .بعض الجينات المتضمنة من خلال مقاربات تحليلية مختلفة، ومقارنتها بعدد الجينات المرشحة المبلغ عنها

 10خدمة لتحديدها، على مدى فترة  حول التصلب المتعدد العفوي والعائلي، والجينات المرشحة، وطرق التحليل الجيني المست

أوروبا، و  بدول   8إفريقيا، و  بدول   5بواقع      دولة موزعة عبر خمس قارات 24وذلك لـ       ،2024إلى   2014سنوات من  

يتمتع بأعلى   فإن التصلب المتعدد العائلي مثل التصلب المتعدد المتقطع  أوقيانوسيا بأمريكا، ودولة واحدة  بدول   4 آسيا،  بدول   6

كلما زادت خطورة إصابته    تدرجة القرابة إلى الشّخص المصاب  كلما زاد  ويبدو أنه    مقارنة بالبلدان الأخر  %32,7اتكرار له في كند

وواعدة، حيث    أنها الطريقة التحليلية الأكثر فعالية  (GWAS)  وقد أثبتت دراسة الارتباط على مستوى الجينوم بأكمله  بالمرض

 200أكثر من ) تمكنت من تحديد غالبية الجينات المرشحة

 .المرشحة الجينات الجزيئي، الوراثة علم متقطع، عائلي، المتعدد، التصلب :الرئيسية الكلمات

Introduction 

Multiple sclerosis (MS) is an inflammatory, demyelinating and degenerative disease of the central 

nervous system (CNS). It is a disease of young adults, preferentially affecting women (sex ratio 1/3) and 

generally occurring between the ages of 25 and 35 (Leprieur, 2019). 

Its causes are multifactorial, combining a predisposing genetic background that plays a role in its 

development with acquired factors, the majority of which appear to be present during childhood and 
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adolescence (Mathey, 2021). Its risk depends on the degree of genetic proximity to the index case 

(Balcerac & Louapré, 2022). 

In multiple sclerosis, the immune system malfunctions and attacks myelin, a protective sheath that 

covers many axons. This sheath is made up of concentric clusters of oligodendrocyte extensions, a 

membrane structure that promotes nerve transmission, increasing its speed up to a hundred times. 

Therefore, the deterioration of myelin in multiple sclerosis delays the transmission of nerve signals. 

Inflammation affects certain areas of the nervous system, resulting in plaque lesions that can turn into 

scars and lead to neurodegeneration. 

Multiple sclerosis has a complex and varied epidemiology. The frequency, onset, risk factors and course 

of the disease differ significantly depending on the populations examined and geographical areas. A 

deeper understanding of these 

factors may help to optimise the prevention, early diagnosis and management of multiple sclerosis 

(Freysseline, 2024)  

Whether relapsing-remitting, secondery progressive or primery progressive its main players are T and 

B lymphocytes (Talmont, 2020). It affects 2.8 million people worldwide, 12.6% of whom have a familial 

form (Barka , 2018; Balcérac  & Louapré, 2021), defined by the presence of another family member 

affected to the third degree or less (Balcérac & Louapré, 2022). There is a difference in clinical 

presentation between familial and sporadic cases, with familial forms having a more multifocal onset 

(Wellek et al., 2011), more relapses, earlier worsening of disability and more severe long-term disability. 

It should be noted that there is a shorter delay in diagnosis, probably due to awareness of the disease, 

and there are also more brain lesions detected on MRI (Andrijauskis et al., 2019; Steenhof et al.,2019).  

Research into familial forms of multiple sclerosis, particularly that conducted in 2024, corroborates the 

idea that the disease is not transmitted in a one-dimensional way (such as a single defective gene).  

In recent years, extensive research has shed light on some of the mystery surrounding this condition and 

clarified the immunopathological mechanisms underlying it, particularly the triggering factors. This 

paves the way for the development of more targeted and effective treatments for this often-devastating 

disease (Hoballah, 2018) 

Also the existence of multiple cases within the same family is due to the confluence of various 

predisposing genes and environmental influences. Recent research has also established a link between 

family structures and consanguinity in certain areas, reinforcing the hypothesis of a polygenic genetic 

involvement (Vahebet al.,2024). 

The aim of this work is to establish a global overview of familial multiple sclerosis and to list the genes 

responsible as well as the different methods of detecting causal mutations.  

Materials and Methods: 

The subjects chosen for this study represent all patients in the global population 

from families with at least two cases of multiple sclerosis without demographic or ethnic exclusion. 

Data collect: The international databases consulted were: Google Scholar, Pubmed, ResearchGate using 

the following keywords: Multiple sclerosis, sporadic, familial, genes, polymorphism, sequencing. This 

study was based on epidemiological (Tab. 1 and 2) and genetic (Tab. 3) data recorded in a number of 

countries around the world over a period from 2014 to 2024 (10 years). 

The influence of certain environmental factors such as higher latitude, low serum levels of vitamin D, 

childhood obesity, infection with the Epstein Barr virus and herpes simplex viruses, smoking and diet 

(salt, saturated fatty acids) (Dobson, 2019; Librizzi, 2020). This leads us to say that being related to a 

person affected by this disease and being exposed to the environmental factors mentioned, increases the 

risk of developing multiple sclerosis compared with that of the general population exposed to the same 

factors (Lubetzki  & Stankoff , 2017; Tizaoui, 2018; Leprieur, 2019; Gouideret al., 2020). 

To this end, in the present study, we attempt to highlight the different genes involved in familial MS, as 

well as their similarities, detected by different analysis methods, the example of GWAS (Genome-Wide 

Association studies), WES (Whole Exome Sequencing), ...  

https://pubmed.ncbi.nlm.nih.gov/?term=Vaheb+S&cauthor_id=39420388
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Results:  

Distribution of Multiple Sclerosis:  

Worldwide, the sporadic form of multiple sclerosis is more common than the familial form. Of the 2.8 

million people affected, 12.6% have the familial form (Barka, 2018 ; Balcérac & Louapré, 2021). 

The figure below (Fig. 01) and Tab. 01shows the distribution of the sporadic form of MS in a few 

countries spread across different continents (www.atlasofms.org). It has a heterogeneous distribution 

(Fig.1), with a relatively high rate in Canada and Denmark and a rather low rate in China, India and 

Niger, thus confirming epidemiological studies which speak of a high frequency of the disease in 

Caucasians and a much lower frequency in Asia and sub-Saharan Africa (Leray et al., 2016).  

Although MS seems to manifest with greater severity and aggressiveness in patients of North African 

origin (Gouider et al,. 2020), epidemiological data from this region remain limited. 

In this study, we aim to point out the genes linked to familial MS and show their similarities, using 

different analysis methods such as GWAS and WES 

Table 1 Distribution of sporadic MS in selected countries worldwide (www.atlasofms.org). 

 

 
Figure 01. The sporadic form in a number of countries around the world. 

 

 

 Country 
Population Patients Proportion Reference 

  (1patient/inhabitants)  

Africa 

Algeria 44,18 millions 15000 1/3000 www.atlasofms.org 

Tunisia 12,26 millions 3251 1/5000  

Egypt 109,3 millions 59671 1/1500  

Nigéria 213,4 millions 10048 1 /20000  

South Africa 59,39 millions 4685 1 /12000  

Europe 

France 67,75 millions 100000 1 /700  

Belgium 11,59 millions 12000 1 /1000  

Romania 19,12 millions 8000 1 /2500  

Denmark 5,857 millions 17747 1/300  

Asia 

Iran 87,92 millions 86256 1 /1000  

China 1,425 billion 42440 1 /34000  

India 1,428 billion 145800 1 /9500  

Russia 143,4 millions 78914 1 /2000  

America 

Canada 38,25 millions 90000 1 /400  

United States 331,9 millions 400000 /  

Brazil 214,3 millions 40000 1/5500  

Australia 25,69 millions 25607 1/1000  
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Like sporadic MS, familial MS has a heterogeneous distribution (Tab. 02); for example, the rate is 32.7% 

in Canada, 29% in Finland, 28.7% in Croatia and Slovenia (Relatively high), 21% in Saudi Arabia, 

12.2% in Iran, 10.4% in Qatar (Moderately high); 6.12% in Brazil, 3.3% in Mexico and 2% in Hungary 

(Low) (Harirchian et al., 2018). This form remains high in Caucasians, moderate in North Africans and 

much lower in Asians and sub-Saharans (Cambron, 2015; Hentati et al.,2018; Harirchian et al. 2018; 

Gouider et al., 2020). 

Table 2: Distribution of familial forme of MS in some countries around the world 

 Country Familial MS (%) 
Number of 

patients studied 
References 

Africa 
Algeria 

5%Blida 

9,2%Oran 

14,2%Tlemcen 

806 

291 

450 

Gouider et al.2020 

Benyahia, 2019 

Tunisia 4,1% à 5,5% 27 Ben Chihi,et al.,2023 

Europe 

Belgium 20% 152 Cambron, 2015 

Finlande 29%  Harirchian et al., 2018 

Croatia 28,7%  Harirchian et al., 2018 

Hongrie 2%  Harirchian et al., 2018 

Slovania 28,7%  Harirchian et al., 2018 

Asia 

Iran 19%  Harirchian et al., 2018 

Saudi Arabia 21%  Harirchian et al., 2018 

Qatar 10,4%  Harirchian et al., 2018 

America 

Canada 32,7%  Harirchian et al., 2018 

Brazil 6,12%  Harirchian et al., 2018 

Mexico 3,3%  Harirchian et al., 2018 

 

Although it is not hereditary, there are genetic factors favorable to its development, as highlighted by a 

number of epidemiological studies revealing that 15 to 20% of affected patients also had an affected 

family member.  

Genetic Factors 

The importance of genetic inheritance was established following the observation of a 10 to 15-fold 

increase in risk among children with one parent affected by multiple sclerosis (Mathey G.)  

From a genetic point of view, it is clear that the worldwide prevalence of MS varies according to 

geographical area (Damotte, 2014). Namely, very high in North America and Europe and rather low in 

East Asia and sub-Saharan Africa.  

It has been pointed out that in cases of familial MS, the disease may be transmitted from generation to 

generation, so a genetic influence would be more obvious, which would explain the higher frequency of 

this condition observed in relatives of people with the disease (Sawcer, 2014; Leray et al.,2016; Leprieur, 

2019). The genetic contribution to the risk of developing MS is currently estimated at around 50% 

(Fagnani et al., 2015; Balcérac & Louapré, 2021) and patients with at least one relative affected are 

estimated at 20% (Damotte, 2014). 

According to Leprieur A. 2019, for a person with MS, first-degree relatives have a risk of developing 

the disease of around 3% (i.e. 4% for siblings, 2% for children and 2% for parents). The risk is about 

three times higher than that of second- or third-degree relatives (around 1%), and 10 to 30 times greater 

than in the general population (0.1–0.3%). The risk increases further when both parents are 

affected.Finally, an estimate of around 30% has been demonstrated for monozygotic twins. This implies 

that the risk of the disease developing in relatives of the affected person increases with the amount of 
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genetic material shared (Leprieur, 2019). 

Recently, using GWAS analysis, 233 candidate genes have been recognized for MS, including 32 genes 

that are part of the major histocompatibility complex, 200 have been found in somatic chromosomes 

and only one carried by the X chromosome (IMSGC, 2019) and appear to contribute to a significant risk 

for the development of this disease. This supports the multifactorial nature of MS, as the results indicate 

a higher prevalence in men, despite epidemiological studies reporting the opposite. Such findings point 

to a significant hormonal influence in disease expression. 

In this research, the study, which focuses on the analysis of rare RNAs, shows that in some individuals 

with MS, abnormal gene expression in immune cells responsible for destroying pathogens is associated 

with abnormalities in the Integrator complex, a protein complex essential for the maturation of non-

coding RNAs. Because of this problem, the RNAs generated from the DNA sequences that regulate gene 

expression are longer and more numerous. These sequences, also known as ‘enhancers’, are partly 

derived from ancient viruses, which have been tamed and exploited by the cell to better regulate gene 

expression. Therefore, the imperfect maturation of enhancer RNAs could explain the regular production 

of viral genes in patients with MS, However, the Integrator complex also has an impact on the activity 

of RNA polymerase II, the enzyme responsible for transcribing genes that code for proteins. Without 

effective action by the Integrator, RNA polymerase II triggers transcription more often, but encounters 

difficulties in completing it. This promotes the expression of short genes, such as those related to 

inflammation, while longer genes, which are essential for the preservation of endothelium, among other 

things, are not fully transcribed, thus jeopardizing their expression, so there is less integrator activity in 

MS patients.  

Consequently, many transcriptional observations in MS patients can be explained by the same 

phenomenon, which greatly enriches our understanding of this complex disease (CNRS Biologie, 2024). 

several analysis methods were used to detect different genes. This is described in Table 03. 

Analysis Methods Used: 

GWAS (Genome-Wide Association studies) 

Genome-wide association studies are a technique that enables rapid analysis of markers across the DNA 

of several individuals, making it possible to identify genetic variations relating to specific traits or 

diseases. 

Using this method, the genome is examined in its entirety to identify single nucleotide polymorphisms 

(SNPs) that could be associated with certain diseases such as neurodegenerative diseases, heart disease, 

diabetes and asthma. For some diseases, this would enable prevention, while for others it would enable 

early treatment and a better therapeutic strategy. 

Whole Exome Sequencing (WES):  

Whole Exome Sequencing (WES) allows the analysis of all protein coding sequences in the human 

genome. 

Whole exome sequencing (WES) is widely used and is being progressively optimized for the detection 

of rare and common genetic variants in humans (Belkadi et al.,2015). 

Whole exome sequencing is used to perform massive screening of structural and regulatory genes to 

identify allelic frequencies of disease-associated polymorphisms in diverse populations and detect 

possible mutations or polymorphisms leading to defective protein sequences. In this way, exome 

sequencing now makes it possible both to diagnose monogenic diseases (MD) and to examine apparently 

healthy populations to reveal potential risks before the disease manifests itself (Oleget al., 2023). 

Exome sequencing (WES) is effective for study diseases, as exonic regions can contain up to 85% of 
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functional variants responsible for disease, even though they represent only 2% of the entire genome 

( Jacob, 2020). 

Table 3. Distribution of analysis methods used for the detection of some candidate familial MS genes 

throughout the world. 

 
Country Analysis Methods genes Chromosomes References 

CANADA WES MASP1 3 Vilariño-Güell et 

al., 2019 PLAU 10q22.2 

C2 6p21.33 

NILRP12 19q13.42 

UBR2 6 

CTNNA3 10q21.3 

NFATC2 16p11.2 

RNF213 17q25.3 

NCOA3 20q13.12 

SLC24A6 12q24.13 

SLC8B1 12q24.13 

KCNG4 16q24.1 

P2RX4 12q24.32 

P2RX7 12q24.31 

GALR2 17q25.3 

NLRP1 17 

AUSTRIA WES DPH3 3 Zrzavy et al., 2020 

MBP 18 

INPP4B 4 

ThyN1 11 

NFAT5 16 

TTC21A 3 

IRAN qPCR YAP1 

TAZ 

CRB3 

VDR 

11q22.1 Khalilian et al.,2021 

 

19 

12q13.11 

ALGERIA HLA DRB1* 

HLA DRB1*07 

HLA A26 

HLA B18 

HLA B40 

 

6p21.3 

 

 

Bourokba et al., 

2015 

AUSTRALIA, 

UK, 

US, 

EUROPE 

GWAS IL2 4q27 Cotsapas, 2018 

 

IL7R 5p13.2 

GALC 14 

TYK2 19 

NLRP8 19 

PRF1 10 

PRKRA 2 

HDAC7 12 

 

The Major Histocompatibility Complex (MHC) has been recognised for several years as the main 

genetic locus linked to MS, in particular the HLA-DRB1∗15:01 class II allele which, in addition to its 

significant susceptibility, was the first to be associated with this pathology, making it the predominant 

genetic risk factor while being responsible for practically 50% of the genetic predisposition.  

(Patsopouloset al., 2017; Tizaoui, 2018; Leprieur, 2019; Librizzi, 2020) with an additive effect in the 

case of homozygous genotype (Hollenback et al., 2015; Song et al., 2019; Balcerac & Louapre, 2022); 

this allele is found in the following haplotype: HLA DRB1*15:01 DQA1*01:02 DQB1*06:02 HLA-

DR2 which represents an association of genes located close to each other and often transmitted together, 

this haplotype is often present in leucoderms (30%) with a clear female predominance. 

It is likely that the HLA-DRB1∗15 01 allele may have a common affinity for two structural proteins, an 

EBV protein (EBNA1) and a myelin protein (MBP), so this allele (HLA DRB1*15 01) transforms the 

influence of certain environmental factors; The odds ratio for smoking is 2.8 for the development of MS 
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in carriers of this allele and 1.4 in non-carriers; in addition, the herpes simplex virus increases the risk 

of MS in patients who do not carry the HLA DRB1*15 01 antigen (Balcerac& Louapre, 2022 ). 

Other chromosomal locations have been identified, most of which are involved in immune system 

mechanisms. These genes code for other HLA class I or II serotypes (DRB1 or not), or other immune 

system molecules (receptors for interleukins, tumor necrosis factor, etc.) (Tizaoui, 2018; Mathey, 2021; 

Balcerac & Louapre, 2022).  

Through whole-exome sequencing (WES) conducted by Carles Vilariño-Güell in 2019, twelve genes of 

the innate immune system responsible for regulating the transcription and activation of inflammatory 

mediators were identified as likely pathogenic variants associated with MS.Rae variants have been 

identified in genes for fibrinolysis and complement pathways ( PLAU , MASP1 , C2 ), inflammasome 

assembly ( NLRP12 ), Wnt signalling (UBR2 , CTNNA3 ,NFATC2 , RNF213 ), nuclear receptor 

complexes ( NCOA3 ) and cation channels and exchangers ( KCNG4 , SLC24A6 , SLC8B1 ). These 

genes are thought to be responsible for disrupting interconnected immunological and pro-inflammatory 

pathways, while contributing to the initial event in the pathophysiology of familial MS. 

The GWAS analysis carried out by the research team of the International Multiple Sclerosis Genetics 

Consortium recognized the involvement of 233 genes, one of the candidate genes found being carried 

by the X chromosome. 

Using the same analysis method (whole exome sequencing), a research study conducted by Tobias 

Zrzavy in 2020, in Austria, on 4 families with a history of multiple sclerosis, identified other candidate 

genes (DPH3, MBP, INPP4, ThyN1, NFATS, TTC21A). 

The qPCR technique was used on 13 families, some of whose members had this condition and who were 

followed up at the neurology department of the CHU Annaba (north-east Algeria) in 2015 (Bourokba et 

al.,2015). This team demonstrated (by comparing affected vs. unaffected individuals) a significant rate 

of DRB1*01 allele frequency (33.3% vs. 12% p = 0.05) DRB1*07 (25% vs. 6% p = 0.05) A26 (12.5% 

vs. 0% p = 0.03) B18 (29.1% vs. 2% p = 0.001) and B40 (12, 5% vs 0% p = 0.03) were found, while the 

DRB1*15 alleles (0% vs 26% p = 0.006) A24 (8.3% vs 40% p = 0.005) and B35 (16.6% vs 42% p = 

0.03) had a protective effect on multiple sclerosis susceptibility in this sample. 

Furthermore, a qPCR analysis conducted in an Iranian population by Sheyda Khalilian and colleagues 

in 2021 identified additional genes (YAP1, TAZ, CRB3, and VDR), each implicated in MS through 

distinct mechanisms. For example, the VDR (vitamin D receptor) gene encodes the vitamin D receptor 

protein, which enables the body to respond to vitamin D..  This vitamin contributes to cerebral activity 

in the embryonic and adult brain, by helping the connectivity of neuronal circuits responsible for 

locomotor and emotional behavior. Low serum levels of VD have been observed in patients suffering 

from Alzheimer's disease, Parkinson's disease and multiple sclerosis. 

The work carried out for this study is complex and requires a meticulous approach. 

This work is essential to advance our understanding of the mechanisms responsible for familial MS and 

the differences that exist around the world. 

In this systematic review, certain limitations must be noted, the most notable being the significant 

difference in population size between countries that have been the subject of genetic studies on familial 

multiple sclerosis. 

Conclusion: 

Multiple sclerosis is a complex chronic disease, neurodegenerative which is the leading cause of 

acquired motor disability in young adults. It is thought to be due to a genetic predisposition combined 

with environmental factors: infection by the Ebstein-Barr virus, smoking, serum vitamin D levels, 

childhood obesity and eating habits (Dobson, 2019; Librizzi, 2020; Gouider, et al., 2020).  

According to Professor Gourraud P.A. (2021), even though genetic knowledge of this disease has clearly 

evolved, it would be impossible to say whether or not an individual will develop multiple sclerosis on 

the basis of genetic data alone, since some patients have all the known genetic markers while others do 

not. Genetic studies are currently needed to improve prevention, diagnosis, management and treatment 

of the disease, in order to reduce the frequency and severity of relapses, slow disease progression and 

relieve symptoms. It is important to emphasize that the genes and polymorphisms associated with MS 
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must take into account the ethnic aspect, which plays an important role in calculating the risk of 

predisposition to the disease. This leads us to say that it is imperative for countries where a GWAS has 

not been carried out not to use the results of other countries to assess the risk in their patients, especially 

if they are of a different ethnic group.  

Of all the genetic studies carried out by researchers, GWAS is still the only one to have identified the 

most candidate genes (233 genes), which leads us to conclude that the genome-wide association study 

is the most conclusive.  
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