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Abstract 

Multiple sclerosis (MS) is a complicated neurological disease in which the central nervous system gradually 
deteriorates. The body’s immune system wrongly targets the protective myelin coating around nerves, treating it as a 
threat and damaging it. Due to the loss of the myelin sheath, signals cannot be transmitted anymore. While its exact 
causes remain unknown, previous research suggests that it has genetic and environmental causes.  

This paper examines the causes and existing treatment options, with a particular focus on the Human Leukocyte Antigen 
(HLA) system, specifically the HLA-DRB1 gene. As is well known, the HLA-DRB1 gene is one of the candidates for the 
control of immune system function and has been strongly and constantly associated with the risk of developing multiple 
sclerosis. This paper shows how HLA-DRB1 variations influence the susceptibility to MS, and what consequences this 
could have for further research and treatment approaches. It also includes the environmental causes of the disease, 
along with an overview of the existing treatments for the same. While no experiment was done to observe the effects, 
through different sources, research has been done to understand the relationship between the HLA gene, the 
environment, and the increased risk of MS.  
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1. Introduction

Multiple sclerosis (MS) is a chronic neurological disorder in which the immune system mistakenly attacks the nerves, 
leading to disability. It mistakes the myelin sheath covering the nerves as an invader and eats it up. Due to the loss of 
the myelin sheath, signals cannot be transmitted anymore. This leads to communication issues between the body and 
the brain. The symptoms of MS can differ widely among individuals, and in severe cases, some patients may lose the 
ability to walk without assistance. Depending on the type of MS, some individuals can experience extended periods of 
remission without developing new symptoms. While environmental factors can be numerous, including smoking, age, 
certain infections (such as the Epstein-Barr virus), and family history, the genetic cause primarily focuses on the Human 
Leukocyte Antigen (HLA) complex. Evidence has linked variations in the HLA-DRB1 gene to a higher incidence of 
multiple sclerosis. Multiple sclerosis symptoms may arise from autoimmune reactions and inflammation caused by 
changes in the HLA-DRB1 gene, which harm nerves and their protective myelin sheath. This is because the HLA-DRB1 
gene is implicated in the immune system. The precise contribution of HLA-DRB1 gene variations to the onset of multiple 
sclerosis is still unknown.  

1.1. Genetic Architecture of MS 

Multiple Sclerosis is acknowledged as a partially heritable autoimmune inflammatory disease, where genetic factors 
significantly influence an individual's susceptibility (Ward & Goldman, 2022). People with a family history of MS are at 
a higher risk of developing the disease. Data shows that identical twins (monozygotic) have a higher chance of 
developing MS, as they have concordance rates of 25-30% as compared to non-identical twins (3-7%). Moreover, 
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patients with MS (15-20%) have reported that they have a family history of the disease, which is much higher than the 
prevalence in the general population. The risk of developing MS increases substantially, rising from approximately 1 in 
1,000 in the general population to about 1 in 4 for identical twins when one twin is affected, highlighting the strong 
genetic component (Parnell & Booth, 2017).  

Moreover, a study by Jovanovic et al. (2024) focused on cases of familial multiple sclerosis (FMS) in Belgrade. They 
found that FMS cases accounted for 6.4% of the population’s total MS cases and also observed that in such cases, the 
younger generations developed symptoms earlier than the older ones (even after adjustment, accounting for difference 
in length of follow-up, the age‐at‐onset disparity persisted, though reduced (30.0 vs. 36.4 years; p = 0.040). 

Starting in the 1970s, research demonstrated a strong link between various HLA class II factors and MS susceptibility, 
with some of the earliest findings noting a higher incidence of specific HLA types in MS patients (Naito et al., 1972; 
Svejgaard, 2008). Subsequent linkage and association studies further solidified this connection, particularly highlighting 
the strong association with HLA-DR15 (formerly known as DR2 or Dw2) (Haile et al., 1980; Hillert, 2006). This early 
work established the HLA system, especially the HLA-DRB1 gene, as a major and enduring contributor to MS risk, laying 
the groundwork for understanding the immunogenetic basis of the disease (Hollenbach & Oksenberg, 2015; Martinꝉ, 
1997; Svejgaard, 2008). It was not only increased gene expression alone that was not enough to explain MS risk; only 
when this higher expression was combined with certain structural features unique to the DRB1*1501 allele did risk 
increase, suggesting that both gene expression levels and allele structure must act together to affect susceptibility.  

2. Environmental Factors 

Multiple Sclerosis cannot be explained only through genetic factors. While the HLADRB-1 alleles have a clear role, 
researchers have also noticed that not everyone who carries a high-risk allele develops the disease, and identical twins, 
who share the same genetic background, are often discordant for MS. This has led to the exploration of environmental 
factors that may interact with the genetic susceptibility of the disease and influence the onset and progression. Several 
key factors emerged, including vitamin D levels, viral infections such as Epstein–Barr virus, smoking, and geographic 
location, all of which appear to modulate immune activity in ways that may trigger MS in genetically predisposed 
individuals. Moreover, research on migration suggests that the age at which one migrates influences the likelihood of 
developing multiple sclerosis, and there is a variation based on geographical latitude (Simpson et al. 2011). For 
individuals who move from a low-risk to a high-risk country before puberty, their risk of MS aligns more closely with 
that of the high-risk nation (Gale and Martyn 1995; Ahlgren et al. 2010, 2012; Berg-Hansen et al. 2015). 

3. Epstein-Barr Virus (EBV) 

It is a common viral infection that spreads through bodily fluids and saliva. Most EBV infections don't cause any 
symptoms. However, it can occasionally lead to infectious mononucleosis (IM), especially in adolescents and young 
adults. Data show that people who have had noticeable infectious mononucleosis (IM) face more than double the risk of 
developing multiple sclerosis (MS), according to a recent meta-analysis (Handel et al. 2010). Those with MS show much 
higher levels of antibodies against EBNA1 and a specific fragment (amino acids 385–420) (Sundstrom et al. 2009; 
Sundqvist et al. 2012). It was also found by Levin et al. that all those who initially tested negative for the ENBA-1 tested 
positive after developing MS. This suggests a close association between acquiring EBV (specifically a primary infection 
marked by EBNA1 antibodies) and the onset of MS. The HLA gene and the IM interact together to increase the risk of 
MS (Sundqvist et al. 2012). The risk of developing MS is also dependent on a specific time frame of EBV. For example, it 
was noted that infection throughout childhood does not indicate an increased risk of developing multiple sclerosis, but 
infection during adolescence or later does (Ascherio and Munger 2015).  

4. Smoking and Tobacco Usage 

Free radicals are abundant in tobacco. According to reports, oxidative stress brought on by free radicals mutates genetic 
material and contributes to several neurological diseases, including MS and Parkinson's disease. Smoking lowers blood 
levels of serum immunoglobulins, lowers the generation of cytokines by antigen-presenting cells, and lowers the 
numbers of peripheral B lymphocytes and natural killer cells. Cigarette smoke contains nitric oxide (NO) and carbon 
monoxide (CO), which boost the inflammatory response and weaken various immune systems, making a person more 
vulnerable to infections and autoimmune diseases. Additionally, Cigarette smoke may irritate the lungs and trigger the 
production of autoaggressive T cells, which can then trigger a CNS-directed autoaggressive response that results in 
multiple sclerosis. Tobacco contains a polyphenol-rich glycoprotein that stimulates B cell differentiation and T cell 
proliferation, creating a proinflammatory environment. Proinflammatory cells, such as G-protein-coupled receptor 15 
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(GPR15) T cells, which are associated with multiple sclerosis, are more prevalent in smokers. Furthermore, Acrolein 
and hydrogen cyanide, which are found in cigarette smoke, can suppress the immune system and lead to 
neurodegeneration. 

5. Vitamin D deficiency 

 Animal research has revealed that mice with sufficient vitamin D levels are immune to experimental autoimmune 
encephalomyelitis (EAE), according to a Cleaveland Clinic report. Vitamin D in hormone form may act as a selective 
immune regulator and delay the onset of illness. It is thought that the amount of sunshine exposure affects how much 
vitamin D is produced. Despite the lack of data, some research indicates that MS patients who took more oral vitamin D 
supplements experienced fewer recurrences. Multiple studies have demonstrated a link between vitamin D levels and 
the count or volume of T2 lesions visible on magnetic resonance imaging (MRI). For example, Bäcker-Koduah et al. found 
that patients with higher serum 25(OH)D concentrations had significantly fewer T2 lesions (25 lesions) compared to 
those with lower 25(OH)D levels (60 lesions). Additionally, Cree et al. identified a short-term correlation between 
reduced serum vitamin D levels and increased risk of localized MRI disease activity, including greater T2 lesion volume. 
However, some studies have found no apparent correlation between lack of Vitamin D and the onset of MS; hence, it is 
still being debated whether it is a significant risk factor or not. 

6. Treatment for MS 

Even though there is no cure for MS, there are some treatment options that can help control the disease progression. 
Disease-modifying therapies (DMT) do not cure the disease but slow down its progression and reduce long-term 
disability. They can be of different types, such as self-injection, oral, or infusion therapies (Robertson and Moreo, 2016) 
with different mechanisms of action. Some notable examples include Dimethyl Fumarate, Teriflunomide, and 
Fingolimod, which work by altering the behavior of immune cells or activating protective pathways, offering the 
convenience of pill-based treatment. Flingolimod acts by trapping certain immune cells in lymph nodes, preventing 
them from entering the brain and spinal cord. Teriflunomide slows the production of immune cells by interfering with 
the building blocks of DNA and reduces autoimmune attacks on myelin, thereby lowering relapse rates. Dimethyl 
Fumarate activates antioxidant pathways, which protect nerve cells from damage by immune cells. Other types, such as 
interferon-beta and glatiramer acetate, modulate immune system molecules to reduce inflammation and mimic parts of 
myelin to produce a positive anti-inflammatory response. Apart from these, infusion therapies use monoclonal 
antibodies, which are specifically designed to target specific immune cells. For example, natalizumab blocks certain 
immune cells from crossing into the brain and spinal cord, preventing them from attacking myelin. Ocrelizumab and 
alemtuzumab work by depleting particular immune cells, such as B cells or broader lymphocyte populations, which are 
responsible for the autoimmune response (Hauser & Cree, 2020). 

Another type of treatment for MS relapses includes the use of corticosteroids such as Methylprednisolone. Short-term, 
high-dose methylprednisolone, administered orally or intravenously over 3–5 days, can accelerate recovery from 
relapses. However, this therapy does not affect the likelihood of future relapses or long-term disability. Some studies 
also suggest that pulsed methylprednisolone treatment may provide long-term benefits for individuals with multiple 
sclerosis. 

7. Conclusion 

In conclusion, Multiple sclerosis is a complex disease of the nervous system influenced by both genetic factors, such as 
the HLA-DRB1 gene, and environmental factors like vitamin D deficiency, smoking, and lifestyle choices. These elements 
work together to cause immune system dysfunction, which weakens the myelin sheath surrounding nerve fibers. 
Disease-modifying therapies were developed to reduce relapses, slow the progression of the disease, and provide a 
better quality of life. These include oral pills, self-injections, immunosuppressants, etc.  Understanding MS as the result 
of genetic susceptibility, environmental influences, and immune dysregulation is crucial for developing more effective, 
personalized treatments. It is anticipated that further research on genetic factors and treatment options will lead to a 
better quality of life for MS patients.  
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