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Multiple sclerosis (MS) is a chronic inflammatory demy-
elinating disorder of the central nervous system (CNS). 
The underlying cause of MS is still unknown. Multiple 
risk factors have been suggested that involve a combina-
tion of genetic, environmental, and infectious factors 
that contribute along with a weakened immune system. 
There is growing evidence supporting the potential role 
of viral infections in the development of the disease. Vi-
ruses like human immunodeficiency virus (HIV), John 
Cunningham virus (JCV), Varicella-Zoster virus (VZV), 
human herpesvirus 6 (HHV-6), Epstein-Barr virus 

(EBV), and human endogenous retroviruses (HERVs) 
have been proposed in the pathogenesis of MS. Their 
pathogenetic mechanisms are not well known, but sev-
eral possibilities have been discussed. The present study 
highlights the proposed potential molecular and genetic 
mechanisms underlying this viral interaction and its im-
plications for the development of MS.
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SUMMARY

n	 INTRODUCTION

Multiple sclerosis (MS) is a chronic progressive 
inflammatory disorder that affects the cen-

tral nervous system’s (CNS), which consists of the 
brain, optic nerves, and spinal cord [1]. It general-
ly affects people between the ages of 20 and 40 and 
is the most prevalent neurological illness that 
causes disability in young adults. According to es-
timates, 2.8 million individuals worldwide are af-
fected by MS, with a 35.9 per 100,000 population 
prevalence rate [2, 3]. The immune system wrong-
ly targets myelin, the protective layer that protects 

nerve fibers, in MS. This breakdown of myelin re-
sults in scar tissue known as sclerosis, which can 
also be referred to as plaques or lesions [4]. Myelin 
is a multi-layer sheath formed by neuroglial cells 
around neurons and axons [5]. The myelin sheath 
allows nerve impulses to move quickly and effec-
tively along nerve cells. When myelin degenera-
tion occurs, these impulses decelerate [6].
The underlying pathology seems to be focal de-
myelination and neurodegeneration of the CNS 
[7]. Plaques have been identified in the damaged 
regions, which are mostly supported by the white 
matter that encircles the lateral ventricles of the 
brain and the optic nerves. Most of the time, con-
ventional magnetic resonance imaging (MRI) 
techniques can find demyelination in the white 
matter and gray matter of a person with MS [8]. 
The degree of cortical demyelination is thought to 
reflect the clinical progression of MS, whereas 
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gray matter demyelination is correlated with a 
progressive form of the illness [8, 9].
MS affects people differently, with some experienc-
ing only mild symptoms while others may include 
sensory and motor problems, visual abnormalities, 
and cognitive impairment. Primary progressive 
MS (PPMS), secondary progressive MS (SPMS), re-
lapsing-remitting MS (RRMS), and progressive re-
lapsing MS (PRMS) are the four clinical phases of 
MS [10]. The most frequent form of the condition, 
RRMS, is characterized by clinical symptoms that 
develop following periods of partial or complete 
remission. SPMS is a secondary progressive course 
of RRMS with sustained deterioration and ad-
vancement of symptoms [11]. In PPMS, unlike 
PRMS, in which the period coincides with the pro-
gression of MS symptoms, there is no improve-
ment during the continuous progression of neuro-
logical symptoms. Improvement also appears. Sev-
eral treatments help improve symptoms, but there 
is no improvement in some people, and the condi-
tion may progress to SPMS [12].
A multifactorial hypothesis has been postulated, 
in which complex combinations of numerous “en-
vironmental or infectious” elements may operate 
as triggers that cause autoimmunity and disease 
progression, despite the fact that several parts of 
the etiology and pathophysiology of MS remain 
unexplained [13, 14]. MS risk factors include eth-
nicity, particularly human leukocyte antigens 
(HLA) loci, the most significant of which is HLA-
DRB1 *15:01 in the class II region, gender (more 
prevalent in women), latitude (and consequently 
sunshine and vitamin D availability), and viral in-
fections [7]. Various immunomodulatory thera-
pies are used to manage symptoms, accelerate re-
covery after relapses, and partially reduce the 
number and severity of relapses. None of them, 
however, has the ability to halt or slow the pro-
gression of the disease entirely [15].
Several different viruses have been proposed to be 
associated with the pathogenesis of MS, including 
human immunodeficiency virus (HIV), John Cun-
ningham virus (JCV), Varicella-Zoster virus (VZV), 
human herpesvirus 6 (HHV-6), and Epstein-Barr 
virus (EBV) [16-19]. Moreover, human endoge-
nous retroviruses (HERVs) are discussed [20]. 
Similar to a portion of the clinical course of MS, 
herpesvirus infection is followed by a period of 
remission followed by deteriorating symptoms. 
However, unlike PPMS, most herpesvirus reacti-

vations do not result in permanent tissue damage 
or functional loss [21].
Viral infections are one of the aspects of MS that 
are not fully understood, but they are suspected to 
play a role in the disease’s pathogenesis. Despite 
coming from various virus families, these viruses 
have the capacity to alter the host’s gene expres-
sion, bystander activation, epitope release, surviv-
al and immortalization of self-stimulating im-
mune cells, and regulatory changes [22]. These 
viruses have also the ability to pass the blood-
brain barrier (BBB) and lead to persistent infec-
tions that last a lifetime and can stimulate or inhib-
it immune pathways, and this dual role can have 
significant implications for the progression of MS. 
This potentially leads to immune response dysreg-
ulation following myelin destruction and inflam-
mation [23]. The present study written by a con-
siderable number of related articles from online 
databases such as PubMed, Scopus, Google Schol-
ar, and Web of Science published by reliable pub-
lishers such as Springer, Frontiers, and Elsevier 
from recent years, which were collected and dis-
cussed, provides comprehensive information 
about viral infection in MS disease progression.

n	 THE RELATIONSHIP BETWEEN MS AND HIV

The relationship between HIV and MS has been a 
topic of interest in recent years. For instance, it has 
been proposed that there is a connection between 
HIV infection, leukoencephalomyelopathy, and 
MS-like disease in some people [24]. The MS-like 
disease induced by HIV is neuromyelitis optica 
(NMO), a severe demyelinating disease different 
from MS that has been observed in HIV-infected 
persons and requires accurate diagnosis [25]. 
Berger et al. presented a series of 7 individuals 
with “MS-like disease” after HIV infection for the 
first time in 1989 [26]. This was followed by other 
independent cohorts of acute “MS-like disease” 
after HIV infection. These groups suggested a lit-
tle lag between HIV infection and the onset of MS-
like symptoms in affected people [27, 28]. Graber 
and colleagues identified histologic evidence of 
“MS-like illness” in the presence of HIV, including 
foamy macrophages, perivascular infiltration 
with inflammatory cells, and extensive demyeli-
nation with reactive astrocytes, all of which are 
consistent with MS lesions [27]. Published cases 
have reported the occurrence of MS-like diseases 
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mainly during acute HIV infection or HIV sero-
conversion [24].
Several autoimmune pathways have been pro-
posed as potential mechanisms in studies on 
HIV-infected individuals, including:
a)	 molecular mimicry processes following HIV-1 

action on neurons [29]; 
b)	 HIV-induced cytokine release that induces pol-

yclonal activation of cells B [30]; 
c)	 the appearance of autoantibodies against mye-

lin [31]; 
d)	 the loss of regulatory CD8+ T cells [32]; and 
e)	 the apparent restoration of immunity after 

Highly Active Antiretroviral Therapy (HAART) 
induction, HAART combines two or more an-
tiretroviral drugs that work against different 
proteins involved in the HIV life cycle [30].

Hypergammaglobulinemia and prolonged activa-
tion of T and B cells are hallmarks of the immune 
system dysfunction brought on by HIV. When B 
cells are stimulated, they produce more immuno-
globulin, which results in a surplus of Free Light 
Chains (FLCs). FLCs may be implicated in neuro-
autoimmune reactions [33]. This suggests that the 
FLCs may overlap with HIV-associated neurocog-
nitive disorder and MS [34]. Acute HIV infection 
results in a cytokine storm, a profound release of 
pro-inflammatory cytokines that contributes to 
the initial activation of the immune system [35]. 
Since HLA-DR+, CD38+, CD4+, and CD8+ (acti-
vated) T cells have a greater capacity to migrate 
and affect tissues, such as the brain, expanding 
their pool can directly raise the risk of developing 
autoimmune pathology [36].
Epidemiological studies, however, have shown a 
negative correlation between HIV infection and 
MS, with HIV-positive individuals having a lower 
probability of contracting the disease [25, 37, 38]. 
In a comprehensive study conducted by Maruszak 
et al. in Denmark, the incidence rate ratio (IRR) of 
MS among individuals diagnosed with HIV was 
0.3 (95% confidence interval [CI] 0.04 to 2.20). 
However, the statistical analysis did not yield a 
significant association between MS and HIV in 
this study [38]. Another research by Gold et al. 
confirmed a substantial inverse relationship be-
tween HIV and MS, with a rate ratio (RR) of 0.38 
(95% CI 0.15 to 0.79) of MS incidence in HIV pa-
tients compared to controls [39]. In the context of 
MS, the exact mechanisms by which HIV stimu-
lates and inhibits immune system pathways are 

not fully understood. However, the persistent im-
mune activation caused by HIV may contribute to 
the chronic inflammation observed in MS, which 
is a key factor in the disease’s progression. On the 
other hand, the inhibition of certain immune sys-
tem pathways by HIV may contribute to the im-
mune system’s failure to adequately combat MS 
lesions, leading to disease progression. Further-
more, clinical studies have shown that HAART-treat-
ed MS patients with HIV infection had less severe 
clinical outcomes even when they were not receiv-
ing MS medication [25, 40]. It is also possible that 
HIV itself protects against MS in some way by 
suppressing HIV expression rather than HAART 
HIV-induced immunity is expected to lower the 
incidence of MS because the disease is brought on 
by autoreactive T cells infecting and demyelinat-
ing the CNS. The preventive effects of HAART on 
the development and course of MS may also con-
tribute to the inverse relationship between HIV 
and MS [24].
The phase II clinical trial (INSPIRE), which evalu-
ated the effect of the antiretroviral therapy ralte-
gravir on individuals with RRMS, was unsuccess-
ful in demonstrating any advantageous benefits at 
the group level [41]. Recent clinical research, sug-
gests the possibility that MS treatments may ben-
efit from HIV therapies [24].

n	 THE RELATIONSHIP BETWEEN MS AND JCV

JCV is a nonenveloped, neurotropic, double-strand-
ed DNA virus that is ubiquitous and exclusively 
human, infecting 80% of the population world-
wide. It belongs to the Polyomaviridae family [42]. 
Primary JCV infection occurs in childhood and re-
mains latent for years in kidney cells, bone marrow, 
and lymphoid tissue [43]. JCV binds to cellular his-
tones and forms minichromosomes in infected 
cells. In individuals with a functioning immune 
system, JCV infection does not result in overt dis-
ease, resulting in asymptomatic infection [44]. 
However, JCV may reactivate in patients undergo-
ing immunosuppressive or immunomodulatory 
treatments, putting them at a higher risk of devel-
oping progressive multifocal leukoencephalopathy 
(PML), which can result in PML, A rare lytic infec-
tion of neuroglial cells, especially oligodendrocytes 
and astrocytes, causes demyelination [43].
JCV enters host cells by attaching to particular re-
ceptors, including integrin molecules, the seroto-
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nin receptors, very late antigen-4 (VLA-4), fol-
lowed by increased proliferation of B cells that 
cause JCV to enter the brain. However, some pa-
tients are susceptible to PML, while others are re-
sistant; mechanisms such as differential reactivity 
of the patient’s immune system and variation in 
the virus-host interaction have been suggested 
[45]. In light of this, it appears necessary to posi-
tively evaluate anti-JCV antibody serum as a sig-
nificant risk factor for PML development before 
deciding the treatment course for MS patients, de-
spite the fact that natalizumab has a very effective 
treatment response in RRMS patients [46]. Natali-
zumab, a monoclonal antibody targeting α4β1 and 
α4β7 integrins on the surface of lymphocytes, thus 
inhibits lymphocyte migration [47]. In MS patients, 
monoclonal antibody immunologic therapy reacti-
vates JCV, a condition for which there is no known 
therapeutic treatment. It may then generate PML 
in those who are susceptible, which can exacerbate 
the disease or result in patient death [48].

n	 THE RELATIONSHIP BETWEEN MS AND VZV

VZV is a neurotropic virus of the herpesvirus fam-
ily, exclusively human, with almost global distri-
bution. A highly contagious infection in children, 
the initial infection of which causes varicella 
(chicken pox), then remains hidden in the cells of 
the dorsal ganglion of the sensory nerve [49]. 
Years later, the reactivation of VZV in the form of 
herpes zoster is more common in people with re-
duced cellular immunity, especially in the elderly 
and immunocompromised [50]. Herpes zoster is 
associated with a variety of neurological syn-
dromes, including postherpetic neuralgia and 
myelopathy [51].
Epidemiological studies have revealed a signifi-
cant prevalence of varicella and zoster in MS pa-
tients’ clinical antecedents. When MS patients ex-
perience an ephemeral relapse, laboratory tests 
have revealed significant amounts of VZV DNA in 
their leukocytes and cerebrospinal fluid. Howev-
er, the virus vanishes during remission [52]. Ac-
cording to research by Sotelo et al., cerebrospinal 
fluid (CSF) samples from RRMS patients who 
were in the first week of a clinical relapse included 
a significant amount of VZV DNA. Patients with 
MS who were in remission had significantly less 
VZV DNA in their CSF samples than those who 
were in relapse. The authors came to the conclu-

sion that VZV has a direct role in the etiology of 
MS relapse since it is present in the blood and CSF 
of MS patients who are experiencing relapse and 
decreases during disease remission [53]. In several 
studies, it has been shown that most patients with 
MS in the exacerbation stage of the disease, espe-
cially the RRMS stage, have a positive MRZ reac-
tion (MRZR), an intraspinal humoral response to 
measles (M), rubella (R) and varicella zoster (Z), 
The MRZR is considered a highly specific marker 
for MS, meaning it can help distinguish MS from 
other diseases that may have similar symptoms. 
For instance, it can help distinguish MS from rheu-
matologic disorders with central nervous involve-
ment (RDwCNS) [54].
Although the role of VZV infection in MS is still 
unclear, two models for its infection in patients are 
proposed [55]. The primary role of VZV glycopro-
tein E (gE), a major VZV glycoprotein, is to attach 
to mannose-6-phosphate receptors that aid virus 
entry. A comparison of the amino acid sequences of 
HNRNPA1 and VZV proteins revealed a 62% ami-
no acid sequence match between VZV gE and the 
PrLD/M9 epitope area (TNPO1 binding domain) 
of mutant HNRNPA1. HNRNPA1 generates a het-
erogeneous nuclear ribonucleoprotein (hnRNP) 
that is involved in the processing and transport of 
mRNA and pre-mRNA, which are found in pro-
tein-bound RNAs [56]. Mutant HNRNPA1 mimics 
VZV gE as an antigen, resulting in autoantibody 
synthesis. After the accumulation of mutant Hn-
RNPA1, it is transported to the cytoplasm by MHC 
class I and then activates T lymphocytes. In genet-
ically predisposed people with mutations in the 
domain PrLD/M9 HnRNPA1, antibodies and im-
mune cells against the gE epitopes of VZV are still 
present as a result of the memory immunological 
response, leading to neurodegeneration and the 
development of RRMS [55, 56].
In September 2010, the US Food and Drug Admin-
istration authorized fingolimod (FTY) as the first 
therapy regimen for RRMS. Although these MS 
patients are treated with FTY, they have shown an 
increased incidence of VZV infections. By reduc-
ing sphingosine 1-phosphate receptors, fingoli-
mod reduces the migration of lymphocytes and 
then leads to the progression of VZV disease [57, 
58]. These findings, along with VZV’s unique 
characteristics, such as neurotropism and lengthy 
periods of latency followed by viral reactivation, 
support the theory that VZV plays a role in the 
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genesis of MS. But contradictory findings from 
studies that confirmed the presence of viral gene 
products in brain tissue point to the need for more 
investigation into the potential role of VZV in the 
genesis of MS [52].

n	 THE RELATIONSHIP BETWEEN MS  
AND HHV-6

HHV-6 consists of two subtypes (HHV-6A and 
HHV-6B), is acquired in early life, and is wide-
spread across the human population. It is acquired 
during infancy. The primary infection is usually 
self-limiting, but once the primary infection has 
resolved, HHV-6 remains latent in peripheral 
blood mononuclear cells (PBMCs) and especially 
HHV-6A in oligodendrocytes [59, 60]. In the early 
1990s, the relationship between HHV-6 and MS 
was proven by higher antibody titers against 
HHV-6 in MS patients and the finding of elevated 
HHV-6 DNA proteins in MS plaques in histologi-
cal studies [60]. HHV-6 has a tropism towards 

TCD 4+ lymphocytes and enters the CNS due to 
the weakening of the blood-brain barrier due to 
inflammatory damage. Therefore, in patients with 
MS, the entry of HHV-6 into the CNS is increased 
through the following mechanisms, which can be 
in demyelination and lead to aggravation of the 
disease [61]. Identification of HHV-6 DNA in var-
ious types of mucous cells and nasal passages 
showed that this virus could also enter the brain 
through the olfactory pathway [62]. 
In the study of Tejada-Simon et al., following the 
observation that the HHV-6 U24 protein has a 
7-amino acid sequence homology with myelin ba-
sic protein, which is one of the main components of 
the myelin sheath, they suggested that it could 
cause a molecular mimicry mechanism followed by 
cross-reaction. Interactions between virus and host 
proteins, including the direct targeting of oligoden-
drocytes (cells responsible for making myelin 
sheath) during autoimmune reactions [63]. Reacti-
vation of HHV-6 in the CNS can cause the release of 
pro-inflammatory cytokines, including TNF-α, 

Figure 1
HHV-6 related  

mechanisms in MS.
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which leads to immune-mediated demyelination in 
patients with MS. Oligodendrocyte progenitor cells 
expressing viral transcripts, including the U94 
gene, had a delay during the HHV-6 incubation pe-
riod and were not able to migrate, which led to dis-
ruption of the myelin repair process. Demyelina-
tion caused by HHV-6 may lead to MS exacerbation 
only in combination with other genetic and envi-
ronmental risk factors [64] (Figure 1).

n	 THE RELATIONSHIP BETWEEN MS  
AND EBV

The Epstein-Barr Virus (EBV) is a member of the 
herpesviridae family and is transmitted through 
saliva. It primarily infects B cells and epithelial 
cells, and can produce a latent infection in B lym-
phocytes [65]. In an epidemiological investigation 
of the relationship between MS risk and EBV, the 
risk of having MS was found to rise 32-fold in 
EBV-positive individuals [66]. In other studies, 
both MS patients and healthy individuals have el-
evated EBV anti-nuclear antibodies, indicating an 
increased risk of MS. Additionally, demyelinated 
lesions isolated from MS patients contain EBV nu-
clear antigens (EBNAs) [67]. The EBNA1 domain 
contains a pentapeptide fragment similar to 
αB-crystallin, a heat shock peptide. Peripheral B 
cells get activated in response to αB-crystallin in-
fection, leading to myelin-directed autoimmunity 
mediated by proinflammatory T cells [68]. 

Alleles are variations of a gene that can influence 
the characteristics of an organism. In this way, 
they can play a role in the context of human health. 
The HLA-DR15 is the most potent genetic risk fac-
tor in the development of MS pathogenicity, which 
can act as an auxiliary receptor for EBV entry into 
B cells [69]. A 7-fold increase in the risk of MS has 
been observed in EBV infection with HLA-DR15 
synergy [70]. The HLA-DRB*07 genotypes in MS 
patients are associated with higher EBV viral 
loads, while the HLA-A*02 genotype is associated 
with lower viral loads. While these findings sug-
gest a potential role for HLA-DRB*07 and 
HLA-A*02 in the pathogenesis of MS, they do not 
directly indicate an association with EBV [67]. 
EBNA2, which regulates viral transcription, may 
enhance transcription from MS risk loci [71].
In the pathogenesis of MS, the existence and par-
ticipation of EBV-specific T cells have been report-
ed, including specific TCD4 directed against the 
EBV DNA-polymerase protein, which subse-
quently activates myelin basic protein (MBP)-spe-
cific CD4+ T cells [67]. Another specific T cell is 
TH1, specific against EBNA1; Its increase has been 
found in MS patients [72]. EBV-infected B cells 
that are also T-bet+ can activate Th17.1 cells, which 
can infiltrate the CNS in MS patients. The expres-
sion of chemokine receptors (CXCR3, CCR6) and 
adhesion molecules (VLA-4) have been deter-
mined. Within the CNS, Th17.1 cells produce 
IFN-γ, and GM-CSF, together with T-bet+ memory 

Table 1 - The association between EBV and MS.

Type of evaluation in MS EBV relation References

Epidemiology The risk of having MS was found to rise 32-fold in EBV-positive individuals [66]

Virology EBV nuclear antigens (EBNAs) have been identified in isolated 
demyelinated lesions from MS patients

[67]

Genetically EBV infection with HLA-DR15 synergy has been linked to a 7-fold increase 
in the risk of developing multiple sclerosis (MS)

[70]

MS patients with HLA-DRB*07 allele have a higher viral load of EBV [67]

MS patients with HLA-A*02 allele have a lower viral load of EBV [67]

EBNA2 enhances transcription from MS risk loci [71]

EBNA1 domain similarity to αB-crystallin [68]

Immunology Elevation of EBV antinuclear antibody [67]

Elevation of TH1, specific against EBNA1 [72]

CNS-linked anti-EBV inflammation [75]

Antigen cross-reactivity mimicry [74]
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B cells, come into contact with follicle-like struc-
tures and then cause inflammation, clonal expan-
sion, and cytotoxic potential of demyelination. 
T-bet+ memory B cells differentiate into plasma-
blasts and secrete a large number of autoantibod-
ies [73]. EBV-infected cells can act as APCs and 
lead to the stimulation of EBV cross-reactive CD4+ 
T cells, which cause inflammatory damage [74]. 
Due to the chronic infection of B cells infected with 
EBV, the continuous presentation of antigens leads 
to disruption and reduction of cell function, 
known as T cell exhaustion [69]. EBV infection, 
along with a variety of specific genetic risk alleles, 
causes inflammatory cascades in the CNS by in-
fected B cells and anti-EBV specific T cells, espe-
cially Th17 [75] (Table 1).
Based on the success of studies targeting CD20, 
which reduces MS relapse and lesion formation, 
the essential role of B cells in the pathogenesis of 
MS has been established [76]. Among other things, 
the treatment regimen against EBV has been stud-
ied on MS patients: Anti-CD52 mAb and cladrib-
ine acted as B cell suppressors [69]. Teriflunomide 
reduces lymphoid proliferation caused by EBV 
[77]. The non-cyclic nucleoside analog tenofovir 
alafenamide (TAF), after inhibiting the activity of 
EBV DNA polymerase 224 and 225, inhibits EBV 
replication. These treatment regimens showed 
clinical benefits and reduced the severity of MS 
disease, but treatments such as atacicept that tar-
get naive and plasma B cells it has caused the ex-
acerbation of MS disease [67]. Understanding the 
relationship between EBV and MS has implica-
tions for the development of targeted therapies, 
such as antivirals and vaccines, to treat and poten-
tially prevent MS [78]. However, it is essential to 
note that most people with EBV do not develop 
MS, and the exact role of EBV in the development 
of the disease remains to be elucidated [78].

n	 THE RELATIONSHIP BETWEEN MS  
AND HERV

In 1989, Peron et al. identified a novel retrovi-
ral-like element associated with reverse tran-
scriptase (RT) activity in leptomeningeal cells of 
MS patients and named it multiple sclerosis-asso-
ciated retroviruses (MSRV) [79]. Laufer et al. 
demonstrated that all of the MSRV envelope (env) 
sequences were derived from HERV-W env Xq22.3 
[80]. Approximately 8–9% of the human genome is 

made up of HERVs [81, 82]. However, in normal 
tissues and cultured cells, between 7 and 30% of 
all HERV sequences in the genome may be tran-
scriptionally active [83]. Epigenetic and Apolipo-
protein B mRNA-editing enzyme, catalytic poly-
peptide-like (APOBEC) mechanisms contribute to 
the regulation of HERV expression in the genome. 
Epigenetics is a modify the activation of certain 
genes, but not the genetic code sequence of DNA. 
The microstructure of DNA itself or the associated 
chromatin proteins may be modified, causing acti-
vation or silencing. APOBEC enzymes play key 
roles in innate immunity with function cytidine 
deaminases, helping to prevent viral infections 
and control retrotransposons [84]. External events, 
especially viral infections such as EBV, herpes sim-
plex virus type1 (HSV-1), and influenza virus, can 
act as activators of HERV expression [85, 86]. In a 
study, it has been shown that the binding of EBV 
surface glycoprotein, called gp350, can activate 
the expression of MSRV/HERV-W in peripheral 
blood cells and astrocytes [87]. 
Despite attempts to suppress HERVs expression, 
they can still be expressed in the human CNS due 
to a combination of epigenetic mechanisms and 
environmental factors. MRSV/HERV-W, HERV-
Fc1, and HERV-K-18 are mostly linked to an in-
creased risk of developing MS [87]. The first evi-
dence of MSRV/HERV-W expression in PBMCs 
from MS patients was reported by Brudek and 
colleagues [87]. Additionally, several investiga-
tions have shown that HERV-W/MRSV expres-
sion in B lymphocytes, monocytes, and natural 
killer (NK) cells is present in RRMS patients [88-
90]. MSRVEnv can activate TLR4 at the brain sur-
face, specifically in oligodendroglial progenitor 
cells and macrophages, leading to immune cas-
cades, including the production of pro-inflamma-
tory cytokines and inducible nitric oxide synthase 
(iNOS), followed by the reduction of myelin pro-
tein expression [91]. This viral protein has been 
detected in microglia/macrophages in chronic ac-
tive MS brain lesions in TLR4-positive oligoden-
droglial progenitor cells [91]. Superantigen encod-
ed by the HERV-K18 env is transactivated by EBV 
proteins LMP-2A and CD21 via ITAM (immune 
receptor tyrosine-based activation motif) infected 
B cells [92].
HERV-W env has a cell receptor called sodium-de-
pendent neutral amino acid transporter type 1 and 
type 2 (ASCT-1 and ASCT-2), which is mainly 
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found in human astrocytes [93]. The survival of 
myelin and neurons depends on L-serine, which is 
mainly transmitted through the ASCT-1 receptor, 
which is suppressed in the white matter of MS pa-
tients. The binding of HERV-W to this receptor 
induces the expression of the endoplasmic reticu-
lum stress sensor and inducible nitric oxide syn-
thase (iNOS) sensor, leading to oxidative stress 
[92]. Revealed higher levels of syncytin-1 expres-
sion, an envelope glycoprotein of HERV-W that 
has a role in cell fusion, in glial cells of MS lesions 
in demyelinated regions of MS patients’ brains 
[94]. An increase in syncytin-1 levels leads to an 
increase in the inflammatory cytokine IL-1β and 
also through the induction of old astrocyte-specif-
ic inducing substance (OASIS, an endoplasmic re-
ticulum stress sensor) leading to an increase in 
iNOS and by inducing the release of reactive oxy-
gen species (ROS) redox causes cytotoxicity of oli-
godendrocytes and demyelination [95] (Figure 2).
There is a high expression of endogenous retrovi-
ruses, especially HERV-W/MSRV, during the 
course of MS, which shows the relationship be-
tween HERV and MS, that this virus can play a 

role in the progression of MS by creating an in-
flammatory state in the CNS [96]. The presence of 
virions, proteins of endogenous retroviruses in 
blood and cerebrospinal fluid, and MS lesions 
may be predictive of this disease [87]. The studies 
showed that targeting HERV-W/MSRV expres-
sion in MS patients using natalizumab and inter-
feron (IFN)-β reduced HERV-W/MSRV expres-
sion after 3 and 6 months of treatment [88]. There-
fore, strategies to control endogenous retrovirus 
expression may be useful in lowering inflammato-
ry processes and oxidative damage in demyelinat-
ed regions of MS patients [87].

n	 IMMUNOMODULATORY THERAPIES  
AND THEIR POTENTIAL EFFECT ON  
MS-RELATED VIRAL INFECTIOUS AGENTS

Immunomodulatory therapies are a class of drugs 
that work by influencing the immune system’s re-
sponses. They can suppress the immune system, 
prevent the immune system from attacking the 
body’s own tissues, or help the immune system 
attack cancer cells. In the context of MS, these ther-

Figure 2 - (A) Mechanisms of silencing and expression of HERV genes. (B) Possible pathways of HERVs effect on MS 
susceptibility and progression. Abbreviation: pol (polymerase), gag (group-specific antigen), env (envelope), LTR 
(long terminal repeat), APOBEC (apolipoprotein B mRNA-editing enzyme, catalytic polypeptide), TLR-4 (Toll-like 
receptor 4), ASCT-1 (Alanine/Serine/Cysteine/Threonine-preferring Transporter 1), IL-1β (interleukin 1 beta), iNOS 
(Inducible nitric oxide synthase), ROS (reactive oxygen species).
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apies could potentially be used to reduce inflam-
mation and stop the immune system from attack-
ing the body’s own tissues [97]. In a recent inves-
tigation, it was observed that patients with MS 
were more likely to have a history of viral infec-
tions. Furthermore, this study highlighted that vi-
ral infections could trigger an inflammatory re-
sponse, which is a key feature of MS. This suggests 
that viral infections could potentially be a target 
for immunomodulatory therapies [98]. 
In terms of specific immunomodulatory therapies, 
IFN-β is a commonly used treatment for MS. IFN-β 
works by blocking the viral proteins that trigger 
an immune response. This can reduce inflamma-
tion and slow the progression of MS [99]. Another 
immunomodulatory therapy is natalizumab, a 
monoclonal antibody that works by binding to a 
protein called aquaporin-4 (AQP4). AQP4 is in-
volved in the immune response and is overex-
pressed in people with MS. By blocking AQP4, 
natalizumab can reduce inflammation and slow 
the progression of MS [100]. The antibody is de-
signed to target two types of integrins: α4β1 and 
α4β7. In the context of MS, these integrins have 
been found to play a role in the migration of im-
mune cells into the central nervous system, con-
tributing to the disease’s progression. By blocking 
these integrins, natalizumab may help to limit the 
movement of these immune cells and reduce the 
inflammatory response in the brain [101]. While 
natalizumab is an effective treatment for MS, it is 
not without risks. One of the most serious risks 
associated with natalizumab is the JC virus (JCV), 
a virus that can cause a rare but potentially serious 
brain tumor called progressive multifocal leuko-
encephalopathy (PML). The presence of JCV DNA 
in the cerebrospinal fluid (CSF) of people with MS 
has been detected in some patients treated with 
natalizumab. However, the presence of JCV DNA 
does not necessarily mean that the patient will de-
velop PML [102].

n	 CONCLUSIONS

MS is a neurodegenerative disease subject to a 
complex interaction between genetic, environ-
mental, and infectious factors. However, viral in-
fection‘s exact role and mechanisms have not yet 
been determined. Epidemiological observations 
showed the presence of antiviral immunity in 
RRMS patients, and viral components were found 

in MS lesions. These viral infections may trigger or 
aggravate the disease through different immune 
pathways, especially in individuals with sup-
pressed immune system conditions or genetically 
predisposed people. Viral infections should con-
sider as a risk factor for MS. More studies need to 
be done to clarify our understanding of possible 
links between MS and viruses.
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