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Multiple sclerosis (MS) is a chronic inflam-
matory demyelinating autoimmune disease of
the CNS that leads to significant neurologi-
cal disability in young adults. From a clinical
standpoint, MS patients may follow relapsing-
remitting courses, with or without associated
progression, or essentially progressive courses.
Patients who have had only a single bout of
disease, but are not yet diagnosed with MS,
are referred to as clinically isolated syndromes
(CISs), which is considered the earliest mani-
festation of the disease. MS etiology remains
elusive; however, both genetic and environ-
mental factors are likely to play important
roles in disease pathogenesis. One of the lead-
ing infectious agents that is being discussed as
an etiological factor in MS is the EBV. EBV is
a human herpesvirus that persists within mem-
ory B cells for the life of the host, modulating
its immune system.

The most compelling evidence linking EBV
infection to MS comes from epidemiological
studies, including evidence that nearly all MS
patients are seropositive for EBV, and the risk of
MS is two- to three-fold greater among individu-
als with history of infectious mononucleosis (i.e.,
infection occurred during adolescence and young
adulthood) than in individuals who acquired
EBV eatlier in life (1. The MS risk is approximat-
ley 20-fold higher when comparisons are made
between individuals with symptomatic primary
infection and subjects who are negative for EBV
(1]. In addition, individuals who will develop MS
present increased IgG humoral responses against
the EBV nuclear antigen (EBNA) complex and
EBNALI, antigens that are expressed during latent
infection, years before the onset of MS [2].

Experimental studies also support a role for
EBV in the etiopathogenesis of MS. CD8* T

lymphocytes are important for controlling
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reactivation of latent herpes virus infections.
Altered frequencies of a number of EBV-
specific CD8* T cells have been observed in
MS patients compared with healthy donors,
while no such differences were detected for
human cytomegalovirus, another ubiquitous
viral agent [3]. Since the altered frequencies
were present only for certain EBV epitopes,
it is tempting to speculate that crossreactiv-
ity could be a potential mechanism of virus-
induced autoimmunity.

CD4* T cells specific for EBNALI are known
to play a crucial role in EBV immune con-
trol in healthy virus carriers. EBNAI-specific
CD4* T-cell responses were found to be
significantly elevated in MS patients com-
pared with demographically matched EBV-
positive healthy controls who also carried the
MS-associated HLA-DR alleles [4]. Moreover,
while the healthy-donor T-cell responses
preferentially recognized epitopes within
the central part of the EBNA1 C-terminus,
the MS patients presented more diversified
T-cell epitope recognition directed against
the entire sequence of the domain. These
findings indicate that broadened epitope rec-
ognition, rather than a dominant response
towards a particular region, contributes to
the increased EBNA1l-specific cellular activ-
ity. Interestingly, a subset of EBNA1-specific
T cells was found to preferentially recognize
myelin antigens, but not other autoantigens
that are not associated with MS [s], suggesting
that EBNA1-specific T cells could be actively
involved in MS immunopathology by cross-
reacting with myelin in a process known as
molecular mimicry.

Immune responses to EBV appear to be dys-
regulated in the early phases of MS. In this con-
text, EBV-specific CD8* T-cell responses were
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Editorial

“Despi’re strong evidence

supporting an association

between EBV and mulfiple
sclerosis, there are no

unequivocal data in favor

of a causative role for EBV
in the pathogenesis of

the disease.”
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found to be significantly elevated in patients
with CIS compared with patients with relaps-
ing-remitting and progressive forms of MS and
healthy controls [¢]. Interestingly, EBNALI anti-
body titers correlated with virus-specific CD8*
T-cell responses; however, the EBNA1-specific
antibodies were increased, not only during the
early stages of MS, but also in later phases of
the disease [¢]. In another study, EBNA1 IgG
titers correlated with inflammatory disease
activity, as measured by brain MRI in CIS
patients who later converted to MS based
on clinical criteria [7]. A more recent study
observed not only increased EBNA1-specific
IgG responses in CIS patients compared with
healthy controls, but also augmented EBNAI
T-cell responses, while no such difference was
observed for other EBV-encoded epitopes or
control viruses [8]. Of note, elevated EBNA1-
specific IgG responses predicted conversion
to MS based on radiological criteria, and cor-
related with neurological disability during
follow-up. Based on these findings, EBNAI-
specific IgG titers have been proposed as a
prognostic biomarker of the disease [s].
Despite strong evidence supporting an asso-
ciation between EBV and MS, there are no
unequivocal data in favor of a causative role
for EBV in the pathogenesis of the disease. In
this sense, there are several important questions
that remain unanswered. Even though EBV is a
ubiquitous virus that successfully infects more
than 90% of the population worldwide, only a
very small proportion of EBV-infected subjects
will eventually develop MS. In this context, a
synergic interaction between EBV infection and
genetic factors, such as the presence of the HLA-
DRB1*15:01 allele, has been reported, and may
explain an increased risk for MS in a subgroup
of EBV-infected individuals [9]. Assuming that
a viral agent is implicated in disease etiopatho-
genesis, and considering that the CNS is the
major target of the immune response in MS,
one would expect to find the causal virus in
the target organ. However, most studies have
failed to identify EBV DNA or RNA in cer-
ebrospinal fluid B cells and brain lesions from
MS patients. Finally, the intrathecal synthesis
of oligoclonal IgG is a characteristic feature
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of MS that is used in the diagnostic criteria of
the disease. However, the specificity of these
antibodies remains largely unknown, and stud-
ies investigating the intrathecal IgG responses
against EBV in MS patients have resulted in
divergent results.

The finding of considerable sequence poly-
morphism in EBV genes, such as EBNAI,
whose encoded proteins, as discussed previ-
ously, are the main targets of the humoral
and cellular immune responses observed in
MS patients, certainly opens new scenarios in
EBV-related MS research [10]. In this setting,
high-throughput sequencing of EBV isolates
from MS cases and well-matched healthy
donors may help to identify EBV strains that
are associated with stronger host immune dys-
regulation and, hence, increased risk for MS.
However, studies investigating altered antiviral
immune responses in individuals with auto-
immune diseases should be interpreted with
caution, since the autoimmune background
can trigger variations in the way the immune
systems responds to pathogens. Thus, altered
antiviral immune responses might be the effect
rather than the cause of autoimmunity [11].

Based on these observations, the answer to the
question of whether EBV is directly involved in
the pathophysiology of MS is not trivial, and
must be addressed by further studies. In the
meantime, the dilemma ‘causation or asso-
ciation’ in relation to the role of EBV in MS
remains open.
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