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Abstract

Multiple sclerosis (MS) is an autoimmune, demyelinating dis-
order of unknown etiology, in which viruses have been sug-
gested as etiological/triggering agents. The attention to the
association between viruses and MS has been rekindled by
the development of progressive multifocal leukoencepha-
lopathy in natalizumab-treated MS patients. Here we report
the case of a woman with JC virus (JCV) replication in the
cerebrospinal fluid, blood and urine collected at the first
symptoms of MS and during several follow-up visits. This
observation shows that JCV can be associated with MS with-
out a relation with natalizumab treatment, although the
triggering role of JCV in some cases of MS will require further

studies. ©2015S. Karger AG, Basel

Introduction
Multiple Sclerosis (MS) is a chronic neurological dis-

order characterized by a variable clinical course and
pathologically by the progressive accumulation of plaques

of demyelination within the white matter of the central
nervous system (CNS). The etiology of this autoimmune
disease is still unknown, but genetic and environmental
factors are thought to play a significant role in its patho-
genesis [1]. Among the environmental factors, evidence
that viruses may cause or participate in the pathogenesis
of MS comes from many epidemiological studies that
suggested that possible exogenous factors may be associ-
ated with MS [2, 3]. The possibility that MS could be trig-
gered by infectious agents was already suggested by Pierre
Marie, a Charcot assistant, at the time of its clinical defi-
nition in the 19th century, but despite all the scientific
efforts, the virus or viruses responsible for the disease
have not yet been identified. The human polyomavirus,
JC virus (JCV), is the recognized etiological agent of an-
other demyelinating disease of the CNS, the progressive
multifocal leukoencephalopathy (PML). Some similari-
ties between MS and PML and also the specific features
of JCV, which is neurotropic, can be persistent in the host
and subjected to asymptomatic periodical reactivation
have prompted an investigation into the association of
MS with JCV reactivation [4]. Additionally, the associa-
tion of MS natalizumab treatment with the development
of more than 500 cases of PML worldwide has reawak-
ened the scientific interest in the relationship between
JCV and MS [5]. Here we report the case of a patient with
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Table 1. JCV genome presence, viral load and antibodies in clinical specimens collected from the patient at different times after the first

MS symptom onset

T1 T2
November 8, 2013 November 21, 2013

T3 T4 T5
February 4, 2014 August 6, 2014 September 30, 2014

JCV DNA presence and viral load

CSF 210 copies/ml not done not done negative not done

PBMCs 12 copies/ml 10 copies/ml negative negative negative

Urine 4,900 copies/ml 1,500 copies/ml 720,000 copies/ml 6,900 copies/ml 138,000 copies/ml
Serum 160 copies/ml negative negative 130 copies/ml negative

Anti JCV-IgG (OD; negative control: 0.1)

CSF 0.27 not done not done 0.19 not done

Serum 0.19 0.25 0.26 0.22 0.26

typical clinical and neurological MS associated with JCV
viremia, viruria and active replication in the CNS at the
moment of clinical onset. This almost unique observation
shows that JCV can be associated with MS without a rela-
tion with natalizumab treatment, renewing the hypothe-
sis of an implication of JCV in triggering MS.

Case Description

A patient, complaining of a 1-month history of dysesthesia, mo-
tor weakness of the four limbs and fatigability when walking, was
evaluated at the Istituto Clinico Citta Studi, Milan, Italy in Novem-
ber 2013. Neurological examinations with the manual muscle test
revealed no motor weakness and no sensory deficits. The patient
presented hyperreflexia of the lower limbs and multifocal white
matter disease areas of increased T2 signal in both cerebral hemi-
spheres, around the corpus callosum, without contrast. Spinal cord
MRI revealed a lesion within the cervical cord C2 level, with con-
trast (fig. 1a). Oligoclonal bands were observed in the cerebrospinal
fluid (CSF) but not in the serum; blood cells in the CSF were 6/mm?.
HIV antibodies and vasculitis screening tests were negative, and
immunoglobulin count and lymphocytic typing were within the
normal range. A diagnosis of clinically isolated syndrome was
made, according to McDonald’s criteria [6]. The patient has had
continuous follow-up and was asymptomatic, with no new lesions
at MRI, until February 2014, when she was suffering from lumbar
dysesthesia, without motor weakness. At that time new lesions in
the cervical spine and conus medullaris were detected, and en-
hanced lesions with contrast in the thalamus, besides the other spi-
nallesions, did not take up gadolinium (fig. 1b). In September 2014,
additional new lesions were present at MRI (fig. 1c). The diagnosis
of MS was definitively made [7]. PML diagnosis was both radio-
logically and clinically excluded for the following reasons: (1) MS
lesions usually occur in both gray and white matter and in juxta-
cortical locations, and the vast majority do not enhance at a given
time [4]; (2) PML lesions exhibit faint contrast enhancement and
have less well-defined margins that extend along gray-white matter
junctions within the cortex; (3) PML is characterized by a progres-
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sive monophasic clinical course, while the patient suffers from a
relapse/remitting disease, and (4) oligoclonal bands observed in the
CSF are typical of MS. In November 2013, the presence of neuro-
tropic viruses in the CSF, including herpes simplex viruses 1/2, var-
icella zoster virus, Epstein-Barr virus, human herpesviruses 6 A/B
and human polyomaviruses JCV and BKV, was evaluated by spe-
cific quantitative real-time polymerase chain reaction assays. JCV
DNA was found and quantified as 210 copies/ml, while no evidence
of the genomes of the other viruses was present. Additionally, JCV
DNA was found in peripheral blood mononuclear cells (PBMCs,
12 copies/ml), serum (160 copies/ml) and urine samples (4,900
copies/ml). Subsequently, the clinical specimens were periodically
analyzed (November 21, 2013; February 4, 2014; August 6, 2014;
September 30, 2014) after obtaining the patient’s informed consent;
urine samples were always positive for the presence of the JCV ge-
nome, while PBMCs and serum were alternatively positive and neg-
ative (table 1). JCV strain was defined as an archetype IS strain, with
some deletions and point mutations, and as genotype 1A, in both
the CSF and urine samples (fig. 2). Moreover, antibodies against
JCV were detected in the collected CSF and sera (table 1).

Discussion

The issues regarding the implications of infectious
agents for the etiology of MS have not found any defini-
tive answers, although theories and hypotheses have been
formulating since more than 150 years ago. The most
substantiated definition of MS states that it is an autoim-
mune phenomenon occurring in genetically predisposed
individuals, but this does not rule out the possible action,
as etiological or triggering factors, of one or more infec-
tious agents, including a virus. In 1884, Pierre Marie was
certain that the cause of MS was a still unknown infective
agent, fightable with a vaccine [8]. Since that time a long
list of candidate viruses that could be potential triggers of
the onset or the recurrence of MS has been produced -
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Fig. 1. Brain and spinal cord MRI images taken at the initial visit and during two follow up visits. MRI images
were taken in November 2013 (a, d, g; onset): the arrows indicate a little lesion in the corpus callosum and in the
cervical spinal cord, February 2014 (b, e, h; follow-up): the arrows indicate the same lesion, and September 2014
(c, f, i; relapses): the arrows indicate new lesions in the corona radiate, internal capsule and cervical spinal cord.

human herpesviruses, Theiler virus, paramyxovirus,
coronavirus, cardiovirus, enteroviruses and human ret-
roviruses — but so far none of them has been identified as
directly implicated in the pathogenesis of MS [3].

In 1991, Gerard Stoner was the first to make some im-
portant observations regarding the human polyomavirus
JCV, which was known to be the etiological agent of the
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demyelinating disease, PML. In particular, he proposed
that ‘the pathogenetic immune response in a MS brain
may be directed predominantly toward antigens of JCV
which is latent in glial cells’. JCV is difficult to be culti-
vated in vitro and this fits the ‘noncultivable’ criterion for
an MS agent [9]. It can replicate in the oligodendrocytes,
causing cells lysis and subsequent demyelination. It is
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quence. The JCV detected in both the CSF
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and the urine samples was identified as an

IS strain (CY, GI:409080), with the dele- CsF AAGGGARCATGTTTIGCGAGCCAGAGCTGITTITGGCTIGTCACCAGCTGGCCATG 221
i ; ; CY aagggaacatgrctgcgagecagagetgrtttggecttgtcaccagetggec—-- 232
tions of 14 and 3 bases in the CSF and urine Uzine  CAGGAGCATGTTTTGCGAGCCAGAGCTGITTIG6CTTGTCACCAGET 276 232

isolates, respectively, and with some point
mutations.
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ubiquitous and very frequent in the worldwide popula-
tion, mainly associated with asymptomatic infection and
reactivation, and is able to establish latency in kidney and
lymphocytes - potential reservoirs of the virus in the host
[10,11]. All these above-mentioned characteristics, which
are intrinsic in its own biology, make JCV one of the best
candidates for being associated with MS.

However, there are two principal questions that need
tobe addressed in order to define the potential role of JCV
in the onset of MS: (1) does the JCV in the CSF play a rel-
evant role in the development of the MS demyelinating
lesions? and (2) is the JCV already latent in the brain or is
it carried from the kidneys?

The intriguing scientific debate regarding the role of
early JCV infection in the development of MS is wide and
still ongoing and the answer to the first question is far
from being found. Some studies did not detect virus DNA
in MS patients [12], but several others successfully de-
tected the viral genome in CNS samples from MS patients
[13]. Alvarez-Lafuente et al. [14] collected CSF samples
from MS patients at the first demyelinating event, finding
JCV DNA in two CSF samples.

Regarding the site of JCV latency, it is commonly be-
lieved that JCV causes PML after reactivating in an im-
munocompromised setting, from the kidney, its main
host site of latency, to the CNS. However, there is also
much evidence that may support the hypothesis of an as-
ymptomatic JCV persistent infection of the CNS, report-
ing the presence of the viral genome and the selective ex-
pression of some proteins in the CSF and in the brain
tissue of patients affected with non-PML neurological
diseases and also of healthy subjects [15-18].
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From the natalizumab lesson, we learned that the block
of cell traffic to the brain may be associated with the de-
velopment of PML, due to the infection/reactivation of
JCV. In this case, the decrease of immune surveillance in
the CNS may be the cause of the reactivation of the virus,
which is already latent in the brain [19].

Consequently, as Stoner [9] proposed, the host’s im-
mune response to antigens produced during latency or
following abortive reactivation may trigger an immune-
mediated process of demyelination at the onset of MS.

The initial case of MS herein described adds further el-
ements in support of the idea that JCV can be considered
as one of the best candidates for being associated with the
pathogenesis of MS. It is interesting to underline that JCV
DNA was detected in the CSF of the patient in concomi-
tance with the first clinical and radiological appearance of
the disease, but 9 months later the viral genome was not
found in the CSF, thus suggesting a possible hit-and-run
mechanism of action of JCV. It is likely that the JCV DNA
load decreased during the time in the blood samples, both
in PBMCs and serum, but it was always detected at high
levels in the urine samples. The presence of overall in-
creasing titers in serum anti-JCV IgG and of decreasing
titers in the CSF may suggest that the patient was experi-
encing a primary JCV infection. Unfortunately, the lack of
an assay for testing JCV IgM antibodies prevented the es-
tablishment of this. However, taken together, the observa-
tions on antibody titers and viral loads lead us to speculate
that the virus was replicating in all the body areas in con-
comitance with the onset of the disease, and the replica-
tion was then compartmentalized in the kidneys, where
JCV remains throughout, alternating latency and active
replication.
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Molecular characterization of the JCV strain found in
the CSF showed the presence of the CY molecular orga-
nization. This observation, even if rare, is not unique
since it has been previously reported in a subset of PML
patients with a relatively good immunological status, as

for the MS case we are reporting here [20].
In summary, even if we cannot rule out the presence

of the viral genome in the CSF and in all the other body

fluids examined as a simple bystander, the present obser-

vations indicate that JCV may be an important factor in

triggering MS and/or in its etiology, at least in some clin-
ical cases, and thus further attempts should be made to
clarify the role of this intriguing agent in MS.

—_
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