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Introduction

Abstract

The JC polyomavirus (JCPyV) belongs to the family Polyoma-
viridae, genus Betapolyomavirus. These are small, non-enveloped,
double-stranded DNA viruses. Approximately 60-80% of the pop-
ulation is carriers of JC polyomavirus. Various ways of spread are
being studied. These viruses are associated with a large spectrum
of neurological diseases, including progressive multifocal leukoen-
cephalopathy, JC-associated meningitis and encephalitis, JCV gran-
ule cell neuronopathy and numerous central nervous system ma-
lignancies. In the majority of individuals, the virus remains latent
in the kidney tissue. However, in certain subgroups, it leads to the
development of severe and frequently disabling or fatal diseases.
These subgroups are usually immunosuppressed, which causes
the virus to undergo lytic rearrangement. Understanding these dis-
eases and the mechanisms by which they occur is paramount for
making accurate diagnoses. Studying these diseases is necessary to
develop effective treatments and limit their harmful effects.
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In 1963, Zu Rhein & Chou, using an electron microscope and
laboratory tests, were able to isolate and prove the presence of
the JC virus (JCPyV) from the brain of a person with Hodgkin's
Disease (HD) [1]. The virus was associated with the disease -
Progressive Multifocal Encephalopathy (PML), first described in
1958 by Astrém et al, in patients with HD and Chronic Lympho-
cytic Leukemia (CLL) [2]. JCV belongs to the genus polyomavi-
rus, which also includes BK Virus (BKV), SIMIAN VIRUS 40 (SV40),
and Merkel Cell Polyomavirus (MCPyV) [3,4]. Polyomaviruses
are small, non-enveloped icosahedral capsid viruses contain-
ing a circular DNA molecule [3-5]. Their genome is composed
of three parts - two coding (early and late) and one noncoding.
The early coding region is transcribed before replication and
encodes the Large (LTAg) and Small Tumor Antigen (stAg), the
Non-Coding Control Region (NCCR) is located between the early
and late coding regions and contains enhancers/promoters for
their expression. There are two types of JSPyV- Archetype (RR-
JCPyV) and Mad-1, which differ in the structure of the NCCR.
Archetype is transmitted in humans and is the most common

type in the environment. The late control region is transcribed
after replication and encodes the structural viral proteins (VP1,
VP2, VP3) as well as the small accessory protein (Agno) [5-10].
60 years after the discovery of JC virus, the aim of our review is
to present the associated neurological diseases described in the
world literature.

Primary Infection

It is difficult to determine the period of primary JCV infection
due to the asymptomatic nature of the infection. Approximately
8-10% of children are seropositive by their first six years [5], this
percentage increases to 50% in 10-15 year old children, and in
adulthood approximately 80% of individuals are infected [4,5].
Based on genotypic analysis, JCV has been found to be trans-
mitted within the family [5,11]. DNA sequence of JCV is found
in tonsils, gastrointestinal tract, it is also possible to be isolated
from CSF [5]. This also suggests a possible mechanism of trans-
mission via fecal-oral route and tonsillar tissue [13]. Mazzoni et
al. in their study commented on the possibility of mother-to-
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Figure 1: Spectrum of diseases affecting the nervous system
associated with JC-virus and the oncogenic potential of this virus.

child transmission [14]. Mopes et al. also present a suggestion
of a possible inhalation route of infection [15]. The virus is most
commonly isolated in the urine and this is thought to be the
main route of spread, but there is as yet no conclusive evidence
for this. Primary infection has been suggested to be spread by
the haematogenous route [5,12], and the virus may remain la-
tent or persistent in the tonsils, kidneys, spleen, bone marrow,
heart, and lungs. Monaco et al. isolated JCPyV DNA from tonsil-
lar tissue and reported that stromal cells were more sensitive
than B lymphocytes and CDC34+ cells to JCPyV [15].

RR-JCPyV is the transmissible form of the virus, it is non-
pathogenic. After extensive genomic rearrangement of NCCR,
the pathogenic PML-type/Mad-1 form of the virus is produced,
which exhibits neurotropicity [13]. When there is an immuno-
suppression, for example in HIV infection or autoimmune dis-
eases treated with immunomodulatory therapy, the JC virus is
reactivated, and can reach the brain via B lymphocytes. How-
ever, viral DNA has also been isolated from brains of immuno-
competent patients, suggesting that it is an organ where the
virus can enter without having undergone genomic rearrange-
ment and remain there in a latent state [16]. Sixty years after
JCPyV was first isolated, we now know more about its structure,
primary infection, latent state, and the spectrum of diseases as-
sociated with it. After reactivation, the virus can affect cerebral
oligodendrocytes and astrocytes, leading to progressive multi-
focal leukoencephalopathy [15-17] In their review, Miskin and
Koralnik describe that JCPyV can also affect cerebellar granule
cell neurons, cerebral cortical pyramidal neurons, and meninge-
al and choroid plexi cells, leading to JCV granule cell neuronopa-
thy (JCV GCN), JCV encephalopathy (JCVE), and JCV meningitis
(JCVM) [18,19] (Figure 1).

PML is a demyelinating disease of the brain, primarily af-
fecting elderly individuals, but cases in which children are also
affected have been described in the world literature [7,9,20].
Although initially associated with malignant hematologic dis-
eases, the incidence of the disease increased along the HIV
pandemic, and cases have been described in which treatment
with immunomodulatory therapy for various autoimmune dis-
eases also led to the development of PML. The disease can also
develop in rheumatoid patients, transplant patients and people
with idiopathic immunodeficiency [7,9,21]. Depending on the
pathogenesis of the development of PML, we distinguish sev-
eral types:

Classical PML
Clinical Presentation

Clinical presentation of the classical type of PML (cPML) var-
ies. The disease usually affects oligodendrocytes to a greater

extent and astrocytes to a less extent [15-19]. This also explains
the clinical picture of the disease depending on the localization
of the lesions in the brain. Hemiparesis and sensory loss may
be the most frequently observed features in patients with PML,
as well as aphasia and cognitive impairment [22]. Some of the
patients with PML (18%) also suffer from seizures, which are
explained by the close localization of some lesions with the ce-
rebral cortex [23]. Although lesions are generally not seen in
the optic nerve, complaints of decreased vision may also occur
if the occipital lobe is affected, speech disorders if the parietal
lobe is affected, and dysmetria and ataxia if the cerebellum is
affected [24]. Subacute onset of the disease is typical, lasting
up to several months. Very rarely, lesions in the spinal cord can
also be described [25].

Brain Imaging

Although lesions in PML can also be emphasized on CT, MRI
of the brain remains a method of diagnosing PML. The lesions
seen are localized in the cerebral white matter and are not as-
sociated with characteristic vascular areas. They can be either
unifocal or multifocal, localized in the subcortical white matter
or cerebellar peduncles, although those in the basal ganglia
or thalamus, which are structures of the cerebral gray matter,
have also been described. On T1 -weighted MRI, PML lesions
are hypotensive and well defined, even if small in size. On T2
-weighted and Diffusion-Weighted (DWI) and/or fluid-attenuat-
ed inversion recovery (Flair) images, lesions are hyperintense
with sharp borders to the gray matter and indistinct ones to the
white matter. Typically, cPML is not characterized by edema and
mass effect, and there is no gadolinium enhancement in MRI
very often [7,26]. Lesions in PML appear before the onset of
clinical symptoms, so MRI is an appropriate method for moni-
toring patients who are at risk for developing PML. The results
of proton magnetic resonance spectroscopy show that in PML
lesions the levels of N-acetyl-aspartate are reduced at the ex-
pense of those of choline, which may be related on the one
hand to neuronal damage and on the other hand to the process
of demyelination. Lactate and lipids are markers that increase
and indicate a necrotic process. Unfortunately, these results are
not specific and cannot be used for the diagnosis of the disease
[27].

Histology

Demyelination is the main histological finding, with the initial
foci growing and merging into larger areas; with advanced pro-
cess, necrosis or, in rare cases, even hemorrhages may be seen
in these areas [28]. Lytically infected oligodendrocytes are seen
along the active edges of the lesions, which are swollen with en-
larged, basophilic nuclei [29]. Astrocytes can also be infected by
the JC virus, they also appear enlarged and multilayered hyper-
chromatic nuclei resembling neoplastic cells can be observed in
them. These astrocytes are called " bizarre astrocytes” [9,30].

Diagnosis

For a definitive diagnosis of PML it is necessary to isolate
JCPyV DNA from CSF, by PCR, despite its high sensitivity, at low
viral load this PCR can give a false negative result, another way
is the detection of viral DNA or proteins, by in situ hybridization
or immunohistochemistry of brain biopsy.

A diagnosis of "possible" PML can also be made in the case of
typical imaging findings and corresponding neurological symp-
toms, having previously excluded other possible diseases and
tumors [7,31].
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PML Associated with Monoclonal Antibodies

Treatment of autoimmune diseases such as Crohn's disease,
multiple sclerosis and psoriasis (which are not usually associat-
ed with PML) with monoclonal antibodies is a risk factor for the
development of PML [7]. Back in 2011 Keene et al. in their study
reported 182 cases in the global literature: adalimumab -1 case,
alemtuzumab-14, bevacizumab -3, cetuximab -1, efalizumab -
8, ibritumomab tiuxetan-5, infliximab-4, natalizumab-32, and
rituximab-114 [32]. We will focus on PML cases in the two larg-
est cohorts- rituximab and natalizumab.

Rituximab is a chimeric 1IgG1 monoclonal antibody that tar-
gets CD20+ B lymphocytes for lysis and depletion from the pe-
ripheral circulation. It is used in CD20+ non-Hodgkin lymphoma,
rheumatoid arthritis, multiple sclerosis, and lupus erythemato-
sus [7]. Carson et al. described 57 cases of PML in HIV-negative
patients treated with rituximab, the mortality rate described
was 90% due to the fact that patients receiving rituximab have
underlying lymphoproliferative disease [33], it is difficult to
clarify the role of the monoclonal antibody in the development
of PML.

The pathogenesis of PML with rituximab may be due to a
decrease in the level of B-lymphocytes in the brain perivascular
spaces, leading to a decreased presentation of antigens to T-
lymphocytes and therefore also to an altered cellular immune
response [34].

Natalizumab is a humanized 1gG4 class monoclonal antibody
that binds to the alpha 4 subunit of the very late antigen-4 inte-
grin present on leukocytes, preventing these cells from escap-
ing outside the circulation. Indications for treatment include
Multiple Sclerosis (MS) and Crohn's disease [7].

PML is usually not considered in the differential diagnostic
plan in patients with autoimmune diseases, which delays the
diagnosis on the one hand strangely, and on the other hand the
disease itself may present with a different clinical picture, mak-
ing it even more difficult to differentiate from MS. T

he initial symptoms of patients treated with rituximab were
mental confusion (54.4%), hemiparesis (33.3%), loss of motor
coordination (24.6%), speech difficulties (21.1%), and visual
changes (17.5%) [33]. PML-associated natalizumab administra-
tion in patients with Crohn's disease begins with mental con-
fusion without focal neurological deficit, in patients with MS it
is difficult to distinguish symptoms of the two diseases, cases
have been described including: initial mental confusion, mild
myoclonic jerking of the arm, difficulties with hand-eye coordi-
nation and speech, and the last with attention deficits [35-38]. A
patient also presented with seizure as the initial diagnosis [37].

MRI results are similar to those of cPML. Due to the pro-
longed modulation of the immune system, cavitating lesions
may be emphasized. Another feature that may serve to differ-
entiate the two types of PML is gadolinium enhancement due
to the prolonged inflammatory response of the host to JCPyV
particles when receiving a monoclonal antibody, in contrast to
cPML [39].

Diagnosis is complex, with consideration given to the his-
tory of autoimmune disease treated with monoclonal antibody,
imaging findings, and detection of JC DNA in CSF, although the
latter may be negative due to the host's preserved immune re-
sponse. This may necessitate brain biopsy, taking care not to
misdiagnose astrocytoma due to atypical astrocytes [7].

IRIS-PML

Progressive Multifocal Leukoencephalopathy Immune Re-
constitution Inflammatory Syndrome (PML-IRIS) is an overactive
immune response that manifests as an inflammatory reaction
to a clinically manifest or sublinear pathogen. It is associated
with the recovery of immunocompetence in HIV-negative pa-
tients undergoing immunosuppressive therapy, for example, in
people with autoimmune diseases treated with monoclonal an-
tibodies who are on immunosuppressive therapy or in HIV-pos-
itive patients initiating Combined Antiretroviral Therapy (cART)
[7,9]. Approximately 20% of patients with HIV-PML and most
patients with PML associated with natalizumab treated with
immunosuppressive medicines develop IRIS [40]. Studies have
shown that HIV-positive patients started on cART between 1
and 104 weeks may develop IRIS-PML [41]. IRIS-PML is a poten-
tially debilitating or fatal condition characterized by excessive
cytotoxic CD8-positive T-cell infiltration in the brain. In HIV-pos-
itive patients, an increase in CD4+ T-cell counts and a decrease
in plasma HIV RNA levels from baseline are observed [41].

In IRSI-PML, it is possible to observe contrast enhancement
of lysis on MRI due to the acute inflammatory response and
blood-brain barrier disruption [42], mass effect, edema and
swelling, which in severe cases can lead to brain herniation and
death[43]. However, this uctal enhancement may be transient.
Similar to PML associated with monoclonal antibody adminis-
tration, IRIS-PML may not isolate viral DNA due to the activated
immune system in CSF [43].

JCV Granule Cell Neuronopathy (JCV GCN)

In PML, lesions affecting the cerebellar peduncles, cerebel-
lum, but also the pons have been described. In contrast to PML,
in JCV Granule Cell Neuropathy (JCV GCN) the glial cells are not
affected, but the granule cells in the cerebellum are affected
[44]. JCV GCN can present as a stand-alone disease or in asso-
ciation with PML [44]. It was originally described by Pasquier et
al., who reported a case of an HIV-positive patient with typical
PML lesions in the cerebral hemispheres, but these were not
described in the cerebellum. In parallel, they described cerebel-
lar atrophy. Histologically, productive JCPyV infection of cere-
bellar granule cells was demonstrated [45]. Subsequently, such
an infection, combined or not with PML, was demonstrated in
both HIV-positive and HIV-negative patients, and cases have
been described in a patient with sarcoidosis [46-48].

The incidence of JCV GCN is likely to be higher because cer-
ebellar biopsy is not commonly performed [7]. The tropism of
the virus to this cell type is thought to be associated with a par-
ticular mutation in the VP1 gene, which encodes the VP1 capsid
protein [49].

When granule cells are infected with the JC virus, they are
destroyed, leading to isolated (if not associated with PML) cer-
ebellar dysfunction, which may include dysarthria, ataxia and
discordance. On MRI in the early stages, no typical findings are
seen, however in the later stages cerebellar atrophy is observed

[7].
JC Meningitis (JCVM)

To date, only a few cases of proven JC virus-associated men-
ingitis have been described in the world literature [7]. In their
study, Behzad-Behbahani et al. demonstrated the presence of
JCviral DNA in the CSF of two patients out of 89 studied (19 HIV-
positive and 70 HIV-negative), both cases belonging to the co-
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hort of HIV-negative patients [50]. JC virus meningitis presents
with typical meningeal symptoms. In contrast to PML, in JCM
we have no white matter involvement and no typical lesions are
found. The only imaging finding that can be seen is enlarged
ventricles [7]. To prove the disease it is necessary to isolate JC
virus DNA from CSF.

JC Encephalitis (JCVE)

JC viral encephalitis is a newly described manifestation of
JC virus infection affecting the CNS. It was first described by
Wuthrich, who present the case of a 74-year-old woman with
non-small cell lung cancer treated with lobectomy, radiation,
carboplatin and taxol chemotherapy, which had been complet-
ed five months prior to her neurological symptoms. Two weeks
after her neurological presentation she was treated with a 7-
week Prednisone therapy. She presented with global cognitive
deficits and aphasia, the lesions in her case were limited to the
hemispheric grey matter of the brain, and in the final stages had
begun to affect the white matter of the brain. In her case, there
was no evidence of cerebellar atrophy and despite white mat-
ter involvement, the typical PML lesions were absent and the
diagnosis of JCV GCN was rejected, although JCPyV infection of
cerebellar neurons was histologically proven, they were not lo-
calized to the granule cell layer. The presence of virus DNA in
CSF was detected by PCR [51].

Treatment and Prognosis

Despite the development of pharmacology in the last de-
cades, it is still not possible to find a suitable drug for the man-
agement of JCPyV-related diseases affecting the CNS. In recent
years, different strategies of action have been developed, two
main avenues are being worked on- direct antiviral therapy and
indirect strategies to restore cellular immunity [9,52].

Direct antiviral therapy relies on several approaches- attach-
ment inhibition, entry inhibitors, transport inhibitors, TAg heli-
case inhibitors, replication inhibitors, and extracellular vesicle
inhibitors [7,9,52]. These studies have not yielded good results
for several reasons, the difficulty of PML development in animal
models, the difficulty of viral replication in culture, the fact that
PML is a rare disease with nearly 4000 cases reported annually
in the US and Europe [53], the severity of the disease and ethi-
cal principles in medicine also prevent such studies in patients.
It is the worsening of the patients' disease and the lack of thera-
peutic response that stops most of the studies [7]. However,
some of the molecules investigated produce good results in vi-
tro but do not show a reasonably good therapeutic response
in vivo, a common reason being the presence of the haemato-
encephalic barrier [7,52].

Restoring the immune response has proven to be an effec-
tive treatment, particularly in HIV-positive patients who can re-
ceive cART. In HIV-negative patients, limiting immunosuppres-
sive therapy is preferred. However, this is not always achievable,
particularly in transplanted patients [7]. This treatment also
poses a risk of developing PML-IRIS. HIV-negative patients are
often treated with corticosteroids, as there is evidence of their
beneficial effects [7]. In HIV-positive patients, corticosteroids
are not the preferred treatment due to their immunosuppres-
sive nature, which increases the risk of HIV mutations. For pa-
tients who are already diagnosed with HIV, temporary cessation
of cART is preferred, but this also poses a risk of HIV resistance
[7,41]. Monoclonal antibodies are often used to treat PML, but
their use curtails the use of corticosteroids [7]. While the im-

mune system recovers following the withdrawal of monoclonal
antibodies, drugs like natalizumab have residual activity and
may induce leukocytosis and alter the CD4/CDS8 ratio in the CSF,
which increases the risk of developing PML-IRIS [54].

PML s a rare but severe disease that can be fatal or severely
disabling. In a study including HIV-positive and HIV-negative in-
dividuals, we observed similar 1-year survival in PML-IRIS (54%)
compared with PML without IRIS (49%) [55]. According to other
studies, survival in HIV-associated PML is increased if timely
treatment with cART is initiated [56]. However, nearly 70% of
individuals with long-term survival have residual neurological
deficits, with 25-50% having moderate to severe [57] and over
40% having seizures [58].

There are no studies of PML recurrence, although such cases
are reported. Furthermore, studies have demonstrated persis-
tence of JC DNA in CSF up to 3 years after PML diagnosis. This
means that the JC virus, despite restored immune competence,
is difficult to clear from the brain and remains dormant [7].

The Role of JCPyV in the Development of CNS Malignancies

Many studies have demonstrated the presence of JCPyV in
human malignancies [5]. Some of the proteins entering the
structure of the viral particles may interact in a particular way
with the products of genes involved in the regulation of the cell
life cycle or with components of regulatory pathways in the cell
associated with cell proliferation. For example, LTAg can inter-
act with Retinoblastoma protein (pRb) [59,60] and the tumor
suppressor p53 [61]. When LTAg interacts with pRb, on the one
hand, cell elongating factors are activated, which promotes
cell cycle progression, on the other hand, this interaction leads
to the activation of the E2F tanscription factor, which in turn
leads to cell proliferation [5,60]. LTAg also blocks the action of
p53, which blocks apoptosis [5,61]. Interactions of LTAg with
B-catenin, Insulin Receptor Substrate-1 (IRS-1), and survivin
have also been described.

B-catenin is a component of the Wnt-signaling pathway.
LTAg stabilizes B-catenin by protecting it from degradation,
which leads to cell proliferation [60,62]. Similar phenomena
have been described in malignancies associated with JC infec-
tion- medulloblastoma, colon cancer, and esophageal cancer
[5,10].

IRS-1 is the downstream docking molecule of the Insulin
Growth Factor 1 receptor (IGF-1R) pathway. Upon binding to
LTAg, this stabilizes it, leading to nuclear translocation of IGF-
1R, this in turn strangely leads to inactivation of the enzyme
Rad51. Inactivated Rad51 prevents Homologous Recombina-
tion (HR), forcing the cell to repair Double-Strand Breaks (DSBs)
via Non-Homologous End Joining (NHEJ), which is the more
primitive process and leads to more errors [63].

In addition to inactivating Rad51, the interaction between
IRS-1 and LTAg, results in increased levels of survivin, which is
a potent antiapoptotic protein. LTAg on the other odd can acti-
vate the survivin promoter and thus increase its expression [5].

stAg is another protein of the JCPyV structure that has on-
cogenic potential [64], it can interact with pRb and with Protein
Phosphatase A2 (PPA2) [5,65]. Expression of the late Agno pro-
tein also affects DNA Damage Repair (DDR). Infection of glial
cells with JC virus per se results in DNA damage to host cells
[66].
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There are many suspected JCPyV-related CNS neoplasms,
including gangliocytoma, choroid plexus papilloma, pilocytotic
astrocytoma, subependymoma, pleomorphic xanthoastrocy-
toma, oligodendroglioma, all subtypes of astrocytomas, epen-
dymomas, oligoastrocytomas, glioblastomas, glioblastoma mul-
tiforme, medulloblastoma, pineoblastoma, gliosarcoma, and
primitive neuroectodernal tumours [5,10] (Figure 1).

Conclusion

After six decades since the discovery of JCPyV, significant
knowledge has been accumulated regarding its structure,
spread, and mode of entry into the host cell. It is understood
that the virus is carried by over half the population and can be
transmitted to other individuals. There is an increasing under-
standing about the range of illnesses that the virus can cause,
such as PML, JCVE, JCVM, JCV GCN, and how it is the cause of
many malignancies. Having a thorough understanding of this
information is extremely important for the accurate diagnosis
and effective treatment, particularly when considering patient
comorbidity.

In literature, there are descriptions of JCPyV-related dis-
eases among patients receiving immunosuppressive therapy,
patients with HIV, transplant patients, people with malignant
and hematologic diseases, patients with idiopathic immuno-
deficiency, and cases of PML among people with liver disease,
type 2 diabetes mellitus and dementia. As such, JCPyV-related
disease should be considered as part of the differential diag-
nostic plan.

The study of the virus's structure, its impact on the macrovi-
rus, its activation, dormancy, and cellular entry mechanism are
essential for effective treatment.
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