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Tumor pathogenesis of human neurotropic JC virus in
the CNS
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In the last several years, studies have reported the detection of sequences
similar to the polyomavirus, Simian Virus 40 (SV40) in human tumors
including choroid plexus papillomas and ependymomas. Taken together with
well-established evidence that SV40, as well as the human polyomaviruses JC
virus (JCV) and BK virus (BKV), are oncogenic in several animal models, new
interest has resurfaced regarding a possible role for these viruses in human
tumors. In particular, a strong case can be made for re-evaluating the oncogenic
potential of JCV in a neurotropic polyomavirus which is the causative agent of
the fatal human demyelinating disease, Progressive Multifocal Leukoencephalopathy (PML). In this review, we discuss the transforming capability of JCV in
vitro, JCV's ability to induce neural origin tumors in non-human primates as
well as in rodents, and several case reports which suggest a possible role for JCV
in tumor pathogenesis in the central nervous system.
Keywords: JCV; T-antigen; progressive multifocal leukoencephalopathy;
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JC virus (JCV), like SV40 and BKV polyomaviruses,
is a DNA tumor virus which contains a genome of
closed, circular, double stranded DNA that is
separated into early and late coding sequences by
the viral regulatory region. The viral early genes,
large and small T-antigen, are transcribed prior to
DNA replication, whereas the viral late genes,
capsid proteins VP1, VP2 and VP3 as well as the
accessory agno protein, are transcribed after DNA
replication (Frisque and White, 1992). Approximately 70% sequence homology is shared between
the genomes of JCV and SV40, including the coding
regions for large T-antigen, while the greatest
differences between the viruses are observed within
their non-coding regulatory regions.
JCV is known to co-exist within the human
population, as greater than 80% of adults worldwide exhibit JCV-speci®c antibodies (Major et al.,
1992). JCV is an opportunistic virus which is the
causative agent of the subacute disease of the
central nervous system (CNS), Progressive Multifocal Leukoencephalopathy (PML). PML is a de-
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myelinating disease which results from the lytic
destruction of oligodendrocytes, the myelin producing cells of the CNS. This fatal CNS disease is
usually associated with lymphoproliferative disorders, immunosuppressive conditions, and more
recently the acquired immunode®ciency syndrome
(Berger and Concha, 1995). PML is characterized by
the gradual onset of focal neurologic dysfunction
and typically involves the subcortical white matter.
The most prevalent presenting neurologic signs and
symptoms include visual de®cits, neurologic impairment, and motor weakness (Brooks and Walker,
1984; Berger and Concha, 1995).
Histopathologically, PML is characterized by
multifocal areas of demyelination, enlarged oligodendroglial nuclei with eosinophilic inclusions,
and bizarre enlarged astrocytes with irregularly
lobulated hyperchromatic nuclei (Astrom et al.,
1958; Richardson, 1970). Foci of demyelination
arise as JCV initiates a lytic infection of oligodendrocytes which results in their destruction leading
to a paucity of this cell type in the central areas of
demyelination. Infected but unlysed oligodendrocytes present at the periphery of the lesions contain
nuclei which may be two to threefold larger than
normal, strongly basophilic, and contain eosinophilic intranuclear inclusions. These intranuclear
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inclusions have been shown to contain JC viral
particles as well as viral DNA and antigen. Bizarre
astrocytes observed in PML lesions frequently
exhibit mitotic ®gures and occasionally contain JC
viral DNA and viral proteins. These astrocytes have
been described as having a malignant appearance
and are morphologically reminiscent of a neoplastic
process.
Although no conclusive association between
JCV and human brain tumors has been made,
several cases of patients with concomitant PML
and CNS neoplasms have been reported (see Table
1). The ®rst of these was noted by Richardson
(1961). In this case, the postmortem exam of a 58year-old man with chronic lymphocytic leukemia
and PML incidently revealed an oligodendroglioma. There have also been cases described in
which PML was associated with multiple astrocytomas (Castaigne et al., 1974; Sima et al., 1983).
Castaigne et al. (1974) described an 18-year-old
male who suffered a long lasting immunode®ciency syndrome. Postmortem examination revealed, in addition to PML demyelinating
lesions, numerous neoplastic foci of anaplastic
astrocytes. Ultrastructural analysis of these foci by
electron microscopy demonstrated viral particles
in oligodendrocytes, but not in the neoplastic
astrocytes. Sima et al. (1983) similarly described a
PML patient who also had multiple malignant
astrocytomas presumably originating from the
PML lesions. Ultrastructural analysis of these
lesions demonstrated viral particles in both
oligodendrocytes and astrocytes of PML foci, but
not in the neoplastic astrocytes. Interestingly, no
type of immunode®ciency was revealed in this 68year-old man either clinically or at autopsy.
Gulotta et al. (1992) also reported the concomittant occurance of PML and CNS gliomas. In this case
of a 30-year-old HIV-1-negative PML patient,
autopsy revealed the presence of gliomatous foci.
The authors noted a pleomorphic astrocytoma in
the brain and diffuse neoplastic in®ltration in the

brain stem. In neither of these lesions was JCV
detected by in situ hybridization.
In addition to the cases of concomittant PML and
cerebral neoplasm, JCV has been associated with
human brain tumors in the absence of any PML
lesions. Rencic et al. (1996) detected DNA from the
JCV non-coding region and T-antigen DNA, RNA,
and protein in tumor tissue from an immunocompetent HIV-1 negative patient with an oligoastrocytoma. Moreover, this patient did not clinically or
microscopically exhibit any features of PML.
Interestingly, Boldorini et al. (1998) report the
presence of JCV DNA in the brain of a 9-year-old
immunocompetent child with a pleomorphic
xanthoastrocytoma (see this issue of the Journal of
NeuroVirology). These two cases demonstrate the
presence of JCV in human brain tumors of
immunocompetent non-PML patients. Although a
causal relationship between JCV and the development of human brain tumors may currently be
considered speculative, these are nonetheless intriguing ®ndings which raise the question of whether
or not JCV is involved in tumor pathogenesis in the
CNS.
While evidence for the role of JCV in human CNS
neoplasms may not be clear, the oncogenic potential of polyomaviruses, including JCV has been well
established in several animal models (see Table 2).
In particular, intracerebral inoculation of JC virus
into non-human primates, owl and squirrel monkeys, results in the development of astrocytomas
16 ± 24 months after inoculation (London et al.,
1978, 1983). Further analysis of the monkey tumor
tissue revealed the expression of the JCV early
protein, T-antigen, but virion antigens could not be
detected in the animals. With one exception, tissue
from JCV-infected monkeys was unable to release
virus when grown in cell culture (Major et al.,
1992), indicating that primate-origin cells may not
be permissive for JCV infection.
In another series of studies, newborn Golden
Syrian hamsters were shown to develop a broad

Table 1 Association of PML and JC virus with human CNS neoplasms
Brain tumor
Oligodendroglioma
CNS lymphoma
Glioma
CNS lymphoma
CNS lymphoma
CNS lymphoma
CNS lymphoma
Astrocytoma
CNS lymphoma
Glioma
Oligoastrocytoma
Xanthoastrocytoma

Underlying immunosuppressive disease

PML classi®cation

References

chronic lymphocytic leukemia
possible Hodgkin's disease
immunode®ciency syndrome
chronic lymphocytic leukemia
renal transplant patient
renal transplant patient
none reported
none detected
Hodgkin's disease
none reported
none detected
none detected

classical
classical
classical
atypical
classical
classical
atypical
classical
classical
classical
none
none

Richardson, 1961
Davies et al, 1973
Castaigne et al, 1974
GiaRusso and Koeppen, 1978
Egan et al, 1980
Ho et al, 1980
Liberski et al, 1982
Sima et al, 1983
Williamson et al, 1989
Gullotta et al, 1992
Rencic et al, 1996
Boldorini et al, 1998
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Table 2 JC virus induces neural origin tumors in several animal models*
Species
Owl and squirrel monkeys
Syrian hamster

Rat
Transgenic mouse*

Tumor type

References

astrocytoma
glioblastoma multiforme
medulloblastoma
astrocytoma
glioblastoma multiforme
primitive neuroectodermal
ependymoma
pineocytoma
neuroectodermal
CNS dysmyelination
adrenal neuroblastoma
neuroectodermal

London et al, 1978, 1983
Walker et al, 1973; ZuRhein, 1983

Ohsumi et al, 1985, 1986
Small et al, 1986a, 1986b; Franks et al, 1996

*All animal models except transgenic mice were induced by intracerebral inoculation of JC virus. Transgenic mice express the entire
gene for the JC viral early protein, T-antigen, under the control of the JC virus promoter.

range of tumors approximately 6 months after
inoculation with JCV, the most common of which
included medulloblastoma, astrocytoma, glioblastoma, primitive neuroectodermal tumors, and peripheral neuroblastoma (ZuRhein, 1983). Tumors of
the central nervous system have been detected in
greater than 85% of newborn hamsters inoculated
intracerebrally with JC virus, clearly demonstrating
its oncogenic potential in neural origin tissue.
Again, as in the primate studies, JCV T-antigen
was detected in tumor tissue, but no evidence of
viral replication or persistent infection could be
detected. Similarly, injection of JCV into the brains
of newborn rats induced undifferentiated neuroectodermal origin tumors in the cerebrum of 75% of
the animals (Ohsumi et al., 1985, 1986).
Perhaps some of the most interesting observations on the oncogenicity of JCV have come from
studies on several lines of transgenic mice which
have been generated containing the entire gene for
JCV T-antigen under the control of its own
promoter. Since these mice do not contain any viral
late genes, the phenotypes observed are solely
dependent on the expression of JCV T-antigen.
Earlier studies by Small et al. (1986a,b) resulted in
T-antigen transgenic mice which developed one of
two phenotypes: the appearance of adrenal neuroblastomas, or less frequently, abnormal formation of
myelin sheaths in the CNS (dysmyelination). We
have recently generated additional mice utilizing
the same JCV T-antigen transgene and have established a line of mice which exhibit tumors of
primitive neuroectodermal origin (Franks et al.,
1996). Two interesting observations can be made
from these studies, ®rst that T-antigen in the
absence of JC virus and therefore viral replication,
can alter myelin formation to induce dysmyelination, and second that JCV T-antigen is able to
transform cells and induce tumors of neural origin.
Although there is considerable evidence supporting the oncogenicity of JC virus, the pathomolecular

mechanisms responsible for JCV-induced tumors
are just beginning to be explored. Evidence for the
direct involvement of JCV T-antigen expression in
tumor formation has emerged from studies on
transgenic mice which have demonstrated that JCV
T-antigen is able to induce tumors in vivo. Moreover, like its SV40 counterpart, JCV T-antigen can
transform cells in vitro, albeit to a lesser degree
(Frisque and White, 1992). Postulated cellular
events which may lead to a transformed phenotype
include the interaction of JCV T-antigen with
speci®c cellular proteins such as tumor suppressor
gene products. JCV T-antigen has been demonstrated to form stable complexes with p53 in Tantigen transformed cells in vitro, as well as in cell
lines derived from JCV-inoculated animals (Frisque
and White, 1992). Interestingly, JCV and SV40 Tantigens physically interact with the same region of
p53 (Staib et al., 1996; Ludlow, 1993). JCV T-antigen
has also been demonstrated to bind to other tumor
suppressor proteins such as pRb and p107 (Dyson et
al., 1989, 1990). Moreover, JCV T-antigen has been
shown to interact with these cellular tumor suppressor gene products in tumor tissue derived from
transgenic mice expressing JCV T-antigen (Krynska
et al., 1997). Although the ability of JCV T-antigen to
functionally block the inhibitory effects of these
regulatory proteins is yet undescribed, future in vivo
studies utilizing JCV T-antigen mutants will address
the relevance of these interactions in the pathogenesis of JCV-induced tumors.
In addition to its ability to derange cell cycle
regulatory proteins, JCV has also been demonstrated
to possess mutagenic activity (Theile and Grabowski, 1990). Additional studies (Neel et al., 1996;
Lazutka et al., 1996) indicate that JCV is associated
with lymphocytes which contain multiple chromosome-type aberrations. Perhaps more relevant in
light of earlier studies indicating that JCV is able to
transform primary human fetal glial cells (Mandle et
al., 1987) is recent evidence that JCV can induce
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chromosomal damage in these cells (Neel et al.,
1996).
Although the oncogenic potential of JCV has
certainly been described in animal models, as well
as in vitro, the evidence for the involvement of this
polyomavirus in human tumor pathogenesis will
need further investigation. It is known that brain
tumors account for about 2% of all human cancers
and are the most frequent solid tumor in children.
Genetic alterations have been proposed as molecular pathogenetic mechanisms that are integral in the
induction and development of many tumors,
including those of the CNS. Such genetic alterations
can lead to derangements in both positive and
negative cell cycle regulators, inexorably resulting
in uncontrolled cellular proliferation (Dirks and
Rutka, 1997). In addition, alterations in growth
factors and their receptors, such as the epidermal
growth factor receptor (EGFR) have also been
implicated in human brain tumor development
(Wikstrand et al., 1998, see this issue of the Journal
of NeuroVirology). While mutations that result in
tumor formation have been known to arise from
genetic and environmental causes, evidence sug-

gests that viruses are capable of inducing cellular
changes through the actions of their reguatory
proteins, and therefore may contribute to the
development of some human tumors. Recently,
SV40 DNA sequences have been detected in human
CNS tumors including choroid plexus papillomas
and ependymomas (Bergsagel et al., 1992; Lednicky
et al., 1995; Martini et al., 1996; Stewart et al., 1998,
see this issue of the Journal of NeuroVirology).
Although the presence of DNA sequences within
tumor tissue does not prove any causal relationships, it is noteworthly in light of the fact that SV40
T-antigen has been shown to induce choroid plexus
papillomas in transgenic mice (Brinster et al., 1984).
As JCV has been associated with the induction of
glial origin tumors in several animal models, it
would seem a logical step to further investigate
these tumors for the presence of JC viral DNA and
gene expression.
Although several earlier reports were unable to
detect the presence of JCV DNA sequences or Tantigen in human tumors or cell lines derived from
human cerebral neoplasms (Dorries et al., 1987;
Kosaka et al., 1980; Greenlee et al., 1978), JCV DNA,

Figure 1. Schematic pathways for induction of the fatal demyelinating disease, PML, by the human neurotropic virus, JCV, and its
potential role in the development of CNS glial tumors. During infection with JCV, the viral early protein, T-antigen, orchestrates viral
replication and lytic disruption of oligodendrocytes, the myelin-producing cells of the CNS, resulting in foci of demyelination.
Alternatively, in the absence of viral replication, expression of the T-antigen may lead to alterations in cell machinery, and ultimately
to cellular transformation.
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as well as T-antigen RNA and protein have recently
been detected in a human oligoastrocytoma (Rencic
et al., 1996). Perhaps the availability of more
sensitive techniques will enable a closer examination of cerebral neoplasms for the presence of JCV.
Of note, the presence alone of JCV in human brain
tumors may not speak to a direct causal relationship
for the virus in the development of human tumors.
Moreover, as it is becoming clearer that models of
human tumorigenesis may involve multiple genetic
alterations, the possiblity of a viral contribution in
such a scheme provides a more complex and
dif®cult relationship to understand. Thus, the
development of more sophisticated animal model
systems will enable us to speci®cally test the impact
that JC virus may have on tumor progression.
It is also signi®cant and interesting to note that
JCV, unlike its polyomavirus relatives SV40 and
BKV, is the etiological agent of the human
demyelinating disease, PML. The ability of JCV to
induce a demyelinating disease in humans is
explained in that, upon infection of oligodendrocytes, JCV T-antigen expression orchestrates events
leading to viral replication, virion formation, and
subsequent lysis and destruction of the host cell
(see Figure 1). Several rounds of productive
infection in neighboring cells then result in a
growing PML lesion. However, if JCV T-antigen is
expressed in a cell in the absence of viral
replication, T-antigen may interact with host
regulatory proteins to result in cellular transformation, and ultimately uncontrolled proliferation. In
addition, JCV may directly induce chromosomal
damage which could result in the same end point. In
fact, it is possible that the molecular mechanisms
underlying the involvement of JCV in cellular
transformation is the consequence of multiple
cellular effects. The expression of JCV T-antigen,

in the absence of viral replication, may result from a
non-productive or abortive infection process, with
many factors in¯uencing JCV replication, including
species or cell type speci®city, and even the
immune status of the host. Perhaps this is why
non-human primate, hamster, and rat models,
which are non-permissive hosts for JCV replication,
develop CNS tumors but do not exhibit demyelination. Clearly, the ability of T-antigen to transform
cells in the absence of viral replication is evident
from studies on JCV T-antigen transgenic mice
which develop neuroectodermal-origin tumors.
Other evidence supporting this pathway in human
CNS cells is gleaned from the neuropathological
features observed in PML lesions. As noted above,
astrocytes interspersed within PML demyelinating
foci have been described as morphologically malignant. The general lack of capsids within astrocytes
suggests that JCV does not initiate a lytic infection
in this cell type. In sum, the ®ndings of JCV in the
brains of immunocompetent patients, the neurotropic nature of JCV, and the in vitro and animal
evidence demonstrating the transforming ability of
JCV invites the re-evaluation of the role that JCV
plays in the pathogenesis of human CNA tumors.
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