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Summary
Progressive multifocal encephalopathy (PML) is a fatal demyelinating disease of the central
nervous system (CNS), caused by the lytic infection of oligodendrocytes by a human
polyomavirus, JC virus (JCV). PML is rare disease but mostly develops in patients with
underlying immunosuppressive conditions, including Hodgkin’s lymphoma, lymphoproliferative
diseases, in those undergoing antineoplastic therapy and AIDS. However, consistent with the
occurrence of PML under immunocompromised conditions, this disease seems to be also steadily
increasing among autoimmune disease patients (multiple sclerosis and Crohn’s disease), who are
treated with antibody-based regimens (natalizumab, efalizumab and rituximab). This unexpected
occurrence of the disease among such a patient population reconfirms the existence of a strong
link between the underlying immunosuppressive conditions and development of PML. These
recent observations have generated a new interest among investigators to further examine the
unique biology of JCV.
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Introduction
Progressive multifocal encephalopathy (PML) develops as a result of lytic infection of
oligodentrocytes by JCV in the central nervous system (CNS). Pathological cases similar to
PML were described as early as 1930 by a German pathologist Hallervorden [1], however,
PML was not crystallized as a distinct term until late 1950s. Astrom and his colleagues first
described the illness in 1958 on the basis of its unique pathological features, including
demyelination, abnormal oligodendroglial nuclei and giant astrocytes [2]. Descriptions made
by these investigators were consistent with the development of a multifocal distribution of
small or confluent white matter lesions in the cerebellum, basal ganglia, thalamus and brain
stem. Although the origin of these lesions was unknown, presence of inclusion bodies found
in the nuclei of damaged oligodendrocytes suggested the involvement of a virus in the
pathogenesis of PML [3]. In fact, several years later, the use of electron microscopy revealed
the presence of viral particles in the enlarged nuclei of infected oligodendrocytes resembling
a polyomavirus structure [4,5]. Several attempts were made to isolate the suspected virus,
however, its unique biological properties of JCV, such as narrow host-range and tissue-
specificity made it difficult to isolate the virus at that time. In 1971, Padgett and her
colleagues isolated JCV for the first time from long-term cell cultures of glial cells using
brain extracts from a PML patient as a source of inoculum [6]. This was the first
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experimental demonstration, suggesting that a neurotropic virus is associated with the
occurrence of PML. The viral genome was sequenced in 1984 by Frisque et al [7] It was a
coincidence that a virus similar in structure was also isolated from the urine samples of a
patient, who underwent a renal transplantation process during that year and named BK virus
(BKV) [8]. Both viruses were named after the initials of the respective donors.

Seroepidemological data indicate that the majority of the human population is infected by
JCV (75-80%) and approximately half of this infection occurs during childhood [9-11].
Primary exposure of the individuals to the viral infection does not appear to be associated
with any known clinical manifestations. This poses an obstacle for establishment of the
route of transmission of JCV among the human population. However, it is suggested that
transmission could occur via urine to oral route or via respiratory route [10,11].

Before AIDS epidemic, PML was considered a rare complication of the middle-aged and
elderly patients with lymphoproliferative diseases and incidence of PML in pre-AIDS era
was considerably low (0.07%) [12]. It is now a commonly encountered disease of the CNS
in patients of a variety of different age groups with AIDS and ~5% of HIV patients develop
PML. It is now defined as an AIDS-associated illness. In addition, recent studies indicate
that the highly active retroviral therapies (HAART) against HIV infections considerably
reduced the virulent behavior of HIV virus, however, the same does not hold for JCV
infections. In other words, the incidence of PML did not significantly change between the
pre-HAART and post-HAART era [13]. More interestingly, PML has also recently been
described in patients with autoimmune diseases such as multiple sclerosis and Crohn’s
disease, who were treated with specific monoclonal antibodies. These antibodies
(natalizumab and efalizuma) target several surface molecules (α-integrin) on B and T cells
and prevent their entry into brain, skin and gut. Rituximab, another monoclonal antibody,
targets the CD20 surface molecule on B cells and causes their depletion through
complement-mediated cytolysis.

Although the precise mechanism of the effect of HIV-mediated activation of JCV is not
known, it appears that HIV infection directly or indirectly influences activation of JCV virus
and thereby contributes to the development of PML. As it is the case for the patients with
autoimmune diseases, whose immune function is altered as a result of the treatment with
monoclonal antibodies, the immune system in HIV patients is also dramatically altered due
to the infection of the subpopulation of the T cells. These changes indirectly but
significantly contributes to the reactivation of JCV. Experimental evidence also indicates
that there is a direct link between HIV infection and increased incidence of PML in AIDS
patients, through a cross regulation of JCV promoters by a HIV-encoded transregulatory
protein, Tat (transactivator of transcription) [14-17]. Tat is a potent transactivator of
transcription from HIV long terminal repeats (LTR) and plays a critical role in HIV
replication as well [18,19]; and has the ability to regulate JCV transcription from the viral
promoters through a Tat-responsive cis-element (TAR) present in the regulatory region of
JCV [20]. Tat can also be secreted from HIV-infected cells and be taken up by neighboring
uninfected cells and/or infected cells; and modulate the expression of Tat-responsive
promoters including those of JCV[21-23]. Moreover, Tat may also indirectly modulate JCV
regulation, perhaps through Tat-induced upregulation of cytokines [24,25] and some other
regulatory proteins.

Clinical features of PML
PML is a subcortical white matter disease of the brain and exhibits signs and symptoms
indicative of involvement in multiple regions of the brain (Fig. 1A) [9,11,26,27].
Demyelination can develop in any location in the white matter [28] but also occur in other
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regions of the central nervous system including the brainstem and cerebellum and is a
generally multifocal process (Fig. 1B), [28,29]. Visual deficit is the most common symptom
of PML, accounting for 35 to 45% of the cases. Mental deficits, including emotional
liability, difficulty in memory and dementia are other but devastating signs of PML seen in
approximately one-third of cases. Motor weakness, another sign and symptom of PML is
also observed in a considerable number of patients, accounting for 25 to 33% of cases [9].
The disease progress slowly, causing death within 4-6 months, however, clinical signs and
symptoms occasionally may remain stable for much longer period of time [9,11,30].

Oligodendrocytes are the myelin producing cells of the central nervous system and
specifically targeted by JCV for lytic infection (Fig. 1C). The primary function of these glial
cells is to myelinate the axons that project from the neuronal cell bodies of the overlying
cortex. Destruction of these cells initially leads to microscopic lesions [11,31] but as the
disease progresses, demyelinated areas become enlarged and eventually may coalesce,
making them visible on gross examination of the cut sections (Fig. 1A) [2]. Astrocytes are
also abortively infected by JCV and exhibit enlarged, lobulated and bizarre-looking nuclear
structures [9,11,26,27] (Fig. 1C). Activated macrophages are frequently found in the areas of
demyelination. They are most likely recruited into the CNS as a result of immune reaction to
phagocytize the myelin break-down products. Due to the association of PML with AIDS, a
large number of HIV-infected macrophages are also found in extremely extensive necrotic
lesions [32]. It is not clear, however, how these immune cells infiltrated into the areas of
demyelination. One possible explanation for this is that JCV-infected cells may recruit HIV-
infected macrophages into the demyelinated areas or alternatively, uninfected macrophages
may become infected by HIV after they are recruited into the nervous system.

Diagnosis and treatment of PML
Although PML lesions, caused by both lytic infection of oligodendrocytes and neuronal loss,
can be detected by magnetic resonance imaging (MRI) system [33], some other CNS related
viral infections may make this diagnosis difficult. Therefore, detection of JCV in the brain
samples of PML patients in large numbers would be strong evidence for the full diagnosis of
the disease. There are a number of techniques for the identification of the virus as the
causative agent of PML, including immunocytochemistry and nucleic acid methods.
Antibodies against JCV were employed earlier; however, the specificity of this method was
always in question due to cross-reactivity with other viral proteins. Nucleic acid methods,
such as in situ hybridization of JCV DNA were successfully performed on tissue samples
obtained from various PML patients [34]. However, the polymerase chain reaction (PCR)
has been proven to be the most reliable method for detecting JCV DNA in PML cases. PCR
can easily be used to test cerebrospinal fluid (CSF) for infectious JCV. In a recent study, it
has been shown that as low as 10 copies of viral DNA in CSF can be detected using
quantitative PCR technology [35].To support this finding, in another recent study, 168
suspected PML cases over 10 years have been reviewed retrospectively and it turned out that
majority of the samples that are diagnosed as JCV positive using PCR come from HIV
positive patients [36], which highlights the importance of HIV infection in JCV reactivation.

Currently there is no effective treatment for PML; however, different treatment regimens
such as cytarabine, interferons and heparin sulfate have been used to treat PML [37,38].
There are several reports in the literature indicating that JCV-infected B lymphocytes may
cross the blood-brain barrier and initiate new infections throughout the course of the disease
[39-42]. With respect to heparin sulfate therapy, it has been shown that heparin sulfate
inhibits the activated lymphocytes from crossing into the brain by stripping the cell surface
receptors including glycoproteins on the cerebrovascular endothelial cells in a mouse model
system[37]. It is thought that it may have analogous effects on activated B lymphocytes in

Saribas et al. Page 3

Future Virol. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



human subjects as well. A nucleoside analog, cidofovir, has been recently used to treat four
PML patients exhibiting different immunocompromised states, but patients did not respond
to cidofovir treatment well [43]. An immunomodulatory drug, lenflunomide, is generally
used for treatment of rheumetoid arthridis was also used to treat PML patients with limited
success [43], but more definitive research is needed to further assess the efficacy of this drug
on PML patients. In addition, Brickelmaier et al has recently screened a collection of 2,000
approved drugs for their biological activity against JCV infection cases in vitro [44]. It
turned out that mefloquine, an antimalarial drug, can inhibit the JCV infection in three
different cell types tested including, transformed human glial (SVG-A) cells, primary human
fetal glial cells, and primary human astrocytes. Quantitative PCR results showed that
mefloquine inhibits viral DNA replication in infected cells rather than blocking the viral
entry into cells. Since there is no suitable animal model for PML or JCV infection in vivo, it
is difficult to test the efficacy of mefloquine in vivo cases.

The development of new effective drugs for PML is urgently needed. Targeting
multifunctional viral proteins such as large T antigen (LT-Ag) and agnoprotein could lead to
new avenues in drug discovery towards PML. These proteins are required for cell cycle
progression and viral replication [45-47] and therefore selective inhibition of their functions
may hinder the progression of PML. Agnoprotein is a particular interest, because of having
no significant homology to other cellular proteins, which makes it a very appealing target in
drug discovery against PML. Currently there is no structural data available for agnoprotein;
however, structure determination using either NMR or crystallization studies may reveal
information which could be used for drug design against it.

Viral genome organization
The genome of JCV is composed of bidirectional regulatory elements and coding regions
(Fig. 2). The regulatory region contains the origin of DNA replication and promoter/
enhancer elements and exhibits hyper-variability in its sequence composition. That is,
although the prototype strain of JCV, Mad-1, contains two 98-bp tandem repeats, there are
considerable deviations from this characterization in other trains of JCV. For example, the
regulatory region of Mad-4 strain contains two tandem repeats which are only 84-bp in
length, whereas that of archetype strain contains only one 98-bp repeat with two insertions,
23-bp and 66-bp [10,48]. The archetype strain of the JC virus is the circulating strain of JCV
among the human population and its regulatory region appears to play a role in the
establishment and maintenance of the JCV latent infection. Upon reactivation, archetype
virus undergoes a deletion/duplication process within its regulatory region and gains the
ability to become a more virulent virus to infect oligodendrocytes in CNS. The coding
region of JCV has a bidirectional characteristic and produces early and late transcripts.
Transcription extends directionally from initiation sites near the origin to produce the early
and late messenger RNAs (mRNAs). The early region of JCV, for example, generates only
regulatory proteins including LT-Ag, small t antigen (Sm t-Ag) and T’ proteins (T’135,
T’136 and T’ 165). The LT-Ag is the main regulatory protein of JCV, which is required for
both the replication of the viral genome and for transactivation of the late promoter. It was
also shown to autoregulate its own early promoter. Sm t-Ag, although the precise function of
it is unknown, has been shown to play regulatory roles in viral replication cycle [49,50].
Together with the LT-Ag, it pushes the cells into the S-phase of cell cycle [50-52] during
which all DNA viruses, including polyomaviruses, replicate their DNA. The function of the
T’ proteins (T’135, T”136, and T’165) in viral life cycle is unknown; however, recent
evidence suggests that they may have roles in cell transformation [53].

In contrast to the early region, the late region of JCV encodes a mixture of structural
(capsids, VP1, VP2 and VP3) and regulatory (agnoprotein) proteins (Fig.2). They are
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generated as a result of the translation of the alternatively spliced late pre-mRNA. The
sequences of both VP2 and VP3 completely overlap and contain a DNA binding domain at
their far C-terminus region [54,55] and play important roles in viral encapsidation process.
The leader region of the late transcripts of the JCV encodes a small but basic regulatory
protein (agnoprotein), which accumulates mostly around the perinuclear region of the
infected cells. A significant portion of it is also found in the nucleus (25-30%) [56]. Null
mutants of this protein result in fewer progeny but PKC-phosphorylation mutants of it
exhibit even more severe phenotypes, which are totally defective in viral life cycle [57]. In
other words, the virus with phosphorylation mutants of agnoprotein is unable to continue the
viral life cycle due to empty capsid formation, suggesting that this protein is actively
involved in JCV replication and virion biogenesis. Phosphorylation and deletion mutants of
BK virus agnoprotein were also recently shown to have similar effects on viral life cycle
[58,59]

Contrary to the regulatory region, the coding regions of JCV show a significant sequence
homology to BKV and SV40 (70-80%). The regulatory sequences of JCV are considerably
divergent from BKV and SV40 [10]. This divergence mostly determines the tissue or
species-specific replication of each virus. In other words, the regulatory region of each virus
is mainly responsible for the tissue-specific expression of each virus, although LT-Ag, at
least in the case of JCV, is also known to contribute to this unique expression [60,61]. A
number of transcription factors have been shown to bind and regulate JCV promoters
[62-72]. In addition, the tissue-specific cellular factors also appear to be critical for the
unique expression of each viral promoter. For example, in vivo and in vitro transcription
assays as well as cell-fusion experiments have clearly indicated that there are positively and
negatively acting transcription factors responsible for the expression of JCV genome in glial
and non-glial cells respectively [73,74].

JCV virion formation and life cycle
JCV virion is composed of one major (VP1) and two minor (VP2 and VP3) capsid proteins.
The viral genome is situated in the inner most core of the virion, complexed with H2A,
H2B, H3 and H4 histones. It is assumed that VP2 and VP3 forms the second layer in the
capsid shell in contact with the viral DNA. The C-terminus region of the minor capsid
proteins is the most conserved region within the polyomavirus family and interacts with the
N-terminus of VP1. Following the translation of the capsid protein transcripts, new capsid
proteins are transported into the nucleus for assembly of virions. Although the steps of the
encapsidation process is not clear, there are reports, suggesting that viral late regulatory
protein, agnoprotein may play a major role, directly or indirectly in this process by perhaps
regulating interaction of viral capsid proteins with viral DNA or by enhancing the viral
DNA replication [57]. The outer shell of the JCV virion is made up of VP1, which is most
likely organized into 72 pentamers as is the case for SV40 [75]. VP1 produced in E. coli or
baculovirus shows the ability to form pentamers and can assembly into virion-like structures
in the absence of other two capsid proteins [76]. It appears that pentamers are flexible in
structure to accommodate all capsid proteins and viral genome to form an icosahedral
structure and calcium ions are required for the stability of pentamer-pertamer interactions.
Apparently, no disulfide bond forms within the pentamer subunits but such a bond can form
between adjacent pentamers, which is evident from the fact that reducing agents are required
for disassembly of the virion particles [77-80].

JCV infection cycle starts with the attachment of the viral particles to the cell surface
receptors (Fig. 3). Alpha (2-6)-linked sialic acid as well as serotonin receptor 5HT2A were
shown to be critical for the attachment of JCV to the cell surface [81,82]. JCV virions enter
the cells through clathrin-mediated endocytosis pathway [83]. Figure 3 highlights the chain
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of events taking place during the life cycle of JCV. It is thought that virions are uncoated in
the cytoplasm and viral DNA is transported into the nucleus by an unknown mechanism.
Following the expression of the viral early genome, viral transcripts undergo splicing events
before they are transported back to the cytoplasm for translation. LT-Ag, Sm t-Ag and T’
proteins (T’135, T’136 and T’165) are produced following the translation of the early
transcripts. LT-Ag initiates the viral DNA replication [45] and trans-activates the viral late
promoter [84] in the nucleus. It has been recently shown that Sm t-Ag also plays a critical
role in JCV replication [49]. Translation of late transcripts results in the production of
regulatory agnoprotein and three structural capsid proteins, VP1, VP2 and VP3 (Figure 2)
and subsequently encapsidation process starts in the nucleus. Aformentioned, the capsid
proteins are sequentially added to one another and viral genome is packaged into the
capsids. The final step in the viral life cycle is the release of the virions from infected cells.
Although the mechanism of this process is not known, it is likely that they are released upon
the lysis of the infected cells [85].

Oncogenic potential of JCV
Following its isolation, oncogenicity of JCV has been demonstrated not only in experimental
animals but also in tissue culture [10]. However, a first indication that JCV might be
associated with human tumors came from the work of Richardson [86], who reported the
first case of PML. Post mortem examination of a PML patient with chronic lymphocytic
leukemia revealed occurrence of oligodentroglioma. This finding suggested that JCV might
have a role in the development of such a neoplasm. Association of JCV with brain tumors
was also demonstrated through the detection of JCV DNA in a patient without PML. Rencic
et al reported the detection of JCV DNA by PCR in tumor tissue from a patient with an
oligoastrocytoma [87]. In addition, Del Valle et al examined a various tumors of glial origin
and detected JCV DNA in majority of tumors [88]. Moreover, Krynska et al detected JCV
LT-Ag DNA sequences in 47% of pediatric medullablastomas [89]. Furthermore, many
other studies employing PCR-mediated DNA amplification and/or immunocytochemistry
detected viral DNA in a variety of tumors; including CNS lymphoma [90], glioblastoma
multiforma [91,92], colon cancer [93,94] and medullablastoma [91,95].

Transgenic mouse was used as a model system to test the oncogenic potential of JCV and
development of a variety of tumors in tissues derived from neuronal origin [96-98].
Histological and histochemical analysis of tumor masses clearly demonstrated the
expression of JCV oncoprotein, LT-Ag. It was also interesting to observe that transgenic
mouse created with the early region of JCV archetype strain [97] did not show any sign of
hypomyelination in the nervous system. This was a clear contrast with the results that were
obtained by Small et al [99], in which a dysmyelination of neurons in the mouse brain was
observed. Transgenic mouse created with the JCV archetype DNA developed cerebellar
tumors that resemble human medullablastomas [97]. Additional transgenic mouse models
produced tumors originating from pituitary gland [98], peripheral nerve sheet [100] and
neuroectodermal tissue [96], but one unifying aspect of these tumors is that they are all
originated from a neuronal tissue.

Although JCV DNA is detected in a variety of human tumors, there is no concrete evidence
suggesting that JCV, in part, is responsible for the development of such tumors. However, it
known now that JCV is able to transform cells in tissue culture, particularly, those of glial
origin, including primary human fetal glial cells and JCV-transformed cells exhibit the
characteristics of a transformed phenotype including anchorage-independent growth in soft
agar and SCID mice [101]. More importantly, JCV is the only polyomavirus shown to
induce tumors in nonhuman primates such as monkeys. When live JCV virus was inoculated
into owl and/or squirrel monkeys intraperitoneally, subcutonously and intracerebrally, they
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developed different types of tumors including astrocytomas, glioblastomas and
neuroblastomas at different time points following inoculation [102,103]. Examination of
tumor tissues by immunocytochemistry revealed that LT-Ag is not only expressed in tumor
tissue but also found to be complexed with p53 [104]. Collectively, all these findings
suggest that this virus is able to induce a variety of tumors in experimental animals, and
make it an attractive virus to further study its potential oncogenicity in humans as well.

Reactivation of JCV among autoimmune disease patients
PML has been periodically diagnosed in patients with immunosuppressive conditions,
including in those with cancer, organ transplant, Jab’s disease, Sjögren’s syndrome, sarcoid
and other diseases [105]. However, recent diagnosis of PML in multiple sclerosis and severe
psoriasis (Crohn’s disease) patients, who underwent a monoclonal antibody treatment
(natalizumab, rituximab, efalizumab) strikingly surprised scientific community. Two MS
and one Crohn’s disease patients came down with PML who were treated with natalizumab
and efalizumab respectively in 2005. This number is steadily increasing and more than 12
PML cases have been reported for MS patients since 2005 [106-109]. Currently a large
number of patients (~30,000), who are on treatment or treated with natalizumab is being
monitored by the drug manufacturer (Biogen/Idec). Among this patient population, new
PML cases are emerging (Biogen. Tysabri update. Http://biogenidec.com). New PML cases
have also been reported for the severe plaque psoriasis patients, who were treated another
monoclonal antibody regimen, raptiva (efalizumab). In addition, a large number of PML
cases (57 cases) have been encountered among lymphoma and rheumatoid arthritis patients
[110] who were treated with rituxan (rituximab), a monoclonal antibody that targets the
CD20 B cell marker. Upon these developments, US Food and Drug Administration (FDA)
required that these drugs should be labeled with “black box” warnings and patients should
be informed about the risk of PML prior to treatment. Because of this risk, raptiva
(efalizumab) has been voluntarily withdrawn from the market by Genetech [105].

The rationale behind using natalizumab and efalizumab in MS and Crohn’s disease is to
prevent extravasation of T cells into brain and infiltration of B cells into the different layers
of the skin respectively, thus to down-regulate the harmful effects of these immune cells in
target organs. Natalizumab targets α4 integrin, which forms hererodimer complexes when
complexed with integrin β1 (α4β1) (also known as VLA-4) or with integrin β7 (α4β7) on
both B and T cells. Both complexes serve as attachment ligands for vascular cell adhesion
molecules (VCAM) on endothelial cells and thus prevent T cells extravasation into the brain
or gut. Efalizumab, on the other hand, binds to CD11a, an integrin molecule on B and T
cells, and blocks the attachment of both cell types to the intracellular adhesion molecules
(ICAM) on endothelial cells and prevents their infiltration into the layers of the skin. The
targeting of VLA-4 on T cells by efalizumab appears to cause hyporesponsiveness and
downregulation of α4β1 integrin molecules on the respective target cells. In contrast to the
clinical activity of natalizumab and efalizumab, rituximab targets CD20 receptor on B cells
and causes their cytolysis through complement-dependent manner and thereby depletes them
from peripheral circulation. The depletion of B cells by rituximab appears to be relatively
rapid compared to the leukocytosis induced by natalixumab and efalizumab, which takes
weeks to months. However, in each case of the treatment, there is a clear negative impact of
the drug treatment on either humoral or cellular arm of the immune system, which
consequently leads to a severe immunosuppression. This provides an opportunity for JCV to
reactivate and replicate its genome at the respective sites. At first glance, one might think
that the loss of immune surveillance inherit in these therapies would be a determining factor
for reactivation of JCV and onset of PML in a subset of autoimmune patients, who were
treated with aforementioned treatments. However, there appears to be additional critical
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unknown factors contributing to the onset of the disease, one of which could be the genetic
makeup of an individual patient.

Conclusions and future perspectives
PML is a rare but fatal CNS disease characterized by demylelination of the neuronal cells
leading to severe neurological impairments. Currently, there is no effective drug treatment
for PML. The disease is caused by a human polyomavirus, JCV, which was isolated for
nearly 38 years ago and latently infects the majority of the human population. Virulent form
of the virus appears to emerge when viral DNA undergoes certain arrangements in its
regulatory region in a small population of immunesuppressed individuals. Although
considerable progress has been made with respect to understanding its biology, further
studies are required to fully characterize its life cycle, concentrating on studies of the
regulatory roles of viral specific regulatory proteins. Particularly characterization of the role
of agnoprotein and Sm t-Ag in viral replication and virion biogenesis will shed further light
on the understanding of JCV biology, particularly on the viral reactivation process and the
onset of PML. Findings from these studies will further enhance our understanding of the
relationship between JCV and PML and may lead the way to discover effective drugs to
curb or alleviate the symptoms of this fatal CNS disease.
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Executive Summary

• JCV is a human polyomavirus and isolated in 1971 from a patient with PML;
and currently, majority of human population is latently infected with this virus
(70-80%).

• PML is a white matter disease of the central nervous system (CNS), caused by
the lytic infection of the myelin-producing cells in CNS, oligodendrocytes, by
JCV.

• PML occurs in a small population of immunocompromised patients with an
underlying disease such as lymphoproliferative disease, AIDS etc.

• The most common symptoms of PML are visual and mental deficit and motor
weakness. Prognoses for PML patients are very poor and patients could die
within 4-6 months after the onset of PML. Currently, there is no effective
treatment for JCV infection.

• Treatment of autoimmune diseases with immunomodulatory drugs poses a risk
factor for the development of PML.
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Fig. 1. Histological features of PML
(A) Gross examination of JCV- induced lesions occurring at the subcortical white matter. A
coronal section of the frontal lobe of the brain from a PML patient is shown. (B) Apparent
myelin loss, as result of JCV infection of oligodendrocytes, is made detectable by Luxol
blue staining (40×). Demyelinated areas are visibly distinguishable as white plaque areas.
(C) Hematoxilin and Eosin staining of the brain sections from a PML patient. Infected
oligodendrocytes are indicated with a round dark staining of the eosinophilic inclusion
bodies (arrow head). An arrow points to an infected astrocyte (400×). Reproduced with
permission from (111).
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Fig. 2. Circular map of the JC virus genome
JCV genome is composed of regulatory and coding regions. The regulatory region contains
the origin of DNA replication and promoter/enhancer elements. The promoter directs the
expression of viral early and late genes and is bidirectional. The early region encodes only
the regulatory proteins, LT-Ag, Sm t-Ag and T’ proteins but the late coding region is
responsible for the production of a small regulatory agnoprotein and three structural capsid
proteins (VP1, VP2, and VP3).
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Fig. 3. Sequential events during JCV life cycle
(1) Adsorption of virus to the cell surface receptors; (2) entry by clathrin-mediated
endocytosis; (3) uncoating of virions and nuclear transport (uncoating takes place either in
the either in endoplasmic reticulum or in the nucleus); (4) transcription of early coding
region; (5) translation to produce early regulatory proteins, LT-Ag, Sm t-Ag and T’ proteins
(T’135, T’136 and T’165); (6) import of LT-Ag into nucleus to initiate viral DNA replication
and late gene activation; (7) replication of viral genome; (8) transcription of viral late
genome; (9) translation of viral late transcript to produce agnoprotein and capsids (VP1,
VP2 and VP3); (10) Nuclear import of capsid proteins; (11) assembly of viral progeny in the
nucleus; (12) release of virions from infected cells.
Agno: Agnoprotein; JCV: JC virus; LT-Ag: Large T antigen; Sm t-Ag: Small t antigen
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