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ABSTRACT 

Proportional to the growth rate of its clinical expres- 
sion, the last decades have seen an increase on JC 
Virus diagnosis testing, and on therapeutic and symp- 
toms management plans. Whether isolated or associ-
ated to retroviral therapy, the relationship of JC Vi-
rus to HIV allowed us to delve a little deeper into the 
knowledge of its behavior. Now as new immune- 
modulating and immune-suppressing therapies are 
developed, its clinical expression has become broader 
and more complexly, thereby our need is to develop 
more precise diagnosis and therapeutic plans. 
 
Keywords: JC Virus; PLM; HIV; Monoclonal  
Antibodies 

1. INTRODUCTION 

Worldwide JC virus seroprevalence is 70% - 90% [1]. It 
is found in nature and 14 subtypes which can be isolated 
by specific geographic areas [2]. The virus infects chil- 
dren asymptomatically [3]; it remains on renal tissue and 
can be eliminated in urine in 40% - 75% of individuals 
around the age of 30 [4,5]. Its coexistence with humans 
without much variation through centuries has made it a 
useful tool for geographic migration studies [6]. 

2. PATHOPHYSIOLOGY 

This virus, without much variation, was isolated for the 
first time in 1971 on the brain of a Hodgkin lymphoma 
patient [7]. It is found associated to multiple diseases like 
medulloblastoma [8,9], multiform glioblastoma [10] and, 
Progressive Multifocal Leucoencephalopathy, an entity 
whose prevalence has increased during recent years and 
was first described by Åstrom in 1958 [11]. The JC virus 
or John Cunningham virus (JCV) is a polyomavirus with 
a circular double chain DNA 5 kB genome, its capsid 

contains three viral proteins VP1, VP2 and VP3, with 
VP1 being the most abundant [12]. With a regulating 
protein (Agnoprotein) Progressive Multifocal Leucoen- 
cephalopathy (PML) pathogenesis is divided into 3 
stages: during the first stage the virus behaves as a sub- 
clinical infection; during the second stage it remains la- 
tent in the genitourinary tract, bone marrow, tonsils, lung, 
spleen and gastrointestinal tissue [13-17] and during the 
third stage it presents viral reactivation and dissemina- 
tion towards the central nervous system. During the sec- 
ond stage, the virus remains latent with a non- pathologic 
DNA regulatory region (RR) between codifying proteins, 
called archetype. Genetic material transcription takes 
place at the two DNA strands. The early region codifies 
the regulating proteins along with T protein and its vari- 
ants (T135, T163 and T165). The latter region codifies 
the capsid proteins and the Agnoprotein [18]. Early genes 
are responsible for large T and small t antigen codifica- 
tion, and for the transformation, genetic regulation and 
replication. They codify counterclockwise while non- 
regulatory region or late genes codify clockwise. 

Agnoprotein is a polypeptide which acts as cell prolif- 
eration and growth suppressor enabling second stage cell 
cycle deregulation. The Agnoprotein interacts with T 
protein to inhibit DNA replication [19]. The infectious 
cycle starts when JC Virus protein particles bind (SA) 
sialic acid related Alpha 2 - 6 cell receptors, and 5HT2A 
serotonin receptors [20]. Virions enter by way of clathrin- 
mediated endocytosis [21].  

Later, by way of a still unclear mechanism, viral DNA 
is transported to the nucleus. Following early viral ge- 
nome expression, the viral transcription undergoes a se- 
ries of changes before being carried to the cytoplasm for 
translation. 

The big T antigens, small t antigens and T proteins 
(T135, T163 y T165) “Figure 1”, are produced after early 
region transcription translation [22].  

Big T antigens initiate viral DNA replication as well as  

OPEN ACCESS 

mailto:Basilio_vagner@hotmail.com
mailto:vivipalacio173@hotmail.com


B. V. Ramírez, V. C. Palacio / World Journal of Neuroscience 3 (2013) 126-130 127

 

Figure 1. Viral protein synthesis. 
 
the posterior activation [23]. 

Late transcription translation generates the Agnopro- 
tein and the 3-capsid proteins, and then nucleus encapsi- 
dation begins. [24]. 

3. DIAGNOSTIC TESTING 

The JC Virus is activated under different immunocom- 
promised conditions and starts a demyelination process 
associated to oligodendroglial cells damage, a place where 
it multiplies and from where it subsequently emerges 
[25].  

Among JC virus related to manifestations we have:  
 Classic progressive multifocal and inflammatory Leu- 

coencephalopathy(cPML-iPML) [26]. 
 Progressive multifocal Leucoencephalopathy associ- 

ated to immune reconstitution syndrome (PML-IRIS) 
[27,28]. 

 Progressive Multifocal Leucoencephalopathy associ- 
ated to monoclonal antibodies (natalizumab, efalizu- 
mab, rituximab) [29-31]. 

 Virus C related cerebellar granular cells neuropathy 
(JCVGCN) [32]. 

 Meningitis (JCM) [33]. 
 JC virus related Encephalopathy (JCVE) [34]. 

3.1. Diagnostic Approach 

The diagnosis of the different JC Virus related manifest- 
tations are based on common elements. 

PCR JCV sensitivity has decreased progressively after 
the antiretroviral therapy was developed and it is now 
deemed to be 58% [35]. 

Brain biopsy with pathological analysis has 64% - 
96% sensitivity and 100% specificity [36]. 

Among the most outstanding PLM findings we have 
oligodendrocytes with extended nuclei, chromatin loss, 
and intranuclear accumulation of homogeneous baso- 

phile dyeing material. 
Astrocyte morphology changes with mult-lobe hyper-

chromatic nuclei similar to neoplasic cells called “Bi-
zarre” astrocytes. 

Other characteristics are the absence of—or mild—in-
flammation [37]. 

The JC virus Neuronopathy of cerebellar granular cells 
(JCVGCN) describes cerebellar peduncles, bridge and 
cerebellar hemisphere as the expression of JC Virus 
without the characteristic findings on oligodendrocyte 
and astrocyte cells [38]. 

Neuropathy due to JC virus infection of the cerebellar 
granular cells (JCVGCN) is characterized by involve-
ment of cerebellar peduncles, pons and cerebellar hemi-
spheres as JCV expression without characteristic findings 
in oligodendrocytes and astrocytes [38]. 

Encephalopathy associated to JCV (JCVE) is charac-
terized by lysis of the cortical pyramidal neurons, astro-
cytes and laminar necrosis. The findings might extend to 
the gray matter, without the typical demyelinating lesions 
[39]. 

A variant of the classic PML is pattern PLM or pre-
dominant inflammatory PML (iPML) of similar behavior 
but with a focal or diffuse predominant inflammatory 
component a perivascular mononuclear infiltrate, and 
CD3 cellular predominance [40]. 

In most cases big T antigen and VP1 capsid protein 
may be detected through immunohistochemistry on PML 
patients’ brain tissue biopsies [41]. 

3.2. Image Studies 

Currently image studies play a fundamental role on the 
diagnosis of the disease, considering resonance as its 
main representative [42]. There is predominant compro-
mise of the cerebral white matter at different locations. 
(Supratentorial, infratentorial, medulla), [43,44], com-
promising somehow the gray matter, sometimes unusual 
locations such as the corpus callosum may also be in-
volved [45]. 

It is characterized by classic hyperintense T2 and Flair 
and hyperintense T1 images, and isointense less fre-
quently, may affect any area of the brain, usually the pa-
rietal lobe followed by the frontal lobe. 

On MRI the classic lesions are characterized by being 
hiperintense on T2 and Flair imaging, hyperintense on 
T1 imaging and less frequently isointense. The lesions 
can affect any area of the brain, mainly the parietal lobe 
followed by the frontal lobe and the posterior fosse in-
volving cerebellar hemispheres and peduncles. Lesions 
on the medulla are unusual [46]. Lesions tend to be 
asymmetrical, confluent and bilateral. The gray matter is 
involved especially at the thalamus and at basal ganglia 
[47]. Other techniques may also be used including mag-
netization by transfer [48] and spectroscopy [49]. 
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4. SYMPTOMATIC MANIFESTATIONS 

In general Symptoms tend to vary in relation to the loca-
tion of the lesions; hemianopsia is one of the most fre-
quent symptoms and it is present in 40% of cases. The 
patient might also have progressive decrease in muscular 
strength along with hemiparesis, ataxia and walking dif-
ficulties. 

Cognitive deterioration is present in progressive man-
ner and may lead to dementia [50]. 

Seizures may occur during the course of the disease or 
might be the first manifestation of disease [51]. 

5. TREATMENT INVOLVED 

Several therapeutic regimes have been used to treat PLM 
and HIV patients with poor results up to now. Some of 
them involve application of mefloquine [52], cidofovir 
[53], mirtazapine [54], topotecan (topoisomerase inhibi-
tor), interferon alpha [55] and citrabine [56]. 

One study with 4 types of antiretroviral medications, 
including enfuvirtide, suggested a possible increase in 
survival [57]. 

Approximately half of patients with HIV and PML 
survive after the initiation of antiretroviral therapy. How- 
ever, the previous neurological deficiency may remain 
[58]. 

Plasma Exchange and immune absorption have been 
used on a PLM non- HIV patient [59]. 

6. CONCLUSIONS 

In general, JCV symptomatic neurological expressions 
tend to increase progressively, not only on account of a 
larger number of cases involving HIV patients but due to 
the development of new therapeutic schemes focused on 
managing diverse pathologies that may affect in different 
ways the activity of the immune system. 

The growing knowledge on JC Virus neural immune 
behavior patterns enable development of new diagnostic 
and therapeutic schemes focused on the early stages of 
the disease, even before related to clinical manifestations 
appear, taking into account the great current therapeutic 
limitations, especially PML cases in conjunction with 
HIV.  
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