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Abstract- The oncogenic potential of human polyomavirus JC (JCV), a ubiquitous virus that establishes infection during early 
childhood in approximately 70% of the human population, is unclear.  As a neurotropic virus, JCV has been implicated in pediatric 
central nervous system tumors and has been suggested to be a pathogenic agent in pediatric acute lymphoblastic leukemia.  Recent 
studies have demonstrated JCV gene sequences in pediatric medulloblastomas and among patients with colorectal cancer.  JCV early 
protein T-antigen (TAg) can form complexes with cellular regulatory proteins and thus may play a role in tumorigenesis.  Since JCV is 
detected in B-lymphocytes, a retrospective analysis of pediatric B-cell and non-B-cell malignancies as well as other HIV-associated 
pediatric malignancies was conducted for the presence of JCV gene sequences.  DNA was extracted from 49 pediatric malignancies, 
including Hodgkin disease, non-Hodgkin lymphoma, large cell lymphoma and sarcoma.  Polymerase chain reaction (PCR) was 
conducted using JCV specific nested-primer sets for the transcriptional control region (TCR), TAg, and viral capsid protein 1 (VP1) 
genes.  Southern blot analysis and DNA sequencing were used to confirm specificity of the amplicons.  A 215-bp region of the JCV 
VP1 gene was amplified from 26 (53%) pediatric tumor tissues.  The JCV TCR and two JCV gene regions were amplified from a 
leiomyosarcoma specimen from an HIV-infected patient.  The leiomyosarcoma specimen from the cecum harbored the archetype strain 
of JCV.  Including the leiomyosarcoma specimen, three of five specimens sequenced were typed as JCV genotype 2.  The failure to 
amplify JCV TCR, and TAg gene sequences in the presence of JCV VP1 gene sequence is surprising.  Even though JCV TAg gene, 
which is similar to the SV40 TAg gene, is oncogenic in animal models, the presence of JCV gene sequences in pediatric malignancies 
does not prove causality.  In light of the available data on the presence of JCV in normal and cancerous colon epithelial tissue and our 
data on amplification of JCV from the cecum of an HIV-infected pediatric patient, further studies are warranted on the role of colon 
epithelium in the pathogenesis of JCV infection. 
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INTRODUCTION 

Human polyomavirus JC (JCV), a 
ubiquitous virus which infects a majority of 
children at an early age without any sequelae, has 
been implicated in several human diseases (1-4).  
JCV is the etiologic agent of the fatal 
neurological disease, progressive multifocal 
leukoencephalopathy (PML) (5, 6).  JCV has 
been detected in the brains of PML patients and 
in the urine of healthy individuals.  Data 
demonstrating the presence of JCV in  
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Leukoencephalopathy;  JCV, Human Polyomavirus JC; 
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lymphocytes, tonsils and lungs from non-PML 
 patients and healthy individuals are inconsistent 
(7-9).  Epidemiological and theoretical data have 
implicated JCV as a pathogenic agent in 
childhood acute lymphoblastic leukemia (ALL) 
(10).   This latter suggestion has not been 
substantiated despite the rationale that the viral 
characteristics fulfill the criteria as a possible 
etiologic agent for B-cell precursor ALL in 
children (10-12).  In other pediatric 
malignancies, more convincing data exist 
demonstrating the presence of JCV gene 
sequences in solid tumors, and implicating a 
pathogenic role of the virus, namely a subset of 
childhood cancers associated with the nervous 
system (13).  JCV and the related polyomavirus 
BK (BKV), have been detected in childhood 
medulloblastoma and neuroblastoma, 
respectively (13-15). 
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 In two studies involving childhood B-cell 
precursor ALL, no JCV DNA sequences were 
found in any of the specimens (11, 12).  As a 
follow up to the theoretical considerations of 
JCV in B-cell ALL, we undertook the present 
study to look for JCV sequences in other 
childhood malignancies, specifically solid B-cell 
and non-B-cell tumors (10).  Our data 
demonstrate high prevalence of JCV viral protein 
1 (VP1) gene sequence in pediatric patients with 
malignancies, in the absence of transcriptional 
control region (TCR) and early protein gene 
sequences.  Additionally, this study demonstrates 
for the first time the presence of the JCV genome 
in a leiomyosarcoma excised from the cecum of 
an HIV-positive pediatric patient.    
 

MATERIALS AND METHODS 
 

Patient Specimens and DNA Isolation  

Tumor specimens from 40 HIV-negative and nine 
HIV-positive pediatric patients were obtained from the 
Pediatric Division of the National Cancer Institute-
sponsored Cooperative Human Tissue Network (CHTN) in 
Columbus, OH, and from the NCI-sponsored AIDS Cancer 
and Specimen Bank (ACSB), Bethesda, MD, respectively, 
under guidelines approved by the University of Hawaii 
Committee on Human Subjects.  The 49 solid tumors consist 
of non-Hodgkin lymphoma not otherwise specified (15), 
Hodgkin disease (15), leiomyosarcoma (4), large cell 
lymphoma (11), leukemia (2), Burkitt’s lymphoma (1) and 
undifferentiated tumor (1) (Table 1).  Of the four 
leiomyosarcoma one each was from the cecum and bronchus 
and two were from the liver.  The respective tissue bank 
pathologist centrally reviewed the histological diagnoses 
reported by the pathologists at the local institutions where 
the tissues were obtained.  All HIV-positive specimens were 
paraffin-embedded, whereas HIV-negative specimens were 
frozen.    
 
Genomic DNA Extraction  

Genomic DNA was extracted from frozen tissue or 
paraffin-embedded blocks using the protocols described 
below.  Briefly, each tissue was minced with sterile 
instruments and placed in a conical tube with 2 mL 
digestion buffer (100 mM NaCl, 10 mM Tris-HCl pH 8.0, 
25 mM EDTA pH 8.0, 0.5% SDS) and 100 µg/ml proteinase 
K/mL.  The digestion mixture was incubated at 37ºC 
overnight on a rocker and transferred to a 15 mL gel lock 
tube (5 Prime-3 Prime, Inc., Boulder, CO) for purification.  
An equal volume of buffered phenol was added to the tube 
and centrifuged at 2,000 rpm for 20 min followed by an 
equal volume of 1:1 phenol:chloroform and centrifuged 
again at 2,000 rpm for 20 min.  An equal volume of 
chloroform:isoamyl alcohol (CIA; 24:1) was added and 
centrifuged for 20 min at 2,000 rpm.  DNA was precipitated 
from the aqueous phase with 3 M sodium acetate and 100% 
ethanol, followed by a wash with 70% ethanol.  The 
resulting DNA pellet was dried and reconstituted in H2O.  
For paraffin-embedded tissue, deparaffinization was 
performed with 400 µL xylene, centrifuged and repeated 3 

times.  The specimen was washed three times with 95% 
ethanol and was then lyophilized and digested.  Digestion 
was performed in 100 mM Tris-Cl, 40 mM EDTA, 10 mM 
NaCl, pH 8.0, with 1% SDS and 500 µg/mL proteinase K at 
50°C for 16 hr with occasional agitation and/or quick 
vortexing.  Additional proteinase K and SDS were added at 
a concentration of 1 mg/mL and 2% respectively, and 
incubated for an additional 24 hr at 50°C.  DNA was then 
extracted with phenol:CIA (25:24:1), ethanol precipitated 
and resuspended in H2O. 

Positive control DNA was extracted from a urine cell 
pellet of a healthy individual excreting JCV.  The positive 
control was verified by Southern hybridization and 
sequencing.  A negative control sample, was prepared by 
substituting water for the DNA.  Moreover, to avoid 
polymerase chain reaction (PCR) cross-contamination, pre-
PCR and nested PCR were performed in a hood that was 
exposed to UV prior to the experiment.  Additionally, 
aerosol-resistant tips were used throughout the PCR 
procedure, including gel loading and sequencing.  Pre-PCR, 
PCR set up and electrophoresis experiments were performed 
in three physically separated rooms.  Individuals, who had 
never performed JCV-related PCR assays, extracted 
genomic DNA in a different facility on campus.   

The purity and integrity of the tumor tissue DNA was 
assessed by spectrophotometry, using 260/280 absorbance 
ratio and by PCR amplification of genomic DNA sequences 
using a primer pair specific for HLA DQ-α (Table 2) (16). 

Detection of JCV Gene Sequences 

 JCV gene sequences in tumor DNA was detected 
using PCR, Southern hybridization, cloning and sequencing.  
Three JCV gene regions: early large T-antigen (TAg), VP1 
and the transcriptional control region TCR, were amplified 
using nested-PCR (Table 2) (17-19).  Genomic DNA 
extraction, pre-PCR reaction mixture preparation, and PCR 
and post-PCR analyses were conducted in separate rooms.  
All experiments were performed in a JCV plasmid DNA-
free laboratory.  Oligonucleotides were synthesized by the 
Great American Gene Company (Ramona, CA) (Table 2).  
Using a 9700 DNA thermal cycler (Perkin Elmer, 
Branchburg, NJ), outer PCR for JCV TCR, VP1, and TAg 
genes was performed in a 25-µL reaction mixture containing 
0.1 µg genomic DNA, 10 mM Tris-HCl (pH 8.3), 50 mM 
KCl, 1.5 mM MgCl2, 0.01% (w/v) gelatin, 200 µM each 
dNTP, 0.6 units Taq Polymerase (Perkin-Elmer), and 200 
nM each primer (Table 2).  Nested PCR was performed 
using 1 µL of the outer PCR amplicon and appropriate 
primers (Table 2).  Ten µL of each reaction were resolved 
on a 2.0% agarose gel (FMC Bioproducts, Rockland, ME) 
and visualized with ethidium-bromide staining.  To ascertain 
the sensitivity of JCV amplification, JCV cell lines, M1-HR 
and M1∆98-XR (20) containing known amounts of JCV 
plasmid DNA were diluted ten-fold, from 5 X 104 to 5 X 101 
copies of JCV.  Outer PCR and nested-PCR was conducted 
as described above using primers specific for JCV TAg, 
VP1 and TCR genes (Table 2).  To avoid JCV plasmid 
contamination, JCV plasmid DNA was introduced in the 
laboratory after screening for JCV specific gene sequences 
from genomic DNA extracted from pediatric patients with 
malignancies. 
 
Southern Blot Analysis    

PCR products of JCV VP1 and TAg coding regions 
were fractionated on agarose gels and transferred to nylon 
membranes (Boehringer Mannheim, Indianapolis, IN).  
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DNA, fixed to the membrane by UV cross-linking at 254 
nm for 3 min (Stratalinker, Stratagene, LaJolla, CA), was 
hybridized to a digoxigenin-ddUTP-labeled JCV VP1 or 
TAg genes specific probe (Table 2) at 54oC for 16 h.  
Membranes were then washed twice for 5 min each at 54oC 
with 2 X SSC (0.3 M NaCl, 30 mM Na-Citrate, pH 7.0) 
containing 0.1% SDS (w/v) and twice for 5 min each at 
54oC with 0.1 X SSC containing 0.1% SDS.  Detection of 
the digoxigenin-labeled probes with disodium 3-(4-
methoxyspiro{1,2-dioxetane-3,2’-(5’-
chloro)tricyclo[3.3.1.13,7]decan}-4-yl)phenyl phosphate) 
(Boehringer Mannheim, Indianapolis, IN) was performed 
according to the manufacturer’s instructions.  The 
hybridized membrane was exposed to X-ray film to detect 
the luminescent signal.  
 
DNA Cloning and Sequencing 

Amplified products were subjected to direct 
sequencing or were first cloned in a plasmid vector and then 
sequenced.  PCR products were purified using the QIAmp 
PCR purification kit, (Qiagen Inc., Valencia, CA) and 
sequenced using the Dye Terminator Cycle Sequencing 
Ready Reaction Kit (Applied Biosystems Inc., Foster City, 
CA).  Alternatively, the PCR products were gel purified 
using QIAmp PCR purification Kit (Qiagen Inc.), and 
cloned into vector pCR2.1 (Invitrogen, Carlsbad, CA).  Both 
strands of the plasmid DNA were then sequenced using the 
BigDyeTM Kit (Perkin-Elmer, Branchburg, NJ) in an 
automated DNA sequencer (Model 377, Applied 
Biosystems, Inc.).  
 
Identification of JCV Genotypes 

The methods for assigning JCV genotypes and 
subtypes have been previously described (21, 22).  The 215-
base pair fragment amplified with VP1 primers (Table 2) 
contains sites that distinguish the major JCV genotypes and 
subtypes.  Sequence alignment was facilitated using the 
software package available on the VAX computer system, 
as part of the Genetics Computer Group (GCG). 

 

RESULTS 
 

Prevalence of JCV Gene Sequences  
To determine the presence of JCV in a series 

of childhood solid tumors, we studied 49 
pediatric malignancies (nine, 18% from HIV-
infected children).  UV spectrophotometry and 
HLA DQα screening of all specimens confirmed 
the adequate quality of DNA from all specimens.  
The pathology of the tumor specimens and 
prevalence of JCV TCR, and TAg, and VP1 gene 
sequences among pediatric tumors are 
summarized in Table 1.  Amplification using 
nested VP1 primers resulted in the detection of 
JCV gene sequences in six of nine (67%) tumors 
from HIV-positive and 20 of 40 (50%) HIV-

negative patients (Fig. 1).  To confirm the 
specificity of the PCR reaction, Southern 
hybridization was performed on all specimens 
and sequence analysis was conducted on six of 
26 VP1 amplicons.  A leiomyosarcoma tumor 
specimen was positive for JCV TCR and VP1 
and TAg gene sequences.  Remaining tumor 
specimens from HIV-positive and -negative 
patients were negative for the JCV TCR and the 
TAg gene sequence.  Overall, 53% of the tumors 
were positive for JCV VP1 gene sequence.  Of 
the 26 VP1-positive tumors, 67%, 47% and 54% 
were classified as Hodgkin disease, non-Hodgkin 
lymphoma not otherwise specified and large cell 
lymphoma, respectively (Table 1).  

 
Figure 1.  A, Representative ethidium bromide-stained 
agarose gel showing amplification of 129-bp VP1 from 
HIV-1-positive and -negative pediatric patients with 
malignancies; B, Southern blot hybridization using JCV 
VP1-specific oligonucleotide probe.  (+); DNA extracted 
from urine of a JCV-positive healthy individual, (-); water 
control, (M); 100-bp ladder. 
 

Using cell lines containing known amounts of 
JCV plasmid DNA (control DNA), we were able 
to amplify 5 X 101 copies of JCV DNA using 
nested-PCR primers specific for JCV TCR and 
TAg and VP1 gene regions (Fig. 2).  Nested-PCR 
data using control DNA is shown since all 
samples were analyzed for all three regions using 
nested-PCR (Fig. 1, Fig. 2 and Table 1).  Similar 
results were also obtained using outer PCR 
primers and the aforementioned control DNA 
(data not shown). 

Nucleotide and Sequence Analysis of JCV TCR, 
and VP1 and TAg and Gene Sequences  

Using previously established criteria, JCV VP1 
gene region was employed for genotyping 

VP1-positive tumor specimens (21, 22) (Table 
3).  Due to lack of sufficient DNA, the VP1 gene 
was sequenced from six tumors; three each from 
HIV-negative and –positive patients.  Nucleotide 
sequence analysis revealed that the JCV 107-bp 
VP1, and 136-bp TAg gene sequences from the 

leiomyosarcoma specimen were 100% identical 
to the JCV Type 2A gene sequence (GenBank 
accession number AF015531).  The JCV TCR 
sequence from the leiomyosarcoma specimen 
was classified as a JCV archetype sequence and 
was similar to JCV archetype sequences 



JCV in Pediatric Malignancies 

 

7 
Copyright © 2006 C.M.B. Edition 

(GenBank accession numbers; AF218440, 
AF203616 and AF300964) that contain a 5-
nucleotide deletion “GGGAA”, at position 227-
231 (GenBank accession number NC_001699).  
Three tumors from HIV-negative patients were 

genotyped as JCV Type 1B, 2 and 4.  Of the 
other three tumors from HIV-positive patients, 
two were genotyped as JCV Type 2A and one 
was nontypeable (Table 3). The urine-derived 
positive control was JCV type 7. 

 

 

 

 

Figure 2.  Serial dilutions of JCV plasmid DNA (5 X 104 to 5 X 101 copies) from cell lines M1∆98-XR and M1-HR (20) 
containing JCV plasmids, were subjected to nested PCR using primers specific for JCV TCR, TAg and VP1 (Table 2).  
Enzymatically amplified DNA was visualized by ethidium bromide staining on a 2% agarose gel.  M1∆98-XR contains a 98-
bp deletion in the promoter-enhancer region. 
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DISCUSSION 

The involvement of JCV in human 
oncogenesis is unclear.  In vitro and in vivo animal 
and human data implicate the JCV TAg in the 
viral oncogenic process.  JCV has been 
demonstrated to cause tumors after intracranial, 
intraoccular or intracerebral inoculation of Syrian 
hamsters, owl monkeys, squirrel monkeys and rats 
(23-26).  A variety of CNS-derived tumors, 
including medulloblastoma, retinoblastoma, 
neuroblastoma, malignant astrocytoma, cerebral 

neuroectodermal tumors and adrenal 
neuroblastoma, have developed in these animals.   
JCV TAg is a multifunctional protein that 
mediates viral DNA replication and exhibits 
oncogenic activity in cultured cells and animal 
models (23-25).  Several brief clinical reports 
have demonstrated the presence of JCV in human 
brain tumors, including oligodendroglioma, CNS 
lymphoma, glioma, astrocytoma, 
oligoastrocytoma, medulloblastoma, 
ependymomas, and choroid plexus papilloma 
(15, 23-27).  Krynska and colleagues, using PCR,  
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have demonstrated JCV early and late gene 
sequences in 11 of 23 DNA samples extracted 
from pediatric medulloblastomas (13).  
Moreover, they demonstrated JCV TAg in the 
nuclei of four tumor tissues.  Recently, Del Valle 
and colleagues detected JCV TAg by 
immunohistochemistry in nuclei of 28 of 85 
(33%), and JCV TAg gene sequence in 49 of 71 
(69%) (28) human brain tumors, respectively.    

In contrast, Hayashi and colleagues, using 
PCR and in-situ hybridization, were unable to 
detect JCV in medulloblastoma specimens from 
eight pediatric patients in Japan (29).  All eight 
medulloblastoma specimens were screened using 
stringent PCR and Southern blotting conditions 
(29).  Similarly, JCV or BKV gene sequences 
were not detected in five supratentorial primitive 
neuroectodermal tumors, and 15 primary 
medulloblastomas using PCR followed by 
Southern hybridization as well as in a large 
cohort of human brain tumors (27, 30, 31).  
Krynska and colleagues (13) demonstrated JCV 
VP1 gene sequences among 90% of pediatric 
patients with medulloblastomas.  In the present 
study JCV VP1 gene sequences were found 
among 21 of 49 (43%) pediatric malignancy 
specimens (Table 1), although JCV TAg gene 
sequences were only identified in one 
leiomyosarcoma specimen from an HIV-positive 
patient.  Del Valle and colleagues, using PCR, 
Southern hybridization and imunohistochemistry, 
were unable to detect JCV TAg in pediatric 
medulloblastoma tumor specimens containing the 
JCV agnoprotein (15).  Similarly, Okamoto and 
colleagues, were unable to detect JCV DNA 
sequences in 32 medulloblastomas (27).  
Moreover, similar to our discordant result of 
presence of JCV VP1 gene in the absence of the 
TAg gene, of the five ependymomas positive for 
JCV DNA sequences, one ependymoma showed 
a discordant result; positive for the VP1 gene, 
and negative for the TAg gene. None of the 
ependymomas displayed immunostaining using 
JCV T-antigen and VP1 antibodies (27).   

A hit-and-run mechanism may be 
responsible for the lack of JCV TAg gene 
sequences in our patient specimens, in which 
only JCV late protein gene sequences are 
detected. Such a mechanism is hypothesized in 
several cancers, and for JCV and SV40 
oncogenesis (32, 33).  As previously suggested, 
chromosomal instability during the process of 
tumorigenesis may be responsible for deletion of 
viral gene regions leading to the inability to 

detect all viral genes in the same tumor (15, 34-
36).  Alternatively, as demonstrated by Woods 
and colleagues, full-length expression of TAg is 
not a prerequisite for destabilization of the cell 
genome (37).  

In this study, we found a high prevalence of 
JCV VP1 gene sequences in the absence of JCV 
TCR, and TAg gene sequences among pediatric 
malignancy specimens using the nested PCR 
primers JLP 15/16 and JLP1/4.  The 
amplification of JCV VP1 gene sequence is 
specific since the primers employed for 
amplification do not cross-react with the related 
polyomaviruses, BKV and SV40.  The presences 
of unique JCV VP1 gene sequences with no 
evidence of viral TCR, or TAg gene sequence is 
surprising.  All oligonucleotide sequences and 
PCR conditions employed in this study for 
amplification of JCV are specific and sensitive 
(Fig. 1 and 2).  It is unlikely that the lack of 
detection of JCV TCR, and TAg gene sequence 
from the majority of tumor tissues was due to the 
inability to extract good-quality viral DNA from 
tumor specimens and/or to detect viral DNA 
using PCR and Southern blot hybridization.  We 
consistently amplified the housekeeping gene 
HLA DQ-α from all tumor tissues.  Moreover, 
one leiomyosarcoma DNA specimen that was 
extracted using the same protocol used for other 
pediatric tumor specimens was positive for JCV 
TCR, and Tag and VP1 gene sequences.  To test 
the sensitivity of our PCR primers, after analysis 
of the tumor specimens, we amplified one JCV 
genome per cell from JCV cell lines M1∆98-XR 
and M1-HR (20) using nested-PCR cycling 
conditions and primers for JCV VP1, TAg and 
TCR (Table 2 and Fig. 2).   

In drawing an analogy to SV40 large tumor 
antigen which induces chromosomal damage 
prior to neoplastic transformation, Neel and 
colleagues speculated that the JCV TAg may 
induce polyploidy and chromosomal damage, 
setting the stage for oncogenesis (34).  The 
recent “rouge cell” hypothesis suggests that the 
rouge cell phenomenon, ‘cultured lymphocytes 
exhibiting extreme chromosomal damage in the 
absence of any cause’, results from infection with 
JCV (34).  In this regard, data suggest the 
presence of JCV TAg gene sequences in the 
mucosa of normal human colons, colorectal 
cancer xenografts raised in nude mice, and in the 
human colon cancer cell line SW480 (38).  Laghi 
and colleagues reported high prevalence of JCV 
early coding region sequences among 23 pairs of 
normal and colorectal epithelium and adjacent 
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cancerous tissues (38).  Similarly, using PCR, 
immunohistochemistry and laser capture 
microdissection assay followed by PCR and 
Southern hybridization, Enam and colleagues, 
detected the presence of the JCV genome and 
viral proteins in 22 of 27 well-characterized 
epithelial malignant tumors of the large intestine 
(39).  Ricciardiello and colleagues, found JCV 
TAg gene sequences in mucosal biopsy 
specimens collected from 25 (76%) patients, who 
underwent upper or lower gastrointestinal (GI) 
endoscopic examinations for routine clinical 
indications (40).  Of the 129 specimens collected 
from the GI tract, 76 (59%) were positive for 
JCV TAg with no difference between the upper 
GI tract and colorectum.  Moreover, JCV gene 
sequences were found in all patients with GI 
neoplasms.  The authors suggested that JCV may 
play a role in chromosomal instability observed 
in colorectal carcinogenesis.     

Our data on the presence of JCV TCR, and 
TAg, and VP1 gene regions, in the cecum of one 
HIV-positive pediatric patient with 
leiomyosarcoma is similar to previous data on 
the presence of JCV in the upper or lower 
gastrointestinal tract (38, 40).  The pathology of 
the leiomyosarcoma was consistent with a lesion 
from the cecum.  Previous studies have 
demonstrated the presence of EBV in 
leiomyosarcomas from pediatric patients with 
AIDS (41).  This is the first study to show the 
presence of JCV in leiomyosarcoma tissue 
excised from the cecum of an HIV-positive 
pediatric patient.  Detection of JCV in this tumor 
tissue is not sufficient evidence to state that JCV 
is the cause of the tumor.  It is possible that the 
JCV present in normal colorectal epithelium may 
be infecting the tumor cells, rather than being the 
cause of the tumor.  

JCV genotyping is based on the coding 
region that encompasses the early and late genes 
(42).  Previous reports have demonstrated 
increased prevalence of JCV Type 2 among 
patients with PML suggesting a role for JCV 
Type 2 in the pathogenesis of PML (17, 22, 43, 
44).  Our finding of JCV Type 2 in three of five 
tumor specimens suggests that JCV Type 2 may 
be more oncogenic than other JCV types.  
Further analysis of JCV derived from the tumors 
will assist us in deciphering the role of JCV 
genotypes in tumor formation.  

Based upon the structure of the TCR, two 
types of JCV have been identified: the archetypal 
form which is predominantly detected in kidney 
and urine and the rearranged form which is 

predominantly detected in the PML brains (23, 
45-47).  Ricciardiello and colleagues, have 
recently demonstrated exclusive presence of the 
Mad-1 strain (rearranged form) of JCV in human 
colon and a mutated Mad-1-like JCV in colon 
cancer tissues (40).  In contrast, we have 
demonstrated the presence of the archetype form 
of JCV in the cecum of an HIV-positive pediatric 
patient diagnosed with leiomyosarcoma.  
Although JCV Tag is oncogenic in animal 
models, the presence of JCV sequences in 
pediatric malignancies does not prove that JCV is 
a human oncogenic virus.  Taken together, these 
data suggest that JCV may play a role in 
pediatric brain tumors and possibly in colorectal 
carcinogenesis via chromosomal instability.  
Further studies, however, are needed to clarify 
the role of JCV in the pathogenesis of these 
malignancies. 
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