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JC virus in the pathogenesis of colorectal cancer,
an etiological agent or another component in a
multistep process?
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Abstract

JCV infection occurs early in childhood and last throughout life. JCV has been associated to colorectal cancer and
might contribute to the cancer phenotype by several mechanisms. Among JCV proteins, particularly two of them,
large T-antigen and agnoprotein, can interfere with cell cycle control and genomic instability mechanisms, but
other viral proteins might also contribute to the process. Part of viral DNA sequences are detected in carcinoma
lesions, but less frequently in adenomas, and not in the normal surrounding tissue, suggesting they are integrated
in the host cell genome and these integrations have been selected; in addition viral integration can cause a gene,
or chromosomal damage. The inflammatory infiltration caused by a local chronic viral infection in the intestine can
contribute to the selection and expansion of a tumor prone cell in a cytokine rich microenvironment. JCV may not
be the cause of colorectal cancer, but it can be a relevant risk factor and able to facilitate progression at one or

disposition genes.

several stages in tumor progression. JCV transient effects might lead to selective expansion of tumor cells. Since
there is not a direct cause and effect relationship, JCV infection may be an alternative to low frequency cancer pre-

Cancer is a multifactor disease that its progression is
determined by several genetic alterations, which are
most likely sequentially selected for their contribution to
the tumor phenotype [1]. This phenotypic complexity
makes difficult to determine the specific roles for biolo-
gical agents that might be considered carcinogenic, and
even more difficult to determine their causality, or
implication at a particular stage in disease progression.
Among the exogenous agents associated to cancer initia-
tion or progression are chemicals, which are single
molecules with a specific effect; and some infectious
agents, including viruses and bacteria.

Infectious diseases are acquiring relevance as impor-
tant pathogenic elements in human cancer, since almost
one fifth of human cancers are associated with infec-
tious agent, either bacteria or viruses, particularly in the
gastrointestinal tract [2], but do not represent main-
stream oncologic research. The development of several
types of human cancers can be triggered by the
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exposure to different infectious agents, viruses or bac-
teria, such as Human Papilloma Virus (HPV) infection
associated to cervical carcinoma [3], hepatitis B virus to
liver carcinoma [4], Epstein-Barr virus to Burkitt lym-
phomas [5], HTVL-1 to ATL [6], Helicobacter pylori to
gastric carcinoma [7] and more recently a human retro-
virus, XMRYV, has been associated to sporadic prostate
cancer [8-10]. More recently, it has been reported the
association between the development of lower gastroin-
testinal tract neoplasias and infectious agents [7], such
as between colorectal cancer (CRC) and JCV infection.
JCV is a virus very well adapted to humans, thus its
widespread infection and adaptation to humans compli-
cates the determination of its etiologic contribution to
cancer development, and it has also been associated to
some neurodegenerative diseases [11].

A chronic infection might be a non genetic alternative
to cancer predisposing genes. The mechanistic role of
infectious agents is even more complex, because they
might contribute in several different ways to oncogen-
esis. Infections can also play a role at different stages in
tumor progression, from initiators to promoters of the
process, depending on the phenotypic aspect to which
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they can contribute and some might be transient or a
consequence of the host response to chronic infection.
Thus, causality of infectious agents in cancer is some-
what more difficult to demonstrate.

The viral contribution to oncogenesis has to be
addressed by determining how the viral life cycle and
the host response, including their alterations, can be
integrated within the multistep process of tumor devel-
opment. Viruses that are well adapted to humans can
participate in oncogenesis process because they have not
undergone a negative evolutionary pressure, since cancer
develops at an age well above the median age of humans
till the twentieth century, However, the benefits of inter-
fering or preventing infectious agents implicated in can-
cer is very large as demonstrated in hepatic, gastric and
cervical carcinomas [2].

Colorectal cancer (CRC) is the third most common
tumor in women and the fourth in man; representing
annually one million new cases worldwide, and more
than 500.000 deaths are caused by this malignant dis-
ease [12]. Most colorectal cancers are sporadic in their
origin and associated to different risk factors, such as a
diet rich in fat and animal protein intake [13].

JCV infection in human population

The extent of the exposure to JCV infection is indirectly
known by seroprevalence rates detected in different
populations throughout the world, ranging from 44 to
90% in the USA, UK, Germany, Brazil and Japan
[7,14,15]; all indicating it is widespread and common.
The infection may occur by fecal contamination and is
usually persistent and sub clinical, but is reactivated
under conditions of immunosuppression, such as in
patients with AIDS, and JCV can also emerge from
latency and become a lytic infection causing progressive
multifocal leukoencephalopathy (PML) [16]. JCV infec-
tion occurs relatively early during childhood and seropo-
sitivity increases with age, and may be as high as 50% by
the age of 10 [17]. Infection appears to occur through
the gastrointestinal tract [18-20], but also it has been
detected in the respiratory tract raising the possibility of
an oral-fecal transmission [21,22]. The detection of anti-
bodies from childhood to adults suggests that these anti-
bodies are unlikely to be protective, however they are a
clear indicator of exposure, probably multiple or sus-
tained, to JCV. The persistence of seropositivity does
not mean that individual patients have an active infec-
tion at the moment, or that harbor viral DNA or latent
virus in some cells. The antibody mediated immune
response is unlikely to be protective, and control of JCV
infection is more probably performed by T-cell
mediated responses, if successful [23]. It would be inter-
esting to determine if tumor-infiltrating lymphocytes
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from colon carcinoma can recognize and react with JCV
infected cells.

Alternatively, urinary secretion of JCV has been used
as an alternative detection method. JCV was present in
24% of the samples out of 498 healthy individuals, and
the proportion increased with age [24]. However, in
immunocompromised patients there is a significant
increase in JCV viruria, although it does not correspond
with the level of immunosuppression, suggesting the
presence of a subclinical infection that might require
additional factors to be reactivated [25]. These data indi-
cate that most people have been exposed for some time
to this virus in order to generate an immune reaction.
In cancer patients viruria was detected in up to 70 per-
cent of the cases, but viral DNA could not be detected
in carcinoma tissue; but this apparent discrepancy might
have a methodological explanation, as primer selection
may not be suitable in case of partial loss of viral DNA,
or viruses might transiently contribute to a particular
stage of tumor progression [14]; particularly since later
several studies were able to detect viral DNA in carci-
noma samples [15,26].

The JC virus

The polyomaviruses family comprises SV40, JCV and
BKV viruses, the primate SV40 virus is the reference
member, while BKV and JCV are much poorly charac-
terized, and mostly done with SV40 specific cross-reac-
tive reagents [27]. Despite their isolation from humans,
their role in human pathology is far from clear for both
JCV and BKV. JCV is a nonenveloped virus with dou-
ble-stranded DNA that forms minichromosomes with
cellular histones. The JCV early region encodes two
oncoproteins, large T antigen (T-Ag) and small t (t-Ag)
antigen and the late region encodes three capsid pro-
teins (VP1, VP2 and VP3) and a small regulatory protein
(Agnoprotein). The viral DNA is packed as a non-envel-
oped virus in a virion composed of 72 pentamers of the
major VP1 capsid protein, that also includes one unit of
the minor VP2 and VP3 proteins [11]. These early viral
proteins have a high transformation and oncogenic
potential in experimental systems [28,29]. There are two
possible outcomes to JCV infection: permissive cells, as
oligodendrocytes, are able to support viral DNA replica-
tion resulting in a lytic infection; in nonpermissive cells,
as those of the colorectal epithelium, resulting in silent
or abortive infection, or probably in cell transformation
and cancer [28]. Despite these evidences, the role of
JCV in human malignancies, and of its oncoproteins in
promoting transformation of cells in vitro and in vivo, is
still far from clear. JCV does not infect experimental
animals, and its roles have been implied by analogy to
SV40 [30].
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JCV is a human neurotropic polyomavirus, and neuro-
logical diseases, such as progressive multifocal leukoence-
phalopathy have been associated to JC virus [11,31].
Initial studies suggested that the transforming ability of
JCV was limited to specific neural cell types, and that this
property mapped to the noncoding regulatory sequence
in the origin of DNA replication, but no neural tumor
has been associated to JCV. However, JCV can also infect
and transform different cell-types in culture and is highly
oncogenic in several laboratory animal models [32].
Furthermore, there is evidence for the presence of the
JCV genome in a broad range of human cell types and
tissues. For example, the JCV genome has been detected
in tonsillar stromal cells, B lymphoid cells, kidney epithe-
lial cells, and upper and lower parts of the gastrointest-
inal tract, including the mucosa of the colon, which is
considered as the natural human reservoir [18].

In addition, the JCV genome has variant forms which
might behave differently from an oncogenic point of view.
The Mad-1 strain, which lacks 98 nucleotides repeats in
its transcriptional regulatory region, was the only one
detected in colon carcinomas from California patients
[33], but no functional study on the characteristics of this
regulatory region has been performed. More recently in
another study performed in Taiwan, most CRC cases
appeared to have the JCV-CY genotype [15], which is also
the dominant genotype in this population, although the
Mad-1 strain was also detected [15]. Thus it is not clear if
this strain association reflects the viral types circulating in
different geographical areas, or if there are particular
strains more strongly associated to carcinomas.

JCV DNA in normal, benign and malignant
colorectal lesions

JCV DNA sequences and proteins have been detected in
a broad range of human tumors of glial and non-glial
origin, including gliomas, ependymomas and medullo-
blastomas, as well as in several non-neural clinical speci-
mens of upper and lower gastrointestinal tumors, such
as colorectal cancer (CRC) [7], suggesting they can
infect a wide range of cell types, but the role of JCV in
human malignancies is still unclear. A very important
issue is to determine whether the presence of JCV pre-
sents any difference between tumor of different grades
and its normal surrounding mucosa. Very few studies
have been performed in this context, but a picture of
the situation is emerging from three independent studies
in Japan [26], Taiwan [15] and South Korea [34]. Rem-
nant JCV large- T DNA was detected in 28-80% of the
cases, but protein was only detected in 16% of the carci-
nomas. Also the frequency is lower in benign adenomas,
and negative in normal surrounding tissue [26]. DNA
corresponding to agnoprotein and VP genes was not
detected suggesting they were deleted [34]. More
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importantly in this study no viral DNA sequences were
detected in the adjacent normal tissues [34]. The general
findings are consistent among these three studies, and
the variation in frequency is likely to be a consequence
of the different primers used for viral DNA detection.
However, a similar and earlier study in the USA was not
consistent with this observation, but in that case there
was no microdissection of the CRC biopsies and primers
were different [14]. In none of these studies there is any
indication about the JCV strain implicated.

The variability in JCV detection suggests that in an
infected colon, in some cells there might be integration
with partial loss of JCV DNA, which may have a patho-
genic role in cancer development, probably permitting
additional events that will lead to cancer progression by
permitting selection of a cell subpopulation. When
human CRC samples were grown as xenographs in nude
mice that permit expansion of the cancer cell popula-
tion, all of them resulted positive for JCV [18], suggest-
ing that the cell subpopulation containing JCV might be
selected for its growth and adaptation characteristics. In
a way, this situation is reminiscent of what occurs in
cervical carcinoma, in which most HPV infections and
lesions regress, but some progress, and cervical carcino-
mas have remnant viral DNA coding for some viral pro-
teins, E6 and E7, but the other HPV proteins are not
expressed in these carcinomas [3]; these viral proteins
participate in the oncogenic process, but clearly need
additional, non virally related events [35,36].

Multiple effects of JCV large T- antigen in host
cells

JCV is able to translate its early proteins, namely LT-Ag,
in order to trigger the progression of the cell cycle to
the phase S in host-cell [29,37]. JCV LT-Ag has the abil-
ity to interact with p53; thus it is possible that in some
cells this interference with p53 [38], which also inter-
feres with viral replication [38], might allow the occur-
rence of additional genetic damage representing a step
forward in colon carcinogenesis [39,40]. In addition,
there are several additional mechanisms by which LT-
Ag can also interfere with cellular functions. JCV LT-Ag
can interact with proteins involved in cellular regulation
such as IRS-1 (Insulin receptor substrate-1), a major
protein of the insulin-like growth factor I receptor (IGF-
IR) signaling pathway, which is activated and translo-
cated to the nucleus in the presence of LT-Ag [41].
Activated IRS1, is an adaptor in the cell response to
insulin, activating PI3K, implicated in cell survival [42],
and proliferation signals [43]. Thus at the same time it
will permit survival and expansion of a JCV containing
subpopulation. Some polymorphisms of the IRS1 gene
have been associated with an increased risk of colorectal
cancer [44]. These signaling effects associated to LT-Ag
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can participate at any given stage of cancer progression,
facilitating the expansion of a specific subpopulation,
perhaps already pretumoral. LT-Ag can also inhibit
homologous recombination directed DNA repair (HRR)
causing DNA damage, mechanistically by its interaction
with IRS1 [45], which also interacts with Rad51 at loca-
tions of damaged DNA [46,47], and thus may contribute
to generate some genetic instability in cells containing
JCV [48]. JCV also by a hit and run mechanism, that is
a transient effect, is able to trigger genetic instability by
interacting with p53 and fB-catenin in colonic cells,
which is detected only in the first seven days after infec-
tion [49]. LT-Ag also contributes to the stabilization of
B-catenin by a novel mechanism mediated by the small
GTPase Racl [50]. B-catenin is an integral component
of the Wnt signaling pathway whose stabilization is
associated with increased transcription of genes that
regulate cellular proliferation, e.g., c-myc and cyclin D1,
despite the fact that the functional consequence of this
JCV interaction in cancer development remains to be
elucidated. LT-Ag interacts with f-catenin [51], and -
catenin implication in colorectal cancer is well known
[52,53]. This observation is supported by reports on the
involvement of Wnt signaling pathway [54] and c-myc
[55] in colorectal carcinogenesis. If the effect persists for
some time in infected cells harboring JCV, they might
contribute to expand a cell subpopulation that later
might give rise to cancer.

Effects of JCV agnoprotein in host cells

JCV expresses a small 71 aminoacids protein, known as
agnoprotein, which is a regulatory protein that can
repress the expression of p21WAF-1/Cipl, a regulator
of the cell cycle that inhibits the activation of cyclin/
CDK complexes and releases E2F transcription factor
from phospho-Rb, thus agnoprotein removes an inhibi-
tor of cell cycle progression. Consequently, p21WAF-1/
Cipl and E2F stimulate several proteins, the function of
which is essential for cell cycle progression and rapid
cell proliferation [56]. This role is in some aspects remi-
niscent of the action of E6 in cervical carcinogenesis,
where the elimination of p53 also results in lack of
induction of p21 [57,58], and permits cell cycle progres-
sion. Agnoprotein can also alter the expression of Ku70
and Ku80 [56], two proteins implicated in DNA repair
[59,60], and thus indirectly contribute to a potential
accumulation of genetic damage. Furthermore, agnopro-
tein can also interact with the YB-1 transcription factor
[61], a factor that when is downregulated results in an
induction of apoptosis [62] by regulating the mTOR/Akt
pathway [63]. This YB-1 transcription factor can also
modulate the response to the erbB2 receptor [64], and
contribute prevention of premature senescence [65]. In
addition YB-1 also controls some chemokine ligand [66]
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and metaloprotease gene expression, such as MMP13
[67], two types of proteins that can have an important
role in carcinogenesis. YB-1 has been shown to have a
predictive value in breast cancer patients identifying
those with a poorer prognosis [68,69]. However, there is
no systematic study of the presence and role of this
viral protein, or of YB-1, at different stages of CRC pro-
gression. Agnoprotein has been shown to inhibit differ-
entiation of oligiodendrocytes [70]; if a similar effect
could be induced in colonic epithelium, it will be an
additional contributing factor towards tumorigenesis.
But a detailed study of agnoprotein presence in biopsies
representing different stages of CCR has not yet been
performed.

Tumor immune microenvironment

Another important component of tumorigenesis is
represented by the tumor microenvironment, where
local cytokines that can play a stimulatory role. These
cytokines may originate either in the tumor itself or in
the local inflammatory infiltrate, and can activate JCV
gene expression by a cis-acting transcription factor,
Egrl; a factor which mostly activates the late promoter,
and affects VP1 expression and viral replication [71].
The expression of this capsid protein can also trigger an
inflammatory and immune reaction, with the corre-
sponding local availability of several additional cyto-
kines. This viral reactivation might also result in viral
production, dissemination, and reinfection of neighbor-
ing cells. This mechanism could be important for main-
tenance or reactivation of a local subclinical infection.
In this context it is important the recent observation
that patients which have undergone liver transplantation
have an increased risk of colorectal cancer due to reacti-
vation of JCV, probably as a result of immunosuppres-
sive treatment [72].

Additional aspects in JCV associated oncogenesis

Another mechanism by which JCV can contribute to
colorectal carcinogenesis might, in some aspects, be
similar to the role of human papillomaviruses (HPV) in
cervical carcinoma [35,36]. Viral DNA integration has
only been partially addressed in cervical cancer asso-
ciated to HPV [73], and the chromosomal location of
viral integration sites coincides with those of fragile
chromosome sites [74], and with translocation break-
points already detected in other types of carcinomas
[36,75], although the cellular genes affected are not
known. If the JCV infection is persistent, then there is a
good probability that JCV DNA might integrate in the
host cell genome, and some of the viral DNA remains
in a manner similar to what occurs with HPV in cervical
carcinoma [74]. JCV DNA integration appears to be a
common observation in CRC when this issue has been
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studied [26]; however its significance has not yet been
properly addressed. This integration, if demonstrated,
can explain why in some cases JCV is not detected. Inte-
grated JCV DNA may be an important and irreversible
component in the pathogenesis of CRC. In that way a
cell population can harbor viral DNA from which some
viral genes can be expressed with an altered regulation.
The penetrance of the remaining viral gene and its level
of expression might condition the risk of developing
cancer. Also other viral genes might be lost, particularly
those of the capsid, thus an immune reaction against
them will not be effective.

Roles that JCV can play in colorectal cancer

The role of JCV in cancer does not fit within a classical
concept of direct relation between cause and effect as it
is for other infectious diseases and neither as a simple
risk factor as applied to chemical or physical carcino-
gens. JCV might participate in different ways in the
pathogenesis of colorectal cancer; both direct and indir-
ect (Figure 1). This situation is a consequence of the
complexity of the mechanisms contributing to cancer
phenotype, which have many different phases, ranging
from initiation, promotion, morphological progression
with different biological characteristics, to tumor main-
tenance and dissemination. Thus, to pinpoint a unique
mechanism of action for a virus represents a very sim-
plistic approach to the problem. Some of the effects
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induced by JCV might be transitory and contribute to
tumor progression at a particular stage of tumor pro-
gression. For example, a transitory genetic instability
will permit generation of generic damage that might
facilitate progression, but once it occurs, it is no longer
needed. Other contributing factors are viral protein
expression or viral DNA integration that might be
important only at some steps in cancer progression.
Also chronic infection is known to be a bad prognostic
indicator due to the immune cell infiltration and genera-
tion of a microenvironment very rich in cytokines,
which can promote expansion of premalignant or malig-
nant cells, not necessarily with JCV, that will facilitate
cancer cell growth and dissemination. Some of the
effects might be transient and this will further compli-
cate establishing a direct relation between JCV and
CRC. In any case there is no evidence, epidemiological
or physiopathological, to rule out a role for JCV in col-
orectal carcinogenesis, even if its role is still undefined;
but on the contrary there is enough information point-
ing to roles that remain to be conclusively established.

Outstanding issues and future prospects

The role of any virus as a causal agent in cancer should
not be considered simply as a direct cause-effect. The
virus should be considered as a complex agent with
potentially multiple and varying effects. In order to
properly establish if JCV is indeed an important risk
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factor for colorectal cancer there are several issues that
need to be properly addressed.

1. Establish conclusively that CRC patients, in a signif-
icant number of cases, have been exposed to this virus,
and of which an indirect marker will be the presence of
specific antibodies.

2. Improve detection of viral DNA by using standar-
dized sets of primers for each of the relevant viral genes,
as well as strain identification. This should also contri-
bute to establish the potential and irreversible integra-
tion of remnant JCV DNA in cancer cells, and permit
identification of significant differences among malignant,
benign or normal surrounding tissue.

3. Correlate JCV DNA presence with other mutations
known to sequentially occur in CRC, and its association
with other known risk factors.

4. Identification of viral protein expression at different
stages of colorectal cancer progression. For this aim
development of better specific antibodies for JCV pro-
teins are necessary.

5. Characterize the host immune response to JCV in
order to manipulate it and develop strategies to eradi-
cate the virus from the human population. In particular
determine the role T-cell responses, since the natural
antibody response does not seem to be protective.

Acknowledgements
Funded by grants from CSIC (Spain) and Fundacao para Ciéncia e a
Tecnologia (Portugal).

Author details

'Instituto de Farmacologia e Terapéutica, Faculdade de Medicina,
Universidade de Coimbra, Portugal. “Experimental Therapeutics and
Translational Oncology Program, Instituto de Biologia Molecular y Celular del
Cancer, Consejo Superior de Investigaciones Cientificas (CSIC) - Universidad
de Salamanca, Spain.

Authors’ contributions
TRC, LA and PAL conceived the study, and participated in its design and
coordination. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 6 January 2010
Accepted: 18 February 2010 Published: 18 February 2010

References

1. Hanahan D, Weinberg RA: The hallmarks of cancer. Cell 2000, 100:57-70.

2. Parkin DM: The global health burden of infection-associated cancers in
the year 2002. Int J Cancer 2006, 118:3030-3044.

3. zur Hausen H: Papillomaviruses and cancer: from basic studies to clinical
application. Nature Rev Cancer 2002, 2:342-350.

4. Blumberg BS, London WT: Hepatitis B virus and the prevention of
primary cancer of the liver. J Nat/ Cancer Inst 1985, 74:267-273.

5. Kuppers R: The biology of Hodgkin’s lymphoma. Nat Rev Cancer 2009,
9:15-27.

6. Matsuoka M, Jeang KT: Human T-cell leukaemia virus type 1 (HTLV-1)
infectivity and cellular transformation. Nat Rev Cancer 2007, 7:270-280.

7. Burnett-Hartman AN, Newcomb PA, Potter JD: Infectious agents and
colorectal cancer: a review of Helicobacter pylori, Streptococcus bovis,

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 6 of 8

JC virus, and human papillomavirus. Cancer Epidemiol Biomarkers Prev
2008, 17:2970-2979.

Urisman A, Molinaro RJ, Fischer N, Plummer SJ, Casey G, Klein EA, Malathi K,
Magi-Galluzzi C, Tubbs RR, Ganem D, et al: Identification of a novel
Gammaretrovirus in prostate tumors of patients homozygous for R462Q
RNASEL variant. PLoS Pathog 2006, 2:¢25.

Dong B, Kim S, Hong S, Das Gupta J, Malathi K, Klein EA, Ganem D,

Derisi JL, Chow SA, Silverman RH: An infectious retrovirus susceptible to
an IFN antiviral pathway from human prostate tumors. Proc Natl Acad Sci
USA 2007, 104:1655-1660.

Fischer N, Hellwinkel O, Schulz C, Chun FK, Huland H, Aepfelbacher M,
Schlomm T: Prevalence of human gammaretrovirus XMRV in sporadic
prostate cancer. J Clin Virol 2008, 43:277-283.

Jiang M, Abend JR, Johnson SF, Imperiale MJ: The role of polyomaviruses
in human disease. Virology 2009, 384.266-273.

Parkin DM, Bray F, Ferlay J, Pisani P: Global cancer statistics, 2002. CA
Cancer J Clin 2005, 55:74-108.

Bingham S, Riboli E: Diet and cancer-the European Prospective
Investigation into Cancer and Nutrition. Nat Rev Cancer 2004, 4:206-215.
Newcomb PA, Bush AC, Stoner GL, Lampe JW, Potter JD, Bigler J: No
evidence of an association of JC virus and colon neoplasia. Cancer
Epidemiol Biomarkers Prev 2004, 13:662-666.

Lin PY, Fung CY, Chang FP, Huang WS, Chen WC, Wang JY, Chang D:
Prevalence and genotype identification of human JC virus in colon
cancer in Taiwan. J Med Virol 2008, 80:1828-1834.

Khalili K, Del Valle L, Otte J, Weaver M, Gordon J: Human neurotropic
polyomavirus, JCV, and its role in carcinogenesis. Oncogene 2003,
22:5181-5191.

Knowles WA: Discovery and epidemiology of the human polyomaviruses
BK virus (BKV) and JC virus (JCV). Adv Exp Med Biol 2006, 577:19-45.

Laghi L, Randolph AE, Chauhan DP, Marra G, Major EO, Neel JV, Boland CR:
JC virus DNA is present in the mucosa of the human colon and in
colorectal cancers. Proc Natl Acad Sci USA 1999, 96:7484-7489.

Ricciardiello L, Laghi L, Ramamirtham P, Chang CL, Chang DK, Randolph AE,
Boland CR: JC virus DNA sequences are frequently present in the human
upper and lower gastrointestinal tract. Gastroenterology 2000,
119:1228-1235.

Bofill-Mas S, Formiga-Cruz M, Clemente-Casares P, Calafell F, Girones R:
Potential transmission of human polyomaviruses through the
gastrointestinal tract after exposure to virions or viral DNA. J Virol 2001,
75:10290-10299.

Babakir-Mina M, Ciccozzi M, Alteri C, Polchi P, Picardi A, Greco F, Lucarelli G,
Arcese W, Perno CF, Ciotti M: Excretion of the novel polyomaviruses Ki
and WU in the stool of patients with hematological disorders. J Med Virol
2009, 81:1668-1673.

Sharp CP, Norja P, Anthony |, Bell JE, Simmonds P: Reactivation and
mutation of newly discovered WU, KI, and Merkel cell carcinoma
polyomaviruses in immunosuppressed individuals. J Infect Dis 2009,
199:398-404.

Gasnault J, Kahraman M, de Goer de Herve MG, Durali D, Delfraissy JF,
Taoufik Y: Critical role of JC virus-specific CD4 T-cell responses in
preventing progressive multifocal leukoencephalopathy. Aids 2003,
17:1443-14409.

Rodrigues C, Pinto D, Medeiros R: Molecular epidemiology
characterization of the urinary excretion of polyomavirus in healthy
individuals from Portugal-a Southern European population. J Med Virol
2007, 79:1194-1198.

Doerries K: Human polyomavirus JC and BK persistent infection. Adv Exp
Med Biol 2006, 577:102-116.

Hori R, Murai Y, Tsuneyama K, Abdel-Aziz HO, Nomoto K, Takahashi H,
Cheng CM, Kuchina T, Harman BV, Takano Y: Detection of JC virus DNA
sequences in colorectal cancers in Japan. Virchows Arch 2005,
447:723-730.

White MK, Khalili K: Polyomaviruses and human cancer: molecular
mechanisms underlying patterns of tumorigenesis. Virology 2004,
324:1-16.

Haggerty S, Walker DL, Frisque RJ: JC virus-simian virus 40 genomes
containing heterologous regulatory signals and chimeric early regions:
identification of regions restricting transformation by JC virus. J Virol
1989, 63:2180-2190.


http://www.ncbi.nlm.nih.gov/pubmed/10647931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16404738?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16404738?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2983134?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2983134?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19078975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17384582?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17384582?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18990738?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18990738?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18990738?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16609730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16609730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16609730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17234809?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17234809?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18823818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18823818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18995875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18995875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15761078?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14993902?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14993902?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15066935?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15066935?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18712832?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18712832?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12910255?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12910255?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16626025?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16626025?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10377441?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10377441?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11054380?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11054380?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11581397?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11581397?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19626610?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19626610?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19090778?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19090778?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19090778?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12824781?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12824781?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17596822?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17596822?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17596822?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16626031?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16021515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16021515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15183048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15183048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2539511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2539511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2539511?dopt=Abstract

Coelho et al. Virology Journal 2010, 7:42
http://www.virologyj.com/content/7/1/42

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Khalili K, Sariyer IK, Safak M: Small tumor antigen of polyomaviruses: role
in viral life cycle and cell transformation. J Cell Physiol 2008, 215:309-319.
Maginnis MS, Atwood WJ: JC virus: an oncogenic virus in animals and
humans?. Semin Cancer Biol 2009, 19:261-269.

Khalili K, Gordon J, White MK: The polyomavirus, JCV and its involvement
in human disease. Adv Exp Med Biol 2006, 577:274-287.

Gordon J, Krynska B, Otte J, Houff SA, Khalili K: Oncogenic potential of
human neurotropic papovavirus, JCV, in CNS. Dev Biol Stand 1998,
94:93-101.

Ricciardiello L, Chang DK, Laghi L, Goel A, Chang CL, Boland CR: Mad-1 Is
the Exclusive JC Virus Strain Present in the Human Colon, and Its
Transcriptional Control Region Has a Deleted 98-Base-Pair Sequence in
Colon Cancer Tissues. J Virol 2001, 75:1996-2001.

Jung WT, Li MS, Goel A, Boland CR: JC virus T-antigen expression in
sporadic adenomatous polyps of the colon. Cancer 2008, 112:1028-1036.
Lazo PA: Human papillomaviruses in oncogenesis. Bio Essays 1988,
9:158-162.

Lazo PA: The molecular genetics of cervical carcinoma. Br J Cancer 1999,
80:2008-2018.

Krynska B, Gordon J, Otte J, Franks R, Knobler R, DeLuca A, Giordano A,
Khalili K: Role of cell cycle regulators in tumor formation in transgenic
mice expressing the human neurotropic virus, JCV, early protein. J Cell
Biochem 1997, 67:223-230.

Staib C, Pesch J, Gerwig R, Gerber JK, Brehm U, Stangl A, Grummt F: p53
inhibits JC virus DNA replication in vivo and interacts with JC virus large
T-antigen. Virology 1996, 219:237-246.

Niv Y, Goel A, Boland CR: JC virus and colorectal cancer: a possible
trigger in the chromosomal instability pathways. Curr Opin Gastroenterol
2005, 21:85-89.

Nosho K, Shima K, Kure S, Irahara N, Baba Y, Chen L, Kirkner GJ, Fuchs CS,
Ogino S: JC virus T-antigen in colorectal cancer is associated with p53
expression and chromosomal instability, independent of CpG island
methylator phenotype. Neoplasia 2009, 11:87-95.

Khalili K, Del Valle L, Wang JY, Darbinian N, Lassak A, Safak M, Reiss K: T-
antigen of human polyomavirus JC cooperates withIGF-IR signaling
system in cerebellar tumors of the childhood-medulloblastomas.
Anticancer Res 2003, 23:2035-2041.

del Rincon SV, Rousseau C, Samanta R, Miller WH Jr: Retinoic acid-induced
growth arrest of MCF-7 cells involves the selective regulation of the IRS-
1/PI 3-kinase/AKT pathway. Oncogene 2003, 22:3353-3360.

Dearth RK, Cui X, Kim HJ, Hadsell DL, Lee AV: Oncogenic transformation
by the signaling adaptor proteins insulin receptor substrate (IRS)-1 and
IRS-2. Cell Cycle 2007, 6:705-713.

Pechlivanis S, Pardini B, Bermejo JL, Wagner K, Naccarati A, Vodickova L,
Novotny J, Hemminki K, Vodicka P, Forsti A: Insulin pathway related genes
and risk of colorectal cancer: INSR promoter polymorphism shows a
protective effect. Endocr Relat Cancer 2007, 14:733-740.

Yu Y, Alwine JC: Interaction between simian virus 40 large T antigen and
insulin receptor substrate 1 is disrupted by the K1 mutation, resulting in
the loss of large T antigen-mediated phosphorylation of Akt. J Virol 2008,
82:4521-4526.

Trojanek J, Croul S, Ho T, Wang JY, Darbinyan A, Nowicki M, Del Valle L,
Skorski T, Khalili K, Reiss K: T-antigen of the human polyomavirus JC
attenuates faithful DNA repair by forcing nuclear interaction between
IRS-1 and Rad51. J Cell Physiol 2006, 206:35-46.

Trojanek J, Ho T, Croul S, Wang JY, Chintapalli J, Koptyra M, Giordano A,
Khalili K, Reiss K: IRS-1-Rad51 nuclear interaction sensitizes JCV T-antigen
positive medulloblastoma cells to genotoxic treatment. Int J Cancer 2006,
119:539-548.

Reiss K, Khalili K, Giordano A, Trojanek J: JC virus large T-antigen and IGF-I
signaling system merge to affect DNA repair and genomic integrity. J
Cell Physiol 2006, 206:295-300.

Ricciardiello L, Baglioni M, Giovannini C, Pariali M, Cenacchi G, Ripalti A,
Landini MP, Sawa H, Nagashima K, Frisque RJ, et al: Induction of
chromosomal instability in colonic cells by the human polyomavirus JC
virus. Cancer Res 2003, 63:7256-7262.

Bhattacharyya R, Noch EK, Khalili K: A novel role of Rac1 GTPase in JCV T-
antigen-mediated beta-catenin stabilization. Oncogene 2007,
26:7628-7636.

Enam S, Del Valle L, Lara C, Gan DD, Ortiz-Hidalgo C, Palazzo JP, Khalili K:
Association of human polyomavirus JCV with colon cancer: evidence for

52.

53.

54.

55.

56.

57.

58.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71,

Page 7 of 8

interaction of viral T-antigen and beta-catenin. Cancer Res 2002,
62:7093-7101.

Morin PJ, Sparks AB, Korinek V, Barker N, Clevers H, Vogelstein B, Kinzler KW:
Activation of beta-catenin-Tcf signaling in colon cancer by mutations in
beta-catenin or APC. Science 1997, 275:1787-1790.

Korinek V, Barker N, Morin PJ, van Wichen D, de Weger R, Kinzler KW,
Vogelstein B, Clevers H: Constitutive transcriptional activation by a beta-
catenin-Tcf complex in APC-/- colon carcinoma. Science 1997,
275:1784-1787.

de Lau W, Barker N, Clevers H: WNT signaling in the normal intestine and
colorectal cancer. Front Biosci 2007, 12:471-491.

Arango D, Mariadason JM, Wilson AJ, Yang W, Corner GA, Nicholas C,
Aranes MJ, Augenlicht LH: c-Myc overexpression sensitises colon cancer
cells to camptothecin-induced apoptosis. Br J Cancer 2003, 89:1757-1765.
Darbinyan A, Siddiqui KM, Slonina D, Darbinian N, Amini S, White MK,
Khalili K: Role of JC Virus Agnoprotein in DNA Repair. J Virol 2004,
78:8593-8600.

Giannoudis A, Herrington CS: Differential expression of p53 and p21 in
low grade cervical squamous intraepithelial lesions infected with low,
intermediate, and high risk human papillomaviruses. Cancer 2000,
89:1300-1307.

Jiang M, Milner J: Selective silencing of viral gene expression in HPV-
positive human cervical carcinoma cells treated with siRNA, a primer of
RNA interference. Oncogene 2002, 21:6041-6048.

Celli GB, Denchi EL, de Lange T: Ku70 stimulates fusion of dysfunctional
telomeres yet protects chromosome ends from homologous
recombination. Nat Cell Biol 2006, 8:385-890.

Spagnolo L, Rivera-Calzada A, Pearl LH, Llorca O: Three-dimensional
structure of the human DNA-PKcs/Ku70/Ku80 complex assembled on
DNA and its implications for DNA DSB repair. Mol Cell 2006, 22:511-519.
Safak M, Sadowska B, Barrucco R, Khalili K: Functional interaction between
JC virus late regulatory agnoprotein and cellular Y-box binding
transcription factor, YB-1. J Virol 2002, 76:3828-3838.

Shiota M, Izumi H, Tanimoto A, Takahashi M, Miyamoto N, Kashiwagi E,
Kidani A, Hirano G, Masubuchi D, Fukunaka Y, et al: Programmed cell
death protein 4 down-regulates Y-box binding protein-1 expression via
a direct interaction with Twist1 to suppress cancer cell growth. Cancer
Res 2009, 69:3148-3156.

Fujii T, Seki N, Namoto-Matsubayashi R, Takahashi H, Inoue Y, Toh U,

Kage M, Shirouzu K: YB-1 prevents apoptosis via the mTOR/STAT3
pathway in HER-2-overexpressing breast cancer cells. Future Oncol 2009,
5:153-156.

Wu J, Lee C, Yokom D, Jiang H, Cheang MC, Yorida E, Turbin D, Berquin IM,
Mertens PR, Iftner T, et al: Disruption of the Y-box binding protein-1
results in suppression of the epidermal growth factor receptor and HER-
2. Cancer Res 2006, 66:4872-4879.

Lu ZH, Books JT, Ley TJ: YB-1 is important for late-stage embryonic
development, optimal cellular stress responses, and the prevention of
premature senescence. Mol Cell Biol 2005, 25:4625-4637.

Krohn R, Raffetseder U, Bot I, Zerecke A, Shagdarsuren E, Liehn EA, van
Santbrink PJ, Nelson PJ, Biessen EA, Mertens PR, Weber C: Y-box binding
protein-1 controls CC chemokine ligand-5 (CCL5) expression in smooth
muscle cells and contributes to neointima formation in atherosclerosis-
prone mice. Circulation 2007, 116:1812-1820.

Samuel S, Beifuss KK, Bernstein LR: YB-1 binds to the MMP-13 promoter
sequence and represses MMP-13 transactivation via the AP-1 site.
Biochim Biophys Acta 2007, 1769:525-531.

Lee C, Dhillon J, Wang MY, Gao Y, Hu K, Park E, Astanehe A, Hung MC,
Eirew P, Eaves CJ, Dunn SE: Targeting YB-1 in HER-2 overexpressing
breast cancer cells induces apoptosis via the mTOR/STAT3 pathway and
suppresses tumor growth in mice. Cancer Res 2008, 68:8661-8666.

Habibi G, Leung S, Law JH, Gelmon K, Masoudi H, Turbin D, Pollak M,
Nielsen TO, Huntsman D, Dunn SE: Redefining prognostic factors for
breast cancer: YB-1 is a stronger predictor of relapse and disease-
specific survival than estrogen receptor or HER-2 across all tumor
subtypes. Breast Cancer Res 2008, 10:R86.

Merabova N, Kaniowska D, Kaminski R, Deshmane SL, White MK, Amini S,
Darbinyan A, Khalili K: JC virus agnoprotein inhibits in vitro differentiation
of oligodendrocytes and promotes apoptosis. J Virol 2008, 82:1558-1569.
Romagnoli L, Sariyer IK, Tung J, Feliciano M, Sawaya BE, Del Valle L,
Ferrante P, Khalili K, Safak M, White MK: Early growth response-1 protein is


http://www.ncbi.nlm.nih.gov/pubmed/18022798?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18022798?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19505654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19505654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16626043?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16626043?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9776230?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9776230?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11160700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11160700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11160700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11160700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18205186?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18205186?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10471054?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9328827?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9328827?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8623534?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8623534?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8623534?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15687890?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15687890?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19107235?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19107235?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19107235?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12894576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12894576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12894576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12776186?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12776186?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12776186?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17374994?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17374994?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17374994?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17914103?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17914103?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17914103?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18305032?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18305032?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18305032?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15965906?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15965906?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15965906?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16572421?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16572421?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15991250?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15991250?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14612521?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14612521?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14612521?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17637758?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17637758?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12460931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12460931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9065402?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9065402?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9065401?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9065401?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17127311?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17127311?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14583781?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14583781?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15280468?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11002226?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11002226?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11002226?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12203116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12203116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12203116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16845382?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16845382?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16845382?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16713581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16713581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16713581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11907223?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11907223?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11907223?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19318582?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19318582?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19318582?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19284373?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19284373?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16651443?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16651443?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16651443?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15899865?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15899865?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15899865?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17893273?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17893273?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17893273?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17893273?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17822788?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17822788?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18974106?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18974106?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18974106?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18925950?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18925950?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18925950?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18925950?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17989177?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17989177?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18353421?dopt=Abstract

Coelho et al. Virology Journal 2010, 7:42
http://www.virologyj.com/content/7/1/42

72.

73.

74.

75.

induced by JC virus infection and binds and regulates the JC virus
promoter. Virology 2008, 375:331-341.

Selgrad M, Koornstra JJ, Fini L, Blom M, Huang R, Devol EB, Boersma-van
Ek W, Dijkstra G, Verdonk RC, de Jong S, et al: JC virus infection in
colorectal neoplasia that develops after liver transplantation. Clin Cancer
Res 2008, 14:6717-6721.

zur Hausen H: Papillomaviruses causing cancer: evasion from host-cell
control in early events in carcinogenesis. J Nat/ Cancer Inst 2000,
92:690-698.

Popescu NC, DiPaolo JA: Preferential sites for viral integration on
mammalian genome. Cancer GenetCytogenet 1989, 42:157-171.

Lazo PA, Gallego M, Ballester S, Feduchi E: Genetic alterations by human
papillomaviruses in oncogenesis. FEBS Lett 1992, 300:109-113.

doi:10.1186/1743-422X-7-42

Cite this article as: Coelho et al: JC virus in the pathogenesis of
colorectal cancer, an etiological agent or another component in a
multistep process?. Virology Journal 2010 7:42.

Page 8 of 8

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/18353421?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18353421?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18927316?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18927316?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10793105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10793105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1314194?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1314194?dopt=Abstract

	Abstract
	JCV infection in human population
	The JC virus
	JCV DNA in normal, benign and malignant colorectal lesions
	Multiple effects of JCV large T- antigen in host cells
	Effects of JCV agnoprotein in host cells
	Tumor immune microenvironment
	Additional aspects in JCV associated oncogenesis
	Roles that JCV can play in colorectal cancer
	Outstanding issues and future prospects
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

