JBUON 2015; 20(3): 762-769

ISSN: 1107-0625, online ISSN: 2241-6293 « www.jbuon.com

E-mail: editorial_office@jbuon.com

ORIGINAL ARTICLE

Assessment and biological significance of JC polyomavirus in

colorectal cancer in Tunisia

Feryel Ksiaa, Asma Allous, Sonia Ziadi, Moncef Mokni, Mounir Trimeche
Department of Pathology, Centre Hopital Universitaire Farhat Hached, Sousse, Tunisia

Summary

Purpose: Several reports have indicated the presence of
JC polyomavirus (JCV) in many human tumors, including
colorectal cancers (CRCs). The presence of JCV infection in
CRC patients has not been investigated in African coun-
tries.

Methods: We examined the prevalence and the biological
significance of JCV in Tunisian CRC patients. The presence
of JCV was assessed by polymerase chain reaction (PCR) in
a series of 105 CRCs and 89 paired non-tumor colonic mu-
cosa samples from Tunisian patients. Results were correlat-
ed with the clinicopathological features and immunohisto-
chemical expression of B-catenin, p53, and the proliferation
marker Ki-67.

Results: JCV DNA was detected in 58.1% (61/105) of
CRC and in only 14.6% (13/89) of paired non tumor co-

Introduction

CRC is one of the most common causes of
cancer related deaths in the world, especially in
Western countries [1]. There is increased evidence
that CRC can develop through different pathways.
The more common mechanism is characterised
by large genomic rearrangements, found in about
85% of sporadic CRCs, which is called chromo-
somal instability (CIN) pathway. The second path-
way, concerning 35% of sporadic CRCs, is caused
by epigenetic inactivation of tumor suppressor
genes [2].

Viruses have long been proposed to play an
etiologic role in human cancers. Overall, it is es-

lonic mucosa samples (p=0.03). The presence of JCV was
significantly correlated with tumor differentiation (p=0.03).
Moreover, JCV presence was significantly correlated with
nuclear accumulation of B-catenin (p=0.008) and p53 accu-
mulation (p=0.0001). Multivariate logistic regression anal-
ysis showed that tumor differentiation, p-catenin and p53
accumulation were independent parameters significantly
associated with the presence of JCV in CRC (p=0.04; p=0.05;
p=0.001, respectively).

Conclusion: We support a role of JCV in colorectal car-
cinogenesis in Tunisian patients, especially of well differ-
entiated morphology.

Key words: p-catenin, colorectal cancer, JC polyomavirus,
Ki-67, p53

timated that 20% of all cancers are linked to in-
fectious agents. Accordingly, it has been reported
that JCV is frequently present throughout the nor-
mal human gastrointestinal tract [3,4] in gastric
[5-7] and CRCs [8-12].

The human JCV belongs to the Polyomavir-
idae family, which also includes, the human BK
virus (BKV) and the simian virus 40 (SV40). JCV is
a non-enveloped virus with double-stranded DNA
that forms mini chromosomes with cellular his-
tones [13]. JCV and BKV are ubiquitous human vi-
ruses that infect 80% of the population worldwide
[14]. These two viruses are thought to infect indi-
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viduals in early childhood and establish life-long
latency in the kidney.

JCV encodes a transforming gene, T antigen,
which is believed to mediate the oncogenic poten-
tial of the virus. The JCV T antigen is a multifunc-
tional protein and is able to bind and inactivate the
tumor suppressor proteins p53 and pRb, leading
to dysregulation of the cell cycle and permitting
replication of cells with damaged chromosomes
[13]. More importantly in the context of colorectal
carcinogenesis, the JCV T antigen interacts with
B-catenin, which can dysregulate the Wnt signal-
ing pathway [15]. Moreover, JCV can bind to p53
and B-catenin and induce chromosomal instability
in the colon cancer cell line RKO [16].

To the best of our knowledge, no previous
study has investigated the presence of JCV in CRC
in an African country. In the current investigation,
we first determined the prevalence of JCV in a se-
ries of CRC and paired non-tumor colonic mucosa.
We correlated our findings with the demographic
and clinicopathological data. Secondly, we exam-
ined the immunohistochemical deregulation of
some molecular pathways well characterized in
CRC with regard to JCV infection. These includ-
ed p53, an important tumor suppressor protein,
B-catenin, proteins that serve key roles in the Wnt
signaling pathway, and Ki-67 index used to meas-
ure proliferative activity of cancer cells. The cur-
rent study was undertaken to improve our under-
standing of colorectal tumorigenesis in patients
living in Tunisia.

Methods

Tumor characteristics

Archival tumor specimens in the Department of
Pathology from patients treated for CRC at the Far-
hat-Hached Hospital, Tunisia, from 2005 to 2008 were
included in this prospective study. The study material
consisted of 105 colorectal tumors and 89 paired non
tumor colonic mucosa samples. None of the patients
had received preoperative neoadjuvant chemoradiation
therapy. Written informed consent was obtained from
all patients.

Data relating to cancer site, depth of invasion and
nodal spread were obtained from pathological records.
Tumors in the cecum, ascending colon and transverse
colon were classified as right-sided and those in the
descending colon and sigmoid were left-sided. Tumors
were typed as adenocarcinomas or mucinous carcino-
mas according to the criteria of the World Health Or-
ganization [17]. Tumor differentiation (well, moderate
or poor) was determined following the World Health
Organization guidelines [17].

DNA isolation and B-globin amplification

Hematoxylin-eosin (H&E)-stained slides were re-
viewed to confirm the diagnosis. Formalin-fixed, par-
affin-embedded tissue blocks were selected to include
carcinoma and/or paired non-tumor colonic mucosa.
Then 5 pm-thick sections from the selected blocks
were collected into an Eppendorf tube containing lysis
buffer. DNA was extracted as described in our previous
study [7]. It is noteworthy that extreme caution was ex-
ercised to prevent any contamination; we used a dedi-
cated microtome for this study, and a new microtome
blade for each block.

In a separate room, the extracted tumor and normal
DNA was first checked for 268-bp sequences of human
B-globin to assess that each sample contained DNA of
suitable quality for use in later PCR [18]. Samples of
high-quality DNA were investigated for JCV detection.

JCV detection

The JCV was searched in CRC samples and paired
non-tumor mucosa. Viral DNA detection was carried
out by PCR using the primer sets PEP1/PEP2, which
amplify a 173 bp sequence in the NH2-terminal region
of the JCV T antigen [19]. Primer sequences, annealing
temperatures and expected products size for JCV are
listed in Table 1.

The PCR amplification was performed in the pres-
ence of 200 ng of DNA template, in a reaction mixture
(25 pl) containing 1x PCR buffer, 1.5 mM MgClL, 0.2
mM of each dNTP, 0.2 pM of each primer and 1 U of
Taq DNA polymerase (Promega, Madison, USA).

PCR reactions were carried out on PTC 200™ DNA
engine thermal cycler (M] Research, Watertown, USA).
The PCR conditions were as follows: first step of de-
naturation at 95°C for 10 min, followed by 35 cycles
consisting of denaturation at 95°C for 1 min, specific
annealing temperature for 1 min (Table 1), and exten-
sion at 72°C for 1 min. The reaction was finished with a
7 min extension step at 72°C.

All sets of PCR were conducted in parallel with
negative and positive controls. Negative controls were
reactions without adding DNA template. Positive con-
trols were plasmid DNA samples containing cloned
JCV (pBRJC-MAD-1) genome (kindly provided by Dr.
Regis A. Vilchez, Baylor College of Medicine, Houston,
Texas, USA). The negative controls were always the fi-
nal samples in a series to verify that no contamination
had occurred during the analysis.

PCR products were analyzed by electrophoresis
on 2% agarose gels containing ethidium bromide. The
electrophoretic pattern was photographed under ultra-
violet light with the Gel Doc 2000 System (Bio-Rad,
Marnes-la-Coquette, France). PCR experiments for each
case were repeated in triplicate.

Immunohistochemical staining

Immunohistochemical analysis was performed on
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Table 1. Primer sequences, annealing temperature and product size for polyomaviruses PCR assays

Target Oligonucleotide sequences (5’-3’) Annealing temperature Product size
B-Globin Sense: CAACTTCATCCACGTTCACC 56°C 268 pb
Anti-sense: GAAGAGCCAAGGACAGGTAC
Jcv Sense: AGTCTTTAGGGTCTTCTACC 54°C 173 pb
Anti-sense: GGTGCCAACCTATGGAACAG
Table 2. Details of the antibodies used for immunohistochemical analysis in our study
Antigen Source Dilution Buffer
Ki-67 DakoCytomation 1/40 Citrate pH 6.0
B-catenin DakoCytomation 1/200 Citrate pH 6.0
p53 DakoCytomation 1/100 Citrate pH 6.0

4-pym tissue sections using a panel of commercially
available antibodies listed in Table 2.

Immunostaining was conducted using a poly-
mer-based method (EnVision-labeled Polymer; Dako-
Cytomation, Glostrup, Denmark), following the man-
ufacturers’ instructions with slight modifications.
Briefly, sections were deparaffinized with xylene for
2x10 min and rehydrated using a graded ethanol series,
then treated with 3% H,0, for 15 min to inhibit endog-
enous peroxidase followed by antigen retrieval under
variable conditions specified in Table 2 with occasional
interruption to avoid tissue degradation by excessive
heat. After that, sections were incubated with the pri-
mary antibody for 1 hr at room temperature, followed
by further incubation with EnVision-labeled polymer
(DakoCytomation). The staining was developed by re-
action with 3,3-diaminobenzidine substrate chromogen
solution. The samples were then counterstained with
hematoxylin, rinsed with ethanol, dried and visualized
by light microscopy. Tissue samples to which no pri-
mary antibody had been added were used as negative
controls. The immunostaining patterns (membranous,
cytoplasmic or nuclear) were independently analyzed
by two observers. For B-catenin and p53, a tumor was
considered positive if more than 10% of the tumor cells
exhibited nuclear immunoreactivity. In the case of Ki-
67, high-level expression was defined if more than 30%
of the tumor cells showed nuclear staining. Adjacent
non-tumor epithelium was used as a negative internal
control for B-catenin, p53 and Ki-67. The slides were
read by pathologists unaware of the polyomaviruses
status.

Statistics

Clinicopathological data and immunohistochem-
ical findings were analyzed with regard to polyoma-
viruses status using x? test or Fisher’s exact test as
appropriate. To assess independent relations of poly-
omaviruses with number of variables, multivariate
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logistic regression analysis was performed with the
Cox proportional hazards model. Statistical analyses
were performed using a SPSS 13.0 statistical software
program (SPSS Inc., Chicago, Ill, USA). All p values
were two-tailed and the statistical significant threshold
was set at 0.05.

Results

JCV Detection

The integrity of the extracted DNA was eval-
uated by performing B-globin DNA PCR. All sam-
ples showed adequate DNA quality (Figure 1la).
Each case was analyzed for the presence of JCV.

JCV DNA has been searched by PCR in CRC
and in non-tumor colonic mucosa samples. Fig-
ure 1 illustrates representative data depicting re-
sults from PCR experiments. JCV DNA has been
detected in 58.1% (61/105) of CRC (Figure 1b) and
in 14.6% (13/89) of paired non-tumor colonic mu-
cosa samples (Figure 1c). The difference between
the detection rates in tumor and paired non-tu-
mor colonic mucosa was statistically significant
(p=0.03).

Clinicopathological correlations

Comparison of the clinicopathological data
with regard to JCV status in CRC is summarized
in Table 3. The mean age of patients was 62 years
(range 20-95). There were no statistically signif-
icant associations between the presence of JCV
DNA and patient’s age, gender, histological type,
tumor location, depth of invasion and lymph node
metastasis. However, tumor differentiation cor-
related significantly with the presence of JCV in
CRC (p=0.03; Table 3). Indeed, JCV was found more
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JCV
(173 pb)

JCV
(173 pb)

Figure 1. (A) B-globin was positive in all cases of CRC; (B) Detection of JCV T antigen sequences in CRC; repre-
sentative examples of positive and negative JCV cases; (C) Detection of JCV T antigen sequences in non-tumor
colonic mucosa; representative examples of positive and negative JCV cases. M: molecular weight (50 pb DNA
ladder), N: negative control (no DNA template), P: positive control for JCV (plasmid pBRJC-MAD-1,containing
cloned JCV genome). The sizes of the amplified regions are shown next to each of the blots.
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Figure 2. Immunohistochemical staining of CRC cases. Representative examples of the protein expression of
b-catenin (a,d), p53 (b,e) and Ki-67 (c,f) in JC positive (a,b and c¢) and JC negative (d,e and f) CRC (original magni-
fication x200).
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Table 3. Clinicopathological features of JCV positive and JCV negative colorectal carcinomas

Variables Total JCV positive cases JCV negative cases p value

Number of cases 105 61 44

Gender
Male 60 37 23 0.39
Female 45 24 21

Age group (years)*
<60 37 17 20 0.17
> 60 62 40 22

Tumor location
Right colon 37 20 17 0.33
Left colon 49 32 17
Rectum 19 9 10

Tumor histology**
Adenocarcinoma 97 56 41 1
Moo ; s ;

Tumor differentiation$
Well 66 44 22 0.03
Moderate 28 14 14
Poor 11 3 8

Tumor invasion
pT1/pT2 8 4 4 0.71
pT3 /pT4 97 57 40

Lymph node metas-

tasis$
Positive 42 20 22 04
Negative 60 39 21

*Data is missing for 6 patients, **According to WHO classification, $Data is missing for 3 patients

Table 4. Association between immunohistochemical staining patterns of Ki-67, B-catenin, and p53 and JCV

status in colorectal carcinomas

Variables Total JCV positive cases JCV negative cases p value
Number of cases 105 61 44
Ki-67*
High 62 38 24 042
Low 43 23 20
-catenin**
Positive 42 31 11 0.008
Negative 63 30 33
p53**
Positive 55 41 14 0.0001
Negative 50 20 30

*Cases were considered with high expression if >30% of tumor cells showed nuclear staining, **Cases were considered positive if

>10% of tumor cells showed nuclear staining

frequently in tumors of well differentiated mor-
phology (in 44 of 66 cases, 66.7%), in contrast to
tumors of poor differentiated type (in 3 of 11 cas-
es, 27.3%) which did not harbor JCV.

Immunohistochemical findings and correlation anal-
ysis
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Immunohistochemical analysis was per-
formed in all cases and interpreted independently
by the experiment pathologists (MT,SZ). Repre-
sentative stainings for p-catenin, p53 and Ki-67
expressions are shown in Figure 2.

B-catenin staining was detected in 40%
(42/105) of CRC cases. These tumors typically
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Table 5. Multivariate logistic regression analysis was carried out on all variables that were found significantly
correlated with the presence of JCV on univariate analysis

Variables associated with JCV positive cases

JCV negative cases

Multivariate OR (95% CI) p value

JCV status

Tumor differentiation
Well/Moderate 58 36 0.2 (0.44-0.96) 0.04
Poor 3 8

f-catenin
Positive 31 11 247 (0.99-6.14) 0.05
Negative 30 33

p53
Positive 41 14 4.55(1.87-11.04) 0.001
Negative 20 30

OR: odds ratio, CI: confidence interval

exhibited strong nuclear immunoreactivity for
B-catenin (Figure 2a).

Strong nuclear staining for p53 in tumor
cells was detected in 52.4% (55/105) of CRC
cases. In the remaining cases, the staining was
either focally positive or completely negative
(Figure 2b). In non-tumor colorectal mucosa
there was complete absence of nuclear expres-
sion for p53. Ki-67 was detected in 59% (62/105)
of CRC cases (Figure 2c).

Immunohistochemical findings were also cor-
related with the presence of JCV in CRC and are
summarized in Table 4. The presence of JCV was
significantly associated with B-catenin and p53
(p=0.008; p=0.0001, respectively). However, we
did not observe a significant difference between
the two groups with regard to Ki-67 expression
(JCV positive vs JCV negative CRC).

Multivariate analysis

We performed multivariate logistic regres-
sion analysis to assess which variables were in-
dependently associated with JCV infection (Table
5). The results showed that tumor differentiation,
B-catenin and p53 accumulation were independ-
ent parameters significantly associated with the
presence of JCV in CRC (p=0.04; p=0.05; p=0.001,
respectively).

Discussion

CRC develops through a stepwise progression
from normal colonic mucosa to adenomas and to
adenocarcinomas of the colorectum. The tumor
progression is accompanied by multiple genetic
and epigenetic alterations. Most CRCs are sporad-
ic in their origin and are associated with different
risk factors.

Infectious agents contribute to a significant
fraction of human malignancies including CRC.
Several studies have reported the presence of
JCV and have even suggested its involvement
in colorectal carcinogenesis through multiple
mechanisms of genetic and epigenetic instability
[20,21].

To the best of our knowledge, this study is the
first analysis of JCV DNA in CRC from North Af-
rican patients. In the present study, JCV DNA was
detected in about 58% of human CRCs, which was
in intermediate rate as compared with previous
studies. It is noteworthy that the detection rate of
JCV in the tumor cases was significantly higher
than that in paired non-tumor colon mucosa (58.1
vs 13.4%, p<0.05), suggesting a role of JCV in the
development of CRC.

JCV is a ubiquitous virus, well adapted to hu-
mans. JCV infection is subclinical, but in immuno-
compromised individuals may be associated with
neural disease as progressive multifocal leukoen-
cephalopathy (PML) and some brain tumors [22].
JCV DNA sequences have also been found in colon
and rectum cancers. Indeed, all but 4 of the pub-
lished studies of JCV in CRC report positive find-
ings in tumors and far fewer positives in controls.

The work of Laghi et al. was the first analysis
examining JCV in colorectal neoplasm [3]. The au-
thors have found JCV DNA sequences in both the
mucosa of normal human colons and CRC, but the
viral copy number was significantly higher in the
cancer cells than in normal colon tissues. Accord-
ingly, Laghi et al. have suggested that JCV can
be a potential risk factor for CRC [3]. Subsequent
analyses have confirmed the presence of JCV se-
quences in CRC at varying frequencies, ranging
from 26 to 89% of JCV positive cases. In American
patients, JCV DNA was frequently demonstrated
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in as much as 80% of CRC tissues [23,24]. Simi-
lar results have been reported by Italian authors
[9], who found JCV DNA in 89% of CRC tissues.
Two Asian studies have identified JCV in 26.1
and 84.6%, respectively of CRC tissues [8,11]. In
Chinese CRC patients, JCV DNA was detected in
49.6% of the cases [25]. In contrast, 4 studies have
shown that no detectable JCV DNA was present
in colorectal tissues indicating no association be-
tween JCV and colon neoplasia [26-29].

Several reasons account for the lack of agree-
ment, concerning the detection rates of JCV se-
quences in CRC throughout studies, which include
potential contamination during sample collection,
process in DNA extraction or technical procedure.
Indeed, several techniques have been used for the
detection of JCV sequences, for instance nested
PCR, quantitative real-time PCR, southern blot,
in situ hybridization and immunohistochemistry.
This technical disparity in both sensitivity and
targets makes the comparison among the results
of relevant studies complicated or difficult. Over-
all, the positive findings with all methodologies
strengthen for the presence of JCV in some CRCs.

As a second purpose for this investigation,
we have examined the pathobiological features
of JCV-related CRC from Tunisian patients. With
regard to clinicopathological data, we did not find
correlation between the presence of JCV and de-
mographic or pathological data such as patient
age and gender, clinical stage and site of tumor,
a fact which was consistent with previous studies
[8,10,25]. Nosho et al. [30] have demonstrated that
JCV T antigen expression was inversely associat-
ed with proximal location, high grade, and mu-
cinous component. In the present study, we have
found that JCV status was significantly correlated
with tumor differentiation (p=0.03). Indeed, we
have found that JCV was more frequently detect-
ed in tumors of well differentiated morphology
(in 44 of 66 cases; 66.7%), in contrast to tumor of
poor differentiated type (in 3 of 11 cases; 27.3%),
which did not harbor JCV. This observation seems
obvious if we take into account that colon cancers
that arise in the context of hereditary nonpolypo-
sis colon cancer (HNPCC) are often poorly differ-
entiated [31-33].

One of the biological implications of the poly-
omaviruses infection would be the accompanying
interaction with some well-characterized tumor
suppressor genes, including p53. In our study,
p53 accumulation was detected in 55/105 (50%)
of the cases, which is in keeping with the current
knowledge of the high frequency of p53 alteration
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in sporadic CRC. As expected, a significant corre-
lation was found between p53 accumulation and
the presence of JCV in CRC (p=0.0001). This obser-
vation supports a role for JCV in the inactivation
of p53 in human CRC. Similar results have been
previously documented in CRC [30]. The dysregu-
lation of the p53 pathways can induce unchecked
cellular replication, and lead to chromosomal in-
stability, which is common in sporadic CRC.

Another target of JCV is B-catenin. Gan and
Khalili [15] have found that JCV T antigen increas-
es the stability of 3-catenin, leading to its nuclear
accumulation. In the nucleus, f-catenin acts as a
trans-activating factor for the transcription factor
Tcf-4 that regulates the transcription of a num-
ber of downstream target genes that are believed
to be the mediators of neoplastic transformation
[34]. Moreover, Bhattacharyya et al. [35] have
reported that JCV T antigen and B-catenin syn-
ergistically activate Racl, an event that can trig-
ger several oncogenic factors [35]. In our study,
nuclear immunostaining for B-catenin was found
in 40% (42/105) of the CRC cases. Moreover, we
have found that JCV positive CRCs display more
frequently B-catenin accumulation in tumor than
that in negative cases (65 vs 40%; p=0.008). Our
findings are in accordance with those reported by
other investigators who examined B-catenin and
JCV in CRC [30]. Together with our findings, we
presume that the dual presence of JCV and p-cat-
enin accumulation is a crucial step in the activa-
tion of the Wnt signaling pathway that leads to
tumorigenesis.

Ki-67 antigen is expressed by cells in the G1,
G2, S and M phase of the cell cycle and is commonly
used as a marker of proliferative activity. In the cur-
rent study, Ki-67 was observed in 59% (61/105) of
the CRC cases. However, analyses have not shown a
significant correlation between the presence of JCV
DNA and the expression of Ki-67 in CRC.

In multivariate analysis, we have found that
only p53 expression is independently associated
with JCV DNA, but not p-catenin or Ki-67. Our data
support the hypothesis that JCV DNA may affect the
p53 expression rather than -catenin in CRC.

In summary, the data presented in this report
extend previous observations in CRC. JCV DNA
was detected in a significantly higher percent-
age in CRCs compared to paired non-tumor co-
lon mucosa, suggesting thus its role in colorectal
carcinogenesis. By examining some well-estab-
lished different tumorigenic pathways for CRC, we
demonstrated that JCV may affect p53 expression
and B-catenin in Tunisian patients with CRC.
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