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Abstract

AIM: To clarify the significance of JC virus (JCV) T-antigen
(T-Ag) expression in human gastric cancer.

METHODS: We investigated the relationship between
T-Ag detected by immunohistochemistry and Epstein-
Barr virus (EBV) infection, microsatellite instability
(MSI), and genetic and epigenetic alterations in gastric
cancers. Mutations in the p53, S-catenin, KRAS, BRAF,
PIK3CA genes were analyzed by polymerase chain
reaction (PCR)-single strand conformation polymorphism
and DNA sequencing. Allelic losses were determined by
PCR at 7 microsatellite loci. Aberrant DNA methylation
was analyzed by MethyLight assay.

RESULTS: JCV T-Ag protein expression was found in
49% of 90 gastric cancer tissues. T-Ag positivity was
not correlated with clinicopathological characteristics.
T-Ag expression was detected in a similar percentage
of EBV positive cancers (4 of 9, 44%) and EBV negative

cancers (35 of 73, 48%). T-Ag expression was detected
in a significantly lower percentage of MSI-H cancers
(14%) than in non MSI-H cancers (55%, P = 0.005).
T-Ag expression was detected in a significantly higher
percentage of cancers with nuclear/cytoplasmic
localization of B-catenin (15 of 21, 71%) than in cancers
without (42%, P = 0.018). p53 mutations were detected
in a significantly lower percentage of T-Ag positive
cancers (32%) than in T-Ag negative cancers (57%, P =
0.018). T-Ag positive gastric cancers showed a significant
increase in the allelic losses and aberrant methylation
compared with T-Ag negative gastric cancers (P = 0.008
and P = 0.003).

CONCLUSION: The results suggest that JCV T-Ag is
involved in gastric carcinogenesis through multiple
mechanisms of genetic and epigenetic alterations.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Viruses have been proposed to play an etiologic role in
human cancers. JC virus (JCV) is a polyomavirus that
ubiquitously infects humans worldwide, and more than
80% of the adult population carries antibodies against
the virus". JCV has been implicated in various types
of human cancers””. It has been reported that JCV
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sequences are frequently present throughout the normal
human gastrointestinal tract and in colorectal and gastric
cancers’ .

JCV encodes a transforming gene, T-antigen (T-Ag),
which is believed to mediate the oncogenic potential of
the virus. T-Ag protein expression was specifically pres-
ent in the nuclei of colon cancer cells, but not in any
adjacent normal colonic epitheliumig]. Previous studies
have identified multiple pathways including p53, pRb,
IRS, NF1/NF2 and B-catenin, which may be dysregu-
lated by T-Ag™"™"". T-Ag can bind and inactivate p53,
pRb, and the spindle assembly checkpoint protein Bubl,
resulting in disruption of chromosomal integrity and
cell cycle checkpoints'>'7, T-Ag can also bind and stabi-
lize ﬁ—catenin“’ 1, T-Ag protein expression, rather than
the simple presence of JCV DNA sequences, has been
significantly associated with chromosomal instability
(CIN) and the methylator phenotype in colotrectal can-
cers”. The possible involvement in aberrant methylation
is thought to provide a secondary link to microsatellite
instability (MSI) in colorectal cancers"™. Therefore, it has
been suggested that JCV is involved in colorectal cancers
through multiple mechanisms of genetic and epigenetic
alterations”. Bhattacharyya ¢z al'” recently reported the
interplay between f-catenin and Racl that is initiated
by T-Ag and results in stabilization of B-catenin and its
presence in cell membrane ruffles. T-Ag and -catenin
synergistically activate Racl, an event that can trigger
several oncogenic factors'

The association between T-Ag expression and aberrant
promoter methylation in colorectal cancers suggests that
this viral oncogene induces the methylator phenotype[s].
Genomic methylation is a host defense mechanism that
silences the transcription of transposons and retroviruses
that have accumulated in the mammalian genome'™'>',
Methylation of host cell genes is not unique to JCV and
occurs with other oncogenic viruses. It has been suggested
that the key protein triggering methylation events for
the polyomavirus SV40 is T-Ag, which mediates cellular
transformation of cultured epithelial cells by regulating
the activities of key de novo DNA methyltransferases, such
as DNMT3b™".

A significant correlation has been found between
Epstein-Barr virus (EBV) and methylation of multiple
genes in gastric cancers"®"”. A mutually negative
association between EBV and MSI has been reported in
gastric cancers™. T-Ag protein expression was found in
9 (39%) of 23 gastric cancers, whereas no expression was
observed in any of the non-cancer tissues”. In contrast
to colorectal cancers”, however, little is known about the
significance of T-Ag expression in gastric cancers. In the
current study, we investigated the relationship between
T-Ag protein expression and EBV infection, MSI, and
genetic and epigenetic alterations in gastric cancers.

MATERIALS AND METHODS

Tissue samples

A total of 90 paired specimens of gastric adenocarcinoma
and adjacent noncarcinoma tissue were obtained from
Japanese patients who had undergone surgical treatment.

Informed consent was obtained from each patient. The
tumor-node-metastasis (TNM) system of the American
Joint Committee on Cancer and the International Union
against Cancer was used for the pathologic diagnosis
and classification of variables. Clinicopathological
characteristics were as follows: age (69 % 10 years), gender
(59 male and 31 female), Lauren histology (44 intestinal
and 46 diffuse), and pTNM stages (stage I, 23; stage II,
16; stage II, 30; stage IV, 21).

Immunohistochemistry and in situ hybridization
Immunohistochemistry using a mouse monoclonal an-
tibody against SV40 large T-Ag (clone PAb416, 1:100
dilution; Oncogene Research Products, San Diego, CA,
USA), which cross-reacts with T-Ag of JCV, was pet-
formed as described previouslylg]. Immunohistochemis-
try with an anti-human (-catenin monoclonal antibody
(BD Transduction Laboratories, San Jose, CA, USA) was
done as described previouslylm. Cancer cases were cat-
egorized into the following 4 groups corresponding to
immunostaining patterns of B-catenin as described pre-
Viouslym: membranous, membranous staining pattern
similar to that in normal epithelium; weak, no staining
or weaker staining than normal epithelium; cytoplasmic,
diffuse staining in the cytoplasm as well as at the cell
membrane; accumulated, strong staining in the nucleus
and cytoplasm. EBV infection was analyzed by 7 situ hy-
bridization for EBER-1",

MSI analysis

MSI was analyzed by polymerase chain reaction (PCR)
using the mononucleotide (BAT26 and BAT25) and
dinucleotide markers (D25123, D58346, and D175250)
proposed by the NCI workshop”. Based on the number
of markers showing instability per cancer, cancers were
divided into 3 groups; those with 2 or more of the 5
markers displaying instability (MSI-H), those with 1 of
5 markers displaying instability (MSI-low; MSI-L), and
those with no instability (microsatellite stable; MSS).

Mutation analysis

Mutations in exons 2-9 of p53, exon 3 of S-catenin, codons
12 and 13 of KRAS, codon 600 of BRAF, exons 9 and
20 of PIK3CA genes were analyzed by PCR-single strand
conformation polymorphism and DNA sequencing as
described previously” . Interstitial deletions spanning

exon 3 of Bcatenin was analyzed as described previously™*.

LOH analysis

LOH was analyzed as described previously™. Seven
sets of microsatellite loci that are linked to tumor
suppressor genes were used to identify significant allelic
losses in gastric cancers. DNA was amplified by PCR
at microsatellite loci linked to the APC locus on 5q21
(D5S505), possible tumor suppressor/senescence gene
locus on 10p15 (D10S501 and D10S602), p53 locus
on 17p13 (TP53), BRCAT locus on 17q21 (D17S855),
and DCC locus on 18q21 (D18S58 and D18S61)%.
Assessment of LOH was assigned when a tumor allele
showed at least a 50% reduction in the relative intensity
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Figure 1 Immunohistochemistry for JCV T-Ag in gastric cancer tissues.
A: Gastric adenocarcinoma positive for JCV T-Ag; B: Gastric adenocarcinoma
negative for JCV T-Ag. Original magnification, x 200.

of 1 allele in cancer tissue compared with the matched
non-cancer DNA as described previously™.

Quantitative DNA methylation analysis by real-time PCR
(MethyLight assay)

Sodium bisulfite treatment of genomic DNA and Methy-
Light assay were performed as described previously[zs’ﬂ’}o].
We analyzed six promoters: calcium channel, voltage
dependent, T type a-1G subunit (CACNAI1G), cellular
retinoic acid binding protein 1 (CRABP1), neurogenin 1
(NEUROGT1), CDKN2A (p16), RUNX3, and SOCSI.
Primers, probes, and percentage of methylated reference
(PMR, i.e. degree of methylation) were described previ-
ously[zg’sol. The cutoft value of 4 (except for 6 in CRABPY)
was based on previously validated data®.

Statistical analysis

The results were assessed for associations with clinico-
pathological parameters, using the following statistical
tests: Student’s 7 test for age, the Mann-Whitney test for
depth of invasion, lymph node metastasis, and pTNM
stage, and the chi-square test or Fisher’s exact test for
the remaining parameters. P < 0.05 was considered sig-
nificant. A P value between 0.05 and 0.10 was considered
as a trend toward an association.

RESULTS

T-Ag protein expression in gastric cancers
T-Ag protein expression was found in 44 (48.9%) of 90

gastric cancers, whereas no expression was observed in

Figure 2 In situ hybridization for EBER-1 in gastric cancer tissues. A:
Gastric adenocarcinoma positive for EBER-1; B: Gastric adenocarcinoma
negative for EBER-1. Original magnification, x 200.

adjacent normal gastric epithelial cells or stromal cells
(Figure 1 and data not shown). T-Ag positivity was not
correlated with clinicopathological characteristics (data
not shown).

EBYV infection

EBER-T expression was found in 9 (11.0%) of 82 gastric
cancers, whereas no expression was observed in any of
the non-cancer tissues (Figure 2). EBV infection was
detected more frequently in diffuse type (7 of 44, 16%)
than intestinal type (2 of 38, 5%), although this did not
reach statistical significance. T-Ag expression was detected
in a similar percentage of EBV positive cancers (4 of 9,
44%) and EBV negative cancers (35 of 73, 48%). The
results for T-Ag protein expression and EBV infection
were summarized in a Figure 3.

MSI status

Following the NCI criteria, a total of 90 gastric cancers
was classified as follows: 14 (16%) MSI-H, 10 (11%)
MSI-L, and 66 (73%) MSS (Figure 4). T-Ag expression
was detected in a significantly lower percentage of MSI-H
cancers (14%) than in non MSI-H cancers (55%, P =
0.005). None of the MSI-H tumors were EBV positive.

Alterations of 3-catenin

Figure 5 shows representative results of immunohis-
tochemistry for [-catenin in gastric cancer tissues. In
normal gastric epithelium cells, B-catenin was moder-
ately stained in a membranous distribution (Figure 5A),
whereas fibroblasts, endothelial cells, and smooth muscle
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p53 n n n KRAS n BRAF PIK3CA n
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G524A (R175H) 3 G469T (V157F) 2 G733A (G2455) 2 G35A (G12D) 3 A3140G (H1047R) 3
C742T (R248W) 2 G743A (R248Q) 2 C817T (R273C) 2 G35T (G12V) 2 G1624A (E542K) 1
G818A (R273H) 2 C844T (R282W) 2 C200G (P67R) 1
G313T (G105C) 1 G422A (C141Y) 1 G461T (G154V) 1
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C574T (Q192X) 1 A578G (H193R) 1 G586T (R196X) 1
G587C (R196P) 1 A614G (Y205C) 1 C637T (R213X) 1
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Figure 3 Classification of 90 gastric cancer tissues based on T-Ag protein 150 175 200 225
expression and EBV infection. Base paris

cells were negative. Membranous, weak, cytoplasmic, and
accumulated pattern was observed in 36 (40%), 33 (37%),
11 (12%), and 10 (11%), respectively. Neither point mu-
tations nor interstitial deletions in exon 3 were detected
(data not shown). T-Ag expression was detected in a sig-
nificantly higher percentage of cancers with nuclear/cy-
toplasmic localization of B-catenin (15 of 21, 71%) than
in cancers without (42%, P = 0.018).

Mutations of the p53, KRAS, BRAF, PIK3CA genes in
gastric cancer tissues

53 mutations were detected in 40 (44%) of 90 gastric
cancer tissues. p53 mutations were detected in a signifi-
cantly lower percentage of T-Ag positive cancers (32%)
than in T-Ag negative cancers (57%, P = 0.018). p53 muta-
tions were detected in a significantly lower percentage of
MSI-H cancers (14%) than in MSI-L cancers (60%, P =
0.028) or in MSS cancers (48%, P = 0.021). KRAS muta-
tions were detected in only 5 (6%) of 90 gastric cancers.
BRAF mutations were not detected. PIK3CA mutations
were detected in 4 (4%) of 90 cancers. The exact muta-
tions and their frequencies were described in a Table 1.

LOH analysis

Overall, 62 (69%) of 90 cancers had at least 1 LOH, with
most frequent chromosomal losses observed on 17p
(43%), followed by 18q (33%), 10p (27%), 5q (24%), and
17q (12%) (Figure 6A and B). Of 62 cancers with LOH, 4

Figure 4 MSI analysis in gastric cancer tissues. MS| was analyzed by PCR
using the mononucleotide (BAT26 and BAT25) and dinucleotide markers (D25123,
D5S346, and D17S250). Results of matched normal (upper panel) and tumor (bottom
panel) samples (MSI-H) are shown. The arrows mean instability positive marker.
RFU: Relative fluorescent units.

(6%) were also MSI-H. The data were expressed in terms
of an allelic loss index (ALI), which reflects the number
of chromosomal losses per the number of chromosomal
loci showing heterozygosity but not MSI in each cancer
specimen. T-Ag positive gastric cancers showed a significant
increase in the ALI compared with T-Ag negative gastric
cancers (0.41 + 0.12 5 0.21 £ 0.09, P = 0.008).

Methylation analysis

The results were summarized based on each individual
marker (Figure 7A and B). The data were expressed in
terms of a methylation index (MI), which reflects the
number of abnormally methylated promoters per cancer
specimen within the subsets of cancers. T-Ag positive
gastric cancers showed a significant increase in the MI
compared with T-Ag negative gastric cancers (3.01 = 0.92
vs1.51 £ 0.71, P = 0.003).

DISCUSSION

In the current study, T-Ag protein expression was
positive in 44 (49%) of 90 gastric cancer tissues and it
was observed specifically in gastric cancer cells but not in
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Figure 5 Immunohisto-
chemistry for B-catenin in
gastric normal (A) and can-
cer (B-E) tissues. A: Moder-
ate membrane staining; B:
Membrane staining pattern
similar to that seen in normal
epithelium; C: Weak stain-
ing; D: Diffuse staining in the
cytoplasm and membrane; E:
Strong staining of the nucleus
and cytoplasm (Original mag-
nification, x 200).
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Figure 6 LOH analysis in gastric cancer tissues. A: A representative example of a tumor with allelic loss in 521 (D5S505) is shown. The upper and bottom panels
show the intensity plots of both the normal and tumor lane, respectively, demonstrating reduced relative intensity of allele one in the tumor sample (arrow) compared
to the corresponding normal sample; B: LOH frequencies based on each individual marker.
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Figure 7 MethyLight analysis in gastric cancer tissues. A: Results of the
CRABP1 gene are shown. Bisulfite-converted DNA was used for quantitative
methylation-specific PCR. The amount of hypermethylated DNA was
determined by reading the midpoint of the linear portion of the S-shaped real-
time curves, called the Ct point or threshold cycle. The Ct refers to the number
of cycles it takes a sample to reach a specific fluorescence threshold; B: DNA
methylation frequencies based on each individual marker.

the adjacent normal gastric epithelial cells or stromal cells.
Previous study has also shown that T-Ag protein expression
was found in 9 (39%) of 23 gastric cancers, whereas no
expression was observed in any of the non-cancer tissues'”.
These results suggest an active role for this oncogenic
protein in gastric carcinogenesism.

The frequencies of EBV infection (11%) and MSI-H
(16%) in this study were almost consistent with those re-
ported in previous studies™”*”. None of the MSI-H can-
cers were EBV positive. A mutually negative association
between EBV and MSI has been reported in gastric can-
cers™., T-Ag was detected in a significantly lower percent-
age of MSI-H cancers (14%) than in non MSI-H cancers
(55%). In contrast, T-Ag expression was present in similar
frequencies in MSI-H and (8/15, 53%) and MSS/MSI-L
(35/85, 41%) colorectal cancers"”. From the view point
of MSI, these results suggest a differential role of T-Ag in
gastric and colorectal carcinogenesis.

T-Ag expression was detected in a significantly higher
percentage of cancers with nuclear/cytoplasmic localiza-
tion of B-catenin than in cancers without. T-Ag interacts
with fB-catenin, leading to its stabilization and resultant
dysregulation of the WNT-signaling pathway in gastroin-
testinal cancers'”. Neither point mutations nor interstitial
deletions in exon 3 were detected. Although not analyzed
in this study, the frequency of APC mutations is relatively
low in gastric cancers. Therefore, T-Ag may play an impor-
tant role in the stabilization of [3-catenin in gastric cancers.

p53 mutation was detected in a significantly lower

percentage of T-Ag positive cancers (32%) than in T-Ag
negative cancers (57%). T-Ag can bind and inactivate
p53“2j, resulting in disruption of chromosomal integrity
and cell cycle checkpoints. Therefore, T-Ag expression
may eliminate the selective pressure for p53 mutations in
a subset of gastric cancets.

A significant association was observed between T-Ag
expression and allelic losses, being consistent with that
in colorectal cancers". It has been previously reported
that the introduction of JCV into a diploid cell line leads
to the rapid induction of CIN®. JCV can also induce
CIN in a diploid colon cancer cell line RKO, which has
wild-type APC, p53, and S-catenin genesm. These results
suggest that T-Ag play a role in genomic damage during
gastric carcinogenesis.

Significant association was also observed between T-Ag
expression and aberrant methylation, being consistent with
that in colorectal cancers™. A significant correlation has
been found between EBV and methylation of multiple
genes in gastric cancers™'®'"”. These results suggest that JCV
T-Ag and EBV play a similar role, at least in part, during
gastric carcinogenesis.

Taken together, our results suggest that JCV T-Ag is
involved in gastric cancers through multiple mechanisms
of genetic and epigenetic alterations”". Further analysis
is required to determine whether there is a plausible
molecular mechanism by which JCV can induce genetic
and epigenetic alterations in gastric carcinogenesis.
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about the significance of JC virus (JCV) T-antigen (T-Ag) expression in gastric
cancers. In this study, the authors demonstrate that JCV T-Ag plays a key role
in gastric carcinogenesis.

Innovations and breakthroughs
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