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Abstract. Background: Polyomaviruses (PyVs) are potential
transforming viruses. Despite their involvement in human
tumours still being debated, there is evidence to suggest a
role for PyVs in bladder carcinoma (BC). Therefore, a
possible association between PyVs and BC was investigated.
Materials and Methods: Urine, blood and fresh bladder tissue
specimens were collected from 29 patients with BC. PyV
prevalence, non-coding control region (NCCR) organization
and genotypic analysis were assessed. Results: Data showed
a significant prevalence of John Cunningham (JC) PyV in BC
tissues and in urine with respect to BKPyV, while simian virus
40 was not revealed. A BKPyV rearranged NCCR sequence
was isolated, whereas a JCPyV archetypal structure was
consistently retained. A prevalence of European genotypes
was observed. Conclusion: Our data would suggest a JCPyV
involvement in cancer progression and a BKPyV association
with BC pathogenesis in immunocompetent patients.
However, further work is necessary to better understand the
exact role of PyVs in urothelial carcinogenesis.

During recent years, the potential role of the three
polyomaviruses (PyVs) detected in human cancers, namely
BKPyV, John Cunningham (JC) PyV and simian virus 40
(SV40), has been emphasized. Although evidence implicating
PyVs in a variety of human tumours, including brain,
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pancreas, lung, liver, colon and urinary tract cancer, have
been described over the years, there is no conclusive proof
that either of these PyVs directly causes or acts as a co-factor
in human cancer (1-3). The polyomavirus genome is a
double-stranded circular DNA molecule of approximately 5
kb, functionally divided into an early region, which codes for
the T antigens (large T and small t); a late region coding for
the late proteins (agno and capsid proteins); and a non-coding
control region (NCCR, also called regulatory region), which
contains several cis-acting sequences important for viral DNA
replication (promoter/enhancer elements, binding sites for T
antigens, origin of replication) and the binding sites for
cellular transcription factors (4). The NCCR of the proposed
archetypal BKPyV strain WW has been arbitrarily divided
into five transcriptional factor binding sequence blocks, called
O (35 bp), P (68 bp), Q (39 bp), R (63 bp), and S (63 bp) (5),
whereas the NCCR of the archetype CY, the naturally-
occurring JCPyV variant shed in urine of healthy patients, is
divided into six regions named box A (36 bp), B (23 bp), C
(55 bp), D (66 bp), E (18 bp) and F (69 bp) (6). Different
BKPyV and JCPyV strains display a marked heterogeneity in
their NCCRs due to point mutations, deletions, duplications,
and rearrangements in this region. These rearrangements may
play a key role in viral replication, allowing the virus to adapt
to ongoing changes within the host cell environment, by
increasing or reducing the number or the affinities of host
transcription factor binding sites (7, 8). Similarly to BKPyV
and JCPyV, SV40 possesses variations in the structure of its
regulatory region and shares with these closest relative
viruses the lowest similarity in the sequences of this region.
In fact, the SV40 ‘archetypal’ regulatory region can be
divided into the Ori, the G+C-rich domain, containing Sp1-
binding sites and comprising part of the early promoter
(referred to as the 21-bp repeat region), the enhancer area
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containing a segment referred to as the 72-bp element, and a
region containing the late promoter/initiator (9).

BKPyV and JCPyV usually infect the human population
during early childhood. After primary infection, which is usually
unapparent, both viruses persist in a latent form in the kidney
and possibly in the bone marrow, the hematopoietic system, the
leukocytes and the central nervous system (CNS). Conditions of
severe immunosuppression may lead to the reactivation of these
viruses. JCPyV is the aetiological agent of progressive multifocal
leukoencephalopathy (PML), a fatal CNS demyelinating disease,
whereas BKPyV causes nephropathy and haemorragic cystitis in
kidney or bone marrow transplants (10, 11). Conversely, SV40
is a monkey virus that was introduced into the human population
through contaminated poliovirus vaccine in the late 1950s;
nevertheless, it has been recently associated with certain human
tumours such as brain and bone cancer, mesotheliomas and non-
Hodgkin’s lymphoma (3).

In 2015, an estimated 74,000 new diagnoses of bladder
cancer (BC) were expected to occur in the United States, with
approximately 16,000 deaths, 72% of which will be in men.
BC incidence is about four times higher in men than in
women and almost twice as high in White men than in Black
men (12). Urothelial carcinoma, the most common BC type,
is the fourth most common cancer in men and the twelfth
most common in women in US and results in significant
morbidity and mortality. Meanwhile, an estimated 26,000
new diagnoses of BC were expected to occur in Italy in 2015.
A total of 5,727 deaths from BC occurred in 2012, 80% of
which in men. In Italy, BC represents 4% of total cancer
deaths, 5% among men, and 2% among women (13).

Despite the relatively low incidence of bladder carcinoma
compared to other cancer types, the high local recurrence rate
requires regular medical examination associated with a
significant impact on healthcare resources and the patient’s
quality of life. Smoking is the most well-established risk factor
for BC being approximately 4-fold higher among smokers than
non-smokers. Moreover, about half of all BC in both men and
women are attributed to smoking. Risk is also increased among
workers in the dye, rubber, leather, and aluminium industries,
painters, people who live in communities with high levels of
arsenic in the drinking water or in areas with a high prevalence
of Schistosoma haematobium infection (a parasite encountered
in Asia, Africa and South America) and people with certain
birth bladder defects (12, 14). Recently, viral infections have
also been associated with this pathology. BC has been observed
in SV40 T antigen (TAg) transgenic mice (15, 16). Geetha and
colleagues found a strong BKV DNA detection in neoplastic
tissue but not in the surrounding non-dysplastic urothelium
(17), whereas Weinreb et al. demonstrated a strong association
between a prior PyV infection and the subsequent diagnosis of
bladder carcinoma (18). The high percentage of BKPyV and
JCPyV detection found by Fioriti et al. shows that PyVs may
be an important co-factor in BC pathogenesis (14). Despite
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several reports suggesting PyV involvement in BC aetiology,
a prospective sero-epidemiological study in individuals with
malignant lesions of the genitourinary tract did not support a
clear relationship between BKPyV infection and this type of
cancer (19).

Therefore, taking into account these assumptions, the aim
of this study was to evaluate the correlation between PyVs
and BC and their possible role in the pathogenesis of this
tumour. Moreover, the analysis of the genomic sequences of
the PyV hypervariable NCCR region was performed in order
to determine what type of NCCR configuration was mainly
associated with a normal and cancerous bladder cellular
environment.

Materials and Methods

Study population. Bladder tissue specimens, blood and urine samples
were obtained from 29 immunocompetent patients (mean age=67.6+9.5
years, range=56-87 years) with bladder hyperplasia and carcinoma
attending the Department of Obstretics, Gynecology and Urological
Sciences of the Umberto I General Hospital (Rome, Italy) between
December 2012 and April 2014. When biopsies were performed, both
the neoplastic and the adjacent non-neoplastic tissue were considered.
Participants gave their written informed consent to the study.

Clinical specimen collection and processing. Standard laboratory
procedures for sterile DNA extraction and polymerase chain reaction
(PCR) were practiced for all specimens, including the use of ultra-
pure, ultraviolet (UV)-irradiated and autoclaved water, autoclaving
of all tubes and equipment, tissue processing under a laminar flow,
UV irradiated hood, the use of filter-barrier pipette tips, etc.

Fresh urine specimens, collected without preservatives, were
centrifuged at 1,376 x g for 10 min at 4°C. DNA for molecular
analysis was extracted from the pellet of each specimen using the
QIAamp® DNA Mini Kit (QIAGEN S.p.A, Milan, Italy) according
to the manufacturer’s instructions.

Blood samples were collected in 7-ml Vacuntainer® tubes
containing EDTA (BD Becton Dickinson, S.p.A, Milan, Italy) and
centrifuged at 1,376 x g for 10 min. DNA was extracted from 200
ul of plasma by DNeasy® Blood & Tissue Kit (QIAGEN S.p.A)
following manufacturer’s instructions.

Small pieces of fresh normal and cancerous bladder tissue
specimens were processed for DNA extraction using QlAamp® DNA
Mini Kit (QIAGEN S.p.A) and the recommended tissue protocol. All
extracted DNA samples were stored at —20°C until use.

Histological and cytological examinations. Bladder transurethral
resection was used to collect samples for histological examination.
Specimens were formalin fixed and paraffin embedded; serial 5-um
microtome sections were stained with haematoxylin-eosin and examined
under light microscopy. The tumours were classified according to the
World Health Organization diagnostic criteria and staged according to
the 2010 American Joint Committee on Cancer consensus guidelines
(20-22). Urinary samples were stained with Papanicolaou method and
analysed for the presence of cytological abnormalities.

Real-time TagMan PCR (Q-PCR). Total DNA extracted from each
sample was tested for human PyV genome detection and quantification



Anzivino et al: Possible Implication of PyVs in Bladder Cancer Pathogenesis

using the BKPyV Q-PCR Alert Kit and the JCPyV Q-PCR Alert Kit
(ELITechGroup S.p.A, Trezzano S/N, Milan, Italy). These two
commercial kits are specific for both a region of the gene that encodes
BKPyV and JCPyV TAg and for the promoter region and 5’
untranslated region (5’ UTR) of the human beta globin (-globin) gene.
f-globin gene was amplified simultaneously with the target sequence
to verify successful DNA isolation and exclude false-negative results.
Conversely, primers and probes were designed to detect sequences in
the conserved N-terminal region of the SV40 TAg gene (23). A real-
time PCR for B-actin gene was performed to control for the suitability
of DNA samples tested for SV40 following the manufacturer’s
instructions (Applied Biosystems, Foster City, CA, USA).

All three quantitative assays, based on TagMan-MGB® (Minor
Groove Binder) technology, were performed using a 7300 Real-Time
PCR System and SDS 1.4 software to analyze the amplification data
(Applied Biosystems).

All samples were tested in triplicate and the number of viral
copies in each sample was calculated from a standard curve. The
standard curve for quantification of human PyVs was obtained using
four stabilized serial dilutions at known titer of a plasmid containing
part of the BKPyV and JCPyV TAg (range: 102-105 plasmid copies).
Conversely, the standard curve for SV40 quantification was
constructed using serial dilutions (ranging from 102-105 copies) of a
plasmid containing the whole genome of SV40-B2E. Standard
precautions designed to prevent contamination during Q-PCR were
followed and a negative control with the reaction mixture without a
DNA template was included in each run. The lower detection limit
for the assays was 10 DNA copies of the target gene per
amplification reaction, corresponding to 10 genome equivalents per
reaction (10 gEq/reaction).

Data are expressed as genome equivalents of viral DNA (gEq)/ml
of urine and plasma samples and as genome equivalents (gEq)/mg
of DNA isolated from tissues.

PCR for NCCR and VPI1 gene typing region. All samples resulted
positive for viral DNA were subsequently screened for the NCCR of
human BKPyV and JCPyV by nested-PCR using specific sets of
primers (24, 25), whereas a single PCR amplification was used to
analyze the SV40 NCCR sequences (26) by means of a 9700
GeneAmp® PCR System (AB Applied Biosystems). In order to define
the viral genotype of the isolated BKPyV and JCPyV strains, a PCR
amplifying the VP1 typing region of both viruses was carried out with
specific primers for these regions (27-29). All assays included
positive (previously amplifiable DNA) and negative (pure water as
template) controls to exclude false-positive and false-negative results.
PCR products were detected by electrophoresis on a GelRed™
(Biotium)-stained 2% agarose gel and visualized under UV light.

Sequencing of NCCR and VPI regions. PCR products corresponding
to the NCCR and VPI regions were purified with QIAquick® PCR
purification kit, according to QIAGEN protocol (30). DNA sequencing
was performed using a dedicated facility (Bio-Fab research s.r.l.,
Rome, Italy). All NCCR sequences were compared to the BKPyV
prototypic sequence (31) and to the JCPyV archetype strain CY (32),
in order to investigate the presence of possible rearrangements within
these regions. SV40 sequence homology searches, instead, were
performed using the Basic Local Alignment Search Tool (BLAST) at
the National Center for Biotechnology Information (NCBI) website.
Conversely, sequences obtained from amplification of the VP1 gene
typing region of both viruses were analysed on the basis of single

nucleotide polymorphisms (SNPs) used to classify the BKPyV
subtypes/subgroups (33) and the JCPyV genotypes/subtypes (34).
Sequence alignments were performed with ClustalW?2 at the European
Molecular Biology Laboratory—European Bioinformatics Institute
(EMBL-EBI) website using default parameters (35).

Cloning and sequencing. PCR amplicons corresponding to the exact
size of human PyV NCCR, were cloned into a pPGEM-T Easy Vector
(Promega Corporation, Madison, WI, USA). Plasmid DNA was
purified from up to 25 clones of amplicons using the Wizard® Plus
SV mini-preps DNA purification system (Promega Corporation),
visualized in 1% agarose gel electrophoresis and sequenced (BioFab
research s.r.l.). Homology between amplicons cloned and the human
PyV archetypal NCCR sequences (31, 32) was searched by
ClustalW2 at the EMBL-EBI website (35).

Statistical analysis. Data are summarized as medians and ranges or
as mean, as appropriate. If a Z test indicated a non-normal
distribution, we used non-parametric test such as Mann—Whitney U-
tests and Kruskal-Wallis tests. Categorical data were analysed by
using x2 test and Student’s t-test. p-Values less than 0.05 were
considered statistically significant.

Results

PyV detection in biological specimens. This study was
conducted on 29 patients with BC from whom we collected 58
fresh bladder specimens (29 benign and 29 cancerous tissue
samples) at surgery and 29 urine samples. The histological
examination showed high-grade urothelial carcinoma in 31%
of patients, low-grade urothelial carcinoma in 58.6% and
bladder hyperplasia in 10.3% of patients (Table I).

Q-PCR assays did not reveal the presence of SV40 DNA
sequences in any of the recruited patients. Regarding human
PyV DNA detection in urine sample, JCPyV was found in
88.9% of patients with high-grade urothelial carcinoma, in
76.5% with low-grade urothelial carcinoma, and in 66.7% of
patients with bladder hyperplasia. Conversely, BK viruria was
detected only in 17.6% of patients with bladder hyperplasia.
Concerning blood samples, JCPyV DNA was detected in the
plasma sample of one patient (5.9%) with low-grade
urothelial carcinoma. Similarly, BK viremia was found in
another patient with low-grade urothelial carcinoma (5.9%)
(Table I). Considering bladder specimens, JCPyV was
detected in 55.6% of patients with high-grade urothelial
carcinoma and in 29.4% of patients with low-grade urothelial
carcinoma. BKPyV DNA was detected only in 29.4% of
patients with low-grade urothelial carcinoma. No viral DNA
was found in hyperplastic tissue. Finally, JCPyV DNA was
found in 17.2% of benign bladder tissue specimens, whereas
BKPyV genome was not detected (Table I).

Statistical analysis of these data highlighted that there was
no statistically significant difference between BKPyV and
JCPyV loads detected in low-grade urothelial carcinoma
tissues (p=0.245) nor in urine belonging to the same class of
patients with BC (p=0.382) (Table I). Conversely, the
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Table 1. Summary of polyomavirus (PyV) detection and characteristics in all clinical specimens provided.

No. of  Bladder tissue PyV$ Bladder p-Value PyV NCCR Plasma PyV NCCR Urine p-Value PyV NCCR
patients type tissue in biopsy in plasma in urine
9 Neoplastic: ~ JCPyV +/—,n 5/4 Archetype 0/9 - 8/1 Archetype
high-grade Median 349 - 7.57
load (range) (1.97-5.36) (3.25-10.44)
BKPyV +/—,n 0/9 - 0/9 - 0/9 -
Median - - -
load (range)
17 Neoplastic: ~ JCPyV +/—,n 5/12 0.245  Archetype 1/16  Archetype 13/4 0.382  Archetype
low-grade Median 341 3.67 6.33
load (range)  (1.5-4.85) (4.82-7.99)
BKPyV +/—,n 2/15 1 Prototype, 1/16  Prototype 3/14 Prototype
1 prototype-like
Median 223 291 5.33
load (range) (1.17-3.29) (3.54-7.15)
3 Hyperplasia JCPyV +/—,n 0/3 - 0/3 - 2/1 Archetype
Median - - 32
load (range) (2.9-3.5)
BKPyV +/—,n 0/3 - 0/3 - 0/3 -
Median - - -
load (range)
29 Normal JCPyV +/—,n 5/24 Archetype
Median 1.7
load (range) (1.6-1.8)
BKPyV +/—,n 0/29 -
Median -
p-Value load (range) 0.046 0.049

JCPyV: John Cunningham polyomavirus; BKPyV: BK polyomavirus; NCCR: non-coding control region.*By Mann—Whitney U-test; p<0.05 was
considered statistically significant. SBKPyV and JCPyV loads are expressed as median (range) of log10 genome equivalent (gEq)/ml in urine and
in plasma and as median (range) of logl0 genome equivalent (gEq)/mg in tissues.

comparison between JCPyV load in patients with neoplastic
and benign bladder tissues was statistically significant
(p=0.046) (Figure 1A). A statistically significant difference
was also obtained comparing the JCPyV load found in urine
specimens of patients with high- and low-grade urothelial
carcinoma and bladder hyperplasia (p=0.049) (Figure 1B).

Finally, categorizing the results according to the number of
patients and type of virus, JCPyV was detected in 79.3% (23
out of 29) of the individuals and BKPyV in 10.3% (3 out of
29). In two patients, both human PyVs were detected,
whereas five patients were negative for both PyVs. Therefore,
JCPyV seems to be more common than BKPyV in the cohort
of patients enrolled in this study.

Sequencing analysis of human PyV NCCR region. All
specimens positive for viral DNA were further analyzed for
the presence of rearrangements within the NCCR region of
both PyVs. The NCCR sequences amplified by each BKPyV-
positive clinical sample were compared to the prototypic
NCCR sequence defined by Yogo et al. (31), which spans
from the midpoint of the origin of replication and the start
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site of the agnoprotein gene. Specifically, the 268 nucleotides
of the prototypic NCCR sequence were arbitrarily divided
into five blocks (O, P, Q, R, and S) with lengths of 35, 68,
39, 63, and 63 nucleotides, respectively, in order to more
easily describe the major rearrangements within this region.

Homology sequence analysis evidenced that the BKPyV
NCCR sequences isolated from the urine of two patients were
identical to the prototypic NCCR, consisting of a single
complete copy of the five blocks arranged in the correct
order, with the occurrence of a few point mutations at
nucleotide positions 4 within R-block and 18 within S-block,
and a single thymidine nucleotide deletion at nucleotide
position 50 within S block. These point-mutations did not
involve any cellular transcriptional factor binding sites,
except for the single-nucleotide deletion at position 50 within
the S block involving the estrogen response element (ERE)
(Figure 2, isolate A). One of these two patients exhibited a
rearranged NCCR structure in the malignant tissue, consisting
of a whole R block deletion and of a single complete copy of
the remaining P, Q and S blocks arranged in the correct order
(Figure 1). This rearranged sequence was similar to the DDP
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Figure 1. John Cunningham polyomavirus (JCPyV) load values found in cancerous and benign bladder tissue and in urine specimens of patients
with bladder carcinoma (BC). A statistically significant difference was obtained comparing the JCV loads detected (A) in patients with neoplastic
and benign bladder tissues (p=0.046) and (B) in urine specimens of patients with high- (HGBC) and low-grade (LGBC) urothelial carcinoma and
bladder hyperplasia (p=0.049). NB: Normal bladder; HG-U: urine from patients with HGBC; LG-U: urine from patients with LGBC; BH-U: urine

from patients with bladder hyperplasia.

strain of BKPyV isolated from peripheral blood mononuclear
cells by Degener et al. (36), and it was also characterized by
the same nucleotide changes within the R and S blocks found
in isolate A (Figure 2, isolate B). Finally, for the three
remaining sequences, obtained from the malignant tissue,
plasma and urine samples of a single patient, a prototypic
NCCR consisting of a single complete copy of the P, Q, R
and S blocks organized in the correct order was isolated.
However, all these sequences were characterized by various
nucleotide substitutions at nucleotide positions 55 in the P
block, 7 and 41 in the R block, 24 in the S block and by the
deletion of a single adenine nucleotide at nucleotide position
58 within P block. The nucleotide substitutions at position 55
in the P block and 41 in the R block involved the binding
sites for the cellular factors p53 and nuclear factor 1 (NF1),
respectively, whereas the adenine deletion at position 58
within the P block involved the binding sites for the
transcriptional factor c-myc (Figure 2, isolate C).
Concerning JCPyV, the structure of its NCCR allows the
virus to be classified into two forms: the non-pathogenic
archetype CY and the pathogenic Mad-1 variants. As
mentioned above, the NCCR of the archetype CY is divided
into six regions named box A (36 bp), B (23 bp), C (55 bp),
D (66 bp), E (18 bp) and F (69 bp) (6). In contrast, the NCCR
of the Mad-1 strain contains a 98-bp tandem repeats of boxes
A, C and E, with the deletion of boxes B and D (37). The

sequence analysis of the JCPyV NCCR performed on positive
urine and bioptical tissue specimens always showed the
presence of archetypal structures with a few single-nucleotide
substitutions (G95C, GI108A, A133C and G217A). In
particular, the nucleotide variations G108A and A133C did
not involve any cellular transcriptional factor binding sites,
whereas the nucleotide substitutions G95C and G217A
involved the binding sites for the transactivation response
element (TAR) and NF1, respectively (Figure 3).

PCR and sequencing analysis of human PyV VPI region. An
additional specific PCR was undertaken to detect the presence
of VPI region in all BKPyV- and JCPyV-positive samples.
Regarding BKPyV, the 327 bp VPI gene sequence was
amplified in three urine, one plasma and two low-grade
urothelial carcinoma samples. The amplified PCR products
were then sequenced in order to classify each BKPyV strain
into the corresponding subtype/subgroup, analysing the SNPs
within the amplified VPI region and aligning our 327 bp
typing isolates with the consensus sequences generated for
each BKPyV subtype/subgroup (33). Based on the SNPs and
on the consensus sequences, subtype I/subgroup b-2 was
detected in two out of three urine samples (66.7%) and in one
out of two bioptical samples (50%), while subtype II was
detected in urine, in plasma and in bioptical specimens
belonged to the same patient.
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Figure 2. Alignment of BK polyomavirus non-coding control region (BKPyV NCCR) isolates from different clinical specimens of patients with bladder
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sequence. The O-block, containing the origin of replication, was omitted.

The SNPs and the consensus sequence generated from the
alignment of 32 complete JCPyV genomes (34), were used to
determine the JCPyV genotype of our positive samples. In
particular, among the 29 enrolled patients, a prevalence of the
European genotypes 1A, 1B and 4 was observed, followed by
the African genotype 3A. In particular, genotypes 1A and 1B
were found in six (20.7%) and in 10 (34.5%) individuals,
respectively, whereas type 4 was identified in two patients
(6.9%). Finally, five patients (17.2%) carried the African
genotype 3A.

Discussion
The potential oncogenicity of PyVs in both animal and in vitro
models has been now thoroughly documented. The three PyVs

detected in humans (BKPyV, JCPyV and SV40) exhibit
oncogenic properties via the TAg, which can bind and block
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the tumor-suppressor proteins p53 and pRb (38, 39). The
profound PyV-induced effects on cell activation and on the
cell cycle, i.e. the shift to proliferation and inhibition of
apoptosis, in the context of marked immunosuppression,
constitute a potentially ideal background for malignant
transformation. However, no study has provided unambiguous
evidence of a statistical or temporal link between PyV
infection and subsequent cancer onset. Nevertheless, several
lines of evidence have suggested a significant role of PyVs,
mainly of BKPyV, in the development of urothelial carcinoma.
After primary infection, both BKPyV and JCPyV remain
latent lifelong in the epithelium of the urinary tract (40). Two
reports showed that the urothelium-specific expression of
polyomavirus SV40 TAg in transgenic mice produced tumors
strongly resembling human carcinoma in situ of the bladder
(15, 16). Using PCR technology, two independent Italian
studies reported that a high percentage of BKPyV sequences
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Figure 3. Alignment of John Cunningham polyomavirus non-coding control region (JCPyV NCCR) isolates from different clinical specimens of
patients with bladder cancer the archetypal NCCR sequence. The NCCR sequence of the archetypal JCPyV strain CY, as proposed by Yogo et al.
(32) is shown at the top of the figure and the consensus sequences of the NCCR showing variations isolated from malignant (high- and low-grade)
bladder tissues (CPT and NPT, respectively) and urine specimens, with related genotype, are shown below. The four nucleotide changes (G95C,
GI108A, A133C and G217A), identified by comparing with CY isolate, are indicated by bold highlighted letters. The JCPyV NCCR isolated from
specimens of the other patients always showed an archetypal CY-like structural organization and the nucleotide substitution G217A in those patients
with a JCPyV European genotype (data not shown). The six boxes commonly used to divide the archetypal NCCR (6) are indicated under the NCCR
sequences, while proven and putative binding sites for transcriptional factors are illustrated above the CY NCCR sequence. U: Urine; HGBC: high-
grade urothelial bladder carcinoma; LGBC': low-grade urothelial bladder carcinoma.

detected was significantly associated with urinary bladder
carcinoma (14, 41). Furthermore, a statistically significant
association between urine cytological evidence of PyV
infection (decoy cells) and BC was also demonstrated in
immunocompetent patients (18). Despite this experimental and
epidemiological evidence, clinical cases of PyV-associated
urological malignancies are rare and presented mainly as
isolated case reports, mostly in transplant recipients or rarely
in immunocompetent patients (17, 42-52).

The intriguing hypothesis that BKPyV might contribute to
bladder carcinogenesis was not supported by the results of
this study. In fact, the percentage of BKPyV DNA-positive

cancerous bladder tissues (7.7%, 2/17) was found to be lower
than those reported by two previous molecular studies, where
BKYV genome was found in 55% (14/32) and in 58% (15/26)
of urinary bladder carcinoma cases, mainly in papillar
urothelial carcinomas (14, 41). Similarly to these two reports,
we detected BKPyV sequences in the same tumour histotype.
Nevertheless, our percentage of BKPyV detection (7.7%) is
similar to that reported in a tissue-based study by Rollison
and colleagues (45), who detected BKPyV DNA by PCR in
only 5.5% (4/76) of urothelial carcinomas. Moreover, both
our patients with BKPyV-positive cancerous bladder tissues
exhibited viruria and one also viremia.
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Since there are no known differences in the population
prevalence of BKPyV infection, methodological differences in
laboratory procedures most likely account for the wide range
of BKPyV DNA prevalence reported in bladder tumour tissues.

Despite the high structural homology between BKPyV and
JCPyV, the latency site in the genitourinary tract and their
potential oncogenicity, only one study, to our knowledge, has
investigated the relationship between JCPyV and BC (14).
Therefore, we extended this study to investigate a possible
causative role of this virus in BC development. Our results
showed the presence of JCPyV DNA in 38.5% (10/26) of
cancerous bladder tissue samples, with the highest positivity
detected in high-grade carcinoma (55.6% vs. 29.4% of low-
grade), whereas in benign bladder tissue, JCPyV was found in
17.2% (5/29) of patients. These data are consistent with those
reported by Fioriti e al. in 2003, who detected JCPyV DNA
in 25% (6/32) of urinary bladder carcinoma cases (14), with
the same percentage of infection in both high- and low-grade
urothelial carcinoma (50%). Moreover, Fioriti et al. reported
co-infection with BKPyV and JCPyV in 72% (9/13) of
infected bladder carcinoma specimens, whereas in the current
study, only one patient showed a co-infection of BKPyV with
JCPyV in the infected neoplastic tissues (1/12: 8.3%).

The comparison between the JCPyV loads detected in
neoplastic (high- and low-grade) and benign bladder tissues
was statistically significantly different (p=0.046) (Figure 1A),
whereas there was no a statistically significant difference
between BKPyV and JCPyV loads detected in low-grade
urothelial carcinoma tissues (p=0.245).

Regarding JCPyV DNA detection in circulatory and
urinary compartments, JC viremia was detected in only one
patient with low-grade urothelial carcinoma. By contrast, JC
viruria was found in 88.9% (8/9) and in 76.5% (13/17) of
patients with high- and low-grade urinary bladder cancer,
respectively, and in 66.7% (2/3) of bladder hyperplasia.
Furthermore, a statistically significant difference in the rate
of urinary JCPyV excretion among these patients was
observed (p=0.049) (Figure 1B). Conversely, no significant
difference between BKPyV and JCPyV loads was detected in
the urine samples belonging to the low-grade carcinoma class
(p=0.382). In particular, two individuals with low-grade
carcinoma showed simultaneous urinary excretion of both
viruses. Therefore, JCPyV reactivation from latency is by far
more frequent than BKPyV in the cohort of patients enrolled
in this study. This finding is not surprising since Kitamura
and colleagues reported a high incidence of urinary JCPyV
excretion in older immunocompetent patients (53).

The purpose of the histological examination of the bladder
tissue specimens was to assess whether a specific BKPyV and
JCPyV NCCR configuration may be associated with a normal
or cancerous cellular environment. The NCCR of both human
PyVs contains several cis-acting sequences crucial for viral
DNA replication (promoter/enhancer elements, binding sites
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for T antigens, origin of replication) and the binding sites for
cellular transcription factors (4). The main BKPyV and
JCPyV NCCR characteristic is its being a highly variable
region which may undergo sequence rearrangements yielding
viral variants that could up-modulate viral expression in a
specific anatomical site or acquire new tissue tropism and
greater pathogenic potential (7). Monini and colleagues
reported the detection of BKPyV sequences by PCR and
Southern blotting in normal as well as malignant tissues from
bladder, prostate and kidney, with a prevalence ranging from
50 to 83% (41). The sequence analysis of these BKPyV
NCCRs showed that these tissues were infected by a novel
BKPyV strain, UROL1. This strain, mainly prevalent in the
italian population, is characterized by NCCR rearrangements
that may affect viral DNA replication. However, it remains to
be determined whether the mutations in UROI1 affect
replication or transformation (1). Recently, Mischitelli and
colleagues rearranged BKPyV variants,
characterized by enhancement of the binding sites for c-myc

found two
and p53, in cancerous prostatic tissues of two patients
affected by advanced prostate cancer (54). Moreover,
Anzivino et al. isolated a BKPyV DDP-like NCCR sequence
from the benign prostatic tissue of one patient with Gleason
7 prostate cancer (7).

In this study, a prototypic and a DDP-like NCCR sequence
were isolated from the neoplastic (low-grade) bladder tissue
of two BKPyV-positive patients. This rearranged NCCR
differed from the prototypical one for a whole R-block
deletion and for a perfectly conserved single copy of the
remaining O, P, Q and S blocks arranged in the correct order
(Figure 2). The simultaneous presence of a rearranged NCCR
sequence in low-grade cancerous tissue and of a prototypical
structural organization of this region in the excreted virus
could likely be explained by the occurrence of a NCCR
structural alteration during BKPyV persistence in the
urogenital tract. We might speculate that alterations in the
urinary bladder microenvironment allow the virus to actively
replicate and select for one or more viral strains or NCCR
variants able to transform the host tissue. Ongoing replication
of the virus might also lead to viral and cellular modifications
that could promote genomic instability upon which further
hits could occur, contributing to tumourigenesis or cancer
progression. This hypothesis is supported by Monini et al.,
who noticed that BKPyV DNA rearrangement occurred at an
early stage of neoplastic initiation or progression (41).
Moreover, our assumption might explain the finding of a
BKPyV rearranged NCCR in normal prostatic tissue by
Anzivino and colleagues (7). However, the possibility of ‘hit-
and-run’ carcinogenic mechanisms induced by BKPyV cannot
be excluded (55).

Interestingly, a BKPyV prototypic NCCR sequence was
isolated from a patient whose malignant bladder tissue was also
infected with JCPyV. The finding of a non-rearranged
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regulatory region could be explained assuming that cellular
environment created by neoplastic-cell proliferation, in
association with JCPyV infection, might cause favourable
conditions for BKPyV replication and its subsequent
rearrangement. Indeed, the BKPyV load detected in this
bioptical tissue (3.29 gEq/mg) was higher than that found in the
malignant tissue infected by the rearranged virus (1.17 gEq/mg)
(Table I).

Concerning JCPyV, the NCCR of the archetype CY is the
naturally occurring JCPyV variant shed in urine of
immunocompetent individuals, whereas that of the pathogenic
JCPyV Mad-1 strain is usually isolated from the brain or
cerebrospinal fluid of patients with PML (11). In addition, the
JCPyV Mad-1 strain has been described to be the only JCPyV
variant found in the human colon, and a variant lacking one
of the characteristic 98 bp repeats within the NCCR was only
found in cancer tissue, suggesting that Mad-1-like strain might
be implicated in development of chromosomal instability in
colonic epithelium (56, 57). The Mad-1 strain was also
detected in the prostate gland associated with the urinary tract
together with different NCCR sequences, suggesting that a
single prostate may be inhabited by more than one JCPyV
strain or NCCR variant (58). The archetype CY-like structural
organization of NCCR in cancerous and benign urinary
bladder tissues was found (Figure 3). This led us to speculate
that the non-pathogenic JCPyV CY strain might be selected
for replication and persistently infect the bladder urothelium.
Moreover this could explain the higher replication rate in the
urinary epithelium, with concomitant excretion of progeny
virions into the urine, observed in patients with high-grade BC
compared with individuals with low-grade BC and bladder
hyperplasia (p=0.046) (Figure 1A).

As JCPyV is a virus closely related to BKPyV, it could
also play a role in tumourigenesis or cancer progression of
infected urinary bladder cells. Since the viral archetypal form
was detected in high-grade urothelial bladder carcinoma,
JCPyV might be involved in cancer progression rather than
tumourigenesis. However, carcinogenic mechanisms induced
by JCPyV, as the ‘hit-and-run’ model proposed for BKPyV,
cannot be excluded.

The archetype CY-like NCCRs, isolated from JCPyV-
positive patients, showed four nucleotide changes (G95C,
G108A, AI33C and G217A) by comparing with the
archetypal JCPyV CY strain. All these changes corresponded
to known sequence polymorphisms (28, 59, 60). Moreover,
the nucleotide variations G108A and A133C did not involve
any cellular transcriptional factor binding site, whereas the
nucleotide substitutions G95C and G217A involved the
binding sites for TAR and NF1, respectively (Figure 3). In
particular, the 217-G to A nucleotide transition inside the box
F was isolated within the NCCR sequences of patients with
European genotypes. In fact, this point mutation seems to be
a common feature of the European strains and was also found

in European Americans (60). Indeed in our study, there was
a prevalence of the European genotypes 1A, 1B and 4,
followed by the East African genotype 3A. Similarly, the 133-
A to C nucleotide transversion inside box D and the
maintained nucleotide G at position 217, isolated from all
patients with African genotype 3A, seem to be a common
feature of the type 3 JCPyYV strain (59).

Finally, the molecular analysis of the BKPyV VPI coding
sequence between nucleotides 1744 and 1812 (amino acids
61 to 83) allows the definition of BKPyV genotypes and their
different distribution in human populations (27). In particular,
subtype I (further divided into four subgroups, each of which
has a unique geographical distribution pattern: I/a, I/b-1, I/b-
2 and I/c) is widespread throughout the world, subtype IV
(further divided into six subgroups with their own
geographical distribution pattern: IV/a-1, IV/a-2, IV/b-1,
IV/b-2,IV/c-1 and IV/c-2) is prevalent in East Asia and part
of Europe, while subtypes II and III are rarely detected
throughout the world (61). Furthermore, all BKPyV
subtypes/subgroups are defined by the presence of specific
nucleotide substitutions and deletions within the NCCR
sequence (31). We found the European subtype I/b-2 and the
subtype II. In fact, alignment of all NCCR sequences, isolated
from each BKPyV-positive clinical sample of our patients,
with the prototypic NCCR sequence proposed by Yogo and
colleagues (31) revealed that the point mutations detected in
these sequences, including the rearranged ones, were typical
of the consensus NCCR sequences identified for the BKPyV
subtype I/subgroup b-2 and subtype II.

In summary, our data support the hypothesis that alterations
in the local urinary bladder environment may be crucial for
promoting active PyV replication and consequently those
NCCR rearrangements able to transform the host tissue.
Moreover, human PyV infection could mechanistically
contribute to oncogenesis in the bladder of immunocompetent
patients, impeding activity of tumour-suppressors pRb and p53
and, therefore, leading to changes in cellular DNA. In
conclusion, our results would suggest an involvement of
JCPyV in cancer progression rather than in tumourigenesis in
immunocompetent patients, even though carcinogenic
mechanisms cannot be excluded. Concerning BKPyV,
although only one patient showed a rearranged NCCR in BC
tissue, this virus would seem mainly associated with the
pathogenesis of urinary BC in non-immunocompromised
conditions, supporting the experimental evidence and previous
reports. However, further work on a larger samples size will
be required to better understand the exact role of human PyVs
in urothelial carcinogenesis and to prove the exact molecular
steps of oncogenesis in this setting.
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