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A B S T R A C T

Introduction: BK polyomavirus is ubiquitous and remains dormant in the urothelial tract, reactivating and re-
plicating in the immunocompromised state especially in the setting of post-renal transplantation where it is
believed to be directly oncogenic based on recent reports. Its oncogenic role in the immunocompetent host is
controversial. This study aimed to investigate the association of BK polyomavirus in Urothelial Carcinoma.
Material and methods: Patients with suspected urothelial carcinoma (UC) admitted under Department of Urology
over a period of one year were recruited and transuretheral bladder tumor (TURBT) resection was performed,
along with sampling of cystoscopically normal-appearing urothelium away from the tumor. In addition, cy-
stectomy specimens with UC were included, with sampling of grossly normal-appearing urothelium away from
the tumor. Immunohistochemistry (IHC) for SV40 T-Antigen and chromogenic in situ hybridization (CISH) using
BK polyomavirus specific probe was performed on the paired samples (tumor and normal).
Results: Twenty-three TURBT and 14 cystectomy specimens were assessed. None of the cases showed evidence of
BK polyomavirus infection in tumor or in surrounding mucosa by IHC. CISH performed in ten cases were also
found to be negative. In comparison, one post-renal transplant urothelial carcinoma in our experience showed
diffuse SV40 staining.
Conclusions: This study suggests that BK polyomavirus infection is not associated with urothelial malignancy in
the immunocompetent setting unlike in the immunocompromised setting where it should always be investigated
for.

1. Introduction

BK polyomavirus (BKV) is a member of the polyoma subgroup of
papovaviruses and affects kidney, lung, liver, eye and brain causing
diseases which can be primary, latent and reactivated [1,2]. It causes
asymptomatic primary infection in 50–90% of general population
during early childhood where it remains dormant primarily in renal
tubular epithelial cells and urothelial cell layers [3]. Virus reactivation
occurs in 10% of immunocompetent individuals; however, replication is
effectively suppressed [4]. Recent studies have demonstrated that in
settings of immunosuppression, BK polyomavirus undergoes replication
and acts as a potential transforming virus [5,6]. Viral reactivation has
been described in one-third of renal transplant patients in the first three
months post-transplantation in the form of BKV viruria and/or BKV
viremia [6,7]. Significant BKV viremia (> 4 log copies/mL) is asso-
ciated with the development of polyomavirus nephropathy (PVN) in

approximately 40% of renal transplant recipients routinely detected by
immunohistochemistry for SV40 T-Antigen on the renal biopsy [6,7].
Increasing number of case reports have provided evidence that BKV is
linked to urothelial carcinoma (UC) occurring in solid organ transplant
recipients, particularly post-renal transplant [8-14]. These studies de-
monstrated that UC arising in the setting of renal transplant strongly
expressed SV40 T-Antigen, supporting the role of BKV in the etio-
pathogenesis [8-14]. However, its role in oncogenesis in im-
munocompetent individuals with genitourinary cancer is still con-
troversial and remains to be established. While a few initial studies
suggested that BKV plays a role in pathogenesis of bladder UC (Table 1)
[15-17], subsequent studies demonstrated that BKV DNA is present in
equal frequency in neoplastic as well as normal mucosa and did not
support the involvement of BKV in immunocompetent individuals
(Table 1) [18-20]. With this background, we aimed to investigate the
association of BKV with UC in immunocompetent patients.
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2. Materials and methods

A prospective study of one year duration was undertaken with
ethical clearance (No. F.8-148/A-148/2012/RS). All consecutive pa-
tients with suspected urothelial carcinoma (UC) admitted under the
Department of Urology were recruited. After obtaining patient consent,
transurethral resection of bladder tumor (TURBT) was performed, along
with sampling of cystoscopically normal appearing urothelium away
from the tumor. In addition, cystectomy samples with UC were in-
cluded, with sampling of grossly normal appearing urothelium away
from the tumor. For the purpose of this study immunocompetent hosts
were defined as those with no significant history of diabetes, major
illness including retroviral, chemotherapy, radiotherapy or recipients of
transplant. We also included a single case of pelvic UC arising in re-
dundant graft of the recipient of a second kidney (previously published)
for comparison [8]. The patient underwent redundant graft ne-
phrectomy after a course of chemotherapy.

2.1. Histological assessment

On routine hematoxylin and eosin (H&E) stained sections, the tumor
were evaluated by two pathologists and graded based on the 2016
WHO/ISUP classification of UC. Presence or absence of lamina propria
and muscle invasion was noted. Sections from the cystoscopically
normal appearing urothelium were assessed for presence of dysplasia
and cystitis.

2.2. Immunohistochemistry for BKV

Five-micron-thick sections cut from formalin-fixed, paraffin-em-
bedded (FFPE) tissue blocks were immunolabeled with SV40-T Antigen
(1:50, clone MRQ-4, Cell Marque, Sigma Aldrich, USA) in all cases
along with paired normal mucosa samples, as described previously
[17]. In brief, sections were deparaffinized and rehydrated in des-
cending grades of alcohol. Antigen retrieval was performed by boiling
in citrate buffer (0.01 mol/L) at pH 6.0 in a microwave oven for 30min.
To diminish endogenous peroxide activity, slides were treated with 4%
hydrogen peroxide in methanol for 30min. After rinsing briefly with
TRIS buffer, sections were overlaid with appropriately diluted primary
antibody and incubated overnight at 4 °C in a humid chamber. Sections
were washed in TRIS buffer, treated with the biotin-labeled secondary
antibody for 60min at room temperature, and then washed in TRIS
buffer. Peroxidase-conjugated streptavidin was applied, and the sec-
tions were incubated at room temperature for 30min. Sections were
rinsed, stained with the chromogen diaminobenzidine for 5 to 10min,
washed, counterstained with hematoxylin, and then mounted. The an-
tibody stains all human polyoma viruses, including BKV. Sections from
post-transplant renal biopsy with Polyomavirus nephropathy were used
as positive control.

2.3. BK polyomavirus detection by chromogenic in situ hybridization

Chromogenic in-situ hybridization (CISH) using a BK polyomavirus
specific probe (BKV virus bioprobe; ENZO, Farmingdale, NY) was
standardized on post-transplant renal biopsy material with poly-
omavirus nephropathy. It was then performed in 10 cases with paired
normal mucosal tissue. Four-micron-thick sections were cut from par-
affin-embedded tissue block and put on charged slides for in-situ hy-
bridization using ENZO ultrasensitive enhanced horseradish perox-
idase-DAB In situ detection system (Enzo life Sciences, Switzerland).
Deparaffinization and rehydration were performed in xylene and de-
creasing solution of ethanol. Proteinase K working solution was added
and sections incubated at 37 °C for 15min. 10 μL of biotin-labeled
probe was added. DNA was denatured for 10min at 95 °C and hy-
bridization continued for 1 h at 37 °C. After wash buffer, post-hy-
bridization reagent was added and incubated for 10min. Antibody
blocking buffer was added and incubated for 10min, followed by rabbit
anti-biotin and bio-goat anti-rabbit IgG and incubated for 20min, re-
spectively. Detection reagent was then added to the slide, followed by
staining and counterstaining. Brown nuclear deposits in the tubular
epithelial cells of all intensities were considered positive.

3. Results

Twenty-three TURBT specimens and 14 cystectomy specimens with
UC with paired normal mucosal samples, all from immunocompetent
individuals, were assessed, along with a single case of UC in a renal
graft recipient presenting with UC in first redundant graft. Among the
immunocompetent hosts, a male preponderance was noted (Male= 33;
Female= 4) and mean age at diagnosis was 53.8 years (age range: 30 to
85 years). Cases included were high grade UC (76%, n=29), low grade
UC (18%, n=7) and papillary urothelial neoplasm of low malignant
potential (3%, n=1).

A case of graft recipient included is a 57-year-old female who un-
derwent her first live related renal transplant in 2005 with a compli-
cated post-transplant course including crypotcoccal meningitis and
disseminated herpes zoster which ended in graft failure in 2013. She
underwent her second live authorized renal transplant in 2015, was on
standard triple drug immunosuppression and had an uneventful course.
In the third year post-transplant she presented with generalized
weakness, loss of appetite and right flank heaviness. On CT the trans-
plant kidney in the right iliac fossa appeared diffusely infiltrated by a
heterogeneously hypoenhancing mass with enlarged conglomerate
right external iliac lymph nodes. Plasma BKV titres were
2.7×103 copies/mL and urine titres were 3.6× 105 copies/mL. A
trucut biopsy was performed from the mass lesion which showed fea-
tures of high grade UC with focal squamous differentiation and areas of
necrosis, SV40 T-Antigen positive. Thereafter a course of chemotherapy
she underwent right redundant allograft nephrectomy. On gross ex-
amination showed a lobulated solid tumor measuring 6.5× 5.5× 4 cm

Table 1
Review of available literature: urothelial carcinoma of bladder in immunocompetent host.

Authors/year Number of cases Method of detection Polyomavirus infection detection Large T Ag expression

Studies not in favor of association of BKV in UC in the immunocompetent settings
Current study 23 TURBT

14 cystectomy & paired normal urothelium
IHC & CISH Absent Negative

Rollison et al, 2007 76 UC with paired normal urothelium (46) Q PCR & IHC Low copy number BKV in both tumor and control Negative
Polesel et al, 2012 114 UC, 140 control Urine samples for DNA BKV DNA in both tumor & control ND
Knoll et al, 2003 55 UC, 83 RCC with paired normal urothelium Q PCR Present in equal frequency in tumor and control No integration

Studies in favor of association of BKV in UC in the immunocompetent settings
Weinreb et al, 2006 133 IC host of which 21 had BC Urine cytology Decoy cells ND
Fioriti et al, 2003 32 UC and 20 autopsy bladder tissue PCR High % of BKV in UC ND
Monini et al, 1995 89 UC PCR URO1 present in both control and neoplastic tissue ND

Abbreviations: IC, immunocompetent; BC, bladder cancer; UC, urothelial carcinoma; RCC, renal cell carcinoma.
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occupying pelvicalyceal system and infiltrating renal parenchyma
(Fig. 2; a).

3.1. Immunohistochemistry and CISH

All UCs from immunocompetent hosts, irrespective of grade along
with normal mucosa did not show staining for SV40 T-Antigen (Fig. 1;
a). CISH performed in 10 cases also showed negative reaction. Renal
biopsy with polyomavirus nephropathy used as positive control showed
immunopositivity for SV40 T-Antigen and positive CISH reaction
(Fig. 1; b & c). Contrary to these results in the case of pelvic UC arising
in the redundant graft we observed diffuse and strong nuclear im-
munopositivity for SV40 T-Antigen in the tumor cells while was nega-
tive in the tumor surrounding normal renal parenchyma and ureter
(Fig. 2; c & d).

4. Discussion

The question “does BK polyomavirus contribute to oncogenesis of
UC in the immunocompetent setting” has been addressed in literature
using different techniques. Conventional PCR based studies have de-
monstrated viral DNA in UC. One such earlier study by Monini et al.
demonstrated viral DNA in 50–83% of carcinomas including bladder,
prostate and kidney as well as in normal tissue [15]. Similarly, Fioriti
et al. in 2003 demonstrated polyomavirus DNA by nested PCR in 55%

of the 32 bladder cancers tested while 20 autopsy bladder specimens
tested were negative [16]. However only the presence of viral DNA in
the carcinoma is insufficient evidence of its role in tumor production,
especially since the virus is known to be ubiquitous to the urinary tract
[7]. Rollison et al. in a more comprehensive analysis in 2007 used
quantitative real time PCR on fresh frozen tissue of 76 UCs along with
paired normal urothelium (n= 46) and found only four tumors positive
for BKV by both qRT-PCR and conventional PCR, including one with
paired normal mucosa [18]. Copy numbers were low and ranged from
0.3 to 15.8 per 1000 cells and all five samples showed negative staining
for SV40-T Ag [18]. The authors concluded that BK polyomavirus is
unlikely to contribute to oncogenesis in UC. Further Knoll et al. de-
monstrated lack of viral integration into the host genome in the 16%
BKV positive UCs and normal mucosa in their cohort of 55 cases [19].

In contrast, the role of BK polyomavirus in the immunodeficient
setting, particularly post-renal transplant is now well established. The
pathogenetic model of oncogenesis proposed starts at the point of BKV
reactivation in the immunocompromised host and a productive infec-
tion [10,11]. Over time mutations in the large T antigen accumulate
which enhance viral replication in the urothelium [10,11]. The p53 and
pRb inactivation induced by the virus creates an atmosphere conducive
to development of further mutations in the infected urothelium and
development of malignancy in nonpermissive cells [10,22]. In a recent
clinicopathological and molecular study of polyomavirus associated
carcinomas of the urinary tract in immunocompromised hosts, 9 cases

Fig. 1. High grade papillary urothelial carcinoma with negative reaction for CISH (a, ×200). Immunohistochemistry for SV40 T-Antigen control; case of BK-
polyomavirus nephropathy showing positive staining of tubular epithelial cell nuclei (b, ×200). BKV-CISH control; case of BK polyomavirus nephropathy showing
positive staining of tubular epithelial cell nuclei (c, ×200).

Fig. 2. Gross photomicrograph of a right redundant
renal allograft specimen. Cut section showing solid
lobulated pelvicalyceal tumor measuring
6.5× 5.5×4 cm (a). Microscopy depicting high
grade urothelial carcinoma with areas of necrosis (b,
×200). Diffuse and strong nuclear immunopositivity
for SV40 T-Antigen in the tumor cells (c, ×200).
Tumor surrounding renal parenchyma im-
munonegative for SV40 T-Antigen (d, ×200).
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were found to be T antigen expressing and 8 were negative for T antigen
based on immunohistochemical staining with SV40 T-Antigen [14].
Sequencing studies detected BK virus in both tumor (mean viral load of
12,439, 554 copies/mL) and normal (426,039 copies/mL) from only the
T antigen expressing tumors while was negative in the T antigen ne-
gative group [14]. There was evidence of viral integration into the host
genome at random integration sites [14]. This study validated SV40 T-
Antigen immunohistochemistry as a specific test to define BK poly-
omavirus infection which is the first step to defining its role in onco-
genesis. In our own experience with a post renal transplant pelvic UC
(previously published), extensive and diffuse SV40 T-Antigen staining
was noted in the tumor and was associated with an abnormal p53 im-
munohistochemistry [8]. The patient underwent surgical resection after
course of chemotherapy. SV40 T-Antigen performed on non-neoplastic
pelvic and ureteric epithelium in the resected specimen was negative.

This study demonstrates that immunocompetent patients with UC
lack significant viral replication in the tumor and in the surrounding
non-neoplastic epithelium. This is based on negative SV40 T-Antigen
and negative BK polyomavirus specific CISH (in a proportion of cases);
both methods which allow for direct visualization of tumor cells unlike
most previous studies. Based on pathogenetic models in the im-
munocompromised host where it has been demonstrated that enhanced
viral replication is the first step in viral oncogenesis it therefore appears
as a corollary that in the immunocompetent setting BK polyomavirus
does not play a role in oncogenesis of UC. With a recent plethora of
literature demonstrating presence of BKV DNA in a variety of tumors
including renal cell carcinoma [19,21,22] its role in oncogenesis should
also be carefully examined as a first step with SV40 T-Antigen im-
munohistochemistry to demonstrate significant viral replication along
with conclusive evidence of viral genome integration before any in-
ferences can be made.

5. Conclusion

BKV is associated with UC, albeit only in the setting of im-
munosuppression. Our study did not support the association of BKV
with UC in immunocompetent hosts.
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