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Abstract The involvement of human papillomavirus
(HPV) in bladder cancer remains controversial. We
previously reported detection of L1-HPV DNA in 39%
of bladder cancers of mixed grade and stage. To clarify
the possible etiologic role of HPV we studied, using the
same technique, a more homogeneous group of initial
low-stage tumors. We investigated a total of 187 newly
diagnosed superficial papillary bladder tumors for the
presence of L1-HPV DNA by the polymerase chain
reaction method and hybridization with specific probes
for HPV 6, 11, 16, 18, 33. HPV DNA was detected in
16 (8.5%) of the 187 specimens tested, although in a
low copy number compared with SiHa cervical cancer
cells used as control. HPV type 16 was observed in
eight tumors while HPV type 6 and type 11 were each
observed in three tumors. Two tumor specimens con-
tained two types of HPV: one tumor hybridized with
type 6 and 16 and the other with type 11 and 18. This
low rate of HPV detection (8.5%) in initial tumors does
not favor a prominent role for HPV in bladder carci-
nogenesis.
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Introduction

Human papillomaviruses are involved in several uro-
genital epithelial malignancies including cervical and
anal carcinomas, and they may play a role in carci-
nogenesis [32]. Numerous studies have described the
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presence of human papillomavirus (HPV) in bladder
cancer, as shown by the detection of HPV antigens or
HPYV deoxyribonucleic acid (DNA) sequences [2, 7, 10,
15, 17, 19, 21, 31, 36, 38, 40]. However, the exact
incidence of HPV DNA in bladder cancer remains
controversial [21, 28], the detection rates varying from
2.5% to 100% in the literature [10, 13, 15]. Moreover,
HPV DNA has also been detected in urine samples
from patients with condylomata acuminata [27].
Meanwhile, other studies failed to detect any evidence
of HPV infection in bladder cancer [3, 5, 9, 18, 22, 34,
35], which prompted us to investigate further the role
of HPV in transitional cell carcinoma (TCC) of the
bladder.

In our previous study we reported the presence of
HPV DNA detected by the polymerase chain reaction
(PCR) method in 39% (28/71) of the bladder tumors
analyzed, albeit in a low copy number. The tumors an-
alyzed were of different stages and grades and comprised
invasive and recurrent cases. A correlation was found
between the presence of HPV DNA and high-grade
tumors, while no correlation was observed with tumor
stage. Moreover, we then observed that the sensitivity of
detection depended on a series of technical factors that
could explain the contradictory reports in the literature
[19]. A recent study supports these observations and it
now seems obvious that the sensitivity and characteris-
tics of the PCR systems used for the detection of HPV
within clinical samples should be considered when
comparing data between studies [30]. In the present
study, our hypothesis was that if HPV has an ctiologic
role in bladder cancer then viral DNA should be
detected at higher frequency in initial tumors of early
stage. We thus attempted to clarify the involvement of
HPV in the development of bladder cancer by investi-
gating the incidence of HPV DNA in a series of 187
newly diagnosed stage Ta/T1 TCC of the bladder using
the PCR analysis then used in the first study on frozen
tissues. We report here the detection of HPV DNA in
only 16 (8.5%) of the tumors analyzed and in a low copy
number.



Materials and methods

Tissues and cells

Bladder carcinoma specimens were collected over a 3-year period
from 1990 to 1992; a total of 187 Ta/T1 first primary tumors of
different grades were used in this study (Table 1). All tumor spec-
imens were obtained by transurethral resection and a cell suspen-
sion was prepared for each tumor and stored frozen at —80°C in
MEM (GIBCO-BRL, Burlington, Ontario) containing 20% fetal
calf serum (FCS) and 10% dimethyl sulfoxide (DMSO) for future
use. Cervical carcinoma cell lines containing HPV 16 (SiHa and
Caski) or HPV 18 (HeLa and Mel80) were obtained from the
American Type Cell Culture Collection (Rockville, Md.), grown in
MEM and used as positive controls.

DNA extraction and amplification

For each tumor, DNA extraction was carried out from 3 x 10°
cells, as previously described [19, 25]. PCR amplification of a 454
base pair fragment of the L1 gene was carried out using the con-
sensus primers MY11l and MY09, as previously described [25].
Amplification products were analyzed either by acrylamide gel
electrophoresis and ethidium bromide staining, Southern blot or
dot-blot hybridization, as previously described [19]. All necessary
precautions were taken to avoid cross-contamination at all stages
of extraction, amplification and post-PCR manipulations by using
autoclavable micropipets and plugged tips, and working in different
locations.

Amplification of a fragment of the HPV 16 E6 gene, electro-
phoresis and hybridization to a HPV 16 specific probe were carried
out as described [26].

Results

The PCR amplicon of 16 (8.5%) of the 187 newly
diagnosed cases tested showed positive signals after
Southern blotting and hybridization to a consensus HPV
L1 probe (Fig. 1a). However, no signal was detected on
polyacrylamide gels stained with ethidium bromide in
any of the tumor specimens analyzed. The intensity of
the hybridization signal of amplified tumor DNA was
always very weak compared with that of SiHa DNA,
even though gels were loaded with 5 times more tumor
DNA than SiHa DNA. Taking into consideration that
SiHa cell line has only one HPV 16 copy per cell, this
observation suggests that bladder tumors contained less
than one copy of HPV DNA per cell in all positive
samples.

Typing of HPV DNA was performed by two
approaches: dot-blot hybridization with L1 type-specific

Table 1 Distribution of histologic grades and clinical stages of the
187 cases of transitional cell carcinoma included in this study (N4
not available)

Stage Grade

1 2 3 NA
Ta 38 76 8 0
Tl 2 20 15 0
NA 1 2 1 24
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probes and HPV 16 E6 gene-specific amplification. All
16 tumor DNA samples positive with the L1 consensus
probe were dotted and hybridized to L1 probes specific
for HPV type 6, 11, 16, 18 and 33. Half these samples
hybridized with the HPV 16 probe (8/16), while three
samples hybridized with the HPV 6 probe and three
others with the HPV 18 probe. Two tumor specimens
contained more than one type of HPV; one specimen
hybridized with the HPV 6 and 16 probes while the other
hybridized with the HPV 11 and 18 probes (Table 2).
Amplification of the HPV 16 E6 gene was also con-
ducted on the 16 LI-HPV positive tumor DNA samples
and a few negatives. Results confirmed the presence of
HPV 16 in eight of the nine tumors positive for HPV 16
in dot-blot hybridization (Fig. 1b); the tumor that failed
to amplify HPV 16 E6 gene was the one found to con-
tain HPV 6 and HPV 16 DNA. All other HPV-positive
or HPV-negative DNA samples failed to amplify the
HPV 16 E6 gene.

No correlation was observed between the presence
of HPV DNA and tumor stage and grade (Table 3),
although most of the positive tumors were noninfiltrat-
ing papillary superficial tumors (Ta) and of grade 2 or 3.
Although HPV DNA was found more frequently in
single tumors smaller than 3 cm in diameter, no signifi-
cant association was found between the presence of HPV
DNA and the size or number of tumors, tumor recur-
rence or sex of the patient.

Discussion

The etiology of transitional cell carcinoma of the blad-
der, a common cancer in industrialized countries, is still
not well understood. The etiologic role of HPV is well
documented in genital cancers but its involvement in
bladder cancer remains controversial [28, 41]. HPV has
been detected in condylomatous bladder lesions from
immunocompetent and immunosuppressed patients and
in a TCC in situ of an immunodepressed patient with
vulvar Bowen’s disease [4, 11, 17, 27]. A number of
studies, however, have failed to demonstrate an associ-
ation of HPV with TCC of the bladder, while others
have reported the detection of HPV DNA in 20-80% of
bladder tumors analyzed.

We previously reported that the sensitivity of detec-
tion of HPV is largely dependent on a series of technical
factors such as tissue fixation, DNA preparation and
amplification conditions [19]. A recent study by Qu et al.
[30] has supported these observations and described
other factors that should be taken into consideration
such as the source of the clinical material, the size of the
PCR product, the spectrum of HPV types amplified and
the ability to amplify multiple HPV types. The studies
summarized in Table 4 illustrate the discrepancies in the
results among studies using fixed or frozen tissues and a
variety of techniques for HPV detection. Few studies
have used normal urothelium from individuals with no
history of bladder cancer as a negative control. In two
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Fig. 1 Southern blot of poly- a
merase chain reaction products

from an amplification carried 0
out on bladder tumor DNA
using HPV L1 consensus prim-
ers (a) or HPV 16 E6 primers
(b). 0 no-DNA control, S SiHa
DNA, H HeLa DNA. Of 19
bladder tumor samples, four
DNA samples show a positive
signal with the L1 consensus
probe (a) while three of five
tumor DNA samples show a
positive signal with the HPV 16
E6 specific probe (b)

o

Bladder tumors

Bladder tumors

Bladder tumors

Table 2 Human papillomavirus (HPV) typing of tumor DNA
samples positive with the L1 consensus probe by dot-blot
hybridization and HPV 16 E6 specific amplification (NA not

Table 3 PCR amplification of HPV L1 DNA from bladder tumor
DNA (NA not available)

available, PCR polymerase chain reaction) No. tested No. HPV positive (%)
Caseno. Tumor Tumor HPV type PCR Tumor stage
stage grade HPV Ta 122 14 (11.5)
6 11 16 18 33 16 E6 T1 37 1(2.7)
NA 28 1(3.6)
! Ta 2 + B B " B B Tumor grade
2 Tl 2 - + - + - 1 41 4(9.8)
3 Ta 2 - - -+ -
2 98 9 (9.2)
4  Ta 2 - -+ - -
s T 5 S 3 24 2 (83)
6 Ta 3 - - -+ - - NA 24 1(4.2)
7 Ta 3 + - - - - -
8 Ta 1 - - + — — +
9 Ta 1 - - + - - + urothelial specimens from cadaver kidney donors ex-
%(1) % ; P j - :“ pressed HPV while 39% of tumors had detectable L1-
2 NA NA _ L+ - _ 4 HPV by PCR. One could expect that.the highly sensitive
13 Ta 1 - - + - - + technique of PCR should reveal a higher prevalence of
14 Ta 2 - - + - - + HPV DNA compared with immunohistochemistry and
%2 ?‘ % - - F Tz + in situ hybridization. Nevertheless, eight studies using
2 - - _ - -

studies, a high rate (33% and >70%) of HPV DNA
detection was observed in normal bladder tissue speci-
mens, raising concerns over the significance of the pos-
itive results observed in their cancer specimens [2, 33].
On the other hand, in our previous study none of eight

the PCR technique failed to detect the presence of HPV
DNA, while seven studies detected HPV DNA in less
than 5% of cases analyzed (Table 4). Two sets of
primers are widely used for the amplification of the L1
region: MY09/11 and GP5/6. Qu et al. [30] observed
that the MY09/11 pair is more sensitive in cervical
cancer samples infected with multiple HPV types than



Table 4 Summary of studies on HPV detection in bladder cancer (/HC immunohistochemistry, /SH in situ hybridization, URR upstream

regulatory region, PS present study)

Technique No. of studies Prevalence Total % positive References
cases (range)
Positive  Negative

Fixed tissues
IHC 2 7/50, 19/110% 26/160 16.3 (14.0-17.3)  [7, 38]
ISH 3 0/22%, 0/31, 0/108" 0/161 0 [9, 16, 22]

7 1/93%, 4/76%, 1/10%, 12/100, 97/526 18.4 (1.1-57.0) [6, 12, 14, 15, 21, 35, 38]

24/110%, 28/90, 27/47

Southern blot 1 0/55 0/55 0 [5]
PCR, LI 3 0/25, 0/93%, 0/108" 0/226 0 [9, 34, 35]

3 1/42%°, 1/36, 26/79 28/157 17.8 (2.4-32.9) [24, 28, 39]
PCR, E6 1 0/93* 0/93 0 [35]

4 1/42%0,7/76%, 2346, 39/48 70/212 33.0 (2.4-81.0) [1, 2, 21, 24]
PCR, E7 1 2/75 2/75 2.7 [29]
PCR, El 1 20/59* 20/59 339 [38]
PCR, URR 1 2/10% 2/10 20.0 [14]
PCR, type spec. 2 1/22%°, 6/20 7/42 16.7 (4.5-30.0) [8, 16]

Total 21 8 207/1256 16.5

Frozen tissues
Southern blot 2 0/42%, 0/57* 0/99 0 [3, 18]

3 1/22, 1/10%, 4/21 6/53 11.3 (4.5-19.0) [17, 36, 40]
PCR, LI 2 0/14, 0/57* 0/71 0 [3, 37]

4 1/44, 16/187, 6/23%, 28/71 51/325 15.7 (2.3-39.4) [10], PS, [19, 23]
PCR, L1 +El 2 0/89, 0/100° 0/108 0 [18, 34]
PCR, E6 1 20/26 20/26 76.9 [33]

Total 8 6 77/583 13.2

2 Samples analyzed by two or more techniques; ®squamous cell carcinoma; € patient with mild immunodeficiency; ¢ fresh tissue

the GP5/6 pair. Three studies have used this GP5/6
primer set in bladder tumors: HPV DNA was not
detected in two studies and only 2.4% of specimens were
positive in the third (Table 4) [18, 24, 37]. Studies in
bladder cancer frequently reported the presence of
multiple HPV types in bladder tumors. The use of the
primer set GP5/6 could prevent the detection of HPV in
these tumors. In our hands, the use of fixed tissue
practically abolished HPV detection by PCR amplifica-
tion. However, surprisingly, the overall frequency of
HPV detection in bladder tumor studies was 16.5% in
fixed tissue and 13.2% in frozen tissue (Table 4). The E1
and L1 regions of HPV are good amplification targets
for several reasons. First, these regions are well con-
served among different types of HPV and secondly they
are consistently present in HPV-associated lesions even
when the viral genome is integrated into the host chro-
mosome [34]. Nevertheless, only four groups have ob-
served the presence of HPV DNA EIl or L1 region in
more than 10% of cases studied (Table 4) [19, 23, 38,
39]. These observations suggest that HPV is not very
frequent in bladder cancer and do not favor a role for
HPYV in bladder carcinogenesis.

In the present work we tested very early bladder tu-
mors (initial Ta/T1), under the assumption that if HPV
plays an etiologic role in the development of bladder
cancer these tumors would be an ideal source of material
to demonstrate it. In a series of 187 TCC of the bladder
at initial diagnosis, we detected HPV L1 DNA by PCR
in only 16 (8.5%) patients, a frequency significantly
lower than the 39% we previously reported using the

same technique on a distinct group of tumors repre-
senting a mix of recurrent low-stage and more advanced
bladder cancers. Furthermore the comparison with SiHa
cells suggested that the presence of HPV DNA was less
than one copy per cell in all the positive specimens, a
result which is consistent with our previous study. Dot-
blot hybridization with HPV L1 type-specific probes and
HPV 16 E6 amplification identified HPV type 6, 11, 16
and 18 in the positive specimens and two tumors were
co-infected with more than one type. The low HPV de-
tection rate in the present study, 8.5% of tumors from
patients at initial diagnosis, and in previous studies
(Table 4), suggests that the presence of HPV in bladder
is coincidental rather than pathogenic. Moreover,
Shibutani et al. [36] observed that the HPV DNA in
bladder tumors was mainly in episomal form, which
supports the latter hypothesis. In conclusion, on the
basis of all these observations it appears unlikely that
HPYV has a significant role in the development of human
bladder cancer.

Acknowledgement This work was supported by the National
Cancer Institute of the USA, grant #CA47526.

References

1. Agliano AM, Gradilone A, Gazzaniga P, Napolitano M,
Vercillo R, Albonici L, Naso G, Manzari V, Frati L,
Vecchione A (1994) High frequency of human papillomavi-
rus DNA detection in urinary bladder cancer. Urol Int
53:125



184
2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Anwar K, Phil M, Naiki H, Nakakuki K, Inuzuka M (1992)
High frequency of human papillomavirus infection in carci-
noma of the urinary bladder. Cancer 70:1967

. Aynaud O, Tranbaloc P, Orth G (1998) Lack of evidence for a

role of human papillomaviruses in transitional cell carcinoma
of the bladder. J Urol 159:86

. Benoit G, Orth G, Vieillefond A, Sinico M, Charpentier B,

Jardin A, Fries D (1988) Presence of papilloma virus type 11 in
condyloma acuminatum of bladder in female renal transplant
recipient. Urology 32:343

. Boucher NR, Scholefield JH, Anderson JB (1996) The aetio-

logical significance of human papillomavirus in bladder cancer.
Br J Urol 78:866

. Bryant P, Davies P, Wilson D (1991) Detection of human

papillomavirus DNA in cancer of the urinary bladder by in situ
hydridization. Br J Urol 68:49

. Bryant P, Skelly J, Wilson D (1987) Demonstration of papil-

lomavirus structural antigen in human urinary bladder neo-
plasia. Br J Cancer 60:405

. Chan KW, Wong KY, Srivastava G (1997) Prevalence of six

types of human papillomavirus in inverted papilloma and
papillary transitional cell carcinoma of the bladder: an evalu-
ation by polymerase chain reaction. J Clin Pathol 50:1018

. Chang FJ, Lipponen P, Tervahauta A, Syrjanen S, Syrjanen K

(1994) Transitional cell carcinoma of the bladder: Failure to
demonstrate human papillomavirus deoxyribonucleic acid by
in situ hybridization and polymerase chain reaction. J Urol
152:1429

Chetsanga C, Malmstrom PU, Gyllensten U, Moreno-Lopez J,
Dinter Z, Petterson U (1992) Low incidence of human papil-
lomavirus type 16 DNA in bladder tumor detected by the
polymerase chain reaction. Cancer 69:1208

Del Mistro A, Koss LG, Braunstein J, Bennett B, Saccomona
G, Simons KM (1988) Condylomata acuminata of the urinary
bladder. Natural history, viral typing, and DNA content.
American Journal of Surgical Pathology 12:205

Furihata M, Inoue K, Ohtsuki Y, Hashimoto H, Terao N,
Fujita Y (1993) High-Risk Human Papillomavirus Infections
and Overexpression of p53 Protein as Prognostic Indicators in
Transitional Cell Carcinoma of the Urinary Bladder. Cancer
Res 53:4823

Goldman PM, Bracken RB, Tricoli JV (1991) Human papil-
lomavirus types 16 and 18 association with invasive human
bladder tumor. J Urol 145:311 A

Gopalkrishna V, Srivastava AN, Hedau S, Sharma JK, Das BC
(1995) Detection of human papillomavirus DNA sequences
in cancer of the urinary bladder by in situ hybridisation and
polymerase chain reaction. Genitourin Med 71:231

Kamel D, Paakko P, Pollanen R, Vahakangas K, Lehto VP,
Soini Y (1995) Human papillomavirus DNA and abnormal p53
expression in carcinoma of the urinary bladder. APMIS 103:331
Kerley SW, Persons DL, Fishback JL (1991) Human papillo-
mavirus and carcinoma of the urinary bladder. Mod Pathol
4:316

Kitamura T, Yogo Y, Ueki T, Muramaki S, Aso Y (1988)
Presence of human papillomavirus type 16 genome in bladder
carcinoma in situ of a patient with mild immunodeficiency.
Cancer Res 48:7207

Knowles MA (1992) Human papillomavirus sequences are not
detectable by Southern blotting or general primer-mediated
polymerase chain reaction in transitional cell tumours of the
bladder. Urol Res 20:297

Larue H, Simoneau M, Fradet Y (1995) Human papillomavi-
rus in transitional cell carcinoma of the urinary bladder. Clin
Cancer Res 1:435

Lopez-Beltran A, Escudero AL, Vicioso L, Muifioz E, Carrasco
JC (1996) Human papillomavirus DNA as a factor determining
the survival of bladder cancer patients. Br J Cancer 73:124
Lopez-Beltran A, Muiioz E (1995) Transitional cell carcinoma
of the bladder: low incidence of human papillomavirus DNA
detected by the polymerase chain reaction and in situ hybrid-
ization. Histopathology 26:565

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Lu QL, Lalani EN, Abel P (1997) Human papillomavirus 16
and 18 infection is absent in urinary bladder carcinomas. Eur
Urol 31:428

Ludwig M, Koéchel HG, Fischer C, Ringert R-H, Weidner W
(1996) Human papillomavirus in tissue of bladder and bladder
carcinoma specimens. Eur Urol 30:96

Maloney KE, Wiener JS, Walther PJ (1994) Oncogenic human
papillomaviruses are rarely associated with squamous cell
carcinoma of the bladder: evaluation by differential polymerase
chain reaction. J Urol 151:360

Manos MM, Ting Y, Wright DK, Lewis AJ, Broker TR,
Wollinsky SM (1989) Use of polymerase chain reaction am-
plification for the detection of genital human papillomaviruses.
Cancer Cells 7:209

McNicol PJ, Dodd JG (1991) High prevalence of human
papillomaviruses in prostate tissues. J Urol 145:850

Melchers WIG, Schift R, Stolz E, Lindeman J, Quint GV
(1989) Human papillomavirus detection in urine samples from
male patients by the polymerase chain reaction. J Clin Micro-
biol 27:1711

Mvula M, Iwasaka T, Iguchi A, Nakamura S, Masaki Z,
Sugimori H (1996) Do human papillomaviruses have a role in
the pathogenesis of bladder carcinoma? J Urol 155:471

Noel JC, Thiry L, Verhest A, Deschepper N, Peny MO, Sattar
AA, Schulman CC, Haot J (1994) Transitional cell carcinoma
of the bladder: evaluation of the role of human papillomavi-
ruses. Urology 44:671

Qu WM, Jiang G, Cruz Y, Chang CJ, Ho GYF, Klein RS,
Burk RD (1997) PCR detection of human papillomavirus:
comparison between MY09/MY11 and GP5+ /GP6+ primer
systems. J Clin Microbiol 35:1304

Querci Della Rovere G, Oliver RTD, McNance DJ, Castro JE
(1988) Development of bladder tumour containing HPV type
11 DNA after renal transplantation. Br J Urol 62:36
Reznikoff CA, Belair CD, Yeager TR, Savelieva E, Blelloch
RH, Puthenveettil JA, Cuthill S (1996) A molecular genetic
model of human bladder cancer pathogenesis. Semin Oncol
23:571

Rotola A, Monini P, Di Luca D, Savioli A, Simone R, Sec-
chiero P, Reggiani A, Cassai E (1992) Presence and physical
state of HPV DNA in prostate and urinary-tract tissues. Int J
Cancer 52:359

Saltzstein DR, Orihueta E, Kocurek JN, Payne DA, Chan TS,
Tyring SK (1993) Failure of the polymerase chain reaction
(PCR) to detect human papilloma virus (HPV) in transitional
cell carcinoma of the bladder. Anticancer Res 13:423

Sano T, Sakurai S, Fukuda T, Nakajima T (1995) Unsuccessful
effort to detect human papillomavirus DNA in urinary bladder
cancers by the polymerase chain reaction and in situ hybrid-
ization. Pathol Int 45:506

Shibutani YF, Schoenberg MP, Carpiniello VL, Malloy TR
(1992) Human papillomavirus associated with bladder cancer.
Urology 40:15

Sinclair AL, Nouri AME, Oliver RTD, Sexton C, Dalgleish AG
(1993) Bladder and prostate cancer screening for human pap-
illomavirus by polymerase chain reaction: conflicting results
using different annealing temperatures. Br J Biomed Sci 50:350
Smetana Z, Keller T, Leventon-Kriss S, Huszar M, Lindner A,
Mitrani-Rosenbaum S, Mendelson E, Smetana S (1995) Pres-
ence of human papilloma virus in transitional cell carcinoma in
Jewish population in Israel. Cell Mol Biol 41:1017

Tenti P, Zappatore R, Romagnoli S, Civardi E, Giunta P,
Scelsi R, Stella G, Carnevali L (1996) p53 overexpression and
human papillomavirus infection in transitional cell carcinoma
of the urinary bladder: correlation with histological parame-
ters. J Pathol 178:65

Wilezynski SP, Oft M, Cook N, Liao SY, Iftner T (1993)
Human papillomavirus type-6 in squamous cell carcinoma of
the bladder and cervix. Hum Pathol 24:96

Zur Hausen H (1989) Papillomaviruses in anogenital cancer as
a model to understand the role of viruses in human cancers.
Cancer Res 49:4677



