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Summary. A large series of transitional cell tumours has
been screened for the presence of human papillomavirus
(HPV) sequences using Southern blotting and general
primer-mediated polymerase chain reaction (GP-PCR).
The latter technique allows the detection of a broad
spectrum of both sequenced and unsequenced HPV types
using two primer pairs located in the highly conserved L1
and E1 regions of the HPV genome. No evidence for HPV
infection was found in 100 transitional cell tumours, 6
cases of carcinoma In situ, 2 adenocarcinomas and a
squamous carcinoma of the bladder and 3 cases of cystitis.
Similarly, 12 bladder tumour cell lines were HPV-negative
in these assays. Cervical carcinoma cell lines containing
from -3 to 600 copies of the HPV genome were used as
positive controls and were scored positive in all assays by
both Southern blotting and GP-PCR. It is concluded that
despite the close proximity of the urothelium to the genital
mucosa and the resemblance of some bladder tumours to
known HPV-induced lesions in other tissues, HPV infec-
tion is absent or very uncommon in bladder tumours.
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Human papilloma viruses (HPV) have been implicated as
aetiological agents in human cancers of the cervix, vulva,
penis and perianal region [38]. Evidence has accumulated
for their causal role in the induction of premalignant
anogenital lesions, and in this context, HPV DNA can be
demonstrated in 80 % of premalignant lesions of the vulva
[16]. In addition, HPV DNA is present in more than 90%
of overt cervical, vulvar and penile cancers [37]. The
ubiquitous distribution of HPV in all populations studied
[5, 31] and the close proximity of the bladder mucosa to
the anogenital area, particularly in females, have led to the
suggestion that HPV may be involved in bladder cancer
[38]. At other sites, condyloma acuminatum represents a
typical HPV lesion [28]. Several cases of condyloma
acuminatum of the bladder have been reported [19, 21, 32,

35] and in the only case of this type analysed to date,
HPV16 infection was found [18]. In this latter study, 9
other bladder tumours (1 adenocarcinoma and 8 non-
invasive papillary tumours of grades 1 and 2) were studied
and found to be negative for HPV types 1, 2, 6, 11, 16 and
18.

Over 60 distinct HPV types are now known, more than
20 of which are regularly detected in the human genital
tract [4] and 10 of which have been associated with
malignant lesions [4, 37]. In this study, 100 transitional
cell tumours and 12 human bladder carcinoma cell lines
have been analysed for the presence of HPV sequences
using a general primer-mediated polymerase chain reac-
tion (GP-PCR) technique which has been shown previous-
ly to permit detection of both known and unsequenced
HPV types [34]. Using this sensitive technique, no evi-
dence of HPV infection was found in this large series of
tumours and it is concluded that HPV is unlikely to play a
role in the development of the majority of bladder
tumours.

Materials and methods
Tissue samples

Samples were collected from tumours removed at cytoscopy by
diathermy or cup biopsy forceps. Tumour tissue was trimmed of
debris, a sample was taken for histopathological assessment and the
remainder frozen at —70°C. Tumour grade and stage were assessed
according to the TNM system [33]. Peripheral blood leucocytes from
patients with bladder tumours and healthy volunteers were obtained
from 10 ml venous blood collected in EDTA tubes and frozen at
—70°C.

Cell lines

Twelve human bladder carcinoma cell lines were used; 5637 (G.
Gannon, unpublished); J.O.’"N. (Human Tumor Cell Laboratory,
Sloan-Kettering Cancer Center, personal communication); SCaB-
ER [24]; VM-CUB-2 [36]; EJ [9]; RT112 (O’Toole, unpublished);
SW1710[20]; HT1376 and HT1197 [29]; SD [27]; 253 [8]; and RT4
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Table1. HPV L1 and El-region-specific general primers

GPEl GPl STGGTACAATGGGCATATGAT3 sense
GP2 SAATGGCTTTTGGAATTTACA3  antisense

GPLlI GP5 STTTGTTACTGTGGTAGATAC3  sense
GP6 5YGAAAAATAAACTGTAAATCAY antisense

HPV type Total mismatches
- L1,2 L5,6

5 5 14

8 2 13
11 6 0
16 3 2
18 5 1
33 4 2

[301. A breast tumour cell line SKBR-3 (Trempe and Old, 1970,
unpublished) and a vulvar carcinoma cell line, A431 [14] were also
used. Three human cervical carcinoma cell lines were used as
controls: HeLa [13], which contains approximately 50 copies of
HPV18; SiHa[11], which contains 1-3 copies of HPV16; CaSki [26],
which contains 600 copies of HPV16 DNA, and C33A [1], which is
HPV-negative.

DNA extraction

Tumour DNA was extracted using two methods. In the first, tissue
was dissolved in guanidine isothiocyanate and centrifuged through
caesium chloride [3]. Following removal of the guanidine phase,
DNA was dialysed against 1 X TE (10 mM TRIS-HC1, 1 mM EDTA
pH 8.0), extracted with phenol, phenol:chloroform and chloroform
and ethanol precipitated. In the second method, tissue was lysed in
0.75M NaCl, 0.02M EDTA (pH 8.0), containing 1% Sodium
dodecyl sulphate (SDS) and 170 pg/ml Proteinase K (Boehringer
Mannheim, Lewes, UK), followed by extraction with phenol,
phenol:chloroform and chloroform and ethanol precipitation. No
difference in the quality of DNA prepared by these two methods has
been noted. DNA was extracted from cell lines by lysis in 1 XTSE
(10 mM TRIS-HCI, 0.1 M NaCl, 1 mM EDTA, pH 8.0) containing
170 pg/ml proteinase K and 1% SDS, followed by phe-
nol:chloroform extractions and precipitation as above.

Polymerase chain reaction

Two general primer sets, GP1,2 and GP5,6 [34] were used (Table 1).
These are homologous to the Et and L1 regions of HPV respectively.
Primers were made on a DNA synthesizer (Applied Biosystems
381A). PCR reactions (100pul) contained 500-1000ng template
DNA, 50mM KCl, 10mM TRIS-HCI (pH 8.3), 2mM MgCl,,
0.001% gelatin, 200uM of each deoxynucleotide triphosphate
(dNTP), 0.5 uM of each primer and 1 unit of Thermus aquaticus
(Taq) DNA polymerase (Amplitaq, Perkin Elmer/Cetus, Berkeley,
Calif.). To ensure reproducibility, all components apart from DNA
and enzyme were mixed and divided into aliquots. Template DNA
was then added, and the reaction mixes were overlaid with one drop
of light mineral oil (Sigma) and heated to 94°C for 10 min. Enzyme
was then added to each tube and 40 cycles of amplification carried
out using a Techne Programmable Dri-Block PHC-1. Cycling
conditions were: 1 min denaturation at 94°C; 2 min annealing at 40°
C; and 2 min polymerisation at 72°C. Following the last cycle, all
tubes were incubated for a further 10 min at 72°C to ensure complete

elongation of all amplified sequences. From each sample, 10 ul was
analysed by electrophoresis in 3% Nusieve : 1% SeaKem gels (FMC
Bioproducts, Risingevej, Denmark) or by polyacrylamide gel elec-
trophoresis (PAGE) in 12% non-denaturing gels.

Southern blot analysis of tumour and ceil line DNA
and PCR products

Tumour and cell line DNAs were digested with BamHI or Sstl1
(Gibco BRL, Paisley, UK) according to the manufacturer’s instruc-
tions, separated in 0.8 % agarose gels and transferred to Hybond-N
membranes (Amersham, Aylesbury, UK). PCR products were
transferred directly from 3% Nusieve : 1% SeaKem gels to Hybond-
N. Following ultraviolet cross-linking, blots were pre-hybridised
and hybridised according to the manufacturer’s instructions. Probes
were made by random priming [10] of plasmids containing cloned
HPV sequences to a specific activity of approximately 13X 10° dpm
pg ! and used at 1-2 X 105 dpm m1~! hybridisation fluid. Following
hybridisation for 18 h at 65°C, blots were washed to 2 X SSC (0.3 M
NaCl; 0.03 M Na citrate) 0.1% SDS and exposed to Hyperfilm-MP
(Amersham) or Fuji RX film (Fuji Photofilm, London, UK).

Probes

Plasmids containing cloned HPV 5, 8, 11, 16, 18, and 33 were kindly
provided by Dr. K. Vousden. In each case, the entire plasmid was
labelled by random priming for use as a probe for Southern analysis.

Results
Southern analysis of bladder tumours and cell lines

Aliquots of DNA (10pug) extracted from 44 bladder
tumour specimens (20 grade 1, 17 grade 2 and 5 grade 3
transitional cell tumours, 1 adenocarcinoma and 1 case of
carcinoma in situ) were digested with BamHI or with Ssz1.
BamHI cleaves HPV16 DNA once and SstI does not cut
within the HPV16 genome. In benign cervical lesions,
HPV DNA is commonly present in episomal form,
whereas in many cervical carcinomas integrated HPV
sequences can be detected [7]. Analysis of DNA cut with
these two enzymes therefore allows the physical state of
the HPV16 genome to be assessed.

Southern blots of tumour DNA specimens were hybri-
dised to probes for HPV 5, 8, 11, 16, 18 and 33, used either
singly or in combinations of up to three probes simul-
taneously. HeLa DNA was included as a positive control
on all blots and showed hybridisation to the HPV18 probe
which could be detected following overnight exposure of
the autoradiograph in each case. No hybridisation of
bladder tumour DNAs to any of these probes was detected
after exposure times up to 28 days. Similarly, DNA from
the 12 bladder tumour cell lines, SKBR-3 and A43]
showed no hybridisation to these HPV probes.

General primer-mediated PCR

The PCR primers GP5,6 and GP1,2 have been used
previously to amplify sequences from both known and
unsequenced HPV types present in cervical scrapes and



Table 2. Tissues analysed

Tumour/tissue type Number of specimens

Transitional cell carcinoma

Grade 1 38
Grade 2 42
Grade 3 20
Total 100
Carcinoma in situ 6
Adenocarcinoma 2
Squamous carcinoma 1
Bladder tumours unclassified?® 11
Cystitis 3

aTumour specimens for which no histopathology report was avail-
able
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Fig. 1. PCR products obtained after amplification with GP1,2. From
each reaction 10 ul was electrophoresed on a 12% non-denaturing
polyacrylamide gel and stained with ethidium bromide. m, pBR322
cut with Haelll; template DNA: lanes 1-6, bladder tumour DNAs;
lane 7, SiHa; lane 8, CaSki; lane 9, control (no template DNA)
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Fig. 2. PCR products obtained after amplification with GP5,6. Gel
as in Fig. I. m, pBR322 cut with Haelll; template DNA: lanes 1-5,
bladder tumour DNAs; lane 6, HeLa; lane 7, CaSki; lane 8, SiHa;
lane 9, C33a; lane 10, control (no template DNA)

carcinomas [34]. Primers GPS,6 are Ll-region-specific
and allow amplification of a DNA fragment of approxi-
mately 140 bp from HPV 1,6, 8, 11, 13, 16, 18, 30, 31, 32,
33, 45 and 51. These primers have no more than two
mismatches with sequenced HPV DNAs specific for
genital mucosa but show more divergence from the L1
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Fig. 3. Southern blots of PCR products hybridised to HPV16 and
HPVI8 probes simultancously. Aliquots (10 ul) of the same PCR
reactions shown in Figs. 1 and 2 were electrophoresed in 1.5%
agarose gels and blotted. After hybridisation, blots were washed to
2X standard saline citrate, 0.1% SDS. (a) Products generated with
GP1,2;lanes 1-6, bladder tumour DNAs; lane 7, HeLa; lane 8, SiHa;
lane 9, CaSki; lane 10, control (no template DNA). (b) Products
generated with GP3,6; lanes 1-5, bladder tumour DNAs; lane 6,
HelLa; lane 7, CaSki; lane 8, SiHa; lane 9, C33a; lane 10, control (no
template DNA)

region of cutaneous HPV types 1, 5 and 8. The El-region-
specific primers GP1,2 show fewer mismatches with HPV
types 5 and 8 and retain adequate homology for amplifi-
cation of a 444 bp fragment from HPV types 6, 11, 13, 16,
18, 30-33, 45 and 51 (Table 1) [34].

DNA from bladder tumours was subjected to 40 cycles
of amplification using each set of primer pairs under non-
stringent conditions with annealing at 40°C to allow
amplification from mismatched primers. Details of the
tissues analysed are shown in Table 2. These included 100
transitional cell carcinomas and 6 cases of carcinoma in
situ. The expected PCR product of approximately 400~
500 bp was observed following amplification of SiHa and
CaSki cell line DNAs with GP1,2 primers (Fig. 1, lanes 7
and 8). No product was obtained from C33a, which
contains no HPV sequences (not shown), or from any of
the bladder tumours (Fig. 1, lanes 1-6). A product of 140~
150 bp was amplified using GP5,6 from HeLa, CaSki and
SiHa (Fig. 2, lanes 6-8) but not from C33a (Fig. 2, lane 9)
or any of the bladder tumours tested (Fig. 2, lanes 1-5). In
all cases where no specific product was obtained, many
minor product bands, believed to represent the result of
non-specific priming events, were detected. In positive
control samples these bands were present in inverse
proportion to the amount of specific product, so that it
appears that in the presence of a specific template, primers
were unavailable for non-specific priming. These appear-
ances are similar to those described by van den Brule et al.
[34] for cervical scrapes and carcinomas.

The cervical cell lines used as positive controls all
contain multiple copies of HPV. In order to exclude the
possibility that small amounts of PCR product were
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produced by HPV present in bladder tumours at one copy
or less per cell, the PCR products were blotted and probed
for HPV types 16 and 18 under conditions of low
stringency in which many HPV types should be detected
with these probes. Apart from the positive controls, no
signal was detected (Fig. 3).

Discussion

The association between HPV infection and cancer of the
cervix, vulva, vagina and penis is well established. At these
tissue sites, the presence of HPV sequences has been
readily demonstrated by a variety of techniques including
Southern blotting and PCR methods [6, 12, 22, 25]. In the
present study, using both these latter techniques, no
evidence has been found for the presence of HPV DNA in
a large series of bladder tumours.

One case has been reported previously in which HPV16
was detected in bladder carcinoma in situ in a patient with
mild immunodeficiency [18]. In this case, the bladder
lesions showed a marked similarity to condyloma accumi-
nata and the patient had concurrent Bowen’s disease of
the vulva and severe dysplasia of the vaginal wall. HPV16
DNA was demonstrated in the bladder tumour and in
vulval and vaginal lesions of this patient by hybridisation
of Southern blots to mixed probes for HPV types 1, 2, 6,
11, 16 and 18. Tumours from 9 other patients examined
showed no evidence of infection with these viruses. Two
other studies [15, 17] examined small numbers of bladder
tumours for the presence of HPV types 30 and types 1 and
2 respectively, and found none. Since these latter studies
concerned HPV types not commonly associated with
human cancer, and the study of Kitamura et al. [18§]
included only 9 tumours from immunocompetent pa-
tients, the present study aimed to survey a large series of
bladder tumours for as large a number of HPV types as
possible.

The physical proximity of the bladder to the genital
area, the presence of multifocal disease in some patients
and the existence of carcinoma in situ, which may
resemble some HPV-induced genital lesions, has previous-
ly led to the suggestion that HPV may play a role in the
development of at least some bladder tumours. In addi-
tion a number of studies have reported an increased risk
of bladder cancer following cancer of the cervix [2, 23]. It
was considered that the most likely HPV types to be
present were the cutancous HPV types 5 and 8 and the
genital types 6, 11, 16, 18, and 33. Southern analysis failed
to reveal the presence of any of these types. However, the
possibility existed that other known or unknown HPV
types might be present or that low copy number HPV
infection might not be detected by this technique. The
development of a sensitive PCR method to detect a broad
spectrum of HPV genotypes using only two sets of primers
[34] provides a useful method to screen large numbers of
tissue specimens for a wide range of HPV types. Such a
PCR-based technique has the additional advantage that
only a very small DNA sample is required. This has
allowed several cases of carcinoma in situ, which yielded
only small tissue samples, to be included in this study.

Positive results were obtained consistently from HPV-
positive cervical carcinoma cell lines using both primer
pairs, confirming that HPV-specific amplification oc-
curred under the reaction conditions used. No amplifi-
cation products of the expected sizes were obtained from
any of the bladder tumour DNA samples. Additional
confirmation of these negative results was obtained by
Southern blotting of the PCR products and hybridisation
to mixed HPV probes under non-stringent conditions,
which sould allow detection of not only the HPV types for
which specific probes were included, but other related
types as well [34].

Short urethral length and the prevalence of HPV in the
female genital tract might suggest a more likely role for
HPV in bladder tumours in females than in males.
Certainly, based on physical grounds alone it is likely that
these viruses reach the bladder more frequently in women
than in men. This series included 32 samples from females
and in none was HPV DNA found. Similarly, the absence
of HPV sequences in 6 cases of carcinoma in situ suggests
that HPV is not present in the majority of cases, despite
some histopathological similarities to known HPV-in-
duced lesions elsewhere. The previous finding of HPV16
in one case of carcinoma in situ has demonstrated that the
virus can gain access to the bladder and infect urothelial
cells. However, it is likely that the immunodeficiency of
the patient concerned represented a permissive factor in
this case. Such cases are likely to represent only a very
small subset in whom HPV may be present.

It is concluded that HPV infection is very uncommon
in neoplastic lesions of the bladder. In areas of the world
where transitional tumours (representing 100 of 103 overt
tumours in this study) are the major histopathological
tumour type, it appears that HPV does not contribute to
the neoplastic process.
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