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Analysis of p53 Tumor Suppressor Gene Mutations
and Human Papillomavirus Infection
in Human Bladder Cancers

Kun Hong Kim and Yoon Soo Kim!'

To determine whether the dysfunction of P53 caused either by mutation of the P53 gene itself or
by binding to E6 protein of oncogenic HPV's is involved in the transitional cell carcinomas (TCCs)
of the bladder, we analyzed 23 TCCs of the bladder. DNA was extracted from each paraffin embed-
ded tissue of TCCs of bladder and polymerase chain reaction (PCR)/ single strand comformation
olymorphism (SSCP) analysis were performed to screem mutations in P53 tumor suppressor gene,
then PCR/dot blot hybridization were performed to detect infection of HPVs. We found that p53
gene mutation was found in 3 cases and oncogenic HPV infection was detected in 8 cases and
thus, the overall incidence of possible P53 dysfunction was 47.8% on DNA analysis (If the results of
immunohistochemistry to detect overexpression of p53 Drotein were included, the incidence was 60.9
%).

Therefore, we concluded that dysfunction of P53 Plavs a major role in the development of TCCs
of bladder in Korean patients.

Key Words: p53 tumor suppressor gene, polymerase chain reaction, single strand conformation
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The p53 gene, located on chromosome 17pl3.
1, encodes a nuclear phosphoprotein. Original-
ly, p53 was thought to be a dominant onco-
gene as it was found to transform rodent fibro-
blasts in cooperation with the ras oncogene
(Eliyahu et al. 1984). However, the further in-
vestigation has revealed that p53 is a tumor
suppressor gene (Knudson, 1985; Lane and
Benchimol, 1990). Generally, in the case of p53,
one allele is lost through a chromosomal dele-
tion and the second allele undergoes some
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types of mutation within the gene. As have
been reported in a variety of human tumors,
including colon (Vogelstein et al. 1988), breast
(Mazars et al. 1992), lung (Yokota et al. 1987),
and mesothelioma (Cote e a@l. 1991), chromo-
some 17p deletions (Olumi et al. 1990; Presti et
al. 1990) or p53 gene mutations have been fre-
quently associated with high grade invasive
bladder carcinoma, suggesting a role for p53
in bladder cancer progression (Sidransky et al.
1991).

Intracellular function of wild type p53 pro-
tein is to arrest cell growth after DNA dam-
age or cellular stress, thus allowing DNA re-
pair to occur prior to cell division, although
p53 is not required for normal development
(Kastan et al. 1991; Lane 1992). When p53 ex-
pression is stimulated, the p53 binds to Cipl
(Harper et al. 1993)/WAF1 (El-Deiry et al. 1993)
regulatory elements and transcriptionally
activates the expression of Cipl/WAFI. Then,
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the Cipl/WAF1 protein binds to and inhibits
cyclin dependent kinase (CDK) activity which
has been implicated in the control of Gl to S
. phase transition in mammals and thus block-
ing cell cycle progression (El-Deiry et al. 1994).
Therefore, if the p53 is mutated or if wild
type p53 protein is inactivated by binding to
the cellular oncogene MDM2 (Oliner et al.
1992) or to viral oncoproteins, the cell will
continue to replicate.

Mutated p53 protein complexes with a heat
shock protein (hsc 70) that results in a
metabolically stable protein with a half life of
many hours (Finlay ef al. 1988) but the wild
type p53 has a half life of 6 to 30 minutes
(Reich and Levine, 1984). Wild type p53 pro-
teins bind to oncoproteins encoded by some
DNA viruses such as simian virus (SV) 40
large T antigen, adenovirus (Ad) E1B protein,
and human papillomavirus (HPV) E6 protein.
Although the binding of SV 40 large T anti-
gen and Ad E1B protein stabilizes p53, the
binding of E6 proteins encoded by HPV type
16 and 18 which are closely associated with
anogenital cancers (zur Hausen and Schneider,
1988), results in rapid degradation of p53 via
the ubiquitin-directed pathway (Scheffner ef al.
1990). Thus, it is clear that the role of the E6
oncoprotein is to eliminate or inactivate p53
as a tumor suppressor, although the function-
al consequences of p53 binding and degrada-
tion by E6 in HPV induced cancer remain un-
clear. The role of E6 protein is supported by
the observation that cell lines derived from
cervical carcinomas bearing the HPV type 16
or 18 E6 gene product also possess wild type
p53 gene (Scheffner e al. 1991). In fact, no
mutant p53 gene or protein has been detected
in tumors containing the HPV E6 gene, such
as cervical carcinomas (Scheffner et @l 1991;
Crook et al. 1992) and esophageal carcinomas
(Furihata ef al. 1993a; Furihata et al. 1993b). In
contrast, p53 gene mutations have been de-
tected in cell lines derived from cervical car-
cinomas bearing no HPV (Srivastava et al.
1992). Therefore, dysfungtion of p53 either by
mutation itself or by HPV may be closely as-
sociated with development of cervix cancers.

In this study, we investigated the frequen-
cies of mutations in p53 gene and HPV infec-
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tion in human TCCs of bladder samples iso-
lated from Korean patients by using PCR/
SSCP analysis and PCR/dot blot hybridization.

MATERIALS AND METHODS

Preparation of DNA from paraffin-embed-
ded bladder cancer tissues

Twenty-three tissue specimens of TCCs of
bladder were obtained from paraffin-embed-
ded tissue block at the Yonsei Medical Center.
Two 5um sections from each paraffin embed-
ded tissue block were deparaffinized by ex-
tracting with xylene. Then, the sections were
incubated with 4004L of a solution (100 mM
NaCl, 10mM Tris-HCl, pH 84, 25 mM EDTA,
0.5% SDS, 200 zg/mL proteinase K (Boehringer
Mannheim Biochemicals, Indianapolis, IN,
USA)) at 50°C water bath for 1 hour and fur-

ther incubated at 37°C for 72 hours (Innis et al.
1989). Finally, the incubated solution was ex-
tracted with phenol/chloroform. After extrac-
tion, DNA was precipitated with ethanol.

Primers and probes

Primers and probes were synthesized by the
phosphoramidite method with DNA synthe-
sizer (Model 381A, Applied Biosystem Inc,
Foster city, CA, USA). Primer sequences were
as follows;

p53 each exon (Gaidano ef al. 1991}

p5-5 5’ -TTCCTCTTCCTGCAGTACTC-3'
p5-3 5'-ACCCTGGGCAACCAGCCCTGT-3'
p6-5 5"-ACAGGGCTGGTTGCCCAGGGT-3’
p6-3 5'-AGTTGCAAACCAGACCTCAG-3’
p7-5 5 -GTGTTGTCTCCTAGGTTGGC-3
p7-3 5'-GTCAGAGGCAAGCAGAGGCT-3’
p8-5 5'-TATCCTGAGTAGTGGTAATC-3'
p8-3 5'-AAGTGAATCTGAGGCATAAC-3’
p9-5 5'-GCAGTTATGCCTCAGATTCAC-3’
p9-3 5'-AAGACTTAGTACCTGAAGGGT-3’

E6 consensus primer sequences for detecting
HPV (Resnick et al. 1990),

E6 Consensus Positive Strand Primers

WD72 19-mer 5 -CGGTCGGGACCGAAAACGG-3’
WD76 18-mer 5'-CGGTTSA ACCGAAAMCGG-3’

323



Kun Hong Kim and Yoon Soo Kim

E6 Consensus Negative Strand Primers

WD 66 20-mer 5'-AGCATGCGGTATACTGTCTC-3'
WD 67 20-mer 5'-WGCAWATGGAWWGCYGTCTC-3’
WD 154 20-mer 5'-TCCGTGTGGTGTGTCGTCCC-3’

W=A/T, S=G/C, R=A/G, Y=C/T, M=A/C
HPV type specific probes (Resnick et al. 1990);

HPV type 16 5'-CAACAGTTACTGCGACG-3’
HPV type 18 5"-GCAAGACATAGAAATAA-3’
HPV type 31 5'-AAATCCTGCAGAAAGACCTC-3'
HPV type 33 5'-GTACTGCACGACTATGT-3'

PCR amplification

Typical PCR conditions were: template
DNA, 200ng primers, 10 pmoles each; Taq
DNA polymerase (Perkin-Elmer Cetus, Norw-
lak, CT, USA), 1.0 units; 10x PCR buffer (100
mM Tris-HCl, pH 83, 500mM KCl, 20mM
MgCl, 0.1% (w/v) gelatin), 24L; each 504M
dNTP in a total volume of 20xL. Each cycle
of PCR consisted of 60 seconds of template
denaturation at 94°C, 90 seconds of annealing
at 63°C (for p53 exon 5, 6, 7, and 9) or 58°C
(for p53 exon 8, and HPV), and 90 seconds of
extension at 72°C. The cycle was repeated 35
times and final extension step was performed
for 10 minutes. In case of PCR for HPV de-
tection, 40mM of MgCl. was used and cycle
was repeated 40 times.

SSCP analysis

For SSCP analysis, PCR primers were end
labeled with 7-?P-ATP (Sambrook et al. 1989)
and PCR reactions were carried out as de-
scribed above. Samples were prepared for
electrophoresis as described (Orita et al. 1989).
Electrophoresis with the amplified DNA frag-
ments was performed at 10 watts for 5 to 8
hours in 6% non-denaturing polyacrylamide
gel containing 5% (v/v) glycerol at 20°C using
LKB 2010 Macrophor sequencing system
(Pharmacia LKB Biotechnology, Piscataway,
NJ, USA). After electrophoresis, gels were
dried and exposed to X-ray film at —70C for
overnight. )

DNA sequencing :
PCR products which showed mobility shifts
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on SSCP analysis were subcloned into TA
cloning vector (Invitrogen Corporation, San
Diego, CA, USA) and double strand sequencing
was performed with T7 sequencing kit
(Pharmacia LKB Biotechnology) according to
the manufacturer’s instruction.

Dot blot hybridization of PCR products for
HPYV typing

Five microliters of each PCR products were
denatured in 1004L of a solution (04N NaOH
and 25mM EDTA) and were applied to Zeta-
probe GT blotting membrane (Bio-Rad Labo-
ratories Inc., Hercules, CA, USA) using Bio-
Dot apparatus (Bio-Rad Laboratories Inc.).
The membranes were UV-cross linked with
UV-Stratalinkler 2400 (Stratagene Inc, La
Jolla, CA, USA). Each blotted membrane was
hybridized with *P-end labeled HPV type spe-
cific probes.

Immunohistochemical staining

To detect overexpression of p53 in the for-
malin fixed paraffin embedded bladder cancer
tissues, the tissues were stained with mouse
anti p53 monoclonal Ab (P53(DO-1), Santa
Cruz Biotechnology, Inc, Saunta Cruz, CA,
USA). First, the tissues were boiled in the mi-
crowave oven and were incubated with mouse
anti p53 monoclonal Ab for 1 hour. Second,
the tissues were incubated with biotinylated
anti-mouse IgG Ab and then incubated with
peroxidase conjugated streptavidin. Finally, 3,
4-diaminobenzidine (DAB) was added and then
counterstained with hematoxylin.

RESULTS

Histopathology of the tumor

Among the 23 TCCs of bladder, 6 cases
were superficial type including 1 pTla, 5 pT1,
and 14 cases were invasive type, including 2
pT2, 6 pT3, 6 pT4, and the stage of remaining
3 cases were uncertain. All cascs were graded
on a scale of 1 to 3 according to the WHO
classification. All the superficial cancers
showed low grade (grade 1 to 2). Among the
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invasive cancers, 7 cases showed low grade
(grade 2), 7 cases showed high grade (grade 3).

PCR-SSCP analysis

To screen the p53 gene mutations in each
tumor samples, PCR of each exon of p53
(from 5 to 9) was done first and then, non de-
naturing (6%) polyacrylamide gel electrophore-
sis was performed. The summary of PCR-
SSCP analysis of exons 5 to 9 of p53 tumor
suppressor gene was given in Table 1L
Autoradiographies from SSCP analysis showed
that there were 3 mutant cases among the
samples screened and that all the mutations
found were in exon 7 (Fig. 1).

Sequence analysis
To get the sequence data from the mutant

22

C122

Case No.

Fig. 1. PCR/SSCP analysis of 53 exon 7.
Nondenaturing PAGF(6%) of *P-labeled PCR
products of P53 exon 7 showed mobility shifts in
3 cases. Numbers written at the top of the figure
indicate the case No. which showed mobility shift
on SSCP analysis and each arrow head indicates
shifted band. Human WBC DNA was used for
control( Lane C).

Table 1. p53 gene mutations and HPV infection in TCCs of bladder

Mutatior Overexpression Aminoacid
Case Nc. Grade  Stage HPV(Type, of p53 Codone of P53 substitution
pT1aNOMO ND* NT
pTINONO +(18) ND
pTINOMO +(18) ND
pTINOMO ND NT
pTINOMO +(16, 18) ND NT
pTINOMO ND NT
pT2NOMO (16,18) ND
8 pT2NOMO ND NT
9 pT3NOMO ND
10 pT3NOMO +(16, 18) ND
11 pT3NOMO +(18) ND
12 pT3NIMI exon 7 248 Arg—GIn(CGG—CAG)
13 pT3bNIMO ND NT
14 pT3bNOMO ND
15 pT4NIMO ND NT
16 pT4NIMI ND NT
17 pT4NIMI ND NT
18 pT4NIMI ND NT
19 pT4NIMI +(18) ND NT
20 pT4NIMI exon 7 250 NT Pro—Leu(CCC—CTC)
21 NF* -(16,18) ND NT
22 NF exon 7 246 NT Met—lle(ATG—ATA)
23 NF ND NT
*Not found '
* Not detected

< Detected by immunohistochemical staining
¢ Not tested

Number 4
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A Case No. 12

B. Case No. 20

C. Case No. 22

Fig. 2. Sequence analysis of the 3 cases that showed mobility shift on SSCP analysis.
PCR products of 3 cases that showed mobility shift on SSCP analysis were cloned into TA cloning vector, and se-
quenced by the method described in the text. A: Case No. 12 (codon 248 mutation): B: Case no. 20 (codon 250 muta-
tion); C: Case No. 22 (codon 246 mutation). Each arrow indicates the position of mutated base.

Case No. L8003 0219

11 5 7

Fig. 3. Agarose gel(2%) electrophovesis of PCR products amplified with HPV E6 consensus primers.
To detect the infection of HPV's in TCCs of bladder, chromosomal DN A was extracted from each tumor tissue, and
PCR was performed to amplify the HPV E6 consensus region by using E6 consensus primer pairs. Numbers writ-
ten at the top of the figure indicate the case No. which showed amplified HPV DNA band(indicated by arrow). The

123 bp DN A ladder was used as a size marken Land M),

cases, double strand sequencing was done. We
found that case No. 12 contained CGG—CAG
transition mutation resulting in arginine to
glutamine substitution at codon 248 (Fig. 2A),
case No. 20 contained CCC—CTC transition
mutation resulting in proline to leucine substi-
tution at codon 250 (Fig. 2B), and case No. 22
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contained ATG—ATA transition mutation
resulting in methionine to isoleucine substitu-
tion at codon 246 (Fig. 2C). The sequence data
showed that there were no codon preference
in the mutations of pb3 gene, indicating that
tumor samples screened were heterogeous.
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HPV type 6, 11, 16, 18, and 33 was performed

HPYV detection and typing and to identify the type of HPVs, dot blot

To detect the infection of HPVs in TCCs of hybridizations were performed using type 16,
bladder, PCR using consensus primers which 18, 31 or 33 specific probes. We found that
could amplify the consensus E6 region of HPVs were positive in 8 cases (34.7%, Fig. 3)

v

Fig. 4. Detection of P53 overexpression by immunohistochemical staining.
To detect overexpression of D53, the tissues were stained with mouse anti p53 monoclonal Ab. First, tissues were
boiled in the microwave oven and were incubated with mouse anti 953 monoclonal Ab for 1 hour. Second, the tis-
sues were incubated “with biokinylated anti-mouse IgG Ab, and then incubated with peroxidase conpugated
streptavidin. Finally, 34-diamindbenzidino( DAB) was added and then counterstained with hematoxyin. A: case
No. 2, B: case No.7, C: case No. 12, D: case No. 8. In case of negative control, primary Ab was omitted(data not
shown). .
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and that the type of HPVs were either type
16 (in 4 cases) or type 18 (in 8 cases) but
there were no HPV type 31 and 33. In 4 cases,
double infection by HPV type 16 and 18 was
obseved (data not shown) These results sug-
gested that oncogenic HPVs might be in-
volved in the development of TCCs of blad-
der.

Immunohistochemical staining

To support the results of p53 gene muta-
tions and HPV infection in terms of p53 pro-
tein expression in the tumor tissues, immuno-
histochemical staining was done using mouse
anti p53 monoclonal Ab. Cases were grouped
into three according to the presence (+) or
absence (—) of HPV infection and mutation in
p53 gene on DNA analysis: first group, HPV
(+) and p53 (—) second group, HPV (—) and
p53 (+) third group, HPV (—) and p53 (-).
Because tissue sections of all the cases were
not available for immunochemistry, only some
cases from each group could be included.
Although, as we expected, 2 cases (case No. 2
and 3) of first group showed no p53 on
immunostaining (Fig. 4A), case No. 7 showed
unexpected overexpression of p53 (Fig. 4B),
suggesting that, not in cell lines but in tumor
samples, both HPV infection and mutation in
p53 suggested by overexpression may exist in
the same tumor. Case No. 12, one of second
group, showed marked overexpression of p53
(Fig. 4C). The overexpression of p53 was ob-
served in nearly all the transitional cells. In
addition, 2 cases (case No. 8 and 9) of third
group showed overexpression of p53 (Fig. 4D),
suggesting that the mutations may be present
in other exons which are not included in our
experiment and that SSCP analysis may not
‘be sensitive enough for detecting mutations if

the cell population which contained mutation:

of p53 gene is small.

DISCUSSION

]
This study shows that dysfumction of p53
caused either by matation of p53 gene itself
or by binding to E6 protein of oncogenic
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HPVs is involved in TCCs of the bladder.
The evidence is that p53 gene mutation
screened by PCR/SSCP was found in 3 cases
and HPV infection detected by PCR/dot blot
hybridization was found in 8 cases out of 23
TCCs of bladder, respectively, and thus, over-
all incidence of possible p53 dysfunction was
478% (If the results of immunohistochemistry
were included, the incidence was 60.9%).

The p53 gene mutation may be more closely
associated with invasive TCCs than with su-
perficial TCCs. The evidence is that the stage
of all the cases that had p53 mutation (either
detected by SSCP analysis or detected by
immunohistochemistry) was pT2 or pT3. As
reported (Fujimoto et al. 1992), p53 gene muta-
tion might be a rather late event in tumor de-
velopment and might be involved in progres-
sion of bladder cancer.

Immunohistochemical detection of p53 might
be more sensitive method than PCR/SSCP to
detect p53 gene mutations. There are several
possible reasons for this as described by Esrig
et al. (1993). First of all, all of the tumors used
for SSCP analysis contained non neoplastic
tissue that was intermingled with the tumor
cells in various proportions. If the proportion
of tumor cells (containing the p53 mutation)
was relatively low compared to normal cells
(containing wild type p53), the SSCP analysis
may not have detected the mutation in the
tumor. Second, the mutations may be present
in other exons which are not included in ex-
periment. In this study, exon 4 of p53 was ex-
cluded in PCR because most p53 mutations in
human tumors were found within exons 5
through 9 (Soussi et al. 1990; Hollstein et al.
1991). However, p53 mutations in exon 4 were
found in bladder cancers (Fujimoto et al. 1992).
Actually, we found 3 cases that showed no
evidence of p53 mutation in SSCP but showed
p53 overexpression in immunohistochemistry.

The mutations of p53 found in this study
might not be caused by specific mutagen. p53
gene mutations investigated from patients
with known exposure to cigarette smoke were
specifically found in codon 280 (Spruck et ol
1993). In this study, however, there were no
codon preference, indicating that no specific
mutagens were associated with the TCCs of
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bladder investigated in this study.

Oncogenic HPVs might play important roles
in bladder carcinogenesis. Besides squamous
epithelium, other types of epithelia also are
susceptible to the papillomavirus infection,
such as transitional carcinoma of the urethra
(Mevorach ¢ al. 1990), and adenocarcinoma of
the prostate (McNicol and Dodds, 1990). In
bladder cancers, oncogenic HPVs have been
demonstrated in 5 to 81 % of the cancer pa-
tients (Kitamura et al. 1988; Bryant et al. 1991;
Anwar e @l 1992; Furihata ef al. 1993c) and
multiple infections were also reported (Furihata
ot al. 1993c). In this study, HPVs were found
in 8 cases (34.7%), and their types were either
16 or 18, but there were no HPV type 31 or
33 and double infections by HPV type 16 and
18 were observed in 4 cases.

Contrary to the reports on the status of p53
in HPV positive or negative cervical cancer
cell lines (Crook eof al. 1992; Yaginuma and
Westphal, 1991; Srivastava e al. 1992), both
p53 gene mutation and HPV infection could
exist in same tumors. Furihata ef al (1993c)
demonstrated that p53 overexpression and
HPV infection coexisted in single cancer cell
nuclei of bladder TCCs. In addition, Crook
and Vousden (1992) reported that acquisition
of p53 mutation might play a role in the pro-
gression of some HPV associated primary can-
cers. In this study, we also demonstrated that
the both HPV infection detected by PCR and
p53 mutation suggested by overexpression in
immunohistochemical staining existed in the
same case (case No. 7) although there re-
mained possibility that HPV infection and p53
mutation existed in the independent popula-
tion of tumor cells.

“In conclusion, this study supports the previ-
ous- observations that dysfunction of p53
caused either by mutation of p53 gene itself
or by binding to the E6 protein of oncogenic
HPVs also plays a major role in the develop-
ment of TCCs of the bladder in Korean pa-
tients as have been reported in cervix can-
cers. N

ACKNOWLEDGEMENTS
We thank Dept. of Patholgy for generous

EY

Number 4

donation of bladder tumor tissue blocks. We
also thank Dr. Hong SW and Dr. Yook JI for
performing the immunohistochemical stainings
and careful suggestions.

REFERENCES

Anwar K, Naiki H, Nakakuki K, Inuzuka M: High
frequency of human papillomavirus -infection in
carcinoma of the urinary bladder. Cancer 70:
1967-1973, 1992

Bryant O, Davies P, Wilson D: Detection of human
papillomavirus DNA in .cancer of the urinary
bladder by in situ hybridization. Brit J Urdl 68:
5361, 1991

Cote RJ, Jhanwar SC, Novick S, Pellicer A: Genetic
alterations of the p53 gene are a feature of
malignant mesothelioma. Cancer Res 51: 5410-
5416, 1991

Crook T, Vousden KH: Properties of p53 mutations
detected in primary and secondary -cervical
cancers suggest mechanisms of metastasis and
involvement of environmental carcinogens.
EMBO ] 11: 3935-3940, 1992 ’

Crook T, Werde D, Tidy JA, Mason WP, Evans

DJ, Vousden KH: Clonal p53 mutation in pri-
mary cervical cancer: association with human
papillomavirus negative tumors. Lancet 339:
1070-107 3, 1992

El-Deiry WS, Tokino T, Velculescu VE, Levy DB,
Parsons R, Trent JM, Lin D, Mercer WE,
Kinzler KW, Vogelstein B: WAFI, a potential
mediator of p53 tumor suppression. Cell 75:
817-825, 1993

El-Deiry WS, Harper JW, O'Conner PM, Velculescu
VE, Canman CE, Jackman ], Pietenpol JA,
Burrell M, Hill DE, Wang Y, Wiman KG, Mer-
cer WE, Kastan MB, Kohn KW, Elledge S]J,
Kinzler KW, Vogelstein B: WAF1/CIP1 is in-
duced in p53-mediated Gl arrest and apoptosis.
Cancer Res 54: 1169-1174, 1994

Eliyahu D, Raz A, Gruss P, Givol D, Oren M: Par-
ticipation of p53 cellular tumor antigen in
transformation of normal embryonic cells. Na-
ture 312: 646-649, 1984

Esrig D, Spruck III CH, Nichols PW, Chaiwun B,
Steven K, Groshen S, Chen S-C, Skinner DG,
Jones PA, Cote RJ: p53 nuclear protein accu-

" mulation correlates with mutations in the p53

gene, tumor grade, and stage in bladder cancer.
Am J Pathol 143: 1389-1397, 1993

329



Kun Hong Kim and Yoon Soo Kim

Finlay CA, Hinds PW, Tan TH, Eliyahu D, Oren
M, Levine AJ: Activating mutations for trans-
formation by p53 produce a gene product that
forms an hsc 70-p53 complex with an altered
half life. ‘Mol Cell Biol 8: 531-539, 1988

Fujimoto K, Yamada Y, Okajima E, Kakizoe T,
Sasaki H, Sugimura T, Terada M: Frequent as-
sociation of p53 gene mutation in invasive
bladder cancer. Cancer Res 52: 1393-1398, 1992

Furihata M, Ohtsuki Y, Ogoshi S, Takahashi A,
Tamiya T: The detection of human papillo-
mavirus genomes (type 16 and 18) or overex-
pressed p53 protein in esophageal cancers pa-
tients from Kochi, Japan. Am J Gastroentero
88: 47 1-472, 1993a

Furihata M, Ohtsuki Y, Ogoshi S, Takahashi A,
Tamiya T, Ogata M: Prognostic significance of
human papillomavirus genomes (type 16 and
18) and aberrant expression of p53 protein in
human esophageal cancer. Int J Cancer 54: 226-
230, 1993b

Furihata M, Inoue K, Ohtsuki Y, Hashimoto H,
Terao N, Fujita Y Second: High-risk human
papillomavirus infections and overexpression of
p53 protein as prognostic indicators in transi-
tional cell carcinoma of the urinary bladder.
Cancer Res 53: 4823-4827, 1993¢

Gaidano G, Pallerini P, Gong JZ, Inghitami G, Neri
A, Newcomb EW, Margath IT, Knowles, DM,
Dalla-Favera R: p53 mutations in human
lymphoid malignancies: Association with Bur-
kitt’s lymphoma and chronic lymphocytic leuke-
mia. Proc Natl Acad Sci USA 88: 5413-5417,
1991

Harper JW, Adami GR, Wei N, Keyomarsi K,
Elledge SJ: The p21 Cdk-interacting protein
Cipl is a potent inhibitor of Gl cyclin - depen-
dent kinase. Cell 75: 805-816, 1993

Hollstein M, Sidransky D, Vogelstein B, Harris C:
p53 mutations in human cancers. Science 253:
49-53, 1991

Innis MA, Gelfand DH, Sninsky JJ, White T: PCR
protocols: A Guide to Methods and Apblications.
Academic Press, California. pp153-158, 1989

Kastan MB, Onyekwere O, Sidransky D, Vogelstein
B, Craig RW: Participation of p53 protein in
the cellular response to DNA damage. Cancer
Res 57: 6304-6311, 1991

Kitamura T, Yogo Y, Ueki T, Murakami S, Aso Y:
Presence of human papﬂlomavirgs type 16 ge-
nome in bladder carcinoma in situ of a.patient
with mild immunodeficiency. Cancer Res 48:
72077211, 1988

330

Knudson AG: Hereditary cancer, oncogenes and
antioncogenes. Cancer Res 45: 1437-1443, 1985
Lane DP: p53: guardian of the genome. Nature 358:
~ 15-16, 1992
Lane DP, Benchimol S: p53: oncogene or anti-
oncogene? Genes Dev 4:1-8, 1990
Mazars R, Spinardi L, Ben Cheikh M, Simony-
Lafontaine ], Jeanteur P, Theillet C: p53 muta-
tions occur in aggressive breast cancer. Cancer
Res 52: 3918-3923, 1992 .
McNicol PJ, Dodds JG: Detection: of human
papillomavirus DNA in prostate gland tissue
by using the polymerase chain reaction amplifi-
cation assay. J Clin Microbiol 28: 409-412, 1990
Mevorach RA, Cos LR, dii Santagnese PA, Stoler
M: Human papillomavirus type 6 in grade I
transitional cell carcinoma of the urethra. J
Ural 143; 126-128, 1990
Oliner JD, Kinzler KW, Meltzer PS, George DL,
Vogelstein B: Amplification of a gene encoding
a p53 associated protein in human sarcomas.
Nature 358: 80-82, 1992
Olumi AF, Tsai YC, Nicholas PW, Skinner DG,
Cain DR, Bender LI, Jones PA: Allelic loss of
chromosomes 17p distinguishes high grade
from low grade transitional cell carcinomas of
the bladder. Cancer Res 50: 7081-7083, 1990
Orita M, Suzuki Y, Sekiya T, Hayashi K: Rapid
_and sensitive detection of point mutations and
DNA polymorphism using the polymerase
chain reaction. Genomics 5: 874-879, 1989
Presti JC, Reuter TG, Fair WR, Cordon-Cardo C:
Molecular genetic alterations in superficial and
locally advanced human bladder cancer. Cancer
Res 50: 70817083, 1990
Reich NC, Levine AJ: Two distinct mechanisms
regulate the level of a cellular tumor antigen.
Nature 308: 199-201, 1984
Resnick RM, Cornelissen MTE, Wright DK,
Eichinger GH, Fox HS, Schegget ] ter, Manos
MM: Detection and typing of human papillo-
mavirus in archival cervical cancer specithens
by DNA amplification with consensus primers.
J Natl Cancer Institute 82: 1477-1484, 1990
Sambrook J, Fritsch EF, Maniatis T: Purification
of radiolabeled synthetic oligonucleotides. In
Sambrook J, Fritsch EF, Maniatis T eds. Mo-
lecular Cloning, A Laboratory Manual, 2nd ed.
New York, Cold Spring Harbor Laboratory
Press, 1989, 11.31-11.32
Scheffner M, Munger K, Huibregste JM, Levine
AJ, Howley PM: The E6 oncoprotein encoded
by human papillomavirus type 16 and 18 pro-

Volume 36



Analysis of p53 Tumor Suppressor Gene

motes the degradation of p53. Cell 63: 1129-
1136, 1990

Scheffner M, Munger K, Byrne JC, Howley PM:
The state of the p53 and retinoblastoma genes
in human cervical carcinoma cell lines. Proc
Natl Acad Sci USA 88: 5523-5527, 1991

Sidransky D, Eschenbach AV, Tsai YC, Jones P,
Summerhayes I, Marshall F, Paul M, Green P,
Hamilton SR, Frost P, Vogelstein B: Identifica-
tion of p53 gene mutations in bladder cancers
and urine samples. Science 252: 706-709, 1991

Soussi T, Legras Y, Lubin R, Ory K, Schlichtholz
B: Multifactorial analysis of p53 alteration in
human cancer: a review. Int J Cancer 57: 1-9,
1994

Spruck III CH, Rideout III' WM, Olumi AF,
Ohneseit PF, Yang AS, Tsai YC, Nicholas PW,
Horn T, Hemann GG, Steven K, Ross RK, Yu
MC, Jones: Distinct pattern of p63 mutation in
bladder cancers: Relationship to tobacco wusage.
Cancer Res 53: 1162-1166, 1993

Srivastava S, Tong YA, Devadas K, Zou Z-Q, Chen
Y, Pirollo KF, Chang EH: The status of the

p53 gene in human papillomavirus positive or
negative cervical carcinoma cell lines. Carcino-
genests 13: 1273-1275, 1992

Vogelstein B, Fearon ER, Hamilton SR, Kern SE,
Preisinger AC, Leppert M, Nakamura Y, White
R, Smits AM, Bos JL: Genetic alterations dur-
ing colorectal tumor development. N Eng J
Med 319: 525-532, 1988 .

Yaginuma Y and Westphal H: Analysis of the p53
gene in human uterine carcinoma cell lines.
Cancer Res 51: 6506-6509, 1991 v

Yokota ], Wada M, Shimosato Y, Terada M,
Sugimura T: Loss of heterozygosity on chromo-
some 3, 13 and 17 in small cell carcinoma and
on chromosome 3 in adenocarcinoma of the
lung. Proc Natl Acad Sci USA 84: 9252-9256,
1987

Zur Hausen H, Schneider A: The roe of
papillomaviruses in human anogenital cancer. In
Howley PM and Salzman N, ed. The
papovaviridae: The papillomaviruses. New York,
Plenum press, 1987, 245-263

Number 4

331



