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ABSTRACT

The mutation patterns of the p53 tumor suppressor gene have been
shown to reflect the specific carcinogen(s) involved, or the epidemiological
background in some cancers. To elucidate the impact of cigarette smoking
or bilharzial infection on the p53 gene mutation pattern, 61 cases of
urothelial cancer from Japan and 7 cases of bladder cancer with schisto-

somiasis from Egypt were examined for mutations of thep5J gene. In total,
/o.l gene mutations were detected in 20 Japanese cases (33%) and 6
Egyptian cases (86%). Although the incidence of/o.l gene mutation was
not significantly influenced by habitual smoking, a different mutation
pattern was observed as follows: 4 of 10 mutations in smokers in Japan
were \: I to G:C transitions, whereas such mutations were not detected in
any of 10 mutations in nonsmokers, or in any of 6 mutations associated
with schistosomiasis. Although no specific mutation pattern was detected
for the squamous cell carcinomas with schistosomiasis, all 8 base substi
tutions observed in tumors with squamous cell carcinomas occurred at
G:C sites, whereas base substitutions at A:T sites were observed in 33% (6
of 18) of mutations in transitional cell carcinomas. Our results suggest that
cigarette smoking may have a significant impact on the mutations of the
p53 gene in urothelial cancers. Furthermore, the distinct spectrum of the
p53 gene mutation found in tumors with squamous cell carcinomas may
reflect their unique etiological backgrounds.

INTRODUCTION

The p53 tumor suppressor gene, which is located on the short arm
of chromosome 17, has been demonstrated to encode for a protein
involved in the regulation of the cell cycle and growth (1). Mutations
within the coding sequence of the p53 tumor suppressor gene are
among the most frequent genetic alterations found in a variety of
human malignant tumors (2-5). RFLP3 analyses have shown that p53

mutations are frequently associated with the loss of a nonmutated
alÃeleon chromosome 17p. In urothelial cancers, analyses of p53 gene
mutations by PCR techniques or RFLP analyses of the 17p alÃele
status indicate that alterations of the p53 gene are closely associated
with a high grade and/or high stage subset of this type of cancer (5-9).

On the other hand, accumulating evidence suggests that the patterns
of p53 gene mutation detected in some kinds of human cancers might
reflect endogenous and external mutagenic agents involved in car-

cinogenesis (2, 10, 11). For example, hepatocellular carcinomas
closely associated with aflatoxin B often contain a G:C to T:C trans-

version clustering at codon 249 of the p53 gene (12, 13). Human
squamous cell carcinomas of skin are known to frequently contain a
CC to TT double base change at dipyrimidine sites of the p53 gene,
thus indicating the causative involvement of UV exposure in this type
of mutation (14). In colon cancers, most of the p53 gene mutations
were reported to be G:C to A:T transitions, occurring mostly at the
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CpG (methylcytosine-guanine) dinucleotide (2, 10), which is known
tobe a frequent spot of "spontaneous" mutations (15). In lung cancers,

a G:C to T:A transversion is often observed, and this type of mutation
is presumably induced by benzo[a]pyrene which is a cigarette smoke-
related carcinogen (16-18).

In urothelial cancers of the bladder, ureter, and renal pelvis, ciga
rette smoking has been shown to be a major contributing factor to
tumorigenesis both in Japan and in western countries (19, 20). About
30 to 50% of bladder cancers may be attributed to cigarette smoking,
although the mechanism by which cigarette smoking induces urothe
lial cancer is unclear. In Egypt, where schistosomiasis is endemic,
bladder cancer is the most common form of cancer, and consists
mainly of squamous cell carcinomas caused by chronic bilharzial
infection (21).

Although epidemiologically linked, the question of whether or not
cigarette smoking and chronic schistosomal infection have any im
pact on mutational events of the p53 gene remains to be answered.
There have been few studies thus far investigating the differences
in the p53 gene mutation pattern according to the etiological back
ground of each case. In this study, p53 gene mutations were exam
ined in 68 cases of urothelial cancer from 61 Japanese and 7 Egyp
tian patients to answer the above question. In addition, the relation
ship between p53 gene mutations and the LOH on chromosome 17p
was evaluated to elucidate the role of these genetic alterations in
urothelial cancer progression.

MATERIALS AND METHODS

Patients and Samples. Specimens of urothelial cancer wore obtained from
61 native Japanese patients and from 7 patients with schistosomiasis in Egypt.
In 56 of the Japanese cases, the corresponding normal kidney tissue or periph
eral blood was obtained for a sample of normal DNA. Tissues were snap frozen
and stored at -70Â°C until the extraction of the DNA. Each tumor tissue was

examined histologically. and only those samples containing predominantly
viable cancer cells were used. Histological typing, grading, and staging of the
tumors (46 bladder cancers and 15 renal pelvic or ureteral cancers) collected in
Japan were assessed according to the WHO (22) and TNM (23) classifications,
respectively. The 7 carcinoma tissue samples from Egypt were obtained at the
National Cancer Institute in Cairo, and all were diagnosed histologically as
invasive (apT2) squamous cell carcinomas associated with schistosomiasis
(24). For all Japanese patients, smoking and occupational histories were ob
tained by the medical staff and reconfirmed in some cases by additional
interviews. The 61 Japanese patients consisted of 30 current smokers who
smoked more than 5 cigarettes per day, 4 exsmokers who stopped smoking at
least 4 years before admission, and 27 who had never smoked. No history of
schistosomal infection was found in any of the Japanese cases. Furthermore, no
obvious occupational exposure, which has been closely associated with urothe
lial cancers, was identified. No information on occupational histories and
smoking habits was obtained for the Egyptian patients.

SSCP Analysis. High-molecular-weight genomic DNA was extracted by

the phenol/chloroform method after protein K digestion from tissue samples
and peripheral blood leukocytes. Mutations of \hep53 gene from exons 4 to 10
were screened by SSCP analysis of the amplified PC'R fragments from the

genomic DNA. The SSCP analysis was performed according to the method of
Toguchida et al. (4, 25), based on the method of Orila et al. (26), with minor
modifications. Eight pairs of oligonucleotide primers were designed to span the
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7 coding cxons (exons 4 to 10) of the human p53 gene based on the primer
sequence data previously published (4). For exon 5, two overlapping PCR
fragments were analyzed by two pairs of primers. The other PCR primer pairs
spanned only a single exon. For exon 4, amplified PCR fragments were
digested by Msp\ and were then analyzed. Each 50 ju.1of PCR mixture con
tained 200 ng of genomic template DNA, 50 pmol of each primer. 40 /ÃœM
concentrations each of dATP, dGTP, and dTTP, 4 /J.Mconcentration of dCTP,
0.2 fil of [a-12P]dCTP (3(MX) Ci/mmol, 1 mCi/ml), and 2.0 units of Taq

polymcrase in a buffer containing 1.0 or 1.5 ITIMMgCK Thirty cycles of
amplification were carried out in an automatic programmable thermal cycler
(Perkin-Elmer-Cetus, Norwalk, CT) at 94Â°C,55 or 60Â°C,and 72Â°Cfor 1. 1.

and 2 min, respectively. One-tenth of the volume of each crude amplified
product was diluted and mixed with a denaturing dye containing 95% forma-
mide. Samples were then denatured at 94Â°Cfor 2 min, chilled on ice, and

loaded onto two nondenaturing 6% polyacrylamide gels with and without 10%
glycerol. Electrophoresis was performed at 3 W for 14 to 18 h at room
temperature. After being dried, the gels were exposed to X-ray films for 1â€”2
days at -7()Â°Cwithout intensifying screens.

Direct Sequencing. Any sample that showed variant bands was sequenced
by direct sequencing of the PCR product. For sequencing exons 5 to 8 and the
noncoding strand of exon 4. a fragment of the Â¡>53gene from exon 4 to exon
9 (2.9 kilobases in length) was amplified by 32 PCR cycles with oligonucle-
otide primers described elsewhere (3). and this double-stranded PCR fragment

was used as a template. For sequencing exon 10 and the coding strand of exon
4, a single-stranded DNA template was amplified by asymmetric PCR by using

the primers for SSCP analysis. Each amplified DNA template was purified by
an ultrafiltration kit (Suprec-02; Takara Shuzo Co., Kyoto, Japan) or by re

covery from low melting agarose gels by using the phenol/thaw technique.
Sequencing reactions were performed with the 12Pend-labeled primers used in

SSCP analyses with the use of a CircumVent Thermal Cycle Dideoxy DNA
Sequencing Kit (New England Biolabs, Beverly, MA). The products were
electrophoresed on denaturing 6% polyacrylamide gels. All putative mutations
were confirmed on both coding and noncoding strands in an independent PCR
template. When a mutation was identified, the corresponding normal DNA
samples, if available, were also sequenced to confirm that the mutations
occurred as somatic events.

RFLP Analysis. RFLP analysis was performed on 56 Japanese cases in
order to examine for the LOH on chromosome 17p. The analysis was carried
out as described previously (9). The following five DNA markers on chromo
some 17p were used to detect LOH: YNZ22 (D17S5). YNH37.3 (D17S28),
MCT35.1 (D17S31), BHP53 (p53), and HF12-2 (D17S1). Probes YNZ22 and

BHP53 were kindly provided by Dr. Y. Nakamura. The original references for
all these markers have been cited and recorded in Human Gene Mapping 11
(27). The results of the RFLP analysis in the 48 cases have been published
previously (9).

Statistical Analysis. All 2 X 2 tables were analyzed by the x1 test or by the
Fisher's exact probability test. P values less than 0.05 were considered statis

tically significant.

RESULTS

In total, p53 gene mutations were detected in 20 (32%) of 61
Japanese cases and 6 (86%) of 7 Egyptian cases. Table 1 shows
characteristics of the p53 gene mutations together with the relevant
histological, epidemiological, and clinical data from each case. Pa
tients 30 and 59 previously received intravesical instillation therapy
with pirarubicine (one of the anthracyclines) and intravesical Bacille

Table 1 Characteristics of p53 gene mutations in urothelial cancers

Tumor Site" Cell type'' Grade/stage1 Exon Codon Mutation
Amino acid
substitution Smoking history''

Tumors in naamohers from Japan

UT7
UT62
UT46
UT8
UT30
UT70
UT16
UT42
UT58
UT48

B
If
B
B
B
B
B
l!
l!

B

TCC
SCC
TCC
TCC
TCC
SCC > TCC
TCC
TCC
TCC
TCC

3/pTl
2/pT3
3/pTl
2/pTl
3/pT3
3/pT3
3/pTl
2/pTl
3/pT2
3/pT2

Â»l
14h
158
177
183
183
248
255
277
285

TGG^TGT
TGG-TCG
CGC^CAC
CCC->CTC
TCA-Â»TGA
TCA^TGA
CGG^TGG
ATCâ€”TTC
TGT^TTT
GAG^AAG

Trp-Â»Cys
Trp-^Ser
Argâ€”>His
Pro-Â«Leu
Serâ€”Â»stop
Ser-Â»stop
Argâ€”>Trp
Ile-Â»Phe
Cys^Phe
Glu^Lys

Tumors in exsmokers from Japan

UTO
UT5M

B
B

TCC
TCC

2/pT2
3/pT3

273
277

CGT-
TGT-

CAT Arg^His
Cys-Â»Phe

4-yr abstinence
4-yr abstinence

Tumors in smokers from Japan

UT3

UT51
UT81
UT19
UT23
UTH)
UT72
UT50

B
B

B
l>

B

P
B

TCC

TCC
TCC = SCC
SCC > TCC
TCC
TCC
TCC
TCC

3/pT2

3/pT4
3/pT3
3/pT3
2/pT2
3/pT3
3/pT2
3/pT3

199
2X11
164
Ihh
192
195
24h
257
258

GGA-
AGA-
AAG-
TCA-i
CAG-
ATC^
ATG-i
CTG^
GAA-

CAG
â€¢¿�GTA
â€¢¿�ACA
â€¢¿�TAG
TGA
â€¢¿�TAG

ACC
GTG
CCG
â€¢¿�CAA

Sileni
Gly^Val
Arg^Thr
Lysâ€”Â»stop
Ser-Â»stop
Gin-Â»stop
Ile-Â»Thr
Met-Â»Val
Leu-. Pro
Glu-Â»Arg

10X50

20X40
20X40-.5X10

10X60
10X32^40X10
30X50
10X53
20X50

Tumors with schistosomiasis from Egypt

EBT6EBT21EBT22EBT25EBT12EBTllBBBBBBSCCSCCSCCSCCSCCSCCNI'NININININI5556810146154157194283339TGG-TGAGGC^GTCGTC^TTC5

bpdelCGC-CCC5

bp insTrpâ€”

Â»stopGly^stopVal^PheFrameshiftArg

>ProFrameshiftNI/NININININI

" Primary site of tumor: B. bladder; U. ureter; P. renal pelvis.
''TCC, transitional cell carcinoma; SCC, squamous cell carcinoma; bp, base pair; del, deletion; ins, insertion; NI, no information.
' According to the WHO (22) and TNM (23) classifications.
'' Cigarettes per day X year; -Â»,followed by.
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Calmette-Gucrin therapy, respectively. In all Japanese cases with p53

gene mutations, no systemic chemotherapy or no radiotherapy was
performed previously. Both patients 59 and 86 had stopped smoking
4 years prior to the admission for bladder cancer.

In case 3 (UT3), three somatic mutations were found in exons 5, 6,
and 8, and the mutation found in exon 5 was silent. We did not
perform cloning on the PCR products to determine the allelic nature
of these triple mutations. However, this tumor showed LOH on chro
mosome 17p, and all variant hands of the three mutations in the SSCP
analysis showed much higher intensity than the corresponding normal
bands (data not shown). Since the normal faint bands were presum
ably due to contaminated noncancerous cells as evidenced by LOH
analysis, it is most likely that UT3 contained triple tandem mutations.
In addition, the intratumoral genetic heterogeneity might have existed
in this tumor.

Of the 28 mutations detected, 14 mutations (50%) of the missense
type or of the nonsense type were located in highly conserved regions
of the p53 gene during the evolution (28). Another five mutations
detected outside the conserved regions resulted in a premature termi
nation or a frameshift affecting these conserved regions. Furthermore,
all the other point mutations, except for the silent mutation in exon 5
in UT3, resulted in amino acid alterations at codons that are conserved
in humans, monkeys, rats, and mice (28).

In order to elucidate the contribution and influence of etiological
backgrounds on the p53 mutations, the mutational events were clas
sified according to the pattern of base substitution and the occurrence
of frameshifts (Fig. 1). Of the Japanese cases, the incidence of p53
gene mutations was not significantly influenced by habitual smoking:
8 (27%) of 30 current smokers, 2 (50%) of 4 exsmokers, and 10 (37%)
of 27 nonsmokers had p53 gene mutations. Significantly, A:T to G:C
transitions were observed in 4 (40%) of 10 mutations from smokers,
whereas this type of transition was not observed in any of the 10
mutations from nonsmokers (P < 0.05), in either of the 2 mutations
from exsmokers, or in any of the 6 mutations associated with schis-

tosomiasis (Figs. 1 and 2). On the other hand, G:C to A:T transitions
were detected in 4 (40%) of 10 mutations from nonsmokers, whereas
such a mutation was detected in only 1 (10%) of 10 mutations from
current smokers. G:C to A:T transitions at the CpG site were observed

Mutation

G : C-C :GG

: C^T : A

G:C-A:T

A : T-T : A

A:T-C:G

A:T-G:C

frameshiftVJonsmoker

Smoker Schistosomiasis
(n = 10) (n = 10) (n =6)ZED

IDI

IIID

i i i i iI

I

D1

11iiii3ID

UID

024 024 02
No. of mutations detected

Fig. 1. Mutation pattern of the p53 gene according to etiological background. The
frequency of each mutation pattern was compared according to the etiological back
ground. Each bar indicates Ihe number of detected mutations from patients with each
etiological background described. Note that A:T to G:C substitutions were detected only
in mutations from smokers, and this type of mutation accounted for 40% of the mutations
observed in smokers. Two mutations (one G:C to A:T transition and one G:C to T:A
transversion) in exsmokers arc not included in this figure.

in two tumors (UT16 and UT46) from nonsmokers and in one tumor
(UT86) from an exsmoker.

With respect to the histopathological findings, the incidence of p53
gene mutations increased with tumor grade and stage in bladder can
cers in the Japanese cases (Table 2). Although the number of renal
pelvic and ureteral cancers examined was small, no obvious difference
was found between these cancers and bladder cancers with respect to
the incidence and pattern of p53 gene mutations. With respect to the
cell type, p53 gene mutations were found in 4 (67%) of 6 Japanese
cases with squamous cell carcinomas. Together with the Egyptian
cases, 10 (77%) of the 13 urothelial tumors with squamous cell car
cinomas contained p53 gene mutations. There appears to be no spe
cific base substitution pattern for squamous cell carcinomas with
schistosomiasis. However, all 8 base substitutions observed in tumors
with squamous cell carcinomas occurred at C:G sites, whereas base
substitutions at A:T sites were detected in 6 (33%) of the 18 mutations
in pure transitional cell carcinomas (Table 1).

Of the 56 cases examined by RFLP analysis, 50 cases were con
stitutionally heterozygous at least one locus on chromosome 17p. Of
these informative cases, the LOH on chromosome 17p was detected in
21 cases. The frequency of p53 mutations in tumors with the LOH was
significantly higher (57%; 12 of 21) than the frequency in tumors
without the LOH (3%; 1 of 29) (P < 0.0001). In 9 cases with the LOH
on chromosome 17p, there were no p53 gene mutations detected by
SSCP analysis. To exclude the possibility of pseudonegative results
from the SSCP analysis, direct sequencing of the coding region from
exons 4 to 8 in 7 of these 9 cases was performed, but no mutation was
detected (data not shown). The proportion of cases with advanced
tumors (apT2) was significantly higher in cases with both the p53
gene mutation and the 17p loss (100% of 12) than in cases with only
the 17p loss and no detectable p53 gene mutations (44% of 9; P <
0.01), or in cases with neither the p53 gene mutation nor the 17p loss
(10% of 28, P < 0.0001).

DISCUSSION

Since the p53 gene is a frequent target of mutation in various human
cancers, the concept that "carcinogens leave fingerprints" can be

confirmed by analyzing the p53 gene mutation spectrum in human
cancers (10, 11). Convincing examples of the close relationship be
tween each carcinogen and its particular mutation pattern in the p53
gene has been demonstrated in several cancers (2, 10-18).

Considering the above evidence, the A:T to G:C transitions ob
served in tumors from the current smokers in this study strongly
suggest the involvement of a specific mutagen(s) induced by cigarette
smoking in urothelial cancer. Although cigarette smoking has been
shown to increase the levels of various carcinogens such as aromatic
amines excreted in urine (29, 30), it is unclear from this study which
mutagen is responsible for the specific A:T to G:C transition observed.
Interestingly, in experimental rat bladder cancers induced by dietary
Af-[4-(5-nitro-2-furyl)-2-thiazolyl]formamide, about 70% of the Har

vey ras gene mutations were A:T to G:C transitions (31). It is there
fore of interest to know whether the same or similar metabolite(s) such
as dietary Â¿V-[4-(5-nitro-2-furyl)-2-thiazolyl]formamide is selectively

increased in urothelial cells by cigarette smoking. Since the mutations
other than the A:T to G:C transitions might be caused by other mu-
tagens induced by cigarette smoking, a considerable proportion of the
p53 gene mutations found in smokers may be attributed to a mu-

tagen(s) induced as a result of cigarette smoking.
In a recent study examining p53 gene mutations of bladder cancers

in the United States and Denmark (32), no predominant A:T to G:C
transition mutations have been observed in association with cigarette
smoking. Interestingly, in small cell lung cancers, A:T to G:C transi-

3797

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/16/3795/2451256/cr0530163795.pdf by guest on 19 M

ay 2023



p53 GENE MUTATIONS IN UROTHELIAL CANCERS

UT 3
codon 136

Normal Tumor

UT 23
codon 195

Normal Tumor

Fig. 2. A:T to G:C transitions in tumors from
smokers in Japan. Direct sequencing of the PCR
product indicates that tumors UT3 and UT23 con
tained A:T to G:C transitions at codons 136 and
195, respectively. This type of mutation was ob
served only in current smokers from Japan.

AGCT AGCT AGCT AGCT

Table 2 p53 gene mulalions in bladder cancers

Hislopathological classification" Cases with mutation/total cases (

Grade
1
2
3

Stage
pTa
pTl
pT2-4

0/9(0)
4/20 (20)

13/17(76)

0/11(0)
5/17(29)

12/18 (67)
"Tumor grade and stage were assessed according to the WHO (21) and TNM (22)

classifications, respectively.
h Grade 1 versus 3, P < 0.001; grade 2 versus 3, P < 0.001; pTa versus

P < 0.001; pTl versus pT2-4, P < 0.05.

tion mutations of the p53 gene have been reported much more fre
quently, in the Japanese population (33%) than the population in the
United States (5%) (17, 18). Considering the close relationship be
tween small cell lung cancers and cigarette smoking, the discrepancy
between our results and those from the western countries indicates the
involvement of different smoking-associated carcinogen(s), or a dif

ferent genetic background in the metabolic process, or the sensitivity
for carcinogens causing A:T to G:C transitions. On the other hand, the
triple mutations detected in UT3 may support the data by Spruck et al.
(32), showing that multiple or tandem p53 gene mutations were fre
quently and specifically detected in single bladder tumors from cur
rent smokers.

G:C to A:T transitions at the CpG dinucleotide is a preferred target
for spontaneous mutations caused by the endogenous deamination of
5-methylcytosine (10, 15). The observation that this spontaneous mu

tation was observed in only 3 cases of nonsmokers or an exsmoker
indicates that a number of undetermined, endogenous, or exogenous
mutagens may contribute to the occurrence of p53 gene mutations,
even in cases of urothelial cancers from nonsmokers. This view may
be further supported by our results and the previous ones (32) that the
incidence of p53 gene mutation in urothelial cancers was not signif
icantly influenced by habitual smoking.

The high rate (77%) of p53 gene mutation detected in tumors with
squamous cell carcinomas in both Japan and Egypt may be due to the
advanced stages analyzed in this study. Although the actual mecha
nism of how carcinogenesis may be associated with chronic schisto-

somal infection is unclear, experimental studies indicate that carcino
genic nitrosamines produced by chronic bacterial infections, together
with chronic irritation caused by foreign bodies such as Schistosoma
haematobium eggs may thus induce bladder cancer (33). Furthermore,
nonbilharzial squamous cell carcinomas of the urothelium have also

been shown to be strongly associated with a history of recurrent
urinary infection and/or chronic irritation as urinary calculi or in
dwelling catheters (34). Therefore, the limited spectrum of p53 gene
mutations found in tumors with squamous cell carcinomas may reflect
these unique etiological backgrounds associated with squamous cell
carcinomas.

Although a p53 gene mutation is frequently accompanied with the
loss of a nonmutated alÃeleon chromosome 17p, 9 (43%) cases with
the LOH on chromosome 17p showed no variant bands upon SSCP
analysis. Because this finding was further confirmed by direct se
quencing of exons 4 to 8 in the 7 cases, there may be three possible
explanations for this discrepancy. First, mutations occurring outside of
the regions of the p53 gene examined in this study, including the
promoter region, may exist. Second, another tumor suppressor gene(s)
on chromosome 17p may be involved in urothelial carcinogenesis.
Third, the allelic loss of chromosome 17p may precede the p53 gene
mutation, as observed in chronic myelogenous leukemias (35). At any
rate, our results suggest that p53 gene mutations that alter the evolu-

tionally conserved amino acid sequence confers a highly malignant
potential for urothelial cancer.

In conclusion, since inactivation of normal p53 function is consid
ered to be only one of a number of genetic alterations occurring in
urothelial carcinogenesis (6, 7, 9), it would be interesting to examine
the existence of distinct mutational patterns induced by specific etio
logical backgrounds in other oncogenes or tumor suppressor genes.
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