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Clinical implications of the MDM2 SNP309 and p53 Arg72Pro
polymorphisms in transitional cell carcinoma of the bladder
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Abstract. Recent studies have shown that functional
polymorphisms at the MDM2 SNP309 T/G and p53 Arg72Pro
may be associated with cancer susceptibility. However, the
role of these polymorphisms on the risk of transitional cell
carcinoma of the bladder (TCCB) and clinical outcome
remains unknown. SNP309 and p53 Arg72Pro polymorphisms
were genotyped in 227 patients and 266 control subjects. The
association between each polymorphism, TCCB risk and
clinical outcome was evaluated by using a logistic regression
model, a Kaplan-Meier curve with the log-rank test, or a Cox
proportional hazard model. No significant associations
between the polymorphisms and TCCB risk were found. On
the MDM?2 SNP309, the TT patients with superficial TCCB
tended to have a longer recurrence-free survival than the TG or
GG patients after transurethral resection (P=0.074). On the p53
Arg72Pro, the Pro/Pro patients with superficial TCCB had a
significantly lower risk for recurrence than the Arg/Pro or
Arg/Arg patients [Hazard ratio (HR), 0.364; 95% confidence
interval (CI), 0.14-0.93]. In contrast, the Pro/Pro patients
following radical cystectomy showed a significantly poorer
survival and a higher risk of disease-specific death than the
Arg/Pro + Arg/Arg patients (HR, 2.76; 95% CI, 1.11-6.84).
MDM?2 SNP309 and p53 Arg72Pro polymorphisms might
influence the clinical outcome of TCCB in a distinctive way
between superficial TCCB and invasive TCCB. The results
may reflect marked differences in the genetic background
between superficial and an invasive type of TCCB.
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Introduction

The p53 tumor suppressor gene is a key molecule in human
malignancies and the dysfunction of the p53 pathway has been
shown to contribute to the initiation and progression of a tumor
(1,2). A functional polymorphism at p53 Arg72Pro has been
extensively studied and the Arg72 variant has been shown to
be a stronger and faster inducer of apoptosis than the Pro72
variant (3-6). Although many researchers have investigated the
association between p53 Arg72Pro polymorphism and
susceptibility to cancers, the results have been conflicting
(7,8). However, several studies have consistently implicated
the association between the Pro72 variant and poor prognosis
among breast and lung cancer (9-12). Thus, while the
associations between p53 Arg72Pro polymorphism and cancer
risk remain unclear, this polymorphism could modify cancer
progression.

In normal cells, p53 is tightly regulated by MDM?2 encoded
by the human homologue of the mouse double minute 2 gene.
MDM2 binds directly to p53, inhibiting its activity and
mediating its degradation by ubiquitination (13). While
MDM?2 maintains p53 at low levels for normal cell growth
and development under most physiological conditions, the
overexpression of MDM?2 attenuates p53 and results in the
dysfunction of cell-cycle checkpoint control (13). A previous
study showed that an SNP309 (T to G) in the MDM?2 promoter
region led to a higher expression level of MDM?2 and might
accelerate tumor formation among patients with a germline
p53 mutation (14). Thereafter, several studies suggested the
association of MDM?2 SNP309 with cancer risk (15). Recently,
it has been reported that the MDM2 SNP309 exhibited an
association with the estrogen signaling pathway and
environmental stress, such as smoking and viral infection (15),
implicating that MDM?2 SNP309 may be highly associated
with tumor biogenesis.

Transitional cell cancer of the bladder (TCCB) is known to
be one of the cancers, which are highly associated with the p53
pathway (2) and many studies have revealed that p53
disruption from mutation and loss of heterozygosity was
associated with advanced TCCB (2,16,17). The abnormal
expression of MDM2 has shown to be associated with TCC
and a subset of advanced TCC without p53 mutation may
have MDM?2 amplification (18). However, it remains unclear
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whether p53 Arg72Pro and MDM?2 SNP309 polymorphism
play a critical role in TCCB development. We hypothesized
that these polymorphic variants, and their interaction, might be
a genetically susceptible factor for the development of TCCB
and can influence the clinical course. To test these hypotheses,
we conducted a case-control study of a Japanese population
and explored the association between TCCB risk and tumor
status (stage and grade) and these polymorphisms. Furthermore,
we evaluated the association between these polymorphisms
and clinical outcome after treatment.

Patients and methods

Subjects. Between January 1990 and December 2004, 227
patients with newly diagnosed and histologically confirmed
bladder cancer and 266 healthy controls were enrolled in this
study. Patients who had not received any previous therapy
before enrollment were recruited from the Akita University
Medical Center and Kyoto University Hospital. Clinical and
histopathological information were reviewed from patient
medical charts and entered into the access database. The tumor
stage was classified into a superficial (pTa, pT1, pTis) and an
invasive (=zpT2d) group according to the TNM 1997 staging
system. The pathological grade was classified into a low grade
(G14+G2) and high grade (G3) according to the 1973 WHO
criteria (19). Healthy control subjects without a prior history of
cancer were recruited from community hospitals in the Akita
prefecture. Each of the control subjects were checked with a
microscopic examination of urine sediment in order to rule out
TCCB. All study participants signed an informed consent and
provided a blood sample. Of the 176 patients with superficial
TCCB, 87 patients with follow-up information were used
for evaluating recurrence-free survival after transurethral
resection of the bladder tumor (TUR-Bt). Patients with CIS
(pTis) were excluded since CIS shows a wide range of
biological aggressiveness and is not potentially superficial. Of
the 87 patients, 28 (31%) received intra-vesical chemotherapy
after TUR-Bt (24 received epirubicine, 2 mitomicin and 2
BCG). The patients of superficial TCCB were followed up
with cystoscopy every 3 months after TUR-Bt. Eighty-six
TCC patients who underwent radical cystectomy for invasive
and/or high-grade TCCB were used for evaluating disease-
specific survival. Twenty-one patients (24.4%) received
chemotherapy with cisplatinum-based regimen and 11, 13 and
3 patients received neo-adjuvant, adjuvant and both
chemotherapy, respectively. After radical cystectomy, the
patients were followed with a CT scan every 3 months for the
first 2 years, every 6 months for the next 3 years and every
year thereafter until disease progression or death.

Genotyping of MDM?2 SNP309 and p53 Arg72Pro poly-
morphism. DNA was extracted from blood samples collected
from patients with TCCB or normal controls using the
QIAamp blood Kit (Qiagen, Valencia, CA, USA). The 89-bp
fragment containing the T to G polymorphic site in the MDM?2
intron 1 (MDM?2 SNP309) was amplified using specific
primers: 5’TTC GGA GGT CTC CGC GGG AGT TCA G and
5'TGC GAT CAT CCG GAC CTC CCG CGT C. Polymerase
chain reactions (PCRs) were performed in a 25 pl volume
containing 20 ng genomic DNA, PCR buffer supplied by a

manufacturer, 0.2 mM of each dNTP, 1.5 mM MgCl,, 50 pmol
of each primer and 1 unit Ampli-Taqg DNA polymerase (PE
Applied Biosystems, Foster City, CA, USA). After a 12-min
initial denaturation step at 95°C, 35 cycles of PCR consisting
of 95°C for 30 sec, 55°C for 30 sec and 72°C for 60 sec
followed by a 7-min final extension step at 72°C were
performed in a thermal cycler. Each PCR product was digested
overnight with 5 units Tag 1 enzyme at 65°C (New England
Biolabs, Beverly, MA) and electrophoresed on 3.0% agarose
gel. The 89-bp PCR fragment was divided into 64- and 25-bp
fragments when the Tagq I site was present. The genotype was
designated as T or G when the Tagq I restriction site was
present or absent, respectively. Genotyping of the p53
Arg72Pro polymorphism was conducted with the polymerase
chain reaction with the confronting two-pair primers (PCR-
CTPP) method, as described previously (20).

Statistical analysis. All data were analyzed by SPSS software
version 11.0 (SPSS, Inc., Chicago, IL). Hardy-Weinberg
equilibrium analyses were performed to compare observed and
expected genotype frequencies using a Chi-square test (d.f.=1).
The odds ratio (OR) and 95% confidence interval (CI) were
calculated as an estimate of the relative risk using a
multivariate logistic regression model adjusted for age
(continuous variable) and gender. Kaplan-Meier survival
curves with the log-rank test were used to evaluate recurrence-
free and disease-specific survival among each genotype group.
Multivariate analysis using a Cox proportional hazard model
was performed to evaluate prognostic factors for the
recurrence of superficial TCCB and disease-specific survival
of TCCB after radical cystectomy. Results were considered
significant at P-value <0.05.

Results

Genotype distributions and cancer risk. Clinicopathological
characteristics and the genotype distributions of MDM?2
SNP309 and p53 Arg72Pro of the subjects are shown in
Table I. The case group comprised of 173 males and 54 females
and the control group comprised of 204 males and 62 females.
There were no significant differences in the age and gender
distributions between the cases and controls. The frequencies
of SNP309 G and p53 Pro72 alleles were 0.551 and 0.419 in
cases and 0.554 and 0.394 in controls, respectively (P=0.86
and P=0.52, respectively). In the two polymorphisms, the
controls showed no deviation from the Hardy-Weinberg
equilibrium (P>0.05, data not shown). There was no significant
relationship between the mean age of TCCB onset and the two
polymorphic genotypes (P>0.05, data not shown). Overall,
there were no significant associations between each genotype
of the two polymorphisms and TCCB risk (Table II). When
each group of the SNP309 genotypes was subdivided by the
p53 Arg72Pro genotypes (Arg/Arg, Arg/Pro and Pro/Pro),
there was no significant association between each group and
the TCCB risk (Table II).

Genotype distributions and tumor status (stage and grade).
Although we evaluated the effects of MDM2 SNP309 and p53
Arg72Pro polymorphisms on disease status (tumor stage and
grade) at the time of diagnosis, there were no statistically
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Figure 1. (A) Kaplan-Meier curve of the recurrence-free survival rate in patients with superficial bladder TCC according to the MDM?2 polymorphism.
(B) Kaplan-Meier curve of the recurrence-free survival rate in patients with superficial bladder TCC according to the p53 Arg72Pro polymorphism.

significant associations between tumor status and each
genotype on the two genes (Table II). However, patients with
the SNP309 G allele tended to have a higher grade or
advanced stage of TCCB with an increased G allele frequency
(Table II). When two polymorphisms were combined,
patients with the SNP309 GG and p53 Arg72Pro Pro/Pro
genotype showed a 4.47-fold (95% CI, 0.83-24.14) increase
in risk of high-grade TCCB compared with the SNP309 TT
and p53 Arg72Pro Arg/Arg genotype.

Recurrence-free survival according to the MDM?2 SNP309
and p53 Arg72Pro genotypes in superficial TCCB. The
recurrence-free survival (RFS) rates for the 87 patients with
superficial TCCB according to the MDM?2 SNP309 or p53
Arg72Pro genotypes were evaluated. Of the 87 patients (72 in
pTa and 15 in pT1), 49 (56.3%) had recurrence during the

follow-up period (mean: 23.9 months, range: 2-126 months).
Although not significant, the patients with the SNP309 TT
genotype had a longer RFS compared with the GG or TG
genotype (P=0.074; Fig. 1A). On the p53 Arg72Pro, patients
with the Pro/Pro genotype had a significantly lower RFS
compared with those with the Arg/Pro or Arg/Arg genotype
(Arg/Arg versus Pro/Pro, P=0.082; Arg/Pro versus Pro/Pro,
P=0.021; Pro/Pro versus Arg/Arg + Arg/Pro, P=0.028 by the
log-rank test; Fig. 1B). Multivariate analysis using a Cox
proportional hazards model showed that the Pro/Pro genotype
[hazard ratio (HR), 0.364; 95% CI, 0.14-0.93] was an
independent prognostic factor for recurrence (Table III).

Disease-specific survival according to MDM2 SNP309 and
P33 Arg72Pro genotypes in patients who underwent radical
cystectomy. Of the 86 patients treated with radical cystectomy,
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Table I. Genotype distribution, demographic characteristics and grade and stage in the 227 patients with TCCB.

MDM?2 SNP309 p53 Arg72Pro
All TT TG GG Arg/Arg Arg/Pro Pro/Pro
Control group 266 55(20.7) 132 (49.6) 79 (29.7) 93 (34.6) 136 (51.1) 38 (14.3)
Case group 227 44 (19.4) 116 (51.1) 67 (29.5) 73 (32.2) 118 (520)  36(15.9)
Gender (M/F)
Control group 204/62 35/20 106/26 63/16 72/20 101/35 3177
Case group 173/54 36/8 80/36 57/10 57/16 92/26 24/12
Mean age + SD
Control group 60.6+12.2 56.9+12.5 60.4+13.5 58.7x12.4 58.6+13.7 59.7+12.7 59.1+12.6
Case group 67.8+£12.6 67.9+13.2 68.2+£12.3 67.8+12.5 67.1£11.9 67.8+13.5 69.1£10.7
Grade
142 120 28 (23.3) 60 (50.0) 32 (26.7) 38 (31.7) 66 (55.0) 16 (13.3)
3 107 16 (15.0) 56 (52.3) 35(32.7) 35(32.7) 52 (48.6) 20 (18.7)
Stage
pTis, pTa, pT1 176 36 (20.5) 89 (50.6) 51(29.0) 59 (33.5) 91 (51.7) 26 (14.8)
>pT2 51 8 (15.7) 27 (52.9) 16 (31.4) 14 (27.5) 27 (52.9) 10 (19.6)
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Figure 2. Kaplan-Meier curve for disease-specific survival after radical cystectomy according to the p53 Arg72Pro polymorphism.

51 (59.0%) had stage <pT2 and 35 (41.0%) had =pT3; 26
(30.2%) died during the follow-up period (mean: 36.6 months,
range: 4-162 months). On the MDM2 SNP309, there was no
significant association between each genotype and disease-
specific survival (TT versus TG, P=0.31; TT versus GG,
P=0.96; TG versus GG, P=0.15, by the log-rank test). On the
p353 Arg72Pro, the patients with the Pro/Pro had a significantly
lower survival rate compared with those with the Arg/Pro or
those with the Arg/Pro + Arg/Arg (Arg/Pro versus Pro/Pro,
P=0.019; Pro/Pro versus Arg/Arg+Arg/Pro, P=0.032 by the
log-rank test; Fig. 2). On univariate analysis, the Pro/Pro
genotype, stage, lymph node involvement and adjuvant

chemotherapy were significant prognostic factors. On
multivariate analysis, the Pro/Pro genotype (HR, 2.76; 95%
CI, 1.11-6.84) and lymph node involvement (HR, 4.04; 95%
CI, 1.64-9.95) were independent prognostic factors (Table IV).

Discussion

In this study, we investigated the impact of MDM2 SNP309
and p53 Arg72Pro polymorphisms on TCCB risk in a Japanese
population. However, no significant associations were found
even in the combined analyses with the two polymorphisms.
For MDM?2 SNP309, one study reported that patients with the
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Table II. Risk evaluation of TCCB and tumor status (grade and stage) according to the MDM?2 SNP309 and p53 Arg72Pro.

Adjusted OR (95% confidence interval)

Bladder cancer
against control

Tumor grade

(G3 against G1+G2)

Tumor stage

(invasive against superficial)

MDM?2 SNP309
TT

1.00 (Reference)

TG 1.00 (0.59-1.57)

GG 1.06 (0.63-1.85)
p53 Arg72Pro

Arg/Arg 1.00 (Reference)

Arg/Pro 1.08 (0.71-1.62)

Pro/Pro 1.12 (0.64-1.98)

Combined analysis
TT

Arg/Arg 1.00 (Reference)

Arg/Pro 0.91 (0.36-2.31)

Pro/Pro 0.39 (0.11-1.47)
TG

Arg/Arg 0.57 (0.30-1.58)

Arg/Pro 0.93 (0.38-1.92)

Pro/Pro 1.01 (0.36-2.21)
GG

Arg/Arg 1.02 (0.40-2.58)

Arg/Pro 0.68 (0.29-1.62)

Pro/Pro 1.11 (0.35-3.54)

1.00 (Reference)
1.57 (0.76-3.23)
1.98 (0.90-4.33)

1.00 (Reference)
0.84 (047-1.51)
1.27 (0.57-2.86)

1.00 (Reference)
1.78 (0.43-7.33)
1.74 (0.21-14.66)

2.55 (0.67-9.70)
2.08 (0.59-7.35)
2.91 (0.67-12.76)

3.70 (0.90-15.15)
2.11 (0.55-8.08)
4.47 (0.83-24.14)

1.00 (Reference)
1.37 (0.62-1.63)
1.41 (0.63-1.83)

1.00 (Reference)
0.63 (0.24-1.63)
0.79 (0.34-1.84)

1.00 (Reference)
0.75 (0.14-4.02)
091 (0.07-11.55)

0.66 (0.13-3.22)
137 (0.34-5.57)
1.68 (0.33-8.55)

1.35 (0.28-6.55)
1.10 (0.24-5.03)
1.42 (0.22-8.97)

Table III. Risk evaluation for recurrence-free survival in patients with superficial TCC who underwent TUR-Bt by a Cox

proportional hazard model.

Univariate Multivariate
HR 95% Cl P HR 95% Cl P
p53Arg72Pro (Pro/Pro vs. Arg/Arg + Arg/Pro) 0.38 0.15-0.94 0.037 0.36 0.14-0.93 0.035
Gender (Female vs. Male) 1.21 0.65-2.78 0.055
Age (=70 vs. <70 years) 1.76 1.12-2.78 0.014 1.61 0.89-2.91 0.114
Tumor stage (pT1 vs. pTa) 0.87 0.41-1.86 0.727
Tumor grade (G3 vs. G1+G2) 1.12 0.63-1.99 0.703
Intravesical chemotherapy (Yes vs. No) 0.66 0.34-1.27 0.213

HR, hazard ratio; 95% Cl, 95% confidence interval.

GG genotype exhibited a 2.68-fold increase in the TCCB risk
compared with the TT and TG in a Turkish population (21).
However, since the sample size of their study was limited
and the allelic frequencies of SNP309 varied according to
ethnic background, their results need to be validated by a
larger scale study and other ethnic series samples. For p53

Arg72Pro, there have been two studies exploring the
association with TCCB risk in a Japanese population (22,23).
Although the two studies failed to show a significant
association with TCCB risk, one study implied that there is
an association between the Pro/Pro genotype and a higher risk
of TCC in male smokers (23). However, Soulitizis et al
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Table IV. Risk evaluation for disease-specific survival in patients with radical cystectomy by a Cox proportional hazard model.

Univariate Multivariate
HR 95% Cl P HR 95% Cl P

p53 Arg72Pro (Pro/Pro vs. Arg/Arg + Arg/Pro) 2.5 1.04-6.00 0.04 2.76 1.11-6.84 0.028
Gender (Female vs. Male) 1.34 0.58-3.09 0.49

Age (=70 vs. <70 years) 1.55 0.71-3.39 0.269

Tumor stage (=pT3 vs. <pT3) 4.18 1.86-9.48 0.001 2.28 0.89-5.86 0.087
Lymph node involvement (positive vs. negative)  6.25 2.83-13.77  <0.001 4.04 1.64-9.95 0.002
Neo-Adjuvant chemotherapy (Yes vs. No) 0.69 0.20-2.32 0.549

Adjuvant chemotherapy (Yes vs. No) 395 1.75-891 0.001 0.598 0.24-1.50 0.274

HR, hazard ratio; 95% Cl, 95% confidence interval.

reported a significant association between the Arg/Arg
genotype and an increased risk of bladder cancer (8).

The analyses between the MDM2 SNP309 and tumor
status (stage and grade) showed that the G allele tended to
have an increased risk of high-grade TCCB (Table II). These
results imply that the G allele might be associated with an
aggressive phenotype. Furthermore, patients with the TT
genotype had a higher RFS than those with the TG and GG in
superficial TCCB (P=0.074; Fig. 1A). The SNP309 G allele
might influence the recurrence of superficial TCCB through
attenuating pS3. On TCCB treated by radical cystectomy, we
could not find any association between MDM2 SNP309 and
disease-specific survival (DSS). It is well known that p53
function was frequently disrupted in high-grade TCCB
because of the mutation and allelic loss of chromosome 17p
(17pLOH) (16,17). Under these conditions, SNP309 might not
have an effect on p53. Sanchez-Carbayo et al (24) reported
that invasive TCCB patients with the TT genotype had a
poorer prognosis than those with the TG and GG since patients
with the TT might lead to a greater chance of having p53
mutation. However, when they evaluated the p53 mutation
with the clinical outcome in patients with the TG or GG, p53
mutation exhibited a significantly poorer prognostic effect,
suggesting that the p53 status affects the clinical outcome
regardless of SNP309. Although their results were obtained
from a series with a different background from ours, our
results and theirs both indicated that SNP309 was unlikely to
have an affect on the clinical outcome in the aggressive TCCB.

On the p53 Arg72Pro, we obtained contradictory results
on the outcome between superficial TCCB and aggressive
TCCB treated with radical cystectomy. On superficial TCCB,
the Pro/Pro genotype was a favorable prognostic factor,
whereas on TCCB treated with radical cystectomy, the Pro/Pro
genotype influenced DSS as an unfavorable factor. Previous
studies have proposed that TCCB had the two distinct
molecular pathways between the superficial and invasive type
(17). Superficial TCCB have an activated ras-MAPK signal
transduction pathway through FGFR3 gene mutation, whereas
invasive TCCB may be initiated by disrupted p53 function
through mutation (2,16,17). Our results indicated that the p53

Arg72Pro might function differently between superficial and
invasive TCCB. The Arg72 allele has been shown to be more
efficient in apoptosis induction than the Pro72 allele through
several mechanisms (1,3-6). However, these effects have
shown to vary among different tissues (1,6). Besides apoptosis,
pS3 regulates the various DNA-repair processes independent
of its apoptotic function. Siddique and Sabapathy (25)
reported that the Pro/Pro genotype has a significantly higher
DNA-repair capacity than the Arg/Arg. They showed that
DNA-repair target genes, such as gadd45, p48 and p53R2,
were more efficiently activated in cells with the Pro72 allele
than those with Arg72. Moreover, they showed that cells
expressing the Pro72 allele had a reduced genomic instability.
In superficial TCCB, the more efficient DNA-repair function
from the Pro72 allele might have an affect on inhibiting
subsequent genetic alterations and tumor recurrence and
progression.

In TCCB treated with radical cystectomy, the Pro/Pro
genotype was an independent prognostic factor. This finding
was consistent with previous reports from other cancers, such
as lung (9) and breast cancer (10-12). Although the mechanism
remains unclear, it might be due to the reduced apoptotic
efficacy associated with the Pro72 allele. Since p53 mutation
with 17pLOH has often been found in invasive TCCB (16),
the Pro72 allele with p5S3 mutation may have a more reduced
apoptotic efficacy than the Arg allele with p5S3 mutation in
TCCB. Furthermore, several studies suggested that 17pLOH
frequently occurred in the Pro72 allele in certain cancers
(9.,26). Considering these findings, LOH might occur in the
Pro72 allele preferentially compared to the Arg72 allele in
invasive TCCB. In other words, p53 with the Pro/Pro
genotype might be more prone to lose its function through
17p LOH more than those with the Arg/Pro or Arg/Arg and
this genetic event might lead to a poor prognosis. Furthermore,
it has been suggested that the different sensitivity to
chemotherapy and radiation according to the p53 Arg72Pro
could influence a treatment outcome, whereas poor responses
to drugs derived from the Pro72 allele have been shown only
in tumors with wild-type p53 (1,27,28). Therefore, a subset
of aggressive TCCB with wild-type p53 might have been
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influenced by the lower sensitivity associated with the Pro72
allele. In conclusion, there were no significant associations
between MDM?2 SNP309 and p53 Arg72Pro polymorphisms
and TCCB risk in a Japanese population. While the p53
Arg72Pro Pro/Pro genotype had a significantly worse impact
on the outcome after radical cystectomy, it showed a protective
effect against recurrence in superficial TCCB. These results
may reflect marked differences in the genetic background
between superficial and invasive TCCB. To validate these
findings, a larger scale study with detailed genetic profiling
will be needed.
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