as adjuvant therapy for NMIUCB. However, in this pre-
vious study, Kubota et al. [13] reported a significantly
more favorable recurrence rate in patients with NMIUCB
who received adjuvant UFT therapy compared to that in
those without any anticancer therapy. This discrepancy
may be explained by the different characteristics of pa-
tients included in these 2 studies. In fact, Kubota et al.
[13] showed a marked prophylactic effect of adjuvant
UFT therapy in patients with a single small tumor less
than 1 cm in diameter, while approximately 50 and 35%
of patients included in the present study had multiple
tumors and large tumors greater than 3 cm in diameter,
respectively.

UFT has been shown to be resolved into GBL and its
acid form, y-hydroxybutyric acid, which exists in chemi-
cal equilibrium under physiological conditions [18]. Re-
cently, GBL was demonstrated to inhibit tumor-induced
angiogenesis based on a dorsal air sac assay performed
in mice with 5 kinds of cancer cell lines [15]. In the pres-
ent study, the serum level of GBL in the treatment group
was significantly greater than that in the control group.
However, there were no significant differences in the se-
rum level of VEGF in addition to those of other major
angiogenic factors, including bFGF, PDGF and IL-8,
between these 2 groups. Based on our present findings,
therefore, the anti-angiogenic activity of GBL might be
exerted independently of major angiogenic factors, in-
cluding VEGF. Nagai et al. [17] however, reported that
serum GBL levels, which increased following the admin-
istration of UFT, inhibited the angiogenesis induced by
VEGF in patients with advanced cervical cancer. That
is, VEGF protein expression in approximately 60% of
cervical cancer tissues was decreased by UFT therapy,
and there was an inverse correlation between changes in
serum GBL and VEGF levels after treatment with UFT.
This is likely to be affected by several factors, such as the
dose of UFT, origin of the cancer and method of assay,
and whether VEGF is involved in the inhibition of an-
giogenesis induced by GBL. Accordingly, further studies
are necessary to clarify this issue.

Here, we would like to emphasize the limitations of
this study. First, a sample size of 48 patients for such a
common disease as NMIUCB is not large enough, and
the observation period in this series might have been too
short to evaluate the actual recurrence rate. Second, the
effects of UFT on angiogenesis were evaluated based on
serum levels of angiogenic factors, which may not pre-
cisely reflect the production of these factors by tumor
cells. Finally, this study failed to show the preventive ef-
fect of the adjuvant use of UFT on intravesical recurrence
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following TUR of NMIUCB despite the significant in-
crease in GBL induced by UFT T. Therefore, it is neces-
sary to develop a more optimal schedule of adjuvant UFT
therapy to effectively reduce the proportion of patients
developing intravesical recurrence. Considering several
studies showing the important role of angiogenesis in the
intravesical recurrence of NMIUCB [19, 20], one pos-
sible approach is to increase the dose of UFT up to 600
mg/d for all patients in order to achieve a more potent
inhibitory effect on the angiogenic activity of NMIUCB.
In fact, Shida et al. [14] reported that the proportion of
responders in patients with bladder cancer receiving 600
mg/d of UFT was twice as high as that in those receiving
300 mg/d of UFT in Phase II studies.

In conclusion, adjuvant UFT therapy in patients with
NMIUCSB significantly induced its metabolite, GBL, ac-
companied by no significant changes in major angiogen-
ic factors, including bFGF, PDGF and IL-8, and failed to
reduce postoperative intravesical recurrence. Therefore,
we should consider enhancing the anti-angiogenic effect
of GBL by using an alternative administration schedule
of UFT to more effectively prevent intravescial recur-
rence of NMIUCB following TUR.

Curr Urol 2012;6:27-32 31
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THE INTRAVESICAL RECURRENCE AFTER 3-DAY CONSECUTIVE INTRAVESICAL INSTILLATION OF
PIRARUBICINE HYDROCHLORIDE (THP) FOLLOWING TRANSURETHRAL RESECTION OF
BLADDER TUMOR (TURBT) FOR NON-MUSCLE-INVASIVE BLADDER CANCER

Tatsuo Tochigi”, Yu Sakurada®, Hirosi Aoki®, Sadafumi Kawamura®, Sigemi Itou®,
Ikurou Satou” and Hiroo Tateno®
YDepartment of Urology, Miyagi Cancer Center
“Department of Urology, Sendai Municipal Hospital
#Department of Pathology, Miyagi Cancer Center

Abstract:

{Purposc) We ostimated the results of 3-day consccutive intravesical instillation of pirarubicine hydrochloride (THP)
following transurethral resection of bladder tumor {TURBT) for non-muscle-invasive bladder cancer retrospectively.

(Patients and methods) Through March 1993 to April 2009. a total of 184 patients were instilled 3-day consecutive in-
travesical instillation of pirarubicine hydrochloride (THP) (30 mg/40 m! in disinfected distilled water) started within a
few hours after TURBT. 184 patients were diagnosed as untreated fresh non-muscle-invasive urothelial bladder can-
cer with no concomitant carcinoma in situ (CIS). no concurrent upper urinary tract urothelial cancer and no past his-
tory of upper urinary tract urothelial cancer. Number of tumors, tumor size, tumor grade and clinical tumor stage
were analyzed in relation to tumor recurrence by univariate and multivariate analyses. Median follow-up were 53.1
months. ,

(Results) Using EAU guideline on non-muscle invasive urothelial carcinoma of the bladder, 168 patients were classi-
fied at intermediate risk of tumor recurrence, 14 patients were at low risk of tumor recurrence and 2 patients were at
high risk of tumor recurrence. The shape of non-recurrence rate curve showed two phase decrease pattern, namely.
early hasty decrease within 1.5 or two years and late gentle decrease thereafter. The 1, 2, 3, 3-year non-recurrence
rate were 82.7%, 75.3%, 72.3% and 674% respectively. The 3-year non-recurrence rate of low score group (recurrence
score 1-3) at intermediate risk of tumor recurrence was 85.3%. Univariate analysis revealed that number of tumors,
tumor grade and clinical tumor stage were related to tumor recurrence (p<0.05). By multivariate analysis, number of
tumors and clinical tumor stage were related to tumor recurrence (p<0.05).

(Conclusions) In patients of low score group at intermediate risk of tumor recurrence without grade 3 urothelial car-
cinoma and concomitant bladder CIS, 3-day consecutive intravesical instillation of pirarubicine hyorochloride (THP)
following TURBT for non-muscle-invasive bladder cancer would be a significant adjuvant therapy. But in patients of
high score group at intermediate risk of tumor recurrence, it seemed better to do additional maintenance intravesical
chemotherapy or intravesical BCG therapy.

(Jpn. J. Urol 103(4): 610-616, 2012)
Keywords: non-musclc-invasive bladder cancer, intravesical instillation of pirarubicine hydrochloride, recurrence
Received: September 16, 2010, Accepted: January 21, 2012
© 2012 Japanese Urological Association
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ABSTRACT

Background. To determine whether the administration of
renin—angiotensin  system (RAS) inhibitors, such as
angiotensin-converting enzyme inhibitors (ACEIs) or
angiotensin II receptor blockers (ARBs), affect disease
outcome in non-muscle-invasive bladder cancer (NMIBC).
Methods. A total of 330 patients with initially diagnosed
NMIBC were identified. We retrospectively investigated the
clinical outcomes after transurethral resection of bladder
tumor (TUR-BT) in patients who did or did not receive RAS
inhibitors. The median follow-up period was 4.1 years.
Results. A total of 128 patients (38.8 %) experienced
subsequent tumor recurrence, and stage progression was
observed in 17 patients (5.2 %) during follow-up. Fifty-one
patients (15.5 %) had received ACEI or ARB administra-
tion at transurethral resection. Multivariate analysis
demonstrated that tumor multiplicity, absence of bacillus
Calmette-Guérin instillation, and no administration of
ACEI or ARB (P = 0.010, hazard ratio 2.26) were inde-
pendent risk factors for subsequent tumor recurrence. The
5-year recurrence-free survival rate was 78.4 % in patients
administered ACEIs or ARBs, and 53.3 % in their coun-
terparts (P = 0.011).

Conclusions. The absence of RAS inhibitor administration
was an independent risk factor for subsequent tumor
recurrence in patients with initially diagnosed NMIBC. Our
data support further investigation of the role of RAS
inhibitors as a potential therapy to decrease tumor recur-
rence in NMIBC.
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Bladder cancer accounts for more than 90 % of all
newly diagnosed urothelial carcinoma.! At presentation,
approximately 75 % to 85 % of patients are found to have
non-muscle-invasive disease (i.e., stage Ta, Tis, or Tl).2
When transurethral resection of bladder tumor (TUR-BT)
is used alone, the recurrence rates are as high as 70 %, and
the risk of progression to muscle invasive disease is 30 %.>
Adjuvant intravesical therapy has been used in the treat-
ment of non-muscle-invasive bladder cancer (NMIBC) to
decrease its risk of recurrence and progression.

Intravesical bacillus Calmette-Guérin (BCG) immuno-
therapy, the most commonly used intravesical treatment for
high-risk NMIBC, is endorsed in the European Association
of Urology and American Urological Association practice
guidelines.>* Intravesical BCG yields a complete response
in 55 % to 65 % of papillary tumors and in 70 % to 75 %
of carcinoma-in situ, and up to 83 % if 3-week mainte-
nance therapy is provided.*”’ Despite the overall
effectiveness of BCG, the disease of a large population of
patients with NMIBC does not respond, patients experience
recurrence shortly after therapy, or patients cannot tolerate
its adverse effects. Because of these limitations, it is
important that further research be conducted to identify
potent therapeutic agents in an attempt to improve disease
control in patients with NMIBC.

Angiotensin II (Ang II) is a key biological peptide in the
renin—angiotensin system (RAS) and plays a role in elec-
trolyte homeostasis and blood pressure control. Increasing
evidence suggests that the angiotensin type 1 receptor
(ATIR) is expressed in various malignancies, and ATIR
expression was found to be significantly involved in tumor
growth, metastasis, and angiogenesis.®*" In previous stud-
ies, we have shown that Ang II-AT1R signaling led to potent
induction of vascular endothelial growth factor, and that the
inhibition of RAS may have an antiangiogenic effect on
bladder cancer.’®™ Using human bladder cancer specimens,
we also showed that AT1R expression was an independent
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predictor for subsequent tumor recurrence in NMIBC, and
patients with high AT1R expression tended to have tumor
recurrence even if they had undergone BCG therapy.®

In the present study, we retrospectively reviewed the -

data of 330 patients with initially diagnosed NMIBC. We
examined the association between clinicopathological
parameters and the use of angiotensin-converting enzyme
inhibitors (ACEIs) or angiotensin II receptor blockers
(ARBs), then analyzed the clinical outcomes to identify the
prognostic impact of administration of ACEls and ARBs.

MATERIALS AND METHODS

After institutional review board approval, the medical
records between 1999 and 2009 archived at Keio Univer-
sity Hospital were reviewed. During this period, more than
950 cases were treated by TUR-BT, and consequently 419
patients were identified as having NMIBC at our institu-
tion. After excluding patients who were initially diagnosed
at another institution or who were followed for less than
6 months, we identified a total of 357 patients initially
diagnosed with NMIBC in our study population. We
excluded 6 patients who underwent cystectomy as uncon-
trollable NMIBC after TUR-BT. After excluding 21
patients who received RAS inhibitors after surgery, data
from the remaining 330 patients were analyzed. The
median follow-up was 4.1 years (range 0.8-12.2 years).

These patients were assessed by urine cytology and
cystoscopy every 3 months for 2 years after TUR-BT,
every 6 months for the next 3 years, and then every 6 to
12 months thereafter. Intravenous urography, ultrasonog-
raphy, and/or computed tomography scanning were
performed to evaluate the extravesical lesions and upper
urinary tract once a year. The use of intravesical therapy
depended on the discretion of the attending physician. BCG
treatment was begun 4 to 5 weeks after TUR-BT and
continued weekly for 6 to 8 weeks. Intravesical chemo-
therapy also followed the same schedule.

Tumor recurrence was defined as a new tumor appearing
in the bladder, and stage progression was defined as con-
firmed histological muscle invasion (pathological stage
greater than pT2) or detectable distant metastasis. The
independent variables included in the present study were age,
gender, tumor grade, pathological T stage, tumor multi-
plicity, the appearance of carcinoma-in situ for transurethral
resection specimens, the status of postoperative intravesical
treatments (BCG instillation and/or intravesical chemo-
therapy), and the use of antihypertensive drugs at TUR-BT.

All patients were interviewed by attending physicians at
least two times, such as at the time of diagnosis and at
TUR-BT, and data concerning their medications adminis-
tered at surgery were routinely collected. Data concerning

their medication after surgery were obtained from medical
records and interviews by physicians. The use of antihy-
pertensive drugs at TUR-BT was reviewed, focusing on the
use of RAS inhibitors (ACEIs or ARBs) and other agents
(calcium-channel blockers, S-blockers, and diuretics).

The associations between patient clinicopathological
parameters and the status of RAS inhibitors were analyzed and
validated by the Chi-square test. Recurrence-free and progres-
sion-free survival curves were constructed by the Kaplan—Meier
method and were compared by the log rank test. Univariate and
multivariate Cox proportional hazard regression models with
stepwise forward selection were used to identify factors asso-
ciated with subsequent tumor recurrence and stage progression.
Differences among groups were regarded as significant at
P < 0.05. These analyses were performed with SPSS software,
version 17.0 (SPSS, Chicago, IL).

RESULTS
The mean age of all cohorts was 68 years (range
37-94 years). Men accounted for 84.5 % (279 patients)

and women 15.5 % (51 patients) of the cohort. Table 1 lists
the clinicopathological parameters in the 330 patients.

TABLE 1 Clinicopathological parameters in the 330 study patients

Characteristic n (%)
Age

<65y 148 (44.8)

>65y 182 (55.2)
Gender

Male 279 (84.5)

Female 51 (15.5)
Tumor grade

Gl12 187 (56.7)

G3 143 (43.3)
Pathological T stage

pTa 234 (70.9)

pT1 96 (29.1)
Tumor multiplicity

Yes 181 (54.8)

No 149 (45.2)
Carcinoma-in situ

Yes 33 (10.0)

No 297 (90.0)
BCG instillation

Performed 153 (46.4)

Not performed 177 (53.6)
Intravesical chemotherapy

Performed 35 (10.6)

Not performed 295 (89.4)

BCG bacillus Calmette-Guérin
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TABLE 2 Number of patients receiving antihypertensive therapy

Drug n
ACEIs 5
Enalapril 2
Imidapril 1
Temocapril 1
Trandolapril 1
ARBs 46
Candesartan 23
Losartan 10
Valsartan 8
Telmisartan 3
Olmesartan 2
Calcium-channel blockers 90
B-Blockers 20
Diuretics 5

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin II
receptor blocker

BCG treatment was provided to 153 patients (46.4 %) after
initial TUR-BT, and 35 patients (10.6 %) underwent
intravesical chemotherapy. A total of 116 patients (35.2 %)
received medications for hypertension at TUR-BT; 51
(15.5 %) were provided ACEIs (n = 5) or ARBs (n = 46).
Other antihypertensive drugs included calcium-channel
blockers (n = 90), f-blockers (r = 20), and diuretics
(n = 5). The type of ACEI or ARB at surgery is listed in
Table 2. Of the 51 patients, 49 continued to receive RAS
inhibitors for a mean duration of 3.8 years after initial
TUR-BT, while patient data concerning the duration of
RAS inhibitor administration after surgery were not
available for 2 patients.

During the median follow-up of 4.1 years, 128 patients
(38.8 %) experienced tumor recurrence, and disease stage
progression was observed in 17 patients (5.2 %). Table 3
summarizes the use of ACEIs and ARBs. Univariate and
multivariate analyses were performed to determine risk
factors for subsequent tumor recurrence and stage pro-
gression (Table 4). Multivariate analysis revealed that

TABLE 3 Clinicopathological

. . Characteristic Patients not administered Patients administered P value
param(?ters in 330 patients ACEVARB, n (%) ACEUARB, n (%)
according to the stayus of ACEI (n = 279) (n = 51)
or ARB administration
Age 0.647
<65y 127 (45.5) 21 (41.2)
>65y 152 (54.5) 30 (58.8)
Gender 0.055
Male 231 (82.8) 48 (94.1)
Female 48 (17.2) 3359
Tumor grade 0.166
G172 163 (58.4) 24 (47.1)
G3 116 (41.6) 27 (52.9)
Pathological T stage 0.045
pTa 204 (73.1) 30 (58.8)
pT1 75 (26.9) 21 (41.2)
Tumor multiplicity 0.993
Yes 153 (54.8) 28 (54.9)
No 126 (45.2) 23 (45.1)
Carcinoma-in situ 0.960
Yes 28 (10.0) 5(9.8)
No 251 (90.0) 46 (90.2)
BCQG instillation 0.880
Performed 130 (46.6) 23 (45.1)
Not performed 149 (53.4) 28 (54.9)
Intravesical chemotherapy 0.085
Yes 26 (9.3) 9 (17.6)
No 253 (90.7) 42 (82.4)
BCG bacillus Calmette-Guérin, Use of non-ACEI/ARB drugs <0.001
ACE]I angiotensin-converting Yes 65 (23.3) 32 (62.7)
enzyme inhibitor, ARB No 214 (76.7) 19 (37.3)

angiotensin II receptor blocker

68
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TABLE 4 Risk factors for

. Characteristic Cox regression analysis of tumor Cox regression analysis of stage
Pred.lctmg ‘on tum.or Fe(':l‘lrrence recurrence progression
in 330 patients with initially
diagnosed NMIBC using Univariate Multivariate Univariate Multivariate
univariate and multivariate
analyses Pvalue HR(®O5%CI) P Pvalue HR(©®5%CI) P
value value
Age 0.227 0.151
<65y
>65y
Gender 0.074 0.623
Male
Female
Tumor grade 0.264 0.001 0.003
G172
G3 6.62 (1.88-23.2)
Pathological T stage 0.374 0.012
pTa
pT1
Tumor multiplicity 0.014 <0.001 0.027
Yes 2.13 (1.43-3.16)
No
Carcinoma-in situ 0.852 0.155
Yes
No
BCG instillation 0.066 0.001 0.013
Performed
Not performed 1.93 (1.31-2.83)
Intravesical chemotherapy 0.748 0.076
Yes
No
Use of non-ACEI/ARB drugs 0.794 0.057
HR hazard ratio, CI confidence Yes
interval, BCG bacillus No
Calmette-Guérin, ACEI Use of ACEVARB drugs 0.006 0.010 0.778
angiotensin-converting enzyme Yes
inhibitor, ARB angiotensin II No 2.26 (1.22-4.19)

receptor blocker

tumor multiplicity (P < 0.001, hazard ratio [HR] 2.13),
absence of BCG instillation (P = 0.001, HR 1.93), and no
ACEI or ARB administration (P = 0.010, HR 2.26) were
independent risk factors for subsequent tumor recurrence.
Kaplan-Meier analysis showed that the 5-year recurrence-
free survival rate was 78.4 % in patients who received
ACEIs and ARBs and 53.3 % in their counterparts
(P = 0.017) (Fig. la). On the other hand, multivariate
analysis concerning stage progression showed that only
tumor grade 3 (P = 0.003, HR 6.62) in transurethral
resection specimens was an independent predictor of sub-
sequent stage progression in our population (Table 4). No
significant difference was observed between patients who
did or did not receive ACEIs or ARBs in both univariate
and multivariate analyses concerning stage progression.
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Next, we clarified whether the use of ACEIs or ARBs
could provide additional effects on subsequent tumor
recurrence or stage progression in a subgroup of patients
treated with BCG (n = 153). Multivariate analyses dem-
onstrated that tumor multiplicity (P = 0.005, HR 2.03) and
no receipt of ACEI or ARB (P = 0.041, HR 2.60) were
also independent risk factors for subsequent tumor recur-
rence (Table 5). Kaplan—Meier analysis revealed that the
S-year recurrence-free survival rate was 78.3 % in patients
who received ACEIs and ARBs and 44.5 % in their
counterparts (P = 0.049) (Fig. 1b). However, in the pres-
ent study, multivariate analyses including the use of RAS
inhibitors revealed no significant indicators for subsequent
stage progression in the subgroup of patients who received
BCG therapy after initial TUR-BT.
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FIG. 1 a Recurrence-free b
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DISCUSSION

In the present study, we retrospectively investigated the
use of RAS inhibitors (ACEIs and ARBs) and other stan-
dard prognostic factors in 330 patients with initially
diagnosed NMIBC. Kaplan—-Meier analysis revealed that
subsequent tumor recurrence was significantly decreased in
patients who received ACEIs or ARBs. Multivariate anal-
ysis also showed that in addition to other standard
prognostic factors, no receipt of ACEI or ARB was an
independent predictor of subsequent tumor recurrence,
while no significant difference was observed concerning
stage progression between patients who did or did not
receive ACEIs or ARBs. Similar results were observed
when we focused on patients treated with BCG therapy
after TUR-BT. These results suggest that RAS inhibitor
administration may improve disease control by decreasing
tumor recurrence after TUR-BT in patients with initially
diagnosed NMIBC.

Several meta-analyses have shown that adjuvant intra-
vesical treatment (chemotherapy or BCG) reduces
subsequent tumor recurrence. Though the choice between
further chemotherapy or BCG instillation depends on the
patient risk profile, the efficacy of BCG therapy is prom-
ising, and randomized trials have also shown better
outcomes for reducing tumor recurrence compared with
transurethral resection alone or topical chemother-
apy.3'5 1718 However, some tumors often refract or relapse
after BCG therapy, while some patients cannot tolerate its
adverse effects.'® Therefore, identifying a new strategy that
is both effective and tolerable would be a striking break-
through in the management of NMIBC.

RAS inhibitors, such as ACEIs and ARBs, are widely
used to treat hypertension. Concern regarding the potential
role of Ang II in angiogenesis and promotion of tumor
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growth has been growing in the past few decades.®'' In
addition, Lever et al. reported the first clinical evidence
that long-term use of ACEIs induces potent protective
effects against carcinogenesis.”® To date, in addition to
cardiovascular functions regulated by the systemic RAS,
the potential role of local RAS in malignancy has been
investigated, and an increasing body of evidence suggests
the efficacy of RAS inhibitors in various cancer
treatments.*' >

We previously reported that ATIR expression was sig-
nificantly associated with intratumoral neovascularization
in human bladder cancer specimens, and higher ATIR
expression could be an important factor for identifying
patients at higher risk of tumor recurrence.'® Because
greater vascular endothelial growth factor expression and
stronger microvessel density have been shown to be asso-
ciated with an earlier and significantly greater recurrence
rate, we hypothesized that administration of RAS inhibitors
(ACEIs and ARBs) may affect the subsequent prognosis in
patients with NMIBC.**® Multivariate analyses in the
present study showed that ACEI or ARB use was an
independent predictor of tumor recurrence but not stage
progression. Similar results were also observed in the
analyses of patients treated with BCG therapy.

Although tumor behavior is regulated by many factors,
it may be controversial as to whether RAS inhibition is a
key mechanism involved in suppressing tumor recurrence
in NMIBC. However, our recent work has elucidated that
Ang TI-ATIR signaling has a significant impact on the
tumor microenvironment by promoting macrophage
mobilization and infiltration into the tumor bed via sig-
naling pathways involving monocyte chemoattractant
protein-1 (MCP-1).?” MCP-1 has been identified as a
prominent regulator of the growth, survival, invasiveness,
and migration of tumor cells.””?® Therefore, in addition to
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TABLE 5 Risk factors for predicting on tumor recurrence in 153
patients after receiving BCG therapy using univariate and multivari-
ate analyses

Characteristic Cox regression analysis of tumor
recurrence
Univariate Multivariate
Pvalue HR@O5%CI) P value
Age 0.207
<65y
=65y
Gender 0.548
Male
Female
Tumor grade 0.038
G172
G3
Pathological T stage 0.086
pTa
pT1
Tumor multiplicity 0.010 0.005
Yes 2.03 (1.24-3.32)
No
Carcinoma-in situ 0.293
Yes
No
Use of non-ACEI/ARB drugs 0.982
Yes
No
Use of ACEI/ARB drugs 0.032 0.041
Yes
No 2.60 (1.04-6.47)

BCG bacillus Calmette-Guérin, HR hazard ratio, CI confidence
interval, ACEI angiotensin-converting enzyme inhibitor, ARB angio-
tensin II receptor blocker

tumor angiogenesis, we believe that the regulation of these
potential factors may contribute to improving disease
outcome.

This study has several limitations. First, it was per-
formed in a retrospective manner, and unknown sources of
bias may exist in the findings. Because of the limited
sample size of patients with ACEIs or ARBs, we could not
fully evaluate the differences in doses or types of ACEIs
and ARBs. Not all patients received one immediate post-
operative instillation of chemotherapy, which may have
had an effect on tumor recurrence. BCG instillation with
the maintenance schedule and second TUR-BT were not
commonly practiced at our institution during this period,
and if they had been, it may have improved the results. We
believe that further evaluation with a larger clinical data set
and a prospective study design is warranted in order to
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clarify the accurate prognostic role of RAS inhibitors in the
treatment of NMIBC.

In conclusion, the results of our retrospective analysis
suggest that RAS inhibitors may improve prognostic out-
comes in patients with NMIBC. Because RAS inhibitors
are already used as antihypertensive drugs without severe
adverse effects, our data support further investigation of the
role of RAS inhibitors as a potential therapy to decrease
tumor recurrence in NMIBC.
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Abstract. Bladder cancer is one of the most common urogen-
ital malignancies. At the non-invasive stage, bladder cancer
can be completely resected transurethrally. However, 70%
of patients experience intravesical tumor recurrence within
5 years. Patients with advanced bladder cancer frequently
receive a chemotherapy regimen containing doxorubicin.
However, doxorubicin resistance is a major obstacle to cancer
chemotherapy. Previously, we reported that the histone
acetyltransferase p300/CBP-associated factor is involved in
doxorubicin resistance in bladder cancer. However, the role
of another histone acetyltransferase, p300, in bladder cancer
resistance to doxorubicin remains unclear. In this study, we
investigated the molecular mechanism of doxorubicin resis-
tance in bladder cancer with regard to p300. The result showed
that p300 expression was reduced in doxorubicin-resistant
bladder cancer cells and in response to doxorubicin exposure.
Furthermore, p300 suppression rendered bladder cancer cells
resistant to doxorubicin. Taken together, the results from this
study indicate that p300 may be a promising molecular thera-
peutic target through the modulation of cellular sensitivity to
doxorubicin in bladder cancer.

Introduction

Bladder cancer is one of the most common urogenital malig-
nancies. At the non-invasive stage, bladder cancer can be
completely resected transurethrally. However, 70% of patients
experience intravesical tumor recurrence within 5 years.
To prevent recurrence of non-invasive bladder cancer, the
instillation of bacillus Calmette-Guérin, doxorubicin and
mitomycin C has been empirically adapted, but these can
suppress intravesical recurrence only modestly (1). However,
anticancer agents, including doxorubicin, gemcitabine and
cisplatin are administered for advanced bladder cancer (2).
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However, most bladder cancers recur with a terminal prog-
nosis, even though these anticancer agents are empirically
effective. Therefore, more effective intravesical and systemic
chemotherapy for bladder cancer is required.

Doxorubicin has been administered for many types of
solid tumors, including breast, hepatocellular and urothelial
cancers. In bladder cancer, doxorubicin is employed as an
agent of intravesical instillation into the bladder or by intra-
venous injection. Several molecules that are associated with
the acquisition of doxorubicin resistance have been identi-
fied, including detoxifying enzymes, drug-efflux pumps and
apoptosis-related genes (3). We have previously established
doxorubicin-resistant bladder cancer cell lines (4,5). However,
the precise mechanism of doxorubicin resistance and the
ability to overcome this resistance remains unresolved.

p300 was originally identified using protein-interaction
assays with the adenoviral E1A oncoprotein (6). p300 has
been implicated in a number of diverse biological functions,
including proliferation, cell cycle regulation, apoptosis, differ-
entiation and DNA damage response (7-10). p300 proteins
function primarily as histone acetyltransferases (HATs) and
as transcription co-factors for a number of nuclear proteins
(11,12). Unlike other HATSs, which have substrate specificity
for histones, p300 is capable of acetylating all four histones.

~However, the p300/CBP-associated factor (PCAF) is also
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the first HAT to be discovered in mammalian systems on the
basis of its homology to yeast GenSp (13). PCAF is known
to acetylate various nuclear proteins in addition to histones
(9). We previously reported that PCAF promotes cell growth,
cellular invasion and cellular resistance to anticancer agents in
bladder cancer cells (14). Furthermore, we also reported that
p300 is involved in cell growth as well as cisplatin resistance
(15). However, it remains unclear how p300 affects cellular
resistance to doxorubicin.

In this study, we investigated the functions of p300 with
regard to cellular resistance to doxorubicin in bladder cancer.
The results revealed that p300 expression was downregulated
in doxorubicin-resistant cells, and that doxorubicin treat-
ment reduced p300 expression. Furthermore, p300 silencing
affected resistance to doxorubicin in bladder cancer.

Materials and methods

Cell culture. The human urothelial cancer lines, KK47 and T24,
were cultured in Eagle's minimal essential medium (EMEM),
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which was purchased from Invitrogen (Carlsbad, CA, USA)
and supplemented with 10% fetal bovine serum (FBS).
KK47/ADR and T24/ADR cells were established from KK47
and T24 cells, respectively, as described previously (4,5). All
cell lines were maintained in a 5% CO, atmosphere at 37°C.

Antibodies. Anti-p300 (sc-585) antibody was purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). Anti-Lamin
B1 antibody was purchased from Abcam (Cambridge, MA,
USA).

Knockdown analysis using siRNAs. Knockdown analyses using
siRNAs were performed as described previously (14-16). Briefly,
the following double-stranded RNA 25-bp oligonucleotides
were commercially generated (Invitrogen): 5-AUUAUAGGA
GAGUUCACCGGGCAGG-3' (sense) and 5'-CCUGCCCGG
UGAACUCUCCUAUAAU-3' (antisense) for p300 siRNA #1;
5-UAACAGUGACCUCUCCUGACUCAGG-3' (sense) and
5'-CCUGAGUCAGGAGAGGUCACUGUUA-3' (antisense) for
p300 siRNA #2.

Western blot analysis. Western blot analyses were performed
as described previously (14-16). The protein concentration of
the extracts was quantified using a protein assay kit based on
the Bradford method (Bio-Rad, Hercules, CA, USA). Nuclear
extracts (30 ug) were separated by 4-20% SDS-PAGE and
transferred to polyvinylidene difluoride (PVDF) microporous
membranes (GE Healthcare Bio-Science, Piscataway, NJ,
USA) using a semi-dry blotter. The blotted membranes were
incubated for 1 h at room temperature with the primary anti-
bodies described above. Membranes were then incubated for
40 min at room temperature with a peroxidase-conjugated
secondary antibody. The bound antibody was visualized using
an ECL kit (GE Healthcare Bio-Science) and the membranes
were exposed to X-ray film (GE Healthcare Bio-Science).

Cytotoxicity analysis. Cytotoxicity analyses were performed
as described previously by Shiota et al (14-16). Briefly, T24 or
KK47 cells (2.5x10°) transfected with 40 nM of the indicated
siRNA were seeded into 96-well plates. The following day, the
indicated concentrations of doxorubicin were applied. After
48 h, surviving cells were stained with Alamar Blue Assay
(TREK Diagnostic systems, Cleveland, OH, USA) for 180 min
at 37°C. The absorbance was then measured at 570 nm using a
plate reader (ARVOTM MX, Perkin-Elmer Inc., Waltham, MA,
USA).

Results

p300 is downregulated in doxorubicin-resistant bladder cancer
cells. First, we investigated the expression level of p300 in these
doxorubicin-resistant cells. As shown in Fig. 1, p300 expression
was decreased in both doxorubicin-resistant cell lines (KK47/
ADR and T24/ADR cells lines) compared with their parental
cell lines (KK47 and T24 cells lines) at the protein level.

Exposure to doxorubicin downregulates p300 expression
in bladder cancer cells. Subsequently, we examined p300
expression after exposure to doxorubicin. Human bladder
cancer KK47 cells were exposed to 10 nM of doxorubicin for
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Lamin B1

Figure 1. p300 is downregulated in doxorubicin-resistant bladder cancer cells.
Nuclear extracts from bladder cancer cells (KK47 and T24 cells) and coun-
terpart doxorubicin-resistant cells (KK47/ADR and T24/ADR cells) were
subjected to SDS-PAGE, and Western blot analyses were performed with the
indicated antibodies.

A
KK47
0 6 12 18 Doxorubicin (h)
p300
Lamin B1
B
T24
0 2 4 8  Doxorubicin (nM)
p300
Lamin B1

Figure 2. Exposure to doxorubicin downregulates p300 expression in bladder
cancer cells. (A) KK47 cells were treated with 10 nM of doxorubicin for the
indicated durations. Nuclear extracts were subjected to SDS-PAGE, and
‘Western blot analyses were performed with the indicated antibodies. (B) T24
cells were treated with the indicated concentrations of doxorubicin for 6 h.
Nuclear extracts were subjected to SDS-PAGE, and Western blot analyses
were performed with the indicated antibodies.

various durations. Western blot analyses showed that p300
expression level was downregulated by doxorubicin exposure
in a peak at 6 h after doxorubicin exposure (Fig. 2A). Similarly,
p300 expression in T24 cells was also reduced by exposure to
doxorubicin in a dose-dependent manner (Fig. 2B).

Suppression of p300 renders bladder cancer cells resistant to
doxorubicin. Finally, we examined whether p300 affects the
cell survival rates after treatment with doxorubicin in KK47
cells. As shown in Fig. 3A, p300 silencing using previously
validated p300-specific siRNAs caused KK47 cells to become
resistant to doxorubicin. Similarly, cellular resistance to
doxorubicin in T24 cells was augmented by p300 shutdown
(Fig. 3B) (15,16).
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Figure 3. Suppression of p300 renders bladder cancer cells resistant to
doxorubicin. KK47 (A) and T24 (B) cells were transfected with 40 nM of
the indicated siRNA. On the following day, various concentrations of
doxorubicin were added. After 48 h, cell survival rates were analyzed by
cytotoxicity analyses. Cell survival in the absence of doxorubicin was set as
1. Data represent the means + SD.

Discussion

In this study, p300 expression was reduced in doxorubicin-
resistant bladder cancer cells. Although the mechanism of this
downregulation remains unclear, it may result from the direct
effect of the doxorubicin treatment, as exposure to doxoru-
bicin also reduced p300 expression. Doxorubicin is known
to exert oxidative stress in various cell systems (17,18). We
previously reported that p300 expression was also suppressed
by exposure to cisplatin, which can also exert oxidative stress
(15,19,20). Therefore, oxidative stress may be involved in the
regulation of p300 expression.

We previously reported that PCAF suppression reduced
the expression of YB-1, resulting in retarded cell growth and
vulnerability to cisplatin and doxorubicin in bladder cancer
cells (14). Inversely, p300 suppression induced YB-1 expres-
sion, resulting in augmented cell growth and cellular resistance
to cisplatin (14,16). However, the involvement of p300 in
doxorubicin resistance remained unknown. This study reveals
that p300 suppression renders bladder cancer cells resistant
to doxorubicin. This finding is compatible with the result that
p300 was downregulated in doxorubicin-resistant cells. p300
may confer resistance to doxorubicin by modulating the expres-
sion levels of target genes. YB-1 is known to be associated with
doxorubicin resistance (14). We previously showed that YB-1
expression was shown to be affected by p300 in KK47 cells
but less so in T24 cells which have a low YB-1 expression (16).
p300 affected chemosensitivity to doxorubicin in both cells.
Thus, p300 may be involved in drug resistance through
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molecules other than YB-1 as p300 interacts with a number of
proteins that may affect drug sensitivity.

Somatic missense mutations of EP300, the gene encoding
p300, which is thought to be a tumor-suppressor gene, occur
in a number of malignancies. Chromosome translocations
targeting EP300 have been reported in acute myeloid leukemia
and treatment-related hematological disorders (21). EP300
gene mutations that result in truncated p300 protein products
or amino-acid substitutions in critical protein domains have
also been shown in solid tumors (21). Thus, p300 activity may
be downregulated in broad range of cancers. Therefore, such
cancers with low p300 activity may be resistant to doxoru-
bicin chemotherapy regimens. Hense, the strategy to restore
the activity of p300 in such cancers seems to be promising
because it is predicted to suppress cell growth as well as
augment the chemosensitivity to cisplatin and doxorubicin.

In summary, this study reveals that p300 is downregu-
lated in doxorubicin-resistant bladder cancer cells and by
doxorubicin treatment. Consistent with this, p300 suppression
promoted drug resistance to doxorubicin in bladder cancer
cells. Taken together, this study reveals that p300 may be a
promising molecular therapeutic target through modulating
chemosensitivity to doxorubicin in bladder cancer.
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