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p300 mediates cellular resistance to doxorubicin in bladder cancer
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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).

Correspondence to: Dr Seiji Naito, Department of Urology,
Graduate School of Medical Sciences, Kyushu University, Fukuoka
812-8582, Japan

E-mail: naito@uro.med.kyushu-u.ac.jp

Key words: bladder cancer, cisplatin, doxorubicin, p300

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 (HATSs) and
as transcription co-factors for a number of nuclear proteins
(11,12). Unlike other HATs, which have substrate specificity
for histones, p300 is capable of acetylating all four histones.
However, the p300/CBP-associated factor (PCAF) is also
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
Bl 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 pg) 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 er 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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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.
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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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