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Abstract Objects: The aim of this study was to research the effect of grape seed procyanidin extract (GSPE) on cell apop-
tosis in human bladder cancer BIU87 cells and investigate its molecular mechanism. Methods: BIU87 cells were treated with
different concentrations of GSPE and cultured for 24 h in vitro while untreated group as control, MTT[3- (4,5-dimethylthiazole-
2-yl) -2, 5-diphenyltetrazolium bromide] assay, Hoechst 33258 stainning, flow cytometry, RT-PCR and Western blot were used
to detect the apoptotic induction effect of GSPE on BIU87 cells. Results: We found that GSPE induced cell apoptosis in BIU87
cells by a dose-dependent manner. Semiquantitated RT-PCR and Western blot analyses indicated that GSPE increased the
expression of caspase-3 and decreased the expression of survivin (P < 0.01). Conclusion: GSPE induces apoptosis in BIU87
cells in vitro, and the effect maybe related with its down-regulation of survivin.
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Bladder cancer is the most common malignant tumor
in urinary system, and the sixth most common malignan-
cies in developed countries, where most bladder tumors
are transitional cell carcinomas (TCCs) ". Approximately
75% of uroepithelial TCCs are superficial (Tis, Ta, and
T1), most of the superficial cases are treated by trans-
urethral removal of the tumor conservatively, followed
by adjuvant intravesical therapy without removal of the
bladder 2. As a main therapeutic regimen, adjuvant intra-
vesical therapy is used extensive on patients with superfi-
cial urothelial carcinoma of the bladder in clinic to treat
tumor and preclude the recurrence of bladder cancer, but
the toxicities, set effects and drug resistances depress the
therapic effect of the drugs ). Of the superficial tumors,
50%-70% recur one or more times, but do not progress
into invasive disease, and 10%-30% progress to invasive
and potentially lethal disease after transurethral resection
2. Thus, to decrease recurrence and progress of bladder
cancer, it is critical for urologic workers to find a new and
safe drug agent for intravesical therapy.

Procyanidins are a class of polyphenolic compounds
which distributed in plants extensively, and derived
from common dietary foods (fruits, beans and chocolate,
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etc.) and beverages (fruit juices, wine and tea, etc.) 1%,

Grape seeds are a particularly rich source of procyanidins,
and the procyanidins are typical from the other derives
(11, Grape seed procyanidin extract is mixture of several
polyphenols mostly contain dimers, trimers, tetramers
and other oligomers of (+)-catechin and (-)-epicatechin,
mainly oligomers !> 131, Recent cell culture studies have
shown that treatment of human oral squamous cell can-
cer CAL27 and SCC25, human prostate cancer DU145 and
LNCaP, human colorectal cancer HT29, LoVo and CaCo2
cells with grape seed procyanidin extract results in an in-
duction of cell apoptosis "2, Lost of the fine balance be-
tween cell proliferation and apoptotic death contributes
to increase in cellular mass and tumor progression. The
agent, however, is not be reported in bladder cancer cells.
Thus, the aim of this study was to demonstrate pro-apop-
totic effect of grape seed procyanidin extract (GSPE) in
human bladder cancer cell line BIU87, and delineate the
mechanism of this effect.

Meterials and methods

Cell and reagents
Human bladder cancer cell line BIU87 was obtained
from Institute of Urology, Peking University. GSPE (pu-
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rity > 95%, Nanjing Qingze Herbal Technology Develop-
ment Co. Ltd, China) was dissolved in RPMI 1640 (with-
out fetal bovine serum) as a 10 mg/mL stock solution and
diluted by RPMI 1640 as desired concentrations, stored at
—20 C in light-tight containers until used. Fetal bovine
serum (Gibco, USA), RPMI 1640 (Gibco, USA), Trizol
(Invitrogen, USA), Hoechst 33258 apoptosis staining kit
(Beyotime Institute of Biotechnology, China), Annexin-
V-FITC/PI apoptosis assay kit (Jingmei Biotech Co. Ltd,
China), anti-caspase-3, anti-survivin and anti-p-actin
were procured from Santa Cruz Biotechnology (Santa
Cruz, USA), ECL reagent kit (Pierce, USA).

Cell culture

Medium for BIU87 cell line was supplemented with
10% fetal bovine serum (FBS) and 1% Penicillin (10,000
units/mL)-Streptomycin (10,000 pg/mL) solution. Cell
cultures were maintained in 25 cm? cell culture flasks
or six-well cell culture plates (Iwaki, Japan) at 37 C
and 5% CO; in humidified chambers. When BIU87 cell
was plated to 80%—-90% confluence, cells were fed with
fresh medium and were treated with either RPMI 1640
alone (control group) or different concentrations of GSPE
which were diluted by RPMI 1640 (as described above),
and cultured for 24 h to get the cells for following tests.
Three separate, independent replications of each test
were performed.

MTT assay for cellular viability

Cell viability was determined using the MTT [3-(4,5-di-
methylthiazole-2-yl)-2, 5-diphenyltetrazolium bromide;
Sigma, USA] assay. The cells were plated at 1 x 10* cells
per well 200 puL of complete culture medium in 96 well
microtiter plates, and treated with designed concentra-
tions (12.5, 25, 50, 100, 200 pg/mL) of GSPE till 80%—-90%
confluence. Each concentration of GSPE was repeated in
6 wells. After incubation for specified times at 37 ‘C in a
humidified incubator, MTT reagent [20 uL, 5 mg/mL in
PBS (10 nmol/L, pH 7.45)] was added to each well and in-
cubated for 4 h. The MTT solution was removed from the
wells by aspiration and the formazan crystals were dis-
solved in DMSO (150 pL). Absorbance (A) was recorded
on a microplate reader at a wavelength of 490 nm. The
effect of GSPE on growth inhibition was assessed as the
percentage of inhibition in cell growth where untreated
cells were taken as 100% viable. Percent viability was cal-
culated as [value of drug-treated group (A)/control group
(A)] x 100.

Apoptosis assessment by Hoechst
33258 staining

After treatment with GSPE, BIU87 cells on six-well
plates were immersed in 0.5 mL of methanol for 10 min,
followed by rinse with PBS for 3 min twice. Then cells
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were stained with 1 mg/mL Hoechst 33258 compounds in
a dark chamber at room temperature for 5 min and rinsed
for 3 min twice in PBS again. Cells were analyzed by fluo-
rescence microscopy (Leica, German). The apoptotic cells
were featured as pyknotic and fragmented nuclei emit-
ting intense fluorescence.

Apoptosis analysis by flow cytometry

To quantify GSPE induced apoptosis of BIU87 cells, an-
nexin V and PI staining was performed followed by flow
cytometry. After treatment of cells with different con-
centration of GSPE for 24 h, both floating and attached
cells on six-well plates were collected by digestive juice
(0.25% trypsinization plus 0.02% EDTA) and washed
with 4 ‘C PBS twice, and subjected to annexin V and PI
staining using apoptosis assay kit following the step-by-
step protocol provided by the manufacture. In brief, cells
were resuspended by 250 pL of bind buffer and adjusted
the density for 1 x 10°. For each sample, 100 uL cell sus-
pension was aspirated and added 5 pL of annexin V-FITC
and 10 pL of PI. After 15 min of incubation in the dark
at room temperature, each sample was diluted with 400
uL of PBS to obtain a final volume appropriate for flow
cytometry.

RNA isolation and semiquantitative RT-PCR
Total RNA of cells on 25 cm? culture flasks were ex-
tracted by Trizol reagent kit (Invitrogen, USA) according
to the protocols provided by the manufacturer. The qual-
ity of each total RNA sample (including its concentration
and purity) was checked and controlled by measurement
of the optical density of each sample. Up to 10 pL with
dimethyl pyrocar-bonate (DEPC)-treated water, 1 pg of
RNA and 300 pmol of oligo-dT;s (Takara Bio, Japan) were
added together and were heated at 65 ‘C for 5 min, 200
units of M-MLYV reverse transcriptase (Takara Bio, Japan),
1 pl of 10 mM dNTP (Promega, USA), 20 units of RNAsin
(Promega, USA), and 4 pL of 5xM-MLV RT buffer (Pro-
mega, USA) were then added to the mixture and the final
volume was brought up to 20 pL with dimethyl pyrocar-
bonate (DEPC)-treated water. The reaction mixture was
then incubated at 42 °C for 1 h and 72 °C for 10 min.
PCR amplification was performed in a reaction volume
of 25 pL containing 1 pL of the appropriate cDNA, 1 pL
of each set of primers at a concentration of 10 pM, 2.5
pL of 10 x RT buffer, 1 pyL of 2.5 mM dNTP, and 1 pL of
Taq DNA polymerase (TaKaRa, Japan). Specific primers
for human caspase-3, survivin, and p-actin as a loading
control: caspase-3 (size of PCR product: 422 bp): sense
5'-GAC ATC TCG GTC TGG T-3/, antisense 5'-CAG GTG
CTG TGG AGT A-3'; survivin (size of PCR product: 439
bp): sense 5-GGC ATG GGT GCC CCG ACG TTG-3,
antisense 5'-CAG AGG CCT CAA TCC ATG GCA-3' 21};
B-actin (size of PCR product: 580 bp): sense 5'-ATG ATA
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TCG CCG CGC TCG TC-3', antisense 5'-CGC TCG GTG
AGG ATC TTC A-3' 2. The reaction condition of PCR
(caspase-3) was as follows (B-actin primers quodvided in
Liang Y, while survivin in Tkeguchi ?): initial denatur-
ation at 94 ‘C for 5 min; 30 cycles of denaturation at 94 C
for 45 s, annealing at 50 C for 45 s, and extension at 72 C
for 1 min on a Mastercycler gradient (Eppendorf— Neth-
eler-Hinz GmbH, Germany). PCR products were electro-
phoresed through a 1.5% agarose gel and visualized with
ethidium bromide. Gene expression was presented by the
relative yield of the PCR product from target sequences
to that from the f-actin gene.

Western blot analysis

Following desired treatments, BIU87 cells were col-
lected by scraping and washed with ice-cold PBS for two
times. The cell pellets were homogenized in extraction
buffer (50 mM Tris-HCI, 0.1% SDS, 150 mM NaCl, 100
pg/mL pheny-lmethylsulfonyl fluoride, 1 pg/mL apro-
tinin, 1% Nonidet P-40, and 0.5% sodium orthovana-
date), then incubated at 4 ‘C for 30 min and centrifuged
20 min at 12,000 g/min. Concentration of total protein
in the supernatant was quantified by Bradford assay. For
immunoblot analyses, 50 ug of protein lysates per sample
were resolved over 15% SDS- PAGE gels and transferred
onto a nitrocellulose membrane. Followed by blocking
with 5% non-fat milk powder (w/v) in TBS (10 mM Tris,
100 mM NacCl, 0.1% Tween 20) for 1 h at room temper-
ature or overnight at 4 C. The membranes were incu-
bated with anti-caspase-3 (1:500), anti-survivin (1:500),
and anti-B-actin (1:500) respectively, at 4 ‘C overnight.
After binding of horseradish peroxidase (HRP)-coupled
goat anti-rabbit/mouse IgG (Santa Cruz, USA; 1:5000) at
room temperature for 2 h, antigens were visualized by
enhanced chemiluminescence (ECL-kit, Pierce; USA).
All results were representative of three independent ex-
periments.

Statistics analysis

Data were expressed as mean + SD (standard devia-
tion). All experiments were performed in triplicate. Sta-
tistical significance was evaluated by one-way ANOVA
using SPSS 11.5 software. Differences were considered
significant when the P value was less than 0.05.

Results

Inhibition of BIU87 cell growth by GSPE

The effect of GSPE on cell viability was determined
employing a MTT assay. BIU87 cells were cultured with
GSPE at final concentrations of 12.5, 25, 50, 100 and 200
pg/mL for 24 h, after which MTT assays were then car-
ried out. The cells cultured in GSPE-free media were
used as the control. As shown in Fig. 1, the viability of
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Fig. 1 Effect of GSPE on the viability of BIU87 cells. Cells were treated
with specified concentrations of GSPE for 24 h, and cell viability was de-
termined by MTT assay as described in materials and methods. The ex-
periments were repeated at least three times. The results were presented
as the meanz SD. * represents P < 0.01 compared to the control

the BIU87 cells incubated with GSPE at concentrations
of 12.5 pg/mL, 25 pug/mL, 50 pg/mL, 100 pg/mL and 200
ug/mL for 24 h was 99.55 + 0.50% (2 = 18, P> 0.05), 99.15
+0.63% (n=18, P>0.05), 86.98 + 1.48% (n=18, P< 0.01),
68.18 + 2.06% (n =18, P< 0.01) and 51.42 + 1.78% (n =
18, P< 0.01) of the control value, respectively. A trend of
decreasing viability with increasing GSPE concentration
was significantly observed at 50, 100 and 200 pg/mL in
BIUS87 cells. The results of the MTT assay showed that
GSPE exerts a dose-dependent cytotoxic effect on the
bladder cancer BIU87 cells. For further mechanistic stud-
ies a dose of 50, 100 and 200 pg/mL GSPE was selected.

Induction of apoptosis by GSPE in BIU87 cells

Apoptosis was confirmed by analyzing the nuclear
morphology of GSPE-treated BIU87 cells. Nuclear mor-
phology was evaluated with membrane-permeable blue
Hoechst 33258. Fig. 2 showed representative Hoechst
33258 fluorescence photo-micrographs of cultured BIU87
cells treated with or without GSPE, respectively. In con-
trol cultures, nuclei of BIU87 cells appeared with regu-
lar contours and were round and large in size, none of
BIU87 cells with smaller nuclei and condensed chromatin
were seen. In contrast, most of GSPE-treated BIU87 cells
appeared hyper-condensed (brightly stained) and frag-
mented nuclei. The numbers of apoptotic nuclei contain-
ing condensed chromatin increased significantly with the
raise of incubation concentration.

For the quantification of apoptotic BIU87 cells, an-
nexin V and PI were used for staining. Annexin V* and
PI" cells were designated as apoptotic. As shown in Fig.
3, compared with the RPMI 1640-treated vehicle control
cells, which almost no apoptotic cells were detected, 24 h
of GSPE treatment at 50, 100, and 200 pg/mL doses result-
ed in 8.7, 28.2, and 40.6% apoptotic cells, respectively.
When the results were analyzed in terms of annexin V
plus PI staining of the cells, a dose dependent effect of
GSPE was evident (P < 0.01, data were not shown).
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Fig. 2 Morphological changes in the nuclei (typical of apoptosis) of BIU87 cells induced by GSPE. Cells with condensed chromatin were defined as
apoptotic BIU87 cells. (a) Control; (b) BIU87 cells treated with 50 pug/mL GSPE; (c) BIU87 cells treated with 100 pg/mL GSPE; (d) BIU87 cells treated

with 200 g/mL GSPE
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Fig. 3 GSPE induced apoptosis of BIU87 cells verified by flow cytometric analysis using Annexin V/PI staining method. Early apoptotic cells, repre-
sented by annexin V+ and PI- cells (lower right quadrant), 24 h of GSPE treatment at 0, 50, 100, and 200 ug/mL doses resulted in 0.3 (a), 8.7 (b), 28.2
(c), and 40.6% (d) early apoptotic cells, respectively. Data were representative of three independent experiments

Effects of GSPE on the expression of caspase-3
and survivin in BIU87 cells

To evaluate the possible mechanisms of GSPE induced
apoptosis in BIU87 cells, RT-PCR and Western blot assays
were established for caspase-3 and survivin. As shown in
Fig. 4, the mRNA expression level of caspase-3 was in-
creased while the mRNA expression level of survivin was
decreased in a dose-dependent manner by GSPE treat-
ment in BIU87 cells for 24 h. Semiquantitative RT-PCR
indicitated that the difference between the groups of dif-
ferent concentrations were significant (P < 0.01; Fig. 4).

We also detected the protein expression of caspase-3
and survivin in BIU87 cells by Western bolt analysis after
being treated with different concentrations of GSPE for
24 h. Similar to caspase-3 and survivin mRNA expression,
Western blot analysis indicated that the protein expres-
sion level of caspase-3 was increased and the protein ex-
pression level of survivin was decreased in a dose-depen-
dent manner Fig. 5. The levels between different groups
were significant (P< 0.01; Fig. 5).

Discussion

Almost 75% of the transitional cell carcinomas in
bladder is superficial, which always followed an adjuvant
intravesical therapy conventionally after transurethral
removal of the tumor to preclude the recurrence and in-
vasion. For most of the chemotherapy drugs used in clinic
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Fig. 4 Expression of caspase-3 (A) and survivin mRNA (B) in response
to GSPE treatment in BIU87 cells. Cells were treated with GSPE for 24 h,
harvested and total RNA was isolated and analyzed by RT-PCR for cas-
pase-3 and survivin mRNA expression. The housekeeping gene f-actin
was used as a control. Results were representative of data obtained from
three seperated experiments. The details were described under materials
and methods. * P < 0.01 compared to the control; 2 P < 0.01 compared to
50 pg/ml group; # P < 0.01 compared to 100 ug/mL group. The mRNA ex-
pression level of caspase-3 was increases while survivin was decreased
in a dose-dependent manner by GSPE treatment.

had toxicities and set effects in some extent, it is critical to

find a new and safe drug agent for intravesical therapy.
Several studies have shown that some microchemi-

cals present in the diet and several fruits and vegetables
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Fig. 5 Expression of caspase-3 (A) and survivin (B) protein in response
to GSPE treatment in BIU87 cells. Cells were treated with specified con-
centrations of GSPE for 24 h, harvested and total cell lysates were pre-
pared. The details were described under materials and methods. A typi-
cal immunoblot from three separate experiments with similar results was
shown here. The protein expression level of caspase-3 was increased
while survivin was decreased in a dose-dependent manner by GSPE
treatment. * P < 0.01 compared to the control; 2 P <0.01 compared to 50
pg/mL group; * P < 0.01 compared to 100 pg/mL group

are the most desirable class of agents for the prevention
and/or intervention of various cancers **%. Among these
chemicals, GSPE have received increasing attention in re-
cent years for its strong effects of antioxidant and antitu-
mor. Recent studies in vitro and in vivo had shown great
antitumor effects on most human cancers (such as breast
cancer, lung cancer and gastric adenocarcinoma, etc.) by
the treatment of GSPE [131420.262] The agent, however,
enhances the growth and viability of normal human gas-
tric mucosal cells ), and indicates a lack of toxicity B*
31]

Apoptosis, a process of programmed cell death, is criti-
cal for the development and maintenance of healthy tis-
sues. Dysregulation of cell death pathways occur in many
types of human cancer. Survivin, a member of the inhibi-
tor of apoptosis protein (IAP) family, plays an important
role in inhibition of apoptosis and binds specifically to the
terminal effector cell death proteases, caspase-3 and -7 to
attend the procedure of apoptosis in tumor cells B34, It
is present during embryonic and fetal development, but
undetectable in normal differentiated adult tissue in vivo
(5], In various human cancers including bladder cancer,
survivin is strongly overexpressed (638 and has been
established as a diagnostic, prognostic and therapeutic
marker 944,

In the present study, after treatment of GSPE for 24
h, morphological characterization (hyper-condensed and
fragmented nuclei) of apoptotic BIU87 cells could be seen
by Hoechst 33258 staining, and the number of apoptotic
BIUS87 cells increased with the concentrations of GSPE
by flow cytometry. The mRNA and protein expression of
caspase-3 increased while survivin decreased with a dose-
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depended manner of the treatment of GSPE. Those indi-
cate that down-regulate the expression of survivin which
correlated with apoptosis may be involved in GSPE in-
duced apoptosis in BIU87 cells.

Taken together, this study provided first evidence that
GSPE inhibited cell proliferation by apoptosis on human
bladder cancer BIU87 cells which was associated with
down-regulation of the expression of survivin. This abil-
ity of GSPE to induce apoptosis imply its potential to be
a chemotherapeutic agent. Although the precise molec-
ular mechanism of the effect induced by GSPE remains
unclear, it might be a potent useful antitumor agent for
adjuvant intravesical therapy against human bladder can-
cer.
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