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Abstract

We investigated the antiproliferative activity of (—)-gossypol on the human prostate cancer cell line PC3
in vitro and in vivo to elucidate its potential molecular mechanisms. Cell growth and viability were evaluated using
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, and cell apoptosis was detected by
flow cytometry, terminal deoxynucleotidyl transferase dUTP nick end labelling (TUNEL) and electron microscopy.
Expression of proliferating cell nuclear antigen (PCNA), Bcl-2, CD31, caspase-3 and caspase-8 in tumour tissue
was determined by immunohistochemistry. The drug concentration that yielded 50% cell inhibition (ICso value)
was 4.74 ug mL". In the PC-3 tumour xenograft study, (-)-gossypol (> 5 mg kg') given once a day for 7 days
significantly inhibited tumour growth in a dose-dependent manner. Immunohistochemical analysis revealed that
(-)-gossypol enhanced caspase-3 and caspase-8 expression and decreased the expression of PCNA, Bcl-2 and CD31
in tumour tissues. It suggested that cell apoptosis and inhibition of angiogenesis might contribute to the anticancer
action of (—)-gossypol.
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1 Introduction China, have also reported high incidences of PCa and

consequent mortality rates. In its early stages, PCa

Prostate cancer (PCa) is the most frequently diag-
nosed male malignancy and the second leading cause
of male cancer death in most industrialized countries
[1]. Recently, Asian countries, such as Japan and
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cells depend on androgens for growth and survival,
and androgen ablation therapy or surgery at that time
is effective in causing tumour regression. Despite
the initial efficacy of androgen deprivation therapy,
most patients with PCa progress within 2 years from
androgen-dependent status to hormone-refractory PCa,
for which there is no current effective therapy.
Gossypol is a naturally occurring polyphenolic
pigment present in cottonseeds and in cotton plant by-
products, such as cottonseed oil and cottonseed meal
flour. Gossypol has two enantiomers, (+)-gossypol and
(-)-gossypol, the latter being a more potent inhibitor of
cancer cell growth [2]. Recent studies have focused on
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the proapoptotic activity of (—)-gossypol. Previously,
research on gossypol in relation to cancer has focused
mainly on the antiproliferative activity of (£)-gossypol
in a variety of cancers in vitro and in vivo, including
breast [3], bladder [4], pancreas [5], lung [6], colon
[1] and prostate [7] and cancers of the head and neck
[8, 9]. These anticancer effects have been attributed
to the (—)-enantiomer, which is a more potent inhibitor
of cancer cell growth [10]. (-)-Gossypol is a small-
molecule inhibitor of Bel-2/Bcl-xL/Mcl-1 and potently
induces apoptosis in various cancer cell lines [11].
Overexpression of the antiapoptotic protein Bcl-2 is
observed in 30%—-60% of PCas at the time of diagnosis
and in nearly 100% of hormone-refractory PCas [12].
Moreover, it is believed that gossypol can prevent the
metastasis of PCa [13].

This study was designed to investigate the therapeutic
potential of (—)-gossypol in human hormone-refrac-
tory PCa cells in vivo and to establish the efficacy of
(-)-gossypol in inhibiting PC-3 PCa xenograft growth
in an athymic nude mouse model.

2 Materials and methods

2.1 Cell culture

Human prostate carcinoma PC-3 cells were pur-
chased from the American Type Culture Collection
(ATCC, Manassas, VA, USA). PC-3 cells were routinely
cultured in RPMI-1640 medium (Gibco BRL, Grand
Island, NY, USA) supplemented with 100 IU mL"
penicillin G sodium, 100 ug mL™' streptomycin sulphate
and 10% (v/v) fetal bovine serum (Gibco BRL) at 37°C
in a humidified incubator with 5% CO..

2.2 (-)-Gossypol preparation

(-)-Gossypol was purified at the College of Life
Science and Technology of Xi’an Jiaotong University
(Xi’an, China). Its purity was determined by high-
pressure liquid chromatography analysis, revealing a
chemical purity of > 98% and a chiral purity of > 97%. A
100 pg mL" stock solution was prepared by dissolving
(-)-gossypol in 100% (v/v) dimethyl sulfoxide (DMSO)
on the day of treatment. The working solution was
obtained by dilution of the store solution with culture
medium.

2.3 MTT assay for cell growth and viability
Cell growth and viability were evaluated using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide (MTT) (Sigma-Aldrich, St. Louis, MO, USA)
assay. PC-3 cells were seeded (5 x 10’ cells per well) in
96-well plates (100 uL per well). After 24 h of growth
in RPMI-1640 medium, the cells were treated with
various concentrations of (—)-gossypol (2.5-20 ug mL™")
for 72 h. The medium was removed at the end of the
treatment, and 0.5 mg mL" of MTT was added to the
medium. After 4 h, DMSO (200 pL) was added to each
well and the optical density was read at 570 nm. Cell
sensitivity to drug treatment was expressed as the drug
concentration that yielded 50% cell inhibition (ICso).
All of the experiments were performed in triplicate.

2.4 Ultrastructure of PC-3 cells

Cells (2 x 10’ cells mL™") were seeded in cell culture
bottles with 4 mL of cell suspension. After 24 h, diluted
(—)-gossypol (4 mL) was added to each bottle in all groups
at a final drug concentration of 10 pg mL". In parallel,
RPMI-1640 culture medium (4 mL) containing the same
dose of DMSO was added to the bottles containing the
control group. After a 72-h incubation, the cells were
trypsinized, washed with serum-free RPMI-1640 medium,
centrifuged, fixed with 4% (w/v) paraformaldehyde and
then washed twice with phosphate-buffered saline
(PBS), fixed with 1% (w/v) osmic acid (precooled to
4°C) for 1 h, dehydrated and embedded in Epon 812.
Cell morphology was observed under a JEM-2000EX
transmission electron microscope (JEOL, Tokyo,
Japan).

2.5 Detection of apoptosis by flow cytometry

After 48-h incubation, the cells in the treatment
group and control group were harvested, centri-
fuged, washed twice with PBS and re-suspended in
buffer solution. Then, 2 x 10° cells were mixed with
5 uL annexin V-FITC (fluorescein isothiocyanate)
(Biovision, Mountain View, CA, USA) and incubated
for 10 min at room temperature in the dark. The cells
were centrifuged and re-suspended in 190 uL buffer
solution supplemented with 10 pL or 20 pg mL"
propidium iodide (PI) (Sigma-Aldrich). PC-3 cell
apoptosis was detected by flow cytometry (FACSAria,
Becton Dickinson, San Jose, CA, USA).

2.6 TUNEL assay

The TUNEL assay was used to assess apoptotic
cell death in PC-3 cells. Adherent cells treated with
10 ug mL™" (-)-gossypol were fixed, and fragmented
DNA in cells undergoing apoptosis was detected using
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the /n Situ Cell Death Detection Kit (Boehringer-
Mannheim, Mannheim, Germany) in which strand
breaks are end-labelled with fluorescein dUTP by the
terminal transferase enzyme. The TUNEL assay was
performed according to the manufacturer’s instructions.
Cells were mounted with Vectashield mounting medium
using DAPI and photographed using an Olympus
FV1000 laser scanning confocal microscope (Olympus,
Tokyo, Japan). A positive control was prepared by
treating the sample with DNase I before TUNEL
staining. For quantitative analysis, the percentage
of TUNEL-positive cells among 200 cancer cells in
three fields per section was determined at 200-fold
magnification.

2.7 Tumour model in nude mice

Male BALB/c nude mice (4 weeks old), weighing
18-22 g, were purchased from the Laboratory Animal
Center of the Fourth Military Medical University
(Xi’an, China). A total of 40 mice were inoculated
subcutaneously on both sides of the lower back above
the tail, after alcohol preparation of the skin, using a
sterile 22-G needle with 0.1 mL of a cell suspension of
2 x 10° PC-3 cells. Tumour volumes were measured
every 3 days using a calliper and calculated according
to the formula (L x W?)/2, where L and W are length
and width, respectively [14]. When the tumours
reached an appropriate size (200250 mm’), the mice
were randomized into four groups of 10 mice and then
treated with either (—)-gossypol (2.5, 5.0 or 10.0 mg kg’
" i.p. q.d) or DMSO (vehicle) for 7 days. The vehicle
control group received the same amount of DMSO
as in the treatment groups. Tumour sizes and animal
body weights were measured daily by a technician
from the Laboratory Animal Center of the Fourth
Military Medical University without knowledge of the
treatment. All animal experiments were performed
according to the protocol approved by Fourth Military
Medical University Guidelines for Use and Care of
Animals. Tumour growth inhibition (T/C %) values
for these four in vivo studies were calculated as
described [15].

2.8 Histopathological observation

After killing the mice, tumours were removed
from the animals and fixed in 10% (v/v) formalin
solution. Tissues were paraffin-embedded, and 5-pm-
thick sections were stained with hematoxylin and
eosin.

2.9 Expression of proliferating cell nuclear antigen
(PCNA), Bcl-2 and CD31 in tumour tissues

Tumour tissue was dissected, fixed with 40 mg L™
formaldehyde, embedded with paraffin, deparaffinized
with xylene, washed with water and blocked with 300 mL L™
normal goat serum for 30 min. Then, mouse anti-human
monoclonal antibodies for PCNA, Bc¢l-2 and CD31
(1:50 diluted) (Maixin Biotechnology Co. Ltd., Fuzhou,
China) were added. This was followed by incubation at
4°C overnight in a humidified chamber. The next day,
the cells were washed thrice with PBS and processed
with absorbent paper to remove liquid residue. Donkey
anti-mouse IgG antibody labelled with FITC (Santa
Cruz Biotechnology Inc., Santa Cruz, CA, USA) was
added and incubated at 37°C for 1 h. The cells were
washed thrice with PBS, mounted with glycerol buffer
and examined under a microscope. A total of 10 high-
power fields per section were observed. No fewer
than 100 PCNA-positive cells in each visual field were
included for observation and analysis. The positive
rate was expressed as a percentage. Proliferative
index (%) = (number of PCNA-positive cells/total
cells) x 100.

2.10 Expression of caspase-3 and caspase-8 in tumour
tissue

Immunohistochemical staining was performed as
described above. A rabbit anti-caspase-3 polyclonal
antibody (Zhongshan Golden Bridge Biotechnology
Co. Ltd., Beijing, China) and a rabbit anti-caspase-8
polyclonal antibody (Boster Biological Engineering
Co., Wuhan, China) (1:100 diluted) were used. The
secondary antibody was a goat anti-rabbit IgG la-
belled with rhodamine (1:100 diluted) (Santa Cruz
Biotechnology).

2.11 Semi-quantitative fluorescence intensity deter-
mination and microvessel density (MVD) counting

The fluorescence intensity for Bcl-2, caspase-3
and caspase-8 were semi-quantitatively analysed by
ImagePro Plus 6.0 software (Media Cybernetics, Silver
Spring, MD, USA). Five visual fields in each section were
chosen for the determination of the integrated fluorescence
intensity and area. The expression intensity was
represented by the integrated fluorescence intensity per
unit area. MVD counting was conducted as follows: five
visual fields in each section under a x 200 magnification
objective lens were chosen for MVD, in which the most
abundant microvessel in the most intensively tumour-
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infiltrated areas stained green. The mean value was
used for the MVD counts.

2.12 Statistical analyses

SPSS version 11.0 for Windows (SPSS, Chicago,
IL, USA) was used for all statistical analyses. All the
data are presented as mean + SD. Statistical analysis
was performed using the unpaired #-test. P < 0.05 was
considered as statistically significant.

3 Results

3.1 Inhibitory effect of (—)-gossypol on the growth of
PC3 cells

(-)-Gossypol inhibited the growth of PC-3 cells in a
dose-dependent manner, as shown in Figure 1. At 72 h, the
survival rate was 85.1% = 4.1%, 45.2% + 3.2%, 28.2%
+ 2.2% and 16.3% =+ 2.5% in the 2.5, 5.0, 10.0 and
20.0 pg mL" (-)-gossypol-treated groups, respectively.
The ICso value of (—)-gossypol was 4.74 ug mL™".

3.2 Ultrastructural changes in PC3 cells induced by
(=)-gossypol

Prostate cancer-3 cells possess characteristic
microvilli on their surface, with euchromatin-dominant
nuclei and clear nucleoli (Figure 2A). On treatment
with 10 pg mL™' (-)-gossypol for 72 h, surface
microvilli disappeared, alveolar processes appeared
on the cell surface, nucleus chromatin became con-
densed, vacuoles and apoptotic bodies were observed,
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Figure 1. Dose-dependent activity of (-)-gossypol on PC-3
cells. Cells were treated with (-)-gossypol (2.5-20.0 pg mL™)
for 72 h.
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suggesting that these cells were undergoing apoptosis
(Figure 2B).

3.3 (-)-Gossypol induces apoptosis in PC3 cells

As evident in Figure 3, about 10% of the cells
exposed to 2.5 pg mL" of (-)-gossypol (the effect of
vehicle control was subtracted, as with other doses)
were apoptotic; with 5 ug mL™ of (-)-gossypol, about
15% of the cells were apoptotic; with 10 ug mL™" of
(—)-gossypol, 30% of the cells were apoptotic, and
cells exposed to 20 ug mL™" of gossypol increased the
portion of apoptotic cells to about 55%. This suggests
that (-)-gossypol induces apoptosis in PC-3 cells in a
dose-dependent manner.

3.4 Apoptotic cell death in PC-3 cells
We used TUNEL labelling to examine the level

Figure 2. Ultrastructure of PC-3 cells treated with or without
(—)-gossypol. (A): Untreated PC-3 cell; (B): PC-3 cell treated with
10.0 pg mL" (-)-gossypol for 72 h. Bars = 1 pm.

http://www.asiaandro.com; aja@sibs.ac.cn | Asian Journal of Andrology @



@

(-)-Gossypol inhibiting proliferation of prostate cancer cell line PC-3
Xian-Qing Zhang et al.

394

Untreated 2.5 ug mL? 5.0 ug mL* 10.0 pg mL"* 20.0 pg mL"*
! £ 5 . 0, 0, 5 - 0, o,
105_1 3.5% - 11.1% 10:] 23 101 37.4% 25.2% 10°] 67.2% 1051 25.6% 45.3%
10‘@ Qt @2 10¢ 103 10 103 ;
T 4 T i ; g 1 9 T ] Q2
10°384 10337 gl 1033 5= — 10%3 . S
j '% 3 03%| | ZTHE 0% g T
10743 104 3 10%3 1079 7
.II St = :Ill.i Illlq Iill.q Illl.q 1 :llii |'|qu ['Ii[lq |1ir||.—, T

102 10° 10¢ 105
Annexin V-FITC

Iq llllq |Illq i
10° 10* 10°

102
Annexin V-FITC

102 10° 10¢ 10°
Annexin V-FITC

102 10® 10* 10°
Annexin V-FITC

102 10° 10% 10°
Annexin V-FITC

Figure 3. Dose-dependent induction of apoptosis by (—)-gossypol in PC-3 cells. PC-3 cells (10°) were treated with different
concentrations of (—)-gossypol for 48 h. Cells were then stained with annexin V-FITC and propidium iodide and analysed using flow
cytometry. The results are representative of three independent experiments. PI, propidium iodide.

Figure 4. TUNEL labelling of PC-3 cells. (A): Control PC-3
cells; (B): 10 pg mL™" (-)-gossypol treatment. Bar = 50 pm.

of apoptosis in different experimental groups (Figure 4).
TUNEL-positive nuclei are present as cyan nuclei, whereas
DAPI staining of normal cell nuclei is indicated by blue
colour. Compared with the control (Figure 4A), there
was an obvious increase in the number of TUNEL-
positive nuclei in PC-3 cells (Figure 4B) treated with
10 pg mL™" (-)-gossypol. The percentage of apoptotic
cells in control PC-3 cells was 1.2% + 0.1%, but in the
(—)-gossypol treatment group, this percentage increased
t0 35.7% £ 1.6% (P < 0.01).

3.5 Tumour growth of PC3 xenografts after (—)-gossypol
treatment

Tumour volumes were recorded every 2 days until
the animals were killed on day 7. On day 4, tumour
volumes were decreased in the 5.0 mg kg and 10.0 mg kg’
body weight groups, as compared with the control
group (P < 0.05). From day 1 to day 7, tumour volumes
in the control group were increased by 6.5-fold, whereas
tumour volumes in the (—)-gossypol treatment groups were
elevated by 2.5-fold (10.0 mg kg™), 3.7-fold (5.0 mg kg™)
and 4.8-fold (2.5 mg kg™) (Figure 5).

(-)-Gossypol was given by i.p. injection once a day
for seven consecutive days at 2.5 mg kg, 5.0 mg kg or
10.0 mg kg body weight. The positive control group
was given i.p. injections of vehicle once a day for seven
consecutive days.

The tumour growth inhibition (T/C %) values for
these four in vivo studies were calculated as described
[15] and are summarized in Table 1. According to
National Cancer Institution (NCI) criteria, T/C % < 42% is
considered significant antitumour activity; T/C % < 10%
is considered to indicate highly significant antitumour
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Figure 5. Tumour growth of PC3 xenografts treated with
(—)-gossypol.

activity and is the level used by the NCI to justify a
clinical trial (DN-2 level activity; see Alessandri et al.
[14]). The concentration of 10 mg kg™ (-)-gossypol
achieved a T/C % of 39.9%, indicating that it possesses
significant antitumour activity.

3.6 Histopathological features of transplanted tumours
in (—)-gossypol-treated mice

When a tumour was poorly differentiated, tumour
cells organized into solid sheets and microacini. Areas
of necrosis were not observed in the control group.
However, the percentage of cells undergoing necrosis
in the three (—)-gossypol groups (2.5, 5.0 and 10.0 mg kg’
body weight) was 3.2% + 1.5%, 10.3% + 2.2% and
32.5% =+ 4.3% of total nucleated cells, respectively
(Figure 6).

3.7 Expression of PCNA in tumour tissues treated with
(-)-gossypol

Differences in PCNA expression in tumour cells
and control cells were obvious. With the exception
of the 2.5 mg kg™ group, PCNA expression was
reduced to different degrees. (—)-Gossypol regulated
the expression of PCNA in a dose-dependent manner
(Figures 7 and 8).

3.8 Expression of Bcl-2, caspase-3 and caspase-8

A significantly higher percentage of tumour cells
expressed Bcel-2 in the control group. Different doses
of (-)-gossypol caused a decrease in Bc¢l-2 protein
expression in tumour tissues by varying degrees,
implying that (—)-gossypol induces PC-3 tumour
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Table 1. Comparison of tumour growth inhibition (T/C %)
versus starting tumour sizes in the four in vivo experiments.

Group Tumour size at start (mm”) T/C %
Control 220 100

2.5 mgkg" 225 83.0
5.0 mg kg’ 220 61.4
10.0 mg kg 214 39.9

When the median tumour size in the control group reached
1 300 mm’, tumour growth inhibition (T/C %) was calculated
as the percentage median tumour size in the treatment group
versus the control group.

Figure 6. The effect of (—)-gossypol on the pathological features
of transplanted tumours. (A): Control; (B): 10.0 mg kg™ treatment
group; (C): 5.0 mg kg™ treatment group; (D): 2.5 mg kg™ treatment
group. Bar =50 ym.

Figure 7. Expression of PCNA in PC-3 transplanted tumour
tissues. (A): Control; (B): 10.0 mg kg™ treatment group; (C):
5.0 mg kg treatment group; (D): 2.5 mg kg™ treatment group.
Bar = 20 um.
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Figure 8. Proliferative index (%) of proliferating cell nuclear
antigen (PCNA) in tumour tissues. PC-3 xenograft was treated with
(-)-gossypol (2.5, 5.0 and 10.0 mg kg™) for 7 days. The proliferative
index was calculated by the ratio of positive cells to the total number
of tumour cells counted.
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Figure 9. Immunofluorescence of Bcl-2 in PC-3 transplanted
tumour tissues. The PC-3 xenograft was treated with
(—)-gossypol (2.5-10.0 mg kg™ for 7 days. (A): Control; (B):

10.0 mg kg treatment group; (C): 5.0 mg kg™ treatment group;
(D): 2.5 mg kg’ treatment group. Bar = 20 pm.

Table 2. Effect of (—)-gossypol on the expression of Bel-2,
caspase-3 and caspase-8.

Groups Bcl-2 Caspase-3 Caspase-8

Control 0.93+0.16 0.50£0.02  0.75+0.10
2.5mgkg’ 0.56 + 0.06" 0.55+£0.02° 1.39+0.12°
50mgkg’  0.56 +0.04° 0.58+£0.01" 1.44+0.12°
100 mgkg'  0.43+0.03 0.69+0.01"° 1.49+0.13°

P<0.05,°P<0.01, compared with control.

xenograft apoptosis (Figure 9, Table 2).

The expressions of caspase-3 and caspase-8 were
very weak in the control group, but they were strong in
the groups treated with different doses of (—)-gossypol
and displayed a dose-dependant relationship. This
finding suggested that (—)-gossypol could induce
tumour cell apoptosis by inducing caspase activation
(Figures 10 and 11, Table 2).

3.9 Expression of CD31

In the control group, significant expression of
CD31 was found in tumour tissue, which formed a
network-like structure. The expression of CD31 in
tumours treated with different doses of (—)-gossypol
was decreased in a dose-dependent manner. The MVD
in the 2.5, 5.0 and 10.0 mg kg groups was 43.2% =
9.5%, 24.6% £ 6.9% and 9.4% =+ 3.2%, respectively.
Compared with the control group (53.2% + 3.5%), the
MVD counts decreased significantly (P < 0.05 or P <0.01)
(Figures 12 and 13). This observation suggested that
(-)-gossypol inhibited angiogenesis in PC-3 xenograft
tumours.

4 Discussion

(-)-Gossypol has garnered much attention owing to

Figure 10. Expression of caspase-3 in tumour tissues. The PC3
xenograft was treated with (=)-gossypol (2.5-10.0 mg kg™") for

7 days. (A): Control; (B): 10.0 mg kg™ treatment group; (C):
5.0 mg kg treatment group; (D): 2.5 mg kg™ treatment group.
Bar =20 um.
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.
Figure 11. Expression of caspase-8 in tumour tissues. The PC-3
xenografts were treated with (—)-gossypol (2.5-10.0 mg kg™ for

7 days. (A): Control; (B): 10.0 mg kg treatment group; (C): 5.0 mg kg
treatment group; (D): 2.5 mg kg treatment group. Bar =20 pm.

Figure 12. Expression of CD31 in tumour tissues. The PC-3
xenograft was treated with (—)-gossypol (2.5-10.0 mg kg body
weight) for 7 days. (A): Control; (B): 10.0 mg kg treatment
group; (C): 5.0 mg kg treatment group; (D): 2.5 mg kg treatment
group. Bar =20 um.
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Figure 13. Microvessel density (MVD) in tumour tissues. The
PC-3 xenograft was treated with (—)-gossypol (2.5-10.0 mg kg™)
for 7 days. ‘P <0.05, "P < 0.01, compared with control.

its potential as an antitumour drug [16, 17]. (—)-Gossypol
can downregulate the expression of proteins that inhibit
apoptosis, such as Bcl-xL. and Mcl-1, while upregulating
the expression of proapoptotic proteins, such as Bim,
Puma, Noxa and Bax, and mediating apoptosis by
activating caspase-3, caspase-8 and caspase-9.

Bcl-2 inhibits apoptosis and prolongs the lifespan
of a variety of cell types. Overexpression of Bcl-2
can inhibit a variety of stimuli-induced apoptosis
events. There is a hydrophobic groove on the surface
of the antiapoptotic Bcl-2 family proteins that can bind
BH3 domains exposed on the surface of proapoptotic
proteins, forming heterodimers. Bcl-2 and BH3 interact
to regulate apoptosis. Small molecules that mimic the
BH3 domain can effectively inhibit the antiapoptotic
action of Bcl-2 family proteins and induce the release
of proapoptotic proteins such as Bax and Bak. In this
study, we showed that (—)-gossypol can effectively
inhibit the expression of Bcl-2 in tumour tissue, which
in turn promotes apoptosis in PCa cells. This result is
consistent with previous in vitro studies [7, 18].

Aspartate-specific cysteine protease (caspase) is
critical for apoptosis. It was clear from the results of
this study that (—)-gossypol can activate caspase-3 and
caspase-8 through death receptors derived from the
cell surface or through cytochrome ¢ released from
the mitochondria. This finding is also consistent with
the results of previous studies performed in vitro [4,
18]. Huang et al. [7] found that apoptosis caused by
(-)-gossypol is mediated by the regulation of the Bcl-
2 and caspase family in androgen-independent DU-145
PCa cells. Our data also suggest that (—)-gossypol may
have the same effect in PC-3 cells.

Proliferating cell nuclear antigen is a nuclear protein
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