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Abstract

Probucol is considered to be an important agent in promoting anti-oxidative action and protecting against
tissue injury. However, little is known about the effect of probucol on the progression of ovarian
carcinoma. The aim of this study was to investigate the effect of probucol on cellular proliferation in
human ovarian cancer cells (PA-1 and SKOV-3) and explore the anti-proliferative mechanism of probucol
in these cells. We found that probucol decreased cell growth in PA-1 and SKOV-3 cells in a
dose-dependent manner. Treatment with probucol had no effect on cytotoxicity, the percentages of
Annexin V-FITC positive cells and caspase-3 activity when compared with the vehicle group. No
significant differences in the protein expression of Bcl-2 and cytochrome c, both of which were markers of
cells undergoing apoptosis. Inhibition of cellular proliferation by probucol was caused by G1-phase arrest
through regulating proteins associated with cell cycle progression, such as cyclin D1, p21V*™“P! " and
p27%"®'. Further study revealed that probucol strongly impaired the phosphorylation of IxBo. and the
nuclear translocation of NF-kB (p65). It also suppressed activation of ERK/JINK/p38 MAPK signaling.
Moreover, the NF-kB inhibitor (PDTC), the ERK inhibitor (PD98059), the JNK inhibitor (SP600125), and
the p38 MAPK inhibitor (SB203580) markedly attenuated cell growth of these cells. Our results indicate
that probucol induces anti-proliferative effect via blocking of cell cycle progression and inactivation of

NF-kB and MAPK pathways in human ovarian cancer cells.
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72 nuclear factor-kappaB; PCNA, proliferating cell nuclear antigen; PDTC, pyrrolidine dithiocarbamate; STS,
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Introduction

Probucol is a diphenolic compound with anti-hyperlipidemic, anti-oxidative, anti-diabetic, and
anti-inflammatory properties that reduces tissue injury and histopathological changes.'® It has a long
history of clinical application with established efficacy and safety profiles.>” Previous studies have
demonstrated that probucol has diverse pharmacological properties with therapeutic effects on
cardiovascular and metabolic diseases.”™ It can also modulate toxic promoting effect and can serve as a
potent chemopreventive agent to suppress oxidant induced tissue injury.>** Therefore, probucol is
supposed to be an excellent agent in enhancing endogenous antioxidant reserve and protecting against

augmented oxidative stress.'™

Ovarian cancer is the deadliest of all gynecologic malignancies in many countries.”'' Because this
disease is nonspecific or asymptomatic at the early stage of its progression, the majority of ovarian
carcinoma patients are diagnosed with advanced stage disease.''* For the therapy of ovarian carcinoma,
cytoreductive surgery and combination chemotherapies are standard strategies.””'° However, tumor
relapse and the development of drug-resistant disease are still a knotty problem to be resolved in ovarian

carcinoma treatment.

It is well documented that oxidative stress modulates cell growth or genomic stability in both
physiological and pathophysiological conditions.'”" Recent molecular and pathological evidences
suggest that in progressive stages of ovarian carcinoma, the oxidative stress can contribute to the
uncontrolled tumor expansion.'®" Antioxidants, when added adjunctively, to first-line chemotherapy, may
improve the efficacy of cancer therapy.'””® More recent data showed that probucol was a potent
antioxidant that can serve as a powerful chemopreventive agent to suppress oxidant induced tissue injury
and carcinogenesis, in addition to being a cholesterol reducing and anti-atherogenic drug.*' Probucol
exposure modulated iron nitrilotriacetate-dependent renal carcinogenesis and hyperproliferative

response.” It can induce anti-angiogenesis and apoptosis in athymic nude mouse xenografted human head
4

Page 4 of 28



Page 5 of 28

118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

144

Toxicology Research

and neck squamous carcinoma cells.”* On the other hand, probucol was able to activate NAD(P)H:quinone
reductase, one of the main detoxifying enzymes, and could then reduce chemical carcinogenesis and
toxicity.” Nanoassembly of probucol enabled novel therapeutic efficacy in the suppression of lung
metastasis of breast cancer.”® Nevertheless, its potential effect on the progression of ovarian cancer has not

been explored yet.

It has been reported that nuclear factor-kappa B (NF-kB) plays an important role in cellular redox
system in various cells.””*’ In unstimulated cells, the NF-kB p50/p65 heterodimer is maintained in the
cytoplasm by binding to IxkBa. Upon stimulation, NF-xkB dissociates from IxBa, translocates to the
nucleus, activates target genes and regulates diverse cellular functions.”*’ Most of the effects of NF-kB
activation on cancer cells have been linked with cancer development and poor outcomes.’’”' Cancer cells
have been shown to exhibit a constitutively hyperactivated NF-kB survival signaling pathways.’' Indeed,
aberrant regulation of NF-kB pathway is believed to be a major event contributing to malignant

transformation and progression of ovarian cancer.”*”

In this study, we hypothesized that probucol maybe is an effective candidate for antiovarian cancer
cells. Therefore, to examine this hypothesis, we investigated the inhibitory effects of probucol on cell
proliferation in human ovarian cancer PA-1 and SKOV-3 cells and its underlying molecular mechanism
for probucol-mediated cell cycle progression and NF-kB signaling. We also identified signaling molecules
underlying probucol-modulated cell growth in in the two cell lines. Finally, our study displayed the

potential role of probucol in ovarian carcinoma chemotherapy or chemoprevention.
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145  Materials and methods

146

147  Reagents

148  Anti-ERK1/2, -JNK, -p38 MAPK, -p21 VP! _p275P! "_Bcl-2, -c-Myc, -cytochrome c, -cdk4, -cyclin DI,
149  -PCNA, -p65, and -IkBa antibodies were purchased from Santa Cruz Biotechnology, Inc, Santa Cruz, CA.
150  Anti-phospho-IkBa., -phospho-ERK1/2, -phospho-JNK, -phospho-p38 MAPK, and Histone H3 antibodies
151  were obtained from Abcam, Cambridge, MA. HRP-conjugated goat anti-rabbit or anti-mouse secondary
152 antibody, streptavidin-peroxidase, and the enhanced chemiluminescence kit were obtained from
153  Amersham Corp, Arlington Heights, IL. Lactate dehydrogenase (LDH)-cytotoxicity assay kit was
154  purchased from BioVision, Mountain View, CA. PD98059, SP600125, and SB203580 was purchased from
155 Calbiochem, La Jolla, CA. N,N’-methylenebisacrylamide, acrylamide, SDS, ammonium persulfate, Temed,
156  and Tween 20 were purchased from Bio-Rad Laboratories, Hercules, CA. FBS, DMEM, antibiotics,
157  molecular weight standards, trypsin-EDTA, trypan blue dye, and all medium additives were obtained from
158  Life Technologies, Gaithersburg, MD. Probucol, staurosporine, dimethyl sulfoxide (DMSO), pyrrolidine
159  dithiocarbamate (PDTC), propidium iodide (PI), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
160  bromide (MTT) colorimetric assay kit, Annexin V-FITC apoptosis detection kit, caspase-3 activity assay
161  Kkit, and anti-B-actin antibodies, and all other chemicals were purchased from Sigma-Aldrich Chemical, St.
162  Louis, MO.

163

164  Culture conditions

165  The human ovarian cancer cell lines (PA-1 and SKOV-3) were obtained from the American Type Culture
166  Collection (Manassas, VA, USA). These cells were grown in culture flasks (Nunclon, Denmark) and
167  maintained in DMEM supplemented with 100 i.u./ml penicillin, 100 pg/ml streptomycin and 10% FBS in
168  a humidified 5% CO, incubator at 37°C. In this study, cells were exposed to serum-free (0.1% FBS)
169  DMEM supplemented with probucol or probucol’s vehicle (0.05% DMSO) for 4 h prior to timed exposure
170  to DMEM containing 10% FBS. For cell number analysis, cells (1.2 x 10° cells per well) were seeded in

171 6-well (9.6 cm®*/well) culture plates (Nunclon) and grown in the added test agents. Subconfluent cells were
6
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harvested by using 0.25% trypsin-EDTA. Cells were resuspended in equal volumes of medium and trypan
blue (0.05% solution) and counted using a haemocytometer. Trypan blue dye exclusion was used to assess
cell viability. Each experimental data point represents the mean of duplicate wells from three independent

experiments.

Cell viability assay

Cell viability (MTT) assay was performed to evaluate the proliferation of PA-1 and SKOV-3 cells. Cells
were plated and incubated for 24 h in wells of a 96-well plate. Then probucol (5, 10, 50, 100, 500 uM) and
vehicle (0.05% DMSO) were added to the wells. Cells with no added treatment were used as control. After
treatment, 10 pl of sterile MTT dye was added to each well, and the cells were incubated for 6 h at 37°C.
Then 100 pl of acidic isopropanol (0.04 M HCI in isopropanol) were added and thoroughly mixed.
Spectrometric absorbance at 595 nm (for formazan dye) was measured with the absorbance at 655 nm for
reference. According to cell viability assay and cell number analysis, the lower and non-toxic

concentration of probucol (100 uM) is used in subsequent experiments.

Cytotoxicity assay

LDH content was determined by using an LDH-cytotoxicity assay kit, which is based on a coupled
enzymatic reaction that results in the conversion of a tetrazolium salt into a red formazan product. The
increase in the amount of formazan produced in culture supernatant directly correlates with the increase in
the number of lysed cells. The formazan was quantified spectrophotometrically by measuring its
absorbance at 490 nm. A group of wells were treated with 1% Triton X-100 solution for maximum LDH
release. The mean of the background value was subtracted from all other values. Cytotoxicity in

experimental samples expressed as a percentage of the LDH release of 10% FBS-treated cells (control).

Caspase-3 activity assay

Caspase-3 activity was measured using a colorimetric activity kit as per the manufacturer’s instructions.

7
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This assay measures the hydrolysis of acetyl-Asp-Glu-Val-Asp p-nitroanilide (Ac-DEVD-pNA) by
caspase-3 that results in the release of p-nitroanilide (pNA). Absorbances were measured at 405 nm and

the results calculated using a standard curve derived from known concentrations of pNA.

Western blotting

One day before treatment, 1.5 x 10° cells were seeded in T-75 flasks. Cell growth medium was replaced
24 h after seeding, followed by addition of test compounds after medium change. For protein analysis,
total cell lysates were harvested and lysed in 1 X SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
sample buffer (0.375M Tris-HCI, pH 6.8, 30% glycerol, 10% SDS, 2% p-mercaptoethanol, 0.1%
bromophenol blue), and heated for 3 min at 95°C. Samples were resolved by 10% SDS-PAGE, and then
transferred to Protran membranes (0.45 um, Schieicher & Schuell, Keene, NH, USA). The membranes
were blocked in blocking solution and subsequently probed with primary antibodies. The membrane was
incubated in 4000x diluted HRP-conjugated goat anti-rabbit or anti-mouse secondary antibody. The
protein bands were detected using the enhanced chemiluminescence (ECL) system. For the NF-xB and
ERK/JINK/p38 MAPK activation assay, proteins were resolved by SDS-PAGE and transferred to Protran
membranes. The membranes were probed with anti-phospho-IkBa (1 pg/ml), anti-phospho-ERK1/2 (1
pg/ml), anti-phospho-JNK (1 pg/ml), anti-phospho-p38 MAPK (1 pg/ml), anti-IkBa (1 pg/ml),
anti-ERK1/2 (0.75 pg/ml), anti-JNK (1 pg/ml), and anti-p38 MAPK (0.75 pg/ml) antibodies.
Immunoreactive proteins were detected with the ECL system as described above. The intensity of Western
blot bands was quantified by densitometric analysis. Results were expressed as the ratio of intensity of the

protein of interest to that of B-actin or the indicated protein from the same sample.

Assay of cytochrome c release

To obtain cytosolic fractions, cells were harvested and washed once in cold PBS, and then incubated with
mitochondria isolation buffer (300 mM sucrose, 10 mM KCl, 1.5 mM MgCl,, 20 mM HEPES, 1 mM
EDTA, 1 mM EGTA, 1 mM DTT, 1 mM PMSF, 1 ug/ml leupeptin, 10 pg/ml pepstatin, 10 pg/ml

aprotinin) on ice for 30 min. Then, cells were disrupted by 20 passages through 26-gauge needle. The
8
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disrupted cells were centrifuged at 750 x g for 10 min at 4 °C. The resulting supernatant was then twice
centrifuged at 12,000 x g for 20 min at 4 °C, and the supernatant was collected as the cytosolic fraction.
For assay of cytochrome c release, the cytosolic fraction was electrophoresed on 12% SDS-PAGE, and

Western blot was then performed using anti-cytochrome c antibody.

Cell cycle analysis and Annexin V staining assay

Relative cell size and DNA content were assessed by flow-cytometric analysis. At various time points,
cells were harvested and fixed with 100% ethanol and then placed at —20°C for overnight. After fixation,
cells were centrifuged and washed once with PBS containing 1% bovine serum albumin. For staining with
DNA dye, cells were resuspended in 0.5 to 1 ml of PI solution containing RNase and incubated at 37°C for
30 min, followed by overnight incubation at 4°C. For Annexin V staining, 1x10* cells were collected and
stained with Annexin V-FITC according to the manufacturer’s instruction. The PI and Annexin V stained
cells were collected and analyzed using BD flow-cytometry systems. The percentage of Annexin V-FITC

positive cells was considered as the percentage of apoptotic cells.

Statistical analysis

Analysis and graphing of data were performed with Prism 3.0 (GraphPad Software, San Diego, CA). Data
are expressed as means = SEM. Statistical analysis was performed by ANOVA for multiple group
comparison and by Student’s t-test for direct comparison of two groups. P values <0.05 were considered

significant.
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Results and discussion

Effect of probucol on proliferation in human ovarian cancer cells

To determine whether probucol modulated cellular proliferation in human ovarian cancer cell lines (PA-1
and SKOV-3), cells were seeded in culture plates in equal numbers and left to grow to 30 to 40%
confluence in medium containing 10% FBS. Cells were washed twice with PBS buffer and maintained in
medium containing 0.1% FBS for 48 h. The growth-arrested cells were then treated with probucol or
probucol’s vehicle (0.05% DMSO) in the presence of 10% FBS for 3 d. As shown in Fig. 1, raising the
ambient probucol concentration (5, 10, 50, 100, 500 uM) causes a dose-dependent decrease in cell
viability (Fig. 1a) and cell number (Fig. 1b) when compared with control (10% FBS) or probucol’s vehicle
in PA-1 and SKOV-3 cells. The high concentrations (100 uM and 500 uM) of probucol cause significantly
decrease in cellular mitogenesis when compared with control or vehicle. In addition, the effects of
probucol and the cytotoxic-inducer staurosporine on the membrane integrity and cytotoxicity of these cells
were also clarified through evaluating the release of LDH into the experimental medium. We found that
staurosporine (0.1 uM) and probucol (500 uM) promoted the LDH release when compared with control
(Fig. 1c). According to cell viability assay and cell number analysis, the lower and non-toxic concentration

of probucol (100 uM) was used in subsequent experiments.

Effect of probucol on apoptosis in human ovarian cancer cells

In order to assess whether probucol inhibited cellular proliferation through an apoptotic mechanism, we
analyzed in detail changes in expression of the anti-apoptotic protein Bcl-2 and the apoptogenic protein
cytochrome ¢ and caspase-3. As shown in Fig. 2a and 2b, probucol (100 uM) treatments had no obvious
effect on Bcl-2 and cytosolic cytochrome ¢ expression as compared with control or vehicle in PA-1 and
SKOV-3 cells. However, the pronounced decrease in Bcl-2 and increase in cytosolic cytochrome ¢ were
detected after the apoptotic-inducer staurosporine (0.1 puM) treatment. Furthermore, no obviously
differences were observed regarding the percentages of Annexin V-FITC positive cells (Fig. 2¢) and the

caspase-3 activation (Fig. 2d) between probucol (100 uM) and control cultures in these cells. However,
10
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staurosporine did markedly increase apoptotic cells and caspase-3 activity.

Indeed, probucol has been demonstrated to modulate cell proliferation and cytotoxicity in many
tissues and organs.””’ It regulates programmed cell death and exerts both agonistic and antagonistic effects
on apoptotic signaling.****** Some lines of evidence have indicated that probucol increased the expression
of anti-apoptotic protein and reduced apoptosis. It attenuates cyclophosphamide-induced oxidative
apoptosis, p53 and Bax signal expression in rat cardiac tissues.” Pretreatment with probucol significantly
blocked apoptosis and increased the expression of Bcl-2 protein in human umbilical vein endothelial
cells.*® It also inhibited the lipopolysaccharide-reduced expression of Bcl-2 protein and then suppressed
apoptosis in vascular smooth muscle cells.”’ Additionally, it could protect renal proximal tubular cells
from methylguanidine-induced apoptosis.” Nevertheless, in the present study, we found that probucol did
not alter the cytotoxicity, the percentages of Annexin V-FITC positive cells and caspase-3 activation in
human ovarian cancer cells. Moreover, it had no significant effect on Bcl-2 and cytosolic cytochrome ¢
expression. Because probucol did not modulate apoptosis and cytotoxicity, our findings strongly suggest

that it probably exerted its anti-proliferative effect by inhibiting cell cycle progression in these cells.

Effects of probucol on cell cycle regulatory molecules and cell cycle progression

To gain further insight into the mechanism exerted by probucol, we next wished to determine whether
probucol is responsible for inhibition of cell cycle progression in human ovarian cancer cells. Western blot
analysis revealed that probucol (100 uM) can not affect protein synthesis of cdk4 and c-Myc (Figs. 3a and

3b) in PA-1 and SKOV-3 cells. However, probucol clearly reduced protein synthesis of cyclin D1 and

Kipl IWafl/Cipl

PCNA. Interestingly, protein levels of p27~"" and p2 were significantly induced by probucol.
Furthermore, flow-cytometric analysis showed that the percentages of cells in GO/G1 phase increased
while the percentages of cells in G2/M phase decreased in the probucol-treated cells compared with the
control groups (Fig. 4). These results indicated that suppression of cyclin D1 and PCNA and induction of

p21WVEP and p275P! are the underlying mechanisms by probucol to promote inhibition of cell cycle

progression in human ovarian cancer cells.
11
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Effects of probucol and some kinase inhibitors on NF-kB and ERK/JNK/p38 MAPK activation in
human ovarian cancer cells

Evidence is accumulating to indicate that the NF-kB signaling pathway may be an important feature of
ovarian carcinoma.’>**** To investigate whether probucol and the NF-kB signaling pathway played roles
in ovarian cancer cell proliferation, probucol and the NF-xB inhibitor PDTC were used to pretreat PA-1
and SKOV-3 cells. We found that phospho-IkBa and nuclear p65 were strongly reduced by probucol
treatment while protein levels of IkBa and cytosolic p65 were enhanced (Figs. 5a and 5b). In addition,

phosphorylation of IkBa was markedly attenuated by administration of PDTC (10 uM).

To clarify whether the ERK/JINK/p38 MAPK pathway played a role in cell growth, the ERK kinase
inhibitor PD98059, the JNK kinase inhibitor SP60012, and the p38 MAPK kinase inhibitor SB203580
were used to pretreat PA-1 and SKOV-3 cells. After exposure of cultured cells to probucol and kinase
inhibitors for 12 h, we found that probucol significantly reduced phospho-ERK, phospho-JNK and
phospho-p38 MAPK without obviously affecting ERK, JNK and p38 MAPK protein levels (Fig. 6a—c).
Phosphorylation of ERK, JNK and p38 MAPK were significantly reduced by administration of PD98059
(10 uM), SP600125 (5 uM), and SB203580 (5 uM), respectively. On the other hand, we further examined
the effects of PDTC, PD98059, SP600125, and SB203580 on cell viability and cell numbers in PA-1 and
SKOV-3 cells. As depicted in Fig. 7, compared with the control groups, growth inhibition were clearly
observed in these cells treated with probucol (100 uM), PDTC (10 uM), PD98059 (10 uM), SP600125 (5
pM), and SB203580 (5 uM). Additionally, growth inhibition was enhanced by probucol plus each kinase
inhibitors in these cells. These results indicated that down-regulation of the NF-kB and ERK/JNK/p38
MAPK signaling pathways are important mechanisms by probucol to promote inhibition of cellular

proliferation in human ovarian cancer cells.

To further evaluate whether NF-xB and ERK/JNK/p38 MAPK pathways mediate cellular

mitogenesis of PA-1 and SKOV-3 cells, we first knockdown of p65, ERK, JNK and p38 MAPK by
12
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specific siRNAs, as shown in Supplemental Figure 1, these protein levels in silenced cells were decreased
significantly than those in non-silencing RNA cells, confirming successfully silenced p65, ERK, JNK and
p38 MAPK in these cells. Also in these cases, knockdown of ERK, JNK and p38 MAPK strongly reduced
phosphorylation of ERK, JNK and p38 MAPK, respectively. We then investigated the effects of probucol,
p65 siRNA, ERK siRNA, JNK siRNA and p38 MAPK siRNA on cellular mitogenesis in PA-1 and
SKOV-3 cells. Supplemental Figure 2 showed that knockdown of p65, ERK, JNK and p38 MAPK by
specific siRNAs caused marked drop in cell viability and cell numbers further implicate the involvement
of NF-kB and ERK/JNK/p38 MAPK pathways in growth control. Additionally, growth inhibition was
enhanced by probucol plus each kinase inhibitors in these cells. Taken together, these results suggested

that probucol down-regulates cellular proliferation through NF-kB and ERK/JINK/p38 MAPK pathways.

Several reports have indicated that both the NF-kB and MAPK signaling pathways play important
roles in cell proliferation, differentiation, transformation, apoptosis, and the regulation of a variety of
transcription factors and gene expressions.*”* Inactivation of the NF-xB and MAPK signaling pathways
are involved in anti-oxidative effects under various pathological conditions.”*** Recent studies have
implied that probucol may decrease NF-kB or MAPK activation and exert its unique pharmacologic
actions and protective effects in many tissues and organs.”*® In human aortic endothelial cells, probucol
could suppress the activation of NF-xB and inhibit endothelial apoptosis.*® Besides, probucol reversed
adriamycin-induced cardiomyopathy by inhibiting the ERK/JINK/p38 MAPK pathway via diminishing
oxidative stress.”’ In the current results, probucol treatment displayed a marked decrease in cell viability
through inhibiting the NF-kB and ERK/INK/p38 MAPK pathways in human ovarian cancer cells. This
suggests that probucol is able to inhibit cell growth, one of the main features acquired by downregulation
of NF-xB and ERK/INK/p38 MAPK signaling, and could then reduce proliferative potential of ovarian

cancers.

13
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Conclusions

In conclusion, the present work explains the mechanism of action of probucol that modulates proliferation
and cell cycle progression in human ovarian cancer cells (Fig. 8). We found that probucol caused
inhibition of cellular proliferation partly by obstructing of cell cycle progression in two human ovarian
cancer cell lines—PA-1 and SKOV-3. However, no apparent apoptosis was evident in any of the cell lines.
The model suggested in Fig. 8 demonstrates that the ability of probucol to induce cell cycle arrest was
verified by the observation that it significantly decreased protein expression of cyclin D1 and PCNA but
increased protein levels of p21™*™"“P! and p27"'. Exposure of probucol also attenuated NF-kB and
ERK/INK/p38 MAPK activation. On the other hand, the specific inhibitors (e.g., PDTC, PD98059,
SP600125, and SB203580) significantly inhibited cellular growth in these cells. Overall, this is the first
report suggesting that probucol has the potent inhibitory effect against human ovarian cancer cell
proliferation, and NF-«kB and ERK/JNK/p38 MAPK pathways may be important targets of probucol (Fig.
8). Blockade of these signaling pathways by probucol may be an effective strategy in the treatment of

ovarian cancers.

14
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Figure legends

Fig. 1 Effects of different concentrations of probucol on cellular mitogenesis and cytotoxicity in human
ovarian cancer cell lines (PA-1 and SKOV-3). Serum-deprived cells were treated with 10% FBS (control),
probucol (5, 10, 50, 100, and 500 uM), or probucol’s vehicle (0.05% DMSO) for 3 d. Assayed for cell
viability (a), cell numbers (b), and cytotoxicity (c) were described under “Materials and methods”. 0.1 uM
staurosporine (STS) was used as a cytotoxic-inducer control. Results were expressed as the mean + SEM

(n=6). *p < 0.05 versus control.

Fig. 2 Effects of probucol on apoptosis regulatory molecules and caspase-3 activity in PA-1 and
SKOV-3 cells. Total cell lysates from cells treated with 10% FBS (control), probucol (100 uM), vehicle, or
staurosporine (0.1 uM) for 3 d were subjected to Western blot analysis for Bcl-2 and cytochrome ¢ (a),
Annexin V-FITC staining (c) and caspase-3 activity assay (d). Assayed for cytochrome c release in the

cytosolic fraction was described under “Materials and methods”. Staurosporine (STS) was used as an

apoptotic-inducer control. (b) Laser densitometry of the gels showed in (a) and two additional experiments.

These are representative experiments, each performed at least three times in PA-1 and SKOV-3 cells. *p <

0.05 versus control.

Fig. 3 Effects of probucol on protein levels of cdk4, cyclin D1, p21™¥P! 52 7%P! "c_Myc and PCNA in
PA-1 and SKOV-3 cells. Total cell lysates from cells treated with 10% FBS (control), probucol (100 uM),
or vehicle, for 12 h were subjected to Western blot analysis for cdk4, cyclin D1, p21™V*VP! p275%! c-Myc
and PCNA (a). This is a representative experiment independently performed three times in PA-1 and
SKOV-3 cells. (b) Laser densitometry of the gels showed in (a) and two additional experiments. *p < 0.05

versus control.

Fig. 4 Effects of probucol on cell cycle distribution in PA-1 and SKOV-3 cells. The cell pellets from

cells treated with 10% FBS (control), probucol (100 uM), or vehicle, for 24 h were fixed, stained, and
18
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subjected to BD flow-cytometry systems for cell cycle distribution. This is a representative experiment

independently performed three times in PA-1 and SKOV-3 cells. *p < 0.05 versus control.

Fig. 5 Effects of probucol on NF-kB activation in PA-1 and SKOV-3 cells. Cytosolic or nuclear protein
from cells treated with 10% FBS (control), probucol (100 uM), vehicle, or PDTC (10 uM) for 12 h were
subjected to Western blot analysis for phospho-IkBa (p-IkBa), IkBa., cytosolic p65 (C-p65), and nuclear
p65 (N-p65) (a). Histone H3 was used as an internal control for nuclear fraction. This is a representative
experiment independently performed three times in PA-1 and SKOV-3 cells. (b) Laser densitometry of the

gels showed in (a) and two additional experiments. *p < 0.05 versus control.

Fig. 6 Effects of probucol on ERK/JNK/p38 MAPK activation in PA-1 and SKOV-3 cells. Total cell
lysates from cells treated with probucol (100 pM), PD98059 (10 uM), SP600125 (5 uM), or SB203580 (5
pM) in the presence of 10% FBS (control) for 12 h were subjected to Western blot analysis for
phospho-p42/p44 MAPK (a), phospho-JNK (b), and phospho-p38 MAPK (c) (upper panel) or proteins
corresponding to the above phosphorylated proteins (lower panel). This is a representative experiment

independently performed three times in PA-1 and SKOV-3 cells. *p < 0.05 versus control.

Fig. 7 Effects of probucol, the NF-xB inhibitor, and the ERK/JINK/p38 MAPK blockade on cellular
mitogenesis in PA-1 and SKOV-3 cells. Serum-deprived cells were treated with 10% FBS (control),
probucol (100 uM), PDTC (10 uM), PD98059 (10 uM), SP600125 (5 uM), SB203580 (5 uM), probucol +
PDTC, probucol + PD98059, probucol + SP600125, or probucol + SB203580 in the presence of 10% FBS
(control) for 3 d. DMSO is the solvent used to dissolve the above kinase inhibitors. Assayed for cell
viability (a) and cell numbers (b) were described under “Materials and methods”. Results were expressed

as the mean + SEM (n = 6). *p < 0.05 versus control; “p < 0.05 versus probucol.

Fig. 8 Proposed effects of probucol on cell proliferation and apoptosis in human ovarian carcinoma. The

NF-xB and ERK/INK/p38 MAPK cascades are important growth factors/cytokines-induced signaling
19
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pathways contributing to induction of cell proliferation in human ovarian cancer cells. Aberrant growth of
these cells can lead to ovarian carcinoma. In the presence of probucol, the activities of NF-xB and
ERK/JINK/p38 MAPK were inhibited and the suppression of cell cycle progression was partly mediated by
enhancing p21"*™"“?" and p27"*" but reducing cyclin D1 and PCNA. Nevertheless, probucol did not
induce apoptosis by modulating cytochrome c release and caspase-3 activity in human ovarian cancer

cells.
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