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Abstract We investigated the effects of AT-101/cisplatin

combination treatment on the expression levels of apoptotic

proteins and epigenetic events such as DNA methyltrans-

ferase (DNMT) and histone deacetylase (HDAC) enzyme

activities in OVCAR-3 and MDAH-2774 ovarian cancer

cells. XTT cell viability assay was used to evaluate cyto-

toxicity. For showing apoptosis, both DNA Fragmentation

and caspase 3/7 activity measurements were performed.

The expression levels of apoptotic proteins were assessed

by human apoptosis antibody array. DNMT and HDAC

activities were evaluated by ELISA assay and mRNA levels

of DNMT1 and HDAC1 genes were quantified by qRT-

PCR. Combination of AT-101/cisplatin resulted in strong

synergistic cytotoxicity and apoptosis in human ovarian

cancer cells. Combination treatment reduced some pivotal

anti-apoptotic proteins such as Bcl-2, HIF-1A, cIAP-1,

XIAP in OVCAR-3 cells, whereas p21, Bcl-2, cIAP-1,

HSP27, Clusterin and XIAP in MDAH-2774 cells. Among

the pro-apoptotic proteins, Bad, Bax, Fas, phospho-p53

(S46), Cleaved caspase-3, SMAC/Diablo, TNFR1 and

Cytochrome c were induced in OVCAR-3 cells, whereas,

Bax, TRAILR2, FADD, p27, phospho-p53 (S46), Cleaved

caspase-3, Cytochrome c, SMAC/Diablo and TNFR1 were

induced in MDAH-2774 cells. Combination treatment also

inhibited both DNMT and HDAC activities and also mRNA

levels in both ovarian cancer cells. AT-101 exhibits great

potential in sensitization of human ovarian cancer cells to

cisplatin treatment in vitro, suggesting that the combination

of AT-101 with cisplatin may hold great promise for

development as a novel chemotherapeutic approach to

overcome platinum-resistance in human ovarian cancer.
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Introduction

The gold standard of care for advanced ovarian cancer is

currently a combination of platinum and taxane. However,

the disease almost invariably progresses to a platinum-

resistant state, and unfortunately, second or third line

chemotherapy regimens do not provide sufficient results

[1–3]. Thus, for platinum-resistant ovarian cancer patients,

new agents or their combinations with current chemother-

apeutic agents with different cellular targets are urgently

needed.

Failure of drug-induced apoptosis have been suggested

to underlie the phenomenon of drug resistance in cancer

treatment, in addition to alterations in DNA repair, drug

uptake, cell cycle related genes and also epigenetic events

[4–6]. Thus, in recent years, therapies triggering apoptosis

in drug resistant cancer cells are currently undergoing

clinical trials to overcome drug resistance phenomenon [7].

Cisplatin causes the formation of DNA adducts, conse-

quentially triggering apoptosis in cancer cells. However,

toxicity to normal cells and development of drug resistance

are the significant problems during cisplatin treatment [8].

The addition of new agents that can sensitize tumor cells to
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cisplatin with minimal toxicity to normal cells might sug-

gest an important strategy to overcome platinum-resistance

in ovarian cancer treatment.

Chemoresistance of ovarian cancer has been previously

attributed to the expression and activation of Bcl-2 family

proteins. BH3-mimetic molecules possessing potential

anticancer activity are able to inhibit anti-apoptotic Bcl-2

family proteins. AT-101, the (-)- enantiomer of gossypol,

a natural BH3-mimetic molecule, has been identified as a

small molecule inhibitor of anti-apoptotic Bcl-2 family

proteins. It has been shown that it induces apoptosis in a

wide range of tumor cell lines and enhances chemotherapy-

and radiation-induced cytotoxicity [9]. AT-101 has shown

anti-tumor activity as a single agent and in combination

with standard anticancer therapies in a variety of tumor

models [10, 11].

Moreover, it is also suggested that aberrant epigenetic

mechanisms may also play a crucial role in drug resistance

by interfering with tumor growth regulatory pathways and

pro-apoptotic programs in different types of cancer [12].

It is reported that a large number of genes involved in drug

resistance are either silenced or activated by aberrant

modulation of DNA methyltransferases (DNMTs) and

histone acetylase/deacetylases (HDACs) in cancer

cells [13]. Unlike genetic mutations, epigenetic alterations

are reversible and, therefore, drugs targeting the activities

of the executing enzymes like DNMTs and HDACs are

attractive drug targets for novel therapies.

Based on these data, in the present study, we investigated

the possible synergistic/additive cytotoxic effects of AT-101

in combination with cisplatin in human ovarian cancer cells,

OVCAR-3 and MDAH-2774. OVCAR-3 is a highly meta-

static, cisplatin resistant human ovarian carcinoma cell line,

and thus it is an ideal model to study the effects and mech-

anisms of various anticancer agents [14]. MDAH-2774

represents an example of slow-growing tumor type and was

chosen a reciprocal experimental effect when used with

OVCAR-3. To obtain insights into its mechanism of action,

we examined the effects of AT-101/cisplatin combination

treatment on the expression levels of several apoptotic

proteins by protein array method. In addition, we investi-

gated whether this combination has any effect on the epi-

genetic events in ovarian cancer cells, such as DNMT and

HDAC enzyme activities by ELISA and qRT-PCR assays.

Materials and methods

Cell lines and reagents

Human OVCAR-3 and MDAH-2774 ovarian cancer cells

were obtained from ICLC (Genova, Italy). The cells were

grown as monolayers in adherent cell lines and were

routinely cultured in RPMI 1640 supplemented with 10 %

heat-inactivated fetal bovine serum (FBS), 1 % L-gluta-

mine, 1 % penicillin–streptomycin in 75 cm2 polystyrene

flasks (Corning Life Sciences, UK) and maintained at

37 �C in a humidified atmosphere with 5 % CO2. AT-101

was a generous gift from Ascenta Therapeutics (Malvern,

PA, USA). Cisplatin was obtained from Sigma Chemical

Co (St. Louis, MO, USA). The stock solutions of AT-101

(10 mM) and cisplatin (10 mM) were prepared in DMSO

and stored at -20 �C. The final dilutions were made

immediately before use, and new stock solutions were

made for each experiment. The DMSO concentration in

the assay did not exceed 0.1 % and was not cytotoxic to the

tumor cells. All other chemicals, unless mentioned,

were purchased from Sigma.

XTT viability assay

After verifying cell viability using trypan blue dye exclusion

test by Cellometer automatic cell counter (Nexcelom Inc.,

Lawrence, MA, USA), cells were seeded at*1 9 104 cells/

well in a final volume of 200 ll in 96-well flat-bottom

microtiter plates with or without various concentrations of

the drugs. 100 ll of XTT (2,3-bis (2-methoxy-4-nitro-5-

sulfophenyl)-5-[(phenylamino)carbonyl]-2H-tetrazolium

hydroxide) (Roche Applied Science, Mannheim, Germany)

was added to each well, and cytotoxicity was evaluated as

described in our previous study [15].

The live/dead viability/cytotoxicity assay

After incubating OVCAR-3 cells with AT-101/cisplatin

combination for 72 h, cells were treated with the live/dead

viability/cytotoxicity assay kit (Invitrogen, Carlsbad, CA)

according to the instruction’s manual. The labeled cells

viewed under the fluorescence microscope (Leica Micro-

systems, Germany).

Evaluation of apoptosis by DNA fragmentation

and caspase 3/7 enzyme activity assay

Apoptosis was evaluated by enzyme-linked immunosorbent

assay (ELISA) using Cell Death Detection ELISA Plus Kit

(Roche Applied Science, Mannheim, Germany) according to

the instruction’s manual. The relative amounts of mono- and

oligonucleosomes generated from the apoptotic cells were

quantified using monoclonal antibodies directed against

DNA and histones by ELISA. Absorbance was measured at

405 nm with a reference wavelength at 490 nm (DTX 880

Multimode Reader, Beckman Coulter, FL, USA). Detection

of apoptosis was verified by measuring caspase 3/7 enzyme

activity as described in our previous study [15].
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Examining the expression levels of apoptotic proteins

by protein antibody array

To determine the effects of combined treatment with

AT-101 and cisplatin on the expression levels of apoptosis

related proteins in ovarian cancer cells, a R&D Human

Apoptosis Array Kit (R&D Systems, Abingdon, OX, UK)

was used according to the instruction’s manual. The prin-

ciple of the method comprised a nitrocellulose membrane

that was coated with specific antibodies for each protein,

forming an array. After blocking the membrane, the sample

was added and incubated at room temperature. Protein

detection was completed by incubation with a biotinylated

antibody followed by horseradish peroxidase-conjugated

streptavidin. The signals were detected using chemilumi-

nescence in the Kodak� Gel Logic 1500 imaging system

(Carestream Molecular Imaging, Newhaven, CT, USA).

DNA Methyltransferase and histone deacetylase

activity assays

Total DNMT and HDAC activities were measured using

EpiQuik DNA Methyltransferase Activity/Inhibition

Assay and EpiQuik HDAC Activity/Inhibition Assay kits,

respectively (Epigentek, Brooklyn, NY, USA). Nuclear

extracts were isolated using the EpiQuik Nuclear Extraction

Kit (Epigentek, Brooklyn, NY, USA) and 3 ll of nuclear

extract was added to each reaction well, according to the

manufacturer’s protocol. Absorbance was determined using

a microplate spectrophotometer at 450 nm (DTX 880

Multimode Reader, Beckman Coulter, FL, USA).

Real time quantitative PCR (qRT-PCR) assay

To validate our enzyme activity assay results, quantitative

real-time PCR was performed on DNMT1 and HDAC1

genes. Glyceraldehyde-3-phosphate dehydrogenase (GAP-

DH) was used as a positive control by using Real-TimeTM

qPCR Primer Assay (SABioscience, Frederick, MD, USA)

on Light Cycler 480 instrument (Roche Applied Science,

Mannheim, Germany). Total RNA of 4 lg was extracted

from cell samples using an Array Grade Total RNA iso-

lation kit (SuperArray, Frederick, MD, USA) and quanti-

tated by UV spectroscopy using a biophotometer. The

integrity and quality of isolated RNA was determined by

running the RNAs on agarose gel electrophoresis. PCR

reaction mix was prepared 25 ll final volume containing

12.5 ll RT2 SYBR Green qPCR Master Mix, 10.5 ll

DNAase-RNaseFree water, 1.0 ll gene-specific 10 lM

PCR primer pair stock and finally 1,0 ll diluted cDNA

samples for each primer (SABioscience, Frederick, MD,

USA). Universal cycling conditions (10 min at 95 �C, 15 s

at 95 �C, 1 min 60 �C for 40 cycles) were carried out.

Statistical analysis

The results of the study were expressed as mean ± SD and

data was analyzed by using one way analysis of variance test

(ANOVA) followed by Dunnett’s t test for multiple com-

parisons. Values with p \ 0.05 were considered as signifi-

cant. Determination of the synergistic cytotoxic effects of the

combined treatment of cells with AT-101 and cisplatin was

assessed by Biosoft CalcuSyn 2.0 software (Ferguson, MO,

USA). The Combination index (CI) was used to express

additive effect (CI = 1), antagonism (CI [ 1), synergism

(CI \ 1), and strong synergism (CI \ 0.5) [16]. Data anal-

ysis and graphs were done by Graphpad Prism 5.0 software

(La Jolla, CA, USA).

Results

Combination of AT-101 and cisplatin resulted in strong

synergistic cytotoxicity as compared to any agent alone

in human ovarian cancer cells

To evaluate the cytotoxic effects of AT-101 or cisplatin on

the viability of human ovarian cancer cells, OVCAR-3 and

MDAH-2774 cells were exposed to increasing concentra-

tions of AT-101 (1–10 lM) or cisplatin (1–10 lM) or in

combination for 24, 48 and 72 h, and XTT cell viability

assay was performed.

AT-101 and cisplatin alone decreased the cell viability

in a time- and dose dependent manner both in OVCAR-3

and MDAH-2774 cells (Fig. 1a, b). Highest cytotoxicity

was observed at 72 h for both agents. IC50 values were

calculated from cell proliferation plots and found to be 4.6

and 5.8 lM for cisplatin, 4.8 and 3.9 lM for AT-101 in

OVCAR-3 and MDAH-2774 cells, respectively.

To study the possible synergistic/additive effects of

AT-101 and cisplatin combination, OVCAR-3 and MDAH-

2774 cells were exposed to different concentrations of each

agent alone, and in combination of both for 72 h. Our

results indicate that 0.5 lM AT-101 and 1 lM cisplatin

showed 6 and 26 % decreases, respectively, in the viability

of OVCAR-3 cells but the combination of both resulted in

75 % decrease in the cell viability (Fig. 2a). In MDAH-

2774 cells, 1 lM AT-101 and 0.5 lM cisplatin showed 8

and 22 % decreases, respectively, in the viability of

MDAH-2774 cells but the combination of both resulted in

79 % decrease in the cell viability (Fig. 2b). All of the

concentrations for each combination found to be syner-

gistic/strong synergistic in ovarian cancer cells are pre-

sented in Table 1.

Sequential administration of the agents were carried out

to see if either of these agents enhance the other one’s

effect and to understand whether the synergism depended
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on which agent applied first. Experiment results showed

that synergistic cytotoxicity was observed no matter which

agent applied first in both cells.

Combination treatment induced both DNA

Fragmentation and caspase 3/7 activity in human

ovarian cancer cells

To examine the induction of apoptosis, we incubated these

cells in the presence of AT-101 or cisplatin alone or in

combination for 72 h and then we quantified the levels of

mono-oligo nucleosome fragments by Cell Death Detection

Plus Kit (Roche Applied Science, Mannheim, Germany). Our

results clearly showed that both AT-101 and cisplatin alone

induced apoptosis in human ovarian cancer cells but combi-

nation treatment resulted in synergistic induction of apoptosis

by DNA fragmentation analysis at 72 h (Fig. 3a, b).

In parallel with the DNA fragmentation analyses, com-

bination treatment resulted in synergistic induction of

caspase 3/7 enzyme activity both in OVCAR-3 and

MDAH-2774 cells, confirming the previous data (data not

shown).

The immunofluorescence images using live/dead cell

reagent in OVCAR-3 and MDAH-2774 cells were shown

in Fig. 4. The cell death was increased in AT-101/cisplatin

combination treated ovarian cancer cells when compared to

any agent alone and untreated control.

Changes in apoptosis-related protein expressions

in human ovarian cancer cells exposed to AT-101/

cisplatin combination

Combination treatment with AT-101 (1 lM) and cisplatin

(0.5 lM) caused significant changes in some of the critical

apoptosis-related proteins in ovarian cancer cells (p \ 0.05).

The data for apoptosis-related proteins after treatment with

either AT-101 or cisplatin alone or in combination in OV-

CAR-3 and MDAH-2774 are given as fold changes in

Table 2.

Pro-apoptotic proteins which play important roles in

carcinogenesis were significantly induced in both cell lines.

Bad, Bax, Fas, phospho-p53 (S46), Cleaved caspase-3,

SMAC/Diablo, TNFR1 and Cytochrome c were induced

by—2.5-, 10.5-, 1.6-, 4.8-, 7.4-, 6.2-, 2.9- and 5.1-fold in

OVCAR-3 cells respectively, whereas, Bax, TRAILR2,

FADD, p27, phospho-p53 (S46), Cleaved caspase-3,

Cytochrome c, SMAC/Diablo and TNFR1 were induced

by—8.7-, 2.1-, 1.8-, 2.0-, 4.2-, 8.2-, 69-, 8.4- and 2.3-fold

Fig. 1 Dose-dependent

inhibition of viability in

OVCAR-3 and MDAH-2774

ovarian cancer cells by cisplatin

(a) or AT-101 (b) at 72 h.

Cytotoxicity was determined by

the XTT cell viability test.

The results are expressed as

the mean of three different

experiments (p \ 0.05)

Fig. 2 Dose-dependent

inhibition of viability in

OVCAR-3 (a) and MDAH-2774

(b) ovarian cancer cells by

AT-101/cisplatin combination

(72 h). Cytotoxicity was

determined by the XTT cell

viability test. The results are

expressed as the mean of three

different experiments

(p \ 0.05)
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in MDAH-2774 cells, respectively. Among the anti-apop-

totic proteins, Bcl-2, HIF-1A, cIAP-1, XIAP were reduced

by—4.6-, 2.3-, 4.5-, and 4.8-fold in OVCAR-3 cells,

whereas p21, Bcl-2, cIAP-1, HSP27, Clusterin and XIAP

were reduced by—2.6-, 5.5-, 6.2-, 2.5-, 5.3-, and 5.8-fold in

MDAH-2774 cells, respectively.

AT-101/cisplatin combination inhibited both DNMT

and HDAC enzyme activities in ovarian cancer cells

Exposure to combination treatment for 72 h resulted in a

dose dependent inhibition of both DNMT and HDAC

enzyme activities in human ovarian cancer cells, as com-

pared to agents alone (Fig. 5a, b). We also evaluated the

alterations in the mRNA levels of DNMT1 and HDAC1

enzymes by qRT-PCR Assay. There were 2.4-and 4.8-fold

decreases in the mRNA levels of DNMT1 and HDAC1

enzymes in ovarian cancer cells exposed to combination

treatment, as compared to agents alone (data not shown).

Discussion

Due to the toxic side effects and treatment-induced resis-

tance in cancer cells, usage of cisplatin may be limited in

ovarian cancer treatment. Thus, new strategies are needed

for chemosensitization of cancer cells.

Some bioactive compounds derived from natural sour-

ces have been reported to have chemosensitizing effect in

ovarian cancer cells. For example, curcumin, the active

component of turmeric, has been suggested to sensitize

ovarian cancer cells to docetaxel therapy [17]. Also, in our

previous studies, different enantiomers of gossypol in

combination with various chemotherapeutics synergisti-

cally induced cytotoxicity and apoptosis in different type of

human cancer cell lines [11, 18–20]. In the literature, it has

been shown that cisplatin resistance was reversed by

AT-101 in head and neck cancer cells [10].

AT-101 is a small molecule with a BH-3 mimetic

structure that binds and inhibits the anti-apoptotic members

of the Bcl-2 family proteins [21]. It has potent anticancer

activity in many types of human cancers, with negligible

toxicity for normal cells, making this agent an attractive

agent for cancer treatment [22, 23]. This promising mole-

cule as a single agent and in combination with various

agents has now being studied widely in different types of

human cancers in phase II trials [24, 25].

In our study, we applied subtoxic doses of AT-101(1 lM)

together with a low dosage of cisplatin (0.5 lM) to minimize

the side effects of combination treatment, which may be

critical in clinical studies to follow. We found that addition of

AT-101 to cisplatin reduced the cell viability and induced

apoptosis in human ovarian cancer cells as compared to

untreated controls. By using apoptosis protein array we tried

to elucidate which of the apoptosis related proteins are

affected by this combination treatment. We found that,

combination treatment resulted in significant changes in the

expression levels of some pivotal apoptotic proteins in

ovarian cancer cells, which play important roles in regulating

the apoptotic responses to chemotherapeutics.

Table 1 Combination index (CI) values of cisplatin/AT-101 combination treatment on the viability of OVCAR-3 and MDAH-2774 cells

OVCAR-3 MDAH-2774

Concentration of drugs CI value Interpretation Concentration of drugs CI value Interpretation

CP (0.5 lM) ? AT-101 (0.5 lM) 0.192 Strong synergism CP (0.5 lM) ? AT-101 (0.5 lM) 0.196 Strong synergism

CP (0.5 lM) ? AT-101 (1 lM) 0.282 Strong synergism CP (0.5 lM) ? AT-101 (1 lM) 0.213 Strong synergism

CP (1 lM) ? AT-101 (0.5 lM) 0.191 Strong synergism CP (1 lM) ? AT-101 (0.5 lM) 0.196 Strong synergism

Fig. 3 Apoptotic effects

of AT-101/cisplatin

combination in OVCAR-3

(a) and MDAH-2774

(b) ovarian cancer cells through

DNA fragmentation analyses at

72 h. The results

are the mean of three

independent experiments

(p \ 0.05)
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Among the pro-apoptotic proteins, Bax was induced in

both ovarian cancer cells. Bax is found in the cytosol of a

cell in an inactive form and by a stimulus, such as cytotoxic

agents, it undergoes conformational changes and inserts

into the mitochondrial outer membrane and forms pores

that causes releasing of proapoptotic proteins such as

cytochrome c and Smac into the cytosol [26, 27]. Parallel

with this data, beside Bax induction, Cytochrome c and

Smac protein levels were also induced by the combination

treatment in both OVCAR-3 and MDAH-2774 cells.

Bcl-2 is another anti-apoptotic protein which is inhibited

by the combination treatment in ovarian cancer cells. In

ovarian cancer cells, Bcl-2 is an important modulator of

drug-induced apoptosis and chemoresistance [28]. The

survival of the cell that is regulated by the IAPs was

comparable to that regulated by anti-apoptotic proteins,

such as Bcl-2. cIAP-1 and XIAP are the anti-apoptotic

proteins which are the members of the inhibitor apoptosis

(IAP) gene family. Combination treatment decreased the

levels of these apoptosis suppressor proteins. This indicates

that this combination treatment is a significant inducer of

apoptosis in ovarian cancer cells, as well as a good can-

didate to overcome the drug resistance phenomenon in

ovarian cancer. IAPs can inhibit caspase-3 and caspase-7

Fig. 4 Immunofluorescence images of OVCAR-3 and MDAH-2774

cells using live/dead cell reagent. After incubating the cells with

AT-101/cisplatin combination (1 lM AT-101 and 0.5 lM cis-

platin:CP) for 72 h, cells were treated with 1 lL calcein AM/1 mL

of D-PBS. The cell death was increased when compared to untreated

control. The red and green fluorescence are the markers of dead and

live cells, respectively. The Live/Dead Viability/Cytotoxicity Assay

Kit (Invitrogen) allows determination of live and dead cells with two

probes using calcein AM and ethidium homodimer (EthD-1). Live

cells are distinguished by the presence of ubiquitous intracellular

esterase activity, determined by the enzymatic conversion of the

virtually nonfluorescent cell-permeant calcein AM to the intensely

fluorescent calcein. The polyanionic dye calcein is well retained

within live cells, producing an intense uniform green fluorescence in

live cells (ex/em *495 nm/*515 nm). EthD-1 enters cells with

damaged membranes and undergoes a 40-fold enhancement of

fluorescence upon binding to nucleic acids, thereby producing a

bright red fluorescence in dead cells (ex/em *495 nm/*635 nm).

EthD-1 is excluded by the intact plasma membrane of live cells
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cell death proteases which are downstreams of many

proapoptotic signaling pathways [29, 30]. As revealed by

enzyme activity assay, caspase 3/7 activation was also

obviously induced in both ovarian cancer cells as proved

by protein array.

Among the proteins that are induced by the combination

treatment; p53 has a unique role in tumor progression and

drug resistance. It is known that phosphorylation of p53 at

serine- 46 [(phospho-p53 (S46)] induces apoptosis, which

was also induced in both ovarian cancer cells suggesting

that p53 is involved in the apoptotic response of the

combination treatment [31].

Induction of phospho-p53 levels by the combination

treatment was accompanied by decreased p21 levels in

MDAH-2774 cells. The cyclin-dependent kinase inhibitor

p21 is involved in p53 mediated growth arrest and regu-

lation of cell growth [32]. Besides anti-apoptotic and pro-

survival role, p21 appears to play a key role in cellular

resistance of tumors during treatment with anticancer

agents including cisplatin, doxorubicin and paclitaxel [33].

The inhibition of anti-apoptotic p21 levels by combination

treatment represents a favorable molecular mode of action.

In this study, we demonstrated that by acting in different

apoptotic targets within ovarian cancer cells, this novel

combination therapy may achieve to overcome drug

resistance in platinum-resistant ovarian cancer.

Epigenetic alterations can regulate sensitivity to che-

motherapeutic drugs in ovarian cancer. Thus, targeting

epigenetic modifications could also provide novel treatment

options for ovarian cancer [34, 35]. The most widely studied

epigenetic changes in cancer cells are DNA methylation/

demethylation and histone acetylation/deacetylation. DNA

methylation is catalyzed by DNMTs whereas acetylation/

deacetylation of histones is catalyzed by HATs/HDACs. In

this study, we have evaluated the effect of AT-101/cisplatin

combination on both DNMT and HDAC enzyme activities

and also mRNA levels in ovarian cancer cells. We found

that combination treatment resulted in inhibition of both

DNMT and HDAC activities and also mRNA levels in

ovarian cancer cells. Since epigenetic alterations play

important roles in carcinogenesis and drug response,

reversal of these changes should be one of the goals of

cancer treatment.

Table 2 Fold changes of apoptosis related proteins in OVCAR-3 and

MDAH-2774 cells after treatment with each agent alone or in

combination

Protein AT-101

(0.5 lM)

Cisplatin

(1 lM)

Combination

treatment

OVCAR-3

Bax ?2.2 ?1.4 ?10.5

Bad ?1.4 ?1.2 ?2.5

Bcl-2 -1.8 -1.2 -4.6

Fas ?1.0 ?1.0 ?1.6

Phospho-p53 (S46) ?1.2 ?1.6 ?4.8

Cleaved Caspase-3 ?2.3 ?2.2 ?7.4

SMAC/Diablo ?2.4 ?1.5 ?6.2

HIF-1A -1.3 -1.0 -2.3

cIAP-1 -1.2 -1.0 -4.5

TNF R1 ?1.4 ?1.8 ?2.9

Cytochrome c ?1.3 ?1.0 ?5.1

XIAP -1.6 -1.1 -4.8

MDAH-2774

Bax ?1.2 ?1.3 ?8.7

TRAIL R2 ?1.4 ?1.3 ?2.1

p21 -1.0 -1.4 -2.6

Bcl-2 -2.1 -1.2 -5.5

FADD ?1.1 ?1.1 ?1.8

p27 ?1.0 ?1.2 ?2.0

Phospho-p53 (S46) ?1.6 ?2.2 ?4.2

Cleaved Caspase-3 ?2.6 ?2.8 ?8.2

Cytochrome c ?2.2 ?1.6 ?6.9

cIAP-1 -1.4 -1.3 -6.2

HSP-27 -1.0 -1.0 -2.5

SMAC/Diablo ?2.1 ?1.2 ?8.4

TNF R1 ?1.1 ?1.1 ?2.3

Clusterin -1.4 -1.0 -3.3

XIAP -1.2 -1.2 -5.8

Fig. 5 Effects of AT-101/

cisplatin combination on the

global epigenetic patterns of

DNA methylation and histone

deacetylation in OVCAR-3

(a) and MDAH-2774 (b) cells at

72 h. The results are the mean of

three independent experiments.

Cells treated with cisplatin/

AT-101 alone or in combination

reduced the DNMT and HDAC

enzyme activities as compared to

untreated controls (p \ 0.05)
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In conclusion, AT-101 exhibits a great potential in sen-

sitization of human ovarian cancer cells to cisplatin treat-

ment in vitro by effecting pivotal apoptotic proteins and also

essential epigenetic events. Up to best our knowledge, this is

the first study demonstrating strong synergism between AT-

101 and cisplatin in ovarian cancer, and may easily be

translated to clinical approach with further studies. Since,

cisplatin is the cornerstone of treatment strategy; we

strongly suggest that the combination of AT-101 with cis-

platin may hold great promise for development as a novel

chemotherapeutic approach in human ovarian cancer.
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