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Abstract. Despite debulking surgery and good initial response 
to chemotherapy, the majority of patients with advanced 
ovarian cancer relapse and succumb to their disease. Thus, 
there is a pressing need to improve treatment outcome. In the 
present study, the antitumor activity of histone deacetylase 
(HDAC) inhibitor scriptaid in combination with bortezomib 
or conventional chemotherapeutics was tested in vitro against 
representative ovarian cancer cell lines: SKOV‑3, MDAH 2774, 
and OVP‑10. Incubation of ovarian cancer cells with scriptaid 
and bortezomib (or doxorubicin) led to synergistic antitumor 
effects. As shown in the Annexin V-FITC/PI assay and western 
blot analysis of caspase‑3/-9 and p21 protein expression, these 
synergistic antitumor effects were due to both induction of 
apoptosis and inhibition of proliferation. Since synergistic 
antitumor activity of scriptaid and bortezomib appeared in 
suboptimal concentrations, one can assume that the adminis-
tration of the combination of these agents to ovarian cancer 
patients can exert the therapeutic effect in parallel with limited 
general toxicity of the treatment.

Introduction

Ovarian cancer is the leading cause of death from gynecolog-
ical cancers in highly developed countries, and responsible for 
approximately 14,000 deaths each year in the United States (1). 
The 5-year survival of patients with ovarian cancer ranges 
from 30 to 50%. Despite debulking surgery and standard 
adjuvant chemotherapy, most patients with advanced disease 
relapse within 2 years after diagnosis (2). In accordance with 
these data, there is a pressing need for new approaches to the 
medical management of this disease. Understanding of the 
specific neoplastic process and the knowledge of cancer cell 
biology (3) will allow the identification and development of 

novel biological agents in clinical oncology which could be 
used in addition to classical chemotherapy. This also applies 
to ovarian cancer in which genomic and epigenetic alterations 
have been frequently shown (4-6).

An interesting class of drugs targeting mechanisms 
strictly related to cancer initiation and progression are 
histone deacetylase (HDAC) inhibitors (7). These agents are 
involved in the regulation of apoptosis and differentiation of 
tumor cells, suppression of angiogenesis, cell migration and 
motility, and immunomodulation (8,9). Eighteen mammalian 
HDAC enzymes have been identified to date, which can be 
subdivided into different families according to their homology 
with yeast HDACs (10). To date, 4 HDAC inhibitors have been 
approved in oncology (vorinostat, panobinostat, belinostat 
and romidepsin) and many other drugs from this group are 
currently being tested in clinical trials. Some HDAC inhibi-
tors have been found to be effective in preclinical studies in 
ovarian carcinoma, either as monotherapy or in combination 
with other agents (11‑14). There has been a strong rationale 
to test HDAC inhibitors as anticancer agents against ovarian 
cancer in the clinic (15‑17). An interesting pan-HDAC inhibitor 
that has been poorly studied is scriptaid, 6-[1,3-dioxo‑1H,3H-
benzo(de)isoquinolin-2-yl]-hexanoic acid hydroxyamide. This 
agent was shown to inhibit the growth and induce differen-
tiation and/or apoptosis in breast, glioma, colon and also 
gynecological cancer cells (18-21). Some data suggest that the 
antitumor effectiveness of scriptaid can be strongly boosted, 
even synergistically, by its combination with other agents/
modalities (22).

Another group of agents that is being explored in experi-
mental and clinical oncology are proteasome inhibitors (23). 
Blocking proteasome activity leads to accumulation of 
damaged proteins, resulting in caspase activation and cell 
death  (23). Bortezomib is the first proteasome inhibitor 
approved by the US Food and Drug Administration for the 
treatment of relapsed/refractory multiple myeloma. Recent 
research demonstrated that combinations of HDAC3 inhibitor 
BG45 and bortezomib exerted a synergistic therapeutic effect 
in a murine xenograft model of human multiple melanoma (24). 
A combination of HDAC inhibitor vorinostat with bortezomib 
was found to improve survival in comparison with bortezomib 
alone in patients with multiple myeloma (25).

In the present study, we investigated the antitumor 
effects of scriptaid, used either alone or in combination with 
bortezomib, as well as with standard chemotherapeutics: 
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paclitaxel, doxorubicin, carboplatin or etoposide, on represen-
tative ovarian cancer cells in vitro. The rationale for combining 
scriptaid together with bortezomib or with conventional 
chemotherapeutics was that the former can sensitize ovarian 
cancer cells and can reverse resistance of cancer cells to drugs 
used in currently established therapeutic protocols (26-29).

Materials and methods

Tumor cells and reagents. Three ovarian cancer cell lines 
were studied: SKOV‑3 (cat. no. HTB-77; ATCC, Manassas, 
VA, USA), MDAH 2774 (cat. no. CRL‑10303; ATCC), and 
OVP‑10 (obtained from Dr Barbara Szaniawska, Department 
of Cell Biology, The Maria Skłodowska Curie Memorial 
Cancer Centre and Institute of Oncology, Warsaw, Poland). 
MDAH 2774 cells were cultured either in Dulbecco's MEM 
with 4.5 g/l glucose, sodium pyruvate and L-glutamine (high 
glucose DMEM) (Corning, Corning, NY, USA) and OVP‑10 
and SKOV‑3 cells in RPMI‑1640 (Sigma-Aldrich, Irvine, UK) 
[supplemented with antibiotic-antimycotic (Corning), and 
10% heat-inactivated fetal bovine serum (FBS) (Gibco BRL, 
Paisley, UK)]. The cells were maintained in 25-cm2 tissue 
flasks (Nunc, Roskdile, Denmark) at 37˚C in a humidified 
atmosphere of 5% CO2 and were passaged two to three times 
weekly. The following antitumor agents were tested against 
ovarian cancer cells: doxorubicin (Pfizer), etoposide 
(Ebeve), paclitaxel (Actavis), carboplatin (Medac), scriptaid 
(Selleckchem), and bortezomib (Millenium Pharm. Inc.). The 
drugs were first diluted in DMSO or water for injection and 
then in growth medium.

MTT assay. The cytotoxic effect of scriptaid, bortezomib, and 
other antitumor chemotherapeutics on SKOV‑3, MDAH 2774 
and OVP‑10 ovarian cancer cells was tested in a standard 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assay. The cells were placed in 96-well plates (flat 
bottom) at a concentration of 12x10³ (SKOV‑3), or 4x10³ 
(OVP‑10, MDAH 2774) cells/well and drugs or solvent control 
were added for a 72-h exposure in a final volume of 0.2 ml/
well. At the end of the incubation, 25 µl of MTT (2.5 mg/ml 
stock solution) was added to each well. After a 4-h incubation 
with MTT, the cells were centrifuged (350 x g, 10 min), super-
natants were removed and formazan crystals were dissolved 
in 100 µl of acid DMSO solution. The absorbance in each 
well was measured using an ELISA reader (Asys UVM 340 
Microplate Reader, Biochrom Ltd., UK) using a 540-nm 
filter. The means ±  standard deviations (SDs) were deter-
mined for triplicate samples. The cytotoxic/cytostatic effect 
was expressed as the relative viability and was calculated 
according to the formula: Relative viability = [(experimental 
absorbance - background absorbance)/(absorbance of vehicle-
treated cells - background absorbance) x 100%.

Apoptosis assay by flow cytometry. Flow cytometric analysis 
was performed using propidium iodide (PI) and fluorescein 
isothiocyanate (FITC)-labeled Annexin  V (eBioscience, 
Vienna, Austria). SKOV‑3, MDAH 2774 or OVP‑10 cells, 
after the incubation with agents for 72 h, were washed with 
cold binding buffer at 4˚C and centrifuged at 500 x g for 
5 min. Then, cells were resuspended in binding buffer at a 

concentration of 4x106 cells/ml. Cell suspensions (2x105 cells 
in 50 µl) were mixed with 1 µl FITC Annexin V and 1 µl 
propidium iodide  (PI) and incubated for 15  min at room 
temperature in the dark. Finally, the cells were analyzed by 
flow cytometry (BD Accuri™ C6 Plus flow cytometer).

Western blotting. At the end of the incubation with the 
agents (72 h), SKOV‑3 cells were washed three times with 
PBS, pelleted and lysed in RIPA buffer containing protease 
inhibitor cocktail and phosphatase inhibitor cocktail. The 
lysates were centrifuged at 15,000 rpm for 30 min at 4˚C 
and the supernatant was collected. The protein concentra-
tion in the lysates was determined by bicinchoninic acid 
assay (BCA assay). Next, the cell extracts were separated 
on 10% SDS-polyacrylamide gel (cleaved-caspase 9) or 12% 
SDS-polyacrylamide gel (p21 and procaspase 3). The primary 
antibodies (all from Cell Signaling, at 1:1,000 dilutions) were 

Figure 1. Inhibitory effects of different concentrations of scriptaid (A), bort-
ezomib (Borte) (B), and both (C) on the viability of SKOV‑3 cells. Cancer 
cells were incubated for 72 h with different concentrations of scriptaid or 
bortezomib and the cytotoxic effect of the agents was measured using an 
MTT assay. The data shown are the mean viability ± SD of triplicates.
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used for the overnight incubation at 4˚C in the presence of 5% 
non-fat dry milk. After washing with TBST, membranes were 
incubated with anti-rabbit HRP-coupled secondary antibody 
(Jackson ImmunoResearch) in 5% dry milk in TBST for 1 h 
at room temperature. The expression of targeted proteins 
was detected with the enhanced chemiluminescent detection 
system and visualized with Stella 8300 bioimager (Raytest, 
Straubenhardt, Germany). The blots were re-probed with anti-
β-actin-peroxidase purified immunoglobulin (clone AC‑15; 
Sigma-Aldrich) at 1:50,000 dilution for 45 min.

Statistical analysis. The data in the figures are presented as 
the mean ± SD. The combination index (CI) for drug interac-
tion (synergism) was calculated using CompuSyn software 
(ComboSyn, Inc.) (30). According to Chou-Talalay method, if 
CI is <1, the two drugs show synergism; if CI is >1, the two 
drugs show antagonism (31).

Results

Synergistic inhibitory effects of scriptaid and bortezomib on 
the viability of SKOV‑3, OVP‑10, and MDAH 2774 cells. In our 
preliminary experiments, cytotoxic effects of single agents: 
scriptaid, bortezomib, doxorubicin, paclitaxel, carboplatin 
or etoposide were determined in a 72-h MTT assay against 
SKOV‑3, OVP‑10, and MDAH 2774 cells. A dose-dependent 
decrease in cell viability was observed in all cultures (data 
not shown). In the next step, combinations of scriptaid with 

other agents were tested. Incubation of SKOV‑3 cells with 
scriptaid (0.5‑16 µM) or bortezomib (15‑1,500 nM) resulted in 
a dose-dependent decreasing viability (Fig. 1A and B). In fact, 
the highest concentrations of bortezomib completely killed 
SKOV‑3 cells. The combination of scriptaid and bortezomib 
caused a synergistic effect (CI <1, between 0.009 and 0.69) and 
a concentration as low as 15 nM of bortezomib and 2 µM dose 
of scriptaid led to killing of almost all cells (Fig. 1C). Similar 
effects were observed in cultures of OVP‑10 and MDAH 2774 
ovarian cancer cells. Combination treatment induced stronger 
antitumor effect than the treatment with either scriptaid or 
bortezomib and resulted in a synergistic effect with CI between 
0.335 and 0.819 (OVP‑10) and between  0.183 and  0.917 
(MDAH 2774) (Fig. 2).

Synergistic inhibitory effects of scriptaid and doxorubicin 
on the viability of SKOV‑3, OVP‑10, and MDAH 2774 cells. 
Paclitaxel or carboplatin, when used in combination with 
scriptaid, presented additive antitumor effects against ovarian 
cancer cells while etoposide did not significantly affect cell 

Figure 2. Inhibitory effects of different concentrations of scriptaid and 
bortezomib (Borte) on OVP‑10 (A) and MDAH 2774 (B) ovarian carcinoma 
cells. Cancer cells were incubated for 72 h with different concentrations of 
scriptaid and bortezomib and the cytotoxic effect of the agents was mea-
sured using an MTT assay. The data shown are the mean viability ± SD of 
triplicates.

Figure 3. Inhibitory effects of different concentrations of scriptaid and doxo-
rubicin (Doxo) on SKOV‑3 (A), OVP‑10 (B) and MDAH 2774 (C) ovarian 
carcinoma cells. Cancer cells were incubated for 72 h with different concen-
trations of scriptaid and bortezomib and the cytotoxic effect of the agents was 
measured using an MTT assay. The data shown are the mean viability ± SD 
of triplicates.
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viability (data not shown). In contrast, joint administration of 
scriptaid (concentration range 0.5‑16 µM) with doxorubicin 
(60 nM - 1 µM) induced synergistic cytotoxic activity in 
cultures of SKOV‑3, OVP‑10 and MDAH 2774 ovarian cancer 
cell lines. In these cases, the combined treatment caused syner-
gistic effects with a CI between 0.027 and 0.727 (SKOV‑3), 
0.059 and 0.456 (OVP‑10) (Fig. 3A and B). In MDAH 2774 

cells, a synergistic effect was observed in the combinations 
with the highest concentrations of scriptaid (8-16 µM) with CI 
between 0.188 and 0.987 (Fig. 3C).

Effects of combined treatment on cellular apoptosis. To deter-
mine the effects of scriptaid, bortezomib, doxorubicin and 
combinations of these agents on cellular apoptosis of SKOV‑3, 

Figure 4. Detection of apoptotic SKOV‑3 (A-D) and OVP‑10 (E-H) cells by flow cytometry in cultures incubated with scriptaid + bortezomib and scriptaid + doxo-
rubicin, respectively. Early apoptotic or late apoptotic and necrotic percentages were quantified by flow cytometry, as described in Materials and methods, and 
the results demonstrated that there were significant higher rates of early apoptosis or late apoptosis and necrosis in the combined treatment group in each case. 
(A) Control. (B) Scriptaid (2 µM). (C) Bortezomib (15 nM). (D) Combination of bortezomib and scriptaid. (E) Control. (F) Scriptaid (2 µM). (G) Doxorubicin 
(50 nM). (H) Combination of doxorubicin and scriptaid.

Figure 5. Western blot analysis of p21, cleaved-caspase 3, and cleaved-caspase 9 in SKOV‑3 cells incubated (A) with bortezomib (Borte) (10 nM) and/or 
scriptaid (1 µM) and (B) doxorubicin (Doxo) (10 nM) and/or scriptaid (2 µM) for 72 h. β-actin was used as a control.
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OVP‑10 and MDAH 2774 cells, Annexin V-FITC/PI apoptosis 
assay was used. Treatment with scriptaid (0.5-16 µM), bort-
ezomib (5-1,500 nM) or doxorubicin (0.06-10 µM) for 72 h 
induced a concentration-dependent increase in cellular apop-
tosis of each cell line (data not shown). Combined treatment 
with scriptaid and bortezomib or scriptaid and doxorubicin 
resulted in a significant increase in cellular apoptosis of 
cells when compared with the single agents and the control. 
Representative results are shown in Fig. 4. For example, in the 
SKOV‑3 cell culture incubated with 2 µM scriptaid + 15 nM 
bortezomib, late apoptotic and dead cells constituted 51.7% of 
the cell population in comparison with 7.44, 15.5 and 3.29% 
in scriptaid, bortezomib, and control cultures, respectively 
(Fig. 4A-D). Only 9.19% cells remained fully alive in a double-
treated culture (Fig. 4D). Similar effect - the lowest percentage 
of living cells was observed in culture of MDAH 2774 cells 
treated with both scriptaid and bortezomib (data not shown). 
Results of scriptaid and doxorubicin combination were very 
much alike. In the case of the OVP‑10 ovarian cancer cells 
incubated with 2  µM scriptaid + 50  nM doxorubicin, the 
percentage of late apoptotic/dead cells was highest and the 
number of living cells was smallest, in comparison with the 
single agent-treated cultures (Fig. 4E-H).

Effects of the combined treatment on the expression of 
proapoptotic and cell cycle arrest proteins. HDAC inhibitors 
and bortezomib, as well as conventional antitumor chemother-
apeutics, have been reported to regulate the level of different 
proteins that control the cell cycle and apoptosis (26,32,33). 
In the present study, we analyzed the influence of scriptaid 
in combination with either bortezomib or doxorubicin on the 
expression levels of apoptotic proteins caspase 3 and 9, and 
the key marker of cell cycle arrest protein p21. As shown in 
Fig. 5, scriptaid, bortezomib, and doxorubicin, either alone or 
in combination, did not change expression of caspase 3 and 
9 in the 72-h cultures of SKOV‑3 cells. In contrast, treatment 
with scriptaid and bortezomib resulted in a marked increase 
in p21, suggesting that cell cycle arrest mechanisms signifi-
cantly contributed to the cytotoxic/cytostatic effects of this 
combination.

Discussion

Over the last two decades, through improved surgical cyto-
reduction and more chemotherapy options, the survival of 
patients with advanced ovarian cancer and the chance to 
cure this disease have increased significantly (34). However, 
current conventional chemotherapy is non-selective and often 
results in a marked toxicity. Due to increased knowledge of 
the molecular, genetic and epigenetic background of ovarian 
cancer, novel treatment approaches are being investigated 
(5). Recent implementation of olaparib to the drug armamen-
tarium used in ovarian cancer (to treat selected patients) is 
the example of such a successful search (35). Since epigenetic 
changes may play a role in the pathogenesis of many ovarian 
cancers, there have been studies focusing on the interference 
with histone modification and DNA methylation processes.

In the present study, we demonstrated unique combina-
tions of the experimental agent, HDAC inhibitor scriptaid, 
with bortezomib (the proteasome inhibitor used in patients 

with hematological malignancies) or with conventional 
chemotherapeutics used to treat gynecological cancers. The 
most significant combination, scriptaid and bortezomib, was 
found to act synergistically against cancer cells of three 
representative ovarian cancer cell lines. Notably, a growth 
inhibitory effect of this combination was manifested at subop-
timal concentrations of the single agents. This effect can be 
attributed both to induction of apoptosis (Fig. 4) and cell cycle 
inhibition (Fig. 5). Our results are in agreement with studies of 
other authors who tested various combinations of HDAC and 
proteasome inhibitors in colon (36), hepatocellular (32), and 
lung (26) cancer models in vitro.

HDAC inhibitors (including scriptaid) are recognized as 
promising drugs in oncology, since they frequently reverse 
epigenetic changes in different types of tumors (7). It was 
recently shown that there are other proteins, in addition to 
histones, whose activity is affected by acetylation (9). Four 
HDAC inhibitors have been approved in clinical oncology to 
date: vorinostat, panobinostat, belinostat (hydroxamate-based 
pan-HDAC inhibitor), and romidepsin (cyclic tetrapeptide 
HDAC inhibitor). All these drugs are used in hematological 
malignancies. However, despite their evident benefit in 
lymphoma and myeloma, these drugs have not been found 
effective in studies with different solid tumors, including 
ovarian cancer (16,37). The general view is that HDAC inhibi-
tors are promising drugs in solid malignancies but only when 
combined with other anticancer drugs/agent or radiotherapy 
(7,38).

Scriptaid is an HDAC inhibitor that was identified by 
screening a library of 16,320 compounds (DIVERSet; 
Chembridge, San Diego, CA, USA) in 2000 (39). The advantage 
of this agent over other known HDAC inhibitors is its relative 
non-toxic effect on normal cells (19,21), and possible preferen-
tial activity against gynecological cancers (18,21,40). This was 
one of the rationales for selecting scriptaid in our study using 
combination treatment with proteasome inhibitor bortezomib 
and other chemotherapeutics on ovarian cancer cell lines. 
We were additionally encouraged by the observation of the 
synergistic antitumor and chemosensitization effect of scrip-
taid and various proteasome inhibitors on human colorectal 
cancer cells (41) and antitumor effects (in renal cancer model 
in mice) of the combination of pan-HDAC inhibitor vorinostat 
(SAHA) with bortezomib (42). Furthermore, vorinostat and 
bortezomib inhibited tumor growth in a prostate tumor model 
in mice (43). Of note, there have been numerous clinical trials 
to improve the treatment of myeloma (and also lymphoma), in 
which bortezomib is approved as a drug, by combining HDAC 
inhibitors vorinostat or panobinostat with different protea-
some inhibitors (25,44,45). Recently, the synergistic activity 
of HDAC inhibitor trichostatin (TSA) and bortezomib against 
taxan-resistant ovarian cancer cell lines has been reported (46). 
Since scriptaid has been found less toxic than TSA, the former 
seems to be more suitable for further in vivo investigation of 
combination protocols.

In conclusion, our data suggest that the use of scriptaid may 
enhance the effectiveness of conventional chemotherapy of 
ovarian cancer and that the new combination: scriptaid +  bort-
ezomib is worth considering as a treatment option for heavily 
pretreated patients. This combination may be favorable, by 
analogy to olaparib (35), in a selected group of patients, for 
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example in protocols of intraperitoneal administration in 
women with recurrent disease. Encouraging results of a recent 
phase I trial of intraperitoneal treatment of bortezomib in 
combination with carboplatin in patients with persistent/recur-
rent ovarian cancer argue for this assumption (47).
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