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INTRODUCTION

Ovarian cancer is the most lethal gynecologic malig-
nancy, with an overall 5-year survival rate of less than 
25% and with approximately 30,000 new cases and 
over 18,000 deaths worldwide each year (1). Cisplatin is 
used for the standard treatment of ovarian cancer as a 
first-line chemotherapeutic agent, but its efficacy in the 
clinic is limited due to resistance development (2). Most 
patients, initially responding to cisplatin treatment, are 
ultimately diagnosed with a relapse of chemoresistant 
disease within two years, leading to therapeutic failure 

(3,4). Olaparib, a poly (ADP-ribose) polymerase (PARP) in-
hibitor (PARPi), is approved as a maintenance treatment 
for platinum-sensitive relapsed ovarian cancer, regard-
less of its BRCA1/2 mutation status (5). PARP proteins 
have the ability to catalyze the transfer of ADP-ribose 
to its target proteins and have crucial functions in many 
cellular processes including transcription, replication, 
recombination, modulation of chromatin structure and, 
most importantly in this case, DNA repair and DNA dam-
age response (6). However, PARP inhibition with olaparib 
treatment might result in PARPi resistance and possible 
mechanisms are currently being investigated (7).
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ABSTRACT

Objective: Ovarian cancer (OC) is the deadliest gynecologic malignancy and has a poor survival rate due to late diagnosis 
and chemoresistance development. In the standard treatment of OC, platinum-based chemotherapeutics are used. However, 
following several rounds of chemotherapy, these drugs’ efficacy eventually becomes limited due to the development of 
chemoresistance in most patients who previously responded to this treatment. Therefore, overcoming chemoresistance in 
the treatment of OC is of high importance. In this study, we investigated the effect of combinatorial inhibition of poly(ADP-
ribose) polymerase (PARP) and proteasome by olaparib and bortezomib on chemosensitive and chemoresistant OC cell lines. 

Materials and Methods: We used sulphorhodamine B assay to screen cell viability following drug treatments alone or in 
combination, and used the cytotoxicity data to model the effect of drugs on cell death in R programming environment. In 
addition to olaparib and bortezomib, we performed cytotoxicity screenings where we applied cisplatin to OC cells. We also 
carried out flow cytometry analysis to quantify apoptotic cells following treatments. 

Results: We showed that combination treatment was more effective on chemosensitive OC cell lines when cisplatin was 
not used. In the presence of cisplatin, olaparib and bortezomib combination treatment resulted in higher cytotoxicity in 
chemoresistant OC lines compared to chemosensitive OC cell lines. Combinatorial inhibition of PARP and proteasome led to 
a higher number of apoptotic cells in OV2008 chemosensitive cell line compared to drugs alone.

Conclusion: Our data shows that olaparib and bortezomib combination treatment might show promise in vivo in the 
treatment of OC. Also, the efficacy of this combination treatment might be dependent on OC cells’ chemosensitivity profiles.
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Bortezomib, a first-in-class proteasome inhibitor, is used for the 
treatment of adults with multiple myeloma (MM) or mantle cell 
lymphoma. However, its administration does not show signif-
icant therapeutic efficacy in solid tumors, including ovarian 
cancer (8). Inhibition of proteasome function with bortezomib 
leads to an accumulation of damaged proteins, resulting in the 
activation of caspase cascade and ultimately cell death (9). Al-
though it is not effective in ovarian cancer as a single agent, 
the combination of bortezomib with olaparib may result in an 
increased cytotoxicity as well as a decrease of PARPi resistance. 
To our knowledge, to date, no previous study has reported the 
effect of combinatorial inhibition of proteasome and PARP with 
the combination of bortezomib and olaparib on ovarian cancer 
cell viability in vitro. 

In the current study, we investigated the effect of bortezomib 
and olaparib combination treatment on chemoresistant and 
chemosensitive ovarian cancer cell lines in the presence or ab-
sence of cisplatin. We modeled the cell viability responses of 
four different ovarian cancer cell lines (namely, OV2008, C13, 
A2780 and A2780-AD) following PARP and proteasome inhi-
bition in combination using olaparib and bortezomib, respec-
tively and analyzed each drugs’ contribution to drug combina-
tion effect on cell viability. This is the first study analyzing the 
combined effect of these two antineoplastic agents in ovarian 
cancer in vitro, considering their chemosensitivity profiles. We 
believe that the preliminary data presented in the current in 
vitro study will guide further research to study this particular 
drug combination in more advanced experimental models of 
ovarian cancer including in vivo animal models. We also provid-
ed our experimental data as tables to contribute to open cancer 
research data to make it possible for other cancer researchers to 
completely reproduce the analysis we performed.

MATERIALS AND METHODS

Cell Culture and Reagents
Human ovarian cancer cell lines (OV2008, C13, A2780 and 
A2780-AD) were generously provided by Dr. Shelly B. Hooks, 
University of Georgia. These cells were maintained in RPMI-
1640 medium (Sigma-Aldrich) supplemented with 10% fetal 
bovine serum, 5 mM L-glutamine and 5 mM pen/strep, in hu-
midified 5% CO2 incubator at 37ºC. Chemoresistant cell lines 
C13 and A2780-AD were continuously grown with 3 µM cis-
platin. The cell lines have the following characteristics: OV2008 
(66y, serous histotype, sequence variation: heterozygous for 
PIK3CA p.Glu545Lys (c.1633G>A)) (10), A2780 (age unspecified, 
endometrioid histotype, sequence variations: ATM p.Pro604S-
er (c.1810C>T), PTEN p.Lys128_Arg130del (c.383_391del9)) 
(11,12). All cell lines used in the present study are epithelial 
ovarian cancer cell lines (serous and endometrioid subtypes).

Chemotherapeutic Agents
Cisplatin was purchased from Kocak Pharma (Istanbul, Turkey). 
Bortezomib was purchased from LC Laboratories (Woburn, MA, 
USA). Olaparib was purchased from Sigma-Aldrich (St. Louis, 
MO, USA). Bortezomib and olaparib were dissolved in dimethyl 

sulfoxide (DMSO, ultra-pure grade, Amresco, VWR) and DMSO 
controls were included in the assays. The bortezomib stock solu-
tion was kept at -20oC and the olaparib stock solution was kept 
at 4ºC. Cisplatin was diluted in phosphate-buffered saline (PBS) 
and was kept at room temperature (RT) in the dark. Extensive 
free-thaw cycles were avoided in the storage of drugs. Olapar-
ib concentrations used on ovarian cancer cell lines were in the 
0-20 µM range, and bortezomib concentrations used were in 
0-20 nM range. Only one concentration of cisplatin was used (10 
µM) in triple combination treatments in the present study. The 
drug concentrations used in combination treatments were de-
termined based on minimum effective drug concentrations on 
cell viability (i.e. 10 µM for olaparib and 10 nM for bortezomib).

Cell Viability Assay
The viability of cells after drug treatment were determined by 
sulphorhodamine B (SRB) colorimetric assay as previously de-
scribed (13,14). Briefly, cells were seeded in 96-well flat-bottom 
plates in 200 µl media as 10,000 cells per well and allowed to 
adhere overnight. The cells were incubated with bortezomib 
and/or olaparib for 24 h and then, cisplatin was added, and the 
cells were further incubated for an additional 48 h. Following 
the fixation of cells to bottom of the plate with TCA (trichloro-
acetic acid) solution, 200 µl SRB dye solution in 1% acetic acid 
was added to each well and the plates were incubated for 30 
minutes using an orbital shaker. Then, washing steps were 
performed with 1% acetic acid four times and the plates were 
left to dry at a 50oC incubator. At the final step of SRB assay, 
following solubilization of dye with Tris-base solution, spectro-
photometric reading (Multiskan Go, Thermo Scientific) was per-
formed to measure absorbances at 492 nm. Sulphorhodamine 
B dye was purchased from Sigma-Aldrich (St. Louis, MO, USA).  
All experiments were repeated at least three times (with n≥3 in 
each experiment).

Flow Cytometry
PE Annexin V Apoptosis Detection Kit was used to determine 
the effects of bortezomib and olaparib on apoptosis and necro-
sis in chemosensitive and chemoresistant ovarian cancer cells. 
The cells were plated in 12-well culture dishes and treated with 
bortezomib and olaparib considering the dose and time points 
determined in the previous cytotoxicity analyses.   Following 
the drug incubation period, the assay was followed according 
to the manufacturer’s instructions. Briefly, cells were harvested 
and washed twice with ice-cold PBS, and then resuspended in 
a 1X binding buffer. 5 µl of PE Annexin V and/or 7-AAD  (7-ami-
noactinomycin D) were added and incubated for 15 minutes at 
room temperature. The cells were then analyzed within 1 hour 
by flow cytometry (Attune Acoustic Focusing Cytometer, Ap-
plied Biosystems). Living cells were negative for Annexin V or 
7-AAD, while early apoptotic cells were positive for Annexin V. 
Necrotic cells were counted as positive for 7-AAD, while apop-
totic cells were positive for both Annexin V and 7-AAD.

Statistical Analysis and Data Visualization
The data visualization and analysis were performed in R statis-
tical programming language / environment (15-17). The follow-
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ing R packages were used in this study: tidyverse (a collection 
of R packages) (18), readxl (19), plot3D (20), magick (21), gridEx-
tra (22), ggpubr (23) and rmarkdown (24,25). The data in this 
study were derived from at least three independent biological 
repeats. lm function of base R was used to fit linear models us-
ing percent cell viability values (as response) and drug concen-
trations (as terms). Model coefficients were analyzed in order to 
identify the drugs’ contributions to the combinatorial effect on 
cell viability. More detail can be found in the figure legends. Sta-
tistical comparisons in boxplots were performed with Student’s 
t-Test using functions from ggpubr R package (23).

RESULTS

Combination of Olaparib and Bortezomib Affects Cell Via-
bility in a Cell Line-Dependent Manner
We first treated four different ovarian cancer cell lines with pre-
viously selected concentrations of olaparib and bortezomib 
to see how combined PARP and proteasome inhibition affects 
cancer cell viability. We used two chemosensitive and chemore-
sistant ovarian cancer cell line pairs (OV2008 - C13 and A2780 - 
A2780-AD; the former being chemosensitive). By using the data 
obtained following drug treatments, we modeled cell viability 
(as a response) using olaparib and bortezomib concentrations 
as predictors. Model coefficients were used to interpret each 
drugs’ contributions to combined cytotoxic effect.

For OV2008 chemosensitive cell line, the model coefficients for 
bortezomib and olaparib were -1.291658 and -1.723806, re-
spectively (Figure 1, upper row, first plot). This means that both 
drugs are associated with decreased cell viability when used in 
combination, although bortezomib contributes slightly to the 
effect of combination treatment in this chemosensitive ovarian 
cancer cell line. When we modeled the data for C13 cell line, we 
saw that increased cytotoxicity in the combination treatment 
is mostly due to olaparib, and bortezomib treatment results 
only in a slightly lower cell viability when used in combination 
with olaparib (model coefficients: -0.6809321 (bortezomib), 
-1.8865199 (olaparib)) (Figure 1). Therefore, it can be stated that 
combination of olaparib with bortezomib does not increase cy-
totoxicity significantly compared to olaparib alone in this che-
moresistant ovarian cancer cell line.

The model coefficients were -1.083256 and -2.895892 for borte-
zomib and olaparib in A2780 chemosensitive cell line, respec-
tively (Figure 1). These results indicate that the contribution of 
olaparib to the effect of drug combination was almost 3 times 
higher than that of bortezomib. Therefore, it can be pointed out 
that bortezomib has a slight effect on cell viability when com-
bined with olaparib in this chemosensitive ovarian cancer cell 
line. For its chemoresistant subline A2780-AD, the difference in 
the cytotoxicity of the drugs was more dramatic (model coeffi-
cients: -0.5706074 (bortezomib), -3.4457898 (olaparib)) (Figure 
1, upper row, last plot). This shows that bortezomib has almost 
no increasing cytotoxic effect in combination treatment, and 
single olaparib treatment is already highly cytotoxic itself in this 
chemoresistant ovarian cancer cell line. 

Percent cell viability values for treatments used in modeling are 
shown in bottom row of Figure 1 with corresponding p values. 
Percent cell viability values are given in Table 1 in more detail 
for each drug treatment combination performed in this study 
to make the analysis more reproducible by other researchers.

The Effect of Olaparib and Bortezomib Combination 
Treatment on Ovarian Cancer Cell Lines in the Presence of 
Cisplatin
Next, we investigated how the effect of olaparib and bortezo-
mib combination treatment on ovarian cancer cell lines chang-
es when cells were also treated with cisplatin, a DNA-damaging 
agent used in the standard treatment of ovarian cancer. When 
10 µM cisplatin was applied following olaparib and/or borte-
zomib treatment, we observed that the cytotoxicity of borte-
zomib or olaparib on OV2008 cell line was low since cisplatin 
alone is highly cytotoxic on this chemosensitive cell line (Model 
coefficients: -0.70049775 (bortezomib), -0.04669829 (olapa-
rib)) (Figure 2, upper row, first plot). Particularly, olaparib has 
almost zero effect on cellular viability when combined with 
cisplatin and bortezomib. When we considered its chemoresis-
tant subline C13, both drugs had very close model coefficients 
(-0.9430565 (bortezomib), -0.9290382 (olaparib)), indicating 
that both drugs contribute almost equally to the combination 
treatment when used in combination with cisplatin (Figure 2). 
Bortezomib and olaparib decreased cell viability to a higher ex-
tent when combined with cisplatin in C13 cell line when com-
pared to the chemosensitive OV2008 cell line.

Similar to the other chemosensitive cell line (OV2008), borte-
zomib and olaparib showed very slight effects on cell viability 
of A2780 cell line when combined with cisplatin (Model coef-
ficients: -0.2038118 (bortezomib), -0.5011552 (olaparib)) (Fig-
ure 2). This showed that bortezomib and olaparib combination 
treatment does not increase cytotoxicity caused by cisplatin 
alone in this cell line. For its chemoresistant subline A2780-AD, 
the drugs’ effect on cellular viability was higher (Model coeffi-
cients: -0.8512043 (bortezomib), -1.2631613 (olaparib)), indicat-
ing that combination treatment might increase cytotoxicity of 
cisplatin on this cell line to a certain extent and the contribution 
of olaparib to combinatorial effect was higher relative to that of 
bortezomib (Figure 2).

Percent cell viability values for treatments with cisplatin, used 
in modeling are shown in bottom row of Figure 2 with corre-
sponding p values. Percent cell viability values are given in Ta-
ble 1 in more detail for each drug treatment combination per-
formed in this study to make the analysis more reproducible by 
other researchers.

Combination Treatment Results in Increased Cell Death in 
Chemosensitive Ovarian Cancer Cell Line OV2008
Next, we performed flow cytometry analysis using Annexin V 
and 7-AAD staining in chemosensitive ovarian cancer cell line 
OV2008 and its chemoresistant subline C13 following drug 
treatments. We observed that bortezomib and olaparib combi-
nation treatment resulted in an increased number of apoptotic 
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Table1. Mean percent cell viability values for each drug 
combination treatment performed in this study for all cell 
lines.
“CIS”       “BOR” “OLA” “Cell Line” “Mean Viability”

0 0 0 “A2780” 99.99
0 0 0 “A2780-AD” 99.99
0 0 0 “C13” 99.99
0 0 0 “OV2008” 99.99
0 0 3 “A2780” 72.92
0 0 3 “A2780-AD” 98.33
0 0 3 “C13” 98.09
0 0 3 “OV2008” 99.54
0 0 5 “A2780” 58.75
0 0 5 “A2780-AD” 87.65
0 0 5 “C13” 91.09
0 0 5 “OV2008” 102.56
0 0 10 “A2780” 51.77
0 0 10 “A2780-AD” 68.87
0 0 10 “C13” 86.36
0 0 10 “OV2008” 87.65
0 0 20 “A2780” 29.04
0 0 20 “A2780-AD” 23.28
0 0 20 “C13” 65.43
0 0 20 “OV2008” 64.35
0 0 30 “A2780” 17.3
0 0 30 “A2780-AD” 25.12
0 0 30 “C13” 66.31
0 0 30 “OV2008” 67.69
0 0 40 “A2780” 15.36
0 0 40 “A2780-AD” 24.54
0 5 0 “A2780” 88.56
0 5 0 “A2780-AD” 105.26
0 5 0 “C13” 106.47
0 5 0 “OV2008” 102.74
0 10 0 “A2780” 79.45
0 10 0 “A2780-AD” 96.37
0 10 0 “C13” 108.14
0 10 0 “OV2008” 94.83
0 10 10 “A2780” 50.96
0 10 10 “A2780-AD” 51.93
0 10 10 “C13” 86.34
0 10 10 “OV2008” 63.32
0 10 20 “A2780” 27.63
0 10 20 “A2780-AD” 21.96
0 10 20 “C13” 46.75
0 10 20 “OV2008” 49.46
0 20 0 “A2780” 55.18
0 20 0 “A2780-AD” 81.83
0 20 0 “C13” 82.91
0 20 0 “OV2008” 71.29
0 20 10 “A2780” 49.37
0 20 10 “A2780-AD” 51.32
0 20 10 “C13” 65.36
0 20 10 “OV2008” 54.59
0 20 20 “A2780” 21.46
0 20 20 “A2780-AD” 23.47
0 20 20 “C13” 54.08
0 20 20 “OV2008” 47.26
0 30 0 “A2780” 30.37
0 30 0 “A2780-AD” 38.76

0 30 0 “C13” 80.89
0 30 0 “OV2008” 54.44
0 40 0 “A2780” 27.64
0 40 0 “A2780-AD” 33.78
0 40 0 “C13” 73.43
0 40 0 “OV2008” 47.03

1.5 0 0 “A2780” 86.13
1.5 0 0 “A2780-AD” 97.94
1.5 0 0 “C13” 96.34
1.5 0 0 “OV2008” 94.08
3 0 0 “A2780” 82.6
3 0 0 “A2780-AD” 102.83
3 0 0 “C13” 94.285
3 0 0 “OV2008” 87.56
5 0 0 “A2780” 67.2
5 0 0 “A2780-AD” 85.78
5 0 0 “C13” 96.3
5 0 0 “OV2008” 85.2

10 0 0 “A2780” 61.81
10 0 0 “A2780-AD” 76.76
10 0 0 “C13” 87.23
10 0 0 “OV2008” 33.13
10 0 10 “A2780” 57.57
10 0 10 “A2780-AD” 51.01
10 0 10 “C13” 81.63
10 0 10 “OV2008” 27.57
10 0 20 “C13” 65.77
10 0 20 “OV2008” 25.32
10 10 0 “A2780” 54.93
10 10 0 “A2780-AD” 57.87
10 10 0 “C13” 93.11
10 10 0 “OV2008” 31.9
10 10 10 “A2780” 52.93
10 10 10 “A2780-AD” 50.99
10 10 10 “C13” 77.88
10 10 10 “OV2008” 26.77
10 10 20 “C13” 48.4
10 10 20 “OV2008” 34.18
10 20 0 “A2780” 60.95
10 20 0 “A2780-AD” 49.5
10 20 0 “C13” 53.05
10 20 0 “OV2008” 9.01
10 20 10 “A2780” 51.8
10 20 10 “A2780-AD” 47.18
10 20 10 “C13” 58.95
10 20 10 “OV2008” 10.27
10 20 20 “C13” 65.21
10 20 20 “OV2008” 19.92
20 0 0 “A2780” 51.55
20 0 0 “A2780-AD” 77.24
20 0 0 “C13” 88.26
20 0 0 “OV2008” 24.93
30 0 0 “A2780” 30.8
30 0 0 “A2780-AD” 27.81
30 0 0 “C13” 72.67
30 0 0 “OV2008” 7.19
40 0 0 “A2780” 19.84
40 0 0 “A2780-AD” 23.66
40 0 0 “C13” 67.34
40 0 0 “OV2008” 11.09
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cells in OV2008 cell line compared to drugs alone (bortezomib 
only or olaparib only) (Figure 3A). However, in chemoresistant 
cell line C13, we did not see any significant increase in apoptot-
ic cells relative to drugs alone. Similar to previous experiments, 
the effect of cisplatin on the chemosensitive cell line OV2008 
was higher compared to chemoresistant cell line C13. When we 
combined cisplatin with bortezomib and olaparib, we observed 
an increase in cell death in OV2008 cell line compared to bor-
tezomib and olaparib combination treatment. However, this 
increased cytotoxicity in triple drug treatments might be due 
to only cisplatin since we did not perform cisplatin only treat-
ments for the flow cytometry experiments. In C13 cell line, the 
bortezomib and olaparib combination did not further increase 
cell death relative to drugs alone. The addition of cisplatin did 
not further increase apoptotic cell death compared to olaparib 
and bortezomib combination treatment in this chemoresistant 
cell line (Figure 3).

DISCUSSION

In the current study, we investigated the effect of combinatorial 
inhibition of PARP and proteasome by olaparib and bortezomib, 
on the viability of chemosensitive or chemoresistant ovarian 
cancer cells. Olaparib is currently used in the clinic for a certain 

group of ovarian cancer patients including patients with re-
current platinum-sensitive disease with or without a BRCA mu-
tation (4). However, bortezomib is not approved for the treat-
ment of ovarian cancer patients (but used in some other cancer 
types), though multiple studies showed its efficacy when used 
in combination with other strategies in ovarian cancer (26-28). 
To our knowledge, there is no report showing the effect of com-
binatorial inhibition of proteasome and PARP by bortezomib 
and olaparib, respectively on ovarian cancer cell viability. Since 
most ovarian cancer patients experience chemoresistance 
to cisplatin following several rounds of chemotherapy, novel 
treatment strategies such as in the present study are urgently 
needed to be investigated and developed in order to increase 
the survival of ovarian cancer patients (29). 

In this study, we observed that combination treatment is 
mostly effective on chemosensitive ovarian cancer cell lines 
(OV2008, A2780). However, with chemoresistant cell lines 
(C13, A2780-AD), the effect of bortezomib is minimal com-
pared to that of olaparib, in combination. Therefore, it can be 
stated that combination of olaparib with bortezomib might 
result in higher therapeutic efficacy in chemosensitive ovar-
ian cancer compared to drugs alone. Also, the addition of 

Figure 3. Combination treatment results in increased cell death in chemosensitive ovarian cancer cell line OV2008.

Flow cytometry analysis with Annexin V and 7-AAD to study the effect of combination treatment on chemosensitive and chemoresistant 
ovarian cancer cell lines (OV2008 (A) and C13 (B), respectively). X-axis shows the number of 7-AAD-positive cells and y- axis shows the 
number of Annexin V-positive cells. Drug treatment conditions are given at the top of each facet. Percentage of cells in each region were 
given in corresponding corner. Upper right region with high Annexin V and 7-AAD values shows dead cells. BRTZ: bortezomib, OLPR / 
OLA: olaparib, Cisp: cisplatin.
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bortezomib to olaparib treatment might only lead to a slight 
increase in cytotoxicity in chemoresistant ovarian cancer cells.

When the bortezomib and olaparib combination treatment is 
applied with cisplatin, we see that combination treatment does 
not significantly decrease cell viability in chemosensitive ovar-
ian cancer cell lines, since cisplatin treatment alone is already 
highly effective itself. In  OV2008 chemosensitive cell line, bor-
tezomib might decrease cell viability to a certain extent when 
applied with cisplatin; however, olaparib treatment does not 
contribute to cytotoxicity in this case. In A2780 chemosensitive 
cell line, both bortezomib and olaparib do not significantly af-
fect the cellular viability when combined with cisplatin.

In C13 chemoresistant cell line, both bortezomib and olaparib 
further decrease cell viability when combined with cisplatin. 
Similarly, in the other chemoresistant cell line, A2780-AD, both 
drug treatments might lead to a lower cell viability when used 
together with cisplatin. Therefore, it can be pointed out that in 
the presence of cisplatin, combination treatment is mostly ef-
fective on chemoresistant cell lines (C13, A2780-AD) when com-
pared to drugs alone.

In flow cytometry data, we observed that bortezomib and 
olaparib combination treatment leads to increased apoptotic 
cell death relative to drugs alone in OV2008 chemosensitive cell 
line. We also saw that the combination of bortezomib and olapa-
rib with cisplatin resulted in increased cell death compared to 
bortezomib and olaparib combination treatment in this cell line. 
Considering previous data, this should be mostly due to cispla-
tin which is already highly effective on chemosensitive ovarian 
cancer cell lines. Therefore, it can be stated that olaparib and 
bortezomib combination treatment does not further increase 
cytotoxicity compared to cisplatin alone in OV2008 chemosen-
sitive cell line; however, olaparib and bortezomib combination 
increases cell death compared to single agent treatments. This 
result points to the fact that patients who respond to olaparib 
treatment but not to cisplatin might benefit from bortezomib 
+ olaparib combination compared to olaparib only treatment. 
However, for patients who respond to cisplatin treatment, bor-
tezomib + olaparib treatment might not be a preferable clinical 
option. A more concrete inference based on this data requires 
in vivo experiments performed in mouse models. Considering 
the cellular and inter-patient heterogeneity in ovarian cancer 
(most generally in cancer), personalized treatment alternatives 
should be developed for patients with various chemosensitivity 
profiles, since chemosensitivity characteristics of cancer cells 
also influence their response to treatment as also shown in the 
present study (30-33). In C13 cell line, we saw that combination 
treatment did not result in increased cell death compared to 
drugs alone and this is in line with previous experiments. In pre-
vious experiments, we saw that in the presence of cisplatin, the 
effect of bortezomib and olaparib combination treatment was 
higher in C13 cell line compared to OV2008 cell line; but, in flow 
cytometry, we saw that cisplatin addition did not increase cell 
death compared to bortezomib and olaparib treatment. 

CONCLUSION

In conclusion, our data shows that combination treatment is 
particularly effective on chemosensitive ovarian cancer cell 
lines in the absence of cisplatin. However, when combined 
with cisplatin, olaparib and bortezomib combination treatment 
shows its effect especially on chemoresistant ovarian cancer 
cell lines. As a result, combinatorial inhibition of PARP and pro-
teasome by olaparib and bortezomib can be tested in vivo on 
chemoresistant ovarian cancer which are also treated with cis-
platin to overcome cisplatin resistance in these ovarian cancer 
cell lines. Since the data provided in the current study were ob-
tained using in vitro cell line models, in vivo studies performed 
on animal models should be required in the future to make 
stronger inferences about the effect of combinatorial treatment 
with bortezomib and olaparib on ovarian cancer. 
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