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Abstract. Ovarian cancer is the most lethal type of gyneco‑
logical cancer. Due to its high heterogeneity and complicated 
pathological mechanisms, the 5‑year survival rate of patients 
with ovarian cancer is <40%. Tumor cytoreductive surgery and 
systemic chemotherapy of platinum combined with paclitaxel 
are currently considered the gold standard for the treatment 
of ovarian cancer, and chemotherapy resistance has become 
a key constraint in improving the cure rate of ovarian cancer. 
Therefore, it is important to identify novel treatment methods 
and strategies for ovarian cancer. Targeted drugs can not only be 
used in combination with chemotherapy, but also act as mainte‑
nance therapy to promote patient survival time. PARP inhibitor 
is a novel type of ovarian cancer treatment targeted drug, which 
can induce an anticancer effect by inhibiting DNA damage and 
repair of ovarian cancer cells. The present study investigated the 
different effects of olaparib, cisplatin and paclitaxel in several 
dosages by single use and combinations on the proliferation of 
different human ovarian cancer cell lines, in order to verify the 
synergistic effects of the combinations of the three anticancer 
agents in pairs. The proliferation inhibitory rate of the cell 
lines was determined using a Cell Counting Kit‑8 assay, while 
the combination index (CI) value of the combination of three 
agents in pairs was analyzed using Compusyn software. The 
proliferation was observed using a crystal violet assay, and the 
apoptosis ratio was measured via flow cytometry. The results 

of the present study revealed that the combination of cisplatin 
with olaparib group had a higher inhibition effect than each 
single group and had a higher dose‑reduction index of >1 than 
the other two combinations at all concentrations in A2780 and 
OVCAR‑3 cell lines. The difference in proliferation inhibition 
and induced apoptosis rate of A2780 cell lines was significant in 
the combination of cisplatin with olaparib group and the control 
group (P<0.01) at 0.25x IC50. For the OVCAR‑3 cell line, the 
difference was also significant between two groups (P<0.05). 
The CI values in the A2780 cell line revealed significant differ‑
ences between the low‑dose group (0.0625x, 0.125x and 0.25x 
IC50) and the high‑dose group (0.5x, 1.0x and 2.0x IC50) for the 
group that received the combination of cisplatin with olaparib 
(P<0.05). The present study highlighted that the group receiving 
a combination of cisplatin with olaparib exhibited the most 
significant synergistic effects among the three combinations, 
particularly at low doses.

Introduction

Ovarian cancer exhibits the highest mortality of all gyneco‑
logical malignancies, due to the non‑specific symptoms and 
insufficient diagnostic approaches. The majority of patients do 
not know they have the disease until they receive a diagnosis at 
an advanced stage. Cytoreductive surgery plus post‑operative 
adjunctive chemotherapy is currently considered the standard 
protocol for treatment. Due to the undesirable efforts of the 
major administration on late‑stage ovarian cancer, feasible 
chemotherapy after surgery is of high importance (1,2). As a 
cell cycle non‑specific agent, cisplatin suppresses the DNA 
duplication and transcription by binding intracellular DNA 
into a cisplatin‑DNA adduct or complexing with cytoplasmic 
proteins and nucleoproteins. Accordingly, cisplatin has been 
adopted in chemotherapy for numerous types of cancer (e.g., 
ovarian cancer, gastric cancer and bladder cancer) (3). Paclitaxel 
refers to one type of antimicrotubular agent, intracellularly 
binding to microvascular proteins with the effect of facilitating 
polymerization, and thwarts normal microvascular depolymer‑
ization. Thus, the agent can regulate microvascular homeostasis 
in the body, thwart the mitosis and proliferation of cancer cells, 
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and predominate in the treatment of breast cancer and ovarian 
cancer (4). According to several years of clinical practice, the 
strategy of paclitaxel plus cisplatin has enhanced the clinical 
efficacy of ovarian cancer. Despite enormous efforts to improve 
surgical treatment and combination chemotherapy for the 
disease, the 5‑year survival rate remains to be 25‑35% (5).

As the studies on the pathogenesis of ovarian cancer have 
been deepening, molecular targeted therapy for cancer continues 
to make novel achievements. Targeted drugs exert specific 
killing effects on tumor cells based on single drug, combined 
chemotherapeutic agents or combined targeted drugs; they have 
been adopted as a novel strategy for ovarian cancer therapy. Poly 
ADP‑ribose polymerase (PARP), a DNA repair enzyme, exists 
in most eukaryotic cells, and it causes cleavage of caspase, a core 
member in apoptosis. By recognizing the impaired structure of 
DNA pieces, PARP can be activated to mitigate DNA damage 
signaling pathways. It has been commonly considered a sensor 
of DNA damage and to be critical in DNA damage repair (6,7). 
Recently, studies have suggested that the most acceptable mech‑
anisms underlying DNA damage repair include base excision 
repair (BER), nucleotide excision repair (NER), mismatch repair 
(MMR), as well as homologous recombination (HR). To be 
specific, PARP largely predominates the repair of single‑strand 
breaks (SSBs) of BER (8). When PARP is devoid, or its inhibi‑
tory activity occurs, i.e., functional defects in BER, the resulting 
irreparable SSBs will form double‑strand breaks (DSBs) due to 
the decreased replication forks. Nevertheless, the continuously 
accumulated DSBs become irreparable by HR, and the conse‑
quent cytotoxicity leads to synthetic lethality, killing targeted 
tumor cells and exerting anti‑tumor effects. The PARP family 
consists of 17 members with PARP‑1/2 as the existing research 
emphasis (9). Poly ADP‑ribosylation (PARylation), catalyzed 
by the two enzymes participating in DNA damage repair, is 
vital to the pathogenesis and development of multiple types 
of tumor (10,11). BER is critical to restore SSBs by PARP‑1/2. 
However, it is the restoration that develops radiotherapy or 
chemotherapy resistance (e.g., alkylating agents)  (12,13). 
Numerous studies have suggested that the overexpression of 
PARP in tumor cells may induce therapy resistance. Since 
the suppression of PARP can decrease anti‑tumor drug resis‑
tance, PARP has been highlighted as a novel target for cancer 
therapy (14).

PARP inhibitor as a novel targeted agent for ovarian 
cancer is a potential option for targeted therapy, by selec‑
tively inhibiting PARP. Numerous studies have revealed that 
PARP inhibitors have favorable anti‑tumor effects on recur‑
rent ovarian cancer with a good drug tolerance, significantly 
prolonging the progression‑free survival (PFS) of patients with 
the BRCA gene, i.e., a susceptibility gene of breast cancer (15). 
Olaparib is a newly approved peroral PARP inhibitor, having 
been prioritized in a review from European Medicines 
Agency (EMA) and Food and Drug Administration (FDA) in 
sequence (16). It has been approved in Europe and the USA on 
December 18 and 19, 2014, respectively (17). Another study 
demonstrated that olaparib, a PARP inhibitor, has anti‑tumor 
effects on high‑grade‑serous ovarian cancer, and is closely 
associated with platinum sensitivity (18). The combination 
of olaparib and other chemotherapeutic agents also exhibits 
significant anti‑tumor effects, with basic drug tolerance (19,20). 
A recent study reported that treatment with olaparib improves 

the PFS of patients with epithelial ovarian cancer that possess 
a non‑mutated BRCA gene (21). These results indicated that 
the patients with homologous recombination deficits also 
potentially respond to PARP inhibitors, except for those that 
possess a mutated BRCA gene. The present study aimed to 
determine the effects of single or pairwise combinations of 
olaparib, cisplatin and paclitaxel on ovarian cancer cell lines, 
with the hope of providing a novel strategy for its treatment in 
the clinical setting.

Materials and methods

Cell lines and culture conditions. The A2780 and OVCAR‑3 
human epithelial ovarian cancer cell lines were obtained 
from the American Type Culture Collection. A2780 cells 
were cultured in a humidified 5% CO2 incubator at 37˚C with 
RPMI‑1640 medium supplemented with 10% fetal bovine 
serum (Gibco, Invitrogen) and 1% penicillin/streptomycin 
solution. OVCAR‑3 cells were cultured in a humidified 
5% CO2 incubator at 37˚C with RPMI‑1640 medium (Gibco; 
Invitrogen) supplemented with 20% fetal bovine serum and 1% 
penicillin/streptomycin solution. The medium was replaced 
every other day. The cells were detached with 0.25% tyrosi‑
nase and passaged when the cells reached 75‑85% confluency.

Drug treatments. Olaparib, cisplatin and paclitaxel were 
purchased from Selleck Chemicals and prepared in 10 mM 
stocks. The initial concentrations of olaparib, cisplatin and 
paclitaxel were 160 µM, 800 µM and 160 nM, respectively, 
for the half maximal inhibitory concentration (IC50) deter‑
minations. Agents were diluted to 7 concentrations with 
4‑fold serial dilutions. After the IC50 values were determined, 
concentrations of three agents were set to 0.0625x, 0.125x, 
0.25x, 0.5x, 1.0x and 2.0x IC50 in the subsequent drug combi‑
nation experiments.

Proliferation inhibitory rate via cell counting kit‑8 (CCK‑8) 
assay. The CCK‑8 assay (Dojindo Molecular Technologies, 
Inc.) was utilized for the detection of proliferation inhibitory 
rate. A2780 and OVCAR‑3 cells were treated by diluted agents 
(Gibco, Invitrogen) in 96‑well culture plates at 5x103 cells per 
well for 48 h. After 2 h incubation with the CCK‑8 reagent 
(10  µl/well) at 37˚C, the OD450 values of plate wells were 
recorded with a microplate reader. The proliferation inhibitory 
rates of A2780 and OVCAR‑3 cells were ascertained using the 
following equation: Proliferation inhibitory rate=[(1‑(ODtreatment 

group‑ODintact group)/(ODcontrol group‑ODintact group)] x100%. Each group 
had 3 readings, and the experiment was performed in triplicate.

Crystal violet staining. Cells were inoculated in 60 mm cell 
culture dishes at a density of 1x105 cells per dish in triplicate. 
The concentration of cisplatin and olaparib were administered 
as 0.25x IC50 for both single and combination use. The cells were 
cultured for 48 h before being stained with crystal violet at room 
temperature. Images of cells were captured with a fluorescence 
microscope at x100 magnification, and the area fraction of the 
cell staining was analyzed by ImageJ 2.0 software.

Flow cytometry detection. A2780 and OVCAR‑3 cells were 
inoculated into 6‑well plates. When the cell confluency reached 
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60‑70%, cisplatin, olaparib, cisplatin + paclitaxel, paclitaxel + 
olaparib, cisplatin + olaparib, and the medium set as the control 
group were added at a density of 1x105 cells per well in trip‑
licate. Cisplatin, paclitaxel and olaparib were administered at 
0.25x IC50 for both single and combination use. After 48 h incu‑
bation, cells in all groups were collected and then centrifuged at 
1,000 rpm for 3 min at 4˚C; next, the supernatant was removed, 
and 1 ml PBS was added for resuspension, and the cells were 
recentrifuged at 1,000 rpm for 3 min at 4˚C. The selected cells 
were stained using an Annexin V‑FITC apoptosis kit (Dojindo), 
and cell apoptosis was determined via flow cytometry. FITC 
and PI fluorescence were detected by 525 and 620 nm bandpass 
filters excited at the wavelength of 488 nm, and fluorescence 
signals of 20,000 cells were collected in each sample.

Compusyn sof tware analysis. Compusyn software 
(ComboSyn, Inc.) analysis was used to assess the synergistic, 
additive and antagonistic effects of the anti‑cancer agents. 

The Chou‑Talalay method  (22) for drug combination was 
employed to quantitatively determine the interactions between 
two agents. The combination index (CI) value was based on 
the multiple drug‑effect equation and it could be calculated by 
CI=(D1/DX1) + (D2/DX2). D1 and D2 denote the doses of agents 1 
and 2 respectively, as the combination reached a certain prolif‑
eration inhibitory rate, while DX1 and DX2 denote the doses of 
single agents 1 and 2 under that proliferation inhibitory rate. 
CI<1 is considered to indicate synergistic effects of the two 
combined agents on inhibition of tumor cell proliferation, 
while CI>1 was considered an antagonistic effect.

Statistical analysis. Each experiment was performed in tripli‑
cate. All data were analyzed using SPSS software (version 20.0). 
Student's t‑test was used for comparisons between two groups. 
The differences among multiple groups were analyzed via 
one‑way ANOVA with Tukey's post hoc test. P<0.05 was 
considered to indicate a statistically significant difference.

Figure 1. Growth inhibitory effects of single and combined anticancer agents on A2780 and OVCAR‑3 cells. (A) IC50 values determination of three single 
agents in A2780 cells. (B) Growth inhibitory rates of A2780 cells treated with the combination of three agents in pairs. (C) IC50 values determination of three 
single agents in OVCAR‑3 cells. (D) Growth inhibitory rates of OVCAR‑3 cells with the combination of three agents in pairs. *P<0.05 and **P<0.01, combina‑
tion group vs. cisplatin group; †P<0.05 and ††P<0.01, combination group vs. olaparib group; #P<0.05 and ##P<0.01, combination group vs. paclitaxel group.
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Results

Proliferation inhibitory effects of single and combined 
anti‑cancer agents on A2780 and OVCAR‑3 cells. In the 
present study, the IC50 values of cisplatin, paclitaxel and 
olaparib were determined via a CCK‑8 assay. For the A2780 
cell line, the IC50 values of cisplatin, paclitaxel and olaparib 

cell lines were 13.87±0.08, 5.54±0.21 and 6.00±0.35 (SEM) 
µM, respectively. For the OVCAR‑3 cell line, the IC50 values of 
cisplatin, paclitaxel and olaparib were 14.93±0.07, 7.64±0.14 
and 12.21±0.10 (SEM) µM, respectively (Fig. 1A and C).

To assess the inhibitory effects of the single or combined 
use of the agents on the proliferation of A2780 and OVCAR‑3 
cells, three groups were set as two single agent groups and one 

Figure 2. Graphic representations obtained from the CompuSyn report for combinations of CDDP, PTX and Ola in pairs. (A) Dose‑effect curves. (B) CI plot. 
(C) Polygonogram at Fa=0.25. CDDP, cisplatin; CI, combination index; Fa, fractional inhibition; Ola, olaparib; PTX, paclitaxel.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  22:  935,  2021 5

combination agent group. The proliferation inhibitory rates of 
the A2780 and OVCAR‑3 cells at 6 concentrations (0.0625x, 
0.125x, 0.25x, 0.5x, 1.0x and 2.0x IC50) were ascertained 
via a CCK‑8 assay. With the rise in drug concentrations, the 
proliferation inhibitory rates of A2780 cells reached 49.0, 41.7 
and 67.3% with single olaparib, cisplatin and paclitaxel from 
14.0, 10.0 and 3.3%, respectively, in a concentration‑dependent 
manner. The proliferation inhibitory rates of OVCAR‑3 cells 
reached 58.7, 70.1 and 70.7% with single olaparib, cisplatin 
and paclitaxel from 9.9, 17.4 and 18.0%, respectively, in a 
concentration‑dependent manner. It was noted that the inhibi‑
tory rates of two types of ovarian cell lines in the cisplatin + 
olaparib group were higher than those in any of the single 
group at all concentrations (Fig. 1B and D).

Synergistic, additive and antagonistic effects of combined 
agents on the proliferation inhibitory rate of A2780 and 
OVCAR‑3 cells. The data for the proliferation inhibitory 
rates of the three agents in single or combination use at 
6  concentrations (0.0625x, 0.125x, 0.25x, 0.5x, 1.0x and 
2.0x IC50) were substituted into Compusyn software, and 
the Compusyn provided graphic representations. The 
association between dose and effect was ascertained in 
accordance with the median‑effect principle (Fig. 2A) (23). 
The synergistic, additive or antagonistic effects on prolif‑
eration inhibitory rates of the cells were dependent of the 
CI values. As a result, for the two ovarian cell lines, the 
cisplatin + olaparib group exhibited lower CI values than 
the other two combination groups at all concentrations. For 
A2780 cells, the CI value of cisplatin + olaparib group was 
upregulated to 1.14 from 0.32 across EC50 to EC75 (Table I). 
Cisplatin + olaparib with low concentrations (0.0625x, 
0.125x and 0.25x IC50) exerted a strong synergistic effect, 
with CI values ranging from 0.1‑0.3 for the fraction affected 
by the dose (Fa) from 33.3‑50.7%. Cisplatin + olaparib at 
high concentrations (0.5x, 1.0x and 2.0 IC50) exhibited a 
synergistic effect with CI values from 0.3‑0.7, and Fa values 
from 50.3‑63.7%. For OVCAR‑3 cells, cisplatin + olaparib at 
low concentrations (0.0625x, 0.125x and 0.25x IC50) exerted 
a synergistic effect, with CI values ranging from 0.35‑0.87, 
and Fa values from 32.4‑39.9% (Fig. 2B). As the Fa values 
were 0.25, 0.40 and 0.55, the cisplatin + olaparib combina‑
tion demonstrated a stronger synergistic effect than the other 
two combinations. For OVCAR‑3 cells, the Fa values were 
0.25 and 0.40, and thus the cisplatin + olaparib combination 
demonstrated stronger synergistic effects than the other two 
combinations (Fig. 2C).

Furthermore, for the two types of ovarian cell lines, the 
cisplatin + olaparib group at all concentrations (0.0625x, 
0.125x, 0.25x, 0.5x, 1.0x and 2.0x IC50) exhibit a higher 
dose‑reduction index >1 than the other two combinations. For 
A2780 cells, single cisplatin and olaparib displayed 26.11‑ 
and 12.73‑fold dose reductions at 0.125x IC50 (Table II). It 
was suggested that, in the A2780 cell line, the CI values 
between the low concentrations (0.0625x, 0.125x and 0.25x 
IC50) and high concentrations (0.5x, 1.0x and 2.0x IC50) of 
cisplatin + olaparib were significantly different (P<0.05; 
Fig. 3A). In the OVCAR‑3 cell line, the CI values of low 
concentrations (0.0625x, 0.125x and 0.25x IC50) presented 
synergistic effects (Fig. 3B).
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Combinational interactions of cisplatin and olaparib against 
the proliferation of A2780 and OVCAR‑3 cells at low doses. 
The experiment was divided into four groups, cisplatin, olaparib, 
cisplatin + olaparib, and control group. The proliferation inhibi‑
tory effect of A2780 and OVCAR‑3 cells was visually observed 
following crystal violet solution staining. Compared with the 
control group, the experimental groups (cisplatin, olaparib, 
cisplatin + olaparib) at 0.25x IC50 all exhibited different levels of 
proliferation inhibition (Fig. 4A and C). The combination group 
exhibited the minimum crystal violet and the lowest fraction area 
of stained cells, as analyzed by ImageJ software, in each dish, 
revealing that the proliferation inhibitory effect was the strongest 
among four groups (P<0.01; Fig. 4B and D). In addition, the potent 
synergistic effects of cisplatin + olaparib were further revealed 
through cell apoptosis and SP cell via flow cytometry in A2780 
and OVCAR‑3 (Fig. S1). When the concentrations of cisplatin and 
olaparib were at 0.25x IC50, the apoptotic rate in A2780 cells in 
the control, cisplatin, olaparib, cisplatin + paclitaxel, paclitaxel + 
olaparib, cisplatin + olaparib groups reached 2.08, 3.95, 6.40, 7.28, 
8.49 and 21.94%, respectively. The apoptotic rate in OVCAR‑3 
cells in the control, cisplatin, olaparib, cisplatin + paclitaxel, 
paclitaxel + olaparib, cisplatin + olaparib groups reached 3.01, 
5.24, 8.74, 9.78, 12.25 and 19.42%, respectively (Fig. 4E and G). 
It was therefore demonstrated that combination group of cisplatin 
and olaparib at low doses can significantly induce the apoptosis 
of A2780 and OVCAR‑3 cells compared with each single group 
and control group (P<0.01; Fig. 4F and H). Besides, through 
sorting the side‑population cells in A2780 and OVCAR‑3, the 
percentage of SP cells showed quite different in the six groups. 
Following cisplatin, olaparib, cisplatin + paclitaxel, paclitaxel + 
olaparib, cisplatin + olaparib treatment, SP proportion in A2780 
was respectively 8.11, 8.02, 7.47, 5.91 and 2.42%, SP proportion 
in OVCAR‑3 was respectively 8.05, 7.93, 6.21, 5.99 and 2.38%. 
Cisplatin + olaparib can obviously decrease the proportion of SP 
cells (Fig. S1).

Discussion

Overall, combination chemotherapeutic agents exhibit 
improved efficacy than single administration for the majority 
of malignancies. The additive or synergistic effects of multiple 
agents usually lead to noticeably higher clinical benefit of 
the agents. Researchers have achieved breakthroughs in 
high‑throughput sequencing and molecular targeted drugs, 
patients with ovarian cancer greatly benefit from these 
advanced technologies. Molecular‑targeted drugs indicate that 
small molecule drugs primarily target critical sites to interfere 
with the pathogenesis and development of malignancies in a 
pathophysiological manner. The targeted drugs can not only 
be utilized in combination with chemotherapy, but can also 
act as maintenance therapy to promote patient survival time. 
At present, olaparib has exhibited encouraging therapeutic 
effects for the treatment of ovarian cancer. Olaparib combined 
with chemotherapy has been proven to enhance the efficacy 
of chemotherapy in patients with platinum‑sensitive ROC. 
From the experimental results of the present study, it has been 
revealed that cisplatin + olaparib was the only group with a 
CI<0.7 under all Fa values, revealing that the combination 
exerts synergistic or strong synergistic effects. Furthermore, 
the CI value was smaller than those of the other two combina‑
tions for each experimental concentration, which demonstrated 
its synergistic effect was superior.

Conventional anti‑tumor therapies (radiotherapy and 
chemotherapy) exhibit favorable short‑term efficacy largely by 
decimating tumor cells, resulting in fast shrinking of tumor 
lesions. Nevertheless, these methods are always accompanied 
by metastatic or recurrent tumors, which frustrate former 
efforts of the conventional strategies. Therefore, the combined 
use of PARP inhibitors can enhance the efficacy of radio‑
therapy, alkylation agents and platinum drug chemotherapy by 
inhibiting DNA damage repair of tumor cells and accelerating 

Table II. DRI values for growth inhibition by paclitaxel/cisplatin/olaparib in combination for A2780 and OVCAR‑3 cell lines.

	 DRI
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Cell line	 Combination	 Component	 0.0625xIC50	 0.125xIC50	 0.25xIC50	 0.5xIC50	 1xIC50	 2xIC50

A2780	 Paclitaxel+Cisplatin	 Paclitaxel	 0.75	 2.29	 1.89	 1.53	 1.17	 0.70
		  Cisplatin	 0.20	 4.49	 6.50	 8.97	 11.12	 8.04
	 Paclitaxel+Olaparib	 Paclitaxel	 4.09	 5.26	 2.69	 1.32	 1.46	 0.73
		  Olaparib	 1.89	 12.73	 6.74	 3.18	 14.15	 7.07
	 Cisplatin+Olaparib	 Cisplatin	 13.83	 26.11	 11.27	 6.34	 5.74	 4.36
		  Olaparib	 4.54	 12.73	 5.26	 3.06	 3.31	 2.84
OVCAR‑3	 Paclitaxel+Cisplatin	 Paclitaxel	 3.30	 2.60	 1.37	 0.90	 0.91	 1.27
		  Cisplatin	 4.07	 3.11	 1.63	 1.06	 1.02	 1.33
	 Paclitaxel+Olaparib	 Paclitaxel	 1.51	 1.91	 1.45	 0.64	 0.90	 1.01
		  Olaparib	 2.00	 2.54	 1.94	 0.85	 1.21	 1.37
	 Cisplatin+Olaparib	 Cisplatin	 5.45	 2.72	 2.14	 1.32	 1.32	 2.03
		  Olaparib	 6.02	 3.01	 2.45	 1.53	 1.62	 2.72

The combined treatment was performed at the indicated fixed 1:1 ratio relative to their respective IC50 concentrations. DRI values were calcu‑
lated from the DRI equation and algorithm using CompuSyn software. Favorable DRI values (>1.0) are highlighted in bold font. DRI, dose 
reduction index.
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apoptosis of tumor cells (24). Adverse reactions can also be 
inhibited by decreasing chemoradiotherapy or radiation doses. 
It has been proved that low‑dose chemotherapy drugs do not 
affect prognosis, and they can also significantly decrease the 
incidence of postoperative adverse reactions (25). As reported 
by Garcia and Singh (26) bevacizumab, in combination with 
low‑dose chemotherapeutic agents, decreases the recurrent 
ovarian tumor recurrence and inhibits the growth of the lesion. 
The graphic representations and quantification outcomes in the 
present study demonstrate that the combination of cisplatin and 
olaparib exerts superior synergistic effects on the inhibition 
of A2780 and OVCAR‑3 cell lines proliferation, particularly 
at low doses. The low‑dose group (0.0625x, 0.125x and 0.25x 
IC50) of cisplatin + olaparib even could reach the same prolif‑
eration inhibitory rate as high‑dose group (0.5x, 1.0x and 2.0x 
IC50) in the A2780 cells (P>0.05). Chemotherapy‑induced cell 

cycle arrest is commonly considered a result of DNA damage. 
When DNA damage repair induced by chemotherapy cannot 
be achieved, cell aging or even apoptosis will be immediately 
initiated (27). In the present study, cisplatin + olaparib at low 
concentrations successfully induced the apoptosis of A2780 
and OVCAR‑3 ovarian cancer cell lines, exhibiting higher 
apoptosis rates than either single application. The combination 
significantly inhibited cell proliferation following apoptosis.

Furthermore, many studies have confirmed that cisplatin 
combined with olaparib has a synergistic effect on tumors 
in vivo. Minami et al  (28) researched the effectiveness of 
the cisplatin with olaparib in a PTEN‑deficient lung cancer 
xenograft model, they found that cisplatin plus olaparib 
could inhibit tumor growth than other treatment groups in 
PC‑9PTEN‑xenograft model. Yasukawa et al (29) examined the 
effects of PARP inhibitor (AZD2281) with cisplatin on oral 

Figure 3. CI values of the combination of three agents in pairs at six concentrations (0.0625, 0.125, 0.25, 0.5, 1 and 2x IC50). (A) CI values of the combinations 
in A2780 cells. (B) CI values of the combinations in OVCAR‑3 cells. Range of CI: <0.1, very strong synergism; 0.1‑0.3, strong synergism; 0.3‑0.7, synergism; 
0.7‑0.85, moderate synergism; 0.85‑0.90, slight synergism; 0.90‑1.10, nearly additive; 1.10‑1.20, slight antagonism; 1.20‑1.45, moderate antagonism; 1.45‑3.3, 
antagonism; 3.3‑10, strong antagonism; >10, very strong antagonism. CI, combination index.
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cancer xenografted model. Results showed that combination 
treatment with AZD2281 and cisplatin significantly inhibited 
xenografted tumor growth compared with control and single 
treatment. de Groot et al (30) demonstrated that combined 
cisplatin and PARP1 inhibition could successfully attenuated 
tumor onset in a mouse model of BRCA1‑associated breast 
cancer. Nevertheless, further studies are needed to elucidate 
the mechanisms behind the synergistic effect of olaparib 
combine with cisplatin on ovarian cancer cells in vivo and 
in vitro.
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