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Abstract. In the present study, the in vitro cytotoxic effect 
of poly(ADP‑ribose) polymerase (PARP) inhibitor alone and 
in combination with nab‑paclitaxel was evaluated on human 
triple‑negative breast cancer (TNBC) cell line MDA‑MB‑231 
and human luminal A breast cancer cell line MCF‑7. For this 
purpose, cell index (CI) values obtained from xCELLigence 
Real‑Time Cell Analysis  (RTCA) DP instrument, mitotic 
index  (MI), labelling index  (LI) and apoptotic index  (AI) 
analysis among cell kinetic parameters were used. As a result 
of PARP inhibitor application, there was a significant decrease 
in CI, MI and LI and a significant increase in AI for all the 
experimental groups. After application of PARP inhibitor in 
combination with nab‑paclitaxel, the CI values were decreased 
for both cell lines, and the differences between the control 
and all the experimental groups were statistically significant 
(P<0.01) for all applications. PARP inhibitor, alone or in 
combination with nab‑paclitaxel offers a promising treatment 
modality in different breast cancer subtypes.

Introduction

Breast cancer is a heterogeneous disease. Based on compre-
hensive gene expression profiling, five types of breast cancer 
have been determined including, luminal A and B, human 
epidermal growth factor receptor‑2 (HER‑2)‑overexpressing, 
basal‑ and normal‑like (1). Luminal A breast cancers are char-
acterized by the existence of estrogen receptor  (ER), 
progesterone receptor  (PR) and lack of overexpression of 
HER‑2 and Ki‑67 (2); triple‑negative breast cancers (TNBCs) 

are characterized by the absence of the ER and PR and lack of 
overexpression of HER‑2 (3). In addition, luminal A breast 
cancers are associated with a good prognosis and patients with 
TNBCs exhibit a poor prognosis.

Poly(ADP‑ribose) polymerase  (PARP) is a family of 
proteins that have enzymatic features, scaffolding character-
istics and the ability to recruit other necessary DNA repair 
proteins  (4). Among these, PARP1 and 2 are well known 
and they are critical for base excision repair (BER) function. 
The function of BER is to repair the breaks that are found in 
single‑strand DNA and BER inhibition can result in cell death. 
Thus, PARP proteins make ideal targets for anticancer treat-
ment. PARP inhibitors interfere with BER and DNA repair, 
and PARP inhibitors can influence the death of tumor cells via 
this pathway (5).

Paclitaxel targeting tubulin is used for the treatment of 
various types of cancer; however, the use of cremophor in 
the formulation restricts the utility of this drug. On the other 
hand, nanoparticle albumin‑bound paclitaxel [nab‑pacli-
taxel  (Abraxane®); Celgene Corp., Summit, NJ, USA] is 
solvent‑free; it minimizes hypersensitivity reactions and has 
the potential to inhibit other solvent‑related toxicities such as 
neutropenia (6‑8).

The aim of the present study was to investigate the effect of 
a PARP inhibitor alone and in combination with nab‑paclitaxel 
on MDA‑MB‑231 and MCF‑7 cell lines using cell kinetic 
parameters including cell index (CI), mitotic index (MI), label-
ling index (LI) and apoptotic index (AI).

Materials and methods

Cell culture. MDA‑MB‑231 and MCF‑7 cells were grown 
in Dulbecco's modified Eagle's medium  (DMEM, high 
glucose) (Gibco: Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) supplemented with 2 mM L‑glutamine and 10% fetal 
bovine serum (FBS; Gibco: Thermo Fisher Scientific, Inc.) 
plus antibiotics in a humidified atmosphere with 5% CO2 in 
air. The pH of the medium was adjusted to 7.4 with NaHCO3.

Inhibitor and drug concentrations. PARP inhibitor and 
nab‑paclitaxel concentrations that were used in the present 
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study were determined as 50, 75 and 100 µM for PARP inhibitor 
concentrations and 5.8, 11.72 and 17.59 µM for nab‑paclitaxel 
concentrations. At first, 1 mM stock solution was prepared by 
dilution of a stock solution for both inhibitor and the drug.

Cell index. Experiments were carried out using the xCELLi-
gence Real‑Time Cell Analysis (RTCA) DP instrument (Roche 
Diagnostics GmbH, Mannheim, Germany) which was placed 
in a humidified incubator at 37˚C with 5% CO2. Cytotoxicity 
experiments were performed using modified 16‑well 
plates (E‑Plate; Roche Diagnostics GmbH). Microelectrodes 
were attached at the bottom of the wells for impedance‑based 
detection of attachment, spreading and proliferation of the 
cells. The background impedance signal was evaluated with 
100 µl of cell culture medium/well. The final volume in a single 
well was adjusted to 200 µl of cell culture medium by adding 
an additional 100 µl of medium containing cells. Cell numbers 
were 5,000 cells/well for MDA‑MB‑231 and 10,000 cells/well 
for MCF‑7. The impedance was recorded in 15‑min intervals. 
Twenty hours after seeding, the drug concentrations were 
added to the culture. All incubations were performed at a 
volume of 200 µl.

Mitotic index. MDA‑MB‑231 and MCF‑7 cells were plated 
on coverslips and treated with the control or experimental 
agents for 0‑72 h. The cells were then fixed using Carnoy 
fixative (ethanol:acetic acid, 3:1) and stained using the Feulgen 
method. The number of cells in the mitotic phases (n) per 
total cells (3,000‑3,500; C) was determined by the same indi-
vidual. The MI (%) was scorred using the following formula: 
MI = (n/C) x100.

3H‑thymidine LI analysis. For 3H‑thymidine LI analysis, 
which detects cells in the S phase, MDA‑MB‑231 and MCF‑7 
cells were seeded into round coverslips which were in 24‑well 
plates at a density of 2x104 cells/well and incubated for 24 h. 
Then the experimental treatments were applied to cells. At 
the end of the experimental period, cells were treated with 
medium containing 1 µCi/ml 3H‑thymidine for 20 min for 
evaluation of the LI.

Autoradiography. After exposure for 3 days at 4˚C, autora-
diograms were developed with a D‑19 developer solution and 

fixed with Fixaj B (both from Kodak, Rochester, NY, USA). 
The coverslips were evaluated after being stained with Giemsa 
for 3 min. The labeling index (LI) was determined by counting 
at least 3,000 cells/coverslip. The index is expressed as the 
percentage of labeled nuclei.

Apoptotic index. MDA‑MB‑231 and MCF‑7 cells were collected 
and then fixed with methanol:phosphate‑buffered saline (PBS) 
(1:1) and methanol. The cells were fixed and mounted on slides, 
stained with 0.5 mg/ml DAPI for 30 min and washed with 
PBS. Nuclear morphology of the cells was visualized using 
an Olympus fluorescence microscope (Olympus Corp., Tokyo, 
Japan). For evaluation of the AI, at least 100 cells were counted 
for the control and each of the experimental groups.

Statistical analysis. CI, MI, AI and LI values were evaluated 
relative to the controls and to each other. For this reason, the 
values obtained from all experimental groups were analyzed 
using the one‑way ANOVA test. The significance between the 
control and the experimental groups was determined by the 
Dunnett's test and the significance between the experimental 
groups was determined by the Student's t‑test. P<0.01 was 
considered to indicate a statistically significant result.

Results

Cell index. CI values obtained from xCELLigence RTCA 
system demonstrated that the PARP inhibitor at both concen-
trations alone and in combination with nab‑paclitaxel had 
significant anti‑proliferative effects on both MDA‑MB‑231 
and MCF‑7 cell lines. These values also showed that while the 
PARP inhibitor at a concentration of 50 µM had a cytostatic 
effect, the PARP inhibitor at concentrations 75 and 100 µM had 
DNA damaging effect on the MDA‑MB‑231 cell line (Fig. 1). 
PARP inhibitor at a concentration of 50 µM had an anti‑mitotic 
effect, the PARP inhibitor at a concentration of 75 µM had a 
DNA damaging effect and the PARP inhibitor at a concentra-
tion of 100 µM had a cytoskeletal effect on the MCF‑7 cell 
line (Fig. 2).

Combination treatment of the PARP inhibitor at 
different concentrations with nab‑paclitaxel had significant 
anti‑proliferative effects on the MDA‑MB‑231 and MCF‑7 
cell lines. The CI values demonstrated that the combination 

Figure 1. CI values of MDA‑MB‑231 cells treated with PARP inhibitor at concentrations of 50, 75 and 100 µM as determined by the xCELLigence RTCA 
system (curve 1, control; curve 2, 50 µM; curve 3, 75 µM; curve 4, 100 µM PARP inhibitor). CI, cell index; PARP, poly(ADP‑ribose) polymerase; RTCA, 
Real‑Time Cell Analysis.
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treatment with all concentrations had a cytostatic effect on the 
MDA‑MB‑231 cell line and a cytoskeletal effect on the MCF‑7 
cell line (Figs. 3 and 4).

Mitotic index. Following administration of the PARP inhibitor 
at a concentration of 58 µM in MDA‑MB‑231 cells and admin-
istration of the PARP inhibitor at a concentration of 76 µM 
in MCF‑7 cells for 0‑72 h, 3,000 cells were counted for both 
the control and the experimental groups. MI values of these 
concentrations are shown in Tables I and Ⅱ. In addition, MI 

values for both cell lines showed that there was a significant 
decrease in the mitosis rates in the cell lines (Figs. 5 and 6). The 
difference was found to be significant between the control and 
the experimental groups (P<0.01). In addition, a statistically 
significant difference was noted among all the experimental 
groups (P<0.01).

Following the combined administration of the PARP 
inhibitor at a concentration of 58 µM and nab‑paclitaxel at a 
concentration of 5.8 µM in the MDA‑MB‑231 cells and admin-
istration of the PARP inhibitor at a concentration of 76 µM 

Figure 2. CI values of MCF‑7 cells treated with PARP inhibitor at concentrations of 50, 75 and 100 µM as determined by the xCELLigence RTCA system 
(curve 1, control; curve 2, 50 µM; curve 3, 75 µM; curve 4, 100 µM PARP inhibitor). CI, cell index; PARP, poly(ADP‑ribose) polymerase; RTCA, Real‑Time 
Cell Analysis.

Figure 3. CI values of MDA‑MB‑231 cells treated with a combination of the PARP inhibitor at various concentrations and nab‑paclitaxel as determined by the 
xCELLigence RTCA system (curve 1, control; curve 2, 58 µM PARP inhibitor + 5.8 µM nab‑paclitaxel; curve 3, 58 µM PARP inhibitor + 11.72 µM nab‑paclitaxel; 
curve 4, 58 µM PARP inhibitor + 17.59 µM nab‑paclitaxel). CI, cell index; PARP, poly(ADP‑ribose) polymerase; RTCA, Real‑Time Cell Analysis.

Figure 4. CI values of MCF‑7 cells treated with a combination of the PARP inhibitor at various concentrations and nab‑paclitaxel as determined by the xCEL-
Ligence RTCA system (curve 1, control; curve 2, 76 µM PARP inhibitor + 5.8 µM nab‑paclitaxel; curve 3, 76 µM PARP inhibitor + 11.72 µM nab‑paclitaxel; 
curve 4, 76 µM PARP inhibitor + 17.59 µM nab‑paclitaxel). CI, cell index; PARP, poly(ADP‑ribose) polymerase; RTCA, Real‑Time Cell Analysis.
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and nab‑paclitaxel at a concentration of 5.8 µM in MCF‑7 
for 0‑72 h, 3,000 cells were counted both for the control and 
the experimental groups. MI values of these concentrations 
are shown in Tables Ⅲ and Ⅳ. MI values for both cell lines 
demonstrated that there was a significant increase at 24 h and a 
significant decrease at 72 h (Figs. 7 and 8). The difference was 
significant between the control and the experimental groups 
(P<0.01). In addition, a statistically significant difference was 
noted among all the experimental groups (P<0.01).

Labelling index. Following administration of the PARP 
inhibitor at a concentration of 58 µM in MDA‑MB‑231 cells 

and administration of the PARP inhibitor at a concentration of 
76 µM in MCF‑7 cells for 0‑72 h, 3,000 cells were counted both 
for the control and the experimental groups. LI values of these 
concentrations are shown in Tables V and Ⅵ. LI values belonging 
to both cell lines demonstrated that there was a significant 
decrease in DNA synthesis rates of the cell lines (Figs. 9 and 10). 
The difference was significant between the control and the 
experimental groups (P<0.01). In addition, a statistically significant 
difference was noted among all the experimental groups (P<0.01).

Table I. MI (%) values of MDA-MB-231 cells treated with  
58 µM dose of the PARP inhibitor for 0-72 h.

	 MI (%)
	 --------------------------------------------------------------------
Time (h)	 Control	 58 µM

24	 3.1±0.03	 1.78±0.02a

48	 3.7±0.03	 1.18±0.03a

72	 4.6±0.04	 0.68±0.01a

aSignificance according to control P<0.01. MI, mitotic index; PARP, 
poly(ADP‑ribose) polymerase.

Table Ⅱ. MI (%) values of MCF‑7 cells treated with 76 µM 
dose of the PARP inhibitor for 0-72 h.

	 MI (%)
	 --------------------------------------------------------------------
Time (h)	 Control	 76 µM

24	 4.6±0.02	 2.24±0.04a

48	 5.2±0.04	 1.98±0.02a

72	 5.7±0.06	 0.79±0.01a

aSignificance according to control P<0.01. MI, mitotic index; PARP, 
poly(ADP‑ribose) polymerase.

Figure 5. MI (%) values of MDA‑MB‑231 cells treated with the PARP 
inhibitor at a concentration of 58 µM for 0‑72 h (*P<0.01). MI, mitotic index; 
PARP, poly(ADP‑ribose) polymerase.

Figure 6. MI (%) values of MCF‑7 cells treated with the PARP inhibitor 
at a concentration of 76 µM for 0‑72 h (*P<0.01). MI, mitotic index; PARP, 
poly(ADP‑ribose) polymerase.

Table Ⅳ. MI (%) values of MCF-7 cells treated with the 
combination of 76 µM dose of the PARP inhibitor and 5.8 µM 
nab-paclitaxel for 0-72 h.

	 MI (%)
	 ----------------------------------------------------------------------
Time (h)	 Control	 Combination

24	 4.6±0.02	 12.32±0.03a

48	 5.2±0.04	 9.96±0.02a

72	 5.7±0.06	 1.23±0.01a

aSignificance according to control P<0.01. MI, mitotic index; PARP, 
poly(ADP‑ribose) polymerase.

Table Ⅲ. MI (%) values of MDA-MB-231 cells treated with 
the combination of 58  µM dose of the PARP inhibitor and 
5.8 µM nab-paclitaxel for 0-72 h.

	 MI (%)
	 ----------------------------------------------------------------------
Time (h)	 Control	 Combination

24	 3.1±0.03	 11.27±0.03a

48	 3.7±0.03	 8.13±0.02a

72	 4.6±0.04	 1.27±0.01a

aSignificance according to control P<0.01. MI, mitotic index; PARP, 
poly(ADP‑ribose) polymerase.
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Following the combined administration of the PARP 
inhibitor at a concentration of 58 µM and nab‑paclitaxel at a 
concentration of 5.8 µM in MDA‑MB‑231 and the combined 
administration of the PARP inhibitor at a concentration of 
76 µM and nab‑paclitaxel at a concentration of 5.8 µM in 
MCF‑7 cells for 0‑72 h, 3,000 cells were counted both for 
the control and the experimental groups. LI values of these 
concentrations are shown in Tables Ⅶ and Ⅷ. LI values 

for both cell lines indicated that there was an increase at 24 h, 
and a significant decrease at 72 h (Figs. 11 and 12). The differ-
ence was significant between the control and the experimental 
groups (P<0.01). In addition, a statistically significant differ-
ence was noted among all the experimental groups (P<0.01).

Apototic index. Following administration of the PARP 
inhibitor at a concentration of 58 µM in MDA‑MB‑231 cells 
and the PARP inhibitor at a concentration of 76 µM in MCF‑7 
cells for 0‑72 h, 250 cells were counted both for the control and 

Figure 9. LI (%) values of MDA‑MB‑231 cells treated with the PARP 
inhibitor at a concentration of 58 µM for 0‑72 h (*P<0.01). LI, labelling index; 
PARP, poly(ADP‑ribose) polymerase.

Figure 10. LI (%) values of MCF‑7 cells treated with the PARP inhibitor at 
a concentration of 76 µM for 0‑72 h (*P<0.01). LI, labelling index; PARP, 
poly(ADP‑ribose) polymerase.

Figure 7. MI (%) values of MDA‑MB‑231 cells treated with a combination 
of the PARP inhibitor at a concentration of 58 µM and nab‑paclitaxel at 
a concentration of 5.8 µM for 0‑72 h (*P<0.01). MI, mitotic index; PARP, 
poly(ADP‑ribose) polymerase.

Figure 8. MI (%) values of MCF‑7 cells treated with the PARP inhibitor at a 
concentration of 76 µM and nab‑paclitaxel at a concentration of 5.8 µM for 
0‑72 h (*P<0.01). MI, mitotic index; PARP, poly(ADP‑ribose) polymerase.

Table V. LI (%) values of MDA-MB-231 cells treated with 
58 µM dose of the PARP inhibitor for 0-72 h.

	 LI (%)
	 --------------------------------------------------------------------
Time (h)	 Control	 58 µM

24	 4.9±0.04	 2.57±0.03a

48	 5.7±0.02	 1.67±0.05a

72	 6.9±0.03	 1.12±0.03a

aSignificance according to control P<0.01. LI, labelling index; PARP, 
poly(ADP‑ribose) polymerase.

Table Ⅵ. LI (%) values of MCF‑7 cells treated with 76 µM 
dose of the PARP inhibitor for 0-72 h.

	 LI (%)
	 --------------------------------------------------------------------
Time (h)	 Control	 76 µM

24	 5.8±0.05	 2.27±0.02a

48	 6.3±0.05	 1.76±0.04a

72	 8.9±0.03	 1.53±0.03a

aSignificance according to control P<0.01. LI, labelling index; PARP, 
poly(ADP‑ribose) polymerase.
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the experimental groups. AI values of these concentrations are 
shown in Table Ⅸ and X. Also AI values for both cell lines 
demonstrated that there was a significant increase in apoptosis 
rates of the cell lines (Figs. 13 and 14). The difference was 
significant between the control and the experimental groups 
(P<0.01). In addition, statistically significant difference was 
noted among all the experimental groups (P<0.01).

Following the combined administration of the PARP 
inhibitor at a concentration of 58 µM and nab‑paclitaxel at a 

concentration of 5.8 µM in MDA‑MB‑231 and the combined 
administration of the PARP inhibitor at a concentration of 
76 µM and nab‑paclitaxel at a concentration of 5.8 µM in MCF‑7 
cells for 0‑72 h, 250 cells were counted both for the control 
and the experimental groups. AI values of these concentrations 
are shown in Tables Ⅺ and Ⅻ. AI values for both cell lines 
demonstrated that there was a significant increase in apoptosis 
rates of the cell lines (Figs. 15 and 16). The difference was 
significant between the control and the experimental groups 
(P<0.01). In addition, statistically significant difference was 
noted among all the experimental groups (P<0.01).

Table Ⅶ. LI (%) values of MDA-MB-231 cells treated with 
the combination of 58  µM dose of the PARP inhibitor and 
5.8 µM nab-paclitaxel for 0-72 h.

	 LI (%)
	 ----------------------------------------------------------------------
Time (h)	 C o n t r o l 	
Combination

24	 4.9±0.04	 16.03±0.05a

48	 5.7±0.02	 7.22±0.03a

72	 6.9±0.03	 1.18±0.03a

aSignificance according to control P<0.01. LI, labelling index; PARP, 
poly(ADP‑ribose) polymerase.

Table Ⅷ. LI (%) values of MCF-7 cells treated with the 
combination of 76 µM dose of the PARP inhibitor and 5.8 µM 
nab-paclitaxel for 0-72 h.

	 LI (%)
	 ----------------------------------------------------------------------
Time (h)	 Control	 Combination

24	 5.8±0.05	 15.13±0.03a

48	 6.3±0.05	 10.98±0.05a

72	 8.9±0.03	 2.13±0.04a

aSignificance according to control P<0.01. LI, labelling index; PARP, 
poly(ADP‑ribose) polymerase.

Table Ⅹ. AI (%) values of MCF‑7 cells treated with 76 µM 
dose of the PARP inhibitor for 0-72 h.

	 AI (%)
	 ----------------------------------------------------------------------
Time (h)	 Control	 76 µM

24	 2.36±0.02	 5.67±0.08a

48	 2.98±0.01	 12.16±0.09a

72	 3.13±0.05	 19.82±0.13a

aSignificance according to control P<0.01. AI, apoptotic index; PARP, 
poly(ADP‑ribose) polymerase.

Table Ⅸ. AI (%) values of MDA-MB-231 cells treated with 
58 µM dose of the PARP inhibitor for 0-72 h.

	 AI (%)
	 -----------------------------------------------------------------------
Time (h)	 Control	 58 µM

24	 1.17±0.01	 4.87±0.06a

48	 1.89±0.01	 10.17±0,09a

72	 2.17±0.03	 17.83±0.11a

aSignificance according to control P<0.01. AI, apoptotic index; PARP, 
poly(ADP‑ribose) polymerase.

Figure 11. LI (%) values of MDA‑MB‑231 cells treated with the combina-
tion of the PARP inhibitor at a concentration of 58 µM and nab‑paclitaxel 
at a concentration of 5.8 µM for 0‑72 h (*P<0.01). LI, labelling index; PARP, 
poly(ADP‑ribose) polymerase.

Figure 12. LI (%) values of MCF‑7 cells treated with the combination of 
the PARP inhibitor at a concentration of 76 µM and nab‑paclitaxel at a 
concentration of 5.8 µM for 0‑72 h (*P<0.01). LI, labelling index; PARP, 
poly(ADP‑ribose) polymerase.
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Discussion

Breast cancer is a heterogeneous disease. It consists of several 
distinct entities having significantly different biological charac-
teristics and clinical behaviors (9). TNBC is also a disease with 
different characteristics and the standard treatment is cytotoxic 
chemotherapy. Recent advances in the field of medicine have 
demonstrated that multiple TNBC subtypes exist as well (10).

Today several limitations related to cancer treatment exist. 
One of these limitations is the use of conventional agents that 
not only target cancer cells, but also result in high toxicity, thus 
precluding effective treatment. Elucidation of cancer‑causing 
mechanisms in recent studies has led to the discovery of 
novel key molecules and pathways which have the potential 
to become successful targets for the elimination of cancer 
cells only (11). Although TNBCs are reported to respond to 

Table Ⅺ. AI (%) values of MDA-MB-231 cells treated with 
the combination of 58  µM dose of the PARP inhibitor and 
5.8 µM nab-paclitaxel for 0-72 h.

	 AI (%)
	 ----------------------------------------------------------------------
Time (h)	 Control	 Combination

24	 1.17±0.01	 5.75±0.07a

48	 1.89±0.01	 18.17±0.12a

72	 2.17±0.03	 24.93±0.16a

aSignificance according to control P<0.01. AI, apoptotic index; PARP, 
poly(ADP‑ribose) polymerase.

Table Ⅻ. AI (%) values of MCF-7 cells treated with the 
combination of 76 µM dose of the PARP inhibitor and 5.8 µM 
nab-paclitaxel for 0-72 h.

	 AI (%)
	 -----------------------------------------------------------------------
Time (h)	 Control	 Combination

24	 2.36±0.02	 7.76±0.09a

48	 2.98±0.01	 15.16±0.12a

72	 3.13±0.05	 21.28±0.18a

aSignificance according to control P<0.01. AI, apoptotic index; PARP, 
poly(ADP‑ribose) polymerase.

Figure 13. AI (%) values of MDA‑MB‑231 cells treated with the PARP inhib-
itor at a concentration of 58 µM for 0‑72 h (*P<0.01). AI, apoptotic index; 
PARP, poly(ADP‑ribose) polymerase.

Figure 14. AI (%) values of MCF‑7 cells treated with the PARP inhibitor at 
a concentration of 76 µM for 0‑72 h (*P<0.01). AI, apoptotic index; PARP, 
poly(ADP‑ribose) polymerase.

Figure 15. AI (%) values of MDA‑MB‑231 cells treated with the combination 
of the PARP inhibitor at a concentration of 58 µM and nab‑paclitaxel at a 
concentration of 5.8 µM for 0‑72 h (*P<0.01). AI, apoptotic index; PARP, 
poly(ADP‑ribose) polymerase.

Figure 16. AI (%) values of MCF‑7 cells treated with the combination of 
the PARP inhibitor at a concentration of 76 µM and nab‑paclitaxel at a 
concentration of 5.8 µM for 0‑72 h (*P<0.01). AI, apoptotic index; PARP, 
poly(ADP‑ribose) polymerase.
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neoadjuvant chemotherapy, the survival of patients with such 
tumors is poor and their management may therefore require a 
more aggressive alternative intervention (12,13).

Upregulation of PARP1 is expressed by TNBCs  (14). 
This finding indicates that TNBCs are sensitive to PARP 
inhibitors  (5). The use of PARP inhibitors in combination 
with systemic therapies for targeting DNA repair deficien-
cies continues to present a significant clinical interest (15). 
PARP1 inhibitors may demonstrate synergism with various 
anti‑metabolites and anti‑mitotic agents, as  well. PARP1 
inhibitors are also promising agents based on the fact that they 
appear to possess few side‑effects, and also protect normal 
tissues. Indeed, reports from clinical trials performed with 
PARP1 inhibitors indicate that phase I studies have success-
fully been completed, and phase Ⅱ studies have been initiated 
for various ischemic disorders (16). Preclinical studies have 
demonstrated that breast cancer cell lines having a TN 
phenotype appear to be more sensitive to PARP inhibitors in 
comparison to non‑TNBC cells (17).

Preclinical studies indicate that a combination of PARP 
inhibitor and various anti‑proliferative agents yielded a more 
sustainable recession of cell proliferation; it also enhanced the 
retention of DNA damage and ultimately led to an increase in 
apoptosis for pancreatic and TNBC cell lines (17,18).

The primary mechanism of the action of paclitaxel has 
been intensively investigated. It leads to the promotion of 
polymerization of tubulin heterodimers to microtubules. 
When paclitaxel is administered at high concentrations, it 
both stabilizes microtubules and also increases the total 
polymer mass  (19). However, these concentrations are far 
higher than what is needed for the inhibition of microtubule 
functions  (20). Paclitaxel suppresses dynamic changes in 
microtubules at clinically relevant concentrations, therefore, 
it leads to mitotic arrest (21). Paclitaxel has several accompa-
nying toxic effects (22). Nab‑paclitaxel is a novel formulation 
of paclitaxel, which consists of a colloidal suspension formed 
by albumin‑bound paclitaxel nanoparticles (23). It has been 
shown in phase Ⅲ trials that nab‑paclitaxel is a next‑gener-
ation taxane having a superior therapeutic index compared to 
paclitaxel (8,24).

The combination of paclitaxel with PARP inhibitor 
olaparib has also been investigated in a phase  I/Ⅱ trial in 
TNBC. Nineteen patients, most of whom were previously 
administered taxane therapy were treated with daily 200 mg 
of olaparib (oral) in combination with paclitaxel 90 mg/m2 (i.v. 
drip) weekly for 3‑4 weeks. When we consider the previous 
taxane exposure, olaparib usage may be successful in over-
coming taxane resistance (25).

Paclitaxel is commonly being used in several subtypes of 
cancer and a PARP inhibitor/PXL combination was suggested 
as an alternative therapeutic approach in various patient popu-
lations (26,27).

In a study conducted by Cetin and Topcul, the effectiveness 
of nab‑paclitaxel and liposomal cisplatin combination was 
investigated in MDA‑MB‑231 and MCF‑7 cell lines, and as 
a result a significant decrease in cell viability and cell index 
values for both cell lines was observed. MI and LI values of 
both cell lines were seen to increase at 24 h, and then decreased 
significantly at 72 h. There was a significant increase in AI 
values, as well (28).

In the present study, we demonstrated that there was a 
significant decrease in cell, mitotic and labelling indices and 
a significant increase in the AI values specifically at 72 h. The 
results of the present study seem to be concordant with the 
above mentioned studies and addition of nab‑paclitaxel to the 
treatment combination showed similar profiles with the above 
mentioned previous findings.
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