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INTRODUCTION
Ovarian cancer causes more deaths than any other type of can-
cer diagnosed in the female reproductive system. In ovarian ma-
lignancies, which have an extremely important place in terms of 
general women's health, the main treatment is surgery and subse-
quent chemotherapy. Cisplatin, carboplatin, cyclophosphamide, 
and paclitaxel are effective drugs alone against ovarian cancer. 
Among these drugs, the combination of platinum with taxanes 
is preferred (Bray F, et al., 2018; Jauregui DL, et al., 2020; Visconti 
RM and Morea D, 2019; McMullen M, et al., 2021).
Advances made in recent years have made it possible for us to 
examine the complex interactions of numerous genes responsible 
for cancer. However, despite these studies, success in cancer treat-
ment is low. The biggest challenge we face in cancer treatment to-
day is the lack of anticancer drugs with high efficacy, broad-spec-
trum and low side effects. In this respect, innovative approaches 
in drug development are extremely important (Kumar BS, et al., 
2018; Chakraborty S and Rahman T, 2012).
The advantage of in vitro cell studies is the consistency and repro-
ducibility of the results obtained. Physical/chemical environment 
and physiological conditions such as cell cultures, temperature, 
pressure, pH, oxygen and carbon dioxide can be controlled very 
precisely. Cell culture is most commonly used for examining cell 
biology, researching disease mechanisms, and drug research (Ja-
roch K, et al., 2018; Segeritz CP and Vallier L, 2017).
Combination therapy is a treatment method that combines two 
or more therapeutic agents. This method is the cornerstone of to-
day's cancer treatment. The combination of anti-cancer drugs is 
more effective than single therapy because the effect is achieved 

on cancer cells synergistically or in an additional way. Thus, drug 
resistance and metastatic potential decrease, mitotic activity re-
gresses, cancer stem cell density decreases, and apoptosis is acti-
vated. The advantage of combination therapy is that cancer cells 
cannot adapt to the toxic effects of multiple therapeutic agents 
simultaneously targeting multiple pathways (Mokhtari RB, et al., 
2017; Çetin B, 2019).
Bevacizumab is a monoclonal antibody that targets VEGF-A. It is 
the first angiogenesis inhibitor approved for use. VEGF not only 
controls angiogenesis but also regulates tumor-induced immuno-
suppression. These recently identified immune-modulatory roles 
of VEGF have made Bevacizumab an important alternative for 
combination therapies (Costantini L, et al., 2020; Garcia J, et al., 
2020).
In this study, the aim was to investigate the alone and combined 
effects of classical chemotherapy drugs (carboplatin and pacli-
taxel) and angiogenesis inhibitor bevacizumab on ovcar-3 cells by 
applying in vitro tests. For this purpose, cytotoxic and apoptot-
ic effects of combined therapy were examined. The examination 
was carried out with the Tetrazolium Test (MTT assay). Apop-
totic effects were examined by DAPI staining and caspase-3 Elisa 
colorimetric kit test. In addition, the expression of IRS-1 (insulin 
receptor substrate-1), Kinase inhibitor-67 (Ki-67), Vascular En-
dothelial Growth Factor (VEGF), and cyclooxygenase-2 (COX-2) 
genes was investigated by Real-Time PCR.

MATERIALS AND METHODS
Preparation of materials
Glass and plastic materials and liquid solutions used in the 
studies were kept in an autoclave at 121°C for 20 minutes at 1.5 
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atm/Hg pressure, and at 180°C for 2 hours in a sterilizer. Some liquid 
chemicals used were passed through a 0.2 mm spaced cellulose nitrate 
filter. 
Preparation of drug dosages: Drug doses were prepared by dissolving 
in Dimethyl sulfoxide (DMSO) (1:40 ratio). Doses were used as soon 
as they were prepared. The doses to be used were determined using the 
information obtained from literature reviews.

Cells
Ovcar-3 cells were purchased from American Type Culture Collection 
(ATCC). Ovcar-3 cells were grown in 20% Fetal Bovine Serum, peni-
cillin-streptomycin, sodium bicarbonate, MEM Non-essential amino 
acid solution, RPMI 1640 medium at 37°C in a medium containing 
5% CO2. 

MTT Assay
After determining the viability of the cells by Trypan Blue staining, the 
cells were counted with Thoma slide and cultured in 96-well plates at 5 
× 104 cells per well for 24 hours. The medium in the wells was emptied 
and the media containing different concentrations of test substances 
were placed in the plates. After incubation period, the media were re-
moved from the treated cells for the periods determined by the test 
substances (24 hours, 24, and 48 hours, and 72 hours). The cells were 
incubated with 5 mg/ml-1 MTT solution for two hours to convert the 
MTT dye to the water-insoluble formazan salt. MTT dye was removed 
from the cells. 0.1 ml DMSO was added to each well to dissolve the for-
mazan salts formed by living cells. Optical densities of the cells in the 
plates were read on an ELISA device (Spectra max 340 PC Molecular 
Devices, LLC USA) at a wavelength of 570 nm. The viability rates of 
the test cells are expressed as a percentage, assuming the control cell 
viability rate not treated with the test substance as 100%. Experiments 
were repeated three times independently of each other. IC50 doses de-
termined by applying the agents alone were used in combinations.

Apoptosis assay
Morphological examination with fluorescent staining (DAPI Stain-
ing): Cells were seeded into six-well plates with sterile round lamellas 
and cultured in a 24-hour CO2 incubator. The medium in the wells was 
removed. The effective doses of the agents determined as a result of 
the cytotoxicity tests were applied to the cells adhered on the lamellae 
for 12 hours. The medium was then removed from the wells, lamel-
las were washed with sterile phosphate buffer solution (PBS), detected 
for 15 minutes at 37°C in 3.7% paraformaldehyde solution dissolved 
in PBS. After detection, lamellas were washed three times with PBS 
and incubated for 30 minutes at 37°C with 1 mg/ml DAPI in a dark 
environment. The lamellas were then washed with PBS and capped and 
photographed under a fluorescent microscope. 

Caspase 3 Analysis
Cells were seeded into six-well plates with sterile round lamellas and 
cultured in a 24-hour CO2 incubator. The medium in the wells was 
removed. The effective doses of the agents determined as a result of 
the cytotoxicity tests were applied to the cells adhered on the lamellae 
for 12 hours. The medium was then removed from the wells, lamel-
las were washed with sterile phosphate buffer solution (PBS), detected 
for 15 minutes at 37°C in 3.7% paraformaldehyde solution dissolved 
in PBS. After detection, lamellas were washed three times with PBS 
and incubated for 30 minutes at 37°C with 1 mg/ml DAPI in a dark 
environment. The lamellas were then washed with PBS and capped and 
photographed under a fluorescent microscope.

Real-Time PCR
RNA isolation: Ovcar-3 cells were cultivated in 75 cm2 flasks as 1 × 
104 cells and incubated for 48 hours. Following the incubation, cells 
were exposed to the specified concentrations of substances based on 
the data obtained from the results of the MTT assay. After the cells 
were treated with the substances for 24 hours, the cells were collected 
into the centrifuge tube with the help of PBS, PBS-EDTA, and trypsin 
together with the supernatant. By using Thoma slide, 4 × 106 cells were 
taken and the supernatant was centrifuged at 1250 rpm for six minutes. 
Buffer RTL plus+Beta mercaptoethanol mixture was placed on the 
cells and placed in columns holding genomic DNA and centrifuged at 
10,000 rpm for 1.5 minutes. After repeated centrifugation, by throwing 
the upper column, the underlying RNAs were measured and stored at 
(-80)°C until the process was performed for real-time PCR. Real-time 
PCR analysis was performed on BioRad, Hercules, California, USA.
RNA concentration measurement: To determine the amount and 
purity of the RNA, the isolated RNA was measured in a nanodrop de-
vice; DNAse was diluted with RNAse free water.
cDNA Synthesis: For cDNA synthesis, the reaction was prepared with 
a total volume of 20 μl and cDNA synthesis was performed on a palm 
cycler device. 
Relative quantification:
In our study, while interpreting our real-time PCR results, the concen-
tration value of our target genes was proportioned to the concentration 
value of the reference gene, and how much the results obtained differed 
compared to the control group were examined. The housekeeping or 
internal control genes encodes proteins involved in cell functioning 
and is therefore always expressed. The 18S rRNA gene is one of the 
frequently preferred internal control genes in Real Time-PCR studies 
related to cancer studies. The 18S rRNA gene was used for this purpose 
in our study (Kuchipudi SV, et al., 2012).
SPSS program was used in the statistical evaluation of the results. One-
way ANOVA and Tukey test as a post-hoc were used. The significance 
limit was determined as p<0.05.

RESULTS 
At the end of 72 hours, a significant decrease was observed in all doses 
of carboplatin according to control. This reduction is 20% at 50 µm and 
18% in the range of 100-250. At the dose of 0.312 µm paclitaxel, 82% 
viability was detected in the cells at the end of 24-48 and 72 hours. In 
the first 24 hours there was a 67% reduction in cell viability at the doses 
of 100 µm and 200 µm (Figure 1).

Figure 1: Effect of carboplatin and paclitaxel on ovcar-3 cells. The (*) 
sign indicates significant differences compared to the control group
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As a result of the MTT assays, it was observed that bevacizumab did 
not affect ovcar-3 cells. Although the doses of the drug with a concen-
tration of 25 mg/ml used during the experiments were given as high as 
possible, doses of 32.5, 65, and 81 µm on the cells did not prevent cell 
proliferation. Although some decrease was observed in doses of 102 and 
169 µM, which are quite high compared to the literature, this decrease 
is thought to be related to the lack of nutrients of the cells during ex-
posure to the substance (Figure 2).

It was observed that the combination of carboplatin 150 µm+Paclitax-
el 2.5 nm reduced cell viability by 46% at the end of 24 hours. It was 
determined that the cell viability was 9% after 48 hours of treatment 
with the combination of carboplatin 250 µm+paclitaxel 200 nm. The 
reductions seen with different combination doses are at a similar level 
(Figure 3). The combination of carboplatin, paclitaxel and bevacizumab 
did not have a significant effect on cell viability. No cytotoxic effect of 
bevacizumab was detected in ovcar-3 cells in combination as in treat-
ment alone.

Arrows in photographs of ovcar-3 cells where carboplatin and paclitax-
el were applied alone and together indicate apoptotic cells. In apoptotic 
cells, it has been observed that the apoptotic cell nuclei are fragmented 
into small pieces; the nuclei are strangulated and condensed. It was de-
termined that bevacizumab did not have any effect on ovcar-3 cells, so 
DAPI staining was not performed (Figure 4).

The effects of paclitaxel and carboplatin alone and together on the 
caspase-3 activities of ovcar-3 cells after 24 and 12 hours of treatment 
are shown in Figure 5. After twelve hours of treatment, it was observed 
that 2.5 and 5 nm doses of paclitaxel caused a greater increase in 
caspase-3 activity compared to the combination (Figure 5). It was de-
termined that bevacizumab did not have any effect on ovcar-3 cells, so 
caspase-3 experiments were not conducted with this substance. 

Ovcar-3 cells were treated with different doses and combinations of 
paclitaxel and carboplatin for 24 hours. After treatment, analysis was 
performed on IRS, Ki-67, and COX-2 and VEGF genes by RT-PCR 
technique in the cell line. According to the results, 50 µm, 100 µm and 
150 µm doses of carboplatin and 1.25 nm, 2.5 nm and 5 nm doses of 
paclitaxel caused a decrease in COX-2 level. It was observed that the 
combination of paclitaxel 2.5 nm+carboplatin 100 µm caused a de-
crease on IRS, COX-2 and VEGF gene levels. The data obtained in the 
combined applications showed that they are not as effective on gene 
activations as single applications (Figure 6).

Figure 2: Effect of bevacizumab on ovcar-3 cells

Figure 3: Effect of carboplatin+paclitaxel combination and pacli-
taxel+carboplatin+bevacizumab combination on ovcar-3 cells. The 
(*) sign indicates significant differences compared to the control 
group

Figure 4: DAPI staining of ovcar-3 cells

Figure 5: Caspase-3 results obtained as a result of the 12- and 24-
hour treatment of ovcar-3 cells with paclitaxel and carboplatin alone 
and in combination. Control cells were treated with DMSO. The (*) 
sign indicates significant differences compared to the control group

Figure 6: 1st chart: Amplification curves of Housekeeping gene 
(18S rRNA). 2nd chart: Amplification curves of the IRS-1 gene. 3rd 
chart: Amplification curves of the KI-67 gene. 4th chart: Amplifica-
tion curves of the COX-2 gene. 5th chart: Amplification curves of 
VEGF gene
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Bevacizumab was not included in the analysis as it was found to have 
no effect on ovcar-3 cells.

DISCUSSION
Drug candidates that fail in the clinical development process cause 
serious financial investment, resource and time losses. For this reason, 
studies conducted in cell culture can increase the chance of success as 
well as prevent waste of resources. In drug development studies, phar-
macological activities of drug candidates are almost always tested in 
cell culture (Ghanemi A, 2015; Lovitt CJ, et al., 2014). 
Apoptosis is involved in many biological processes and is one of the 
most frequently used areas of research on cell biology. Apoptosis can 
be accurately detected with the MTT staining method. DAPI staining 
method is frequently used to determine the apoptotic effect morph-
ologically. Caspase chain has an important role in the regulation of 
apoptosis. The released cytochrome C activates caspase-3 (Kumar N, 
et al., 2018).
Paclitaxel acts by preventing cell division and polymerization through 
microtubules, thus apoptosis occurs. Paclitaxel also has angiogenic 
inhibitory effects by suppressing VEGF expression. Carboplatin is an 
anticancer drug it triggers apoptosis. Apoptosis acts through the acti-
vation of a family of cysteine proteases called caspases. Apoptosis oc-
curs with the activation of caspases such as caspases 3 and 7. (Leslie BR, 
Franco MM, 2018; Kampan NC, et al., 2015; Fleming GF, et al., 2004; 
Thigpen JT, et al., 1989 ).
In our study, carboplatin reduced the viability of ovcar-3 cells at all 
doses on the second and third days. In similar studies in the litera-
ture, the results are similar to those obtained in our study. In some 
randomized clinical studies, Paclitaxel combination with cisplatin or 
carboplatin was compared in patients with advanced ovarian cancer. 
It has been observed that the treatment regimen in which carboplatin 
is used in combination is more tolerable. According to the results of 
another study, the viability of cells treated with Docetaxel+carboplat-
in, docetaxel+PNP-GDEPT and carboplatin+PNP-GDEPT and the 
combination of three agents was examined. The greater reduction 
occurred in the case of the combination of all three. Increased sensi-
tivity of resistant ovcar-3 cells to docetaxel and carboplatin has been 
observed when included in PNP-GDEPT combination regimens. It has 
been found that this occurs through increased apoptosis as a result of 
down-regulation of genes responsible for the drug resistance mechan-
ism (Singh PP, et al., 2011; Bicaku E, et al., 2012). 
In our study, paclitaxel reduced the viability of ovcar-3 cells at all doses 
on the first, second and third days. The results obtained in similar stud-
ies are similar to the results of our study. In a study, MCTS (multi-
cellular tumor spheroids) were used because conventional cell culture 
methods may not fully reflect the clinical features of the disease. Pacli-
taxel showed a much weaker effect in MCTS compared to 2D cultures. 
Following this process, licofelone, which is predicted to have a syner-
gistic effect with paclitaxel, was combined with paclitaxel and applied 
to the cells. The combination has been found to have a significant syn-
ergistic effect (Hirst J, et al., 2018).
In our study, it was observed that the combination of paclitax-
el+carboplatin showed the most significant effect in the first 24 hours 
at low doses (2.5 nm and 50 µm, respectively). 
In another study, paclitaxel was combined with Silibinin and applied to 
ovarian cancer cells. MTT analysis was performed. The results showed 
that cell proliferation was sharply inhibited by paclitaxel. Combined 
therapy, on the other hand, had a greater effect than drugs alone. The 
doses used in the combination are IC50 dose determined for paclitaxel 

and lower than IC50 for Silibinin. This means that the drugs are used in 
combination at low doses. The P53 and P21 gene expression at different 
concentrations of the combination of Silibinin and paclitaxel showed 
a significant difference compared to control cells (Asl FP, et al., 2018).
In our study, it was determined that paclitaxel and carboplatin increase 
the activity of caspase-3 alone or in combination. It has been observed 
that this increase is more pronounced at the end of 12 hours than at 
the end of 24 hours. After twelve hours, the most significant increase 
was noted in paclitaxel at a dose of 5 nm. At the end of 24 hours, it was 
observed in 50 µm dose of carboplatin. This increase in paclitaxel and 
carboplatin is more pronounced than combined applications.
In our study, it was determined that paclitaxel and carboplatin increase 
the activity of caspase-3 alone or in combination. After twelve hours, 
the most significant increase was noted in paclitaxel at a dose of 5 nm. 
At the end of 24 hours, it was observed in 50 µm dose of carboplatin. 
This increase in paclitaxel and carboplatin is more pronounced than 
combined applications. 
In a study in the literature, the results of MTT and caspase-3 analy-
sis were examined by combining carboplatin and paclitaxel with an-
other drug. The results demonstrated the superiority of combination 
therapy over individual treatments at each dose in cell viability. The 
interesting finding found here was that the greatest reduction in cell 
viability occurred at lower doses compared to higher doses. Similar 
determinations were made in our research, an example of this is that 
in the caspase analysis, carboplatin at a dose of 100 µm and paclitaxel 
at a dose of 5 nm give more effective results than combinations. In the 
same study, expression of annexin V and caspase 3 activities were in-
vestigated. Significant increases in annexin V expression and caspase-3 
activity were detected after carboplatin and paclitaxel treatment. When 
the agent which is the third member of the combined therapy was add-
ed to the combination, a decrease in the increase in caspase-3 activity 
was observed. In the analysis of gene expressions of our study, it was 
observed that the decrease effect on gene activations recorded in sin-
gle applications was more than combined applications (Wahba J, et al., 
2018).
Bevacizumab is an anti-VEGF monoclonal IgG 1 antibody. In combin-
ation with paclitaxel, it is indicated in metastatic breast cancer. Today, 
it is approved for use in the combined treatment of ovarian cancer (Hy-
seni FK, et al., 2010; Chappell NP, et al., 2016; Summers J, et al., 2010; 
Arora S, et al., 2021).
There are limited studies on the use of antiangiogenic agents and 
chemotherapy in ovarian cancer cell culture. A study examined the ef-
fects of a combination of topotecan and bevacizumab on topotecan-re-
sistant ovarian cancer cell cultures. Seventeen ovarian cancer cell 
cultures were treated with topotecan at different concentrations and 
times. Six of them were treated with the combination of topotecan+b-
evacizumab. It was observed that resistance to topotecan treatment was 
prevented by bevacizumab combined with topotecan at the end of 48 
and 96 hours of application (Cui S, et al., 2006). 
There are also studies showing resistance to bevacizumab. The specific 
molecular mechanisms that cause resistance are not fully understood 
yet. Studies have shown that EphB4 overexpression is responsible for 
resistance. According to another study, bevacizumab resistance can be 
induced by activating Akt phosphorylation in ovarian cancer cells. In 
another study, it was reported that high hypoxia-inducible factor-1α 
(HIF1α) upregulates bevacizumab resistance genes, limiting the effi-
cacy of bevacizumab targeting the VEGF pathway (Guerrouahen BS, et 
al., 2014; Pham E, et al., 2015; Li L, et al., 2019). 
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It is known that angiogenesis induced by VEGF plays a key role in can-
cer development. IRS-1 supports tumor growth, but the mechanism 
is not fully understood. Ki-67 expression is associated with common 
histopathological parameters. COX-2, catalyzes the first step in the for-
mation of prostaglandins (Li X, et al., 2018; Inwald EC, et al., 2013; 
Ghosh N, et al., 2010; Reiss K, et al., 2010).
The results obtained in our study showed that paclitaxel and carboplat-
in, when used alone, affect the factors mentioned above to decrease. 
These results are in line with the findings obtained in previous studies 
on the subject. In our study, different from other studies, various com-
binations of paclitaxel and carboplatin did not show the expected effect 
on the factors.

CONCLUSION
In our study, bevacizumab showed no anticancer effects in MTT, DAPI 
Staining, caspase-3 and Real-Time PCR analyses in ovcar-3 cancer cell 
lines alone and combined. This is different from some results in the 
literature. Researching this subject with new studies will contribute to 
the literature.
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