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Summary: the aim of our study was to determine the effect of selected cytostatics on a human ovarian cancer cell line 
a2780 as a model system for ovarian cancer treatment. this cell line is considered cisplatin-sensitive. Panel of tested cyto-
statics included cisplatin, paclitaxel, carboplatin, gemcitabine, topotecan and etoposide. these cytostatics have a different 
mechanism of action. to evaluate cytotoxic potential of the tested compounds, the methods measuring various toxicolog-
ical endpoints were employed including morphological studies, Mtt assay, dynamic monitoring of cell proliferation with 
xCelligence, cell cycle analysis, caspase 3 activity and expression of proteins involved in cell cycle regulation and cell 
death. the a270 cell line showed different sensitivity towards the selected cytostatics, the highest cytotoxic effect was 
associated with paclitaxel and topotecan.
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introduction

Ovarian cancer is the fifth most common cancer in wom-
en and the leading cause of death from gynecologic malig-
nities. annualy about 1200 new cases of this malignancy 
are diagnosed in the Czech Republic and about 700 women 
die (8). Ovarian tumours are classified as chemosensitive 
tumours but not chemocurable tumours. therapeutic treat-
ment of ovarian cancer patients involves surgery with max-
imal cytoreduction, subsequent chemotherapy and excep-
tionally also radiotherapy (7). administration of platinum 
derivative and paclitaxel in combination constitutes first 
line standard for patients with advanced epithelial ovarian 
cancer (30), yielding response in about 80% of patients (4).

in cases of recurrence the treatment is problematic 
because there is a lack of therapeutic standard. Retrospec-
tive studies of platinum-based second-line therapies have 
identified two subgroups of patients with recurrent ovar-
ian cancer: those with platinum-sensitive disease (dfi 
> 6 months) when platinum derivatives can be used again 
and those with platinum-resistant disease (disease free inter-
val DFI ≤ 6 months) when platinum derivatives are not used 
in second-line chemotherapy again (20, 29). in those cases 
second and further lines of chemotherapy include paclitaxel 
alone, topotecan, liposomal doxorubicin or gemcitabine (7).

Cytotoxic mechanism-oriented studies of clinicaly 
applied agents are often carried out on model systems in 
vitro to provide mechanistic feedback into the efficiency 
and usefullness of particular chemotherapeutic regimens. 
here we used human epithelial ovarian cancer cell line 

a2780, which is considered as cisplatin sensitive (accord-
ing to the eCaCC catalog, cell line code: 93112519). this 
cell line was employed as a model for further investiga-
tion of the inhibitory and proapoptotic activities of selected 
cytostatics.

matherials and methods

Cell line

human ovarian cancer cell line a2780 was obtained 
from european Collection of animal Cell Cultures (eCaCC, 
Porton down, wiltshire, england, Cat. no 93112519). 
Cells were grown as adherent cultures in medium RPMi 
1640 + 2 mM glutamine and 10% fetal bovine serum at 
37 °C and 5% Co2. they were passaged three times a 
week, trypsinized using 0.25% trypsin solution with edta 
at 37 °C and 5% Co2.

Cytostatic treatment

the concentration range of selected cytostatics (tab. 1) 
was chosen according to the schedule employed in previous 
studies using clinical samples (5). every cytostatic was 
tested in six concentrations. the highest concentrations 
(c1) of tested cytostatics were as follow: cisplatin CisPt 
(eBewe Pharma ges.mbh. nfg.Kg, austria) 100 µg/ml, 
paclitaxel PtX (Pliva-lachema a.s., Czech Republic) 
50 µg/ml, carboplatin CBdCa (eBewe Pharma ges.m.b.h. 
nfg.Kg, austria) 100 µg/ml, gemcitabine gmc (gemzar 
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200 mg, eli lilly, s.r.o., Czech Republic) 300 µg/ml, 
topotecan topo (hycamtin 4 mg, glaxosmithKline, UK) 
50 µg/ml and etoposide etop (teva Pharmaceuticals, s.r.o., 
Czech Republic) 50 µg/ml. lower concentrations were 
prepared using dilution factor of four. the middle inhibi-
on concentration c4 for each cytostatic was chosen for fur-
ther studies. we use general term “c4” because its value 
is different for tested cytostatics. Concentrations c4 were 
nearest to the eC50 values for selected cytostatics obtained 
in testing of clinical samples.

MTT assay

effect of tested cytostatics on metabolic activity of 
treated cells a2780 was evaluated by Mtt assay and 
expressed as the eC50 values. Mtt assay was carried out 
as described before (5).

xCELLigence

xCelligence system (Roche) is use to monitor cyto-
toxicity, using electronic cell sensor array technology. 
xCELLigence E-plates were filled with 100 µl RPMI 
medium/well and the background signal was determined. 
next, 100 µl of cell suspension was added in to each well 
(25,000 cells/well). Cells were allowed to adhere (30 min 
at room temperature), e-plates were placed in the instru-
ment and cell proliferation was monitored for 24 h. there-
after, tested cytostatics according to selected concentration 
ranges were added to cultivation media and cell index was 
recorded for next 72 h. together six concentrations of each 
cytostatic drug were tested (tab. 1). eC50 values were 
determined for each cytostatic after 72 h of treatment.

Morphological studies

10 ml of a2780 cell suspension in a density of 2 × 105 
cells/ml were seeded into small tissue culture flasks and 
cultivated at 37 °C and 5% Co2 for 24 hours. next, culti-
vation medium was removed and fresh medium with cyto-
statics at tested concentration ranges was added. at time 

intervals of 0 h, 24 h, 48 h, and 72 h, photographs of con-
trol and treated cells were obtained using olympus iX70 
microscope and JvC color video camera (victor Company 
of Japan) at magnification of 400×. Photographs were ana-
lysed by lUCia (nis elements).

Cell cycle analysis

Control and treated cells were trypsinised and harvested 
to the centrifuge tubes. after the centrifugation cells were 
rinsed with PBS and then fixed with 70% ice-cold ethanol. 
fixed samples were stored in 4 °C overnight. after, cells 
were washed with PBs and the cell number was adjusted 
to 1 × 106 cells per ml. Cells were incubated with 0.5 ml 
of phosphate-citrate buffer (0.2 M na2hPo4, 0.1 M citrate, 
ph 7.8), washed with PBs and stained with 0.5 ml of vinde-
lov’s solution (1.2 g/l tRis, 0.6 g/l naCl, 0.01 g/l Rnase, 
and 0.05 g/l propidium iodide) at 37 °C for 1 h in dark. 
Stained samples were analyzed on flow cytometer (Cell Lab 
Quanta sC MPl flow Cytometer, Beckman Coulter, Usa) 
equipped with 488 nm laser in fl2 channel.

Western blot analysis

Control and treated cells were trypsinized after 24 h incu-
bation interval, washed with PBs and centrifugated 5 min 
at 1000 rpm and 4 °C. Pellets were resuspended in 5 ml of 
ice-cold lysis buffer (137 mmol naCl, 10% glycerol, 1% 
n-octyl-β-D-glucopyranoside, 50 mmol NaF, 20 mmol Tris, 
1 mmol sodium orthovanadate, Complete tM Mini). Cell 
lysates were boiled for 5 min at 95 °C in sds sample buffer 
(tris-hCl ph 6.81, 2-mercaptoethanol, 10% glycerol, sds, 
0.1% bromphenol blue). samples were loaded onto a 15% 
polyacrylamide gel. all lysates contained equal amount of 
protein, 40 µg, and it was determined by BCa assay. elec-
troforetically separated proteins were transfered to a Pvdf 
membrane (100 v, 1 h) and then incubated at 25 °C for 
1.5 h with a 5% non fat dry milk, 10 mmol tris-hCl (ph 8.0), 
150 mM naCl and 0.1% tween 20 (tBst – tris-Buff-
ered saline tween 20). Membranes were then incubated 
with primary antibodies (polyclonal rabbit anti-Cdc25a 

tab. 1: Concentration ranges of tested cytostatics

Concentration
Cytostatics

CisPt PtX CBdCa gmc topo etop

c1 (μg/ml) 100 50 100 300 50 50

c2 (μg/ml)  25 12.5  25  75 12.5 12.5

c3 (μg/ml)   6.25  3.13   6.25  18.75  3.13  3.13

c4 (μg/ml)   1.56  0.78   1.56   4.69  0.78  0.78

c5 (μg/ml)   0.39  0.20   0.39   1.17  0.20  0.20

c6 (μg/ml)   0.10  0.05   0.10   0.29  0.05  0.05
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1 : 100, polyclonal rabbit anti-cyclin B1 1 : 200, monoclo-
nal mouse anti-cyclin d1 1 : 100, monoclonal mouse anti- 
PCna 1 : 1000, rabbit anti-BaX 1 : 200, monoclonal rab-
bit anti-XiaP 1 : 100, monoclonal mouse anti-p53 1 : 100, 
monoclonal mouse anti-β-actin 1 : 10,000 (all from Cell 
signaling technology, inc., Usa) and monoclonal mouse 
anti-p21 1 : 200 (santa Cruz Biotechnology, santa Cruz, 
USA)) at 4 °C over night followed by five 6 min washes 
in tBst. then membranes were incubated with secondary 
peroxidase-conjugated antibodies (1 : 1000, 1 h, 25 °C; 
dako, denmark), washed with tBst and the signal was 
developed by chemiluminescence detection kit (eCl, Boeh-
ringer Mannheim-Roche, Switzerland). β-actin was used as 
a loading control. Density of protein-specific signals was 
evaluated by Carestream molecular imaging software (Care- 
stream health, inc., Usa).

Caspase 3 activity

Control and treated cells were harvested by centrifu-
gation (600 × g, 5 min) and lysed on ice for 20 min in a 
lysis buffer (50 mM hePes, 5mM ChaPs, 5 mM dtt). 
Cell lysates were centrifugated by 14,000 × g, 10 min and 
4 °C, the supernatants were collected and stored at –80 °C. 
the caspase 3 activity was measured in 96-well microti-
trate plates with the use of a kinetic fluorimetric assay 
based on the hydrolysis of the peptide substrate ac-de- 
vd-aMC by caspase 3. this results in the release of the 
fluorescent 7-amino-4-methylcoumarin (aMC) moiety. 
Ac-DEVD-CHO, a specific inhibitor of caspase 3, was 
used to confirm the specifity of the cleavage for caspase 3. 
fluorescence was measured by photometer at excitation 
λ 360 nm and emmision λ 465 nm. The concentration of 
the aMC released was calculated from a standard curve 
constructed with known concentrations of aMC. Caspase 3 
activity was expressed as nmol aMC/min/mg protein. Pro-
teins were determined spectrophotometrically with the use of 
bicinchoninic acid and bovine serum albumin as a standard.

Statistical analysis

statistical analysis was carried out using the student’s 
t-test. Results were considered statistically significant at 
p < 0.05.

results

cell proliferation assays

MTT assay

the effect of tested cytostatics on proliferation of a2780 
cells was evaluated by Mtt cell proliferation assay (fig. 1, 
tab. 2). the highest inhibition of proliferation showed cells 
treated with paclitaxel, gemcitabine and topotecan. the cell 
cultures were least sensitive to carboplatin and etoposide 

treatment. the middle inhibition concentration c4 for each 
cytostatic was chosen for further studies (morphological 
analysis, cell cycle and cell death analysis).

tab. 2: eC50 values of selected cytostatics in the a2780 
cell line obtained from Mtt compared with eC50 values 
calculated by the xCelligence RtCa software

Cytostatics
eC50 ± sd

Mtt xCelligence

CisPt 1.36e+00 ± 7.55e-01 5.59e-01 ± 1.87e-02

PtX 7.81e-01 ± 4.67e-01 4.72e-03 ± 5.65e-04

CBdCa 1.37e+01 ± 5.16e+00 3.83e+01 ± 6.06e+00

gmc na 1.54e-02 ± 6.17e-03

topo na 1.47e-02 ± 2.60e-03

etop 1.88e+00 ± 4.18e-01 2.92e-01 ± 3.25e-02

CisPt – cisplatin, PtX – paclitaxel, CBdCa – carboplatin, 
gmc – gemcitabine, topo – topotecan, etop – etoposide. 
eC50 values from Mtt are means of nine independent 
experiments and eC50 values from xCelligence are 
means of three independent experiments. sd – standard 
deviation, na – not applicable: our model cell line a2780 
is very sensitive to gemcitabine and topotecan treatment. 
eC50 values from Mtt assay are not countable for these 
cytostatics. these values are smaller than minimal tested 
concentrations of cytostatics.

xCELLigence

antiproliferative effect of tested cytostatics in a2780 
cells was further evaluated by the xCelligence system 
and eC50 values were calculated by its RtCa software for 
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Fig. 1: antiproliferative effect of selected cytostatics in the 
a2780 cell line detected by Mtt assay. CisPt – cisplatin, 
PtX – paclitaxel, CBdCa – carboplatin, gmc – gemcit-
abine, topo – topotecan, etop – etoposide. Results repre-
sent means of nine independent experiments
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individual cytostatics after 72 h of treatment (tab. 2). the 
highest eC50 values were reached for carboplatin, high 
eC50 values were acquired also after cisplatin and etopo-
side treatment. the lowest eC50 values were detected after 
paclitaxel treatment.

Morphological studies

to evaluate morphological changes of cells treated with 
cytostatics, a time-lapse study of control and treated cells 
were observed by Olympus IX70 at magnification 400× 
in time intervals 0 h, 24 h, 48 h, and 72 h. while control 
samples proliferated and reached confluence by 72 h of cul-
tivation, cells treated with cytostatics gradually lost their 
adherence to the surface and displayed intensive blebbing 
typical for apoptotic cell death. the earliest changes in 

morphology were detected in case of paclitaxel, followed 
by gemcitabine, topotecan and etoposide (fig. 2).

cell cycle analysis

Cell cycle distribution

tested cytostatics in the middle inhibition concentration 
(c4) changed the cell cycle distribution of the a2780 cells 
(fig. 3). Cisplatin, carboplatin and gemcitabine increased 
the proportion of cells in g1/s phases of the cell cycle. 
topotecan and etoposide induced accumulation of cells in 
s phase, this effect was more prolonged in case of topo-
tecan. Paclitaxel blocked the cell cycle in g2 phase up to 
6 hours after treatment, followed by increase in s phase at 
12 h and and g1 phase at 24 h.

0 h

C

CisPt

PTX

CBDCA

Gmc

Topo

Etop

24 h 48 h 72 h

Fig. 2: Morphological changes in a2780 cells treated with the middle inhibition concentration of selected cytostatics (c4) 
for 72 h. Magnification 400×. C – control, CisPt – cisplatin, PTX – paclitaxel, CBDCA – carboplatin, Gmc – gemcitabine, 
topo – topotecan, etop – etoposide. experiments were three times repeated
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Fig. 3: Changes in cell cycle distribution of a2780 cells treated with the middle inhibition concentration (c4) of tested 
cytostatics during 24 h. experiments were three times repeated
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Cell cycle protein analysis

Cytostatics in selected concentration (c4) influenced the 
protein expression of cell cycle markers after 24 h of treat-
ment as shown in fig. 4a. Cdc25a protein phosphatase was 
up-regulated in all treated samples, the highest values were 
detected in case of topotecan and gemcitabine, followed 
by etoposide and carboplatin. Cyclin B1 expression was 
up-regulated after treatment with all tested cytostatics with 
the exception of etoposide, the most prominent increase 
was associated with gemcitabine followed by carboplatin, 
paclitaxel, topotecan and cisplatin. Cyclin d1 expression 
was increased after topotecan and etoposide treatment, but 
decreased after paclitaxel, carboplatin and mainly gemcit-
abine treatment. p21 was up-regulated after the treatment 
with topotecan, etoposide, paclitaxel and gemcitabine. 
PCna expression was increased in cells treated with gem-
citabine, etoposide, carboplatin, topotecan and moderately 
with paclitaxel.

cell death analysis

Western blot

Cytostatics tested in middle concentration (c4) influ-
enced the expression of apoptotic markers as shown in 
fig. 4b. Bax expression was decreased in cases of carbopla-
tin and paclitaxel. XiaP as an inhibitor of apoptosis proteins, 
especially caspases 3 and 7, was up-regulated after gemcit-
abine, etoposide, paclitaxel and carboplatin treatment, but 
down-regulated in case of topotecan treatment. the expres-
sion of p53 was up-regulated after topotecan treatment.

Caspase 3 activity

selected cytostatics tested in middle inhibition concen-
tration (c4) affected the activity of caspase 3 during 72 h of 
incubation. the lowest activity of caspase 3 was detected 
after carboplatin treatment. on the contrary, the quickest 
and the highest activity of caspase 3 was detected after topo-
tecan treatment (fig. 5). in case of the other tested cytostat-
ics the highest activity of caspase 3 was detected after 24 h 
from the treatment.

discussion

this study evaluates the anti-proliferative and cytotoxic 
effect of a panel of selected cytostatics in a model ovarian 
carcinoma cell line a2780. of these cytostatisc, carbopla-
tin, cisplatin and paclitaxel are use in first-line ovarian can-
cer treatment, while gemcitabine, topotecan and etoposide 
are use in alternative regimen or in monotherapy of sec-
ond- and higher lines of ovarian cancer treatment (24). the 
selected cytostatics have different mechanisms of action. 
the alkylating agents platinum coordination complexes 
cisplatin and carboplatin form inter- and intrastrand dna 
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Fig. 4a: Changes in protein expression (cell cycle mark-
ers) of a2780 cells treated with the middle inhibition 
concentration (c4) analyzed by western blot analysis. 24 h 
incubation interval, 15% Paag gel, 40 µg/ml protein 
concentration. dilution of antibodies Cdc25a (1 : 100), 
cyclin B1 (1 : 200), cyclin d1 (1 : 100), p21 (1 : 200), 
PCNA (1 : 1000) and β-actin (1 : 10,000). C – control, 
CisPt – cisplatin, PtX – paclitaxel, CBdCa – carboplatin, 
gmc – gemcitabine, topo – topotecan, etop – etoposide. 
data were analyzed by Carestream molecular imaging 
software. experiments were two times repeated
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Fig. 4b: Changes in protein expression (apoptotic mark-
ers) of a2780 cells treated with the middle inhibition 
concentration (c4) analyzed by western blot analysis. 24 h 
incubation interval, 15% Paag gel, 40 µg/ml protein con-
centration. dilution of antibodies BaX (1 : 200), XiaP 
(1 : 100), p53 (1 : 100) and β-actin (1 : 10,000). C – control, 
CisPt – cisplatin, PtX – paclitaxel, CBdCa – carboplatin, 
gmc – gemcitabine, topo – topotecan, etop – etoposide. 
data were analyzed by Carestream molecular imaging 
software. experiments were two times repeated
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crosslinks (9). the taxan derivative paclitaxel blocks the 
cell division by stabilization of microtubuli. Chromosomes 
are thus unable to achieve a metaphase spindle configu-
ration. this blocks progression of mitosis and prolonged 
activation of the mitotic checkpoint triggers apoptosis or 
reversion to the g-phase of the cell cycle without cell divi-
sion (3, 6). gemcitabine, the pyrimidine analogue, inhibits 
processes required for dna synthesis (31). the topoisom-
erase i inhibitor topotecan intercalates between dna bases. 
this intercalation disrupts the dna duplication machin-
ery when it reaches a site where topotecan is intercalated. 
this disruption prevents dna replication, and ultimately 
leads to cell death (35). finally the topoisomerase ii inhib-
itor etoposide forms a ternary complex with dna and the 
topoisomerase ii enzyme, preventing re-ligation of the 
dna strands. this causes errors in dna synthesis and 
promotes apoptosis of the cell (19).

to describe the anti-proliferative effect of the selected 
cytostatics we employed the Mtt assay that detects the 
activity of mitochondrial succinate dehydrogenase (13) and 
combined it with the dynamic monitoring of cell prolifer-
ation with the xCelligence system. this new method has 
proven to be a valuable tool for label-free real time moni-
toring of cellular proliferation and adhesion that has some 
advantages over the standard end-point assays and is now 
widely used to monitor the compound-mediated cytotox-
icity (32). this study showed, that eC50 values obtained 
with xCelligence were lower compared to those obtained 

with the Mtt assay, so xCelligence detected the anti-pro-
liferative effect of the tested drugs with higher sensitivity.

the concentration range of tested cytostatics was cho-
sen according to the schedule employed in the previous 
testing of the clinical samples (5). the highest anti-pro-
liferative effect was observed with paclitaxel, gemcitabine 
and topotecan. for further experiments we selected con-
centrations presented as c4, nearest to the eC50 values for 
selected cytostatics obtained in testing of clinical samples.

selected cytostatics in tested concentration changed the 
cell cycle distribution during 24 h treatment of a2780 cells. 
Cisplatin, carboplatin and gemcitabine increased the pro-
portion of cells in g1/s phases of the cell cycle. all these 
cytostatics finally inhibit DNA synthesis and this correlates 
with the cell cycle distribution. topotecan and etoposide 
induced accumulation of cells in s phase, this effect was 
more prolonged in case of topotecan. topotecan inhibits 
topoisomerase i and etoposide inhibits topoisomerase ii. 
Both enzymes are needed during dna replication and 
their inhibition leads to the inhibition of dna synthesis. 
treatment with 0.78 µg/ml (c4) paclitaxel blocked the cell 
cycle in g2 phase up to 6 hours after treatment, followed by 
increase in s phase at 12 h and and g1 phase at 24 h. this 
finding correlates with the mechanism of action of pacli-
taxel, which stops cell cycle in g2/M phase. this behaviour 
most probably reflects the dynamics of the cell proliferation 
and cell death during the 24 h interval and is caused by the 
depletion of cells in g2 phase due to apoptosis.
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Fig. 5: Changes in caspase 3 activity in a2780 cell line treated with the middle inhibition concentration (c4) of tested 
cytostatics during 72 h. CisPt – cisplatin, PtX – paclitaxel, CBdCa – carboplatin, gmc – gemcitabine, topo – topotecan, 
Etop – etoposide. + significantly higher against control in 6 h time interval, * significantly higher against control in 12 h 
time interval, ** significantly higher against control in 24 h time interval, # significantly higher against control in 48 h time 
interval, ̃  significantly higher against control in 72 h time interval. Student’s t-test, p < 0.05 was considered as statistically 
significant. Results are means of two independent experiments
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Protein expression detected by western blot was changed 
after the cytostatics treatment. Cdc25a protein phosphatase 
plays a critical role in activating cyclin-dependent kinases 
(CdKs) and induces g1/s phase cell cycle transit. normal 
cell cycle progression leads to increased cdc25a expression 
(37). its expression was most prominently up-regulated in 
topotecan-treated cells, higher expression in comparison 
to control samples was also detected after carboplatin, 
gemcitabine and etoposide treatment. after 24 h from the 
treatment cells were not inhibited in g1/s phase cell cycle 
progression. Upregulation of mitotic cyclin B1, marking 
the block in the transition into the mitotic phase, was detect-
ed in all treated samples with the exception of etoposide. 
Cell cycle distribution after etoposide treatment showed 
about 60% of cells accumulated in g2 phase. Cyclin d1 
regulates cyclin-dependent kinases and transition to g1/s 
phase of cell cycle (22). its expression was decreased in 
gemcitabine-treated cells, which correlates with the increase 
in g1 phase observed during cell cycle distribution analysis. 
Protein p21 is an inhibitor of cyclin-dependent kinases that 
inhibits the progression of cells through the cell cycle. its 
expression is up-regulated by p53 in response to dna dam-
age (12, 15). increased expression of p21 in a2780 cells 
was detected after topotecan and etoposide treatment in the 
24 h time interval. in this time, the p53 expression was 
significantly increased only in topotecan-treated cells. The 
proliferating cell nuclear antigen PCna is a member of the 
dna sliding clamp family of proteins that assist in dna 
replication (25). it is a well-accepted marker of cell prolif-
eration, but it is also required for the dna repair (33, 16). 
in case of a2780 cells, PCna expression was increased 
after carboplatin, gemcitabin, topotecan and etoposide 
treatment. X-linked inhibitor of apoptosis protein XiaP 
binds to and inhibits caspases 3, 7, and 9 (14). it blocks the 
apoptosis as a result of the inhibition of effector caspases. 
its highest expression was detected in etoposide-treated 
cells and then after gemcitabine, carboplatin and pacli-
taxel treatment too, which correlates with relatively lower 
caspase 3 activity observed after the treatment with these 
cytostatics in comparison to the others. XiaP expression 
was decreased in topotecan-treated cells in comparison to 
control samples, and topotecan-treated cells also showed 
the highest expression of p53 protein and highest activity 
of caspase 3.

Bcl-2 and Bax are transcription targets for tumor supres-
sor protein p53. the expression of proapoptotic protein Bax 
can be induced by cytostatics (1). Protein Bax promote the 
activity of effector caspase 3 and thereby apoptosis. Bax as 
a member of BCl2 protein family is an activator of apop-
tosis. Expression of Bax was significantly decreased in car-
boplatin-treated a2780 cells. this is in correlation with the 
activity of caspase 3, which was lowest after carboplatin 
treatment.

activation of caspases is associated with induction 
of apoptosis. Caspase 3, one of the effector caspases, 
induces proteolytic activation of many cell proteins, 

apoptosis-associated chromatin migration, dna fragmen-
tation and nuclear collapse (34). Quantifiable markers of 
apoptosis such as caspase 3 activation have the potential 
to predict the clinical response to chemotherapy (17). we 
detected significantly elevated levels of activated caspase 3 
in a2780 cells after 24 h treatment with tested cytostatics, 
with the highest activity observed in case of topotecan, fol-
lowed by gemcitabine, etoposide and cisplatin. Paclitaxel, 
which showed the highest antiproliferative effect in Mtt 
and xCelligence assays as well as in the morpohological 
studies, did not prove that effective in elevating caspase 
3 activity in treated cells. the lowest caspase 3 activity 
detected was associated with carboplatin treatment, which 
is in correlation with the results found in literature (27, 28).

several studies compared the reactivity of platinum 
derivatives and paclitaxel (first line cytostatics treatment) 
in both sensitive and resistant model cell lines (2, 18, 11). 
a2780 cells as a cisplatin-sensitive cell line has been used 
as a model in in vitro ovarian cancer studies, that tested 
anti-proliferative effects of platinum derivatives (21), pacl-
itaxel (38) and the combination of these cytostatics (23). in 
our study we tested wider panel of cytostatics that covers 
the first and second line drugs employed in clinics. Results 
of our in vitro chemosensitivity testing in a2780 model cell 
line showed for the first time that the most effective antipro-
liferative effect was associated with topotecan treatment. 
topotecan in comparison to other selected cytostatic drugs 
also induced the highest expression of key molecule p53, 
low expression of XiaP or the highest detected caspase 
3 activity. topotecan, topoisomerase i inhibitor, has been 
used for the treatment of recurrent metastatic ovarian can-
cer and also many other types of cancer. topotecan has 
demonstrated antitumour activity in platinum-sensitive, 
platinum-resistant, and paclitaxel-resistant tumours (10, 
26, 36). effectivity of topotecan in our model cell line cor-
relates with results of our previous study using cells isolat-
ed from clinical samples (5), which may support the idea to 
use this cytostatic in the first-line chemotherapy treatment 
of ovarian cancer patients.

conclusions

in this study we tested a wide panel of cytostatics in a 
model ovarian cancer cell line a2780. selected cytostatics 
cover the first- and second-line drugs employed in treat-
ment of ovarian cancer and included cisplatin, paclitaxel, 
carboplatin, gemcitabine, topotecan and etoposide. the 
results showed time- and dose-dependent toxicity of model 
a2780 cell line to selected cytostatics, the most effective 
antiproliferative effect was associated with topotecan treat-
ment, which correlates with results of our previous study 
using cells isolated from clinical samples.
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