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Abstract 

Purpose. Several studies have shown that natural compounds like resveratrol or ellagic acid have an-
ticancer and antioxidant properties and can stimulate apoptosis in many cancer cell lines. The aim of this 
study was to elucidate if resveratrol or ellagic acid, respectively, could improve the efficacy of cisplatin 
in ovarian cancer.  
Methods. As a cellular resistance model, the epithelial ovarian cancer cell line A2780 and its cispla-
tin-resistant subclone A2780CisR were used. A2780CisR was obtained by intermittent treatment of 
A2780 with cisplatin for 26 weekly cycles and showed a 4-6-fold increased resistance towards cisplatin 
compared to A2780.  
Results. Pretreatment with resveratrol or ellagic acid 48 h prior to treatment with cisplatin showed a 
moderate enhancement of cisplatin cytotoxicity in A2780CisR cells (shift factors were 1.6 for ellagic 
acid and 2.5 for resveratrol). However, intermittent treatment of A2780 with cisplatin for 26 weekly 
cycles in permanent presence of resveratrol or ellagic acid, respectively, completely prevented the 
development of cisplatin resistance. The generated cell lines named A2780Resv and A2780Ellag dis-
played functional characteristics (migration, proliferation, apoptosis, activation of ErbB3, ROS genera-
tion) similar to the parental cell line A2780.  
Conclusion. In conclusion, weekly intermittent treatment cycles of cisplatin-sensitive ovarian cancer 
cells with cisplatin retain cisplatin chemosensitivity in permanent presence of ellagic acid or resveratrol, 
respectively, whereas clinically relevant cisplatin chemoresistance develops in the absence of ellagic acid 
or resveratrol. Use of natural phenolic compounds may thus be a promising approach to prevent cis-
platin resistance in ovarian cancer. 
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1. Introduction 
Epithelial ovarian cancer is the fifth most lethal 

gynecological cancer due to its late diagnostic and 
asymptomatic behavior. Current treatment options 
are surgery followed by a platinum/taxane-based 
chemotherapy. Initially, patients show good response 
rates, but cancers relapse and develop a multifactorial 
drug resistance [1, 2]. Novel strategies to overcome 
chemoresistance are urgently needed. 

Phytochemical products are a rich source for the 

treatment of various diseases like cancer. Na-
ture-derived drugs can modulate molecular targets 
such as the EGFR or VEGFR family of receptor tyro-
sine kinases, established for therapy or prevention of 
cancer [3]. The natural compound resveratrol (RV) 
owns antitumorigenic and anti-inflammatory proper-
ties which are extensively described in the literature 
[4]. Its chemopreventive action is associated with ar-
resting cellular proliferation. RV leads to cell cycle 
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arrest in the S-phase and G2/M-phase [5-7]. In chem-
otherapy, RV is associated with inducing apoptosis, 
suppressing migration and sensitizing tumor cells to 
undergo chemotherapy-induced apoptosis [8, 9]. 
Ovarian cancer cell invasion is inhibited by RV 
through inhibition of EGFR phosphorylation [10, 11]. 
Generally, RV modulates many of those molecular 
targets in cancer stimulating cell migration, or regu-
lating the ERK signaling pathway [3, 12]. In epithelial 
ovarian cancer cells, the overexpression of cyclin D1 is 
observed. This leads to an aggressive tumor pheno-
type and poor prognosis [12]. The expression of cyclin 
D1 is regulated by growth factor stimulation through 
the activation of a cascade of kinases such as 
MAPK/ERK kinase and PI3K signaling pathways 
[12]. The regulation of cyclin D1 is dependent on the 
inhibition of Akt-dependent signaling. RV influences 
the cyclin D1 level and decreases the phosphorylation 
of ERK and Akt in different ovarian cancer cells [12]. 
Furthermore, a direct substrate of Akt is mTOR. The 
phosphorylation of mTOR was decreased in response 
to RV treatment [12]. 

A phenolic phytochemical extensively described 
in literature is ellagic acid (EA) [13]. EA is known to 
quench reactive oxygen species (ROS) to reduce the 
toxic effects of ROS-generating chemotherapies [14]. 
Its chemopreventive actions are associated with reg-
ulating proliferation, inducing apoptosis, and cell 
cycle arrest [15-19]. EA like RV inhibits receptor tyro-
sine kinases such as VEGFR or IGFR [3, 16]. Further-
more, EA was shown to inhibit tumor growth in an-
imal models induced by several chemical carcinogens, 
including aromatic amines, polycyclic aromatic hy-
drocarbons and N-nitrosamines [20-24]. Both, RV and 
EA, inhibit the tyrosine kinase activity of EGFR and 
ErbB2 through reduction of autophosphorylation [25]. 
A combination of EA and RV has been shown to in-
teract synergistically in inducing apoptosis in human 
leukemia cells [26]. In different ovarian cancer, EA 
enhance the sensitivity of cytostatic drugs through 
regulation of various important pathways [3]. EA 
decreased cell survival in a dose- and time-dependent 
manner at which the growth of normal fibroblast cells 
was not inhibited [17]. In ovarian carcinoma cells, EA 
induces apoptosis through G1 phase arrest [17]. After 
treatment with EA, the level of p53 and p21 expres-
sion was increased, but the level of cyclin D1 and cy-
clin E was decreased [17].  

Both, RV and EA, are rather nontoxic: subchronic 
oral toxicity studies for 90 days in rats of EA (up to 3 
g/kg/day) or RV (up to 1000 mg/kg/day) showed a 
no observed adverse effect level (NOAEL) of around 3 
g/kg/day for EA and NOAEL of around 200 
mg/kg/day for RV [11, 27, 28]. 

In this study, the effects of EA and RV were 

studied in the ovarian cancer cell line A2780 and its 
4.6-fold cisplatin-resistant subtype A2780CisR ob-
tained by intermittent treatment with cisplatin (cDDP) 
in weekly cycles over 26 weeks, similar to a protocol 
previously published [29, 30]. Whereas it is known 
that short-term treatment of ovarian cancer cells with 
RV or EA leads to a moderate sensitization of ovarian 
cancer cells to undergo chemotherapy-induced 
apoptosis [8, 9, 17], nothing is known about long-term 
treatment effects of RV or EA on the development of 
cellular resistance. The aim of this study was thus to 
examine the effect of long-term treatment with RV or 
EA on the development of cDDP resistance next to the 
known short-term effects of the two natural com-
pounds. Indeed, whereas short-term treatment 
showed only a moderate, partial reversal of 
cDDP-chemoresistance of A2780CisR, long-term 
treatment with RV or EA prevented the development 
of cDDP resistance in A2780 cells.  

2. Materials and Methods 
2.1 Materials 

Roswell Park Memorial Institute (RPMI) media 
1640, fetal bovine serum (FBS), penicil-
lin/streptomycin (pen/strep) [10,000 U/ml; 10 
mg/ml] and trypsin-EDTA (0.05% Trypsin, 0.02% 
EDTA in PBS) were purchased from PAN Biotech 
(Aidenbach, Germany). CDDP, RV and 
2´-7´-dichlorodihydrofluorescein-diacetate 
(H2DCF-DA) were from Sigma-Aldrich (Steinheim, 
Germany). CDDP was dissolved and subsequently 
diluted in 0.9% saline. RV and H2DCF-DA were dis-
solved in DMSO and subsequently diluted with 1x 
PBS (10x PBS: 1.4 M NaCl, 30 mM KCl, 80 mM 
Na2HPO4 x 2 H2O, 15 mM KH2PO4). EA was pur-
chased from Fluka Chemie AG (Buchs, Switzerland). 
The compound was dissolved in DMSO and subse-
quently diluted in PBS. Ascorbic acid was from Carl 
Roth (Karlsruhe, Germany) and was dissolved in 0.9% 
saline. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) was purchased from Serva 
(Heidelberg, Germany) and was dissolved in PBS at a 
concentration of 5 mg/ml. Propidium iodide and the 
annexin V apoptosis detection kit were purchased 
from Santa Cruz Biotechnology (Heidelberg, Germa-
ny). Propidium iodide was dissolved in PBS. 

2.2 Cell lines 
A2780 cells were obtained from ECACC (Salis-

bury, Wiltshire/UK) and cultivated in RPMI-1640 
medium supplemented with 10% FBS, 120 µg/ml 
streptomycin and 120 U/ml penicillin. Cells were 
grown at 37°C in a humidified atmosphere containing 
5% CO2. The cDDP-resistant subclone A2780CisR was 
obtained by intermittent treatment of A2780 cells with 
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cDDP for 24 weekly cycles according to methods pre-
viously published [29, 30]. The cell types A2780Resv 
and A2780Ellag were generated by weekly cDDP 
treatment (IC50) of A2780 cells for 26 cycles in per-
manent presence of 10 µM RV or 3.2 µM EA. Fur-
thermore, the cDDP-resistant cell line A2780CisR was 
permanently cultivated with 10 µM EA or 10 µM RV 
for 6 months, respectively. This treatment generated 
the cell lines termed A2780CisR+Ellag and 
A2780CisR+Resv. Cells were grown to 80-90% con-
fluence, washed with 1x PBS, and treated with tryp-
sin-EDTA before subculturing.  

2.3 MTT assay 
MTT Assays were performed as recently de-

scribed [31]. Briefly, cells were plated into 96-well 
microtiter plates (approximately 9,000 cells/well) 
(Sarstedt, Nümbrecht, Germany) and pre-incubated 
with growth medium overnight. Then, cells were in-
cubated with increasing concentrations of test com-
pounds for 72 h. After 72 h, 25 µl of a solution of MTT 
were added to each well. After approximately 10 min, 
formazan crystals occurred, and medium was re-
moved. Formazan crystals were then dissolved in 75 
µl DMSO. Absorption was measured at 544 nm (test 
wavelength) and 690 nm (reference wavelength) us-
ing the BMG FLUOstar (BMG Labtechnologies, Of-
fenburg, Germany). Absorption of the reference 
wavelength was subtracted from the absorption of the 
test wavelength. 

2.4 Immunoblot analysis 
For Immunoblotting, standard procedures were 

used as described in [30]. Briefly, samples were dis-
solved in 2X Laemmli-buffer with β-mercaptoethanol, 
heated to 95°C for 3 min, and loaded onto an 8% 
SDS-polyacrylamide gel. Proteins were transferred to 
a polyvinylidene difluoride membrane by semidry 
blotting at 40 mA for 1 h. The membrane was blocked 
with 3% milk in TBS-T (10X TBS-T: 200 mM Tris, 9% 
NaCl, 1% Tween 20, pH 7.4) for 1 h. Then PVDF 
membrane incubated overnight at 4°C with the pri-
mary antibody. Primary polyclonal goat antibodies 
and primary monoclonal rabbit antibodies were all 
from R&D Systems (Wiesbaden, Germany) except the 
primary anti-β-actin polyclonal antibody which was 
purchased from Santa Cruz Biotechnology and was 
used at a 1:2,000 dilution. ErbB3 and pErbB2 were 
used at a 1:100 dilution and phospho-ErbB3 used at a 
1:200 dilution. ErbB2 and pEGFR were used at a 1:500 
dilution and EGFR was used at a 1:250 dilution. 
Membrane was subsequently washed twice in TBS-T 
and once in TBS (10X TBS: 200 mM Tris, 9% NaCl, pH 
7.4). Incubation with the corresponding 
HRP-conjugated secondary antibody (R&D Systems) 

followed for 1 h at room temperature. Then, the 
membrane was washed in TBS-T twice and in TBS 
once. Proteins were visualized using the Western 
Blotting Luminol Reagent (Santa Cruz Biotechnolo-
gies) and the INTAS Science Imaging Instrument (Gel 
iX Imager, Göttingen, Germany). β-actin was used as 
loading control at a 1:2,000 dilution.  

2.5 Signal pathway analysis 
The tyrosine-kinase phosphoproteom was in-

vestigated by a human phospho-receptor tyro-
sine-kinase antibody array (Cat# ARY001) from R&D 
Systems according to the manufacturer´s protocol.  

2.6 Measurement of reactive oxygen species  
A2780 or A2780CisR were plated in 24-well 

plates (approximately 150,000 cells/well) (Sarstedt) 
and incubated with grow medium overnight. Cells 
cultivated in phenolred-free RPMI-1640 without FBS 
and without antibiotics were exposed to EA dissolved 
in DMSO, RV in DMSO or ascorbic acid dissolved in 
0.9% saline for 18 hours. Cells were then treated with 
10 µM H2DCF-DA in the dark at 37°C for 30 min. Af-
ter washing with PBS and cell detachment using 
trypsin-EDTA, cells were cultivated in phenolred-free 
RPMI-1640. Cells were stained with 5 µg/ml propid-
ium iodide for 10 minutes in the dark. Then, fluores-
cence was measured by flow cytometry (CyFlow® 
space, Partec, Münster, Germany). The positive con-
trol was treated with 200 µM H2O2 in the dark at 37°C 
for 1 hour and then loaded with propidium iodide. 

2.7 Doubling time 
Each cell line was plated in 6-well plates (ap-

proximately 1,000 cells/well) (Sarstedt) and 
pre-incubated with growth medium for 72 h. Then, 
cells were harvested by trypsin-EDTA, washed with 
1x PBS, and counted by flow cytometry.  

2.8 Scratch assay 
Scratch assay was performed according to 

standard procedures as described in [32]. Each cell 
line was plated in 6-well plates (approximately 3 mil-
lion cells/well) and incubated in growth medium for 
approximately 6 hours at 37°C to create a confluent 
monolayer. A straight line was scraped through the 
cell monolayer with a 200 µl pipet tip. Cells were then 
washed with PBS and cultivated in serum-free 
RPMI-1640. Microscope images (Motic, Wetzlar, 
Germany) were acquired directly after scratching and 
after additional 24 h incubation at 37°C.  

2.9 Cell cycle analysis 
Cell cycle phases of the different cell lines were 

analyzed by flow cytometry using standard proce-
dures [33]. After exposure to the various compounds, 
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cells were washed in ice-cold PBS and approximately 
2 million cells were fixed in 70% cold ethanol and 
stored for at least 24 h at -20°C. Fixed cells were 
washed with cold PBS and incubated in staining so-
lution (0.1% (v/v) Triton X-100 in PBS, 200 µg/ml 
DNAse-free RNAse A (Fermentas/Thermo Fisher 
Scientific, Waltham, MA, USA), 20 µg/ml propidium 
iodide) in the dark at 37°C for 15 min. DNA content 
was then measured by flow cytometry. 

2.10 Apoptosis analysis 
To determine apoptotic cells, annexin V apopto-

sis detection kit from Santa Cruz Biotechnology was 
used according to the manufacturer´s protocol. Each 
cell line was exposed to 10 µM cDDP for 48 h. The 
supernatants and the cells released with tryp-
sin-EDTA were centrifuged. After removing the su-
pernatant, cells were washed with 1x PBS and resus-
pended in annexin V binding buffer (HEPES 10 mM, 
pH 7.4, NaCl 140 mM, CaCl2 2.5 mM). Approximately 
100,000 cells were labeled with 2.5 µl of 50 µg Annexin 
V-FITC in 250 µl annexin V binding buffer and 10 µl of 
50 µg/ml propidium iodide in PBS, and incubated in 
the dark at RT for 15 minutes. Apoptotic cells were 
then detected by flow cytometry. Apoptosis of un-
treated cells was subtracted from the cells treated with 
cDDP. 

2.11 Statistical analysis 
Assays were performed at least in three inde-

pendent experiments. Concentration effect curves 

were then generated by nonlinear regression curve 
fitting using the 4-parameter logistic equation with 
variable hill slope (GraphPad Prism version 4, 
GraphPad Software Inc., San Diego, USA). IC50 is the 
concentration of the cytotoxic agent that led to a de-
crease of 50% of the recorded signal. The pIC50 values 
are –log IC50. Resistance factors are the ratios of the 
IC50 values determined in various treated cell lines 
(A2780CisR, A2780Resv, A2780Ellag) and the IC50 
values in the A2780 cell line, and were determined by 
calculating and averaging the ratios of single pairs of 
IC50 values from individual experiments. Statistical 
significance was assessed by two-tailed Student´s 
t-test and considered significant if p < 0.05.  

3. Results 
The cytotoxic activity of EA and RV on A2780 

and A2780CisR cells was assessed after 72 h incuba-
tion using MTT assay (Figure S1). RV gave a similar 
IC50 on both cell lines with 60.3 and 70.8 µM, respec-
tively. For short- and long-term incubation with RV, a 
concentration of 10 µM was chosen at which RV has 
no cytotoxic effect. EA is however more potent at 
A2780 cells than at A2780CisR: the IC50 at A2780CisR 
is 36.3 µM and thus around 2-fold higher than the IC50 
at A2780 with 17.0 µM. For short- and long-term in-
cubation, A2780 cells were exposed to 3.2 µM and 
A2780CisR to 10 µM EA.  

Cytotoxic activity of cDDP was assessed after 72 
h incubation using MTT assay (Figure 1A, 1B, 1C, 1D). 
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Figure 1. Modulation of cDDP cytotoxicity and ROS induction by EA and RV (MTT and ROS assay). Incubation with 3.2 µM or 10 µM EA or 10 µM RV 48 h prior to addition 
of cDDP enhances cDDP cytotoxicity in A2780 and A2780CisR. In A2780 (A), the pIC50 value for cDDP was calculated as 5.73 ± 0.04 in the absence and 6.04 ± 0.04 in the 
presence of 3.2 µM EA (*: p < 0.05). In A2780CisR (B), the pIC50 value for cDDP was determined as 4.87 ± 0.02 in the absence and 4.99 ± 0.05 in the presence of 10 µM EA (not 
significant). Pre-incubation of 10 µM RV 48 h prior to addition of cDDP increased the pIC50 for cDDP in A2780 (C) to 6.14 ± 0.01 (*: p < 0.05). In A2780CisR (D), pIC50 value 
of cDDP in the presence of 10 µM RV was 5.05 ± 0.12 (not significant). Data shown (average ± SEM) are from a typical experiment out of a set of three independent experiments 
each performed with 3 replicates. Incubation of EA reduces the level of ROS similar to AA, also after hydrogen peroxide treatment. In contrast, RV promotes ROS in both cell 
lines (E, F). Additionally, EA inhibits ROS induction due to cDDP treatment. Combination of RV with cDDP has no further effects (G, H). Data shown are average from at least 
three independent experiments. 

 
48 h pre-incubation of cells with EA or RV prior 

to cDDP addition increased the sensitivity of cDDP in 
A2780 and A2780CisR, respectively (shift factor EA: 
A2780: 2.4; A2780CisR: 1.3; shift factor RV: A2780: 3.1; 
A2780CisR: 1.4). Shift factors in A2780 cells are sig-
nificant with p < 0.05. Next, we tested the effect of EA 
and RV on ROS in A2780 and A2780CisR. Similar to 
the antioxidant ascorbic acid (AA), EA reduced the 
level of ROS in H2O2-stressed cells, by about 12% in 
A2780 (Figure 1E) and by 19% in A2780CisR (Figure 
1F). EA similar to AA had no effect on the basal level 
of ROS (untreated control). In contrast to EA, RV in-
creased the level of ROS in A2780 and A2780CisR in 
untreated controls and after ROS-induction by H2O2 
treatment (Figure 1E, 1F). RV increased ROS by about 
32% in the native cell line and 18% in the 
cDDP-resistant cell line, significantly (*p < 0.05, **p < 
0.01). Next, the effect of EA and RV on ROS in 
cDDP-treated cells was examined. EA reduced ROS in 
both cell lines significantly (Figure 1G, 1H). Interest-
ingly, whereas cDDP induced ROS in A2780, it did 

not increase ROS in A2780CisR. RV alone increased 
ROS levels compared to the untreated control; how-
ever, the combination of RV with cDDP had no fur-
ther effect.  

The small but significant effect of 48 h 
pre-incubation of RV and EA, respectively, on the 
chemosensitivity of cDDP in A2780 and the small ef-
fect in A2780CisR (Figure 1, Table 1) prompted us to 
examine the effect of RV and EA on the development 
of chemoresistance against cDDP. Thus, A2780 cells 
were exposed to weekly cycles (6 hours) of the cDDP 
IC50 under permanent presence of 10 µM RV or 3.2 µM 
EA, respectively, over a period of 26 cycles similar to 
the protocol previously published [30]. The resulting 
cell lines denoted A2780Resv and A2780Ellag did not 
develop cDDP resistance as observed in A2780CisR 
displaying a resistance factor of 4-6. The resistance 
factors remained constant up to the end of the 26 
cDDP cycle treatments and were calculated as 1.1 for 
A2780Resv and 1.2 for A2780Ellag (not significant 
different from 1, Figure 2A, Table 1). Since permanent 
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presence of EA and RV is able to prevent the devel-
opment of chemoresistance induced by weekly 
stressing with an IC50 of cDDP, the effects of RV or EA 
on the cDDP cytotoxicity of A2780CisR were further 
investigated (Figure 2B). For 6 months A2780CisR 
cells were permanently cultivated with either 10 µM 
RV or 10 µM EA and were called A2780CisR+Resv 
and A2780CisR+Ellag. Then, the sensitivity against 
cDDP was tested by MTT. As shown in Figure 2B, IC50 
values remained unchanged in A2780CisR+Resv and 
A2780CisR+Ellag compared to A2780CisR, indicating 
that permanent presence of RV and EA is not able to 
revert a fully established cDDP resistance (Figure 2B) 
but are able to prevent the development of resistance 
(Figure 2A). Table 1 summarizes all cDDP IC50 values 
and shift or resistance factors. Next, the level of ROS 
in A2780Ellag and A2780Resv compared to A2780 and 
A2780CisR was determined. Whereas RV and EA had 
opposite effects on ROS generation in short-term in-
cubation experiments (Figure 1E, 1F, 1G, 1H) the basal 
level of ROS in the newly generated cell lines was 
significantly reduced for both, RV and EA compared 
to the parental cell line A2780 (Figure 2C). Notably, 
neither treatment with hydrogen peroxide nor with 

cDDP generated ROS in A2780Resv cells. In 
A2780Ellag cells, the level of ROS was higher than in 
A2780Resv cells but still significantly lower than in 
control A2780 (Figure 2C). 

Table 1. Summary of IC50 values of cDDP. Data shown are 
average ± SEM from three independent experiments. 

Cell line pIC50 ± 
SEM 

IC50 
[µM] 

Shift or 
resistance 

factor 
A2780 5.73 ± 0.04 2.24  
A2780  
+ 3.2 µM EA 48 h pre-incubation 6.04 ± 0.04 0.92 2.4* 

A2780  
+ 10 µM RV 48 h pre-incubation 6.14 ± 0.01 0.72 3.1* 

A2780CisR 4.87 ± 0.02 13.9 6.2* 
A2780CisR  
+ 10 µM EA 48 h pre-incubation 4.99 ± 0.05 10.8 1.3+ 

A2780CisR  
+ 10 µM RV 48 h pre-incubation 5.05 ± 0.12 9.90 1.4+ 

A2780Ellag 5.64 ± 0.05 2.63 1.2# 
A2780Resv 5.67 ± 0.04 2.38 1.1# 
A2780CisR+Ellag 4.91 ± 0.02 12.6 1.1+ 
A2780CisR+Resv 4.81 ± 0.05 15.7 0.9+ 
*Resistance / shift factor significantly different from 1 compared to A2780; 
+resistance / shift factor not significantly different from 1 compared to A2780CisR; 
#resistance factor not significantly different from 1 compared to A2780. 

 

 
Figure 2. EA and RV prevent the development of cDDP resistance in A2780 cells. A2780 cells were exposed to the IC50 of cDDP for 6h weekly over a period of 26 cycles under 
permanent presence of 10 µM RV or 3.2 µM EA. (A) Generated cell lines A2780Resv and A2780Ellag did not develop resistance as their calculated resistance factors were not 
significantly different from 1. (B) In contrast, treatment of A2780CisR cells with 10 µM RV or 10 µM EA over a period of 26 weeks did not alter chemoresistance. (C) Long-term 
incubation of EA or RV reduced the basic level of ROS. Both, RV and EA, completely inhibited ROS induction by hydrogen peroxide or cDDP. Data shown are average ± SEM 
from 3 independent experiments (**p < 0.01, ***p < 0.001).  
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To obtain deeper insight into the mechanisms by 
which RV and EA prevent the development of re-
sistance against cDDP, we analyzed cell biological 
and biochemical effects of RV and EA on A2780Resv 
and A2780Ellag as well as A2780CisR+Ellag and 
A2780CisR+Resv compared to A2780 and A2780CisR. 
A2780 and A2780CisR showed identical proliferation 
behavior (Figure 3A). The proliferation of A2780Resv 
and A2780Ellag was moderately enhanced compared 
to A2780 and A2780CisR. However, permanent 
presence (26 weeks) of RV or EA in A2780CisR cells 
resulting in A2780CisR+Resv and A2780CisR+Ellag 
cell lines led to a significantly decreased proliferation. 
Migration capacity was assessed by an in vitro scratch 
assay. Figure 3B displays images of the cell lines im-
mediately and 24 h after applying a scratch. 
A2780CisR cells show significantly enhanced migra-
tion compared to A2780 (22% compared to 11%). 
A2780Resv and A2780Ellag displays even lower mi-
gration than A2780 although displaying slightly 
higher proliferation. Interestingly, the cell lines 
A2780CisR+Resv and A2780CisR+Ellag show much 

lower migration than A2780CisR (***p < 0.001) and 
even lower migration than A2780 (Figure 3B) alt-
hough they retained cDDP chemoresistance similar to 
A2780CisR (Table 1). The effect of EA and RV in 
A2780CisR+Resv and A2780CisR+Ellag may however 
be due to strongly decreased proliferation as shown in 
Figure 3A.  

 

 

       
Figure 3. Proliferation and migration behavior of A2780Resv, A2780Ellag, A2780CisR+Resv and A2780CisR+Ellag compared to A2780 and A2780CisR. (A) A2780 and 
A2780CisR showed identical proliferation, A2780Rev and A2780Ellag a slightly increased proliferation. However, A2780CisR+Resv and A2780CisR+Ellag showed a significantly 
reduced proliferation. Each cell line was seeded with the same number of cells (1,000 cells). Data shown are average ± SEM from 4 independent experiments. (B) Analysis of cell 
migration by in vitro scratch assay. The images were acquired at 0 and 24 h after applying a pipet tip-induced scratch using phase-contrast microscopy and represent one typical 
experiment of three independent experiments. A2780CisR showed the highest migratory potential whereas the cell lines A2780Resv, A2780Ellag, A2780+Resv and 
A2780CisR+Ellag migrated at a slower rate compared to parental cell line A2780 (*p < 0.05, **p < 0.01). The white bar represents a length of 100 µm. Data shown are average 
± SEM of at least three independent experiments.  
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Next, 10 µM cDDP-induced effects on apoptosis 
(48 h incubation) and cell cycle (24 h incubation) were 
studied in the various cell lines (Figure 4). The num-
ber of apoptotic cells is similar in A2780Resv and 
A2780Ellag as in A2780 upon treatment with 10 µM 
cDDP (Figure 4A): in A2780, 43% of the cells were 
apoptotic, in A2780Resv 37%, and in A2780Ellag 40%, 
respectively. In contrast, A2780CisR showed almost 
no apoptosis induction (only 5%). Furthermore, 
A2780CisR+Resv and A2780CisR+Ellag cell lines be-
haved like A2780CisR in terms of apoptosis induction. 
Effects of 24 h cDDP or paclitaxel treatment on the cell 
cycle were then analyzed in A2780, A2780CisR, 
A2780Ellag and A2780Resv (Figure 4B). As control, 
paclitaxel induced a G2/M arrest in all cell lines 
whereas cDDP led to a S-phase arrest which was most 
pronounced in A2780 cells and the least in A2780CisR 
(number of cells in S-phase: A2780 46%; A2780Ellag 
41%; A2780Resv 39%; A2780CisR 36%; Figure 4B). 
Taken together, cell cycle distribution upon paclitaxel 
or cDDP stress was not significantly affected by long 

term treatment of EA or RV. However, apoptosis data 
showed that A2780Resv and A2780Ellag cells retain 
the same cDDP-sensitive phenotype as the parental 
cell line A2780. 

Previously, upregulation of IGF1, IGF1-R, and 
increased phosphorylation of IGF1-R has been as-
signed as a major reason for chemoresistance in 
A2780CisR [30]. However, subsequent approaches to 
reverse chemoresistance through inhibition of IGF1-R 
phosphorylation by NVP-AEW541 failed. 48 h 
pre-incubation of 1 µM NVP-AEW541 gave only an 
approximately 2-fold shift in A2780CisR and had no 
effect in A2780 cells (data not shown). Since receptor 
tyrosine kinases (RTK) such as the IGFR and EGFR 
family are involved in proliferation and cell inva-
siveness [34], the phosphorylation status of RTKs was 
measured in the various A2780 cell lines using pro-
teome profiler arrays. Figure 5A shows results for the 
EGFR family, since besides EGF receptors and the 
previously published IGFR [30], no other RTKs were 
differently phosphorylated. Most prominent is the 

phosphorylation of ErbB3 in A2780CisR 
which is absent in sensitive A2780 and re-
duced in cell lines treated with EA or RV 
(A2780Resv, A2780Ellag, A2780CisR+Resv 
and A2780CisR+Ellag). To verify data from 
the proteome profiler, immunoblot analysis 
for expression and phosphorylation of 
EGFR, ErbB2 and ErbB3 was performed 
(Figure 5B). Furthermore, short-term effect 
of cDDP treatment in A2780 cells on RTK 
expression and phosphorylation was stud-
ied (“A2780 + cDDP”). Whereas EGFR and 
ErbB2 show similar expression in A2780 and 
A2780CisR, ErbB3 shows higher expression 
in A2780CisR. Phosphorylation in 
A2780CisR is however increased for ErbB2 
and ErbB3. Short-term incubation of A2780 
with cDDP (A2780 + cDDP) increased ex-
pression and phosphorylation of ErbB2 but 
did not affect ErbB3. Long-term incubation 
with RV or EA during cDDP resistance de-
velopment (resulting in A2780Resv and 
A2780Ellag) gave reduced ErbB2 phosphor-
ylation and an ERbB3 phosphorylation sim-
ilar to A2780. 

4. Discussion 
Ovarian cancer is a malignancy with a 

worldwide incidence of more than 4% cases 
and almost every patient dies from short- or 
long-term consequences of this disease [2]. 
Currently established treatment is a combi-
nation of surgery and platinum/taxane- 
based chemotherapy [35]. Nevertheless, 

 
Figure 4. CDDP-induced apoptosis and cell cycle arrest in RV and EA treated versus untreated 
A2780 and A2780CisR. (A) All cell lines were exposed to 10 µM cDDP for 48 h. The amount of 
apoptosis induction in A2780Resv (37%) and A2780Ellag (40%) is similar to the amount of apoptotic 
cells in A2780 (43%). In A2780CisR+Resv and A2780CisR+Ellag, cDDP only induces 9% and 3%, 
respectively, similar to apoptosis induction in A2780CisR (5%). Data shown are average ± SEM from 
3 independent experiments and are percentage of total cells analyzed by flow cytometry (*p < 0.05; 
**p < 0.01). (B) For cell cycle analysis all cell lines were exposed to test compounds for 24 h. The 
amount of cells arresting in S-phase in A2870Ellag (41%) and A2780Resv (39%) are similar to the ones 
in A2780 (46%). In contrast, the amount of A2780CisR cells arresting in S-Phase is smaller (36%). Data 
shown are average ± SEM from 4 independent experiments and are percentage of total cells analyzed 
by flow cytometry. 
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most cases relapse and develop multidrug resistance 
[35]. One approach in modern chemotherapy is the 
use of modulators of chemotherapy to increase the 
efficiency of cytostatic agents. Nature-derived com-
pounds have emerged as modulators beneficial for 
prevention of cancer and reverting chemoresistance 
[3, 8, 25]. A plethora of investigations has been per-
formed with the phenolic compounds EA and RV 
discovering complex and mostly beneficial effects on 
cancer development and cancer treatment [3, 36]. 
However, a systematic study on the effect of EA and 
RV on the development of resistance against cyto-
static agents has not yet been performed. This study 
investigates effects of EA or RV, respectively, on re-
sistance development during 26 weekly cycles of in-
termittent cDDP treatment in the epithelial ovarian 
cancer cell line A2780. 48 h pre-incubation of RV or 
EA enhanced cDDP cytotoxicity by a factor of 3.1 or 

2.4 (Table 1), similar to the results from Nessa et al. 
using RV pre-incubation prior cDDP in A2780 cells 
[9]. Interestingly, these effects of RV and EA were not 
found in A2780CisR (Table 1), indicating that a fully 
established cDDP resistance as in A2780CisR cannot 
be reverted by short-term (up to 48 h) EA or RV 
treatment. Neither can a fully established cDDP re-
sistance be reverted by long-term incubation (up to 26 
weeks) as shown in A2780CisR+Resv and 
A2780CisR+Ellag cell lines. These cell lines showed 
decreased cellular proliferation compared to A2780 
and A2780CisR (Figure 3A), but they were still as re-
sistant towards cDDP as A2780CisR (Figure 2B, Table 
1). However, A2780CisR+Ellag and A2780CisR+Resv 
cell lines showed reduced migration (Figure 3B) 
which may be attributed to reduced proliferation 
(Figure 3A) or reduced activation of EGF receptors 
(Figure 5) compared to A2780CisR.  

 
 

 
Figure 5. Immunoblot analysis of untreated and treated cell lines. (A) Human phospho-RTK arrays were used to determine the relative target phosphorylation. Only RTKs with 
detectable phosphorylation compared to control spots are displayed. Long term (26 weeks) permanent incubation with EA or RV inhibited phosphorylation of ErbB2 and ErbB3 
induced by cDDP treatment. (B) Activation of ErbB2 and ErbB3 in the cDDP-resistant cell line was confirmed by western blot analysis. Short-time exposure of cDDP activates 
EGFR and ErbB2 in sensitive A2780 cells (A2780+cDDP). In A270CisR, ErbB2 and ErbB3 are activated. Long-term incubation of RV and EA inhibited phosphorylation of these 
receptors. 
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In the next step, we tested if permanent presence 
of EA or RV in the cDDP-sensitive A2780 cell line 
prevents the development of cDDP resistance induced 
by 26 weekly cycles of intermittent cDDP treatments. 
This weekly intermittent cDDP treatment has previ-
ously been shown to result in a cDDP resistant cell 
line named A2780CisR [30]. Indeed, permanent EA or 
RV treatment, respectively, resulting in the cell lines 
A2780Ellag and A2780Resv, prevented the develop-
ment of cDDP resistance in contrast to cDDP treat-
ment in the absence of EA or RV (Figure 2A, Table 1). 
Both, A2780Ellag and A2780Resv resemble the 
cDDP-sensitive phenotype of A2780 even though they 
have undergone a 26 week intermittent treatment 
with cDDP. First of all, with a shift factor of 1.2 and 
1.1, respectively, A2780Ellag and A2780Resv showed 
no significantly different chemosensitivity towards 
cDDP (Table 1). Their proliferation is slightly higher 
than in A2780 or A2780CisR cells (Figure 3A). How-
ever, long-term (26 weeks) EA or RV-treated 
A2780CisR cells show significantly reduced prolifera-
tion in Figure 3A which is similar to the effects of EA 
or RV published for leukemic, MCF-7 or Caco-2 cells 
[7, 37]. Second, the rate of apoptosis induction upon 
cDDP treatment is not different in A2780 and in 
A2780Ellag or A2780Resv whereas A2780CisR shows 
clearly reduced apoptosis induction (Figure 4A). EA 
and RV treatment in A2780CisR had no pro-apoptotic 
effect (A2780CisR+Ellag, A2780CisR+Resv, Figure 
4A). Third, A2780Ellag and A2780Resv show even 
less migration than A2780 though owning a slightly 
higher proliferation rate (Figure 3). Again, this con-
firms maintaining a sensitive phenotype. Fourth, 
A2780Ellag and A2780Resv show lower activation of 
ErbB2 than A2780CisR and the same low phosphory-
lation of ErbB3 as A2780, thus confirming that 
long-term EA or RV treatment during cDDP re-
sistance development retain the sensitive phenotype 
of A2780 (Figure 5). This is in accordance with litera-
ture data showing that inactivation of ErbB3 induces 
apoptosis in various carcinoma cell lines [34, 38]. 
However, reduction of ErbB receptor phosphorylation 
seems necessary for retaining a sensitive phenotype, 
but not sufficient as seen by long-term treatment with 
EA or RV of resistant A2780CisR resulting in 
A2780CisR+Ellag or A2780CisR+Resv cell lines dis-
playing reduced phosphorylation but still resistance 
not different from A2780CisR. 

Lastly, ROS modulation by EA and RV was dif-
ferent in short-term (48 h) and long-term (26 weeks) 
incubation experiments. 48 h RV increased ROS in the 
absence or presence of hydrogen peroxide in A2780 
and A2780CisR, whereas EA had no effect or reduced 
ROS (Figure 1E, 1F). 48 h EA reduced cDDP-induced 
ROS in A2780 and A2780CisR whereas RV gave no 

further increase in ROS upon cDDP treatment (Figure 
1G, 1H). Although RV and EA show different 
short-term effects in ROS production, both com-
pounds are able to sensitize A2780 cells towards 
cDDP (Figure 1A, 1C, Table 1). Furthermore, both 
compounds inhibit the development of cDDP re-
sistance in A2780 cells (Figure 2A). Whereas RV in-
duced ROS in short-term treatment, in both long-term 
treatments, A2780Ellag and A2780Resv, ROS was 
significantly reduced compared to A2780 and neither 
cDDP or hydrogen peroxide were able to increase 
ROS in A2780Ellag and A2780A2780Resv in contrast 
to their effects in A2780 (Figure 2C). Thus, chemosen-
sitivity in A2780 cells is not necessarily linked to in-
creased oxidative stress after cDDP treatment since 
A2780Ellag and A2780Resv are as sensitive as A2780 
but show reduced ROS. 

 In conclusion, permanent presence of the phy-
tochemicals RV and EA, respectively, in non-toxic 
concentrations is able to prevent the development of 
cDDP resistance in the ovarian cancer cell line A2780. 
In the resistant sub-cell line A2780CisR, EA and RV 
were unable to reverse cDDP resistance even though 
reducing proliferation rate and migration.  

 

Table 2. Summary of the highlights of this study.  

1) Short term treatment (48 h) with EA or RV of the chemosensitive ovarian 
cancer cell line A2780 leads to moderate (2-3 fold) increase in chemosensitiv-
ity. 
2) Short term treatment (48 h) with EA or RV of cDDP-resistant A2780CisR 
does not improve chemosensitivity. 
3) Permanent presence over a period of 26 weeks of EA or RV, respectively, 
does not revert cDDP-chemoresistance of A2780CisR. However, permanent 
presence of EA or RV inhibits proliferation and migration of A2780CisR. 
4) Permanent presence over a period of 26 weeks of EA or RV, respectively, 
prevents the development of chemoresistance upon weekly cDDP treatment 
in A2780 cells. A chemosensitive phenotype of A2780 is retained, and cell 
migration is inhibited.  
5) Phosphorylation of ErbB2 and ErbB3 is reduced in EA or RV treated cells 
and may account for reduced cell migration and prevention of chemo-
resistance. 
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