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Abstract: Treatment of ovarian cancer with cisplatin-based chemotherapy is highly toxic and is often 
followed by cancer recurrence. Repeated treatments with cisplatin frequently result in the 
development of resistance to this drug. Drugs with low toxicity that could enhance the tumor cell 
killing effects of cisplatin could potentially reduce the toxicity and enhance the efficacy of cisplatin. 
The mechanism of cell kill by cisplatin is partially due to induction of apoptosis through the p53 
pathway. Retinoids can regulate apoptosis through nuclear retinoic acid receptors, but the role of p53 
in the mechanism varies with the individual retinoid and cell type. The objective of this study was to 
evaluate the potential of receptor-active and –independent retinoids as chemosensitization of ovarian 
cancer cell lines with different p53 status. The growth of two ovarian cancer cell lines, OVCAR-3 that 
has wild type p53 and Caov-3 that has mutant type, was evaluated in the presence and absence of 
various combinations of cisplatin, a series of retinoids and a chemical inhibitor of p53 transactivation 
activity (pifithrinα). Both receptor active and receptor independent retinoids chemosensitized the two 
cell lines to cisplatin. PFTα partially attenuated growth inhibition by cisplatin, slightly enhanced the 
growth inhibition of retinoids and did not affect growth inhibition when retinoids were used in 
combination with cisplatin. RNase protection demonstrated that PFTα did not alter retinoid effects on 
p53 regulated genes.   In conclusion, retinoids chemosensitize both sensitive and resistant ovarian 
cancer cells to cisplatin through mechanisms independent of nuclear retinoid receptors and p53. 
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INTRODUCTION 

 
 The current standard of care for ovarian cancer is 
surgery followed by intravenous carboplatin and 
paclitaxel, while intraperitoneal administration of 
cisplatin and paclitaxel has recently been found to 
improve survival[1,2]. While early stage disease has 
good prognosis with this therapy, most ovarian cancers 
are not detected until late stage when platinum based 
therapies can only provide a prolongation of survival[2]. 
There is also significant toxicity associated with 
platinum based chemotherapy[3]. Thus, low-toxicity 
compounds that increase the efficacy of platinum drugs 
could be used to improve their therapeutic effects 
and/or allow lower doses to be used to decrease the 
toxicity. 
 Retinoic acid and synthetic retinoids have the 
potential to chemosensitize tumors to chemotherapy. 
These compounds exert their effects through activation 
of two classes of nuclear retinoid receptors, RARs and 
RXRs, which act as transcription factors to regulate 

expression of genes that contain retinoic acid response 
DNA elements (RAREs). Activation of specific RARs 
and RXRs has been shown to be responsible for the 
individual toxicities and teratogenicity associated with 
retinoids[4-6]. The toxicities of retinoids severely limit 
their clinical use, but some retinoids with RAR/RXR-
independent activity, such as fenretinide [N-(4-
hydroxyphenyl)retinamide] and Flexible 
Heteroarotinoids (Flex-Hets), do not exhibit the 
classical retinoid toxicities[7]. 
 Natural retinoic acid isomers and classical 
retinoids are weak apoptosis inducers, but retinoid 
related molecules (RRMs) such as 4-HPR, 
CD437/AHPN, MS3350-1 and Flex-Hets are potent 
inducers of apoptosis through the intrinsic 
mitochondrial pathway[7-10]. The mechanism of 
apoptosis is at least partially dependent upon the 
retinoid receptors for all of these compounds with the 
exception of Flex-Hets, which are unique in that they 
induce apoptosis completely independent of RAR and 
RXR activation[10-12]. Several clinical trials of 4-HPR 
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demonstrated limited cancer chemoprevention activity 
at low doses and tolerable toxicity at higher doses 
sufficient to induce apoptosis[13-15].  
 In order to assess the clinical potential of utilizing 
retinoids to sensitize ovarian cancers to platinum-based 
chemotherapy, the role of the p53 tumor suppressor in 
the mechanism of chemosensitization needs to be 
assessed because it is a major regulator of apoptosis and 
is mutated in the majority of ovarian cancers[16,17]. The 
p53 protein is induced by a variety of cellular stresses 
and functions as a transcriptional regulator of multiple 
genes that carry out the signal from p53 to induce cell 
cycle arrest and DNA repair or to induce apoptosis[18]. 
In addition to the p53 transcriptional mechanism, p53 
can induce apoptosis by direct activation of caspase 
8[19] and through direct binding to anti-apoptotic Bcl-2 
and Bcl-XL proteins on the mitochondria[20]. Wild type 
p53 translocates to the nucleus in correlation with 
apoptosis, while mutant p53 is present at the 
mitochondria consitutively[20]. Expression of p53 in 
ovarian cancer cell lines that are p53 null has been 
demonstrated to enhance sensitivity to cisplatin, but not 
to paclitaxel, which has a different mechanism[16]. The 
role of p53 in regulation of apoptosis by receptor active 
retinoids is dependent upon the cell type[21-26]. The 
RRM’s induce apoptosis through p53-independent 
mechanisms, such as 4-HPR regulation of ceramide 
synthesis and CD437 induction of MAP Kinase[27-29].  
 The objective of this study was to determine if 
retinoids regulate growth and cisplatin sensitivity of 
ovarian cancer cell lines through mechanisms involving 
nuclear receptors and p53. To evaluate the potential 
roles of nuclear retinoid receptors, a series of retinoids 
with different receptor selectivities were compared. To 
evaluate the potential role of p53, the response of the 
OVCAR-3 ovarian cancer cell line that contains wild 
type p53 was compared to response of the Caov-3 cells 
line that contains mutant p53. Also, the effects of a 
chemical inhibitor (pifithrin α, PFTα) of the wild type 
p53 transcriptional activity on retinoid and cisplatin 
growth regulation was studied. 
 

MATERIALS AND METHODS 
 
Cell lines and drugs: OVCAR-3 and Caov-3 ovarian 
cancer cell lines were obtained from the American Type 
Culture Collection and were cultured in RPMI 
supplemented with 10% fetal bovine serum and 
antimycotic/antibiotic. The synthetic retinoids 
(heteroarotinoids - gifts of K. Darrell Berlin, Oklahoma 
State University) were synthesized as previously 
described[30-32]. The 9-cis-RA (BIOMOL, Plymouth 
Meeting, PA), heteroarotinoids and PFTα (AG 

Scientific, San Diego GA) were dissolved in dimethyl 
sulfoxide (DMSO) as 1000× stock solutions, so that the 
final concentration of DMSO in all cultures was less 
than 0.1%, which is not cytotoxic and does not induce 
differentiation. PFTα was added to a final 
concentration of 10 µM. 
 
Cytotoxicity assay: Cells were plated at 2000 
cells/well in 96 well microtiter plates and allowed to 
adhere overnight. Cultures were pretreated with 5 µM 
retinoid or the same volume of solvent for 3 days, 
followed by cisplatin treatment over a range of 
concentrations from 2 to 200 µM. The cisplatin was 
removed after 1 hour and the media was replenished 
with 5 µM retinoid. After 3 days, the percentage of 
growth inhibition was measured using the CellTiter 96 
AQueous Non-Radioactive Cell Proliferation Assay 
(Promega Corp., Madison, WI), which is composed of a 
novel tetrazolium compound that is metabolized by 
viable cells into a soluble formazan that can be 
quantitated by reading the OD. Each experiment was 
performed in triplicate and the three values for each 
treatment were averaged. To calculate survival, the 
average OD of the treated cultures was divided by that 
of the control cultures treated with solvent alone for the 
cisplatin treatments and retinoid alone for the 
combination treatments. To calculate percent growth 
inhibition in Fig. 3 survival was subtracted from the 
number 1 and the resulting value was multipled by 100.  
 
RNase protection assay (RPA) analysis: The 
expression levels of p53 and other DNA damage 
response genes were compared in cultures treated with 
various combinations of cisplatin, PFTα and retinoids. 
RNA was isolated from OVCAR-3 cultures 4 hours 
after exposure to cisplatin or control solvent and a 
single multi-probe template set in an RNase protection 
assay was used to measure expression of DNA damage 
response genes (p53, bax, c-fos, bcl-2, bcl-xL, p21 and 
GADD45) and two constitutively expressed genes (L-
23 and GADPH). RPA was performed using the 
Riboquant mutli-probe RNase protection assay system 
kit (Pharmingen,San Diego, California). The hStress-1 
probe (Pharmingen,San Diego, California) was 
radiolabeled by adding 1µL of the template set, 1µL of 
RNasin, 1µL GACU pool, 2µL DTT, 4µL 5X 
transcription buffer, 1µL of T7 RNA polymerase and 
200µCi [32P] UTP (800 Ci/mmol; Perkin Elmer Life 
Sciences, Boston, MA) and incubating at 37oC. After 1 
hr, the reaction was terminated by adding 2µL of 
DNase and radiolabelled probes were extracted with 
phenol/chloroform  and  then  precipitated  with ethanol  
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Fig. 1: Structures and receptor specificities of a series of retinoic acid isomers and heteroarotinoids. IUPAC names. SHetA2 [N-4-[(2,3-dihydro-

2,2,4,4-tetramethyl-2H-l-benzothiopyran-6-yl)-N'-4-nitrophenyl]thiourea]; SHetA3[(2,3-dihydro-2,2,4,4-tetramethyl-2H-l-
benzothiopyran-6-yl)-N'-4-ethoxycarbonylphenyl]thiourea]; SHetA4[N-4-[2,3-dihydro-2,2,4,4-tetramethyl-2H-l-benzothiopyran-6-yl)-
N'-4-ethoxycarbonylphenyl]urea]; SHet50 [methyl4-[(2,3-dihydro-2,2,4,4-tetramethyl-2H-l-benzothiopyranyl)carbamoyl]benzoate]; 
NHet17[ethyl4-(4,4-dimethyl-N-isopropyl-1,2,3,4-tetrahydroquinolin-6oyloxy)benzoate]; OHet26[methyl 4-(4,4,5,7-tetramethyl-6-
coumaryl)benzoate]; NHet90[ethyl 4-(N,4,4,7-tetramethyl-1,2,3,4-tetrahydroquinolin-6-oyloxy)benzoate; OHet72 [4-[[4,4-dimethyl-3,4-
dihydro-2H-benzo[b]pyran-6-yl)-carbonyl] oxy]benzaldehyde thiosemicarbazone]; Arot21[ethyl 4-[(3-methoxy-5,6,7,8-
tetrahydro5,5,8,8-tetramethylnaphthalen-2-yl)carbonyloxy]benzoate]. 4-HPR = N-(4-hydroxyphenyl)retinamide; 9-c-RA = 9-cis-retinoic 
acid 

 
and ammonium acetate. The labeled probe was 
suspended in 50 µL of hybridization buffer and diluted 
to 3X105 CPM/µL. The hybridization was carried out 
by adding 2 µL of labeled probe to 10µg of total RNA 
and incubating overnight at 56oC. The hybridized 
probes were digested by adding 100µL of a RNase 
cocktail containing RNase buffer and RNase A and 
incubating for 45 min at 30oC. The samples were then 
treated with a Proteinase K cocktail before extracting 
with phenol/chloroform and precipitating with ethanol. 
The hybridization products were separated on a 5% 
acrylamide sequencing gel and dried in a vacuum drier. 
The gel was exposed to phosphormager screens and the 
intensity of each band was quantified using the 

ImageQuant software (Molecular Dynamics, 
Sunnyvale, California). Only treatments that altered 
expression levels by 2 fold or more in 2 experiments 
were considered significant. 
 

RESULTS AND DISCUSSION 
 
 A series of natural and synthetic retinoids with a 
range of specificities for the retinoid receptors were 
evaluated for their ability to chemosensitize ovarian 
cancer cell lines to cisplatin treatment (Fig. 1). The 
OVCAR-3 line, which was isolated from a cisplatin-
resistant tumor, was slightly growth stimulated by 
cisplatin in a dose dependent manner, while the Caov-3  
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Fig. 2: Chemosensitization of OVCAR-3 (upper panel) and Caov-3 (lower panel). Cultures were treated with individual retinoids or with 

solvent only for 3 days prior to treatment with a range of cisplatin concentrations for one hour. Retinoid or solvent control treatments 
were continued for 3 days post-cisplatin exposure and growth was quantified with a cytotoxicity assay. The results presented represent 
the average and standard error of 3 independent experiments 

 
cell line was growth inhibited (Fig. 2). Pre- and post-
treatment with each of the individual retinoid receptor 
active or the receptor-independent retinoids prevented 
cisplatin induced growth stimulation in OVCAR-3 and 
enhanced the cisplatin-induced growth inhibition in 
Caov-3. The survival of the cultures receiving 
combined treatments were normalized for the effects of 
retinoid compound alone, so that the increase in growth 
inhibition in the combined treatment over that of 
cisplatin alone exhibited in Fig. 2 is due to an enhanced 
effect of the combination in excess of the individual 
retinoid effects.  
 
Roles of p53 in retinoid and cisplatin growth 
inhibition and chemosensitization: A chemical 
inhibitor of p53 transcriptional activation, PFTα, was 
used to determine if wild type p53 is involved in the 
mechanism of cisplatin and retinoid growth inhibition 
in the OVCAR-3 cell line (Fig. 3). Although PFTα 
alone did not significantly alter growth, this drug 
significantly antagonized cisplatin growth inhibition 
(two tail t test: p=0.042). In contrast, PFT-α appeared 
to enhance the growth inhibition by the retinoids, with 
the  exception  of   9-cis-RA,  but  the  effects  were not  
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Fig. 3: Role of p53 transcriptional activity in retinoid growth inhibition 

and chemosensitization. OVCAR-3 cultures were treated with 
various combinations of 5 µM 9-cis-RA, 4HPR, cisplatin (Cp) 
and PFTα as indicated and the cytotoxicity assay was performed 
as in Fig. 2. The results are presented as Percent Growth 
Inhibition = (1-Survival)100. * two tail t test: p=0.042 
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Fig. 4: Role of p53 pathway genes in retinoid chemosensitization. OVCAR-3 cultures were treated with various combinations of 5 µM 9-cis-

RA, 4HPR, cisplatin (Cp) and PFTα as indicated. After treatment, the RNA was isolated and evaluated using RPA. The band intensity of 
the RPA gels were quantified by densitometric tracing. The band intensity for each test gene was normalized by a housekeeping gene. 
Fold expression was calculated by dividing the normalized intensities of the bands corresponding to each treatment by the normalized 
band intensity of the untreated solvent control. Only genes exhibiting 2 fold or greater regulation are shown. The bax/bcl-xL ratio was 
calculated by dividing the band intensity of bax by the band intensity of bcl-xL for each treatment. * two tailed t-tests ( p =0.007 for the 
effects of Cp on p53 and p = 0.025 for the effects of Cp on th bax/bclxL ratio) 

 
statistically  significant  (two-tailed  t tests p>0.05) 
(Fig. 3). When cultures were chemosensitized by 
retinoids, PFTα could no longer antagonize cisplatin 
growth inhibition.  
 To explore the role of p53 and down-stream genes 
in the mechanism of retinoid chemosensitization, the 
effects of simultaneous PFTα treatment on the 
expression of genes in the p53 pathway (p21, GADD45, 
bax, bcl-xL, bcl-2 and c-fos) were evaluated using a 
RNase protection assay. One each of the classical 
receptor active and apoptosis-inducing retinoids, 9-cis-

RA   and   4-HPR,   respectively,   were   chosen  for 
this   detailed   evaluation. Of   all of the genes 
evaluated,   only   p53, p21, GADD45 and bax 
exceeded a   2  fold   induction   by  the  drug 
treatments (Fig. 4). The ratio of the   proapoptotic   bax   
to  the  antiapoptotic  bcl-xL was increased above 1 
(Fig. 4). PFTα  significantly antagonized cisplatin 
induction  of  p53 (p=0.007)  and  increased  bax/bcl-xL 
ratio   (P = 0.025), but the effects on the other 
drug/gene combinations were not statistically 
significant.  
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 The results of this study demonstrate that retinoids 
chemosensitize ovarian cancer cell lines to cisplatin. 
The cisplatin growth inhibition was enhanced in the 
cisplatin-sensitive Caov-3 cell line, while the slight 
growth stimulation was prevented in the cisplatin-
resistant OVCAR-3 cell line. This chemosensitization 
activity was exhibited by all retinoid compounds tested 
regardless of their abilities to activate the nuclear 
retinoid receptors, which suggests that the 
chemosensitization mechanism is independent of the 
retinoid receptors. The chemosensitization induced by 
these compounds the context of both wild type p53 
(OVCAR-3) and mutant p53 (Caov-3), supports the 
hypothesis that the chemosensitization mechanism is 
independent of p53. The antagonism of cisplatin growth 
inhibition by PFTα in the absence, but not the presence 
of retinoids, provides further support for this 
hypothesis.  
 The mechanism of cell kill by cisplatin clearly 
involves p53 as evidenced by the ability of PFTα to 
antagonize cisplatin growth inhibition and cisplatin 
induction of p53 and the pro-apoptotic bax. The other 
genes that were significantly induced by cisplatin and 
retinoids, p21 and GADD45, are involved in protection 
of the cell from apoptosis through their roles in cell 
cycle arrest and DNA repair[33,34]. The lack of PFTα 
attenuation of the induction of these 2 genes therefore 
suggests that PFTα is affecting the apoptosis aspect of 
the p53 pathway and not the cell protective aspect of 
the p53 pathway. 
  

CONCLUSION 
 
 This study demonstrates the promise of retinoids 
and RRMs for use as cisplatin chemosensitization 
agents in cisplatin-sensitive and cisplatin-resistant 
ovarian cancer. The mechanism of this 
chemosensitization is not affected by the p53 status of 
the cellular environment, suggesting that the drugs 
efficacies will not be limited in the majority of ovarian 
cancers that have p53 mutations. The similar activities 
of receptor-active and receptor-independent retinoids 
indicate that RRMS which lack the classical retinoid 
toxicities can be used to further reduce patient toxicity.  
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