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Cisplatin cytotoxicity is increased by mifepristone in
cervical carcinoma: An in vitro and in vivo study
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Abstract. We investigated the ability of mifepristone, an
anti-progestin drug, to modulate the cytotoxic effect of
cisplatin in two cervical cancer cell lines and in human
xenograft cervical tumors. The effect of cisplatin alone or
combined with mifepristone on cellular proliferation was
studied with the XTT assay which use a tetrazolium dye
{sodium3'-[1-(phenylamino-carbonyl)-3 4-tetrazolium],XTT}.
Before and after treatment with mifepristone, the intracellular
accumulation of cisplatin in cancer cells and tumors of mice
was evaluated by HPLC. The expression of Bcl-2 and Bax
genes was also assessed by a reverse transcriptase polymerase
chain reaction (RT-PCR) and Western blotting. In addition,
single agents and combination treatment in vivo studies
were performed with the xenograft cervical model. Tumor
measurements were carried out weekly. Analysis of the data
by the isobologram method shows a synergistic antiproli-
ferative effect produced by the combination of mifepristone
with cisplatin only in the HeLa cervical cancer cell line but
not in CaSki cells. The effect of mifepristone on cytotoxicity
of cisplatin could be mediated, at least partially, by an
increase of intracellular cisplatin accumulation, but not by
changes in Bcl-2/Bax gene relation expression in these cells.
In vivo studies showed that the combination of these agents
has a significant antitumor activity against HeLLa xenograft
tumors. Our results suggest that mifepristone can improve the
efficacy of the antiproliferative effect of cisplatin in vitro and
in vivo. This anti-hormonal drug therapy may be a useful
candidate for further evaluation in combination with other
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antineoplastic drugs in the treatment of cancer, particularly
with cisplatin.

Introduction

Cervical carcinoma is a major gynecological cancer in several
low-income countries. Although routine screening programs
for detection have been implemented since 1975, an increased
rate of new cases has also been found (1,2). Human papilloma-
virus (HPV) is known etiological factor for 99% of cervical
cancers (3). Additionally, it has been predicted that within
10 years, if there were no medical intervention, 66% of all
dysplasia would progress to carcinoma in situ. It is important
to bear these data in mind to stimulate the search for new
alternatives for cervical cancer treatment.

Cisplatin and its derivatives are important drugs in cervical
cancer therapy (4,5). However, the administration of cisplatin
is associated with serious side effects, including nephrotoxic
and neurotoxic events (6). Furthermore, in advanced stages
of this pathology intrinsic resistance to cisplatin is developed
due to several factors as a diminished intratumoral accumu-
lation of the drug or less apoptotic response. Therefore, new
agents or new regimens in combination with cisplatin are being
sought in order to increase antitumoral activity and decrease
adverse effects.

Among the chemosensitizer drugs, antiestrogens such as
tamoxifen and ICI 182,780 (7-9), and antiprogestins such as
mifepristone have been used to modulate the cytotoxic
activity of doxorubicin, paclitaxel, cisplatin and other anti-
neoplastic agents, principally in hormone-dependent cancers
such as breast, prostate and ovarian cancers. However, the
role of the antihormonals in cervical carcinoma has rarely
been studied.

It is known that the normal cervix responds to steroid sex
hormones, but that cervical carcinoma does not respond to
antihormonal therapy. Previously we demonstrated that the
antiestrogen ICI 182,780 combined with cisplatin was able to
enhance cytotoxicity in three cervical cancer cell lines
(HeLa, SiHa and CaSki) (10). We found a synergistic
cytotoxic effect more evident in HeLa cells, with approxi-
mately 18 times higher potency in comparison to cisplastin
alone. In SiHa and CaSki cell lines this effect was up to
4 .5-fold greater.
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The activity of mifepristone on the cytotoxicity of cisplatin
in cervical cancer treatment has not been explored. Therefore,
the aim of the present study was to investigate the ability of
mifepristone to modulate the cytotoxic effect of cisplatin in
two cervical cancer cell lines and in tumor growth of xeno-
graft cervical cancer and its probable mechanism of action.

Materials and methods

Drugs and reagents. Cisplatin, chloroform, trypsin, sodium
chloride and sodium diethyldithiocarbamate (DDTC) were
obtained by Sigma Chemicals Co. (St. Louis, MO, USA).
Methanol, acetonitrile and ethyl ether of chromatographic
grade, were obtained from Merk (Darmstadt, Germany).
Dulbecco's modified Eagle's medium (DMEM), FCS (fetal
calf serum), EDTA (ethylenediaminetetracetic acid), Tris and
SDS were obtained by Gibco, BRL (Grand Island, NY, USA).
High-quality water employed to prepare solutions was obtained
through of a Milli-Q Reagent Water System [Continental
Water Systems (El Paso, TX, USA)]. TagDNA polymerase
was purchased from Invitrogen (Carlsbad, CA, USA).

Solutions. Stock solutions (1 mg/ml) of cisplatin were prepared
in saline solution. Mifepristone was reconstituted in absolute
ethanol (stock solution). All standard solutions were stored at
-20°C.

Animals. Female Nude mice (National Institute of Nutrition,
Mexico City, Mexico) between 6-8 weeks of age were kept
in a pathogen-free environment and fed ad libitum. The
protocol for the care and use of the animals was approved by
the ethics committee of the National Cancer Institute (Mexico
City, Mexico).

Cell cultures. The HeLa and CaSki human cervical cancer
cell lines were obtained from ATCC (Rockville, MD, USA),
and were routinely maintained as monolayer in DMEM
supplemented with 10% fetal bovine serum, and incubated at
37°C in a 5% CO, atmosphere and high humidity. Cells were
harvested with 0.025% trypsin and 1 mM EDTA.

Growth inhibition experiments. The effect of Mifepristone on
proliferation of cells exposed to cisplatin was evaluated using
the XTT assay {sodium 3'-[1-(phenylamino-carbonyl)-3.4-
tetrazolium]-bis}; Roche Molecular Biochemicals (Mannheim,
Germany) (11). The assay is based on the cleavage of the
yellow tetrazolium salt XTT to form an orange formazan dye
by metabolically active cells. The procedure was as follows.
Cells were seeded into 96-well plates; Costar (Cambridge,
MA, USA) at a density of 6x10° viable cells per well in 100 p1
culture medium. At the end of treatment with cisplatin alone
or the combination of cisplatin plus mifepristone, 50 p1 XTT
was added to each well (final concentration 0.3 mg/ml),
followed by incubation for 4 h in a humidified atmosphere
containing 5% CO, at 37°C. The absorbance of the samples
was measured spectrophotometrically at 492 nm using a micro-
titer plate ELISA reader; Multiskan MCC Termo Electron
Corp. (Vantaa, Finland).

Treatments with mifepristone and cisplatin. The cells were
conditioned for 4 days with 10 M mifepristone. The final
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volume was 100 ul per well. Control cells were exposed only
to vehicle (the final ethanol concentration never exceeded
1% in treated and control samples). At the end of the
exposure period, the culture medium was removed and fresh
medium with various amounts of cisplatin (0.1-330 xM) plus
mifepristone 10 yM was added for 4 h. After simultaneous
and individual exposure to the drugs, the cells were then
cultivated in fresh medium for 20 additional hours. At the
end of the treatment with cisplatin alone or the combination
of cisplatin plus mifepristone, cell proliferation was evaluated
using the XTT assay.

The mean concentration in each set of three or four wells
was determined in triplicate. The percentage growth inhibition
was calculated and ICs, values (concentration of drug to
achieve 50% growth inhibition) were obtained graphically
from the survival curves.

Data analysis of drug combination. Synergism or additivity
was determined by calculating the combination index (CI)
using the equation: CIx=(D,/Dx,)+(D,/Dx,)+a(D)(D,)/
(Dx,)(Dx,). CIx represents the CI value for x% effect, Dx,
and Dx, represent the doses of agents 1 and 2 required to
exert X% effect alone, and D, and D, represent the doses of
agents 1 and 2 that elicit the same x% effect in combination
with the other agent, respectively. The factor o indicates the
type of interaction: a=0 for mutually exclusive drugs (similar
mechanisms of action), and a=1 for mutually non-exclusive
drugs (independent modes of action) (12); the equation was
resolved for a=1. CI=1 indicates additivity, CI<1 synergism
and CI>1 antagonism.

Expression of Bcl-2 and Bax genes. The cells were treated as
stated before and the total RNA was isolated from each cell
line. The total RNA extraction was performed using the
TRIzol methodology (Gibco, BRL). RNA was quantified
through the spectrophotometer assay and the RNA content of
the samples was normalized before the RT-PCR (Reverse
transcriptase-polymerase chain reaction) assay.

The Bcl-2 and Bax gene expression was analyzed through
the reverse transcription of the RNA, transcribing it to cDNA
and then amplifying it using the polymerase chain reaction.
To assess the initial quantity and integrity of the RNA, we
used the constitutive gene GAPDH.

The primer sequences for Bcl-2 were 5'-CCC TCC AGA
TAG CTC ATT-3', and 5'-CTA GAC AGA CAA GGA
AAG-3'". The Bax primer secuences were 5'-ATG GAC GGG
TCC GGG GAG-3', and 5-TCA GAA AAC ATG TCA GCT
GCC-3'. The GAPDH primers were 5'-CCA CCC ATG GCA
AAT TCC ATG GCA-3" and 5'-TCT AGA CGG CAG GTC
AGG TCC ACC-3'. All primers were synthesized by Gibco,
BRL Co.

The 500 ng of initial RNA were transcribed with oligo(dt)
and the aviary myeloblastosis reverse transcriptase from
Invitrogene Co. The transcription was performed during 60 min
at 50°C. The cDNA amplification was performed in the
Thermo Hybaid PCR sprint termocycler (Termo Electron
Corp.) with a hot start at 94°C for 2 min, 32 cycles at 94°C
for 45 sec, 60°C for 45 sec, 72°C for 45 sec, a final extension
of 7 min at 72°C was realized.
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test, and the protein concentration was normalized for all
samples.

the curve for all the primers. This means that the product
quantity is in direct proportion to each gene expression.

The reaction products of the samples were then electro-
phoresed in 1% agarose gel. The bands were stained with
etidium bromide and UV analyzed. Densitometric measure of
the corresponding areas was obtained. Both areas Bcl-2 and
Bax were normalized to the corresponding GAPDH (charge
control band) by the operation Bcl-2/GAPDH and Bax/
GAPDH, and then charted. Three independent experiments
were performed for each cell line.

Bcl-2 Western blot analysis. After exposure to cisplatin
(33 uM), or cisplatin plus mifepristone (10 M) the proteins
were extracted from HeLa and CaSki cells. Protein extraction
was performed for 30 min on ice in RIPA buffer containing
250 mM NaCl, 50 mM Tris, 0.1% SDS, and protease
inhibitors. Proteins were quantitated using the bicinconinic
acid test (Sigma Aldrich, Co., St. Louis, MO, USA), and the
protein concentration was normalized for all samples. The
samples were run in a polyacrylamide electrophoresis gel
(PAGE), and then the gel was transferred to a PVDF mem-
brane (Millipore, Bedford, MA, USA) and incubated with
anti-bcl-2 and anti-B-actin monoclonal antibodies (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA). Later a
peroxidated anti-IgG was attached and the union was revealed
with the chemiluminescent ECL Western blotting kit, the
image was stored on hyperfilm (Amersham Biosciences Co.,
Buckinhamshire, UK).

The bands were densitometrically measured and the area
of the corresponding band was obtained. The Bcl-2 area was
normalized to the B-actin (charge control band) by the ratio
Bcl-2/actin.

Intracellular cisplatin accumulation. HeLLa and CaSki human
cervical cancer cells were seeded at 1x105 cell/ml on a 75 cm?
tissue culture flask (Costar) in DMEM supplemented with
10% FCS, and incubated at 37°C in 5% CO,-95% air at high
humidity. After 24 h the medium was replaced with fresh
medium containing cisplatin alone for 4 h to a final con-
centration of 33 M or in combination with mifepristone
(10 pM). As a control non-exposed cells were treated with
vehicle and cultured for the same period. At the end of the
cisplatin incubation, the cells were then washed in situ four
times with ice-cold PBS and harvested with 0.025% trypsin
and 1 mM EDTA. After that they were counted with a
haemocytometer and lysed with buffer (Tris 100 mM, EDTA
5 mM, NaCl 200 mM, SDS 0.2%, at pH 8.0) for 3 h at 55°C.
The intracellular concentration of cisplatin was estimated
by the High Performance Liquid Chromatographic (HPLC)
method previously validated and reported (13). Briefly, the
homogenate was ultrafiltered and derivatized with DDTC
in 0.1 N NaOH. Samples were incubated in a 37°C water
bath for 15 min, and then extracted with 80 ul chloroform
by vortexing at maximal speed for 1 min. The two layers
were separated by centrifugation at 10000 rpm for 5 min.
Finally, 20 ul of chloroform layer was injected into the
chromatographic system. Before the HPLC assay, the
samples were protein quantified using the bicinconinic acid

In vivo evaluation of mifepristone and cisplatin in human
cervix tumor xenografts. The animals were implanted sub-
cutaneously with 6x10° HeLa cells in a flank. Once tumors
were ~5x5 mm, the animals were pair-matched into treatment
and control groups. Each group consisted of 8§ tumor-bearing
mice. The intraperitoneal administration of drugs or vehicle
began on day 0. Cisplatin, as a single agent, was administered
intraperitoneally at a dose of 3 mg/kg daily on days 1 through
3; the dose of mifepristone, as a single agent, was 2 mg/kg/
day subcutaneously for 3 days; in the combination study, the
mice concurrently received cisplatin on the same schedule,
and mifepristone at the same dose 3 days previous to the
administration of cisplatin. The control animals received only
the vehicle. After administration of the drugs, mice were
weighed and the tumors were measured with a caliper twice
weekly. The tumor weight was calculated using the formula:
weight (mg) = width (mm)? x length (mm). Experiment was
conducted for 74 days, after which time all animals were
weighed and humanely euthanized.

Intratumor cisplatin accumulation. When all tumors had
reached a measurable size (~5x5 mm) eight mice were
assigned to each of two groups. The groups were treated as
described, 24 h after the last cisplatin administration the mice
from the both groups were anaesthetized with ethyl ether and
the tumors were immediately removed, weighed, frozen and
stored at -70°C until analyzed. Tumors from untreated
animals were removed in the same way. In order to extract
cisplatin, the tumors were lysed with 450 pl of buffer (Tris
100 mM, EDTA 5 mM, NaCl 200 mM, SDS 0.2%, at pH 8.0)
for 8 h at 55°C. The homogenate was ultrafiltrated, deriva-
tizated with 20 ul of DDTC and extracted with 160 ul of
chloroform. Finally, 20 ul of the chloroform layer was
injected into a chromatographic system and the cisplatin
concentration was determined using a method previously
validated and reported (13).

In vivo pharmacokinetics. We designed a pharmacokinetic
assay in nude mice. The animals were administered with
cisplatin alone or in combination with mifepristone at the
doses previously described. The mice were sequentially
sacrificed at 0, 5, 10, 15, 20, 30, 60 min after injection. The
blood samples were collected in heparinized tubes and the
plasma was ultrafiltered, frozen and stored at -20°C until
analysis. The cisplatin concentrations were quantified
following the methodology previously described for cells and
tumors. Pharmacokinetic parameters were calculated with
WIN-NONLIN software.

Chromatographic conditions for determination of cisplatin.
The chromatographic system consisted of a 650E solvent
delivery (Waters Assoc., Milford, MA, USA), a 20-u1 loop
injector (Rheodyne, Cotati, CA, USA), and an UV detector
486. Analyses for cisplatin were carried out on a 150x3.9 mm
[.D. Symmetry C18 column of 4 ym particle size; column
elution was carried out at 23°C using a mixture of water/
methanol/acetonitrile as mobile phase at a fixed flow rate of
1.6 ym/min. The detection was performed at 254 nm.
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Figure 1. Representative growth inhibition curves of cisplatin alone (closed
circles) and in combination with mifepristone 10 #M (open circles), in HeLa
(A) and CaSki (B) cell lines. Cells were exposed to mifepristone for 4 days,
followed by exposure to cisplatin for 4 h. After treatment, the effect was
evaluated at 24 h. All growth inhibition assays were repeated in triplicate
in at least three independent experiments. Values represent the means +
standard error of mean (SEM).

Statistical analysis. Statistical analysis of the data was per-
formed using the Student's t-test with SigmaStat software.
P<0.05 was considered statistically significant.

Results

Growth inhibition experiments. Cytotoxicity is expressed as
percentage growth inhibition of HeLa and CaSki cells treated
for 4 h with either cisplatin alone or in combination with
mifepristone. Cell growth was evaluated after 4 days of
exposure to mifepristone at 10 #M, a concentration close to
the plasma concentration achievable in humans (Fig. 1). The
antiproliferative effect of cisplatin was potentiated when
administered in combination with mifepristone in HeLa cells
(Fig. 1A). However, in CaSki cells, no synergistic effect was
observed (Fig. 1B). The ICy, of cisplatin in combination with
mifepristone was lower (14.2 uM) than that of cisplatin alone
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Figure 2. (A) RT-PCR analysis of Bcl-2 and Bax gene expression in HeLa
and CaSki cells treated with cisplatin for 4 h in absence or presence of
mifepristone 10 yM. Amplifying GAPDH RT-PCR products provided a
control for the amount of intact RNA used in the reaction. Semi-quantitative
analysis of the ratio Bcl-2/Bax gene expression to that of GAPDH. (B)
Western blot analysis of Bcl-2 protein in cellular extracts of HeLa and
CaSki cells. A representative result of three independent experiments is
presented. Semi-quantitative analysis of the ratio Bcl-2/Bax gene expression
to that of B-actin. The values are the means + SEM of three independent
experiments.

(34.2 uM) in HeLa cells with an approximately 2.5-fold
difference. To determine whether the combination effect of
mifepristone and cisplatin in HeLa cells was synergistic or
additive, the CI was determined using the equation given in
Materials and methods. The CI obtained showed that the
interaction of mifepristone and cisplatin was synergistic at a
dose of 10, 33 and 100 M of cisplatin (Table I). CaSki cells
were more resistant to cisplatin alone (Cly,=55 yM); the com-
bination treatment did not resulted in any synergistic effect.

Bcl-2/Bax gene expression and Bcl-2 Western blot analysis
in cells treated with mifepristone and cisplatin. In order to
determine whether mifepristone inhibits apoptosis in cervical
carcinoma cells by regulating antiapototic proteins, expression
of Bcl-2/Bax was analyzed by RT-PCR and the Bcl-2 protein
production was analyzed by Western blotting (Fig. 2). In
both HeLa and CaSki cell lines, Bcl-2/Bax expression was
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CP (uM) Mifepristone (#M) CP (uM) Mifepristone (M) Control growth Combination
(D)) (D,) (Dx,) (Dx,) (x%)° index (CIx)®
0.1 10 2.6 1.17 95 8.5
1.0 10 7.7 8.59 84 13
33 10 10.3 9.77 83 13
10 10 24.5 31.25 61 0.72s
33 10 87.6 >100 18 046s
100 10 137.9 >100 9 0.81s
330 10 166 >100 7 2.0

2CIx=(D,/Dx,)+(D,/Dx,)+a(D)(D,)/(Dx,)(Dx,), where CIx represents combination index for x% effect. Dx; and Dx, are doses used of
cisplatin (CP) alone and mifepristone alone, respectively, required to exert x% effect. D, and D, are doses of CP and mifepristone,

respectively, used in combination that elicit the same x% effect. "Mean values of three separate experiments performed in triplicate. Cl=1

indicates additivity, CI<1 synergism and CI>1 antagonism.
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Figure 3. Effect of mifepristone on cisplatin accumulation in HeLa and
CaSki cells. The intracellular cisplatin concentration was determined using a
HPLC method as described in Materials and methods. The values are the
mean + SD of three independent experiments. "P<0.05.

not changed with cisplatin alone or in combination with
mifepristone (Fig. 2A). The results were evaluated semi-
quantitatively by calculating the ratios of the expression of
the Bcl-2 or Bax gene to that of GAPDH.

On the other hand, Western analysis in HeLL.a and CaSki
cells demonstrated that protein levels of Bcl-2 levels were
not significantly modified after treatment with cisplatin plus
mifepristone in comparison to treatment with cisplatin alone
(Fig. 2B).

Intracellular cisplatin accumulation. In order to assess
another mechanism to explain the decreased proliferation rate
in mifepristone treated cells, intracellular accumulation of
cisplatin was measured in presence or absence of mifepristone
in both cell lines. After treatment with mifepristone, the
accumulation of intracellular cisplatin in HeLa cells was 2-
fold greater, representing a significant difference (p=0.009),
compared with cisplatin alone from 0.79 to 1.52 ug/mg of
protein (Fig. 3). In contrast, no significant modification in

the cisplatin accumulation was observed in mifepristone-
treated CaSki cells, from 1.30 to 1.18 yg/mg of protein
(p=0.423).

Tumor growth evaluation after treatment with mifepristone
and cisplatin in human cervix tumor xenografts. The results
of studies with cisplatin alone and in combination with
mifepristone in the cervix tumor xenograft models are shown
in Fig. 4. We observed that with cisplatin alone there was a
tumor growth inhibition compared with control group.
However, the tumor weight loss was even more significant
(p<0.05) with the combination regimen at the doses used,
showing a decrease of ~50% compared with the treatments
alone by the end of the study (Fig. 4A).

Toxicity of treatments. The weight loss of animals treated
with cisplatin alone was typically greatest on day 5 post-
treatment (18%), whereas for animals treated with the
combination of cisplatin and mifepristone was greatest on
day 5 at 14%. In both groups the weight of the animals
returned to the pretreatment values by the end of the study
(Fig. 4B). In the case of the animals treated with mifepri-
stone alone, no change in weight was observed, indicating
clearly no differences in the systemic toxicity in any
treatment group.

Intratumor cisplatin accumulation. The intratumoral cisplatin
concentration was determined in mice treated with cisplatin
alone or in combination with mifepristone. The cisplatin levels
increased significantly (p<0.05), by ~50%, in the tumors of
mice treated with the combination treatment (1.38 yg/mg of
protein) compared to the group that received only cisplatin
(0.93 pg/mg of protein) (Fig. 5).

In vivo pharmacokinetics. In the pharmacokinetic study
performed in mice, blood samples were obtained over a
period of 1 h. The cisplatin concentration from ultrafiltered
plasma observed over time is shown in Fig 6. The pre-
treatment with mifepristone slightly increased cisplatin plasma
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Figure 4. (A) Effect of the combination of cisplatin and mifepristone on
tumor weight of cervix xenografts in nude mice. HeLa cells were implanted
subcutaneously (s.c.) in the flank of nude mice. Treatment was initiated
when the tumors reached ~5x5 mm (day 0). Cisplatin (o) and mifepristone
(v) were administered as single agents and in combination (A). As controls,
tumor growth of xenografts from mice treated only with vehicle was deter-
mined (o). Tumors were measured using calipers twice weekly for a period
of 74 days, and tumor weight were calculated using the formula: weight
(mg) = width (mm)? x length (mm). (B) Final weight of mice treated with
single agent cisplatin or mifepristone and combination treatment. There was
no significant difference between groups. Data are presented as the means +
SEM of eight animals.

levels compared to the animals treated with cisplatin alone.
The pharmacokinetic parameters of cisplatin are indicated in
Table II. After the combined treatment of cisplatin and
mifepristone the area under the curve (AUC) and half-life
(t,») values increased by 17 and 30%, respectively, whereas
that clearance (Cl) value decreased 14% compared to the
animals treated with cisplatin alone.
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Figure 6. Concentration-time curves of cisplatin in ultrafiltered plasma of
nude mice after i.p. dose of cisplatin (e) or after mifepristone-pretreatment
(0). Data are represented as mean += SEM of three animals.

Table II. Pharmacokinetic parameters of cisplatin in nude
mice observed after i.p. administration of 3 mg/kg dose of
cisplatin, or combination with 2 mg/kg of mifepristone and
3 mg/kg of cisplatin following the schedule mentioned in
methods.

Parameter Cisplatin Cisplatin + mifepristone
AUC 134+0.488 157+0.992

(ug x min/ml)

t;» (min) 6.4+0.022 8.34+0.23¢

CI (ml/min) 44.7+0.163 38.28+0.242

2Compared with cisplatin group, p<0.05. Data are expressed as mean
+ SEM of four animals.
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Although cisplatin is one of the most commonly used drugs
in the treatment of cervical carcinoma, its side effects, such
as nephrotoxicity, ototoxicity, neuropathy, mylosuppression
and intrinsic or acquired resistance, represent major limi-
tations in its use. The lack of efficacy is generally multi-
factorial, including reduced drug accumulation, inactivation
by thiol containing species, increased repair/tolerance of
platinum-DNA adducts, and alterations in the proteins
involved in apoptosis. Since pharmacological agents that are
able to modulate any of the above parameters could partially
restore sensitivity to cisplatin, it is important to identify new
compounds able to modulate the cisplatin cytotoxicity in
cervical carcinoma, with the aim of improving the effect of
chemotherapy with this drug.

No previous data exist on the efficacy of mifepristone in
modulating the cytotoxic effects of antineoplastic drugs used
to treat human cervical carcinoma. We studied the effect of
the combination of mifepristone and cisplatin on two cervical
carcinoma cell lines (HeLa and CaSki). These cell lines were
chosen for the study because they contain the human
papillomavirus (HPV) type 18 (HeLa) and type 16 (CaSki)
genotypes. These HPVs have been shown in multi-
institutional studies as etiological agents of cervical cancer
and these genotypes account for >65% of all HPV DNA-
positive invasive cervical carcinomas.

The aim of the study was to investigate whether or not
mifepristone combined with cisplatin could act synergistically
on the cytotoxicity of the latter compound in the treatment of
cervical carcinoma. Our in vitro results show that this anti-
progestin treatment induces a synergistic cytotoxic effect in
HeLa but not in CaSki cells. Whereas HeLa cells are consi-
dered one of the most sensitive cervical cancer cell lines to
the cisplatin effect, CaSki cells are more resistant to this drug.
We found a synergistic cytotoxic effect evident in HeLa
cells, with an approximately 2.5-fold higher potency in
comparison to cisplastin alone. However, with CaSki cells
there was no significant difference between the treatment with
cisplatin alone and the combined treatment. These results
may be associated to the fact that HeLa cells have an
adenocarcinoma origin and adenocarcinoma tumors are more
likely to be hormonally sensitive. Contrary, CaSki cells are
derived from an epidermoid tumor metastatic to the small
bowel mesentery.

Several studies have demonstrated that mifepristone
effectively inhibit the proliferation of certain types of
hormone-dependent cancers such as progesterone receptor
(PR)-positive breast cancer (14,15), ovarian cancer (16,17),
endometrial cancer (18), prostate cancer (19), and gastric
cancer (20). However, cervical carcinoma is a type of cancer
that does not respond to hormonal treatment. In a previous
study, reported by our group, we found that in the cervical
cancer cell lines (HeLa, SiHa and CaSki) PR gene levels
were relatively low compared to those observed in MCF-7
cells (10). These findings are in accordance with clinical
data that show that this type of tumor exhibits low or
undetectable levels of both ER and PR, as determined by
immunohistochemical and ligand-binding assays (21).
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Antiproliferative action of mifepristone has also been
reported in ER(-) and PR(-) MDA-231 cells (14), suggesting
that the presence of PR may not be required for mifepristone
action as a chemosensitizing agent. In HeLa cells which
possess an endogenous and functional glucocorticoid receptor
(GR) and NF-«B (23), there is the possibility that mifepristone
acts through these receptors and their signaling pathways
instead of the progesterone receptor, whose expression is
very limited in cervical cells.

It is widely accepted that there are distinct effects on GR
transcriptional activity by different compounds that bind to
GR and induce its nuclear translocation, this is one mechanism
of interactions; however, there are others such as the protein-
protein interaction, or the mechanisms of competition for
DNA binding sites, physical interaction in DNA, and functional
transcriptional induction, some could be signaling pathways
to apoptosis (22).

It has also been reported that GR levels in HeLa cells are
about 3-fold higher that those in CaSki cells (23). These data
are in accordance with our results, in which mifepristone,
when combined with cisplatin induce a clear response in
HeLa but not in CaSki cells.

We wanted to study the possible mechanism of action of
mifepristone as a chemosensitizing agent of cisplatin in a
type of cancer without response to hormonal treatment. In
this study we determined the effect of mifepristone on the
levels of Bcl-2 and Bax expression in presence of cisplatin
in HeLa and CaSki cells. The results show that there was
no change in the expression of either gene at the dose of
mifepristone used.

In the case of antiestrogen resistance in breast cancer,
some in vitro and in vivo mechanisms involved in the anti-
proliferative effects of mifepristone demonstrate that this
drug induces growth arrest and cell death by stimulating the
activation of caspase-3, -8 and -9 in ER* PR* cells (24). It has
been suggested that an antioxidant mechanism is involved in
the regulation of endometrial cell proliferation by mifepristone
(25). Moreover, apoptosis induction through up-regulation of
NF-kB binding activity has been reported (26). This early
response transcription factor plays an important role in the
regulation of genes that are involved in the cascade of events
leading to cellular apoptosis (27). The up-regulation of NF-xB
in endothelial cells stimulates apoptosis by 75% (28), as a
result of a marked increase in an NF-«B activity, there is an
overexpression of Bax, a protein that is involved in the
promotion of apoptosis. Usually cancer cells present apoptosis
inhibition induced by the Bcl-2 oncogene.

In our study the Bcl-2/Bax genes had no change in either
cell line. We suggest this is not the only mechanism involved
in the cytotoxicity of cisplatin in cervical cancer. It has been
reported that steroid hormones may induce physiological
effects independent of the hormonal receptors, such as
synthesis and expression of cyclin, indicating that a large
amount of cells may respond to hormonal actions in the
absence of their intracellular cognate receptors (29). This is
another mechanism that may be related to the chemo-
sensitivity of cisplatin following exposure to mifepristone in
HeLa cells.

On the other hand, there are three known mechanisms by
which progestins inhibit the growth of breast tumor cells.
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The first one is the PR mediated cytotoxicity mechanism,
which is observed only in PR* cells and takes place with the
antagonist. The second one involves cytostatic effects
produced by physiological doses of an agonist or antagonist
showing inhibition of growth. The third, seen with steroid
hormones at high doses, is not a specific cytotoxic effect and
may not be mediated by receptors (30).

In an effort to explore the mechanism of action of this
antiprogestin on the modulation of cisplatin activity in HeLa
cells, we evaluated the intracellular and intratumoral cisplatin
accumulation both in the presence and absence of mifepri-
stone. We also measured the plasma levels of cisplatin in
order to correlate this to the concentration found in the cells.
Our results show that mifepristona increased slightly the
plasma levels in cisplatin, which is important since an increase
in such levels imply higher intracellular levels of this drug.
However, this increase in cisplatin plasma levels is not
enough to produce a weight decrease in the animals showing
no more toxicity. In fact mifepristone, at a concentration of
10 uM, which is in the range of the human plasma concen-
trations observed after a single dose, caused a 2-fold greater
retention of cisplatin in vitro, even though this can not be
addressed just to the plasma levels but also to the probable
decrease of MDR2 detoxifying protein. We also observed an
approximately 0.5-fold increase in the accumulation of cisplatin
in the cervical cancer xenograft model, demonstrating that
this mechanism is also present in vivo. The dose of mifepri-
stone used in our study was lower than that used by other
authors, in which a growth inhibition of ovarian and prostate
cancer xenograft was reported with this drug alone. On the
other hand with the dose of mifepristone used in the current
study, there was no change observed in the weight of the
animals, indicating absence of toxic effects.

Another interesting effect has been described for mifepri-
stone that support our results, its ability to modulate the
activity of antitumor compounds such as doxorubicin and
vinka alkaloids. Additionally, there is evidence that some
endogenous compounds such as steroid hormones interact
with P-glycoprotein (P-gp) a detoxifying membrane protein
(31), and that corticosteroids and mineralocorticoids are
substrates for the P-gp transport pump (32). Moreover, some
steroid antagonists, such as tamoxifen and toremifen, also
interfere with P-gp function. These modulating agents are
characterized by hydrophobicity and the presence of phenyl
rings (33), which are also properties of antiprogestin
mifepristone. It has been reported that mifepristone enhances
doxorubicin cellular accumulation in resistant human K562
leukemia cells and RHCL rat hepatoma cells (34), suggesting
an inhibitory effect on P-gp function related to direct
interactions with drug binding sites on this molecule, a
mechanism of action that has already been demonstrated for
other chemosensitizing agents, including verapamil and
cyclosporine (35). The increased cisplatin accumulation in
our results could be due to a decrease of the specific cisplatin
detoxifying protein MRP, but more studies are required to
confirm this.

It was reported that mifepristone enhances the chemo-
sensitivity of cisplatin in the resistant ovarian COC1 cancer
cell line (36) which is in accordance with another study (37)
that showed, in a mouse model bearing xenografted cisplatin-
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resistant ovarian carcinoma, significantly greater inhibition
rates of the tumors when administering the combined
treatment in comparison with the application of cisplatin
alone.

In summary, we have demonstrated in vitro and in vivo
that mifepristone is able to enhance the citotoxicity of some
but not all types of cervical cancer cells. This change is
related to an increase in the intracellular as well as plasma
levels of cisplatin, but not with the Bcl-2/Bax expression
ratio. Mifepristone is a promising drug due to the cytotoxic
synergistic property. However, more investigations are
required on the mechanisms related to its efficacy.
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