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Objective : In an effort to develop a more effective therapeutic strategy for ovarian cancer,
we examined whether the restoration of the wild-type p53 gene can enhance the therapeutic effect
of chemotherapy.

Methods : In this study, Ov-ca-2774 cells, which are known to have p53 point mutation and
cisplatin-resistance, were selected and currently used chemotherapeutic agents including cisplatin,
carboplatin, paclitaxel, etoposide, topotecan, and doxorubicin were added concurrently or sequentially
with adenovirus-mediated p53 gene transfer (AdSCMV-p53).

Results : Transfer of the wild-type p53 ¢cDNA gene into Ov-ca-2774 cells showed 55% cell
killing in vitro at a multiplicity of infection (MOI) of 40. Although the combination of carboplatin
or paclitaxel followed by p53 gene transfer with an interval of 48 h manifested no enhanced cell
killing compared with cells infected with Ad5CMV-p53 alone, the other combinations of
chemotherapeutic agents and p53 gene transfer resulied in 153% to 37% further cell killing (P<0.05).
Furthermore, p53 gene transfer followed by doxorubicin with an interval of 24 h and concurrent
combination of etoposide with p53 gene transfer showed significant difference in cell killing in
contrast to the other combination strategies in the respective chemotherapeutic agent exposure groups
(P<0.05).
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Conclusion : Our data demonstrated that

combination of p53 gene transfer and

chemotherapeutic agents had higher cell killing than either of these two modality alone.
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Introduction

Ovarian cancer is the leading cause of gynecologic
cancer death in the United State, with approximately
22,000 new cases and 13,000 deaths estimated in
1994, Unfortunately, the inaccessibility of the ovary to
examination and the lack of early symptoms make the
diagnosis of ovarian cancer difficult. No screening test
has yet been shown to be effective for prevention or
early diagnosis. Two-third of patients present with
advanced stage disease, wherein the survival is only
15%-20%. Based on the prospective trials by the
Gynecologic Oncology Group, the combination of
paclitaxel and cisplatin has become the new standard
regimen in  patients with suboptimal stage III and
stage IV ovarian cancer in the United States.
Responses were reported in 73% of those patients. But,
median progression-free survival was 17.9 months.’
Recent studies by genetic analysis have shown that
multiple alteration of genes such as K-ras, HER-2/neu,
c-myc, and p53 occur in ovarian cancers.’ Mutations of
the pS3 gene has been identified in 27% to 79% of
epithelial ovarian cancers,*® which represent the most
common genetic alteration in ovarian cancers and
correlate  with poor prognosis.7"0 Some authors
observed that a strong correlation had emerged
between p33 alteration and resistance to chemotherapy

701,12 13
and bladder cancer.

in ovarian carcinomas
Futhermore, from relapsed clinical cases, increased
resistance to chemotherapy was found to be correlated
with acquired mutations of the p53 gene, which were

1 50, p53 gene status

not found in primary tumor.
and the ability of p33 to induce apoptosis may be

determinant of sensitivity to chemotherapy. Santoso et

al.” have demonstrated that transfection of a wild-type
p33 construct into an ovarian cancer with mutant p53
can inhibit proliferation in vitro. Additionally, ade-
novirus-mediated wild-type p53 gene transfer was
utilized successfully in increasing chemosensitivity in
human lung cancer cells'®" and colon cancer cells,”
ovarian cancer cells with deletion of the p53 gene,z"22
but, not in p53-null human pancreatic cancer cells.”* In
this study, we examined whether the replacement of
genetic alteration combined with chemotherapeutic
agents can enhance cell killing in an ovarian cancer
with p53 mutation.

Materials and Methods

Cell culture. The well-characterized platinum-resi-
stant human epithelial ovarian cancer cell line
Ov~a-2774 was selected for this experiment. These
cells are known to contain p53 mutation'” and are
found to be resistant to gene therapy by other
investigator.® Cells were maintained in HGDMEM
(Dulbecco’s  Modified Eagle Medium with  high
glucose, Gibco) containing 10% fetal bovine serum
(FBS), 1% penicillin/streptomycin, and 1% glutamine
at 37C and 5% CO; in a humidified incubator.

Construction of recombinant adenoviral vector. The
construction and isolation of recombinant adenoviral
vector have been described previously.25 The recom-
binant p53 adenoviral vector (AdSCMV-p53) contains
the cytomegalovirus promotor, wild-type p53 cDNA
and SV40 polyadenylation signal in a minigene
cassette which is inserted into the El-deleted region of
modified adenovirus.

Transduction efficiency and virus-related cyto-
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toxicity.

Transduction  efficiency was investigated by
infecting Ov-ca-2774 cells with the adenoviral vector
containing the {-galactosidase gene (AdSCMV-LacZ).
Cells were seeded at 1.0x 10° cells in 6-well tissue
culture plates. 24 h later, cell were infected with
Ad5CMV-LacZ at an multiplicity of infection (MOI)
ranging from 0-500. Infection of cells was carried out
by adding the desired amount of virus to the cell
monolayer in HGDMEM medium and 10% FBS. Cells
were incubated 37°C for 60 minutes with agitation
every 15minutes. Additional medium was added and
cells were incubated at 37C. 24 h after infection, cells
were fixed in 0.5% glutaraldehyde at room temperature
for Sminutes, washed twice with phosphate-buffered
saline and then incubated for 4 h with X-gal solution
(1.3 mM MgCls, 15 mM NaCl, 44 mM Tri, pH 74,
3mM potassium ferricyanide, 3mM potassium ferr-
ocyanide, and 2% X-gal in n,n’-dimethylformamide) to
measure [J-galactosidase activity. 500 cells in each dish
were counted three times and percentages of cells
stained positive were determined. To assess the virus-
related toxicity, cell were infected with AdSCMV-LacZ
at a multiplicity of infection (MOI) ranging from
0-1000 and incubated for 6 days. Following incubation,
a percentage of cell survival was determined using
MTT assay that measures viable cell dehydrogenase
activity as described previously.”” 1mg/ml of MTT
(Sigma Chemical Co., St. Louis, MO) was added to
each well and plates were incubated for 4 h. After that,
100 «1 of 100% DMSO (Sigma) was added to each
well and the absorbance at 595 nm of each well was
measured using a microplate reader (Biorad Labo-
ratories Model 550). After correction for background
media-only absorbance, data for each well were
expressed as a absorbance or a percentage (% cell
survival) to the absorbance in well containing
uninfected control cells.

Cytotoxic Effect of chemotherapeutic agents. Cells
were plated at a density of 1 x10" in 96-well
flat-bottomed plates and allowed to attach overnight.

Various concentrations of each chemotherapeutic

A 9

agents were added to media to test concentrations
required to kill 50-70% of control cells.

Combination of Chemotherapeutic Agents and
Adenovirus-mediated p53 Gene Transfer. Cells were
plated at a density of 1 x10° in 96-well flat-bottomed
plates and allowed to attach overnight. Considering the
observations by others that systemic cisplatin
administration before p53 gene transfer or concurrent
p53 gene transfer with cisplatin administration
produced a synergic effect in inhibition of tumor
growth,™” cells were treated with one of the three
different combination strategies in this study: p33 gene
transfer concurrently with chemotherapeutic agents
exposure, p53 gene transfer followed by chemothera-
peutic agents exposure with an interval of 24 hours, or
chemotherapeutic agents exposure followed by p53
gene transfer with an interval of 48 hours. We chose
platinum agents, topoisomerase inhibitors, antimicrotu-
bule agent, antitumor antibiotics. Selected concentra-
tions, required to kill about 50-70% of control cells, of
chemotherapeutic agents including cisplatin (Bristol-
Myers Squibb Co., Princeton, NJ), carboplatin (Bristol-
Myers Squibb Co.), topotecan (SmithKline Beecham
Pharmaceuticals, Philadelphia, PA), etoposide (Bristol-
Myers Squibb Co.), paclitaxel (Bristol-Myers Squibb
Co.), and doxorubicin (Pharmacia Inc., Columbus,
Ohio) were added to the culture media. Following
incubation for 6 days after initial treatment, a
percentage of cell survival was determined using MTT
assay.

Statistics. All results was expressed as the meant
standard error of 8 identically treated wells in
triplicated. The means were compared utilizing analysis
of variance (ANOVA). When significant difference
was found, Student t-test was used to test among
groups. (P<0.05 was considered significant)

Results

Transduction efficiency and virus-related cytotoxi-
city. 50% of transduction efficiency was noted using
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Ad5CMV-LacZ with an MOI of 40 and there was
virus-related cytotoxicity with AdSCMV-LacZ at an
MOI of 500 or more. (data not shown)

Cytotoxic Effect of chemotherapeutic agents.
Concentrations of each chemotherapeutic agents
required to kill 50-70% of control cells were
summarized. (Table 1)

Cytotoxic effect of adenovirus-mediated p53 gene
transfer on Ov-ca-2774 cells. The cells were infected
with AdSCMV-LacZ or AdSCMV-p53 at a multiplicity
of infection (MOI) of 40 and the absorbance for
virus-infected or mock-infected wells was assessed by
MTT assay on day 1, day 3, and day 6. By day 3, the
absorbance of AdSCMV-p53 infected wells was lower
than that of AdSCMV-LacZ or mock-infected wells. 6
days after infection, the absorbance of AdSCMV-p53
infected wells significantly decreased to about 45% in
comparison to that of mock-infected wells, while the
absorbance of AASCMV-LacZ infected wells was 99%
of that of mock-infected wells. (Fig. 1)

Combined cytotoxic effect of chemotherapeutic
agents and adenovirus-mediated pS3 gene transfer on
Ov-ca-2774 cells. The combined cytotoxic effect was
assessed in vitro using various concentrations of
severai chemotherapeutic agents, required to kill
50%-70% of uninfected control cells, and AdSCMV-
p53 with an MOI of 40. Although the combination of
carboplatin or paclitaxel followed by p53 gene transfer
with an interval of 48 h manifested no enhanced cell
killing compared to cells infected with AdSCMV-p53
alone, the other combinations of chemotherapeutic
agents and p53 gene transfer resulted in 15% to 37%
turther cell killing than p53 transfer alone (P<0.03, Fig.

2). Accordingly, p53 gene transfer followed by
doxorubicin with an interval of 24 h and concurrent
combination of etoposide with p53 gene transfer
showed significant difference in contrast to the other
combination strategies in the respective groups
(P<0.05). However, there were no difference in cell
killing among three combinations of cisplatin or
topotecan with p53 gene transfer in the respective
groups. In conclusion, based on the data we have,
combination therapy will enhance therapeutic efficacy

in most circumstances.
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Fig 1. Growth curves of mock-infected,
AdSCMV-LacZ infected, and AdSCMV-p53
infected Ov-ca-2774 cells with a multiply of
infection (MOI) of 40. The average values of
samples and standard deviations are shown.

Table 1. Concentrations of each chemotherapeutic agents required to kill 50-70% of control cells.

chemotherapeutic agent concentrations % of control cells
cisplatin 2.5mg/mé 69%
carboplatin 10mg/mé 2%
topotecan 10mg/m¢ 63%
doxorubicin- 2mg/mé 68%
etoposide 0.2mg/m¢ 46%
paclitaxel 1.2mg/m¢ 7%




W chemo
% Cell Survival B ps3
0O pS3+chemo
B p53+24h chemo
I O chemo+48h pS3 T

P y doxm:ublcin etop‘oside pnclilnel

Fig 2. Combined cytotoxic effects of various
chemotherapeutic agents and adenovirus-
mediated p53 gene ftransfer. The average values
of samples and standard deviations are shown.
p53: adenovirus-mediated p53 gene transfer,
chemo: chemotherapeutic agent exposure,
p53+chemo: adenovirus-mediated pS3 gene
transfer concurrently with chemother- apeutic
agent exposure, pS3+24h chemo:
adenovirus-mediated p53 gene transfer followed
by chemotherapeutic agents exposure with an
interval of 24 hours, chemo+48h p53: chemo-
therapeutic agents exposure followed by p53
gene transfer with an interval of 48 hours.

* P<0.05 compared to p53+chemo or chemo+48h
p53 in the doxorubicin exposure group.

% P<0.05 compared to p53+24h chemo or
chemo+48h p53 in the etoposide exposure
group.

Discussion

Although contemporary mainstay of treatment for
patients with advanced stage of ovarian cancer remains
aggressive surgery followed by chemotherapy, the
major problem of chemotherapy in ovarian cancer is
development of resistance. Mutation of the p53 gene,
which is the most common mutation in ovarian cancer,
has been found to be associated with chemotherapy

resistance.
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It is well known that the p53 gene operates by
stopping the cell cycle in G1 to allow necessary repairs
to DNA damage which can be induced either by a
malfunctioning DNA replication machinery or by DNA
damaging drugs and radiation. If the damage can not
be repaired, cell death by apoptosis is triggered by the
p53 gene. Therefore, alterations in the p53 gene lead
to loss in this critical guardian function and might be
associated with resistance to chemotherapy. It - was
already known that p53 gene transfer combined with
chemotherapy has greater efficacy than chemotherapy
alone in ovarian cancer whose p53 gene is deleted >
Novel strategies for anticancer therapy focus on the
replacement of mutant p53 protein to avoid resistance
to chemotherapy. In this study, we demonstrated that
the restoration of the wild-type p53 gene in ovarian
cancer containing p53 mutation could enhance the
therapeutic efficacy of chemotherapy.

In order to determine the efficacy of p53 gene
transfer combined with chemotherapy, we chose the
dosage of viral vector or concentrations of
chemotherapeutic agents which can kill about 50% of
cancer cell alone. As described above, most
combinations achieved better cell killing efficacy.
However, some combinations, such as combination of
carboplatin or paclitaxel followed by pS3 gene transfer
with an interval of 48 h, failed to manifest enhanced
cell Kkilling compared to cells infected with
AdS5CMV-p53 alone. This might be partially explained
by the different expression patterns of the exogenous
p53 gene in individual cells after exposure to
chemotherapeutic agens.

The highest level of p53 expression can be affected
by many factors such as interval between gene transfer
and exposure of chemotherapeutic agems,'8 concentra-
tion of chemotherapeutic agent,” cancer cell type. Our
results also showed that the timing of chemotherapeutic
agents exposure and p53 gene transfer was shown to
be important: p53 gene transfer followed by
doxorubicin with an interval of 24 h, and concurrent
combination of etoposide and p53 gene transfer
showed significant difference in cell killing of
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Ov-ca-2774 cells 'in contrast to the other combination
strategies in the respective groups. In ovarian cancer
cells, doxorubicin was reported to be less cytotoxic in
cells expressing wild-type p53 protein than in cells

expressing no p53 or mutant p53,2w

and sensitivity of
paclitaxel was shown to be not affected by the status
of the p53 gene.:‘0 However, our experimental study
revealed that all combination strategies of doxorubicin
with p53 gene transfer and two combination strategies
of paclitaxel with p53 gene transfer can enhance cell
killing of Ov-ca-2774 cells. Each chemotherapeutic
agent has different mechanism of action. Some work
fast or others do slow. So we should try to find out the
timing when high level of p33 expression can be
achieved and chemotherapeutic agents has best activity.

There was a report about clinical trial of p53 gene
therapy in lung cancer patients’’ and head and neck
cancer patients.32 In these studies, it was proven to be
safe even through long term toxicity or mutagenesis by
p53 gene transfer is uncertain. More clinical studies are
needed to get informations about the toxicity and
efficacy of pS3 gene transfer combined with
chemotherapy.
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3} #dol gl Aoz dA vk JPH diade i ARE ANIHE 27 Ao, $4&g A
3ol o|dd ps3 FAAZ g B aHAY A LG FIATE AE SolRsih

Ag L 9y : ps3 FAAY Holgl  cisplatine] WF WAL T e AoF A
Ov-ca-2774 A X Fo| G4 g dg A4sc I slgsgale] Fojo A4 ps3 #AA
(AASCMV-p53)& T Al & EAHOR olgla it dARFAE G502 KA H o vy
A4k ps3 £ A4S 40 MOI(multiplicity of infection) ¢ ¥ 52 8otalstalo} W asle] Ov-ca-2774 A
T3 oY% A% WERAN 15% WA 37%9 Z7hE HHAE Aozt B2 AGP<005). 1
g1} carboplatino] L} paclitaxel & 7%, $of 48417t & A4 p53 FHAAE o4 AAME A
p33 FAAY o] H 9o vt FrtE AAE AFAAI Ut doxorubicing 3¢, YA ps3
FHare FAo] T8 AL, doxorubicin Fof 4847t F A4 p53 HAE o|YF LRy AA
p53 A olg] 24Xt F doxombicing FAE AL FA3 SAHE AFAAsE BFEUGYG
(P<0.05). etoposide] 7 9-, etoposidest A4 pS3 FHAE FA Fod AL} olgE FaAHez §F
o A$Rr) 99 s FHAE AAAAE B HP<0.05).

HE ;o4 AH2 Hol A pS3FAA FY G UAE HEE 4% A4y e o
2oz Hgste Ad vdd T/t vad AXFe AFGAE AdAHAN #H2E F AU
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