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Abstract
Objective—The current standard treatment for ovarian carcinoma, consisting of surgery followed
by chemotherapy with carboplatin and paclitaxel, is fraught with a high rate of recurrences. We
hypothesized that targeted inhibition of specific signaling pathways in combination with
conventional drugs may increase chemotherapeutic efficacy.

Methods—We analyzed the expression and activation profiles of various signaling pathways in
nine established ovarian cancer cell lines (CAOV-3, ES2, PA-1, SKOV-3, NIHOVCAR3, OV90,
TOV112D, A1847, A2780) and 24 freshly procured human ovarian tumors. The PI3 kinase pathway
component Akt was frequently overexpressed and/or activated in tumor cells. The effect of several
PI3K pathway inhibitors (rapamycin, LY294002, SH-6) and rapamycin in combination with
carboplatin on various tumor cell growth characteristics was tested in cell lines and fresh tumor-
derived transient monolayer and organ cultures.

Results—Rapamycin by itself and additively with carboplatin inhibited the growth and invasion,
and increased the sensitivity to anoikis of most of the ovarian cancer cell lines and fresh tumors. The
additive inhibitory effect may be due to enhanced apoptosis as demonstrated by Poly-ADP-Ribose
Polymerase (PARP) cleavage and Annexin V staining in cells treated with both rapamycin and
carboplatin.

Conclusions—Rapamycin in combination with standard chemotherapeutic agents may improve
the efficiency of ovarian cancer treatment.
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Introduction
The mortality rate of ovarian cancer, the second most frequent malignancy of the female genital
tract in the western world, is higher than that of all other gynecologic malignancies combined.
Serous carcinoma accounts for almost 60% of all ovarian malignancies. Of these, more than
70% present at an advanced stage with widespread disease in the peritoneal cavity and/or distant
metastases.[1] The standard treatment of ovarian carcinoma consists of cytoreductive surgery
with subsequent chemotherapy including carboplatin and paclitaxel. Despite initially high
response rates to this treatment, most patients develop recurrent disease within few years.[1]
Second line treatment regimens are less standardized and include platinum-based agents,
gemcitabine, topotecan, etoposide, 5-fluorouracil, doxorubicin and combinations thereof.[1,
2] Median survival has improved with these regimens, but long-term survival and disease
mortality have remained largely unchanged due to drug-resistant recurrent tumor. Therefore,
more effective treatment options for ovarian carcinoma are needed. The molecular mechanisms
of ovarian oncogenesis are poorly understood. Among cell growth and survival controlling
mechanisms, the phosphatidylinositol-3 kinase (PI3K) signaling pathway is often activated.
Aberrations of its signaling molecules are frequently found in ovarian cancer cells. This
includes overexpression of the upstream receptor protein kinases (RPTKs),[3–6] mutations/
amplifications of the PI3K catalytic (PIK3CA, p110) and regulatory (p85) subunits, [7–9] Akt
activation,[10] and Akt 2 amplification[11]. Loss of the negative regulator PTEN due to
deletion, inactivating mutations or epigenetic silencing has been associated with ovarian
carcinomas of endometrioid histology.[12–14] Aside from uncontrolled growth, the capacity
of invasion and metastatic spread are pathogenic features of cancer cells. Numerous reports
suggest a role of PI3K signaling in invasion and metastasis.[15–21] Therefore, the component
molecules of the PI3K signaling pathway are logical targets for new anti-cancer drug
development.

Rapamycin, a macrolide produced by Streptomyces hygroscopicus, leads to cell cycle arrest in
the G1 phase by inhibition of the mammalian target of rapamycin complex 1 (mTORC1).
mTORC1 controls protein translation and several cytokine-driven signaling pathways involved
in cell cycle progression.[22,23] Rapamycin and its analogues have been in clinical use for
about a decade as immunosuppressants. Recently they have been tested as potential anti-cancer
drugs against breast, gastrointestinal, head and neck, renal and other solid tumors.[22,24–27]
Temserolimus was FDA approved for the treatment of advanced renal cell carcinoma in 2007
and is currently being evaluated in several clinical trials for its use in the treatment of
gynecologic malignancies, including ovarian carcinoma.[28] Cell culture studies [10,29–31]
and mouse models [32–37] also suggested that PI3K pathway inhibitors are efficient in
suppressing ovarian cancer cell growth. We analyzed the effect of the PI3K, AKT and
mTORC1 inhibitors LY294002, SH-6 and rapamycin, respectively, on ovarian cancer cell
growth using established cell lines and fresh human tumor tissue. Since the biologic targets of
PI3K pathway inhibitors and carboplatin are different, we hypothesized that combination
treatment may result in an additive effect. Our results show that rapamycin alone and additively
in combination with carboplatin effectively inhibits various oncogenic properties of ovarian
cancer cells.
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Materials and Methods
Cell lines and cultures

The ovarian cancer cell lines CAOV-3, ES-2, PA-1, SKOV-3, OV-90, NIHOVCAR3,
TOV-112D (obtained from ATCC), A1847 and A2780 (obtained from Dr. Stuart Aaronson,
Mount Sinai School of Medicine) were cultured in DMEM with 10% fetal calf serum (FCS).

Reagents
LY294002 is a specific inhibitor (IC50 = 1.40 µM) of PI3 kinase. Rapamycin (sirolimus) binds
to FK506 binding protein 12 (FKBP12) and selectively inhibits the catalytic activity of the
mammalian target of rapamycin (mTOR) when complexed to the regulatory associated protein
of mTOR (raptor) in the mTOR-complex 1 (mTORC1). SH-6 (Akt inhibitor III) is a
phosphatidylinositol analog that inhibits the activation of Akt without decreasing
phosphorylation of other kinases downstream of Ras. Carboplatin (cis-Diamine[1,1-
cyclobutanedicarboxylato]platinum[II]), an analog of Cisplatin with reduced nephrotoxicity,
is an alkylating agent that cross-links DNA strands and induces apoptosis in cancer cells,
possibly via caspase-3 activation, and is used in the standard chemotherapy for ovarian
carcinoma. LY294002 and rapamycin were purchased from L.C. Laboratories, Woburn, MA.
SH-6 and carboplatin from Calbiochem, San Diego, CA. The dosage of these reagents was
based on our previous experience.[38] For SH-6, we empirically determined to use 20ng/ml
to effectively inhibit more than 80% of the phospho-AKT. For drug combination experiments,
we targeted 50% inhibition by either drug.

Fresh tumor cells and organ culture
This study was approved by the Institutional Review Board. A waiver of informed consent was
obtained for studies of human tissue. Between April 2003 and June 2005, de-identified fresh
tumor and, when possible, matched normal tissue samples were harvested from 24 different
ovarian carcinoma patients. In order to prevent confounding results due to the great variety of
histologic subtypes of ovarian malignancies, we focused on primary ovarian papillary serous
carcinomas (OPSC), which constitute the vast majority of our study cohort (Supplementary
table 1). The histopathologic diagnoses, tumor grade and stage were verified according to the
World Health Organization (WHO) classification and the American Joint Committee on
Cancer (AJCC) staging system.[39, 40] Due to limited tissue availability, not all tissue samples
could be subjected to all tests. Monolayer and organ cultures were prepared as follows: Fresh
tissue was harvested within 15 minutes of surgical removal, placed in DMEM containing 10%
FCS and kept at 4° C. The specimen was divided into 3 pieces, which were used for protein
extraction, preparation of monolayer cell culture and organ culture, respectively. For
monolayer culture, the normal or tumor tissue was minced and treated with trypsin (0.5%) and
collagenase (1 mg/ml) in phosphate buffered saline containing 0.2% EDTA at room
temperature for 30 minutes with constant stirring. After sedimentation for 5 minutes, the
supernatant was harvested, while the sediment was subjected to a second cycle of trypsin and
collagenase treatment. The combined supernatant cell suspension was centrifuged, and the
collected cells were resuspended in DMEM and seeded in culture dishes. In some cases, the
cells were cultured in DMEM containing 1.3% methylcellulose for 48 hours to enrich for
anoikis resistant tumor cells before seeding on the culture dishes.[41] With this protocol, about
50% of the initial cells survived. Significant growth of monolayer tumor cells could be observed
during the initial 3 to 4 passages. The monolayer tumor cell cultures with or without
preselection in methylcellulose medium could be maintained for 3 to 6 weeks (Supplementary
Fig. 1A). The epithelial origin was confirmed by immunostaining for cytokeratins
(Supplementary Fig. 2).
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For transient organ culture, 1–2 mm3 tumor pieces were placed on a nylon mesh platform
floating on DMEM and cultured in the air-medium interphase. Changing the medium every
three days, the tumor tissue remained viable for 3 to 4 weeks. Cell growth could be observed
around the periphery of the tissue fragments (Supplementary Fig. 1B) and was assessed after
one week by 3H-thymidine incorporation assay.

Protein analysis
Growth factor receptors and signaling molecules were analyzed by Western blots as described.
[16] Total lysates from either cell cultures or freshly frozen tumor tissues were prepared using
RIPA buffer.[16,18,41] The frozen tissues were minced and dounce homogenized prior to
RIPA extraction. Protein lysates were resolved by SDS-PAGE, probed with primary antibodies
against ErbB2, EGFR (Calbiochem, San Diego, CA), IGF1R [42], IR, AKT-1, AKT-2,
phospho-AKT(S473) (Santa Cruz Biotechnology, Santa Cruz, CA), MAP kinase, phospho-
MAP kinase, phospho- AKT(T308) ( Cell Signaling, Danvers, MA), Stat3 (Santa Cruz
Biotechnology, Santa Cruz, CA), phospho-Stat3 (Cell Signaling, Danvers, MA), PARP
(Beckton Dickinson, Franklin Lakes, NJ), GAPDH (Chemicon International, Temecula, CA)
and β-tubulin (Sigma, St Louis, MO), and visualized by chemiluminescence (PerkinElmer,
Boston, MA, and Roche, Nutley, NJ).

Monolayer growth assay
105 cells were seeded in 6cm Petri dishes and maintained in the growth medium with or without
rapamycin (5 or 10 ng/ml), carboplatin (1 or 2 µg/ml, as indicated in the figure legends) or
both. 72 to 96 hours later the cells were trypsinized and counted.

Colony assay
105 cells were seeded in a 6cm Petri dish and cultured in agar containing DMEM without or
with LY294002 (10 µM), SH-6 (20 ng/ml), rapamycin (5ng/ml), carboplatin (2µg/ml), or
rapamycin (5ng/ml) and carboplatin (2µg/ml) combined. After 14 days, colonies were
quantified as described previously.[18]

Invasion assay
105 cells were plated in a Boyden chamber, and the number of invaded cells was quantified as
described [18], except that the insert was precoated with 100µl of 0.5µg/ml growth factor
reduced Matrigel (Beckton Dickinson, Franklin Lakes, NJ) in DMEM containing 0.1% bovine
serum albumin (BSA) and incubated at 37ºC for 30 minutes before use. The observation time
was 6 to 24h.

Anoikis assay
106 cells per ml were suspended in growth medium containing 1.3% methylcellulose as
described.[41] 48 to 72 hours later cells were recovered and subjected to trypan blue exclusion
viability assay.[41]

DNA synthesis assay
Organ cultures were washed three times with DMEM containing 10% dialyzed FCS and then
incubated in 4 ml of the same medium containing 100 µCi of 3H-thymidine (20 Ci/mM,
PerkinElmer Life and Analytical Sciences, Boston, MA) with or without rapamycin (5 ng/ml),
carboplatin (2 µg/ml) or both. After 96 hours, the tissues were washed with PBS and treated
with Western extraction buffer as described.[16] A small aliquot was taken for assaying protein
concentration (Bio-Rad reagent). DNA of the remaining sample was extracted by adjusting to
0.1 N KOH, neutralized with HCl and deproteinized with phenol/chloroform. DNA was
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precipitated by adjusting to 70% ethanol and 0.1 N NaCl and kept at −20ºC overnight. The
DNA was pelleted by centrifugation and redissolved in 100 µl water. Radioactivity was
measured by liquid scintillation. The DNA synthesis, as measured by the 3H-thymidine
incorporation, was normalized to the protein amount.

Annexin V staining assay for apoptotic cells
A2780, PA-1, ES2, and OVT24 cells were treated with various concentrations of rapamycin,
carboplatin, or both for 48 or 72 h. Cells were collected and stained with Annexin V-FITC
according to the manufacturer’s instruction (BD Biosciences). 1×104 cells were collected, and
the percentage of Annexin V-FITC positive cells was considered as the percentage of apoptotic
cells.

Statistical analysis
For every test three experiments were conducted in duplicates, except for the 3H-thymidine
incorporation test, which was performed with two duplicate experiments. Histograms shown
in the figures represent mean values and standard deviation.

Protein expression (Supplementary Fig. 3) was graded visually on a four tier-scale ranging
from 0 (no expression) to 3 (strong expression). To detect associations between tumor stage,
grade, histologic subtype or age, and expression level of the PI3K pathway-related signaling
molecules, a one tail Student’s t test was used. Two-tailed t tests were used to assess the
statistical significance of growth inhibition under rapamycin, carboplatin or combined therapy.

Results
Expression and activation of PI3K pathway mediators

Cell lines expressed ErbB2, IGF-1 receptor (IGF-1R), EGF receptor (EGFR), or insulin
receptor (IR) to varying degrees (Supplementary Fig. 3A). ES2 overexpressed IGF-1R and
EGFR, and PA-1 overexpressed IGF-1R and IR, whereas OV90, TOV112D and A1847 did
not show significant expression of these RTPKs. ES2, SKOV-3 and OV90 had relatively higher
levels of activated MAP kinase, and all except OV90 and A2780 displayed activated Akt.
Except for A2780, all lines with overexpression of RPTK displayed activation of MAP kinase,
Akt or both.

Nineteen of the 24 tumor samples and 9 matched normal tissues were examined for protein
expression. The tumor tissues had higher expression levels of ErbB2, IGF-1R, EGFR, IR, Akt2
or Stat3, and displayed higher levels of phosphorylated MAP kinase, Akt and Stat3 than the
normal tissues (Supplementary Fig. 3B). We were unable to identify a statistically significant
correlation between protein expression patterns and tumor type or stage.

Effect of PI3K pathway inhibitors and carboplatin on ovarian cancer cell lines
The six lines with robust colony forming ability (ES2, NIHOVCAR3, SKOV-3, OV-90,
TOV-112D, and A2780, Fig. 1A) were treated with LY294002, SH-6 and rapamycin,. Except
for ES2 and A2780, LY294002 reduced the colony formation ability to 30 – 70% of the controls
(Fig. 2A). SH-6 inhibited 30 to 60%, while rapamycin inhibited 50 to 80% of the colony
formation. All lines tested were inhibited more than 45% by rapamycin. Of the five lines that
were further tested for combined drug inhibition, all were inhibited by rapamycin alone, and
four showed a significant further colony formation reduction under combined rapamycin/
carboplatin treatment. Colony formation ability of SKOV3 was so strongly inhibited by
rapamycin alone that a further reduction could not be demonstrated by the addition of
carboplatin (Fig. 2B).
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Similarly, six cell lines with higher invasion activity (Fig. 1B) were tested for inhibition by
LY294002, SH-6 and rapamycin. PA-1 was relatively resistant to all three inhibitors.
NIHOVCAR3 and CAOV3 were relatively resistant to rapamycin, but were sensitive to
LY294002 and SH-6. The rest were inhibited 60 to 80% by rapamycin (Fig. 2C).

In monolayer growth assays, OV90, SKOV3 and NIH OVCAR3 were relatively resistant to
carboplatin, but most lines were sensitive to rapamycin. In most cases, combination of
rapamycin and carboplatin significantly enhanced growth inhibition compared to either drug
alone (Fig. 2D).

Effect of rapamycin and carboplatin on fresh tumor-derived monolayer and organ cultures
Cells were immunohistochemically analyzed for cytokeratin expression to assure their
epithelial origin. The majority of cultured cells were positive for cytokeratins (Supplementary
Fig. 2).

Fifteen of the 24 tumors grew monolayer cultures for at least two transfers. Organ cultures
were prepared from OVT8 onwards and could be maintained for one to four weeks in 11 of 16
tumors (Supplementary table 1).

Rapamycin and carboplatin individually showed different degrees (20 to 80%) of growth
inhibition on the tumor cells in monolayer or in organ culture as measured by cell count
and 3H-thymidine incorporation, respectively. Combined treatment resulted in significantly
enhanced inhibition in most cases (Fig. 3A–B). Interestingly, OVT22 had been subjected to
neoadjuvant chemotherapy with carboplatin and paclitaxel (Supplementary table 1), and the
lower sensitivity to carboplatin may reflect an emerging drug resistance.

The effect of rapamycin and carboplatin on invasion, colony formation and sensitivity to
anoikis of fresh tumor-derived cells is illustrated in Fig. 3C–E. Rapamycin and carboplatin
individually inhibited these three oncogenic properties. Combined treatment resulted in an
enhanced inhibition in anchorage independent growth and resistance to anoikis, but less
apparent effect on invasion activity. Among our tumor cases, only OVT24 displayed a
significant and robust colony forming ability and continuous growth for over 20 passages.

Induction of apoptosis by rapamycin and carboplatin
To explore the mechanism of the enhanced antiproliferative effect under carboplatin/
rapamycin combination treatment, apoptosis assays using PARP cleavage and Annexin V
staining were conducted. PARP expression and cleavage was assessed in four representative
cell lines and one fresh tumor-derived culture. Rapamycin induced PARP cleavage in all cell
lines, and addition of carboplatin resulted in an increased PARP cleavage in PA-1 and ES2
cells (Fig. 4A). In OVT24 cells, carboplatin induced PARP cleavage and addition of rapamycin
led to an enhanced cleavage.

Annexin V staining indicated increased apoptosis in all four cell lines tested. The difference
between either rapamycin or carboplatin alone and their combined application was statistically
significant in two cell lines (A2780 and PA-1, Fig. 4B). These findings suggest that the
combination of rapamycin and carboplatin can lead to increased apoptosis.

Discussion
Our results show that inhibition of the PI3K pathway is highly effective in suppressing
proliferation and invasion of ovarian cancer cells. Due to limitations in specificity and potential
side effects of LY294002 [43,44], and the lack of clinical experience with SH-6, we focused
on rapamycin in the test of combination therapy. Rapamycin is already established as an

Schlosshauer et al. Page 6

Gynecol Oncol. Author manuscript; available in PMC 2010 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



immunosuppressive agent clinically, and its toxicity profile is known. We used rapamycin at
concentrations of 5–10 ng/ml, which is similar to that in the blood of transplant patients treated
for graft rejection prophylaxis.[45]

Over the past years a substantial body of evidence has been accumulated regarding the
therapeutic usefulness of PI3 kinase pathway inhibitors for various malignancies including
breast, gastrointestinal, head and neck, renal and other solid tumors.[22,25,26] Several phase
I/II clinical trials using PI3 kinase inhibitors for a variety of solid tumors are under way.[46]
After its FDA approval for the treatment of advanced renal cell carcinoma, the rapamycin
derivative temserolimus is currently being tested as single agent and in combination with other
drugs for the treatment of gynecologic malignancies, including ovarian carcinoma.[28]
Although other PI3K pathway inhibitors have been tested in combination with cisplatin or
carboplatin on ovarian carcinoma cells [47,48], this is the first report about the combined use
of rapamycin and carboplatin in human ovarian cancer.

Carboplatin, the single most important chemotherapeutic agent used in the treatment of ovarian
carcinoma, is an alkylating agent that cross-links DNA strands, thereby interfering with DNA
replication and leading to apoptosis.[49] The action mechanism of rapamycin as an inhibitor
of the PI3K pathway is principally different, which may explain the enhanced antiproliferative
effect under combination treatment. Furthermore, the PI3K pathway has been implicated in
the development of drug resistance. The X-linked inhibitor of apoptosis (XIAP) protein and
Her-2/neu can induce resistance to chemotherapeutic agents and tumor necrosis factor (TNF)
through PI3K pathway-mediated inhibition of the caspase cascade.[6,50,51] AKT has been
implicated in mediating resistance to cicplatin and paclitaxel in ovarian cancer cells.[52,53]
The PI3K inhibitor LY294002 was able to revert PI3K-driven drug resistance to Paclitaxel in
ovarian cancer models.[54] Therefore, the addition of a PI3K pathway inhibitor to the standard
cytotoxic chemotherapy might not only target tumor cell growth, but also antagonize the
development of drug resistance.

Relatively few published reports have shown the antitumoral effect of PI3K pathway inhibitors
in combination with other chemotherapeutic agents. Growth assays on human carcinoma cells
and tumor models using athymic mice inoculated with human ovarian carcinoma cell lines
showed enhanced tumor sensitivity to platinum-based chemotherapy under inhibition of the
PI3K pathway. In a mouse model, combination treatment with the mTORC1 inhibitor RAD001
(everolimus, a rapamycin derivative) and cisplatin resulted in prolonged survival.[36] The
mechanism of this phenomenon is thought to be an increased efficacy of platinum-induced
apoptosis.[47,48] Consistent with these reports, we observed increased PARP cleavage under
rapamycin/carboplatin combination treatment. In head and neck cancer cells, rapamycin as a
single agent has been shown to reduce cell proliferation and induce apoptosis, while an additive
synergistic effect was observed when combined with carboplatin and paclitaxel.[55]

Recent observations suggest that inhibition of mTORC1 may lead to secondary activation of
not only the PI3 kinase pathway, but also the MAP kinase pathway by relieving a feedback
mechanism mediated by the negative regulator S6K1.[23,56] The effect of selective mTORC1
inhibition may vary considerably from tumor to tumor due to the numerous mTOR-independent
substrates of Akt, abundant cross-talk between PI3 kinase signaling and other signaling
pathways, and the specific cell signaling aberrations in any given tumor. Drugs or drug
combinations targeting multiple signaling molecules simultaneously (e.g. mTORC1, Akt and
ERK) may overcome the drawbacks of mTORC1 inhibition monotherapy. Here we show that
rapamycin by itself has a strong antiproliferative effect on ovarian carcinoma cells, which is
further enhanced in combination with carboplatin.

Schlosshauer et al. Page 7

Gynecol Oncol. Author manuscript; available in PMC 2010 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In addition to uncontrolled proliferation, malignant tumor cells are characterized by the ability
to destructively invade surrounding tissue and to form metastases. Our results and previous
reports support a role of the PI3K pathway in invasion and metastasis formation.[15–19] Thus,
inhibition of the PI3K pathway might also interfere with these crucial properties of malignant
cells.

A transient organ culture assay as described in this study may be helpful in the clinical setting
to determine which patients might benefit from a PI3K pathway inhibitor added to the standard
chemotherapeutic regimen. Development and standardization of the culturing and assaying
protocol could be of considerable clinical value.

In conclusion, we present evidence that rapamycin, especially in combination with carboplatin,
may be useful in the treatment of human ovarian carcinoma. As an inhibitor of the PI3K
pathway, rapamycin targets tumor cell growth, invasion and metastasis, antagonizes drug
resistance and enhances the efficiency of apoptosis induced by platinum-based agents. While
adding these new dimensions to tumor therapy, rapamycin may increase the efficiency of
standard chemotherapy and/or allow lower doses of cytotoxic agents to reduce side effects.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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PI3K, Phosphatidylinositol-3 kinase; PARP, Poly-adenosine diphosphate-ribose Polymerase;
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Mammalian target of rapamycin complex 1; EGFR, Epithelial growth factor receptor; IGFR,
Insulin-like growth factor receptor; IR, Insulin receptor; MAP kinase, Mitogen activated
protein kinase.
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Fig. 1. Colony and invasion activity of various ovarian cancer lines
A Colony assays, photographed 14 days after plating. B Boyden chamber invasion assays:
invaded cells photographed after 24 hours.
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Fig. 2. Effect of PI3K pathway inhibitors and carboplatin on growth and invasion of ovarian cancer
cells
All histograms except those in C represent the average values with standard errors of 3
independent experiments. The results in C represent the average of two experiments. P-values
indicate the statistical significance between the effects of carboplatin or rapamycin as single
agents versus their combined use.
A Colony assays using DMSO solvent, 10µM LY294002, 20ng/ml AKT inhibitor (SH-6) or
10ng/ml rapamycin (Ra). The value for DMSO treated control cells was set as 100%. B Colony
assays using 5ng/ml rapamycin (Ra), 2µg/ml carboplatin (Carbo), or both. C Boyden chamber
invasion assays. D Growth assay was performed by plating 1 × 105 cells in duplicate 6-cm
dishes in DMEM with 10% FCS. The following day the medium was changed with addition
of DMSO solvent, 5 ng/ml rapamycin, 2 µg/ml carboplatin, or both. Cells were counted 72
hours later.
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Fig. 3. Fresh tumor-derived cells under rapamycin and carboplatin
A Monolayer culture growth. B DNA synthesis of transient organ cultures. Bars represent the
average of duplicate cultures for each treatment. C Invasion assay. D Colony assay. E Anoikis
assay. For A, C, D and E, bars represent average values with standard errors of three
independent experiments.
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Fig. 4. PARP cleavage and apoptosis assay under rapamycin and carboplatin
A PARP cleavage. Upper band represents total PARP, lower band represents cleavage product.
B Annexin assay. Four ovarian cell lines, A2780, PA-1, ES2, and OVT24 were treated with
rapamycin, carboplatin, or both for 48 h (PA-1) or 72 h (A2780, ES2, and OVT24). For PA-1
and A2780 cells, 10 ng/ml rapamycin, 2 µg/ml carboplatin or their combination was added.
For ES2 and OVT24 cells, 50 ng/ml rapamycin, 10 µg/ml carboplatin or their combination was
added. Cells were then stained with Annexin V-FITC. FACS analysis was performed to
quantify the percentage of cells undergoing apoptosis with Annexin V positive staining. (*,
p<0.05; **, p<0.01). C – control; Ra – rapamycin; Car – carboplatin.
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