Experimental Chemotherapy

Chemotherapy

Chemotherapy 2008;54:67-76
DOI: 10.1159/000112419

Received: June 9, 2006
Accepted after revision: June 4, 2007
Published online: December 10, 2007

Role of Triptolide as an Adjunct
Chemotherapy for Ovarian Cancer

Suzanne D. Westfall

Eric E. Nilsson Michael K. Skinner

Center for Reproductive Biology, School of Molecular Biosciences, Washington State University, Pullman, Wash., USA

Key Words
Ovarian cancer - Triptolide - Carboplatin -
Phosphatidylinositol 3-kinase inhibitor - LY294002

Abstract
Background: Triptolide (TPL) has been identified as the ac-
tive component of the Tripterygium wilfordiihook F plantand
demonstrated to possess antitumor properties and induce
apoptosis in a variety of tumor cell lines. Since TPL actions
are associated with changes in the activities of both p53 and
NFkB, which are implicated in the chemoresistance of ovar-
ian cancer, the ability of TPL to be a potential chemother-
apeutic for ovarian cancer was considered. Methods: TPL
actions on human ovarian cancer cells were investigated in
vitro and in vivo with a nude mouse model to monitor tumor
burden both in the absence or presence of other chemo-
therapy agents. Results: TPL was effective as a single agent
in inducing apoptosis of ovarian cancer cells in vitro, but not
in vivo. TPL enhanced the cytotoxicity of carboplatin in cul-
ture and enhanced carboplatin-mediated reduction of tu-
mor burden in nude mice inoculated with human ovarian
cancer cells. Previously, a phosphatidylinositol 3-kinase (PI3
kinase) inhibitor was found to enhance carboplatin actions
on ovarian cancer. Interestingly, the combined treatment
of TPL, PI3 kinase inhibitor LY294002 and carboplatin was
found to dramatically reduce ovarian tumor progression and
burden in nude mice. Conclusion: In 44% of the animals test-
ed the combined treatment caused complete regression of
ovarian cancer. Combined observations indicate TPL may be
an effective adjunct chemotherapy for ovarian cancer.
Copyright © 2007 S. Karger AG, Basel

Introduction

Ovarian cancer is the leading cause of death from gy-
necological malignancy [1-3]. Each year over 23,000 new
cases are diagnosed and approximately 14,000 deaths oc-
cur from this disease [1, 2]. Ovarian cancer is derived
from the ovarian surface epithelial layer surrounding the
ovary and has a high rate of metastasis [1, 2]. The spread
of this disease into the peritoneal cavity is not associated
with overt signs or symptoms and is usually not diag-
nosed until it has reached advanced stages [3]. Diagnosed
and treated early, while still confined to the ovaries, al-
lows for a 5-year survival rate as high as 95% [3]. How-
ever, most ovarian cancers are not diagnosed until they
have become more advanced and spread throughout the
peritoneal cavity [3]. At this stage, ovarian cancer has a
mortality rate that exceeds 80% [3].

The introduction of combination therapy using plati-
num-based drugs and paclitaxel has improved survival
length. However, both of these compounds have signifi-
cant adverse side effects and most patients who are ini-
tially responsive to this therapy eventually become resis-
tant [4-6]. Therefore, drug resistance remains one of the
most significant obstacles in the treatment of patients
with recurrent disease [5, 6].

Triptolide (TPL), a diterpenoid triexpoxide, is a puri-
tied compound of the herb Tripterygium wilfordii hook F
and has been identified as the component responsible for
its actions [7]. This herb has been used as a natural medi-
cine for hundreds of years in China [7]. Tripterygium was
initially used for the treatment of autoimmune diseases,
especially rheumatoid arthritis [7]. It was later discovered
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that in addition to immunosuppressive activities TPL pos-
sesses anti-inflammatory and antifertility activities [8, 9].
Moreover, it was recently discovered that TPL has potent
antineoplastic and antitumor activities [10-12]. Despite
the multifunctional nature of this drug the exact molecu-
lar mechanisms of its actions are largely unknown.

Antiproliferative and proapoptotic activities of TPL
have been shown with several different types of cancer
cells in vitro and in vivo. TPL has been shown to induce
apoptosis in leukemia cells in vitro [13, 14] and to have
significant antagonistic activity against mouse leukemia
in vivo [15]. Clinical trials in China have demonstrated
that TPL treatment can induce a high remission rate in
both mononucleocytic and granulocytic leukemias [16].
TPL was also found to be effective in inhibiting prolif-
eration of human gastric cancer cells and prostatic epi-
thelial cells in vitro [12, 17]. TPL can inhibit the growth
of several different solid tumor types including breast,
bladder, stomach and melanomas [18]. TPL was also
found to be more effective on a molar basis than both cis-
platin and taxol in inhibiting xenograft growth of these
tumor types [18]. TPL also potentiates the activities of
other agents [19-21] suggesting it may be useful not only
as a single therapeutic compound, but also in combina-
tion with other cytotoxic drugs for cancer treatment.

The platinum-based compounds, cisplatin and carbo-
platin, bind to DNA and nuclear proteins leading to the
formation of DNA cross-links that inhibit DNA replica-
tion and transcription [3, 4]. In ovarian cancer the che-
moresistance that develops to these DNA-damaging
agents is thought to be in part mediated through p53-
induced cell cycle arrest [22-24]. TPL has been shown to
enhance doxorubicin-mediated apoptosis of tumor cells
by blocking p53-mediated cell cycle arrest [20]. In addi-
tion to p53, intrinsically or constitutively activated NFkB
is thought to confer drug resistance in several cancer
types, including ovarian cancer [25]. A recent study dem-
onstrated that inhibition of NFkB activity resulted in in-
creased efficacy of cisplatin in ovarian cancer cells [26].
Several studies have shown that TPL is able to inhibit the
transcriptional activity of NFkB [12, 19, 27]. Therefore
TPL may be effective in attenuating chemoresistance in
ovarian cancer cells by altering NFkB and/or p53 activi-
ties.

An important signal transduction pathway involved
in ovarian cancer progression is phosphatidylinositol 3-
kinase (PI3-kinase) [28]. Abnormal activation of PI3-ki-
nase is found in a high percentage of ovarian cancers [29].
An inhibitor of PI3-kinase LY294002 has been shown to
inhibit cell survival and growth of ovarian cancer cells in
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vitro and in vivo [29-31]. Recently, LY294002 has been
shown to be a useful adjunct chemotherapy for ovarian
cancer in vivo [32]. Therefore, a combined treatment of
TPL, LY294002 and carboplatin was investigated.

The objective of the current study was to determine if
TPL is an effective treatment for ovarian cancer, either
alone or as an adjunct therapy. A nude mouse tumor
model was used that has been shown to be effective in
evaluating the response of ovarian tumor xenografts in
nude mice [33]. This in vivo tumor model involves a hu-
man ovarian cancer cell line, OCC1, which has been sta-
bly transfected with a secreted alkaline phosphatase
(SEAP) gene. The SEAP reporter gene is constitutively
expressed and has been shown to be secreted at levels pro-
portional to the number of tumor cells present [33]. TPL
was evaluated for its ability to induce apoptosis of OCC1-
SEAP cells in vitro and in vivo. The capacity of TPL to
enhance carboplatin-induced cell death in culture and in
xenografts of ovarian cancer cells was assessed. Since the
signal transduction processes influenced by TPL and the
PI3-kinase inhibitor LY294002 appear distinct, a combi-
nation therapy of TPL, LY294002 and carboplatin was
also investigated in the current study.

Materials and Methods

Cell Culture

The human ovarian cancer cellline OCC1 was generously pro-
vided by Dr. Gordon Mills (MD Anderson Cancer Center, Hous-
ton, Tex., USA) and cultured under recommended conditions.
These cells have been modified to constitutively express the
marker gene: secreted human SEAP [33]. The SEAP gene encodes
a heat-stable protein that is secreted in proportion to cell number.
The OCCI1-SEAP cells were grown in Ham’s F-12 medium (Life
Technologies) plus 10% bovine calf serum (BCS). Once cells
reached confluence they were trypsinized and split into appropri-
ate plates.

Cell Survival

Cell survival was assessed as the number of cells remaining in
culture following exposure to treatments. The DNA content of
individual culture wells was used as an indication of cell number.
Cells plated in 24-well culture plates were allowed to approach
confluence (80%) in Ham’s F-12 medium plus 10% BCS. Cultures
were then incubated in DMEM plus 0.1% BSA and 0.1% BCS in
the presence of vehicle control, carboplatin (0-100 mg/ml), TPL
(100 ng/ml), or a combination of these for 24-96 h. Media aliquots
were taken when appropriate for SEAP analysis. The DNA was
measured fluorometrically as previously described [33].

DNA Isolation and Analysis

Following 48- to 72-hour treatment incubations, cells were
suspended into culture medium and pelleted in tubes. DNA was
isolated from collected cells using a Puregene™ DNA isolation kit
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(Gentra Systems, Minneapolis, Minn., USA). The quantity and
purity of nucleic acid preparations were estimated by measuring
the absorbance of each sample (A,40/A,50). DNA preparations (10
mg/well) were loaded onto 1.2% agarose gels and visualized with
ethidium bromide stain.

Western Blot Analysis

The OCCI-SEAP cells were grown to 80% confluence. Cul-
tures were incubated in DMEM plus 0.1% BSA and 0.1% BCS to
which either vehicle control, carboplatin (0-50 mg/ml), TPL (100
ng/ml) or combinations of these treatments had been added. Fol-
lowing 24, 48 or 72 h, cells were lysed with sample buffer (62.5 mMm
Tris-HCI, pH 6.8, 2% SDS, 5% glycerol, 003% glycerol, 0.5% [3-
mercaptoethanol). Total cell lysates were subjected to SDS-PAGE
and transferred to PVDF membranes (Millipore, Bedford, Mass.,
USA). Membranes were immunoblotted with antibodies to both
cleaved and full length caspase-3 (Cell Signaling Technology,
Beverly, Mass., USA).

Nude Mouse Tumor Model

Athymic nude mice (NCR Nu/Nu) were either purchased from
Taconic (Germantown, N.Y., USA) or bred in-house at Washing-
ton State University. The OCC1-SEAP cells were collected in
Hanks’ balanced salt solution and counted prior to injection.
Treatments were initiated 7-10 days following an intraperitoneal
inoculation of mice with 1 X 107 OCC1-SEAP cells. Stock solu-
tions of carboplatin (Paraplatin; Bristol-Meyers Squibb, Prince-
ton, N.J., USA) and TPL (Calbiochem, San Diego, Calif., USA)
were prepared in sterile filtered PBS and DMSO, respectively. An-
imals received intraperitoneal injections of either vehicle control
(PBS containing 4% DMSO) or carboplatin (60 mg/kg) alone or
in combination with TPL (0-1.0 mg/kg) every other day for 5
days. Alternatively, TPL (0.15 mg/kg) was injected every day for
10 days. For these experiments carboplatin was administered un-
der the same schedule of every other day for 5 days. Some mice
were also treated with 40 mg/kg of LY294002 every other day for
5 days with an intraperitoneal injection in the presence of TPL
and carboplatin. Blood samples were collected into capillary
tubes from saphenous vein lancings at regular intervals during
and following treatments. The capillary tubes were centrifuged
and the plasma samples were frozen at -20°C until the time of
SEAP assay. The Washington State University Animal Care and
Use Committee approved all procedures.

SEAP Assay

Blood plasma and cell culture medium samples were assayed
for SEAP activity using the Great EscAPe SEAP fluorescence de-
tection kit (Clontech Laboratories, Palo Alto, Calif., USA) as pre-
viously described [33]. Blood plasma samples were diluted 1:100
prior to the assay to bring values within the linear range of the
standard curve. The intra-assay and interassay coefficients of
variation were 2.5 and 18.8%, respectively [33]. SEAP levels have
been previously shown to correlate with tumor burden [33]. In the
case of the experiments in which mice were treated with a combi-
nation of TPL, LY294002 and carboplatin there was some varia-
tion in the extent of tumor growth in the control mice. In order
to better compare response to treatment across experiments the
SEAP assay data between experiments were normalized by divid-
ing each data point by the overall mean of all SEAP measurements
from that experiment and up through day 18. The normalized
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Fig. 1. Ovarian tumor cell survival following carboplatin and TPL
treatment. OCC1-SEAP ovarian cancer cells were incubated for
48 h in the absence or presence of TPL (100 ng/ml) and with or
without carboplatin (50 mg/ml). Cells remaining in the culture
wells following the treatment period were suspended in PBS. The
amount of DNA in aliquots of PBS was measured fluorometri-
cally with ethidium bromide and considered representative of the
amount of cells surviving in culture. The results are expressed as
the mean = SEM, n = 4 and are representative of three different
experiments.

data then reflect the relative tumor burden of each mouse com-
pared to others in the experimental group and can be combined
across experiments.

Statistical Analysis

Data were analyzed by a one-way or two-way analysis of vari-
ance (ANOVA). Significant differences between two treatment
groups were determined using a Student t test. In some cases after
analysis of variance a post hoc Bonferroni test was used to deter-
mine differences between treatment groups at particular time
points. For the survival data a Mantel-Haenszel logrank test [34]
was used to determine if the survival curves were significantly
different. Most analyses were performed using Graphpad Prism
version 4.0b for MAC (Graphpad Software, San Diego, Calif,,
USA). Data were expressed as means * standard error of the
mean (SEM).

Results

The ability of TPL to inhibit cancer cell survival in vi-
tro was investigated. Ovarian cancer cell cultures were
incubated in the presence of either vehicle control, TPL
(100 ng/ml) or carboplatin (50 mg/ml) alone or the com-
bination of TPL and carboplatin for 48 h. Preliminary
studies determined that these were the optimal doses for
the in vitro analysis. Compared to control cultures, cell
survival (i.e. mg DNA/ml) was decreased by approxi-
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Fig. 2. DNA fragmentation in OCCI1-SEAP cell cultures in re-
sponse to TPL and carboplatin treatment. OCCI-SEAP cell cul-
tures were incubated in the absence or presence of either TPL (100
ng/ml) or carboplatin (50 mg/ml) as well as combined treatments.
DNA was extracted using a Puregene™ DNA isolation kit and
separated by electrophoresis on a 1.2% agarose gel. Low-molecu-
lar-weight DNA fragments were visualized with ethidium bro-
mide stain. Data is representative of three separate experiments.

mately 40% in cultures treated with TPL alone and by
30% in cultures incubated in the presence of carboplatin
(fig. 1). The reduction in cell survival (65%) was greatest
in cultures exposed to the combined treatment with TPL
and carboplatin. A combined treatment with TPL and the
PI3-kinase inhibitor LY294002 was the same as TPL alone
(data not shown).

The presence of DNA fragmentation was assessed to
determine if reduction in cancer cell number correlated
to an increase in cellular apoptosis. The DNA in cells un-
dergoing apoptosis is cleaved by endonucleases resulting
in DNA fragmentation that can be detected electropho-
retically [35]. DNA laddering was evident in cells after a
48-hour treatment with TPL (100 ng/ml) and carboplatin
(50 mg/ml), as well as with the combined treatment of
TPL and carboplatin (fig. 2).

Activation of caspase-3 was used as an additional in-
dicator of apoptosis induction. Caspase-3 is activated
downstream of initiator caspase-9 or caspase-8 and is
considered the major effector caspase for this proteolytic
cascade [36]. Western blot analysis was performed with
an antibody that is specific to the active form of caspase-
3. A major band of 17 kDa and a minor band of 19 kDa
are visualized with this antibody. The 35-kDa band un-
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Fig. 3. Activation of the proteolytic caspase cascade in response
to TPL treatment in OCC1-SEAP cell cultures. Cell cultures were
incubated in the presence of either TPL (100 ng/ml) or carbopla-
tin (50 mg/ml) or a combination of both for 24 h. Aliquots of total
cell lysates from cells incubated with treatments were separated
by SDS-PAGE and transferred to nylon membranes. Membranes
were probed with an antibody to the cleaved (active; 35 and 17
kDa) and full-length (35 kDa) inactive forms of caspase-3 (o-ac-
tive caspase-3 and a-caspase-3, respectively). Data are representa-
tive of three different experiments.

der the activated caspase-3 label is speculated to be par-
tially activated but not fully proteolized. Blots were also
probed with an antibody to full-length (35 kDa) caspase-
3. TPL exposure resulted in robust induction of active
caspase-3 at 24 h and the observed stimulation of cas-
pase-3 was visibly enhanced following combined treat-
ment with both carboplatin and TPL (fig. 3). Cells treated
with carboplatin alone do not activate caspase-3 until
48 h posttreatment (data not shown). Full length caspase-
3 protein levels were visually decreased in correlation to
the increase in the observed active cleaved products.
Since TPL was found to decrease ovarian cancer cell
survival and enhance carboplatin activities, in vivo ex-
periments were performed. Experiments were conduct-
ed using a previously developed nude mouse model
which employs secretion of an SEAP reporter gene to
monitor tumor progression and response to chemother-
apeutics [33]. In initial experiments, a range of doses was
used for evaluation of the toxicity of TPL. Once tumors
were established in mice, as indicated by measurable
SEAP protein in blood samples, doses of TPL (0.125-1.0
mg/kg) were administered by intraperitoneal injection
every other day over a 5-day period (3 injections). With-
in 24 h, 2 of 3 mice receiving the highest dose of 1.0 mg/
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Fig. 4. Intraperitoneal tumor progression in response to a high
dose and short duration of TPL treatment. Nude mice were in-
oculated with OCCI1-SEAP tumor cells by interperitoneal injec-
tion and treatments were initiated within 8-10 days. Mice were
treated with vehicle control, carboplatin (60 mg/kg) or TPL (0.5
mg/kg) every other day for 5 days. Blood samples were taken at
intervals over the treatment period and assayed for SEAP levels.
Values presented are SEAP values from posttreatment tumor
growth and day 0 is the first day of treatment initiation. Values
are the mean £ SEM with n = 3 mice per group.

kg expired. There were no significant differences in
SEAP values between mice treated with either vehicle
control or any of the remaining doses of TPL (0.125, 0.25
or 0.5 mg/kg).

As there was no apparent toxicity associated with the
dose of 0.5 mg/kg, this dose was chosen for the following
experiment. Carboplatin and TPL were administered
separately or in combination using the same protocol of
every other day for 5 days. One of 4 mice receiving the
combined treatment of 60 mg/kg carboplatin and 0.5 mg/
kg TPL expired following treatment. No apparent adverse
side effects were observed in the remaining mice from
this or other treatment groups. There was no significant
difference in tumor burden among mice receiving vehicle
control, TPL, carboplatin or the combined treatment
(tig. 4).

Since no effect was seen with the dose of 0.5 mg/kg
TPL administered over 5 days, the following experiments
were conducted with a lower dose of TPL administered
over a longer time period. The dose of 0.15 mg/kg has
previously been shown to be 60% of the maximum toler-
ated dose in nude mice and did not appear to adversely
affect the mice [17]. Therefore the dose of 0.15 mg/kg was

Triptolide Adjunct Chemotherapeutic for
Ovarian Cancer

Fig. 5. Interperitoneal tumor progression in response to a low
dose and long duration of TPL treatment. Nude mice were inocu-
lated with OCC1-SEAP tumor cells by interperitoneal injection
and treatments were initiated within 8—-10 days. Mice were treated
with either vehicle control, carboplatin (60 mg/kg; every other
day for 5 days) or TPL (0.15 mg/kg; every day for 10 days). Blood
samples were taken at intervals over the treatment period and as-
sayed for SEAP levels. Values presented are SEAP values from
posttreatment tumor growth and day 0 is the first day of treat-
ment initiation. Values are the mean £ SEM with n = 4 mice per
group. * p < 0.05, statistical difference from control and other
treatments.

chosen for intraperitoneal injection of mice every day for
10 days. We did not alter the dose or time frame of injec-
tion of carboplatin for these experiments. In this regard,
mice received their first and last injection of carboplatin
on the 4th and 8th day of TPL administration, respec-
tively. When treatments were administered in this man-
ner, a significant decrease in tumor burden as measured
by SEAP levels was observed with the combined treat-
ment of TPL and carboplatin (fig. 5). There was no sig-
nificant difference in tumor burden between mice receiv-
ing TPL or carboplatin alone and those receiving vehicle
control (fig. 5). There were no adverse side effects seen
following this low dose of TPL treatment or in the com-
bined treatment groups.

Previously the PI3-kinase inhibitor LY294002 was
found to enhance carboplatin actions in vitro and in vivo
[32]. The potential combined effect of TPL and LY294002
on carboplatin actions was investigated using the nude
mouse ovarian tumor model [33]. LY294002 (40 mg/kg)
was injected 3 times in 5 days in combination with TPL
(0.15 mg/kg daily for 10 days) and carboplatin (60 mg/kg
3 times in 5 days). Alone LY294002 had negligible effects
on ovarian cancer tumor progression [32], with the mod-
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Fig. 6. Interperitoneal tumor progression in response to low dose
and long duration of TPL treatment combined with LY294002 7

and carboplatin. Nude mice were inoculated with OCC1-SEAP
tumor cells by interperitoneal injection and treatments were initi-
ated within 8-10 days. Mice were treated with either vehicle con-
trol or carboplatin (60 mg/kg; every other day for 5 days), TPL
(0.15 mg/kg; every day for 10 days) and LY294002 (40 mg/kg; ev-
ery other day for 5 days). Blood samples were taken at intervals
over the treatment period and assayed for normalized SEAP lev-
els. Values presented (relative tumor burden) are normalized
SEAP values from posttreatment tumor growth and day 0 is the
first day of treatment initiation. Values are the mean + SEM from
3 experiments with n = 6 mice in the control group and n = 9 mice
in the treated group. * Significant difference between control and
treated groups by Bonferroni post hoc test after 2-way ANOVA.

el system used in the current study. Therefore, the in vivo
control with LY294002 previously done was not repeated
in the current study [32]. Since the combined in vitro
treatment of TPL and LY294002 was not different than
TPL alone, no in vivo experiments were initiated with
only these two agents. A combination of carboplatin and
LY294002 had a small decrease from control, but not
complete regression [32]. The combined treatment of
TPL, LY294002 and carboplatin caused a significant de-
crease in ovarian tumor burden and growth (fig. 6). The
tumor burdens of each mouse over time are presented for
both those receiving the combination treatment (fig. 7b)
and controls (fig. 7a). Six of 9 treated mice (66%) respond-
ed to treatment, with response defined as a 50% or great-
er decrease in tumor burden from peak measured levels
for that animal. Two of 9 treated mice (22%) that were
euthanized for ascites and cachexia were found to have
had decreasing tumor levels after having developed rath-
er high relative tumor burdens of 3-4 using normalized
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Fig. 7. Interperitoneal tumor progression in control mice (a) and
in mice receiving combined TPL, LY294002 and carboplatin
treatment (b). Nude mice were inoculated with OCCI-SEAP tu-
mor cells by interperitoneal injection and treatments were initi-
ated within 8-10 days. Mice were treated with either vehicle con-
trol or carboplatin (60 mg/kg; every other day for 5 days), TPL
(0.15 mg/kg; every day for 10 days) and LY294002 (40 mg/kg; ev-
ery 2 days for 5 days). Blood samples were taken at intervals over
the treatment period and assayed for SEAP levels. Values present-
ed (relative tumor burden) are normalized SEAP values from
posttreatment tumor growth and day 0 is the first day of treat-
ment initiation. Each line follows the tumor progression of one
mouse. Data are from three experiments with n = 6 mice in the
control group and n = 9 mice in the treatment group.

SEAP units. Interestingly, 44% (4/9 animals) with the
combined treatment had total regression of the ovarian
tumor as determined by the absence of measurable SEAP
levels after 40 days. Representative animals are shown in
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Fig. 8. Interperitoneal tumor progression in representative treat-
ed mice with tumor regression in relative tumor burden units (a)
and in SEAP levels (b). Nude mice were inoculated with OCC1-
SEAP tumor cells by interperitoneal injection and treatments
were initiated within 8-10 days. Mice were treated with carbopla-
tin (60 mg/kg; every other day for 5 days), TPL (0.15 mg/kg; every
day for 10 days) and LY294002 (40 mg/kg; every 2 days for 5 days).
Blood samples were taken at intervals over the treatment period
and assayed for SEAP levels. Values presented are SEAP values
from posttreatment tumor growth and day 0 is the first day of
treatment initiation. Each line follows the tumor progression of 1
mouse. Data are from 3 representative mice.

figure 8 demonstrating the long-term absence of ovarian
cancer. Three surviving mice from the treated group
were still tumor-free 2 months after treatment (fig. 8a, b).
One mouse from the control group was able to suppress
tumor growth without treatment, although SEAP mea-
surements never fell completely to baseline (fig. 7a). This
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Fig. 9. Survival curves for control mice versus mice receiving
combined TPL, LY294002 and carboplatin treatment. The curves
1200 reflect when animals were sacrificed or died due to tumor pro-
' gression. Nude mice were inoculated with OCCI-SEAP tumor
1,000 - cells by interperitoneal injection. Mice were treated within 8-10
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ter initiation of treatment.
Mice in these studies were euthanized when abdomi-

nal distention from ascites fluid or cachexic weight loss
reached certain levels as directed by the approved animal
use protocol. Survival curves for the combined TPL,
LY294002 and carboplatin-treated and control mice are
shown in figure 9. These survival curves were found to be
significantly (p < 0.05) different, indicating that mice re-
ceiving the combined treatment survived significantly
longer. Taken together, these studies indicate that TPL
did enhance the chemosensitivity of ovarian cancer to
carboplatin with the appropriate treatment regimen, but
the optimum effect was observed with a combined TPL,
LY294002 and carboplatin treatment.

Discussion

TPL has been tested as a potential chemotherapeutic
for a variety of cancer types. The present studies demon-
strate that this herb extract may be a plausible adjunct
chemotherapy for the treatment of ovarian cancer. TPL
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was a potent stimulator of apoptosis in OCC1-SEAP cell
cultures as indicated by DNA fragmentation and induc-
tion of caspase-3 activity. The observed increase in apo-
ptosis correlated with a decrease in cell number. The
combined treatment of TPL and carboplatin increased
DNA laddering and caspase-3 activity, suggesting that
TPL enhances the ability of carboplatin to induce OCC1-
SEAP cell death in vitro. TPL also enhanced the cytotox-
icity of carboplatin in vivo. There was not an observable
increase in the effects of carboplatin when TPL was used
at a high dose over a short time period. However, when
administered atalow dose on a daily basis, TPL increased
the ability of carboplatin to inhibit OCC1-SEAP tumor
growth in nude mice.

As TPL was able to induce apoptosis in OCC1-SEAP
cultures, it was surprising that TPL alone had a negligible
effect on in vivo tumor growth. The observed results are
most likely due to the narrow range of efficacy of TPL. In
the current experiments a dose of 1.0 mg/kg TPL was le-
thal. Half this dose (0.5 mg/kg) was not effective in re-
ducing tumor burden alone or in conjunction with car-
boplatin and had toxic effects when administered with
carboplatin. A study by Shamon et al. [10] found the dose
of 0.5 mg/kg to be lethal in athymic mice with breast can-
cer xenografts. Because of the toxicity observed with the
dose of 0.5 mg/kg, further experiments were conducted
using a lower dose of 0.15 mg/kg TPL. In addition, the
period of injection was increased from every other day for
5 days to every day for 10 days. The dose of 0.15 mg/kg
was demonstrated to be potent in inhibiting growth and
metastasis of several solid tumor types in nude mice stud-
ies conducted by Yang et al. [18]. In the current study TPL
was not effective as a single agent but did exhibit the abil-
ity to increase the efficacy of carboplatin in this system.

The mechanism by which TPL is able to induce apo-
ptosis and render cells sensitive to DNA-damaging agents
is largely unknown and was not directly addressed in the
current experiments. Several studies have demonstrated
the ability of TPL to alter the transcriptional actions of
NFkB [12, 19, 27]. Recently, NFkB activation has been
connected with multiple aspects of oncogenesis, includ-
ing control of apoptosis and cell cycle progression [25].
Additionally, activation of NFkB in cancer cells by che-
motherapy can blunt the ability of the cancer therapy to
induce cell death [25]. In this regard, constitutive activa-
tion of NFkB appears to mediate chemoresistance of
ovarian cancer cells and inhibition of NFkB activation
sensitizes the ovarian cancer cells to cisplatin [26]. Sev-
eral studies have shown that TPL makes cells sensitive to
TNF-a and chemotherapy-induced apoptosis through
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inhibition of NFkB activity [19, 27]. Therefore the ability
of TPL to increase cell death induced by carboplatin may
be partially due to its ability to inhibit NF«kB activity.

TPL appears to inhibit the growth of tumor cells re-
gardless of their p53 activity status. Yang et al. [18] found
that TPL blocks the growth of xenografts of solid tumor
cells that possess both wild-type and mutated forms of
p53. However, several previous studies have demonstrat-
ed the role of p53 in the ability of TPL to induce apoptosis
(12, 20]. In prostatic epithelial cells protein levels of p53
were increased and predominantly accumulated in the
nuclei in conjunction with a high-dose TPL treatment
[17]. Chang et al. [20] showed that TPL enhancement of
chemotherapy-induced apoptosis was accompanied by
increased translation and accumulation of p53 in fibro-
sarcoma cell lines. Furthermore, Jiang et al. [12] demon-
strated that p53 expression was upregulated in gastric
cancer cell lines after TPL treatment, and suppression of
p53 expression by antisense oligonucleotides significant-
ly abolished TPL-induced apoptosis. Mutations in the
p53 gene are common genetic alterations in ovarian can-
cer and have been associated with the progression and
chemoresistance of this disease [22, 37]. Mutations in the
p53 protein are associated with a lack of response to high-
dose cisplatin therapy in ovarian cancer patients [22]. In
this regard, abrogation of the actions of p53 could con-
tribute to the ability of TPL to induce apoptosis and in-
crease the sensitivity of ovarian cancer cells to carbopla-
tin. Clearly, the role p53 plays in the actions of TPL needs
to be further investigated.

Additional molecular targets of TPL include cell cycle
regulators and apoptotic pathways. The current study
confirmed that TPL induced apoptosis by activation of a
proteolytic caspase cascade [12, 17]. TPL treatment was
shown to result in a reduction in levels of cell cycle-pro-
moting factors such as cyclin A/cdk2, cyclin B/cdc 2, cy-
clin D1 and c-myc, as well as the phosphorylated form of
retinoblastoma protein (pRB) [17]. Microarray analysis of
TPL-treated normal and transformed bronchial epithelia
demonstrated a reduction in expression of the cell cycle
regulators and survival genes such as cyclin D1, cyclin Bl
and cyclin A1, cdc 25, bcl-x and c-jun [38]. Changes in the
expression of these cell cycle regulators are most likely a
secondary effect of TPL actions on an upstream target.
However, it is difficult to ascertain what upstream target
might be responsible for the actions of TPL from these
findings. The reduction in cell cycle regulators could re-
sultin the initiation of apoptosis and conversely the apop-
tosis could reduce the synthesis of cell cycle-promoting
factors.
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An interesting result from the current study was that
the combined treatment of TPL, LY294002 and carbopla-
tin caused a dramatic reduction in tumor growth and
burden with 44% of the animals having complete tumor
regression. TPL has not been shown to influence the PI3-
kinase/Akt signal transduction pathway that LY294002
inhibits. Observations suggest that the combined block of
PI3-kinase by LY294002 and actions of TPL to partially
inhibit p53 and NFkB are required to obtain an optimal
adjunct chemotherapy. The TPL and LY294002 appar-
ently cause a more dramatic suppression of ovarian can-
cer carboplatin chemoresistance than either factor alone.
Observations provided suggest a combined chemothera-
peutic regimen involving TPL, LY294002 and carbopla-
tin may provide a more effective therapy for advanced
ovarian cancer.

Alimitation to the current study is that a single human
ovarian cancer cell line (i.e. OCC1) was used. Although
this cell line is considered chemoresistant and grows in-
traperitoneal tumors, the efficiency of the TPL and com-
bined therapy in vivo is focused on only this cell line
alone. Analysis of other human ovarian cancer cell lines

and primary ovarian tumors is required before the effi-
ciency of TPL as an adjunct chemotherapy can be conclu-
sively determined. The current analysis does suggest fur-
ther analysis of TPL and combined chemotherapies with
PI3-kinase inhibitors would be useful and may lead to
better treatments for advanced ovarian cancer.

The current study demonstrated that TPL was effec-
tive as a single agent in inducing apoptosis of ovarian
cancer cells in vitro, but not in vivo. TPL did enhance the
cytotoxicity of carboplatin in culture and enhanced car-
boplatin-mediated reduction of tumor burden in nude
mice inoculated with human ovarian cancer cells. TPL
appears to target multiple signaling molecules critical
to cell survival, including those that mediate cell surviv-
al following chemotherapy exposure. Future research
should be directed toward the identification of the up-
stream molecules that are directly influenced by TPL.
Perhaps with this knowledge rational drug design could
be undertaken so that the therapeutic efficacy of TPL
may be enhanced and its toxicity reduced. These efforts
would lead to the development of novel adjunct chemo-
therapy options for women with ovarian cancer.

>

>3

>4

»s5

»6

»7

>3

References

Auersperg N, Edelson MI, Mok SC, Johnson
SW, Hamilton TC: The biology of ovarian
cancer. Semin Oncol 1998;25:281-304.
Katabuchi H, Okamura H: Cell biology of
human ovarian surface epithelial cells and
ovarian carcinogenesis. Med Electron Mi-
crosc 2003;36:74-86.

Shepherd JE: Current strategies for preven-
tion, detection, and treatment of ovarian
cancer. ] Am Pharm Assoc (Wash) 2000;40:
392-401.

Herrin VE, Thigpen JT: Chemotherapy for
ovarian cancer: current concepts. Semin
Surg Oncol 1999;17:181-188.

Marsden DE, Friedlander M, Hacker NF:
Current management of epithelial ovarian
carcinoma: a review. Semin Surg Oncol
2000;19:11-19.

McGuire WP 3rd, Markman M: Primary
ovarian cancer chemotherapy: current stan-
dards of care. Br ] Cancer 2003;89(suppl 3):
S3-S8.

Chen BJ: Triptolide, a novel immunosup-
pressive and anti-inflammatory agent puri-
fied from a Chinese herb Tripterygium wil-
fordii Hook F. Leuk Lymphoma 2001;42:
253-265.

Qiu D, Kao PN: Immunosuppressive and
anti-inflammatory mechanisms of trip-
tolide, the principal active diterpenoid from
the Chinese medicinal herb Tripterygium
wilfordii Hook. f. Drugs R D 2003;4:1-18.

Triptolide Adjunct Chemotherapeutic for
Ovarian Cancer

»9

»10

>11

>12

»13

Lue Y, Sinha Hikim AP, Wang C, Leung A,
Baravarian S, Reutrakul V, Sangsawan R,
Chaichana S, Swerdloff RS: Triptolide: a po-
tential male contraceptive. ] Androl 1998;19:
479-486.

Shamon LA, Pezzuto JM, Graves JM, Mehta
RR, Wangcharoentrakul S, Sangsuwan R,
Chaichana S, Tuchinda P, Cleason P, Reut-
rakul V: Evaluation of the mutagenic, cyto-
toxic, and antitumor potential of triptolide,
a highly oxygenated diterpene isolated from
Tripterygium wilfordii. Cancer Lett 1997;112:
113-117.

LeeKY, Chang W, Qiu D, Kao PN, Rosen GD:
PG490 (triptolide) cooperates with tumor
necrosis factor-alpha to induce apoptosis in
tumor cells. ] Biol Chem 1999;274:13451-
13455.

Jiang XH, Wong BC, Lin MC, Zhu GH, Kung
HF, Jiang SH, Yang D, Lam SK: Functional
p53 is required for triptolide-induced apop-
tosis and AP-1 and nuclear factor kappaB ac-
tivation in gastric cancer cells. Oncogene
2001;20:8009-8018.

Yang Y, Liu Z, Tolosa E, Yang J, Li L: Trip-
tolide induces apoptotic death of T lympho-
cyte. Immunopharmacology 1998;40:139-
149.

> 14

»15

16

»17

» 13

»19

Chan EW, Cheng SC, Sin FW, Xie Y: Trip-
tolide induced cytotoxic effects on human
promyelocytic leukemia, T cell lymphoma
and human hepatocellular carcinoma cell
lines. Toxicol Lett 2001;122:81-87.

Zhang TM, Chen ZY, Lin C: Antineoplastic
action of triptolide and its effect on the im-
munologicfunctionsin mice (author’stransl)
(in Chinese). Zhongguo Yao Li Xue Bao 1981;
2:128-131.

Lu LH, Lian YY, He GY, Lin SP, Huan SH,
Chen ZZ, Dend HX, Zheng YL: Clinical
study of triptolide treatment of acute leuke-
mia. Clin Exp Investig Hematol 1992;3:1-3.

Kiviharju TM, Lecane PS, Sellers RG, Peehl
DM: Antiproliferative and proapoptotic ac-
tivities of triptolide (PG490), a natural prod-
uct entering clinical trials, on primary cul-
tures of human prostatic epithelial cells. Clin
Cancer Res 2002;8:2666-2674.

Yang S, Chen J, Guo Z, Xu XM, Wang L, Pei
XF, Yang J, Underhill CB, Zhang L: Trip-
tolide inhibits the growth and metastasis of
solid tumors. Mol Cancer Ther 2003;2:65-
72.

Lee KY, Park JS, Jee YK, Rosen GD: Trip-
tolide sensitizes lung cancer cells to TNF-re-
lated apoptosis-inducing ligand (TRAIL)-
inducedapoptosisbyinhibition of NFkappaB
activation. Exp Mol Med 2002;34:462-468.

Chemotherapy 2008;54:67-76

75



»20

»21

»22

»23

»24

»25

»26

Chang WT, Kang JJ, Lee KY, Wei K, Ander-
son E, Gotmare S, Ross JA, Rosen GD: Trip-
tolide and chemotherapy cooperate in tumor
cell apoptosis. A role for the p53 pathway. J
Biol Chem 2001;276:2221-2227.

Fidler JM, Li K, Chung C, Wei K, Ross JA,
Gao M, Rosen GD: PG490-88, a derivative of
triptolide, causes tumor regression and sen-
sitizes tumors to chemotherapy. Mol Cancer
Ther 2003;2:855-862.

Vasey PA: Resistance to chemotherapy in ad-
vanced ovarian cancer: mechanisms and
current strategies. Br ] Cancer 2003;89(suppl
3):523-828.

Ferreira CG, Tolis C, Giaccone G: p53 and
chemosensitivity. Ann Oncol 1999;10:1011-
1021.

Blumenthal RD, Leone E, Goldenberg DM,
Rodriguez M, Modrak D: An in vitro model
to optimize dose scheduling of multimodal
radioimmunotherapy and chemotherapy:
effects of p53 expression. Int J Cancer 2004;
108:293-300.

Baldwin AS: Control of oncogenesis and
cancer therapy resistance by the transcrip-
tion factor NF-kappaB. J Clin Invest 2001;
107:241-246.

Mabuchi S, Ohmichi M, Nishio Y, Hayasaka
T, Kimura A, Ohta T, Saito M, Kawagoe J,
Takahashi K, Yada-Hashimoto N, Sakata M,
Motoyama T, Kurachi H, Tasaka K, Murata
Y: Inhibition of NFkappaB increases the ef-
ficacy of cisplatin in in vitro and in vivo
ovarian cancer models. ] Biol Chem 2004;
279:23477-23485.

»27

»28

»29

»30

QiuD, Zhao G, Aoki Y, ShiL, Uyei A, Nazar-
ian S, Ng JC, Kao PN: Immunosuppressant
PG490 (triptolide) inhibits T-cell interleu-
kin-2 expression at the level of purine-box/
nuclear factor of activated T-cells and NF-
kappaB transcriptional activation. ] Biol
Chem 1999;274:13443-13450.

Kim D, Dan HC, Park S, Yang L, Liu Q,
Kaneko S, NingJ, He L, Yang H, Sun M, Nic-
osia SV, Cheng JQ: AKT/PKB signaling
mechanisms in cancer and chemoresistance.
Front Biosci 2005;10:975-987.

Shayesteh L, Lu Y, Kuo WL, Baldocchi R,
Godfrey T, Collins C, Pinkel D, Powell B,
Mills GB, Gray JW: PIK3CA is implicated as
an oncogene in ovarian cancer. Nat Genet
1999;21:99-102.

Yuan ZQ, Sun M, Feldman RI, Wang G, Ma
X, Jiang C, Coppola D, Nicosia SV, Cheng JQ:
Frequent activation of AKT2 and induction
of apoptosis by inhibition of phosphoinosit-
ide-3-OH kinase/Akt pathway in human
ovarian cancer. Oncogene 2000;19:2324-
2330.

76

Chemotherapy 2008;54:67-76

»31

»32

»33

34

»35
» 36
»37

>33

Hayakawa ], Ohmichi M, Kurachi H, Kanda
Y, Hisamoto K, Nishio Y, Adachi K, Tasaka
K, Kanzaki T, Murata Y: Inhibition of BAD
phosphorylation either at serine 112 via ex-
tracellular signal-regulated protein kinase
cascade or at serine 136 via Akt cascade sen-
sitizes human ovarian cancer cells to cispla-
tin. Cancer Res 2000;60:5988-5994.
Westfall SD, Skinner MK: Inhibition of
phosphatidylinositol 3-kinase (PI3K) sensi-
tizes ovarian cancer cells to carboplatin and
allows adjunct chemotherapy treatment.
Mol Cancer Ther 2005;4:1764-1771.
Nilsson EE, Westfall SD, McDonald C, Ligon
T, Sadler-Riggleman I, Skinner MK: An in
vivo mouse reporter gene (human secreted
alkaline phosphatase) model to monitor
ovarian tumor growth and response to ther-
apeutics. Cancer Chemother Pharmacol
2002;49:93-100.

Altman DG: Practical Statistics for Medical
Research, ed 1. New York, Chapman & Hall,
1991.

Raff M: Cell suicide for beginners. Nature
1998;396:119-122.

Cohen GM: Caspases: the executioners of
apoptosis. Biochem J 1997;326:1-16.
Schuijer M, Berns EM: TP53 and ovarian
cancer. Hum Mutat 2003;21:285-291.

Zhao G, Vaszar LT, Qiu D, Shi L, Kao PN:
Anti-inflammatory effects of triptolide in
human bronchial epithelial cells. Am J Physi-
ol Lung Cell Mol Physiol 2000;279:L958-
L966.

Westfall/Nilsson/Skinner



