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Abstract

Advanced and chemotherapy-resistant ovarian cancer causes high mortality of ovarian cancer, and it
is important to find safe and effective drugs to reduce the chemotherapeutic resistance of ovarian
cancer. In our study, we attempted to clarify the resistance mechanisms of SKOV3/DDP cells in vitro
and evaluated the sensitization to triptolide (TPL) in vivo. Our results indicated that the
overexpression of AKT and p-AKT greatly enhanced the cisplatin (DDP) tolerance of SKOV3/DDP,
and the combination of DDP+TPL had a significant tumour inhibition effect compared to DDP
treatment (p<0.05), via reducing the expressions of p-PI3K, p-Akt, Survivin, VEGF and MMP-2, and
the increase of Caspase-3. Collectively, these results suggest that the synergistic anticancer effect of

TPL and DDP warrants their potential clinical applications in further.
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Introduction

Ovarian cancer is the main cause of death and
accounts for substantial morbidity and mortality
worldwide [. Epithelial ovarian cancer (EOC)
belongs to one of the most common type of ovarian
cancer, and is usually diagnosed at an advanced stage
for the ineffective screening strategies. Though a
combination of cisplatin-based chemotherapy and
surgical resection has prolonged clinical remission for
EOC patients, while only a 30% overall survival is
obtained for patients with advanced disease, mainly
caused by the chemoresistance [. Moreover, the
severe side effects of cisplatin (e.g., severe toxicity,
functional impairment) have also limited its clinical
applications B3l Therefore, it is important to find a
suitable sensitizer to cisplatin for EOC patients, and
clarify its mechanisms of action.

As the important source of emerging preventive
and therapeutic agents, phytochemicals play a key
role in cancer treatment, and triptolide (TPL), purified
from the Thundergod vine, Tripterygium wilfordii

Hook. f, have been regarded as one of the most
promising anti-inflammatory agents, and has been
widely used to treat a variety of cancers and
rheumatoid arthritis [+ 610, However, little study has
been done to evaluate its sensitisation effect on
cisplatin-resistant EOC.

In previous work, our group indicated that TPL
had synergistically enhanced the cytotoxicity of
cisplatin, and promoted the apoptosis of the SKOV3FT
cells through mitochondria - derived ROS
accumulation . However, little work was done to
explore the potential role of PI3K/Akt pathway in
cisplatin-resistant EOC  though silencing the
PI3K/ Akt signal channel showed a positive role in the
treatments of other cancers 1. As we know, the
PI3K/ Akt pathway plays a key role in regulating the
cell cycle, and it can directly regulate tumourigenesis,
metabolism, cell growth, proliferation, angiogenesis,
survival and apoptosis ['% BBl In various cancers,
PI3K/Akt pathway is overactive, therefore this
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pathway shows an important role in the development
of various therapies [141.

In our work, we investigated the role of the
PI3K/ Akt pathway in cisplatin-resistance EOC using
SKOV3/DDP cells and further studied the therapeutic
and sensitisation effects of TPL by reducing the
production of pathway-related proteins using animal
model.

Materials and Methods

Cell culture

The SKOV3 cell line (human ovarian
carcinoma-derived) and platinum-resistant SKOV3
/DDP cell line (human ovarian carcinoma-derived)
were  cultured using RPMI-1640 medium
supplemented with 10% foetal bovine serum and 100
U/ml penicillin / streptomycin in a 5% humidified
COzatmosphere at 37 °C, and 0.3 pg/ml cisplatin was
added into the SKOV3 /DDP culture media to
maintain the acquired resistance to cisplatin.

Cell growths were done by seeding 50,000 cells
in 6-well plates and cultured for 1 day, 2 day, 3 day, 4
day, 5 day, 6 day, 7 day, 8 day and 9 day (n=5), and
cell growth was determined using a TC10 Automated
Cell Counter (Bio-Rad).

siRNA transfection

SKOV3/DDP cells were cultured at density of
19,000 cells/cm? Twenty-four hours after plating, the
scramble siRNAs or negative control FAM were
mixed with RNAi-Max transfection reagent, and the
best transfection concentration and siRNA fragments
were determined using a flow cytometry assay.

Quantitative real-time PCR

SKOV3 and SKOV3 /DDP cells were plated into
24-well plates (50,000 cells per well) for 24 h, and their
RNAs were isolated using Trizol solution (Life
Technologies, Grand Island, NY). When removing
genomic DNA using DNAse I (Ambion), 2.5 pg of the
total RNA isolated from SKOV3 and SKOV3 /DDP
cells were reverse transcribed to cDNA by a
commercially available kit (Applied Biosystems).
Then, quantitative real-time PCR was done using a
7900HT fast real-time PCR system (ABI, Foster City,
CA) with 2xSYBR Green master mix (Bio-Rad). Forty
cycles were performed as follows: 95 °C for 30 s, 60 °C
for 30 s, preceded by 1 min at 95 °C for polymerase
activation using the following primers (Q-PCR PI3K:
sense primer 5- GTAAAGGAGCCCAAGAATGC -3,
antisense primer 5'- GAGCCAAGCATCATTGAGAA
-3’; Q-PCR Akt: sense primer 5- GTGGACCAACG
TGAGGCTC, antisense primer 5'- GAAGGTGCGTTC
GATGACAG -3’; Q-PCR p-actin: sense primer 5’-

CATCGAGCACGGCATCGTCA -3, antisense primer
5- TAGCACAGCCTGGATAGCAAC -3).

Western Blotting

Whole-cell lysates of samples were prepared by
cell lysis buffer, containing 1 mM PMSF and protease
inhibitor cocktail [™. Protein concentrations were
determined using polyacrylamide gel electrophoresis.
After the protein was electrotransfered to
polyvinylidene difluoride membranes, 5% nonfat
milk in TBST was used to block nonspecific binding
sites for 1 h at RT. Primary antibodies were added and
incubated with membranes overnight at 4 °C, and
then washed wusing TBST, then appropriate
HRP-conjugated secondary antibody was added and
incubated for 1 h.

Distribution of cell cycle

The 70% ice-cold ethanol was used to fix cells,
and PI solution (0.1% Triton X-100, 30 mg/mL
polyethylene glycol, 25 pg/mL PI and 180 U/mL
RNase in 4 mM citrate buffer, pH 7.8; Sigma
Chemical) was used to stain cells. Then, a FACScan
flow cytometer (BectonDickinson, San Jose, CA) was
used to determine the DNA content, and flow]Jo
software (Treestar, Inc., San Carlos, CA) was used to
analysis the cell cycle distribution.

Cell apoptosis

Treated cells were obtained and washed twice
using cold phosphate-buffered saline (PBS, pH=7.6),
and then suspended with a binding buffer containing
PI and Annexin V-FITC and was incubated for 15 min
at RT in the dark. Then, fluorescence-activated cell
sorting (FACS) cater-plus flow cytometry (Becton
Dickinson, San Jose, CA) was used to determine cell
apoptosis.

Ovarian cancer modeling

To develop primary tumour xenografts, an
insulin syringe was used and injected in the
BALB/c-nu nude mouse with 20 pl PBS containing
500,0000 SKOV3 /DDP cells. Mice were checked
daily. When the tumour xenografts in mice reached a
size of 100 mm?, PBS (50 ml/kg/d every day), DDP (4
mg/kg/d on the 1 day and 8 day), TPL (0.15
mg/kg/day every day), DDP+TPL (4 mg/kg/d of
DDP on 1 day and 8 day, 0.15 mg/kg/day of TPL
every day) was injected i.p. into the mice. At the end
of experiment, the mice were sacrificed and their
tumours were removed, measured, and weighed. This
study had gotten the approval by the Ethical
Committee of the second affiliated hospital of
Nanchang University, and all methods used in the
present study were in accordance with the approved
guidelines.
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Terminal deoxynucleotidyl
transferase-mediated dUTP nick end labeling
(TUNEL) assay

Sample sections were soaked in xylene and
rehydrated in alcohol. Then, samples were covered
with 50 pL of proteinase-K solution and incubated at
RT for 25 min, and 3 % H>O, was used to inactivate
their endogenous peroxidase activity. The TUNEL
assay was done using a kit (Trevigen, MD, USA)
based on the manufacturer’s protocol. A positive
control and negative control were performed, and
four randomly chosen fields per sample with at least
100 cells were determined at high magnification to
calculate the percentage of TUNEL-positive nuclei.

Immunohistochemical staining

Sample sections were fixed in 10% buffered
formalin, and were then embedded in paraffin and
were mounted on slides. After deparaffinisation and
rehydration, sample sections were soaked in 3%
hydrogen peroxide to inactive endogenous
peroxidase activity, and 10-mM sodium citrate (pH
6.0) was used for antigen retrieval by microwaving.
Samples were then incubated 2.5% horse serum and
with antibodies overnight at 4 °C, and were detected
using the Avidin-Biotin Complex System (Vector
Laboratories).
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Statistical analysis

Data were presented as mean + SD and analysed
using Student’s f test, and p < 0.05 was considered
statistically significant.

Results

Possible mechanism of SKOV3/DDP cells

First, the growth curve for SKOV3 and SKOV3
/DDP was compared. Fig. 1A shows that both the
SKOV3 and SKOV3 /DDP cells gotten their plateau
on 5th-6th days, and SKOV3 /DDP cells grown slower
than that of SKOV3 cells throughout the experiment.
Q-PCR analyses clearly indicated that the PI3K and
Akt in SKOV3 /DDP cells were significantly higher
than those of SKOV3 cells at mRNA level (Fig. 1B,
P<0.05), and the overexpression of PI3K, Akt and
p-Akt in SKOV3 /DDP cells showed that the
persistently activated PI3K/ Akt channel might cause
the cisplatin resistance of SKOV3 /DDP cells (Fig 1C,
P<0.05).

Verification of the mechanism of SKOV3/DDP
cells

To confirm the role of PI3K/Akt channel in the
cisplatin resistance of SKOV3/DDP cells, specific

siRNA was performed to interfere with the
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Fig. 1. Evaluation of the possible mechanism of cisplatin resistance using SKOV3 and SKOV3/DDP cell lines. A, comparison of the growth curve of SKOV3 and SKOV3/DDP cell
lines. B, comparison of genes of PI3K and Akt in SKOV3 and SKOV3/DDP cells using RT-PCR. C, comparison of proteins of PI3K and Akt in SKOV3 and SKOV3/DDP cells using

Western-blot. *: p<0.05.
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production of AKT in SKOV3/DDP cell line. First,
three different transfection concentrations of 50 nM,
80 nM and 100 nM were tested; 50 nM was chosen for
the analysis of comparable transfection efficiency (Fig
S1). Three siRNA fragments named as siRNA-1,
siRNA-2 and siRNA-3 were used, and siRNA-2 was
chosen for its significant inhibition efficiency with
respect to Akt expression (85%, P<0.05) (Fig S2). Just
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as expected, the transfection of siRNA-2 arrested
SKOV3/DDP cells in the GO/G1 phase (up to 44.9%
from 29.2% in control) and made a typical subdiploid
peak (up to 45.7% from 4.2%) on the DNA histogram
(Fig 2, P<0.05). Moreover, the Western blot results
indicated that transfection of siRNA-2 significantly
reduced the overexpression of Akt and p-Akt in

SKOV3/DDP cells (Fig 2, P<0.05).
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Fig. 2. Verification of the mechanism of cisplatin resistance of SKOV3/DDP cells using Akt siRNA. A, effect of the Akt siRNA on the cell cycle of SKOV3/DDP cells (also see
Figure S3). B, effect of the Akt siRNA on the apoptosis rate of SKOV3/DDP cells (also see Figure S3). C, inhibition rate of Akt siRNA on SKOV3/DDP cells. D, effect of the Akt

siRNA on expressions of AKT and p-AKT. *: p<0.05.
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Fig. 3. Effect of DDP, TPL and DDP+TPL on the apoptosis rate in tumor tissues using TUNEL assay. *P<0.05 (compare with control group); 4P<0.05 (compare with DDP group);

*P<0.05 (compare with TPL group). (n=8).
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Fig. 4. Effect of DDP, TPL and DDP+TPL on the expression of PI3K, p-PI3K, AKT and p-AKT using immunohistochemical method. *P<0.05 (compare with control group);

4p<0.05 (compare with DDP group); *P<0.05 (compare with TPL group). (n=8).

TPL treatment prohibits tumour growth in
mice model

To study the sensitisation effects of TPL on
cisplatin-resistant tumours, DDP, TPL and DDP+TPL
were given to mice via intraperitoneally injection. In
Table 1, DDP, TPL and DDP+TPL markedly reduced
the weight and volume of tumours (P<0.05), and the
volume/weight in the DDP+TPL group was
210.81+73.84 mm3/0.2820.05 g, demonstrating
inhibition that was significantly stronger than that in
the DDP group (1060.44+376.58 mm3/0.94+0.07 g) and
TPL group (572.00£193.15 mm?3/0.60£0.04 g) (P<0.05).
Moreover, the immunohistochemistry indicated that
the level of cell apoptosis in the DDP+TPL group

(42.02%) was higher than that in the DDP group
(14.14%) and TPL group (24.48%) (Fig 3, P<0.05).

TPL inhibits p-PI3K phosphorylation and p-Akt
phosphorylation

To better understand the sensitisation of
mechanism of TPL with respect to DDP, protein
production of PI3K, p-PI3K, Akt and p-Akt was
compared among the control group, DDP group, TPL
group and DDP+TPL group. In Fig 4, the protein
productions of PI3K and AKT remained stable, while
the levels of phosphorylated PI3K and AKT
significantly decreased after DDP, TPL, or DDP+TPL
treatment (P<0.05).

http://lwww.jcancer.org



Journal of Cancer 2019, Vol. 10 3017

TPL affects expression of Caspase-3, Survivin, markedly increased the expression of apoptosis-
VEGF and MMP-2 promoting protein Caspase-3 (DDP+TPL group > TPL
Tumour development is a complex physiological ~ &roup > DDP group, P<0.05) and obviously decreased

process, therefore the cancer-related proteins (e.g., the .ex.pression of apoptosis-inhibiting proteins
Caspase-3, Survivin, VEGF and MMP-2) were also  (Survivin, VEGF and MMP-2) (DDP+TPL group <

tested. In Fig 5, the DDP, TPL and DDP+TPL  IPL group <DDP group, P<0.05).

Table 1. Comparision of the tumor parameters among control group, DDP group, TPL group and DDP + TPL group (mean * SD, n=8)

Group longest diameter (mm) shortest diameter (mm) volume (mm?3) weight (g) inhibition rate (%)
Control group 17.13+2.53 13.38+1.30 1567.44+536.17 1.36+0.03 0
DDP group 15.25+1.83¢ 11.63+1.41¢ 1060.44+376.58° 0.94+0.07° 445
TPL group 13.001.41¢ 9.25+1.034+4 572.00£193.15%4 0.60£0.04+4 56.7
DDP+TPL group 9.00£1.07+4" 6.75+0.89°4" 210.81+73.84+4" 0.28+0.05°4" 84.4
Note: ®P<0.05 (compare with control group); 4P<0.05 (compare with DDP group); *P<0.05 (compare with TPL group)
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Fig. 5. Effect of DDP, TPL and DDP+TPL on the expression of caspase-3, survivin, VEGF and MMP-2 using immunohistochemical method. *P<0.05 (compare with control group);
4P<0.05 (compare with DDP group); *P<0.05 (compare with TPL group). (n=8).
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Discussion

Cisplatin has been used as the first line for cancer
treatment, including ovarian cancer, small-cell lung
cancer, lymphomas, bladder cancer, cervical cancer
and germ cell tumours. Cisplatin can bind to DNA
and cause the DNA strands to crosslink, which
triggers cells to die in a programmed way. Although
the combination of platinum-based chemotherapy
and the apparent curative resection has significantly
improved survival length of patients, the serious
adverse side-effects and drug resistance hindered its
application in ovarian cancer therapy [13l.

Therefore, the naturally occurring and
plant-derived compound is solely studied as potential
therapies for cancers [¢l. As phytochemicals can
influence multiple signalling channels and enhance
the efficiency of conventional chemotherapy and
radiation therapy, they may present synergistic effects
even a lower doses is used [171. To date, TPL had been
investigated for its pleiotropic anticancer activities,
via inhibiting the proliferation and inducing
apoptosis of different cancers both in vitro and in vivo,
and it also shows a sound effect on drug-resistant
multiple myeloma and cervical cancer (69 18-23],

Currently, various small molecule signal
transduction inhibitors have been used to treat
cancers, and some of them are undergoing clinical
evaluation, and these inhibitors offer significant
promise in prostate cancer and have recently become
standard therapy in renal cell carcinoma. As one of
the most important channels, the PI3K/ Akt pathway
is thought to be up-regulated in about 40% of prostate
cancers, and molecular changes of PI3K/Akt/
signalling channel have been regarded to differentiate
benign from malignant prostatic epithelium, and have
a strong connection with increasing cancer stage,
grade, and risk of biochemical recurrence [4-2¢],

In our study, we compared the protein
production of PI3K and Akt in SKOV3 and SKOV3
/DDP, and the overexpression of PI3K, Akt and p-Akt
in SKOV3 /DDP cell line. Our results suggested that
the PI3K/Akt signal might be responsible for the
cisplatin resistance of SKOV3 /DDP cell line (Fig 1).
Then, we silenced AKT expression in SKOV3 /DDP
cell line using siRNA technology and the results
indicated that the interference of AKT arrested
SKOV3/DDP cells in the GO0/Gl phase (44.9%),
significantly reducing the overexpression of Akt and
p-Akt (P<0.05); 45.7% of the cells were in the
apoptosis stage, compared with 4.2% of the cells in the
control group (P<0.05). Interestingly, 0.3 png/ml
cisplatin in culture media of SKOV3 /DDP cells
resulted in a slower growth rate than observed in the
SKOV3  cells, although SKOV3/DDP cells

overexpressed Akt and p-Akt.

Classically, cancer was regarded as a set of
diseases that were caused by progressive genetic
abnormalities (include mutations in tumour-
suppressor genes, oncogenes and chromosomal
abnormalities). Caspase-3 belongs to a member of the
cysteine protease family, playing a crucial role in
apoptotic channels by cleaving a variety of key
cellular proteins ?1, while Survivin belongs to a
member of the inhibitor of apoptosis (IAP) family that
inhibits caspase activation, thereby negatively
regulation the apoptosis or programmed cell death
(281, Other proteins, e.g. vascular endothelial growth
factor (VEGF), which supplies adequate blood for
tumour growth [#1, and MMP-2,the altered expression
and activity levels of which is strongly implicated in
the progression and metastasis of various cancer [30-32],
were also evaluated. Similar to the PI3K/Akt
pathway, the combination of DDP and TPL
significantly increased the expression of Caspase-3
(P<0.05) and decreased the production of Survivin,
VEGF and MMP-2 (P<0.05), which indicated the
promoting effect of DDP + TPL on caspase-3
expression as well as an inhibitory effect on Survivin,
VEGF and MMP-2, contributing to tumour apoptosis
and tumour suppression (Fig 4 and Fig 5).

In conclusion, our work indicated that TPL had
significantly down-regulated the expression of
Survivin and the phosphorylations of PI3K and Akt,
which significantly enhanced the production of
Caspase-3. And the overexpression of Caspase-3 and
the reduction of VEGF and MMP-2 caused by TPL
had markedly promoted cell apoptosis and tumour
suppression (Fig 6). Therefore, we propose that TPL
assists DDP in lowering the resistance of EOC to
cisplatin, which indicates that TPL is a promising
agent that should be further evaluated in combination
with other chemotherapeutic agents for the treatment
of human ovarian cancer. However, our findings are
based on one cisplatin resistant ovarian cancer cell
line derived from SKOV3 cells, which might not be a
true representative of high grade serous ovarian
cancer - the most common subtype of epithelial
ovarian cancer and responsible for most ovarian
cancer deaths, and these findings may be cell line
specific and not be clinically truly relevant.
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Supplementary figures.
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