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Abstract: The side-effects of therapeutic drugs and the intrinsic or acquired cisplation resistance are considered impediments in the clinic treatment of human epithelial ovarian cancer, which contribute heavily to the startlingly high
mortality. It is imperative to look for drugs to inhibit cancer and minimize the chemotherapy resistance safely and effectively from the Chinese herbal medicine. In the present study, we evaluated the anti-cancer effect of Tripterygium
glycosides (GTW) and its sensitizing effect with cisplation (DDP) both in vitro and in vivo. The 5-ethynyl-2’-deoxyuridine (EdU) proliferation assay, transwell assay, and scratch wound healing assay demonstrated that GTW and
DDP+GTW prominently inhibited the proliferation, migration, and invasion of SKOV3/DDP cells. In addition, treatment using GTW and DDP+GTW for 24 h significantly decreased the expression of ILK, p-AKT, p-GSK3β, N-Cadherin,
and Slug, and markedly enhanced the expression of E-cadherin. Moreover, animal results confirmed that GTW and
DDP+GTW significantly inhibited the tumor volume, increased the apoptosis of tumors cells and reduced the production of tumor markers CA125 and HE4 in mice serum. Similar to the results in vitro, GTW and DDP+GTW significantly
inhibited the expression of proteins in epithelial-mesenchymal transition (EMT) and ILK/GSK3β/Slug signal pathway
in tumors in vivo. In conclusion, our results indicated that GTW may be served as a potential therapeutic drug combination with DDP to treat drug resistant ovarian cancer via regulating ILK/GSK3β/Slug signal pathway.
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Introduction
Ovarian cancer is a common gynecological
malignancy with the highest mortality rate and
epithelial ovarian cancer is the most common
histological type of ovarian cancer [1, 2].
Although surgical excision, irradiation, and cisplatin-based chemotherapy are approved for
the current clinical treatments, the five-year
survival rate of epithelial ovarian cancer is only
25-30% due to the lack of effective early
screening, chemoresistance, and particularly
tumor invasion and metastasis [3, 4].
Therefore, it is significant to find more effective
pharmacological interventions or a sensitizer
for advanced or/and resistant epithelial ovarian
cancer to cisplatin from traditional Chinese

medicines for their reduced side effects. To
improve life quality of patients with ovarian cancer, our group have long been committed to
studying the anti-ovarian cancer effect and
mechanism of triptolide (TPL) [5-8]. However,
TPL is only allowed to be used as experimental
supplies and far from being ready for use in
actual patients for its short half-life in circulation, and poor aqueous solubility [9]. Nevertheless, the Gripterygium glycosides (GTW) containing the active ingredient of TPL has been
widely used clinically in rheumatoid arthritis,
primary glomerulonephritis, nephrotic syndrome, anaphylactic purpura nephritis, lupus
erythematosus and other immune diseases for
years in China [10, 11]. Moreover, recent studies indicated that GTW was able to potentially
inhibit a variety of cancers, e.g., nasopharyn-
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geal carcinoma and hematological malignancy,
while few work has been done to treat epithelial
ovarian cancer using GTW.
Epithelial-mesenchymal trasition (EMT) has
been connected with the invasion and metastasis of epithelial ovarian cancer [12-15]. EMT is
characterized by loss of cell polarity and adhesion (to each other and extra cellular matrix),
down-regulation of epithelial molecule Ecadherin and up-regulation of mesenchymal
markers N-cadherin, which is regarded as a key
step during the tumor [16]. In addition, recent
studies demonstrated that the transcriptional
factors (Snail and Slug) play crucial role in promoting the EMT of ovarian cancer [17].
Integrin-linked kinase (ILK), a serine/threonine
protein kinase, is involved in the regulation of
cell survival, cycle, proliferation, adhesion and
migration by adjusting the integrin signaling of
various cells [18]. Researches indicated that
ILK played its role in malignant ovarian cancer
via phosphorylation in several key signaling
pathways, and affected the expressions of protein kinase B (AKT) and glycogen synthase
kinase 3β (GSK3β). In addition, studies have
also shown that ILK could induce the EMT of
epithelial ovarian cancer cells and then promote the invasion and metastasis of epithelial
ovarian cancer [19, 20].
In the present study, we study the synergistic
effect of GTW and DDP on suppressing the
invasion and metastasis of epithelial ovarian
cancer by inhibiting epithelial-mesenchymal
transition and the ILK/GSK3β/Slug signal pathway both in vitro and in vivo.
Materis and methods
Reagents and antibodies
GTW (Chengdu Glip Biotechnology Co., Ltd,
Chengdu, China) was dissolved in RPMI-1640
(Solarbio, Beijing, China) to obtain 12 mg/ml
stock solution, filtrated through a 0.22 μm
membrane, and kept at -20°C until diluted in
medium to 12 mg/ml and 800 μg/ml for use.
Ccisplatin (DDP, Jiangsu haosen pharmaceutical Co., Ltd, Jiangsu, China) was dissolved in
RPMI-1640 to 0.4 mg/ml and 10 μg/ml. The
antibodies for Cleaved-caspase-3 (Wuhan servicebio technology CO., LTD, Wuhan, China, no.
GB11009-1), Bcl-2 (Wuhan servicebio technology CO., LTD, Wuhan, China, no. GB11008), Bax
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(Wuhan servicebio technology CO., LTD, Wuhan,
China, no. GB11007), P53 (Wuhan servicebio
technology CO., LTD, Wuhan, China, no. GB11029), Fas (Wuhan servicebio technology CO.,
LTD, Wuhan, China, no. GB11089), AKT (Cat.
no. ab179463, Abcam), p-AKT (Cat. no. Ab8932, Abcam), ILK (Cat. no. Ab52480, Abcam),
GSK3β (Cat. no. Ab32391, Abcam), p-GSK3β
(Cat. no. Ab131097, Abcam), E-cadherin (Cat.
no. Ab40772, Abcam), N-cadherin (Cat. no.
Ab76011, Abcam), and Slug (Cat. no. Ab27568,
Abcam) were used. The secondary antibodies
used for western blot analyses were horseradish-peroxidase-conjugated anti-rabbit secondary antibody (Boster Biolocical Technology Co.,
Ltd, Wuhan, China). The secondary antibodies
used for immunohistochemistry were biotin
labeled goat-rabbit IgG (Wuhan servicebio technology CO., LTD, Wuhan, China).
Cell cultures
Cisplatin-resistant human epithelial ovarian
cancer cell line SKOV3/DDP was purchased
from China Center for Type Cultre Collection
(Wuhan, China). Cells were cultured in RPMI1640 medium supplemented with 10% fetal
bovine serum (FBS) (Biological Industries,
Israel) and kept in a 5% humidified CO2 atmosphere at 37°C. To maintain the acquired resistance to cisplatin, 0.375 μg/ml cisplatin was
added into the culture media.
Cell proliferation assays
The cell proliferation ability was measured by
the 5-ethynyl-2’-deoxyuridine (EdU) proliferation assay. Cells were resuspended and seeded
in 96-well plates (1 × 104 cells/well) and continually cultured at 37°C for 24 h. Then, different drugs were added at the appropriate concentrations and incubated for another 24 h at
37°C. After being washed 3 times with PBS,
cells were incubated for 4 h in serum-free
RPMI-1640 supplemented with 50 µM EdU
(Guangzhou RiboBio Biotechnology, Co., Ltd.,
Guangzhou, China). Next, cells were fixed with
4% polyformaldehyde in PBS at room temperature for 30 min. Finally, cells were subsequently
incubated with Apollo staining solution and
Hoechst 33342 for another 30 min. The percentage of EdU-positive cells relative to the
total cell numbers was intended to represent
the proliferation index.
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Cell migration and invasion assays
Transwell assays were used to quantitate the
effect of GTW on the migration and invasion of
SKOV3/DDP cells. First, 5 × 104 SKOV3/DDP
cells/well were added into the upper chamber
of each well of 24-well plates containing 8.0 μm
pore size membranes, and the bottom wells
were added with 500 μl RPMI-1640 medium
supplemented with 10% FBS. Then, different
disposed RPMI-1640 medium were appended
to the chambers, respectively. The crystal violet
was used on stained cells that had reached the
underside of the membrane after 24 h. Finally,
5 random fields were photographed and calculated. Transwell assays to assess the invasion
were similarly performed except that 90 μl
diluted matrigel was added into each well 3 h
before cells were seeded in the upper
chamber.
A scratch wound healing assay was used to
examine the effect of GTW on the migration of
SKOV3/DDP cells. Briefly, the SKOV3/DDP cells
(1 × 106/well) were seeded in 6-well plates cultured with RPMI-1640 medium supplemented
with 10% FBS, then a 200 μl pipette tip was
used to make a straight scratch on the confluent monolayer of the cells attached to the bottom of the plates. The suspended cells were
washed 3 times with PBS. FBS-free RPMI-1640
with 10 μg/ml DDP, 800 μg/ml GTW, 10 μg/ml
DDP+800 μg/ml GTW were added to each well.
The wound area was photographed under an
inverted microscope at 0 h and 24 h.
Western blotting
Protein extraction and immunoblot analysis
were performed on cells or tumor tissue lysed
in RIPA buffer (Beijing Applygen Technologies
Inc, Beijing, China) with protease and phosphatase inhibitors. The lysates were centrifuged
and the supernatants were collected as the
total lysate protein. The concentration of protein was determined by BCA protein assay kit
(Solarbio, Beijing, China) according to the manufacturer’s instructions. Equal amounts of total
proteins were separated by SDS-PAGE and
transferred onto 0.22 μm polyvinylidene difluoride (PVDF) membranes. After blocked in TBST
(Tris-buffered solution, pH 7.6, 0.05% Tween20) with 5% non-fat dry milk for 2 h, the membranes were further incubated with specific
antibodies overnight at 4°C. After repeated
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washing, membranes were incubated with
horseradish-peroxidase-conjugated anti-rabbit
secondary antibody at room temperature for 1
h. Bands were visualized using an enhanced
chemiluminescence system (US Everbright
Inc.), and the expression levels of the proteins
were compared to the control based on the relative intensities of the bands.
Mouse model of ovarian cancer
To establish primary tumor xenografts of ovarian cancer cells in mice, SKOV3/DDP cells were
injected into the flanks of 24 4- to 6-week-old
BABL/c nude mice in a volume of 100 μl of
PBS, at 5 × 106 cells/site (n=6 for each group).
When tumors reached approximately 100 mm3,
normal saline (0.5 ml normal saline for gavage
every day, NC group), DDP (4 mg/kg/days for
intraperitoneal injection, on the 1st and 8th
days, DDP group), GTW (120 mg/kg/days for
gavage every day, GTW group), DDP+GTW (4
mg/kg/days of DDP on the 1st and 8th days for
intraperitoneal injection, 120 mg/kg/days of
GTW for gavage every day, DDP+GTW group)
were used to treat mice. During the total experimental periods, body weights and the diameter
of each tumor were measured every two days.
Finally, all mice were sacrificed. The tumor
xenografts were removed, weighed, and photographed, and approximately half of the tumor
xenografts were fixed in 4% paraformaldehyde
buffer for further TUNEL staining and immunohistochemical analysis, while the other half
were flash-frozen in liquid nitrogen and kept at
-80°C for western blotting analysis.
Enzyme-linked immunosorbent assays (ELISA)
The levels of CA125 and HE4 in the serum of
mice were measured using corresponding
ELISA kits for CA125 (Uscn Kit Inc, Wuhan,
China) and HE4 (Cusabio Biotech Co., Ltd,
Wuhan, China) according to the manufacturer’s
protocols. The optical density was determined
at 450 nm using an absorbance microplate
reader (Bio Tek, USA), and the levels of CA125
and HE4 were calculated from the OD450 values according to the ELISA curve within diluent
standards.
Immunohistochemical staining
Paraffin-embedded tumor sections were sliced
and deparaffinized in xylene before hydrated in
Am J Transl Res 2022;14(3):2051-2062
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gradient alcohol. Then, slides were treated with
1 mM EDTA buffer in a microwave for 3 min for
antigen retrieval. After that, slides were equably blocked in 3% bovine serum albumin for 30
min at room temperature, and were incubated
with primary antibody in a humidified chamber
at 4°C overnight. After incubation with biotin
labeled goat-rabbit IgG, slides were visualized
using diaminobenzidine (DAB), and redyed with
hematoxylin. Images were taken by an optical
microscope and the immunohistochemistry
accumulates optical density (IOD) of each
image was calculated by Image-pro plus 6.0
(Media Cybernetics, Inc., Rockville, MD, USA).
Terminal deoxynucleotidyltransferase-mediated dUTP nick end labeling (TUNEL) assays
For confirming the cells of tumor xenografts of
apoptosis, the TUNEL assays were performed
with an in situ cell death detection kit,
Fluorescein (Roche, Mannheim, Germany),
according to the manufacturer’s instructions.
Five random fields were photographed and
analyzed. The nucleated cells were counted
which were stained as blue, and the nuclei of
apoptotic cells were counted which were
stained as green. Finally, the apoptotic index
(AI) was calculated as the percentage of TUNELpositive cells: AI= number of apoptotic cells/
total number of nucleated cells.
Statistical analysis
Values were expressed as mean ± SD (standard deviation) of three independent determinations. All data were calculated using
GraphPad Prism software version 7.0
(GraphPad Software Inc., La Jolla, CA, USA).
Two-tailed independent t-test was applied for
comparison of means between two groups, and
one-way ANOVA was applied for comparison of
means among groups. A P<0.05 was considered as a significant statistical difference.
Results
GTW inhibits proliferation of SKOV3/DDP cells
EdU proliferation assay was used to detect the
cell viability after SKOV3/DDP cells were incubated with DDP, GTW, DDP+GTW for 24 h. As
shown in Figure 1A, 10 μg/ml DDP (27.37±
0.02%), 800 μg/ml GTW (18.91±0.02%), and
10 μg/ml DDP+800 μg/ml GTW (7.04±0.01%)
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significantly inhibited the proliferation of
SKOV3/DDP cells compared with control group
(39.08±0.01%) (P<0.05, Figure 1A). In addition, significant decrease of cell viability was
noticed in DDP+GTW group compared with the
GTW or DDP monotherapy group.
GTW inhibits migration as well as invasion of
SKO3/DDP cells
As we know, migration and invasion play an
important role for the death of tumor sufferers
[21]. As shown in Figure 1B, the migration vs.
invasion of SKOV3/DDP cells at 24 h in DDP,
GTW, and DDP+GTW groups was 35.46±0.65%
vs. 58.02±1.26%, 29.79±0.61% vs. 30.27±
0.71%, and 16.19±0.69% vs. 12.07±1.32,
which was lower than that in control group
(P<0.001, Figure 1B). Moreover, the inhibitory
effect of DDP+GTW was better than that in
GTW and DDP groups.
Then, wound healing assay was also used to
confirm the inhibition of the cell migration ability of GTW. The results turned out that DDP
(74.0%), GTW (77.7%), and DDP+GTW (94.3%)
markedly suppressed the wound healing of
SKOV3/DDP cells compared with NC group
(55.3%) (P<0.05, Figure 1C). Moreover, migration of SKOV3/DDP cells was more significantly
suppressed in DDP+GTW group compared with
that in DDP or GTW group.
GTW alters the expression of EMT-related
genes in SKOV3/DDP cells
To further investigate the inhibition mechanism
of GTW in migration and invasion of SKOV3/
DDP cells, EMT-associated protein expressions
were evaluated by western blot analysis. In
SKOV3/DDP cells, DDP, GTW, and DDP+GTW
notably up-regulated the expression of epithelial-like cell marker of E-cadherin (P<0.001,
Figure 2), while down-regulated the expression
of mesecnchymal-like cell marker of N-caderin
and transcription factor Slug (P<0.01, Figure
2).
Furthermore, to test whether GTW can inhibit
the epithelial ovarian cancer via ILK/GSK3β/
Slug signaling pathway, protein expressions of
ILK, AKT, p-AKT, GSK3β, and p-GSK3β were
also evaluated. As shown in Figure 2, the
expressions of ILK, p-AKT, and p-GSK3β were
significantly down-regulated after DDP, GTW,
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Figure 1. Effect of GTW on the proliferation, migration, and invasion of SKOV3/DDP cells. A. EdU proliferation assay
was used to assess the proliferation of SKOV3/DDP cells treated with DDP, GTW, and DDP+GTW (× 100 magnification). B. A transwell assay was used to estimate the migration and invasion of SKOV3/DDP cells which were treated
as described in materials and methods (× 200 magnification). C. A scratch wound healing assay was applied to
evaluate the migration of SKOV3/DDP cells. The bar graphs represent the mean ± SD of three independent experiments (× 100 magnification). *P<0.05, **P<0.01, ***P<0.001 compared with control group; #P<0.05, ##P<0.01,
###P<0.001 compared with DDP group; &P<0.05, &&P<0.01, &&&P<0.001 compared with GTW group.

DDP+GTW were used (P<0.05). Interestingly,
the inhibition of EMT-related genes expression
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in DDP+GTW group was better than that in DDP
group or GTW group.
Am J Transl Res 2022;14(3):2051-2062
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Figure 2. Effect of GTW on the expression levels of proteins related
to the EMT and the AKT/GSK3β/
Slug signal pathway in SKOV3/DDP
cells. Western blot assay was used
to observe the effect of DDP, GTW,
and DDP+GTW on the expression of
ILK, AKT, p-AKT, GSK3β, p-GSK3β,
E-cadherin, N-cadherin, and Slug in
SKOV3/DDP cells. The bar graphs
represent the mean ± SD of three
independent experiments. *P<0.05,
**P<0.01, ***P<0.001 compared
with control group; #P<0.05, ##P<
0.01, ###P<0.001 compared with DDP group; &P<0.05, &&P<0.01,
&&&P<0.001 compared with GTW
group.

GTW inhibits tumor growth in nude mouse
models of xenograft tumor
We established nude mouse models bearing
inoculated SKOV3/DDP tumors, and investigated the anti-tumor effect of GTW in vivo. The
mouse treated with 4 mg/kg/d DDP (690.96±
83.83 mm3), 120 mg/kg/d GTW (773.85±
137.60 mm3), and 4 mg/kg/d DDP+120 mg/
kg/d GTW (585.04±220.90 mm3) displayed
attenuated tumor growth compared with mouse treated with normal saline (1449.81±441.12
mm3) (P<0.001, Figure 3A), while no statistically significant changes were observed be2056

tween DDP+GTW group and DDP group. However, the overall weight of the tumors in the
DDP (1.59±0.52 g), GTW group (1.55±0.39 g),
and DDP+GTW group (1.19±0.39 g) was obviously lower than that in NC group (2.92±0.99 g)
(P<0.05, Figure 3B, 3C).
GTW controls the expression of CA125 and
HE4 in serum
Research indicated that CA125 and HE4 had
application value for diagnosis and clinical
staging of ovarian malignant tumors [22].
Therefore, the effects of DDP, GTW, and
Am J Transl Res 2022;14(3):2051-2062
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Figure 4. Effect of GTW on the serum content of tumor markers. A. ELISA was used to detect the expression of CA125 in the serum. B. ELISA was used to
detect the expression of HE4 in the serum. *P<0.05,
**P<0.01, ***P<0.001 compared with control
group; #P<0.05, ###P<0.001 compared with DDP
group; &P<0.05 compared with GTW group.

Figure 3. Effect of GTW on the tumor growth in xenografts SKOV3/DDP models in vivo. A. Tumor volumes were measured every two days after treating
with DDP, GTW, and DDP+GTW. B. Tumor weights
were measured after the tumor xenografts SKOV3/
DDP were removed. C. The photos of the tumor tissues taken on day 16 after treating with DDP, GTW,
and DDP+GTW. *P<0.05, **P<0.01, ***P<0.001
compared with control group.

DDP+GTW on CA125 and HE4 in serum were
further evaluated. As shown in Figure 4A and
4B, the tumor markers CA125 and HE4 were
reduced in DDP, GTW, and DDP+GTW groups
compared with NC group.
GTW promotes cell apoptosis in nude mouse
model of xenograft tumor
The effects of GTW on the apoptosis of xenograft tumor and the expression of apoptosis2057

associated proteins were tested using immunohistochemical staining and TUNEL staining. The
expression of inhibitor of apoptosis protein
Bcl-2 was reduced when treated with DDP,
GTW, and DDP+GTW compared with the NC
group, while the level of pro-apoptotic proteins
cleaved-caspase-3 protein, Fas protein, P53
protein, and Bax protein was increased in the
DDP, GTW, and DDP+GTW groups (DDP+GTW>
GTW>DDP; Figure 5A). A raised apoptosis rates
in DDP (2.42±0.24%), GTW (2.99±0.06%), and
DDP+GTW groups (8.40±0.17%) were also
observed using TUNEL staining (P<0.001,
Figure 5B). Similar to the previous results,
DDP+GTW group possessed the best treatment effect than other groups.
GTW alters the expression of EMT-related
genes in nude mouse model of xenograft tumor
To better understand whether the inhibition of
GTW on epithelial ovarian cancer was connected with ILK/GSK3β/Slug signal pathway, we
investigated the effect of GTW on EMT in nude
mouse model of xenograft tumor. Our results
indicated that the expression of E-cadherin was
Am J Transl Res 2022;14(3):2051-2062
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Figure 5. Effect of GTW on the cell apoptosis in the tumor tissues. A. Immunochemistry staining was applied to test
the expression of Bcl-2, cleaved-casepase-3, Fas, P53, and Bax in each group (× 40 magnification). B. TUNEL assay was used to show the apoptosis cells in the tumor tissues which were treated with DDP, GTW, and DDP+GTW,
respectively. The bar graphs represent the mean ± SD of three independent experiments (× 40 magnification).
*P<0.05, **P<0.01, ***P<0.001 compared with control group; ###P<0.001 compared with DDP group; &P<0.05,
&&P<0.01, &&&P<0.001 compared with GTW group.

up-regulated, and the expression of ILK, p-AKT,
p-GSK3β, N-cadherin, and Slug was down-regu2058

lated in vivo, which was consistent with the in
vitro results (Figure 6).
Am J Transl Res 2022;14(3):2051-2062
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Figure 6. Effect of GTW on the expression levels of proteins related to the
EMT and the AKT/GSK3β/Slug signal pathway in transplanted SKOV3/
DDP neoplasia. Western blot assay
was utilized to observe the effect of
DDP, GTW, and DDP+GTW on the expression of ILK, AKT, p-AKT, GSK3β,
p-GSK3β, E-cadherin, N-cadherin, and
Slug in xenografts. The bar graphs
represent the mean ± SD of three
independent experiments. *P<0.05,
***P<0.001 compared with control
group; #P<0.05, ###P<0.001 compared with DDP group; &P<0.05,
&&&P<0.001 compared with GTW
group.

Discussion
Epithelial ovarian cancer is characterized by
insidious onset, the lack of typical symptom,
distant organs metastasis, invasive fast-growing, high recurrence rate and post-treatment
resistance [23]. In particular, the emergence
of drug resistance after chemotherapy had
become one of the main obstacles in the treatment of epithelial ovarian cancer [24, 25]. In
the present study, we evaluated the effect of
GTW on the proliferation, migration, invasion,
and apoptosis of drug-resistant human epithe-
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lial ovarian cancer both in vivo and in vitro.
According to the pre-experiment results, the
concentrations of 800 μg/ml GTW, 10 μg/ml
DDP and 10 μg/ml DDP+800 μg/ml GTW were
used to evaluate the effect of these agents on
proliferation, migration and invasion of drugresistant epithelial ovarian cancer cells after
24 h of treatment using EdU proliferation assay,
transwell assay, and scratch wound healing
assay, and our results indicated that 10 μg/ml
DDP+800 μg/ml GTW significantly inhibited the
cellular proliferation, migration and invasion in
vitro. Moreover, our in vivo results also con-
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firmed that 120 mg/ml/kg GTW and 4 mg/ml/
kg DDP+120 mg/ml/kg GTW significantly inhibited the growth of xenograft, reduced the
CA125 and HE4 in serum of mice, induced
apoptosis of cancer cells and reduced the
expression of ILK, p-AKT, p-GSK3β, N-Cadherin,
and Slug in ILK/GSK3β/Slug signal pathway.
As we know, the weakened adhesion and
enhanced movement between tumor cells are
the basis of local invasion and distant metastasis of tumors which are characteristic of malignant tumors [26]. It is a complex process of
tumor invasion and metastasis involving multiple genes and multiple steps, and the invasion
and metastasis depend on the interaction of
internal environmental factors, among which
EMT is one of the main factors [27]. EMT refers
to the transition of epithelial cell into mesenchymal cells with stronger ability to migrate,
invade and resist apoptosis under certain physiological and pathological conditions [28]. And
the evolution process of EMT is characterized
by lost or down-regulated epithelial markers
E-cadherin, α-catenin, and β-catenin as well as
up-regulated mesenchymal markers N-cadherin, vimentin, and α-smooth muscle actin
[29]. Therefore, it is crucial for the treatment of
ovarian cancer to block the development of
EMT [30, 31]. The sound promotion effect on
E-cadherin expression and inhibition effect on
N-cadherin of GTW and DDP+GTW both in vivo
and in vitro indicated that GTW and DDP+GTW
could effectively inhibit the migration and invasion of epithelial ovarian cancer cells by reducing the EMT of cancer.
ILK is a multifunctional intracellular signal protein, which is an important molecular skeleton
at the junction of cell-extracellular matrix [32].
It can regulate cell growth, proliferation, differentiation, adhesion, migration, invasion and
apoptosis by phosphorylating the downstream
substrate protein kinase B (PKB/AKKT) and glycogen synthase kinase 3 beta (GSK3β) [33].
Phosphorylated PKB/AKT promotes the cell
development and progression, cell proliferation, and apoptosis resistance of tumors
through devitalizing proapoptotic molecules
and precrossing transcription factors. In addition, the decreased activity of phosphorylated
GSK3β reduced degradation of β-catenin,
induced the expression of target genes and
promoted the occurrence of EMT [34]. In-
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terestingly, it is believed that ILK had carcinogenic gene properties in a variety of malignant
tumors including gastric cancer, prostate cancer, colon cancer, breast cancer, ovarian cancer and melanoma [35]. In addition, recent
studies have shown that ILK is highly expressed
in ovarian malignant tumor tissues, and the
higher the tumor grade, the stronger the ILK
expression is [18, 36]. Thus, increased ILK
expression promotes the development of ovarian cancer [37].
Moreover, we also studied the effect of GTW
and DDP+GTW on transcription factor Slug. As
a kind of zinc finger protein, Slug can compete
with Smad-interacting protein for E-box in the
promoter binding region, inhibiting the expression of E-cadherin, promoting the expression of
vimentin, and inducing the occurrence of EMT,
and this protein also can promote the occurrence of EMT by forming a transcription complex called β-catenin-T-cell factor-4 [38].
Studies indicated that the expression of Slug
could regulate AKT and GSK3β [39]. As GTW
and DDP+GTW markedly down-regulated the
expression of ILK, p-AKT, p-GSK3β and Slug
both in vivo and in vitro, it indicated that the
anti-cancer effect of GTW and DDP+GTW might
be ILK/AKT/GSK3β dependent.
In summary, this research shows that GTW can
suppress the occurrence of EMT by modulating
the ILK/GSK3β/Slug signaling pathway and
thereby inhibit the proliferation, migration and
invasion of drug-resistant epithelial ovarian
cancer cells both in vivo and in vitro. Therefore,
GTW may be potentially used for the treatment
of drug-resistant epithelial ovarian cancer as a
natural Chinese medicine.
Acknowledgements
This study was supported by grants from the
National Natural Science Foundation of China
(No. 81760729) and the Jiaxing Science and
Technology Bureau Project (No. 2021AD30031).
Disclosure of conflict of interest
None.
Address correspondence to: Buzhen Tan, Department of Obstetrics and Gynecology, The Second
Affiliated Hospital of Nanchang University, Nanchang
330006, Jiangxi, P. R. China. E-mail: tanbuzhen@
sina.com

Am J Transl Res 2022;14(3):2051-2062

GTW and DDP inhibits ovarian cancer
References
[1]

[2]
[3]
[4]
[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

Ramalingam P. Morphologic, immunophenotypic, and molecular features of epithelial ovarian cancer. Oncology (Williston Park) 2016; 30:
166-176.
Cannistra SA. Cancer of the ovary. N Engl J
Med 2004; 351: 2519-2529.
Agarwal R and Kaye SB. Ovarian cancer: strategies for overcoming resistance to chemotherapy. Nat Rev Cancer 2003; 3: 502-516.
Giancotti FG. Mechanisms governing metastatic dormancy and reactivation. Cell 2013;
155: 750-764.
Hu H, Huang G, Wang H, Li X, Wang X, Feng Y,
Tan B and Chen T. Inhibition effect of triptolide
on human epithelial ovarian cancer via adjusting cellular immunity and angiogenesis. Oncol
Rep 2018; 39: 1191-1196.
Hu H, Luo L, Liu F, Zou D, Zhu S, Tan B and
Chen T. Anti-cancer and sensibilisation effect
of triptolide on human epithelial ovarian cancer. J Cancer 2016; 7: 2093-2099.
Zhong YY, Chen HP, Tan BZ, Yu HH and Huang
XS. Triptolide avoids cisplatin resistance and
induces apoptosis via the reactive oxygen species/nuclear factor-κB pathway in SKOV3(PT)
platinum-resistant human ovarian cancer
cells. Oncol Lett 2013; 6: 1084-1092.
Liu Z, Yun R, Yu X, Hu H, Huang G, Tan B and
Chen T. Overexpression of notch3 and pS6 is
associated with poor prognosis in human ovarian epithelial cancer. Mediators Inflamm 2016;
2016: 5953498.
Wang Y, Liu T and Li H. Enhancement of triptolide-loaded micelles on tumorigenicity inhibition of human ovarian cancer. J Biomater Sci
Polym Ed 2016; 27: 545-556.
Hong Y, Gui Z, Cai X and Lan L. Clinical efficacy
and safety of tripterygium glycosides in treatment of stage IV diabetic nephropathy: a metaanalysis. Open Med (Wars) 2016; 11: 611-617.
Xu X, Li QJ, Xia S, Wang MM and Ji W.
Tripterygium glycosides for treating late-onset
rheumatoid arthritis: a systematic review and
meta-analysis. Altern Ther Health Med 2016;
22: 32-39.
Ying X, Wei K, Lin Z, Cui Y, Ding J, Chen Y and
Xu B. MicroRNA-125b Suppresses ovarian
cancer progression via suppression of the epithelial-mesenchymal transition pathway by targeting the SET protein. Cell Physiol Biochem
2016; 39: 501-510.
Ye Z, Li J, Han X, Hou H, Chen H, Zheng X, Lu J,
Wang L, Chen W, Li X and Zhao L. TET3 inhibits
TGF-β1-induced epithelial-mesenchymal transition by demethylating miR-30d precursor
gene in ovarian cancer cells. J Exp Clin Cancer
Res 2016; 35: 72.

2061

[14] Hu C, Dong T, Li R, Lu J, Wei X and Liu P. Emodin
inhibits epithelial to mesenchymal transition in
epithelial ovarian cancer cells by regulation of
GSK-3β/β-catenin/ZEB1 signaling pathway.
Oncol Rep 2016; 35: 2027-2034.
[15] Liu S, Sun J, Cai B, Xi X, Yang L, Zhang Z, Feng
Y and Sun Y. NANOG regulates epithelial-mesenchymal transition and chemoresistance
through activation of the STAT3 pathway in epithelial ovarian cancer. Tumour Biol 2016; 37:
9671-9680.
[16] Chaffer CL, San Juan BP, Lim E and Weinberg
RA. EMT, cell plasticity and metastasis. Cancer
Metastasis Rev 2016; 35: 645-654.
[17] Lu J, Xu Y, Wei X, Zhao Z, Xue J and Liu P.
Emodin inhibits the epithelial to mesenchymal
transition of epithelial ovarian cancer cells via
ILK/GSK-3β/Slug signaling pathway. Biomed
Res Int 2016; 2016: 6253280.
[18] McDonald PC, Fielding AB and Dedhar S.
Integrin-linked kinase--essential roles in physiology and cancer biology. J Cell Sci 2008; 121:
3121-3132.
[19] Chen D, Zhang Y, Zhang X, Li J, Han B, Liu S,
Wang L, Ling Y, Mao S and Wang X.
Overexpression of integrin-linked kinase correlates with malignant phenotype in non-small
cell lung cancer and promotes lung cancer cell
invasion and migration via regulating epithelial-mesenchymal transition (EMT)-related genes. Acta Histochem 2013; 115: 128-136.
[20] Becker-Santos DD, Guo Y, Ghaffari M, Vickers
ED, Lehman M, Altamirano-Dimas M, Oloumi
A, Furukawa J, Sharma M, Wang Y, Dedhar S
and Cox ME. Integrin-linked kinase as a target
for ERG-mediated invasive properties in prostate cancer models. Carcinogenesis 2012; 33:
2558-2567.
[21] Zhu L, Guo Q, Lu X, Zhao J, Shi J, Wang Z and
Zhou X. CTD-2020K17.1, a novel long non-coding RNA, promotes migration, invasion, and
proliferation of serous ovarian cancer cells in
vitro. Med Sci Monit 2018; 24: 1329-1339.
[22] Kim B, Park Y, Kim B, Ahn HJ, Lee KA, Chung JE
and Han SW. Diagnostic performance of CA
125, HE4, and risk of Ovarian Malignancy
Algorithm for ovarian cancer. J Clin Lab Anal
2019; 33: e22624.
[23] Shin K, Kim KH, Yoon MS, Suh DS, Lee JY, Kim
A and Eo W. Expression of interactive genes
associated with apoptosis and their prognostic
value for ovarian serous adenocarcinoma. Adv
Clin Exp Med 2016; 25: 513-521.
[24] Ma ZJ, Zhang XN, Li L, Yang W, Wang SS, Guo
X, Sun P and Chen LM. Tripterygium glycosides
tablet ameliorates renal tubulointerstitial fibrosis via the toll-like receptor 4/nuclear factor
kappa b signaling pathway in high-Fat diet fed

Am J Transl Res 2022;14(3):2051-2062

GTW and DDP inhibits ovarian cancer

[25]

[26]

[27]
[28]
[29]

[30]

[31]

[32]

and streptozotocin-induced diabetic rats. J
Diabetes Res 2015; 2015: 390428.
Zheng ZG, Xu H, Suo SS, Xu XL, Ni MW, Gu LH,
Chen W, Wang LY, Zhao Y, Tian B and Hua YJ.
The essential role of H19 contributing to cisplatin resistance by regulating glutathione metabolism in high-grade serous ovarian cancer.
Sci Rep 2016; 6: 26093.
Kusumoto T, Kodama J, Seki N, Nakamura K,
Hongo A and Hiramatsu Y. Clinical significance
of syndecan-1 and versican expression in human epithelial ovarian cancer. Oncol Rep
2010; 23: 917-925.
Lamouille S, Xu J and Derynck R. Molecular
mechanisms of epithelial-mesenchymal transition. Nat Rev Mol Cell Biol 2014; 15: 178-196.
Kalluri R and Weinberg RA. The basics of epithelial-mesenchymal transition. J Clin Invest
2009; 119: 1420-1428.
Campbell K. Contribution of epithelial-mesenchymal transitions to organogenesis and cancer metastasis. Curr Opin Cell Biol 2018; 55:
30-35.
Zhou Y, Zhu Y, Fan X, Zhang C, Wang Y, Zhang
L, Zhang H, Wen T, Zhang K, Huo X, Jiang X, Bu
Y and Zhang Y. NID1, a new regulator of EMT
required for metastasis and chemoresistance
of ovarian cancer cells. Oncotarget 2017; 8:
33110-33121.
Liu Y, Li H, Ban Z, Nai M, Yang L, Chen Y and Xu
Y. Annexin A2 inhibition suppresses ovarian
cancer progression via regulating β-catenin/
EMT. Oncol Rep 2017; 37: 3643-3650.
Gil D, Ciołczyk-Wierzbicka D, Dulińska-Litewka
J and Laidler P. Integrin-linked kinase regulates cadherin switch in bladder cancer.
Tumour Biol 2016; 37: 15185-15191.

2062

[33] Delcommenne M, Tan C, Gray V, Rue L,
Woodgett J and Dedhar S. Phosphoinositide-3OH kinase-dependent regulation of glycogen
synthase kinase 3 and protein kinase B/AKT
by the integrin-linked kinase. Proc Natl Acad
Sci U S A 1998; 95: 11211-11216.
[34] Joshi MB, Ivanov D, Philippova M, Erne P and
Resink TJ. Integrin-linked kinase is an essential mediator for T-cadherin-dependent signaling via Akt and GSK3beta in endothelial cells.
FASEB J 2007; 21: 3083-3095.
[35] Choi YP, Kim BG, Gao MQ, Kang S and Cho NH.
Targeting ILK and β4 integrin abrogates the invasive potential of ovarian cancer. Biochem
Biophys Res Commun 2012; 427: 642-648.
[36] Ahmed N, Oliva K, Rice GE and Quinn MA. Cellfree 59 kDa immunoreactive integrin-linked
kinase: a novel marker for ovarian carcinoma.
Clin Cancer Res 2004; 10: 2415-2420.
[37] Bruney L, Liu Y, Grisoli A, Ravosa MJ and Stack
MS. Integrin-linked kinase activity modulates
the pro-metastatic behavior of ovarian cancer
cells. Oncotarget 2016; 7: 21968-21981.
[38] Medici D, Hay ED and Olsen BR. Snail and Slug
promote epithelial-mesenchymal transition
through beta-catenin-T-cell factor-4-dependent
expression of transforming growth factor-beta3. Mol Biol Cell 2008; 19: 4875-4887.
[39] Visciano C, Liotti F, Prevete N, Cali G, Franco R,
Collina F, de Paulis A, Marone G, Santoro M
and Melillo RM. Mast cells induce epithelial-tomesenchymal transition and stem cell features
in human thyroid cancer cells through an IL-8Akt-Slug pathway. Oncogene 2015; 34: 51755186.

Am J Transl Res 2022;14(3):2051-2062

