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Puerarin induces platinum-
resistant epithelial ovarian
cancer cell apoptosis by
targeting SIRT1

Jianxiu Duan1, Mingyuan Yin2, Yaqin Shao3,
Jiao Zheng3* and Shengdan Nie3,*

Abstract

Objective: Previous investigations indicated the anticancer activity of puerarin. The current

study aimed to evaluate the effect and molecular mechanisms of puerarin in chemotherapy-

resistant ovarian cancer cells.

Methods: We examined the effects of puerarin in platinum-resistant epithelial ovarian cancer

cells in vitro and in vivo. We also analyzed the molecular mechanism underlying Wnt/b-catenin
inhibition and sirtuin 1 (SIRT1) regulation following puerarin treatment.

Results: Our study demonstrated that puerarin effectively inhibited cell growth in vitro and in vivo

by increasing apoptosis in ovarian cancer cells. More importantly, puerarin sensitized cisplatin-

resistant ovarian cancer cells to chemotherapy. Puerarin treatment decreased SIRT1 expression,

which attenuated the nuclear accumulation of b-catenin to inhibit Wnt/b-catenin signaling. In

addition, SIRT1 overexpression diminished the effects of puerarin treatment on cisplatin-resistant

ovarian cancer cells. Further analysis supported SIRT1/b-catenin expression as a candidate

biomarker for the disease progression of epithelial ovarian cancer.

Conclusions: Puerarin increased the apoptosis of platinum-resistant ovarian cancer cells. The

mechanism is partly related to the downregulation of SIRT1 and subsequent inhibition of Wnt/

b-catenin signaling.
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Introduction

Acquired chemotherapy resistance is often
observed in patients with epithelial ovarian
cancer.1 Initially, these patients usually
respond well to chemotherapy but later
experience recurrence and cancer-related
motility due to chemotherapy resistance.2

Platinum drugs are widely used in chemo-
therapy regimens for epithelial ovarian
cancer. However, a large proportion of
late-stage patients exhibit a poor response
to platinum-based chemotherapy.3

Therefore, the development of new adju-
vant therapies is urgently needed to
improve the chemotherapy efficacy for
ovarian cancer.

The canonical Wnt/b-catenin pathway
plays a pivotal role during the acquisition
of chemoresistance in various malignant
tumors.4 Constitutively activated Wnt sig-
naling contributes to tumorigenesis and
chemoresistance,5 whereas Wnt pathway
inhibition suppresses cancer cell-related
self-renewal and chemotherapy resistance.6

Further studies are needed to develop Wnt
signaling inhibitors to improve chemother-
apy sensitivity.

Traditional Chinese herbal medicines
show significant advantages in cancer treat-
ment, including prolonging the survival of
patients.7 Generally, the active ingredients
in herbal medicine also show high effective-
ness in cancer treatment. Puerarin (7,40-
dihydroxy-8-C-glucosylisoflavone) is an
isoflavonoid monomer extracted from the
Pueraria lobata root.8 Adjuvant therapy
with puerarin injection is widely used in
vascular disease.9 Recent investigations

indicated the anticancer activity of puer-
arin,10 which was supported by the
increased apoptosis of various tumor cell
types. The current study aimed to evaluate
the effects of puerarin on the chemotherapy
sensitivity of epithelial ovarian cancer cells.
The molecular mechanism by which puer-
arin treatment induces cell apoptosis was
also studied.

Materials and methods

Cell culture and treatments

The human epithelial ovarian cancer cell lines
SKOV3 and Caov-4 were purchased from the
American Type Culture Collection (Manassas,
VA, USA). The cells were cultured in
McCoy’s 5A medium with 10% fetal bovine
serum (HyClone Laboratories, Logan, UT,
USA) and maintained at 37�C in a humidified
atmosphere of 5% CO2. Platinum-resistant
SKOV-3 cells (SKOV-3/DDP) were generated
by selecting subclones from cells treated with
cisplatin (DDP, Sigma-Aldrich, St. Louis,
MO, USA). Parental SKOV3 cells were
treated with a DDP concentration gradient
up to 100mM and then cultured in 100mM
for a continuous 9 months. For puerarin
treatments (#57652917, Sigma-Aldrich), a
nonlinear regression model was used to
evaluate the half maximal inhibitory con-
centration (IC50) with GraphPad Prism
7.0 (San Diego, CA, USA).

Patients

We assessed the clinical significance of sir-
tuin 1 (SIRT1) and b-catenin expression in
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374 patients with ovarian cancer with com-

plete clinical and RNA sequencing data in

The Cancer Genome Atlas (TCGA) data-

base. The samples were classified as

SIRT1 and b-catenin positive or negative

expression based on the median value.

There was no need for ethical approval or

patient consent because this analysis used a

publicly available database.

Cell counting kit-8 (CCK-8) analysis

Prepared cells were seeded at a density of

5000 cells/well in 96-well plates. Puerarin or

10 lg/mL DDP was administrated as indi-

cated. CCK-8 (Beyotime, Jiangsu, China)

was used for cell proliferation following

the manufacturer’s recommendation.

Relative cell growth was assessed with a

microplate reader (Zenyth 3100, Anthos,

UK) by measuring the absorbance at 450

nm. Independent experiments were per-

formed in triplicate.

Xenografts models

Twelve 6-week-old female athymic BALB/c

mice were purchased from the Shanghai

Experimental Animal Center, Chinese

Academy of Science, Shanghai, China.

For xenografts, 1� 106 SKOV-3/DDP

cells were injected subcutaneously, and

mice were maintained in pathogen-free con-

ditions. Puerarin (30mg/kg) or DDP (7mg/

kg) was administrated through the caudal

vein. The xenograft nodules were measured

with a caliper every other day, and their

volume was calculated as the length-

�width2/2. The mice were decapitated

under anesthesia after 23 days of treatment.

The volume of tumor grafts was less than

200mm3. The protocols for the animal

study were approved by The Institutional

Animal Care and Use Committee of

Hunan Provincial People’s Hospital

(2018SK50714).

Immunohistochemistry (IHC)

Formaldehyde-fixed xenografts were cut

into 4-lm-thick sections. The sections

were subjected to antigen retrieval and

endogenous peroxidase blockage. Primary

antibodies for B-cell lymphoma 2 (Bcl-2,

ab32124), Ki-67 (ab92472), SIRT1

(ab110304), b-catenin (ab16051) and con-

trol IgG (ab172730) were purchased from

Abcam, Cambridge, MA, USA. IHC stain-

ing was performed with a Ventana

Discovery XT automated staining system

(Ventana Medical Systems, Inc., Tucson,

AZ, USA). To obtain representative

images, five fields at �200 magnification

were assessed.

Flow cytometry analysis of cell apoptosis

All cells were harvested after the indicated

treatment. The Annexin V-fluorescein iso-

thiocyanate (FITC) Apoptosis Detection

Kit (C1063, Beyotime) was used following

the supplier’s recommendation. The cell

apoptosis percentage was measured with a

BD LSR II flow cytometer (FACScan; BD

Biosciences, San Jose, CA, USA), and the

data were analyzed with FlowJo software

(Version 10, TreeStar, Ashland, OR, USA).

Clonogenic potency analysis

Single-cell suspensions of ovarian cancer

cells were cultured in 12-well plates (200

cells/well) for 10 days. Puerarin (50lg/
mL) or DDP (10 lg/mL) was administrated

as indicated. The cell clones were fixed with

paraformaldehyde and stained with crystal

violet (C0121, Beyotime). Colonies with

more than 50 cells were counted.

Western blot assays

Total cell protein was extracted with mod-

ified RIPA lysis buffer (Beyotime). The

nuclear and cytosolic cell fractions were

extracted with the Nuclear and
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Cytoplasmic Protein Extraction Kit

(Beyotime). The protein concentration was

measured with an Enhanced BCA Protein
Assay Kit (Beyotime). An equal amount of

protein was used for sodium dodecyl sul-

phate polyacrylamide gel electrophoresis

and polyvinylidene fluoride membrane

transfer. Primary antibodies for cleaved

poly (ADP-ribose) polymerase (PARP,
ab32064), Bcl-2 (ab32124), B-cell

lymphoma-extra large (Bcl-xL, ab32370),

B-cell associated X protein (Bax,

ab182733), b-catenin (ab16051), cyclin D1

(ab16663), SIRT1 (ab110304), glyceralde-

hyde 3-phosphate dehydrogenase
(GAPDH, ab181206), Lamin B1 (ab16048)

and b-actin (ab8226) (all purchased from

Abcam) were incubated with membranes.

The immunoreactive bands were analyzed

with an enhanced chemiluminescent sub-

strate (Pierce, Rockford, IL, USA).

Cell transfection

Plasmids expressing human SIRT1 and a

control empty vector were obtained from

the Beyotime Institute of Biotechnology.

Cells were transfected with plasmids using

Lipofectamine 2000 (Beyotime) following
the manufacturer’s instructions.

Quantitative reverse transcription PCR

(RT-qPCR)

Total mRNA was prepared with Trizol

(Invitrogen, Carlsbad, CA, USA), and com-

plementary DNA was reverse transcribed

with a PrimeScript RT Reagent Kit

(TaKaRa Bio, Tokyo, Japan). RT-qPCR
assays were performed with a One-Step

RT-PCR Kit Ver.2 (TaKaRa Bio). The

quantity of mRNA was normalized to cor-

responding GAPDH levels. The primers

were designed as follows: SIRT1 forward,

50-TAGCCTTGTCAGATAAGGAAGG
A-30 and reverse, 50-ACAGCTTCACAGT

CAACTTTGT-30 and GAPDH forward,

50-TGTGGGCATCAATGGATTTGG-30

and reverse, 50-ACACCATGTATTCCGG

GTCAAT-30.

Immunofluorescent staining

The transfected cells were attached to slides

overnight with 4% paraformaldehyde. The

slides were incubated with a b-catenin anti-

body (Abcam) overnight at 4�C. A FITC

secondary antibody (Invitrogen) was

added after washing with phosphate-

buffered saline. Next, sections were stained

with 0.1% 40, 6-diamidino-2-phenylindole

to visualize the cell nuclei. The localization

of b-catenin was examined with a confocal

microscope (Leica, Wetzlar, Germany).

Statistical analysis

All assays were independently repeated at

least three times. The results were presented

as the mean� standard deviation.

Comparisons were performed with one-

way ANOVA or Student’s t-test.

Correlations between SIRT1/b-catenin
expression and clinical characteristics were

assessed using GraphPad Prism. The prog-

nostic value of the indicated markers was

analyzed with Kaplan–Meier curves and

the log-rank test. Statistical analysis

was performed with IBM SPSS Statistics

for Windows, Version 24 (IBM Corp.,

Armonk, NY, USA). P< 0.05 was consid-

ered to indicate a significant difference.

Results

Puerarin inhibits the proliferation of

platinum-resistant ovarian cancer cells

First, we investigated the biological role of

puerarin (Figure 1a) in human epithelial

ovarian cancer cells. Ovarian cancer cells

were treated with a puerarin concentration

gradient for 48 hours, and then cell viability

was determined by CCK-8 assays.
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Our results demonstrated that the IC50 of
puerarin in SKOV-3 and Caov-4 cells was
157.0 lg/mL and 119.3 lg/mL, respectively
(Figure 1b). Next, SKOV-3/DDP cells were
treated with puerarin. The platinum drug
resistance ability was confirmed with
CCK-8 assays, which showed increased sur-
vival of SKOV-3/DDP cells compared
with parental cells (P< 0.05, Figure 1c).
Significant cell growth inhibition was
observed when SKOV-3/DDP cells were
treated with 100 lg/mL or 50 lg/mL puer-
arin combined with DDP for 48 hours
(P< 0.05, Figure 1d). Moreover,

combination treatment with DDP and
10 lg/mL puerarin inhibited the prolifera-
tion of parental SKOV-3 cells (P< 0.05,
Figure 1d). Furthermore, the in vivo effect
of puerarin was evaluated in xenograft
models. SKOV-3/DDP cells were implanted
subcutaneously into 6-week-old female
athymic nude mice. Then, the mice were
administered intraperitoneal injections of
DDP and puerarin (0.1mg/kg) or DDP
alone every 2 days. A significant inhibition
of tumor growth was observed in the com-
bined treatment group (Figure 1e). In addi-
tion, the mean tumor volumes in the

Figure 1. Puerarin inhibits the proliferation of platinum-resistant ovarian cancer cells. (a) The chemical
structure of PU. (b) The ovarian cancer cell lines SKOV-3 and Caov-4 were treated with a PU gradient for
48 hours. A nonlinear regression model was used to evaluate the IC50 with GraphPad Prism 7.0. (c) Cell
viability analysis was performed with SKOV-3/DDP and parental cells treated with DDP (10lg/mL) for 48 or
72 hours. Cell viability inhibition was measured by CCK-8 assays. (d) SKOV-3/DDP and parental cells were
treated with DDP and PU (0, 10, 50 and 100lg/mL) for 48 hours. Cell proliferation inhibition was measured
with CCK-8 assays. (e) Xenograft growth of SKOV-3/DDP cells was recorded (bottom panel). Puerarin and
DDP were administrated with an intravenous infusion every other day. The xenografts were harvested after
23 days of treatment (top panel). Bar¼ 10 mm. Data represent the mean� SD, *P< 0.05
PU, puerarin; IC50, half maximal inhibitory concentration; DDP, cisplatin, CCK-8, cell counting kit-8;
OD, optical density; SKOV-3/DDP, platinum-resistant ovarian cancer cells.
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puerarin-treated group were significantly
lower than those in the control group on
day 23 (P< 0.05, Figure 1e).

Puerarin increases the apoptosis of
platinum-resistant ovarian cancer cells

Further analysis was performed to deter-
mine the mechanism underlying the
inhibitory effects of puerarin in platinum-
resistant ovarian cancer cells. IHC staining
was performed with xenografts, which
showed decreased levels of Bcl-2 in
puerarin-treated tumors compared with
the control group. In contrast, no signifi-
cant decrease was observed in Ki-67 expres-
sion (Figure 2a). Moreover, flow cytometry
assays indicated that 50 lg/mL puerarin
treatment increased the apoptosis of
SKOV-3 cells (P< 0.05, Figure 2b). More
importantly, the combined treatment
induced a higher percentage of apoptotic
cells than the control group (Figure 2b). In
addition, puerarin treatment significantly
increased the early and late-stage apoptosis
of SKOV-3 and SKOV-3/DDP cells
(P< 0.01, Figure 2b). The clonogenic poten-
cy was evaluated following treatment with
puerarin, which showed that puerarin treat-
ment decreased the number of SKOV-3
and SKOV-3/DDP cell clones (P< 0.05,
Figure 2c). Moreover, western blot assays
supported the increased pro-apoptotic activ-
ity in puerarin-treated cells. Specifically, the
results showed elevated cleaved PARP and
decreased Bcl-2, Bcl-xL and Bax levels
(Figure 2d). Collectively, our results indicat-
ed that puerarin increased the apoptosis of
platinum-resistant ovarian cancer cells.

Puerarin inhibits Wnt/b-catenin signaling
to sensitize platinum-resistant ovarian
cancer cells

Previous studies demonstrated that Wnt/
b-catenin signaling contributed to platinum
resistance in ovarian cancer cells, especially

by decreasing apoptotic cell death.11 Next,
we focused on the mechanisms by which
puerarin treatment regulates the Wnt/b-cat-
enin pathway in platinum-resistant ovarian
cancer cells. Decreased b-catenin and
cyclin-D1 levels were observed after 50 lg/
mL puerarin treatment for 72 hours (Figure
3a). More importantly, puerarin treatment
decreased the nuclear accumulation of
b-catenin (Figure 3b). We further screened
the genes related to Wnt/b-catenin signaling
and found decreased SIRT1 mRNA expres-
sion after puerarin treatment (P< 0.05,
Figure 3c). Western blot assays also sup-
ported that puerarin treatment decreased
SIRT1 protein levels (Figure 3d). IHC
staining of b-catenin and SIRT1 was per-
formed with the xenografts of SKOV-3/
DDP cells, which showed that puerarin
treatment decreased b-catenin and SIRT1
expression (Figure 3e). These results dem-
onstrated that puerarin treatment inhibited
Wnt/b-catenin signaling, which was corre-
lated with SIRT1 downregulation.

SIRT1 attenuates the chemosensitivity of
puerarin-treated platinum-resistant ovari-
an cancer cells

To further confirm the role of SIRT1 in
puerarin-treated ovarian cancer cells,
SKOV-3/DDP cells were infected with a
lentivirus expressing SIRT1. RT-qPCR
assays confirmed increased mRNA levels
of SIRT1 in SKOV-3/DDP cells. Puerarin
failed to downregulate SIRT1 mRNA
expression in transfected cells (Figure 4a).
Similarly, western blot assays supported
that puerarin treatment failed to decrease
b-catenin protein levels in SIRT1-
overexpressing cells (Figure 4b). The nucle-
ar translocation of b-catenin was measured
in SIRT1-overexpressing cells and parental
cells, which showed that SIRT1 overexpres-
sion increased the nuclear accumulation of
b-catenin (Figure 4c). Immunofluorescence
analysis was performed to assess the
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Figure 2. Puerarin increases the apoptosis of platinum-resistant ovarian cancer cells. (a) The xenografts
from DDP- or DDPþ PU-treated SKOV-3/DDP cells were harvested for IHC staining of Bcl-2 and Ki-67.
Scale bars, 50 lm. (b) Ovarian cancer cells were prepared with different treatments: SKOV-3, vehicle or PU
(50lg/mL); SKOV-3/DDP, DDP or DDPþ PU. Cell apoptosis was measured by flow cytometry with PI and
Annexin V staining. Statistical analysis of cell apoptosis was performed with different treatments. *P< 0.01.
(c) The clonogenic potency of SKOV-3 and DDP resistant cells was evaluated after treatment with puerarin
(50lg/mL). (d) Western blot assays were performed for apoptosis-related proteins (cleaved PARP, Bcl-2,
Bcl-xL and Bax) in PU-treated SKOV-3 or SKOV-3/DDP cells. GAPDH was used as the loading control,
*P< 0.05.
DDP, cisplatin; PU, puerarin; IHC, immunohistochemistry; Bcl-2, B-cell lymphoma 2; PI, propidium iodine;
PARP, poly (ADP-ribose) polymerase; Bcl-xL, B-cell lymphoma-extra large; Bax, B-cell associated X protein;
GAPDH, glyceraldehyde 3-phosphate dehydrogenase; SKOV-3/DDP, platinum-resistant ovarian cancer cells.
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Figure 3. Puerarin inhibits Wnt/b-catenin signaling to sensitize platinum-resistant ovarian cancer cells.
(a) Western blot assays were performed for the expression of b-catenin and cyclin D1 in SKOV-3/DDP cells.
Different treatments were administrated as indicated. GAPDH, loading control. (b) b-catenin localization in
SKOV-3/DDP cells with different treatments (vehicle, DDP only, DDPþPU or PU only) was studied using
western blot assays. Lamin B1, nuclear control; b-actin, cytoplasmic control. (c) RT-qPCR assays were
performed for SIRT1 mRNA expression in SKOV-3/DDP cells treated as indicated. GAPDH was used as the
control. (d) Western blot assays were performed for the protein levels of SIRT1 in SKOV-3/DDP cells
treated as indicated. GAPDH, loading control. (e) The xenografts from DDP- or DDPþ PU-treated SKOV-3/
DDP cells were harvested for IHC staining of b-catenin and SIRT1. Scale bars, 50lm. *P< 0.05.
DDP, cisplatin; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; PU, puerarin; RT-qPCR, quantitative
reverse transcription PCR; SIRT1, sirtuin 1; IHC, immunohistochemistry; SKOV-3/DDP, platinum-resistant
ovarian cancer cells.
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Figure 4. SIRT1 attenuates the chemoresistance of puerarin-treated platinum-resistant ovarian cancer
cells. (a) RT-qPCR assays were performed for SIRT1 mRNA levels in transfected SKOV-3/DDP-control or
-SIRT1 (SIRT1 overexpressing) cells. GAPDH was used as a control. (b) Western blot assays were per-
formed for the protein levels of SIRT1 in infected SKOV-3/DDP cells. GAPDH, loading control. (c) The
nuclear translocation of b-catenin was measured in SIRT1-overexpressing cells and parental cells. Lamin B1,
nuclear control; b-actin, cytoplasm control. (d) Immunofluorescence analysis was performed to determine
the translocation of b-catenin in infected cells. Scale bars, 10mm. (e) Transfected SKOV-3/DDP cells were
treated with DDP and PU (10 or 50lg/mL) for 48 hours. CCK-8 assays were performed for cell viability.
(f) Transfected cells were treated with DDP and PU (50lg/mL) for 48 hours. Flow cytometry assays were
performed to determine the proportion of apoptotic cells. Cell apoptosis percentage was compared among
different treatment groups. *P< 0.05.
SIRT1, sirtuin 1; RT-qPCR, quantitative reverse transcription PCR; DDP, cisplatin; GAPDH, glyceraldehyde
3-phosphate dehydrogenase; PU, puerarin; CCK-8, cell counting kit-8; SKOV-3/DDP, platinum-resistant
ovarian cancer cells; PI, propidium iodine.
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translocation of b-catenin in transfected
cells, and the results also demonstrated
that SIRT1 overexpression increased the
nuclear accumulation of b-catenin follow-
ing puerarin treatment (Figure 4d). CCK-
8 assays were performed to analyze cell
proliferation after DDP treatment. The
combined puerarin treatment failed to inhib-
it the proliferation of SIRT1-overexpressing
ovarian cancer cells compared with the con-
trol cells (Figure 4e). Moreover, flow cytom-
etry analysis indicated no significant increase
in the apoptosis of SIRT1-overexpressing
cells compared with the control cells
(Figure 4f). Our data indicated that SIRT1
played a critical role in the puerarin
treatment-induced platinum sensitivity of
ovarian cancer cells.

SIRT1/b-catenin expression predicts the
disease progression of patients with
epithelial ovarian cancer

We further analyzed the clinical significance
of SIRT1/b-catenin expression using
TCGA database. Our analysis showed no
significant correlation between SIRT1
or b-catenin mRNA levels and age
(Figure 5a). Similarly, no significant differ-
ence was observed between different histo-
logical grades (Figure 5b). We divided the
subjects into two groups based on the
median values of marker expression:
SIRT1þ/b-cateninþ and others. The group
with SIRT1þ/b-cateninþ expression showed
worse disease-free survival than other
groups (P¼ 0.011, Figure 5c) but no
significant difference in overall survival
(Figure 5d). Our findings indicated that
SIRT1þ/b-cateninþ expression predicted
the disease progression of patients with
ovarian cancer.

Discussion

Epithelial ovarian cancer is a common
cancer in women worldwide. Most patients

are diagnosed with advanced disease
because of its insidious onset,12 resulting
in limited survival. Chemotherapy resis-
tance is a significant obstacle that impairs
the effectiveness of ovarian cancer therapy,
especially for patients with advanced stages.
Chemoresistance is a major contributor to
the mortality of patients with ovarian
cancer.13 Thus, further therapeutic strate-
gies to restore chemotherapy sensitivity
may improve patient survival. Here, we
provided evidence that puerarin resensitizes
ovarian cancer cells to cisplatin chemother-
apy by inhibiting WNT/b-catenin signaling,
which was related to the downregulation
of SIRT1.

Aberrant canonical Wnt/b-catenin sig-
naling activation contributes to the devel-
opment and progression of epithelial
ovarian cancer. Mutations in several factors
are observed in ovarian cancer, such as cat-
enin b 1, axin 1 or adenomatous polyposis
coli, which are associated with the hyperac-
tivity of Wnt/b-catenin signaling.14,15

Moreover, canonical Wnt/b-catenin signal-
ing maintains the self-renewal ability of
ovarian cancer cells to promote chemother-
apy resistance.16,17 Thus, Wnt/b-catenin
pathway blockade represents a promising
strategy for cancer therapy.18 Our study
indicated that Wnt/b-catenin signaling acti-
vation also contributed to the platinum-
based chemotherapy resistance of epithelial
ovarian cancer cells. Specifically, increased
nuclear accumulation of b-catenin was
observed in cisplatin-resistant ovarian
cancer cells. Combined treatment with
puerarin and cisplatin increased the apopto-
tic percentage of ovarian cancer cells. More
importantly, puerarin treatment sensitized
cisplatin-resistant cells to chemotherapy,
providing a novel mechanism to reverse
chemotherapy resistance. Notably, the
canonical Wnt/b-catenin pathway is critical
for the renewal of normal tissue, and long-
term treatment with specific inhibitors
induces various side effects.19 Therefore,
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the safety of puerarin in a clinical setting
requires further assessment, especially
during the long-term treatment with cyto-
toxic regimens for chemotherapy.

Puerarin is widely used in the treatment
of vascular disease, diabetes and
Parkinson’s disease.20,21 Moreover, puer-
arin administration dose-dependently and
time-dependently induced cell apoptosis,
which supported its use as an anticancer
agent for various tumors.22,23 Previous
investigations and our study indicated that
puerarin increased mitochondria-mediated

apoptosis to inhibit cancer cell proliferation
in vitro and in vivo,24 which was the pre-
dominant contributor to ovarian cancer
cell death. Previous studies supported that
nuclear factor kappa B (NF-jB) and c-Jun
N-terminal kinase signaling pathways were
involved in puerarin-induced cell apopto-
sis.10,25 Our study indicated that puerarin
treatment inhibited the Wnt/b-catenin path-
way in ovarian cancer. SIRT1 regulation
contributed predominantly to the effects
of Wnt/b-catenin inhibition-induced cell
apoptosis. Notably, puerarin protected

Figure 5. SIRT1/b-catenin expression predicts the disease progression of patients with epithelial ovarian
cancer. (a) SIRT1 and b-catenin mRNA levels were compared between different age groups using patient
data from TCGA (�50 years vs. >50 years). (b) SIRT1 and b-catenin mRNA levels were compared between
different histological grades (Grade 1–2 vs. Grade 3–4). (c, d) Kaplan–Meier analysis was performed for the
disease-free survival (c) and overall survival (d) of the SIRT1/b-cateninþ and other groups (P¼ 0.011 and
P¼ 0.080, respectively).
SIRT1, sirtuin 1; TCGA, The Cancer Genome Atlas.
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proximal tubular cells from nephrotoxicity
caused by platinum-based chemothera-
py,26,27 which supported the safety of the
clinical use of puerarin in cancer treatment.
However, puerarin showed poor oral
absorption and bioavailability because of
its low water solubility and liposolubility.22

Thus, further investigation is needed to
determine the appropriate dosage of puer-
arin for clinical applications.

SIRT1 is a member of the NADþ-
dependent histone deacetylase family.
Elevated SIRT1 expression is observed in
various tumors, such as breast, colon and
prostate cancers.28,29 However, its function
for chemotherapy sensitivity is dependent
on the tumor type and microenvironment.30

Previous studies indicated that SIRT1
maintained cell proliferation under oxida-
tive and genotoxic stress conditions.31

Epithelial ovarian cancer cells exposed to
hypoxic conditions also showed SIRT1
overexpression, which was correlated to
NF-jB signaling pathway activation.32

Previous studies also indicated that SIRT1
worked as a protein deacetylase to promote
c-myc deacetylation, which increased
b-catenin transcriptional activity.33,34

Furthermore, SIRT1 contributed to the
deacetylation of b-catenin. The epigenetic
modification of b-catenin was crucial for
its nuclear translocation and Wnt signaling
activation.35,36 Moreover, canonical Wnt
signaling was reported as a key player in
modulating the fate of ovarian cancer
cells, including inducing apoptosis.37

Previous studies indicated that significantly
decreased SIRT1 expression was observed
in puerarin-treated cancer cells.22,38 We
also found that elevated SIRT1 expression
contributed to the cisplatin resistance of
ovarian cancer cells, which was correlated
to the activation of Wnt/b-catenin signal-
ing. Furthermore, we provided evidence of
SIRT1 expression as a candidate prognostic
biomarker for disease progression with the

TCGA database analysis. Our results indi-

cated a poor response to chemotherapy in

patients with ovarian cancer and elevated

SIRT1/b-catenin expression.
In conclusion, our study demonstrated

that puerarin effectively inhibited cell

growth in vitro and in vivo by increasing

the apoptosis of epithelial ovarian cancer

cells. More importantly, puerarin sensitized

cisplatin-resistant ovarian cancer cells to

platinum-based chemotherapy. Puerarin

treatment decreased SIRT1 expression in

ovarian cancer cells, which reduced the

expression and nuclear accumulation of

b-catenin to inhibit Wnt signaling. Future

clinical trials are required to confirm the

clinical use of puerarin for patients with

ovarian cancer.
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