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1 | INTRODUCTION

| Lihua Chen? | FeiLiu?> | Zihao Qi' | Xi Cheng®® |

Abstract

Ovarian cancer is the most malignant gynecologic cancer among women worldwide.
Cryptotanshinone (CT), isolated from Salvia miltiorrhiza Bunge, has been identified
as a potential therapeutic agent in treating several malignant tumors, but the molecu-
lar mechanism of CT in ovarian cancer still remains illustrated. Here, we sought to
elucidate the regulatory function of CT on cell glucose metabolism in ovarian cancer.
The treatment of CT on ovarian cancer cells effectively inhibited glucose uptake and
lactate production in ovarian cancer cells. The expression levels of glycolysis-related
proteins, such as GLUT1, LDHA, and HK2, were decreased by the treatment of CT
detected by qRT-PCR and immunoblotting. Mechanistically, CT exerted its anti-
tumor effect by targeting STAT3/SIRT3/HIF-1a signaling pathway in vitro and in
vivo, which could be rescued by the introduction of SIRT3 shRNA in ovarian cancer
cells. The clinical data showed that the expression level of STAT3 in ovarian cancer
patients’ sera and tissues was positively correlated with those of GLUT1, LDHA,
HK?2 and HIF-1a, but negatively with that of SIRT3These findings provide evidence
that CT inhibited cellular glycolysis-induced cell growth and proliferation through
repression of STAT3/SIRT3/HIF-1« signaling pathway, indicating that CT may be

developed as a chemotherapeutic agent to treat ovarian cancer.
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are diagnosed at advanced phase of disease, and the overall
five-year survival rate is relatively low.>* At current, the stan-

Epithelial ovarian cancer (EOC) was the most prevalent gyne-
cologic malignancies worldwide."” As ovarian tumors at the
early stage have no specific symptoms, most of EOC patients

dard first-line treatment for EOC is primarily cytoreductive
surgery (CRS), which was followed by platinum-based che-
motherapy.’ For most advanced EOC patients, the production
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of drug resistance was one of the main causes of treatment
failure.® Therefore, it is imperative to find useful therapeutic
agents to improve the survival rate of EOC patients and to
decrease the failure of chemotherapy.

Cryptotanshinone (CT) is isolated from the plant Salvia
miltiorrhiza Bunge and has been identified to block STAT3
phosphorylation and homodimerization.”” CT has been
demonstrated to have anti-tumor activities in various malig-
nancies, including breast cancer,liver cancer,prostate cancer,
and ovarian cancer.'"® CT was found to induced apoptosis
and cell cycle arrest in gastric cancer cells via reactive ox-
ygen species (ROS)-mediated MAPK and AKT signaling
pathways.m'15 It has been reported that CT was a potent
STAT3 inhibitor and inhibited STAT3 Tyr705 phosphoryla-
tion effectively in DU145 prostate cancer cells.'® Therefore,
growing evidence indicates that cryptotanshinone is a potent
anticancer agent targeting STAT3 protein.

STAT3 (signal transducer and activator of transcription 3)
promotes multiple signaling pathways involving the media-
tion of cell proliferation, invasion, epithelial-mesenchymal
transition (EMT) and angiogenesis and has been considered
as a key target for cancer therapy.”‘19 Increasing evidence
has shown the existence of genetic variation and amplifica-
tion of STAT3 in major malign21ncies.]9'22 STAT3 signaling
pathway plays a vital role in cancer progression and tumor
microenvironment,*** indicating that it may be used as a
therapeutic target.

SIRT3 is one of the sirtuins of NAD-dependent deacety-
lases and located in mitochondria.”> SIRT3 is involved in
the processes of energy metabolism and development of dis-
eases including the cancer, cardiovascular, and nervous sys-
tems.?*28 SIRT3 adjusts several mitochondrial functions,”’30
such as managing ROS, ATP production, and cell death. In
the previous studies, it has been reported that the expression
level of SIRT3 suppressed in several malignant tumor,*'33
including prostate, lung, and gastric cancers.

To evaluate the function and mechanism of CT on glu-
cose metabolism in ovarian cancer cells, we tested the in-
hibitory ratio of CT on ovarian cancer cells and the effect
of CT on glucose uptake and lactate production in ovarian
cancer cells. We found that CT inhibited glucose metabolism
in ovarian cancer cells through inducing SIRT3/HIF-1a sig-
naling pathway.

2 | MATERIAL AND METHODS

2.1 | Celllines and cell culture

Human ovarian cancer cell lines, Hey and A2780, were
obtained from the Cell Bank of the Chinese Academy of
Science. The cells were grown in Dulbecco’s modified
Eagle’s medium (DMEM, HyClone, Thermo Scientific,
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Waltham, MA) supplemented with 10% fetal bovine serum
(Gibco, Life technologies, Carlsbad, CA), 100 U/mL penicil-
lin (Biowest, Nuaillé, France), and 100 U/mL streptomycin
(Biowest, Nuaillé, France) and incubated at 37°C in a hu-
midified atmosphere with 5% CO,.

22 |

CT (Catalog No. S2285, Selleck, USA) were dissolved
in DMSO and kept in -20°. Paclitaxel was purchased from
BristolMyers Squibb Company (NY, USA). All ovarian cells
were treated with different concentrations (nmol/L) CT for
48 hours.

Drug treatment

2.3 | Plasmid construction and cell
transfection

The DNA oligonucleotides designed to generate short
hairpin RNAs against the open reading frame of SIRT3
mRNA were 5'-AAGTGGAGGCAGCAGTGACAA-3'(
shRNA1) and 5'-CTTGAGAGAGTGTCGGGCATC-3’
(shRNA2). The sequences of STAT3 shRNA3 were 5'-
TAGAGAATCTCCAGGATGACT-3"  (shRNA1) and
5'-CAACAGATTGCCTGCATTGGA-3’ (shRNA2).

The recombinant plasmids, pLKO/shSIRT3-1, pLKO/
shSIRT3-2, pLKO/shSTAT3-1, and pLKO/shSTAT3-2, were
generated according to the previously reported method.** The
control vector was similarly constructed by directly inserting
oligonucleotides encoding short hairpin RNA against green
fluorescence protein mRNA(shGFP) into pLKO.1 vector.

Lentivirus carrying SIRT3 shRNA or STAT3 was gen-
erated and harvested as described previously.** Briefly, the
cells were infected twice for a total of 4 days (2 days for
each infection), and the positive clones were selected with
puro23in (200 ng/mL) for 7-10 days. Control cell lines were
generated by infection with viruses containing the empty vec-
tor following the same protocol.

Recombinant plasmids, containing human full length of
cDNA sequences of pENTER-STAT3, were purchased from
Vigene Biosciences (Jinan, China). STAT3 cDNA was sub-
cloned into pcDNA3.1 (—) expression vector (Invitrogen,
Carlsbad, CA, USA), generating the recombinant plasmids
pcDNA3.1 (—)-STAT3. The empty pcDNA3.1 (—) was used
as a control. Hey and A2780 cells were transfected with-
pcDNA3.1 (—)-STAT3 or control empty pcDNA3.1 (—)
using Lipofectamine 2000 according to the manufacturer’s
instructions.

24 | Glycolysis analysis

Glucose and lactate levels in culture media were measured
using the BioProfile FLEX analyzer (Nova Biomedical,
Waltham, MA) and normalized to cell number or using the
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Lactate Reagent Kit (Trinity Biosciences, Co Wicklow,
Ireland). Fresh media were added to a 6-well plate of sub-
confluent cells, and lactate production in the media was
measured 30-60 minutes (Lactate Reagent Kit) or 6-24 hours
(BioProfile Analyzer) later and normalized to the number of
cells in each well.

2.5 |

Western blot analysis was performed to determine the ex-
pression levels of various proteins in cells. Cells were har-
vested, washed with cold 1x PBS, and lysed with RIPA lysis
buffer (Beyotime) for 30 minutes and then centrifuged at
12 000 g for 15 minutes at 4°C. The total protein concentra-
tion was determined by BCA protein assay kit (Beyotime, P
0011). Equal amounts (30 pg per load) of protein samples
were subjected to SDS-PAGE electrophoresis and trans-
ferred on to polyvinylidene fluoride (PVDF) membranes
(Millipore, IPVH00010). The blots were blocked in 10%
nonfat milk, and incubated with primary antibodies, fol-
lowed by incubation with secondary antibodies conjugated
with horseradish peroxidase (HRP). The protein bands were
developed with the chemiluminescent reagents (Millipore).
Antibodies to STAT3 (10253-2-AP), GLUTI (21829-1-AP),
LDHA (19987-1-AP), HK2 (22029-1-AP), SIRT3 (10099-
1-AP), and HIF-la (20960-1-AP) were purchased from
Proteintech” . The antibody to p-actin (A5441) was obtained
from Sigma-Aldrich.

Western blot analysis

2.6 | Luciferase reporter assay

Human promoter sequences of sirt3 were inserted into a
pGL3-basic vector as pGL3- S3-Promoter. One hundred na-
nograms of constructed plasmid and 5 ng renilla luciferase
control plasmid were transfected into cells expressing Hey/
shSIRT3-1 and A2780/shSIRT3-1 in 6-well plates. Dual
Luciferase assay kit (Promega, Madison, WI, USA) was
used for the detection of luciferase activities at 48 hours after
transfection. Reporter luciferase activities were normalized
based on Renilla luciferase and then rescaled to vector con-
trol signals equal to unit 1. All experiments were repeated at
least three times. Data represent mean fold change (+ SD;
n = 3) relative to the control.

27 |

Ethical approval for the study was obtained from the
Clinical Research Ethics Committee of Fudan University
Shanghai Cancer Center (FUSCC). Fresh tissues from
38 ovarian cancer patients who had undergone surgery
at FUSCC between June 2016 and January 2017 and 22
age- and sex-matched healthy individuals enrolled as a
control group were included for RNA preparation. We also

Tissue and serum samples

collected 45 blood samples in patients with ovarian can-
cer before surgery. Meanwhile, 33 age- and sex-matched
healthy individuals were enrolled as a control group.
These healthy individuals underwent medical examination
to exclude the evidence of tumor and other metabolism-
associated diseases. All sera were collected using standard
procedures.

28 |

Animal experiments were approved by the Ethics
Committee at FUSCC. Briefly, female BALB/c nude
(Shanghai Slac Laboratory Animal Co. Ltd, 4-6 weeks)
were injected subcutaneously with Hey cells (5 x 10° sus-
pended in 0.1 mL PBS for each mouse). Once reaching an
average tumor volume of 100 mm3, mice were randomized
into groups (n =5). Before treated with CT, all the mice
were subjected to perform positron emission tomography/
computed tomography (PET/CT) scan. The glucose up-
take of tumor was evaluated by the standard uptake value
(SUV). Then they were intraperitoneally treated with CT
(10 mg/kg) thereafter. Administration of vehicle or agents
and measurement of tumor growth with a digital caliper
were performed once every other day. Tumor volumes were
calculated with the following equation: V =L X W2 x 0.52.
V represented the volume, L represented length, and W was
the width. Mice were sacrificed, and the tumors were dis-
sected and weighed 1 week after the last CT injection. RT-
PCR of xenograft tumor was performed according to the
protocol above.

In vivo tumor growth assay

29 |

Statistical analysis was performed using SPSS software
(version 18.0). Student’s 7 test or ANOVA was used to com-
pare quantitative data, and chi-square test or Kruskal-Wallis
Tests were used to analyze enumeration data. Progression-
free survival and overall survival curves were plotted using
the Kaplan-Meier method and were analyzed by the log-
rank test. P < 0.05 (two tailed) was considered statistically
significant.

Statistical analysis

3 | RESULTS
3.1 | CT inhibits cell proliferation and
glycolysis in ovarian cancer

Ovarian cancer cells, Hey and A2780, were treated with
a series of concentrations of CT (shown in Figure 1A) for
24 and 48 hours, respectively. In both cancer cell lines,
exposure to cryptotanshinone significantly decreased cell
viability compared with controls in a dose-dependent
and time-dependent manner (P < 0.05, Figure 1A). The
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FIGURE 1

Cryptotanshinone (CT) suppresses cell proliferation by inhibiting cell glycolysis. A, In Hey and A2780cell lines, exposure to

bufalin resulted in significant decrease in cell viability compared with control in a dose-dependent manner. B, Analysis of cell function regulated
by gene-chip assay. C-D, The results of real-time PCR and Western blot exhibited that mRNA level and protein level of GLUT1, LDHA, and HK2
were down-regulated by treatment of CT (*P < 0.05, **P < 0.01). E, The treatment of CT caused glucose uptake decreased in Hey and A2780
cells when compared to controls (*P < 0.05, **P < 0.01). F, Lactate production was reduced by the treatment of CT in Hey and A2780 cells when

compared to controls (*P < 0.05, **P < 0.01). G, The results of Colony formation assay exhibited that CT’s inhibitory effect on colony formation

ability was obviously weakened by the treatment of CT when compared to controls (*P < 0.05, **P < 0.01)

half-maximal inhibitory concentration (ICs,) value for Hey
and A2780 cells was 18.4 (95%CI 17.59-23.65) pM and
11.2 (95%CI 10.2-24.96) uM, respectively. Concentrations
used in subsequent experiments were calculated from above
dose-response curves.

To explore the effect of CT on the pathogenesis of ovar-
ian cancer, we used gene-chip assays to compare the expres-
sion of CT-induced genes in Hey cells treated by CT and
control cells. Through this approach, we found that genes
involved in glycolysis were enriched in cells treated with
CT, compared with the corresponding controls (Figure 1B).
Furthermore, we used qRT-PCR and Western blotting to
detect the expression levels of glycolysis-related proteins
in Hey and A2780 cells after CT treatment to validate the
results of gene-chip assay. Compared with their controls,
the results of qRT-PCR and Western blotting exhibited that
mRNA and protein expression levels of GLUT1, LDHA,

and HK?2 in Hey and A2780 cells treated by CT were de-
creased (P < 0.05) (Figure 1C,D). Subsequently, we per-
formed MTT, glucose uptake, and lactate production assays
to detect the effect of CT on cell proliferation and glycolysis
in ovarian cancer cells. As shown in Figure 1E,F, CT de-
creased glucose uptake and lactate production levels in Hey
and A2780 cells in a dose-dependent manner, compared
with their control cells.

3.2 | CT regulates glucose metabolism by
inducing the expression of SIRT3 in ovarian
cancer cells

It has been reported that SIRT3 played vital roles in cell gly-
colysis by regulating the expression of HIF-1a.* We found
that the mRNA and protein level of SIRT3 and HIF-1a were
decreased after CT treatment in a dose-dependent manner,
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demonstrating SIRT3 might be a downstream effector of
STAT3 in Hey and A2780 cells (Figure 2A-C) (P < 0.05).
To further confirm the role of SIRT3 in CT-induced gly-
colysis inhibition, we established Hey/shSIRT3 and A2780/
shSIRT3 cells. As shown in Figure 2D, the effect of si-
lencing of SIRT3 shRNA-1 was better than that of SIRT3
shRNA-2, so we took SIRT3 shRNA-1 to perform subse-
quent experiments.

Next, we introduced SIRT3 shRNA-1 into Hey and A2780
cells, which were treated with CT (10pM). We found that si-
lencing of SIRT3 effectively rescued the effect of CT on the
expression of HIF-la, GLUT1, and LDHA (Figure 2E). We
also found that SIRT3 knockdown effectively rescued the inhib-
itory effect of CT on glucose uptake and lactate production in
ovarian cancer cells when compared to their controls (P < 0.05,
Figure 2F,G). The results of MTT assay showed that CT’s inhib-
itory effect on ovarian cancer cell proliferation was obviously
enhanced by the induction of SIRT3 shRNA-1 when compared
to controls (P < 0.05, Figure 2H).

A2780
OcCon @ CT (10 pmol/L) MCT (10 BMOlL)/shSIRT3-1

A2780
OCen @ CT (10 pmoliL) @CT(10 Umol/L)/shSIRT3-1

e

expression of SIRT3, HIF-1a, GLUTI,
and LDHA detected by Western blot. F,
Silencing of SIRT3 rescued the effect of
CT on cells in glucose uptake assays when
compared to their controls treated with
bufalin (P < 0.01). G, Silencing of SIRT3
rescued the effect of CT on cells in lactate
production assays when compared to their
controls treated with bufalin (P < 0.01).
H, The results of colony formation assay
exhibited that CT’s inhibitory effect on
colony formation ability was obviously
enhanced by the induction of SIRT3 shRNA
when compared to controls (P < 0.01)

3.3 | CT inhibits the promoter activity of
SIRT3 by suppressing STAT3 in ovarian
cancer cells

As STAT3 was a potential target for CT, we inferred that
CT might regulate the expression of SIRT3 by suppressing
STAT3. To verify our hypothesis, we introduced STAT3
cDNA into Hey and A2780 cells treated by CT (10 pM). We
found that overexpression of STAT3 rescued the inhibitory
effect of CT on the expression of SIRT3 detected by qRT-
PCR and Western blotting (Figure 3A,B).

To further illustrate the regulatory mechanism of CT on
SIRT3, we cloned the promoter sequences of SIRT3 into
pGL3-basic vector and reconstructed the recombinant plas-
mid, pGL3-S3-promoter. We introduced pGL3-S3-promoter
into Hey and A2780 cells treated by CT (10 pM). We found
that the treatment of CT obviously reduced luciferase activ-
ities induced by SIRT3 promoter in Hey and A2780 cells,
which was recused by the introduction of STAT3 cDNA
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FIGURE 3 Cryptotanshinone (CT) suppresses the promoter activity of SITR3 by inhibiting STAT3. A-B, STAT3 overexpression rescued
the induction of CT on the expression of SIRT3 detected by real-time PCR and Western blot (*P < 0.05, **P < 0.01). C, STAT3 overexpression
reduced the enhancing effect of CT on the promoter activity of SIRT3 detected by dual-luciferase reporter gene assay in Hey and A2780 cells

(**P < 0.01). D, Silencing effect of STAT3 with shRNAs was detected by Western blot. E, Knockdown of STAT3 reduced the promoter activity of

SIRT3 in Hey and A2780 cells (**P < 0.01)

(Figure 3C). Silencing of STAT3 also decreased the lucifer-
ase activities induced by SIRT3 promoter in Hey and A2780
cells (Figure 3D,E). These results showed that CT inhibited
cell glycolysis through suppressed STAT3/SIRT3 pathway in
ovarian cancer cells.

3.4 | CT inhibits cell proliferation and
glycolysis of ovarian cancer cells in vivo

To test the antitumor effect of CT in vivo, we injected
Hey cells into nude mice to observe subcutaneous tumor

formation. After the volume of the tumor reached 100 mm®,
the mice were subjected to CT treatment every other day.
As shown in Figure 4A,B, the treatment with CT obviously
slowed the growth speed of xenografts in vivo, compared
with their controls. The tumor volume and weight in the
mouse treated by CT were significantly lower than those in
control group (P < 0.05, Figure 4C,D). In addition, based
on the detection results of PET-CT, we found that CT sig-
nificantly suppressed the glucose uptake in ovarian cancer in
vivo and resulted in a lower SUV max value (Figure 4E.F).
To determine whether the CT inhibited the expression of
STATS3, SIRT3, HIF-1a, GLUT1, LDHA, and HK2 in vivo,



MWI EY—Cancer Medicine YANG ET AL.

A Hey B c
Control CPT N g 1000 y —— Control
g e ’ -a-CPT
£ £
= 750
@ © € 96
[T S) £
= 3 500
= >
% . . G e\ ﬁ ‘g 250
T ST
———————5

0 7 14 21 28 35d

5
D E 5 F
=]
< 50 1 O Hey/Control
x
H PT
5 15 P=0.021 g 3 £ 4 BHeylc
- o~ P=0.013 o 30
-g’ 1 l g 2 S ———————— g K *% *k Sk
© l ﬁ I & 20 dk
z 05 £ 1 S
g = @ 10
E = 0
= n il
2 04 0+ s 0
Hey/Control  Hey/CPT Hey/Control Hey/CPT GRS RS RN
2 &S
©
£
G H
g
»n b
£ 501 [ Normal controls (N =22) $ 501 O Normal controls (N=33)
t= . s
< 404 M Ovarian cancer patients(N = 38) ~ 40{ M Ovarian cancer patients(N = 45)
['] -
E g *%
o 30 ** e 2 30 ek
= "% *%k g . - k%
2 20 = ‘@ 20
® (7]
8 8
5 10 ok g 10 hd
X 3
0 < 0
<
= © Ny & N \ss Q% = 5 & N «’\ > *3,
A2 O ON & X o & 8 o
' . Q’ %
E & S Y A

FIGURE 4 Cryptotanshinone (CT) inhibits cell proliferation and glycolysis of ovarian cancer cells by inducing SIRT3/HIF-1a signaling
pathway in vivo. A-B, Treatment with CT slowed the speed of tumor growth in vivo (P < 0.05). C-D, The tumor volume and weight in the
experimental group were significantly lower than those in control group (P < 0.05). E, CT can significantly suppressed the glucose uptake in
ovarian cancer in vivo and resulted in a lower SUV (P < 0.05). F, The expression levels of STAT3, SIRT3, HIF-1a, GLUT1, LDHA, and HK2 was
detected by real-time PCR in xenograft tumors and the corresponding controls (¥*P < 0.01). G, The expression levels of STAT3, SIRT3, HIF-1a,
GLUT1, LDHA, and HK2 were detected by real-time PCR in ovarian cancer patients’ tissues and normal tissues (**P < 0.01). H, The expression
levels of STAT3, SIRT3, HIF-1a, GLUT1, LDHA, and HK2 was detected by real-time PCR in ovarian cancer patients’ serum and normal controls
(**P < 0.01)

we performed qRT-PCR to detect these genes expression in 3.5 | The expression of STAT3. SITR3
M 9 b

romor tissues rom he monse With of withous the aient o HIF-1a,, GLUT1, LDHA, and HK2 in ovarian
. AS Shown 1n rigure , the expression Ievels o . cancer patient tiSSHeS and serum

HIF-1a, GLUT1, LDHA, and HK2 were largely reduced, but
the expression of SIRT3 was enhanced, compared with the =~ We tested the expression levels of STAT3, SITR3, HIF-1a,
their controls. GLUTI1, LDHA, and HK2 in 38 ovarian cancer patient
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tissues and 22 normal tissues. The expression levels of SIRT3
were lower in the cancer patient tissues but higher in nor-
mal tissues, while the expression levels of STAT3, HIF-1a,
GLUTI, LDHA, and HK2 were higher in tumor tissues but
lower in normal tissues. We also compared the expression
levels of STAT3, SITR3, HIF-1a, GLUT1, LDHA, and HK2
of 44 ovarian cancer patient serums with 35 normal controls.
We found that the expression level of SIRT3 was negative
with those of STAT3, HIF-1a, GLUT1, LDHA, and HK2 in
patient serums, compared with the corresponding controls.

4 | DISCUSSION

In this study, we described the inhibitory effects of CT on cell
proliferation and glycolysis in ovarian cancer cells through
suppressing STAT3/SIRT3 signaling pathway, which indi-
cates that CT may be developed to be a potential drug for the
treatment and prevention of ovarian cancer.

Despite the significant developments in detection and therapy
of ovarian cancer during the past decades, ovarian cancer still
remains a high rate of mortality. The most common chemother-
apy was based on paclitaxel and platinum, but the patients still
have a challenging problem of drug resistance.”® CT is one of the
tanshinones isolated from Salvia miltiorrhiza Bunge, and now
is widely used in several diseases, including high blood pres-
sure, fibrosis, and several malignant tumors. CT was found to
induce apoptosis and cell cycle arrest in gastric cancer (GC) cells
via reactive oxygen species (ROS)-mediated MAPK and AKT
signaling pathways, and this CT may be a useful compound for
the developing anticancer agents for GC."™ CT also suppressed
the proliferation of prostate cancer cells via the inhibition of
JNK/STAT3 signaling pathway.16 Meanwhile, CT was found
to inhibit the proliferation of ovarian cancer cells and sensitize
ovarian cancer cells to chemotherapy.13 In the present study,
we demonstrated that CT had the anti-cancer effects on ovarian
cancer cells in a dose-dependent manner. We further found that
CT could reduce cell glycolysis level in ovarian cancer cells by
inhibiting the glucose uptake and lactate production, which may
further suppressed cancer cell growth and proliferation.
disclosed that mTOR-STAT3-HK2
pathway is involved in the glycolysis of hepatocellular car-
cinoma (HCC) cells and STAT3 may regulate HCC glycol-
ysis through HK2 pathway.®” Moreover, our results showed
that STAT3 might directly suppress the promoter activity of
SIRT3. SIRT3 is a key NAD+-dependent protein deacetyl-
ase in the mitochondria of mammalian cells, functioning to
prevent cell aging and transformation via regulation of mito-
chondrial metabolic homeostasis.>>* It has been reported that
SIRT3 overexpression represses glycolysis and proliferation
in breast cancer cells, providing a metabolic mechanism for
tumor suppression.38 SIRT3 mediates metabolic reprogram-
ming by destabilizing hypoxia-inducible factor-lae (HIF1),

Previous studies
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a transcription factor that controls glycolytic gene expres-
sion.>> Consistent with previous studies, our results revealed
the new evidence that SIRT3 may be a downstream target for
STAT3 and STATS3 could regulate the expression of SIRT3 at
the transcript level, which further affected the expression of
glycolysis-related proteins, such as GLUT1, LDHA, and HK2.
Growing evidence showed that the curative effects of CTS on
various cancers are accomplished mainly through modulating
STATS3, so our results supplied new data to clarify the under-
lying mechanism of CTS on various cancers.

In conclusion, we demonstrated that CT inhibited cellular
glycolysis-induced cell growth and proliferation via suppressing
STAT3/SIRT3/HIF-1a signaling pathway. Our results not only
provide the new insight into the underlying mechanism of CT-
induced glycolysis, but also offer the important implications for
the development of therapeutic approaches using CT to prevent
the recurrence in various cancers, including ovarian cancer.
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