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Cervical cancer is a global public health problem, particularly in the low-income and middle-income countries. Natural products,
such as cyanidin and its derivative cyanidin-3-O-glucoside (C3G), are considered safe and nontoxic food additives, potent
therapeutic options for cancer. Te present study aims to evaluate the benefcial efects of C3G on cervical squamous cell
carcinoma (CSCC) in vitro and explore more potential therapeutic strategies for CSCC. C3G signifcantly inhibited the cell growth
of CSCC cells and induced cancer cell apoptosis in a dose-dependent manner. Meanwhile, C3G promoted cellular reactive oxygen
species (ROS) accumulation and decreased mitochondrial membrane potential and mitochondrial mass. Te antioxidant regent
N-acetyl-L-cysteine (NAC) rescued the efect of C3G on CSCC cells, further demonstrating ROS’s important role in C3G
treatment. To explore the underlying mechanism, autophagy-related signaling pathways were investigated, and the results showed
that C3G induced cell autophagy but not mitophagy. More importantly, C3G caused a signifcant activation of mitochondria
biogenesis through the peroxisome proliferator-activated receptor gamma coactivator 1 alpha (PGC-1α) signaling pathway. C3G
synergized with PGC-1α inhibitor SR-18292 induced more severe ROS accumulation and showed more potent inhibition of cell
proliferation and mitochondrial membrane potential than C3G treatment alone. Tus, the present study suggests a new potential
therapeutic strategy for CSCC based on the synergistic efect of C3G and PGC1α inhibitors.

1. Introduction

Globally, cervical cancer ranks as the fourth most fre-
quently diagnosed cancer and the fourth leading cause of
cancer death in women, which represents a major
worldwide health challenge [1]. Te most common his-
tological subtypes of cervical cancer are squamous cell
carcinoma (70%) and adenocarcinoma (25%). Persistent
infection with a high-risk subtype of human papilloma-
virus (HPV-16 and HPV-18) is considered the primary
cause of cervical cancer [2, 3]. Cervical cancer is a largely
preventable disease with adequate screening and HPV
vaccination. However, for those patients who have been at
later stages of cervical cancer or come from low-income

and middle-income countries, the treatment of cervical
cancer is still a big problem [4, 5]. Besides the standard
treatment by concurrent radiation plus cisplatin (CDDP)-
based chemotherapy, many other therapeutic strategies,
including bioactive compounds derived from natural
products, have been developed in recent years [6–8].

Reactive oxygen species (ROS) are generally defned as
a group of highly reactive molecules that play critical roles
in the pathogenesis of various human diseases, including
cancer [9]. It is now well accepted that the production of
ROS is elevated in tumor cells because of the increased
metabolic rate, gene mutation, and relative hypoxia [10].
Although increased ROS concentrations play crucial roles
in cancer formation and progression, levels above
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a cytotoxic threshold cause cancer cell death by triggering
programmed cell death (PCD) or senescence [11]. Tere-
fore, anticancer therapies based on oxidative damage
through the acceleration of accumulative ROS or the de-
fective antioxidant system in cancer cells have been de-
veloped [12, 13]. Many chemotherapeutics induce
oxidative stress and ROS-mediated cell damage in cancer
cells by increasing ROS above the threshold to yield an
anticancer efect [14]. Te transcriptional coactivator
peroxisome proliferator-activated receptor c coactivator-1
α (PGC-1α) is considered as a master regulator of mito-
chondrial lifecycle and ROS stress response [15]. Te in-
ternal accumulation of ROS in the cytosol and
mitochondria usually causes damage to cells. Under such
conditions, PGC1α is required for antioxidant defense by
inducing the expression of ROS-detoxifying proteins, such
as GPx1 and SOD2 [16].

Cyanidin-3-O-glucoside (C3G) is one of the most
common anthocyanins in vegetables and fruits, especially
edible berries [17, 18]. It has been reported that C3G exerts
potential antitumor efects in various types of cancers by
modifying the redox state and regulating the basic physi-
ological activities of cells [19–21]. Some previous studies
indicated that C3G had an antioxidant efect on cancer cells
[22, 23]. In contrast, others challenged this conclusion and
pointed out that C3G may increase cancer cells’ intracellular
reactive oxygen species (ROS) levels [24, 25]. In addition,
some studies further indicated that the anticarcinogenic
efciency of C3G is lower than cyanidin due to the existence
of a sugar group [26]. To clarify the exact role of C3G on ROS
accumulation in cancer and explore the underlying mo-
lecular mechanism, we investigate the ROS regulatory efect
of C3G in cervical squamous cell carcinoma (CSCC) in the
present study.

Currently, the efect of C3G on cervical cancer is largely
unknown. Studies have demonstrated that C3G combined
with cisplatin can inhibit cell proliferation and induce ox-
idative stress, meanwhile downregulating the PI3K/AKT/
mTOR or Nrf2 pathway in the cervical adenocarcinoma
HeLa cells [24, 27]. However, whether C3G possesses the
same efect on cervical squamous cell carcinoma is un-
known, and the mechanisms underlying the ROS accu-
mulation in cancer cells by C3G are still unclear. Further,
how to improve the therapeutic efciency of C3G also needs
to be addressed. Te present study explores a new thera-
peutic strategy for CSCC by C3G based on its oxidative
stress-inducing activity and determines the underlying
mechanism.

2. Materials and Methods

2.1. Cell Culture. Human cervical squamous cell carcinoma
(CSCC) cell lines SiHa and HCC94 were obtained and
cultured as previously described [28]. Among them, SiHa is
a cell line isolated from fragments of a primary uterine tissue
sample from a 55-year-old, female, Japanese patient with
squamous cell carcinoma. HCC94 is a cell line established
from cervix uteri tissue sample from a 37-year-old, female,
Chinese patient with squamous cell carcinoma [29]. Briefy,

SiHa cells were cultured in Dulbecco’s modifed Eagle’s
medium (DMEM) supplemented with 10% fetal bovine
serum (FBS, Invitrogen, CA, USA), and HCC94 cells were
cultured in the RPMI-1640medium containing 10% FBS. All
cells were incubated in a humidifed incubator with 5% CO2
at 37°C.

2.2.CellGrowthAssay. SiHa and HCC94 cells were seeded at
a density of 1× 104 cells in 24-well plates. Cultured over-
night, cells were treated with diferent concentrations of
C3G (0, 4, 8, 12, 16, 20 μM, dissolved in DMSO) for 48 hours.
C3G (purity> 98%, HPLC) was purchased from Meilune
Biotechnology Co., Ltd (Dalian, China). After treatment, cell
images were obtained and fxed with 4% formaldehyde for
30min. Finally, cells were stained with 0.1% crystal violet,
and the cell number was calculated.

2.3. EdU (5-Ethynyl-2′-deoxyuridine)/Hoechst 33342 Staining
Assay. SiHa and HCC94 cells were seeded at a density of
2 ×104 cells in 24-well plates and treated with DMSO,
C3G alone (8 μM), NAC alone (10 μM), and C3G (8 μM)
combined with NAC, PGC1α inhibitor SR18292 alone (),
and C3G (8 μM) combined with SR18292 (10 μM) for
48 hours, respectively. Cells were stained, and the newly
synthesized DNA of the cells was evaluated by the EdU
incorporation assays using a Cell Proliferation EdU
Image Kit (Green Fluorescence) (Cat No: KTA2030,
Abbkine, Inc, USA) according to the manufacturer’s
instructions. Te labeled DNA in the cells was analyzed
by using a fuorescence microscope (Ex/Em: 501/525 nm),
and the nucleus was detected by Ex/Em: 360/460 nm.
Images of the EdU positive cells (red cells) and total
Hoechst33342 positive cells (blue cells) were obtained
using a fuorescence microscope and calculated using
Image Pro Plus 6.0.

2.4. Flow Cytometry. SiHa and HCC94 cells were treated
with diferent concentrations of C3G (0, 4, 8, 12, 16,
20 μM, dissolved in DMSO) for 48 hours and then col-
lected for staining. Cells were stained with 5 μL Annexin
V-FITC and 10 μL PI Staining Solution by using an
Annexin V-FITC Apoptosis Detection Kit (No. C1062M,
Beyotime Biotechnology Co., Ltd, Shanghai) according to
the manufacturer’s instructions. Ten, stained cells were
subject to FACS analysis in one hour. Annexin V-FITC
was detected at Ex/Em: 488/525 nm using a FITC signal
detector (FL1), and PI-DNA complex was detected at Ex/
Em: 535/615 nm (FL3). Te percentage of Annexin V-
positive cells was calculated and analyzed using FlowJo
software (Tree Star, USA).

2.5. ROS Level Detection. Intracellular reactive oxygen
species (ROS) levels weremeasured using the fuorescent dye
DCFH-DA. Briefy, SiHa and HCC94 cells were treated with
diferent concentrations of C3G or other reagents for
48 hours, and then cells were collected and stained by
DCFH-DA. Cells were washed three times after staining, and
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the fuorescence intensity was detected. ROS accumulation
of each group was normalized to the control group (DMSO
solution treatment). N-Acetyl-L-cysteine (NAC) was used as
an antioxidant regent for the ROS rescue experiment.
HCC94 cells were treated with DMSO, C3G alone (8 μM),
NAC alone (10 μM), and C3G combined with NAC for 48 h,
respectively. Ten, cell images were obtained using the
microscope.

2.6. JC-1 Mitochondrial Membrane Potential Assay.
Mitochondrial membrane potential was determined by JC-1
fuorescent staining. HCC94 cells were cultured in 6-well
plates and treated with diferent concentrations of C3G (0, 8,
20 μM, dissolved in DMSO) or the combination of C3G
(8 μM) and NAC (or PGC1α inhibitor SR18292) for
48 hours. After treatment, cells were washed with PBS and
stained with JC-1 working solution for 20minutes at 37°C.
Cells were washed with washing bufer and imaged using
a fuorescence microscope.

2.7. MitoTracker Green Staining. Te mitochondrial mass of
the cell was monitored by using the probe MitoTracker
Green since this reagent labels mitochondria in a manner
that is independent of the membrane potential. HCC94 cells
were cultured in 6-well plates and treated with diferent
concentrations of C3G (0, 8, 20 μM, dissolved in DMSO) for
48 hours. After treatment, the culture medium was dis-
carded, and cells were stained using a Mito-Tracker Green
staining solution (No. C1048, Beyotime Biotechnology Co.,
Ltd, Shanghai) for 20minutes at 37°C. After staining, the
fresh culture medium was added to the wells, and images
were obtained using a fuorescence microscope.

2.8. Western Blotting. SiHa and HCC94 cells were treated
with diferent concentrations of C3G or the combination
with NAC and PGC1α inhibitor SR18292 for 48 hours. After
treatment, cells were washed with a cold PBS bufer and
collected. Ten, cells were lysed, and total proteins were
extracted. Te specifc protein levels in the samples were
determined by the Western blot assay as previously de-
scribed [30]. Briefy, proteins were separated on SDS-PAGE
gel and transferred to PVDF membranes and then blocked
with 5% BSA. Ten, PVDF membranes were incubated with
the indicated primary and secondary antibodies. A prolight
chemiluminescence detection kit was used to visualize
protein bands, and images were taken by a digital gel image
analysis system. Te relative protein levels were analyzed by
densitometry using ImageJ software. Furthermore, the
primary antibodies were listed in Table S1.

2.9. Statistical Analysis. Te GraphPad Prism software
(Version 9.0.0, GraphPad Software Inc., San Diego, CA,
USA) for Windows was used to analyze the data. Te data
were shown as the mean± S.E.M. Diferences between the
groups were calculated by ANOVA or Student’s t-test where
appropriate. ∗P< 0.05 was considered signifcant.

3. Results

3.1. C3G Inhibited Cell Growth of Human CSCC. Te efect
of cyanidin-3-O-glucoside (C3G, Figure 1(a)) on human
cervical squamous cell carcinoma (CSCC) cell lines HCC94
and SiHa was determined. Cancer cells were treated with
a series of concentrations of C3G, and the cell number was
calculated after 48 hours of treatment. Te results demon-
strated that C3G signifcantly suppressed the cell growth of
both HCC94 and SiHa with more signifcant inhibition of
the HCC94 cell (Figures 1(b) and 1(c)). Cell viability was
dramatically decreased from the concentration of 4 μM and
8 μMof C3G inHCC94 and SiHa, respectively. Furthermore,
representative images of HCC94 cells treated with various
concentrations of C3G were obtained, showing that C3G
inhibited cell growth and the cells are likely to undergo cell
apoptosis or death (Figure 1(d)).

3.2. C3G Promoted Cell Apoptosis of CSCC Cells. Because
C3G suppressed the cell growth of CSCC cells, we further
investigated whether the cell growth inhibition was partially
afected by the alteration of cell apoptosis. Te cell apoptosis
was detected by the fow cytometry assay using Annexin
V/PI staining, and the percentage of Annexin V-positive
cells was calculated and analyzed. Te results showed that
C3G treatment induced a modest cell apoptosis of HCC94
(Figure 2(a)) and SiHa cells (Figure 2(b)) at 8 μM and
a signifcant cell death at the concentration above 12 μM.

3.3. C3G Increased the Accumulation of ROS in CSCC Cells.
Excess cellular levels of reactive oxygen species (ROS) and
mitochondrial dysfunction would lead to the activation of
cell apoptosis [10, 31]. Terefore, we frst investigated the
level of ROS in CSCC cells with C3G treatment. Te results
showed that the levels of cellular ROS in both HCC94
(Figure 3(a)) and SiHa (Figure 3(b)) cells were elevated in
a modestly dose-dependent manner, which indicated that
C3G would accelerate the accumulation of cellular ROS in
CSCC cells. Furthermore, the ROS rescue experiment was
performed to confrm the efect of C3G on the CSCC cells.
As shown in Figure 3(c), HCC94 cells treated with C3G
(8 μM) undergo a cell death process while being rescued by
coculturing with the antioxidant regent N-acetyl-L-cysteine
(NAC).

3.4. C3G Caused Mitochondrial Dysfunction of CSCC Cells.
Mitochondrial dysfunction is suggested to have initiated cell
apoptosis and may play a central role in the apoptotic
pathway [32, 33]. Meanwhile, mitochondrial membrane
potential (Δψm) regulates mitochondrial homeostasis by
selective elimination of dysfunctional mitochondria, and the
reduction of mitochondrial membrane potential is consid-
ered to be a hallmark of mitochondrial dysfunction [34, 35].
Terefore, we further detected the efect of C3G on the
mitochondrial membrane potential alteration in CSCC cells
(Figure 4(a)). Te results showed that C3G treatment de-
creased the fuorescence intensity of the JC-1 aggregate
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(Red), indicating the reduction of the mitochondrial
membrane potential at diferent concentrations. It showed
more potential on the Δψm reduction at 8 μM than 20 μM.
To further assess the mitochondrial mass of HCC94 treated
with C3G, the Mito-track green staining assay was per-
formed (Figure 4(b)). Te results indicated that C3G de-
creased the mitochondrial mass at 8 μM while partially
recovering it at 20 μM, which somehow further confrmed
the conclusion derived from the mitochondrial membrane
potential assay.

3.5. C3G Promoted Mitochondrial Biogenesis of CSCC Cells
and Accelerated the Accumulation of ROS Combined with
PGC1α Inhibitor. As shown by the results of Mito-track
green staining, mitochondrial mass was increased at the
high-concentration treatment of C3G (20 μM) compared to
that at medium concentration treatment (8 μM). Te
mechanism underlying this phenomenon would be acti-
vating the self-repairing system of mitochondria through
autophagy or mitophagy [36, 37]. Terefore, we investigated
the efect of C3G on the signaling pathways involved in

CSCC cell autophagy and mitophagy using Western blot. As
shown in Figure 5(a), C3G signifcantly induced the cleaved
microtubule-associated protein 1A/1B-light chain 3 (LC3)
protein, a valuable indicator of autophagosome initiation
[38]. At the same time, the upstream signaling pathway was
also activated, as indicated by the decreased phosphorylation
of ULK1 and the reduction of the p62/SQSTM1 protein.
However, it also impressed that the expression of tran-
scriptional coactivator peroxisome proliferator-activated
receptor gamma coactivator 1 alpha (PGC-1α) and its
downstream target Nrf2 were both signifcantly increased
after the treatment of C3G in HCC94 (Figure 5(a)).

To further investigate the efect of C3G on the mitophagy
of HCC94 cells, proteins involved in mitophagy were de-
termined by the Western blot (Figure 5(b)). Te results
showed that C3G (8 and 20 μM) had a moderate efect on the
mitophagy-related genes including ATG5, Parkin, PINK,
Beclin1, and VDAC. It seems that C3G did not signifcantly
induce the mitophagy process in HCC94.

Since PGC-1α expression was elevated with C3G
treatment, we wonder whether the combination of C3G and
PGC-1α inhibitor would synergistically afect the treatment
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Figure 1: (a) Te chemical structure of cyanidin-3-O-glucoside (C3G) by ChemDraw 17.0; (b, c) Cell growth of HCC94 and SiHa with
diferent concentrations of C3G (0, 4, 8, 12, 16, 20 μM) for 48 h. (d) HCC94 cell images were obtained by using a microscope after being
treated with C3G (0, 4, 8, 12, 16, 20 μM) for 48 h (magnifcation: 100x). Data are expressed as the mean± S.E.M. ∗∗∗P< 0.001, ns:
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of CSCC. HCC94 cells were treated with C3G (8 μM), NAC
(10 μM), PGC-1α inhibitor SR-18292 (10 μM), and C3G
combined with NAC (or SR-18292) for 48 h. Te Western
blot results showed that C3G combined with SR-18292
would induce autophagy more powerful by decreasing the
phosphorylation of ULK1 and increased the cleaved LC-3II
compared to the C3G treated alone (Figure 5(c)). More
critical, C3G combined with SR-18292 signifcantly in-
creased the accumulation of intracellular ROS compared to
the C3G treated alone (∗P< 0.05, Figure 5(d)), and the level
of ROS decreased in cells treated with C3G plus antioxidant
NAC. In addition, the statistical analysis results are shown in
Figure S1, and the original raw data of Western blots are
provided in Figure S2.

Taken together, our present results suggested that C3G
promoted the autophagy process and ROS accumulation,
but at the same time, it caused the activation of PGC-1α
mediated mitochondrial biogenesis. Te combination of
C3G and PGC-1α inhibitor SR-18292 showed a synergistic
efect on the treatment of CSCC.

3.6. Te Synergistic Efect of C3G and PGC1α Inhibitors on
Cell Proliferation and Mitochondrial Function. To further
determine the synergistic efect of C3G and PGC1α in-
hibitors on cell proliferation and mitochondrial function,
we performed EdU/Hoechst 33342 staining and mito-
chondrial membrane potential (Δψm) in both HCC94 and
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Figure 2: (a) Te representative images from fow cytometry analysis with Annexin V-PI staining in HCC94 cells treated with diferent
concentrations of C3G were shown in the left panel, and the statistical analysis results were presented in the right panel. (b) Te cor-
responding results in SiHa cells. Data are expressed as the mean± S.E.M. ∗P< 0.05, ∗∗P< 0.01, and ∗∗∗P< 0.001.
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SiHa cells (Figure 6). Images were obtained and analyzed
by Image Pro Plus 6.0, and the statistical result is shown in
supplementary materials as Figure S3. Te results showed
that both Hoechst 33342 and EdU positive cell numbers
were decreased after C3G treatment in HCC94 and SiHa
cells. More importantly, C3G combined with PGC1α
inhibitors SR-18292 signifcantly inhibited the pro-
liferation of both HCC94 and SiHa cells compared with
C3G treated alone (∗P< 0.05, Figures 6(a) and S3).
However, the antioxidants NAC seem to promote the
proliferation of cancer cells.

Te efect of C3G combined with PGC1α inhibitors SR-
18292 on mitochondrial function was further determined by
the mitochondrial membrane potential (Δψm) assay
(Figure 6(b)). As the same results showed in Figure 4, C3G
decreased the JC-1 aggregate. In contrast, the PGC1α in-
hibitors SR-18292 weakly afected mitochondrial membrane
potential. However, the results indicated that the combi-
nation had a more powerful impact on the mitochondrial
membrane potential (Δψm) damage, which would cause
mitochondrial dysfunction and cell death.

4. Discussion

As the most widely distributed anthocyanin in fruits and
vegetables, cyanidin-3-O-glucoside (C3G) has been reported
to possess antioxidant activities and would be a potent
therapy strategy for various diseases [39, 40]. However, some
previous studies indicated that its antioxidant efciency is
decreased compared with cyanidin due to the existence of
a sugar group [26]. In cervical cancer, our present study
demonstrated that C3G inhibited the cell growth of CSCC
cells, induced cellular ROS accumulation, and destroyed the
mitochondrial membrane potential, further promoting the
CSCC cells’ apoptosis and autophagy. However, some of our
results indicated that C3G enhanced the biogenesis of mi-
tochondria simultaneously, such as the elevated expression
of the PGC-1α signaling pathway proteins and the increased
mass of mitochondria in cells treated with higher concen-
trations of C3G. Terefore, we suspected that the decreased
efciency of C3G on cancer cells may be due to the feedback
of the biogenesis of mitochondria. When CSCC cells ex-
perienced severe damage to mitochondria under the
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Figure 3: Cellular ROS in HCC94 (a) and SiHa (b) cells. Te ROS accumulation was expressed as a relative percentage value normalized to
control. (c) HCC94 cells were treated with DMSO, NAC (10 μM), C3G (8 μM), and C3G (8 μM) plus NAC (10 μM) for 48 h, respectively. Cell
images were obtained after treatment by using a microscope (magnifcation: 100x). Data are expressed as the mean± S.E.M. ∗P< 0.05,
∗∗P< 0.01, ∗∗∗P< 0.001, ns: nonsignifcant diferences. Te scare bar is 100 μm.
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treatment of C3G, the biogenesis signal was stimulated, and
cells tried to repair or remove the mitochondria; this re-
sponse would rescue cells from damage caused by C3G and
fnally decrease the efciency of C3G on cancer. To block the
feedback response, we tried to test the synergistic efect of
C3G with the PGC1α inhibitor SR-18292. Our results
suggested that C3G combined SR-18292 signifcantly in-
creased the level of cellular ROS in CSCC cells compared
with C3G alone. In addition, the combination of C3G and
SR-18292 showed a signifcant synergistic efect on cell
proliferation inhibition and mitochondrial membrane po-
tential damage. Terefore, our present study suggests a new
potential therapeutic strategy for CSCC based on the syn-
ergistic efect of C3G and PGC1α inhibitors.

Mitophagy is one form of autophagy and refers to the
selective targeting and removal of mitochondria through
lysosomal degradation. In some stress conditions such as
ROS stimulation, nutrition defciency, and cell senescence,
cells undergo mitophagy to maintain mitochondria ho-
meostasis [41, 42]. However, some reports indicated
mitophagy would be suppressed when cells cannot handle
many damaged or dysfunctional mitochondria under severe
conditions. In our study, the mitophagy-related proteins
such as PINK, Parkin, VDAC1, and Beclin had nonobvious

alternation, which indicates the low-intensity activation of
mitophagy caused by C3G.Tese results suggested that C3G
promoted the ROS accumulation and dysfunction of mi-
tochondria, which further induced cells to undergo apo-
ptosis and autophagy but not mitophagy mainly.

PGC-1α expression was signifcantly increased with
C3G treatment, and the possible mechanisms underlying
this phenomenon would be due to the severe mitochondrial
damage caused by C3G and the feedback activity of the
mitochondria biogenesis pathway. PGC-1α has been
characterized as a master regulator of mitochondrial bio-
genesis and a central player in regulating the antioxidant
defense [43]. In addition, PGC-1α was highly inducible
under stressful conditions in cells to maintain mitochon-
drial homeostasis. PGC-1α positively increased mito-
chondrial biogenesis and elevated the cellular ROS-
detoxifying capacity, and the loss of PGC-1α would
cause severe mitochondrial dysfunction [44, 45]. In our
present results, C3G treatment induced an elevated PGC-
1α and Nrf2 expression in HCC94. Combined with the
results of Mito-track green staining, it indicated that C3G
may activate the PGC-1α signaling pathway and increase
the biogenesis of mitochondria. We supposed that the
enhanced mitochondrial biogenesis would be a feedback
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Figure 4: (a) Mitochondrial membrane potential assay to detect the efect of C3G (8 and 20 μM) on the Δψm reduction of HCC94 cells.
Fluorescence images were obtained after 48 h treatment, and representative images of JC-1 monomer (green), JC-1 aggregate (red), and
merge were shown. Scale bar: 100 μm. (b) Mito-track green staining to detect the mitochondrial mass of HCC94 treated with C3G (8 and
20 μM) for 48 h. Scare bar: 100 μm.
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response to the predominantly mitochondrial damage
caused by C3G-induced ROS accumulation, which fnally
decreases the therapeutic efciency of C3G on CSCC cells.
In addition, there are some limits to this study.Te efect of

C3G combined with PGC1α inhibitors on CSCC cells must
be further tested both in vitro and in vivo. We proposed
a novel therapeutic strategy for CSCC based on the syn-
ergistic efect of C3G and PGC1α inhibitors.
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