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SIRT3 promotes the invasion and metastasis of cervical cancer cells
by regulating fatty acid synthase
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Abstract

Sirtuin 3 (SIRT3) modulates mitochondria-localized processes and is implicated in the metabolic reprogramming of cancer
cells, especially fatty acid (FA) synthesis. However, the relationship between SIRT3 and aberrant lipid synthesis in cervical
cancer remains unclear. Here, we investigated the clinical relevance of SIRT3 expression in cervical squamous cell carci-
noma (CSCC), cervical intraepithelial neoplasia (CIN), and normal tissues. To analyze the role of SIRT3 in CCSC in vitro,
endogenous SIRT3 levels were up- and down-regulated in SiHa and C33a cells, respectively, via lentiviral-based transfec-
tion. Levels were quantified using qRT-PCR. Acetylation levels for acetyl-coA carboxylase (ACC1) were measured with
the anti-acetyllysine antibody. Knockdown of SIRT3 reduced levels of cellular lipid content in cells. To investigate the role
of SIRT3 in cell proliferation, nude mice were xenografted with SIRT3-overexpressing or SIRT3-knockdown CCSC cells.
Overall, the results demonstrate that SIRT3 significantly contributed to the reprogramming of FA synthesis in CCSC by
up-regulating ACC1 to promote de novo lipogenesis by SIRT3 deacetylation. Moreover, the findings show that the SIRT3-
mediated regulation of FA synthesis played a critical role in the proliferation and metastasis of CCSC cells, suggesting that
SIRTS3 has therapeutic potential in CCSC treatment.
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Abbreviations Introduction
CCSC Cervical squamous cell carcinoma
CIN Cervical intraepithelial neoplasia Cervical cancer (CC) is the most common malignancy of the

SIRT3  Sirtuin 3
ACC1 Acetyl-coA carboxylase 1

female reproductive system, with more than 527,000 new
cases worldwide. Approximately 50% of CC patients are
already at an advanced stage at the time of diagnosis, and
the 5-year survival rate is 8—-12% [1, 2]. Pelvic lymph node
metastasis is the most significant prognostic factor for recur-
rence and death in CC patients [3]. However, there is still no
effective method to control lymph node metastasis in CC.
Metabolic abnormalities are a hallmark of malignant
transformed cells and may provide growth advantages [4,
5]. In addition to the well-known Warburg effect, altera-
tions in lipid metabolism have been recognized in cancer.
The Warburg effect describes an increased uptake of glucose
and the switch to aerobic glycolysis, which results in lactate
production, and it is the most commonly observed meta-
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bolic phenotype in the early stages of cancer cells [6, 7].
However, in the case of metastatic cells, the migration and
colonization of distant tissues require extra energy, including
a higher demand of lipid metabolism [8]. Multiple studies
have indicated that the changing of fatty acid (FA) synthesis
in cancer cells may provide a selective advantage toward the

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11010-019-03644-2&domain=pdf

12

Molecular and Cellular Biochemistry (2020) 464:11-20

metastatic process [4, 9, 10]. It has been confirmed that FAs
are the major building blocks for energy metabolism, as well
as the fundamental constituents of the signal transduction
network of biological membranes [11]. Furthermore, the
expressions of many key enzymes involved in de novo FA
synthesis, such as acetyl-CoA carboxylase (ACC) and fatty
acid synthase (FAS), are dysregulated and associated with
poor clinical outcomes in many types of cancer [12—14].
Therefore, potential therapeutic strategies include the phar-
macological inhibition of the FAS gene and the inhibition
of the cellular uptake of exogenous FAs. A relationship
between abnormal FA metabolism and the occurrence and
development of tumors has been suggested. We and others
have previously identified similar metabolic profile changes
in the tissue and peripheral blood of patients with cervical
squamous cell carcinoma (CSCC) and CIN, thus implying an
enhanced catabolism of lipid, sugar, and amino acids during
tumorigenesis. These are also closely related to the expres-
sion of speed-limiting enzymes in key metabolic pathways
[15-17].

Sirtuin 3 (SIRT3) is a mitochondria-localized member
of the Sirtuin family that is essential for modulating diverse
processes, including FA metabolism, the tricarboxylic acid
cycle, and oxidative phosphorylation by deacetylation of the
targeted lysine on mitochondrial proteins [18]. SIRT3 also
plays a critical role in various cellular activities, including
cell proliferation, apoptosis, and stress reactions [19, 20]. In
colorectal cancer, SIRT3 regulates mitochondrial metabolic
functions through controlling post-translational deacetyla-
tion modifications of mitochondrial protein SHMT?2, ulti-
mately affecting cell viability [21]. In breast cancer, SIRT3
also mediates dimerization of IDH2 that linking glucose
metabolism to oxidative phosphorylation directs promoted
cell transformation and tumor genesis and cancer cell metab-
olism. [22].

Although SIRT3 has been studied in many tumors, the
molecular mechanism underlying the relationship between
SIRT3 and aberrant CC lipid synthesis remains elusive. In
the present study, we systematically explored the role of
SIRT3 in the reprogramming of FA synthesis in CC cells.

Methods
Ethics

120 cases of paraffin-embedded (FFPE) cervical tissue spec-
imens and 39 cases of fresh-frozen tissues were collected
from women with cervical squamous cell carcinoma (CSCC)
and cervical intraepithelial neoplasia (CIN), or without cer-
vical diseases, but treated by hysterectomy at Department
of Gynecology of the First Affiliated Hospital of Xinjiang
Medical University, upon written informed consent, and
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clinical study approval was obtained from the ethics com-
mittee of the First Affiliated Hospital of Xinjiang Medical
University. The animal studies were also approved by the
ethics committee of the First Affiliated Hospital of Xinjiang
Medical University.

Immunohistochemistry

To examine the staining patterns of various target proteins
in CSCC, CIN, and normal adjacent tissues (NATS), fixed
preparations were dewaxed in dewaxing agent (Zhong Shan
Goldenbridge Biotechnology Co. Ltd, Beijing, China),
rehydrated in alcohol, blocked with endogenous peroxidase
inhibitor (Zhong Shan Goldenbridge Biotechnology Co.
Ltd, Beijing, China) at room temperature for 30 min, and
then incubated with antibodies against SIRT3 (Abcam plc,
Cambridge, MA, USA) overnight at 4 °C. Immunohisto-
chemistry of clinical samples was performed as previously
reported [23]. Two experienced pathologists independently
scored the staining patterns. Immunostaining scores were
semiquantitatively estimated according to staining inten-
sity and distribution. Scores of 7-8 were classified as high
expression, whereas scores of 3—6 and 0-2 were classified
as moderate and low expression, respectively.

Cell culture and lentiviral infection

Two human CC cell lines (SiHa and C33a) and human
immortalized cervical squamous epithelial (H8) cells were
purchased from Shanghai Cell Collection (Shanghai, China).
Cells were cultured in Dulbecco’s Modified Eagle Medium
(DMEM) (BI, Cromwell, CT, USA), maintained in a 37 °C
incubator filled with 5% CO,, and routinely passaged at a
density of 90%. The culture medium was supplemented
with 10% fetal bovine serum (FBS) and 100 units/mL of
penicillin and streptomycin (BI, Cromwell, CT, USA). Con-
struct lentiviral vectors and the lentivirus were produced by
GENECHEM (Shanghai, China): shSIRT3 (knockdown) tar-
get -TCGATGGGC TTGAGAGAGT- and LV-SIRT3 (over-
expression) target -GAGGATCCCCGGGTACCGGT CGC
CACCATGGCG TTCTGGGGTTGGCG-. Infection of the
cell lines was carried out in 6-well plates with serum-free
DMEM. C33a cells were transduced with lenti-shSIRT3
at a multiplicity of infection (MOI) of 10, and SiHa cells
were transduced with lenti-SIRT3 at an MOI of 20. Infec-
tions were performed at 37 °C with 8 pg/ml polybrene and
enhanced for 72 h, according to the manufacturer’s guide-
lines. The medium was then removed and replaced with
culture medium containing 10% FBS. Cells were continu-
ously cultured for 6-8 days, followed by selection with flow
cytometry.
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Isolation of mitochondria

Mitochondria were isolated from SiHa and C33a cells by
using a mitochondria isolation kit (Pierce Biotechnology,
Inc., Rockford, IL, USA). Briefly, cells were harvested,
pelleted, and resuspended in cold mitochondrial isolation
medium (MIM). Cells were then homogenized using a
glass—Teflon potter. After homogenization, samples were
centrifuged at 700 g at 4 °C for 7 min. The supernatant con-
taining mitochondria was centrifuged again at 10,000 g for
10 min. Mitochondrial pellets were washed with cold bovine
serum albumin-free MIM.

Quantitative RT-PCR

Total RNA from clinical specimens and CC cells was
extracted by using TRIzol reagent (Invitrogen, Carlsbad,
CA, USA) and was reverse transcribed into 2 mg cDNA
with the Revert Aid First Strand cDNA Synthesis Kit (Roche
Diagnostics, Mannheim, Germany). Real-time PCR was per-
formed using the SYBR Green Premix PCR Master Mix
(Roche Diagnostics, Mannheim, Germany), according to
the manufacturer’s protocols. Quantitative RT-PCR was car-
ried out using the FastStart Universal SYBR Green Master
(Roche, Mannheim, Germany) on an Applied Biosystems
ABI 7900 RealTime PCR System (Applied Biosystems, Fos-
ter City, CA, USA). The oligonucleotide primers for human
SIRT3 and glyceraldehyde-3-phosphate dehydrogenate
(GAPDH) were as follows: SIRT3-F5-CGTCTCAAAACA
AAACAAAAC-3, SIRT3-R5'-AAAATCCAAAGCCAA
ACTG-3, GAPDH-F5'-GGACCTGACCTGCCGTCTAG-3',
and GAPDH-R5-GTAGCCCAGGATGCCCTTGA-3". Gene
expression levels were normalized using glyceraldehyde
3-phosphate dehydrogenase (GAPDH) as the internal ref-
erence. The average relative change was calculated using
3-5 determinations by relative quantification, applying the
delta—delta cycle threshold method. All reactions were per-
formed in triplicate.

Immunoprecipitation and western blot

Cells were lysed in radioimmunoprecipitation assay buffer.
Then, immunoprecipitation was performed with 2 mg of
protein from the lysates, using a Pierce® Crosslink IP Kit
(Pierce Biotechnology, Inc., Rockford, IL, USA) and fol-
lowing the manufacturer’s protocol. Protein concentrations
were quantified using the BCA protein assay kit (Bio-Rad,
Hercules, CA, USA). Lysates were resolved by 10% SDS-
PAGE and then transferred to polyvinylidene difluoride
membranes. The membranes were blocked and incubated
with specific antibodies against SIRT3, GAPDH (Protein-
tech, Rosemont, IL, USA), ACC1 (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA, USA), and acetylated-lysine (Cell

Signaling, Danvers, MA, USA). Western blotting was con-
ducted with the WesternBreeze® Chromogenic Immunode-
tection System (Invitrogen, Carlsbad, CA, USA), following
the manufacturer’s protocol.

OilRed O

After washing with phosphate-buffered saline (PBS), cells
were fixed for 20 min at 37 °C with paraformaldehyde fix
solution. Cells were washed with PBS and subsequently
washed with 60% isopropanol for 1 min, after which they
were stained with a filtered 0.3% Oil Red O (Sigma, Louis,
MO, USA) solution for 30 min at 37 °C. Then, cells were
washed with PBS and counted under a Nikon ECLIPSE
TS100 epifluorescence microscope. Twenty random fields
were analyzed (X 20). To quantify lipid content, the incor-
porated Oil Red O was extracted in 6-well plates by shaking
in 500 pl isopropanol for 10 min at room temperature. The
liquids were collected and read using a spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA) at 490 nm.

Migration assay

Cell migration was analyzed using the wound healing assay
in 6-well plates. Briefly, 1 ml of cells (1 X 10° cells/ml) was
transferred into each well and incubated at 37 °C and 5%
CO,. After appropriate cell attachment was achieved (24 h),
migration was assessed at various time points (0, 24, and
48 h), and images were captured using the Nikon ECLIPSE
TS 100 epifluorescence microscope using the NIS Elements
AR 3.1 software.

Invasion assay

Transwell assays were performed as previously described
[24]. Briefly, 8.0-pm Matrigel-coated transwell supports
from Becton—Dickinson Canada (BD, Mississauga, Ontario,
Canada) were used to evaluate cell invasion. Five thousand
cells were suspended in 100 pL serum-free DMEM and
seeded in the upper chamber. The bottom chamber was filled
with 600 uL DMEM with 10% FBS. Cells were allowed to
invade for 24 h and were then fixed in 4% paraformalde-
hyde fix solution. The underside of membranes was stained
with Giemsa solution for 20 min, and the cells on top of the
membrane were removed using a wet cotton swab. The num-
ber of migrated cells was counted under a Nikon ECLIPSE
TS 100 epifluorescence microscope. Ten random fields were
analyzed (X 10).

Tumor xenograft mouse model

Nude mice (4 weeks old) were randomly allocated into
six groups (6 mice/group): C33a, shNON (normal SIRT3
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expression of C33a), shSIRT3 (low SIRT3 expression),
SiHa, LV-NON (normal SIRT3 expression of SiHa), and LV-
SIRT3 (high SIRT3 expression). We subcutaneously injected
5% 10° cells into each mouse. Investigators were not blinded
for the animal studies. All mice were euthanized by cervical
dislocation at 8 weeks following tumor implantation. Dur-
ing the experiments, mice were monitored and euthanized
for histopathology examination after cell inoculation for
30 days. Then, tumor weights were measured.

Statistical analyses

All statistical analyses were performed using SPSS software
(version 17.0; SPSS, Inc. Chicago, IL, USA) and Prism 5.0
software (GraphPad Software, Inc., La Jolla, CA). Data are
presented as the mean + standard deviation (SD) of at least
three independent experiments. The Mann—Whitney test was
used to test continuous variables for differences in SIRT3
immunohistochemistry scores between tumors, CIN, and
normal tissues. The relationships between SIRT3 expres-
sion and clinicopathological characteristics were tested by
the Chi-square test or Fisher’s exact test, as appropriate.
Correlations between SIRT3 and ACC1 were analyzed by
Spearman rank correlation analysis. Results were considered
statistically significant at P <0.05.

Result
SIRT3 is up-regulated in human CC

SIRT3 expression levels were assessed in CSCC tissues,
CIN, and NATS in a fresh cohort of 13 cases each. SIRT3
mRNA levels in CC tissues were higher than those in CIN
and NATs (Fig. 1a). To further investigate the clinical sig-
nificance of SIRT3 expression in CSCC, we performed
immunohistochemistry on tissues from 120 cases of CSCC,
CIN, and NATs. SIRT3 was significantly up-regulated in
CSCC tissues compared with CIN and NATs (Fig. 1b). To
further understand the clinicopathologic significance of
SIRT3 expression in CSCC, the relationship between SIRT3
expression and its clinicopathologic characteristics was ana-
lyzed (Table 1). Up-regulation of SIRT3 expression was sig-
nificantly and positively related to clinical stage (P <0.001),
lymph node metastasis (P =0.002), and the degree of cell
differentiation (P =0.039). No significant correlations
between SIRT3 expression and other clinical parameters,
including age and tumor volume, were observed.

To determine whether SIRT3 expression exhibited similar
patterns in CC cells, we detected the expression of SIRT3
in SiHa, C33a, and immortalized cervical (H8) cells. As
expected, the expression level of SIRT3 was significantly
higher in SiHa and C33a cells than in immortalized H8
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cells (Fig. 1c). Additionally, compared to the SiHa cell line,
SIRT3 protein levels were elevated in C33a cell lines, and
the mRNA levels of SIRT3 in these cell lines were in accord-
ance with their protein levels (Fig. 1c and d). These results
further supported the up-regulation of SIRT3 expression in
CC.

SIRT3 promotes lipid metabolism in CC cells

To determine whether SIRT3 regulates lipid metabolism in
CC cells, we first generated stable SIRT3-overexpressing
CC cells that originally expressed low levels of SIRT3
(LV-SIRT3) and also generated stable SIRT3-knockdown
CC cells that originally expressed high levels of SIRT3
(shSIRT3). Western blot analysis confirmed the lentiviral
infection efficiency of SIRT3 (Fig. 2a) and the successful
alteration in SIRT3 expression. As SIRT3 is localized to the
mitochondria [25], we next detected variations in mitochon-
drial SIRT3 mRNA. The lentiviral infections resulted in sig-
nificant changes in mitochondrial SIRT3 mRNA (Fig. 2b).
Subsequently, findings from Oil Red O staining showed that
levels of lipids were reduced in shSIRT3 cells, whereas the
lipid content was significantly increased in LV-SIRT3 cells
(Fig. 2c and d). To better explain the mechanisms by which
SIRT3 regulates lipid metabolism, we analyzed the levels
of a lipogenesis-related enzyme (ACC1) in cells expressing
different levels of SIRT3. Knockdown of SIRT3 decreased
ACCI expression. In contrast, overexpression of SIRT3
increased ACC1 levels compared with control (Fig. 2a).
Overall, SIRT3 exerted significant effects on ACCI in cer-
vical cells, and the findings suggest that SIRT3 can regulate
FA synthesis of cervical cells.

SIRT3 is the major deacetylase for ACC1

We examined whether SIRT3 could deacetylate ACC1 and
affect their function. Acetylation levels for ACC1 were
measured after immunoprecipitation by western blotting
with the anti-acetyllysine antibody (Fig. 2e). Afterwards,
we further analyzed the correlation between acetylation and
protein expression levels. The results showed that the acety-
lation levels of ACC1 were significantly decreased under
high SIRT3 expression. The acetylation level of ACC1 was
inversely correlated with the protein expression of ACCl1
in human CC cells. This suggests that SIRT3 played a role
in ACCI deacetylation by activating its enzymatic activity
[26, 27].

SIRT3 improves the migration and invasion of CC
cells

To investigate the role of SIRT3 on cell migration and inva-
sion, we conducted wound healing and transwell invasion
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Fig.1 Sirtuin 3 (SIRT3) is overexpressed in cervical cancer in
humans. a Quantitative RT-PCR methods were used to detect mRNA
levels of SIRT3 in human cervical cancer tissues, cervical intraepi-
thelial neoplasia (CIN), and normal cervical tissues. b The protein
expression of SIRT3 was detected by immunohistochemistry in cervi-
cal cancer tissues, CIN, normal cervical tissues, and lymph nodes. ¢

assays. SIRT3 knockdown resulted in a markedly decreased
migration capacity in a time-dependent manner (Fig. 3a).
A significant reduction in cell invasion was also observed
(Fig. 3b and c). However, SIRT3 overexpression clearly
increased migration and invasion capacity in cells. These
results suggest that lipid metabolism may accelerate the
metastasis of CC cells.

SIRT3 knockdown inhibits tumor growth
in a xenograft nude mouse model

To further investigate the influence of SIRT3 on prolif-
eration in vivo, nude mice were xenografted with SIRT3-
overexpressed SiHa cells or SIRT3-knockdown C33a cells.
Mice that were xenografted with SIRT3-overexpressing
SiHa cells exhibited significantly larger tumors compared
with control mice (Fig. 4 and 5a). In contrast, mice that

200 Normal

Lymph

100x 200x

SIRT3 mRNA levels in cervical cancer cell lines (C33a, SiHa) and
immortalized H8 cells were assessed by quantitative RT-PCR. d
Western blotting was performed to detect SIRT3 protein expression
in C33a, SiHa, and H8 cells. Data are expressed as mean =+ standard
error of the mean (SEM) for (a), (¢), and (d). **P <0.01

were xenografted with SIRT3-knockdown C33a cells
exhibited significantly smaller tumors compared with
control mice (Figs. 4 and 5a). This suggests that SIRT3
can improve proliferation in vivo. In these experiments,
mice were individually followed, and those with tumors
measuring 20 mm in the largest dimension were withdrawn
and sacrificed. SIRT3 knockdown resulted in a significant
decrease in average tumor volume, which was measured on
a weekly basis (Fig. 5a). Average tumor weight was also
decreased with SIRT3 knockdown (Fig. 5b). Importantly,
the incidence of lymph metastasis dramatically increased
in mice that were xenografted with SIRT3-overexpressing
SiHa cells, and necrosis was enhanced (Fig. 5c). These
results were pathologically confirmed with hematoxylin
and eosin staining. Overall, these data suggest that SIRT3
may facilitate lymph node metastasis by modulating FA
metabolism.
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Table 1. SIRT3 expressi{)n Characteristics N Negative Weak Moderate Strong / P
in carcinoma of the cervical
according to patient’s Normal cervical epithelia 14 8 6 0 0
histopathologic characteristic CINLII 36 3 9 ) 2
CsccC 53 0 8 24 21
Lymph nodes 17 0 1 4 12 56.63 <0.001
Differentiation
Well 7 3 4 0
Moderate /poor 46 0 6 18 22 5.776 0.039
L/N metastasis
Negative 36 0 7 20 9
Positive 17 0 1 3 13 11.897 0.002
FIGO stage
<IB 42 0 8 21 12
>1IB 11 0 0 1 10 12.303 0.002
Tumor size
<2.5cm 24 0 4 13 7
>2.5cm 29 0 4 10 15 2.867 0.273
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Fig.2 SIRT3 promotes lipid metabolism via acetyl-carboxylase 1
(ACC1) in cervical cancer cells. a Western blotting was performed to
detect ACCI expression in cells. The efficiency of lentiviral infection
was also assessed. b The efficiencies of knockdown or overexpres-
sion of SIRT3 in the mitochondria of cervical cells were assessed by
quantitative RT-PCR. ¢ C33a and SiHa were infected with lentivirus
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constructs to knock down or overexpress SIRT3, respectively. d Oil
Red O was used to stain lipids in cells (left), and the mean optical
density (OD) of Oil Red O staining was quantified (right). Original
magnification, X 200. e Immunoprecipitation (IP) assay analysis of the
acetylation levels of ACCI1, followed by SIRT3 overexpression and
knockdown. Data are expressed as mean + SEM. **P <0.01
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Fig.3 SIRT3 enhances the ability of migration and invasion in cer-
vical cancer cells. a Representative photographs of cell migration. b
Representative photographs of the staining intensity of cell invasion

Discussion

There is increasing evidence that lipid metabolism is a key
player in tumor growth, metastasis, and resistance. Impor-
tantly, SIRT3 has been shown to be involved in regulating
FA synthesis [13, 27-34]. In this study, we demonstrate
for the first time that lipid metabolism in cancer cells was
regulated by SIRT3 and was essential for the progression
of CSCC. First, we detected the expression of SIRT3 in CC
tissues, normal cervical tissues, and CC cell lines. Staining
of SIRT3 was significantly higher in CC tissues compared
with CIN and normal tissues. Furthermore, there was a sig-
nificant association between SIRT3 expression and clinical
stage, lymph node metastasis, tumor volume, or poor overall
prognosis, which suggests that SIRT3 plays important roles
in CC. Rapid proliferation is a driving force for malignant
cells to accommodate the massive energy requirement by
metabolic modifications or reprogramming. In addition, we
explored the role of SIRT3 in the regulation of lipid synthe-
sis. Our findings show that SIRT3 remarkably promoted de
novo FA synthesis by up-regulating ACC1 (Fig. 3e).

(left). The bar graph summarizes the number of invasions per field
(right). Data are expressed as mean+ SEM. **P <0.01

Several studies have explored the tumorigenesis and prog-
nostic value of SIRT3 in various cancers, but the results
were inconsistent. SIRT3 has been reported to play a tumor-
suppressor role in hepatocellular carcinoma and gastric can-
cer, but it acts as an oncogene in breast cancer, lung can-
cer, and bladder cancer [30]. In our study, SIRT3 played an
oncogenic role in CC via the deacetylation of ACC1, which
resulted in increased ACC1 protein expression and elevated
de novo lipogenesis in tumor cells. Moreover, our clinical
analysis shows that high expression levels of SIRT3 were
correlated with lymph node metastasis in patients with CC.

De novo lipogenesis has been recognized as a central
stage in the field of cancer metabolism. It provides large
amounts of lipids for the synthesis of membranes, signaling
molecules, and lipoproteins in cancer cells. A few reports
have shown that neoplastic lipogenesis is always accompa-
nied by significantly increased activity and the simultaneous
expression of lipogenic enzymes in tumor cells. Recently,
the expression and activity of ACC and FAS have been
associated with poor clinical outcomes in human epithelial
cancers [13, 31]. Consistently, our results demonstrated that
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Fig.4 Representative pictures of dissected tumors from nude mice at the end of experiments

SIRT3 promoted FA synthesis in CSCC cells through the
up-regulation of ACC1. Findings from in vitro experiments
suggest that SIRT3 overexpression promotes CC cell inva-
sion and migration. Furthermore, SIRT3 overexpression
accelerated CC cell proliferation in vivo. These data show
that high SIRT3 expression was associated with an increase
in invasion and migration, thus emphasizing its potential
as a prognostic biomarker for CC. Accordingly, these find-
ings suggests that high SIRT3 expression creates a favorable
environment for metastasis in CC. Moreover, we identified
SIRT?3 as a pivotal regulator of lipid metabolism and showed
that it elevated the intracellular lipid content of CC cells.
SIRT3 was also positively associated with the expression of
the de novo lipogenesis key enzyme, ACCI1, thus support-
ing its role in cellular lipid accumulation via enhanced lipid
synthesis. Previous studies have shown that the inhibition of
different enzymes within the FA biosynthesis pathway can
block cancer cell growth [32].
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SIRT?3 is an important mitochondrial protein that may
function as a primary mitochondrial protein deacetylase
[27, 33]. SIRT3-dependent deacetylation has been shown
to increase the enzymatic activity of acetyl-CoA syn-
thetase 2 and glutamate dehydrogenase [27, 34]. In our
study, we found that SIRT3 was responsible for ACC1 dea-
cetylation and activation. Our findings suggest that SIRT3
functions as a lipid metabolism regulator that significantly
elevates lipid content via affecting the expression of lipid
synthetic enzymes.

Overall, results from this study demonstrate that SIRT3
played a key regulatory role in reprogramming FA synthe-
sis in CSCC cells. This provided an alternative mechanism
by which SIRT3 mediates CSCC. Our study provides novel
insights to help understand the mechanisms of SIRT3 in
CSCC progression and to find new strategies for future
drug development in SIRT3 treatment.
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