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Abstract: SIRT3 is a mitochondrial deacetylation protein that can promote the invasion and migration of cancer 
cells. We explored the effects of SIRT3 regulation of the AMPK/PPAR signaling pathway on triglycerides and the 
invasion and metastasis of cervical cancer cells. Immunohistochemical methods were used to detect SIRT3. The 
expression of AMPK and PPAR proteins in different cervical lesions was analyzed in combination with clinicopatho-
logical parameters. qRT-PCR and western blotting were used to determine the expression levels of SIRT3 in the 
C33a and SiHa cervical cancer cell lines. To observe the effects of altering SIRT3 levels by lentivirus transfection 
and the consequent changes in AMPK and PPAR protein expression, oil red O staining was used to determine intra-
cellular triglycerides, and scratch assays and Transwell chamber experiments were performed to evaluate cervical 
cancer cell migration and invasion. Our data indicate that SIRT3, AMPK, and PPAR protein expression levels show 
an increasing trend with cervical lesion severity and are related to the degree of lymph node metastasis and dif-
ferentiation; moreover, increased expression of SIRT3 can promote the expression of AMPK and PPAR proteins, is 
beneficial to the formation of intracellular neutral fat, and enhances the ability of cells to metastasize and invade. 
Our results suggest that SIRT3 activates AMPK/PPAR signaling pathways involved in cancer lipid metabolism and 
promotes metastasis and cell invasion.
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Introduction

Cervical cancer is one of the most common 
malignant tumors among women. Globally, cer-
vical cancer occurs mainly in developing and 
underdeveloped countries, with a mortality rate 
of 85% [1]. Although the mortality and morbidi-
ty of cervical cancer has decreased significant-
ly in recent decades, fewer than 40% of patients 
have a survival time of more than five years due 
to the early occurrence of cervical cancer me- 
tastasis [2]. In recent years, research has sug-
gested that the reprogramming of tumor cell 
energy metabolism provides a powerful basis 
for the unlimited proliferation and metastatic 
progression of cancer cells.

Silent information regulator 2-related enzyme 3 
(SIRT3) is the most important deacetylase in 
mitochondria. It is involved in the regulation of 
the mitochondrial tricarboxylic acid cycle, ener-
gy conversion, and oxidative stress and is an 

important “energy regulator” in the body [3]. 
Since many researchers generally accept that 
cancer is a metabolic disease and that mito-
chondria are at the center of energy metabo-
lism, SIRT3 must be related to tumor metabo-
lism. Current studies have confirmed that cell 
metabolism, including sugar, fatty acid, and 
amino acid metabolism, is altered in cancer 
cells [4-6]. Metabolic abnormalities often affect 
the ability of tumors to increase in size, invade, 
and metastasize. At the same time, AMPK and 
its signaling network also participate in the nor-
mal energy metabolism of the body, counteract 
stress responses, and promote survival [7]. In 
liver cancer cells, regulating the AMPK/peroxi-
some proliferator-activated receptor (PPAR) 
pathway can correct abnormal glucose metab-
olism [8], and inhibition of AMPK/PPAR path-
way activity can reduce the impact of abnormal 
lipid metabolism [9]. At the same time, in- 
creased SIRT3 can cause oxidative stress and 
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promote the proliferation of ovarian cancer 
cells [10]. It was concluded that activation of 
the protein kinase AMPK/PPAR pathway can 
promote the reprogramming of multiple meta-
bolic modes. This study explores whether SIRT3 
regulates the AMPK/PPAR pathway and wheth-
er it affects the triglyceride content of cervical 
cancer cells, to provide a theoretical basis for 
the treatment of cervical cancer.

Materials and methods

Patients

The cervical cancers of 99 patients who had 
not previously received a clinical gynecological 
diagnosis were pathologically confirmed acc- 
ording to the International Federation of Obst- 
etricians and Gynecologists (FIGO) and staged. 
These patients were seen between 2014 and 
2018 at the Department of Obstetrics and 
Gynecology of the First Affiliated Hospital of 
Xinjiang Medical University and retrospectively 
included in this study. The patient group com-
prised 44 cases of cervical cancer, 36 cases of 
cervical intraepithelial neoplasia (CIN), and 19 
cases of cervicitis. Informed consent was ob- 
tained from patients and control subjects. This 
study was approved by our ethics committee.

Immunohistochemistry

An environmentally friendly dewaxing solution 
was used for tissue dewaxing, and the proce-
dure was carried out according to the instruc-
tions provided in the Zhongshan Jinqiao SP 
immunohistochemistry (IHC) kit. DAB was used 
as the chromogen. The results were obtained  
in a double-blind manner, and the score was 
determined according to previous literature 
reports.

Cell lines and cell culture

The cervical cancer cell lines used were C33a 
(HPV negative) and SiHa (HPV16 positive). The 
two cell lines were purchased from Wuhan 
Punosai Life Technology Co., Ltd., and both had 
SRP inspection qualification reports. Cells were 
cultured in complete medium according to a 
DMEM:fetal bovine serum (FBS):PS ratio of 
9:1:0.1. The cell culture reagents were stored 
at 4°C for future use, and cells were passaged 
at a ratio of 1:3 when the cells reached a den-
sity of 85%.

Reagents

MEM, the double antibody (PS), and FBS were 
purchased from HyClone Corporation in the 
USA. shSIRT3 lentivirus and SIRT3 overexpres-
sion lentivirus were designed and constructed 
by Shanghai Jikai Gene Corporation. Other 
reagents were obtained as follows: reversed 
Recording kit (Thermo, USA); Quantitative fluo-
rescence kit (Takara company in Japan); and 
BCA protein quantification kit (Thermo, USA). 
The Sirt3 rabbit anti-human antibody, AMPK 
rabbit anti-human antibody and PPAR rabbit 
anti-human antibody were purchased from Ab- 
cam Company. GADPH rabbit anti-human anti-
body was purchased from Wuhan Proteintech 
Company, and Transwells and Matrigel were 
purchased from Corning in the USA.

Lentiviral transfection

A total of 1 × 104 cells were seeded into 6-well 
plates, and a MOI = 30 was selected. The cor-
responding reagents were added according to 
the instructions provided by Jikai Gene Cor- 
poration, and transfection was performed for 
16~18 h. The transfection supernatant was 
discarded, and the expression of fluorescence 
was observed under a fluorescence inverted 
microscope 72 h later.

Quantitative RT-PCR

Total RNA from cervical cancer cell lines was 
extracted using TRIzol reagent. A cell pellet con-
taining 5 × 105 cells was lysed on ice with 1 ml 
TRIzol. The lysate was centrifuged, and chloro-
form was added. The supernatant was removed, 
and an equal volume of isopropanol was added 
to the pellet, which was then dissolved and cen-
trifuged. To obtain the RNA, an appropriate 
amount of DEPC water was added to dissolve 
the resulting mixture, and the concentration 
and purity of the RNA was checked. According 
to the instructions of the reverse transcription 
kit and fluorescent quantitative kit, the collect-
ed RNA was reverse transcribed and then sub-
jected to relative quantification according to 
the following method: 2-ΔΔCT.

Western blot

A cell pellet containing 1 × 106 cells was col-
lected, and 50~100 μL of different cell lysis 
working solutions were added to the pellet (cell 
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lysate:PMSF = 100:1). The mixture was placed 
on ice and subjected to protein quantitation 
with the BCA protein quantification kit to deter-
mine the protein concentration. After denatur-
ation of proteins, the lysate was subjected to 
SDS-PAGE, and wet transfer at constant pres-
sure (100 V, 1.5 h~2 h) was performed. The 
membrane was blocked with 5% skim milk for 2 
h, incubated with the indicated primary anti-
body at 4°C overnight, incubated with the 
appropriate secondary antibody the next day 
for 2 h, and developed using the AP method.

Oil red O staining

A total of 1 × 104 cells/well were seeded into a 
6-well plate, fixed with 4% paraformaldehyde 
the next day, and stained with oil red O dye. 
Five fields of view were examined under a 
microscope to evaluate the intracellular triglyc-
eride content.

Results

SIRT3, AMPK, and PPAR protein expression in 
cervical cancer lesions 

To determine whether the SIRT3, AMPK, and 
PPAR proteins are dysregulated in cervical can-
cer lesions, we examined 99 samples by IHC 
(Table 2). The results showed that AMPK and 
PPAR protein expression was localized to the 
cytoplasm and that their expression levels var-
ied with the degree of the cervical lesion, show-
ing an increasing trend (P < 0.001) in which the 
expression of AMPK protein became mainly 
localized to the nucleus; the expression of PPAR 
was mainly localized to the cytoplasm (Figure 
1). Combined with the analysis of clinicopatho-
logic parameters, it was found that the expres-
sion of AMPK and PPAR was related to lymph 
node metastasis (P < 0.001) and that AMPK 
protein expression was also related to the 
degree of differentiation (P < 0.001) (Table 1). 
SIRT3 expression was positively correlated with 
the positive expression of AMPK and PPAR pro-
teins (r = 0.016, r = 0.015) (P < 0.001, P < 
0.001).

showed that the protein levels of SIRT3 were 
consistent with its mRNA levels (P < 0.05) 
(Figure 2).

Selection of appropriate cell lines for virus 
transfection 

According to the above results of the two cell 
lines, the C33a cell line (high background 
expression of SIRT3) was selected for siSIRT3 
lentivirus transfection, and the SiHa cell line 
(low background SIRT3) was transfected with 
SIRT3-overexpressing lentivirus. Western blot-
ting analysis was performed to verify SIRT3 pro-
tein expression in the two cell lines after trans-
fection. The results showed that transfection  
of siSIRT3 effectively inhibited SIRT3 protein 
expression and that SIRT3 overexpression by 
transfection increased SIRT3 protein expres-
sion levels (Figure 3).

SIRT3 regulates the AMPK/PPAR signaling 
pathway

After confirming that SIRT3 expression could be 
altered effectively, western blotting analysis 
was performed to detect the expression of the 
key factor for energy metabolism: AMPK/PPAR. 
It was found that after SIRT3 expression was 
inhibited, AMPK/PPAR protein expression de- 
creased (P < 0.05), whereas increasing the 
expression level of SIRT3 increased the ex- 
pression of AMPK/PPAR (P < 0.05) (Figure 3).

SIRT3 affects the triglyceride content of cervi-
cal cancer cells

In the siSIRT3 group, the intracellular triglycer-
ide content was significantly lower than that of 
the untransfected and control groups (Figure 
4).

SIRT3 contributes to the metastasis and inva-
sion of cervical cancer cells

As shown in the figure, in the migration experi-
ment, the number of perforated cells in siSIRT3 
group was significantly smaller than that in the 

Table 1. Correlation analysis between SIRT3, AMPK, and 
PPAR protein expression levels

SIRT3
AMPK

r value p-value
PPAR

r value p-value
+ - + -

+ 6 62 0.016 P < 0.001 5 59 0.015 P < 0.001
- 10 2 8 8

mRNA and protein expression of SIRT3, 
AMPK, and PPAR in two cervical cancer 
cell lines

The qRT-PCR analysis revealed that the 
mRNA expression levels of SIRT3, AMPK, 
and PPAR were higher in C33a cells than 
in SiHa cells (P < 0.05) (Figure 2; Table 
3); furthermore, western blot analysis 
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Table 2. Statistical analysis of SIRT3, AMPK, and PPARγ expression and clinicopathologic factors in 
cervical lesions

Characteristics N
SIRT3

P
AMPK

P
PPARγ

P
Positive (%) Positive (%) Positive (%)

Chronic cervicitis 19 7 (3.7) < 0.001 8 (42.1) 0.002
    CIN II-III 36 26 (72.2) 27 (75.0)
    CSCC 44 32 (72.7) 32 (72.7)
Differentiation
    Well 7 5 (71.4) < 0.001 4 (57.1) 0.114
    Low 37 27 (73.0) 28 (75.7)
L/N metastasis
    Negative 27 16 (59.3) < 0.001 16 (59.3) < 0.001
    Positive 17 16 (94.1) 16 (94.1)
FIGO staging
    ≤ IB 33 23 (70.0) 0.115 24 (72.7) 0.418
    > IIA 11 9 (81.8) 8 (72.7)
Tumor size
    < 2.5 cm 24 18 (75.0) 0.896 19 (79.2) 0.414
    ≥ 2.5 cm 20 14 (70.0) 13 (65.0)

Figure 1. Expression of AMPK and PPAR proteins in different cervical lesions (×100, ×200).

untransfected group and control group (Figure 
5). Additionally, the Transwell results indicated 
that fewer cells passed through the Matrigel in 
the group with alterations to SIRT3 expression 
than in the untransfected and control groups 
(Figure 6).

Discussion

The biologic characteristics of tumor cells 
include their rapid proliferation and strong via-
bility, meaning that tumor cells need to repro-
gram their energy metabolism to adapt to 
changes in their energy requirements. There- 

fore, abnormal energy metabolism is a sign of 
tumorigenesis. The metabolic system of the cell 
plays a major regulatory role in maintaining 
tumor cell growth and proliferation. SIRT3, an 
important mitochondrial deacetylase, has been 
shown to participate in the metabolism of glu-
cose, fatty acids, amino acids and other sub-
stances in a variety of tumor tissues [11]. 
AMPK/PPAR reduces liver steatosis and dyslip-
idemia by inhibiting Srebp1, a key factor in 
energy metabolism [12]; furthermore, the 
AMPK/PPAR pathway plays a role in inhibiting 
tumor cell apoptosis in skin cancer [13]. The 
immunohistochemical results of our study 
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showed that the expression levels of AMPK and 
PPAR showed an increasing trend with the 
degree of the cervical tissue lesion (P < 0.001). 
After further analysis of clinical parameters, it 
was found that increased expression levels of 
AMPK and PPAR were related to lymph node 
metastasis (P < 0.001) and that the expression 
level of AMPK was related to the degree of tis-
sue differentiation (P < 0.001), suggesting that 
the AMPK/PPAR pathway has a certain effect 
on the invasion and metastasis of cervical 
cancer.

Studies of different tumor tissues show that 
the fatty acid synthesis ability of tumor tissues 
with strong invasion ability is generally en- 
hanced [14, 15]. Fatty acids and their polyun-
saturated derivatives are important structures 
that make up cell membranes and affect mem-
brane fluidity and physiologic functions [16]. 
Thus, for rapidly proliferating and strongly inva-

expression levels of SIRT3, AMPK, and PPAR in 
C33a cells were higher than those in SiHa cells 
(P < 0.05). Subsequently, siSIRT3 or LV-SIRT3 
overexpression lentivirus was used to alter 
SIRT3 levels in cells. In this way, the activity and 
function of SIRT3 in the C33a and SiHa cells 
were inhibited and enhanced, respectively, and 
we found that SIRT3 could effectively promote 
the activation of the AMPK/PPAR pathway. 
Analysis by oil red O staining showed that after 
inhibition of SIRT3 expression, the intracellular 
tri-ester content decreased significantly. The 
results of the trace test and the Transwell assay 
confirmed that SIRT3 could promote the migra-
tion and invasion of cervical cancer cells to a 
certain extent. The above experimental results 
show that SIRT3 can activate the AMPK/PPAR 
pathway, effectively promote intracellular tri-
glyceride synthesis, and further enhance the 
ability of cervical cancer cells to invade and 
migrate.

Table 3. SIRT3, AMPK and PPAR mRNA expression levels
Gene C33a SiHa
SIRT3 0.95±0.16 0.1±0.08
AMPK 0.24±0.16 0.15±O.01
PPAR 0.34±0.01 0.13±0.05

Figure 2. mRNA and protein expression of SIRT3, AMPK, and PPAR.

Figure 3. SIRT3, AMPK and PPAR protein expression after silencing or overex-
pression of SIRT3.

sive tumor cells, there is high 
demand for fatty acids, and 
thus, a large amount of fatty 
acids needs to be produced 
to maintain these living con-
ditions. Some researchers 
have found that in liver can-
cer cells, magnolol activates 
the AMPK/PPAR pathway, 
reduces the expression of 
acc1 and reduces the occur-
rence of fatty liver malignan-
cy [12]. PPAR can increase 
fatty acid metabolism and 
accelerate the proliferation 
and metastasis of prostate 
cancer cells [17]. It has been 
reported that the poor prog-
nosis and high mortality of 
cervical cancer are closely 
related to invasion and early 
metastasis of tumor cells 
[18]. Does this indicate a link 
between this malignant bio-
logic behavior of cervical 
cancer and abnormal fatty 
acid metabolism? There are 
few reports on the regulatory 
effects of SIRT3 on the 
AMPK/PPAR pathway. This 
study tested SIRT3. The 
background expression of 
AMPK and PPAR showed  
that the protein and mRNA 
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Increased synthesis of fatty acids by tumor 
cells enhances the invasion of cells in vitro and 
promotes the growth of primary tumors and dis-
tant metastases in vivo [19]. The results of our 
study suggest that inhibiting the activity of 
SIRT3 in cervical cancer cells and reducing 
fatty acid synthesis may be new therapeutic 
approaches for regulating the invasion and 
metastasis of cervical cancer.
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