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Abstract. Sir tuin-7 is an evolutionarily conserved 
NAD-dependent deacetylase, which serves an important 
role in carcinogenesis. However, the potential mechanism of 
sirtuin-7 in endometrial cancer has not yet been investigated. 
The purpose of the present study was to investigate whether 
sirtuin-7 exhibits inhibitory effects on endometrial cancer cells. 
The potential mechanisms mediated by sirtuin-7 in endome-
trial cancer cells were also investigated. The expression levels 
of sirtuin-7 in endometrial cancer cells were compared with 
normal endometrial cells using western blotting. The results 
demonstrated that sirtuin-7 is overexpressed in endometrial 
cancer cells compared with normal endometrial cells. The 
downregulation of sirtuin-7 inhibited the growth and invasive-
ness of endometrial cancer cells. The knockdown of sirtuin-7 
was observed to increase the sensitivity of the endometrial 
cancer cells to cisplatin treatment in vitro. An investigation 
into the potential molecular mechanism demonstrated that 
sirtuin-7 knockdown promoted the apoptosis of endometrial 
cancer cells by regulating the nuclear factor (NF)-κB signaling 
pathway. The knockdown of sirtuin-7 inhibited NF-κB expres-
sion and resulted in a decrease in the expression of NF-κB 
target proteins that are anti-apoptotic: Bcl-xl, Bcl-2 and Mcl-1. 
Sirtuin-7 knockdown also resulted in an increase of the 
NF-κB target proteins that are pro-apoptotic: Caspase-3, Bad 
and Bax. In conclusion, the present study demonstrated that 
sirtuin-7 knockdown was able to markedly inhibit the growth 
of endometrial cancer cells, suggesting that sirtuin-7 may be 
a potential therapeutic target for endometrial cancer therapy.

Introduction

Endometrial cancer is a common malignant cancer that is diag-
nosed in premenopausal and postmenopausal females, which 
occurs in the endometrial epithelium of the reproductive tract (1). 
In the last five years, studies have reported that endometrial 
cancer accounts for 20-30% of malignant tumors of the female 
reproductive tract and that the incidence of endometrial cancer 
is increasing (2,3). Although a number of anti-cancer treatment 
strategies are available for endometrial cancer, increasing the 
level of apoptosis in tumor cells has become an important 
method for the clinical treatment of endometrial cancer (4-6).

Sirtuin-7 is a member of the sirtuin family, which is a family 
of evolutionarily conserved NAD-dependent deacetylases (7). 
Studies have indicated that sirtuin-7 serves an important role 
in carcinogenesis, and the downregulation of sirtuin-7 may 
be a potential pharmacological strategy to increase chemo-
radiation-induced apoptosis in cancer cells in patients with 
cancer (8). A previous study has demonstrated that sirtuin-7 
maintains critical features that define cancer cells by removing 
the acetylation mark on lysine 18 of histone H3, which has been 
described as a general marker of tumor prognosis and oncolog-
ical treatments (9). However, the role of sirtuin-7 in endometrial 
cancer has not been the subject of in-depth investigations.

The inhibition of nuclear factor (NF)-κB activation can 
lead to the inhibition of cell growth and invasion in various 
types of cancer cells (10-12). A previous study indicated 
that the anti‑malarial drug dihydroartemisinin significantly 
suppressed the metastasis of non-small-cell lung cancer via 
inhibiting NF-κB activity (13). Additionally, NF-κB has been 
shown to suppress apoptosis and promote the proliferation 
of bladder cancer cells by upregulating survivin expression 
in vitro and in vivo (14). Furthermore, Yi et al (15) reported 
that the NF-κB p53 apoptosis signaling pathway is associated 
with poor prognosis in colorectal cancer via regulation of 
cell proliferation. Furthermore, the results have concluded 
that NF-κB expression is overexpressed in nonmalignant 
endometrial tumors when compared with normal endometrial 
tissues (16). However, the associations between sirtuin-7 and 
NF-κB have not been clearly investigated in endometrial 
cancer cells. Therefore, in the present study, the role of sirtuin-7 
was investigated, and its possible apoptotic mechanism in 
endometrial cancer was analyzed.
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Materials and methods

Patients. A total of 5 female endometrial cancer patients 
were recruited at the Harbin Second Hospital (Harbin, China) 
between June 2014 and January 2017. The mean age of patients 
was 42.2 years (range, 34.2-48.5 years). All patients provided 
written informed consent. The Ethics Committee of Harbin 
Second Hospital approved the present study.

Cell lines and culture. The endometrial cancer cell lines (KLE, 
RL95-2, AN3CA and Ishikawa) were provided by Randy 
Kramer (University of California, San Francisco, CA, USA). 
Normal primary endometrial cells (ESCs) were derived from 
normal endometrial tissues that were discarded from periodontal 
surgical procedures, and this was approved by the Harbin 
Second Hospital. The 1-5th passages of ESC cells were cultured 
in Dulbecco's modified Eagle medium (DMEM; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) that was supplemented 
with 15% fetal bovine serum (FBS; Gibco; Thermo Fisher 
Scientific, Inc.). The 6th passages of ESC were authenticated by 
Suzhou Microread Genetics Co., Ltd (Suzhou, China) and used 
for analysis of protein expression. KLE, RL95-2, AN3CA and 
Ishikawa cells were cultured in DMEM that was supplemented 
with 10% FBS at 37˚C in a humidified incubator at 5% CO2.

Small interfering RNA (siRNA). Ishikawa cells were harvested 
when 85‑95% confluence was attained. The cells were trans-
fected the following siRNAs to silence sirtuin-7 target gene 
using Lipofectamine® 2000 (Invitrogen, Thermo Fisher 
Scientific, Inc.) according to the manufacturer's instructions. 
The sequences are as follows: siRNA-vector, 5'-UUC UCC 
GAA CGU GUC ACGU-3' and siRNA-sirtuin-7 siRNA, 5'-GCA 
CCG TCC ATC GTG TTT ATT-3'. All siRNAs were purchased 
from GeneChem Inc. (Shanghai, China). Further analysis was 
performed 72 h after transfection.

NF‑κB1 overexpression. Ishikawa cells were harvested after 
reaching 85‑95% confluence. All the DMEM media (Thermo 
Fisher Scientific, Inc.) was then removed. Ishikawa cells were 
transfected by pCMVp-NEO-NF-κB1 (100 pmol, Invitrogen; 
Thermo Fisher Scientific, Inc.) or pCMVp-NEO vector 
(100 pmol, Invitrogen; Thermo Fisher Scientific, Inc.) using 
Lipofectamine® 2000 according to the manufacturer's instruc-
tions. Cells were used for further analysis 72 h after transfection.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR) analysis. Total RNA was extracted from 
tumor cells using RNeasy Mini kit (Qiagen Sciences, Inc., 
Gaithersburg, MD, USA) in a 20 µl volume with 5 pmol of 
each primer and 1 µl of RNA, 0.5 µl reverse transcriptase, 
2 µl buffer, 2 µl dNTPs (both Takara Biotechnology Co., 
Ltd., Dalian, China) and 18 µl deionized water for 2 h at 37˚C 
according to manufacturer's protocol. The expressions levels of 
sirtuin-7 in cells were analyzed by RT-qPCR with β-actin as an 
endogenous control (17). All forward and reverse primers were 
synthesized by Invitrogen (Thermo Fisher Scientific, Inc.). The 
primer sequences are as follows: Sirtuin-7 forward, 5'-AGA 
AGC GTT AGT GCT GCC G-3' and reverse, 5'-GAG CCC GTC 
ACA GTT CTGAG-3'; β-actin forward, 5'-CGG AGT CAA CGG 
ATT TGG TC-3' and reverse, 5'-AGC CTT CTC CAT GGT CGT 

GA‑3'. PCR amplification followed preliminary denaturation 
at 94˚C for 2 min, followed by 45 cycles of 95˚C for 30 sec, 
annealing temperature reduced to 56˚C for 30 sec and 72˚C 
for 10 min. The reaction was performed in a total volume of 
20 µl that contains 50 ng genomic DNA, 200 µM dNTP, 2.5 U 
Taq DNA polymerase and 200 µM of each primer. The rela-
tive mRNA expression changes were calculated by 2-ΔΔCq (18). 
The results are expressed as the n-fold way compared with 
β-actin.

MTT cytotoxicity assays. Ishikawa cells were incubated with 
melittin (2.0 mg/ml) in 96-well plates for 24, 48 and 72 h in 
triplicate for each condition at 37˚C. For the control, PBS was 
added instead of melittin. At each time point, 20 µl MTT 
(5 mg/ml) in PBS solution was added to each well and the plate 
was then further incubated for 4 h at 37˚C. The medium was 
removed, and 100 µl dimethyl sulfoxide (DMSO) was added 
into the wells to solubilize the crystals. The optical density 
was analyzed with a BIO-RAD (ELISA) reader (Bio-Rad 
Laboratories, Inc.) at a wavelength of 490 nm.

Cell invasion and migration assays. Ishikawa cells were treated 
with cisplatin (5.0 mg/ml) for 24 h and non-treated cells were 
used as control. Migration and invasion assays of Ishikawa cells 
were conducted in a 6-well culture plate with chamber inserts 
(BD Biosciences Franklin Lakes, NJ, USA). For migration 
assays, Ishikawa cells (1x104/well) were placed into the upper 
chamber with the non-coated membrane (Transwell inserts; BD 
Biosciences) and DMEM supplemented with 5% PBS was plated 
in the lower chamber for 48 h at 37˚C. For invasion assays, the 
cells (1x104/well) were placed into the upper chamber with the 
Matrigel inserts membrane for 48 h at 37˚C. For migration and 
invasion assays, Ishikawa cells were counted in at least three 
randomly stained-fields using a light microscope (Olympus 
Corporation, Tokyo, Japan) at magnification, x400.

Proliferation assays. Ishikawa cells (0.5x103/well) were 
seeded in a six‑well plate and cultured for 10 days at 37˚C 
in a humidified incubator at 5% CO2. The cell colonies were 
fixed with 10% formaldehyde for 10 min at 37˚C and stained 
for 5 min with 0.5% crystal violet for 10 min at 37˚C. The 
number of cell colonies was then calculated using ImageJ soft-
ware 3.0 (National Institutes of Health, Bethesda, MD, USA). 
The images were taken under a light microscope (Olympus 
Corporation).

Apoptosis assays. Ishikawa cells (1x106/well) were seeded 
in 6‑well plates for 12 h at 37˚C in a humidified incubator at 
5% CO2. The cells, siRNA-sirtuin-7 or siRNA-vector were 
then incubated with cisplatin (Control, 5.0 mg/ml) or PBS 
(Mock) for 24 h at 37˚C. The cells were removed, collected 
and washed with phosphate buffer solution (PBS) three 
times. Subsequently, Ishikawa cells were incubated with 
fluorescein isothiocyanate (FITC)‑conjugated Annexin V and 
propidium iodide (PI) for 2 h at room temperature, using an 
Annexin V-FITC Apoptosis Detection kit (BD Biosciences) 
and according to the manufacturer's protocol. Flow cytometry 
was used to analyze the percentage of apoptotic Ishikawa cells 
by using FCS Express™ 4 IVD (De Novo Software, Glendale, 
CA, USA).
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Tumor cell adhesion. Ishikawa cells (1x106/well) were 
cultured in six‑well plate for 1.5 h at 37˚C. Cells were stained 
with 1% Methylene blue (Sigma-Aldrich, Merck KGaA, 
Darmstadt, Germany) for 30 min at room temperature. The 
number of Ishikawa cells that adhered on the monolayer was 
recorded using an Olympus microscope in at least three field 
of view (Olympus Corporation).

Western blot analysis. Western blotting was used to evaluate 
protein levels according to protocols as previously described 
by Kurien et al (19). Briefly, the cells (1x107/well) were lysed 
in a lysis buffer that contains 1% phenylmethanesulfonyl 
fluoride (PMSF) for three times and centrifuged at 8,000 x g 
for 10 min at 4˚C. Protein concentration was measured by a 
BCA protein assay kit (Thermo Fisher Scientific, Inc.). The 
proteins (60 µg) were separated using 10% SDS-PAGE. Then, 
the proteins were transferred onto nitrocellulose membranes. 
The nitrocellulose membranes were blocked with 5% (w/v) 
non-fat milk powder, which was dissolved in tris-buffered 
saline plus Tween‑20 (TBST) solution, for 2 h at 37˚C. This 
was followed by incubation with primary rabbit anti-human 
antibodies: Anti-SIRT7 (dilution, 1:1,000; cat. no. ab135055), 
Bcl-2 (dilution, 1:1,000; cat. no. ab32124), Bcl-xl (dilution, 
1:1,000; cat. no. ab32370), Mcl-1 (cat. no. ab32087), caspase-3 
(cat. no. ab2171), Bad (cat. no. ab32445), Bax (cat. no. ab77566) 
and β-actin (dilution 1:500; cat. no. ab8226; all Abcam, 
Shanghai, China) for 12 h at 4˚C. All antibodies were diluted 
at 1:1,000. The secondary goat anti-rabbit antibodies (dilution 
1:2,000, cat. no. PV-6001; OriGene Technologies, Inc., Beijing, 
China) were incubated and the membranes were washed with 
PBS buffer and visualized with ECL Western blotting detec-
tion reagents (GE Healthcare, Chicago, IL, USA). The density 
of the bands was analyzed by Quantity One (version 4.62; 
Bio-Rad Laboratories, Inc.).

Immunohistochemistry. Endometrial tumors were fixed using 
10% formaldehyde followed by embedding in paraffin wax. 
The tissue blocks were cut into serial sections with a thick-
ness of 4 µm. The tumor sections were incubated with rabbit 
anti-human anti-SIRT7 (dilution, 1:1,000; cat. no. ab135055; 
Abcam) for 12 h at 4˚C. Then, the tumor sections were treated 
with Goat Anti-Rabbit IgG (Alexa Fluor® 488; dilution 1:1,000; 
cat. no. ab150077; Abcam) for 12 h at 4˚C. The sections were 
examined under a light microscope at a magnification of x400.

Statistical analysis. All data are expressed the mean ± stan-
dard deviation, and the experiments were performed three 
times. Statistical analyses were performed using one-way 
analysis of variance followed by Tukey's multiple comparison 
post-hoc tests using Graph Pad Prism software (version 5.0; 
GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Sirtuin‑7 is overexpressed in endometrial cancer tissues. 
To determine the role of sirtuin-7 in endometrial cancer, the 
mRNA and protein levels of all sirtuin-7 were examined in 
endometrial cancer cell lines (KLE, RL95-2, AN3 CA and 
Ishikawa) and compared with ESCs. Results revealed that 
sirtuin-7 gene was higher in endometrial cancer cell lines 
compared with normal primary endometrial cells (P<0.01; 
Fig. 1A). Western blot analysis also demonstrated that sirtuin-7 
protein expression was higher in endometrial cancer cell lines 
compared with normal primary endometrial cells (P<0.01; 
Fig. 1B). The expression of sirtuin‑7 was significantly higher 
in endometrial cancer tissues compared with normal tissues 
(P<0.01; Fig. 1C). These results suggest that sirtuin-7 may be a 
potential target for the treatment of endometrial cancer.

Figure 1. Sirtuin-7 is overexpressed in endometrial cancer. (A) Gene and (B) protein expression of sirtuin-7 in endometrial cancer cell lines and ESCs. 
(C) Sirtuin‑7 protein expression in endometrial cancer tissues and normal endometrial tissues. Magnification, x400; NS, not significant; ESC, normal primary 
endometrial cells. *P<0.05, **P<0.01.
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Knockdown of sirtuin‑7 inhibits the growth, proliferation 
and invasiveness of endometrial cancer cells. To gain further 
insights into the role of sirtuin-7 in endometrial cancer cells, 
sirtuin-7 expression was downregulated in Ishikawa cells. As 
indicated in Fig. 2A, siRNA-induced knockdown of sirtuin-7 
was able to significantly inhibit the growth of Ishikawa cells 
compared with the control. The downregulation of sirtuin-7 
was also able to inhibit the proliferation of Ishikawa cells 
(Fig. 2B). Furthermore, the knockdown of sirtuin-7 was able 
to suppress the migration and invasion of Ishikawa cells 
(Fig. 2C and D). These results suggest that the downregula-
tion of sirtuin-7 is able to inhibit the growth and metastasis of 
endometrial cancer cells.

Knockdown of sirtuin‑7 promotes cisplatin‑induced apoptosis 
of endometrial cancer cells. Cisplatin is the most commonly 
used chemotherapeutic drug for the treatment of endometrial 
cancer (20). Therefore, the present study investigated whether 
sirtuin-7 knockdown is able to enhance the apoptotic sensitivity 
of endometrial cancer cells to cisplatin. It was indicated that 
the knockdown of sirtuin‑7 was able to significantly promote 
cisplatin-induced apoptosis of Ishikawa cells (Fig. 3A). The 
results indicated that the downregulation of sirtuin-7 was 
able to increase cisplatin-induced inhibition on the adhesion 
of Ishikawa cells compared with untreated controls (Fig. 3B). 
These results suggest that sirtuin-7 may be involved in resis-
tance to apoptosis in endometrial cancer cells.

Sirtuin‑7 knockdown regulates the apoptosis of endometrial 
cancer cells via the NF‑κB signaling pathway. Due to the 
involvement of NF-κB in apoptosis of endometrial cancer 
cells (19), the potential mechanism of sirtuin-7 in apoptosis 
was further analyzed. The downregulation of sirtuin-7 was 
able to significantly downregulate NF-κB1 expression in 
Ishikawa cells (Fig. 4A). The knockdown of sirtuin-7 resulted 
in the downregulation of NF-κB1 target proteins (Bcl-xl, 

Bcl-2, and Mcl-1), which are anti-apoptotic. The knockdown of 
sirtuin-7 also led to the upregulation of NF-κB1 target proteins 
(Bad and Bax), which are pro-apoptotic (Fig. 4B and C). 
Furthermore, the results indicated that the overexpression 
of NF-κB1 inhibited sirtuin-7 knockdown and increased 
(pNF-κB/sirtuin-7) apoptosis of endometrial cancer cells 
induced by cisplatin (Fig. 4D). These results suggest that the 
knockdown of sirtuin-7 regulates the apoptosis of endometrial 
cancer cells via the NF-κB signaling pathway.

Discussion

Endometrial cancer is one of the most common female 
reproductive tract tumors worldwide (21). Although surgery, 
chemotherapy, radiotherapy and endocrine therapies are 
becoming increasingly important for the clinical treatment 
of endometrial cancer, the prognosis is poor for patients with 
recurrent or advanced stages of disease (22). Studies have 
suggested that sirtuin-7 is a potential therapeutic target for 
human cancer (23,24). In the present study, the role of sirtuin-7 
in the progression of endometrial cancer and its potential 
molecular mechanisms were investigated. The present study 
reports that sirtuin-7 knockdown was able to significantly 
inhibit the growth, proliferation, migration and invasion of 
endometrial cancer cells. Additionally, sirtuin-7 knockdown 
was able to promote the apoptosis of endometrial cancer cells 
that was induced by cisplatin via downregulation of the NF-κB 
signaling pathway.

Although a previous study has suggested that sirtuin-7 
mRNA expression is upregulated in patients with breast 
cancer (25), the expression levels of sirtuin-7 in endometrial 
cancer cells had not yet been investigated. In the present 
study, it was demonstrated that sirtuin-7 mRNA and protein 
expression levels are upregulated in endometrial cancer cell 
lines and cancer tissues compared with normal endometrial 
cell lines and tissues. Wang et al (8) indicated that sirtuin-7 

Figure 2. Knockdown of sirtuin-7 inhibits cell growth, proliferation and invasion in endometrial cancer cells. (A) siRNA-induced knockdown of sirtuin-7 inhibits 
the growth of Ishikawa cells. (B) Knockdown of sirtuin‑7 inhibits the (B) proliferation, (C) migration and (D) invasion of Ishikawa cells. Magnification, x20. 
**P<0.01. siRNA, small-interfering RNA. 
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exhibited oncogenic potential in human ovarian cancer cells, 
which may serve a role as an oncogene in ovarian malignancies 
and may be a potential therapeutic target. Additionally, a high 
expression of sirtuin-7 has served as a predictor of adverse 
outcomes in patients with breast cancer (26). In the present 
study, it was demonstrated that the knockdown of sirtuin-7 
was able to significantly inhibit the growth and metastasis 
of endometrial cancer cells. In a study on pancreatic cancer, 

McGlynn et al (27) indicated that sirtuin-7 may be a poten-
tial novel biomarker for determining patient outcome. The 
findings of the present study indicate that sirtuin‑7 may be a 
biomarker for patients with endometrial cancer.

A number of studies have suggested proapoptotic and 
prosurvival roles of sirtuin-7 in human cancer cells (28,29), 
with reports indicating that sirtuin inhibitors, sirtinol and 
nicotinamide, have been used to inhibit cell growth in 

Figure 3. Knockdown of sirtuin-7 promotes cisplatin-induced apoptosis of endometrial cancer cells. (A) Knockdown of sirtuin-7 promotes cisplatin-induced 
apoptosis of Ishikawa cells. (B) Knockdown of sirtuin-7 increases cisplatin-induced inhibition of cell adhesion of Ishikawa cells compared with untreated 
controls. **P<0.01. PI, propidium iodide; NS, not significant; siRNA, small‑interfering RNA.

Figure 4. Knockdown of sirtuin-7 regulates the apoptosis of endometrial cancer cells via the NF-κB signaling pathway. (A) Downregulation of sirtuin-7 
decreases NF-κB expression in Ishikawa cells. (B) Western blot analysis illustrating the knockdown of sirtuin-7 decreases the expression of NF-κB target 
anti-apoptotic proteins (Bcl-xl, Bcl-2 and Mcl-1) in Ishikawa cells. (C) Knockdown of sirtuin-7 increases the expression of NF-κB target pro-apoptotic proteins 
(caspase-3, Bad and Bax) in Ishikawa cells. (D) NF-κB overexpression inhibits sirtuin-7 knockdown and increased (pNF-κB/sirtuin-7) apoptosis of endometrial 
cancer cells induced by cisplatin. **P<0.01. Bax, BCL2 associated x protein; Bcl‑2, B‑cell lymphoma 2; Mcl‑1, myeloid cell leukemia 1; NS, not significant; 
NF-κB, nuclear factor-κB.
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several types of cancer, including breast and lung cancer, and 
oral squamous cell carcinoma (30). A study has suggested 
that 5-FU induces radiosensitivity via degradation of 
sirtuin-7 to favor the cell death pathway in targeted cancer 
cells (31).

In the present study, it was demonstrated that sirtuin-7 
knockdown was able to enhance the apoptosis of endometrial 
cancer cells, which was induced by cisplatin. Previous studies 
have also suggested that the inhibition of NF-κB activation 
suppressed the production of angiogenic factors, which are 
involved in the apoptosis of endometrial cancer cells (32,33). 
The results of the present study revealed that the knockdown 
of sirtuin-7 was able to decrease NF-κB expression, and the 
apoptosis of endometrial cancer cells was promoted. However, 
the overexpression of NF-κB inhibited sirtuin-7 knockdown 
and abolished sirtuin-7 knockdown and increased apoptosis 
induced by cisplatin. Yang et al (34) reported that NF-κB is 
able to regulate the expression of Bcl-2 and caspase-3 in gastric 
cancer cells, which was induced by tumor necrosis factor-related 
apoptosis inducing ligand. The present study indicated that 
the knockdown of sirtuin-7 resulted in the downregulation of 
the NF-κB-targeted anti-apoptotic proteins (Bcl-xl, Bcl-2 and 
Mcl-1) and the upregulation of the NF-κB-targeted pro-apop-
totic proteins (caspase-3, Bad and Bax).

In conclusion, the findings of the present study indicate a role 
for sirtuin-7 in the apoptosis of endometrial cancer cells, and this 
may be mediated via the NF-κB signaling pathway. The findings 
suggest that sirtuin-7 may be a potential therapeutic target for 
endometrial cancer therapy, however further study is required.
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