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Abstract. Sirtuin 7 (Sirt7) is a member of the sirtuin protein 
family and is implicated in various carcinomas; however, 
the function of Sirt7 in colorectal carcinoma (CRC) remains 
unclear. The present study aimed to explore the biological 
function of Sirt7 in CRC tissues and cell lines, and to inves-
tigate the potential underlying mechanism by performing 
reverse transcription‑quantitative polymerase chain reaction 
analyses, western blot analyses, luciferase reporter assays, cell 
proliferation and invasion assays. It was demonstrated that Sirt7 
presented a higher expression in CRC tissues and cell lines 
compared with that in normal tissues and cells, and this higher 
expression was correlated with the tumor size, the tumor, node 
and metastasis stage and distant metastasis. Knockdown of 
Sirt7 repressed the proliferation ability of SW620 and HCT116 
cells in vitro, while ectopic expression of Sirt7 increased the 
epithelial‑mesenchymal transition and invasion in HT29 and 
SW480 cells. Notably, these functional effects of Sirt7 were 
exerted through the repression of E‑cadherin. Thus, the data 
of the present study indicated a novel mechanistic role for 
Sirt7 as an oncogene in CRC malignancy, and Sirt7 may be a 
potential therapeutic target.

Introduction

The sirtuin (Sirt) protein family belongs to the class III of 
NAD‑dependent histone deacetylases and comprises seven 
members (termed Sirt1‑7) (1). Sirt proteins have been widely 
investigated for their deacetylation activities, characteristic by 
deacetylating histones, such as H3, and non‑histone proteins, 
such as cluster of differentiation (CD)K9; Sirt proteins are 
frequently overexpressed in several types of cancer (2). Sirt7 
is a histone H3 on lysine 18 (H3K18) deacetylase and, as a 

new member of this family, has been reported to be mainly 
localized in the nucleus  (3). In addition, Sirt7 has been 
reported by different researchers to be involved in certain 
carcinomas, including ovarian (4), gastric (5), breast (6) and 
cervical cancer (7). However, the role and function of Sirt7 
in colorectal carcinoma (CRC) remains to be investigated. As 
Sirt1 serves a role in the promotion of epithelial‑mesenchymal 
transition and metastasis in colorectal cancer the function of 
Sirt7 in CRC was explored.

CRC is the third most common malignancy worldwide 
and the fourth leading cause of cancer‑associated mortalities, 
with rectal carcinoma constituting 28% of all CRC cases (8,9). 
Despite the advances in surgery, chemotherapy and radio-
therapy in the past decades, various clinical side effects occur 
in these traditional treatments (10,11). Furthermore, distant 
metastasis, particularly liver metastasis, is the main cause of 
mortality in patients with CRC, and the current therapy is 
largely unsuccessful due to tumor resistance (12,13). Therefore, 
improving the understanding of the tumorigenesis process 
and the molecular mechanism underlying CRC is of great 
importance for developing novel diagnostic and therapeutic 
strategies. The present study aimed to explore the expression 
and function of Sirt7 in CRC, in order to bring novel insight 
into understanding the mechanisms about CRC.

Materials and methods

Patients. A total of 60 fresh tumor tissues and their adjacent 
non‑tumorous tissues were obtained from patients who were 
diagnosed with CRC and underwent surgery at Mianyang 
Central Hospital (Mianyang, China) between January 2009 
and December 2009. Patients subjected to chemotherapy prior 
to surgery were excluded from the current study. The tissues 
were obtained immediately after surgery and frozen at ‑196˚C 
in liquid nitrogen until further use. Written informed consent 
was obtained from each patient at the day of surgery, and the 
study was approved by the local Research Ethics Committee 
of Mianyang Central Hospital. The clinicopathological char-
acteristics of patients are listed in Table I.

The tumor stage was defined using the seventh edition of the 
tumor, node and metastasis (TNM) classification for CRC of the 
American Joint Committee Cancer (14). Furthermore, lymph 
node metastasis was identified using the lymph node patholog-
ical examination during the surgery, and the distant metastasis 
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was identified using abdominal and pulmonary computed 
tomography prior to surgery. The diagnosis of all patients was 
histopathologically confirmed. All the patients were followed 
up to generate the overall survival times, with a total follow‑up 
period of 6 years (range, 1‑6 years). The follow‑up informa-
tion of all the participants was updated every 3 months by a 
telephone conversation and questionnaire letters. The survival 
times were calculated from the surgery date to the recurrence 
or metastasis‑associated mortality. Patients were divided into 
two groups for assessing overall survival according to their 
median Sirt7 mRNA expression levels, specifically the high and 
low Sirt7 expression groups. Sirt7 mRNA expression in frozen 
CRC tumor tissues and paired adjacent non‑tumor tissues was 
measured by reverse transcription‑quantitative polymerase 
chain reaction (RT‑qPCR).

Cell culture. Human SW620 (CCL‑227™) and SW480 
(CCL‑228™) colon carcinoma cells were purchased from 
American Type Culture Collection (ATCC; Manassas, VA, 
USA). In addition, HCT116 and HT29 colon cancer cell lines, 
as well as human normal colon epithelium FHC cell line, were 
purchased from Shanghai Bioleaf Biotech Co., Ltd. (Shanghai, 
China). The aforementioned cells were cultured in RPMI 1640 
medium (Hyclone; GE Healthcare Life Sciences, Logan, UT, 
USA) containing 10% fetal bovine serum (Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany) in a 5% CO2 atmosphere 
at 37˚C.

Reagents and transfection. Sirt7 siRNAs were obtained from 
Sigma‑Aldrich; Merck KGaA. The sequence of the siRNA 
against Sirt7 (siRNA ID, SASI Hs01_00133900) was 5'‑CGC​
CAA​ATA​CTT​GGT​CGT​CTA‑3' and CDH1 (E‑cadherin; 
siRNA ID, SASI Hs01_00086310) was 5'‑GAG​ATT​GCA​CCG​
GTC​GAC​AAA​GCT​C‑3', and the control siRNA sequence 
[scramble control RNA (SCR)] was 5'‑CCT​AAG​GTT​AAG​
TCG​CCC​TCG‑3'. A final concentration of 50 nM Sirt7, 50 nM 
E‑cadherin or 50 nM of their corresponding negative control 
siRNA was used for transient transfection with Lipofectamine 
2000 (50  µl; Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) at a ratio of 1:1, and the solutions were 
incubated for 20 min at room temperature. Subsequently, the 
siRNA mixture was added to the cells and incubated for 8 h at 
37˚C, according to the manufacturer's protocol.

The Sirt7 full‑length sequence was amplified from 
human genomic DNA and cloned into the lentiviral vector 
GV208 using the EcoRI and NotI sites (Genchem, Shanghai, 
China), obtaining pGV‑Sirt7. The primers for Sirt7 were as 
follows: 5'‑ATA​TGA​ATT​CGC​CAC​CAT​GGC​AGC​CGG​
GGG​TCT​GAT​C‑3' (forward) and 5'‑ATA​AGG​ATG​CGG​
CCG​CTT​ACG​TCA​CTT​TCT​TCC​TTT​TTG​T‑3' (reverse). The 
E‑cadherin lentiviral expression vector was purchased from 
Genchem.

293T cells (CRL‑3216™; ATCC), used for virus pack-
aging, were cultured in Dulbecco's modified Eagle's medium 
in a 37˚C incubator with 5% CO2. pGV‑Sirt7, pHelper 1.0 
and pHelper 2.0 were cotransfected into 293T cells using 
Lipofectamine® 2000. At 8 h after transfection, the medium 
was refreshed, and at 48 h after transfection, the 25 ml super-
natant was harvested by centrifugation at 12,000 x g for 15 min 
at 4˚C for further use. Empty lentiviral GV208 vector was used 

as the negative control (pGV‑NC). The SW620 and SW480 
CRC cells were infected with either pGV‑Sirt7 or pGV‑NC 
in the presence of 5 µg/ml Polybrene (Sigma‑Aldrich; Merck 
KGaA). At 72 h post‑infection, the efficiency of infection was 
measured by performing RT‑qPCR. The E‑cadherin lentiviral 
expression vector was purchased from Genchem.

RNA isolation and RT‑qPCR. Total RNA was isolated from 
the aforementioned cell lines and tissues using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. The purification and quantity of the 
RNA was measured with a NanoDrop 2000 spectrophotom-
eter (Thermo Fisher Scientific, Inc.). Next, 1 µg RNA was 
reverse‑transcribed into cDNA using the TransGen First 
Strand cDNA Synthesis kit (TransGen Biotech, Beijing, 
China). qPCR was then performed using SYBR‑Green Master 
Mix (Roche Applied Science, Penzberg, Germany) on an 
Applied Biosystems Prism 7500 detection system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). The amplifica-
tion was performed according to the following conditions: 
Denaturation at 95˚C for 15 sec, and 40 cycles of annealing at 
60˚C for 45 sec and extending at 72˚C for 30 sec. The primers 
used were as follows: E‑cadherin forward, 5'‑TGC​TGC​AGG​
TCT​CCT​CTT​GG‑3' and reverse, 5'‑AGT​CCC​AGG​CGT​AGA​
CCA​AG‑3'; Sirt7 forward, 5'‑TAC​ATT​GAA​GTC​TGT​ACC​
TCC‑3' and reverse, 5'‑GTG​GGT​ACT​TCT​TTA​GAA​CCT‑3'; 
Vimentin forward 5'‑ATT​GAG​ATT​GCC​ACC​TAC​AG‑3' and 
reverse 5'‑ATC​CAG​ATT​AGT​TTC​CCT​CAG‑3'; GAPDH, 
forward 5'‑GAG​AAG​TAT​GAC​AAC​AGC​CTC‑3' and reverse 
5'‑ATG​GAC​TGT​GGT​CAT​GAG​TC‑3'. The miRNA levels 
were normalized against GAPDH and relative fold changes 
were calculated using the 2‑ΔΔCq method (15).

Western blot analysis. Cells were lysed using radioimmuno-
precipitation assay buffer at 4˚C for 45 min, and the protein 
concentration was determined using a bicinchoninic acid assay 
kit (Thermo Fisher Scientific, Inc.). Next, 30 µg protein was 
resolved with 10% SDS‑polyacrylamide gel electrophoresis 
and transferred to a polyvinylidene difluoride membrane (EMD 
Millipore, Billerica, MA, USA). Following blocking with 
WB blocking solution (Beyotime Institute of Biotechnology, 
Zhejiang, China), the membrane was incubated overnight at 4˚C 
with primary antibodies. The primary antibodies used were 
from an epithelial‑mesenchymal transition (EMT) antibody 
kit (cat. no. 9782; Cell Signaling Technology, Inc., Danvers, 
MA, USA) in which each antibody was diluted at 1:1,000, the 
SIRT7 antibody (cat. no. ab62748; 1:500; Abcam, Cambridge, 
MA, USA) and the GAPDH antibody (cat. no.  SC81545; 
1:1,000; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) 
was used as an internal control. Following three washes with 
extensive Tris‑buffered saline/Tween‑20 (TBST) for 10 min, 
peroxidase‑conjugated goat anti‑rabbit (sc‑2004; 1:3,000) or 
goat anti‑mouse IgG secondary antibodies (sc‑2005; 1:3,000) 
(both Santa Cruz Biotechnology, Inc.) were used for incuba-
tion at room temperature for 1 h. Following the washing of the 
membrane with TBST four times for 15 min, the immunoreac-
tivity was detected using an enhanced chemiluminescence kit 
(Pierce; Thermo Fisher Scientific, Inc.) and quantified using 
ImageJ software (version 2.1.4; National Institutes of Health, 
Bethesda, MD, USA).
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Cell proliferation assay. MTT and colony formation assays 
were performed to measure the cell growth viability. For MTT 
assay, the transfected cells were seeded into 96‑well plate in 
triplicate, at a concentration of 500 cells/well. At 24, 48, 72 
and 96 h after transfection, 20 µl MTT (5 mg/ml) was added 
to each well and further incubated for 4 h at 37˚C, followed by 
addition of 150 µl of dimethyl sulfoxide to stop the reaction. 
The absorbance of each well was measured at the wavelength 
of 570  nm on a microplate reader in three independent 
experiments.

For the colony formation assay, the transfected cells 
were seeded into 6‑well plates in triplicate at a density of 
1x103 cells/well and cultured for 10 days at 37˚C. Subsequent 
to fixing with 10% paraformaldehyde for 15 min at room 
temperature, the colonies were stained with Giemsa for 30 min 
at room temperature. Colonies with >50 cells were counted 
and analyzed.

Cell invasion analysis. For the invasion assay, Transwell 
chambers precoated with Matrigel were obtained from 
BD Biosciences (San Jose, CA, USA). Transfected cells 
(2x104 cells per well) in RPMI‑1640 medium were added to 
the upper chambers. RPMI‑1640 with 10% FBS was added to 
the lower chambers. At 24 h after transfection, non‑migrating 
cells on the upper side were gently wiped off, while the 
cells that migrated through the filter were fixed with 4% 
polyoxymethylene for 20 min at room temperature, stained 
with 1% crystal violet for 30  min at room temperature 

(Sigma‑Aldrich; Merck KGaA) and counted using 
phase‑contrast microscopy.

Luciferase reporter assay. The luciferase reporter activity 
was conducted using a Luciferase Assay system (Promega 
Corporation, Madison, WI, USA). E‑cadherin (‑108)‑Luc and 
Mutant E‑cadherin (‑108)‑Luc were generated as described 
previously  (16). By transfecting the E‑cadherin reporter 
construct and Sirt7 or siSirt7 into the indicated cell lines, and 
co‑transfecting with pRL‑SV40 renilla luciferase vector as an 
internal control for transfection efficiency, luciferase reporter 
activity was measured. Cells were harvested after 48 h and 
lysates were assayed for luciferase activity, according to the 
manufacturer's protocol. Luciferase activities were normalized 
to renilla luciferase activity. Each experiment was performed 
in triplicate.

Statistical analysis. All statistical analyses were performed 
using SPSS version 17.0 software (SPSS, Inc., Chicago, 
IL, USA). Each experiment was performed for at least 
three independent times and the data were presented as the 
means  ±  standard deviation. Differences were analyzed 
using χ2 test, Student's t‑test or one‑way analysis of variance 
accordingly. Expression comparisons between two groups 
were performed with a Student's t‑test. The χ2 test was used 
to evaluate the association between Sirt7 expression and the 
clinicopathological characteristics of patients. Cox log‑rank 
test was used to test the prognostic significance. P<0.05 

Table I. Clinicopathological variables in patients with colorectal carcinoma.

	 Expression of Sirt7
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 No.	 Low (n=21)	 High (n=39)	 P‑value

Gender				    0.183
  Male	 27	   7	 20	
  Female	 33	 14	 19	
Age, years				    0.765
  <50	 27	 10	 17	
  ≥50	 33	 11	 22	
Tumor size (diameter)				    0.009
  Small (≤3 cm)	 29	 15	 14	
  Large (≥3 cm)	 31	   6	 25	
Tumor, node and metastasis stage				    0.003
  I‑II	 30	 16	 14	
  III‑IV	 30	   5	 25	
Lymph node metastasis				    0.123
  Absent	 29	 13	 16	
  Present	 31	   8	 23	
Distant metastasis				    0.016
  Absent	 22	 12	 10	
  Present	 38	   9	 29	
Tumor location				    0.417
  Colon	 30	 12	 18	
  Rectum	 30	   9	 21	
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was considered as an indicator of a statistically significant 
difference.

Results

Expression of Sirt7 is upregulated in CRC cell lines and tissues. 
In order to examine the expression level of Sirt7 in different 
CRC cell lines (HT29, SW480, SW620 and HCT116), along 
with the human normal colorectal cell line FHC, the mRNA 
of cells was harvested and analyzed by RT‑qPCR. The results 
identified that Sirt7 exhibited a significantly higher expression 
level in the CRC cells as compared with the normal FHC cells 
(Fig. 1A). Furthermore, compared with the low‑metastatic 
tumor cells HT29 and SW480, a higher expression of Sirt7 was 
detected in the highly‑metastatic SW620 and HCT116 cells, 
respectively.

RT‑qPCR was also used to assess the expression of Sirt7 
in 60 CRC and adjacent non‑tumorous tissues. As shown in 
Fig. 1B, Sirt7 was significantly upregulated in CRC tumor 
tissues compared with the corresponding normal tissues. 
The clinical information of Sirt7 expression is summarized 
in Table  I, which indicates that higher expression of Sirt7 
was correlated with the tumor size, TNM stage and distant 

metastasis in patients. However, there was no statistically 
significant difference between the age, gender, lymph node 
metastasis and tumor location, and the expression of Sirt7. 
Furthermore, the association between Sirt7 expression and 
patient survival times was investigated. Depending on the 
median Sirt7 expression level, the patients were divided 
into the high (relative expression ≥2.57) and low (relative 
expression <2.57) expression groups. Higher Sirt7 expression 
was correlated with a worse overall survival rate, according 
to the Kaplan‑Meier curves, however all patients in the low 
expression group succumbed prior to the 72 month follow‑up 
(Fig. 1C).

Sirt7 exhibits oncogenic properties by promoting CRC cell 
proliferation. Since higher expression of Sirt7 was found to be 
correlated with tumor size, it was hypothesized that Sirt7 may 
promote CRC cell proliferation. In order to examine the role 
of Sirt7, an RNA interference assay was performed to silence 
the expression of Sirt7 (si‑Sirt7 transfected group) in SW620 
and HCT116 cells. The transfection efficiency was analyzed 
using RT‑qPCR, and knockdown of Sirt7 was observed in the 
transfected cells (Fig. 2A). Furthermore, the MTT assay in 
the two cell lines indicated that silencing of Sirt7 may inhibit 

Figure 1. Sirt7 expression was upregulated in CRC cell lines and tissues. Reverse transcription‑quantitative polymerase chain reaction was used to investigate 
the Sirt7 mRNA expression in (A) four CRC cell lines (HT29, SW480, SW620 and HCT116) and normal colorectal FHC cell lines, as well as in (B) 60 paired 
CRC tissues and adjacent normal tissues. GAPDH served as an internal control. The data are presented as the mean ± standard deviation of three independent 
experiments. *P<0.05 vs. control FHC cells or tissues. #P<0.05 vs. HT29 cells. $P<0.05 vs. SW480 cells. (C) Kaplan‑Meier curves were used to measure the 
patient survival rate according to Sirt7 expression level, all patients in the low expression group succumbed prior to the 72 month follow up. Cox log‑rank test 
was used to test the prognostic significance. Sirt7, sirtuin 7; CRC, colorectal carcinoma.
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cancer cell proliferation (Fig. 2B). The colony formation assay 
also revealed that the Sirt7 knockdown group had a lower 
colony‑forming efficiency in comparison with the control SCR 
group (Fig. 2C). The aforementioned data confirmed that a 
decreased expression of Sirt7 may have a suppressive effect on 
CRC cell proliferation.

Overexpression of Sirt7 increases the invasion ability of CRC 
cells. To investigate whether Sirt7 was involved in the CRC 

invasion, a Sirt7‑overexpression lentivirus was transfected 
into HT29 and SW480 cells, which presented lower metastatic 
ability and Sirt7 expression compared with the SW620 and 
HCT116 cells, as observed earlier.

The efficiency of Sirt7 overexpression was assessed by 
RT‑qPCR. Empty lentiviral vector GV208, which did not 
contain any external sequence, was used as the negative 
control (pGV‑NC). As shown in Fig. 3A, significant overex-
pression of Sirt7 was observed in the lentivirus transfected 

Figure 2. Sirt7 exhibited oncogenic properties by promoting CRC cell proliferation. (A) Endogenous Sirt7 level was measured in SW620 and HCT116 cells 
following transduction with corresponding Sirt7 siRNAs or SCR (negative control). GAPDH served as an internal control for each group. (B) MTT assay was 
performed in SW620 and HCT116 cells transfected with si‑Sirt7 or SCR. The OD value was measured every 24 h, demonstrating that knockdown of Sirt7 
significantly reduced CRC proliferation. (C) Colony formation number was counted and analyzed in SW620 and HCT116 cells transfected with si‑Sirt7 or 
SCR. *P<0.05 and **P<0.01 vs. corresponding control group. Sirt7, sirtuin 7; CRC, colorectal carcinoma; SCR, scramble control RNA; OD, optical density; 
si, siRNA.
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cells. Furthermore, a Transwell assay was performed in the 
HT29 and SW480 cells, and cells transfected with the Sirt7 
overexpression vector exhibited a significantly increased 
ability of invasion in the two cell lines (Fig. 3B).

As EMT is usually considered as the initial step of metas-
tasis, the present study detected the changes in the EMT 
markers, E‑cadherin, N‑cadherin and vimentin. In HT29 and 

SW480 cells with overexpression of Sirt7, a marked upregu-
lation of N‑cadherin and vimentin mRNA expression was 
observed, as well as significant downregulation of E‑cadherin 
(Fig.  3C). The changes in the expression levels of these 
markers were also detected by western blot analysis; however, 
since the antibody for vimentin is not available, western blot-
ting was not performed for vimentin. As shown in Fig. 3D, 

Figure 3. Overexpression of Sirt7 increased the invasion ability of CRC cells. (A) Endogenous Sirt7 level was measured in HT29 and SW480 cells following 
transduction with Sirt7 overexpression lentivirus or a lentiviral GV208 vector (control). GAPDH served as an internal control. (B) Transwell assay was 
performed in the HT29 and SW480 cells transfected with Sirt7 overexpression lentivirus or control vector. The cells invading the lower chamber were stained 
and counted under a light microscopy, and the results are presented as the fold change over the control group. (C) Reverse transcription‑quantitative polymerase 
chain reaction analysis demonstrated the expression levels of the epithelial‑mesenchymal transition markers (E‑cadherin, N‑cadherin and vimentin) following 
overexpression of Sirt7. (D) Western blot analysis was used to detect the changes in E‑cadherin and N‑cadherin following overexpression of Sirt7. GAPDH was 
used as a control. *P<0.05 and **P<0.01, vs. corresponding control group. Sirt7, sirtuin 7; CRC, colorectal carcinoma; SCR, scramble control RNA.
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increase of N‑cadherin and decrease of E‑cadherin protein 
levels were observed following Sirt7 overexpression. These 
findings supported the theory that Sirt7 expression enhanced 
CRC EMT and invasion.

Sir t7 regula tes  E‑ cadherin t ranscr ipt ion in an 
E‑box‑dependent manner. It is known that the overex-
pression of Sirt1 stimulates cell invasion by suppressing 
E‑cadherin expression in various cancer types (17,18). Thus, 
in the present study, it was hypothesized that Sirt7, a new Sirt 
family member, may also regulate E‑cadherin. Luciferase 
assay was performed to examine the function of Sirt7. An 
E‑cadherin luciferase‑reporter construct was co‑transfected 
along with si‑Sirt7 (knockdown) or Sirt7‑overexpression 
vector and their corresponding controls into HCT116 and 
SW480 cells. The results revealed that E‑cadherin lucif-
erase activity was increased in the Sirt7‑knockdown cells 
as compared with the SCR cells (Fig.  4A). By contrast, 
when Sirt7 was overexpressed in the two cell lines, the 
E‑cadherin luciferase activity was decreased (Fig.  4B). 
Furthermore, E‑box domain mutation of E‑cadherin was 
investigated in order to confirm whether the inhibition 
of E‑cadherin expression by Sirt7 was dependent on the 
inhibition of the E‑box.

Subsequently, co‑transfection with si‑Sir t7 and 
E‑box‑mutated E‑cadherin luciferase reporters was 
conducted in HCT116 or SW480 cells, and the luciferase 
report activity was measured. As shown in Fig. 4C, the knock-
down of Sirt7 had almost no effect on the E‑box‑mutated 
E‑cadherin luciferase reporter. HCT116 or SW480 cells were 
also co‑transfected with Sirt7‑overexpression lentivirus and 
E‑box‑mutated E‑cadherin luciferase reporters in HCT116 
cells or SW480 cells. As shown from Fig. 4D, Sirt7 exerted 
a reduced effect on the E‑box‑mutated E‑cadherin promoter 
compared with the E‑box wild type promoter. These results 
demonstrated that Sirt7 suppressed E‑cadherin expression at 
the transcriptional level in an E‑box‑dependent manner in the 
CRC cell lines.

Sirt7 regulates CRC proliferation and invasion in an 
E‑cadherin‑dependent manner. Based on the aforemen-
tioned results, the present study further investigated whether 
Sirt7 regulates CRC proliferation and metastasis in an 
E‑cadherin‑dependent manner. RNA interference targeting 
the CDH1 gene, which encodes the E‑cadherin protein, was 
performed to silence the expression of E‑cadherin in SW620 
and HCT116 cells. The transfection efficiency was analyzed 
using RT‑qPCR (Fig.  5A). In SW620 and HCT116  cells, 

Figure 4. Sirt7 regulated E‑cadherin transcription in an E‑box‑dependent manner. Relative E‑cadherin luciferase activity was measured in HCT116 or SW480 
cells co‑transfected with: (A) Sirt7 siRNAs (for Sirt7 knockdown) or SCR, along with E‑cadherin luciferase reporter vector (pGL‑E‑cadherin) and b‑gal 
constructs; (B) Sirt7‑overexpression lentivirus or vector lentivirus, along with E‑cadherin luciferase reporter vector (pGL‑E‑cadherin) and b‑gal constructs; 
(C) Sirt7 siRNAs or SCR along with the E‑box‑mutated E‑cadherin luciferase reporter vector (pGL‑E‑box‑mut) and b‑gal constructs; (D) Sirt7‑overexpression 
lentivirus or vector lentivirus, along with the E‑box‑mutated E‑cadherin luciferase reporter vector (pGL‑E‑box‑mut) and b‑gal constructs. In order to control 
for transfection efficiency, the relative luciferase activities were normalized to the b‑gal activity. Each experiment was performed in triplicate. The error bars 
represent the mean ± standard deviation. *P<0.05 and **P<0.01, vs. corresponding control group. Sirt7, sirtuin 7; CRC, colorectal carcinoma; SCR, scramble 
control RNA; si, siRNA.
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E‑cadherin was overexpressed using a lentivirus and the 
efficiency of E‑cadherin overexpression was assessed by 
RT‑qPCR, with an empty lentiviral GV208 vector used as a 
control (Fig. 5B). The data demonstrated that the siRNA and 
the E‑cadherin overexpression lentiviruses were successful 
and thus, were used for the analysis of Sirt7 function. The 
MTT assay in the SW620 and HCT116 cells indicated that the 
effect of Sirt7 knockdown on proliferation may be partially 
reduced by the E‑cadherin knockdown (Fig. 5C). A Transwell 
assay in the HT29 and SW480 cells also demonstrated that, 
while E‑cadherin was overexpressed in the cells transfected 
with Sirt7‑overexpression constructs, the invasion ability 
was reduced (Fig. 5D). On the basis of these results, it can be 

concluded that Sirt7 regulated CRC proliferation and invasion 
in an E‑cadherin‑dependent manner.

Discussion

Metastasis is one of the main hallmarks of cancer and the 
leading cause of cancer‑associated mortality (19). Epigenetic 
aberrations have been demonstrated to contribute to the 
process of tumorigenesis and metastasis in various ways (20). 
Therefore, investigating the epigenetic regulation of CRC may 
provide new insight into the underlying molecular mechanisms 
and thus assist in the development of novel clinically relevant 
prognostic biomarkers.

Figure 5. Sirt7 regulated CRC proliferation and invasion in an E‑cadherin‑dependent manner. Endogenous E‑cadherin level was measured in SW620 and 
HCT116 cells after transduction with (A) E‑cadherin siRNAs or SCR and (B) E‑cadherin overexpression lentivirus or lentiviral vector GV208 (control). 
GAPDH served as an internal control. (C) MTT assay was performed in SW620 and HCT116 cells transfected with si‑Sirt7, SCR, si‑Sirt7+SCR or 
si‑Sirt7+si‑E‑cadherin. The OD value was measured every 24 h. (D) Transwell assay was performed in HT29 and SW480 cells transfected with Sirt7, vector, 
Sirt7+vector or Sirt7+E‑cadherin. Cells invading the lower chamber were stained and counted under a light microscopy, and the results were presented as the 
fold change over the vector. *P<0.05 and **P<0.01, vs. corresponding control group. Sirt7, sirtuin 7; CRC, colorectal carcinoma; SCR, scramble control RNA; 
si, siRNA.
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The Sirt family members target numerous key proteins to 
modulate their state, from acetylation to deacetylation, and 
have been reported to be involved in several pathological 
conditions, including malignant tumors, cardiovascular disease 
and diabetes (21‑24). The function of Sirt1 in CRC has been 
well discussed, and high Sirt1 expression has been reported 
to enhance tumorigenesis and be associated with a poor 
prognosis of CRC patients, including advanced‑stage tumors 
and lymph node or liver metastases  (25,26). By targeting 
fos‑related antigen 1, Sirt1 promotes EMT and metastasis in 
CRC (27). While numerous studies on Sirt1 have examined 
its biological properties, the expression panel and function of 
Sirt7, a new member of the Sirt family, in human malignancies 
remains unclear.

In recent years, emerging studies have been examined 
the underlying mechanism of Sirt7 in promoting cancer 
development, including hepatocellular carcinoma (28), bladder 
cancer  (29) and ovarian cancer  (4). Yu et al  (30) reported 
that Sirt7 expression was elevated in CRC tissues and cells, 
and was correlated with tumor stage and poor prognosis. In 
Sirt7‑overexpressing cells, vimentin and fibronectin were 
upregulated, whereas E‑cadherin and β‑catenin were downreg-
ulated (20), which was consistent with the results of the present 
study; however, the aforementioned study did not reveal the 
reasons underlying these observations. In the present study, the 
initial aim was to uncover the mechanism underlying the Sirt7 
enhancing effect on CRC cell proliferation and invasion, and 
shows evidence of the potential rationale for Sirt7 as a thera-
peutic target. The current results highlight that Sirt7 not only 
increased N‑cadherin expression, but also regulated E‑cadherin 
transcription in an E‑box‑dependent manner. Notably, although 
E‑cadherin is traditionally considered as a suppressor of cell 
invasion, the present study observed the inhibitory function of 
E‑cadherin on the cell proliferation, similarly to the findings of 
Kim et al (31) and Ji et al (32) reported in CRC and pancreatic 
cancer. Although the higher Sirt7 group had a worse overall 
survival rate, the deaths of the lower Sirt7 group may be due to 
the complicated tumor metastatic mechanism. Sirt7 is not the 
only oncogene for CRC.

In conclusion, the present study demonstrated that Sirt7 
may serve as an oncogene and therapeutic target in patients 
with CRC by directly inhibiting the expression of E‑cadherin. 
However, further studies are required to better define the 
underlying molecular mechanisms and to explore the use of 
Sirt7 inhibitors in CRC. In addition, the function of Sirt7 in 
migration should be further studied, as the migration activity 
was not analyzed in the current study. Finally, a larger inde-
pendent CRC patient cohort is also necessary for the validation 
of these results.
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