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Abstract

This study aimed to explore the effect of SIRT6 gene expression on the proliferation of colorectal cancer
cells to improve our understanding of the pathogenesis of colorectal cancer. The colorectal cancer cell
lines LOVO, SW480, SW620, LS-174T, HCT-8, and HCT-116 were employed to screen the expression of
the SIRT6 gene using real-time Quantitative Polymerase Chain Reaction (Q-PCR). The expression of
SIRT6 was also determined in polyp tissues, colorectal cancer tissues, and the tissues adjacent to the
carcinomas using Q-PCR. After that, the SIRT6 gene was transfected into the colorectal cancer cell lines
SW620 and LOVO to investigate its effects on cell proliferation, the cell cycle, and apoptosis. The
expression of SIRT6 in polyp tissues was significantly higher than its expression in colorectal cancer cell
lines and colorectal cancer tissue (P<0.05). However, its expression in tumors and nearby tissues showed
no significant differences compared to colorectal cancer cell lines (P>0.05). There was also no significant
difference between the expression of SIRT6 in the adjacent tissues and the expression in the polyp
tissues (P>0.05). Following the transfection of the SIRT6 gene, the growth of both SW620 and LOVO
cells was inhibited. This was due to changes in the cell cycle and significant increases in apoptosis in
SW620 cells. However, no obvious apoptosis was observed in LOVO cells. Thus, the SIRT6 gene plays a
role as a suppressor of the pathogenesis of colorectal cancer.
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Introduction
In 2007, the third session of the Roche tumor forum reported
that the incidence of colorectal cancer is increasing, and it
ranked third overall among the causes of death from cancer [1].
Recent data have shown that the incidence of colorectal cancer
in China ranks fourth among all malignant tumors, especially
in cities with more rapid economic development. This includes
Shanghai, which has ranked third overall with an annual
incidence of 40 in 100,000. This is close to the incidence in
developed countries in the West [2]. If colorectal cancer could
be detected earlier, this would undoubtedly improve patients’
quality of life and prolong survival. Thus, exploring the
pathogenesis of colorectal cancer is one of the important
measures for preventing and treating colorectal cancer. The
sirtuin family (SIRT1-SIRT7) extends the life of the organism
mainly through the improvement of cellular physiology,
including cell differentiation and survival, DNA recombination
and repair, mitosis, and metabolism [3]. In cardiovascular,
nervous system, and urinary system diseases, a variety of
tumor-related diseases play important roles [4,5]. SIRT6 is a
type of longevity factor and a member of the of the Sirtuin
family. It regulates aging and other organs [6]. Furthermore,
the aging process is the result of damage to cells, tissues, and

organ function over time, causing organ systems to fail. A
multicenter study published in Cell confirmed that the lack of
SIRT6 enzyme can not only cause rapid tumorigenesis, but it
also causes to abnormal glycolytic pathway function, which
may also promote the formation of tumors [7,8]. One study of
a liver cancer model in knockout mice confirmed the inhibitory
relationship between SIRT6 and liver cancer, indicating that
SIRT6 may act as a tumor suppressor and it plays a role in the
gastrointestinal cancer [9-11]. Thus, we investigated SIRT6 and
aimed to find a new pathogenetic mechanism underpinning
colorectal cancer and its complex gene regulation network to
provide insight into how to better diagnose and treat colorectal
cancer.

Methods

Cell lines
The colorectal cancer cell line LOVO was obtained from the
Shanghai Cell Bank of the Chinese Academy of Medical
Sciences, China. SW620, SW480, LS-174T, HCT-8, and
HCT-116 cell lines were from the Shanghai Life Science
Research Institute of the Chinese Academy of Sciences, China.
Cells were cultured in RPMI 1640 medium and maintained in
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an incubator with saturated humidity and 5% CO2 at 37°C. The
medium was changed every 1 or 2 days. When cells entered
logarithmic growth phase, they were prepared for use.

Tissue samples
Twelve patients with colorectal polyps and 12 patients with
colorectal cancer treated in the Department of Digestive
Endoscopy of the First Affiliated Hospital of Harbin Medical
University between August 2013 and November 2013 were
enrolled in this study. The colorectal polyps group included
eight cases of inflammatory polyps and four adenomatous
polyps. Among the 12 patients with colorectal polyps, there
were seven males of an average age of 55 years and five
females of an average age of 58 years. All 12 patients with
colorectal cancer were pathologically diagnosed as having
adenocarcinoma, including eight males of an average age of 62
years and four females of an average age of 64 years. Normal
intestinal wall tissues 5 cm away from the carcinomas were
sampled as “adjacent tissue” from each patient who had
colorectal adenocarcinoma. All specimens were sampled, cut
up immediately, and then stored at -80°C. This study was
conducted in accordance with the declaration of Helsinki. This
study was conducted with approval from the Ethics Committee
of Harbin Medical University. Written informed consent was
obtained from all participants.

Real-time PCR
Total RNA from colorectal cancer cell lines and the tissue
samples was extracted using Trizol reagent according to the
manufacturer’s instruction. After incubation, Trizol was added
to the homogenized samples, followed by 0.2 ml of
chloroform. Samples were shaken and then centrifuged at high
speed for 15 min. The resulting two-layered mixture contained
the upper RNA layer, and accounted for about 40% of the tube
volume. The quantity of total RNA was determined using UV
absorption measurements, and the purity was determined using
agarose gel electrophoresis. After that, cDNAs were
synthesized using the total RNA as templates for quantitative
real-time PCR. The expression of SIRT6 mRNA was
determined by quantitative real-time PCR and calculated using
the formula RQ=2-CT. The U6 gene served as an internal
control. All experiments were performed in triplicate.

Vector construction
Using the CDS sequence, specific primers for SIRT6 were
designed using Primer Premier 5 software and the GeneAmp
PCR System 2400 (ShangHai Ruigene Bio-pharm Technology
Company). SIRT6 was amplified by PCR using the GeneAmp
PCR System 2400 and separated by agarose gel
electrophoresis. Target bands were recycled for double
restriction enzyme digestion and ligated into a carrier vector.
The vector was then transformed into competent bacteria and
maintained in a 37°C incubator. Positive clones were picked
for gene sequencing. After BLAST alignments, only the
sequences obtained matched the original sequence with 100%
identity, and were used for subsequent experiments.

Transfection
When SW620 and LOVO cells entered the logarithmic phase,
the over-expression plasmid of SIRT6 was transfected using
Lipo2000 kit according to the manufacturer’s instructions and
incubated with 5% CO2 at 37°C. At days 0, 1, 2, 3, and 4, the
proliferation rates of SW620 and LOVO cells were determined
using the MTS/CCK 8 method. Apoptosis and the cell cycle
dynamics of SW620 and LOVO cells were also detected using
flow cytometry.

Flow cytometry
Culture medium containing SW620 or LOVO cells was placed
into 15 ml conical tubes, and 2 ml PBS was used to wash the
side of the tube. Next, 0.5 ml of 0.25% trypsin without EDTA
was added and incubated with 0.5 ml of the pipetted cell
suspension (approximately 5 × 105 cells). This was gently
added to a new centrifuge tube along with 1.25 μl Annexin V-
FITC. This was incubated at room temperature (18-24°C) in
the dark for 15 minutes. Samples were centrifuged at 1000X g
at room temperature for 5 min, and then 0.5 ml pre-chilled 1X
binding buffer was added to the cells to facilitate gentle
resuspension. Finally, 10 μl propidium iodide was added and
the samples were immediately examined for apoptosis by flow
cytometry.

SW620 and LOVO colon cancer cells (1 × 106 cells each) were
collected 48 h after transfection with the SIRT6 vector. Briefly,
cells were washed twice with PBS after centrifugation, and
pre-cooled ethanol was added to at a concentration of 70%.
This was followed by fixation at 4°C overnight. The cells were
then washed once with 1 ml of PBS, and then 500 μl of PI
solution (50 μg/ml Propidium Bromide [PI], 100 μg/ml RNase
A, 0.2% Triton X-100) was added at 4°C for 30 minutes and
protected from light. This was subsequently analysed for cell
cycle dynamics using flow cytometry.

Statistical analysis
The differences in the expression of SIRT6 mRNA between
colorectal cancer tissues, the adjacent tissues, and the polyp
tissues were analysed using a relative quantitative method. All
data were processed using SPSS v19.0 statistical software.
Data were shown as the means ± Standard Deviation (SD), and
compared using the Wilcoxon rank test. P<0.05 was considered
to be statistically significant.

Results

Expression of SIRT6 mRNA
The colorectal cancer cell lines LOVO, SW620, SW480,
LS-174T, HCT-8, and HCT-116 were used to determine the
expression levels of SIRT6 mRNA using real-time PCR (Table
1). SIRT6 expression in the colorectal cancer tissues, adjacent
tissues, and polyp tissues was also determined (Table 1). The
expression of SIRT6 was highest in the polyp tissues, followed
by the adjacent tissues (Figure 1).
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Figure 1. The expression of SIRT6 mRNA in the colorectal cancer
tissues, adjacent tissues and polyp tissues.

Effect of the SIRT6 gene on cell proliferation
The over-expression plasmid for SIRT6 was transfected into
the colorectal cancer cell lines SW620 and LOVO to
investigate its influence on cell proliferation. After
transfection, cell proliferation was assayed at five time points:
days 0, 1, 2, 3, and 4. Compared to the proliferation rate of
cells that did not undergo transfection, both SW620-SIRT6 and
LOVO-SIRT6 cells showed lower proliferation rates at each
time point (Table 2).

Effect of the SIRT6 gene on inhibition rate
Compared to cells that did not undergo transfection, we found
that transfection with SIRT6 had a significantly inhibitory

effect on the growth of both SW620 cells and LOVO cells.
This was especially true for the growth of LOVO cells, which
increased in a time-dependent manner (Table 3). The inhibition
rate was calculated as (1-OD of the experimental group/OD
value in the control group) × 100% (the same time).

Apoptosis of colorectal cancer cell lines
We also assayed apoptosis in SW620 and LOVO cells with and
without transfection of SIRT6 using flow cytometry. We found
that the apoptotic index of SW620 cells increased sharply after
the transfection of SIRT6, but the apoptotic index of LOVO
cells increased only mildly (Table 4).

Similar to normal cells, a bivariate flow cytometry scatter plot
displays living cells in the lower left quadrant (FITC-/PI-). The
upper right quadrant displays non-living cells, such as necrotic
cells (FITC+/PI+). The lower right quadrant shows apoptotic
cells (FITC+/PI-). With Annexin V-FITC and propidium iodide
staining, living cells are not normal and they appear in the
lower left corner. Early apoptotic cells only stain for Annexin
V-FITC, but not propidium iodide, as shown in the bottom
right corner. Late apoptotic cells and necrotic cells can be
simultaneously stained by Annexin V-FITC and propidium
iodide, and they are displayed in the upper right corner). The
upper left corner detects errors within the allowable range. U-
Upper; L-Lower; L-Left; R-Right; UL: Upper Left; UR: Upper
Right; LL: Lower Left; LR: Lower Right.

The cell cycles of SW620 and LOVO cells
Transfection with SIRT6 resulted in LOVO cells remaining in
the G1 and S phases. In SW620 cell, it instead reduced the S
and G2 phases, but did not influence the cells in the G1 phase
(Table 5).

Table 1. The expression of SIRT6 mRNA in colorectal cancer cell lines and tissues.

SIRT6 mRNA expression in colorectal cancer cell
lines

SIRT6 mRNA expression in colorectal
cancer tissues

SIRT6 mRNA expression in the
adjacent tissues

SIRT6 mRNA expression in the
polyp tissues

LOVO 1.29E-03 5.31E-02 1.80E-01 1.05E-01

SW480 5.22E-04 5.22E-04 7.83E-02 1.42E-01 1.15E-01

SW620 9.95E-04 6.33E-02 2.37E-02 1.21E-01

LS-174T 1.03E-03 3.81E-02 2.17E-01 1.27E-01

HCT-8 7.96E-04 2.08E-02 1.71E-02 1.39E-01

HCT-116 7.18E-04 2.59E-02 4.84E-02 1.51E-01

 4.40E-02 3.36E-02 1.65E-01

6.57E-02 6.39E-02 1.70E-01

1.11E-02 1.18E-01 2.41E-01

6.26E-02 2.52E-02 3.25E-01

8.88E-02 1.33E-02 3.49E-01
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Table 2. Cell proliferation rate of SW620 and LOVO transfected with
or without SIRT6 gene.

Cells Day 0 Day 1 Day 2 Day 3 Day 4

SW620 100.00% 171.23% 245.52% 327.37% 447.31%

SW620-SIRT6 100.00% 158.64% 222.45% 297.60% 406.56%

LOVO 100.00% 127.43% 159.38% 285.38% 336.22%

LOVO-SIRT6 100.00% 119.05% 138.10% 244.18% 275.13%

Proliferation rate=OD value of the other time points/OD value of day 0 × 100%
(for the same cell line)

Table 3. Inhibition rate of SW620 and LOVO transfected with or
without SIRT6 gene.

Cells Day 0 Day 1 Day 2 Day 3 Day 4

SW620 0.00% 0.00% 0.00% 0.00% 0.00%

SW620-SIRT6 -1.41% 6.05% 8.13% 7.81% 7.83%

LOVO 0.00% 0.00% 0.00% 0.00% 0.00%

LOVO-SIRT6 2.20% 8.63% 15.26% 16.32% 19.97%

Inhibition rate=(1-OD value of the experimental group/OD value of the control
group) × 100% (at the same time point)

Table 4. The apoptosis index of SW620 and LOVO cells.

Cells UL UR LL LR UR+LR

LOVO 0.58 2.21 94.78 2.42 4.63

LOVO-SIRT6 2.72 2.41 91.5 2.38 4.79

SW620 0.35 3.56 93.94 2.15 5.71

SW620-SIRT6 0.51 6.21 86.3 6.98 13.19

Note: After the transfection with SIRT6 gene, the apoptosis index of SW620 cell
increased from 5.71 to 13.19, while that of LOVO cell did not increase
significantly.

Table 5. Cell cycles of SW620 and LOVO cells with and without
transfection with SIRT6 gene.

Cells G1 S G2

LOVO 46.85 49.82 3.33

LOVO-SIRT6 55.81 44.07 0.12

SW620 30.63 18.81 50.57

SW620-SIRT6 37.91 14.03 48.06

Discussion
SIRT6 is a member of the Sirtuin family, which is a class of
proteins that are highly evolutionarily conserved from simple
bacteria to eukaryotes. They are considered to be “longevity

genes” [9]. In higher animals, the Sirtuin family includes seven
members: SIRT1-SIRT7 [10,11]. Among these, SIRT1, -6, and
-7 are mainly expressed in the nuclei. SIRT2 is expressed in
both the nuclei and the cytoplasm. SIRT3, -4, and -5 are mainly
expressed in the mitochondria [12]. The human SIRT6 gene is
located on chromosome 19 (19pl3.3), and it expresses and
transmits its functions by encoding the protein. The molecular
weight of the SIRT6-encoded protein is 39.1 kDa, and it has a
pI of 9.12 [13]. However, in eukaryotes, the cytoplasm also
contains a small amount of genetic material from the
chromosomes, which can participate in nuclear functions [14].
As a result, SIRT6 is also expressed at low levels in the
cytoplasm.

SIRT6 is a chromosome-associated protein necessary for Basic
Excision Repair (BER) of damaged DNA and the maintenance
of gene stability [15]. Thus, it plays important roles in DNA
damage and repair, telomerase function, and cellular metabolic
processes [16-18]. The loss of SIRT6 causes the excision of
gene segments and other chromosomal aberrations [19], as
well as an increase in the susceptibility to pathogenic and
carcinogenic factors. Studies have found that SIRT6 can
participate in the regulation of glucose metabolism in vivo. It
can interfere with glucose absorption and glycolysis by
inhibiting growth factors and Hif1 [20,21].

The expression of SIRT6 in colorectal cancer has seldom been
reported. Currently, studies of SIRT6 mainly focus on aging
and genital gland embryonic tumors. It has been shown that
SIRT6 also has NAD+-dependent deacetylase activity and can
regulate the stability of chromosomes [22-24]. It substrate is
H3K9 and H3K56. In rats, the lack of SIRT6 can shorten life
and cause premature aging symptoms [25]. In humans,
mutations in SIRT6 and uncoupling protein 5 are associated
with the formation of carotid artery atherosclerosis plaques.
SIRT6 can positively regulate the expression of tumor necrosis
factors after transcription, and it participates in acute or chronic
inflammation [26].

In 2010, it was reported that tumor cells grow mainly using
energy obtained from glycolytic pathways [27]. Researchers
suggested that SIRT6 is a key factor that activates the
glycolytic pathway. Thus, we speculated that ablation of SIRT6
will disrupt the glycolytic pathway and, thus, help control
tumor growth.

We examined the expression of SIRT6 mRNA in colorectal
cancer cell lines, colorectal cancer tissues, adjacent tissues, and
polyp tissues. The results showed that SIRT6 mRNA is lowly
expressed in colorectal cancer cell lines and colorectal cancer
tissues. It is significantly lower than the expression observed in
the polyp tissues (P<0.05, Table 1 and Figure 1), indicating
that the SIRT6 gene plays a role as a tumor suppressor in
colorectal cancer. However, the expression of SIRT6 in polyp
tissues and tissues adjacent to carcinomas showed no statistical
significance (P>0.05). The reasons for this may be that the
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tissues adjacent to the carcinoma may also increase their
overall energy intake and activate the glycolytic pathway. It is
also possible that the benign polyp tissues have a higher
growth rate than normal intestinal mucosa, which requires
more energy. To explore the significance of the differential
expression of SIRT6 in the above-mentioned tissues, the
sample size should be expanded and the adjacent tissues should
be sampled further away from the tumor.

In this study, we successfully established SW620-SIRT6 and
LOVO-SIRT6 cell models. After 4 days of culture, we found
that the proliferation rates for both SW620-SIRT6 and LOVO-
SIRT6 cells significantly decreased when compared with cells
that did not undergo transfection. The proliferation rate of
LOVO-SIRT6 cells was 406% higher. However, this was
significantly lower than that of LOVO cells (447%, P<0.05).
Meanwhile, the proliferation rate of SW620-SIRT6 cells was
275%, which was significantly lower than that of SW620 cells
(336%, P<0.05). These results illustrated that the SIRT6 gene
can inhibit the proliferation of colorectal cancer cells. Next, we
analysed the inhibition rates following transfection with the
SIRT6 gene, and we found that 19.97% of LOVO cells and
7.83% of SW620 cells experienced proliferation inhibition
after transfection with SIRT6. The amount of inhibited cells
increased markedly upon extension of the incubation time,
indicating that SIRT6 inhibits the proliferation of colorectal
cancer cell lines in a time-dependent manner, particularly for
the LOVO cell line. However, based upon the cell apoptosis
index, transfection with the SIRT6 gene increased apoptosis in
LOVO cells from 4.63 to 4.79 and it increased it in SW620
cells from 5.71 to 13.19. This indicated that SIRT6 induced
more apoptosis in SW620 cells than in LOVO cells. In
addition, the cell proliferation curve produced by flow
cytometry also showed that the transfection of SIRT6 mainly
inhibited the growth of LOVO cells at the G1 and S phases,
while it inhibited the growth of SW620 cells at the S and G2
phases. These are both stages for the synthesis and replication
of DNA, suggesting that SIRT6 has different inhibitory roles in
the various colorectal cancer cell lines (Tables 2 and 3).
Nevertheless, the decreased proliferation observed in SW620-
SIRT6 and LOVO-SIRT6 cells indicated that SIRT6 inhibits the
growth of colorectal cancer by promoting apoptosis in
colorectal cancer cells. However, for the different colorectal
cancer cell lines, SIRT6 exerted its inhibitory effects in
different ways. It inhibited the growth of LOVO cells at the G1
and S phases, but not at the G2 phase. Meanwhile, it exerted
different inhibitory effects on the SW620 cell line, which
displayed a decreased number of cells at each phase of the cell
cycle, but this was not as significant as LOVO cells. This
suggested that the tumor suppressor functions of SIRT6 in the
different phenotypes observed in colorectal cancer cell lines
are also different. The underlying mechanisms need to be
confirmed by more experimental studies (Tables 4 and 5).

Overexpression of SIRT6 can cause apoptosis in a wide variety
of tumor cells. It inhibits the glycolysis pathway and interrupts
the energy supply chain for tumor cells. Thus, tumor cells
become apoptotic due to the lack of energy reserves. However,
in this study, we found that SIRT6 plays different inhibitory

roles in different kinds of colorectal cancer cells, suggesting
that its effects are multifaceted and its regulatory mechanism is
complex. Studies have reported that a reduction in energy
intake, such as a 25% reduction in the total calorie
consumption, can reduce the expression of SIRT6. SIRT6
enzyme can also promote the secretion of Tumor Necrosis
Factor alpha (TNF-α) and enhance apoptosis in tumor cells.
SIRT6 is not only an important regulator of mammalian
lifespan and a known modulator of cellular glucose
metabolism. It is also a very important tumor suppressor. These
findings may help develop treatments that directly target cell
metabolism, which may help to suppress the growth of tumors.
In fact, SIRT6 inhibits the growth of tumor cells during anti-
aging processes, regulates metabolism, and promotes
apoptosis. There is a clear relationship amongst these
functions.

Among gastrointestinal tumors, the incidence of colorectal
cancer is increasing gradually and it is gaining greater
attention. It has been confirmed that colorectal cancer cells use
the Warburg effect [28,29] to obtain energy through glycolysis.
This is similar to other tumors. Based upon our analysis, SIRT6
may function as a regulatory switch for glycolysis. It may
suppress the growth of tumors by controlling glycolysis. Thus,
we suggest that SIRT6 may be a tumor suppressor gene. Our
experimental results aimed to identify a molecular mechanism
underpinning the development of colorectal cancer. These
results may help identify a drug that targets this mechanism.
This work provides a solid foundation for exploring the
incidence theory and improving the clinical care of colorectal
cancer.
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