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Abstract. Colorectal cancer (CRC) is the third most common
type of cancer worldwide. Currently, surgery, chemotherapy
and radiation therapy are the conventional approaches used
to treat CRC. However, these therapy strategies cause several
side effects. The present study aimed to develop an alternative
and more effective treatment approach for patients with CRC.
It has been reported that salt-inducible kinase 2 (SIK?2) acts as
an oncogene. Therefore, in the present study, the expression
levels of SIK2 were determined in CRC cells using western
blot analysis and reverse transcription-quantitative PCR. In
addition, SIK2 was knocked down in CRC cells to evaluate
its role in cell proliferation, migration, invasion and glycolysis
using Cell Counting Kit-8, wound healing, Transwell assays
and glycolysis cell-based assay kit, respectively. Additionally,
the target genes of SIK2 were identified using bioinformatics
analysis, while SIK2 overexpression experiments were carried
out to determine whether SIK2 could regulate CRC cell malig-
nant behavior and glycolysis. The results revealed that SIK2
was upregulated in CRC cells. Furthermore, SIK2 knock-
down attenuated CRC cell proliferation, migration, invasion
and glycolysis. Bioinformatics analysis predicted that SIK2
could interact with tripartite motif containing 28 (TRIM28),
while TRIM28 overexpression could reverse the effects of
SIK?2 silencing on cell proliferation, migration, invasion and
glycolysis. This finding indicated that the aforementioned
effects of SIK2 were mediated by regulating TRIM2S. In
conclusion, the findings of the present study suggested that
SIK?2 may be involved in CRC carcinogenesis and glycolysis by
regulating TRIM28 expression. These findings could provide
a novel approach to targeted therapy and clinical diagnosis of
CRC in the future.

Correspondence to: Professor Xiangwei Fu, Department of
General Surgery, The Second Affiliated Hospital of Hainan Medical
University, 368 Yehai Avenue, Haikou, Hainan 570105, P.R. China
E-mail: fuxiangweil2@126.com

Key words: salt-inducible kinase 2, tripartite motif containing 28,
colorectal cancer, glycolysis, malignancy

Introduction

Colorectal cancer (CRC) is a heterogeneous disease of the
intestinal epithelium, which is characterized by the accumula-
tion of mutations and immune response disorders (1). CRC is
the third most common type of cancer worldwide, with an
incidence rate of 10.2% among all cancer types and a mortality
rate of 9.2% (2). Its prevalence has been gradually increasing
among individuals <50 years old (1), while the survival rate
of patients with metastasis is estimated to be only 18.5% in
the United States (3). Although early diagnosis via fecal occult
blood testing and colonoscopy can reduce the mortality rate to
a certain extent, the mortality rate of CRC remains high (4).
The currently available conventional methods for treating
CRC are surgery, chemotherapy and radiation therapy. These
therapeutic approaches may be used alone or in combination,
based on the progression of CRC during treatment (5-7). In
addition, for localized, easily accessible CRC, total mesen-
teric rectal resection is considered as an effective treatment
approach (8-10). In mesenteric rectal resection, the cancer tissue
is removed via laparoscopic and transanal surgery, followed by
adjuvant chemotherapy or radiotherapy (11). However, these
therapies are non-specifically cytotoxic to all rapidly dividing
cells, inevitably causing several side effects (12). Following
neoadjuvant therapy, 54% of patients with CRC develop
disease relapse (13). Therefore, developing alternative and
more effective therapeutic strategies for treating patients with
CRC is crucial.

It is estimated that there will be 2.2 million new CRC cases
and 1.1 million CRC-related deaths by 2030 worldwide (14).
Biomarkers are objective indicators that can be isolated or
measured in the human body and used to evaluate the patho-
logical process of cancer or predict treatment effectiveness. In
addition, biomarkers can be used as tools for the early detection
and personalized therapy for CRC (15,16). More specifically,
biomarkers provide information in order to evaluate the
progression or recurrence of the disease at different stages and
provide guidance for individualized treatment. For asymp-
tomatic patients, biomarkers can be used for the diagnosis
of early CRC and premalignant lesions, to achieve favorable
survival (17). For patients with advanced disease, biomarkers
can be used to predict disease progression, including the risk
of recurrence and survival (16,18). Ongoing advances in the
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molecular classification of CRC subtypes, DNA methylation
and microRNA biogenesis have resulted in the identification of
numerous biomarkers for CRC (19). Therefore, further explora-
tion and mechanistic research on biomarkers in human cancer
may prove to be of great diagnostic and prognostic value.

It has been reported that salt-inducible kinase 2 (SIK2) is
upregulated in breast (20), ovarian (21) and cervical cancer (22),
and promotes cancer progression, thus suggesting that SIK2
may act as an oncogene. To the best of our knowledge, the role
of SIK2 in CRC has not been previously reported. Therefore,
the present study aimed to reveal the effect of SIK2 on CRC cell
lines and further examine its underlying mechanism of action.
The results of the current study may provide a novel approach
to the targeted therapy and clinical diagnosis of CRC.

Materials and methods

Cell lines and transfection. The normal colonic epithelial
cell line, NCM460, and the CRC cell lines, LoVo, SW480,
SW620, CW2 and HCT116, were purchased from the National
Infrastructure of Cell Line Resource (Beijing, China). Each cell
line was cultured in DMEM (Gibco; Thermo Fisher Scientific,
Inc.) supplemented with 10% FBS and 100 U/ml peni-
cillin-streptomycin (all Thermo Fisher Scientific, Inc.) at 37°C
in a humidified incubator with 5% CO,.

To knock down SIK2 or overexpress tripartite motif
containing 28 (TRIM28), HCT116 cells were seeded into
6-well plates at a density of 5x10° cells/well and trans-
fected with 100 nM Silencer Select small interfering RNA
(siRNA)-SIK?2 (cat. no. s23355) and Silencer Select Negative
Control No. 1 siRNA (siRNA-NC; cat. no. 4390843; both from
Thermo Fisher Scientific, Inc.) or 4 ug pCDNA3.1-TRIM28
and pCDNA3.1-NC [Yunzhou Biotechnology (Guangzhou)
Co., Ltd ], using Lipofectamine® 2000 reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's instructions, at 37°C for 5 h. Then, the cells were
incubated in DMEM supplemented with 10% FBS at 37°C
for 48 h. Following incubation for 48 h and the evaluation
of transfection efficacy, the cells were utilized for subsequent
assays.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from cells using the MolPure® cell RNA
kit (Shanghai Yeasen Biotechnology Co., Ltd.) and cDNA
was synthesized using a RT system kit (cat. no. N8080234;
Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions. Subsequently, for qPCR, the
QuantiNova SYBR Green PCR kit (Qiagen GmbH) was
used according to the manufacturer's instructions. The qPCR
thermocycling conditions were as follows: Initial denaturation
at 95°C for 10 sec, followed by 40 cycles of denaturation at 95°C
for 10 sec, annealing at 60°C for 10 sec and extension at 72°C
for 15 sec. GAPDH served as the internal reference control.
The differences in the expression of the target genes were
assessed using the 224% method (23). The primer sequences
used are listed in Table I.

Western blot analysis. Total proteins were extracted from
cells using a pre-chilled RIPA lysis buffer (Beyotime
Institute of Biotechnology) for 10 min on ice and the

protein concentration was determined using a BCA kit
(cat. no. PO012; Beyotime Institute of Biotechnology).
The protein samples (25 ug/lane) were separated via
12% SDS-PAGE. Subsequently, proteins were trans-
ferred onto PVDF membranes. Following blocking with
5% skimmed milk for 2 h at room temperature, the
membranes were incubated with primary antibodies against
SIK2 (cat. no. PA1-41208; dilution, 1:500; Invitrogen;
Thermo Fisher Scientific, Inc.), MMP12 (cat. no. ab52897;
dilution, 1:2,000), MMP9 (cat.no. ab76003; dilution, 1:1,000),
glucose transporter 1 (Glutl; cat. no. ab115730; dilution,
1:50,000), hexokinase 2 (HK?2; cat. no. ab209847; dilution,
1:1,000), pyruvate kinase (PK) M2 (PKM2; cat. no. ab85555;
dilution, 1:1,000), TRIM28 (cat. no. ab109287; dilution,
1:10,000) and GAPDH (cat. no. ab8245; dilution, 1:1,000;
all from Abcam) at 37°C overnight. The PVDF membranes
were then incubated with the corresponding HRP goat
anti-rabbit secondary antibody (cat. no. G-21234; dilution,
1:50,000; Invitrogen; Thermo Fisher Scientific, Inc.) for
2 h at room temperature, followed by washing with PBS.
The chemiluminescent reaction was performed using an
ECL kit (iGene Biotechnology Co., Ltd.). GAPDH served
as the internal reference and the results were analyzed using
Imagel] software (v. 1.6; National Institutes of Health).

Cell Counting Kit-8 (CCK-8) assay. For CCK-8 assays,
HCTI116 cells were inoculated into a 96-well plate at a
density of 5x10° cells/well. Following cell culture for
0, 24,48 and 72 h at 37°C in a 5% CO, incubator, each well
was supplemented with 10 ul CCK-8 reagent (Beyotime
Institute of Biotechnology), according to the manufacturer's
instructions, and cells were incubated for an additional 1 h
at 37°C in a 5% CO, incubator. The optical density was
measured at a wavelength of 450 nm using a microplate
reader (Molecular Devices, LLC).

Wound healing assay. HCT116 cells were seeded into a
6-well plate at a density of 5x10° cells/well until reaching
80% confluence. A linear scratch was created with a 200-ul
pipette tip in the middle of wells and free cells were removed
by washing with PBS. Following culture in serum-free
DMEM (Gibco; Thermo Fisher Scientific, Inc.) at 37°C for
24 h, images of the wound area were captured in the same field
at 0 and 24 h using a light microscope (Nikon Corporation;
magnification, x100) and data were analyzed using ImagelJ
(v. 1.8.0; National Institutes of Health).

Transwell assay. Transwell inserts for 24-well plates (8 pm;
Corning, Inc.) were coated with pre-diluted Matrigel (1:8;
BD Biosciences) at 37°C for 30 min. HCT116 cells, at a
density of 5x10° cells in 200 ul DMEM, were seeded into
the Matrigel-coated upper chamber, while the lower chamber
was filled with 400 x1 DMEM supplemented with 10% FBS.
Following incubation at 37°C for 24 h, the cells on the lower
surface of the membrane were fixed with 10% formaldehyde
and stained with 0.1% crystal violet solution both for 15 min at
room temperature. The number of invading cells was counted
under a light microscope (Nikon Corporation; magnifica-
tion, x100) and cells were analyzed using ImageJ (v. 1.8.0;
National Institutes of Health).
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Table I. Primer sequences used for reverse transcription-quantitative PCR analysis

Gene

Sequence
SIK2 Forward: 5'-GGGTGGGGTTCTACGACATC-3'
Reverse: 5'-TATTGCCACCTCCGTCTTGG-3'
Glutl Forward: 5'-CCCCGTCCTGCTGCTATTG-3'
Reverse: 5'-GCACCGTGAAGATGATGAAGAC-3'
HK2 Forward: 5'-CAAAGTGACAGTGGGTGTGG-3'
Reverse: 5'-GCCAGGTCCTTCACTGTCTC-3'
PKM2 Forward:5'-CTTGCAATTATTTGAGGAACTCCGC-3'
Reverse: 5'-CACGGTACAGGTGGGCCTGAC-3'
TRIM28 Forward: 5'-AGCGGGTGAAAAACACCAAG-3'
Reverse: 5'-ACCCAAAGCCATAGCCTTCC-3'
GAPDH Forward: 5'-TCCACCACCCTGTTGCTGTA-3'

Reverse: 5'-ACCACAGTCCATGCCATCATC-3'

Glutl, glucose transporter 1; HK2, hexokinase 2; SIK2, salt-inducible kinase 2; PKM2, pyruvate kinase M2; TRIM2S, tripartite motif

containing 28.

PK activity, and lactate and glycolysis detection. PK activity
and lactate production in HCT116 cells were measured using
a PK assay (cat. no. ab83432; Abcam) and a lactic acid assay
(cat. no. BC2235; Beijing Solarbio Science & Technology
Co., Ltd.) kits, respectively. Glycolysis was measured using
a glycolysis cell-based assay kit (cat. no. 600450-1; AmylJet
Scientific, Inc.). The analyses were conducted according to the
manufacturer's instructions.

Co-immunoprecipitation (co-1P) assay. For co-IP experi-
ments, cells were collected and lysed with pre-cooled
IP lysis buffer (cat. no. POO13) containing protease
inhibitors (cat. no. P1046; both from Beyotime Institute
of Biotechnology) for 10 min on ice. The supernatant was
collected after centrifugation at 13,000 x g for 10 min
at 4°C. Subsequently, the lysate (0.5 mg per IP reaction)
was supplemented with 1 ug SIK (cat. no. 6919; dilution,
1:50; Cell Signaling Technology, Inc.) or TRIM28 antibody
(cat. no. ab109545; dilution, 1:30; Abcam) and 10 ul protein A
agarose beads (Beyotime Institute of Biotechnology) followed
by gentle rotation at 4°C for 4 h. Following centrifugation
at 1,000 x g for 3 min at 4°C, the supernatant was carefully
removed and the agarose beads in the bottom of the tube were
washed with lysis buffer. The pellets were then dissolved in
15 pl 2X SDS sample buffer and boiled for 5 min, followed
by western blot analysis.

Bioinformatics analyses. The Broad Institute Cancer Cell
Line Encyclopedia (CCLE; https://portals.broadinstitute.
org/ccle) (24) incorporates genetic data from numerous human
cancer cell lines and has become one of the standard data-
bases for cancer genomics. Therefore, the mRNA expression
levels of SIK2 in CRC were downloaded from the CCLE
database. The Biological General Repository for Interaction
Datasets (BioGRID; https://thebiogrid.org) (25) includes
data on protein, genetic and drug interactions. In the present
study, BioGRID was used to reveal the interactions between

SIK2 and other proteins, referring to https://thebiogrid.
org/116840/table/homo-sapiens/sik2.html.

Statistical analysis. All experiments were repeated at least
three times. Data are expressed as the mean + SD of triplicate
experiments. All statistical analyses were carried out using
GraphPad Prism 8.0 (GraphPad Software, Inc.). The differ-
ences between two groups were compared using an unpaired
Student's t-test, while those among multiple groups with
one-way ANOVA followed by Tukey's post hoc test. P<0.05
was considered to indicate a statistically significant difference.

Results

Expression levels of SIK2 in CRC cell lines. The mRNA
expression levels of SIK2 were significantly increased
in all types of cancer in the CCLE database, including
CRC (Fig. 1A). The mRNA and protein expression levels of
SIK2 were determined in the normal colonic epithelial cell
line, NCM460, and different CRC cell lines (LoVo, SW480,
SW620, CW2 and HCT116) using RT-qPCR and western blot
analysis, respectively. The results demonstrated that SIK2 was
upregulated in all examined CRC cell lines compared with
NCM460 cells (Fig. 1B and C). The expression of SIK2 was
more potent in the HCT116 cell line; therefore, HCT116 cells
were used for the subsequent experiments.

SIK? silencing attenuates the proliferation, migration and
invasion of CRC cells. The silencing potency of siRNA-SIK2
on the expression of SIK2 in HCT116 cells was evaluated
using RT-qPCR and western blot analysis. It was found that
siRNA-SIK?2-1 exerted the strongest silencing effect on the
expression of SIK2 compared with siRNA-SIK2-2, and it was
therefore used in the knockdown experiments (Fig. 2A and B).
Subsequently, HCT116 cells were divided into the following
three groups: Control, siRNA-NC and siRNA-SIK2 groups.
The proliferative ability of HCT116 cells was determined using
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Figure 1. Expression level of SIK2 in CRC lines. (A) mRNA expression levels of SIK2 were notably increased in all types of cancer in the Cancer Cell Line
Encyclopedia. The expression levels of SIK2 in the normal colonic epithelial cell line, NCM460, and different CRC cell lines (LoVo, SW480, SW620, CW2
and HCT116) were determined via (B) western blotting and (C) reverse transcription-quantitative PCR. “"P<0.001 vs. NCM460. CRC, colorectal cancer; SIK2,

salt-inducible kinase 2.

a CCK-8 assay. As shown in Fig. 2C, the cell proliferation rate
in the siRNA-SIK?2 group was notably lower compared with
the siRNA-NC group at 24 h following cell transfection. This
trend was maintained over time, suggesting that SIK2 knock-
down could attenuate HCT116 cell proliferation (Fig. 2C). In
addition, the cell migratory and invasive rates were measured
in the same experimental groups. The wound healing assays
revealed that the wound was almost completely closed in the
siRNA-NC group at 24 h post-wounding. However, the migra-
tory ability of HCT116 cells in the siRNA-SIK2 group was
significantly decreased (Fig. 2D). The Transwell assays also
demonstrated that the invasive ability of HCT116 cells was
decreased in the siRNA-SIK?2 group (Fig. 2E). Furthermore,
the protein expression levels of MMP12 and MMP9Y, which
are relevant to cell movement (26), were measured via western
blot analysis. Consistent with the Transwell assay results,
both protein expression levels were downregulated in the
siRNA-SIK2 group compared with the siRNA-NC group
(Fig. 2F).

SIK2 knockdown attenuates glycolysis in CRC cell lines.
The activity of PK, lactate production and glycolysis were
evaluated using their corresponding kits. The levels of all
the aforementioned processes were significantly attenuated
following cell transfection with siRNA-SIK?2 (Fig. 3A and B).
Additionally, the expression levels of the glycolysis-related
genes Glutl, HK2 and PKM2 were determined via RT-qPCR
and western blot analyses. The results demonstrated that the
expression levels of Glutl, HK2 and PKM?2 were significantly
downregulated in HCT116 cells transfected with siRNA-SIK2
compared with the siRNA-NC group (Fig. 3C and D).

Association between SIK2 and TRIM?2S8. Bioinformatics
analysis using the BioGRID database predicted that TRIM28
could interact with SIK2. Therefore, the expression levels of
TRIM28 were determined in NCM460, LoVo, SW480, SW620,
CW2 and HCT116 cells via RT-qPCR and western blot analysis.
The results indicated that TRIM?28 was upregulated in CRC cell
lines (Fig. 4A and B). In addition, co-IP was conducted to verify
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Figure 2. SIK2 silencing attenuates the proliferation, migration and invasion of colorectal cancer cells. The transfection efficiency in HCT116 cells transfected
with siRNA-SIK2 was evaluated via (A) western blot and (B) reverse transcription-quantitative PCR analyses. (C) A Cell Counting Kit-8 assay was used
to determine the proliferative ability of HCT116 cells. Cell migration and invasion rates were measured using (D) wound healing and (E) Transwell assays,
respectively. Scale bar, 100 ym. (F) MMP12 and MMP9 protein expression levels were detected using western blot analysis. ““P<0.001 vs. siRNA-NC group.
SIK2, salt-inducible kinase 2; siRNA, small interfering RNA; NC, negative control.

the interaction between SIK2 and TRIM28, and the results TRIM28 mRNA and protein expression was downregulated in
revealed that endogenous SIK?2 was co-precipitated with endog-  the siRNA-SIK?2 group (Fig. 4E and F), supporting the interac-
enous TRIM28 in HCT116 cells (Fig. 4C and D). Furthermore,  tion between SIK2 and TRIM28.
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Figure 3. SIK?2 silencing attenuates glycolysis in colorectal cancer cell lines. The levels of (A) pyruvate kinase activity, lactate production and (B) glycolysis
were detected using their corresponding kits. The mRNA and protein expression levels of the glycolysis-related genes, Glutl, HK2 and PKM2, were determined
via (C) reverse transcription-quantitative PCR and (D) western blot analyses, respectively. “P<0.01, ““P<0.001 vs. siRNA-NC group. PKM2, pyruvate kinase
M2; Glutl, glucose transporter 1; HK2, hexokinase 2; siRNA, small interfering RNA; NC, negative control.

SIK?2 regulates the proliferation, migration and invasion
of CRC cells by regulating TRIM2S8. The transfection
efficiency of HCT116 cells with pCDNA3.1-TRIM28 was
assessed via RT-qPCR and western blot analyses, and the
results demonstrated that TRIM28 was successfully over-
expressed (Fig. SA and B). Subsequently, HCT116 cells
were divided into the following four groups: Control,
siRNA-SIK2, siRNA-SIK2 + overexpression vector (ov)-NC
and siRNA-SIK2 + ov-TRIM28 groups. The cell proliferation
rate in the four different groups was measured using a CCK-8
assay. It was found that TRIM28 overexpression reversed the
SIK2-silencing mediated decreased in the proliferative ability
of HCT116 cells (Fig. 5C). Consistent with the CCK-8 assay
results, the cell migration and invasion assays demonstrated that
the reduced migratory and invasive abilities of HCT116 cells
with SIK?2 knockdown were restored following TRIM28 over-
expression (Fig. 5D and E). Furthermore, MMP12 and MMP9
expression was upregulated in the siRNA-SIK2 + ov-TRIM28
group compared with the siRNA-SIK2 + ov-NC group
(Fig. 5F). Collectively, the aforementioned findings indicated
that SIK?2 could promote the proliferation, migration and inva-
sion of HCT116 cells by upregulating TRIM28.

SIK2 modulates glycolysis in CRC cell lines by regulating
TRIM?28. The effect of TRIM28 on glycolysis in HCT116 cells
was then evaluated following TRIM28 overexpression. The
levels of PK activity, lactate secretion and glycolysis were all
restored in the siRNA-SIK?2 + ov-TRIM28 group compared
with the siRNA-SIK2 + ov-NC group (Fig. 6A and B).
Similarly, the RT-qPCR and western blotting results demon-
strated that the expression levels of Glutl, HK2 and PKM2 were
reversed following TRIM28 overexpression (Fig. 6C and D).
Collectively, these results suggested that SIK2 could promote
glycolysis in HCT116 cells by upregulating TRIM28.

Discussion

CRC is a common malignant tumor, and its incidence in the
elderly population is decreasing with the wider application of
colonoscopy in the clinical practice. However, the morbidity
and mortality rates of CRC in young individuals are
increasing, particularly in developing countries (27). In addi-
tion, due to the lack of typical clinical symptoms in the early
stages of the disease, numerous patients with CRC are already
at an advanced stage at the time of diagnosis. Therefore, the
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Figure 4. Association between SIK2 and TRIM28. The mRNA and protein expression levels of TRIM28 in NCM460, LoVo, SW480, SW620, CW2
and HCT116 cells were measured using (A) reverse transcription-quantitative PCR and (B) western blot analyses, respectively. ““P<0.001 vs. NCM460.
(C and D) Co-immunoprecipitation assays were conducted to verify the association between SIK2 and TRIM28. TRIM28 (E) mRNA and (F) protein expres-
sion levels in HCT116 cells. ““P<0.001 vs. siRNA-NC group. SIK2, RNA salt-inducible kinase 2; TRIM28, tripartite motif containing 28; siRNA, small

interfering RNA; NC, negative control.

prognosis for these patients is usually poor (28). In a study
on the association between CRC and geographic location
and diet, Doll and Peto (29) revealed that >90% of intestinal
tumors were associated with dietary habits, suggesting that
different foods could have a great influence on the compo-
sition and diversity of the gut microbiome (30). Moreover,
Liang et al (31) showed that the structure of the intestinal
microbial community of patients with colorectal adenoma
was more susceptible to interference compared with that
of healthy subjects. Since the progression from detectable
precancerous lesions to CRC is relatively slow, patients
diagnosed early usually have a good prognosis and, therefore,
CRC screening has been shown to be effective in reducing
mortality (32). Therefore, early diagnosis is considered
particularly important for disease outcome.

Cancer cells undergo a series of changes during the
process of carcinogenic transformation and the changes
in cell metabolism serve a key role for their new pheno-
types (33). Compared with normal cells, cancer cells exhibit
enhanced proliferation and can rapidly adapt to changes in
metabolism, thereby meeting the requirements of cells for
metabolism and biosynthesis (34,35). The most significant

feature of metabolism is the ability of cancer cells to increase
the glycolysis rate in an aerobic environment, which is referred
to as aerobic glycolysis (36). Glycolysis is the degradation
reaction of glucose or glycogen into lactic acid or pyruvate
that resembles fermentation, thus resulting in reduced energy
consumption and ATP production from the cells (37). The
glycolytic enzymes PKM2 and HK2 and the glucose trans-
porter Glutl are often dysregulated during carcinogenesis,
and they have been considered to be involved in the crucial
pathways of aerobic glycolysis in cancer cells (38). Previous
studies reported that SIK2 was involved in the promotion of
aerobic glycolysis in breast and ovarian cancer cells (20,39).
In addition to studying the effect of SIK2 on the prolifera-
tion, migration and invasion of CRC cells, the present study
aimed to investigate the effect of SIK2 on glycolysis. The
results indicated that SIK2 could also promote glycolysis in
CRC cells, thus suggesting that SIK2 may be a promising
biomarker for CRC.

The current study also investigated the specific mecha-
nism underlying the effects of SIK2 on CRC. Bioinformatics
analysis using the BioGRID database revealed that TRIM?28
could be a target of SIK2. The association between the
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Figure 5. SIK2 regulates the proliferation, migration and invasion of colorectal cancer cell lines by regulating TRIM28. The transfection efficiency of cells
with pCDNA3.1-TRIM28 was confirmed via (A) western blot and (B) reverse transcription-quantitative PCR analyses. “P<0.01, “"P<0.001 vs. ov-NC group.
(C) Cell proliferation ability in different groups was evaluated using a Cell Counting Kit-8 assay. ““P<0.001 vs. siRNA-SIK2 + ov-NC group. Cell migration
and invasion were measured using (D) wound healing and (E) Transwell assays, respectively. Scale bar, 100 ym. (F) Expression levels of MMP12 and MMP9
were determined via western blot analysis. ““P<0.001 vs. control group; #P<0.01, #*P<0.001 vs. siRNA-SIK2 + ov-NC group. SIK2, salt-inducible kinase 2;

TRIM2S, tripartite motif containing 28; ov, overexpression vector; NC, negative control; siRNA, small interfering RNA.

two proteins was verified using a co-IP assay. It has been  to be associated with cervical cancer metastasis (40). In
reported that TRIM28 is involved in several types of cancer.  gastric cancer, TRIM?28 was upregulated in the peripheral
For example, increased expression of TRIM28 was found blood of patients and its expression was associated with
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Figure 6. SIK?2 regulates glycolysis in colorectal cancer cell lines by regulating TRIM28. The levels of (A) pyruvate kinase activity, lactate production
and (B) glycolysis were measured using their corresponding kits. The mRNA and protein expression levels of the glycolysis-related genes Glutl, HK2 and

PKM2 were determined via (C) reverse transcription-quantitative PCR and (D) western blot analyses, respectively.

ok

P<0.001 vs. control group; “P<0.05,

#P<0.01 and #"P<0.001 vs. siRNA-SIK2 + Ov-NC group. SIK2, salt-inducible kinase 2; PKM?2, pyruvate kinase M2; TRIM28, tripartite motif containing 28;
ov, overexpression vector; NC, negative control; siRNA, small interfering RNA; Glutl, glucose transporter 1; HK2, hexokinase 2.

poor prognosis (41,42). In gliomas, TRIM28 was also highly
expressed and was positively associated with the degree of
tumor malignancy, poor overall survival and progression-free
survival (43). Interestingly, the expression of TRIM28 was
elevated in the interstitial tissues of patients with CRC, while
its increased expression was associated with worse prog-
nosis (44.,45). In the present study, TRIM?28 overexpression
reversed the effects of SIK2 silencing on cell proliferation,
migration, invasion and glycolysis, thus indicating that the
effects of SIK2 on the physiological behavior of CRC cells
may be mediated by regulating TRIM28. However, as only
in vitro experiments were performed, the results of the
present study must be further verified using in vivo experi-
ments in the future. Moreover, the mechanism underlying
the downstream genes of TRIM28 are worthy of a follow-up
investigation.

In conclusion, the results of the present study demonstrated
that SIK2 was upregulated in CRC, while SIK2 knockdown
suppressed cell proliferation, migration, invasion and
glycolysis, suggesting that SIK2 may represent a promising

biomarker for CRC. Furthermore, TRIM28 overexpression
could reverse these effects, thus indicating that SIK2 may
affect the malignant behavior and glycolysis of CRC cells by
regulating TRIM28. The findings of the present study may
provide a novel approach to the targeted therapy and clinical
diagnosis of CRC in the future.
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