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Mechanism underlying the significant role of the miR-4262/SIRT1
axis in children with inflammatory bowel disease
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Abstract. Inflammatory bowel disease (IBD) is a term used
to describe chronic and recurrent gastrointestinal disease. In
total, >2 million individuals worldwide have been diagnosed
with IBD, including ulcerative colitis (UC), Crohn's disease
(CD) and indeterminate colitis. There is accumulating
evidence to indicate that microRNAs (miRNAs or miRs)
are involved in the development and progression of IBD.
miR-4262, an underlying promoter in tumor diseases, has been
reported to regulate inflammatory responses. However, the
potential mechanisms underlying the role of miR-4262 in IBD
remain unknown. The present study attempted to explore the
role and mechanisms of miR-4262 in IBD. Firstly, reverse
transcription-quantitative PCR (RT-qPCR) was used to detect
the expression of miR-4262 in 30 IBD colonic mucosa tissues,
30 normal tissues, 2% dextran sulfate sodium (DSS)-treated
Caco-2 cells and normal cells. It was demonstrated that the
expression levels of miR-4262 in IBD colonic mucosa tissues
and 2% DSS-stimulated Caco-2 cells were markedly higher
compared with those in the control groups. Target gene
prediction databases and dual-luciferase reporter assays were
then used, and sirtuin 1 (SIRT1) was identified as a target
gene of miR-4262. Furthermore, the levels of SIRTI in 2%
DSS-stimulated Caco-2 cells and IBD colonic mucosa tissues
were suppressed compared with the corresponding control
groups. In addition, it was observed that miR-4262 negatively
regulated SIRT1 expression in Caco-2 cells. Thereafter, Caco-2
cells were treated with inhibitor control, miR-4262 inhibitor,
control-siRNA or SIRT1-siRNA for 48 h, followed by 2% DSS
treatment for 4 days. The secretion of inflammatory factors
was analyzed via ELISA and RT-qPCR. MTT assay, flow
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cytometry and western blot analysis were performed to assess
cell viability, apoptosis and NF-«B signaling pathway-related
protein levels, respectively. The results indicated that DSS
enhanced the inflammatory response, suppressed cell viability
and promoted cell apoptosis, and this was decreased following
transfection with an miR-4262 inhibitor. In addition, 2%
DSS upregulated p-p65 expression and enhanced the ratio of
p-p65/p65, while the miR-4246 inhibitor exerted an opposite
effect. All the effects of miR-4262 inhibitor on Caco-2 cells
were eliminated following transfection with SIRT1-siRNA.
It was thus concluded that miR-4262 may serve a role in the
progression of IBD via targeting SIRT1, and miR-4262/SIRT1
may represent a potential target for the diagnosis and treatment
of IBD.

Introduction

Inflammatory bowel disease (IBD), a gastrointestinal tract
disease, is regulated by the inflammatory response and is
associated with symptoms such as gastrointestinal bleeding,
colonic shortening, abdominal pain, diarrhea and colonic
chronic inflammation (1,2). Ulcerative colitis (UC) and Crohn's
disease (CD) are the two main types of IBD (3). Recently, the
inflammatory response has been demonstrated to accelerate the
pathogenesis of IBD (4). Although numerous efforts have been
made to elucidate the mechanisms underlying IBD, the exact
pathogenesis and mechanisms of IBD remain unclear. Therefore,
anti-inflammatory drugs and the recognition of specific IBD
agents may serve as novel therapeutic approaches for IBD.
MicroRNAs (miRNAs or miRs) are small non-coding
RNA molecules that can regulate target gene levels or cell
behaviors by degrading mRNAs or restricting translational
levels (5). Multiple reports have confirmed that the abnormal
expression of miRNAs is highly associated with various
diseases, including IBD (6-8). Moreover, certain miRNAs
exhibit anti-inflammatory effects and can be used as potential
therapeutic targets. For instance, Huang et al (9) reported that
the inhibition of miRNA-210 suppresses the pro-inflammatory
response and reduces acute brain injury due to ischemic
stroke in mice. In addition, Kumar et al (10) demonstrated that
miRNA-26a modulates the inflammatory response induced
by Toll-like receptor 4 stimulation in microglia. miR-4262,
a recently discovered miRNA, has been identified as a
biomarker and has been demonstrated to serve a promotive
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role in various diseases, including breast cancer (11), colon
cancer (12) and cutaneous malignant melanoma (13). However,
whether miR-4262 influences the development of IBD has not
yet been reported, to the best of our knowledge.

Sirtuin 1 (SIRT1) serves a role in a number of biological
functions, such as the inflammatory responses, cell apoptosis
and signaling pathway regulations (14,15). However, whether
SIRT]1 serves a role in the progression of IBD and the under-
lying molecular mechanisms requires further elucidation. It
has been indicated that dextran sodium sulfate (DSS) can be
used to establish an intestinal in vitro barrier model due to its
rapidity, simplicity and controllability (16,17).

The present study attempted to explore the role and mecha-
nisms of miR-4262 in IBD. The expression of miR-4262 in IBD
colonic mucosa tissues, normal tissues, DSS-treated Caco-2
cells and normal Caco-2 cells was determined. The role of
miR-4262 in DSS-induced inflammation was investigated
in the intestinal epithelial cell line, Caco-2, and the possible
mechanisms of action of miR-4262 in IBD were analyzed.

Materials and methods

Clinical tissue samples. Between December 2016 and
December 2018, colonic mucosa tissues were collected from
30 children with IBD (15 males; 15 females; age range:
7-11 years; mean age: 9.4 years) and 30 children without
IBD (15 males; 15 females; age range: 6-12 years; mean
age: 8.8 years) at Chengdu Women's and Children's Central
Hospital (Chengdu, China). Patients with infectious colitis
and colorectal cancer were excluded. Liquid nitrogen was
employed to preserve the specimens at -80°C until use. All
specimens were obtained with written informed consent and
the present study was approved by the Ethics Committee of
Chengdu Women's and Children's Central Hospital.

Caco-2 cell culture and DSS treatment. The normal
intestinal epithelial cell line Caco-2 was purchased from
American Type Culture Collection. The cells were cultured
in Dulbecco's modified Eagle medium (DMEM)/F12 (Gibco;
Thermo Fisher Scientific, Inc.) containing 10% fetal calf
serum (FBS; HyClone; GE Healthcare Life Sciences) and 1%
penicillin-streptomycin and were maintained at 37°C with 5%
CO, in an incubator. Caco-2 cells were treated with 2% DSS
at 37°C for 4 days to construct the inflammatory model (18).

Reverse transcription-quantitative PCR (RT-gPCR). SIRT]1,
inflammatory cytokines [interleukin (IL)-1p3, IL-6 and
tumor necrosis factor (TNF)-a] and miR-4262 levels were
measured via RT-qPCR. The isolation of RNA from colonic
mucosa tissues and Caco-2 cells was performed using the
RNA-isolation kit (Thermo Fisher Scientific, Inc.) according
to the manufacturer's instructions. cDNA was obtained using
a PrimeScript RT kit (Takara Bio, Inc.) according to the
manufacturer's protocol, followed by PCR amplification on
an ABI Prism 7500 system (Applied Biosystems; Thermo
Fisher Scientific, Inc.) with SYBR Premix Ex-Taq (Takara
Bio, Inc.). miRNA and mRNA expression were normalized to
U6 and GAPDH, respectively. The reaction conditions were
as follows: Initial denaturation at 95°C for 5 min; 30 cycles
of 94°C for 30 sec, 60°C for 30 sec and 72°C for 1 min; and a
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final extension at 72°C for 5 min. Primers were produced by
Sangon Biotech Co., Ltd. and the sequences were as follows:
miR-4262 forward, 5“-TGCGGGACATTCAGA-3' and reverse,
5'-CCAGTGCAGGGTCCGAGGT-3"; SIRT1 forward, 5'-AAT
CCAGTCATTAAAGGTCTACAA-3' and reverse, 5'-TAG
GACCATTACTGCCAGAGG-3"; TNF-a forward, 5-GAA
CTGGCAGAAGAGGCACT-3" and reverse 5'-GGTCTG
GGCCATAGAACTGA-3'; IL-1p forward, 5"-TGTGAAATG
CCACCTTTTGA-3' and reverse, 5"-TGAGTGATACTGCCT
GCCTG-3'; IL-6 forward, 5'-CCGGAGAGGAGACTTCAC
AG-3' and reverse, 5-CAGAATTGCCATTGCACA-3'; U6
forward, 5-GCTTCGGCAGCACATATACTAAAAT-3' and
reverse, 5'-CGCTTCACGAATTTGCGTGTCAT-3"; and
GAPDH forward, 5-CTTTGGTATCGTGGAAGGACTC-3'
and reverse, 5'-GTAGAGGCAGGGATGATGTTCT-3". The
relative results were analyzed using the 2-44°4 method (19).

Cell transfection. The miR-4262 inhibitor and inhibitor control
were synthesized by Shanghai Genepharma Co. Ltd. Caco-2
cells were cultured to 70-80% confluency and transiently trans-
fected with 100 nM miR-4262 inhibitor (cat no. HSTUDI1216;
Sigma-Aldrich; Merck KGaA), 100 nM inhibitor control
(cat no. HMCO0002; Sigma-Aldrich; Merck KGaA), 0.2 uM
control-siRNA (cat no. sc-36869; Santa Cruz Biotechnology,
Inc.) or 0.2 uM SIRT1-siRNA (cat no. sc-40986; Santa Cruz
Biotechnology, Inc.) using Lipofectamine 2000 (Thermo
Fisher Scientific, Inc.) for 48 h, according to the manufacturer's
instructions. Following transfection, the cells were stimulated
with 2% DSS at 37°C for 4 days for further analysis.

Dual-luciferase reporter assay. TargetScan 7.2 (http:/www.
targetscan.org/vert_72/) was adopted to investigate the putative
binding sites. The data suggested that SIRT1 was a potential
target of miR-4262. Subsequently, the miR-4262 binding
sites on SIRT1 3'-UTR, including wild-type or mutant, were
inserted into the pGL-control vector (Promega Corporation)
to construct a wild-type SIRT1 plasmid (SIRT1-WT) or SIRT1
mutation plasmid (SIRT1-MUT), respectively. The mimic
control or miR-4262 mimic (Shanghai GenePharma Co., Ltd.)
were then co-transfected with luciferase reporter vectors into
Caco-2 cells using Lipofectamine 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.) for 48 h, according to the manufacturer's
protocol. The luciferase activity was assessed using the
Dual-Luciferase Reporter assay system (Promega Corporation)
following the manufacturer's protocol. All luciferase activities
were normalized to Renilla luciferase activity.

Enzyme-linked immunosorbent assay (ELISA). ELISAs (all
Beyotime Institute of Biotechnology) was adopted to measure
the levels of TNF-a (cat. no. PT518), IL-6 (cat. no. PI330) and
IL-1pB (cat. no. PI305) in the cell supernatant following treat-
ment. The optical density (OD) value of each well at 450 nm
was detected, according to the manufacturer's instructions.

MTT assay. Cell viability was evaluated via MTT assay.
The Caco-2 cells were cultured in 96-well plates at 37°C,
and the cells were then transfected with miR-4262 inhibitor,
inhibitor control, control-siRNA and SIRT1-siRNA for 48 h
and treated with 2% DSS (18) at 37°C for a further 4 days.
Following treatment, 10 1 MTT solution (Amresco LLC) was
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added to the cells, followed by incubation at 37°C for 4 h, and
DMSO (Sangon Biotech Co., Ltd.) was then used to dissolve
the formazan crystals. Finally, the OD values at 490 nm were
detected using a multifunctional plate reader (BD Biosciences).

Flow cytometric analysis. Caco-2 cell apoptosis was detected
via flow cytometric analysis. In the present study, the cells
were transfected with miR-4262 inhibitor, inhibitor control,
control-siRNA and SIRTI1-siRNA for 48 h and treated
with 2% DSS for 4 days. Subsequently, the cells were
trypsinized at room temperature for 1 min and stained with
Annexin V-FITC/propidium iodide (PI; Beyotime Institute of
Biotechnology), according to the manufacturer's protocol. The
results were analyzed using a FACSCalibur flow cytometer
(BD Biosciences) and FlowJo software (version 7.6.1; Tree
Star, Inc.).

Western blot analysis. Total proteins from Caco-2 cells were
extracted using RIPA buffer (Invitrogen; Thermo Fisher
Scientific, Inc.) and quantified using a BCA Protein assay kit
(Invitrogen; Thermo Fisher Scientific, Inc.). The denatured
proteins were loaded on 10% SDS-PAGE, and transferred
to PVDF membranes (Bio-Rad Laboratories, Inc.). After
blocking with 5% skim milk in PBST at room temperature
for 90 min, the membranes were cultured with primary
antibodies against GAPDH (cat no. G9545), SIRT1 (cat
no. S5447), phosphorylated (p)-p65 (cat no. SAB4504488)
and p65 (cat no. SAB4502609; all from Sigma-Aldrich;
Merck KGaA; 1:1,000) overnight at 4°C. Horesradish
peroxidase-conjugated oat anti-rabbit immunoglobulin G
secondary antibody (cat no. ab7090; Abcam; 1:2,000) was
incubated with the membranes at room temperature for
90 min. Finally, the results were quantified using Enhanced
Chemiluminescence detection system reagents (EMD
Millipore), according to the manufacturer's instructions.

Statistical analysis. GraphPad Prism 6 software (GraphPad
Software, Inc.) was used for statistical analyses. All results are
expressed as the mean + standard deviation from three inde-
pendent experiments. Group comparisons between multiple
groups were performed by one-way ANOVA followed by
Tukey's post hoc test. Unpaired Student's t-test was used to
make comparisons between two groups. P<0.05 was considered
to indicate a statistically significant difference.

Results

miR-4262 is upregulated in 2% DSS-stimulated Caco-2
cells and IBD colonic mucosa tissues. To analyze the role
of miR-4262 in IBD, the expression of miR-4262 in 30 IBD
colonic mucosa tissues and 30 normal colonic mucosa tissues
was determined via RT-qPCR. As presented in Fig. 1A,
miR-4262 expression was significantly increased in the colonic
mucosa tissues from children with IBD compared with the
normal tissues. Furthermore, a higher miR-4262 expression
was found in the 2% DSS-induced Caco-2 cells compared with
the control (Fig. 1B). These data demonstrated that miR-4262
was upregulated in colonic mucosa tissues from patients with
IBD and in 2% DSS-stimulated Caco-2 cells and may thus be
a regulator of IBD.
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Prediction of SIRTI as a direct target of miR-4262. miRNAs
perform biological functions by mediating targets levels (5).
Based on TargetScan 7.2 analysis, the role of miR-4262 in IBD
was identified. As presented in Fig. 2A, SIRT1 was identified
as a potential target of miR-4262. To further verify the
hypothesis, a dual luciferase reporter system was conducted
to explore the relevance between miR-4262 and SIRTI.
Primarily, it was confirmed that miR-4262 mimic significantly
enhanced miR-4262 levels in Caco-2 cells (Fig. 2B). A
significant suppression in SIRT1 3'-UTR wild-type luciferase
activity was observed compared with the mimic control,
while SIRT1-MUT luciferase activity exhibited no significant
differences (Fig. 2C). In summary, these data confirmed that
SIRT]1 represents a direct target of miR-4262.

Expression of SIRTI is suppressed in 2% DSS-stimulated
Caco-2 cells and colonic mucosa tissues from patients
with IBD. According to the aforementioned resukts, it was
speculated that SIRT1 may participate in the progression
of IBD. To confirm this assumption, RT-qPCR analysis was
performed to detect the SIRT1 levels in colonic mucosa
tissues from patients with IBD and in normal colonic mucosa
tissues. The results suggested that SIRT1 mRNA expression
was markedly decreased in tissues from patients with IBD
compared with normal tissues (Fig. 3A). Moreover, the results
from RT-qPCR and western blot analysis revealed that SIRT1
was downregulated in the 2% DSS-treated Caco-2 cells
compared with the control cells (Fig. 3B and C). Thus, from
these data, it can be concluded that SIRT1 participates in the
development of IBD.

SIRTI-siRNA reverses the effects of miR-4262 inhibitor
on SIRTI expression in Caco-2 cells. Subsequently, it was
determined whether miR-4262 affects SIRT1 expression in
IBD. Inhibitor control, miR-4262 inhibitor, control-siRNA
or SIRT1-siRNA were transfected into Caco-2 cells for 48 h.
RT-qPCR analysis suggested that compared with the inhibitor
control group, miR-4262 was downregulated in Caco-2 cells
following transfection with miR-4262 inhibitor (Fig. 4A).
Moreover, as presented in Fig. 4B, compared with the
control-siRNA group, SIRT1-siRNA significantly decreased
the SIRT1 levels. To further explore the association between
miR-4262 and SIRT1,RT-qPCR and western blot analysis were
performed to measure SIRT1 expression in the different groups
following transfection. Higher mRNA and protein expression
levels of SIRT1 were identified in the miR-4262 inhibitor
group; however, these effects were partially restored in the
miR-4262 inhibitor + SIRT1-siRNA group compared with the
miR-4262 inhibitor + control-siRNA group (Fig. 4C and D).
These results further confirmed that SIRT1 represents a target
gene of miR-4262 and that miR-4262 negatively regulates
SIRT1 in IBD cells.

miR-4262 inhibitor decreases the secretion of inflammatory
factors in DSS-stimulated Caco-2 cells via regulating SIRTI.
Multiple reports have confirmed that IBD is associated with
inflammatory factor secretion (20,21). Thus, the levels of
inflammatory cytokines were measured in DSS-treated Caco-2
cells following transfection for 48 h. The results were verified
using ELISAs. It was revealed that DSS promoted the release
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Figure 1. miR-4262 is significantly upregulated in colonic mucosa tissues from patients with IBD and DSS-treated Caco-2 cells. (A) The level of miR-4262
in IBD colonic mucosa tissues and normal colonic mucosa tissues was measured via RT-qPCR. (B) RT-qPCR analysis was performed to detect the miR-4262
mRNA levels in 2% DSS-treated Caco-2 cells and a normal intestinal epithelial cell line. The data are presented as the mean + SD. “P<0.01 vs. non-IBD;
#P<0.01 vs. control. RT-qPCR, reverse transcription-quantitative PCR; miR, microRNA; IBD, inflammatory bowel disease; DSS, dextran sulfate sodium.
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Figure 2. SIRTI is a target gene of miR-4262. (A) A schematic of miR-4262 target site in SIRT1 3'untranslated region. (B) Expression level of miR-4262 in
Caco-2 cells transfected with mimic control or miR-4262 mimic. (C) The dual luciferase reporter assay revealed the combination of miR-4262 mimics/control
and WT/MUT SIRT1. The data are presented as the mean + SD. ""P<0.01 vs. mimic control. WT, wild-type; MUT, mutant; miR, micro RNA; SIRT 1, sirtuin 1.

of TNF-a, IL-18 and IL-6 in Caco-2 cells compared with the
control group (Fig. SA-C). In addition, cells cultured with
DSS and miR-4262 inhibitor exhibited a lower inflammatory
response, verified by the decreased TNF-a, IL-1p and IL-6
expression levels compared with the DSS + inhibitor control
group. However, these effects were partially reversed following
transfection with SIRT1-siRNA, and it was revealed that the
levels of TNF-a, IL-1p and IL-6 were significantly enhanced
in the DSS + miR-4246 inhibitor + SIRT1-siRNA group
(Fig. 5A-C). The same trends were observed at the mRNA level
via RT-qPCR (Fig. 5D-F). The aforementioned results demon-
strated that SIRT1-siRNA reversed the inhibitory function of the
miR-4262 inhibitor on the expression of inflammatory factors
in DSS-treated Caco-2 cells, suggesting that the silencing of
SIRT1 may prevent miR-4262 inhibitor from inhibiting the
inflammatory response in DSS-induced Caco-2 cells.

miR-4262 inhibitor promotes cell viability and decreases cell
apoptosis in DSS-stimulated Caco-2 by regulating SIRTI. To

intensively explore the functional mechanism of miR-4262
in IBD, Caco-2 cells were transfected with inhibitor control,
miR-4262 inhibitor, control-siRNA or SIRTI1-siRNA for
48 h, followed by 2% DSS treatment for 4 days. MTT assays
and flow cytometric analysis were conducted to evaluate
the Caco-2 cell viability and apoptosis, respectively. As
presented in Fig. 6A, DSS treatment markedly inhibited
Caco-2 cell viability compared with the control. Moreover,
in the DSS-induced cells, miR-4262 inhibitor stimulated
cell viability compared to the inhibitor control. However,
in the DSS + miR-4246 inhibitor + SIRT1-siRNA group,
cell viability was significantly suppressed. As indicated in
Fig. 6B and C, it was demonstrated that compared with the
control group, DSS significantly induced Caco-2 cell apop-
tosis, while compared with the DSS + inhibitor control group,
transfection with a miR-4246 inhibitor markedly inhibited
cell apoptosis; however, this effect was reversed in the DSS +
miR-4246 inhibitor + SIRT1-siRNA group compared with
the DSS + miR-4246 inhibitor + control-siRNA group.
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Figure 3. The expression of SIRT1 is suppressed in colonic mucosa tissues from patients with IBD and in DSS-treated Caco-2 cells. (A) RT-qPCR revealed
the SIRT1 mRNA levels in IBD colonic mucosa tissues and normal colonic mucosa tissues. The mRNA levels and protein expression of SIRT1 were deter-
mined via (B) RT-qPCR and (C) western blot analysis in normal cells and 2% DSS treated Caco-2 cells. Three independent experiment were conducted, and
the data are presented as the mean + SD. “P<0.01 vs. non-IBD; /P<0.01 vs. control. RT-qPCR, reverse transcription-quantitative PCR; miR, microRNA;
IBD, inflammatory bowel disease; DSS, dextran sulfate sodium; SIRT1, sirtuin 1.
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Figure 4. SIRT1-siRNA reverses the effects of miR-4262 inhibitor on SIRT1 expression. Control-siRNA, SIRT1-siRNA, inhibitor control or miR-4262
inhibitor were transfected into Caco-2 cells for 48 h. Following transfection, RT-qPCR was performed to verify the transfection efficiency. (A) mRNA levels
of miR-4262 following the transfection of miR-4262 inhibitor and inhibitor control in Caco-2 cells. (B) mRNA level of SIRT1 in Caco-2 cells following the
transfection of control-siRNA and SIRT1-siRNA. The (C) mRNA and (D) protein level of SIRT1 were detected via RT-qPCR and western blot analysis,
respectively, in Caco-2 cells following transfection with miR-4262 inhibitor + control-siRNA and miR-4262 inhibitor + SIRT1-siRNA. Three independent
experiment were conducted, and the data are presented as the mean + SD. “P<0.01 vs. inhibitor control; #P<0.01 vs. control-siRNA; ¥4P<0.01 vs. miR-4262
inhibitor + control-siRNA. RT-qPCR, reverse transcription-quantitative PCR; miR, microRNA; siRNA, small interfering RNA; DSS, dextran sulfate sodium;
SIRT1, sirtuin 1.

miR-4262 inhibitor suppresses NF-kB pathway activation
in DSS-stimulated Caco-2 cells cia regulating SIRTI. The
NF-kB pathway has been confirmed to participate in the
progression of IBD (22). Finally, western blot analysis was
performed to detect the associated protein expression levels of
the NF-kB pathway in DSS-induced cells. The results revealed

that p-p65 expression was increased (Fig. 7A) and the ratio of
p-p65/p65 was enhanced (Fig. 7B) in the DSS-treated cells.
However, it was then observed that p-p65 was downregulated
and the ratio of p-p65/p65 was decreased in the DSS-treated
Caco-2 cells following transfection with a miR-4262 inhibitor.
However, in the DSS + miR-4246 inhibitor + SIRT1-siRNA
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Figure 5. SIRT1-siRNA reverses the effects of miR-4262 inhibitor on the secretion of inflammatory factors. Inhibitor control, miR-4262 inhibitor, control-siRNA
and SIRT1-siRNA were transfected into Caco-2 cells for 48 h. Then, the cells were stimulated with DSS for 4 days. Cells were divided into 6 groups:
Control, DSS, DSS + inhibitor control, DSS + miR-4246 inhibitor, DSS + miR-4246 inhibitor + control-siRNA, DSS + miR-4246 inhibitor + SIRT1-siRNA.
(The release of the inflammatory factors (A) TNF-a, (B) IL-1§ and (C) IL-6 were detected via ELISAs. The (D) TNF-a, (E) IL-1p and (F) IL-6 mRNA levels
were evaluated via reverse transcription-quantitative PCR in 6 groups. Three independent experiment were conducted, and the data are presented as the
mean + SD. "P<0.05, “P<0.01 vs. control; “P<0.05, **P<0.01 vs. DSS + inhibitor control; ¥P<0.05, #4P<0.01 vs. DSS + miR-4246 inhibitor + control-siRNA.
miR, microRNA; siRNA, small interfering RNA; DSS, dextran sulfate sodium; SIRT1, sirtuin 1; IL, interleukin; TNF, tumor necrosis factor.

group, the expression of p-p65 was enhanced and the ratio
of p-p65/p65 was increased. Collectively, the current results
demonstrate that transfection with a miR-4262 inhibitor exerts
protective effects on IBD cells by inhibiting both the inflam-
matory response and Caco-2 cell apoptosis via the regulation
of SIRT1, indicating that miR-4262 may represent a potential
target for IBD treatment.

Discussion

IBD, a chronic and immune disease, is associated with
hindering intestinal peristalsis, a shortening colon and
inflammation (23). A previous associated study indicated
that chronic inflammation is a main risk factor in the
progression of colorectal cancer and is involved in the
pathogenesis of IBD, while therapies for patients with IBD
are limited, where many patients do not respond to or cannot
sustain treatment with these drugs, which have various side
effects (24). Therefore, the present study aimed to identify
a novel target and to explore the underlying mechanisms for
IBD treatment. DSS is widely adopted to stimulate colonic
inflammation for in vivo and in vitro IBD models (25,26),
and in a DSS mouse IBD model, DSS appears to be directly
toxic to colonic epithelial cells in the basal crypt (26). Thus,
in the present study, DSS was used to treat Caco-2 cells and
the effects of DSS on Caco-2 cells and IBD tissues were
examined.

It has been previously characterized that miRNAs serve
various roles in disease development (27). Moreover, several
miRNAs, such as miR-135a have been confirmed to partici-
pate in the progression of IBD (28). miR-4262, a recently
discovered miRNA, functions as either an oncogene or
tumor-suppressor gene in cancers (29). Numerous studies have
demonstrated that miR-4262 exhibits an abnormal expression
in multiple pathological processes, such as non-small cell lung
cancer. For example, Sun ef al (30) reported that miR-4262
was involved in paclitaxel resistance via the regulation of
PTEN in non-small cell lung cancer. However, the findings
by Song et al (31) indicated that the levels of miR-4262 were
significantly decreased in osteosarcoma tissues. All these
findings suggest that miR-4262 serves a vital role in the devel-
opment of cancers. However, as far as is known, the specific
mechanisms of action of miR-4262 in IBD remain to be
clarified. In the current study, the effects of miR-4262 on the
progression of IBD were investigated.

In the present study, the level of miR-4262 in IBD
colonic mucosa tissues and normal tissues, as well as in 2%
DSS-stimulated Caco-2 cells and untreated Caco-2 cells
was first determined. It was revealed that the expression of
miR-4262 was significantly higher in IBD colonic mucosa
tissues compared with normal tissues. Moreover, a significant
downregulation of miR-4262 in 2% DSS-stimulated Caco-2
cells was observed, compared with normal cells. These results
indicated that miR-4262 may represent a regulator of IBD.



EXPERIMENTAL AND THERAPEUTIC MEDICINE 20: 2227-2235, 2020 2233

A 150+ B Control DSS DSS+inhibitor control

o jfol a2 ] 3 az | '°”:a| oz
s l120 a0 o . lgay 5560

Z . T3

= i i

> '

s T

> i 2

3 o & B = -

DSS+miR-4262 inhibitor DSS+miR-4262 inhibitor

DSS+miR-4262 inhibitor

+control-siRNA +SIRT1-siRNA

T -

g}

BL1A = AITC-A BLLAZ FITE-A

BLI-A = FITC-A

Cell apoptosis rate (%)

Figure 6. SIRT1-siRNA eliminates the effects of miR-4262 inhibitor on Caco-2 cell viability and apoptosis. Caco-2 cells were transfected with inhibitor control,
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Bioinformatics tools and a dual-luciferase reporter assay were  indicated that miR-4262 directly targeted the SIRT1 3'-UTR
then adopted to predict the miR-4262 target gene. The results  and negatively regulated SIRT1 expression levels. It was
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demonstrated that the level of SIRT1 in IBD colonic mucosa
tissues was higher compared with in normal colonic mucosa
tissues. The results suggested that SIRT1 mRNA expression
was significantly reduced in IBD tissues compared with
normal tissues. In addition, the results from RT-qPCR and
western blot analysis indicated that SIRT1 was downregulated
in the 2% DSS-treated Caco-2 cells compared with the control
cells, suggesting that SIRT1 participated in the development
of IBD. Based on these data, it was assumed that the altered
expression of miR-4262 may affect the development of IBD.
Furthermore, whether miR-4262 influences SIRT1 expres-
sion in IBD was determined. Inhibitor control, miR-4262
inhibitor, control-siRNA or SIRT1-siRNA were transfected
into Caco-2 cells for 48 h. The data revealed that miR-4262
was downregulated in Caco-2 cells following transfection with
miR-4262 inhibitor, and SIRT1-siRNA significantly decreased
the SIRT1 levels. Moreover, higher mRNA and protein
expression level of SIRT1 were obtained in the miR-4262
inhibitor group; however, these effects were abolished in the
miR-4262 inhibitor + SIRT1-siRNA group. These results
further confirmed that miR-4262 negatively regulates SIRT1
expression via targeting the 3'UTR of SIRT1 in IBD.

Various reports have confirmed that the inflammatory
response is a main characteristic of IBD and is highly associated
with the progression of IBD (20,21,32). Pro-inflammatory
factors, including IL-1p, TNF-a and IL-6 have been confirmed
as important regulators in the occurrence of IBD (25).
DSS-induced murine and cell models of IBD are often adopted
for the investigation of intestinal inflammatory diseases (18,33).
To further investigate the underlying mechanisms of miR-4262
in IBD, in the present study, Caco-2 cells were transfected
with inhibitor control, miR-4262 inhibitor, control-siRNA
or SIRT1-siRNA for 48 h, followed by 2% DSS treatment
for 4 days. It was demonstrated that DSS induced a greater
production of pro-inflammatory factors in Caco-2 cells, while
miR-4262 inhibitor alleviated the release of DSS-stimulated
inflammatory factors and that these results were reversed by
transfection with SIRT1-siRNA. DSS inhibited Caco-2 cell
growth and induced cell apoptosis compared with the control.
Meanwhile, miR-4262 inhibitor promoted cell growth and
decreased cell apoptosis in DSS-induced Caco-2 cells, and
this effect was reversed in the DSS + miR-4246 inhibitor +
SIRT1-siRNA group compared with the DSS + miR-4246
inhibitor + control-siRNA group. The data revealed that
miR-4246 functions as a marker in IBD progression.
These results are consistent with those of previous studies.
Sun et al (34) reported that miR-4262 regulated chondrocyte
viability, apoptosis and autophagy by targeting SIRT1 and
activating the PI3K/AKT/mTOR signaling pathway in rats with
osteoarthritis. Accumulating studies have confirmed the role of
NF-«B in inflammatory diseases (35,36). Several reports have
demonstrated that miRNAs activate the NF-kB pathway, which
may be associated with the development of inflammatory
diseases (37,38). Therefore, the present study further validated
the effects of NF-kB activity in IBD. Notably, the present
findings revealed that p-p65 expression was increased and the
ratio of p-p65/p65 was enhanced in DSS-treated Caco-2 cells.
Transfection with the miR-4262 inhibitor knocked down p-p65
expression and decreased the ratio of p-p65/p65 in DSS-treated
Caco-2 cells following transfection. However, opposite

DENG et al: miR-4262/SIRT1 AXIS IN INFLAMMATORY BOWEL DISEASE

effects were observed in the DSS + miR-4246 inhibitor +
SIRT1-siRNA group; the expression of p65 were enhanced and
the ratio of p-p65/p65 was increased. These data demonstrated
that miR-4246 inhibitor serves a protective role in IBD by
alleviating apoptosis and activating NF-xB pathways.

Taken together, the present study, to the best of our
knowledge, was the first to demonstrate the role of miR-4262
in the development of IBD. The results of the present study
demonstrated the protective effects of transfection with
miR-4262 inhibitor on DSS-induced Caco-2 cells, evidenced
by inhibiting the inflammatory response, increasing cell
growth and decreasing cells apoptosis, via regulation of the
miR-4262/SIRT1 axis. This indicates that miR-4262 may
represent a potential target for IBD treatment.
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