Drug Design, Development and Therapy

Dove

ORIGINAL RESEARCH

miR-370-3p Alleviates Ulcerative Colitis-Related
Colorectal Cancer in Mice Through Inhibiting the
Inflammatory Response and Epithelial-Mesenchymal

Transition

Lianjie Lin'
Dongxu Wang'
Suxuan QuI
Hong Zhao'"?
Yan Lin'

'Department of Gastroenterology and
Hepatology, Shengjing Hospital of China
Medical University, Shenyang | 10004,
People’s Republic of China; 2Department
of Gastroenterology, The Second
Affiliated Hospital of Shenyang Medical
College, Shenyang 110035, People’s
Republic of China

Correspondence: Yan Lin

Department of Gastroenterology and
Hepatology, Shengjing Hospital of China
Medical University, 36 Sanhao Street,
Shenyang 110004, People’s Republic of
China

Tel/Fax +86-24-96615-2621 |

Email lin_yan02@sina.com

This article was published in the following Dove Press journal:
Drug Design, Development and Therapy

Introduction: Ulcerative colitis (UC) is a chronic and inflammatory bowel disease. UC-
associated colorectal cancer (UC-CRC) is one of the most severe complications of long-standing
UC. In the present study, we explored the effects of miR-370-3p on UC-CRC in vivo and
investigated its underlying mechanisms in vivo and in vitro.

Methods: Azoxymethane (AOM) and dextran sodium sulfate (DSS) were used to induce
UC-CRC in C57BL/6 mice. AOM/DSS-induced mice were treated with 5x10® pfu miR-370-
3p overexpressing-adenovirus via tail-vein injection every two weeks.

Results: We found that miR-370-3p significantly improved the body weights and survival rates
and inhibited the tumorigenesis of UC-CRC in AOM/DSS mice. Mechanically, miR-370-3p
inhibited AOM/DSS-induced inflammatory response by decreasing tumor necrosis factor-o
(TNF-a), interleukin-13 (IL-1B), and interleukin-6 (IL-6) through targeting toll-like receptor
4 (TLR4), as demonstrated by down-regulation of TLR4, cyclooxygenase-2 (COX-2), prosta-
glandin E2 (PGE2), and phosphorylated epidermal growth factor receptor (pEGFR). miR-370-3p
decreased the expression of tumor-associated proteins, including p53, B-catenin, and ki67
in AOM/DSS-treated mice. Additionally, miR-370-3p remarkably inhibited epithelial-
mesenchymal transition (EMT) via increasing E-cadherin expression and reducing N-cadherin
and Vimentin expression in vivo. Further studies showed that miR-370-3p repressed proliferation
and EMT of colon cancer cells in vitro. Moreover, we proved that miR-370-3p decreased the
expression of tumor-associated proteins and reversed EMT by regulating f-catenin in colon
cancer cells.

Conclusion: Taken together, miR-370-3p alleviated UC-CRC by inhibiting the inflamma-
tory response and EMT in mice, which suggested miR-370-3p as a novel potential target for
UC-CRC therapy.

Keywords: ulcerative colitis-associated colorectal cancer, azoxymethane/dextran sodium

sulfate, inflammatory response, epithelia-mesenchymal transition, carcinogenesis

Introduction

Ulcerative colitis (UC) is a disease of the colon that is characterized by chronic
inflammation. The incidence of UC is increasing worldwide,' however its etiology is
still unclear. Generally, the clinical manifestations of UC are a complex course of
continuous recurrence and remission, accompanied by pathological changes such as
recurrent colonic mucosal ulcer and mucosal necrosis and regeneration. This process
of repeated injury and repair increases the risk of developing colorectal cancer (CRC)
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in patients with UC.? Epidemiological studies have shown
that UC is one of the high-risk factors for CRC, which leads
to a 10-fold increase in the risk of developing CRC.**
Despite modern screening procedures, only approximately
half ulcerative colitis-related colorectal cancer (UC-CRC)
patients are diagnosed at the advanced stage and have a poor
prognosis. Due to this diagnostic dilemma, more effective
diagnostic and therapeutic targets are needed for early clin-
ical risk assessment and treatment.

MicroRNAs are a class of endogenous non-coding
RNAs that are generally about 18-25 nt in length. They
are capable of binding to the 3'-untranslated region (UTR)
of mRNASs to regulate the expression of downstream genes.
miRNAs play crucial roles in cell proliferation, differentia-
tion, and apoptosis. Aberrant expression of miRNAs is
closely related to the progression of cancers,” and
miRNAs participate in the occurrence and development of
tumors as tumor promoters or suppressors through directly
regulating tumor suppressor genes or oncogenes.’
Moreover, miRNAs are important regulators of inflamma-
tory signaling pathways and are involved in the develop-
ment of a variety of human inflammatory diseases,
including UC-CRC.”® miR-370-3p is located on human
chromosome 14 and the DLK1-DIO3 imprinting genomic
region of chromosome 12 of homologous mice. It is evolu-
tionarily conserved and plays different regulatory roles in
different tumors. For instance, miR-370-3p acted as a tumor
inhibitor

glioma,'! thyroid cancer'” and bladder cancer.'* On the

in ovarian camcer,9 cholangiocarcinoma,10
contrary, some studies showed that up-regulated expression
of miR-370-3p promoted the progression of prostate
cancer,'* gastric cancer'® and Wilms tumor.'® Tt has been
reported that miR-370-3p is significantly down-regulated in
the biopsy tissues of colon mucosa of UC patients'’ as well
as in CRC tissues and cells.'® However, its biological roles
and regulatory mechanisms in UC-CRC remain largely
unknown.

Toll-like receptor 4 (TLR4) is an important receptor of
endotoxin, which initiates inflammatory response. TLR4 is
highly expressed in the intestinal mucosa of patients with
inflammatory bowel disease'® and causes a continuously
expanding inflammatory response. TLR4 signaling path-
way plays a crucial role in the pathophysiological devel-
opment of UC-CRC. A number of drugs that block or
inhibit TLR4 signal have been studied and developed to
treat inflammatory bowel disease,”%*'
ideas for the treatment of UC-CRC.

which provides new

Azoxymethane (AOM)/dextran sodium sulfate (DSS)-
induced colitis-associated cancer animal models have been
widely used to study UC-induced CRC in vivo. Our team for
the first time illustrated the protection of miR-370-3p against
UC-CRC in AOM/DSS model mice. We demonstrated that
miR-370-3p inhibited inflammatory response and epithelial-
mesenchymal transition (EMT) and thus alleviated mortality
and tumorigenesis in mice with UC-CRC via targeting TLR4
and PB-catenin. Our findings suggested that miR-370-3p
might be a novel therapeutic target for UC-CRC treatment.

Materials and Methods

Mice and Experimental Models

Male C57BL/6 mice (age 6—8 weeks, body weight 15-20 g)
were purchased from Liaoning Changsheng biotechnology
(Benxi, Liaoning, China). All animals were housed in a 25 +
2 ° C environment with 12-h dark/light cycle and fed with
standard diet and water. The mice were randomly divided
into 4 groups (Sham group, UC-CRC group, adenovirus
(Ad)-control group, and Ad-miR-370-3p group) after 1
week of adaptive feeding. The establishment of UC-CRC
mouse model using AOM and DSS was shown in Figure 1A.
They were intraperitoneally injected with 10 mg-kg ™' of
AOM on the first day. After 1 week, mice were given 3%
DSS (MPbio, California, USA) in drinking water for 1 week
followed by standard drinking water for 2 weeks. This DSS
cycle was repeated twice. After 2 weeks of AOM injection,
mice in the Ad-control group or Ad-miR-370-3p group was
injected with 5x10® pfu of control adenovirus (GenScript,
Nanjing, China) or miR-370-3p overexpressing-adenovirus
(GenScript, Nanjing, China) through the tail vein every two
weeks for 12 weeks. Mice in the Sham group were injected
with saline on the first day followed by feeding with standard
drinking water throughout the process. After 14 weeks, the
surviving mice were anesthetized and sacrificed, and the
whole colon tissues were collected for subsequent experi-
ments. This study was conformed to the Guide for the Care
and Use of Laboratory Animals. All experimental procedures
involving animals were approved by the Ethics Committee of
Shengjing Hospital of China Medical University.

Quantitative Real-Time PCR (qRT-PCR)

Total RNAs were isolated by using RNAsimple Total RNA
Kit (TTANGEN BIOTECH, Beijing, China). cDNAs were
synthesized by M-MLV reverse transcriptase (TIANGEN
BIOTECH, Beijing, China). The sequences f primers used
in this experiment were shown in Table 1. Quantitative
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Figure | Effects of miR-370-3p on the body weights and survival rates of AOM/DSS-induced mice. (A) The schematic procedure of inducing UC-CRC mouse model by
AOM/DSS. The details were described in “Materials and Methods”. (B) The body weights of mice in the Sham group, UC-CRC group, Ad-control group, and Ad-miR-370-3p
group were measured once a week. (C) The survival of mice in each group was recorded weekly (thirty mice in each group). (D) The expression of miR-370-3p in the tumor
colon tissues of mice from each group was measured by qRT-PCR. The comparison of body weights of mice among groups was performed by Repeated Measures ANOVA.
The comparison among groups was performed by One-way ANOVA. Data are presented as mean + SD. #p<0.05 and *p<0.01 compared with Sham group, #p<0.05 and
*#p<0.01 compared with Ad-control group.
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RT-PCR was performed using SYBR Green (Solarbio,
Beijing, China) on ExicyclerTM 96 (BIONEER, Taejon,
Korea). The data were analyzed using the 27T method.

Enzyme-Linked Immunosorbent Assays
(ELISA)

The levels of TNF-a (tumor necrosis factor-o) and PGE2
(prostaglandin E2) were measured using Mouse TNF-a
ELISA Kit (MULTI SCIENCES, Hangzhou, China) and
Prostaglandin E2/PGE2 Competitive ELISA Kit (MULTI
SCIENCES, Hangzhou, China), respectively, according to
the protocols. In short, 100 puL of diluent standard substance
or sample was added onto each well. Then 50 pL diluted
antibodies were added and incubated for 2 h at room tem-
perature. After washing, each well was added with 100 pL
diluted horseradish peroxidase (HRP)-conjugated streptomy-
cin and incubated for 45 min at room temperature. After
repeated washing, 100 pL 3,3'5,5'-Tetramethylbenzidine
(TMB) color liquid was added, and the mixture was incu-
bated in the dark at room temperature for 20 min. Finally, 100
uL stop solution was used for stopping the reaction. The
optical density (OD) values at the maximum absorption
wavelength of 450 nm and the reference wavelength of 570
nm were measured by using a microplate reader (BIOTEK,
ELX-800, Vermont, USA). The calibrated OD value was the
measured value at 450 nm minus the measured value at
570 nm.

Table | The Detail Sequences of Primers Used for qRT-PCR

Gene Name Sequence (5'-3")

MUS TNF-a F CAGGCGGTGCCTATGTCTCA

MUS TNF-a R GCTCCTCCACTTGGTGGTTT

MUS IL-IB F CTCAACTGTGAAATGCCACC

MUS IL-IB R GAGTGATACTGCCTGCCTGA

MUS IL-6 F ATGGCAATTCTGATTGTATG

MUS IL-6 R GACTCTGGCTTTGTCTTTCT

MUS GAPDH TGTTCCTACCCCCAATGTGTCCGTC
F (internal control)

MUS GAPDH CTGGTCCTCAGTGTAGCCCAAGATG
R (internal control)

HOMO GAPDH GACCTGACCTGCCGTCTAG

F (internal control)

HOMO GAPDH AGGAGTGGGTGTCGCTGT

R (internal control)

mmu-miR-370-3p F GCCTGCTGGGGTGGAACCTGGT
mmu-miR-370-3p R GCAGGGTCCGAGGTATTC

U6 F (internal control) CGCAAGGATGACACGCAAAT

U6 R (internal control) GCAGGGTCCGAGGTATTC

Abbreviation: F, forward; R, reverse.

Immunohistochemistry (IHC) Staining

For immunohistochemical staining, paraffin-embedded
slides with 5-um-thick were deparaffinized in xylene
(Aladdin, Shanghai, China) and hydrated in gradient con-
centration of alcohol. Antigen was retrieved by heating in
the pre-boiling buffer for 10 min in a microwave. The
sections were incubated with 3% H,0, at room tempera-
ture for 15 min to eliminate the activity of endogenous
peroxidase and blocked by goat serum (Solarbio, Beijing,
China) at room temperature for 15 min. The specimens
were subsequently incubated with primary antibodies at 4°
C overnight: COX-2 (cyclooxygenase-2, 1:200, Abcam,
Cambridge, UK), E-cadherin (1:200, CST, Boston,
Massachusetts, USA), ki67 (1:200, Abcam, Cambridge,
UK) and TLR4 (1:200, ABclonal, Wuhan, China). HRP-
conjugated goat anti-rabbit IgG (1:500, Thermo Fisher,
Waltham, Massachusetts, USA) was used as the secondary
antibody. The sections were visualized by DAB (diamino-
benzidine, Solarbio, Beijing, China) and counterstained
with hematoxylin (Solarbio, Beijing, China). The results
were observed under an optical microscope (OLYMPUS,
DP73, Tokyo, Japan).

Hematoxylin-Eosin (HE) Staining

After deparaffinization and rehydration, the slides were
stained with hematoxylin (Solarbio, Beijing, China) for 5
min and dipped in 1% acid alcohol (1% HCI in 70%
alcohol) for 3 s. Then the slides were stained with eosin
(Sangon Biotech, Shanghai, China) for 3 min, dehydrated
with gradient alcohol, and vitrified in xylene. The mounted
slides were then photographed using an optical microscope
(OLYMPUS, DP73, Tokyo, Japan).

Cell Culture and Transient Transfection
HCT116 cell line, SW620 cell line, and HT29 cell line were
purchased from Procell (Wuhan, China). HEK 293T cell line
was purchased from Zhong Qiao Xin Zhou (Shanghai, China).
HCT116 cells and HT29 cells were cultured in McCoy’s SA
medium (Procell, Wuhan, China) containing 10% fetal bovine
serum (Hyclone, Logan, Utah, USA). SW620 cells were cul-
tured in RPMI-1640 medium (Gibco, Grand Island,
New York, USA) supplemented with 10% fetal bovine
serum. HEK 293T cells were maintained in DMEM medium
(Gibco, Grand Island, New York, USA) containing 10% fetal
bovine serum. All cell lines were cultured in a humidified
atmosphere at 37° C with 5% CO,.

NC agomir and miR-370-3p agomir were purchased from
GenePharma (Shanghai, China). miR-370-3p inhibitor was

submit your manuscript

1130

Dove

Drug Design, Development and Therapy 2020:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Lin et al

purchased from JTS scientific (Wuhan, China). The sequences
of B-catenin siRNA (JTS scientific, Wuhan, China) were as
follows: forward, 5-GAUGGUGUCUGCUAUUGUATT-3,
reverse 5-UACAAUAGCAGACACCAUCTT-3'. The trans-
fection was performed by using Lipofectamine 2000
(Invitrogen, Carlsbad, California, USA) according to the
instruction.

Cell Counting Kit-8 (CCK-8) Assays
Before performing CCK-8 assay, cells were respectively
cultured for 0 h, 24 h, 48 h, 72 h, and 96 h after transfection.
After incubation with 10 uL. CCK-8 (KeyGEN BioTECH,
Nanjing, China) for 2 h at 37 © C, the absorbance of cells in
each well was measured by a microplate reader (BIOTEK,
ELX-800, Vermont, USA). The OD value at a wavelength
of 450 nm was used to calculate cell viability.

Luciferase Reporter Gene Assays

The putative binding sites of miR-370-3p in TLR4 and
Ctnnbl were predicted by Starbase. The wild type or
mutant type of 3'-UTR of TLR4 or Ctnnbl was inserted
into pmirGLO plasmid (Promega, Madison, Wisconsin,
USA). Agomirs of miR-370-3p or negative control (NC)
were transiently co-transfected with pmirGLO-wt-TLR4,
pmirGLO-mut-TLR4, pmirGLO-wt-Ctnnbl or pmirGLO-
mut-Ctnnb1 into 293T cells. Cells were harvested after 48-
h transfection for luciferase reporter assay.

Western Blot
The tissues and cells were lysed in RIPA lysis buffer
(Solarbio, Beijing, China) with PMSF protease inhibitor
(Solarbio, Beijing, China). After centrifuging at 10,000
g for 10 min at 4° C, the supernatant was collected as
whole proteins. The concentrations of protein samples were
determined by the BCA Protein Assay Kit (Solarbio, Beijing,
China) according to the instruction.

For Western blot assay, 20 pg protein from each sample
separated by 8-12%
and transferred onto PVDF (polyvinylidene difluoride,

was sulfate-polyacrylamide gel
Millipore, Massachusetts, USA) membranes. After blocking
with 5% skim milk (Sangon Biotech, Shanghai China) at
room temperature for 1 h, the membranes were incubated
with corresponding primary antibodies incuding TLR4
(1:1000, proteintech, Wuhan, China), COX-2 (1:1000, pro-
teintech, Wuhan, China), pEGFR (phosphorylated epidermal
1:1000, Affinity,

growth factor receptor, Changzhou,

(1:1000, Affinity, Changzhou, Jiangsu, China), E-cadherin
(1:10,000, proteintech, Wuhan, China), N-cadherin (1:5000,
proteintech, Wuhan, China), Vimentin (1:5000, proteintech,
Wuhan, China) and GAPDH (1:10,000, proteintech, Wuhan,
China) overnight at 4° C. Then the membranes were washed
by TBST and incubated with appropriate secondary HRP-
conjugated goat anti-rabbit or goat anti-mouse antibodies
(1:3000, Solarbio, Beijing, China) for 1 h at 37 ° C. The
proteins were visualized by using ECL Western Blotting
Substrate (Solarbio, Beijing, China).

Statistics

Data were presented as mean + standard deviation (SD) of
at least three independent experiments. One-Way ANOVA
or Two-Way ANOVA was used to analyze the data. The
survival rate was evaluated by Kaplan-Meier survival ana-
lysis. All statistical analyses were performed by using
GraphPad Prism 8.0, and p<0.05 was considered statisti-
cally significant.

Results
miR-370-3p Improves the Health and

Survival of AOM/DSS-Induced Mice

As shown in Figure 1B, mice treated with AOM/DSS dis-
played a significant body weight loss compared with the mice
in the sham group, while AOM/DSS-induced weight reduc-
tion was alleviated by injecting Ad-miR-370-3p. Additionally,
miR-370-3p significantly improved the survival rate of AOM/
DSS-treated mice according to the Kaplan-Meier survival
curves (Figure 1C). The expression of miR-370-3p was
declined in mice with UC-CRC and elevated following Ad-
miR-370-3p treatment (Figure 1D). These results indicated
that miR-370-3p improved the body weights and survival of
UC-CRC model mice.

miR-370-3p Inhibits the Tumorigenesis in
AOM/DSS-Induced Mice

The representative image of mouse entire colon tissue in each
group were shown in Figure 2A. AOM and DSS significantly
increased the colon weight and reduced the colon length of
mice, which was consistent with previous results.**
However, miR-370-3p remarkably reduced the weight/
colon ratio (Figure 2B). Moreover, miR-370-3p significantly
reduced the total number of tumors by more than 70%
(Figure 2C), and caused a decrease in the number of both

Jiangsu, China), B-catenin (1:5000, proteintech, Wuhan, small tumors (diameter<3 mm) and big tumors
China), p53 (1:3000, proteintech, Wuhan, China), ki67 (diameter>3 mm, Figure 2D). Pathological findings
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Figure 2 Effect of miR-370-3p on tumorigenesis in AOM/DSS-induced mice. (A) The entire colon tissues were removed from mice in the Sham group, UC-CRC group, Ad-
control group, and Ad-miR-370-3p group at the end of the experiment. Representative photos showed the colons that were longitudinally cut. (B) The weight and length of
the entire colon tissues in mice from each group were measured. (C) Effect of miR-370-3p on the total number of tumors in the entire colon tissues of AOM/DSS-treated
mice. (D) Effect of miR-370-3p on the tumor numbers of different sizes (diameter<3 mm and diameter>3 mm) in the entire colon tissues in AOM/DSS-treated mice. (E) The
colonic sections of the tumor colon tissues in mice from each group were stained with HE. Scale bar=200 um. The comparison among groups was performed by One way
ANOVA. Data are presented as mean * SD. *p<0.01 compared with the Sham group, *p<0.01 compared with the Ad-control group.

submit your manuscript

1132

Dove!

Drug Design, Development and Therapy 2020:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Lin et al

suggested that there were apparent crypt destruction and
inflammatory cell infiltration in the colon tissues of AOM/
DSS-treated mice, which were mitigated after Ad-miR-370-
3p treatment (Figure 2E). These results suggested that miR-
370-3p inhibited the tumorigenesis and relieved the clinical
symptoms of UC-CRC in mice.

miR-370-3p Inhibits the Inflammatory
Response and TLR4 Signaling Pathway in
AOM/DSS-Induced Mice

Next, we investigated the effect of miR-370-3p on the inflam-
mation in UC-CRC model mice. The overproduction of some
inflammatory cytokines such as TNF-a, IL-1p, and IL-6 con-
tributes to the pathogenesis of UC.>* As shown in Figure 3A,
the expression of TNF-a, IL-1f, and IL-6 was significantly
elevated in the colon tissues of mice with UC-CRC. As
indicated by ELISA, the production of TNF-a in UC-CRC
colon tissues was notably increased (Figure 3B). However,
miR-370-3p remarkably reversed AOM/DSS-induced eleva-
tions in these inflammatory cytokines (Figure 3A and B). In
recent years, scholars found that the TLR4-COX-2-PGE2 axis
plays a vital role in the development of tumors.” In this
regard, we found that AOM/DSS dramatically increased the
level of PGE2 in the colon tissues of mice with UC-CRC;
nevertheless, it was significantly attenuated by miR-370-3p
(Figure 3B). The results of Western blot and IHC showed that
miR-370-3p attenuated AOM/DSS-induced increased TLR4
and COX-2 expression (Figure 3C and D). Additionally, the
expression of COX-2 and PGE2 induced by TLR4 is asso-
ciated with enhanced EGFR signaling. We found that the
exposure of mice to AOM/DSS caused a significant increase
in the expression of pPEGFR, which was markedly reduced by
miR-370-3p (Figure 3D). Taken together, miR-370-3p inhib-
ited the inflammatory response and TLR4 signaling pathway
in UC-CRC model mice.

miR-370-3p Inhibits the Expression of
Tumor-Associated Proteins and EMT
Induced by AOM/DSS in Mice

To investigate the underlying mechanism of tumor sup-
pression of miR-370-3p in UC-CRC, we determined the
expression of several oncogenic proteins. The results
showed that the expression of oncogenic proteins,
B-catenin and ki67, was dramatically up-regulated in
the UC-CRC group compared with that in the Sham
group (Figure 4A and B). A variety of evidence indi-
cated that p53 expression was closely related to UC-

CRC development.** In our work, the expression of p53
protein was significantly increased by AOM/DSS in
colonic tissues of mice (Figure 4B). However, miR-
370-3p notably inhibited the elevations in these tumor
markers in AOM/DSS-induced mice (Figure 4A and B).
It was well known that the combination of -catenin and
E-cadherin was closely related to tumor invasion. The
results showed that exposure of mice to AOM/DSS
decreased the expression of E-cadherin, the epithelial
marker, and increased the expression of N-cadherin
and Vimentin, the mesenchymal markers, suggesting
the occurrence of EMT. Nevertheless, miR-370-3p treat-
ment counteracted AOM/DSS induced EMT in mice
(Figure 4A and B). These results illustrated that miR-
370-3p inhibited the expression of tumor-associated pro-
teins and EMT in UC-CRC model mice.

miR-370-3p Suppresses Proliferation and
EMT of Colon Cancer Cells

The previous study has demonstrated the role of miR-
370 in inhibiting proliferation and inducing apoptosis in
CRC cells.”® Here, we focused on the effect of miR-
370-3p on the proliferation and EMT of colon cancer
cells. HCT116 and SW620 cells with the lowest expres-
sion of miR-370% were selected for this study. The
regulatory effect of miR-370-3p on the proliferation of
HCT116 cells and SW620 cells was evaluated by using
CCK-8 assay. As shown in Figure 5A, miR-370-3p
significantly decreased the proliferation of these two
cells compared with the corresponding controls, which
was in line with the prior study.”> The expression
changes in epithelial and mesenchymal markers were
determined by Western blot. miR-370-3p markedly ele-
vated E-cadherin expression and reduced N-cadherin
and Vimentin expression in HCT116 cells and SW620
cells (Figure 5B), which indicated that miR-370-3p
inhibited EMT of colon cancer cells.

mmu-miR-370-3p Directly Targets TLR4

and B-Catenin in Mice

The regulatory effects of hsa-miR-370-3p on human TLR4
and B-catenin have been reported''*® (Figure 6A). Here,
we verified that mmu-miR-370-3p targeted TLR4 and
B-catenin in mice. The predicted binding sites of mmu-
miR-370-3p in the 3'UTR sequence of murine TLR4 and
Ctnnbl were shown in Figure 6A, respectively. The co-
transfection of miR-370-3p agomir and the Iluciferase
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Figure 3 Effect of miR-370-3p on inflammatory response and TLR4 signaling pathway in AOM/DSS-induced mice. (A) The expression of TNF-a, IL-1f, and IL-6 in colonic
tissues of mice from the Sham group, UC-CRC group, Ad-control group, and Ad-miR-370-3p group was detected by qRT-PCR. (B) The production of TNF-a and PGE2 in
the lysate of the tumor colon tissues were detected by ELISA. (C) The expression of TLR4 and COX-2 in the tumor colon tissues from each group was evaluated by using
IHC staining. Scale bar=50 um. (D) The expression levels of TLR4, COX-2, and pEGFR in the tumor colon tissues from each group were determined by Western blot, and
the relative band intensity was analyzed.The comparison among groups was performed by One-way ANOVA. Data are presented as mean % SD. *p<0.01 compared with
the Sham group, **p<0.01 compared with the Ad-control group.
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Figure 4 Effects of miR-370-3p in the expression of tumor-associated proteins and EMT in mice treated with AOM/DSS. (A) IHC assessed the expression levels of ki67 and
E-cadherin in the tumor colon tissues from each group. Scale bar=50 pum. (B) The expression of B-catenin, p53, ki6é7, E-cadherin, N-cadherin, and Vimentin in the tumor
colon tissues was detected by Western blot. The relative band intensity ratio was analyzed. The comparison among groups was performed by One-way ANOVA. Data are
presented as mean  SD. #p<0.01 compared with the Sham group, **p<0.01 compared with the Ad-control group.

reporter plasmid containing wt-TLR4 or wt-Ctnnbl led negative control (Figure 6B). These findings implied that
to a significant decrease in the relative luciferase mmu-miR-370-3p directly targeted TLR4 and B-catenin in
activity in 293T cells compared with the corresponding mice.
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Figure 5 Effects of miR-370-3p on proliferation and EMT of colon cancer cells in vitro. (A) After transfection for 48 h, CCK-8 assay was used to detect the effect of miR-
370-3p on the proliferation of HCT116 cells and SW620 cells. (B) The expression of E-cadherin, N-cadherin, and Vimentin in HCT116 cells and SW620 cells was detected
by Western blot.The comparison among groups was performed by One-way ANOVA. Data are presented as mean + SD.*p<0.05 and **p<0.0| compared with NC agomir

control.

miR-370-3p Suppresses the Proliferation,
the Expression of Tumor-Associated
Proteins and EMT of Colon Cancer Cells
by Regulating 3-Catenin

Based on the interaction of miR-370-3p with B-catenin, we
further explored whether miR-370-3p affected the progression
of colon cancer through regulating -catenin. According to the
previous study,”> HT29 cells with the highest expression of
miR-370 were used for further experiments. The results of
CCK-8 assay showed that inhibiting miR-370-3p led to

a significant increase in the proliferation of colon cancer
cells, while knockdown of B-catenin notably suppressed this
effect (Figure 7A). As shown in Figure 7B, the expression of
B-catenin, p53, and ki67 was up-regulated in HT29 cells
transfected with miR-370-3p inhibitor, and downregulated
by B-catenin siRNA. E-cadherin expression was obviously
down-regulated, and N-cadherin and Vimentin expression
was markedly increased by silencing miR-370-3p in
HT29 cells. However, inhibition of B-catenin was shown to
inhibit EMT in colon cancer cells (Figure 7B). Collectively,
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Figure 6 TLR4 and B-catenin serve as direct targets of mmu-miR-370-3p in mice. (A) The binding sites of hsa-miR-370-3p in human wild type TLR4 (wt-TLR4) and wild type
Ctnnb| (wt-Ctnnbl) have been confirmed. The sequences of mmu-miR-370-3p binding sites in the 3'UTR of TLR4 miRNA or B-catenin miRNA in mice were shown. The
luciferase reporter constructs contained the wild type (wt-TLR4, wt-Ctnnb 1) or mutant type (mut-TLR4, mut-Ctnnb1) sequence. (B) Luciferase reporter gene assay showed
the direct targeting of mmu-miR-370-3p to murine TLR4 and p-catenin. Firefly/Renilla was used to evaluate the relative luciferase activity. The comparison among groups was

performed by One-way ANOVA. Data are presented as mean + SD. *p<0.01.

miR-370-3p suppressed the proliferation, the expression of
tumor-associated proteins, and EMT of colon cancer cells by

regulating B-catenin.

Discussion

UC-CRC is a malignant colonic disease with high mortal-
ity. Accumulating studies suggested that the maintenance
of treatment for chronic UC might be an important strat-
egy to reduce the risk of developing CRC in UC patients.
At present, an increasing number of people are committed
to exploring the potential pathogenesis mechanism of UC-
CRC and developing novel therapeutic agents. The transi-
tion from UC to UC-CRC is a complex process, which

remains elusive. AOM/DSS-induced colitis-associated

cancer mouse are widely used animal models to study UC-
CRC. In our work, miR-370-3p led to a significant
increase in the survival ratio of AOM/DSS-treated mice.
UC-CRC-induced a decrease in body weight gain and
colon length, and an increase in colon weight, which
were considered to be caused by apparent mucosal
thickening,”> were markedly alleviated by the treatment
of miR-370-3p. The previous study showed that miR-370
reduced CRC tumor growth in vivo.?” Here, we demon-
strated that miR-370-3p remarkably inhibited the tumor-
igenesis and mitigated the pathological changes in mice
with UC-CRC. These findings indicated that miR-370-3p
could be considered as a new potential therapeutic target to
alleviate UC-CRC.
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Figure 7 miR-370-3p inhibits the progression of colon cancer cells by regulating B-catenin. (A) After transfection for 48 h, the proliferation of HT29 cells was assessed by
CCK-8 assay. (B) After transfection for 48 h, Western blot was used to detect the expression of B-catenin, p53, ki67, E-cadherin, N-cadherin, and Vimentin in HT29 cells.
The relative band intensity ratio was analyzed.The comparison among groups was performed by One-way ANOVA. Data are presented as mean % SD. *p<0.01 compared
with NC inhibitor control, *p<0.01 compared with miR-370-3p inhibitor + NC siRNA control.

The inflammatory environment is believed to play

a crucial role in the pathogenesis of UC-CRC.*® Chronic

inflammation can lead to repeated stimulation of epithelial

cells and infiltration of immune cells and soluble media-

tors, which provides an ideal microenvironment for tumor

development.?® The anti—inflammatory effect of miR-370-

3p in vitro and in vivo has been widely reporte

10,30,31
d’ 59U,

which was in line with our findings. TNF-a signaling

promotes the expression of downstream inflammatory

mediators associated with abnormal cell proliferation and

differentiation.”® An elevated TNF-a level increased the
risk of CRC,*® and a decreased IL-1B level reduced the
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risk of advanced CRC.** IL-6, an important downstream
inflammatory mediator of TNF-a signaling pathway, is
associated with tumor occurrence, tumor size, advanced
tumor stage and the survival of CRC patients.*” In our
work, miR-370-3p could remarkably reduce the expression
of these pro-inflammatory cytokines in AOM/DSS-treated
mice. The incidence of colon cancer is enhanced with the
increase of TLR4 expression in UC-CRC animal models
induced by AOM/DSS, suggesting that TLR4 is closely
related to the occurrence of UC-CRC.*® TLR4 known as
a colonic tumor promoter increased the mucosal expres-
sion of TNF-a, epithelial expression of COX-2 protein,
and mucosal production of PGE2.%¢ In our study, miR-
370-3p via directly targeting TLR4 suppressed the expres-
sion of TLR4, COX-2, and PGE2, which suggested the
inhibition of TLR4-COX-2-PEG2 axis in AOM/DSS
model mice. TLR4 was also responsible for the activation
of EGFR signaling in chronic colitis. Several studies
demonstrated that PGE2, as a downstream gene of
TLR4, promoted colorectal carcinogenesis at least in part
by activating EGFR signaling.*”*®* PGE2 could mediate
EGFR phosphorylation through inducing intracellular
mediators or EGFR ligands. EGFR phosphorylation results
in various biological events, such as dysregulation of cell
proliferation and apoptosis.>”** Besides, studies showed
that EGFR signaling increased the expression of COX-2
and the secretion of PGE2, resulting in a positive feedback
loop*' in colon carcinogenesis. Here, miR-370-3p targets
TLR4 to decrease pEGFR expression in UC-CRC model
mice, which was consistent with the previous conclusion.
In a word, miR-370-3p can inhibit the inflammatory
response induced by UC-CRC through targeting TLR4 in
mice.

As a tumor suppressor, p53 plays a crucial role in the cell
cycle, apoptosis and senescence, and is highly expressed in
patients with UC-CRC.** In our study, the expression of p53
was significantly enhanced by AOM/DSS in mice. p53 is
normally low-expressed in cells and rapidly degraded. The
accumulation of p53 in UC-CRC animal models represents
the early loss of p53 function.*’ Nevertheless, the treatment
of miR-370-3p notably down-regulated the expression of p53
induced by AOM/DSS. In addition, the increases in the
expression of B-catenin and ki67 were markedly suppressed
by miR-370-3p. These data suggested that miR-370-3p could
prevent the carcinogenesis of UC-CRC.

EMT is a critical mechanism of regulating tumor inva-
sion, migration, and metastasis and involves in the

occurrence and development of various malignancies,
including CRC.** EMT endows cells with migratory and
invasive capacity, prevents apoptosis and senescence, and
contributes to immunosuppression.*’ It also disrupts cell-
cell adherence and triggers matrix remodeling to promote
pathogenesis and metastasis of CRC.*® However, the effect
of miR-370-3p on EMT of UC-CRC is still unclear.
Studies showed that miR-370 repressed cell adhesion in
colon adenocarcinoma cells,*” and its enhanced expression
inhibited CRC migration and invasion in vitro.?” However,
its effect on EMT of UC-CRC has not been described yet.
In this work, we found a dramatic increase in the expres-
sion of E-cadherin and a significant decrease in the expres-
sion of N-cadherin and Vimentin in AOM/DSS-induced
mice, which were reversed by miR-370-3p in vivo.
Besides, we identified that miR-370-3p suppressed the
proliferation and EMT of colon cancer cells in vitro,
which might be a key link in the transformation from
UC to CRC. The p-catenin signaling pathway plays
a vital role in the process of EMT.*® B-catenin binds to
E-cadherin on cell membranes to participate in the inter-
cellular adhesion. Upon downregulation of B-catenin, the
intercellular adhesion was disrupted leading to the inva-
sion and metastasis of tumor cells. Here, we confirmed
that mmu-miR-370-3p targets P-catenin and negatively
regulated its expression in mice. Moreover, miR-370-3p
inhibited the proliferation, EMT, and the expression of
tumor-associated proteins through regulating p-catenin.
Additionally, TLR4 exerts a certain role in the EMT of
tumor cells. It was found that TLR4 signaling could pro-
mote EMT induced by lipopolysaccharide in human hepa-
and TLR4 knockdown attenuated
lipopolysaccharide-induced EMT in intrahepatic biliary

tocellular carcinoma,*’

epithelial cells.’® Studies also showed that the increase of
pro-inflammatory cytokines could trigger the activation of
EMT.>' Therefore, we hypothesized that miR-370-3p
might inhibit EMT of UC-CRC in part by regulating
TLR4 and its downstream factors.

There are considerable evidences that described the com-
plicated relationship between inflammation and EMT. EMT
can stimulate cancer cells to produce pro-inflammatory fac-
tors. In contrast, inflammation is a powerful inducer of EMT
in tumors.’> Our findings suggest that miR-370-3p can
attenuate the development of UC-CRC in mice through
regulating multiple mechanisms, including inhibiting inflam-
mation response, suppressing carcinogenesis, and repressing
EMT, which reveals the potential application of miR-370-3p
in the treatment for UC-CRC.
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Conclusion 15. Lo SS, Hung PS, Chen JH, et al. Overexpression of miR-370 and
. downregulation of its novel target TGFB-RII contribute to the pro-

In a word, our work demonstrated that miR-370-3p could N £ P

inhibit the inflammatory response and EMT to alleviate

UC-CRC via regulating TLR4 and B-catenin respectively

in

mice. Based on the data presented in this study, we

demonstrates that miR-370-3p might become a worthy
therapeutic target for UC-CRC in the future.
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