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Background: Dysregulation of micro-RNAs (miRNAs) is profoundly linked to inflamma-
tory bowel diseases (IBD), but little is known about the specific biological functions of
miRNAs in IBD. This study sought to elucidate the effect and the underlying target of miR-
29¢-3p in ulcerative colitis (UC).

Methods: The levels of miR-29c-3p and leukemia inhibitory factor (LIF) were measured in
inflamed lesions of UC patients and dextran sulfate sodium (DSS)-induced colitis mice by
quantitative real-time polymerase chain reaction (QRT-PCR) and Western blotting. MiR-29¢-
3p was predicted to target LIF by bioinformatics software, which was verified via luciferase
reporter assay and transfection of miR-29¢-3p mimics or inhibitor. The role of miR-29¢-3p/
LIF axis in intestinal inflammation was explored in experimental colitis mice and Caco-2
cells.

Results: MiR-29¢-3p was markedly downregulated while LIF was upregulated in colon
tissues of UC patients and DSS-challenged colitis mice as well as in primary intestinal
epithelial cells (IECs) and LPS-treated Caco-2 cells. MiR-29¢-3p inhibited LIF expression at
the transcriptional level via binding to LIF 3'-untranslated region (UTR) in Caco-2 cells.
Targeting miR-29¢-3p/LIF axis regulated inflammatory cytokines production, cell prolifera-
tion and apoptosis. Overexpression of miR-29¢-3p aggravated mice experimental colitis via
suppressing LIF.

Conclusion: Our findings demonstrate that the upregulation of miR-29¢-3p promotes gut
inflammation and the expression of pro-inflammatory mediators via suppressing LIF, thereby
modulating the pathogenesis of UC.

Keywords: ulcerative colitis, microRNA-29¢c-3p, leukemia inhibitory factor, inflammation,
apoptosis

Introduction

Ulcerative colitis (UC), one of the two primary types of inflammatory bowel diseases
(IBD), refers to chronic immune-mediated disorders featured by chronic and recurrent
gut inflammation. Although the exact etiology and pathology remain elusive, it is
generally believed that UC is a multifactorial disorder that includes environmental
trigger such as diet, lifestyle and a maladaptive immune response to gut-resident
commensal bacteria in a genetically susceptible host.! Notably, cytokines mediating
the balance of immune system play a pivotal role in maintaining the homeostasis of
the gastrointestinal tract.? Overexpression of pro-inflammatory mediators, such as
interleukin (IL)-1P, IL-6, tumor necrosis factor (TNF)-o, has been considered to be
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closely associated with the onset of gut inflammation as well
as the persistence tissue damage.’ Despite that both Crohn’s
disease (CD) and UC are not life-threatening, none of them
are curable, and the present therapeutic options still aim at
achieving remission and improvement of the symptoms.”
Consequently, exploring novel biomarkers and treatment
targets for IBD remains a pressing priority.

As aclass of newly identified small non-coding RNAs (~22
nucleotides), micro-RNAs (miRNAs) interact with target mes-
senger RNAs (mRNAs) at the post-transcriptional level, parti-
cipating in various pathophysiology processes, including cell
proliferation, apoptosis, regulation of immune response and
tissue homeostasis.® Given their extensive biological func-
tions, miRNAs have been implicated in multiple human dis-
eases, including cancers and inflammatory diseases, such as
IBD.” ! Since the genetic factors are crucial in the pathogen-
esis of IBD, the relationship between miRNAs and IBD has
raised broad attention recently. For example, Tian et al found
that increased miR-31 in inflamed colon tissues of IBD attenu-
ates mice colitis by reducing inflammatory signaling and pro-
moting regeneration of colon epithelium.'? It was also reported
that miR-301a was upregulated in inflamed mucosa of IBD and
promoted inflammatory response in experimental mice
colitis."* Therefore, promising insights into miRNAs in IBD
may give rise to potential diagnostic biomarkers and therapies.

Leukemia inhibitory factor (LIF), a member of IL-6
family, is a pleiotropic cytokine characterized by its para-
doxically opposite effects in different cells.'* LIF acts on
multiple cell types by binding to its receptor, which con-
sists of two signaling chains: LIF receptor p and gp130.'
Although it was reported that the expression of LIF in the
colonic mucosa of UC patients was increased'” and STAT4
activation by LIF exerted a therapeutic effect on gut
inflammation in mice colitis model,'® little is known
about the regulation of LIF in colonic inflammation.
studies
involved in the pathogenesis of colorectal cancer,'” but

Previous revealed that miR-29¢c-3p was
the role of miR-29¢-3p in IBD remains largely unknown.
In this study, we sought to analyze the expression of miR-
29¢-3p in the lesions of UC patients and investigated
whether miR-29¢-3p regulated intestinal inflammation via
targeting LIF in vivo and in vitro.

Materials and Methods

Patients
Tissue samples were collected from 20 UC patients and 20

normal control individuals undergoing screening

colonoscopies or surgery at Shanxi Provincial People’s
Hospital. All the samples were stored in liquid nitrogen
before experiments. Patients with UC were diagnosed by
experienced physicians according to the findings of colo-
noscopies and biopsies. All human experiments were
approved by the Ethics Committee of Shanxi Provincial
People’s Hospital (Number: 202065) and conducted in
Written
informed consent was also obtained from each participant.

conformity to the Declaration of Helsinki.

Isolation of Primary Intestinal Epithelial
Cells (IECs)

Primary IECs from human/mouse colon were sorted under
cryogenic conditions using chelating agents, as previously
described.'® In brief, colon tissues were separated, washed
and cut into small pieces in cold phosphate-buffered saline
(PBS), followed by gently shaking in PBS containing 2
mmol/l DTT and 1 mmol/l EDTA at 37°C to isolate IECs.
For further purification, the cells were harvested and pur-
ified by density gradient centrifugation with 20 and 40%
percoll-RPMI solution.

Cell Culture

The human colon epithelial cell-line Caco-2 was purchased
from American Type Culture Collection (Manassas, VA,
USA), and cultured in Dulbecco’s modified Eagle’s medium
(Gibco, MD, USA) supplemented with 10% fetal bovine
serum (Gibco, MD, USA), 100 U/mL penicillin, and
100 pg/mL streptomycin (Gibco, MD, USA). The cells were
incubated at 37°C in a 5% CO, atmosphere and treated with
lug/mL lipopolysaccharide (LPS, Sigma-Aldrich) for 24
hours.

Cell Transfection

Synthetic miR-29¢-3p mimic, miR-29¢c-3p inhibitor and
scrambled negative control (NC) RNA (miR-NC and inhi-
bitor NC) were obtained from GenePharma (Shanghai,
China). A small interfering RNA (siRNA) targeting
human LIF gene was purchased from Ribobio
(Guangzhou, China). Caco-2 cells were seeded uniformly
in 6-well plates and transfected with miR-29¢-3p mimic,
miR-29¢-3p inhibitor, si-LIF or their corresponding nega-
tive control RNA the following day using Lipofectamine
2000 (Invitrogen, USA). Then, the pre-transfected cells
were stimulated with LPS or left untreated. The cells and
the supernatant were harvested for following experiments

24 hours after LPS challenged.
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Target Prediction and Luciferase
Reporter Assay

Several databases were used to predict the potential regula-
tory miRNA of LIF and the putative target site, including
TargetScan (context' score percentile>97; http://www.tar
getscan.org/vert_71/), miRDB (Target Score>95; http://

www.mirdb.org/), Very High; http://ophid.utoronto.ca/

mirDIP/), starBase (pancancerNum=>10; http://starbase.
sysu.edu.cr/) and miRmap (miRmap score>85; https:/mir
map.ezlab.org/app/). Then, a luciferase reporter assay was

carried out to test the binding of miR-29¢-3p to the target
gene LIF. DNA fragments of wild-type and mutant LIF 3'-
untranslated region (UTR) containing the possible miR-29c-
3p complementary region were cloned into the luciferase
reporter vector. Subsequently, Caco-2 cells were transfected
with 3'-UTR or mutant 3'-UTR luciferase reporters only, or
along with miR-29¢-3p mimic or inhibitor. 48 hours after
transfection, cells were collected and assayed for luciferase
activity by  Luciferase
(Promega, USA).

Reporter Assay  System

Cell Proliferation Assay

Cell counting kit-8 (CCK-8; Beyotime Institute of
Biotechnology) was carried out to determine the prolifera-
tion ability of Caco-2 cells, in accordance with manufac-
turer’s protocol. Untreated or pre-transfected Caco-2 cells
were plated on 24-well plates; then, 10ul CCK-8 reagent was
added to each well and the optical density was measured
every 24 hours for 3 days at a wavelength of 450 nm.

Cell Apoptosis Assay

Caco-2 cells transfected with miR-29¢-3p mimic, miR-29¢-
3p inhibitor, si-LIF, scrambled control or untreated cells
were stained with Annexin V(AV)-FITC/propidium iodide
(PI) (Beyotime Institute of Biotechnology). Apoptosis was
detected by flow cytometry. The early apoptotic cells (AV-
FITC positive, PI negative) and late apoptotic cells (AV-
FITC and PI both positive) were both included.

Experimental Colitis Model and

Treatment

Female C57BL/6 mice (6-8 weeks, 2022 g) were pur-
chased from Beijing Vital River Laboratory Animal
Technologies Co. Ltd (Beijing, China), and were maintained
under a specific pathogen-free condition with free access to
sterile water and autoclaved food. All animal experiments
were conducted with the approval of the Animal Care and

Use Committee of Shanxi Medical University (Number:
202065) and according to the Guide for the Care and Use
of Laboratory Animal published by the US National
Institutes of Health (NIH publication, Eighth edition, 2011).

Experimental mice colitis was induced by administration
with 2.5% Dextran sulfate sodium (DSS, MP Biomedicals)
in the drinking water for consecutive 7 days. Polyetherimide
(PEIL 25 kDa; Sigma)/miR-29c¢c-3p inhibitor or inhibitor NC
complexes were prepared by mixing equal volume of solu-
tion of 4 mg/mL PEI and 2 mg/mL miR-29¢-3p inhibitor or
inhibitor NC. The mice were randomly allocated into five
groups (n=10 per group): control group, DSS group, DSS
+PEI group, DSS+PEI/miR-29¢-3p inhibitor and DSS+PEI/
inhibitor NC group. Mice were treated intracolonically with
equal volume (100ul) of PEI/miR-29¢-3p inhibitor, PEl/
inhibitor NC or PEI alone at a dose of 5 mg miR-29¢-3p
inhibitor/kg.

Body weight loss and stool property were recorded daily
after treatment. The disease activity index (DAI) was used
for determination of intestinal inflammation severity
according to the method described previously:' body
weight loss (0=none; 1=1-5%; 2=6-10%; 3=11-20%; 4=
>20%), stool consistency (0=normal; 2=loose stool; 4=diar-
rhea), and rectal bleeding (0O=negative; 2=visible blood in
stool; 4=gross bleeding). All the mice were sacrificed
on day 8, and colon tissues were removed and stored for
further experiments.

Histopathological Examinations

Small segments of colon tissues were fixed with 4% par-
aformaldehyde for 24 hours at room temperature, and then
embedded in paraffin, serially sectioned at 4-um thickness
and stained with hematoxylin and eosin (H&E) for mor-
phological evaluation.

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

Total RNA was extracted using Trizol (Invitrogen, USA)
reagent. qRT-PCR of miR-29¢-3p was performed with
TagMan microRNA probes (Thermo Scientific, USA)
based on the instructions. The expression of miR-29¢-3p
was assayed by TagMan® small RNA assay kit (Thermo
Scientific, USA). The relative miR-29¢c-3p levels were
normalized to U6 and analyzed with 272" method.

For LIF quantification, the extracted RNA was reverse
transcribed into cDNA using the PrimeScript™ RT reagent
Kit (Takara, Japan). Quantitative PCR analyses were
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performed on LightCycler™ 480 System (Roche) using the
SYBR Green assay (Takara, Japan). The relative RNA level

27AC pethod was

of LIF was normalized against 3-actin and
used for analysis. Primers used in this study are listed in

Table 1.

Western Blotting

Total proteins from cells and colon tissues were extracted
with RIPA lysis buffer (Beyotime Biotechnology, China)
supplemented with protease and phosphatase inhibitor
Cocktail (MedChemExpress, China), and were quantified
by BCA protein assay kit (Thermo Scientific, USA).
Proteins were separated by 10% sodium dodecyl sulfate
polyacrylamide gel (SDS-PAGE) electrophoresis and
then transferred onto polyvinylidene difluoride mem-
branes. Membranes were then blocked by a blocking
buffer composed of 8% non-fat milk in Tris buffered
saline with 0.1% Tween-20 for 1 h at room temperature,
followed by incubation with primary anti-LIF antibody
(Abcam, UK) and GAPDH
Biotechnology, China). The protein expression was

antibody  (Antgene
visualized and quantified by chemiluminescence imaging
software (Bio-Rad).

Enzyme Linked Immune-Sorbent Assay

(ELISA)

The cytokines IL-1B, IL-6, IL-8, TNF-a in the culture
supernatants of pre-transfected Caco-2 cells and tissue
homogenates as prepared above were measured by
ELISA kits (R&D Systems, USA) according to the man-
ufacturer’s instructions.

Statistical Analysis

All data were analyzed and shown as mean + S.D based
on at least three experiments. The differences between
groups were compared by Student’s -test or one-way
analysis of variance (ANOVA). SPSS 13.0 statistical
package software and GraphPad Prism 7.0 were applied

Table | The Primer Sequences for qRT-PCR

for statistical analysis and plotting. A P value <0.05 was
considered to be statistically significant.

Results
The Expression of miR-29¢c-3p and LIF in
UC Tissues and Primary |IECs

Colonic biopsies were obtained during endoscopic exam-
inations. We first assessed LIF expression in colon tissues
using qRT-PCR and found it to be upregulated in UC
patients compared with healthy controls (Figure 1A). The
enhanced LIF protein expression was then verified by
Western blotting (Figure 1B). To further explore cellular
level of LIF, primary IECs were isolated and quantified
for LIF expression. As expected, the same change trends
were observed in IECs (Figure 1C and D). Next, we
adopted five miRNA databases (TargetScan, miRDB,
starBase, mirDIP and miRmap) to predict the upstream
miRNA of LIF. As a result, miR-29c-3p was the only
miRNA with the highest possibility to interact with LIF
predicted simultaneously by all databases. Therefore, we
explored miR-29¢c-3p expression by qRT-PCR. As illu-
strated in Figure 1E and F, miR-29¢-3p was downregu-
lated both in colonic tissues and IECs from UC patients
relative to normal controls. Subsequently, as illustrated
by Pearson correlation scatter plots (Figure 1G and H),
miR-29¢c-3p and LIF protein expression in UC tissues
were inversely correlated, whereas disparity was found
between miR-29¢c-3p and LIF mRNA expression.
Accordingly, we hypothesized that miR-29¢c-3p is
involved in the post-transcriptional regulation of LIF
expression.

Identification of Human Colonic LIF as
a Direct Target of miR-29¢-3p

Given the inverse correlation between miR-29¢-3p and LIF
protein expression, we next investigated whether LIF is
a putative target of miR-29c-3p using TargetScan software.
As shown in Figure 2A, a putative binding site of miR-29¢c-3p
in the 3'-UTR of human LIF was identified. For further

CATGTACGTTGCTATCCAGGC
AGTGTGACGTTGACATCCGTA

Human B-actin

Mouse B-actin

Gene Forward Reverse
Human LIF CCAACGTGACGGACTTCCC TACACGACTATGCGGTACAGC
Mouse LIF ATTGTGCCCTTACTGCTGCTG GCCAGTTGATTCTTGATCTGGT

CTCCTTAATGTCACGCACGAT
GCCAGAGCAGTAATCTCCTTCT
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Figure | The expression of miR-29¢-3p and LIF in UC tissues and IECs. (A) The mRNA levels of LIF in UC and normal tissues. (B) Representative Western blots and
densitometric quantitative analysis of LIF proteins levels in UC and normal tissues. (C) The mRNA levels of LIF in primary IECs of UC and normal colon. (D) Representative
Western blots and densitometric quantitative analysis of LIF protein levels in [ECs of UC and normal colon. (E) The expression of miR-29¢-3p in UC and normal tissues. (F)
The expression of miR-29¢-3p in primary IECs of UC and normal colon. (G) Pearson’s correlation analysis of the expression levels of miR-29¢-3p and LIF protein. (H)
Pearson’s correlation analysis of the expression levels of miR-29¢-3p and LIF mRNA. **P<0.01 versus normal group.
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Figure 2 Identification of LIF as a direct target of miR-29¢-3p. (A) Schematic description of a putative binding site of miR-29¢-3p in the 3'-UTR of human LIF. (B) Luciferase
reporter activity in Caco-2 cells. (C) QRT-PCR analysis of miR-29¢c-3p expression in Caco-2 cells pre-transfected with miR-29¢c-3p mimics, miR-29¢-3p inhibitor or
corresponding scramble controls. (D) qRT-PCR analysis of LIF mRNA levels in pre-transfected Caco-2 cells. (E) Representative Western blots and densitometric quantitative
analysis of LIF protein levels in pre-transfected Caco-2 cells. ** and *** indicates P<0.01 and 0.001, respectively.

validation, a luciferase reporter assay was conducted to deter-
mine whether miR-29¢-3p directly targets the 3’-UTR of
human LIF mRNA. The results showed that co-transfected
with 3"-UTR luciferase reporter and miR-29c-3p mimic or
inhibitor in Caco-2 cells resulted in a remarkable decrease or
increase in luciferase reporter activity, respectively, compared
to scrambled control and 3’-UTR reporter co-treated cells,
while no difference was found when 3'-UTR of LIF was
mutated (Figure 2B).

To uncover the post-transcriptional regulation of miR-
29¢-3p on human LIF, we detected the mRNA and protein
levels of LIF by overexpression and knockdown of miR-

29¢c-3p in Caco-2 cells. As shown in Figure 2C and E,
transfection with miR-29¢-3p mimic markedly enhanced
miR-29¢-3p expression while decreasing LIF protein level
compared with control group. Conversely, in comparison
with inhibitor-NC group, knockdown of miR-29¢c-3p
inhibited miR-29¢-3p expression but increased LIF protein
levels. In contrast, alteration of miR-29¢c-3p intracellular
level had no impact on LIF mRNA expression in Caco-2
cells (Figure 2D). Taken together, these results demon-
strated that miR-29¢-3p directly targets the 3'-UTR of
human colonic LIF and acts as a regulator at the post-
transcriptional level.
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The Role of miR-29¢-3p and LIF on

Inflammatory Cytokines Production in vitro
It was previously demonstrated that LIF treatment protected
against DSS-induced mice colitis,'® suggesting LIF confers an
anti-inflammatory action on intestinal inflammation. Thus, we
next focused on the role of miR-29¢-3p/LIF axis in the regula-
tion of inflammatory response. First, we investigated miR-29c¢-

3p and LIF expression in Caco-2 cells when stimulated with

LPS-treated cells, which was consistent with the results in UC
patients.

Subsequently, we wondered whether miR-29¢c-3p can reg-
ulate inflammatory response via modulating LIF in cells chal-
lenged with LPS. As shown in Figure 3A and B, miR-29¢c-3p
mimics transfection successfully upregulated miR-29c-3p
expression in LPS-stimulated Caco-2 cells and resulted in
a decline of LIF protein levels. However, no significant altera-

LPS (Figure 3A and C). We observed a decrease of miR-29¢c-  tion was found on LIF mRNA expression after miR-29¢-3p

3p and an increase in LIF mRNA and protein expression in ~ overexpression (Figure 3C), which was conformed to our
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Figure 3 The role of miR-29¢-3p and LIF in LPS-mediated cell inflammation. (A) The expression of miR-29¢c-3p in LPS-treated Caco-2 cells pre-transfected with miR-29¢-3p
mimics or scrambled control. (B) Representative Western blots and densitometric quantitative analysis of LIF protein levels in LPS-treated Caco-2 cells pre-transfected with
miR-29¢-3p mimics or scrambled control. (C) gRT-PCR analysis of LIF expression in LPS-treated Caco-2 cells pre-transfected with miR-29c-3p mimics or scrambled control.
(D) The protein levels of IL-1, IL-6, IL-8 and TNF-a in the culture supernatants of LPS-treated Caco-2 cells pre-transfected with miR-29¢c-3p mimics or together with LIF
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hypothesis that miR-29¢c-3p alters the translational process
of LIF.

To further investigate the role of miR-29¢-3p in modulating
cell inflammation, we tested the levels of several pro-
inflammatory cytokines in the culture supernatants of Caco-2
cells by ELISA. As a result, the upregulation of miR-29¢c-3p
observably increased, while the co-transfection of miR-29¢-3p
and LIF mimics reversed the production of IL-1p, IL-6, IL-8
and TNF-a (Figure 3D). Likewise, silencing of LIF in Caco-2
cells dramatically suppressed LIF expression and augmented
the secretion of the above four cytokines (Figure 3E and F).
Taken together, our findings revealed that miR-29c-3p

overexpression inhibits LIF protein expression, and thereby
promotes the LPS-induced production of pro-inflammatory
mediators.

The Role of miR-29¢-3p and LIF on Cell

Proliferation and Apoptosis

MiR-29¢-3p inhibited the proliferation of HCT116 cells as
previously reported.'” Therefore, we next investigated the
role of miR-29¢-3p/LIF axis in cell proliferation and apopto-
sis. For cell proliferation examination, CCK-8 assay was
carried out in Caco-2 cells. As illustrated in Figure 4A and
C, the overexpression of miR-29¢-3p and LIF silencing
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suppressed cell proliferation ability, whereas it was rescued by
LIF mimics treatment. Unsurprisingly, the knockdown of
miR-29¢-3p exerted the opposite effects, which was partially
inhibited by co-transfection of si-LIF (Figure 4B). In addition,
an increase in apoptotic cells was identified in miR-29¢c-3p
overexpression and LIF knockdown cells, while cell apoptosis
was depressed by miR-29¢-3p silencing (Figure 4D and F).
Similarly, the effects of miR-29c-3p could be rescued by LIF
overexpression or silencing, suggesting the modulatory func-
tions of miR-29¢-3p/LIF axis on cell apoptosis.

MiR-29¢c-3p Mimics Treatment Aggravates
DSS-Induced Colitis via Suppressing LIF

First, we determined that miR-29¢c-3p and LIF were dif-
ferentially expressed in DSS-induced murine colitis. As
demonstrated in Figure SA and B, miR-29¢c-3p level was
markedly decreased in both inflamed tissues and primary
IECs after DSS administration, while LIF protein level
was significantly increased, which accorded with the
results in human samples. Subsequently, we treated coli-
tis mice with miR-29¢c-3p mimic intracolonically to iden-
tify the pro-inflammatory effect of miR-29¢-3p on gut
inflammation. As a result, miR-29¢-3p was upregulated
but LIF protein was decreased after miR-29¢-3p mimic
treatment. In contrast, although LIF mRNA level was
induced by DSS, miR-29¢-3p mimic just slightly lowered
LIF mRNA expression but without statistically signifi-
cance (Figure 5C). Subsequently, locally overexpression
of miR-29¢c-3p resulted in an exacerbation of colitis as
determined by weight loss, colon length, DAI scores,
macroscopy and histopathological evaluation. Colitis
mice administered with miR-29¢-3p mimic suffered dra-
matic weight loss compared to other groups (Figure 6A).
The average colon length of mice in DSS+PEI/miRNA-
29¢-3p mimic group was much shorter (Figure 6B and C),
and apparently the mice had higher DAI scores after
miRNA-29¢-3p mimic treatment (Figure 6D). As shown
by histopathological examination, we observed severe
tissue damages in DSS treated mice as reflected by
crypt destruction and inflammatory cells infiltration in
epithelium and lamina propria, whereas miRNA-29¢c-3p
mimic administration even aggravated the colonic struc-
tural damages (Figure 6E and F). In addition, the levels of
pro-inflammatory factors (IL-1B, IL-6, IL-8 and TNF-a)
in inflamed colon tissues were ulteriorly increased after
overexpression of miRNA-29¢c-3p (Figure 6G). In gen-
treated with miRNA-29c-3p mimic

eral, mice

experienced a suppression of LIF and developed more
severe colitis.

Discussion

IL-6 related cytokines have been considered to play pivotal
roles in the orchestration of immune progression in a variety
of inflammatory-immune diseases.”” As a member of IL-6
cytokine family, LIF exerted a protective function in experi-
mental colitis by inhibiting Th17 cells differentiation and
described

previously.'® However, there are few studies regarding on

promoting  epithelium reconstruction as
the specific effect of LIF in IBD, and the upstream regulation
of LIF in colonic inflammation is largely unknown. Given
that dysregulation of miRNAs has been linked to the patho-
genesis of IBD,*' 2* herein we sought to explore the putative
upstream miRNA of LIF and the underlying effect of
miRNA/LIF axis in vivo and in vitro.

According to our findings, LIF expression was promi-
nently increased in UC patients, which further confirmed
previous research results.'> Then, we predicted miR-29¢c-
3p as the upstream miRNA of human LIF through five
bioinformatics software, and the conserved binding site in
3'-UTR of human LIF was substantiated by luciferase
reporter assay. As a member of miR-29 family, miR-29c-
3p has been reported to be downregulated and attributed
predominantly anti-tumor properties in multiple human
cancers, including colorectal cancer.'’”*> Nevertheless,
the expression of miR-29¢-3p in IBD is still uncovered,
thereby we examined it in UC patients and a murine colitis
model mimicking human UC. As expected, a decrease of
miR-29¢c-3p was found in UC colon tissues, which was
inversely correlated with LIF protein but not LIF mRNA
levels. Therefore, miR-29c-3p possibly modulates LIF
expression at the post-transcriptional level, according to
of miRNA.
Subsequently, this hypothesis was verified by the over-

the canonical regulation mechanisms
expression and knockdown of miR-29¢-3p in cell lines.
IECs are indispensable components in maintaining gut
homeostasis and regulating intestinal immunity. IECs not
only act as a physical barrier to prevent invasive foreign
pathogens but also function as an immunological barrier to
the crosstalk between
commensals.?*2’ As reported previously, LIF was mark-

mediate immune cells and
edly elevated in the inflamed IECs from mice with colitis
and miR-29¢-3p expression was lower in the human colon
cancer cell-line HCT116.'%'7 In our study, we also found

an increase of LIF and a decrease of miR-29¢-3p in the
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IECs extracted from human and mice inflamed colon
tissues.

To further investigate the underlying mechanisms of
miR-29¢-3p/LIF axis in UC, we adopted LPS-stimulated
Caco-2 cells as a cell inflammatory model. LPS challenge
leads to an elevation of pro-inflammatory mediators by
interacting with toll-like receptors (TLRs).>® Nguyen
et al stated that an autocrine feedback loop involving
LIF, LIFR and STAT4 promoted sustained inflammatory
cytokines production by fibroblasts.>” However, LIF may
exert either pro- or anti-inflammatory function in different
cell types and diseases, depending on a number of
variables.’® As expected, similar results for LIF and
miR-29¢c-3p expression profile were identified in inflamed
Caco-2 cells induced by LPS stimulation. Besides, miR-
29c-3p overexpression and LIF silencing both ulteriorly
enhanced the production of IL-1B, IL-6, IL-8 and TNF-a
in Caco-2 cells after LPS treatment. These data suggest
that miR-29¢c-3p exerts a pro-inflammatory effect on LPS-
induced inflammation via inhibiting LIF expression,
thereby targeting miR-29¢-3p that provides a promising
anti-inflammation therapy.

In a previous study, miR-29¢-3p showed an effect on
HCT116 cells migration and proliferation.'” LIF was also
reported to promote IECs proliferation.'® In another study,
LIF deficiency impaired the renewal and shortened the lifespan
of intestinal epithelium, which could be rescued by LIF
administration.>’ In the current study, we investigated the
effect of miR-29¢-3p/LIF axis on cell proliferation and apop-
tosis. We found that overexpression of miR-29¢-3p inhibited
Caco-2 cells proliferation and drove cell apoptosis via suppres-
sing LIF, while knockdown of miR-29¢-3p showed totally
opposite effects.

The current data of in vitro studies indicated that miR-29c-
3p played a pro-inflammatory role in gut inflammation,
whereas LIF acted as a protective factor. To further confirm
the results, we established a DSS-induced murine colitis
model. MiR-29¢-3p expression was decreased and LIF was
increased in DSS treated mice, which was consistent with the
results in UC patients. After intracolonical injection with miR-
29¢-3p mimic, LIF protein level was downregulated as
expected, and mice developed with exacerbated manifestations
of colitis. In addition, the levels of pro-inflammatory cytokines
(IL-1B, IL-6, IL-8 and TNF-a) was significantly elevated in
inflamed colon, while miR-29¢c-3p mimic treatment further
enhanced cytokines production. Thus, experiments on the
murine colitis model validated the pro-inflammatory effect of
miR-29¢-3p.

In summary, we first demonstrate that miR-29¢-3p/LIF
axis plays an important role in the regulation of intestinal
inflammation. Overexpression of miR-29¢c-3p promotes
inflammation via suppressing LIF both in vitro and
in vivo. The differential expression profile of miR-29¢c-3p
and LIF in
a promising biomarker for UC. MiR-29¢c-3p/LIF pathway

inflamed colon lesions may provide

serves as a potential therapeutic target for UC treatment.
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