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Abstract

AIM

To explore the mechanism by which microRNA-155
(miR-155) regulates the pathogenesis of experimental
colitis.

METHODS

A luciferase assay was performed to confirm the binding
of miR-155 to the SHIP-1 3'-UTR. MiR-155 mimics,
negative controls and SHIP-1 expression/knockdown
vectors were established and then utilized in gain- and
loss-of-function studies performed in raw264.7 cells and
primary bone marrow-derived macrophages (BMDMs).
Thereafter, dextran sulfate sodium (DSS)-induced colitis
mouse model with or without antagomiR-155 treatment
was established, and the levels of miR-155 and SHIP-1,
as well as the pro-inflammatory capabilities, were
measured by western blot, quantitative polymerase
chain reaction, and immunohistochemistry.
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RESULTS

MiR-155 directly bound to the 3'-UTR of SHIP-1
mRNA and induced a significant decrease in SHIP-1
expression in both raw264.7 cells and primary BMDMs.
MiR-155 markedly promoted cell proliferation and pro-
inflammatory secretions including IL-6, TNF-a, IL-1pB,
and IFN-y, whereas these effects could be reversed
by the restoration of SHIP-1 expression. In vivo
studies showed that antagomiR-155 administration
could alleviate DSS-induced intestinal inflammation
in Balb/c mice. Moreover, significantly increased
SHIP-1 expression, as well as decreased Akt activation
and inflammatory response, were observed in the
antagomiR-155-treated mice.

CONCLUSION

MiR-155 promotes experimental colitis by repressing
SHIP-1 expression. Thus, the inhibition of miR-155
might be a promising strategy for therapy.

Key words: Experimental colitis; Inflammatory bowel
disease; MicroRNA-155; SHIP-1

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our present study identifies SHIP-1 as the
functional target of microRNA-155 (miR-155) in macro-
phages. The up-regulation of miR-155 during colitis
led to a significant decrease in SHIP-1 expression as
well as a marked enhancement in cell proliferation and
pro-inflammatory secretions, whereas the restoration
of SHIP-1 expression partly reversed these changes.
We further confirmed that antagomiR-155 treatment
effectively alleviates dextran sulfate sodium-induced
intestinal inflammation in mice, correlated with a
significant elevation in SHIP-1 expression levels. Our
findings indicate a novel mechanism by which miR-155
influences colitis progression.

Lu ZJ, Wu JJ, Jiang WL, Xiao JH, Tao KZ, Ma L, Zheng P,
Wan R, Wang XP. MicroRNA-155 promotes the pathogenesis of
experimental colitis by repressing SHIP-1 expression. World J
Gastroenterol 2017; 23(6): 976-985 Available from: URL: http:/
www.wjgnet.com/1007-9327/full/v23/i6/976.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.16.976

INTRODUCTION

Inflammatory bowel disease (IBD) is characterized by
idiopathic, chronic, recurrent, inflammatory conditions
of the human bowel triggered by multi-factorial causes
that are not completely understood. IBD predomi-
nantly includes ulcerative colitis (UC) and Crohn’s dis-
ease (CD)™?. Although its etiology remains unclear,
studies have indicated that the combination of the
dysfunction of the intestinal mucosal immune system,
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the imbalanced constitution of the gut flora, genetic
susceptibility and environmental factors all contribute
to the pathogenesis of IBD™*. Thus far, certain molec-
ular changes in gene and protein expression patterns
have been identified during the chronic inflammation
process of IBD, and unraveling the molecular events
involved in these intracellular signaling transduc-
tion pathways may be helpful for IBD diagnosis and
treatment.

MicroRNAs are endogenous small non-coding
RNAs that regulate gene expression by binding to the
3’-UTR of target messenger RNAs, either targeting
the transcripts for degradation or blocking their
translation™®. MicroRNA-155 (miR-155), whose
expression is induced by inflammatory cytokines and
toll-like receptor ligands, has been reported to be
involved in tissue development, immune responses,
hematopoiesis, and a number of other important
physiological functions”®. Because the dysregulation
of these same physiological functions is frequently
observed in various inflammation or inflammation-
induced human diseases!***, miR-155 has received
a great deal of interest. Recent studies have demon-
strated that miR-155 is up-regulated in both UC and
CD patients™'*; conversely, its deficiency protects
mice from experimental colitis™, although the under-
lying mechanism stills needs to be elucidated.

Previous studies have proven that the 145-kDa
protein Src homology 2 domain-containing inositol
5’-phosphatase-1 (SHIP-1) is a primary target of
miR-1551%""1 The direct repression of SHIP-1 by
miR-155 has been demonstrated in many mammalian
cell types™*, In fact, the phenotype observed in mice
over-expressing miR-155 is closely related to that of
SHIP-1 knockout mice!®., Ubiquitously expressed in
hematopoietic cells, SHIP-1 is at the nexus of intracel-
lular signaling pathways in immune cells that mediate
the immune response, production of inflammatory and
immunosuppressive cytokines, immunoregulatory cell
formation, autoimmune diseases, and immune can-
cers”®?, For example, the PI3K-Akt pathway is a cru-
cial intracellular signaling pathway that mediates many
biological processes, and SHIP-1 negatively regulates
the PI3K-Akt cascade through the dephosphorylation
of PIP3!**, Recent evidence has shown that SHIP-1
is significantly decreased in leukemias and lympho-
mast**®! as well as in some chronic inflammatory
diseases such as clinical and experimental arthritis®®’.
However, there are few reports on SHIP-1 and IBD,
and the currently available studies give inconsistent
or even opposing results. In this study, we sought to
determine the detailed relationship between miR-155,
SHIP-1, and the pathogenesis of IBD by in vitro stud-
ies using raw264.7 cells and primary bone marrow-
derived macrophages (BMDMs) and by in vivo studies
using an experimental colitis mouse model induced by
dextran sulfate sodium (DSS).
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MATERIALS AND METHODS

Cell culture, isolation, and lipopolysaccharide challenge
The raw264.7 cell line was obtained from the American
Type Culture Collection and was maintained in low-
glucose Dulbecco’s modified Eagle’s medium (Gibco,
Grand Island, NY, United States) supplemented with
10% fetal bovine serum and 1% Pen/Strep. Cells
were incubated at 37 C and in 5% C02/95% air.
BMDMs were isolated by flushing the femurs and tibias
of Balb/c mice (female, 6-8 wk, Laboratory Animal
Center, Chinese Academy of Sciences, Shanghai,
China). Detailed procedures were performed as
described previously™’. BMDM phenotype and purity
was determined by FACS analysis for macrophage
specific antigen F4/80 (Abcam, United Kingdom).
Before function studies, cells were exposed to E. coli
lipopolysaccharide (LPS; 1 pug/mL; Sigma, St. Louis,
MO, United States) for 24 h.

Vectors and cell transfection

MiR-155 mimics (UUAAUGCUAAUUGUGAUAGGGGU)
and negative controls (CCUACGCCACCAAUUUCGU)
were provided by GenePharma (Shanghai, China). To
express the murine SHIP-1 gene (Inpp5d), the coding
sequence of Inpp5d was amplified from cDNA and
was then subcloned into a pcDNA3.1 plasmid (Thermo
Fisher Scientific, Waltham, MA), while silencing of
SHIP-1 expression was achieved by designing a small-
hairpin RNA targeting its coding sequence (shSHIP-1)
and inserting this sequence into the vector. Transfection
was performed in 6-well plates (5 x 10° cells/well), and
the cells were mixed with Lipofectamine2000 reagent
(Invitrogen, Carlsbad, CA). Cells were harvested 48 h
after transfection for further analyses.

Induction of colitis and treatment
Forty pathogen-free female Balb/c mice were randomly
separated into four groups (group 1, group 2, group 3,
and group 4). Five mice per cage were maintained in
an individual ventilated cage. All protocols concerning
laboratory animal usage were submitted and validated
by the Animal Care Ethics Committee of Shanghai
First People’s Hospital and Nanjing Medical University.
Groups 2, 3, and 4 were treated by oral administration
of 4.0% (w/v) DSS (MP Biomedicals, Aurora, OH)
dissolved in drinking water for 7 d, while group 1
was used as the control group and given normal
drinking water. On day 2 and day 5, mice in group
4 were treated with antagomiR-155 (GenePharma)
by tail vein injection at doses of 45 mg/kg in 100
uL volumes. Meanwhile, group 3 was treated with
a negative control (GenePharma) and group 2 was
untreated. The sequences of antagimiR-155 and the
negative control were as follows: antagomiR-155:
5’-AsCsCCCUAUCACAAUUAGCAUsUsAsAs-Cholesterol-37;
negative control: 5’-UsUsUGUACUACACAAAAGUAsCs
UsGs-Cholesterol-3".

During the induction phase, weight loss, stool
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character and bleeding were recorded daily to monitor
the disease activity, and the disease activity index
(DAI) was determined as previously described™®. Mice
were sacrificed under deep anesthesia at the end of
day 7. The colon tissues were stored in 10% buffered
formalin or at -80 C in liquid nitrogen after the colon
length was measured and photographed.

Histological evaluation and immunohistochemistry
Histological examination of the distal colon was
performed on paraffin-embedded sections by hema-
toxylin-eosin (HE) staining. The inflammatory damage
score was determined as previously described™® and
was the sum of inflammation infiltrations, depth of
lesions, destruction of crypt, and width of lesions.
Immunohistochemistry for SHIP-1 was performed
using the peroxidase-conjugated avidin-biotin method.
Deparaffinized and rehydrated sections were incubated
with rabbit polyclonal anti-SHIP-1 (1:300, Santa Cruz,
CA, United States) followed by biotinylated secondary
antibody (Mai Bio, Shanghai, China). Positive staining
was indicated by gray and brown particles. Ten visual
fields (x 400 magnification) were chosen randomly in
each section for evaluation of stained cells. The final
score was the product of the number of stained cells
and staining intensities. Detailed counting methods are
listed in Supplementary Table 1.

Quantitative real-time RT-PCR

Total RNA was extracted from cells or tissues by
the TriPure Reagent (Roche, Basel, Switzerland)
according to the manufacturer’s instructions. Reverse
transcription was performed using the Transcriptor
First Strand cDNA Synthesis kit (Roche). The single-
stranded cDNA served as the template for SYBR
real-time polymerase chain reaction (PCR) using
SYBR-Green PCR Master Mix (Takara Bio, Kyoto,
Japan). All reactions were run in triplicate on the
MasterCycler Real-Time PCR Detection System
(Eppendorf, Hamburg, Germany). Supplementary Table
2 lists all primer sequences used in the study. The fold
change of gene expression was calculated using the
22T method. The expression level of miR-155 was
normalized to U6 snRNA, and the expression levels of
other genes were normalized to GAPDH.

Western blot assay

Cells or colon tissues (stored at -80 C) were harvested
and extracted using the lysis buffer, and an equal
amount of protein was separated on 15% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis gel.
Separated protein bands were transferred into PVDF
membranes and then blocked in 5% skim milk powder.
The primary antibody against SHIP-1 (Santa Cruz) was
diluted according to the manufacturer’s instructions
and incubated with the membrane overnight at 4 °C,
followed by incubation with secondary antibodies
(1:1000 dilution; Mai Bio) at room temperature for 2
h. The immunoreactive bands were visualized using
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Figure 1 SHIP-1 is targeted by microRNA-155 in mouse macrophages. A: A mouse Inpp5d 3'-UTR fragment containing the wild-type or mutant miR-155-binding
sequence was cloned downstream to the luciferase reporter gene; B and C: The luciferase activity of Inpp5d 3-UTR in raw264.7 cells (B) or primary mouse bone
marrow-derived macrophages (BMDMs) (C) after transfection with miR-155 mimics or negative controls. °P < 0.05, °P < 0.01 vs the wild-type Inpp5d 3-UTR luciferase
activity in cells transfected with NCs; D: The mRNA level of SHIP-1 was significantly down-regulated in raw 254.7 cells and BMDMs after cells were transfected with
miR-155 mimics. °P < 0.05, “P < 0.01 vs controls. B: The protein level of SHIP-1 also reduced after miR-155 mimics transfection.

an ECL-PLUS kit (Piscataway, NJ). The relative protein
expression levels were normalized to GAPDH.

Luciferase reporter assay

The murine Inpp5d target site and its mutant version
were amplified by primers. The target site was
predicted by three databases (miRBase, PicTar and
miRanda). The PCR products were cloned downstream
of the luciferase gene in psiCHECK-2 luciferase vector
(Promega, WI, United States). The constructs were
transfected together with miR-155 mimics or the
negative controls. Luciferase activity was measured
using the Dual-Luciferase Reporter Assay (Promega)
24 h after transfection. Each treatment was performed
in triplicate.

Cell proliferation assay

Cell proliferation was analyzed using an MTT assay.
Briefly, 1 x 10° cells per well were seeded into a
96-well plate and incubated for three days. At the
indicated time point, 20 pL of MTT (5 mg/mL) (Sigma-
Aldrich) was added into each well and incubated for 4
h. Then, the supernatants were removed and 150 uL
of DMSO (Sigma-Aldrich) was added to terminate the
reaction. The absorbance value (OD) was measured at
570 nm.
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Enzyme-linked immunosorbent assay

The levels of TNF-a, IL-6, IL-18 and IFN-y in cell lysate
supernatants were measured using corresponding
enzyme-linked immunosorbent assay (ELISA) kits (Mai
Bio) according to the manufacturer’s instructions.

Statistical analysis

SPSS 21.0 and GraphPad Prism 5 were used for stati-
stical analyses and the rendering of figures. One-way
analysis of variance (ANOVA) was used to analyze the
differences between groups. The Student-Newman-
Keuls method of multiple comparisons was used when
the ANOVA analysis resulted in statistical significance.
Data are expressed as the means + SD. Statistical
significance was set at P < 0.05.

RESULTS

MiR-155 directly targets the 3-UTR of SHIP-1 and
inhibits its expression in murine macrophages
Because SHIP-1 is a well-established target of
miR-155, we first performed a dual-luciferase reporter
assay by constructing luciferase reporter constructs
containing the wild-type or mutant SHIP-1 3'-UTR and
co-transfecting them with miR-155 mimics or negative
controls into cells (Figure 1A). We found that miR-155
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Figure 2 Effects of microRNA-155 and its target SHIP-1 on cell proliferation and pro-inflammatory capabilities. A: The proliferation rate of raw264.7 cells
transfected with miR-155 mimics, the negative controls, miR-155 mimics + SHIP-1 vectors, SHIP-1 expression vectors, or SHIP-1 knockdown vectors was detected by
MTT assay. °P < 0.05 indicated there was significant difference between groups. B-E: ELISA analyses of the secretion of IL-6 (B), TNF-a. (C), IL-1B (D), and IFN-y (E)
in both the raw264.7 cells and mouse bone marrow-derived macrophages (BMDMs) and the respective cells transfected with miR-155 mimics, the negative controls,
miR-155 mimics + SHIP-1 vectors, SHIP-1 expression vectors, or SHIP-1 knockdown vectors. Comparison was conducted between groups: Raw264.7/miR-155,
raw264.7/SHIP-1, raw264.7/shSHIP-1 vs Raw264.7, Raw264.7/NC; Raw264.7/miR-155+SHIP-1 vs Raw264.7/miR-155. °P < 0.05, °P < 0.01.

directly bound to the wild-type but not the mutant
3’-UTR of SHIP-1 mRNA and caused the significant
reduction of luciferase activities in both the murine
macrophage cell line raw264.7 and the primarily
isolated BMDM cells (Figure 1B and C). Then, we
focused on the expression of SHIP-1 in miR-155 over-
expressing raw264.7 cells and BMDMs. As shown in
Figure 1D and E, both the mRNA and the protein levels
of SHIP-1 were significantly decreased after cells were
transfected with 60 nmol/L miR-155 mimics, which
confirmed that SHIP-1 is the direct target of miR-155
in murine macrophages.

Effects of miR-155 and SHIP-1 on the cell proliferation
and pro-inflammatory secretion of murine macrophages
An MTT assay was performed to test the effects of
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miR-155 and its target SHIP-1 on the proliferation
of raw264.7 cells. Cell proliferation was significantly
elevated following the over-expression of miR-155
and was decreased after the up-regulation of SHIP-1
(Figure 2A). ELISA analysis was then conducted to
determine whether miR-155 and SHIP-1 affected
the pro-inflammatory secretions of LPS-stimulated
raw264.7 cells and primary BMDMs. After exposure to
LPS (1 pg/mL) for 24 h, both the raw264.7 cells and
BMDMs showed remarkable secretion levels of IL-6,
TNF-a, IL-1B, and IFN-y, which represent the most
important pro-inflammatory cytokines in IBD. The cells
that over-expressed miR-155 exhibited the highest
levels of secretion of these factors, while SHIP-1
restoration could inhibit the over-production of IL-6,
TNF-a, IL-1B, and IFN-y in these two cell types (Figure
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Figure 3 Inhibition of microRNA-155 alleviated mouse experimental colitis. A: AntagomiR-155 treatment significantly reduced the expression level of miR-155 in
colon tissues. °P < 0.01, dextran sulfate sodium (DSS) vs control, DSS + antagomiR-155 vs DSS + NC; B: Inhibition of miR-155 markedly decreased the disease activity
index of experimental colitis. °P < 0.05, DSS + antagomiR-155 vs DSS + NC, DSS; C: AntagomiR-155 treatment alleviated the shortening of colon induced by DSS.

2B-E). These results indicate that miR-155 serves
its pro-inflammatory function by repressing SHIP-1
expression in macrophages.

Inhibition of miR-155 significantly alleviates murine
intestinal inflammation induced by DSS

DSS-induced experimental colitis was established in
Balb/c mice to determine the role of miR-155 and
SHIP-1 in vivo. On day 2 and day 5, one group of mice
was injected with 45 mg/kg antagomiR-155 through
the tail vein, while another group was treated with
the same dose of negative controls. Our PCR analysis
confirmed that the level of miR-155 in murine colons
was significantly reduced by antagomiR-155 treatment
(Figure 3A). During the 7-d DSS induction, changes
in body weight, occult blood, and gross bleeding were
assessed and scored for the determination of DAI
scores. As shown in Figure 3B, the DSS-treated groups
exhibited higher DAI scores compared to the normal
distilled water-treated group. In the three DSS-treated
groups, it was observed that the mice that received
antagomiR-155 injection exhibited significantly lower
DAI compared with the mice that received random
antagomiR treatment and the untreated mice.
Additionally, the colon length of DSS-treated mice was
markedly shortened compared to controls (8.23 + 1.35
cm vs 5.45 £ 1.29 cm, P < 0.05), and the inhibition of
miR-155 could partly abate such shortening (6.82
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1.41 cm vs 8.23 £ 1.35 cm, P > 0.05) (Figure 3C).

Thereafter, we evaluated the histological changes
in colon sections by HE staining and found that the
DSS-treated mice exhibited the typical characteristics
of intestinal inflammation compared with the normal
control mice (Figure 4A). The mice co-treated with
antagomiR-155 displayed remarkably reduced levels
of colon inflammation, including neutrophil infiltration,
epithelial damage, depletion of goblet cells, and
distortion of crypt architectures, compared to the mice
treated with only DSS or the mice treated with DSS
and random antagomiRs (Figure 4B and C).

Inhibition of miR-155 leads to increased SHIP-1
expression and decreased inflammatory responses in
experimental colitis

We performed an expression analysis of SHIP-1 in
distal colon tissues and found that both the RNA
and protein levels of SHIP-1 were significantly
increased with antagomiR-155 administration (Figure
5A and B), whereas activity of its major functional
target, the Akt signaling pathway, was decreased
due to the enhancement of the negative regulation
of SHIP-1 upon p-Akt activation (Figure 5B). IHC
analysis showed that SHIP-1 was mainly expressed
in lymphocytes, neutrophils, and other hematopoietic
cells in the inflamed mucosa (Figure 5C). Similarly,
the mice co-treated with antagomiR-155 exhibited
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Figure 4 Effects of antagomiR-155 on dextran sulfate sodium-induced histological changes in intestinal mucosa. A: Representative histological images of colon
tissues from mice in differently treated groups (original magnification, upper panel, x 200; lower panel, x 400); B: Microscopic inflammatory infiltration score. °P < 0.01,
DSS vs control; °P < 0.05, DSS + antagomiR-155 vs DSS + NC; C: Microscopic crypt destruction score. °P < 0.01, DSS vs control. DSS: Dextran sulfate sodium.

higher positive staining of SHIP-1 than the mice in
other groups. Since the activation of Akt is implicated
in cell proliferation, survival, and pro-inflammatory
release®, we then investigated whether the change
in SHIP-1 expression and downstream Akt signaling
was associated with the inflammatory response in
murine colon mucosa. PCR analysis revealed that
the main pro-inflammatory mediators in colitis,
including IL-6, TNF-a, IL-1B, IFN-y, and IL-17, were
all suppressed to a large degree after antagomiR-155
treatment; however, the paramount anti-inflammatory
factor IL-10 demonstrated an opposite trend in
expression (Figure 5D), suggesting that the inhibition
of miR-155 and the over-expression of SHIP-1 could
be an effective strategy to alleviate or suppress the
inflammatory cascade in colitis.

DISCUSSION

Understanding the underlying mechanisms that
regulate gene expression and the complex interplay
of pathogenic factors is essential to develop novel
therapeutics in IBD. Thus far, the ability of microRNAs
to target functional genes and intracellular biological
signaling pathways has drawn great attention from
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bench to bedside 2!, Over the past few decades,
the identification of microRNAs in IBD has made great
progress as an initial step in this regard. As a multi-
functional microRNA, miR-155 plays an important
role in the etiology of autoimmune diseases, and
its ectopic up-regulation has been reported in both
UC and CD. However, the detailed mechanism by
which miR-155 influences the pathogenesis of colitis
remains to be elucidated. Since SHIP-1, an important
cytoplasmic phosphatase that regulates the number
and function of immune cells, has been demonstrated
as the direct target of miR-155, we therefore
investigated the possible role of miR-155 and SHIP-1
in colitis in the present study.

We first determined that SHIP-1 was directly
regulated by miR-155 in murine macrophages including
raw264.7 cells and primary BMDMs. As it is well
known that macrophages serve as the core regulator
of innate immune response during gut inflammation
or infection, here we proved that SHIP-1 might play
a role in @ miR-155-triggered inflammatory cascade
during colitis. Singh et a/™! reported that miR-155
deficiency protects mice from experimental colitis by
reducing T cell responses, and Min et a** found that
miR-155 contributes to cytokine secretion in colitis
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Figure 5 Inhibition of microRNA-155 alleviates colitis by regulating the SHIP-1/Akt signaling pathway. A: AntagomiR-155 treatment elevated the mRNA
expression of SHIP-1. °P < 0.01, DSS vs control; °P < 0.05, DSS + antagomiR-155 vs DSS + NC; B: Western blot analysis of the protein levels of SHIP-1, Akt, and
p-Akt after antagomiR-155 treatment, with normalized to GAPDH; C: Immunohistochemistry staining and semi-quantification for SHIP-1 in mice colon tissues. °P <
0.01, DSS vs control; °P < 0.05, DSS + antagomiR-155 vs DSS + NC. D: The mRNA expression levels of key factors involved in colitis-related inflammatory response.
Comparison was conducted between groups: DSS, DSS + NC vs control; and DSS + antagomiR-155 vs DSS, DSS + NC. °P < 0.05, °P < 0.01. DSS: Dextran sulfate

sodium.

by targeting FOXO3a. In this study, we confirmed the
pro-proliferation and pro-inflammation capabilities
of miR-155 in murine macrophages. Furthermore,
we found that these effects were accompanied by
a marked decrease in SHIP-1 expression and that
the restoration of SHIP-1 could effectively inhibit or
reverse these effects. Since it was first cloned and
characterized in 1996, the role of SHIP-1 in immunity
and other physiological or pathological processes has
gradually emerged from numerous studies®*". Thus
far, the dysregulation of SHIP-1 has been described
in several chronic inflammation and autoimmune
disorders. There have been reports concerning
SHIP-1 silencing in immune cells or knockout in
animal models leading to the increased release of
inflammatory cytokines®%. Kerr et a/®* in 2011
reported that Ship-17" mice develop spontaneous
CD-like ileitis, which could be corrected by adoptive
transfer of bone marrow from wildtype mice. They
further proposed that this type of colitis probably
resulted from the imbalance of intestinal immune
cells caused by SHIP-1 deprivation. Most recently, Jin
et al®® identified that the miR-155-mediated down-
regulation of SHIP-1 promotes gouty arthritis. All of
these findings point towards a pivotal role of SHIP-1
in regulation of immune response in the body. Our
analysis demonstrated that the anti-inflammation
effect of SHIP-1 is possibly via the inhibition of the Akt
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signaling pathway, both in vitro and in vivo. The pro-
inflammatory secretion of cytokines by macrophages
was significantly suppressed upon the up-regulation
of SHIP-1 expression, indicating a potential for its
clinical utility in the future. Although there was a report
documenting that the level of SHIP-1 is increased in
the intestinal mucosa samples of IBD patients™”}, we
speculate that this finding was due to the presence
of more lymphocytes, monocytes, and neutrophils
infiltrating into the colorectal mucosa during colitis.
Previous studies have identified a number of
microRNAs as diagnostic biomarkers or potential targets
for IBD treatment, such as miR-21 and miR-3152,
However, to date, no therapeutic manipulation of
microRNAs in IBD has been reported in cell lines or
animal models. In regards to miR-155, although its
aberrant expression in colitis is well established, the
prospect of a miR-155-targeted strategy has not
been fully investigated. In the present study, we
established a DSS-induced colitis model and treated
it with antagomiR-155. As expected, the inhibition of
miR-155 significantly alleviated the disease activity,
the degree of intestinal inflammation, and the release
of pro-inflammatory cytokines. We also demonstrated
that these curative effects are closely associated with
an increase in SHIP-1 expression. These data provide
a strong proof-of-concept for miR-155- and SHIP-1-
based therapeutic approaches that could modulate
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inflammation in IBD. Nevertheless, experimental data
in a chronic colitis animal model should be provided for
further validation.

In conclusion, our current study demonstrated that
miR-155 contributes to the pathogenesis of colitis by
targeting SHIP-1 expression. Therefore, the inhibition of
miR-155 and the restoration of SHIP-1 could effectively
alleviate intestinal inflammation and cytokine secretion.
Although some other effects of this miR-155 targeting
strategy still need to be considered and studied, we
cannot help speculating that this promising therapeutic
concept may emerge in the near future.
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