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Abstract

Inflammatory bowel diseases (IBD) are characterized by chronic inflammation and damage of colonocytes with etiology of genetic,
epigenetic and environmental factors. MicroRNA-223 (miR-223) has been found to be increased in both IBD patients and animal colitis
models. However, contentious opinions relevant to the roles of miR-223 in IBD have been reported. Notwithstading that most studies
have described that miR-223 has anti-inflammatory effects, several reports have progressed a pro-inflammatory view. In this review, we
summarise both the anti-inflammatory and pro-inflammatory effects of miR-223 on key molecules in inflammatory responses in both
animal models and in patients diagnosed with IBD and objectively discuss the possible basis for the discrepancies.
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1. Introduction
Inflammatory bowel diseases (IBD) including ulcera-

tive colitis (UC) and Crohn’s disease (CD) are common and
complex conditions that are difficult to cure. UC often starts
from the rectum and extends to part or whole colon in a con-
tinuous manner with mucosal damage and clinical manifes-
tations are blood diarrhea and abdominal pain [1]. CD is
characterized by transmural damage, which is an immune-
related abnormality and could occur in any part of the gas-
trointestinal tract [2,3]. Multiple factors including genetic,
epigenetic, environmental and intestinal microbiota dysreg-
ulation have been attributed to the causes of IBD [4]. The
main characteristic of IBD is the chronic inflammation that
ensues with increased levels of pro-inflammatory cytokines
interleukin-6 (IL-6), IL-12, IL-17, IL-23, IL-1β, Tumor
Necrosis Factor-α (TNF-α), and interferon-γ (IFN-γ) as
well as decreased levels of anti-inflammatory IL-10 and
TGF-β [4]. In IBD, activated macrophages and dendritic
cells are stimulated to secret pro-inflammatory cytokines,
which in turn activate pro-inflammatory immune cells type
1 T helper cells (Th1) and Th17 cells, whilst inhibiting anti-
inflammatory immune cells Th2 and regulatory T cells.

As proinflammatory responese play crucial roles in
the pathogenesis of IBD, anti-inflammatory therapies have
been developed [5]. The standard regimens include 5-
aminosalicylates, stroids and biologics. The commonly
used biologics are anti-TNF-alpha infliximab, anti-integrin
vedolizumab and anti-IL6/Janus-Kinase (JAK) signaling
Torfacitinib [1]. These have been effective in some patients
but response rate is still low, i.e., treatment outcomes are
limited and efficacy is often suboptimal. IBD not only de-
creases quality of life but also increases the risk of colon

cancer [6]. Therefore, the requisite is to further investigate
the mechanisms of the disease as a prelude to searching for
novel therapeutic regimens for curative treatments. Further
understanding of each altered factor in IBD could facili-
tate the development of effective therapeutic approaches for
IBD. Newly developing therapeutic approaches have been
broad such as signalling pathway inhibitors, gut microbiota
modulation and targeting microRNAs (miRs) [7,8]. For ex-
amples, anti-IL-23 antibodies risankizumab, mirikizumab,
ustekinumab, anti-Janus-Kinase1 (JAK1) signaling small
molecule filgotinib have been in phase2/3 clinical trials
[1,9–11]. The interactions of these approaches could be in-
tertricate through modulation of inflammatory responses.

The pathogenesis of IBD is still not well elucidated;
as such the complexity presents a collective of interactions
between genetic defects, immune dysregulation and envi-
ronmental factors such as perturbations of the gut micro-
biota [12,13]. It has been recognised that a dysregulated gut
microbiota (gut dysbiosis) could be a crucial causal factor,
which together with other factors initiates and or promotes
inflammatory disease development. In IBD, the abundance
of bacteria from the phyla Firmucutes is reduced while
members from the phyla Proteobacteria and Bacteroidetes
have an increased abundance [14–16]. Sokol et al. [14]
reported that the Firmucutes to Bacteroidetes ratio was de-
creased in IBD patients. There was also decreased abun-
dance of the beneficial bacterial genus Bifidobacteria [14]
Machiels et al. [15] also identified that butyrate-producing
bacteria Fecalibacterium prausnitzii and Roseburia homi-
nis, both from the Firmucutes phyla, were decreased. Frank
et al. [16] showed that Enterobacteriaceae family from
the phylum Proteobacteria was outgrown. These changes
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could cause increased intestinal permeability and inflam-
mation [17]. The mechanisms are associated with altered
commensal bacterial metabolites such as bile acids, short-
chain fatty acids and tryptophan metabolites [18]. Indeed,
the decrease in abundance of butyrate-producing bacteria F.
prausnitizii and R. hominis [19–22] could cause decreased
levels of butyrate, which is important in anti-inflammatory
mechanism and intestinal permeability [23].

With the exception of the involvement of multiple pro-
inflammatory signalling pathways, miR alterations have
been extensively studied in IBD. Endogeneous miRs have a
base length of 19–24 nucleotides that are noncoding single
stranded RNAs, which regulate gene expression by binding
to the 3’-untranslational regions (3’-UTRs) of mRNAs and
degrade the mRNAs [24].

Many miRNAs have been found to be altered in IBD
and are associated with the pathogenesis of IBD [25,26]. To
this, a review has reported on the expanding research evi-
dence that supports that miRs promote post-transcriptional
regulation of intestinal proinflammatory responses, an im-
portant step in IBD cellular turnover [27]. Wang and col-
leagues (2018) [28] review has highlighted studies that
have shown that entities such as miR-142-3p, miR-320,
miR-192, and miR-122 can target the Nucleotide-binding
oligomerization domain-containing protein 2 (NOD2) gene
[27], an IBD-relevant autophagy and immune system func-
tion gene. This genetic dependent effect modulates au-
tophagy in IBD. Other entities such as miR-142-3p, miR-
93, miR-106B, miR-30C, miR-130a, miR-346, and miR-
20a were reported to regulate inflammation by targeting
the autophagy gene (i.e., ATG16L1) via several different
molecular pathways. For example, miR-196 can down-
regulate the IRGM gene [28], that codes for a protein that
plays an important role in immunity [29]. In addition, miR-
196 suppresses autophagy by inhibiting the accumulation
of LC3II [28]. The review also reports that endoplasmic
reticulum stress response molecular pathways with miR-
665, miR-375, and miR-150 modulate autophagy by regu-
lating the unfolded protein response with an important role
in IBD intestinal fibrosis. Relevance to the release of anti–
or pro–inflammatory cellular factors in autophagy-related
pathways, miR-146b, miR-221-5p, miR-132, microRNA-
223 (miR-223), miR-155, and miR-21 have been reported
to regulate NF-κB or mTOR signaling activities [28] that in
turn induce or inhibit cellular recycling in intestinal cells.

Given that IBD is an immune-mediated diges-
tive/intestinal system inflammatory disease that includes
Crohn’s disease (CD) and ulcerative colitis (UC), among
the various miRs, miR-223 has a central role. MiR-223 is
a crucial regulator of innate immunity, involving myeloid
differentiation and neutrophil and macrophage functional-
ity [30], while being highly expressed in neutrophils that ef-
fectively limits the activation and function of neutrophils in
inflammatory diseases [30]. Uncontrolled immune cellular
activation (i.e., myeloid activation) can lead to detrimen-

tal consequences in inflammatory disease. Hence, miR-
223 serves as a negative feedback mechanism controlling
excessive innate immune responses in the maintenance of
myeloid cell homeostasis [30]. In addition to inflammatory
diseases Yuan et al. [30] have also reported on the involve-
ment of miR-223 in acute respiratory distress syndrome
and IBD. An important highlight of current research ef-
forts is the reported therapeutic benefit, that miR-223 has to
dampen inflammatory targets as well as the potential treat-
ment to control excessive innate immune responses during
mucosal inflammations [30–32]. Therefore in this review,
we summarize the current progress of the role of miR-223
in the pathogenesis of IBD in association with the gut mi-
crobiota and discuss the contentious findings.

2. Increased miR-223 Levels in IBD and
Controversial Results on Its Effects on Colitis

The increased miR-223 levels in colonic tissues and
blood samples have beenwell demonstrated in both IBD pa-
tients and animal models. Several clinical studies showed
that many miRs were altered in the samples from pa-
tients with UC and CD. Among them miR-223 levels were
highly increased [24,33–35]. Wang et al. [35] investigated
the blood levels of miR-223 in patients with UC and CD
and found that miR-223 were increased in both UC and
CD, which were correlated with inflammatory indicator C-
reactive protein levels. Wu et al. [24] found that miR-223
levels in CD samples obtained from colonoscopic pinch
biopsies were 8.6 folds of that in samples from healthy
controls. The clinical findings of increased miR-223 in
IBD have been confirmed in various animal colitis mod-
els. In the IL-10−/− mousemodel which causesmild coitis,
Schaefer et al. [36] found miR-223 in colon and periph-
eral blood leukocytes were increased. In a dextran sulfate
sodium (DSS)-induced colitis model, increased miR-223
levels were correlated with increased colonic inflammation
[37,38].

Studies with animal colitis models have demonstrated
that increased levels of miR-223 reported a protective ef-
fect on colitis. Zhang et al. [37] demonstrated that admin-
istration of miR-223 agomir alleviated DSS-induced coli-
tis while antagomir aggravated the colitis. Neudecker et
al. [38] reported that deficits of miR-223 aggravated DSS-
induced colitis in mice that expressed an miR-223 gene
mutation (miR-223-/y). Controversially, in a trinitroben-
zene sulphonic acid (TNBS)-induced colitis mouse model,
Wang et al. [39] reported that miR-223 levels were in-
creased but inhibition of miR-223 by antagomir improved
histological score with decreased colonic inflammation in-
dicated by myeloperoxidase activity and decreased weight
loss. The difference in the effects of miR-223 may be asso-
ciated with the use of different IBD models. We will exam-
ine the effects of miR-223 on key inflammatory-associated
molecules to explain the discrepancy.
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Fig. 1. Effect of miR-223 on inflammasome in IBD. MiR-223 can block NLRP3 inflammasome, which is pro-inflammatory by con-
verting pro-IL-1β into IL-1β and pro-IL-18 into IL-18, two proinflammatory cytokines. Inhibitors such as MCC950 can reduce NLRP3
inflammasome activity to decrease production of IL-1β and IL-18 [Adapted from J ExpMed 2017; 214: 1737–1752] [38]. Abbreviations:
NLRP3, Nucleotide-binding oligomerization domain, Leucine rich Repeat and Pyrin domain-containing protein 3; IL-18, interleukin 18.

3. Effects of miR-223 on the Key
Inflammatory Components in IBD

Many studies have reported that the roles of increased
miR-223 levels in the pathogenesis of IBD are mediated by
the direct effects of miR-223 on key molecules in multiple
signalling pathways. MiR-223 either promotes or inhibits
inflammation, leading to controversial opinions about the
roles of MiR-223 in IBD. In a recent review miR-223 was
reported to be an effective regulator of immune cell differ-
entiation as well as a regulator of inflammatory processes
ofmolecular regulatory networks and treatments for inflam-
matory diseases this being especially and highly relevant for
IBD [32].

NLRP3 Inflammasome
NLRP3 (Nucleotide-binding oligomerization domain,

Leucine rich Repeat and Pyrin domain-containing protein
3) inflammasome is a defense mechanism to microbial in-
fections [40]. It is activated by microbial-associated molec-
ular patterns (MAMPs) and damage-associated molecu-
lar patterns (DAMPs) to elicite innate immune responses.
MAMPs and DAMPs bind to and activate pattern recogni-
tion receptors (PRRs) such as toll-like receptors (TLRs) and
nucleotide-binding oligomerization domain-containing-2
(NOD2), resulting in activation of the NF-κB pathway. Ac-
tivation of NF-κB triggers increased expression of NLRP3
protein [41]. Activated NLRP3 converts inactive pro-
caspase 1 into active caspase 1, which in turn cleaves pro-
IL-1β and pro-IL-18 to their active forms (Fig. 1, Ref.
[38]).

An uncontrolled and excessive activation of NLRP3
has been reported to be a major pathogenetic factor of
many inflammatory diseases including IBD and knock-
out of NLRP3 improved these diseases [40,42]. The anti-
inflammatory effect of miR-223 could be explained by its
inhibitory effect on NLRP3. MiR-223 reduces NLRP3
expression by binding to its mRNA 3’-UTR, leading to
degradation of NLRP3 mRNAs [41]. Correspondingly, in-
creased miR-223 reduces NLRP3 inflammasome and pro-
inflammatory cytokines IL-1β and IL-18. In contrast, re-
duced miR-223 should increase inflammasome activity.
Indeed, it has been shown that inflammasome and IL-
1β production are enhanced in miR-223-/y mice treated
with DSS, supporting overall protective effects of miR-
223 in a DSS-induced colitis model [38]. Consequently,
miR-223 is required for maintaining the inflammatory tone
within an appropriate degree of response. The overall anti-
inflammatory effect of miR-223 in other disease states (e.g.,
lung inflammation, rheumatoid arthritis) provides further
evidence [32]. A recent study showed that miR-223 in neu-
trophils was a key factor for resolution of liver inflamma-
tion after the injury factor disappeared [43]. MiR-223 also
protected neurons from inflammation-caused damage in an
encephalomyelitis mouse model [44]. Furthermore, miR-
223 mimics together with miR-142 delivered by microvesi-
cles through intratracheal instillation suppressed lung in-
flammation triggered by the endotoxin lipopolysaccharides
(LPS) [37]. The associated mechanism was shown to be
inhibition of NLRP3 expression.
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Fig. 2. Effect of miR-223 on NF-κB pathway. MiR-223 targets IKKα, Traf6/Tab1 and Cul1a/b, leading to increased NF-κB suppressor
IκBα and thus decreased NF-κB nuclear translocation and reduced production of proinflammatory factors. Abbreviations: NF-κB,
nuclear factor kappa light chain enhancer of activated B cells; IκBα, NF-κB polypeptide gene enhancer in B cells inhibitor alpha; IKKα,
IκBα; Traf6/Tab1, TNF-α receptor-associated factor 6/TGF-beta activated kinase 1; Cul1a/b, cullin 1a/b.

Inhibition of inflammasome in IBD provides a ther-
apeutic effect. Isoflavone formononetin can inhibit the
NLRP3 inflammasome to reduce intestinal inflammation in
a DSS-induced colitis mouse model [24]. Rev-ErbA pro-
teins are members of the nuclear receptor family of intracel-
lular transcription factors. As such these proteins regulate
the colon clock, and have been found to suppress NLRP3
via inhibition of NF-κB [24]. Knockout of Rev-ErbA ex-
acerbated DSS colitis and its activation has been shown
to attenuate DSS-induced colitis [45]. A small molecule
selective inhibitor MCC950 has been developed to target
NLRP3, leading to decreased IL-1β in experimental au-
toimmune encephamyolitis, CAPS and Muckle-Wells syn-
drome [46]. MCC950 has been shown to attenuate experi-
mental cryopyrin-associated periodic syndrome and exper-
imental autoimmune encephalomyelitis in rodents, the dis-
eases with activation of NLRP3 [46]. MCC950 could be
also effective in IBD as its pathogenesis is also associated
with a proinflammatory response. Therefore, increased
miR-223 could have a protective effect by inhibiting the
NLRP3 inflammasome.

4. NF-κB Pathway
NF-κB pathway is a major mediator of inflammation

[47]. Prolonged activation of NF-κB causes chronic in-
flammation and cancer. It has been well demonstrated to

be involved in the pathogenesis of IBD [48,49]. TLRs acti-
vated by MAMPs can increase NF-κB activation. Inflam-
matory factor like TNF-α can also activate NF-κB through
TNF receptor. Activation of NF-κB results in increased
production of proinflammatory cytokines including IL-6,
IL-1β and TNF-α as well as Cox-2 and nitric oxide. In
animal models including TNBS-induced colitis and IL-10-
deficient mice, intravenous administration p65 anti-sense
oligonucleotides reduced intestinal inflammation [50].

The effects of miR-223 on NF-κB are multiple. NF-
κB is composed of p65 and p50 subunits which are sup-
pressed by the inhibitory subunit IκBα (NF-κB polypeptide
gene enhancer in B cells inhibitor alpha) (Fig. 2). IKKα
(IκB kinase alpha), a negative regulator of IκBα, has been
identified as a target of miR-223 [51]. By comparing 30
UC patients and 20 non-IBD controls, Valmiki et al. [50]
miR-223 levels were 8.63 folds of that of controls while
IKKα was 40% less in UC patients than that in controls.
Transfection of miR-223 into LPS-stimulated HT-29 cells
resulted in 4.16-fold decrease in IKKα mRNA levels. The
decreased effect of IKKα on IκBα should lead to activation
of NF-κB. In another study, NF-κB activators Traf6/Tab1
(TNF receptor-associated factor 6/TGF-beta activated ki-
nase 1) and Cullin 1a/b were identified as targets of miR-
223 [52]. Transfection of miR-223 into HUVECs blocked
nuclear translocation of NF-κB as well as inhibition of p38

4

https://www.imrpress.com


MAPK, JNK and ERK phosphorylation [53]. These studies
suggest that miR-223 could reduce proinflammatory status
in IBD through inhibiting NF-κB pathway.

5. IL-6/STAT3 Pathway
IL-6/STAT3 (signal transducer and activator of tran-

scription 3) pathway has been demonstrated to play key
roles in the pathogenesis of IBD [54]. It increases
macrophage and T cell survivial, proliferation and dif-
ferentiation and thus increases the production of pro-
inflammatory cytokines. Therefore, the IL-6/STAT3 path-
way has been targeted for the treatment of IBD. So far,
Torfacitinib, an inhibitor of IL-6 downstream signalling
molecule JAK, has been approved by the FDA for the treat-
ment of IBD [55,56].

MiR-223 has been shown to inhibit the IL-6/STAT3
pathway in a mouse colitis model induced by DSS [37].
MiR-223 agomir decreased MPO, TNF-α, IL-6 and IL-17
levels while increased IL-10 levels. In contrast, antagomir
increased these proinflammatory cytokines and decreased
IL-10. Agomir decreased gp130, pSTAT3, Bcl-2 and Bcl-
xl while antagomir increased them. A study has demon-
strated that miR-223 can inhibit IL-6/STAT3 pathway in
cell culture of vascular smooth muscle cells; miR-223 tar-
geted 3’-UTR of STAT3 mRNA rather than IL-6 mRNA
[57]. The inhibitory effects of miR-223 on mRNAs of the
components of IL-6/STAT3 pathway could be examined in
T cells, macrophages and other cells that are more relavant
to colitis.

6. The Phosphatidylinositol 3-kinase
(PI3K)/Protein Kinase B (Akt) (PI3K/Akt)
Signaling Pathway

The PI3K/Akt pathway has been extensively studied
and reported to participate in the regulation of multiple
downstream cellular processes [58]. The downstream acti-
vation signaling of corresponding effector molecules serve
important fuctional activities in the cell cycle, in cellu-
lar growth and proliferation. Increased activation of the
PI3K/Akt pathway is proinflammatory and oncogenic. It
down-regulates anti-inflammatory cytokines such as IL-10
and upregulates pro-inflammatory cytokines such as IL-
12, IL-6 and IL-17. Moreover we note that the effect on
IL-10 has been shown to exert immunosuppressive func-
tions to reduce tissue damage caused by excess and uncon-
trolled inflammatory effector responses, especially in mi-
crobial host defences [59]; an important effect during the
resolution phase of infection/inflammation that is directed
at maintaining homeostasis to intestinal bacteria. Several
studies showed that the activation of the pathway in IBD
and the target therapy against the pathway has been tested
in animal models [60–62].

In TNBS-induced colitis, proinflammatory cy-
tokines IL-6, TNF-α and IL-1β are increased while
anti-inflammatory cytokines such as IL-10 is decreased

[61]. These changes are PI3K/Akt pathway dependent.
Inhibition of the activity of the PI3K/Akt pathway de-
creased the proinflammatory cytokines and increased IL-10
production. Further activation of the PI3K/Akt pathway by
IGF-1 increases proinflammatory cytokines and decreased
IL-10. Inhibition of the PI3K/Akt also increases ZO-1 and
tight junction function [61].

MiR-223 has been shown to be increased in DSS-
caused inflammation and AOM/DSS-induced colorectal
cancer [63]. The miR-223 levels in colon cancer cells were
inversely correlated with the activity of PI3K/Akt. The
target mRNA was identified as IGFR (insulin-like growth
factor 1 receptor), an upsteam signalling molecule of the
PI3K/Akt pathway. As the activation of the PI3K/Akt path-
way plays a key role in promoting colitis-associated col-
orectal cancer [64,65], inhibition of the pathway by in-
creased miR-223 could have protective effect. Importantly,
this study compared the miR-223 levels in myeloids and ep-
ithelial cells, which provides initial clue for the cell-context
effect of miR-223.

7. FOXO
FOXO proteins belong to the Forkhead family of

transcription factors, which regulate many physiological
processes. MiR-223 has been shown to inhibit FOXO
in colonocytes, leading to increased activity of NF-κB
(Fig. 3) [66]. Pro-inflammatory cytokines secreted by
colonocytes are also increased. Therefore, miR-223 has
been considered to be pro-inflammatory and proposed for
the therapeutic targeting in IBD. Knockout of FOXO3 is
causal for chronic inflammation and increased severity of
azoxymethane-induced colon cancer [67]. Transcriptomic
analysis has shown that FOXO3-defiecient animals have in-
creased inflammatory microenviroments such as increased
infiltration of macrophages and neutrophils. These results
provide evidence that inhibition of FOXO3 activity bymiR-
223 could be involved in inflammation in IBD.

Knockout of FOXO4 aggravated TNBS-induced col-
itis with increased CCL5, TNF-α, IFN-γ and CD4+ T cell
infiltration [68]. Intestinal permeability was increased with
ZO-1 and claudin-1 decreased. However, there may be ben-
ficial effects of FOXO3 inhibition on colonocytes which
has not been investigated in IBD. FOXO3 inhibition could
incease colonocyte proliferation and decrease colonocyte
apoptosis [69]. It has been well documented that FOXO3
can inhibit cell proliferation through downregulation of cy-
clin D [70]. FOXO3 also enhances p27kip to cause cell
cycle arrest [71] Inhibition of FOXO3 may be helpful for
reducing inflammation-caused damage on colonocytes in
IBD.

8. CLDN8
Elevated miR-223 can decrease intestinal barrier in-

tegrity through inhibition of claudin8 (CLDN8), a tight
junction backbone protein, in TNBS-induced colitis and
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Fig. 3. Effect of miR-223 on FOXO.MiR-223 targets FOXO in colonocytes, resulting in increased NF-κB activation and inflammation.
Blockade of FOXO can increase cell proliferation through increased cyclin D1 and decreased apoptosis through decreased p21, p27
proteins.

thus increase translocation of LPS from the lumen to the
intestinal mucosa, leading to LPS-induced systemic in-
flammation [39]. MiR-223 regulates CLDN by targeting
its mRNA 3’-UTR to decrease CLDN8 protein expression
[39]. Wang et al. [39] revealed that inhibition of miR-223
increased CLDN8 and thus facilitated tight junction forma-
tion and increased intestinal barrier integrity. In Caco-2
cells, siRNA silencing of CLDN8 decreased trans-epithelial
electrical resistance while over-expression of the protein in-
creased tight junction integrity and function [72]. A recent
study confirmed that mast cell-derived miR-223 exosomes
reduced the expression of tight junction proteins CLDN8,
ZO-1 and occludin in colonic epithelial cells [73]. The
miR-223 containing exosomes increased the permeability
in monolayers of Caco2 cell cultures. In an animal model
of TNBS-induced colitis, antagomir of miR-223 reduced
gut permeability as well as gut inflammation, indicating
a proinflammatory effect of miR-223 in this colitis model
[35].

9. Gut Microbiota and miR-223
The intestinal microbiota is disturbed in IBD andmod-

ulation of the gut microbiota can facilitate IBD recovery.
The commensal bacterium Roseburia intestinalis flagellin
has been shown to ameliorate colitis and miR-223 could be

a mediator [74]. The bacterium increased miR-223 levels
and inhibited NLRP3 inflammasome. Another butyrate-
producing bacterium F. prausnitizii has also been shown
to have protective effects in DSS-induced colitis with im-
proved weight loss, diarrhea, bloody stools and colon short-
ening as well as decreased mucosal proinflammatory cy-
tokines [75]. However, it is not known if the mechanism in
mucosal immunity and IBD pathogenesis, involves an in-
creased expression of miR-223, and as such this remains
largely unexplored. A recent study though has investigated
fecal micro-RNAs in Crohn’s disease IBD [76]. Specifi-
cally this small cohort with patients diagnosed with Crohn’s
disease (CD) has identified hundreds of different human
miRNAs from faecal samples. Of these a total of 150 fe-
cal miRNAs from controls and patients were significantly
detected [76]. In a multivariate analyses the study showed
that those patients diagnosed with high CD activity had a
sharp and distinct miRNA profile. Consequently, miR-223
and miR-1246 were specific from other isolated fecal miR-
NAs. Moreover, in those patients with active ulcerative col-
itic (UC) the study reported that significantly higher levels
of miR-223 and miR-1246 over that in controls. Further-
more, in those patients diagnosed with Clostridium difficile
infections higher levels of fecal miR-1246 over miR-223
were reported.
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What has recently been reported is that myeloid de-
rived miR-223 regulates intestinal inflammation via an in-
hibitory action on the inflammasome NLRP3 [38]. The
endogenous noncoding miRNAs exert regulatory inflam-
matory functions in the intestines [38]. Neudecker et al.
[38] reported that miR-223 limits intestinal inflammation
by constraining the NLRP3 inflammasome.

It has been shown that multi-strain probiotics through
the administration of Lactobacillus plantarum, L. paraca-
sei, L. rhamnosus, L. acidophilus, L. reuteri and Bifidobac-
terium animalis, B. lactis, B. bifidum can increase rein-
force intestinal barrier integrity and functionality [77–80].
This has been accompanied by decreasedmiR-223 levels by
these probiotic species. Probiotic bacteria can also improve
infllamtion which can lead to decreased miR-223 which re-
duces miR-223 upregulation as a protective response to in-
flammation. It is also possible that probiotics may also re-
duce inflammation via other mechanisms such as the anti-
inflammatory effects of butyrate [23]. This effect linked
with cross-feeding interactions by probiotic acetate produc-
ers from the Bifidobacteria genus with intestinal commen-
sal butyrate producers such as F. prausnitzii [81]. Interest-
ingly a recent review has reported how aberrant signaling in
the PI3K/Akt pathway has been associated with a wide va-
riety of human diseases [82]. In contrast though the authors
confirmed and highlighted that a large body of experimen-
tal in vitro and in vivo evidence suggests that the beneficial
contribution of probiotics to modulate the PI3K/Akt signal-
ing pathway in gastrointestinal and metabolic diseases, skin
diseases, allergy, salmonella infections, and the aging pro-
cess [82]. Hence, a causal relationship emerges between the
benefical effects of probiotics and their metabolites on the
components of the PI3K/Akt signaling pathway and human
disease.

10. Plausible Posits and Contentious
Research Investigations

The effects of miR-223 in DSS colitis models and
the TNBS-induced colitis model have been contentious, al-
though miRNA-223 has been well demonstrated to be sig-
nificantly increased in both types of animal models of col-
itis. This may indicate that miR-223 may exert effects that
are dependent on the severity of colitis. TNBS-induced
colitis is a more robust form of inflammation than DSS-
induced colitis [83]. TNBS causes colitis through T-cell au-
toimmune responses and DSS by direct toxicity to colonic
epithelial cells [84]. TNBS haptenize colonic autologous
or microbiota proteins to elicit immune responses, leading
to infiltration of CD4+ T cells and macrophages with in-
creased production of proinflammatory cytokines [85,86].
The effects of miR-223 could be cell type specific; with ef-
fects on immune cells that could be different to epithelial
cells, a notion that may account for the different effects ob-
served between DSS- and TNBS-induced colitis.

In immune cells, the anti-inflammatory effects of

miR-223 is supported by targeting several key signalling
proteins in proinflammatory signalling pathways. The
anti-inflammatory effect of miR-223 on proinflammatory
cells namely, neutrophils and macrophages have been well
demonstrated [30]. MiR-223 decreases both neutrophil
and macrophage activation through targeting NLRP3 [87].
Knockout of miR-223 presents with increased neutrophil
infiltration to the lung with highly activated status indi-
cated by increased CXCL2, CCL3 and IL-6 [88]. In LPS-
stimulated macrophages, miR-223 is decreased, leading
to activation of the STAT3 signalling pathway, causing
increased IL-6 and IL-1β, which further down-regulates
miR-223 [89]. MiR-223 also regulates the polarization of
macrophages. IL-4 activates PPAR-γ, which upregulates
miR-223 and miR-223 also directly targeting the M1 pos-
itive regulators Rasa1 and Nfat5 [90] In miR-223-/y mice,
TLR4-activated M1 was increased; IL-4 activated M2 de-
creased. In contrast to the inhibitory effects of miR-223 on
innate immune cells, highly increased levels of miR-223 in
CD4+ T cells did not decrease CD4+ T cell number and ac-
tivation in auto-immune responses [91]. The inhibitory ef-
fects of miR-223 on the innate immune cells may reduce in-
flammation caused by DSS efficiently but not auto-immune
responses caused by TNBS-damaged proteins.

The detrimental effect of miR-223 on TNBS-induced
colitis has been based on CLDN8 and FOXO alterations.
MiR-223 can directly target CLDN8 mRNAs to reduce
CLDN8 protein transcription levels, leading to increased in-
testinal permeability [39]. This causes the translocation of
exdotoxin and bacteria, aggravating inflammation. MiR-
223 has also been shown to target FOXO, leading to in-
creased production of proinflammatory cytokines. We posit
that miR-223 may be unable to reduce activation of CD4+
T cells from autoimmune responses to TNBS-damaged pro-
teins and thus the effects of miR-223 on CLDN8 and FOXO
may become dominant.

11. Conclusions
In reprise, miR-223 has opposite effects on the in-

flammatory profiles in the DSS- and TNBS- induced col-
itis models. In DSS-induced colitis, over expression of
miR-223 exerts an anti-inflammatory effect. This could be
possibly explained by its inhibitory effects on innate im-
mune cells such as macrophages and neutrophils through
inhibition of the NLRP3 inflammasome activity and proin-
flammatory signalling pathways. In TNBS-induced coli-
tis, miR-223 is pro-inflammatory by targeting FOXO and
CLDN8 in colonocytes. Further studies are warranted to
elucidate the mechanisms of the effects of miR-223 in IBD,
particularly in individual cells to explain its roles in dif-
ferent types of IBD. The accumulation of such knowledge
could facilitate the clinical use of miR-223 modolators in
personalized treatment of IBD.
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