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Abstract

The pathophysiology of the Inflammatory Bowel Disease (IBD) has been intensively investigated but is still unknown.
The theory that IBD is the result of an inadequate activation of the immune system to a luminal factor occurring in
genetically predisposed subjects is the most widely accepted to date. MicroRNAs (miRNAs) are a class of small non-
coding RNAs which regulate gene expression at post-transcriptional level and are involved in the regulation of many
biological processes, as well as in the induction of several cancers, chronic inflammatory diseases and autoimmune
diseases. The currently evidence has demonstrated that miRNAs are differentially expressed in diverse circumstances
of the IBD course. These molecules open a new opportunity to employ as a non-invasive biomarker for diagnosis,
prognosis and follow up. Knowing the role of miRNA in IBD will improve our knowledge of the pathogenesis. In addition,
the development of miRNA-based therapeutics technologies supposes a qualitative advance in the management of IBD.
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Inflammatory bowel disease (IBD), including Crohn's disease (CD)
and ulcerative colitis (UC), is a gastrointestinal chronic inflammatory
disorder in which the pathophysiology has been extensively studied
in the last decades, but much is still unknown. The theory that IBD
and its gastrointestinal inflammation is the result of an inadequate
activation of the innate immune system to a luminal factor (intestinal
flora) occurring in genetically predisposed subjects is the most widely
accepted to date [1-6]. In the literature, several genetic factors have been
described to influence the development and severity of IBD and are
responsible for disease susceptibility. Nevertheless, no locus has been
detected of constant form in all the studies, suggesting the existence of
a genetic heterogeneity. In addition, a variety of alternative mechanisms
of gene regulation have been studied with special focus on epigenetic
mechanisms. Considering the robust evidence it has been shown that
epigenetic modifications, such as microRNAs (miRNA) are associated
with IBD pathogenesis.

MiRNAs are a class of small non-coding RNAs which regulate gene
expression at post-transcriptional level. MiRNAs bind to complementary
sequences in the 3' untranslated region (UTR) of specific target mRNAs
and can prevent protein synthesis. MiRNA-mediated gene regulation
is implicated in many biological processes such as the cell cycle,
differentiation, proliferation, apoptosis and immune functions [7]. It
has been already shown that changes in miRNA expression can also
regulate inflammatory response in human and are involved in the
induction of several cancers and chronic inflammatory disease [8,9].

MiRNAs have been found in tissues, serum, plasma and other body
fluids (i.e. urine, tear, ascetic and amniotic fluid), in a stable form that is
protected from endogenous RNase activity due to their incorporation
into the RNA-induced silencing complex (RISC) which is either free
in blood or in exosomes [10]. For this reason, miRNA is resistant to
harsh conditions and it is now being used as a biomarker for different
pathologies (i.e. cancer, autoimmune disease, inflammation).

Although the majority of studies are focused on the potential role
of miRNAs in the development of cancer, in the last years the number
of publications regarding the biogenesis and functions of miRNAs in
IBD is increasing exponentially [11]. There are emerging data from IBD
patients studying miRNAs as novel biomarkers in diagnosis, predicting
disease course and response to therapy. MiRNAs expression patterns
will improve an improvement in the knowing of the IBD pathogenesis.
Several miRNA-based therapies are now in clinical or preclinical trials
and suppose and advance in the IBD management.

MiRNAs as Novel Biomarkers in IBD

Biomarker generally refers to a measurable indicator of some
biological state or condition. The colonoscopy is the gold standard
technique for the diagnosis of activity in IBD. Several limitations of this
invasive technique involve dietary restriction and the preparation of the
colon. Thus, there is a pressing need for new non-invasive biomarkers
to improve the detection of disease activity, to predict prognosis and
the treatment response. Serum biomarkers are attractive because blood
samples are easy to collect, cheaper and are non-invasive and can be
used to differentiate healthy vs disease and inactive vs active disease,
in order to determine prognosis and to monitor response to therapy.
Biomarkers are often measured and evaluated to examine normal
biological processes, pathogenic processes, or pharmacologic responses
to a therapeutic intervention.

To date, several papers have focused investigation on the altered
expression of miRNAs in IBD and their important role as regulators and
possible diagnostic biomarkers in IBD [7,12-14]. The majority of studies
in IBD have been conducted in tissue and cellular cultures, and there
are currently few reports on the quantitative assessment of circulating
miRNA in IBD patients [15-18]. These works have identified peripheral
blood miRNAs expression profiles in IBD patients [15,17] and have
demonstrated their potential utility as non-invasive biomarkers [16].

The first study where miRNAs were directly examined in the mucosa
of UC patients was performed by Wu et al. [19] in 2008. They reported
differential expression of miRNA in the mucosa of patients with active UC
tissues compared with inactive UC patients and healthy tissues. Following
publication of this study, other works have emerged aiming to identify all of
the miRNAs de-regulated in IBD. It has been identified different expression
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patterns capable to distinguish between UC and CD [20,21], and between
inflamed and non-inflamed mucosa in IBD patients [22,23]. Specific
miRNAs expression patterns associated with the diverse IBD subtypes [24],
and with their different stages (active or inactive disease) [7,15,18] have
been described. The identification of the different expression patterns of
miRNAs involved in IBD suggests that these molecules are involved in the
different pathogenic mechanisms of IBD.

Intestinal fibrosis is a major complication in CD, which may
require surgery. Some publications have demonstrated the existence
of miRNAs that would be associated fibrotic process including the
family of miR-200 [25]. In vitro experiments have shown that specific
miR-200b, can improve fibrosis by transforming growth factor beta 1
induced (TGF-B1) and miR-200b is increased in serum of CD patients
with intestinal fibrosis [25].

Another important consideration is the identification of possible
biomarkers predictive of the therapeutic effect. In this sense, it has
identified two miRNAs as possible therapeutic biomarkers in patients
with CD. MiRNA levels of let-7d and let-7e were significantly increased
in the group of patients who had a good response to anti-TNF drug
(infliximab) [26].

Aberrant miRNA expression has been linked to carcinogenesis by
affecting the expression of oncogenes or tumor suppressors. MiRNAs
that are over-expressed can cause down-regulating of tumor-suppressor
genes and/or genes that control cell differentiation or apoptosis, in a
similar manner to oncogenes. In addition, miRNAs that are down-
regulated can act as tumor-suppressor genes by negatively regulating
oncogenes and/or genes that control cell differentiation or apoptosis
[27]. The chronic inflammation produced in IBD is associated with
increased risk of developing colon adenocarcinoma. In this sense several
miRNAs have been related with the risk of malignancy in IBD patients.
MiR-143 and miR-145 could contribute to malignant transformation
of colonic epithelium in longstanding UC [27] and increased levels of
miR-31 have been related with the progression dysplasia-cancer in IBD
by factor inhibiting hypoxia inducible factor 1 (FIH-1) mediated [28].

Role of miRNAs in the IBD Pathogenesis

MiRNA-mediated gene regulation is implicated in normal cellular
processes such as the cell cycle, differentiation, proliferation, apoptosis
and immune functions. It has been already shown that changes in
miRNA expression can also regulate inflammatory responses in
human. Several studies explain that miRNA over-expression and/
or inhibition can regulate the release of several pro-inflammatory
chemokines. Specific miRNAs such as miR-132, miR-146 and miR-155
can be regulated by inflammatory mediators (NF-kf, TNF-a, IFN-f),
microbial components (lipopolysaccharides and flagelin) and a variety
of Toll-like receptors ligands (TLR), led to physiological granulocyte/
monocyte diffusion and growth during inflammation [29,30]. MiR-
9 was also induced by TLR2 and TLR7/8 agonists and by the pro-
inflammatory cytokines TNF- o and IL-1p, but not by IFNy [31]. Many
additional miRNAs can regulate the inflammatory response such as
miR-21, miR-147, miR-513, let-7 and miR98. All these findings reveal a
role for miRNAs as important regulators of inflammation.

In the other hand, a recent review has elucidated the role of miRNAs in
the development and regulation of the innate and adaptive immune system
[32]. In addition, the authors show functional studies based on the cellular
process of autophagy and on the Th17 pathway regulation in IBD [32].

Future Perspectives

Knowing the typical miRNA pattern of IBD will improve our

knowledge of the pathogenesis of the disease and will lead to future
well-focused projects to study the regulatory function of such miRNA.
Furthermore, it is possible that some miRNA are specific of IBD and
could serve as biomarkers with clinical application for diagnosis or to
asses’ disease activity. Blood samples are easier to obtain and generally
better accepted by patients than endoscopic explorations which are
more invasive.

Currently, there are several miRNAs-based therapies are now in
clinical and pre-clinical trials. Two methods are employed to control
miRNA activity. The first is by restoring the function of a miRNA
using synthetic double-stranded miRNAs or viral vector based
overexpression. And the second is by inhibition of the function of a
miRNA using chemically modified antimiR oligonucleotides [33].

The pharmacological modulation of miRNA activity has
demonstrated benefit for the treatment of cancer, cardiovascular
disease and hepatitis C virus infection. MiR-34 is down-regulated
in cancer cells and can stimulate p-53 activity by SIRT1. Systemic or
intra-tumor miR-34 has showed a benefit in unresectable primary liver
cancer. Targeting of miR-33 by SREBF1 and SREBF2 has demonstrated
to be a good treatment for atherosclerosis. And the inhibition of miR-
208 and miR-122 has been used for the treatment of the heart failure
and diabetes and hepatitis C virus infection respectively [33].

Conclusion

The entire above highlight that miRNA could be implicated
in the pathogenesis of IBD. Differentially expressed MiRNA in
diverse circumstances opens new opportunities to employ miRNA
as an excellent biomarker for activity, diagnosis, severity, therapeutic
response and even degeneration associated to IBD. Researchers
worldwide are interested in miRNAs as potential therapeutic targets
and potential non-invasive test for CD patients. The in vivo application
of miRNAs-based therapeutic technologies offers a new opportunity of
the future translational potential of miRNA-based research in chronic
inflammatory diseases.
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