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Ulcerative colitis, Recently, several micro RNA (miRNA) profiling studies have been
miRNA, performed on ulcerative colitis (UC) tissues but with extremely inconsistency,
Systematic study, their diagnostic or therapeutic value remains debate. Thus, this study aims to
and systematically evaluate the consistency of miRNAs from multiple
Differential independent studies. Eligible studies were collected from online programs,
expression followed by a systematic analysis on miRNAs. Real time PCRs were

employed to validate miRNA candidates. The target genes of high consistent
miRNAs were collected with online programs. Enrichment analyses for gene
ontology (GO) terms and Kyoto encyclopedia of genes and genomes (KEGG)
pathways were carried out. A total of 272differentially expressed miRNAs
were reported in 10 profiling studies, of which 166 were upregulated and 106
were down regulated. In the group of consistently up-regulated miRNAs
(cutoff>4 times), miRNA-31 was the only miRNA found in 5 different
studies. Among the 106 down-regulated miRNAs, none of them expressed
consistently in more than 4 different studies. The increased miRNA-31 was
confirmed by real-time PCR. Enrichment analyses demonstrated that the
regulation of transcription and metabolic process play important roles during
the interplay of miRNAs with UC. Conclusion: This systematic study
demonstrates that pro-inflammatory miRNA-31 is the only consistently
differently expressed miRNA.

Introduction

Ulcerative colitis (US), one of the two main continuing immunologic  responses to
forms of inflammatory bowel diseases aberrant intestinal microorganisms under
(IBD), is caused by inappropriate and certain  environmental  conditions in
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genetically susceptible individuals,
characterized by compromised epithelium
integrity and passive leaking bloody
diarrhea (Abraham & Cho, 2009). As an
intermittent  disease, UC demonstrates
periodic  symptom-free and  periodic
exacerbating symptoms, with the increasing
incidence of 1 to 20 cases per 100,000
individuals per year and a prevalence of 8 to
246 per 100,000 individuals (Danese &
Fiocchi, 2011).No direct causes were known
thus far, but many factors might contribute
to the onset and progression of UC, such as
genetic factors and environmental factors.
Many studies, such as on ethnic differences
in incidence of UC, aggregation of UC in
families, and different concordance rate
between identical twin (10%) and dizygotic
twin (3%), all demonstrate that genetic
susceptibility is involved in the pathogenesis
of UC (Danese & Fiocchi, 2011). lately,
certain amounts of genomic regions were
identified being linked to UC, which are
corresponding to variety of functional
molecules such as hepatocyte nuclear factor
4A (HNF4A) (Consortium et al., 2009),
tumor necrosis factor (TNF) receptor super
family members (TNFRSF14, TNFRSF9)
(Anderson et al., 2011). Besides these
genetic factors, some environmental factors
also contribute to the development of UC,
such as diet, breastfeeding, and smoking.

The increasing incidence and prevalence are
in a great extent due to the Ilimits of
appropriate  diagnosis and  therapeutic
options. As far as diagnosis is concerned,
except the initial diagnostic and non-specific
workup like stool culture and C-reactive
protein, endoscopy still remains as the
golden standard for UC, but with the risk of

perforation of the inflamed and
compromised colon mucosa. For the
treatment of UC, classic 5-ASA and

corticosteroids are first line drugs, but their
risks are sometimes overweighs benefits;
biologic drugs TNF inhibitors inflixi mab
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and adalimu mab are the drug of choice for
UC patients who are not responding to
corticosteroid but probably cause harsh side
effects such as mild heart failure;
tuberculosis and even other fatal infection,
which halt them from being used in a large
scale. As short, even very promising
advances have been achieved to understand
the pathogenesis of UC in recent years,
utility of early and proper diagnosis and

ideal therapeutic optionsare still quite
challenging.
Since  discovered in early 1990s,

microRNAs (miRNAs)have been found
enable to regulate the expression of up to
30% encoding genes by binding to specific
mRNA targets, thus promoting their
degradation and/or translational inhibition,
or compromising the mMRNA stability
(Bartel, 2004, Fabian et al., 2010). Based on
its involvement in a variety of essential
cellular processes including development,
cell  differentiation, proliferation, and
apoptosis, miRNAs are poised to make
significant  contributions to not only
tumorigenesis, but also pathogenesis of
inflammation by functioning as pro-
inflammatory (Kurowska-Stolarska et al.,
2011) or anti-inflammatory factors(Sun et
al., 2013). Thus, miRNAs are implied
potential as biomarkers and intervention
targets against inflammatory disorders,
including UC (Lin et al., 2013, Schaefer et
al., 2015). Beyond these, an important
feature of mMIRNA is their remarkable
stability, for example, they can be well
preserved in tissue samples even after
formalin-fixation and paraffin embedding
for years, and can be efficiently extracted
from such specimens and variety of cell
lines (Finkel et al., 2007). Actually, several
endeavors have been imposed to search for
biomarkers or therapeutic agents by
identifying the differentially expressed
miRNAs between UC inflamed tissue and
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corresponding non-inflamed tissue (Wu et
al., 2008, Fasseu et al., 2010, Takagi et al.,
2010, Olaru et al., 2011, Olaru et al., 2013,
Coskun et al., 2013, Van der Goten et al.,
2014, Lin et al., 2014, Schaefer et al., 2015,
Hubenthal et al.,, 2015). These studies
generated hundreds of differentially
expressed miRNAs, however, many of these
are likely limited by different bias and
finally only a small number of them may be
of clinical significance and act as potential
diagnostic ~ agents.  Further,  different
profiling studies showed quite inconsistency
in the identified differentially expressed
miRNAs.  Third, in  miRNA-based
therapeutics, miRNAs are tissue specific and
their role depends on cellular context. For
instance, miR146afunctions as an anti-
inflammatory factor in epithelium and
airway smooth muscle (Comer et al., 2014)
and a pro-inflammatory factor in brain
(Taganov et al., 2006) (Comer et al., 2014).
It is therefore crucial to select intestinal
tissue specific and consistently differentially
expressed miRNAs and to investigate their
potential as biomarkers or therapeutic
agents.

We conducted this systematic analysis to
screen the most  consistently  and
differentially expressed miRNAs from a
series of independent miRNA profiling
studies in UC patients. Further, we
confirmed these most up- or down regulated
mMiRNAs by quantitative PCR in 15 pairs of
UC and their paired non-inflamed tissue
sample.

Materials and Methods

Literature Strategy

In order to find as many as literatures,
candidate profiling studies of mMIRNAs
published in English were collected from
Pubmed and EMBASE published from April
2008 to October 2015 (last accessed on
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December 15, 2015) by two investigators
using the following medical subject
headings terms: ‘ulcerative colitis’ and
‘microRNAs’ or “miRNA” in combination
with the key words ‘profiling’ or “RNA
sequencing” or “microarray’’.

Study Selection Criteria

The inclusion criteria of literatures in this
systematic analysis were based on miRNA
profiling studies (mainly miRNA microarray
and sequencing) published previously in UC
inflamed tissues and their adjacent non-
inflamed tissues for comparison, and only
full-text publications in English were
included. Therefore, mMIRNA profiling
studies that used serum samples of UC
patients or intestinal relevant cell lines or
those using different miIRNA techniques
were excluded. Review articles were also
excluded.

Data Collection

Two investigators (Y.C. and C.L))
independently evaluated and extracted the
data using standard protocols, and all
discrepancies were resolved by
corresponding investigator (Y.Y.). From the
full text and corresponding supplementary
information, the following eligibility items
were collected and recorded for each study:
author, journal and year of publication,
location of study, platform of mMIRNA
expression profiling, author defined cut-off
criteria. of  statistically  significant
differentially expressed miRNAs.

Ranking

Each of the published miRNA expression
profiling  studies comparing mMIRNA
expression between inflamed and non-
inflamed control intestinal tissues provided a
list of differentially expressed miRNAs (Wu
et al., 2008, Fasseu et al., 2010, Takagi et
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al., 2010, Olaru et al., 2011, Olaru et al.,
2013, Coskun et al., 2013, Van der Goten et
al., 2014, Lin et al., 2014, Schaefer et al.,
2015, Hubenthal et al., 2015). For example,
Hubenthal et al (Hubenthal et al., 2015)
carried out comprehensive analysis of UC-
related miRNAs based on a large number of
miRNA profiling studies.

The potential biomarkers for comparison
groups were ranked by a method described
previously, which has been used for
profiling like meta-analysis studies (Griffith
et al., 2006). Briefly, miRNAs were ranked
to the criteria in the order of importance,
such as the consistency, difference and
frequency of target miRNAs in included
studies and their total sample size.

Validation of the Selected miRNA-31

To confirm the profiling results, 15 fresh UC
tissues and their paired non-inflamed tissues
were obtained from the Second Hospital of
Hangzhou City, affiliated to Hangzhou
Normal University School of Medicine. The
diagnosis of UC was based on clinical and
histological criteria. Clinical data for UC
patients were obtained by medical record
review. The collection of samples from
patients were approved by the Institutional
Review Board of Hangzhou Normal
University and performed after written
informed consent was obtained. Total RNA
was extracted using TRIzol reagent (Life
technology, Casbad, Ca, USA) according to
the manufacturer’s instructions.

The differentially expressed amount of the
miRNAs was validated in triplicate by real
time PCR. Briefly, Reverse transcription
from 3 pg RNA was done using SuperScript
11 First-Strand Synthesis System (Life
technology, Casbad, Ca, USA) according to
the manufacturer’s protocol. Real-time PCR
was performed using iIQ SYBR Green
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Supermix kit (Bio-Rad, Hercules, CA) with
the iCycler sequence detection system (Bio-
Rad) with miRNA-31specific primers (For:
GGAGAGGAGGCAAGATGCTGG  Rev:
GGAAAGATGGCAATATGTTGG). Small
nucleolus RNA U6 (For: GCGCG
TCGTGAAGCGTTCRev:GTGCAGGGTC

CGAGGT) was used as an internal standard
for normalization. The cycle threshold (Cy)
value was calculated. The 22T
(ACT:CTmiR'CTUG RNA) method was used to
quantify the relative amount of miRNAs.

Identify the Experimentally Validated
MicroRNA Target Genes

To explore the target genes of mMIRNAs
related to uc miRTar Base
(mirtarbase.mbc.nctu.edu.tw), micro
RNA.org and Target Scan Human 6.2 were
used to explore all the target genes of
miRNAs, and highlighted the genes that are
experimentally validated by luciferase
reporter assay, western blot, or microarray
experiments with over expression or knock-
down of miRNAs.

Enrichment Analysis

Enrichment analyses for gene ontology
(GO) terms and Kyoto encyclopedia of
genes and genomes (KEGG) pathways were
carried out with Database for Annotation,
Visualization, and Integrated Discovery
(DAVID)(Dennis et al., 2003). For this, we
listed all the target genes of mMiIRNA-31. The
top 10 terms and KEGG pathways showing
association with target genes were listed
with GO terms, KEGG pathway, number of
genes in the GO term, number of genes in
the KEGG pathways.

Statistical Analysis

Student’s t-test was used to compare values
between two independent groups.
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Results and Discussion

A total of 81 studies were recorded using
PubMed and EMBASE. 56 of which were
excluded after screening the titles and
abstracts and 15 studies were excluded after
reading the full text based on the inclusion
and exclusion criteria, only 10 independent
studies were included in this systematic
analysis. The detailed workflow used in our
analysis was shown in Figure 1, which is
adapted and modified from PRISMA
guidance (Stewart et al., 2015). The detailed
characteristics of each study are given in
Table 1 in the descending order of their year
of publication.

Differentially Expressed miRNAs

These 10 studies from 10 different groups
with different platforms, different number of
samples, and various statistical analyses had
been employed for mIRNA profiling
analysis to compare UC tissue with
corresponding non-inflamed colon tissue.
The number of differentially expressed
microRNAs ranges from 7 to 59. A total of
272 differentially expressed miRNAs were
reported in the 10 profiling studies.
106miRNAs are down regulated in UC, and
166 microRNAs are up regulated. Among
the 106 down-regulated mMIiRNAS, no
miRNAs were consistently decreased more
than 4 times (cut off>4).Among the 166 up-
regulated miRNAs, there is onlymiRNA-31
found increased in 5different studies (Olaru
et al.,, 2011, Olaru et al., 2013, Coskun et
al., 2013, Van der Goten et al., 2014, Lin et
al., 2014), the total number of tissue samples
were the addition of these five individual
studies is 404, including 266 UC patients
and 138 healthy volunteers. We also noticed
that these selected miRNAs differentially
expressed in a very inconsistent manner in
these 10 profiling studies. For example, in
the groups of inconsistently reported
MIiRNAs, miRNA-199a was reported down-
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regulated in two studies but up-regulated in
another two separate studies; miRNA-16
was increased in 3 studies but down-
requlated in 1 studies (Table 3),
respectively.

Validation of the Selected miRNA

To validate the increased expression of
miRNA-31, real-time PCR with specific
primers were performed with samples
from15 pair UC biopsies and adjacent non-
inflamed tissues. The results showed that
miRNA-31 were up-regulated significantly
in UC patients (Figure 2), which were
consistent with those original corresponding
profiling studies.

Target Genes of mMiRNA-31

After we identified the most consistently
upregulated miRNA-31in UC, we screened
their potential target genes with programs
such  as miRTarBase (mirtarbase.
mbc.nctu.edu.tw),  microRNA.org and
TargetScanHuman 6.2, focusing on the
genes which were confirmed either by real
time PCR, western blot, microarray or
luciferase assay. As a result, we identified
51 target genes corresponding to the
upregulated miRNA-31 in UC (data not
shown).

Enrichment Analysis Result

We used DAVID program to build up the
molecular networks corresponding to the
target genes of miRNA-31. The top 10GO
terms with more than 7 target genes
involved, as demonstrated by Figure 3, show
significant association with target genes

were listed, These significant GO terms are
related to the regulation of transcription and
metabolic process. Since only miRNA-31
was selected by our systematic analysis, and
the studies about miRNA-31 are still in the
initial phase, there are no KEGG pathway
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built up yet, which further encourage us to
pursue the function of mMIRNA-31 in
pathogenesis of UC.

In the current study, we established the
concept, by conducting a systematic
analysis, which miRNA-31, the only
consistently and differentially expressed
miRNAs in UC, may be of significance for
pathogenesis of UC. The potential targets of
these selected mIRNAs conduct the
signaling pathways critical for regulation of
transcription and  metabolic  process.
Together, even almost all the other miRNAs
identified inthis research may only play
marginal roles in pathogenesis of UC,
miRNA-31 harbors dramatic potential as a
biomarker and therapeutic target for UC.

The usage of many classic UC biomarkers
(such as anti-neutrophil  cytoplasmic
antibodies (CANCA, sANCA, pANCA); C-
reactive protein (CRP), Ferritin, Trasferrin,
etc)is limited for their poor either sensitivity
or specificity, for example, only 20%-85%
of patients with UC have presence of
ANCAs, similar situation seen in CRP with
high sensitivity (72-96%) but low specificity
(34-64%)(Mosli et al., 2015). Therapeutic
drugs for UC either show risk overweighing
benefits(like 5-ASA), or with mild heart
failure (like infliximab). Thus, there is a
critical need to obtain reliable biomarkers
that allow diagnosis with ideal sensitivity
and specificity, and precisely monitoring the
pathogenic  process and  therapeutic
alternatives of UC. Many miRNAs are
deregulated significantly even in early
stages of many acute inflammatory
conditions, exhibiting their diagnostic and
therapeutic potential. However, mMiRNA
profiling studies were performed on
different platforms and very different
processing methods by different
investigators, their lacks the common
concert among these studies, consequently,
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which may end with inconsistent miRNAs
expression profile(Wu et al., 2008, Fasseu et
al., 2010, Takagi et al., 2010, Olaru et al.,
2011, Olaru et al., 2013, Coskun et al.,
2013, Van der Goten et al., 2014, Lin et al.,
2014, Schaefer et al., 2015, Hubenthal et al.,
2015). Surprisingly, by systematic analysis,
we found that only miRNA-31 is sorted out
among all the miRNAs over expressed in
UC patients, none of others are either highly
consistently expressed (cut off>4), further,
among the down-regulated miRNAs in UC,
none of them are consistently expressed (cut
off>4).The reasons why miRNA-31was the
only one selected in our systematic analysis
are complicated, except the fact that both
environmental factors are important in the
pathogenesis of UC, miRNA-31 plays
crucial roles in intestinal development and
homeostasis, particularly, miRNA-31 can
function as both oncogene and tumor
suppressor, and pro-inflammatory and anti-
inflammatory factor.

MiRNAs can act as anti-inflammatory or
pro-inflammatory genes in the onset and
development  of  inflammation. By
systematic analysis, we found that only
miRNA-31 is enhanced, displaying pro-
inflammatory characteristics, the underlying
mechanisms may be complicated, for
example, mIRNA-31 was demonstrated to
negatively regulate FOXP3,the master
regulator in T-lymphocyte development and
function, which is through direct binding of
MIiRNA-31 at its target site in the 3’UTR of
FOXP3 gene(Rouas et al., 2009).miRNA-
31can also down-regulate the expression of
E-selectin, E-selectin is upregulated by some
proinflammatory cytokines such as TNF-
alphaand plays an important part in
recruiting leukocytes to the site of injury
during inflammation (Pooley et al., 1995,
Suarez et al., 2010); miRNA-31 is believed
to contribute to angiogenesis as an angiomir
(Caporali & Emanueli, 2011), Angiogenesis-
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related VEGF can increase the expression of Inflammatory Cytokine and Chemokine
miRNA-31  and  promote intestinal Production in Keratinocytes via Targeting
angiogenesis and inflammation (Scaldaferri Serine/Threonine Kinase 40(Xu et al.,,
et al., 2009).In addition to UC, miRNA-31 2013).

is over expressed in psoriasis and Modulates

Table.1 Characteristics of Mirna Datasets in Hepatocellular Carcinoma

Differently Up- Down-
Author  Year  Region Platform hu."?!’“ of expresseci Criteria n.:gulam.i mg.ulatcd
tissues miRNAs miRNAsin miRNAs
uc in UC
FENG ) GenePix 4000B scanner (Molecular Devices,
WU 2008  Maryiand Downing-tawn, PA) 45(30/15) 18 P<0.05 12 6
Tomohisa the NCode rapid miRNA labeling system
Takagi 2009 Japan (Invitrogen Japan, Tokyo, Japan) 136(96/60) 7 P<0.01 7
Mehmet . Geniom Real Time Analyzer(GRTA) (Febit
Coskun 2013 Denmark GmbH, Heidelberg, Germany) 39019:20) 4 P<0.05) 41
Jan Van Affymetrix GeneChip miRNA 2.0 arrays , FDR<0.05;
der Goten 2014 Belgium (Affymetrix, Santa Clara,CA, USA) 27(17/10) 9 LogFC>2 L x5
Jinemei the TagMans miRNA Reverse Transcription
‘"ﬁ‘%m ' 2014  USA Kit(Applied Biosystems 65(36/29) 9 P <0.05 5 4
mn by Life Technologies, Grand Island, NY, USA)
Magali 5,10 France 9 16(8/8) 28 p=0.05 16 12
Fasseu
Alexandru miR Labeling Reagent and Hybridization
V. Olaru 201 USA Kits (Agilent Technologies, PaloAlto, CA) 134(98/36) 3 p=0.001 19 9
Alexandru MiR Labeling Reagent and Hybridization Kits y .
V. Olaru 2014 USA (Agilent Technologies, Palo Alto, CA, USA) 162(107/53) 28 P<0.05 16 12
Jsecrﬁﬁj 2015 7 The PAXgene Blood miRNA Kit (PreAnalytiX) 76(41/35) 42 P<0.05 10 32
Matthias ., the miRNeasy Mini Kit (Qiagen GmbH, |
Hiibenthal 2015 Germany Hilden, Germany) 74(38/36) 16 P<0.05 10 6
Table.2 Inconsistency of Differentially Expressed Mirnas
. N# of in up-regulated  N# of in down- . N# of in up- N# of in down-
miRNA Ap-reg N miRNA P .
miRNA regulated miRNA regulated miRNA  regulated miRNA
16 3 1 424 3 1
24 3 1 429 1 1
141 1 2 1201 1 1
150 1 1 146b 1 2
155 3 1 196a 1 1
192 1 3 199a 2 2
194 1 2 199h 1 2
192 2 1 200a 2 1
214 1 1 200b 2 1
215 1 3 200c 1 2
223 3 1 20a 1 1
335 1 1 29b 2 1
375 1 2 99b 2 1
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Figure.1l Flowchart for this Systematic Analysis
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Figure.3 GO Analysis of Target Genes from most down-regulated miRNAs in selected profiling
studies. Predicted target genes are mainly involved in inflammation related cellular process such

asregulation of transcription and metabolic process.The top 10 GO

terms with more than 7

target genes involved show significant association with target genes and are related to the
regulation of transcription and metabolic process

Tarm
transcription

requlation of transcription

madification-dependent macromolecule catabolic process

madification-dependent protein catabolic process

proteolysis involved in cellular protein catabelic process

cellular protein catabelic process

protein catabaolic process

requlation of RNA metabolic process

cellular macromolecule catabolic process

macromaolecule catabolic process

RT | Genes | Count
RT = 18
RT = 18
RT & 7
RT 4 7
RT & 7
RT & 7
RT & 7
RT 12
RT & 7
RT & 7

miRNAs function as proinflammatory or
anti inflammatory factors by involving
multiple  molecular  mechanisms. By
enrichment analysis, we found that miRNA-
31 can targets variety of substrate genes, it is
of great significance to point out that these
target genes are involved in the
inflammation-related  cellular ~ process,
including regulation of transcription and
metabolic process, which is in concert with
the fact that transcription and metabolic
process play critical roles in metabolism and
inflammation (Medzhitov & Horng, 2009,
Kersten, 2010), which further highlight the
importance of these miRNAs as potential
biomarkers or therapeutic alternatives. Since
our research only sorted out one microRNA-
miRNA-31, and the studies on miRNA-31
are still very preliminary, KEGG pathways
analysis by DAVID did not come up with
very meaningful networks, which further
encourage us to pursue the roles of miRNA-
31 in the pathogenesis of UC.
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Limitations

Several limitations of this research should be
considered when interpreting the results due
to some unsolvable reasons. Firstly, our
literature searching was depended on
English databases only, as a result, language
bias may present. Secondly, our study did
not include all the populations (only
Chinese, Korean, American, German, and
Greece), so the result may not be able to
apply to other populations such as Latin
American, Japanese and African.

Conclusion

We performed comprehensive literature
search in multiple databases by limiting
publication language, date and key words.
Based on systematic analysis, only the most
consistently expressed mIRNA-31 was
filtered with up-regulated expression in 5
individual studies, but no down-regulated
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miRNAs with high consistency were found.
By DAVID analysis, we showed that the
target genes are mainly involved in the
regulation of transcription and metabolic
process.
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