L))

Check for
updat

Original Article

Identification of potential biomarkers and pathways in ulcerative
colitis with combined public mMRNA and miRNA expression
microarray data analysis

Lili Yang"?, Yaoyao Bian**, Zhengjun Li*, Yan Yan’, Junyi Li', Wenlin Li’, Li Zeng"’

'School of First Clinical Medicine, *Jingwen Library, ‘School of Nursing, Nanjing University of Chinese Medicine, Nanjing 210023, China;
*Management School, Lancaster University, Lancaster, LA1 4YW, UK; *Guang’anmen Hospital, China Academy of Chinese Medical Sciences,
Beijing 100053, China

Contributions: (I) Conception and design: L Yang, Y Bian; (II) Administrative support: None; (III) Provision of study materials or patients: None; (IV)
Collection and assembly of data: Y Bian; (V) Data analysis and interpretation: Z Li, J Li; (VI) Manuscript writing: All authors; (VII) Final approval of
manuscript: All authors.

*These authors contributed equally to this work.

Correspondence to: Li Zeng. School of First Clinical Medicine; Jingwen Library, Nanjing University of Chinese Medicine, Nanjing 210023, China.
Email: zengbingli@163.com.

Background: Ulcerative colitis (UC) is a chronic, relapsing and non-specific inflammatory disease,
involving various genes and pathways in their pathogenesis. Increasing evidences have showed that
microRNAs (miRNAs) act as key post-transcriptional regulators of gene expression in UC. This current
study aimed to identify key miRNAs, potential target genes, and relevant pathways involved in UC to
uncover their underlying molecular mechanisms by using bioinformatics analysis.

Methods: The mRNA and miRNA expression profiles were retrieved and downloaded from the Gene
Expression Omnibus (GEO) database. Differentially expressed genes (DEGs) and miRNAs (DEMIs) were
obtained by using the R software package.

Results: A total of 79 DEGs and 47 DEMIs were obtained. And a panel of miRNAs and their target
mRNAs were identified. It showed that miR-1231 may be a key regulator for DUOX2 and TFF1. CCL11
may be potendally targeted by miR-625. MMP1 may play vital roles in the development of UC by regulating
the miR-1228/PPAR signaling pathway. In addition, we validated the most significantly up/down-expressed
miRNAs (miR-92b, miR-625) and two of their corresponding target mRNAs (AQP8 and TAGAP, CCL11
and CHI3L1) in colon tissues of UC models preliminarily. The results were consistent with the microarray
analysis.

Conclusions: These findings may provide new insights into representing key mechanisms associated with
the development of UC.
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Introduction

Ulcerative colitis (UC), a subtype of inflammatory bowel
disease (IBD), is a chronic, relapsing and non-specific
inflammatory disease, which is confined to the mucosa and
submucosa of the rectum or colon. It is characterized by two
periods of active disease and remission. The typical clinical
manifestations are diarrhea, purulent stool and abdominal
pain (1).

UC afflicts millions of people worldwide. The highest
incidences of UC in North America and Northern Europe
were 6-15.6 and 10-20.3 cases, respectively, per 100,000
annually (2). A recent review analysis of 44 studies that
included 31,287 Asian patients found a 0.85% prevalence
rates of UC (3). Additionally, patient suffering from UC
are at high risk of developing colorectal cancer (CRC) (4).
UC has brought significant personal and societal burden.
Furthermore, active UC can decrease the physical and
mental quality of life and increase psychological distress.

MicroRNAs (miRNAs), a group of small non-coding
RNA molecules, act as key post-transcriptional regulators
of gene expression. The dysregulated miRNA expression
can drive the onset of various diseases and even contribute
to oncogenesis or tumor progression. miRNAs have
cytoprotective effect on tissue as protectomiRs (5), and play a
pivotal role in the polarization of tumor-related macrophages
in inflammatory microenvironment (6). Moreover, miRNAs
function of inflammation and autoimmunity in regulating
the pathogenesis of UC (7). Mounting gene expression
studies performed in UC both in colonic mucosa and
peripheral blood have proposed various hypothesis, that is,
cell adhesion, immune response and tissue remodeling (8).
Numerous genes and pathways are correlated with
the genesis and progression of UC. For example, high
expression levels of Caspase 1 (CASP1) and lysozyme
(LYZ) have been found in UC group (9). Various genes,
such as CD177 Molecule (CD177), G protein-coupled
receptor 84 (GPR84) (10), interleukin 8 (IL-8), matrix
metallopeptidase 9 (MMP-9) (11), and 8-Oxoguanine DNA
glycosylase (OGG1) (12), participate in molecular pathways
of UC. Also, various signaling pathways, such as nuclear
transcription factor kappa B (NF-kB) pathway (13), nuclear
factor erythroid 2-related factor 2 (Nrf2) pathway (14),
and JAK/STAT signaling pathway (15) are related to
progress of UC. However, knowledge of the genome scale
of miRNAs and their target genes, as well as the potential
biological function of UC, remains limited.
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In this study, we retrieved datasets of mRNA and
miRNA expression microarrays from the Gene Expression
Omnibus (GEO), and we identified a group of key miRNAs
and potentially target genes involved in UC by using
bioinformatics analysis. In addition, the most significantly
expressed miRNAs and their target genes were selected and
conducted for preliminary validation by real-time qPCR
(qQRT-PCR). The study aimed to suggest miRNA signatures
useful for active UC detection and diagnosis, as well as
explore the underlying pathogenesis by identifying potential
miRNA-targeted mRINAs at the molecular level.

Methods
Collection and inclusion criteria of studies

The mRNA microarray expression profile datasets were
retrieved and downloaded from the GEO database (available
online: http://www.ncbi.nlm.nih.gov/geo) by searching the
following key words: ‘RNA’, ‘active ulcerative colitis’, and
‘Homo sapiens’ (organism). The inclusion criteria were as
follows: (I) colon tissues from adult patients with active UC
(not cells); (IT) samples in UC group without receiving any
interventions or treatments; and (III) both numbers of UC
and health control sample >12. Besides, the miRNA profile
datasets were searched by using the keywords: ‘miRNA’,
‘active ulcerative colitis’, and ‘Homo sapiens’ (organism)
according to the following criteria: (I) colon tissues from
active UC patients (not cells) and (II) samples in UC group
without receiving any interventions or treatments. After
screening, two mRNA expression datasets [GSE53306 (16)
and GSE65114] were selected, and one miRINA expression
dataset (GSE43009) was obtained for analysis. The
workflow of data-processing and analysis is presented in
Figure 1.

Microarray data

In this study, the platform for GSE53306 was based on
the GPL14951 Illumina HumanHT-12 WG-DASL V4.0
R2 expression beadchip, which consisted of 16 active UC
samples and 12 controls. The platform for GSE65114
was GPL16686 (HuGene-2_0-st) Affymetrix human gene
2.0 ST array, which included 16 active UC samples and
12 controls. The platform for GSE43009 was based on
GPL16384 Affymetrix multispecies miRNA-3 array, which

consisted of five controls and five UC samples.
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Figure 1 Flow sheet of data-processing and analysis.

Data-processing and differentially expressed genes (DEGs)/
differentially expressed miRNAs (DEMI) identification

The raw data were downloaded from the GEO database
and then normalized and standardized by using the R
software package. Gene differential expression analysis was
conducted through the limma packages in the Bioconductor
package (17) (available online: http://www.bioconductor.
org/). The heat maps of the two mRNA datasets were
mapped by using the gplots package in R to visualize the
expression values of genes in the different samples. When
we selected the DEGs, P<0.05 and llog FCI >1 were
considered as the cutoff values, where FC is fold change.
Significant DEMIs were screened by meeting both adj.
P<0.05 and Ilog FCI >1. The Venny online tool (available
online: http://bioinfogp.cnb.csic.es/tools/venny) was used
to identify DEGs across the two mRNAs datasets. The
identified DEMIs were preserved for further bioinformatics
analysis.

Functional enrichment analysis of DEGs

Gene ontology (GO) enrichment analysis, which is used for
annotating genes, was conducted to determine significantly
regulated functions, that is, biological processes (BP),
cellular component (CC) and molecular function (MF).
The Kyoto Encyclopedia of Genes and Genomes (KEGGQG)
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enrichment analysis was performed for presenting the
systematic analysis, annotation, and visualization of gene
functions. Both GO enrichment and KEGG pathway
analysis were conducted using the Database for Annotation,
Visualization and Integrated Discovery (DAVID)
(available online: http://david.abcc.nciferf.gov/) to identify
the biological significance of genes, when P<0.05 was
considered statistically significant.

Protein-protein interaction (PPI) network construction
and module selection

The PPI network of DEGs was mapped using the Search
Tool for the Retrieval of Interacting Genes (STRING,
available online: http://string.embl.de/) to evaluate the
interactions of protein pairs, with confidence score >0.4
defined as cutoff criterion. The integrated regulatory
networks were then visualized by Cytoscape (18). Finally,
the plug-in Molecular Complex Detection (MCODE) was
applied to screen the modules of PPI network.

Prediction of miRNA targets

Relevant miRNA targets were predicted using miRWalk
(available online: http://zmf.umm.uni-heidelberg.de/apps/
zmf/mirwalk2/), which is a comprehensive atlas of predicted
and validated miRNA-target interactions. The potential
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targets of miRNA were identified by at least four programs.

Animals and experimental design

Twenty male SD rat (180+20 g) aging 8-10 weeks were
purchased from the Qinglongshan Experimental Animal
Breeding Farm (Nanjing, China). Animals were housed in a
standard condition with 22+2 °C ambient temperature at 12
h light/darkness. The rats with unlimited access to standard
rat chow were randomly assigned into two groups (ten rats
per group). The acute colitis rats were induced by giving
drink water containing 3.5% (w/v) dextran sulfate sodium
(DSS) (Sigma-Aldrich, USA), while the controls were
given DSS-free drinking water. After 10 days, all rats were
sacrificed under isoflurane anesthesia, and the colon tissues
were harvested for following analysis. All animal protocols
carried out were in compliance with the Chinese Guidelines
of Accommodation and Care for Animals formulated and
under the approval of Nanjing University of Chinese
Medicine.

RNA extraction and qRT-PCR

According to the manufacturer’s instruction, total RNA
of colon tissues in both UC groups and controls were
extracted using the TRIzol Reagent (Invitrogen, California,
USA). The primers were obtained from Genscript, and
the sequences were presented in 7able S1. The mRNA and
miRNA expression was normalized against GAPDH and
U6 expression, respectively.

Hematoxylin and eosin (HE) staining

The colon tissues were sliced into 4 pm thick section after
fixation, dehydration and embedding and then stained with
hematoxylin and eosin. Three random sections of each
tissue were imaged under the microscope (Leica, German).

Statistical analyses

Statistical analyses were conducted using SPSS 19.0
software. All data were expressed as the mean = standard
deviation (SD) and analyzed using Graph Pad Prism
(Version 5.0, Inc., CA, USA). Statistical comparisons within
two groups were made by unpaired Student #-tests. And P
value less than 0.05 was considered significant.
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Results
Identification of DEGs

The two microarray datasets GSE53306 and GSE65114
were normalized, as shown in Figure 2. A total of 1,052
DEGs were screened from the GSE53306 dataset.
Additionally, 296 DEGs were identified from the
GSE65114 dataset. The hierarchical cluster heatmaps of
DEGs in both datasets are presented in Figure 3. And 79
genes were differentially expressed in both two datasets.

Functional and pathway enrichment analyses of DEGs

The 79 overlapping genes above were uploaded to the
DAVID online analysis tool for functional assignment and
pathway enrichment with a P value <0.05. We identified the
top 10 most enriched GOs, including leukocyte migration,
chronic inflammatory response, regulation of inflammatory
response, neutrophil chemotaxis, leukocyte chemotaxis,
neutrophil migration, granulocyte chemotaxis, lymphocyte
migration, cell chemotaxis, and chemokine activity, as
represented in Figure 44 and Table 1. Moreover, functional
enrichment analysis based on GO terms was conducted
significantly participated in UC-related pathways, such as
cell adhesion molecules (CAMs), cytokine-cytokine receptor
interaction, chemokine signaling pathway, adipocytokine
signaling pathway, peroxisome proliferators-activated
receptor (PPAR) and transforming growth factor beta
(TGF-p) signaling pathway (Figure 4B and Table 2).

PPI network and module analysis

To further mine the UC-associated genes, we mapped PPI
network analysis by using the STRING database, which
was constructed by 79 nodes and 55 edges (Figure 5A) after
removing the disconnected nodes with confidence score
>0.4. We found several hub genes, such as metallopeptidase
inhibitor 1 (TIMP1), C-X-C motif chemokine ligand 10
(CXCL10), C-X-C motif chemokine ligand 13 (CXCL13),
C-C motif chemokine ligand 11 (CCL11), C-C motif
chemokine ligand 19 (CCL19), and selectin L (SELL).
Subsequently, the 55 obtained PPI pairs underwent
analysis by using Cytoscape to depict the complex
relationship. Moreover, two clusters were identified
from plug-in DCOME, which consisted of nine genes
(Figure 5B), SELL, CCL19, CXCL13, CXCL10, CCL11,
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Figure 2 Box plots of data normalization. (A) Standardization of GSE53306 data; (B) standardization of GSE65114 data. The blue box plot

represents the data before normalization, whereas the red box plot represents the normalized data.

ribonucleotide reductase regulatory subunit M2 (RRM2),
PDZ binding kinase (PBK), centrosomal protein 55
(CEPS55), and thyroid hormone receptor interactor 13
(TRIP13). Finally, we found that these genes were enriched
in the immune response by DAVID.

Prediction of DEMIs and identification of potential target
genes

The profiling dataset GSE43009 was used to identify
the DEMIs. After data preprocessing, we eliminated one
group in the UC sample and control sample due to poor
hierarchical cluster. A total of 47 DEMIs were identified.
Next, by using miRWalk database, the predicted targets
of miRNAs were obtained. The overlapping mRNAs
predicted by miRWalk and the DEGs identified above are
presented in Table 3. We found that miR-92b and miR-625
were the most significant miRNAs. PTGIS was predicted

© Journal of Gastrointestinal Oncology. All rights reserved.

as the potential target of four miRNAs, namely, miR-1228,
miR-1268, miR-1231 and miR-92b. DES was identified as
potential target of three miRNAs, namely, miR-939, miR-
1268 and miR-1226. UNC13D was found as potential
target of miR-939, miR-1268 and miR-1908. Moreover,
seven genes (including MMP10, DPP10, and PCK1) were
potentially targeted by miR-92b, whereas seven mRNAs
(including CCL11) were potentially targeted by miR-625.

Verification of miRNA and the target mRNAs by qRT-
PCR

To demonstrate the miRNAs and the target mRNAs we
identified, we chosen the most significantly up/down-
expressed miRINA (miR-92b and miR-625), and we selected
two of their corresponding target mRNAs (AQP8 and
TAGAP, CCL11 and CHI3L1) based on the results of
bioinformatics analysis and previous literatures to validate
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Figure 3 Hierarchical cluster heatmaps. (A) The heatmap of the DEGs (top 500) of the GSE53306 dataset; (B) the heatmap of the DEGs of

the GSE65114 dataset. DEG, differentially expressed gene.

in colon tissues on rodent UC models. The HE staining
of DSS-induced UC and control (Figure 6) suggested the
successful model preparation. The results of qRT-PCR
indicated that the miRNAs and the corresponding mRNAs
were significantly expressed (P<0.05, Table 4 and Figure 7)
in UC tissues compared with the controls, which were
consistent with the results of microarray analysis.

Conclusions

In the present study, a total of 79 DEGs and 47 DEMIs
were identified from the GEO datasets, which might
provide initial evidence that these genes and miRNAs may
serve as potential signatures related to active UC. The
genesis of UC is an extremely complex process during
which many genetic and epigenetic modifications of driving
genes occur.

© Journal of Gastrointestinal Oncology. All rights reserved.

Among the hub genes we identified, CXCL10 was
highlighted as the highest degree of connectivity genes.
CXCLI10, as well as CXCL13 were reported a significantly
increase in IBD patients (19). TIMP1 is a member of the
TIMP gene family and encodes matrix metalloproteinases
(MMPs), which are key effectors of tissue-injury-mediated
T cell. Both genes are involved in the inflammatory
response after tissue damage and repair in IBD. TIMP1
has been detected in rat with Crohn’s-like disease (20).
Another study (21) based on knock-out mice showed that
TIMP1 deficiency can cause a high expression of immune-
related genes. CCL19, as a member of CC cytokines, is
significantly expressed in Crohn’s disease (CD), and can lead
to chemokine microenvironment normally (22). In light of
the results above, we further surmised that these genes may
represent as candidate biomarkers for UC.

By using GO annotation, we found that the
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Figure 4 GO annotation and pathway enrichment of DEGs in UC. (A) GO analysis of differentially expressed mRINAs (top 20); (B) KEGG
pathway analysis of differentially expressed mRNAs (top 10). GO, gene ontology; DEG, differentially expressed gene; UC, ulcerative colitis.

Table 1 Top 10 GO annotations of the 79 DEGs associated with UC

Term Function Gene P value

GO:0050900 Leukocyte migration S100A8, CXCL13, BMP5, CXCL10, CCL24, ST100A9, CCL19, 1.224E-10
SPNS2, S100A12, CCL11, MMP1, OLFM4, SELL, PECAM1

GO0:0002544 Chronic inflammatory response UNC13D, CXCL13, VNN1, S100A8, ST00A9, CCL11 1.678E-10

GO0:0050727 Regulation of inflammatory response S700A8, PBK, GBP5, DUOXA2, CCL24, S100A9, S100A12, CFB, 8.96E-09
CCL11, SOCS3, PTGIS

G0:0030593 Neutrophil chemotaxis CCL19, S100A8, SELL, CCL24, S100A9, S100A12, CCL11 1.58E-08

GO0:0030595 Leukocyte chemotaxis CCL19, ST100A8, CXCL13, S100A12, CCL11, CXCL10, SELL, 1.99E-08
CCL24, S100A9

G0:1990266 Neutrophil migration CCL19, ST100A8, SELL, CCL24, ST00A9, ST00A12, CCL11 2.03E-08

GO0:0071621 Granulocyte chemotaxis CCL19, ST100A8, SELL, CCL24, ST00A9, ST00A12, CCL11 4.37E-08

GO0:0072676 Lymphocyte migration CCL19, SPNS2, CXCL10, CCL24, CXCL13, CCL11 1.25E-07

G0:0060326 Cell chemotaxis CCL19, ST100A8, CXCL13, S100A12, CCL11, CXCL10, SELL, 1.68E-07

CCL24, S100A9
G0:0008009 Chemokine activity CCL19, CCL24, CXCL13, CXCL10, CCL11 2.02E-07

GO, gene ontology; DEG, differentially expressed gene; UC, ulcerative colitis.
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Table 2 Top 10 KEGG enrichment of the 79 DEGs associated with UC
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Term Definition Gene P value

hsa04514 Cell adhesion molecules (CAMs) PECAM1, CLDNS8, CLDN1, SELL, ICOS 5.228E-04
hsa04060 Cytokine-cytokine receptor interaction CNTFR, CCL11, CCL24, CD27, CXCL10, CCL19, CXCL13 7.452E-04
hsa04062 Chemokine signaling pathway CCL11, CCL24, CXCL10, CCL19, CXCL13 2.784E-03
hsa05144 Malaria PECAM1, THBS2 7.890E-03
hsa04670 Leukocyte transendothelial migration PECAM1, CLDNS8, CLDN1 1.250E-02
hsa04920 Adipocytokine signaling pathway PCK1, SOCS3 1.727E-02
hsa03320 PPAR signaling pathway PCK1, MMP1 1.866E-02
hsa04976 Bile secretion AQPS8, AQP9 1.938E-02
hsa05160 Hepatitis C CLDNS8, CLDN1, SOCS3 2.024E-02
hsa04350 TGF-beta signaling pathway THBS2, BMP5 3.115E-02

KEGG, Kyoto Encyclopedia of Genes and Genomes; DEG, differentially expressed gene; UC, ulcerative colitis.
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CXCL13, CXCL10 and CCL11. Module 2 consisted of RRM2, PBK, CEP55, and TRIP13.

altered genes displayed in the pathological process of
inflammatory reactions, such as leukocyte migration,
chronic inflammatory response, regulation of inflammatory
response, neutrophil chemotaxis, and leukocyte chemotaxis.
Based on the GO terms, the main functional and molecular
work might focus on CAMs, cytokine-cytokine receptor
interaction, chemokine signaling pathway, adipocytokine

© Journal of Gastrointestinal Oncology. All rights reserved.

signaling pathway, PPAR and TGF-p signaling pathway.
Consistent with our results, clinical trials have found that
CAMs overexpressed in the colonic mucosa and serum of
IBD patients, played a key role in inflammatory response
(23,24). Lew et al. (25) found a genetic association with
adverse events to anti-tumor necrosis factor treatment
in IBD patients, and found that one of the signaling
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Table 3 Differentially expressed miRINAs and their target mRNAs
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miRNA Adj. P logFC Target MRNAs

has-miR-1908 4.74E-02 2.665787 C2, CD27, DUOXA2, UNC13D

has-miR-1228 4.74E-02 2.618002 PTGIS, MMP1, SPNS2

has-miR-1268 4.61E-02 2.765473 PTGIS, DES, UNC13D, C7

has-miR-1226 4.59E-02 2.240729 C2, DES

has-miR-939 4.26E-02 3.198519 DES, UNC13D, DUOX2, LCN2

has-miR-1231 1.16E-03 3.156962 PTGIS, CNTFR, DUOX2, TFF1

has-miR-92b 1.76E-02 4.128671 AQP8, DPP10, MMP10, PCK1, PTGIS, TAGAP, TRIP13
has-miR-625 4.74E-02 -3.03384 PCK1, CCL11, CHI3L1, CNTFR, REG3A, STC1, WISP1

logFC >0 represents that the miRNA is upregulated in UC, while logFC <0 represents that the miRNA is downregulated in UC.

Figure 6 Representative HE-stained colon sections in rats. (A) Three different magnifications (x50, x100, x200, from left to tight) of HE

staining in DSS-induced rat group; (B) three different magnifications (x50, x100, x200, from left to tight) of HE staining in control group.

pathways was enriched in cytokine-cytokine receptor
interaction. Adipocytokine which is a proinflammatory or
anti-inflammatory adipose-derived secretory products, is
significantly overexpressed in CD patients (26). PPARy, a
subtype of PPAR, mainly exists in the immune system and
adipose tissue and is highly expressed in colon tissue (27).
Various evidences have revealed that PPARYy is involved
in the pathogenesis of CD (28,29). Moreover, the down
expression of TGF-B in UC patient may lead to abnormal
anti-inflammatory and negative immunoregulatory effects,

© Journal of Gastrointestinal Oncology. All rights reserved.

thereby increasing the expression of related immune cells
and inflammatory cells, followed by the disturbance of
intestinal mucosal immune function and persistence of
inflammation in UC patients (30). Hence, these pathways
are critical in the pathogenesis of UC.

Of note, a panel of miRNAs, such as miR-1231 and miR-
92b, may play a vital role in onset of UC. Similarly, miR-
1231 and miR-92b are differentially expressed in UC-related
CRC (31). Notably, dual oxidase 2 (DUOX2) and trefoil
factor 1 (TFF1) were potentially targeted by miR-1231,
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Table 4 Relative expression level of miRNAs and their corresponding mRINAs

RNA Expression Fold change (mean + SD) P value
miR-92b UP 4.26+1.00 <0.01
TAGAP Down 1.24+0.52 <0.01
AQP8 Down 1.08+0.44 <0.01
miR-625 Down 0.90+0.35 <0.01
CCL11 Up 3.30+0.61 <0.01
CHI3L1 Up 7.86+0.71 <0.01
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Figure 7 Relative expression level of miRINAs and their corresponding mRINAs. The expression levels of RINAs were performed using qRT-

PCR. Results were expressed as mean + SD, **, P<0.01.

which suggested that miR-1231 may be a key regulator of
DUOX2 and TFF1. DUOX2-inactivating mutations can
lead to early onset of IBD (32). Shaoul er a/. (33) found
that TFF1 was overexpressed in the colonic tissue of
children with IBD. CCL11, belongs to CC cytokines and
potentially targeted of miR-625, was reported as a potential
candidate biomarker in UC and CD (34). By using qRT-
PCR, we primarily validated the most significantly up/
down-expressed miRNAs (miR-92b and miR-625) and two
of their target mRNAs on animal experiment. The results
were in line with the microarray analysis. So, we speculated
that these miRNAs and their target mRNAs may play an
important role in UC development. Additionally, MMPI,

© Journal of Gastrointestinal Oncology. All rights reserved.

a member of MMPs, was targeted by miR-1228. By the
implication of KEGG enrichment, it was suggested that
MMP1 is closely related to PPAR signaling pathway. We
inferred that MMP1 may play vital roles in the development
of UC by regulating miR-1228/PPAR signaling pathway,
which can provide a new perspective for future studies.
However, the present study comes with some limitations.
Firstly, the results were obtained from publicly GEO
microarray database and the analysis platforms of three
GSE datasets were not uniform. Secondly, the samples were
limit which may cause the reliability of our conclusion.
Further studies with more samples and unified technological
detection platform are needed to confirm our results.
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Taken together, our current study used comprehensive
bioinformatics analysis to determine the mRNA and
miRNA expression between active UC and control. A
group of miRNAs and their target genes were identified
and several of them were preliminarily confirmed on rodent
model, which may serve as potential biomarkers related to
UC. In addition, we found several important gene functions
and pathways, which may help us understand the molecular
mechanisms of UC. However, further experimental and
functional studies are warranted to determine the exact role
and mechanisms of UC.
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Supplementary

Table S1 Primers used for qRT-PCR

Gene

Primer sequence (5'-3")

miR-92b-forward
miR-92b-reverse
miR-625-forward
miR-625-reverse
U6-forward
U6-reverse
AQP8-forward
AQP8-reverse
TAGAP-forward
TAGAP-reverse
CCL11-forward
CCL11-reverse
CHI3L1-forward
CHI3L1-reverse
GAPDH-forward
GAPDH-reverse

UUGCACUUGUCCCGGCCUG
TATTGCACTCGTCCCGGCCTCC
AGGGGGAAAGTTCTATAGTCC
TGGTGTCGTGGAGTCG
CTCGCTTCGGCAGCACA
AACGCTTCACGAATTTGCGT
CCCCTAGCCCCATTCTCCATTGG
GGAAGTCCCAGTAGCCAGCCATCAC
GTCCCTGTGGAGATGCTAAACC
AAGGCAATGAAGCCGAAGA
AGCGTGCATCTGTTGTTG
CACTTCCTTCACCTCCCA
AGGACGGTGGGATTGTGA
TTGGTCGGGAGAGATAGGG
GTCAACGGATTTGGTCTGTATT
AGTCTTCTGGGTGGCAGTGAT
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