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Background: Ulcerative colitis (UC) is one of the main subtypes of inflammatory bowel
disease (IBD). The incidence of UC in the Xinjiang region is relatively high in China and the
manifestations of UC in Uyghur and Han patients are usually differential. This study aimed
to identify potential biomarkers of UC.

Methods: All miRNA and mRNA were extracted from the tissue samples obtained from
participants in Xinjiang. Differential expression analysis was performed on all mRNAs and
miRNAs. The target genes of miRNAs were predicted via three databases. The
clusterProfiler package was used for GO and KEGG pathway enrichment analysis.
Results: Preliminarily, four miRNAs and 15 genes were associated with the differential
manifestations of UC in Uyghur and Han patients. Through the co-expression network
construction and further screening in more samples, two miRNAs (hsa-miR-141-5p and hsa-
miR-378a-5p) and three genes (ARNTL2, CLDN1 and SLC6A14) were found to be more
crucial. These 15 genes were enriched in tight junction, NF-xB, and several other pathways.
Conclusion: Two miRNAs (hsa-miR-141-5p and hsa-miR-378a-5p) and three genes
(ARNTL2, CLDNI, and SLC6A14) associated with the differential manifestations of UC
in Uyghur and Han population were identified, which were potential biomarkers.
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Introduction

Ulcerative colitis (UC) is one of the main subtypes of inflammatory bowel diseases (IBD),
which is a kind of chronic and relapsing disease in the digestive system.'” Increasing
incidence of UC has been observed in many countries recently and Northern Europe has
the highest reported incidence, about 500 per 100,000 people.’ Typically, UC is char-
acterized by diffuse and continuous inflammation of the mucosa and submucosa of the
colon and rectum, which finally results in the occurrence of ulcers.*® And the most
common and representative symptoms of UC comprise of abdominal pain, bloody stools,
bloody diarrhea, tenesmus, and so on.*” Not only that, UC is closely associated with the
occurrence of colorectal cancer.® At present, the diagnosis of UC mainly relies on clinical
evaluation, fecal or serological biomarkers and endoscopy, but these methods are far from
meeting the increasing needs of clinical diagnoses.” Despite the incidence of UC in China
being low, the number of UC patients is growing annually.'® Furthermore, the incidence
of UC in Xinjiang region was relatively high in China.!' Besides, some differential
manifestations of UC in Uyghur and Han patients have been documented previously,
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such as more moderate/severe forms and a higher complication rate, ~ higher endoscopic
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detection rate of UC,"" and elevated frequency of positive
antineutrophilic cytoplasmic antibodies (ANCA)"? in Uyghur
patients, which might result from the differential genetic back-
ground of patients. Accordingly, novel potential biomarkers
will help us further understand the causes of differential man-
ifestations of UC in various ethnic groups.

In recent decades, many researchers have explored
potential biomarkers in UC, not only serologic markers
but also target genes in UC.'*'® Compared with endo-
scopy, biomarkers are not so expensive and the invasive-
ness of applying biomarkers in UC patients is relatively
low.'”"'® Thus, there are numerous studies on biomarkers
in UC. A recent study has reported that 270 differentially
expressed genes were identified between UC samples and
healthy control samples.'® And CXCR2 has been docu-
mented to be a biomarker as a treatment target in UC."
Moreover, it has been reported that SLC6A14 and
DUOXA2 might be new targets for UC gene therapy.?’
Unfortunately, the present UC diagnoses are still uncertain
and limited in some cases despite being conducted by
expert clinicians.'>?'*? Therefore, further exploration is
still needed in order to find more reliable biomarkers in
UC. To the best of our knowledge, no previous research
has focused on differential manifestations of UC in
Uyghur and Han patients in Xinjiang region, China.
Thus, our findings would be potentially beneficial for
target treatments in differential ethnic groups of UC
patients.

In this study, through a joint analysis of miRNAs and
mRNAs extracted from Uyghur and Han UC patients, we
proposed to identify potential biomarkers related to the
differential manifestations of UC in Uyghur and Han
populations, so as to further understand the mechanisms
of UC in different ethnic groups, and lay the foundation
for UC targeted therapies in the future.

Materials and Methods
Research Object

There were a total of 32 participants with complete
follow-up data and specimens who participated in the
present study, which all came from the People’s
Hospital of Xinjiang Uygur Autonomous Region in
China, from February 2020 to

November 2020. The adult patients all met clinical diag-

Urumgqi, Xinjiang,
nostic guidelines.”® All the experiments were approved
by the Ethics Committee of People’s Hospital of
Xinjiang Uygur Autonomous Region (Ethical code:

Xinjiang District Hospital Ethics Committee 2015110),
and informed consents were obtained from all subjects.
Colonic mucosa tissue samples were collected from
ulcerative colitis patients and healthy participants, and
the same types of samples were randomly divided into
two groups for subsequent bioinformatic prediction and
experimental validation. Each group included four
Uighur patients with ulcerative colitis (UIU), four
Uighur healthy participants (UIN), four Han patients
with ulcerative colitis (HU), and four Han healthy parti-
cipants (HN) (all had no autoimmune disease or genetic
diseases). All samples were quickly frozen and stored at
—80°C. The detailed clinical information of all subjects

is shown in Supplementary Table S1.

MiRNA Chip Experiment

The total RNA of samples were extracted according to the
Trizol method. And quality control was performed on total
RNA, including spectrophotometer quantify and formalde-
hyde denaturing gel electrophoresis. The miRNA was iso-
lated from the total RNA using the mirVana™ miRNA
Isolation Kit (AM1561) and 200 ng was taken for further
experiment. MiRNAs were analyzed using miRNA micro-
array according to Agilent standard procedures. The
miRNA expression data of samples was detected using
the Agilent Human miRNA Microarray platform.

mRNA Chip Experiment

The total RNA of samples were extracted according to the
Trizol method. And quality control was performed on total
RNA, including spectrophotometer quantify and agarose
gel electrophoresis. The mRNA chip analysis was per-
formed following the Affymetrix standard procedure. The
mRNA expression profile was detected using Affymetrix
PrimeView Human Gene Expression Array.

Chip Differentially Expressed Analysis

The raw data of miRNA expression profile was normalized
using Agilent GeneSpring software. The raw data of mRNA
expression profile (.cel file) was normalized according to the
robust multichip average (RMA)** algorithm.

Based on the linear model, the limma package® was
used to perform differential expression analysis on the
normalized miRNA and mRNA expression data, respec-
tively. Differentially expressed miRNAs (DEMs) and dif-
ferentially expressed genes (DEGs) were
according to the |[Log,FC[>0.5 and p-value<0.05.

screened
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Prediction of miRNA Target Genes

The target genes of DEMs were predicted via three data-
bases, including TargetScanHuman database (version 7.2)
(http://www.targetscan.org/vert _72/),® miRTarBase data-

base (version 7.0) (http://mirtarbase.mbc.nctu.edu.tw/php/

index.ph]g),27 and miRDB database (version 6.0) (http:/
mirdb.org/index.html).*® Those target genes were consid-

ered to be more reliable, which appeared in two or more
databases simultaneously.

Functional Enrichment Analysis

The clusterProfiler package®” in R language was used for
Gene ontology (GO) (including Biological Process,
Molecular Function, and Cellular Component) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analysis. GO terms and KEGG pathways with
a p-value<0.05 were considered as significantly enriched.

RNA Extraction and Quantitative-PCR
(qPCR)

Total RNA was isolated from tissues by Trizol reagent
(Cat# 15596-026, Invitrogen, CA) and quantified by
Nanodrop lite (Thermo, USA). MiRNA was purified with
RNasey Mini Kit (Qiagen). Complementary DNA (cDNA)
was obtained by TIANScript RT kit (Cat# KR104-02,
TIANGEN, Beijing, China) after reverse transcription.
The quantitative PCR experiment was performed and
repeated for all samples by Light-Cycler480 (Roche,
USA) for 40 cycles, at 95°C for 10 seconds, annealing
temperature for 60 seconds, and 95°C for 15 seconds.
SuperRealPreMix Plus kits (Cat# FP205, TIANGEN,
Beijing, China) were prepared for qPCR, and mRNA
levels of target mRNA and miRNA were normalized to
that of B-actin. The primers of target mRNA and miRNA

Table I miRNA Primer Sequences for RT-PCR

and B-actin are listed in the Tables 1 and 2. The data of
qPCR was analyzed and calculated by the 22" formula.

Results

Potential miRNAs That Led to
Differential Manifestations of UC in
Uyghur and Han Population

The distribution of normalized miRNA data of 16 samples
is shown in Supplementary Figure S1A. Differential
expression analysis was performed based on the expres-
sion levels of all miRNAs, and miRNA expression levels
of samples were compared between different groups.
Compared with the UIN group, there were 128 differen-
tially expressed miRNAs (DEMs) in the UIU group,
among which 50 miRNAs were upregulated and 78
miRNAs were downregulated (Figure 1A); the expression
levels of DEMs were significantly different between the
two groups (Figure 1E). Compared with the HN group,
there were 57 DEMs in the HU group, including 15
upregulated miRNAs and 42 downregulated miRNAs
(Figure 1B); the expression levels of DEMs were signifi-
cantly different between two groups (Figure 1F).
Compared with the HU group, there were 135 DEMs in
the UIU group, among which 110 miRNAs were upregu-
lated and 25 miRNAs were downregulated (Figure 1C);
the expression levels of DEMs were significantly different
between the two groups (Figure 1G). Compared with the
HN group, there were 70 DEMs in the UIN group, among
which 68 miRNAs were upregulated and two miRNAs
were downregulated (Figure 1D); the expression levels of
DEMs were significantly different between the two groups
(Figure 1H).

In the comparison between UIU versus UIN and HU
versus HN, there were 21 shared DEMs and their

Genes RT Primer (5'-3")

Forward Primer (5'-3")

hsa-miR-141-5p

GTCGTATCCAGTGCAGGGTCCGAGGTA
TTCGCACTGGATACGACTCCAAC

GCGGCGGCATCTTCCAGTACAG

hsa-miR-378a-5p

GTCGTATCCAGTGCAGGGTCCGAGGT
ATTCGCACTGGATACGACACACAG

GCGGCGGCTCCTGACTCCAGGTC

hsa-miR-192-5p GTCGTATCCAGTGCAGGGTCCGAGGT GCGGCGGCATCTTCCAGTACAG
ATTCGCACTGGATACGACTCCAAC
hsa-miR-192-3p GTCGTATCCAGTGCAGGGTCCGAGGT GCGGCGGCATCTTCCAGTACAG

ATTCGCACTGGATACGACTCCAAC

Note: Universe-R: ATCCAGTGCAGGGTCCGAGG.
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Table 2 mRNA Primer Sequences for RT-PCR

Genes Forward Primer (5'-3') Reverse Primer (5'-3') Product Length (bp) Temp (°C)
ABCC9 TCAACCTGGTCCCTCATGTCT CAGGAGAGCGAATGTAAGAATCC 155 59
AQP9 TGTCTCTTTGGACGGATGAAATG TCTCCCACGATCAGCAGTTTT 149 58
ARNTL2 TGGCGCGTAAACTGGACAAA CCTCTTTCACATCCAACCACAAA 187 59
CLDNI CCTCCTGGGAGTGATAGCAAT GGCAACTAAAATAGCCAGACCT 145 57
EPB41L4B TTGGACCTGCTTATGCTTTACAC AGCTCCGCTTGTAGACAGAGA 184 58
IRAK3 CAGCCAGTCTGAGGTTATGTTT TTGGGAACCAACTTTCTTCACA 110 58
LIPG GATGGACGATGAGCGGTATCT CGCATCCGTGTAAAGCTGG 131 59
PCDHI17 TCCTCGGACCAGATCGAAATG GCGGGACTTAACGTCCAGT 162 59
PDPN GTGTAACAGGCATTCGCATCG TGTGGCGCTTGGACTTTGT 80 59
PLAU CTGTCACCTACGTGTGTGGAG TGAGCGACCCAGGTAGACG 116 60
PPARGCIA GCTTTCTGGGTGGACTCAAGT GAGGGCAATCCGTCTTCATCC 175 60
SERPINEI AGTGGACTTTTCAGAGGTGGA GCCGTTGAAGTAGAGGGCATT 151 58
SLC6A 14 ACCGTGGTAACTGGTCCAAAA CGCCTCCACCATTGCTGTAG 114 58
SRD5A3 TGGCTGCACAGCTTACGAAG TCAGCACAGTTAGGCCAACAA 127 60
ZNFél | TAGGCCCCAAACCCAGATTTC TGCAAGGTATTGCTCGTGATT 232 58
GAPDH GCAAATTCCATGGCACCGTC AGCATCGCCCCACTTGATTT 110 59

expression levels were significantly different, which were
considered as important miRNAs related to the pathogen-
esis of UC. Among these 21 miRNAs, six were also
differentially expressed in the UIU group relative to the
HU group. Meanwhile, two DEMs in the UIN group
relative to the HN group were removed. Finally, the
remaining four miRNAs were key miRNAs that led to
differential manifestations of UC in Uyghur and Han
populations, comprising hsa-miR-141-5p, hsa-miR-378a-
5p, hsa-miR-192-5p, and hsa-miR-192-3p (Figure 11).

Potential MRNAs That Led to Differential
Manifestations of UC in Uyghur and Han

Population

The distribution of normalized mRNA data of 16 samples
is shown in Supplementary Figure S1B. Differential
expression analysis was conducted based on the expres-
sion levels of all mRNAs, and mRNA expression levels
were compared among various groups. Compared with the
UIN group, there were 2,688 differentially expressed
genes (DEGs) in the UIU group, which included 1,390
upregulated genes and 1,298 downregulated genes
(Figure 2A); the expression levels of differentially
expressed genes were significantly different between the
two groups (Figure 2E). Compared with the HN group,
822 DEGs were significantly differential in the HU group,
among which, 381 genes were upregulated and 441 genes
were downregulated (Figure 2B and F). Compared with
the HU group, 633 DEGs were identified in the UIU

group, including 435 upregulated genes and 198 down-
regulated genes (Figure 2C); and the DEGs’ expression
were significantly different between the two groups
(Figure 2G). Compared with the HN group, a total of 68
DEGs were identified in the UIN group, among which 35
and 33 genes were upregulated and downregulated, respec-
tively (Figure 2D); the expression levels of DEGs were
significantly different between the two groups (Figure 2H).

In the comparison between UIU versus UIN and HU
versus HN, there were 672 shared DEGs and their expression
levels were significantly different, which were considered as
important genes related to the pathogenesis of UC. Among
these 672 genes, 125 genes (Supplementary Table S2) were
also differentially expressed in the UIU group relative to the
HU group, which were key genes that led to differential man-
ifestations of UC in Uyghur and Han populations (Figure 2I).

Significantly Enriched GO Terms and
KEGG Pathways

A functional enrichment analysis was done on the 125 genes
that might cause differential manifestations of UC in Uyghur
and Han populations. The genes were enriched in a total of
1,674 Biological Process terms (BP), among which 453
terms were significantly enriched (p-value<0.05). Besides,
the genes were significantly enriched in 31 Cellular
Component (CC) terms (p-value<0.05) and 48 Molecular
Function (MF) terms (p-value<0.05). Additionally, 125
genes were enriched in 149 KEGG pathways, among

which 34 pathways were significantly enriched (p-
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Figure | Differentially expressed miRNAs. (A-D) The volcano plots of differentially expressed miRNAs of four pairs of comparison, including UIU versus UIN, HU
versus HN, UIU versus HU, UIN versus HN. The x-axis: log,FC value; the y-axis: —logo (p-value); red: upregulation; green: downregulation; black: non-significant difference.
(E-H) The expression level heat maps of differentially expressed miRNAs of four pairs of comparison, including UIU versus UIN, HU versus HN, UIU versus HU, UIN
versus HN. The x-axis: miRNA; the y-axis: sample; red: high expression; blue: low expression. (I) Venn diagram of differentially expressed miRNAs.

value<0.05) (Supplementary Table S3). Among them, the
top 10 significantly enriched BP, CC, and MF terms are
displayed in Figure 3A—C. The top 10 significantly enriched
KEGG pathways are shown in Figure 3D.

MiRNA Target Gene Prediction and
miRNA/mRNA Joint Analysis

The target genes of the four miRNAs were predicted using
the TargetScanHuman database, miRTarBase database, and
miRDB database, which were considered to be more reli-
able if they appeared in two or more databases simulta-
neously. And 8,779 target genes were predicted in the

TargetScanHuman database, 1,572 target genes were

predicted in the miRTarBase database, and 1,648 target
genes were predicted in the miRDB database. Among
them, a total of 2,383 target genes appeared in two or
three databases simultaneously (Figure 4A).

There were 15 shared genes between 2,383 target
genes and 125 DEGs, including ABCC9, AQP9,
ARNTL2, CLDNI1, EPB41L4B, IRAK3, LIPG, PCDH17,
PDPN, PLAU, PPARGCIA, SERPINE1, SLC6A14,
SRDS5A3, and ZNF611 (Figure 4B). These 15 genes sub-
sequently underwent enrichment analysis so as to know
more about their roles in UC. The 15 genes were signifi-
cantly enriched in total 321 BP terms (p-value<0.05), 17

CC terms (p-value<0.05), and 27 MF terms
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Figure 2 Differentially expressed mRNAs. (A-D) The volcano plots of differentially expressed genes of four pairs of comparison, including UIU versus UIN, HU versus HN,
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x-axis: MRNA; the y-axis: sample; red: high expression; blue: low expression. (I) Venn diagram of differentially expressed genes.

(p-value<0.05). The genes were significantly enriched in
22 KEGG pathways (p-value<0.05) and the detailed
enriched results ae shown in Supplementary Table S4.
Among them, the top 10 significantly enriched BP, CC,
MF, and KEGG terms are displayed in Figure 4C—F.

As we all know, miRNAs played a crucial role in regula-
tion of mRNA expression. To explore the regulatory net-
works between miRNAs and mRNAs in the pathogenesis of
Uyghur UC and Han UC, a co-expression network was con-
structed based on the further joint analysis of four miRNAs
and 15 mRNAs (Figure 4G). The node degree of hsa-miR
-141-5p was six and the node degree of hsa-miR-378a-5p was
five, which both interacted with multiple target genes. The
node degree of hsa-miR-192-5p and hsa-miR-192-3p was
one. Collectively, hsa-miR-141-5p and hsa-miR-378a-5p

were more important miRNAs that resulted in differential
manifestations of UC in Uyghur and Han populations.

Clinical Validation of mMRNA and miRNA

Levels

Subsequently, the mRNA and miRNA levels of four other
clinical groups (eight samples in each group) were detected to
validate the clinical analysis by bioinformatics method. The
gPCR results showed that three mRNAs and two miRNAs
were remarkably different between groups, indicating that
target genes could potentially diagnose UC (Figure 5A and
B). Besides, the analysis of another 12 mRNAs and
twomiRNAs showed a significant distinction, however, the
results of HN and UIN groups were different, suggesting that
these genes were not suitable for clinical diagnosis because it
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might be difficult to distinguish (Supplementary Figure S2A
and B). Finally, the qPCR results indicated the three genes,
ARNTL2, CLDNI1, SLC6A14, and two miRNAs, hsa-miR
-141-5p and hsa-miR-378a-5p, might be related to the UC,
parallel with the bioinformatics analysis.

Discussion

UC is a complicated IBD, which resulted from genetics,
environmental factors, dysregulated immune responses,
and many other factors.’® To date, the pathogenesis of
UC still remains unclear.*' The differential manifestations
of UC in Uyghur and Han patients observed in our locally
clinical work reminded us of the present study. In this
study, via a comprehensive analysis of miRNAs and
mRNAs extracted from Uyghur and Han UC tissues sam-
ples, we have explored the potential miRNAs and genes
associated with the differential manifestations of UC in
Uyghur and Han population. Subsequently, hsa-miR-141-
5p and hsa-miR-378a-5p were found to be more important

miRNAs leading to differential manifestations of UC in
Uyghur and Han population. Moreover, three genes,
ARNTL2, CLDNI, and SLC6A14, were screened to be
potential biomarkers related to the differential manifesta-
tions of UC in Uyghur and Han populations.

Our present research was based on the UC samples
collected from Xinjiang region in China. Through the
multiple comparison among various groups (UIU, UIN,
HU, HN), potential miRNAs and mRNAs associated
with the differential manifestations of UC in Uyghur and
Han patients were then preliminarily found, comprising
four miRNAs and 125 genes. Furthermore, 15 overlapped
genes were then identified between all miRNAs’ target
genes and 125 DEGs, which were used for co-expression
network construction. Finally, hsa-miR-141-5p and hsa-
miR-378a-5p were more important miRNAs associated
with the differential manifestations of UC in Uyghur and
Han patients. And our further experiments were consistent

with the bioinformatic analyses. Increasing studies have
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suggested that some miRNAs played an important role in
the regulation and pathogenesis of IBD.**** For example,
miR-141 directly regulated CXCLS5 expression, meanwhile
influencing the AKT signaling pathway.** Additionally, it
has been indicated that miR-141-3p might be involved in
the colorectal cancer development in the rectosigmoid
colon in UC patients.”> Moreover, miR-378a-3p could
regulate IL-33 expression in an inflammatory environment
in HT-29 cells, so as to further understand the pathogen-
esis of UC.>® Thus, our data was consistent with the

previous research, but our study firstly suggested that
miR-141-5p and miR-378a-5p were associated with the
differential manifestations of UC in Uyghur and Han
populations. Moreover, via the further experimental
screening of the 15 genes in additional UC clinical sam-
ples in Xinjiang region, ARNTL2, CLDN1, and SLC6A14
were related to the differential manifestations of UC in
Uyghur and Han populations. Several recent studies have
documented the role of potential biomarkers in UC. AQP9
and CLDN2 have been reported to regulate the
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Figure 5 The relative mRNAs and miRNAs expression level of significantly differentially expressed gene in four groups. (A) mRNA; (B) miRNA. *p<0.05, *p<0.01,
##p<0,001 versus HN group; #p<0.05, #p<0.01, ##p<0.001 versus UIN group; ¥p<0.05, #4p<0.01, %&p<0.001 versus HU group.

physiological properties in tight junctions in UC
patients.>” And ARNTL2, as a circadian gene, was differ-
entially expressed in Crohn’s disease and UC and
ARNTL2 was upregulated in UC.>® Weber et al®’ has
evidenced that upregulated CLDN1 expression might be
involved in transformation in IBD-associated neoplasia.
As for SLC6A14, it was a cancer-specific amino acid
transporter and was crucial for tumor growth,*® which
has been evidenced to be a potential tissue biomarker for
UC.% Collectively, all the evidence above supported our
research. And these miRNAs and genes might serve as
potential biomarkers, which would be beneficial for the
target treatments for Uyghur/ Han UC patients in the
future. However, the detailed mechanisms behind these
miRNAs and genes in UC in Uyghur and Han population
were still unclear and needed lots of further exploration.
Additionally, an enrichment analysis was performed on the
15 genes, which might reveal the functions related to the
differential manifestations of UC in Uyghur and Han popula-
tions. The 15 genes were significantly enriched in 321 BP
terms, 17 CC terms, 27 MF terms, and 22 KEGG pathways.
We found that several cancer related pathways were noticed,
including Prostate cancer, Transcriptional misregulation in
cancer, MicroRNAs in cancer, and Proteoglycans in cancer,
which indicated that there might be a certain correlation
between cancer and differential manifestations of UC in
Uyghur and Han populations. Although some previous studies
have demonstrated the possible interplay between UC and

various cancers,*' ™ however, it should be further studied in
UC patients in Uyghur and Han populations. Moreover, tight
junction played an essential role in the maintenance of intest-
inal epithelial barrier function,* meanwhile, tight junction
was reported to be involved in UC and other IBD.**** Some
former studies indicated that several genes played their roles in
UC through regulating the NF-kB signaling pathway.*”*
Consequently, the differential manifestations of UC in
Uyghur and Han population probably resulted from
a complex regulation network, which deserved large amounts
of work in the future.

In conclusion, based on the samples collected from
Uyghur and Han UC patients in Xinjiang region, via a joint
analysis of miRNA and mRNA data and further experimental
validation, we have identified two miRNAs (hsa-miR-141-5p
and hsa-miR-378a-5p) and three genes (ARNTL2, CLDNI,
and SLC6A 14) that were associated with the differential man-
ifestations of UC in Uyghur and Han population. These genes
were mainly enriched in tight junction, NF-kB, and several
other pathways. Our findings are expected to provide more
information of UC research and targeted treatment in Uyghur
and Han population in the future.
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