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Summary: Systemic sclerosis (SSc) is a highly heterogencous autoimmune disease with a high
mortality rate. However, the cellular and molecular mechanisms of SSc remain unclear. Here,
we identified the key hub genes and microRNAs (miRNAs) that modulate the occurrence and
development of SSc. We downloaded the microarray dataset GSE95065 from the Gene Expression
Omnibus (GEO) database and then analyzed the data by using GEO2R. The Database for
Annotation, Visualization and Integrated Discovery (DAVID) was used for functional pathway
enrichment analyses of differentially expressed genes (DEGs), and Cytoscape software was used
to generate the protein-protein interaction (PPI) network. In addition, OmicsNet was used to
predict the miRNAs for the hub genes of SSc. As a result, 783 DEGs were identified, of which
770 genes (142 up-regulated genes and 628 down-regulated genes) were matched to the genes in
SSc skin samples. Gene Ontology (GO) analyses by DAVID indicated that the up-regulated genes
were mainly involved in immune response, and the down-regulated genes were greatly enriched
in glycinergic synaptic transmission. In the PPI network, 22 nodes were selected as key genes,
including several members of the chemokine family. Furthermore, after uploading these key genes
to the OmicsNet tool, we found that hsa-miR-26b-5p might target CXCL9 and CXCL13. Moreover,
we demonstrated that the hsa-miR-26b-5p inhibitor might inhibit fibrosis in TGF-B-activated
fibroblasts, which would be a promising target for SSc therapy.
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Systemic sclerosis (SSc) is a highly heterogeneous
autoimmune disease, involving clinical findings of
extensive fibrosis, vascular changes and immune
abnormalities!!. SSc most commonly affects the skin,
causing an increase in collagen and extracellular matrix
deposition in the skin. In addition, it also involves
internal organs, such as the heart, lungs, kidneys, and
digestive tract, leading to serious complications such
as pulmonary fibrosis and pulmonary hypertension.
More than half of those diagnosed with SSc eventually
die as a direct result of internal organ damage,
which imposes a heavy physical and psychological
burden on patients™”. Based on in-depth study of
the pathogenesis of SSc, scholars believe that the
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increase in extracellular matrix production is caused
by the excessive activation of fibroblasts caused by
the interaction of endothelial cells, lymphocytes,
macrophages and other cells. However, the cause of
SSc and the underlying mechanism remain unclear’,
There is no specific treatment, including a targeted
treatment for progressive fibrosis. Therefore, exploring
the mechanisms associated with the pathogenesis of
SSc is very important for improving the treatment of
the disease.

The bioinformatics analysis of microarray data,
as a high-throughput technology, has been extensively
used as an efficient tool in oncological research to
detect genetic alterations. Such analysis has also played
an important role in identifying valuable biomarkers in
SSc. In recent years, many researches on differentially
expressed genes (DEGs) and their molecular functions
in SSc have been conducted™. Moreover, many
recent reports have shown that serum microRNAs
(miRNAs), such as miR-21 and miR-92a, might be
promising biomarkers for the diagnosis, prognosis and
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treatment of SScl> ¢, However, the interaction between
DEGs and miRNAs and the molecular mechanism by
which the dysregulated expression of miRNA affects
the pathogenesis of SSc remain unclear”. Here, we
further investigated the interactions between DEGs
and miRNAs in SSc through microarray technology
and bioinformatics analysis, aiming to explore their
potential mechanisms of pathogenesis in SSc.

1 MATERIALS AND METHODS

1.1 Microarray Data

We downloaded a gene expression profile
(GSE95065) including 31 samples (18 SSc samples
and 15 control samples) from the Gene Expression
Omnibus (GEO) database (https://www.ncbi.nlm.nih.
gov/geo/). All SSc tissue samples were collected from
SSc patients, while the normal skin tissue samples
from healthy volunteers served as controls.
1.2 Identification of DEGs

GEO2R (http://www.ncbi.nlm.nih.gov/geo/geo2r/)
is an open-source tool that can be used to identify
DEGs by comparing gene expression data from GEO
series®®. The volcano map was performed by the
RStudio. An adjusted P value of <0.05 and a log fold
change (FC) value of >1 were considered to be the
appropriate criteria for the selection of DEGs. The heat
map of DEGs (top 50 genes based on the difference in
expression) was performed by using Network Analyst
(http://www.networkanalyst.ca/)P.
1.3 Gene Ontology and KEGG Analyses

Gene Ontology (GO) analysis is a widely used
bioinformatics analysis method that constructs
ontologies of gene function of individual genomic
products. There are three key GO categories: molecular
function (MF), biological process (BP) and cellular
component (CC), which describe the attributes of
genes and gene products!'® '), The Kyoto Encyclopedia
of Genes and Genomes (KEGG) is a database resource
that can annotate genome sequences or high-throughput
datal’. GO and KEGG analyses can be performed
on the Database for Annotation, Visualization and
Integrated Discovery (DAVID) website (https://david.
nciferf.gov/), which is an online functional annotation
tool that aims to provide a functional interpretation of
the genes input into the system!'. The DAVID was
used to perform GO and KEGG analyses of the DEGs
identified in GSE95065. P<0.05 was considered a
significant difference.
1.4 Protein-protein Interaction (PPI) Network
Analysis of DEGs

The Search Tool for the Retrieval of Interacting
Genes/Proteins (STRING) database (http://string-db.
org/) is online software that aims to assess and integrate
the interactions between proteins!'. The DEGs were
mapped to the STRING database to construct a PPI

network. The cut-off criterion for the PPI network was
a combined score of >0.9. Cytoscape, an open-source
software tool, was applied to construct a visual network
of interactions between proteins, genes and so on!¥,
The DEGs were visualized with Cytoscape to obtain
the hub genes, and the cut-off criterion was a node
degree of >10. Then, we used Molecular Complex
Detection (MCODE) to generate hub gene modules.
1.5 Prediction of MiRNAs and Transcription
Factors

The miRNAs and transcription factors for the hub
genes were predicted through OmicsNet (http:/www.
omicsnet.ca/), a visual network analytics system that
aims to create and explore relationships among genes,
proteins, miRNAs, transcription factors, and others in
three-dimensional (3D) form!!,

1.6 Cell Culture

Adult foreskin was taken and digested with 2
mg/mL of collagenase I for 4 h at 37°C to prepare a
single-cell suspension. Then, the cells were collected
by centrifugation and resuspended in Dulbecco’s
modified Eagle’s medium (DMEM) (Gibco, USA)
containing 10% heat-inactivated fetal bovine serum
(FBS) (Gibco). The cells were seeded in cell culture
dishes and maintained at 37°C with 5% CO,. After
incubation for 72 h, adherent dermal fibroblasts were
obtained, and 3-10 passages of cells were used for
experiments.

1.7 MiRNA Transfection and Real-time Quantitative
Polymerase Chain Reaction (RT-qPCR)

After seeding in 12-well plates for 24 h, skin
fibroblasts were transfected with 100 nmol/L hsa-
miR-26b-5p inhibitor or negative control by using
Lipofectamine 2000 reagent (Invitrogen, USA) for
24 h. Then, the transfection medium was removed,
and the cells were recovered overnight in complete
DMEM. Before stimulation, the cells were incubated
in serum-reduced DMEM (1% FBS) for 24 h and then
stimulated with or without 10 ng/mL TGF-Bf (R&D
Systems, USA) for another 24 h. Next, fibroblasts
were collected to analyze the expression of fibrosis-
related gene mRNAs and collagen synthesis-related
gene mRNAs by RT-qPCR. The primer sequences are
shown in table 1. These experiments were performed
at least three times. The data were input into GraphPad
Prism 7 for analysis, and the results were shown as the
meantstandard deviations (SD). Student’s #-test was
used to determine differences between the two groups,
and P<0.05 was considered statistically significant.
1.8 In Vitro Alpha-Smooth Muscle Actin (a-SMA)
Detection

Skin fibroblasts were transfected with 100
nmol/L hsa-miR-26b-5p inhibitor or negative control
and incubated with 10 ng/mL TGF-B as previously
mentioned. Then, the cells were fixed with 4%
paraformaldehyde for 30 min and incubated with
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Table 1 Primer sequences for RT-qPCR

Name Forward Reverse

GAPDH GTCTCCTCTGACTTCAACAGCG ACCACCCTGTTGCTGTAGCCAA
0-SMA AGCCACTGTGCCTAGCCTGAG CACTTGAGACCTGGAGCTTGACAC
FAP AGCAGTGGTCGGAATGTTCAAGTG ATGTCTCGCCTCCTCTGTCTTCTG
CollA2 CTCCATGGTGAGTTTGGTCTC CTTCCAATAGGACCAGTAGGAC
Col4Al TGAGTTTTATTTCGACTTGCGG TCCTTTCAATCCTACAGAACCC
CXCL9 AAGACCTTAAACAATTTGCCCC TGCTGAATCTGGGTTTAGACAT
CXCLI13 CAAGGTGTTCTGGAGGTCTATT TGAATTCGATCAATGAAGCGTC

anti-o-SMA antibody (1:400, Abcam, UK) overnight
at 4°C. After washing with phosphate-buffered saline
(PBS), the cells were incubated with Cy3-conjugated
goat anti-rabbit IgG secondary antibody (1:800, Boster,
China) for one h. Next, 4’,6-diamidino-2-phenylindole
(DAPI) incubation was applied for 5 min for nuclear
staining. Images of a-SMA expression fluorescence in
fibroblasts were captured under a confocal microscope.

2 RESULTS

2.1 Identification of DEGs in SSc¢

After the analyses of GSE95065, 783 DEGs were
identified, 770 of which matched unique genes in SSc
skin tissue samples as compared with normal skin
samples. In addition, we identified 142 up-regulated
genes and 628 down-regulated genes (fig. 1A). The
expression of the top 50 dysregulated DEGs is shown

A

cme o

o Significant

@ 4- + Down
= * No

Q .

o} Up

7

LogFC

by the heat map in fig. 1B.
2.2 GO and KEGG Enrichment Analyses

To further explore the function and mechanism
of the 770 identified DEGs, the DAVID was used to
perform GO and KEGG analyses. As shown in fig. 2A
and 2B, the GO term enrichment analysis indicated
that for the BP category, the up-regulated genes were
mainly involved in immune response, while the down-
regulated genes were involved in glycinergic synaptic
transmission. In addition, MF analysis indicated
that the up-regulated genes were mainly involved in
heparin binding, while the down-regulated genes were
mainly enriched in integrin binding. Moreover, for CC,
the up-regulated genes were significantly associated
with the extracellular region, whereas the down-
regulated genes were related to the plasma membrane.
In addition, as shown in fig. 2C, the KEGG pathway
analysis revealed that the up-regulated genes took part
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Fig. 1 Differential expression of genes between the SSc group and the control group
A: Volcano plots showing DEGs between the SSc and normal samples; B: the heatmap of DEGs (top 50 genes in terms of
difference in gene expression). The 15 GEO samples (GSM) in the left columns were taken from the healthy skin tissues of
healthy volunteers, while the 18 GSM samples in the right columns were collected from the lesioned skin of patients with SSc.
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Fig. 2 Functional and pathway enrichment analyses

A: functional enrichment analysis of up-regulated DEGs
in SSc; B: functional enrichment analysis of down-
regulated DEGs in SSc; C: KEGG pathway enrichment
analysis of DEGs in SSc. "The full name of this GO term
is detection of chemical stimulus involved in sensory
perception of bitter taste. “The full name of this GO
term is RNA polymerase II regulatory region sequence-
specific DNA binding.

in the cytokine-cytokine receptor interaction pathway,
extracellular matrix-receptor interaction and the PI3K-
Akt signaling pathway, whereas the down-regulated
genes mainly participated in the neuroactive ligand-
receptor interaction.
2.3 PPI Network Analysis of DEGs

The 770 identified DEGs were uploaded to
the STRING database to construct a PPl network
(combined score >0.9), and a total of 309 nodes and 819
edges were generated (fig. 3A). The 22 highest-scoring
nodes, including CXC motif chemokine ligand family
members (CXCL9, CXCL10, CXCL11, and CXCL13)
and CC motif chemokine ligand family members
(CCL19, CCL21, and CCL25), were defined as key
genes (fig. 3B). Furthermore, MCODE generated a
significant module including these 22 key nodes and
231 edges.

TASZR1 = s nevs

Fig. 3 PPI network and a significant module
A: The PPI network of DEGs is shown by using the
STRING database. B: The significant module selected
from the PPI network consists of 22 nodes and 231 edges.
Red genes are considered up-regulated, while green genes
are considered down-regulated.
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2.4 Prediction of miRNAs and Transcription Factors

All of the hub genes were uploaded to OmicsNet, a
web-based tool, to predict the miRNAs and transcription
factors. As shown in fig. 4, the results, output by the
powerful 3D visualization system, indicated that hsa-
miR-26b-5p might target CXCL9 and CXCL13 and
that hsa-miR-335-5p might target CXCL9, CCL19 and
CCL25. In addition, transcription factors might also
modulate the expression of several key genes, such as
early growth response 1 (EGR1) and IKAROS family
zinc finger 1 (IKZF1).

Fig. 4 MiRNAs and transcription factors potentially regulating
the significant module
Red nodes are regarded as key genes of the module,
blue nodes are considered miRNAs, and green nodes are
represented as transcription factors.

2.5 Effects of Hsa-miR-26b-5p on Fibrosis-related
Gene Expression in Fibroblasts

Based on previous studies, we hypothesized that
hsa-miR-26b-5p might have an effect on fibroblast
fibrosis in SSc. To test our hypothesis, we transferred
the hsa-miR-26b-5p inhibitor into human fibroblasts
and then tested fibrosis-related gene expression by RT-
gPCR and a-SMA expression by immunofluorescence
after TGF-P stimulation. As a result, the decreased
hsa-miR-26b-5p expression led to the decreased
expression of a-SMA mRNA and fibroblast activation
protein (FAP) mRNA, two known biomarkers of
fibrosis, compared to the miR-NC group after TGF-f
stimulation (fig. 5A and 5B). Accordingly, the collagen-
type 1 alpha 2 (CollA2) and collagen-type IV alpha
1 (Col4A1l) mRNA expression of hsa-miR-26b-5p
inhibitor group was also significantly lower in TGF-
B-activated fibroblasts than that of the miR-NC group

(fig. 5C and 5D). In addition, transfection with the hsa-
miR-26b-5p inhibitor reduced the mRNA expression
of CXCL9 and CXCLI3 (fig. SE and 5F). Moreover,
after TGF- stimulation, the fluorescence intensity (FI)
of a-SMA in the hsa-miR-26b-5p inhibitor group was
lower than that in the miR-NC group (fig. 5G and 5H).

3 DISCUSSION

Although researchers have been investigating the
mechanism of SSc over the past few decades and many
experiments have been conducted, our understanding
of the mechanism of SSc is still limited. Therefore,
exploring the mechanisms of SSc progression to
improve the therapy of the disease is necessary.
Fortunately, with the development of microarray
technology, the general genetic alterations of SSc are
easier to find, which may greatly help improve the
treatment of the disease.

In this study, 770 DEGs in SSc were identified,
including 142 up-regulated genes and 628 down-
regulated genes. The up-regulated genes were
significantly enriched in immune response, while the
down-regulated genes were involved in glycinergic
synaptic transmission. Moreover, we identified several
high-degree genes, including CXCL9 and CXCL13, by
using the OmicsNet tool to create a PPI network and
found that hsa-miR-26b-5p might target both genes.

CXCL9, a member of the CXC family, plays a
crucial role in the chemotaxis of immune cells and is
related to the pathogenesis of various diseases!!'”. In
the past few years, much experimental evidence has
revealed that CXCL9 is closely related to the diagnosis,
treatment and prognosis of cancer!'®. Various studies
have found an increase in serum CXCL9 levels
associated with many skin diseases, such as psoriasis!”,
sarcoidosis®”, cutaneous lupus erythematosus®"), and
other diseases. Moreover, a recent study showed that
CXCL9 was a promising biomarker of disease activity
in limited cutaneous scleroderma (morphea)®??. Several
studies also reported that CXCL9 was significantly
elevated in SSc skin and serum compared to the
controls?2°, which was consistent with the results of
our bioinformatics analysis.

CXCL13, the major B-cell chemoattractant, is also
a member of the CXC family and induces chemotaxis
of lymphocytes through its receptor CXCR5P" 8. As
previously reported, CXCL13 is involved in multiple
human autoimmune diseases, such as rheumatoid
arthritis™!, systemic lupus erythematosus®” and
Sjogren’s syndromel!. Recently, levels of CXCL13
were proven to increase in the serum of SSc patients,
and CXCL13 likely leads to tissue fibrosis, vascular
anomalies and immune abnormalities in SScF 3.
In addition, CXCL13 may be a valuable biomarker
for the detection and treatment of cancersi*36l.
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Fig. 5 Hsa-miR-26b-5p inhibitor regulated fibroblast fibrosis

A-F: The relative mRNA expression of a-SMA (A), FAP (B), CollA2 (C), Col4A1l (D), CXCL9 (E) and CXCL13 (F) in
fibroblasts with a low expression of hsa-miR-26b-5p after TGF-f stimulation for 24 h. G—H: Images of a-SMA (red) expression
and proportion of highly expressed a-SMA cells. 1#, 2# and 3#: the control group, the miR-NC group and the hsa-miR-26b-
5p inhibitor group after TGF-B stimulation, respectively. All experiments were performed in triplicate. *P<0.05, “P<0.01,

""P<0.0001

According to our work, CXCL13 was also found to be
a high-expression hub gene. However, the molecular
mechanism of CXCL9 and CXCL13 and the interaction
between them have rarely been explored in SSc.
MiRNAs are a class of 18-25-nt-long noncoding
RNAs that exist in many organisms. MiRNAs
regulate gene expression at the posttranscriptional
level by complementary binding to the 3’ noncoding
region (3°-UTR) of their target mRNA moleculel”),
They are involved in a series of important steps
in all life processes, including early development,
cell proliferation, differentiation and apoptosis, and
substance metabolism, and play an important role in
the pathogenesis of many diseases. In recent years,
increasing evidence has revealed that abnormal
miRNA expression may play a significant role in the

pathogenesis of SScl*¥l. In this study, we uploaded the
hub genes to OmicsNet and found that the two hub
genes CXCL9 and CXCL13 might be targeted by
hsa-miR-26b-5p in SSc. Hsa-miR-26b-5p has been
reported to participate in the pathogenesis of several
diseases, such as multiple myelomal®®, intrahepatic
cholangiocarcinoma! and diabetic cardiomyopathy!*!],
Our study found that transfection with hsa-miR-26b-
5p inhibitor in TGF-B-activated fibroblasts could
modulate fibrosis-related gene expression. Moreover,
the reduced CXCL9 and CXCL13 mRNA expression
suggested that hsa-miR-26b-5p down-regulation
might inhibit the fibrosis process by targeting CXCL9
and CXCL13. However, a recent study reported that
hsa-miR-26b levels were significantly decreased in
the serum of SSc patients as compared with normal



Current Medical Science 39(4):2019

651

controls, suggesting that a down-regulation in hsa-
miR-26b might lead to the promotion of fibrosist**. The
above mentioned discrepancy in the function of hsa-
miR-26b in SSc might be due to racial differences since
the lack of appropriate demonstration of variability in
the clinical characteristics of participants. In addition,
RT-qPCR results showed that CXCL9 and CXCL13
mRNA expression was down-regulated after hsa-miR-
26b-5p inhibitor transfection, which was contrary to
our expected results. We supposed that hsa-miR-26b-
5p inhibitor might induce high expression of negative
regulators in NF-kB or JAK/STAT pathway™, leading
to the inhibition of CXCL9 and CXCL13 expression.
We only observed the changes in fibrosis related-
gene expression induced by hsa-miR-26b-5p inhibitor
transfection, but the mechanism by which the hsa-miR-
26b-5p regulates the fibrosis process of scleroderma
fibroblasts is still not very clear, which is worth further
exploration.

In summary, through bioinformatics approaches,
our study identified 770 unique DEGs and several
key genes in SSc compared to normal controls. We
also predicted that hsa-miR-26b-5p could regulate
fibroblast fibrosis, which might be related to targeting
CXCL9 and CXCL13. This finding might provide new
insight into the treatment of SSc.
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