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ABSTRACT

Objectives: This study aims to analyze gene expression in lung tissue and lung fibroblasts of patients with systemic sclerosis-associated interstitial
lung disease (SSc-ILD) to identify potential biomarkers and therapeutic targets and to examine its possible role in the pathogenesis of SSc-ILD.
Patients and methods: We obtained datasets from Gene Expression Omnibus (GEO) database, and used Robust Rank Aggregation to calculate
the co-expressed differentially-expressed-genes (DEGs) in three chips, then analyzed the function, signaling pathways and the protein-protein
interaction network of the DEGs. Finally, we verified the DEGs related to SSc-ILD by three databases of Comparative Toxicogenomics Database (CTD),
GENE, and DisGeNET, respectively.
Results: There were 16 co-expressed DEGs related to SSc-ILD in three GEO series, of which six genes were upregulated, and 10 genes were
downregulated. The CTD included 29,936 genes related to SSc, and the GENE and DisGeNET databases had 429 genes related to SSc.
Conclusion: The results of gene differential expression analysis suggest that interleukin-6, chemokine ligand 2, intercellular adhesion molecule 1,
tumor necrosis factor alpha-induced protein 3, pentraxin 3, and cartilage oligomeric matrix protein may be implicated in the pathogenesis of SSc-ILD
and are expected to be potential biomarkers and therapeutic targets for SSc-ILD.
Keywords: Biomarkers, IL-6, interstitial, lung disease, pentraxin 3 , scleroderma, systemic, therapeutic targets, TNFAIP3.

Systemic sclerosis (SSc) is an autoimmune
disease characterized by fibrosis and vascular
damage of skin and internal organ clinically.1
The pathogenesis of SSc is still unclear and is
thought to involve genetic factors, epigenetic
modifications and environmental exposure.2
As a heterogeneous connective tissue disease,
pathogenesis of SSc is related to gender (femaleto-male ratio: 3-14:1) and race (higher incidence
in European population), with an incidence rate
of 50 to 300 cases/million.3 Involvement of lung,
particularly interstitial lung disease (ILD), is the

leading cause of death in patients with SSc.4
Understanding the key molecular mechanisms
behind disease manifestations is essential for early
diagnosis of SSc-ILD and the development of
targeted therapy.
Robust rank aggregation (RRA) is a method
which has been used to integrate multiple Gene
Expression Omnibus (GEO) series, and achieved
good results.5 In this study, we aimed to explore
potential biomarkers and therapeutic targets of
SSc-ILD through bioinformatics analysis and
to provide new directions for early diagnosis of
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SSc-ILD and development of therapeutic drugs
based on RRA to screen out the key genes from
the differentially expressed genes (DEGs) in three
GEO series (GSE76808, GSE81292, GSE40839).

PATIENTS AND METHODS

adjusted p value of <0.05 and a |log2 fold change|
of >1 were considered DEGs. We used “ggplot2”
package of R language to visualize DEGs volcano
map, and “pheatmap” package to draw cluster heat
map of DEGs. The DEGs selected from three GEO
series were sorted by RRA to screen out the key
genes of differential expression.
Functional analysis of the DEGs

Data attainment and processing
Gene expression data of SSc-ILD were obtained
from the NCBI-GEO database (https://www.ncbi.
nlm.nih.gov/geo). Three GEO series (GSE76808,
GSE81292, GSE40839) were chosen in our
study with the following inclusion criteria:
keywords were “systemic sclerosis”, “interstitial
lung disease”, and “human”; samples were from
SSc-ILD patients and healthy controls. The
“GEOquery” package of the R programming
language was used to obtain the series of matrix
files and related annotations of three GEO series
(GSE76808, GSE81292, GSE40839) which were
related to SSc-ILD. According to the annotation
files provided by the GPL571, GPL18991 and
GPL96, the expression matrix with probe IDs
were converted into gene symbols, probes without
a corresponding gene symbol were deleted,
and the average value was calculated as the
final expression value for genes corresponding
to more than one probe. The original data
were, then, manipulated with the process of
background adjustment, quantile normalization,
logarithmic transformation and summarization by
using the “limma”6 package of R language. Then,
we used “Normalize Between Array” function
to normalize the quantiles within and between
arrays of all samples. Table 1 shows the detailed
information about the three GEO series.
Identification of the DEGs
We used the empirical Bayes method in the
“limma” package to analyze DEGs. Genes with

We used the Database for Annotation,
Visualization, and Integrated Discovery (DAVID)
(https://david.ncifcrf.gov) to explore the biological
functions of DEGs in SSc-ILD. The gene ontology
(GO)7 for DEGs was performed to assign the genes
and their products into biological process (BP),
cellular component (CC), and molecular function
(MF). The Kyoto encyclopedia of Genes and
genomes (KEGG)8 pathways enrichment analysis
was utilized to identify functional and metabolic
pathways of DEGs. In this study, GO terms with
a p value of <0.05 and KEGG pathways with
a p value of <0.05 were considered statistically
significant.
Identification and verification of Hub genes
The protein-protein interaction (PPI) data of
DEGs were downloaded from the database of
the Search Tool for the Retrieval of Interacting
Genes (STRING) (https://string-db.org), and the
PPI network was established and visualized by
the Cytoscape9 software. According to PPI, the
degree of connection and the interaction of
each node in the network were used to detect
the Hub gene. To further verify the key genes,
a plugin of Cytoscape, MCODE,10 was used to
find out several functional modules based on the
MCODE score, which represented the degree of
association between DEGs. Subsequently, we also
used another plugin of Cytoscape, Cell Hubba,11
to explore important nodes in the PPI network
through several topological algorithms such as
network degree, betweenness, and proximity

Table 1. Information of three GEO series related to SSc-ILD
GEO series

Platform information

Sample source

Sample size (disease: health)

Issued time

GSE76808

GPL571

Lung tissue

14: 3

2017

GSE81292

GPL18991

Lung tissue

15: 5

2016

GSE40839

GPL96

Lung fibroblast

8: 10

2013

GEO: Gene expression omnibus; SSc-ILD: Systemic sclerosis associated interstitial lung disease.
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centrality. We selected the first 14 genes identified
by each topology algorithm, and found the shared
genes as the most important central genes in
the network in three ways (degree level in PPI
network, MCODE score in cellular Hubba, and
topology algorithm).12
CTD database verified SSc related DEGs
The Comparative Toxicogenomics Database
(CTD) (https://ctdbase.org) is an important public
resource database based on literature,13 which is
used to search for the interactions among chemical
substances, genes, phenotypes, diseases and
environments. In the database, inference scores
were calculated based on the original documents
to show the relationship between genes and
diseases. In this study, we used the CTD database
to analyze the association between the Hub genes
and SSc, and to identify the relationship between
them based on the inference score ranking.
Screening out SSc-related biomarkers
and therapeutic targets
To get relevant targets of SSc, we searched
through the DisGeNET database (https://www.
disgenet.org/home) and the GENE database
(https://www.ncbi.nlm.nih.gov/gene)
with
“systemic sclerosis” as the keyword, and the
species was limited to humans.

RESULTS
Methods flowchart
Figure 1 showed the workflow of identification,
functional analysis, and verification of DEGs in
SSc-ILD.
DEGs in the SSc-ILD
Differential gene expression analysis was
performed on three GEO series related to SSc-ILD
and healthy controls, and visualized by volcano
map and heat map, as shown in Figure 2.
The results indicated that there were 599 DEGs
in GSE40839, of which 230 were upregulated
and 369 were downregulated; 686 DEGs in
GSE76808, of which 290 were upregulated and
396 were downregulated; and 408 DEGs in
GSE81292, of which 145 were upregulated and
263 were downregulated. The co-expressed DEGs
of three datasets were sorted by RRA. The
results showed that there were 16 co-expressed
DEGs in those three datasets, of which six genes
(C-X-C motif chemokine ligand 13 [CXCL13],
immunoglobulin heavy constant mu [IGHM],
DNA topoisomerase 2-alpha [TOP2A], cartilage
oligomeric matrix protein [COMP], centrosomal
protein 55 [CEP55], and cyclin B1[CCNB1]) were
upregulated, and 10 genes (interleukin-6 [IL-6],
FosB proto-oncogene, AP-1 transcription factor

Figure 1. Overall study design. We obtained the datasets of SSs-ILD and healthy controls from GEO database, used
RRA to calculate the co-expressed DEGs in three gene expressin chips (GSE76808, GSE1292, GSE40839). And we used
DAVID to analyze function and signaling pathways of DEGs, and STRING to analyze the PPI network of DEGs. Finally, we
verified the DEGs related to SSc-ILD by three databases of CTD, GENE DisGeNET, respectively.
SSc-ILD: Systemic sclerosis associated interstitial lung disease; GEO: Gene expression omnibus; RRA: Robust nark aggregation; DEGs:
Differentially expressed genes; DAVID: Database for annotation, visualization, and integrated discovery; STRING: Search tool for the
retrieval of interacting genes; PPI: Protein-protein enteraction; CTD: Comparative toxicogenomics database.
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Figure 2. The heat map and volcano map of DEGs in three GEO series of SSc-ILD and healthy controls. (a-c) Heat
map displayed results of GSE40839, GSE76808, and GSE81292 respectively. (d-f) volcano map displayed results of
GSE40839, GSE76808, and GSE81292 respectively. The red dots, green dots, and black dots respectively represented
genes with up-regulated expression, down-regulated expression and no differential expression when SSc-ILD was compared
to healthy controls. DEGs were set to be abjusted p-value <0.05 and |log2 fold change| >1.
DEGs: Differentially expressed genes; SSc-ILD: Systemic sclerosis associated interstitial lung disease.

subunit [FOSB], C-X-C motif chemokine ligand
12 [CXCL12], C-C motif chemokine ligand 2
[CCL2], pentraxin 3 [PTX3], metallothionein
1M [MT1M], C-X-C motif chemokine ligand 3
[CXCL3], adrenomedullin [ADM], tumor necrosis
factor alpha-induced protein 3 [TNFAIP3], and
intercellular adhesion molecule 1 [ICAM1]) were
downregulated. The detailed information is shown
in Figure 3.
Functional enrichment analysis of DEGs
As shown in Figure 4, six upregulated DEGs
and 10 downregulated DEGs were functionally
annotated, which were mainly divided into BP,
CC, and MF. In BP category, the upregulated
genes were mainly related to the process
of the mitotic metaphase plate congression,
and the downregulated genes were mainly
about inflammatory response, cellular response
to lipopolysaccharide, and immune response,
etc. In CC category, the upregulated genes
were mainly related to the component of the
extracellular matrix and centriole, and the
downregulated genes were mainly about the
component of the extracellular matrix. In MF
group, the upregulated genes were mainly

related to the function of heparin binding, and
the downregulated genes were mainly about the
function of chemokine activity and chemokine
receptor binding. Besides, the signaling-pathway
enrichment analysis of DEGs showed that
these 16 DEGs were mainly related to tumor
necrosis factor signaling pathway, cytokinecytokine receptor interaction pathway, malaria
infection, NOD-like receptor signaling pathway,
and chemokine signaling pathway, etc.
Construction of PPI network and
selection of Hub gene
Based on the STRING and used the
Cytoscape software (version 3.7.2),14 a PPI
network of 16 DEGs was constructed. The
network contained 14 nodes, 27 edges, and two
functional modules, as shown in Figure 5. The
hub gene was identified by the Cell Hubba of the
Cytoscape software. The top 10 central nodes
with the highest connectivity were IL-6, CCL2,
ICAM1, CXCL3, CXCL2, TNFAIP3, CXCL13,
PTX3, ADM, and CEP55.
Validation of Hub gene in CTD database
The CTD included 29936 DEGs related to
SSc. Table 2 shows the results of the co-expressed
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Figure 3. The c-expressed DEGs in three GEO series sorted by RRA. The red color
represented up-regulated genes and the green color represented down-regulated genes.
DEGs: Differentially expressed genes; GEO: Gene expression omnibus; RRA: Robust nark aggregation.

Figure 4. Functional enrichment analysis of DEGs. (a) Showed the functional annotations of up-regulated genes, which
were mainly related to cell components; (b) showed the functional annotations of down-regulated genes, which were mainly
related to biological processes; (c) showed the KEGG pathway enrichment analysis of DEGs, which were mainly related to
the tumor necrosis factor signaling pathway cytokine-cytokine receptor interaction and malaria infection. In this study, GO
terms with p<0.05 and KEGG pathway with p<0.05 were set to be significant.
GO: Gene ontology; KEGG: Kyoto encyclopedia of genes and genomes.
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Figure 5. Visual representation of the PPI network of DEGs. The color intensity of each node was positively related to
the degree of the node.
PPI: Protein-protein enteraction; DEGs: Differentially expressed genes.

DEGs selected by RRA in three GEO series
related to SSc-ILD in the CTD database, and
the correlations between each DEG and SSc are
listed.

GENE and DisGeNET databases to verify
the Hub gene
There were 424 genes related to SSc in the
GENE database, including six DEGs (IL-6, CCL2,

Table 2. Correlation between 16 DEGs and SSc in CTD Database
Gene

Gene full name

Inference score

Reference score

IL6

Interleukin-6

37.5

47

CCL2

C-C motif chemokine 2

33.11

15

ICAM1

Intercellular adhesion molecule 1

27.56

13

CXCL2

C-X-C motif chemokine 2

25.43

10

CXCL3

C-X-C motif chemokine 3

17.25

6

FOSB

Protein fosB

11.99

6

CCNB1

G2/mitotic-specific cyclin-B1

17.12

6

ADM

Adrenomedullin

15.12

5

TNFAIP3

Tumor necrosis factor alpha-induced protein 3

14.7

5

TOP2A

DNA topoisomerase 2-alpha

12.97

5

CEP55

Centrosomal protein of 55 kDa

14.46

4

CXCL13

C-X-C motif chemokine 13

6.3

4

COMP

Cartilage oligomeric matrix protein

3.8

3

PTX3

Pentraxin-related protein PTX3

5.38

2

IGHM

Immunoglobulin heavy constant Mu

2.95

1

MT1M

Metallothionein-1M

2.59

1

DEGs: Differentially expressed genes; SSc: Systemic sclerosis; CTD: Comparative Toxicogenomics Database.
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ICAM1, TNFAIP3, PTX3 and COMP), calculated
by RRA from three GEO series in this study. There
were 11 genes related to SSc in the DisGeNET
database verified experimentally, including Era
Like 12S Mitochondrial RRNA Chaperone 1
(ERAL1), fibrillarin (FBL), lymphotoxin alpha
(LTA), RNA-binding region-containing protein
3 (RNPC3), WD Repeat Domain 11 (WDR11),
endothelin 1 (EDN1), estrogen receptor 1 (ESR1),
Human leukocyte antigen DQB1 (HLA-DQB1),
MMP1, TNF, and TOP1. Among them, according
to the condition of DEGs set in this study,
EDN1 was differentially expressed in GSE76808
and GSE81292, but not differentially expressed
in GSE40839. The TOP1 was differentially
expressed in GSE76808, but not differentially
expressed in GSE81292 and GSE40839. The
remained genes were not differentially expressed
in those three GEO series.

DISCUSSION
In this study, we used the RRA algorithm to
screen out the DEGs of the three gene expression
profiles of SSc-ILD, combined with CTD, GENE
and DisGeNET databases, and finally identified
six potential key genes of SSc-ILD, namely
IL-6, CCL2, and CCL2. The ICAM1, TNFAIP3,
COMP, and PTX3 were expected to serve as
biomarkers and therapeutic targets for SSc-ILD.
Interleukin-6 was a classic pro-inflammatory
cytokine and was considered an important protein
in the pathogenesis of SSc.15 Previous studies
showed that serum and skin IL-6 levels in SSc
patients were elevated, and IL-6 levels were
related to the severity of SSc.15 Similarly, De
Lauretis et al.16 found that serum IL-6 was a
predictive marker for early decline of pulmonary
function and mortality in SSc-ILD. In another
study, serum IL-6 levels were still significantly
increased in advanced SSc-ILD.17 Serum IL-6
levels can be also used as an evaluation index for
the efficacy of cyclophosphamide in the treatment
of SSc-ILD.18 Studies have confirmed that IL-6 is
involved in the pathogenesis of SSc.19 Interleukin
6 is implicated in the process of pulmonary fibrosis
by promoting the upregulation of collagen-related
gene expression, promoting the proliferation and
differentiation of fibroblasts and myofibroblasts,
inhibiting T cell apoptosis, and regulating the
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balance of Th17 cells and Treg cells.19,20 In an
animal model of SSc, knocking out the IL-6
gene significantly reduced lung inflammation and
collagen deposition in mice.15 In addition, there
were several clinical trials using IL-6 receptor
monoclonal antibody tocilizumab (TCZ) to treat
SSc.21-25 One of the Phase III clinical trials revealed
that TCZ could improve lung function in patients
with early and active SSc-ILD.21 Tocilizumab also
showed good efficacy and safety in the treatment
of juvenile SSc and significantly improved the lung
function of patients.22 It was an immunoglobulin
G antibody that could bind to IL-6 receptor,26
thereby blocking the IL-6/STAT3/Smad3 axis
trans-signaling pathway, which may reduce lung
inflammation and fibrosis.27
The CCL2 was a chemokine produced by
endothelial cells, monocytes, type II alveolar cells
and other cells,20 and is the main chemokine
and activator of monocytes and T cells.28 It was
involved in fibroblast stimulation, myofibroblast
differentiation, T cell transport, and Th2 cell
phenotypic polarization20 and, through CCR2,
upregulated the expression of transforming growth
factor-b (TGF-b), which may stimulate fibroblasts
to produce collagen.28 Both human and animal
model studies have shown that CCL2 promoted
fibrosis through a series of mechanisms involving
inflammation, angiogenesis, and accumulation
of myofibroblasts.29 Wu et al.30 reported that the
serum CCL2 level was significantly increased in
SSc patients and was related to the presence
and severity of ILD, and had a prognostic value
in evaluating the lung function and survival rate
of SSc-ILD. In addition, the levels of CCL2
messenger ribonucleic acid (mRNA) and protein
in bronchoalveolar lavage (BAL) of SSc-ILD
patients were significantly higher than those in
the normal control group, and the level of CCL2
in BAL fluid was negatively correlated with lung
function parameters, and positively correlated
with computed tomography (CT) scores.31 There
was currently a Phase II clinical trial using CCL2
monoclonal antibody (carlumab) to treat idiopathic
pulmonary fibrosis (IPF); however, the results
showed that carlumab could not bring benefits to
patients with IPF and might even worsen the lung
function of patients; patients receiving carlumab
treatment actually had higher total CCL2 and free
CCL2 in their serum than patients in the placebo
group.32 It suggested that the overall blockade of
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CCL2 might be harmful, as it might play a role in
other important anti-fibrotic pathways. A recent
research showed that one target of CCL2 was
CCR21+CD41+T cells. These T cells function
similarly to regulatory T cells and were found to
exert anti-fibrosis effects in animal models.33 Taken
together, in the complex environment of fibrosis,
interrupting a single receptor-ligand interaction
may not be enough to overcome the activation of
multiple competitive and compensatory pathways.
Therefore, it is necessary to further study the
production and function of CCL2 and other
CCR2 ligands to target CCL2 as an anti-fibrosis
treatment strategy.
The ICAM1 is an adhesion molecule induced
by IL-1b and tumor necrosis factor-a (TNF-a)
and other pro-inflammatory cytokines,34 and
expressed in a variety of cell types, including
leukocytes, epithelial cells, endothelial cells and
fibroblasts cell.35 Studies have shown that serum
ICAM1 of SSc patients, compared to healthy
controls, increased at the time of the initial
diagnosis, and negatively correlated with vital
capacity significantly.36 Delle Sedie et al.37 reported
that, regardless of pulmonary complications,
serum ICAM1 levels in SSc increased, and
were positively correlated with inflammation
markers such as C-reactive protein (CRP) and
erythrocyte sedimentation rate (ESR), indicating
that ICAM1 might be a useful biomarker reflecting
the inflammatory state of SSc. The SSc animal
model showed that the concentration of ICAM1
in serum and lung tissue homogenate increased
and was closely related to the degree of fibrosis,38
suggesting that ICAM1 might be involved in the
pathogenesis of SSc-ILD.
Ubiquitination is a covalent post-translational
modification of a target protein with ubiquitin,
which has a profound impact on the stability
and activity of its substrate, thereby regulating
the immune system at the molecular and cellular
levels.39 The TNFAIP3-encoded A20 is a ubiquitin
editing enzyme that negatively regulates the
immune response by terminating the activation
of NF-kB.40 A20 interacted with downstream
substrates of immune receptors, including Toll-like
receptors, nucleotide-bound oligomerization
domain receptors, lymphocyte receptors and
cytokine receptors, and are the key regulators
of inflammatory signaling pathways. Due to
its pleiotropic function as a ubiquitin binding
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protein, deubiquitinase and ubiquitin ligase, and
its extensive role in various signaling pathways,
abnormal levels of A20 were related to many
diseases, such as rheumatoid arthritis (RA),
systemic lupus erythematosus (SLE), and SSc.39
There was a close genetic linkage between A20
and SSc, as a number of cohort studies show that
single nucleotide polymorphisms (SNPs) about
A20 are closely related to the susceptibility of
SSc,41-44 and the genome-wide association studies
and immunochip studies conducted in recent
years have also confirmed that the gene variation
of TNFAIP3 is related to SSc.45 Another study
observed the expression of A20 by culturing
human skin fibroblasts in vitro.46 This study
also observed the effect of A20 overexpression
or small interfering RNA (siRNA)-mediated
A20 knockdown in human skin fibroblasts on
the fibrotic responses induced by TGF-b. The
results showed that TGF-b induced a continuous
downregulation of A20 in normal fibroblasts.
A20 overexpression could stop TGF-b induced
stimulation of collagen gene expression and
myofibroblast transformation, and interfere with
typical Smad signaling transduction and Smad
dependent transcription reaction.46 However,
siRNA-mediated knockdown of A20 gene could
enhance the magnitude of the fibrotic response
induced by TGF-b. These results suggest that A20
may negatively regulate the intensity of fibrosis
reaction. The SSc-related A20 gene mutations
may cause damage to expression or function
of A20, and direct inhibition of A20 by TGF-b
in fibrotic environment may play an important
role in maintaining of the fibrotic response.
Upregulating the expression of A20 by drugs to
enhance the inhibitory effect of the A20 signaling
pathway may be a novel therapeutic strategy.
Bone COMP is a pentameric molecule which
was first found in cartilage and later in fibrotic
tissues of tendons, skin, and lungs. Elevated
levels of COMP are related to fibrotic status,
including SSc.47 Hesselstrand et al.48 found that
serum COMP level was related to the severity of
SSc fibrosis, and could be used as a predictor of
mortality in SSc patients. The COMP promoted
the differentiation of skin fibroblasts and lung
epithelial cells into myofibroblasts by enhancing
the activity of TGF-b, thereby increasing the
synthesis of extracellular matrix. The TGF-b
could also promote the expression of COMP,
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form a positive feedback system in the process of
fibrosis, and prolong the fibrotic cycle.49 Animal
and cellular experiments on COMP showed that
it could increase the expression of type I collagen
and recombine collagen fibers to harden the
extracellular matrix (ECM), which corresponded
to the decrease of forced vital capacity in the
lungs; fibroblasts without COMP did not deposit
type I and XII collagen in ECM. Instead, these
collagen proteins were retained in the endoplasmic
reticulum, suggesting that COMP was necessary
for their secretion. The lack of COMP had
a negative effect on collagen assembly and
inactivation of fibrosis.50 Taken together, these
findings suggest that COMP plays a major role in
fibrosis by abnormally increasing type I collagen
synthesis and matrix reorganization and the
elevated levels of COMP can be used as a marker
and potential therapeutic target for a variety of
fibrotic diseases, including SSc-ILD.
The PTX3 is an evolutionarily conserved
soluble pattern recognition receptor produced
by macrophages, dendritic cells, fibroblasts,
activated endothelial cells, smooth muscle cells
and other cells.51 It plays a key role in innate
immune response and inflammation, as well
as tissue damage and remodeling.51 It has a
variety of functions: it may inhibit the elimination
of apoptotic substances, produce abundant
autoantibodies, amplify the immune response,
enhance complement activation, and play a
pathogenic role in autoimmune diseases such as
RA, SLE, and SSc.51 The pleiotropic effects of
PTX3 on inflammation and fibrosis, as well as its
inhibitory effect on neovascularization, indicate
that it is an interesting candidate mediator in the
pathogenesis of SSc.52 In a clinical observation
study, the plasma PTX3 concentration of SSc
patients showed a tendency to increase, compared
to the control group, although the difference
was not statistically significant.53 Similarly, Ilgen
et al.54 found in a cohort study that there was
no significant difference in the distribution of
serum PTX3 between SSc and healthy control.
However, patients with diffuse SSc and lung
involvement had lower serum PTX3 levels,
compared to patients with localized SSc and
no lung involvement. It was also observed in
another in vitro study that patients with newly
diagnosed SSc had significantly higher serum
PTX3 levels than those from healthy donors and
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cyclophosphamide-treated SSc patients.55 The
inconsistent results between these studies can be
attributed to the different severity of the disease
in studied populations. Silencing the expression
of PTX3 gene by siRNA could restore the ability
of cultured SSc microvascular endothelial cells
to form capillary-like blood vessels and promote
vascularization.56 These findings indicate that the
constitutive production of PTX3 in the lesion is
related to the pathogenesis of SSc.
Systemic sclerosis is a rare inflammatory
disease, often associated with ILD, leading to
death. The latest advances in early diagnosis and
treatment of SSc-ILD indicate that there is an
urgent need for biomarkers to assess the overall
risk of death, as well as the possibility of disease
progression and treatment response. To date,
there is no easy-to-use biomarkers to assess the
possibility of ILD progression in SSc. This study
obtained data from GEO and conducted research
based on bioinformatics analysis methods. It
was found that IL-6, CCL2, ICAM1, TNFAIP3,
COMP, and PTX3 were related to SSc-ILD,
providing a direction for finding novel biomarkers
and therapeutic targets for SSc-ILD, and is helpful
to promote the research progress of pathogenesis,
disease markers, and related treatments for SScILD. However, most of the results still needed
molecular experiments such as qPCR and western
blotting, as well as cell function and animal model
experiments to further verification. Therefore,
this experiment provided guidance and reference
for follow-up research.
Due to the relatively small number of samples in
this experiment, the final results of the experiment
may be slightly different from the actual results
and, thus, further prospective cohort trials are
needed to identify biomarkers of clinical value
and potential therapeutic targets for SSc-ILD.
In addition, samples from lung tissue could only
explain the lung involvement of SSc-ILD, but
not the systemic inflammatory state of SScILD, and when they were used as biomarkers of
disease activity, they might only indicate the lung
involvement of SSc-ILD.
In conclusion, IL-6, CCL2, ICAM1, TNFAIP3,
COMP, and PTX3 may be involved in the
pathogenesis of SSc/SSc-ILD and have potential
roles as SSc-ILD biomarkers and therapeutic
targets. Currently, there are anti-IL-6R monoclonal
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antibodies and anti-CCL2 monoclonal antibodies
used to treat SSc; however, whether they are
effective in the treatment of SSc-ILD still needs
to be investigated in further clinical trials. The
use of IL-6, CCL2, ICAM1, TNFAIP3, COMP,
and PTX3 as biomarkers for SSc-ILD or the
development of drugs targeting these genes for
the treatment of SSc-ILD also requires further
experimental studies to explore their specific
molecular mechanisms.
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