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Abstract
Objective
Dermatomyositis (DM) is frequently associated with interstitial lung disease (ILD); however, the molecular
mechanisms underlying this association remain unclear. This study aimed to employ bioinformatics approaches
to identify potential molecular mechanisms linking DM and ILD.

Methods
GSE46239 and GSE47162 were analysed to identify common differentially expressed genes (DEGs). These DEGs
underwent Gene Ontology (GO) and Kyoto Encyclopaedia of Genes and Genomes (KEGG) pathway enrichment
analysis. A protein-protein interaction (PPI) network was constructed to identify hub genes and transcriptional
regulators. Potential therapeutic drugs were predicted using the Drug-Gene Interaction Database (DGIDB).

Results
A total of 122 common DEGs were identified between the DM and ILD datasets. These DEGs were significantly
enriched in signal transduction, transcriptional regulation, inflammation, and cell proliferation. Key pathways
included the NOD-like receptor signalling pathway, cytokine-cytokine receptor interaction, and TNF signalling
pathway. PPI network analysis revealed the top 10 hub genes: CD163, GZMB, IRF4, CCR7, MMP9, AIF1, CXCLIO,
CCLS5, IRFS8, and NLRP3. Additionally, interactions between hub genes and transcription factors/miRNAs were
constructed. Eleven drugs targeting four hub genes (CXCL10, MMP9, GZMB, and NLRP3) were predicted using
the DGIDB.

Conclusion
In summary, the study identified 10 key genes involved in the molecular pathogenesis of DM and ILD.
Moreover, 11 potential drugs were identified that may offer viable therapeutic options for treating DM and ILD
in the future.
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Introduction

Dermatomyositis (DM) is an autoim-
mune disorder (1) that affects both the
skin and muscles (2), typically resulting
in symmetrical muscle weakness and
skin rashes (3). While DM diagnostic
methods (4) include electrophysiologi-
cal testing, skin biopsy, and lab tests,
their limitations are well documented
(5). For example, electrophysiologi-
cal testing may lead to misdiagnosis as
muscle inflammation may be mistaken
for muscle weakness, which can also be
caused by other factors (6). Additional-
ly, skin biopsy may yield false-negative
results, especially when atypical skin
lesions are present. Furthermore, labo-
ratory tests may not be conclusive since
they cannot determine the specificity of
the disease (7). Therefore, novel diag-
nostic approaches are necessary to im-
prove DM diagnosis precision.
Approximately 60% of those with
DM experience interstitial lung dis-
ease (ILD), the most frequent respira-
tory issue associated with the disorder
(8). ILD is an array of diseases distin-
guished by inflammation and/or scar-
ring in the lungs, leading to common
symptoms such as shortness of breath
(9), and low oxygen levels (10). The
current ILD diagnostic methods are not
effective (11). While high-resolution
computed tomography (HRCT) of the
chest is the most sensitive and specific
imaging modality for ILD, it has draw-
backs such as radiation exposure and
potential false-positive results (12).
Pulmonary function tests can provide
valuable information, but they have
limited sensitivity and specificity for
ILD diagnosis (13). Lung biopsy is the
gold standard for definitive diagnosis,
but it carries a risk of complications and
may not be feasible for all patients (14).
Furthermore, the incidence and mortal-
ity rates of ILD vary based on the un-
derlying cause. In idiopathic interstitial
pneumonias, the most common type
of ILD, the incidence ranges from 7 to
20 cases per 100,000 people per year,
with a 40% mortality rate at 5 years
(14). Overall, the correlation between
DM and ILD highlights the importance
of careful monitoring and prompt, ac-
curate diagnosis to guide appropriate
treatment.

To date, the pathogenesis of DM as-
sociated with ILD remains poorly un-
derstood, and effective diagnostic and
therapeutic approaches for both condi-
tions are yet to be established. Identi-
fying shared molecular mechanisms
between these diseases is essential, as
it may provide a deeper understand-
ing of their underlying pathogenesis
and reveal novel therapeutic targets.
Specifically, uncovering common path-
ways could illuminate key biological
processes involved in both diseases, of-
fering valuable insights for the develop-
ment of targeted therapeutic strategies.
Consequently, we employed bioinfor-
matics and systems biology approaches
to explore the molecular relationship
between DM and ILD, delineate their
molecular interactions, and identify po-
tential pharmacological agents that may
benefit both conditions.

Methods and materials

The workflow of this study

To investigate the potential relation-
ship between DM and ILD, we con-
ducted a bioinformatics analysis us-
ing two datasets: GSE47162, which
includes samples from ILD patients,
and GSE46239, which contains data
from DM patients, both sourced from
the Gene Expression Omnibus (GEO)
database. We identified overlapping
differentially expressed genes (DEGs)
and performed pathway and enrich-
ment analyses to explore the common
biological functions between these two
conditions. By revealing shared path-
ways, we aimed to enhance our under-
standing of the molecular interactions
underlying both diseases, which could
inform the development of new thera-
peutic strategies. Using the DEGs, we
built a network to identify key hub
genes and their associated transcrip-
tional regulators, and further predicted
potential drugs that may target both
DM and ILD.

Datasets used in the study

Two microarray datasets were retrieved
from the GEO database (https://www.
ncbi.nlm.nih.gov/geo/):  GSE46239,
which includes skin samples from 48
DM patients and 4 healthy controls,
and GSE47162, which includes skin
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samples from 23 ILD patients and 36
healthy controls. The GPL570 platform
was used for the DM dataset, while the
GPL10588 platform was used for the
ILD dataset. The inclusion of these
specific sample groups enables us to
compare the gene expression profiles
of both diseases in skin tissue, offering
insights into potential shared molecular
mechanisms and biological pathways.

Differentially expressed genes
(DEGs)screened

GEO2R (https://www.ncbi.nlm.nih.gov/
geo/geo2r/) is a web-based tool provid-
ed by the GEO that enables differential
gene expression analysis using datasets
from microarray and RNA-Seq plat-
forms. It allows users to compare gene
expression levels across multiple ex-
perimental groups and identify DEGs.
GEO2R employs statistical methods
which applies t-tests and moderated
t-statistics to assess the significance
of gene expression changes. In this
study, GEO2R was used to analyse the
GSE46239 (DM) and GSE47162 (ILD)
datasets, with DEGs selected based on
an adjusted p-value threshold of <0.05
and log-fold change (logFC) cut-offs
of >0.5 for upregulation and < -0.5 for
downregulation.

The VennDiagram (http://bioinfor-
matics.psb.ugent.be/webtools/Venn/)
is commonly used to generate Venn
diagrams, which visually represent the
overlap between multiple datasets.

In this study, it was used to visualise
the overlapping DEGs between the DM
(GSE46239) and ILD (GSE47162)
datasets.

Functional and pathway

enrichment analysis

By utilising gene ontology (GO) (15)
and the Kyoto Encyclopaedia of Genes
and Genomes (KEGG) pathway enrich-
ment analysis (16), the biological pro-
cesses and pathways were deciphered.
This investigation incorporated the
DAVID database (https://david.ncifcrf.
gov/) (17). The functional enrichment
analysis considered three components
— biological process (BP), cellular
components (CC) and molecular func-
tion (MF) — and only accepted results
with adjusted p-value of less than 0.05.
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Fig. 1. Common differentially expressed genes (DEGs) identification. This study incorporates two
microarrays comprising DM (GSE46239) and ILD(GSE47162). (A) 67 common DEGs with up-reg-
ulation between DM and ILD. (B) 55 common DEGs with down-regulation between DM and ILD.

Protein-protein interaction

network (PPI) analysis and

hub gene extraction

The Cytoscape soft version 3.9.0 was
utilised to view and examine the PPI
network. The CytoHubba plugin (18)
was to identify the top 10 hub genes.

Recognition of transcription

factors (TFs) and miRNAs

involved with hub genes

TFs are bind to specific genes and reg-
ulate the transcription rate of genetic
information, providing crucial molecu-
lar insights. The Network Analyst plat-
form was used to identify topology-re-
lated TFs and miRNAs from the JAS-
PAR database (http://jaspar.genereg.
net) (19) and establish links between
these TFs and our hub genes.

Prediction of potential drugs
interacting with hub genes
Interactions between hub genes and
drug molecules were examined using
the drug database DGIDB (https://dg-
idb.genome.wustl.edu/) (20) to predict
potential drugs for both DM and ILD.

Statistical analysis

The identification of DEGs in this study
was performed using a two-sample t-
test to compare the expression levels
between the experimental groups (DM
patients, ILD patients, and healthy con-
trols). The t-test assesses whether there
are statistically significant differences
in gene expression between the groups.
For each gene, the statistical signifi-
cance was determined by adjusting the
p-values for multiple comparisons us-
ing the Benjamini-Hochberg method to
control the false discovery rate (FDR).

A p-value threshold of less than 0.05
was considered significant, indicating
that the gene expression difference was
unlikely to have occurred by chance. To
ensure that only biologically relevant
changes were considered, we applied
additional filtering criteria: log-fold
change (logFC) values greater than 0.5
for upregulation and less than -0.5 for
downregulation. This approach allowed
us to identify DEGs that exhibited both
statistical significance and meaningful
expression changes, ensuring the ro-
bustness and relevance of the results.

Results

Identification of overlapping

DEGs in DM and ILD

In our study, a total of 1663 DEGs were
identified in the DM dataset, includ-
ing 868 up-regulated genes and 795
down-regulated genes. Similarly, in the
ILD dataset, we detected 1409 DEGs,
of which 637 were up-regulated and
772 were down-regulated. We identi-
fied a set of 122 common DEGs (67
up-regulated and 55 down-regulated)
shared between DM and ILD datasets.
The cross-comparison analysis results
are presented in Figure 1, and the list of
these 122 DEGs is provided in Table I.

GO and pathway enrichment

analysis

Several DEGs were seen to be in high-
er concentrations in BP that involve
signal transduction, transcriptional
regulation, inflammation, and cell pro-
liferation. Additionally, the DEGs are
primarily localised in the cytoplasm,
cytosol, plasma membrane, and ex-
tracellular regions. The enriched MF
of the DEGs include protein binding,
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Table I. Differentially expressed genes (DEGs) identification.

DEGs Gene name

RBP5; IGF1; NHLRC3; PLEK; NLRP3; RABSB; ADAMDEC1; GMFG; PIK3API;
SNX10; LILRA6; PARP14; MTHFD2; KIAAO226L; ACKR4; SELP; WARS; NOX4;
VWF; APOLI; CDH1l; GREMI; AIF1; KIF5C; GBP4; ILISRAP; CCR7; RGS1;
TCEAL9; LYPDI; SLC38A6; GNLY; CCDCI102B; CDI163; GIMAP2; TNC;
AFAPIL2; FAMI198B; TAP2; CLEC7A; TNFSF13B; MDK; GZMB; PRSS23; AN-
KRD29; MFAP2; DLGAPS5; CXCLI10; GBP3; STAT2; CCL5; TM4SF1; TGFBR2;
LINCO00968; PPP2R3C; SMA4; APOBEC3G; MLKL; AIM2; IRF§8; TDO2; CHNI;
FMNL2; GGTS; Clorfl62; FAM49B; MMP9

GAPDHS; Clorfl06; EP300; CAPN3; NDUFS1; GPRI43; CLNS; ALDH3A2;
CAMSAP3; TMEM159; BCL2L10; SLCO4A1-ASI; SLC6AI5; RYRI; ZNF395;
TFAP2B; SIRT2; DSTYK; DCT; FAM69C; KLC3; SNCA; AIFIL; OSBPLG6;
ARIDIB; TBCIDI10A; DPP6; ARHGEF5; MRPL43; IRF4; LICAM; MKNK2;
URGCP; GATA3; CCDC125; SENP2; STXBP6; ALDH3A1; PAMRI1; COGS5; IFN-
LRI1; LGI3; APCDDI; TYR; KIFIA; PLLP; MLANA; MBP; TCP11L2; RRAGD;
WNT4; AGAP1; ZNF703; CYB561A3; OCA2

Up-regulated

Down-regulated

GTP binding, oxidoreductase activity,
and calmodulin binding.

The KEGG pathway analysis identified
several significantly enriched pathways

related to NOD-like receptor signalling
pathway, cytokine-cytokine receptor in-
teraction, viral protein interaction with
cytokine and cytokine receptor, influen-

za A, TNF signalling pathway, melano-
genesis, and tyrosine metabolism. The
pathways involved are crucial for the
development of various illnesses, such
as diabetes mellitus and interstitial lung
disease. Therefore, the identified DEGs
and their associated pathways may pro-
vide potential therapeutic targets for
these diseases (Fig. 2).

PPI and hub gene extraction

Figure 3A depicts the PPI network for
mutual DEGs of DM and ILD. The
mutual DEGs-based PPI network had
72 nodes with 316 edges. Top 10 hub
genes were CDI163, GZMB, IRF4,
CCR7,MMP9, AIF1,CXCL10,CCLS,
IRF8, and NLRP3 (Fig. 3B). These
genes are likely to represent potential
therapeutic targets or biomarkers for
these diseases.
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Fig. 2. Functional analyses of differentially expressed genes (DEGs) between DM and ILD. Red, blue, green, and dark indicating biological process (BP),

molecular function (MF), and cellular component (CC), and KEGG pathway analyses, separately.
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Fig. 4. Construction of regulatory signatures. (A) The hub genes and transcription factors (TFs) interaction network. Green ellipses represent hub genes,
while yellow represents TFs. (B) miRNAs interactions with hub genes. Green represents miRNAs, brown indicates hub genes.
up-regulation gene, while blue ellipses for down-regulation.

Construction of regulatory signatures
Figure 4A illustrates seven hub genes
(NLRP3, IRF4, IRF8, ATF1, MMP9,
CCR7, and CCLS) targeted to 122
TFs. Figure 4B shows five hub genes
(CCR7, CXCL10, CCL5, IRF4, and
MMP9) targeted to 5 miRNAs (hsa-
mir-21-5p, hsa-mir-520g-3p, hsa-mir-
125a-5p, and has-mir-15b-5p).

Prediction of candidate drugs

Our analysis revealed 11 potential drugs
targeting four hub genes (CXCLI10,
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MMP9, GZMB, and NLRP3) that
could be used as common treatments
for both diseases. The list of potential
drugs is presented in Table II.

Discussion

DM is a condition characterised by
long-term, symmetrical muscle weak-
ness and discomfort due to an immune
system malfunction (2). It is often ac-
companied by ILD (8). Unfortunately,
the exact mechanisms underlying the
association between DM and ILD re-

main unclear. This study’s bioinfor-
matic approach may help identify new
therapeutic targets for the treatment of
both DM and ILD.

At first, we analysed skin samples from
GSE46239 and GSE47162 and found
122 mutual DEGs (67 up-regulated and
55 down-regulated) between DM and
ILD. Next, we conducted GO analysis
to investigate the potential functional
roles of these DEGs. The top GO term
for BP was “inflammatory response”,
while the primary CC were “cytoplasm”

Clinical and Experimental Rheumatology 2025
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Table II. Core genes and associated drugs.

Gene Drug

CXCL10 RITONAVIR

CXCL10 ZIDOVUDINE

CXCL10 STAVUDINE

CXCLI10 TESTOSTERONE
CXCL10 OXALIPLATIN
CXCL10 ATROPINE

CXCL10 ATORVASTATIN
CXCL10 METHYLPREDNISOLONE
MMP9 BEVACIZUMAB
GZMB HEXACHLOROPHENE
NLRP3 HEXACHLOROPHENE

and “cytosol”. Regarding MF, the top
GO terms were “protein binding”, and
“GTP binding”. These results showed
that DEGs were associated with inflam-
matory, which was consistent with the
other research (21). Additionally, we uti-
lised KEGG pathway analysis to iden-
tify cellular and organismal level func-
tions from the dataset. The top KEGG
pathways were “NOD-like receptor sig-
nalling pathway” and “TNF signalling
pathway”. The TNF signalling pathway
plays a crucial role in regulating immune
responses, including the activation and
proliferation of immune cells, cytokine
production, and cell death. Dysregula-
tion of TNF signalling can lead to the
development of immune system dis-
eases (22). Presently, TNF-a inhibitors
that have been given the green light by
clinical experts have demonstrated con-
siderable effectiveness in a range of au-
toimmune disorders, with fresh TNF-a
signalling inhibitors now being assessed
in a clinical setting (23).

Furthermore, we constructed PPI net-
works using DEGs, comprising 316
edges and 72 nodes. Using the Cyto-
Hubba plugin, we identified the top ten
hub genes as CD163, GZMB, IRF4,
CCR7,MMP9, AIF1, CXCL10, CCLS5,
IRF8, and NLRP3.

The glycoprotein CD163 is expressed
by monocytes located at the periph-
ery and activated macrophages. Mac-
rophages activating causes the release
of a soluble form of it into the periph-
eral blood during acute or chronic in-
flammation (24). Studies have revealed
that serum concentrations of CD163 are
positively associated with DM, particu-
larly in patients who test positive for
anti-MDAS, and with ILD related to
PM or DM (25).

Clinical and Experimental Rheumatology 2025

GZMB has been the subject of the most
scientific inquiry among the five human
granzymes (A, B, H, K, and M), and it
primarily mediates cell apoptosis (26).
Previous studies have suggested the
role of GZMB in collagen remodelling,
scarring, and fibrosis, such as cardiac
fibrosis (27). In our study, we identi-
fied GZMB as a hub gene and the re-
lated drug molecule, hexachlorophene,
which is mainly used as a disinfectant.
The homing of distinct types of T cells
and antigen-presenting dendritic cells
to the lymph nodes is heavily reliant on
CCR7 (28). CCR7 protein expression
was found in surgical lung biopsies
from patients with ILD (29). Similarly,
up-regulation of expression of CCR7
on plasmacytoid DCs, both intramuscu-
lar and circulating, has been identified
in DM patients (29).

The MMPs family, which includes 20
metallopeptidases, including gelatinas-
es, collagenases, and membrane-type
MMPs. High concentrations of MMP-9
have been associated with numerous in-
flammatory, autoimmune, degenerative,
and cancerous illnesses (30). Recent
studies into MMP-9 have moved away
from primarily focusing on cancer to
now exploring its effects on vascular and
inflammatory diseases. High amounts
of MMP-9 have been observed in both
DM and ILD, especially in ILD relat-
ed to connective tissue diseases (31).
Therefore, MMP-9 could be involved in
the pathogenesis of both DM and ILD,
making it a potential biomarker for the
use of its inhibitors in treatment.
Allograft inflammatory factor 1 (AIF-
1) is an intracellular protein that binds
calcium in EF-hand motifs. The HLA
class IIT genomic region was the source
of the initial discovery of this molecule,
which was identified in macrophages
near coronary arteries in a rat heart
transplant experiment (32). In animal
models of lung fibrosis induced by
bleomycin, AIF-1 was found to be pre-
sent in lung tissue, particularly in mac-
rophages, and it triggered an increase
in TGF-P levels, a crucial element in
the fibrosis progression. Furthermore,
the examination of lung biopsies from
those with systemic sclerosis-related
ILD revealed the presence of AIF-1 in
vessels, macrophages, and T cells (33).

The chemokine CXCL10, which can
trigger chemotaxis, foster the differen-
tiation of immune cells, and lead to tis-
sue extravasation, has been recognised
as a likely biomarker for both DM and
juvenile dermatomyositis due to its cor-
relation with the intensity of the dis-
eases’ activity (34). CXCL10 has also
been proposed as a novel biomarker
for ILD, especially rheumatic disease-
related ILD (34). Our study identified
CXCL10 as one of the top 10 hub genes
in datasets for DM and ILD and en-
riched with eight candidate drug mol-
ecules for therapy.

IRFs are a group of transcription factors
that are essential to the immune system,
such as the growth and diversification of
immune cells, and the management of
reactions to pathogens (35). IRF4, and
IRFS are critical in controlling myeloid
cell development and characteristics,
and therefore have a major impact on
inflammatory responses (36). However,
the specific interferon regulatory factors
(IRFs) involved in DM and ILD and
their respective roles in the pathogen-
esis of both diseases are still unclear.
One of the members of the mammalian
chemokine system, CCLS5 participates
in diverse cancer metastasis and pro-
gression (37) and has been shown to
mediate the infiltration of inflammatory
cells in both ILD and DM (38). Howev-
er, more large-sampled evidence is still
lacking, and further research is needed.
NLRP3, the most well-known inflam-
masome, is composed of the NLRP3
protein, a member of the NOD-like re-
ceptor family (39). Studies have dem-
onstrated the link between NLRP3
inflammasome and the onset and pro-
gression of various diseases, includ-
ing metabolic disorders, and rheumatic
diseases such as rheumatoid arthritis,
DM/polymyositis (PM), and systemic
sclerosis (40). Recent research has also
indicated the potential role of NLRP3
inflammasome in the pathogenesis of
pulmonary fibrosis, a typical pathologi-
cal change in ILD (41). Therefore, tar-
geting the NLRP3 inflammasome could
be a potential therapeutic option in both
DM and ILD, and drugs such as anak-
inra (42), an IL-1 inhibitor enriched by
NLRP3, could be candidate options in
the future.

287



Screening biomarker between DM and ILD / R. Ding et al.

To understand the development of dis-
eases, it is crucial to examine the re-
ciprocal interactions between mutual
DEGs and TFs and miRNAs. TFs genes
can recognise specific DNA sequences
and modulate the transcription and ex-
pression of target genes. In our study,
we found that 122 TFs and five miR-
NAs are implicated in regulating hub
genes, suggesting a strong correlation
between them. These findings highlight
the critical role of TFs genes and miR-
NAs in the regulation of hub genes and
the potential impact they may have on
disease development.

In this study, we identified 11 prom-
ising drugs/molecules for potential
therapy, with eight of them being en-
riched from CXCL10 and the rest from
MMP9, GZMB, and NLRP3, respec-
tively. Among these, ritonavir (43), zi-
dovudine (44), and stavudine (45) are
antiviral drugs used for combating HIV
infection, while Methylprednisolone is
a widely used drug for treating ILD and
DM, although its prolonged use is as-
sociated with certain side-effects (46).
However, this study has several limi-
tations. First, while bioinformatics ap-
proaches are powerful for identifying
potential biomarkers and therapeutic
targets, the findings require experi-
mental validation to confirm the roles
of the identified genes and pathways in
the pathogenesis of DM and ILD. Al-
though the analysis provided insights
into shared molecular mechanisms, it
is based on data from publicly available
datasets, which may not fully repre-
sent the heterogeneity of patients with
these diseases. Additionally, the study
relies on skin samples, which may not
capture all relevant molecular features,
particularly those associated with pul-
monary involvement in ILD. Further
research, including tissue-specific stud-
ies and clinical validation, is needed to
strengthen these findings.

The innovative aspect of this study lies
in the application of bioinformatics
to explore the molecular intersection
between DM and ILD. By integrating
data from multiple sources and using
advanced tools like GEO2R, PPI net-
works, and pathway enrichment analy-
ses, this study provides a comprehen-
sive view of the shared genetic land-
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scape of these diseases. The identifica-
tion of common DEGs and pathways
not only improves our understanding of
their pathogenesis but also highlights
potential therapeutic targets that could
be explored in clinical trials.

Conclusion

We employed bioinformatics methods
to investigate the correlation between
DM and ILD in our study, which result-
ed in the discovery of ten hub genes and
potential medications that could serve
as a promising therapy for DM and ILD
in the future.
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