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	 Duchenne Muscular Dystrophy (DMD) is a severe genetic disorder characterized by 
progressive muscle degeneration, primarily affecting young boys and leading to significant 
disability and reduced life expectancy. Mutations in the DMD gene disrupt dystrophin 
production, triggering a cascade of molecular events that compromise muscle integrity. Despite 
advances in understanding DMD’s genetic basis, a comprehensive mapping of the molecular 
networks driving disease progression remains limited. This study addresses this gap through 
a bioinformatics analysis of gene expression datasets GSE38417 and GSE1004, sourced from 
the National Institutes of Health Gene Expression Omnibus (NCBI GEO) database. Using the 
GEO2R tool, we identified 135 differentially expressed genes (DEGs) associated with DMD, 
revealing distinct patterns of upregulation and downregulation that reflect the disease’s 
complex pathophysiology. To investigate the interactions among these DEGs, we constructed 
protein-protein interaction (PPI) networks utilizing the STRING database and Cytoscape 
software, enabling the identification of 10 hub genes, including SPP1 and POSTN, central to 
DMD’s molecular architecture. Enrichment analysis, conducted via the Reactome database, 
associated these hub genes with the extracellular matrix organization pathway, highlighting 
its essential role in maintaining muscle structure and its dysregulation in DMD. To ensure 
the robustness of our findings, we validated the DEGs by cross-referencing with data from 
OMIM and GeneCards, confirming the involvement of these genes and the extracellular matrix 
organization pathway in DMD pathology. Additional hub genes (e.g., SGCA, SGCD) from OMIM 
and GeneCards highlighted the importance sarcolemma stability. This study elucidates critical 
molecular drivers of DMD and underscores potential therapeutic targets, laying a groundwork 
for future research aimed at mitigating disease progression and enhancing patient outcomes 
through targeted interventions.
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	 The most prevalent and severe kind 
of muscular dystrophy is Duchenne muscular 
dystrophy (DMD), which causes mobility issues, 

the eventual requirement for assisted ventilation, 
and early mortality. 1  According to a recent 
comprehensive review, the global birth prevalence 
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was 19.8 per 100,000 live male births, while the 
global DMD prevalence was 7.1 cases per 100,000 
boys. It is brought on by mutations that interfere 
with the dystrophin protein’s synthesis .2

	 Situated on chromosome Xp21.1, the 
dystrophin gene is one of the biggest genes in the 
human body. It spans 2.2 million base pairs and 
has seven promoters and 79 exons.3,4 More than 
1,100 mutations have been found so far, 891 of 
which are the cause of DMD symptoms.5 While 
some alterations are secondary to point mutations 
or frameshift rearrangements, the vast majority 
(60%) of these mutations are caused by massive 
insertions or deletions of the gene.6 The rod-shaped 
cytoplasmic protein dystrophin acts as a link 
between the dystroglycan complex and the cell’s 
extracellular matrix and intracellular contractile 
apparatus. 7

	 Global population-based research has 
shown that the average age of diagnosis is around 
5 years old. 8 A helpful, but underutilized, screening 
test for people suspected of having DMD is 
the creatine kinase (CK) level, which is nearly 
invariably increased in DMD patients. 9 In the 
first phase of the disease, the child experiences 
difficulty in running, climbing stairs, jumping, 
getting up from the ground, falls frequently, and 
develops a waddling gait with a positive “Gowers’ 
sign”. 10 On average, untreated patients lose their 
ability to walk independently between 8 and 12 
years, and with the progression of the disease 
scoliosis and breathing difficulties occur. 11 Cardiac 
and orthopaedic complications are common, 
and death usually occurs in the twenties due to 
respiratory muscle weakness or cardiomyopathy. 
12,13 However, the advent of corticosteroids, 
mechanical breathing, cardiac management, 
spine surgery, and multidisciplinary treatment has 
extended the life expectancy of DMD patients in 
recent decades. 14,15,16

	 Early diagnosis can open up access to 
cutting-edge therapies and clinical trials, as well 
as empower parents to make well-informed family 
planning decisions. 17 In the future, sensitive 
biomarkers, natural history data, and improved 
trial designs may help overcome the challenges 
of clinical development brought on by the rarity 
and unpredictability of Duchenne muscular 
dystrophy. 18

	 Although there is currently no cure 
for DMD patients’ declining muscle function, 
treatment options include scoliosis correction 
surgery, assisted cough and ventilation support, 
ankle-foot orthoses, cardiac management, and 
psychosocial care, all of which can enhance quality 
of life. 19 Gene transfer to restore dystrophin 
expression using a safe, non-pathogenic viral 
vector known as an adeno-associated viral (AAV) 
vector is a viable treatment strategy for this 
deadly illness. 20  In this study, bioinformatics 
methods were used to identify potential hub 
genes related to DMD. Despite advances in DMD 
research, the integration of diverse datasets to 
comprehensively map hub genes and pathways 
remains limited. This study addresses this gap by 
using bioinformatics methods and combining these 
datasets to uncover novel molecular insights into 
DMD pathogenesis. We hope to provide insights 
that improve treatment strategies and help patients 
achieve better outcomes.

Materials and Methods

Dataset selection and differentially expressed 
gene identification
	 This study utilized two datasets, 
GSE38417 and GSE1004, obtained from the 
National Institutes of Health Gene Expression 
Omnibus (NCBI GEO) database (https://www.ncbi.
nlm.nih.gov/geo/), a publicly accessible repository 
for gene expression data. 21

	 These datasets were chosen to investigate 
differentially expressed genes (DEGs) associated 
with DMD. DEGs between samples and controls 
were identified via the GEO2R tool (https://www.
ncbi.nlm.nih.gov/geo/geo2r/), an interactive web 
application that leverages the limma package in R 
and GEO query for differential expression analysis.  
The data were normalized with Robust Multi-array 
Average (RMA), a method suited for Affymetrix 
platforms. To ensure consistency and minimize 
batch effects, datasets were processed uniformly, 
although GEO2R does not inherently correct for 
such variations. We set a |log2FC| > 1.5 threshold 
criteria, which is a widely accepted standard 
in gene expression studies to spot important 
gene changes, and used an adjusted p-value < 
0.01 with the Benjamini-Hochberg method for 
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reliability. To validate these DEGs, we cross-
referenced them with known DMD-related genes 
from the Online Mendelian Inheritance in Man 
(OMIM) database (https://www.omim.org/) and 
the GeneCards database (https://www.genecards.
org/). Overlapping genes were identified to confirm 
their relevance to DMD pathology.
Protein protein interaction network construction 
and identification of hub genes
	 To analyze protein protein interactions 
(PPIs), the STRING database (version 12.0)  (https://
string-db.org/) was used. STRING integrates 
known and predicted protein protein association 
data, facilitating comprehensive assessments of 
these interactions. 22 The constructed PPI network 
was then imported into Cytoscape (version 3.10.2) 
for further analysis. Within Cytoscape, the degree 
algorithm was applied to identify hub genes and 
critical nodes with numerous connections in the 
network.
Hub genes and cluster identification
	 Hub genes within the PPI network were 
identified via the cytoHubba plugin in Cytoscape 
(https://cytoscape.org/). 23 This plugin ranks genes 
based on their connectivity and significance within 
the network. The degree algorithm filtered and 
ranked these hub genes, highlighting those with 
the most significant interactions relevant to DMD.
Enrichment analysis
	 The Reactome database (https://reactome.
org/) was utilized to explore the biological functions 
and signaling pathways of the identified hub genes. 
The Reactome is a comprehensive, open-source 
resource that provides detailed information on 
various biological pathways. 24 It supports the 
visualization, interpretation, and analysis of 
pathway data, aiding research in areas such as 
signal transduction, immune system function, and 
metabolism. Additionally, we performed Kyoto 
Encyclopedia of Genes and Genomes (KEGG) 
pathway analysis (https://www.genome.jp/kegg/) 
for enrichment analysis. Gene Ontology (GO) 
analysis, covering molecular function, cellular 
component, and biological process domains, was 
conducted using the GO Consortium’s enrichment 
tool (http://geneontology.org/). Relationships 
between DEGs, hub genes, and enriched pathways 
were visualized using Sanky plots.

Results

Expression of differentially expressed genes 
from NCBI GEO datasets
	 We used two GSE datasets, GSE38417 
and GSE1004. According to the GSE38417 
dataset, 22,185 genes were set at |log2FC| > 
1.5 and adjusted p value < 0.01. We identified 
1715 significant genes, of which 417 were 
downregulated and 1,298 genes were upregulated. 
The analysis of the GSE1004 dataset yielded 9153 
genes that were within the threshold of |log2FC| > 
1.5 and an adjusted p-value < 0.01. These results 
indicated that among the genes identified, there 
was a trend of upregulation in 1298 genes and a 
trend of downregulation in 167 genes. Using the R 
platform, we illustrated the regulation of genes for 
both the NCBI GEO datasets, namely, GSE38417 
and GSE1004, as shown in Figures 1A and 1B. 
We then plotted the datasets in a Venn diagram, as 
shown in Figure 1C, to establish the genes common 
to the two datasets, and we found that there were 
135 common genes. A total of 120 genes were 
upregulated, and 11 genes were downregulated, 
showing widespread transcriptional dysregulation 
in DMD. The pattern of regulation was the same 
for the 135 genes except for four genes namely 
PRMT2, MYL4, C14orf132, and BICD1, which 
had different regulation patterns between the two 
databases. We chose two public datasets, namely, 
OMIM and GeneCards, to further understand the 
molecular and genetic mechanisms of the disease. 
The DEGs between the two datasets were identified 
and plotted in a Venn diagram (Figure 1D). We 
filtered out 226 genes in the OMIM database and 
782 genes from GeneCards; 62 were differentially 
expressed genes, highlighting key genetic factors 
involved in DMD development.
Gene Ontology and functional enrichment 
analysis of differentially expressed genes
	 The three core domains of Gene Ontology 
include the molecular function, cellular component, 
and biological processes. As shown in Figure 
2A, we studied the gene ontologies of the filtered 
genes from the NCBI GEO datasets GSE38417 
and GSE1004. The most common molecular 
function was protein kinase activator activity, but 
this effect was not significant (log2FC < 1.5, p 
> 0.01). In terms of the cellular component, the 
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Fig. 1. Shows the differentially expressed genes located in the NCBI GEO database and public datasets alongside 
OMIM and GeneCards.

	 A: Volcano plot illustrating DEGs from GSE38417 database
B: Volcano plot illustrating DEGs from GSE1004 database.
C: Venn diagram illustrating the DEGs from NCBI GEO.
D: Venn diagram illustrating the DEGs from OMIM and GeneCards.
The color scale used indicates non-significant expression with gray while it displays upregulated genes in red and 
downregulated genes in blue.

collagen-containing extracellular matrix was the 
most common component present in most of the 
genes, and it was found to be significant (log2FC 
> 1.5, p < 0.01), as indicated by the red dots in 
Figure 2A. Extracellular matrix organization was 
the most common biological process indicated by 
the green dots, which is expected and central result 
of our analysis. Similarly, Figure 2B highlights the 
gene ontology of the differentially expressed genes 
from OMIM and the GeneCards. Sodium channel 
regulator activity is the most common molecular 
function; however, this function was not found to 
be significant (log2FC > 1.5, p < 0.01). The most 
common cellular component was the sarcolemma, 

which was significant (log2FC > 1.5, p < 0.01). 
Muscle organ development was the most common 
biological process according to the DEGs from 
OMIM and the GeneCards (log2FC > 1.5, p < 
0.01). Additionally, we presented the differentially 
expressed genes in a Sanky plot to understand the 
functional enrichment analysis. From Figure 2C 
and 2D, we can conclude that even though the 
differentially expressed genes from NCBI geo and 
OMIM and the GeneCards were different, they 
shared the same enrichment pathway, which was 
extracellular matrix organization and was found to 
be significant (log2FC > 1.5, p < 0.01)
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Fig. 2. Gene ontology and enrichment pathway analysis of the differentially expressed genes
A: Gene ontology of differentially expressed genes from the NCBI GEO database. B: Gene ontology of differentially 
expressed genes from OMIM and the gene card. C: Sanky plot highlighting the enrichment pathways of differentially 
expressed genes from the NCBI Geo database. D: Sanky plot highlighting the enrichment pathways of differentially 
expressed genes from OMIM and the GeneCards.
Count: number of genes involved in the pathway; red dots: more significant (p < 0.01); green dots: less significant 
(p > 0.01)
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Fig. 3. Protein protein interaction and hub gene identification via a STRING network and Cytoscape.
A: Protein protein interactions of the differentially expressed genes from the NCBI GEO database. B: Protein protein 
interactions of the DEGs from OMIM and the GeneCards. C: Hub genes identified from the DEGs obtained from 
NCBI GEO database D: Hub genes identified from the DEGs obtained from OMIM and the GeneCards

Protein protein interaction and hub gene 
identification
	 Here, we constructed a protein protein 
interaction (PPI) network of overlapping 
differentially expressed genes via the STRING 
database, as shown in Figure 3. The PPI constructed 

from the NCBI GEO database had 129 nodes and 
386 edges, identified 10 hub genes, including SPP1 
and POSTN, suggesting a central role in ECM 
organization (Figure 3C). The average node degree 
was 5.98, and the PPI enrichment P value was less 
than 1.0e-16. Similarly, we constructed a PPI from 
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Fig. 4. Gene Ontology and enrichment pathway analysis of the hub genes
A: Gene Ontology of the hub genes from the NCBI GEO database. B: Gene Ontology of the hub genes from OMIM 
and the GeneCards. C: Bar chart highlighting the enrichment pathways of hub genes from the NCBI GEO database. 
D: Bar chart showcasing the enrichment pathways of the hub genes from OMIM and the GeneCards

the overlapping differentially expressed genes from 
OMIM and the GeneCards, which had 58 nodes and 
290 edges, denoted 10 hub genes, such as SGCA 
and SGCD, linked to sarcolemma stability (Figure 
3D). The average node degree was 10, and the PPI 
enrichment P value was less than 1.0e-16.

Functional enrichment analysis and gene 
ontology of hub genes
	 Gene Ontology encompasses three 
main domains, which are the molecular function, 
cellular component, and biological processes. 
As demonstrated in Figure 4A, we analyzed the 
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gene ontologies related to the hub genes from 
the NCBI GEO datasets. The most common 
molecular function identified was protease binding, 
although it had low significance (log2FC < 1.5, p 
> 0.01). With respect to the cellular component, 
the collagen-containing extracellular matrix was 
the most prevalent among the hub genes and was 
significant (log2FC > 1.5, p < 0.01), as indicated 
by the red dots in Figure 4A. The most common 
biological process was extracellular matrix 
organization, which is marked by a green dot.
	 Similarly, figure 4B illustrates the 
gene ontologies of the hub genes from OMIM 
and GeneCards. Vinculin binding was the most 
common molecular function, but it was not 
significant (log2FC, p > 0.01). The sarcolemma 
was the most common cellular component and was 
significant (log2FC > 1.5, p < 0.01). Muscle organ 
development was the most common biological 
process associated with the expressed hub genes 
from OMIM and GeneCards (log2FC > 1.5, p < 
0.01).
	 Additionally, we examined the enriched 
pathways via the Reactome database. Figure 4C 
shows the enrichment pathways related to the hub 
genes from the NCBI GEO datasets, with the most 
common being extracellular matrix organization 
(R-HSA-1474244), which was significant (p < 
0.01). As shown in Figure 4D, we found that 
EGR2- and SOX10-mediated initiation of Schwann 
cell myelination (R-HSA-9619665) is a significant 
pathway for hub genes from OMIM and GeneCards 
(p < 0.01).

Discussion

	 This study identified 135 DEGs shared 
between the NCBI GEO datasets GSE38417 
and GSE1004 and 62 overlapping DEGs 
between the OMIM and Gene Cards datasets, 
the majority of which were upregulated, which 
emphasizes a strong and consistent molecular 
pattern associated with DMD. Gene Ontology 
enrichment revealed significant biological 
processes, including organization of the ECM and 
muscle organ development, whereas collagen-rich 
ECM and sarcolemma comprised major cellular 
components. By analyzing PPIs, significant 
connectivity was obtained among the DEGs, which 
indicated that these DEGs are involved in the 

development of the disease. The results reflect the 
molecular mechanisms driving DMD and suggest 
some potential therapeutic targets for further 
investigations. 
	 The results from previous studies are 
closely aligned with our findings, particularly 
regarding the organization of the ECM and the 
identification of important hub genes. 25, 26 One of 
these studies used the datasets GSE465, GSE1004, 
and GSE1007 to identify focal adhesion, PI3K-Akt 
signaling, calcium signaling, and ECM-receptor 
interaction as important pathways involved in 
the development of DMD. This has revealed the 
relationships among the degradation of the ECM, 
cellular signaling pathways, and the integrity of 
muscle fibers. Our study did not identify these 
pathways; however, this may be explained by 
the different datasets used or methodological 
approaches employed, which suggests that 
ECM organization may dominate in our cohorts, 
offering a distinct molecular perspective on DMD 
progression. However, these findings align with 
the broad concept of signaling pathways and 
extracellular matrix dysfunction. Several important 
hub genes, including THBS2, COL1A2, and 
COL3A1, which support our findings, have been 
recognized as crucial regulators of ECM structure 
and fibrosis. 25 These genes are associated with 
excessive accumulation of collagen, one of the 
hallmark features of severe muscle disorders such 
as DMD. They are vital to the integrity and proper 
function of muscles. Our research extends on prior 
results by analyzing a wider variety of datasets 
and identifying novel biological processes that are 
critical for the progression of DMD, such as the 
sarcolemma and muscle organ development.
	 Recent comprehensive reviews further 
illustrate the role of extracellular matrix disruption 
and calcium signaling in DMD etiology. 27, 28 These 
studies provide detailed molecular explanations of 
how a deficiency in dystrophin leads to abnormal 
calcium handling. It disrupts the connections 
between the cytoskeleton and the extracellular 
matrix, causing progressive muscle degeneration.
	 Although these results highlight the 
pathophysiological basis of DMD, the development 
of the illness also significantly involves 
immunological dysregulation. The following 
study, 29 illuminates how immunological systems 
work in DMD. This study identified hub genes 
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highly elevated in DMD patients via weighted 
gene expression network analysis (WGCNA) that 
were enriched in immune-related pathways such 
as complement activation and immune effector 
regulation. These genes included SERPING1, 
F13A1, C1S, C1R, and HLA-DPA1. These 
findings are of interest because they highlight the 
crosstalk between immune dysregulation and ECM 
remodeling in promoting disease progression,29 
which complements our focus on extracellular 
matrix organization. 
	 In addition to structural and immune-
related factors, regulatory networks provide more 
understanding of the pathogenesis of DMD. A 
previous study,30 provided a different perspective by 
identifying DEGs and constructing a coregulatory 
network that included miRNAs, transcription 
factors, and DEGs. These findings further highlight 
the role of microRNAs, such as miR-124a and 
miR-200b/200c/429, and transcription factors, such 
as ZNF362 and SPI1, in controlling the pathways 
related to DMD. 
	 Three genes are recognized: HERC5, 
SKP2, and FBXW5, which take part in mechanisms 
contributing to myofibril degeneration and muscle 
weakness, including protein polyubiquitination 
and ubiquitin-dependent protein degradation. 30 
These findings complement our study by revealing 
a link between ECM organization and upstream 
regulatory networks involving microRNAs and 
transcription factors. Taken together, these findings 
reveal the interaction between DEG and epigenetic 
regulators in the context of DMD. 
Therapeutic implication of key hub genes
	 DMD is caused mainly by mutations 
in the dystrophin gene, leading to breakdown 
in muscle architecture and causing progressive 
loss of function. New strategies targeting specific 
mutations, including gene transfer and exon-
skipping techniques, have been developed with the 
hope of correcting such mutations and improving 
patient outcomes. However, effective delivery 
of these therapies into muscle tissue represents a 
major challenge. 31

	 Novel approaches, such as systemic 
delivery of stem cells for targeted repair and gene 
correction for specific mutations, hold considerable 
therapeutic promise; however, further optimization 
is necessary because of the heterogeneity of 
the mutations responsible for DMD. 32 These 

obstacles call for complementary strategies that 
target broader pathological mechanisms, including 
ECM remodeling, immune dysregulation, and 
sarcolemma instability. Our analysis revealed a 
complex network of molecular interactions other 
than primary genetic defects, revealing key hub 
genes involved in the disease course and avenues 
for therapeutic interventions. 
	 Among the most promising therapeutic 
targets in DMD, periostin is considered a key 
player in the process of fibrosis and remodeling 
of the ECM. Increased levels of periostin, 
especially in younger patients, are known to 
contribute to abnormal ECM deposition and 
muscle degeneration. The removal of periostin 
in mouse models has been shown to decrease 
fibrosis and improve muscle regeneration by 
modulating the TGF-â pathway, which is critical 
for the progression of DMD. This dual effect, i.e., 
less fibrosis combined with enhanced tissue repair 
indicates that periostin holds promise as a target for 
novel therapies aimed at lowering fibrosis without 
impairing ECM stability or regeneration. 33, 34

	 The macrophage migration inhibitory 
factor (MIF) pathway is a favorable target for 
DMD therapy because of its involvement in 
regulating inflammation and ECM remodeling.  
MIF and its receptors, namely, CD74, CD44, 
and CXCR4, are significantly elevated in DMD, 
activating proinflammatory pathways such as 
the ERK1/2 MAP kinase, cPLA2, and NF-êB 
pathways, which lead to persistent inflammation 
and fibrosis. Gene expression analysis revealed 
that MIF-related genes such as CD44 promote the 
development of disease through ECM organization 
and fibrosis; all these findings point to early onset 
disease mechanisms. 35 MIF has been targeted with 
small molecule inhibitors, monoclonal antibodies, 
and peptide inhibitors and has shown promise in 
reducing inflammation and fibrosis in preliminary 
studies. In addition, the modulation of downstream 
pathways, such as the NF-êB pathway, may 
increase the efficacy of treatment. However, there 
are still some obstacles in optimizing the drug 
delivery system and reducing undesirable side 
effects, which hinders its clinical application. 35, 36

	 The dystrophin-glycoprotein complex 
(DGC) can maintain muscle fiber structural 
integrity and transmit mechanical forces accurately 
to its sarcoglycan constituents. 37 Genetic mutations 
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affecting the specific sarcoglycan genes SGCA 
and SGCD cause distinct forms of limb-girdle 
muscular dystrophies, LGMD2D and LGMD2F, 
respectively. 37, 38 Both conditions share major 
pathological features that are also characteristic 
of DMD, including compromised membrane 
stability, progressive fibrosis, and muscle 
degeneration. 38 Other emerging therapeutics 
have been demonstrated recently. One approach 
utilizes siRNAs targeting ECM-associated genes 
such as COL1A2, COL3A1, and FN1 to decrease 
the extent of fibrosis, which is common in DMD 
and is also observed in sarcoglycanopathies. 
Lipid nanoparticles (LNPs), particularly selective 
organ-targeting (SORT) nanoparticles, have been 
suggested to function effectively as siRNA delivery 
vehicles. By modifying the molecular composition 
of these nanoparticles so that they bind specifically 
to certain serum proteins, siRNAs can be delivered 
to muscle tissues—a positive approach to reduce 
fibrosis and restore muscle function. 26

	 Another approach involves gene 
replacement, specifically the restoration of 
functional SGCA via viral vector delivery. 39 
This method has demonstrated long-term protein 
expression in clinical studies 40 and has shown 
long-term muscle protection in animal studies. 41 
Another line of research has focused on Caveolin-3 
(Cav3), a muscle-specific protein that modulates 
dystroglycan metabolism as well as the function of 
the sarcolemma. Observations from DMD patients 
and mdx mouse models have revealed altered 
Cav3 expression patterns, indicating its potential 
as a therapeutic target aimed at stabilizing the 
sarcolemma. 42

	 Utrophin (UTRN) is considered a very 
promising therapeutic target for DMD. Utrophin 
is the structural homolog of dystrophin, and its 
upregulation is a natural adaptive response in DMD 
since elevated expression of utrophin is associated 
with milder disease phenotypes. Thus, it could 
represent a therapeutic target suitable for all DMD 
patients, irrespective of mutation type. Current 
methods to increase utrophin include adeno-
associated virus (AAV)-mediated gene delivery, 
small molecule up regulators, and transcriptional 
modulators, which have demonstrated preclinical 
effectiveness in enhancing muscle function in 
DMD. 43 These results suggest that a successful 
therapeutic strategy should integrate dystrophin-

targeted treatments with methods that address 
multiple pathological processes. We highlight the 
necessity of multi-targeting strategies that consider 
tissue-specific impacts and personalized medicine 
tailored to individual patient genetics and disease 
progression. 
Implications of the study
	 The shared pathway of ECM organization 
has become a promising therapeutic target 
for diseases driven by ECM dysregulation, 
including conditions such as fibrosis, cancer, and 
chronic inflammatory diseases. In addition, ECM 
components, including collagen, play pivotal roles 
in cellular signaling and tissue repair; this pathway 
may serve as a good candidate for therapeutic 
intervention. The identification of key hub genes, 
including POSTN, MIF, SGCA, SGCD, CAV3, and 
UTRN, highlights the most important mechanisms 
of DMD progression.
	 The pathogenesis of DMD involves 
ECM remodeling and sarcolemma integrity. These 
pathways can be targeted by inhibitors of periostin 
and MIF or modulators of utrophin, which have 
considerable therapeutic effects. For example, 
deficiency of periostin causes a reduction in fibrosis 
and enhances muscle regeneration by modifying 
TGF-â signaling.   Similarly, DGC can also be 
stabilized by targeting sarcoglycan components 
such as SGCA and SGCD or caveolin-3 at CAV3 
as a complementary approach for mitigating muscle 
damage.
	 Moreover, immune dysregulation 
facilitates DMD progression through mechanisms 
involving complement activation, and chronic 
inflammation plays an important role. Such a 
strategy, which integrates approaches to both ECM 
remodeling and immune signaling, could offer a 
comprehensive approach for the management of 
this disease.
Limitations of the Study
	 The study provided information about 
the molecular basis of DMD, although not 
without several limitations, including reliance on 
publicly available datasets that might represent 
potential variability owing to differences in sample 
characteristics and platform biases. Second, the 
present analysis is in-silico; hence, experimental 
validation is needed to confirm the identified hub 
genes for their possible role as therapeutic targets. 
The use of qRT PCR and Western blot analysis 
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in future studies can confirm the expression of 
the hub genes. These findings can also be applied 
in functional studies of DMD models to further 
understand the roles of these genes in disease 
mechanisms. Advanced gene-editing techniques 
such as CRISPR-Cas9 and RNA therapeutics can 
theoretically provide specific treatments that target 
SGCA, SGCD, or UTRN.

Conclusion

	 In this study, we identified 10 important 
hub genes and related pathways associated 
with the pathogenesis of Duchenne muscular 
dystrophy. These findings emphasize that the 
organization of the extracellular matrix pathway 
and the disruption of sarcolemma integrity are 
key mechanisms promoting the disease process. 
Potential therapeutic targets include, but are not 
limited to, the central genes POSTN, MIF, SGCA, 
SGCD, CAV3, and UTRN. Targeting these genes 
might improve patient outcomes. This study 
provides the foundation for personalized medicine 
that correlates the genetics and disease stages 
of individual patients and provides a molecular 
framework for the progression of DMD.
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