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AsstrAcT. Idiopathic Pulmonary Fibrosis (IPF) is a chronic, progressive lung disease characterized by fibrosis
and impaired lung function. Understanding the molecular mechanisms underlying IPF is crucial for develop-
ing effective therapeutic strategies. This study aims to identify differentially expressed genes (DEGs) in alveolar
macrophages of IPF patients and validate these findings in an independent cohort. We analyzed gene expression
data from the GSE49072 dataset, which includes 23 IPF and 61 normal alveolar macrophage samples. Dif-
ferential expression analysis was performed using the LIMMA package, and Gene Set Enrichment Analysis
(GSEA) identified significant biological pathways. Validation of key DEGs (CCL2, CCL7, and CXCL1) was
conducted using ELISA in serum samples from an independent cohort of 50 IPF patients and 50 normal con-
trols. Correlations with clinical parameters such as forced vital capacity (FVC) and diffusing capacity for carbon
monoxide (DLCO) were also evaluated. The analysis identified several DEGs, with CCL2 and CXCL1 showing
significant upregulation in IPF samples. GSEA highlighted pathways related to inflammatory responses and ex-
tracellular matrix remodeling. ELISA validation confirmed elevated serum levels of CCL2 and CXCL1 in IPF
patients, correlating with reduced FVC and DLCO. CCL7 did not show significant differences between groups.
Targeting these chemokines may offer new therapeutic avenues for IPF treatment. Further research is needed to
explore the therapeutic potential and validate findings in larger cohorts. This study enhances our understanding
of IPF pathogenesis and identifies promising targets for clinical intervention.

KEy worps: idiopathic pulmonary fibrosis (IPF), alveolar macrophages, differentially expressed genes (DEGs),
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INTRODUCTION providers alike (1). IPF is classified as one of the

idiopathic interstitial pneumonias, a group of lung

Idiopathic Pulmonary Fibrosis (IPF) is a
chronic, progressive, and ultimately fatal lung
disease characterized by the formation of scar
tissue within the lungs. This fibrosis leads to a
gradual decline in lung function, presenting sig-
nificant challenges to patients and healthcare
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diseases with unknown causes, and it typically af-
fects older adults, with a median survival of 3 to 5
years post-diagnosis (2). The clinical significance
of IPF lies in its aggressive nature and the lack
of effective treatment options. Patients with IPF
experience symptoms such as chronic dry cough,
dyspnea (shortness of breath), and fatigue, which
severely impact their quality of life (3). The dis-
ease’s progression is unpredictable; some patients
may experience a slow decline, while others face
rapid deterioration. Acute exacerbations, periods
of sudden worsening of symptoms, are common
and often lead to hospitalization and increased
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mortality. Current therapeutic strategies for IPF
are limited. Antifibrotic agents such as pirfeni-
done and nintedanib can slow disease progression
but do not cure the disease (4). Lung transplanta-
tion remains the only definitive treatment, yet it
is not suitable for all patients due to age, comor-
bidities, and the scarcity of donor organs (5). Thus,
understanding the pathogenesis of IPF is crucial
for developing new, more effective therapies. Al-
veolar macrophages are specialized immune cells
residing in the alveoli, the tiny air sacs in the lungs
where gas exchange occurs. These cells play a criti-
cal role in maintaining pulmonary homeostasis
by clearing inhaled pathogens, particulate mat-
ter, and cellular debris. They act as the first line
of defense in the respiratory system, orchestrat-
ing immune responses and maintaining a balance
between pro-inflammatory and anti-inflammatory
activities (6). In the context of IPF, alveolar mac-
rophages exhibit altered functionality and phe-
notypes, contributing to disease pathogenesis.
Studies have shown that these macrophages in IPF
patients are often polarized towards a profibrotic
phenotype (7). This polarization is characterized
by the production of fibrogenic cytokines, such as
transforming growth factor-beta (TGF-B), and
other mediators that promote extracellular matrix
(ECM) deposition and fibrosis (8). Furthermore,
alveolar macrophages in IPF are involved in ab-
errant tissue remodeling processes. They interact
with epithelial cells, fibroblasts, and other immune
cells within the lung microenvironment, exacerbat-
ing the fibrotic response. The dysregulated activ-
ity of alveolar macrophages not only contributes to
the persistence of fibrosis but also hampers effec-
tive tissue repair, leading to the progressive nature
of IPF. Understanding the specific mechanisms by
which alveolar macrophages contribute to IPF is
essential for identifying new therapeutic targets.
By elucidating the pathways and signals that drive
macrophage dysfunction in IPF, researchers can
develop strategies to modulate their activity, po-
tentially halting or reversing the fibrotic process.
In the current study, we considered differentially
expressed genes (DEGs) in a micro-array dataset
of patients with IPF compared to normal samples
to investigate the involved signaling pathways in
this human disease.

MATERIALS AND METHODS

Data source

The data for this study were retrieved from the
Gene Expression Omnibus (GEO) database, spe-
cifically the GSE49072 dataset (9). This dataset
comprises gene expression profiles of alveolar mac-
rophages from human subjects, including 23 samples
from IPF patients and 61 samples from normal con-
trols. The gene expression data were generated us-
ing the Affymetrix Human Genome U133A Array
platform (GPL96 [HG-U133A]).

Data pre-processing

To ensure the quality and reliability of the mi-
croarray data, a series of pre-processing steps was
performed. Initially, the raw microarray data un-
derwent background correction to minimize noise
and enhance signal quality. Following this, the data
were normalized using the normalizeQuantiles
method available in the LIMMA (Linear Models
for Microarray Data) package within the R/Bio-
conductor environment (10). This normalization
step was crucial to adjust for technical variations
and ensure comparability across all samples, con-
verting probe-level data into gene-level expression
values.

Differential expression analysis

The identification of differentially expressed
genes (DEGs) between IPF patients and normal
controls was conducted using the LIMMA package.

The analysis process involved several key steps:

Linear Model Fitting: The ImFit () function was
used to fit linear models to the normalized ex-
pression data, allowing for the assessment of
gene expression differences between the two
groups.

Contrast Definition: The contrastFit () function
was employed to define and apply contrasts
that specifically test for differences in gene
expression between IPF and control samples.

Statistical Testing: The eBayes () function was
applied to compute empirical Bayes statistics,
enhancing the reliability and stability of the

estimated variances.
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DEGs were identified based on an adjusted
p-value threshold (<0.01) to account for multiple
testing and a minimum [logFC| of 0.5 to ensure bio-
logical relevance. This rigorous approach enabled the
detection of genes that are significantly upregulated
or downregulated in IPF patients compared to nor-
mal controls.

Gene Set Enrichment Analysis (GSEA)

To further understand the functional implica-
tions of the DEGs, Gene Set Enrichment Analysis
(GSEA) was performed using the enrichR package
(11). GSEA allows for the identification of signifi-
cantly enriched biological pathways and processes
associated with the DEGs, thereby elucidating the
potential mechanisms underlying IPF. The enrichR
package was utilized to map the DEGs to predefined
gene sets from various databases, including KEGG
and Gene Ontology (GO). This mapping provided a
comprehensive overview of the biological pathways
and processes altered in IPF. The analysis focused
on identifying pathways with significant enrichment
scores, indicating their relevance to the disease state.

Visualization

The results of the GSEA and the differential
expression analysis were visualized using the ggplot2
and pheatmap packages in R. These visualizations fa-
cilitated the interpretation of complex data and high-
lighted key findings. Volcano Plots and Bar Graphs:
The ggplot2 package (12) was employed to create vol-
cano plots, which visually represent the significance
and magnitude of differential expression for all genes.
Additionally, bar graphs were generated to illustrate
the top enriched pathways, providing a clear depic-
tion of the most significant biological processes in-
volved in IPF. Heatmaps: The pheatmap package was
used to generate heatmaps, displaying the expression
patterns of the DEGs across all samples. Heatmaps
were particularly useful for visualizing the clustering
of gene expression data, highlighting similarities and
differences between IPF and normal samples.

Studied population

To validate the identified DEGs from the
GSE49072 dataset, we conducted a validation study
using an independent cohort. This cohort consisted

of 100 subjects, including 50 patients diagnosed with
IPF and 50 normal controls. The IPF samples were
obtained from the Respiratory Intensive Care Unit
(ICU) of Imam Reza Hospital in Tabriz. All par-
ticipants provided informed consent, and the study
was approved by the hospital’s ethics committee. The
clinical diagnosis of IPF was based on the criteria
outlined by the American Thoracic Society/Euro-
pean Respiratory Society (ATS/ERS) guidelines.
Control subjects were selected based on the absence
of any known pulmonary diseases, ensuring a clear
comparison between IPF patients and healthy indi-
viduals. Detailed demographic and clinical data were
collected for all participants, including age, gender,
smoking history, and comorbidities.

ELISA test

To measure the levels of the identified hub
genes in the serum of the study population, we em-
ployed the Enzyme-Linked Immunosorbent Assay
(ELISA) method. Serum samples were collected
from all participants and stored at -80°C until
analysis. The ELISA kits specific to the identified
hub genes were purchased from Thermo Scientific
Fisher (USA). The assays were conducted according
to the manufacturer’s instructions. Briefly, 96-well
microplates were coated with capture antibod-
ies specific to the target proteins. Serum samples,
standards, and controls were added to the wells and
incubated to allow binding of the target proteins.
After washing away unbound substances, detection
antibodies conjugated with an enzyme were added.
Following another incubation and wash cycle, a
substrate solution was added to initiate a colori-
metric reaction. The intensity of the color, propor-
tional to the concentration of the target protein,
was measured using a microplate reader at the

450nm and 570nm.

Statistical analysis

All statistical tests were two-sided, and a
p-value of less than 0.05 was considered statisti-
cally significant. Analyses were performed using
GraphPad Prism v8 (GraphPad Software, Boston,
Massachusetts USA, www.graphpad.com) and R
v4.2.0. Comparative analysis was performed using
the Mann-Whitney U test. Normality was assessed
using the Shapiro-Wilk test.
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ResuLts
Data pre-processing and quality control

The pre-processing and quality control steps
ensured the reliability of the gene expression data
from the GSE49072 dataset. This involved back-
ground correction, normalization, and summariza-
tion of probe-level data into gene-level expressions.
Figure 1A shows the normalized expression values
for all samples, demonstrating the successful normal-
ization process where expression values are evenly
distributed across the samples, indicating effective
removal of technical biases. To further assess the
quality of the data, Principal Component Analysis
(PCA) was performed. PCA helps in visualizing the
clustering patterns of samples based on their gene
expression profiles. Figure 1B illustrates the PCA
plot, where each point represents a sample, and the
axes (Dim1 and Dim2) explain the variance in the
data. The PCA plot reveals distinct clustering of IPF
samples (orange) and normal samples (blue), indi-
cating clear differences in gene expression patterns
between the two groups. The percentage of variance
explained by each principal component is also indi-
cated on the axes.

Differential expression and pathway enrichment analysis

The differential expression analysis identified
a number of genes that were significantly upregu-
lated or downregulated in IPF patients compared
to normal controls. Gene Set Enrichment Analysis
(GSEA) was subsequently performed to elucidate
the biological pathways and processes associated
with these DEGs. Figure 2A presents the volcano
plot illustrating the differentially expressed genes.
Genes with a log2 fold change greater than 0.5 and
an adjusted p-value less than 0.01 were considered
significantly upregulated (highlighted in red), while
genes with a log2 fold change less than -0.5 and
an adjusted p-value less than 0.01 were considered
significantly downregulated (highlighted in blue).
Figure 2B shows the results of the pathway enrich-
ment analysis. The top left panel displays the KEGG
pathway analysis, highlighting pathways such as
the IL-17 signaling pathway, chemokine signaling
pathway, and MAPK signaling pathway, which are
significantly enriched in IPF. The other three pan-
els represent the Gene Ontology (GO) enrichment

analysis for biological processes, molecular functions,
and cellular components. These analyses revealed sig-
nificant enrichment in processes related to inflam-
matory response, cytokine activity, and extracellular
matrix components, indicating their potential roles
in IPF pathogenesis. Figure 2C is a heatmap depict-
ing the expression of genes enriched in the IL-17
signaling pathway across all samples. The heatmap
illustrates distinct expression patterns between IPF
patients and normal controls, with several genes
showing consistent upregulation in IPF samples.
Hierarchical clustering of the samples and genes
provides further insights into the similarities and
differences in gene expression profiles, highlighting
potential biomarkers and therapeutic targets.

Demographic and clinical data of validation samples

To validate the results obtained from the in
silico analysis, we used an independent cohort of 50
IPF patients and 50 normal controls. Of the 50 IPF
patients, 25 were receiving antifibrotic therapy (pi-
rfenidone or nintedanib) at the time of sample col-
lection. The remaining patients were either recently
diagnosed, unable to tolerate these medications, or
awaiting access due to clinical or economic con-
straints. The demographic and clinical characteristics
of the participants are summarized in Table 1. This
data provides essential context for understanding the
background and health status of the study popula-
tion, ensuring that the validation results are robust
and reliable.

This table highlights the differences and simi-
larities between the IPF and normal control groups
in terms of age, gender distribution, smoking status,
body mass index (BMI), lung function parameters
(FVC and DLCO% predicted), and the prevalence
of comorbidities such as hypertension and diabetes.
Additionally, the table provides information on the
use of medications, specifically corticosteroids and
antifibrotic agents, which are commonly prescribed
to manage IPF.

Validation of hub gene expression

To validate the insi/ico findings, we measured
the serum levels of identified hub genes (CCL2,
CCL7,and CXCL1) in the independent cohort con-
sisting of 50 IPF patients and 50 normal controls
using the ELISA method. Figure 3 illustrates the
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Figure 1. (A) Normalized expression values for all samples from the GSE49072 dataset. The x-axis repre-
sents individual samples, and the y-axis shows the normalized expression values. The normalization process
ensures that the data is evenly distributed, indicating successful removal of technical biases. (B) Principal
Component Analysis (PCA) plot of the sample expression data. Each point represents an individual sam-
ple, with IPF samples shown in orange and normal samples in blue. The first principal component (Dim1)
accounts for 20.3% of the variance, and the second principal component (Dim2) accounts for 9.5% of the
variance. The plot demonstrates clear clustering of IPF and normal samples, reflecting distinct gene expres-

sion profiles between the two groups.

comparison of serum levels of these hub genes be-
tween the two groups. Subgroup analysis revealed no
significant difference in serum levels of CCL2 and
CXCL1 between antifibrotic-treated and untreated
IPF patients (p> 0.05), suggesting that antifibrotic
therapy does not confound the observed biomarker

expression (Supplementary Figure S1A & S1B).
Figure 3A shows the levels of CCL2, which were sig-
nificantly higher in IPF patients compared to normal
controls (p< 0.0001). Figure 3B presents the levels of
CCL7, which did not show a statistically significant
difference between IPF patients and normal controls
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Figure 2. (A) Volcano plot of differentially expressed genes in IPF patients versus normal controls. The x-axis repre-
sents the log2 fold change, and the y-axis represents the -log10 adjusted p-value. Genes significantly upregulated in
IPF are highlighted in red, and those significantly downregulated are highlighted in blue. Key genes are labeled for
reference.(B) Pathway enrichment analysis. The top left panel shows the KEGG pathway analysis, while the other
three panels display the GO enrichment analysis for biological processes, molecular functions, and cellular compo-
nents. The x-axis represents the gene count, and the color gradient indicates the p-value for enrichment.(C) Heatmap
of IL-17 signaling pathway enriched genes expression. The heatmap shows the expression levels of key genes across
all samples, with hierarchical clustering indicating distinct expression patterns between IPF and normal samples.
The color scale represents the normalized expression values, with blue indicating lower expression and red indicating

higher expression.

(p > 0.05). Figure 3C depicts the levels of CXCL1,
which were also significantly elevated in IPF pa-
tients compared to normal controls (p < 0.0001).
These results corroborate the in-silico findings and
suggest that CCL2 and CXCL1 might serve as po-
tential biomarkers for IPF, while the role of CCL7
needs further investigation. Similarly, serum levels of
CCL2 and CXCL1 were not significantly different
between corticosteroid-treated and non-treated IPF
patients (p > 0.05), indicating minimal influence of
steroid therapy on these biomarkers (Supplementary
Figure-S2).

Correlation of hub gene expression with clinical
pammeters

To further explore the relationship between the
expression levels of the identified hub genes (CCL2,
CCL7, and CXCL1) and clinical parameters, we
performed a comprehensive analysis involving
age, body mass index (BMI), forced vital capacity
(FVC), and diffusing capacity of the lungs for carbon

monoxide (DLCO). Figure 4 presents a heatmap
that integrates the serum levels of the hub genes (in
log2 scale) with the clinical data of the patients. The
heatmap includes the following variables: Age: Rep-
resented in a gradient from yellow (younger) to red
(older). BMI: Represented in a gradient from light
green (lower BMI) to dark green (higher BMI). FVC
(% predicted): Represented in a gradient from light
gray (lower FVC) to black (higher FVC). DLCO
(% predicted): Represented in a gradient from light
pink (lower DLCO) to purple (higher DLCO). The
expression levels of CXCL1, CCL2, and CCL7 are
shown across samples from both IPF patients and
normal controls. The heatmap allows for the visu-
alization of potential correlations between the gene
expression levels and clinical parameters. The analy-
sis reveals that elevated levels of CXCL1 and CCL2
are generally associated with IPF patients, who tend
to have lower FVC and DLCO percentages. These
findings support the notion that CXCL1 and CCL2
may serve as important biomarkers for disease sever-

ity and progression in IPF.
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Table 1. Demographic and Clinical Data Table for IPF and Normal Samples

Demographic/Clinical Data IPF (n=50) Normal (n=50)
Age (years) 65.4+9.1 64.3+8.5
Gender 25 Male / 25 Female 28 Male / 22 Female
Smoking Status
Never 12 20
Former 23 15
Current 15 15
BMI (kg/m?) 25.1+4.0 24.8+£3.9
FVC % predicted 55.2+12.3 95.6 +2.4
DLCO % predicted 453 +10.8 89.4+59
Hypertension 22 15
Diabetes 10 8
Medication Use
Corticosteroids 18
Antifibrotics (e.g., Nintedanib, Pirfenidone) 25
Other medications 12 5
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Figure 3. ELISA validation of hub gene expression in serum samples. (A) Serum levels of CCL2 in IPF patients
(n=50) and normal controls (n=50). IPF patients show significantly higher levels of CCL2 compared to controls

(****

p < 0.0001). (B) Serum levels of CCL7 in IPF patients and normal controls. No significant difference was observed

(ns: not significant) (C) Serum levels of CXCL1 in IPF patients and normal controls. IPF patients have significantly
higher levels of CXCL1 compared to controls (*** p < 0.0001). The data are presented as box plots, with each dot
representing an individual sample. The horizontal line within each box indicates the median, and the whiskers repre-

sent the range of the data.

The relationship between serum chemokine
levels and pulmonary function was further explored
using correlation analysis. Figure 5 illustrates scat-
ter plots depicting the associations between serum
concentrations of CCL2 and CXCL1 and key pul-
monary function parameters—forced vital capacity
(FVC) and diffusion capacity for carbon monoxide
(DLCO). Notably, significant inverse correlations

were identified, particularly between CXCL1 and
DLCO (r = - 0.52, p < 0.001), suggesting that el-
evated levels of this chemokine are associated with
impaired gas exchange capacity. Similarly, higher
CCL2 levels demonstrated negative correlations
with both FVC and DLCO, although to a lesser
extent. These findings reinforce the potential util-
ity of CCL2 and CXCL1 as surrogate biomarkers
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Figure 4. Heatmap illustrating the correlation between the serum levels of hub genes (CCL2, CCL7, and CXCL1)
and clinical parameters in IPF patients and normal controls. The heatmap shows: Releasing factors (log2): Expres-
sion levels of CXCL1, CCL2, and CCL7. Age: Gradient from yellow (younger) to red (older). BMI: Gradient from
light green (lower BMI) to dark green (higher BMI). FVC (% predicted): Gradient from light gray (lower FVC) to
black (higher FVC). DLCO (% predicted): Gradient from light pink (lower DLCO) to purple (higher DLCO). Each
column represents an individual sample, with the top section showing the clinical parameters and the bottom section
displaying the log2 expression levels of the hub genes. The clustering of samples highlights the association of higher
gene expression levels with IPF patients, who generally exhibit lower lung function as indicated by FVC and DLCO.
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Figure 5. Scatter plots demonstrating correlations between serum biomarker levels and clinical parameters:
(A) CCL2 vs FVC, (B) CCL2 ws DLCO, (C) CXCL1 vs FVC, and (D) CXCL1 vs DLCO. Significant
inverse correlations observed for CXCL1 and clinical metrics (r = -0.52, p< 0.001).

for monitoring disease severity and progression in

affected individuals.
Discussion

In this study, we conducted a comprehensive
analysis to identify differentially expressed genes
(DEGs) in alveolar macrophages of idiopathic pul-

monary fibrosis (IPF) patients compared to normal

controls using the GSE49072 dataset. Our findings
reveal significant alterations in gene expression pro-
files, providing valuable insights into the molecular
mechanisms underlying IPF and potential targets
for therapeutic intervention. The differential ex-
pression analysis identified several genes that were
significantly upregulated or downregulated in IPF
patients. Notably, genes such as CCL2, CCL7, and
CXCL1 were prominently upregulated, suggesting
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their potential role in IPF pathogenesis. The GSEA
further highlighted the enrichment of pathways
related to inflammatory responses, cytokine activ-
ity, and extracellular matrix remodeling, which are
known to contribute to the fibrotic process in IPF.
To validate these findings, we measured the serum
levels of the identified hub genes in an independ-
ent cohort of IPF patients and normal controls.
The ELISA results confirmed the elevated levels of
CCL2 and CXCL1 in IPF patients, while CCL7
did not show a significant difference. These results
corroborate our in-silico findings and underscore
the potential of CCL2 and CXCL1 as biomarkers
for IPF. The elevated levels of CCL2 and CXCL1
in IPF patients highlight their significance in the
disease’s pathogenesis. CCL2, also known as mono-
cyte chemoattractant protein-1 (MCP-1), is a key
mediator in recruiting monocytes and macrophages
to sites of inflammation (13). In the context of IPF,
increased CCL2 expression can lead to the accumu-
lation of macrophages in the lungs, promoting fibro-
sis through the secretion of pro-fibrotic cytokines
and growth factors (14). CXCL1, a member of the
CXC chemokine family, plays a crucial role in neu-
trophil recruitment and activation (15). Although
inflammation is not always considered a prerequisite
in IPF pathogenesis, emerging evidence suggests
that persistent neutrophilic infiltration, potentially
mediated by CXCL1, may exacerbate tissue injury
and fibrosis, thereby influencing disease progression
(16). Although CCL7 did not show significant dif-
ferences in our validation cohort, its role in attracting
monocytes and eosinophils to sites of inflammation
warrants further investigation. The lack of significant
differences in CCL7 levels may be due to variability
in individual responses or the presence of compensa-
tory mechanisms in IPF patients.

The identification of CCL2 and CXCL1 as po-
tential biomarkers for IPF has significant clinical
implications. These biomarkers could be used to de-
velop diagnostic assays for early detection and moni-
toring of disease progression. Furthermore, targeting
these chemokines could offer novel therapeutic strat-
egies for IPF.Several therapeutic approaches could
be considered to modulate the activity of CCL2
and CXCLI. Inhibitors of chemokine receptors
(e.g.,CCR2forCCL2and CXCR2 for CXCL1)could
potentially reduce the recruitment and activation of
inflammatory cells in the lungs, thereby mitigating
fibrosis (17). Additionally, neutralizing antibodies or

small molecules that specifically block the activity of
these chemokines could be explored as therapeutic
options. Our study also examined the correlation be-
tween the expression levels of hub genes and clini-
cal parameters such as age, BMI, FVC, and DLCO.
The heatmap analysis revealed that higher levels of
CCL2 and CXCL1 were associated with lower FVC
and DLCO percentages in IPF patients. This sug-
gests that elevated expression of these chemokines
correlates with impaired lung function and disease
severity. These findings emphasize the importance of
incorporating molecular biomarkers in the clinical
management of IPF. Monitoring the levels of CCL2
and CXCL1 could provide valuable information
on disease progression and response to treatment,
facilitating personalized therapeutic approaches.
Despite the significance of our findings, this study
has certain limitations. The validation cohort had a
relatively small sample size; however, it is comparable
to those used in similar biomarker discovery stud-
ies. Importantly, our findings are supported by data
from a publicly available dataset, which enhances the
reliability and validity of our observations. None-
theless, larger and more diverse cohorts are needed
to further confirm these results. Additionally, the
cross-sectional nature of the study precludes the as-
sessment of temporal changes in gene expression and
their correlation with disease progression. Future
studies should focus on longitudinal analyses to track
changes in chemokine levels over time and their as-
sociation with clinical outcomes. Moreover, explor-
ing the functional roles of CCL2, CXCL1, and other
identified DEGs in experimental models of IPF will
provide deeper insights into their contributions to
the fibrotic process.

CoNCLUSION

Our comprehensive analysis of the GSE49072
dataset has identified significant differentially ex-
pressed genes in alveolar macrophages of IPF pa-
tients compared to normal controls. Key genes such
as CCL2 and CXCL1 were found to be prominently
upregulated, highlighting their potential roles in the
pathogenesis of IPE. These findings were validated
through ELISA measurements in an independ-
ent cohort, confirming the elevated serum levels of
CCL2 and CXCL1 in IPF patients. The study un-
derscores the importance of CCL2 and CXCL1 as
biomarkers for IPF, providing valuable insights into
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the molecular mechanisms driving the disease. The
correlation of these chemokines with clinical param-
eters such as FVC and DLCO further emphasizes
their potential utility in assessing disease severity
and progression. Our results suggest that targeting
CCL2 and CXCL1 could offer promising therapeu-
tic strategies for IPF, aiming to mitigate the inflam-
matory and fibrotic processes that characterize the
disease. While further research is needed to explore
these therapeutic avenues and validate our findings
in larger cohorts, this study lays a solid foundation
for future investigations into the molecular under-
pinnings of IPF and the development of targeted
treatments. Overall, our research contributes to a
deeper understanding of IPF pathogenesis, offering
new perspectives on biomarkers and therapeutic tar-
gets that could ultimately improve diagnosis, moni-
toring, and treatment of this debilitating disease.
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Figure S1. Serum chemokine levels in antifibrotic-treated vs. untreated IPF patients.

(A) Serum levels of CCL2 in antifibrotic-treated vs. untreated IPF patients. No significant difference was observed
(p > 0.05).

(B) Serum levels of CXCL1 in antifibrotic-treated vs. untreated IPF patients. No significant difference was observed

(p > 0.05).
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Figure S2. Serum chemokine levels in corticosteroid-treated vs. non-treated IPF patients.

(A) Serum levels of CCL2 in corticosteroid-treated vs. non-treated IPF patients. No significant difference was ob-
served (p > 0.05).

(B) Serum levels of CXCL1 in corticosteroid-treated vs. non-treated IPF patients. No significant difference was

observed (p > 0.05).



