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Background: Infantile pneumonia is a common health concern worldwide, with elevated morbidity and
mortality rates among affected children. This study aims to identify key genes associated with infantile
pneumonia using bioinformatics and unravel the underlying mechanisms.
Results: OLFM4 was the only biomarker identified for infantile pneumonia. Besides, OLFM4 expression
was promoted in the serum of infantile pneumonia patients, and LPS-stimulated cells and mouse models.
OLFM4 knockdown repressed cell apoptosis, levels of TNF-a, IL-6, IL-1b, MPO, MDA, ROS, and activation
of the NF-jB pathway, and facilitated the SOD level in LPS-induced models. OLFM4 knockdown alleviated
the lung injury of the LPS-induced mouse model.
Conclusions: OLFM4 knockdown alleviated cell apoptosis, inflammatory response, and oxidative stress
via the NF-jB signaling pathway in LPS-induced WI-38 cells and mouse model. The findings suggest that
OLFM4 may pave the way for the treatment of infantile pneumonia.
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1. Introduction

Pediatric pneumonia is a prevalent respiratory illness in new-
borns and young children, potentially leading to heart failure and
other consequences in severe instances [1,2]. Pneumonia is the pri-
mary cause of mortality in children under five years old [3]. Bacte-
rial, viral, prokaryotic microorganisms, and fungal infections are
the primary causes of pneumonia [4,5]. Currently, the predominant
treatment modalities for infantile pneumonia are antiviral and
antibacterial therapies [6,7]. Nevertheless, the escalating use of
antibiotics has led to heightened pathogen resistance, complicating
treatment of the condition [8,9]. Consequently, comprehensive
investigation into the pathophysiology of infantile pneumonia
and the identification of more efficient therapeutic targets are cru-
cial for its treatment [10].

In recent years, bioinformatics has expanded its scope, facilitat-
ing the integration of various biological data types, including
multi-omics, pathological, imaging, and clinical data [11–15]. The
integration enables the modeling of intricate interactions within
biological systems and provides a thorough understanding of the
molecular landscape of epidemic diseases, cancer, and chronic dis-
eases [16–18]. Employing systems biology methodology, machine
learning, and network-based tools, researchers acquire insights
into the complex relationships among genes, proteins, and path-
ways associated with human diseases [11,12,19]. This comprehen-
sive perspective enhances the understanding of the biological
processes underlying illnesses and highlights essential biological
mechanisms and signaling pathways that are amenable to thera-
peutic intervention [12]. The incidence rate of infantile pneumonia
varies among children, and the severity of infantile pneumonia
ranges from mild to severe [2,4]. However, the underlying causes
for these variations are not precisely known. Bioinformatics may
help to elucidate the intricate molecular landscape associated with
infantile pneumonia.

This study examined the mRNA dataset pertaining to infantile
pneumonia within the GEO database. Weighted gene co-
expression network analysis (WGCNA) and machine learning
(ML) were utilized to screen possible targets for infantile pneumo-
nia. A literature review revealed olfactomedin 4 (OLFM4) as the
sole gene involved in the inflammatory processes of many diseases
and in the exacerbation of lung damage. OLFM4 is a conserved gly-
coprotein found in neutrophils, lung tissue, cardiomyocytes, and
renal epithelia [20–23]. OLFM4 was independently linked to
heightened mortality in both pediatric and adult patients with
sepsis-induced acute respiratory distress syndrome (ARDS) [24].
Numerous studies have indicated the function of OLFM4 in car-
diomyocyte sepsis, lipopolysaccharide (LPS)-induced acute respira-
tory infections in rat models, and various malignancies [25–29]. In
addition, OLFM4 has been established as correlated with disease
severity in pediatric patients suffering from viral lower respiratory
tract infections [30]. Nevertheless, there is a paucity of studies
examining the role of OLFM4 and its underlying mechanisms in
infantile pneumonia. This work examined the regulatory roles
and related pathways of OLFM4 in LPC-induced pneumonia in
WI-38 cells and mouse model. The results indicated that OLFM4
could serve as an effective target for alleviating infantile
pneumonia.
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2. Materials and methods

2.1. Screening of differentially expressed genes (DEGs)

Screening of DEGs of the GSE103119 dataset was performed
using the online sangerbox platform (https://sangerbox.com/)
and ‘‘limma” package. The raw counts were normalized to mini-
mize potential bias. DEGs were filtered according to the criterion
of adjusted p-value < 0.05 and |log2FC| > 1. The heatmap and vol-
cano plot were visualized using sangerbox.

2.2. WGCNA

The ‘‘WGCNA” package was used to create the gene co-
expression matrix. The expression profile data of 6000 genes across
172 samples following pre-processing before WGCNA include fil-
tering, normalization, and log2 transformation. A total of 172 sam-
ples were first clustered, and the optimal soft threshold (b) was
determined to be 7. Parameters minModuleSize = 25 and
MergeCutHeight = 0.25 were used for the construction of a topo-
logical overlap matrix. Hierarchical clustering was performed to
identify gene modules and calculate the correlation between mod-
ule genes and infantile pneumonia.

2.3. Screening of candidate genes by machine learning

Three machine learning techniques, including the lasso model,
SVM-RFE, and RF, were utilized to narrow down the candidate
genes. The LASSO algorithm was executed with the ‘‘glmnet
4.1.8” R package. This methodology employed five-fold cross-
validation to assess the model’s efficacy and ultimately identified
the candidate genes based on the optimal k. The ‘‘e1071 1.7.16”
R package was utilized to execute the SVM-RFE algorithm, facilitat-
ing the ranking of candidate feature genes based on their signifi-
cance and employing five-fold cross-validation for error
evaluation. The ‘‘randomForest 4.7.1.2” R program was utilized to
execute the RF algorithm, consolidating the outcomes for classifi-
cation, regression, and feature selection. Ultimately, Venn dia-
grams were constructed to illustrate the intersection of the three
algorithms.

2.4. Evaluation of receiver operating characteristic (ROC)

The diagnostic accuracy of the OLFM4 for infantile pneumonia
was evaluated using the ROC analysis, emphasizing the associated
area under the curve (AUC) values.

2.5. Human participants

Three milliliters of blood were obtained from 35 patients
with infantile pneumonia and 35 healthy individuals (undergo-
ing physical examinations). Prior to participation in the study,
informed consent was obtained from the participants or their
guardians. The study received approval from the Ethical Com-
mittee of Huangshi Central Hospital. The serum from the blood
samples was collected and preserved for OLFM4 mRNA expres-
sion analysis.
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2.6. Cell culture and treatment

Human embryonic lung (WI-38) cells were obtained from Pro-
cell (Wuhan, China) and grown in DMEM (SUNNCELL, Wuhan,
China) supplemented with 10% fetal bovine serum (SUNNCELL) at
37°C in an incubator with 95% air and 5% CO2. LPS was purchased
from Yeasen (Shanghai, China). Following treatment of WI-38 cells
with LPS (0, 0.5, 1, and 2 lg/ml) for 12 h, the mimic infantile pneu-
monia cell damage model was established for subsequent investi-
gations. For LPS + Pyrrolidinedithiocarbamate (PDTC) treatment,
WI-38 cells were preincubated with PDTC (10 lM, Sigma-
Aldrich) before addition of LPS [31].

2.7. Cell transfection

The GenePharma (Shanghai, China) designed the siRNA target-
ing OLFM4 (si-OLFM4) and negative controls of siRNA (si-NC).
The transient transfection of si-RNA was performed with GP-
transfect-Mate (GenePharma). The pcDNA-based OLFM4 overex-
pression (OE-OLFM4) plasmids and control vector (OE-NC) were
obtained from GenePharma and transfected into WI-38 cells using
Lipofectamine 3000 (Invitrogen).

2.8. Cell counting kit- 8 (CCK-8) test

The assessment of cell viability was conducted using the CCK-8
test kit (Beyotime, Shanghai, China) at a concentration of 5 × 103

cells per well. The cells were cultured in 96-well microplates for
24 h, followed by treatment with LPS (1 lg/mL), LPS (1 lg/mL) +
si-NC, LPS (1 lg/mL) + si-OLFM4, or left untreated (Control) for
12 h. Thereafter, the cells in each well were treated with 10 lL
of CCK-8 solution and incubated for 4 h. The cell viability was ulti-
mately assessed using a microplate reader.

2.9. Measurement of malondialdehyde (MDA) and superoxide
dismutase (SOD)

The WI-38 cells were cultured in 12-well plates (1 × 105 cells
per well) until reaching 70% confluence. Subsequently, the cells
received the following treatments, including LPS (1 lg/mL), LPS
(1 lg/mL) + si-NC, LPS (1 lg/mL) + si-OLFM4, or without (Control)
for 12 h. Next, the cells and cell supernatant were separated via
centrifugation. The levels of MDA in the supernatant were ana-
lyzed using a lipid peroxidation MDA assay kit (Beyotime). The col-
lected cells were mixed with SOD working solution for cell lysis.
The mixture was centrifuged to obtain the supernatant for SOD
detection with SOD Assay Kit with WST-8 (Beyotime).

2.10. Enzyme-Linked Immunosorbent Assay (ELISA)

The levels of tumor necrosis factor-alpha (TNF-a), IL-6, and IL-
1b were analyzed with ELISA assay kits (MEIMIAN, Jiangsu, China).
Briefly, 1 × 105 WI-38 cells were seeded in the 24-well microplate
for 24 h. Then, the cells were subsequently subjected to treatment
with LPS (1 lg/mL), LPS (1 lg/mL) + si-NC, LPS (1 lg/mL) + si-OL
FM4, or without (Control) for 12 h. Next, the supernatant samples
were collected. The blood samples from the mice were centrifuged
to obtain serum in the upper layer. The contents of pro-
inflammatory cytokines in the supernatants and serum were quan-
tified using the ELISA reagents.

2.11. Flow cytometry

Cellular apoptosis and reactive oxygen species (ROS) were
detected using flow cytometry. In short, 2 × 105 WI-38 cells were
cultured in 6-well microplates to 70% confluence. Then, the cells
3

were treated with LPS (1 lg/mL), LPS (1 lg/mL) + si-NC, LPS
(1 lg/mL) + si-OLFM4, or without (Control) for 12 h. Cells were col-
lected and rinsed with precooling PBS. The Annexin V-FITC/PI
Apoptosis Detection Kit (Yeasen) in this research was employed
to estimate cell apoptosis. Cell suspension (2 × 105 cells) was
mixed with Annexin V-FITC and PI and incubated at room temper-
ature for 15 min. After that, the flow cytometry device (Thermo
Fisher Scientific, MA, USA) was utilized to quantify the apoptosis
ratio.

Relative ROS levels were detected using ROS Assay Kit (Bjbalb,
Beijing, China). Cell suspension (2 × 105 cells) was mixed with
DCFH-DA and cultivated at 37°C for 20 min, with rotation every
4 min. After washing the free DCFH-DA, cells were measured with
the flow cytometry system.

2.12. Real-time quantitative PCR (RT-qPCR)

Total RNA was isolated from serum or cells and purified utiliz-
ing TRIzol reagent (Tiangen, Beijing, China). Complementary DNA
was produced with the BeyoRTTM III First Strand cDNA Synthesis
Kit (Beyotime). Following amplification, the relative expression
level of OLFM4 was determined using the 2-DDCt method, with
GAPDH as the internal standard. The sequences of the specific pri-
mers are displayed in Table 1.
2.13. Western blot

The precooling RIPA lysis buffer (Beyotime) was used to lyse
treated WI-38 cells or lung tissues. The protein extracts (30 lg)
were separated using 12% SDS-PAGE (Vazyme) and shifted to the
polyvinylidene fluoride membrane (Beyotime). The membranes
in this experiment were incubated with primary antibodies of
anti-OLFM4 (#14369, 1:1000, Cell Signaling Technology (CST),
MA, USA), p-P65 (#3033, 1:1000, CST), anti-P65(#8242, 1:1000,
CST), anti-p-IjBa (#2859, 1:1000, CST), anti-IjBa (#4812,
1:1000, CST), and anti-GAPDH (ab8245, 1:4000, Abcam, Cam-
bridge, England), followed by being probed with secondary anti-
bodies. Finally, the results were observed and quantified.

2.14. Animal study

Male C57BL/6 mice and OLFM4 knockdown (Ad-sh-NC or Ad-
sh-OLFM4) mice (aged 8 weeks and weighing 22–28 g) were pur-
chased from Cyagen Biosciences and housed under specific
pathogen-free conditions with controlled environmental parame-
ters (22–25°C, 45–60% humidity, 12 h/12 h light–dark cycle). These
mice were categorized into four groups, including Sham (intraperi-
toneally received saline), LPS (intraperitoneally received LPS 2 mg/
kg), Ad-sh-NC + LPS, and Ad-sh-OLFM4 + LPS groups (with five
mice in each group). All mice received corresponding treatment
for 24 h. After the mice were euthanized, blood was collected for
subsequent ELISA and lung tissues were gathered for RT-qPCR,
western blot, lung wet/dry ratio measurement, and pathological
analysis. The animal experiment was approved by the Animal
Research Committee of Huangshi Central Hospital.

2.15. Tissue staining

For pathological analysis, the lung tissues were fixed, dehy-
drated, and embedded for pathological investigation. Five-micron
serial slices were produced for Masson’s trichrome staining (Bey-
otime) as well as hematoxylin and eosin (HE, Servicebio, Wuhan,
China) staining. The dyed slices were observed and photographed.
The lung damage ratings were evaluated in accordance with a prior
study [32].
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Table 1
Primer sequences used for qPCR.

Name Primers for PCR (5′-3′)

OLFM4 Forward TTGTCAGAGGTCTAGGGGCA
Reverse CCCTCGAGGAGCTCCAGATA

GAPDH Forward AATGGGCAGCCGTTAGGAAA
Reverse GCGCCCAATACGACCAAATC
2.16. Lung wet/dry (WD) ratio

To evaluate pulmonary edema, the left lung was immediately
weighed for wet weight, then dried and weighed to obtain dry
weight, and the WD ratio was determined.

2.17. Measurement of myeloperoxidase (MPO) activity

Measurement of MPO activity was performed with the MPO
Activity Assay Kit (BC5710, Solarbio, Beijing, China). 0.1 g of lung
tissue was mixed with the reagent of the kit and homogenized.
After centrifugation, the supernatant was used for subsequent
MPO activity measurement according to the instructions. Absorp-
tion at 460 nm was recorded via a spectrophotometer.

2.18. Statistical analysis

All measurements are presented as mean ± SD and analyzed
using GraphPad Prism 9.0 software. After the Shapiro-Wilk nor-
mality test and Brown-Forsythe test, comparisons between groups
were performed using one-way ANOVA with Tukey’s test, Stu-
dent’s t-test, or Mann-Whitney U test. p < 0.05 was considered to
be statistically significant.

3. Results

3.1. Identification of DEGs

Transcriptomic analysis of the GSE103119 dataset, containing
20 healthy controls and 152 infantile pneumonia patients, was per-
formed, and identified 984 DEGs, comprising 576 upregulated and
408 downregulated genes. These results were visually displayed
using a volcano plot (Fig. 1A). Additionally, the expression patterns
of the top 10 upregulated and downregulated DEGs were further
presented using a heatmap (Fig. 1B).

3.2. WGCNA analysis

In this study, WGCNA was utilized to identify gene modules
potentially related to infantile pneumonia. This analysis con-
structed a scale-free network, which facilitated the identification
of an optimal soft-thresholding power set at 7, as depicted in
Fig. 2A. This specific thresholding power, when applied alongside
hierarchical clustering employing average linkage techniques, clas-
sified these genes into seven distinct clusters (Fig. 2B, C). Core gene
clusters with particular traits of infantile pneumonia samples were
recognized with a significance level of p < 0.05 and |correlation
coefficient| > 0.3. Additionally, a significant correlation was
observed between the module membership (MM) and gene signif-
icance (GS) within the red module (Fig. 2D). Within the red mod-
ule, 22 genes important for module function were identified and
used for further analysis. Through Venn diagram analysis, co-
expressed genes between the DEGs and the WGCNA-derived fea-
ture module genes were identified (Fig. 2E).

3.3. Identification of characteristic genes via machine learning
algorithms

To choose potential genes for infantile pneumonia, three
machine learning algorithms were utilized in further analysis. In
4

the lasso model, the presence of infantile pneumonia was linked
to the expression of four genes, including OLFM4, CEACAM6,
COL17A1, and CAMP (Fig. 3A, B). SVM identified 11 genes, includ-
ing COL17A1, OLFM4, CEACAM6, MPO, CAMP, LTF, DEFA1, DEFA3,
DEFA1B, ELANE, and CEACAM8 (Fig. 3C,D). In the random forest
algorithm, there were ten signature genes that had relative rele-
vance scores that were higher than one. These genes were OLFM4,
COL17A1, CAMP, CEACAM6, DEFA3, LTF, MPO, OLR1, ELANE, and
AZU1 (Fig. 3E,F). Through the intersection of genes resulting from
the three distinct machine learning models, four genes (OLFM4,
CEACAM6, COL17A1, and CAMP) were identified (Fig. 3G). Through
literature review, OLFM4 was the only gene that participated in the
inflammatory processes of multiple diseases and contributed to
promoting lung injury. Furthermore, compared to the other three
genes, the mRNA level of OLFM4 showed the greatest increase fol-
lowing 2 lg/mL LPS treatment (Fig. S1). However, studies on the
function of OLFM4 in infantile pneumonia have not yet been
reported. OLFM4 was selected as the core gene in the following
experiments.

3.4. The expression of OLFM4 was upregulated in pediatric pneumonia

To explore the function of OLFM4 in the process of pediatric
pneumonia, the expression of OLFM4 was first investigated. The
mRNA levels of OLFM4 were significantly higher in infantile pneu-
monia patients compared to the healthy controls in the GSE103119
dataset (Fig. 4A). The results of the hospital revealed that serum
OLFM4 exhibited markedly higher levels of expression in the 55
infantile pneumonia patients, as illustrated in Fig. 4B. ROC analysis
showed the diagnostic value of OLFM4 for infantile pneumonia,
with AUC = 0.9501 (Fig. 4C). In order to determine the role of
OLFM4 in human lung fibroblast cells, WI-38 cells were stimulated
with LPS at concentrations of 0, 0.5, 1, and 2 lg/ml for 12 h. RT-
qPCR and WB analyses revealed a notable increase in OLFM4
expression at both transcript and protein levels in WI-38 cells in
a dose-dependent manner (Fig. 4D, E). Subsequent experiments
utilized 1 lg/ml LPS. These results indicated that OLFM4 was
upregulated in both infantile pneumonia patients and LPS-
stimulated WI-38 cells.

3.5. Knockdown of OLFM4 alleviated LPS-stimulated WI-38 cell
inflammation damage

Next, the role of OLFM4 was explored in LPS-induced WI-38
cells. The downregulation of OLFM4 inWI-38 cells transfected with
si-OLFM4 or si-NC was verified via western blot (Fig. 5A). The cell
vitality of WI-38 cells after being treated with LPS was repressed
compared with the Control group, while OLFM4 knockdown could
rescue this effect (Fig. 5B). The apoptosis was expedited after WI-
38 cells were treated with LPS, while si-OLFM4 could weaken this
action (Fig. 5C). The inflammation factor (IL-6, IL-1b, and TNF-a)
productions were increased by LPS, which was weakened by
OLFM4 knockdown (Fig. 5D,F). Downregulated OLFM4 suppressed
LPS-stimulated facilitation of MDA in WI-38 cells (Fig. 5G). LPS
repressed the levels of SOD, which was reversed by si-OLFM4
(Fig. 5H). The ROS production in LPS-stimulated WI-38 cells was
weakened by OLFM4 knockdown (Fig. 5I). Taken together, OLFM4
knockdown hindered LPS-stimulated WI-38 inflammation injury.

3.6. Knockdown of OLFM4 inhibited NF-jB activation

The NF-jB signaling pathway plays an important role in human
diseases, especially inflammation-related diseases, such as infantile
pneumonia. The association between OLFM4 and the NF-jB signal-
ing pathway was explored. The results revealed that, relative to the
Control, LPS-stimulatedWI-38 cells transfected with si-NC or with-
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Fig. 1. Identification of differentially expressed genes (DEGs) in GSE103119 dataset. (A) Comparative analysis was conducted between 20 healthy controls and 152
infantile pneumonia patients. Up-regulated genes are depicted in red, while down-regulated genes are depicted in green. (B) A heatmap visualizes the differential expression
pattern of the top 10 up-regulated and down-regulated DEGs between healthy samples (in red) and infantile pneumonia samples (in blue). (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)
out groups exhibited significantly elevated levels of p-p65 and p-
IjBa, while p65 and IjBa levels did not show a significant differ-
ence (Fig. 6A, B). However, the elevated levels of p-p65 and p-
IjBawere reversed by OLFM4 knockdown. These findings indicated
that OLFM4 regulated the LPS-stimulated inflammatory response in
WI-38 cells via mechanisms dependent on the NF-jB pathway.

3.7. OLFM4 overexpression aggravated LPS-stimulated inflammation
damage via NF-jB pathway

Furthermore, complementary overexpression experiments
were performed with NF-jB pathway inhibitor to explore the func-
tion of OLFM4. The overexpression of OLFM4 in WI-38 cells trans-
fected with OE-OLFM4 or OE-NC was verified via western blot
(Fig. S2A). The WI-38 cells were treated with LPS (1 lg/mL),
5

LPS + OE-NC, LPS + OE-OLFM4, LPS + OE-OLFM4 + PDTC (10 lM),
or without (Control). The cell vitality of LPS-treated WI-38 cells
was further repressed by OLFM4 overexpression, while inhibition
of NF-jB (PDTC) rescued this effect (Fig. S2B). In parallel, OLFM4
overexpression aggravated apoptosis, inflammation response
(TNF-a and IL-1b), and ROS production in LPS-treated cells, which
were alleviated by PDTC treatment (Fig. S2C-F). Taken together,
OLFM4 overexpression aggravated LPS-stimulated WI-38 inflam-
mation injury via NF-jB pathway.

3.8. Knockdown of OLFM4 alleviated the lung injury of LPS-induced
mice

Finally, knockdown of OLFM4 in vivo was analyzed through a
mouse model. Four groups of mice were used for in vivo study,
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Fig. 2. The identification of pneumonia-related hub genes. (A) Determination of the soft threshold power through analysis, with the optimal value found to be 7. (B)
Sample clustering analysis of all samples involved in WGCNA. (C) Extraction of seven gene modules through WGCNA. (D) In the red module, a scatter plot illustrates the
relationship between module membership and gene significance. (E) A Venn diagram shows the intersection of DEGs with genes from the red module in WGCNA. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
including Sham, LPS, LPS + Ad-sh-NC and LPS + Ad-sh-OLFM4. As
shown in Fig. 7A,B, the lung tissue in the Sham group had a normal
cell structure; besides, alveoli and bronchi were intact, and there
was no inflammatory cell infiltration. In the LPS and LPS + Ad-sh-
NC groups, the alveolar walls were significantly thickened, the
alveolar structure was lost, and a large number of inflammatory
cells infiltrated when compared with the Sham group, which was
weakened by OLFM4 knockdown. Compared with the Sham group,
lung WD ratio and MPO levels were remarkably increased in the
LPS group, which was rescued by OLFM4 knockdown (Fig. 7C,D).
The downregulation of OLFM4 in Ad-sh-OLFM4 mice was verified
via RT-qPCR and western blot (Fig. 7E). IL-6, TNF-a, and IL-1b levels
in the LPS group were increased when compared with the Sham
group, while OLFM4 knockdown abrogated these effects (Fig. 7F,
G,H). The p-p65 and p-IjBa expression was increased in the LPS
group when compared with the Sham group, which was abolished
by OLFM4 knockdown (Fig. 7I,J). Overall, OLFM4 knockdown remit-
ted lung injury in vivo.

4. Discussion

In-depth research on pathophysiology reveals that children
with infantile pneumonia exhibit not only severe pulmonary dis-
ease but also damage to many organs throughout the body [4].
Notwithstanding recent progress, the molecular mechanisms driv-
ing infantile pneumonia remain a pressing need. Meanwhile, as
various informatics technologies advance, machine learning algo-
6

rithms like WGCNA have matured and are extensively utilized
for predicting disease markers and treatment targets. This study
examined transcriptome data from the GEO database using several
informatics tools and discovered four hub genes associated with
infantile pneumonia: OLFM4, CEACAM6, COL17A1, and CAMP.
CEACAM6 is involved in interstitial lung disease in early systemic
sclerosis [33]. CAMP encodes antimicrobial peptide LL-37, which
plays a significant role in the pathogenesis of various diseases,
including psoriasis, systemic lupus erythematosus, diabetes melli-
tus, rheumatoid arthritis, cardiovascular pathologies, and multiple
types of cancer [34]. COL17A1 encodes BPAG2, a protein involved
in maintenance of skin structure [35]. OLFM4 was the sole gene
linked to the inflammatory response of lung and was confirmed
in the study.

LPS, a gram-negative bacterial endotoxin, significantly con-
tributes to the pro-inflammatory responses linked to pneumonia
[36,37]. LPS has been demonstrated to promote inflammation fac-
tor production, oxidative stress, and cellular apoptosis rate in WI-
38 cells [38,39]. Consistently, this study demonstrated that LPS-
induced WI-38 cells exhibited decreased cell viability and SOD
levels, as well as elevated cell apoptosis, inflammation factors,
MDA, and ROS levels. OLFM4 belongs to the olfactomedin family
and demonstrates dysregulated expression in numerous inflamma-
tory disorders, playing a role in their control [20,26]. OLFM4 is sig-
nificantly expressed in polymorphonuclear myeloid-derived
suppressor cells (PMN-MDSCs) and facilitates the transition from
colitis to colorectal cancer by the NF-jB/PTGS2 pathway, whereas

move_f0035


Y. Wu, B. Cao and J. Liu Electronic Journal of Biotechnology 83 (2026) 100719

Fig. 3. Machine learning for identifying candidate genes in infantile pneumonia. (A) Path diagram of the LASSO coefficients for the hub genes in infantile pneumonia. (B)
LASSO regression cross-validation curve. Optimal k values were determined using 10-fold cross-validation. (C) Accuracy plot of the SVM-RFE algorithm. (D) Error plot of the
SVM-RFE algorithm. (E) Correlation between the number of random forest trees and model errors. (F) RF importance score results (10 genes received importance score). (G)
Venn diagram showing the intersection of the results from three machine learning algorithms. LASSO: Least Absolute Shrinkage and Selection Operator; SVM-RFE: Support
Vector Machine-Recursive Feature Elimination; RF: Random Forest.
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Fig. 4. OLFM4 levels are increased in LPS-stimulated WI-38 cells and in the serum of patients with pediatric pneumonia. (A) OLFM4 expression between 20 healthy
controls and 152 infantile pneumonia patients from GSE103119 dataset. (B) OLFM4 expression in the serum of healthy individuals (n = 55) and patients with infantile
pneumonia (n = 55) was detected using RT-qPCR. (C) Receiver operating characteristic curves for evaluating the diagnostic value of OLFM4. (D and E) WI-38 cells were
induced with different doses of LPS (0, 0.5, 1, and 2 lg/ml) for 12 h, and then the mRNA and protein levels of OLFM4 were examined using RT-qPCR and western blot. *p < 0.05,
***p < 0.001.
the absence of OLFM4 retards this progression [29]. In sepsis-
induced ARDS, OLFM4 has been demonstrated to influence the
NF-kB signaling pathway, thereby enhancing lung epithelial cell
functionality [22]. The overexpression of OLFM4 significantly inhi-
bits LPS-induced pro-inflammatory responses in lung epithelial
cells and reduces NF-jB activation by decreasing ROS generation
and HIF1a expression [22]. The current work revealed the overex-
pression of OLFM4 in patients with infantile pneumonia, LPS-
induced WI-38 cells, and a murine model. ROC analysis demon-
strated significant potential of serum OLFM4 for diagnosing infan-
tile pneumonia. Knockdown of OLFM4 resulted in enhanced cell
survival, decreased apoptosis rate, diminished production of
inflammatory factors (IL-6, IL-1b, and TNF-a), lower levels of
MDA and ROS, increased SOD levels, and inhibited activation of
the NF-jB pathway in LPS-induced WI-38 cells. Moreover, OLFM4
knockdown ameliorated lung injury, inflammation, and oxidative
stress, while inhibiting the activation of the NF-jB signaling path-
way in vivo, suggesting that OLFM4 silencing relieved the severity
of infantile pneumonia through the NF-jB pathway. In parallel,
OLFM4 knockdown protects cardiomyocytes from sepsis via the
NF-jB pathway [25]. Although OLFM4 knockdown has alleviated
progression of several diseases, including sepsis, gastric cancer,
respiratory diseases, and cervical cancer [20,25,27,28], few studies
have focused on OLFM4 inhibitors. Qinbaohong Zhike oral liquid, a
marketed traditional Chinese medicine product for respiratory dis-
eases, has alleviated lung tissue damage and inflammatory reac-
tion via inhibiting OLFM4 expression in LPS-treated immature
8

rats [26]. However, the study does not explore the active compo-
nents of Qinbaohong Zhike oral liquid that block OLFM4 gene
expression. Therefore, considerable progress remains before
OLFM4 may be regarded as a viable target for pneumonia treat-
ment. The data indicated that OLFM4 could serve as a potential
diagnostic and therapeutic target for infantile pneumonia.

This study has several limitations that warrant consideration.
First, the study was performed using a single human lung fibrob-
last cell line (WI-38), which, despite its prevalent application in
pulmonary inflammation research, fails to fully recapitulate the
intricacies of lung tissue responses in vivo. The lung microenviron-
ment comprises diverse cell types, including epithelial cells,
immune cells, and endothelial cells, whose interactions are crucial
in mediating the pathophysiology of pneumonia. To mitigate this
restriction, future studies should integrate more physiologically
relevant models, such as human bronchial epithelial cells (BEAS-
2B), A549 cells, and advanced 3D lung organoid cultures. Second,
the precise regulation mechanism of OLFM4 in infantile pneumo-
nia development remains inadequately explored. Third, consider-
ing the fact that infantile pneumonia can be caused by viral,
bacterial, and fungal pathogens, the present study was limited to
explore OLFM4 in the LPS-induced (bacterial) model.

5. Conclusions

In summary, the present study identified OLFM4 as a biomarker
associated with infantile pneumonia via bioinformatics and
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Fig. 5. OLFM4 knockdown alleviated LPS-stimulatedWI-38 cell inflammation damage. The WI-38 cells were treated with LPS (1 lg/mL), LPS (1 lg/mL) + si-NC, LPS (1 lg/
mL) + si-OLFM4 or without (Control). (A) OLFM4 expression of WI-38 cells transfected with si-OLFM4 or si-NC was verified via western blot. (B) CCK8 was employed to test
cell viability. (C) Measurement of cell apoptosis rate by flow cytometry. (D, E, F) The corresponding ELISA assay kits were used to analyze the IL-6, TNF-a and IL-1b
concentrations. (G, H) The MDA and SOD levels were measured by using the test kits. (I) Measurement of relative ROS level with flow cytometry. **p < 0.01, ***p < 0.001.

Fig. 6. OLFM4 knockdown affected NF-jB activation. The WI-38 cells were
treated with LPS (1 lg/mL), LPS (1 lg/mL) + si-NC, LPS (1 lg/mL) + si-OLFM4 or
without (Control). (A, B) Western blot and quantification of p-p65, p-IjBa, p65, and
IjBa levels. **p < 0.01, ***p < 0.001.

9

machine learning. A verification study showed that OLFM4 knock-
down alleviated cellular apoptosis, inflammation response, and
oxidative stress through the regulation of the NF-jB pathway in
LPS-induced WI-38 cells or a mouse model. The results of this
study might provide a new direction for clinical treatment of infan-
tile pneumonia.
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Fig. 7. OLFM4 knockdown ameliorated the lung injury induced by LPS in the model. The C57BL/6 mice were divided into four groups, including Sham (intraperitoneally
received saline), LPS (intraperitoneally received LPS 2 mg/kg), Ad-sh-NC + LPS, and Ad-sh-OLFM4 + LPS groups, with five mice in each group. The mice received the treatment
for 24 h. (A) The pathological feature of lung tissues was visualized using hematoxylin-eosin staining and Masson’s trichrome staining. (B) Calculation of lung injury score. (C
and D) Measurement of lung wet/dry (WD) ratio and MPO activity. (E) Western blot and quantification of lung OLFM4 expression. (F, G, H) TNF-a, IL-1b, and IL-6
concentrations in the blood of mice were measured with ELISA reagents. (I, J) Western blot and quantification of p-p65, p-IjBa, p65, and IjBa levels from the lung of the mice.
***p < 0.001.
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