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Abstract
● AIM: To explore the mechanism of carnosic acid (CA) in 
treating primary open angle glaucoma (POAG)-induced optic 
nerve injury using network pharmacology and bioinformatics 
analyses.
● METHODS:  CA targets  were predicted us ing 
SwissTargetPrediction and TARGET PREDICTION databases, 
while glaucoma-related targets were identified via 
GeneCards, OMIM, DisGeNET, and CTD. Differentially 
expressed genes (DEGs) were identified by analyzing the 
Gene Expression Omnibus (GEO) dataset GSE45570, which 
includes optic nerve head samples from 6 POAG patients 
and 6 controls. Key targets were derived by intersecting 
DEGs with CA and glaucoma targets. The expression of 
the key target gene, FABP3, was further validated in two 
independent GEO datasets: GSE13534 (lamina cribrosa 
cells) and GSE2387 (lamina cribrosa region samples). The 
expression was also validated at mRNA and protein levels 
using quantitative real-time polymerase chain reaction 
(qRT-PCR) and Western blot (WB) in experimental models. 
Molecular docking was used to assess binding affinity, and 
co-immunoprecipitation (Co-IP) confirmed the interaction. 
Functional enrichment and immune-infiltration correlation 
analyses were also performed.
● RESULTS: A total of 306 DEGs, 84 CA targets, and 
15 715 glaucoma targets were identified. FABP3 was 
identified as the key target, which was significantly 
upregulated in POAG samples in both validation datasets 
(GSE13534 and GSE2387) and confirmed by qRT-PCR and 

WB assays. Molecular docking revealed a strong binding 
affinity between FABP3 and CA (docking score: -9.79 kcal/
mol), which was validated by Co-IP. Functional enrichment 
analysis showed FABP3 was associated with mitochondrial 
function and immune-related pathways. Correlation analysis 
indicated FABP3 had a significant negative correlation with 
activated dendritic cells (aDCs).
● CONCLUSION: Our study suggests that CA may treat 
POAG by targeting FABP3, potentially by mitigating oxidative 
stress and modulating immune responses. This provides 
a pharmacological foundation and identifies FABP3 as a 
potential therapeutic target for POAG treatment.
● KEYWORDS: primary open angle glaucoma; carnosic 
acid; FABP3; immune; oxidative stress
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INTRODUCTION

G laucoma, a leading cause of irreversible blindness 
worldwide, is a progressive optic neuropathy, with an 

estimated 111.8 million individuals projected to be affected 
by 2040[1-2]. Primary open angle glaucoma (POAG), the most 
prevalent form of glaucoma, is characterized by elevated 
intraocular pressure (IOP), open anterior chamber angles, 
and distinct morphological changes in the optic disc and 
retinal nerve fiber layer (RNFL)[3]. As a multifactorial genetic 
disorder, POAG arises from the complex interplay of multiple 
genes, risk factors, and endophenotypic traits[4]. Current 
therapeutic strategies primarily target IOP reduction; however, 
IOP control alone does not universally halt disease progression, 
as retinal ganglion cell (RGC) degeneration persists in some 
patients despite treatment[5-6]. As previously reported by 
Roberti et al[7], citicoline exerts a protective effect on RGCs 
in glaucoma patients through multiple mechanisms, including 
membrane stabilization, neurotransmitter modulation, anti-
apoptotic effects, anti-excitotoxicity, promotion of repair, and 
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improvement of microcirculation. Furthermore, this drug has 
been shown to at least partially reverse or restore glaucomatous 
visual field defects. Therefore, elucidating the pathophysiology 
of POAG and exploring novel therapeutic interventions remain 
critical. Recent studies have demonstrated that inflammation[8-9]

and oxidative stress[10-11] play pivotal roles in the pathogenesis 
of POAG, suggesting the potential therapeutic value of anti-
inflammatory and antioxidant strategies in POAG management. 
Some natural products and their synthetic derivatives, such as 
ginkgo biloba extract, puerarin, and epigallocatechin gallate, 
have shown promising therapeutic effects in this regard[12].
Chinese herbal medicines have garnered significant attention 
due to their minimal adverse effects and sustained therapeutic 
benefits. Carnosic acid (C20H28O4, CA), a diterpenoid 
compound extracted from Labiatae plants[13], exhibits diverse 
pharmacological properties, including antioxidant, anti-
inflammatory, neuroprotective, and cytoprotective effects[14]. 
Preclinical studies have demonstrated that CA attenuates 
light-induced retinal oxidative stress, thereby mitigating the 
progression of retinitis pigmentosa and age-related macular 
degeneration[15]. In our previous study using a rat model of 
acute elevated IOP, we showed that CA treatment reduced 
RNFL thinning, decreased apoptotic RGCs, and increased 
RGC survival, suggesting its protective role against RGC 
apoptosis under high IOP conditions[16]. Despite these findings, 
the mechanisms underlying CA’s therapeutic effects in POAG-
associated optic nerve injury remain poorly understood.
In this study, we utilized network pharmacology to identify 
overlapping targets of CA and POAG, aiming to uncover 
potential therapeutic targets and mechanisms of CA in POAG 
treatment. Our findings provide a theoretical foundation for the 
development and clinical application of CA-based therapies 
for POAG-associated optic neuropathy.
MATERIALS AND METHODS
Ethical Approval  All procedures received approval from the 
university’s Experimental Animal Ethics Committee (Approval 
No.2025030I) and adhered to the Association for Research in 
Vision and Ophthalmology Statement.
Animals  Forty specific pathogen-free male Sprague-Dawley 
mice (220-250 g) were purchased from the Laboratory 
Animal Center of China Three Gorges University (License 
No. SCXK(E)2022-0061) and housed in its barrier facility. 
Baseline ophthalmic examinations confirmed normal 
ocular findings in all mice, including red reflex, corneal 
clarity, anterior chamber depth, refractive state, and fundus 
appearance. Mice were randomly assigned to experimental or 
control groups. Following Jiang et al[6], an acute IOP model 
was induced in experimental mice. Under isoflurane anesthesia, 
anterior chamber perfusion with 0.9% sodium chloride was 
performed. Successful model induction was confirmed by 

surgical microscopy and direct ophthalmoscopy, revealing 
pale bulbar conjunctiva, corneal edema, retinal pallor, and 
interrupted retinal blood flow. Post-procedure, recovered 
mice were returned to the animal facility to model optic nerve 
damage under POAG-associated elevated IOP. At experiment 
completion, mice were deeply anesthetized and euthanized via 
CO2 asphyxiation. Carcasses were disposed of by a licensed 
hazardous waste management company for environmentally 
safe treatment.
Screening of Differentially Expressed Genes in POAG  The 
GSE45570 dataset was retrieved from the Gene Expression 
Omnibus (GEO) database (http://www.ncbi.nlm.nih.gov/geo/), 
which included optic nerve head samples from POAG patients 
(n=6) and age-matched control donors (n=6). DEGs between 
the POAG and control groups were identified using the “limma” 
R package (version 3.42.2) with the criteria of |log2fold change 
(FC)|>0 and P-value <0.05[17]. Additionally, volcano plots 
and heatmaps were generated to visualize the DEGs using the 
“ggVolcano” R package (version 0.02) and “ComplexHeatmap” 
R package (version 2.10.0), respectively[18-19].
GO Enrichment and KEGG Pathway Analysis  The 
“clusterProfiler” R package (version 4.10.0) was utilized to 
perform Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) analyses on the DEGs between 
the POAG and control groups to elucidate their potential 
biological functions, with a significance threshold of P<0.05[20]. 
The enrichment results were visualized using the “ggplot2” R 
package.
Screening of CA Targets  The chemical structure of CA 
was obtained from PubChem (https://pubchem.ncbi.nlm.nih.
gov/) and imported into SwissTargetPrediction (http://www.
swisstargetprediction.ch/; parameter: species set as “Homo 
sapiens”) to predict potential CA targets. Additionally, CA 
targets were searched in TARGET PREDICTION (https://
prediction.charite.de/subpages/target_prediction.php) using the 
keyword “carnosic acid”. After merging the results, duplicates 
were removed, and the remaining targets were designated as 
CA targets for further analysis.
Screening of Glaucoma Targets  Glaucoma-related targets 
were searched in GeneCards (https://www.genecards.org/) 
(parameter: category set as protein coding), Online Mendelian 
Inheritance in Man (OMIM; https://omim.org/), Disease Gene 
Network (DisGeNET; https://www.disgenet.org/; parameter: 
Score.gda>0), and Comparative Toxicogenomics Database 
(CTD; https://ctdbase.org/) using the keyword “glaucoma”. 
After merging the results, duplicates were removed, and the 
remaining targets were used for subsequent analysis.
Construction of the CA-Target Network  The “Venn” R 
package was used to perform intersection analysis and generate 
Venn diagrams. CA targets were intersected with glaucoma 
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targets to identify overlapping targets, which were then used to 
construct the CA-target network. The network was visualized 
using Cytoscape (version 3.6.1)[21]. Furthermore, overlapping 
targets were intersected with DEGs between the POAG and 
control groups to identify key targets. The expression of these 
key targets was validated using the GSE13534 and GSE2387 
datasets from the GEO database. GSE13534 included human 
lamina cribrosa cells from one normal donor and one POAG 
donor[22], while GSE2387 comprised two optic nerve lamina 
cribrosa region samples from POAG patients and two from 
controls[23]. These datasets served as validation sets in this 
study.
qRT-PCR  Total RNA was extracted from retinal tissue 
using TRIzol (Invitrogen) according to the manufacturer’s 
instructions. cDNA was synthesized from total RNA using the 
QuantiTect Reverse Transcription Kit (Qiagen). Quantitative 
real-time polymerase chain reaction (qRT-PCR) was performed 
using SYBR Green Master Mix (Qiagen), with β-actin as the 
internal reference gene. Primer sequences were as follows: 
β-Actin (forward: 5’-CCATGTACGTAGCCATCC-3’; 
reverse: 5’-TCAGCTGTGGTGGTGAA-3’) and FABP3 
(forward: 5’-CGGACTTATGAGAAGGAGGC-3’; reverse: 
5’-AATGTCAGAGGGGAAAACCA-3’).
We s t e r n  B l o t   A p p r o x i m a t e l y  1  m L o f  r a d i o -
immunoprecipitation assay (RIPA) lysis buffer was added 
to retinal tissue and homogenized. The samples were lysed 
at 4℃ for 30min, followed by centrifugation at 12 000 rpm 
for 10min. Protein concentration in the supernatant was 
determined using the bicinchoninic acid (BCA) protein 
assay kit. Approximately 20 μg of protein was mixed with 
5× loading buffer, denatured in boiling water for 10min, and 
briefly centrifuged before loading onto a sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel. 
After separation, proteins were transferred to a polyvinylidene 
fluoride (PVDF) membrane. To prevent nonspecific binding, 
the membrane was blocked with Tris-buffered saline with 
Tween-20 (TBST) containing blocking solution at room 
temperature for 1h. Primary antibodies were incubated 
overnight at 4℃. After incubation, the membrane was washed 
four times with TBST for 5min each. The membrane was 
then incubated with appropriate secondary antibodies at room 
temperature for 1h. Protein bands were visualized using an 
enhanced chemiluminescence (ECL) detection system.
Molecular Docking  Molecular docking was performed 
using AutoDock to evaluate the binding affinity between key 
targets and CA. The crystal structure of the key target was 
downloaded from the PDB database (https://www.rcsb.org/; 
PDB ID: 1HMR). The 2D structure of CA was obtained from 
PubChem and converted into a 3D mol3 format file using 
ChemBio2D software. AutoDock (version 4.2) was used to 

perform molecular docking between the key target and CA, 
and the binding free energy was calculated. Results were 
visualized using PyMOL (version 2.4.1)[24].
Co-Immunoprecipitation  Retinal tissue was collected and 
lysed in IP lysis buffer containing protease inhibitors for 
40min, followed by centrifugation at 12 000 g for 10min at 
4℃. The lysates were divided into Input, IgG, and FABP3 
groups. Lysates were incubated with FABP3 antibody or IgG 
overnight at 4℃. Protein A/G magnetic beads (Beyotime) were 
added to the lysates and incubated at 4℃ for 4h. After washing 
three times with IP lysis buffer, the co-precipitated proteins 
were analyzed by Western blot (WB).
Gene Set Enrichment Analysis  Gene set enrichment analysis 
(GSEA) was performed to further investigate the biological 
functions or signaling pathways associated with key targets. 
Spearman correlation coefficients were calculated to assess 
the relationship between key targets and all genes in the 
GSE45570 dataset, and genes were ranked based on correlation 
coefficients. GSEA was conducted using the “clusterProfiler” R 
package (version 4.10.0; P<0.05), and results were visualized 
using “GseaVis”.
Immune-infiltration Correlation Analysis  Single-sample 
gene set enrichment analysis was performed using the 
“GSVA” R package (version 1.50.0) to evaluate the infiltration 
abundance of immune cells, immune function activity, or 
immune pathway activity in the POAG and control groups[25]. 
Additionally, Spearman correlation analysis was used to assess 
the relationship between immune-related gene sets and key 
targets (P<0.05).
Statistical Analysis  Statistical analysis and visualization 
were performed using R software (University of Auckland, 
Auckland, New Zealand). The Wilcoxon test was used for 
comparisons between two groups, with a P-value <0.05 
considered statistically significant.
RESULTS
Identification of Key Targets for the Treatment of POAG 
with CA  A total of 306 DEGs were identified between the 
POAG and control groups, and volcano plots and heatmaps 
were generated to visualize these DEGs (Figure 1A-1B). To 
further explore the potential biological functions of the DEGs, 
GO and KEGG enrichment analyses were performed. GO 
enrichment analysis revealed that the biological processes 
were primarily associated with visual perception, sensory 
perception of light stimulus, and DNA deamination, among 
others (Figure 1C). Cellular component analysis indicated that 
the DEGs were significantly enriched in photoreceptor outer 
segment, non-motile cilium, and photoreceptor cell cilium 
(Figure 1C). For molecular function, significant enrichment 
was observed in terms such as deoxycytidine deaminase 
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Figure 1 Identification of key targets for CA treatment for POAG  A: Volcano plot of DEGs between POAG and control groups. The x-axis represents 
the log2FC of differential expression, and the y-axis represents the significance of the difference [-log10 (P-value)]. Each point represents a gene. 
Larger point size indicates a larger magnitude of differential expression (|log2FC|). Points positioned further to the right indicate genes with 
greater upregulation, while points further to the left indicate genes with greater downregulation. Redder color and higher position on the y-axis 
indicate greater statistical significance. The top 10 most significantly DEGs are labeled. B: Heatmap showing the DEGs between POAG and control 
groups. Each column represents a sample. The top panel shows the density distribution of relative expression levels for the DEGs. The bottom 
panel displays the relative expression levels of the DEGs. The left y-axis (top panel) represents relative expression level; redder color indicates a 
higher density of DEGs within that expression range, while bluer color indicates lower density. The left y-axis (bottom panel) lists gene names (not 
displayed due to large number). Hierarchical clustering based on gene expression is shown on the left. In the heatmap on the right, red blocks 
represent upregulated genes and blue blocks represent downregulated genes. C: Bar chart of GO enrichment analysis results. The x-axis represents 
the number of enriched DEGs. The y-axis lists the enriched GO terms. Terms are categorized by biological process (BP), cellular component (CC), 
and molecular function (MF) on the right side of the chart. Longer bars positioned further to the right indicate terms enriched with a larger number 
of DEGs. Redder bar color indicates greater enrichment significance. D: Bar chart of KEGG enrichment analysis results. E: Venn diagram showing 
the overlap of predicted targets among GeneCards, OMIM, DisGeNET, and CTD. F: Venn diagram showing the overlap of genes among DEGs, CA 
targets, and glaucoma targets. G: The CA-common target network. Red diamonds represent CA, blue ovals represent CA targets. Edges connecting 
nodes indicate potential interaction between the gene and CA. H: Box plots showing the difference in expression of FABP3 between POAG and 
control groups in GSE13534 and GSE2387 datasets. The y-axis represents the relative expression level of the gene. I: Bar graph of qRT-PCR assay 
results. The y-axis represents the relative expression level of the gene. Vertical lines above bars represent the relative SD within the group. 
Significance level of differences determined by t-test. J: Western blot bands. The first lane displays MWM. Remaining lanes show bands from 
samples under different conditions. Band intensity corresponds to protein expression level. bP<0.01. CA: Carnosic acid; POAG: Primary open angle 
glaucoma; log2FC: log2fold change; DEGs: Differentially expressed genes; GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; 
OMIM: Online Mendelian Inheritance in Man; CTD: Comparative Toxicogenomics Database; qRT-PCR: Quantitative real-time polymerase chain 
reaction; SD: Standard deviation; MWM: Molecular weight marker.
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activity, cytidine deaminase activity, and G protein-coupled 
photoreceptor activity (Figure 1C). KEGG pathway analysis 
demonstrated that the DEGs were predominantly involved in 
phototransduction (Figure 1D).
P o t e n t i a l  t a r g e t s  o f  C A w e r e  i d e n t i f i e d  u s i n g 
SwissTargetPrediction and TARGET PREDICTION, yielding 
84 potential targets after screening and deduplication. 
Additionally, 15 715 disease-related targets for glaucoma 
were obtained by integrating data from GeneCards, OMIM, 
DisGeNET, and CTD, followed by the removal of duplicates 
(Figure 1E). The intersection of CA targets and glaucoma 
targets revealed 74 common targets (Figure 1F). As illustrated 
in Figure 1G, a CA-common target network was constructed. 
Subsequently, one target, FABP3, was identified through the 
intersection of common targets and DEGs, and it was selected 
as a key target for CA in POAG treatment (Figure 1F). In both the 
GSE13534 and GSE2387 datasets, FABP3 was significantly 
upregulated in the POAG group (Figure 1H). Further 
validation by qRT-PCR (Figure 1I) and WB (Figure 1J) 
confirmed that FABP3 was significantly upregulated in the 
POAG group at both the mRNA and protein levels. These 
results highlight the consistent and significant role of FABP3 
in POAG pathogenesis.
Prediction of CA-FABP3 Binding Capacity by Molecular 
Docking  To assess the binding capacity between CA and 
FABP3, molecular docking analysis was performed. The 
results demonstrated that CA forms hydrogen bonds with 
FABP3. The docking affinity between CA and FABP3 was 
calculated to be -9.79 kcal/mol, indicating a strong binding 
affinity between FABP3 and CA (Figure 2A). Furthermore, 
as shown in Figure 2B, co-immunoprecipitation (Co-IP) 
confirmed the binding capacity between FABP3 and CA.
Enrichment Analysis for FABP3  To further investigate 
the potential biological functions of FABP3, GSEA was 
conducted. The top six enriched GO terms and KEGG 
pathways are presented in Figure 3A-3B. The six most 
significantly enriched GO terms were primarily associated 
with ATP synthesis coupled electron transport, mitochondrial 
ATP synthesis coupled electron transport, respiratory electron 
transport chain, antigen processing and presentation, adaptive 
immune response, and positive regulation of leukocyte cell-
cell adhesion (Figure 3A). Enriched KEGG pathways included 
hematopoietic cell lineage, staphylococcus aureus infection, 
antigen processing and presentation, human T-cell leukemia 
virus 1 infection, cytokine-cytokine receptor interaction, 
and oxidative phosphorylation, among others (Figure 3B). 
In summary, these findings suggest that FABP3 is closely 
associated with immune regulation and mitochondrial 
functions.

Correlation Between Immune-Infiltration and FABP3  
To further investigate the correlation between FABP3 and 
immune-related factors, we analyzed the associations between 
FABP3 and immune cells, immune functions, as well as 
immune pathways. The results revealed that FABP3 exhibited 
positive correlations with mast cells (R=0.126), regulatory 
T cells (Tregs; R=0.119), MHC class I (R=0.077), Th2 cells 
(R=0.063), and neutrophils (R=0.050; Figure 3C). Conversely, 
FABP3 showed negative correlations with dendritic cells 
(DCs; R=-0.014), activated dendritic cells (aDCs; R=-0.748), 
natural killer (NK) cells (R=-0.497), T cell co-inhibition (R= 
-0.497), Th1 cells (R=-0.441), antigen-presenting cells co-
stimulation (APC; R=-0.434), C-C chemokine receptor (CCR; 
R=-0.420), plasmacytoid dendritic cells (pDCs; R=-0.406), 
cytolytic activity (R=-0.378), tumor-infiltrating lymphocytes 
(TIL; R=-0.357), macrophages (R=-0.322), type I IFN 
response (R=-0.322), inflammation-promoting factors (R=
-0.301), parainflammation (R=-0.287), T cell co-stimulation (R= 
-0.252), immune checkpoint molecules (R=-0.245), T helper 
cells (R=-0.245), T follicular helper cells (Tfh; R=-0.201), 
Type II IFN response (R=-0.196), HLA (R=-0.175), CD8+ T 
cells (R=-0.147), immature dendritic cells (iDCs; R=-0.133),
APC co-inhibition (R=-0.063), and B cells (R=-0.049; Figure 
3C). Notably, only the correlation between FABP3 and aDCs 
reached statistical significance (P=0.007; Figure 3C).
DISCUSSION
In this study, the key target (FABP3) of CA for POAG 
treatment was identified through network pharmacology. 
FABPs are involved in various biological processes, including 
lipid metabolism, gene regulation, cell signaling, and cell 
proliferation and differentiation, and have been implicated in 
the progression of multiple neurodegenerative diseases[26-30]. 
For instance, arachidonic acid has been shown to promote the 
oligomerization of alpha-synuclein in dopaminergic neurons 
via FABP3 in Parkinson’s disease pathology[31]. Additionally, 
FABP3 has been associated with several malignancies, such 
as breast cancer and gastric cancer[32-33]. Uveal melanoma, 
the most common primary intraocular malignancy in adults, 
exhibits differential expression of FABP3 between metastatic 
and non-metastatic cases. Knockdown of FABP3 significantly 
reduces the invasion and metastasis of uveal melanoma (UM) 
cells[34-35]. Human retinal RNA sequencing analyses have 
revealed that FABPs, including FABP3, FABP4, FABP5, 
FABP7, FABP8, and FABP12, are differentially expressed 
and distributed in the human retina[36-37]. However, the role of 
FABP3 in the pathogenesis of POAG remains unexplored.
GSEA indicated that FABP3 is associated with mitochondria-
related biological processes and pathways, such as ATP 
synthesis coupled electron transport, mitochondrial 
ATP synthesis coupled electron transport, and oxidative 
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phosphorylation. POAG is a multifactorial disease 
characterized primarily by the loss of optic nerve cells. RGCs, 
a type of central nervous system neuron, undergo degeneration 
in POAG, largely due to apoptosis[5]. Oxidative stress plays a 
significant role in the pathophysiology of RGC apoptosis by 
inducing mitochondrial damage[38-39]. Consequently, enhancing 

antioxidant defenses has shown promise in POAG treatment. 
For example, Inman et al[40] demonstrated that dietary 
supplementation with the natural antioxidant alpha-lipoic 
acid in glaucoma mice improved antioxidant gene and protein 
expression, protected RGCs, and enhanced axonal retrograde 
transport compared to controls. Coenzyme Q10, an antioxidant 

Figure 2 CA-FABP3 binding assay  A: Visualization of docking between CA and FABP3 molecules (binding energy ≤-9.79 kcal/mol). Left panel: 

Global view of the molecular docking complex. Cyan ribbon: FABP3 protein structure (arrows indicate β-strands, helical structures indicate 

α-helices, lines indicate random coils). Purple sticks: Chemical structure of CA. Green sticks: Amino acid residues involved in CA binding. Right 

panel: Close-up view of the molecular docking interface. Yellow dashed lines indicate hydrogen bonds; numbers indicate interatomic distances 

in Ångstroms. B: Results of the Co-IP assay for CA and FABP3. The first lane displays the MWM. Remaining lanes show bands from samples 

under different conditions. CA: Carnosic acid; Co-IP: Co-immunoprecipitation; MWM: Molecular weight marker.

Figure 3 GSEA and correlation analysis of FABP3  A: GO enrichment analysis (GSEA); B: KEGG enrichment analysis (GSEA). For panels A and 

B: Top panel: GSEA enrichment plot. Y-axis: Running Enrichment Score. An enrichment curve predominantly above zero indicates a positive 

correlation between the gene set and FABP3 expression; a higher curve signifies stronger positive correlation. A curve predominantly below 

zero indicates a negative correlation; a lower curve signifies stronger negative correlation. Middle panel: Ranked list of genes for the pathway. 

Each vertical line represents a gene; color corresponds to the enrichment curve above and indicates membership in the gene set. Genes 

positioned further to the left exhibit stronger positive correlation with FABP3, while genes positioned further to the right exhibit stronger 

negative correlation. Bottom panel: Ranking metric plot. Y-axis: Correlation coefficient with FABP3. The curve on the left (height >0) represents 

genes positively correlated with FABP3; higher and redder peaks indicate stronger positive correlation. The curve on the right (height <0) 

represents genes negatively correlated with FABP3; lower and bluer peaks indicate stronger negative correlation. C: Lollipop chart showing 

the correlations between FABP3 expression and immune cell infiltration scores, immune function scores, as well as immune pathway activity 

scores. X-axis: Correlation coefficient (r) between the immune infiltration score and FABP3 expression. Y-axis: Names of immune cells, immune 

functions, and immune pathways. Lollipop sticks pointing left indicate a negative correlation with FABP3; sticks pointing right indicate a positive 

correlation. Larger circle size represents a larger absolute correlation coefficient (|r|). Greener color indicates a more statistically significant 

correlation. GO: Gene ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; GSEA: Gene set enrichment analysis.
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cofactor for mitochondrial enzymes, regulates mitochondrial 
reactive oxygen species and maintains membrane integrity. 
In a rat model of acute retinal ischemia induced by elevated 
IOP, CoQ10 administration reduced glutamate excitotoxicity 
and RGC apoptosis[41-42]. Previous studies have shown that CA 
exerts neuroprotective effects by mitigating oxidative stress[43]. 
Specifically, CA has demonstrated cytoprotective effects 
against chlorpyrifos-induced inflammation, oxidative stress, 
and neurotoxicity in murine brain and ocular tissues, as well 
as in SH-SY5Y cells[44-45]. We hypothesize that the therapeutic 
effect of CA on POAG via FABP3 may be associated with 
alleviating oxidative stress in the optic nerve under elevated 
IOP.
Furthermore, FABP3 is associated with immune-related 
pathways, such as the nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-κB) signaling pathway, 
tumor necrosis factor (TNF) signaling pathway”, and “Toll-
like receptor signaling pathway”. The immune system and 
neuroinflammation play critical roles in the development and 
progression of glaucomatous neurodegeneration[46]. Innate 
immunity is implicated in glaucoma through the activation 
of glial cells and oxidative stress[47]. In the aging retina, glial 
cells, particularly microglia, can initiate an innate immune 
response in response to inflammatory stimuli that oxidize 
proteins, lipids, and DNA[48]. While low levels of oxidative 
stress products are effectively cleared by microglial scavenger 
activity, high levels trigger microglial overactivation, 
leading to the excessive production of proinflammatory 
molecules (e.g., TNFα, NF-κB, nitric oxide synthase, and 
cyclooxygenase-2)[49]. NF-κB, a key transcription factor in 
innate immunity, modulates glial cell-driven inflammatory 
responses, cytokine signaling, Toll-like receptor signaling, and 
inflammasome activation in glaucoma[50-52]. Previous studies 
indicate that CA activates the PI3K/AKT/NF-κB pathway, 
upregulating GSTP[53]. GSTP, a member of the glutathione 
S-transferase family, is highly expressed in glial cells of 
the nervous system[43]. Yu et al[54] demonstrated that GSTP1 
polymorphisms are strongly associated with an increased risk 
of POAG in Caucasians. Liu et al[55] found reduced GSTP1 
protein expression in the aqueous humor of POAG patients. We 
hypothesize that CA’s therapeutic effect on POAG via FABP3 
may involve immune modulation. Additionally, correlation 
analysis revealed a significant association between FABP3 and 
aDCs. DCs, as antigen-presenting cells, play a crucial role in 
initiating adaptive immunity[56]. However, research on adaptive 
immunity in glaucoma remains limited.
This study has several limitations. First, while our findings 
build upon our previous experimental work that showed CA’s 
efficacy in an animal model[16], the novelty of the current 
research lies in its computational prediction and experimental 

validation of FABP3 as a direct target. However, the reliability 
of this prediction is inherently dependent on the quality of 
the public datasets used. Second, the sample size used for the 
experimental validation was relatively small, necessitating 
further analysis of additional samples to confirm the role of 
FABP3. Third, although we have identified and validated 
FABP3 as a key target, the precise downstream signaling 
pathways through which the CA-FABP3 interaction mitigates 
oxidative stress and modulates immune responses require 
further elucidation using more comprehensive in vivo and in 
vitro experiments. In conclusion, CA may target FABP3 to treat 
POAG by mitigating oxidative stress, as suggested by network 
pharmacology. This study provides a theoretical foundation for 
the use of CA in POAG treatment. However, additional clinical 
studies are needed to determine optimal dosages and validate 
its efficacy in real-world settings.
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