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Abstract 
This study aimed to find shared gene signatures, molecular processes, and potential pharmacological targets in retinitis pigmentosa 
(RP) and diabetic retinopathy (DR) through integrated bioinformatics analysis. Two datasets were downloaded from the Gene 
Expression Omnibus (GEO) database. Differentially expressed genes were identified using the R software, and co-expression 
gene weighted expression method (WGCNA) was conducted to find the co-expression networks. Common genes were screened 
with a Venn tool. Functional and pathway enrichment analyses were performed, and a protein-protein interaction (PPI) network 
was constructed. Common miRNAs were identified and functionally analyzed. Seven overlapping differentially expressed genes 
and 2 shared genes from WGCNA core modules were identified. Gene Ontology (GO) analysis highlighted regulation of lipoxin 
metabolism and membrane-associated oxidoreductase activity. Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment 
focused on linoleic and arachidonic acid metabolism, with ALOX15 as the key oxidase. PPI network analysis also emphasized 
ALOX15. The overlapping miRNA hsa-mir-133b was associated with organelle-related functions. Integrated bioinformatics 
revealed that the lipoxygenase pathway and membrane oxidoreductase activity likely contribute to RP and DR pathogenesis, 
with ALOX15 as a promising therapeutic target. ALOX15’s role in lipoxin metabolism and oxidative stressed positions it as a 
novel pharmacological target for preserving retinal function in RP and DR. These findings paved the way for developing targeted 
therapies to improve visual outcomes in these diseases.

Abbreviations: BP = biological processes, CC = cellular components, DEGs = differentially expressed genes, DR = diabetic 
retinopathy, GEO = Gene Expression Omnibus, GO = Gene Ontology, GS = gene significance, GSE = GEO series, HMDD 
= human microRNA disease database, iPSCs = induced-pluripotent stem cells, KEGG = Kyoto Encyclopedia of genes and 
genomes, LXA4 = Lipoxin A4, MCODE = molecular complex detection, ME = module eigengene, MF = molecular functions, MM 
= module membership, PCA = principal component analysis, PPI = protein-protein interaction network, ROs = retinal organoids, 
RP = retinitis pigmentosa, RPE = retinal pigment epithelium, STRING = search tool for the retrieval of interacting genes, TOM = 
topological overlap matrix, TPM = transcripts per million, VEGF = vascular endothelial growth factor, WGCNA = weighted gene 
co-expression network analysis.
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1. Introduction
Retinal degenerative diseases, including retinitis pigmentosa 
(RP) and diabetic retinopathy (DR), can result in the death 
of rods and cone photoreceptors, structurally and functionally 

leading to legal or complete blindness.[1] During RP, an inher-
ited retinal disorder with a prevalence of 1/4000, progressive 
degeneration of photoreceptor rod cells and retinal pigment 
epithelium (RPE) is the main characteristic with a clinical sign 
of bone-like pigmentation.[2] As the disease progresses, the 
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cone and retinal vascular systems can also be affected. It devel-
ops over the course of several decades; however, the majority 
of its progression occurs within the first 4 decades after birth. 

In DR, one of the main ocular complications associated with 
diabetes, degeneration of the retinal vascular system can grad-
ually lead to damage to retinal function. It affects almost 93 

Table 1

Statistics of the 2 data series containing the RP/DR patients derived from GEO database.

ID GSE series Platform Samples Disease Type of data

1 GSE141531 GPL24676 5 patients and 5 controls RP RNA-seq profiles
2 GSE185011 GPL24676 5 patients and 5 controls DR RNA-seq profiles

DR = diabetic retinopathy, GEO = Gene Expression Omnibus, RP = retinitis pigmentosa.

Figure 1.  The analysis of the DEGs in the RP and DR GSE series. (A, B) The box plot of the distribution of differently expression data series in the analyzed RP 
and DR GSE data series. (C, D) The cluster plot (PCA plot) of expression data distribution of RP and DR GSE data series. (E, F) The heatmap of the DEGs in RP 
and DR. Each column represented 1 dataset and each row indicated 1 gene. Blue represented downregulated genes and red represented upregulated genes. 
(G, H) The volcano plots of the DEGs in RP and DR. The Blue ones represented downregulation, red ones indicated upregulation, and gray ones were the rest 
of the DEGs. DEGs =  differentially expressed genes, DR = diabetic retinopathy, PCA = principal component analysis, RP = retinitis pigmentosa.
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million patients worldwide, with 28 million individuals at risk 
of becoming blind. Blood levels of glycemia and lipids are con-
sidered risk factors for DR.[3] Although RP and DR have been 
studied for years, their exact mechanisms of interaction remain 
unknown.[4] Current treatment for PR and DR sometimes can-
not significantly improve the quality of life of patients.[5,6] 
Therefore, the development of therapeutic strategies to pre-
serve retinal function is a favorable asset in the clinic.

The pathogenesis of RP and DR involves a complex interplay 
of genetic factors that contribute to the onset and progression 
of these diseases, respectively. Potential genetic pathogenic tar-
gets for RP include genes encoding proteins involved in pho-
totransduction, structural components of the retina, and cellular 
signaling pathways crucial for retinal function.[7] In the case of 
DR, potential genetic targets may involve genes related to vas-
cular endothelial growth factor (VEGF) signaling, inflamma-
tion, oxidative stress, and angiogenesis regulation.[8] Due to the 
pathological changes involving retinal vasculature pathological 
change in both RP and DR, whether there are common suscep-
tible pathogenic genes and corresponding mechanisms between 
the 2 diseases remains an interesting research direction.[9,10] 
Understanding the potential genetic pathogenic targets is crucial 
for advancing targeted therapeutic approaches and precision 
medicine strategies aimed at addressing the underlying causes of 
RP and DR. However, the possible pathogenic mechanisms and 
targets shared between RP and DR have not yet been elucidated.

This study aimed to investigate shared gene signatures and 
molecular processes between RP and DR using data from the 
Gene Expression Omnibus (GEO). The current methods for 
identifying potential pathogenic genes through bioinformat-
ics analysis include differential gene analysis and a relatively 
novel algorithm called co-expression gene weighted expression 
method (WGCNA). Our research utilized a combination of the 
2 methods, with other further multiple bioinformatics analyses 
for a more robust screening process. Our study finally revealed 
that the lipoxygenase pathway and oxidoreductase activity in 
membrane organelles may commonly be involved in the patho-
genesis of RP and DR, with ALOX15 identified as a novel possi-
ble comon pharmacological target of RP and DR.

2. Methods

2.1. Data source and Gene expression profile

The GEO database is a public functional genomic repository 
of high-throughput gene expression data, chips, and microar-
rays.[11] We used the keywords “retinitis pigmentosa” or “diabetic 
retinopathy” and “homo sapiens” to search for gene expression 
profile data of patients with RP and DR in the GEO database 
(http://www.ncbi.nlm.nih.gov/geo/). The obtained datasets were 
screened using the following criteria. First, the profile informa-
tion should include both the case and control groups. Second, 
these datasets must provide raw data that could be further ana-
lyzed. Third, all the samples were derived from human tissues. 
The GEO Series (GSE) numbered GSE141531 and GSE185011 
datasets were finally retrieved for our current study.

In details, the GSE141531 dataset was used for RP anal-
ysis. The dataset comprised raw transcriptomic information 
obtained from retinal organoids (ROs). ROs were derived 
from induced-pluripotent stem cells (iPSCs) sourced from 
both RP patients and control subjects. Specifically, the data 
series comprised 10 specimens, including 5 RP samples and 
5 control samples sourced from the original reference.[12] For 
DR analysis, we utilized the GSE185011 dataset, which con-
tained mRNA and lncRNA expression profiles in peripheral 
blood from 5 patients with DR and 5 control patients, as 
reported in the original reference.[13] The gene expression pro-
files for both datasets were detected using GPL24676 Illumina 
NovaSeq 6000 (Homo sapiens) for high-throughput sequenc-
ing (Table 1).

Original data were acquired and processed via R packages of 
“GEOqeury” using background correction, normalization, and 
relative expression calculations. In greater details, quantile nor-
malization (i.e., applied using the normalizeBetweenArrays func-
tion from the limma package) was applied on the RNA-seq data 
in our study to ensure that gene expression levels were compa-
rable across samples. Furthermore, the HTSeqFPKM value was 
transformed into transcripts per million (TPM), which allows 
for the comparison of gene expression across both genes and 
samples. Log2 transformation was applied to gene expression 
profiling, and the probes were matched with their gene symbols 
based on annotated files from the relevant platforms. The type 
of platform used in our study was the RNA-seq. Before analy-
sis, Quantile Normalization was applied to the RNA-seq data 
used in our study, to make sure that gene expression levels are 
comparable across samples. Ultimately, we acquired the genetic 
matrix with rows and columns defined as the specimen names 
and gene symbols, respectively, for the following analysis. In 
greater details, the expression levels in both RP and DR series 
were analyzed via the boxplot. In addition, the data distribu-
tion of both series the genes were explored via the Principal 
Component Analysis (PCA) in R software. Ethical approval was 
waived because this study used only publicly available data and 
did not involve human experiments.[14]

2.2. Data processing and the differential genes (DEGs) 
analysis

2.2.1. Screening of the DEGs.  The “Limma” package from the 
R software (Version: R-4.5.2 for Windows, 87 megabytes, 64 
bit, Released: November, 2025) was applied to analyze the raw 
data, which was displayed in box plots. Log2 conversion and 
DEGs screening of matrix data were performed. The adjusted 
P values < .05 were considered statistically significant.[14] 
Furthermore, genes with |log FC (foldchange)| > = 1.0 were 
chosen for the presence of DEGs samples.[15] Volcano plots 
and the heatmap were applied to show all upregulated and 
downregulated DEGs with the R packages of “ggplot2” and 
“pheatmap.” The Venn diagram web tool (http://bioinformatics.
psb.ugent.be/webtools/Venn/) was used to identify common 
DEGs shared between these 2 datasets.

The DEGs of RP or DR satisfying the adjusted P-value (<.05) 
were subjected to WGCNA using the R package, which is a rel-
atively popular bioinformatics algorithm.[16] The WGCNA was 
used to identify gene co-expression modules with great impor-
tance in biology and to discover the relevance between diseases 

Figure 2.  The Venn diagram of the common DEGs shared in the RP and DR 
GSE series. The 2 datasets showed an overlap of 7 genes. DEGs =  differen-
tially expressed genes, RP = retinitis pigmentosa, DR = diabetic retinopathy.

http://www.ncbi.nlm.nih.gov/geo/
http://bioinformatics.psb.ugent.be/webtools/Venn/
http://bioinformatics.psb.ugent.be/webtools/Venn/
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and gene networks.[17] In details, the adjacency matrix was built 
using a soft threshold by the function of “pickSoftThreshold” 
in R software, which was aimed for topology calculation and a 
gene-gene correlation matrix to describe the degree of associa-
tion between the nodes. According to the optimum soft thresh-
old,[18] the adjacency matrix was converted into a topological 
overlap matrix (TOM). Next, a gene hierarchical clustering den-
drogram was performed to identify co-expression modules. Gene 
significance (GS) and module membership (MM) in each module 
were calculated to plot the scatter plots. The module eigengene 
(ME) was also calculated. Finally, Pearson’s correlation analysis 
was used to estimate the relevance of disease emergence to the 

merged modules. Modules with high correlation with DR and 
RP were chosen, and the shared genes in modules related to DR 
and RP were overlapped using the Venn diagram web tool.

2.2.2. Gene Ontology (GO) function and Kyoto Encyclopedia 
of Genes and Genomes (KEGG) pathway enrichment 
analyses of DEGs.  To analyze the function of the common 
DEGs or the shared identified genes, the GO function was 
conducted using the above R software with the “Bioconductor” 
and “GOplot” packages.[19] The analysis was divided into 3 
categories: biological processes (BP), cellular components (CC), 
and molecular functions (MF). In addition, KEGG pathway 

Figure 3.  The Weighted gene co-expression network analysis (WGCNA) of the DEGs in the RP and DR GSE series. (A, B) The sample clustering of datasets 
in the analyzed RP and DR GSE data series. (C, D) The Scale independence and mean connectivity of expression data distribution of RP and DR GSE data 
series. (E, F) The cluster dendrogram of co-expression genes in the analyzed RP and DR GSE data series. (G, H) The Module–trait relationships in RP and DR. 
Each cell contains the corresponding correlation and P-value. The Blue ones represented negative association, red ones indicated positive association. DEGs 
=  differentially expressed genes, DR = diabetic retinopathy, RP = retinitis pigmentosa.
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enrichment analysis was conducted under the R software 
function of “enrichKEGG,” to understand high-level functions 
and biological systems from large-scale molecular datasets 
generated using high-throughput experimental technologies. 
The cutoff criterion for GO and KEGG was an adjusted 
P-value < .05.[20,21] Finally, the plots for GO and KEGG results 
were conducted under the functions of “barplot” and “dotplot” 
in the R software, with the KEGG images sourced from the 
pathway database copyrighted by Kanehisa laboratories.[22]

2.2.3. Protein-protein interaction network (PPI) construction 
and module analysis.  The Search Tool for the Retrieval of 
Interacting Genes (STRING; http://string-db.org/) (version 11.0) 
online database was used to predict the network among common 
DEGs or shared identified genes of RP and DR. In greater details, 
the confidence score was set at > 0.7, and the species was limited 
to H. sapiens in the STRING analysis.[23] Furthermore, the PPI 
networks were constructed using Cytoscape software (http://
www.cytoscape.org/, version 3.8.0).[24] Subsequently, key modules 
from the PPI network were identified using the Cytoscape plug-in 
for molecular complex detection (MCODE). All interacting data 
were entered into the Cytoscape software for visualization.

2.2.4. Prediction of common miRNA and the functional 
enrichment analysis.  The Human microRNAs Disease 
Database (HMDD, http://www.cuilab.cn/hmdd)[25] was used 
to search for miRNAs related to both RP and DR. The Venn 
diagram tool was further applied to identify the common 
miRNAs shared between DR and RP. In addition, functional 
enrichment analysis, including GO and KEGG analyses, of 
common miRNAs was performed via the online software of 
DIANA-miRPath v3.0 (http://www.microrna.gr/miRPathv3).[26] 
The heatmap format was then shown according to the 
miRTarbase, miRDB, and TargetScan databases.

3. Results

3.1. Identification of common DEGs across 2 GSEs 
between RP and DR

In the 2 data series selected from the GEO database, the expres-
sion levels in each series were almost the same as shown in the 
boxplot (Fig. 1A, B). In addition, the genes were well clustered 
between the RP and control groups and were also well clus-
tered between the DR and control groups shown in the PCA 
plot (Fig. 1C, D). In total, 367 and 151 DEGs were obtained 

from the RP and DR data series, respectively. The expression 
levels of all the DEGs were presented in the heatmap, where 
blue grids represented the downregulation and red grids indi-
cated upregulation of DEGs (Fig. 1E, F). In addition, all DEGs 
were plotted in volcano plots, in which blue ones represented 
downregulation, red ones indicated upregulation, and gray ones 
represented the rest of the DEGs (Fig. 1G, H). There were 207 
downregulated DEGs and 160 upregulated ones between RP 
and matched healthy samples. Meanwhile, 27 downregulated 
DEGs and 124 upregulated ones were identified between DR 
samples and matched healthy samples. Furthermore, overlap 
of the DEGs of RP and DR revealed 7 common DEGs: MEST, 
CDNK1C PLD4, SYNPO, PAX5, LPAR6, and ALOX15, as 
shown in the Venn diagram (Fig. 2), containing 3 upregulated 
genes and 4 downregulated ones.

3.2. The co-expression modules and the gene signatures in 
RP and DR

The 2 disease samples of DR and RP clustered well according to 
the clustering trees in WGCNA analysis (Fig. 3A, B). To obtain 
an appropriate mean connectivity, we applied soft thresholds 
ranging from 1 to 30, resulting in thresholds of 21 and 13 for 
the RP and DR datasets, respectively. The gene modules were 
then cut to a height of 0.7[27] (Fig. 3C, D).

Specifically, we identified 2 distinctly significant modules 
with different colors, “turquoise” and “gray,” in RP data series 
of GSE141531. For the correlation analysis, RP was encoded as 
the trait variable. In details, RP was encoded as a binary vari-
able, with “1” representing RP patients and “0” representing 
healthy controls. A heatmap using the Spearman’s correlation 
coefficients to investigate their relevance to RP was further cre-
ated under WGCNA. The results revealed that both the “tur-
quoise” and “gray” modules were highly negatively associated 
with RP, indicating that they could be considered RP-related 
modules (turquoise module: r = −0.99, P = 9e − 08; gray mod-
ule: r = −0.68, P = .03). The negative Spearman correlation 
implied that lower expression levels of genes within the module 
were associated with the presence of RP, implying a potential 
downregulation of these gene networks in RP patients. Notably, 
the “ turquoise “ module had the highest relevance to RP, as the 
P-value was smaller than that of the other module. (Fig. 3E, G).

Additionally, we identified 2 modules in total by WGCNA 
in GSE185011 to assess the relationship between DR and gene 
expression profiles. The heatmap on the basis of Spearman 
correlation coefficient showed that the “turquoise” module 
(R = 0.84, P = .029e − 04) and “gray” (R = 0.95, P = 2e − 05), 
were highly positively linked with DR. Among them, the “gray” 
module showed the strongest positive association with DR 
(Fig. 3F, H).

In the RP dataset, all genes within the “turquoise” module 
were extracted, comprising a total of 362 genes. Similarly, in the 
DR dataset, all genes within the “gray” module were extracted, 
with a total of 21 genes. Furthermore, 2 common genes, MEST 
and ALOX15, were crossed and overlapped in the relevant core 
modules of both RP and DR shown in the Venn diagram (Fig. 4).

3.3. The GO and KEGG enrichment analysis of the common 
DEGs and the shared genes in the relevant core modules 
of RP and DR

To obtain deeper insight into the biological functions of the 
common DEGs and shared genes in the relevant core modules 
of RP and DR, GO annotation and KEGG pathway enrichment 
analyses were performed.

GO analysis showed that the BP terms of the common 
DEGs focused mainly on the regulation of supramolecular 
fiber organization, lipoxin metabolic process, positive regula-
tion of cytoskeleton organization, hepoxilin metabolic process, 

Figure 4.  The Venn diagram of the common shared genes in the relevant 
core modules of RP and DR GSE series. Two genes were crossed and over-
lapped in the relevant core modules of RP and DR. RP = retinitis pigmentosa, 
DR = diabetic retinopathy.

http://string-db.org/
http://www.cytoscape.org/
http://www.cytoscape.org/
http://www.cuilab.cn/hmdd
http://www.microrna.gr/miRPathv3
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and hepoxilin biosynthetic process. The main related gene 
was ALOX15. However, the P values were >.05 (all P = .133). 
(Fig. 5A, C)

The BP terms of shared genes in the relevant core modules of 
RP and DR were mainly enriched in the lipoxin metabolic process, 
hepoxilin metabolic process (P = .033), hepoxilin biosynthetic 
process (P = .033), phosphatidylethanolamine biosynthetic pro-
cess, lipoxygenase pathway (P = .033), regulation of peroxisome 
proliferator activated receptor signaling pathway (P = .033), reg-
ulation of phagocytosis (P = .033), engulfment, regulation of 
membrane invagination (P = .033), engulfment of apoptotic cells 
(P = .037), and linoleic acid metabolic process (P = .037). The 
related gene was ALOX15, with P values <.05 (Fig. 5B, D)

CC terms of the common DEGs were markedly enriched 
in stress fibers (P = .024), contractile actin filament bundles 
(P = .024), actomyosin actin filament bundles (P = .027), and 
extrinsic components of the cytoplasmic side of the plasma 
membrane (P = .034). The main related genes were SYNPO and 
ALOX15, with P values <.05. (Fig. 5A, C)

Meanwhile, the CC analysis of the shared genes in the rele-
vant core modules of RP and DR were mainly enriched in the 
cytoplasmic side of the plasma membrane, lipid droplets, extrin-
sic component of the plasma membrane, cytoplasmic side of the 
plasma membrane, and cytoplasmic side of the membrane. The 
related gene was ALOX15. However, the P values were more 
than 0.05 (all P = .086). (Fig. 5B, D)

For MF analysis of the common DEGs, the most significantly 
enriched terms were lysophosphatidic acid receptor activity, 
5’-3’ exodeoxyribonuclease activity, single-stranded DNA exo-
deoxyribonuclease activity, cyclin-dependent protein serine/
threonine kinase inhibitor activity, and bioactive lipid receptor 
activity. The main related genes were LPAR6, PLD4, CDKN1C, 
and LPAR6. However, the P values were more than 0.05 (all 
P = .061). (Fig. 5A, C)

The MF terms of shared genes in the relevant core modules 
focused mainly on oxidoreductase activity (P = .011), acting 
on single donors with the incorporation of molecular oxy-
gen (P = .011), incorporation of 2 oxygen atoms (P = .020), 

Figure 5.  GO analysis of the common DEGs and the shared genes in the relevant core modules between RP and DR. (A, C) The GO analysis of the common 
DEGs between DR and RP. (B, D) The GO analysis of the shared genes in the relevant core modules between DR and RP. Each cell contains the corresponding 
GO analysis and P-value. BP = biological process, CC = cellular component, DEGs =  differentially expressed genes, DR = diabetic retinopathy, GO = gene 
ontology analysis, MF = molecular function, RP = retinitis pigmentosa.
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oxidoreductase activity (P = .020), acting on single donors 
with the incorporation of molecular oxygen (P = .020),  
phosphatidylinositol-4,5-bisphosphate binding, dioxygenase 
activity (P = .023), phosphatidylinositol bisphosphate binding, 
iron ion binding (P = .023), phosphatidylinositol phosphate bind-
ing (P = .031), phosphatidylinositol binding, and phospholipid 
binding (P = .048). The related gene was ALOX15, with P values 
<.05. (Fig. 5B, D)

KEGG analysis revealed that the enriched pathways of com-
mon DEGs were linoleic acid metabolism (P = .142), ferropto-
sis (P = .142), ether lipid metabolism (P = .142), arachidonic 
acid metabolism (P = .142), and glycerophospholipid metab-
olism (P = .152). The related genes were ALOX15 and PLD4. 
However, the P values were >.05. (Fig. 6A, C). Meanwhile, 
KEGG pathway analysis of the shared genes in the relevant core 
modules of RP and DR were mainly enriched in linoleic acid 
metabolism (P = .012), ferroptosis (P = .012), arachidonic acid 
metabolism (P = .012), serotonergic synapse (P = .017), and 

necroptosis (P = .019). The related gene was ALOX15, with P 
values <.05. (Fig. 6B, D).

The GO and KEGG analysis of the DEGs and shared genes in 
the relevant core modules of RP and DR together showed that 
the common biological functions focused on lipoxin metabolic 
process, lipoxygenase pathway, and oxidoreductase activity, of 
which the common related gene was ALOX15.

3.4. PPI network construction and module analysis of the 
common DEGs and the shared genes in the relevant core 
modules of RP and DR

The PPI network of common DEGs and shared genes in the rele-
vant core modules of RP and DR was predicted using STRING. 
Seven nodes (genes) and 2 edges (interactions) were established 
in the constructed PPI network of the common DEGs in RP 
and DR. Interaction between MEST and CDNK1C was found, 

Figure 6.  KEGG pathway enrichment analysis[22] of the common DEGs and the shared genes in the relevant core modules between RP and DR. (A, C) KEGG 
pathway enrichment analysis of the common DEGs between RP and DR. (B, D) KEGG pathway enrichment analysis of the shared genes in the relevant core 
modules between RP and DR. Each cell contains the corresponding KEGG analysis and P-value. DEGs = differentially expressed genes, DR = diabetic retinop-
athy, KEGG = kyoto encyclopedia of genes and genomes, RP = retinitis pigmentosa.
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whereas no interactions existed among the other 5 genes (PLD4, 
SYNPO, PAX5, LPAR6, and ALOX15) (Fig. 7A). Meanwhile, 
the PPI network of the shared genes in the relevant core mod-
ules of RP and DR showed that 2 nodes with zero edges were 
presented in RP and DR (Fig. 7B). The 2 genes, MEST and 
ALOX15, did not interact with each other.

3.5. Prediction of common miRNAs and the enrichment 
analysis in RP and DR

According to the HMDD, 5 miRNAs were found to be related 
to RP and 24 miRNAs were related to DR. There was 1 over-
lapping miRNA (hsa-mir-133b) between RP and DR, as shown 
by the Venn diagram (Fig. 8).

Enrichment analysis of the overlapping miRNA was per-
formed using the miRTarbase, miRDB, and TargetScan data-
bases. A variety of the biological functions of the common 
miRNA were shown to be involved with the organelles, cellu-
lar nitrogen compound metabolic processes, ion binding, RNA 
binding, biosynthetic processes, cellular components, cellular 
protein modification processes, poly(A) RNA binding, protein 
complexes, and nucleic acid binding transcription factor activity 
(all P < .01). Specially, the main common overlapping biologi-
cal function from the 3 databases of miRTarbase, miRDB, and 
TargetScan databases was the organelle according to the heat-
map (Fig. 9). The organelle was in accordance with the CC anal-
ysis from GO, which mainly located in the plasma membrane.

4. Discussion
RP and DR are 2 common retinal degenerative diseases that 
are associated with dysfunction of the retinal vascular system. 
Despite recent advances in pharmacotherapy and revasculariza-
tion strategies, RP and DR continue to be the leading threats to 
visual health worldwide. Therefore, identifying effective treat-
ments that could decrease these harmful effects is of utmost 
importance.[28] In our study, we conducted an integrated bioin-
formatics analysis to identify common key genes and molecu-
lar processes potentially involved in RP and DR. In details, 2 
mRNA microarray datasets of RP tissues and DR tissues were 
firstly analyzed by “Limma” package from the R software to 
obtain the DEGs, which containing 160 upregulated genes and 
207 downregulated genes in RP, and 124 upregulated genes 
and 27 downregulated ones in DR. With the help of Venn dia-
gram, there were 7 common DEGs between RP and DR, which 
were CDKN1C, ALOX15, PLD4, MEST, SYNPO, PAX5, and 
LPAR6. WGCNA is based on a previously described algorithm 
for identifying significant gene modules,[29] which was then 
utilized for the acquisition of gene modules bound to DR and 
RP in our study. WGCNA constructs a topological matrix of 
gene expression data and utilizes the properties of a scale-free 
network to rank genes. By calculating the correlation between 
genes, it identifies highly co-expressed gene modules. These 
modules are then correlated with clinical traits (such as disease 
states), allowing the identification of gene modules and their 
associated genes that are closely linked to the disease traits. 
Through the co-expression networks of the WGCNA analysis, 
we found that the “turquoise” module in the RP dataset was 
highly correlated with the RP traits, while the “gray” module 
in the DR dataset was strongly associated with the DR traits. 
Consequently, we further inferred that the gene expressions 
within these 2 modules were respectively highly correlated with 
the RP and DR traits. Drawing support from WGCNA, we 
identified 2 shared DEGs in the relevant core modules of RP 
and DR, MEST, and ALOX15. Our results indicated that these 
selected common genes may be related to the common mecha-
nisms of RP and DR.

To obtain a deeper insight into the biological functions of the 
selected common genes, the GO and KEGG pathway enrich-
ment analyses were performed.[30] Our results found out that 
the BP was mainly enriched in the regulation of lipoxin met-
abolic process, lipoxygenase pathway, peroxisome proliferator 
activated receptor signaling pathway, and regulation of apop-
totic cells. The CC was mainly located in the plasma membrane 
and includes lipid droplets. MF mainly focused on regulation of 
oxidoreductase activity. The KEGG pathway of KEGG mainly 
enriched in linoleic acid and arachidonic acid metabolism, which 
were also related to oxidoreductase activity and the lipoxygen-
ase pathway in the plasma membrane.[31] Thus, our analysis 
revealed that the common biological functions of the selected 
genes of RP and DR lied in the lipoxygenase signaling pathway.

As is known, the lipoxygenase signaling pathway regulates 
the expression of various genes, including those involved in fatty 
acid degradation.[32] Highly enriched polyunsaturated fatty acids, 

Figure 7.  The PPI network of the common DEGs and the shared genes in the 
relevant core modules of RP and DR. (A) PPI network of the common DEGs 
in RP and DR genes. (B) PPI network of the shared genes in the relevant core 
modules of RP and DR. The names and abbreviations of the genes were 
shown besides the nodes. DEGs = differentially expressed genes, DR = dia-
betic retinopathy, PPI = protein-protein interaction, RP = retinitis pigmentosa.

Figure 8.  The Venn diagram of the common miRNAs of RP and DR. One 
miRNA was crossed and overlapped in of RP and DR according to the 
Human microRNA Disease Database (HMDD). RP = retinitis pigmentosa, 
DR = diabetic retinopathy.
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such as arachidonic acid, in the retina are precursors to oxidized 
metabolites, namely lipoxin, which can exert pro-inflammatory 
or antiinflammatory effects under different pathological condi-
tions.[33] Lipoxin in the plasma membrane can be regarded as a 
bioactive metabolite produced by lipooxygenase enzymes that 
metabolize arachidonic acid. Therefore, regulation of oxidore-
ductase activity is vital to the lipoxygenase pathway, which 
might be related to both RP and DR.[34,35] Zhao et al evaluated 
the differences of lipoxin levels in the vitreous obtained from 41 
patients with DR and 22 non-DR control subjects. Their finding 
confirmed that elevated levels of some oxylipinsappeared to be 
associated with imbalanced inflammation-resolution processes 
in DR and implicated an underlying homeostasis.[36] Lin et al 
compared the levels of proangiogenic arachidonic acid-derived 
mediators in human vitreous humor obtained from eyes with 
high-risk DR vs controls. Their results indicated that lipoxygen-
ase was elevated in the vitreous humor of eyes with high-risk 
DR, which provided further insight into the pathogenesis of DR 
and the development of potential therapeutic agents that target 
arachidonic acid metabolites to treat DR.[37] Besides, a 2-year 
study on the redox status and visual function of RP patients 
conducted by Olivares-Gonzalez L et al found that the levels 
of oxidative stress and lipid peroxidation were elevated in RP 
and that long-term nutraceutical supplementation could slow 
down visual impairment in RP.[38] Studies of animal models also 
demonstrated that modulation of lipoxygenase activity played 
a significant role in retinal diseases. For example, inhibition of 
5-Lipoxygenase in a mouse model of sodium iodate-induced ret-
inal degeneration reduced oxidative stress, lipid peroxidation, 
and retinal cell death, highlighting the potential of targeting 
the lipoxygenase pathway in retinal diseases.[39] Similarly, in an  
oxygen-induced ischemic retinopathy model, inhibition of 
12-lipoxygenase significantly reduced retinal neovascularization, 

offering further evidence that lipoxygenase enzymes may serve 
as crucial therapeutic targets in retinal pathologies such as DR 
and RP.[40] The results of the above studies were somewhat in 
accordance with ours, indicating that the lipoxygenase pathway 
and oxidoreductase activity in the plasma membrane might be 
implicated in the pathogenesis of RP and DR.

Furthermore, the main common gene related to the above the 
GO and KEGG pathway of RP and DR from our enrichment 
analysis was found to be ALOX15. In greater detail, our PPI 
network analysis of the selected common genes did not reveal 
any interaction between ALOX15 and other genes under the 
application of STRING and Cytoscape, as by other studies.[41] 
ALOX15, a 5-lipoxygenase, is an oxidizing enzyme that pro-
duces reactive lipid hydroperoxide and could biosynthesize 
Lipoxin A4 (LXA4), which is the first lipid mediator to dis-
play antiinflammatory and pro-resolving activities. Elmasry et 
al found that ALOX15 mediated the inflammatory reaction in 
the in vivo and in vitro models of DR, in which ALOX15 also 
regulated the perturbation of calcium homeostasis endoplasmic 
reticulum stress, and microvascular dysfunction.[42] Viita et al 
explored the effects of ALOX15 on the VEGF-A(165)-induced 
retinal angiogenesis, a vital sign of DR, in New Zealand White 
rabbits’ eyes and found that ALOX15 prevented angiogenesis 
and the consequent pathology.[43] Lu et al assessed the expres-
sion of ALOX15 in a mouse model of RP and found a signifi-
cant upregulation at PN14 and a substantial decrease in the late 
stage, which might be a compensatory manner during the RP 
progression.[44] Recently, Ahluwalia K et al revealed a notable 
decrease in AlOX15 expression in the Royal College of Surgeons 
(RCS) rat, a well-established disease model for RP. Their stud-
ies suggested a possible reduction in antiinflammatory and pro- 
resolving lipid mediators with the low-expression of ALOX15 
in retinal degenerative diseases.[45] The above preliminary studies 

Figure 9.  The enrichment analysis of common miRNA in RP and DR. The main common overlapped biological function from the 3 databases included the 
organelle according to the heatmap from the miRTarbase, miRDB, and Targetscan databases. RP = retinitis pigmentosa, DR = diabetic retinopathy.
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were in accordance with our bioinformatics analysis to some 
extent, which suggest that ALOX15 might be a novel potential 
treatment target for RP and DR.

MiRNAs, as endogenous noncoding regulatory RNA, play sig-
nificant roles in the regulation of posttranscriptional genes.[46] In 
our study, we attempted to identify the common miRNAs in RP 
and DR using the HMDD, miRTarbase, miRDB, and Targetscan 
databases.[27] Among these miRNAs, hsa-mir-133b was the com-
mon overlapped one between RP and DR. In greater details, our 
analysis revealed that the biological function of the common 
miRNA from the 3 databases included organelles, according to 
the heatmap. This signified that common miRNAs associated 
with the pathogenesis of RP and DR could also regulate organ-
elles, which were related to the plasma membrane, lipid droplets, 
and extrinsic components of the plasma membrane.[47,48] The 
above result was in accordance with our GO and KEGG path-
way enrichment analysis of common genes in RP and DR.
Our study has some limitations. Firstly, the sample size of the 
microarray dataset used in our study was relatively small. 
Secondly, although we identified enriched pathways and core 
genes, the hierarchical processes between them were not fully 
elucidated. Thirdly, the number of common DEGs for RP and 
DR identified in our study was relatively small, of which the 
evaluation of ontology and even signaling pathways might not 
show a very high accuracy. Besides, we relied on the public 
datasets and bioinformatics analysis to get the results, which 
required additional research to validate and extend the findings. 
For example, we would verify the involvement of the ALOX15 
gene and related pathways in RP and DR models through car-
rying out animal or cell experiments. In details, we would inves-
tigate the effects of regulating the expression of the gene on the 
progression of RP and DR by means of gene or protein expres-
sion interventions. If possible, we need to collect relevant clin-
ical samples from RP and DR patients to validate our results. 
In addition, further studies with larger sample sizes with more 
genes for evaluation are warranted to identify potential bio-
markers associated with RP and DR.

5. Conclusions
In conclusion, using bioinformatics analysis, our present study 
identified core common genes between RP and DR, which 
revealed that the lipoxygenase pathway and oxidoreductase 
activity in the membrane organelle might be the common patho-
genesis of RP and DR. In particular, ALOX15, which could 
regulate the above biological processes, might be a potential 
biomarker and therapeutic target for RP and DR. The novel 
contribution of our current study lied in the comprehensive 
application of bioinformatics analysis to identify and define 
common pathogenic cellular pathways and gene targets for RP 
and DR, based on high-throughputdata from human samples. 
Further studies of regulating the ALOX5 expression level on 
animal or cell experiments are needed to elucidate the biological 
function and underlying mechanisms.
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