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Abstract. — OBJECTIVE: The aim of this study
was to identify the hub genes and uncover the mo-
lecular mechanisms of diabetic retinopathy (DR).

MATERIALS AND METHODS: We used
the Gene Expression Omnibus (GEO) dataset
GSE60436 in our study. After screening for dif-
ferentially expressed genes (DEGs), we per-
formed gene ontology (GO) and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) function-
al enrichment analysis. Subsequently, a pro-
tein-protein interaction (PPI) network was con-
structed using the Search Tool for Retrieval of
Interacting Genes (STRING) database and visu-
alized using the Cytoscape software. Finally, we
identified 10 hub genes by cytoHubba plugin.

RESULTS: A total of 592 DEGs were identified,
including 203 up-regulated genes and 389 down-
regulated genes. The DEGs were mainly enriched
in visual perception, photoreceptor outer segment
membrane, retinal binding, and PI3K-Akt signaling
pathway. By constructing a protein-protein inter-
action (PPI) network, 10 central genes were finally
identified, including CNGA1, PDE6G, RHO, ABCA4,
PDEG6A, PDE6B, NRL, RPE65, GUCA1B and AIPL1.

CONCLUSIONS: CNGA1, PDE6G, RHO, ABCA4,
PDEG6A, PDE6B, NRL, RPE65, GUCA1B, and AIPL1
may be potential biomarkers and therapeutic tar-
gets for DR.
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Introduction

Diabetes is a common endocrine disease main-
ly caused by glucose metabolism disorders. The
prevalence of diabetes and the number of patients
with diabetes are increasing rapidly. The Interna-
tional Diabetes Federation estimates' that 1 in 10
adults will be diagnosed with diabetes by 2040,
and by 2045, there will be 629 million people with

diabetes worldwide. The mortality of diabetes will
be higher than that of HIV/AIDS, tuberculosis, and
malaria combined with about 5 million people dy-
ing each year. Diabetic retinopathy (DR) is one of
the most common microvascular complications of
diabetes. In China, its prevalence is 24.7-37.5%,
and the prevalence of DR is 50-70% in patients
with a disease course of 10-15 years. About 2% of
patients with diabetes onset in 15 years are com-
pletely blind as a result of DR. Its occurrence and
development greatly influence people’s life quality.

The course of diabetes, blood glucose level,
blood pressure, blood lipid, and other clinical fac-
tors have a certain influence on the occurrence and
development of DR. However, there are great indi-
vidual differences in the pathogenesis and severity
during the onset of diabetes. Some patients with
diabetes persist for a long time and have lax blood
sugar control but still do not develop DR, while
some patients develop DR Rapidly. This difference
may be caused by gene polymorphism. In recent
years, an increased understanding of the safety and
biodistribution of gene delivery vectors has been
achieved, and it has been demonstrated that stem
cells and gene therapy can reverse degenerative
retinopathy. Drugs involve regeneration of atrophic
or damaged retinal tissue, neurotrophic factors,
immune regulation, and new therapies to replace
mutated genes. Along with the progress of science
and technology, genetic intervention also gradually
increased. Current studies** on gene therapy focus
on related gene drugs against pigment epithelium
derived factor, blood vessels inhibition, endothelial
inhibition, vascular endothelial growth factor and
inhibiting endothelial cell proliferation and forma-
tion of new blood vessels, which achieve the aim
of clinical prevention and treatment of DR. In this
study, we aim to identify the hub genes and uncov-
er the molecular mechanisms of DR.
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Materials and Methods

Screening for Differentially Expressed
Genes (DEGs)

GEO (available at: www.ncbi.nlm.nih.gov/
geo) database contains a large amount of gene
expression data, mainly gene microarray data
and high-throughput sequencing data, which is
easily accessible and cost-free to use’. GEO2R
(available at: www.ncbi.nlm.nih.gov/geo/geo2r/)
is a tool to perform differential analysis of gene
expression data based on the GEO database, from
which we can obtain differentially expressed
genes (DEGs)°. In this study, GSE60436 dataset,
which contains 6 diabetic retinopathy samples
and 3 control samples, was used to acquire DEGs
based GEO2R tool’. Adjusted p-value < 0.05 and
absolute values of log FC for genes > 2.0 were
considered as DEGs.

Gene Functional Enrichment Analysis

Gene Ontology (GO) is a tool to annotate genes
and analyze their biological processes and func-
tions, and Kyoto Encyclopedia of Genes and Ge-
nomes (KEGG) is a database of signaling pathways.
GO functional enrichment analysis of DEGs in
three modules of molecular function (MF), cellu-
lar composition (CC) and biological process (BP),
and KEGG pathway enrichment analysis were per-
formed using the Clusterprofiler package version 4.0
(The R Foundation for Statistical Computing, Vien-
na, Austria) to analyze the role of DEGs in meta-
bolic processes in the organism?®. Adjusted p-value <
0.05 was considered statistically significant.

Protein-Protein Interaction (PPl] Network

The Search Tool for the Retrieval of Interact-
ing Genes (STRING:; available at: http://string-db.
org) (version 11.5) is a database that can be ap-
plied to predict protein-protein interactions (PPI),
which was used to construct the PPI interaction
network®. Then, we employed Cytoscape soft-
ware version 3.9.0 (available at: https://cytoscape.
org) to visualize the PPI network'®. Moreover,
plug-in cytoHubba was used to identify the hub
genes of the PPI network'!.

Statistical Analysis

R software version 4.0.2 (available at: https:/
www.r-project.org/) was used to process the ex-
perimental data. Measurement data were ex-
pressed as X+S. Independent samples and paired
samples were tested by independent sample #-test.
p < 0.05 was considered statistically significant.

Results

Identification of DEGs

A total of 592 DEGs were identified, includ-
ing 203 upregulated genes and 389 downregulat-
ed genes according to the GSE60436 dataset. As
presented in the volcano plot (Figure 1), red dots
represent upregulated genes and green dots repre-
sent downregulated genes.

GO and KEGG Enrichment Analysis
According to the results of GO enrichment anal-
ysis (Figure 2), in biological process (BP) category,
the DEGs were enriched in visual perception, pho-
totransduction, detection of visible light, detection
of light stimulus, detection of abiotic stimuli, de-
tection of external stimuli, sensory system develop-
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Figure 1. Identification of DEGs by the volcano plot.
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Figure 2. Goes analysis of DEGs.

ment, extracellular structure organization, extracel-
lular matrix organization and sensory perception of
light stimulus. As for cellular composition (CC), the
DEGs were significantly enriched in photoreceptor
outer segment membrane, photoreceptor disc mem-
brane, photoreceptor inner segment, collagen trim-
er, photoreceptor outer segment, endoplasmic re-
ticulum lumen, non-motile cilium, 9+0 non-motile
cilium, photoreceptor cell cilium and collagen-con-
taining extracellular matrix. For CC, the DEGs were
enriched in retinal binding, platelet-derived growth
factor binding, G protein-coupled photoreceptor
activity, photoreceptor activity, collagen binding,
extracellular matrix structural constituents confer-
ring tensile strength, heparin binding, glycosami-

noglycan binding and G protein-coupled receptor
binding. As for KEGG pathway analysis (Figure 3),
the most significant pathways of DEGs were pho-
totransduction, extracellular matrix (ECM)-recep-
tor interaction, protein digestion and absorption,
PI3K-Akt signaling pathway, arrhythmogenic right
ventricular cardiomyopathy, hypertrophic cardio-
myopathy, focal adhesion, dilated cardiomyopathy,
malaria, phagosome, synaptic vesicle cycle, human
papillomavirus infection, cardiac muscle contrac-
tion, GABAergic synapse, small cell lung cancer,
arginine and proline metabolism, retinol metabo-
lism, AGE-RAGE signaling pathway in diabetic
complications, bladder cancer and p53 signaling
pathway.
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Figure 3. KEGG analysis of DEGs.

Construction of PPl Network
and Selection of Hub Genes

There were a total of 3,016 edges and 520 nodes
in the PPI network (Figure 4). The greener the color
of the gene in the network, the less connected the
gene is to other genes. Conversely, the redder the
color, the more connected the gene is to other genes.
Subsequently, by applying the Matthews correlation
coefficient (MCC) algorithm of plug-in cytoHub-
ba, we screened the top 10 hub genes, including
CNGAIL, PDE6G, RHO, ABCA4, PDE6A, PDE6B,
NRL, RPE65, GUCAIB and AIPLI (Figure 5).

Discussion

According to statistical forecasts, the total
global healthcare expenditure on diabetes is ex-
pected to increase to US $802 billion by 2040.
According to the Guidelines on Type 2 Diabetes
in China", the prevalence of diabetes in Chinese
adults is 10.9%, and the incidence tends to be
younger, with the prevalence of diabetes under 40
years old as high as 5.9%, and the proportion of
undiagnosed diabetes is high. Diabetic retinopa-
thy is a progressive and lifelong disease.
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Figure 4. The PPI network of DEGs.

It is one of the microvascular complications
of diabetes. People are more likely to develop
cataracts at an early age and are twice as like-
ly to develop glaucoma as people without dia-
betes'. It is estimated' that by 2030, the global
number of DR patients will rise to 191 million'.
In China, the prevalence of DR in patients with
diabetes is 20-40%. DR damages the retinal mi-
crovascular system, makes capillaries swell and

4880

deform, destroys the blood-retina barrier, and
occurs exudation, macular edema, and vision
loss. If early diagnosis and appropriate preven-
tive measures can be taken, the visual impair-
ment caused by DR can be reduced to a certain
extent'>. When the disease progresses to new
blood vessels, their growth distorts the retina’s
microvascular system, causing retinal detach-
ment and ultimately blindness®.
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Figure 5. The 10 hub genes of the PPI network.

In recent years, bioinformatics analysis'®* has
been widely utilized to identify new therapeutic
targets and diagnostic markers for various diseas-
es, including cancer, diabetes, hypertension, and
other diseases. In the present study, we identified
592 DEGs, including 203 upregulated and 389
downregulated, in the GSE60436 dataset. Fur-
thermore, GO analysis indicated that the DEGs
were mostly involved in visual perception, pho-
totransduction, detection of visible light, detec-
tion of light stimuli, detection of abiotic stimuli,
detection of external stimuli, sensory system de-
velopment, extracellular structure organization,
extracellular matrix organization and sensory
perception of light stimuli at the level of BP. In
addition, KEGG pathway enrichment analysis
showed that the DEGs were enriched significantly
within PI3K-Akt signaling pathway, human pap-
illomavirus infection, ECM-receptor interaction,
focal adhesion and protein digestion and absorp-
tion. There was a limitation we should point out
and address in the future. The present data should
be confirmed by experimental data such as gene
expression or polymorphism?'.

Conclusions

In conclusion, CNGA1, PDE6G, RHO, ABCAA4,
PDEG6A, PDE6B, NRL, RPE6S5, GUCAIB, and
AIPLI may be potential biomarkers and therapeu-
tic targets for DR.
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