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ABSTRACT

Aims: This research aims to establish a chromatin regulator (CR) signature to provide new epigenetic
insights into the pathogenesis of primary open-angle glaucoma (POAG).

Materials & methods: The expression profile of CRs in trabecular meshwork (TM) tissues was analyzed
by bioinformatics analysis; The selected hub CRs were further verified by cell experiments.

Results: We found the immune microenvironment of the TMwas changed in POAG patients and
identified 3 differentially expressed CRs that were relevant to immunity. Then, we successfully con-
structed and proved a predicted signature based on these 3 CRs, which could effectively predict the risk
of POAG. The genes co-expressed with these 3 CRs and miRNAs with are gulatory relationship were
identified, and a miRNA-hub CR network was successfully constructed. The results of the Gene Set
Enrichment analysis indicated that these 3 hub CRs were all associated with neurodegenerative
diseases. Moreover, the human trabecular meshwork cell (HTMC) oxidative stress model was con-
structed, and KDM5B was significantly down-regulated in this cell model. Finally, we found 10 agents
that might be helpful for patients with POAG.

Conclusions: Dysregulation of CR expression in TM tissues may be involved in the occurrence and
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progression of POAG through multiple mechanisms.

1. Introduction

Glaucoma is characterized by optic nerve damage with character-
istic visual field impairment. It is estimated that more than
111 million people worldwide will suffer from glaucoma by
the year 2040 [1]. According to statistics, glaucoma is the leading
cause of irreversible vision impairment [2]. Notably, primary open-
angle glaucoma (POAG) accounts for approximately 74% of glau-
coma cases and is the most frequent type [1]. The risk factors for
POAG include increasing age, increased intraocular pressure (IOP),
and family history, of which IOP is the only modifiable risk factor in
current studies [3]. The critically important factor affecting the
level of IOP is whether the aqueous humor (AH) drainage is
unobstructed. Under physiological conditions, the production
and efflux of AH are in a state of dynamic balance, and the
imbalance of dynamic balance often causes an increase in IOP.
Moreover, 75% to 90% of the total AH in the human eye is
discharged through the conventional pathway, also known as
the trabecular meshwork (TM) pathway. Therefore, TM plays an
essential regulatory role in AH drainage.

Human trabecular meshwork cells (HTMCs) perform two lead-
ing roles in vivo, including the secretion of specific enzymes and
extracellular matrix (ECM) and the phagocytosis of debris in AH
[4]. With the increase in age and the occurrence of eye diseases,

the apoptosis and senescence of HTMCs are accelerated [5-8].
The intracellular actin reticulum is cross-linked, and the ECM is
abnormally accumulated [9,10], which obstructs the outflow of
AH and ultimately leads to the increase of IOP [11]. The contin-
uous rise of IOP induces the death of retinal ganglion cells (RGCs),
resulting in irreversible vision loss. At present, the treatment
methods for glaucoma include drugs, lasers, surgical treatment,
etc. However, due to drug dependence, post-surgical scarring,
and other conditions leading to the re-elevation of IOP, we
urgently need to find new treatment methods. We considered
that the treatment method to restore the number and function
of HTMCs is the closest to restoring the AH circulation in
a physiological state, which is more consistent with clinical
needs in reducing IOP. This requires us to further understand
the pathophysiological mechanism of TM in POAG.

The prevalence of first-degree relatives of POAG patients is 4 to
10 times that of the general population [12], indicating the corre-
lation between genetic factors and this disease. However, studies
have also shown that simple genetic patterns are not suitable for
the identification of characteristic genes in POAG patients [13].
Rather, POAG susceptibility is influenced by the variation of multi-
ple genes, environmental factors, and their interactions [14]. There
is also growing evidence that epigenetic regulation appears to
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Article highlights

o Dysregulation of chromatin regulator (CR) expression in trabecular
meshwork (TM) tissues may be involved in the occurrence and
progression of primary open-angle glaucoma (POAG).

e The immune microenvironment of the TM may be changed in POAG
patients, and 3 differentially expressed CRs (RBBP7, CBX6,and KDM5B)
were relevant to immunity.

¢ A predicted signature based on 3 CRs (RBBP7, CBX6, and KDM5B) was
successfully constructed and proved, which could effectively predict
the risk of POAG.

o KDM5Bwas significantly down-regulated in the human trabecular
meshwork cells (HTMCs)oxidative stress cell model. KDM5B might
be involved in cell damage during oxidative stress in the TM tissues.

e Uranium acetate CTD 00000229, URANIUM CTD00006964, fumonisin b1
CTD 00002395, 7646-79-9 CTD 00000928, METHOXYACETIC ACIDCTD
00000714, Promegestone CTD 00006626, hydrochloric acid, CTD
00006115,8-azaguanine HL60 DOWN, syrosingopine PC3 UP and harmine
PC3 UP might be helpful for patients with POAG.

play an important role in glaucoma [15,16]. Therefore, studying
epigenetic changes in POAG may provide many new clues to
understanding disease occurrence. Most previous research
focused on the overall acetylation or methylation level of the
whole genome but did not identify specific loci or genes [17,18].
Thus, the epigenetic mechanisms and targeted therapeutic
approaches in maintaining the AH outflow remain to be
determined.

Chromatin regulators (CRs) are indispensable regulatory ele-
ments of epigenetics [19]. CRs are a group of closely related
enzymes with unique functional domains. According to their
specific epigenetic roles, they can be classified into three main
categories: DNA methylases, histone modifying enzymes, and
chromatin remodeling enzymes [20]. Accumulating evidence
shows that the abnormal expressions of CRs were related to
various biological processes, such as inflammation [21], autop-
hagy [22], apoptosis [23], and proliferation [24], and the dysre-
gulation of CR expression might contribute to various diseases.
Thus, CRs could potentially serve as a novel target for the treat-
ment of a variety of diseases. Importantly, a better understanding
of CRs may be critical to understanding the progression of POAG
as well as developing new treatments. However, no studies have
systematically characterized the role of CRs in the pathogenesis
of POAG. Thus, this research aims to establish a CR signature to
provide new epigenetic insights into the pathogenesis of POAG.

2. Methods

2.1. Identification of differentially expressed CRs
(DECRs)

The genome-wide expression profiles of human TM tissue
between 13 controls and 15 POAG cases were obtained from
the Gene Expression Omnibus database (GSE27276 [25], plat-
form: GPL2507). In total, 870 CRs were retrieved from previous
studies [19]. These genome-wide expression profiles were nor-
malized through the “limma” R package. Based on the criteria of |
logFC| >0.2 and false discovery rate (FDR) < 0.05, DECRs between
the TM tissues of POAG patients and normal subjects were
identified using the “limma” package based on R software
(4.1.3). As such, the volcano map displayed them using the

“ggplot2” package. In addition, a heatmap was drawn using the
“heatmap” package in R.

2.2. Functional enrichment analyses

Gene Ontology (GO) analysis (including molecular function
(MF), biologic process (BP), and cellular components (CC)) of
differentially expressed CRs was performed using the
“ClusterProfiler” R package. The Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway analysis was performed using
the same approach as described previously. FDR and p < 0.05
were considered statistically significant. Furthermore, the
Gene Set Enrichment analysis (GSEA) was conducted through
the “ClusterProfiler” R package.

2.3. Protein-protein interaction (PPI) network
construction and hub gene identification

The PPI network for DECRs was constructed using the Search
Tool for the Retrieval of Interacting Genes (STRING) database
(https://www.string-db.org). We chose the medium confidence
(0.400) as the minimum required interaction score. CytoHubba
plugin of Cytoscape software (3.6.1) was used to realize the
visualization. In particular, the top 10 hub nodes of genes
were selected by the Multiple Consensus Clustering (MCC)
ranking degree method. Genes in the networks with the top
10 degrees in the PPI network were considered hub genes.

2.4. Immune signatures in POAG

The single-sample gene set enrichment analysis (ssGSEA) ana-
lysis was used to explore the correlation between CRs and
infiltrating immune cells/immune functions, which was
achieved through the “GSVA" R package [26]. Various markers
for each type of immune cell and immune function were used.
The marker genes for each immune cell population and
immune function population were screened from previous
studies. The ssGSEA enrichment scores obtained for each
type of immune cell and immune function were then scaled
and compared between the normal and POAG samples. The
results were then demonstrated in boxplots using the
“ggpubr” package. In addition, a heatmap was drawn using
the “heatmap” R package. Next, the “corrplot” package was
used to analyze the correlation between immune cells/
immune functions. The relationship between hub CRs and
immune infiltration cells/immune functions was analyzed
using the “psych” R package and “ggcorrplot” package and
screened the hub genes that were most relevant to immunity;
p < 0.05 was considered statistically significant.

2.5. Construction and evaluation of the nomogram

Firstly, the selected hub genes most relevant to immunity
were used to construct the model and draw the nomogram.
The “rms” R package drew the nomogram and the corre-
sponding Calibration curve. In addition, the receiver operating
characteristic (ROC) curve was drawn through the “ROCR”
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R package. The Calibration curve and ROC curve were both
used for model evaluation.

2.6. Co-expression analysis

Co-expression analysis was performed to identify the genes
that had a co-expression relationship with the hub genes,
and the filter condition was set to corFilter=0.6 and
pFilter=0.001. The “circlize” package was used for
visualization.

2.7. Gene set enrichment analysis (GSEA) analysis

The GSEA analysis was performed by the “Clusterprofiler”
R package [27]. We downloaded two gene datasets (“c5.go.v7.4.
symbols.gmt” and “c2.cp.kegg.v7.4.symbols.gmt”) from the
Molecular Signature Database (https://www.gsea-msigdb.org/
gsea/msigdb/index.jsp) to act as reference gene sets for GO and
KEGG analysis; p<0.05 was considered to be statistically
significant.

2.8. Construction of the miRNA-hub gene network

Enrichr (https://maayanlab.cloud/Enrichr/) predicted miRNAs
associated with the selected hub genes. Cytoscape software
(3.6.1) was used to construct the network map.

2.9. Identification of potential therapeutic agents for
POAG

The selected hub genes most relevant to immunity were used
to identify potential therapeutic agents for POAG. Enrichr
(https://maayanlab.cloud/Enrichr/) was used for drug predic-
tion. DSigDB database was used to obtain all possible candi-
date agents. The top 10 candidate agents were selected; p <
0.05 was considered statistically significant.

2.10. Culture of primary HTMCs

The remaining corneoscleral rings after corneal transplanta-
tion from non-glaucomatous cornea donors were collected,
and the entire TM tissue was torn for primary cell culture.
Primary HTMCs were cultured using the tissue mass culture
method [28]. All tissue specimens were obtained in accor-
dance with the Declaration of Helsinki. The Changsha Aier
Eye Hospital eye bank provided tissue specimens. This study
was approved by the ethics committee of Changsha Aier
Eye Hospital (Ethics approval No. KYPJ0010). Cells were
cultured in cell medium supplemented with 15% fetal
bovine serum, 89% DMEM/F12, and 1% penicillin/strepto-
mycin solution at 37°C in a 5% CO, incubator. The passage
of any validated TM cells should be within 4-6 to retain the
primary phenotypes.

30% Hydrogen peroxide (H,O,) was diluted to a specific
concentration in a serum-free medium. After the appropriate
time (1h), the H,0, intervention was stopped with twice
phosphate-buffered saline (PBS) washing and further followed
by Reactive oxygen species (ROS) reagent staining, Cell pro-
liferation assays, or other functional assays.
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2.11. Immunofluorescence staining

The HTMCs were fixed with methyl alcohol for 10 min and
washed thrice with PBS at room temperature. Subsequently,
the HTMCs were blocked in PBS containing 5% bovine serum
albumin for 1h at room temperature. After blocking, the
HTMCs were incubated overnight in PBS containing primary
antibodies at 4°C. The primary antibodies used were Collagen
IV(COL-IV) and aquaporin 1(AQP1). Then, the cells were
washed thrice with PBS again and incubated with secondary
antibodies conjugated to Alexa Fluro 488 in PBS for 1h at
room temperature. After washing thrice with PBS, coverslips
were mounted on slides using a mounting buffer containing
DAPI for 5min, and images were obtained using a Nikon
fluorescence microscope.

2.12. Cell proliferation assays and lactate
dehydrogenase (LDH) release test

A cell counting kit (CCK)-8 assay was performed to evaluate the
cell proliferation capacity. HTMCs (4 x 10° per well) were seeded
into 96-well plates. After 1h of intervention (0.1 mm, 0.5 mm,
1 mm, 2 mm, 5mm, 10 mm, 20 mm H,0,), 10% CCK8 was added
to the cells. The optical density was then measured at 450 nm.
Similarly, the LDH Cytotoxicity Assay Kit was used to evaluate
cell cytotoxicity. The optical density was measured at 490 nm.

2.13. ROS detection test

ROS Assay Kit was used to explore intracellular ROS after treat-
ment with H,O, according to the manufacturer’s instructions.
Before loading the probe, the DCFH-DA probe was diluted with
serum-free DMEM/F12 medium at a ratio of 1:1000 to reach
a final concentration of 10 umol/L. The H,0, (0.5 mm 1 h) sti-
mulated HTMCs were incubated with a DCFH-DA probe in the
dark for 20 min. Finally, the green fluorescence was observed by
a fluorescence microscope, and a multi-function microplate
reader measured the fluorescence intensity.

2.14. RNA extraction and quantitative
reverse-transcription polymerase chain reaction (qRT-
PCR)

Total RNA was extracted using Trizol Reagent. After extraction,
the RNA was first reverse-transcribed into cDNA. Genomic DNA
was eliminated by treatment for 2 min at 42°C with 4xgDNA
wiper Mix. Then, first-strand cDNA was synthesized using the
5xHiScript gRT SuperMixll. gRT-PCR for m6A-related genes was
performed using ChamQ Universal SYBR gPCR Master Mix. The
thermal conditions were as follows: initial denaturation at 95°C
for 30 s, followed by 45 cycles of two-step amplification (95°C for
5's, 60°C for 20s) and, finally, 95°C for 1 s, 65°C for 15s, and 95°C
for 1 s for the dissociation curve. The relative fold changes of
m6A-related genes were analyzed by the 272" method.

2.15. Statistics analysis

All  bioinformatics analyses were conducted using
R software (version 4.1.3). Data analysis was conducted by
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GraphPad Prism (version 9.0). At least three biological and
technical replicates of the cell experiments were performed.
Continuous data are expressed as meanzstandard devia-
tion. Student’s t-test and analysis of variance were used to
examine the differences. Statistical significance was set at
p-value < 0.05.

3. Results
3.1. Establishment and validation of CR-based signature

Aberrant expression of CRs has been implicated in the patho-
genesis of many diseases, including cancer. Hence, it was
interesting to analyze whether related changes could be
detected in the TM tissues of POAG patients. Initially, the
expression levels of these CRs [19] between human TM tissue
of normal subjects and patients with POAG was scrutinized
and compared. Data from 19 normal, 17 POAG samples of TM
tissues were acquired from the Gene Expression Omnibus
(GSE27276) database. These samples were then used to profile
the expression of 870 CRs in POAG. The expression patterns of
these CRs are shown in Figure 1(a). Compared with the normal
TM tissues, 30 CRs, including 20 down-regulated CRs and 10
up-regulated CRs, were identified as DECRs (Figure 1(a,b)). This
suggests their possible participation in the development of
POAG.

Based on these DECRs, we performed GO and KEGG path-
way functional enrichment analyses to explore the potential
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Figure 1. The expression landscape of 870 chromatin regulators (CRs) in POAG. (a) The volcano plot and (b) Heatmap of 30 differentially expressed CRs’ expression
among normal and primary open-angle glaucoma (POAG) samples. (a) Gene ontology (GO) enrichment analysis of the differentially expressed CRs. (c) GO and (d)
Kyoto Encyclopedia of Genes and genomes (KEGG) enrichment analysis of the differentially expressed CRs. (e) Protein-protein interaction (PPI) network of

differentially expressed CRs. (f) PPl network of the top 10 hub nodes of CRs.



3.2. Immune signatures in POAG

The immune microenvironment emerges as a critical player in
the progression of diseases [29]. Clarifying the immune char-
acteristics of TM tissue in POAG patients is helpful to enrich
the exploration of the pathogenesis of POAG. We found that
the dendritic cells (DCs), immature dendritic cells (iDCs), mast
cells, follicular helper T (Tfh) cells, T helper 1 (Th1) cells,
T helper 2 (Th2) cells, macrophages, neutrophils and Tumor
Infiltrating Lymphocytes (TIL) components of POAG individuals
were significantly different from normal controls from the
perspective of the fold changes of immune cell components
(Figure 2(a)). In addition, CC-chemokine receptor (CCR), Type Il
Interferon (IFN) Response, human leukocyte antigen (HLA),
parainflammation, T cell co-stimulation, Type | IFN Response
were different from the perspective of the fold changes of
immune function components (Figure 2(b)). The above results
suggested their possible participation in the development of
POAG. The heatmap further showed the landscape of 16 kinds
of immune cells and 13 kinds of immune function scores in
POAG and non-glaucoma individuals (Figure 2(c)). Further, we
performed the Spearman correlation analysis of the immune
cells and the immune functions, respectively. As shown in
Figure 2(d,e), the results of the correlation analyses were
shown in red and blue, with red representing positive correla-
tion and blue representing negative correlation. The results
showed that the highest positive correlation coefficient in
immune cells was detected between DCs and mast cells (r=
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checkpoint and T cell co-stimulation (r=0.81). Meanwhile,
the negative correlation coefficient in immune cells or
immune functions was weak. Then, we also screened the
hub genes that were most relevant to immunity and ended
up with three genes, namely RBBP7, CBX6, and KDM5B
(Figure 2(f)).

3.3. The generation and evaluation of nomogram based
on the hub genes that were most relevant to immunity

As previously described, three hub genes were identified based on
their association with immunity, namely RBBP7, CBX6, and KDM5B.
The nomogram was drawn with these 3 CRs, as shown in
Figure 3(a). The individual score of each gene can be obtained
according to the expression levels of the 3 CRs in a patient. Then,
the scores of all the CRs were added together to get
a comprehensive score for the patient and realize the prediction
of the risk of POAG. In addition, the model was evaluated using
a calibration curve and ROC curve analysis (Figure 3(b,c)), which
showed that the model had high accuracy (Area Under Curve
(AUC) = 0.946). These results demonstrated the successful estab-
lishment of a nomogram based on CRs for predicting the risk of
POAG.

3.4. Co-expression and GSEA analyses of the 3 hub CRs

Co-expression analyses were performed to identify the genes
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Figure 3. The generation and evaluation of a nomogram for predicting the risk of POAG based on CRs (a) Nomogram to estimate a patient’s risk of developing
POAG. (b) Calibration curve analysis and (c) Receiver operating characteristic (ROC) analysis show a high accuracy of the nomogram.

co-expression analysis results of the 3 hub CRs were shown in
red and green lines. The top 10 genes whose expressions most
correlated with 3 hub CRs expression were shown in (Figure 4
(@-c)). The color of the lines in the figure represented the
degree of correlation, with green representing negative corre-
lation and red representing positive correlation. The redder
the line between two genes, the stronger the positive correla-
tion between them. Similarly, the greener the line between
two genes, the stronger the negative correlation between
them. To further explore the molecular mechanisms of CR-
based signatures, we performed GSEA analyses. The results
indicated that KDM5B, CBX6, and RBBP7 were involved in
similar human diseases, and all three were associated with
Alzheimer’s disease, Parkinson'’s disease, and Huntington'’s dis-
ease (Figure 4(g-i)). Oxidative phosphorylation was another
pathway enriched in the high-expression group of KDM5B,
CBX6, and RBBP7 (Figure 4(g-i)). In addition, the top 5 GO
terms in each matrix were also displayed as classical GSEA
graphs (Figure 4(d-f)).

3.5. miRNA-hub gene network construction

As a mode of epigenetics, miRNA plays an integral part in gene
expression regulation. Based on the 3 hub CRs most associated
with immunity, a miRNA-hub gene network containing 7 miRNAs
was established (Supplementary Figure S1). The 7 hub miRNAs
were miR-4484, miR-3147, miR-4750, miR-1258, miR-4278, miR-
3117-3p and miR-1292.

3.6. Determine the CRs that might be involved in the
regulation of cellular biological functions of HTMCs
under oxidative stress

The corneal rings remaining after corneal transplantation from
healthy corneal donors were collected, and TM tissues were iso-
lated from the corneoscleral rims. The primary HTMCs were cul-
tured by tissue mass culture method and were authenticated
through AQP1 and COL-IV expression by cell immunofluorescence
(Figure 5(a)). The HTMC oxidative stress cell model was constructed
using H,0, stimulation. Firstly, HTMCs were stimulated with differ-
ent concentrations of H,0O, in vitro to induce oxidative stress. Cell
viability examination showed that H,0, treatment elicited a dose-
dependent decline in HTMC viability, and treatment with 0.5 mm
H,O, for 1 h decreased cell viability to 68.85% =+ 10.34%; cell
viability was reduced to 9.08% =+ 3.58% with 20 mm H,O, for 1 h
(Figure 5(b)). Cytotoxicity examination revealed that HTMC toxicity
was increased by H,O, treatment in the dose-dependent manner,
and treatment with 0.5 mm H,0, for 1 h increased cell toxicity to
36.05% + 2.72%; cell toxicity was increased to 45.05%+0.86% with
20 mm H,0, for 1 h (Figure 5(c)). To avoid H,0, attenuation during
the intervention process, we selected the intervention time of 1 h
and an exposure concentration of 0.5 mm H,0, as the optimal
concentration for subsequent experiments. To observe the
changes in intracellular ROS after treatment with 0.5 mm H,0,
for 1 h, the H,05-stimulated HTMCs were incubated with a DCFH-
DA probe. A fluorescence microscope observed the green fluores-
cence and the fluorescence intensity was measured by a multi-
function microplate reader. It was found that the relative level of
ROS increased from 1.00 = 0.06 to 1.38 + 0.19 (Figure 5(d,e)). It has
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Figure 4. Co-expression and Gene set enrichment analysis (GSEA) of the 3 hub CRs. (a—c) identification of genes co-expressed with KDM5B/CBX6/RBBP7. (d-f)

classical GSEA plots of the top 5 GO terms. (g-

been proved that the method was feasible and that the model was
established successfully. Next, the expression levels of the three
differentially expressed CRs obtained by bioinformatics analyses
were further verified in this model, and it was shown that the
expression of KDM5B decreased significantly in the oxidative stress
model (Figure 5(f)), which was consistent with the results of bioin-
formatics analyses.

3.7. Identification of potential therapeutic agents for
POAG

Based on the expression of KDM5B, CBX6, and RBBP7, we also
identified potential candidate agents for POAG, which might
benefit the treatment of POAG. Compared with normal controls,
the content of KDM5B, CBX6, and RBBP7 in TM tissues of POAG
patients was different, and their expression levels were asso-
ciated with immune status and had a good ability to predict
the risk of POAG. Agents highly associated with KDM5B, CBX6,
and RBBP7 might have potential therapeutic effects in POAG
patients. Therefore, in this study, based on the expression of
KDM5B, CBX6, and RBBP7 in TM tissues of POAG patients, we
used the Enrichr website to do the analysis. The top 10 candidate
agents were shown in Table 1, including Uranium acetate CTD
00000229, URANIUM CTD 00006964, fumonisin b1 CTD
00002395, 7646-79-9 CTD 00000928, METHOXYACETIC ACID

i) classical GSEA plots of the top 5 KEGG terms.

CTD 00000714, Promegestone CTD 00006626, hydrochloric
acid, CTD 00006115, 8-azaguanine HL60 DOWN, syrosingopine
PC3 UP and harmine PC3 UP. These compounds could be con-
sidered as potential therapeutic agents for POAG.

4. Discussion

Epigenetics is the study of some specific molecular mechan-
isms that cause heritable changes in gene expression or cell
phenotype without changes in the DNA sequence. Numerous
studies have elucidated its importance in the pathogenesis of
disease. CRs are indispensable upstream regulators of epige-
netics, which play a variety of functions in the occurrence of
many diseases, such as tumors. However, to our knowledge,
no studies have conducted a comprehensive analysis of CRs to
explore the clinical significance of CRs in POAG.

We first screened 30 DECRs between the TM tissues of
normal individuals and POAG patients in the GSE27276 data-
base. We comprehensively explored the biological pathways
of 30 CRs and constructed corresponding PPl networks. Then,
we found that the immune microenvironment of the TM was
changed in POAG patients, and we identified 3 CRs related to
immunity. Based on the expression of 3 DECRs, we successfully
established and validated a predicted signature, which could
effectively predict the risk of POAG. Furthermore, the genes
co-expressed with these 3 CRs and miRNAs with a regulatory
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Table 1. Potential therapeutic agents of POAG.

Term P-value Genes
Uranium acetate CTD 00000229 4.38E-04 KDM5B;RBBP7
URANIUM CTD 00006964 4.48E-04 KDM5B;RBBP7
fumonisin b1 CTD 00002395 0.002248385  KDM5B
7646-79-9 CTD 00000928 0.003699205  KDM5B;CBX6;RBBP7
METHOXYACETIC ACID CTD 00000714  0.004792498  RBBP7
Promegestone CTD 00006626 0.004942017  RBBP7
hydrochloric acid CTD 00006115 0.005390484  KDM5B
8-azaguanine HL60 DOWN 0.005848207  CBX6;RBBP7
syrosingopine PC3 UP 0.009867756  KDM5B
harmine PC3 UP 0.010761596  CBX6

relationship with them were identified, and a miRNA-hub CR
network was successfully constructed. It is worth mentioning
that the GSEA analysis results showed that these 3 hub CRs
were all associated with neurodegenerative diseases. In addi-
tion, we also found 10 agents that might be beneficial for the
treatment of POAG patients.

GO analysis uncovered that the role of differentially
expressed CRs included the regulation of DNA, histone, and
chromatin. KEGG analysis indicated that 30 CRs were mainly
involved in the MAPK signaling pathway. Substantial studies
have shown that the MAPK signaling pathway is involved in
the damage process of TM. Breedge et al. described changes
in the transcriptome of normal primary TMCs induced by
transforming growth factor-beta 2 (TGF-$2) using RNA-Seq
and found that there is a change in MAPK signaling [30].
Chen et al. found that appropriate concentrations of TGF-f1
preserved TMCs from free radical-mediated damage by regu-
lating p-AKT signaling balance and p-p38 MAPK level [31].

Meng et al. found thato-1 receptor stimulation prevented
pressure-induced injury through insulin receptor-MAPK signal-
ing in TMCs [32]. The above results indicated that CRs might
play a role in developing POAG by regulating the MAPK
signaling pathway.

The disorder of the immune microenvironment is an impor-
tant factor in the occurrence of diseases [29]. CRs have been
shown to function in physiological and pathological immune
regulation [33,34]. Accumulating evidence has confirmed that
TM interacts with the immune system in multiple ways. TM
can participate in innate immune responses [35], be targeted
by immune-mediated damage [36], undergo inflammation
[37], and produce immunosuppressive factors [37].
Understanding these relationships is, therefore, helpful in
revealing the complex mechanisms of diseases involving TM
dysfunction. The immune characteristics were further explored
to enrich the exploration of the pathogenesis of POAG. The
results of ssGSEA showed differences in various immune cells
and immune functions in the TM tissues of POAG patients.
This suggested that there is a change in the immune status of
the TM microenvironment in POAG, and the immune system
disorders might play a critical role in the initiation and/or
sustainment of glaucomatous TM damage. Notably, correla-
tion analysis indicated that RBBP7, CBX6, and KDM5B might
correlate with the immune response, suggesting that CRs
might modulate the progression of POAG by regulating
immune-infiltrating states. In addition, based on these 3 CRs,
we successfully constructed a nomogram to predict the risk of
POAG. Therefore, it is reasonable to consider that the dysre-
gulation of CRs in TMCs of POAG patients indicates their



potential values as novel biomarkers for the diagnosis and
targeted therapy of POAG.

KDM5B encodes a lysine-specific histone demethylase.
Studies have shown that it plays a vital role in cell cycle
regulation. Yang et al. found that KDM5B inhibited DNA
damage and promoted the cell cycle in Granulosa cells,
which might occur through the up-regulation of MTF1 [38].
It has also been shown that KDM5B licensed macrophage-
mediated inflammatory responses by repressing Nfkbia tran-
scription [39]. The CBX protein is a core component of poly-
comb repressive complex 1 and is involved in regulating the
transcription process of polycomb proteins [40]. CBX6 is
a member of the CBX family. Deng et al. proposed that CBX6
could inhibit the proliferation, migration, and invasion of
human breast cancer cells [41]. Some researchers also pro-
posed that knockdown of CBX6 promoted matrix metallopro-
teinase 2 (MMP-2) expression and invasion of mesothelioma
cells [42]. RBBP7 is a ubiquitously expressed nuclear protein.
Studies showed that RBBP7 was associated with the tumor
immune response [43]. Wang et al. found that Hypoxia-
induced HIF1a could promote the expression of cyclin-
dependent kinase 4 by up-regulating the expression of
RBBP7, thus increasing the viability, proliferation, and stem-
ness of esophageal cancer cells [44]. Altogether, the three CRs
are widely involved in various cellular functions and regulating
inflammation and immunity. Therefore, we speculate that
these hub CRs may also participate in the dysfunction of TM
through the regulation of cellular functions and so on. It is
worth mentioning that miRNAs play an essential role in the
normal development of many biological processes as factors
regulating gene expression. Many studies have shown that
miRNAs play a key role in TM dysfunction in POAG patients
[45,46]. MiIRNAs can regulate the expression of CRs through
post-transcriptional regulation [47], and CRs can also affect
miRNA expression through epigenetic regulation such as chro-
matin remodeling [48]. A large number of studies have shown
that miRNAs and CRs form a complex regulatory network to
jointly regulate cellular processes, and their dynamic balance
is crucial for maintaining cell homeostasis [49]. In this study,
the construction of the miRNA-hub CR network established
a link for the mutual molecular interactions between these
three hub CRs and miRNAs. However, its specific regulatory
effects and mechanisms still need further study.

Previous studies showed that oxidative stress, aging, genetics,
and environmental and endogenous factors could cause TM
damage. However, evidence from human and animal studies
suggests that oxidative stress is considered a significant factor
in such damage [50]. ROS are released after mitochondrial
damage caused by various diseases, aging, oxidative stress, and
other stress conditions [51]. Studies have confirmed that a large
number of ROS exist in aqueous humor and TM of POAG
patients, confirming their long-term exposure to oxidative stress
[52]. Cellular or extracellular stimuli such as oxidative stress can
cause damage to TM tissues, cause inflammation and death of
HTMCs, thereby reducing aqueous humor drainage and causing
increased IOP, eventually leading to glaucoma [53]. This study
aims to explore the molecular mechanism of TM injury and
HTMC death further to offer a novel understanding of the devel-
opment of new therapeutic targets in POAG. To verify whether
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the three CRs previously screened play a role in TM damage, the
HTMCs oxidative stress cell model commonly used in glaucoma
studies was constructed. It is heartening that KDM5B was sig-
nificantly down-regulated in this model. But there was no sig-
nificant change in the expression levels of CBX6 and RBBP7.
These results identified that KDM5B might be involved in cell
damage during oxidative stress in the TM tissues. However, CBX6
and RBBP7 might have no biological role in this process, and
there may be other biological mechanisms to be explored.

The results of GSEA analyses indicated that KDM5B, CBX6,
and RBBP7 were involved in similar human diseases, and all
three were associated with Alzheimer's disease, Parkinson’s
disease, and Huntington’s disease. Intriguingly, all three dis-
eases are neurodegenerative, and glaucoma is also considered
a neurodegenerative disease. Multiple epidemiological studies
suggest an association between POAG and major neurode-
generative disorders [54-57]. This is mainly because chronic,
progressive loss of neurons is common in these diseases. Our
result suggested that these three CRs might not only play
a role in the disturbance of aqueous circulation caused by
TM dysfunction in POAG patients but also might play an
important role in optic nerve injury, and individuals with
abnormal expression of these three genes might be more
susceptible to POAG. Therefore, future clinical studies with
a large sample size must elucidate these associations’ biologi-
cal nature. This might be a breakthrough in unraveling the
relationship between POAG and degenerative diseases.

Finally, we used Enrichr website to predict the potential
therapeutic agents and the top 10 candidate agents were
selected, including Uranium acetate CTD 00000229,
URANIUM CTD 00006964, fumonisin b1 CTD 00002395, 7646-
79-9 CTD 00000928, METHOXYACETIC ACID CTD 00000714,
Promegestone CTD 00006626, hydrochloric acid, CTD
00006115, 8-azaguanine HL60 DOWN, syrosingopine PC3 UP
and harmine PC3 UP.

This study also has some shortcomings. The mechanisms of
CRs regulating the biological behavior of TMCs need to be
verified experimentally. In other words, key CRs need to be
further explored, and their roles still need to be further verified
by cell function experiments and animal experiments. The
tissue specimens included in this study were obtained from
African American and Caucasian donors. Our research group is
collecting the TM tissues of the yellow race for further study to
explore its general rule.

5. Conclusions

Dysregulation of CR expression in TM tissues may be involved in
the occurrence and progression of POAG through multiple
mechanisms. However, the exact mechanism still needs to be
explored.
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