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Histone H3 lysine 9 tri-methylation is 2
associated with pterygium
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Abstract

Background Pterygium, abnormal growths of conjunctival tissue onto the cornea, are common ocular surface
conditions with a high risk of recurrence after surgery and potential ophthalmic complications. The exact cause of
pterygium remains unclear, and the triggers are still unknown. This study aims to investigate the relationship between
pterygium and epigenetics to uncover the cause of pterygium and identify biomarkers for its diagnosis.

Methods We performed a ChIP-seq assay to compare genome-wide histone modification levels between normal
conjunctiva and stage 3 pterygium samples.

Results In this study, we investigate the epigenetic profiles of patients with pterygium, focusing on histone H3
lysine 4 (H3K4) and lysine 9 (H3K9) trimethylation (me3). While H3K4me3 levels showed no significant genome-wide
change, they were significantly altered in genes related to development and ocular diseases. Conversely, H3K9me3
levels were markedly elevated genome-wide, particularly at the promoters of 82 genes involved in developmental
pathways. Furthermore, we identify six genes, ANK2, AOAH, CBLN2, CDH8, CNTNAP4, and DPP6, with decreased gene
expression correlated with substantially increased H3K9me3, suggesting their potential as biomarkers for pterygium.

Conclusion This study represents the first report linking histone modification to pterygium progression, providing
valuable insights into therapeutic strategies and potential drug targets.
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Background

Pterygium, also known as surfer’s eye, are common ocu-
lar surface formations characterized by the abnormal
growth of conjunctiva tissue onto the cornea. The main
factor of pterygium development is long-term exposure
to UV radiation through sunlight, with other factors
including viral infections, hereditary factors, and growth
factors [1-6]. Without treatment, astigmatism, threaten-
ing the visual axis, and eye movement restriction may
occur. Although surgical removal is the preferred treat-
ment method, the recurrence rate varies from 2 to 88%
[7]. The risk factors for recurrence include age, size of
the pterygium tissues, and multiple recurrences [8, 9]. In
view of the controversies on the multiple mechanisms of
pterygium formation, studies have been carried out using
high-throughput sequencing technologies to attempt to
elucidate gene expression patterns that underlie molecu-
lar events of interest in its pathogenesis [10—12]. How-
ever, the pathogenesis of pterygium formation is yet to be
fully understood, and the critical triggers therein are yet
to be precisely described.

Histone modification is a well-known epigenetic
mechanism involved in regulating gene expression [13].
Histones have N- and C-terminal tails which are often
subjected to various post-translational modifications
(PTMs), including acetylation, methylation, phosphory-
lation, ubiquitylation, and sumoylation [14, 15]. Histone
methylation on lysine (K) residues can function to either
activate or repress gene expression, depending on which
lysine residues are methylated. In general, methylations
at K4, K36, and K79 of histone H3 are involved in the
activation of transcription, whereas methylations at K9
and K27 of histone H3 and at K20 of H4 are associated
with gene repression [16].

Epigenetic influences on gene expression and genetic
regulation play a critical role in development and cell
differentiation [17, 18]. Some studies have shown a cor-
relation between epigenetic modifications and various
diseases, including cancer, autoimmune diseases, and
ocular diseases [19-24]. For instance, histone modifica-
tion, which remodels chromatin structure, thus regulat-
ing transcription, has been associated with diseases such

Table 1 Genders and age groups of the eight participants

No. Pterygium stage Gender Age Group
1 3rd M 60-70
2 3rd F 60-70
3 3rd M 70-80
4 3rd F 70-80
5 N/A M 60-70
6 N/A F 60-70
7 N/A M 70-80
8 N/A F 70-80

N/A: conjunctiva sample, 3rd: stage 3 pterygium, M: Male, F: Female
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as Alzheimer’s disease, atherosclerosis, and type 2 diabe-
tes [25—28]. Additionally, recent studies found epigenetic
modifications associated with different ocular diseases,
for example, DNA methylation with cataracts, age-
related macular degeneration, and Fuchs’ endothelial cor-
neal dystrophy [29-32]. In pterygium, several associated
epigenetics modifications have been discovered, includ-
ing the hypermethylation of the E-cadherin, P15™NK#,
and P16™K% gene promoters [33, 34]. Epigenetic treat-
ments are emerging as a new approach to disease therapy
[35, 36]. In one set of studies, researchers revealed the
key role of epigenetic processes in regulating immune
cell function and mediating anti-tumor immunity [37].
However, there is currently no evidence of an epigenetic
correlation between histone methylation and pterygium
formation.

Here, we explore the correlation between changes in
H3K4 and H3KO9 tri-methylation (me3) and gene expres-
sion in patients with pterygium to better understand pte-
rygium pathogenesis. While the genome-wide H3K4me3
pattern shows no significant change in patients with pte-
rygium, its levels were significantly altered in a number
of genes associated with developmental processes or eye
diseases. Conversely, H3K9me3 levels show genome-
wide elevation in pterygium-affected patients. Spe-
cifically, H3K9me3 levels at the promoter regions of 82
genes involved in developmental pathways are signifi-
cantly increased in pterygium sufferers. Comparing these
findings with the gene expression profile associated with
pterygium, we observe the downregulation of six of these
genes, ANK2, AOAH, CBLN2, CDH8, CNTNAP4, and
DPP6, which are closely linked to biomarkers for vari-
ous human diseases. Therefore, we propose that these six
identified H3K9me3-affected genes may represent poten-
tial biomarkers for future pterygium diagnosis.

Methods

Sample collection

Based on transparency, pterygium were classified into 3
morphological stages: stage 1 consists of atrophic pteryg-
ium, in which episcleral blood vessels are clearly visible;
stage 2 consists of intermediate pterygium, which have
characteristics between atrophic and fleshy pterygium;
and stage 3 consists of fleshy pterygium, in which the epi-
scleral vessels are completely obscured [38]. Four patients
with a stage 3 pterygium participated in this study, and
we collected conjunctival samples from 4 patients to rep-
resent healthy individuals. Normal conjunctival tissue
was harvested from a conjunctival autograft obtained
from the superotemporal quadrant of the bulbar con-
junctiva of a patient with pterygium. These samples were
obtained from Korea University Anam Hospital (Table 1)
and approved by the Institutional Review Board (IRB)
of the Korean University Anam Hospital (IRB number:
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No. 2022AN0503). We performed a retrospective analy-
sis of patients who had been diagnosed with pterygium
between November 3, 2022, and September 30, 2023.

Chromatin Immunoprecipitation (ChIP)

ChIP experiments were performed as described previ-
ously with slight modifications [39-41]. Briefly, approxi-
mately 15 mg of tissue excised from participants was
used for each ChIP sample. All samples were weighed
and fixed in 1 ml of 1% formaldehyde in PBS on ice with
slight shaking for 15 min. Before fixing, each tissue sam-
ple was chopped into 1 x1 mm-sized chunks with razor
blades. For quenching, 2 M glycine was added to cross-
linked samples to a final concentration of 0.125 M. Cells
were then lysed in cell lysis buffer (5 mM PIPES [pH
8.0], 1% Triton X-100, and 85 mM KCl) with inhibitors
(0.5 mM DTT, 5 mM sodium butyrate, protease inhibi-
tor cocktail [Roche, 4693132001], 1 mM PMSF [Roche,
11359061001], and PhosSTOP [Roche, PHOSS-RO]) and
nuclei lysis buffer (50 mM Tris-HCl [pH 8.0], 10 mM
EDTA [pH 8.0], and 1% SDS) with inhibitors. Chromatin
sheared via sonication was diluted 4-fold with IP dilution
buffer (50 mM Tris-HCI [pH 7.4], 1 mM EDTA [pH 8.0],
150 mM NacCl, 0.25% Na-deoxycholate, 1% Triton X-100)
and incubated with protein A agarose beads (Cytiva,
CL-4B) conjugated with anti-H3K4me3 (Abcam, 8580) or
anti-H3K9me3 (Abcam, 8898) at 4 °C for 14 h for precipi-
tation. The precipitates were then washed sequentially
with wash buffer I (50 mM HEPES [pH 7.6], 0.1% SDS,
1% Triton X-100, 150 mM NacCl, and 0.1% Na-deoxycho-
late), wash buffer II (50 mM HEPES [pH 7.6], 0.1% SDS,
1% Triton X-100, 300 mM NacCl, and 0.1% Na-deoxycho-
late), wash buffer III (10 mM Tris-HCl [pH 8.0], 200 mM
LiCl, 1 mM EDTA [pH 8.0], 0.5% NP-40, and 0.4% Na-
deoxycholate), and wash buffer IV (10 mM Tris-HCI [pH
8.0] and 1 mM EDTA) and eluted at 65 °C with 50 mM
Tris-HCI [pH 8.0], 10 mM EDTA, and 1% SDS) in TES
buffer. Then, after the eluted chromatin fragments were
treated with protease (Sigma-Aldrich, P5147), the DNA
was extracted with QIAquick PCR purification kits (Qia-
gen, 28104) following the manufacturer’s protocols.

Data analysis

Sequencing libraries were constructed utilizing TruSeq
DNA Sample prep kits according to the manufacturer’s
protocols (TruSeq ChIP Sample precipitation guide
15023092 Rev. B) and sequenced on an Illumina NovaSeq
6000 following the manufacturer’s protocols [42]. Reads
were trimmed using Trimmomatic (version 0.38) and
aligned to the Homo sapiens reference genome (GRCh38)
using BowTie (version 1.1.2). Peaks were called utiliz-
ing MACS2 (version 2.1.1.20160309), and duplicate
reads were processed using Picard (version 0.118). The
called peaks were then annotated in ChIPSeeker (version
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1.16.1) using gene models from the National Center for
Biotechnology Information (NCBI, https://www.ncbi.
nlm.nih.gov). A comparative analysis of data was per-
formed using csaw (version 1.34.0). Normalized bed-
Graph files were generated using MACS2 (command
“-B—SPMR”) and then converted to bigwig files using the
bedGraphToBigWig program. The genome-wide profile
was generated using the tools in the deepTools suite (ver-
sion 3.1.3). All gene ontology (GO) and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathway analyses
were performed utilizing the Database for Annotation,
Visualization and Integrated Discovery (DAVID data-
base; https://david.ncifcrf.gov). All GO and KEGG data
were then filtered based on the EASE score, a modified
Fisher’s Exact P-value utilized by the DAVID database,
removing any associations with an EASE score less than
0.1, and GO plots were created with the ggplot2 (version
3.4.4) R library. A gene-to-gene interaction analysis was
performed by utilizing GeneMANIA (https://genemani
a.org) to construct and analyze interactions between the
analyzed genes. ChIP-seq tracks were viewed in the Inte-
grative Genomics Viewer (IGV, https://igv.org/).

RNA-seq source and analysis

We obtained RNA-seq data from NCBI (SRA file acces-
sion number PRINA669964; https://www.ncbi.nlm.nih.g
ov/sra), which included data from three normal conjunc
tival tissue and three pterygium tissue samples. We then
aligned the RNA-seq reads to the Homo sapiens reference
genome (GRCh38). Gene expression was normalized
with the DESeq2 package in R (version 4.2.3), and up-
and down-regulated genes were identified, considering
P-values less than 0.05 to be statistically significant [43].

Results

H3K4me3-enriched genes are altered in patients with
pterygium

Because, though a number of epigenetic modifications
are associated with pterygium, a correlation with histone
modification has not been yet reported, we performed
a ChIP-seq assay to compare genome-wide H3K4me3
levels between normal, healthy conjunctiva and stage 3
pterygium samples (Fig. 1 and Supplementary Fig. 1).
Consistent with previous results [44, 45], H3K4me3
was preferentially distributed at promoter regions in
both samples, with only a slight decrease in the propor-
tion of H3K4me3-enriched promoters in pterygium
(Fig. 1A). Also, the majority of the 11,256 H3K4me3
peaks observed in the normal conjunctiva were still pres-
ent in pterygium (10,659 peaks, 95%) (Fig. 1B). Although
a slight increase in H3K4me3 at the peak center and a
slight decrease in both the gene body and transcription
end site were observed in pterygium (Fig. 1C), a K-means
cluster analysis targeting three clusters with distinct
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Fig. 1 Analysis of genome-wide H3K4me3 levels in patients with pterygium. (A) Summaries of genome-wide ChlIP-seq data of H3K4me3 in normal con-
junctiva (left) and pterygium (right). The pie chart shows the distribution of H3K4me3 peaks at promoter, intron, exon, downstream, distal intergenic, and
5"untranslated (UTR) regions. Numbers indicate the percentages of detected sites. (B) A Venn diagram of the H3K4me3 peaks displayed in A. The areas
of the subsets are proportional to the number of detected H3K4me3 peaks. (C) A ChIP read-density profile of the data shown in A. The profile plots show
the average ChlIP signals in £ 1 kb windows relative to the center of peaks (left) and from transcription start sites (TSSs) and transcription end sites (TESs)
(right). (D) A clustered heatmap (left) and ChIP read-density profile (right) of the ChIP-seq data shown in A. The H3K4me3 peaks across TSSs with +1 kb
are separated into three clusters by K-means clustering (Ct: conjunctiva, Pt: pterygium, Clst.: cluster)

H3K4me3 peak patterns did not reveal a significant
change in the H3K4me3 distribution (Fig. 1D). Therefore,
our data show that the genome-wide H3K4me3 pattern
was not greatly altered in patients with stage 3 pterygium.

Next, we carried out a more detailed assessment of the
difference in H3K4me3 signal intensity between the two
groups (Fig. 2). A comparison of the ChIP-seq profiles
from both groups revealed 434 significantly increased
peaks and 490 significantly decreased peaks in pteryg-
ium (Fig. 2A). Significantly increased peaks associated
with H3K4me3 were predominantly located at promoter
regions (93.5%), while the significantly decreased
peaks were more broadly distributed (promoter: 62.8%,
intron: 18.9%, and intergenic: 16.1%) (Fig. 2B). Next, we

performed a GO analysis to determine the H3K4me3-
governed genes and pathways involved in pterygium
pathogenesis (Fig. 2C and D). The top 5 most highly
enriched GO terms for H3K4me3 upregulated genes
were “endocytosis,” “in utero embryonic development,
“adenosine to inosine editing,” “multicellular organism
growth,” and “apoptotic process” In H3K4me3 down-
regulated genes, the top 5 most enriched GO terms were
“commitment of neuronal cell to specific neuron type
in forebrain,” “heterophilic cell-cell adhesion via cell
adhesion molecules (CAMs),” “neuron migration,” “reg-
ulation of cell proliferation,” and “dentate gyrus develop-
ment” Notably, the top 5 enriched GO terms associated

with genes with H3K4me3-altered expression include
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Fig. 2 Gene ontology (GO) analysis of significantly upregulated and downregulated H3K4me3 signals in patients with pterygium. (A) A volcano plot
representing the differential binding analysis of the H3K4me3 ChiP-Seq data from pterygium and healthy conjunctiva. The y-axis represents the mean of
the negative logarithm of the P-values, and the x-axis corresponds the log,(fold change [FC]) values. Red and blue dots denote sites significantly changed
(P-value <0.05) by log,(FCs) > 1.5 or <—1.5 (i.e, with differentially greater or lower trimethylation), respectively, and black dots denote sites with statisti-
cally insignificant changes. The red and blue numbers indicate the number of red and blue dots, respectively. (B) Pie charts describing the distribution
of peaks with significantly increased (left) and decreased (right) H3K4me3 signals, corresponding to the red and blue dots in A, respectively, as shown
in Fig. TA. The numbers in parentheses indicate the total number of genes used in the analysis. (C and D) Enriched GO analysis terms for the genes with
significantly increased (C) and decreased (D) H3K4me3 shown in A. The circle size represents the number of genes in the significant gene list associated

with the GO term. The x-axis corresponds to the —log;(P-values)
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pathways related to development or eye diseases, such as
apoptosis [46].

H3K9me3 levels are significantly increased in patients with
pterygium

The H3K4me3 is typically associated with gene acti-
vation and euchromatin regions, while H3K9me3 is
linked to gene repression and heterochromatin regions
[47-49]. The dynamic interplay between these two
modifications considerably influences chromatin state
and gene expression regulation [50]. Therefore, we next
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investigated the genome-wide effects of H3K9me3 in
patients with stage 3 pterygium (Fig. 3 and Supplemen-
tary Fig. 1). Corroborating the results of previous studies
[26, 51], H3K9me3 was predominantly observed at gene
body and intergenic regions in both normal conjunctiva
and pterygium samples (Fig. 3A). In addition, out of the
22,450 total H3K9me3 peaks in normal conjunctiva, 85%
(19,077 peaks) remained present in pterygium (Fig. 3B).
Although the distribution of H3K9me3 ChIP-seq enrich-
ment at the peak center did not show a significant change
in pterygium (Fig. 3C left panel and D), a notable increase

A H3K9me3 distribution B
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Fig. 3 Patients with pterygium exhibit increased H3K9me3 levels across genes. (A) Summaries of genome-wide ChiP-seq data of H3K9me3 in normal
conjunctiva (left) and pterygium (right), with details following those of Fig. TA. The pie chart shows the distribution of H3K9me3 peaks in promoter,
downstream, gene body, and gene desert (intergenic) regions. (B) A Venn diagram of the H3K9me3 peaks displayed in A, with details following those of
*Fig. 1B. (C) A ChlIP read-density profile of the data shown in A, with details following those of Fig. 1C. (D) A heatmap of the H3K9me3 ChlIP-seq peaks of
the data shown in A across + 1 kb windows relative to the center of peaks (upper left), from TSS to TES (upper right), and across + 1 kb windows relative

to the TSS (bottom)
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of H3K9me3 from transcription start site (TSS) to tran-
scription end site was observed (Fig. 3C right panel and
D), suggesting that H3K9me3 is a critical epigenetic fac-
tor for the regulation of gene expression in patients with
pterygium.

Subsequently, we carried out a comprehensive analysis
of the H3K9me3 ChIP-seq profiles of both tissue groups
to examine the differential H3K9me3 peaks (Fig. 4), iden-
tifying 1,822 peaks with significantly increased intensity
and 2,539 peaks with significantly decreased intensity
in pterygium (Fig. 4A). The GO analysis revealed that
H3K9me3-governed genes are involved in a variety of
pathways, such as “regulation of transcription,” “modu-
lation of synaptic transmission,” “signal transduction,’
“neuron cell-cell adhesion,” and “nervous system devel-
opment” (Supplementary Fig. q), implying that H3K9me3
may play an important role in the transcription regula-
tion of genes affecting these diverse pathways. Most of
the sites showing significantly changed peaks associated
with H3K9me3 were within the gene body and intergenic
regions (more than 90%), with a small proportion of sig-
nals at the promoter region (about 6-7%) (Fig. 4B). How-
ever, a substantial increase, over 10-fold, in H3K9me3
was found at the promoter regions of 82 genes with high
fold change (FC) values in pterygium (Fig. 4C), suggest-
ing that abnormally enhanced H3K9me3 at the promoter
regions lead to dysfunctional transcription initiation in
pterygium.

Next, we analyzed the genetic interaction network of
these 82 high FC genes using GeneMANIA (Fig. 4D).
The results showed that 47 of the genes are correlated
based on their co-expression and pathway interactions.
Notably, we found that developmental pathways, includ-
ing ectoderm differentiation and development, are key
targets of H3K9me3-driven regulation in pterygium.
Taken together, our data indicate that H3K9me3 is clearly
increased at the promoter regions of genes related to
developmental processes in patients with pterygium.

Integrative analysis of H3K9me3 ChIP-seq and RNA-seq
data identified six target genes in patients with pterygium
Various genome-wide RNA analyses have shown that
H3K9me3 is associated with gene repression [52-54].
Therefore, we directly compared the ChIP-seq data of
H3K9me3 with RNA-seq data sets obtained from Liu
et al. [55], observing significant changes in pterygium
(Fig. 5). Specifically, 9.7% of genes (359 out of a total of
3,684 genes) with significantly altered H3K9me3 peaks
(4,361 peaks in Fig. 4A) in pterygium overlapped with
differentially expressed genes in the RNA-seq data (6,062
genes) in pterygium (Fig. 5A). Among the 359 overlap-
ping genes, 138 and 221 genes were up- and down-reg-
ulated by H3K9me3, respectively (Fig. 5B). In a scatter
plot of the ChIP-seq and RNA-seq data, 41 genes in the
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first quadrant and 97 genes in the second quadrant indi-
cate H3K9me3-enhanced up- and down-regulated
genes, respectively. Conversely, 147 and 74 genes were
H3K9me3-diminished differentially down- and up-regu-
lated genes, respectively.

Because H3K9me3 usually contributes to the silenc-
ing of genes [43], we focused on analyzing the 97 down-
regulated genes that showed a significant increase in
H3K9me3. The top 5 enriched GO terms for these 97
genes were “cell adhesion,” “phagocytosis,” “modula-
tion of synaptic transmission,” “regulation of presyn-
apse assembly,” and “cell-cell adhesion” (Fig. 5C, sky
blue circles). Also, pathways such as “cell adhesion
molecules,” “transcriptional misregulation in cancer,’
and “malaria” are represented in KEGG pathway analy-
sis (Fig. 5C, orange circles). A binding motif analysis
of the 97 genes identified, among others, ZN770, SP4,
ZN768, ZN264, FOX]J3, PRDMS6, and LEF], all of which
involve zinc finger domains or function as transcrip-
tion factors (Fig. 5D). Notably, among the 97 genes, six,
ANK2, AOAH, CBLN2, CDH8, CNTNAP4, and DPP6,
are included in the group of high FC genes identified in
Fig. 4A (Fig. 5B). These six genes are closely related to
human diseases, such as breast cancer, acute ethmoiditis
and chronic frontal sinusitis, HPV infection, Parkinson’s
disease, and pancreatic ductal adenocarcinoma (Table 2),
suggesting that H3K9me3-mediated regulation of these
genes is critical for pathogenesis. In conclusion, our data
suggest that increased H3K9me3-mediated repression of
these six target genes may be causative factors in pteryg-
ium development.

o«

Discussion

Epigenetics is important in the regulation of gene expres-
sion and can be used as biomarkers in diverse human
diseases [56]. However, to our knowledge, there are no
studies on histone modification in patients with pteryg-
ium. Therefore, in this study, we provide initial evidence
that H3K4 and H3K9 methylation are closely related to
the pathogenesis of pterygium.

The genome-wide ChIP-seq analysis for H3K4me3
showed both increases and decreases in H3K4me3 levels
at promoter regions in patients with pterygium (Fig. 2A
and B). Notably, three GO terms for H3K4me3-upreg-
ulated genes, endocytosis, adenosine to inosine editing,
and apoptotic process, have been significantly related
to eye diseases (Fig. 2C) [46, 57, 58]. Our data thus sug-
gest that these three pathways may affect the occurrence
of pterygium. However, the pathogenesis of pterygium
remains unclear, and another study reported decreased
levels of H3K4me3 in aging photoreceptors [59]. There-
fore, further studies are needed to elucidate the exact
correlation between H3K4me3 and pterygium formation
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Table 2 Summary of biomarker-related target diseases for the

six identified genes in this study

as well as the underlying mechanism of pterygium

athogenesis.
Gene Target disease Reference ’ Inte%estingly, we identified 82 genes, primarily involved
ANKZ Breast cancer _ = in developmental pathways, with a remarkable increase
AOAH ﬁwcitri;iilrlesgt‘i? ury, asthma and chronic  [73-75] in H3K9me3 in pterygium (Fig. 4A and D). In general,
CBIND Colon adenocarcinoma 72] developmental pathways are divided into various sub-
CDHg HPV infection 691 pathways, each performing different roles within the
CNTNAP4 Parkinson's disease 76, 77] cell. For example, Notch signaling plays a critical role
DPPG Pancreatic ductal adenocarcinoma 78] in corneal wound healing [60]. Mutations in the adeno-

matous polyposis coli protein led to the overactivation

of the Wnt/B-catenin signaling pathway, resulting in
the development of colorectal cancer [61]. Additionally,

AMPK signaling regulates the tumor

suppressor protein
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Table 3 Comparison of the six identified genes between our
study and reference data

Gene Reference Regulatoin Number of Samples

ANK2 [63] Down Conjunctiva 8, Pterygium 8
ANK2 [64] Down Conjunctiva 4, Pterygium 4
AOAH [65] Down Conjunctiva 10, Pterygium 8

p53 and, thus, regulates tumor suppression [62]. Errors
in developmental pathways can lead to severe diseases or
cellular dysfunctions. Therefore, defects in developmen-
tal pathways caused by excessive increases of H3K9me3
in pterygium could be critical to their pathogenesis.

We identified the six target genes that were particu-
larly affected by increased H3K9me3-mediated suppres-
sion, ANK2, AOAH, CBLN2, CDH8, CNTNAP4, and
DPPé6 (Fig. 5B). Notably, comparisons with other RNA-
seq datasets consistently revealed an identical pattern,
with the downregulation of ANK2 and AOAH closely
aligning with our findings and supporting the valid-
ity of our observations. These consistent results indi-
cate the reproducibility of the observed downregulation
across independent datasets (Table 3) [63—-65]. Among
these, Ankyrin-B (AnkB) is a well-known key adaptor
protein that connects cytoskeletal components such as
B-spectrin and actin to membrane proteins, including
ion channels, receptors, and cell adhesion molecules, in
lens fiber cells. AnkB facilitates the membrane anchor-
ing of Periaxin (Prx) and plays a crucial role in maintain-
ing the morphology, alignment, membrane organization,
and biomechanical properties of lens fiber cells [66].
Considering these functions, increased expression of
AnkB could potentially affect the cytoskeletal structure
and function of lens fiber cells, contributing to patho-
logical changes observed in diseases such as pterygium.
CNTNAP4 and DPP6 genes are related to eye disorders
[67, 68]. CNTNAP4 is a critical gene associated with the
pathogenesis of primary open-angle glaucoma [69] and
corneal diseases. It is strongly linked to increased cor-
neal thickness (CCT), protective effects against POAG,
and neural cell interactions, highlighting its importance
in ocular health and disease mechanisms [67]. Addition-
ally, CNTNAP4 has been directly associated with natural
variations in corneal thickness and is likely to play a piv-
otal role in regulating corneal structure alongside other
genes such as NTM, COL5A1, and COL8A2 [70]. These
findings suggest that CNTNAP4 holds potential as a bio-
marker for ocular disorders, particularly in conditions
involving corneal integrity and glaucoma. The expression
of DPP4 is elevated in retinal pigment epithelium (RPE)
cells and the Bruch’s membrane, regions where degenera-
tive deposits of waste materials and proteins accumulate
to form drusen [68]. While the primary mechanisms are
not yet fully understood, DPP4 is proposed to potentially
contribute to the formation of pterygium. Although these
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genes are primarily associated with ocular disorders,
their roles in systemic diseases underscore their broader
biomarker potential. For instance, recent studies sug-
gested that ANK2 and CBLN2 serve as biomarkers in
breast cancer and colon adenocarcinoma, respectively
[71, 72]. Diseases associated with AOAH include acute
lung injury, asthma and chronic rhinosinusitis [73-75].
Additionally, the DNA methylation patterns of CDHS are
possible biomarkers for detecting pathological changes
associated with human papillomavirus (HPV) infection
[69]. The proteins CNTNAP4 and DPP6 are also consid-
ered biomarkers; CNTNAP4 deficiency may initiate phe-
notypes of Parkinson’s disease, and hypermethylation of
the DPP6 promoter has been observed in patients with
pancreatic ductal adenocarcinoma [76—78]. Furthermore,
Several research groups have been trying to identify pos-
sible biomarkers for pterygium formation, with the most
notable results pointing to heparin-binding epidermal
growth factor (HB-EGF) [79]. Therefore, these six iden-
tified target genes will likely serve as new potential bio-
markers for pterygium formation and could be further
considered as new drug targets for treatments.

Our study concentrated on the analysis of two histone
methylation modifications: H3K4me3 and H3K9me3.
Nevertheless, other epigenetic modifications, including
histone acetylation, sumoylation, and ubiquitination, are
also crucial in the regulation of gene expression. Future
research presents an opportunity to investigate addi-
tional epigenetic regulators involved in pterygium.

Conclusions

To our knowledge, this is the first trial to investigate the
correlation between histone modifications H3K4me3
and H3K9me3 and pterygium. Notably, H3K9me3 levels
were significantly increased in patients with pterygium,
and we identified six H3K9me3-governed target genes as
potential biomarkers. This study provides a foundation
for future research on the prevention and recurrence of
pterygium.
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