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Purpose. The competing endogenous RNA (ceRNA) network regulatory has been investigated in the occurrence and development of
many diseases. This research aimed at identifying the key RNAs of ceRNA network in pterygium and exploring the underlying
molecular mechanism. Methods. Differentially expressed long noncoding RNAs (lncRNAs), microRNAs (miRNAs), and mRNAs were
obtained from the Gene Expression Omnibus (GEO) database and analyzed with the R programming language. LncRNA and miRNA
expressions were extracted and pooled by the GEO database and compared with those in published literature. The lncRNA-miRNA-
mRNA network was constructed of selected lncRNAs, miRNAs, and mRNAs. Metascape was used to perform Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses on mRNAs of the ceRNA network and to perform Protein-Protein
Interaction (PPI) Network analysis on the String website to find candidate hub genes. The Comparative Toxicogenomic Database
(CTD) was used to find hub genes closely related to pterygium. The differential expressions of hub genes were verified using the
reverse transcription-real-time fluorescent quantitative PCR (RT-qPCR). Result. There were 8 lncRNAs, 12 miRNAs, and 94 mRNAs
filtered to construct the primary ceRNA network. A key lncRNA LIN00472 ranking the top 1 node degree was selected to reconstruct
the LIN00472 network. The GO and KEGG pathway enrichment showed the mRNAs in ceRNA networks mainly involved in
homophilic cell adhesion via plasma membrane adhesion molecules, developmental growth, regulation of neuron projection
development, cell maturation, synapse assembly, central nervous system neuron differentiation, and PID FOXM1 PATHWAY.
According to the Protein-Protein Interaction Network (PPI) analysis on mRNAs in LINC00472 network, 10 candidate hub genes
were identified according to node degree ranking. Using the CTD database, we identified 8 hub genes closely related to pterygium;
RT-qPCR verified 6 of them were highly expressed in pterygium. Conclusion. Our research found LINC00472 might regulate 8 hub
miRNAs (miR-29b-3p, miR-183-5p, miR-138-5p, miR-211-5p, miR-221-3p, miR-218-5p, miR-642a-5p, miR-5000-3p) and 6 hub
genes (CDH2, MYC, CCNB1, RELN, ERBB4, RB1) in the ceRNA network through mainly PID FOXM1 PATHWAY and play an
important role in the development of pterygium.

1. Introduction

Pterygium is a common ocular surface disease characterized
by a triangular-shaped growth consisting of fibrotic subcon-
junctival connective tissue and hypertrophy of the overlying

conjunctival epithelium [1]. The population affected by pte-
rygium reached 200 million globally, and the prevalence in
China was 108.65 million [2, 3]. Pterygium has long been
considered as a chronic degenerative condition; however,
after abnormal expression of the p53 protein was found in
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the epithelium [4], pterygium is now considered ultraviolet-
related uncontrolled cell proliferation, similar to tumors
[5]. The development of pterygium is a complicated process
involving cell proliferation, migration, inflammatory infil-
trates, fibrosis, angiogenesis, and extracellular matrix
breakdown [2]. However, the mechanism of pterygium
formation and development is still not completely under-
stood. Studies have demonstrated that noncoding RNAs
served crucial roles in numerous diseases [6–8]. They are
classified into two classes: small noncoding RNAs (micro-
RNAs (miRNAs), small interfering RNAs, and transfer RNAs)
and long noncoding RNAs (lncRNAs). Salmena et al. pro-
posed the competing endogenous RNA (ceRNA) hypothesis,
wherein lncRNAs harboring miRNA response elements com-
peted with one another to bind to a common miRNA and
thereby acted as molecular “sponges” and depressed the target
genes of the miRNAs [9]. The ceRNA network has been dem-
onstrated in numerous diseases, particularly in cancer. By
establishing the lncRNA-miRNA-mRNA network, Wang
et al. identified functional genes in heart failure and provided
further insights into the important roles of the ceRNA net-
work in heart failure [10]. Yang et al. discovered that lncRNA
RP11-169F17.1 and RP11-669N7.2 could become novel
biomarkers of stomach adenocarcinoma assessed by the
construction of the ceRNA network [11]. Zhu et al. reported
that 4 lncRNAs might act as potential therapeutic targets or
candidate prognostic biomarkers in clear cell kidney carci-
noma by reconstruction and comprehensive analysis of the
ceRNA regulatory network [12].

However, there is only 1 research on constructing ceRNA
networks for pterygium [13]. The hub genes of the network
and their roles in the development of pterygium have not
been fully understood. Therefore, we collected the lncRNA,
miRNA, and mRNA datasets and published literature; fil-
tered out differentially expressed long noncoding RNAs
(DELs), microRNAs (DEMis), and mRNAs (DEMs) to con-
structed ceRNA networks; and identified hub genes closely
related to pterygium, based on the functional and pathway
analysis on mRNAs in the ceRNA network.

2. Materials and Methods

2.1. Data Collection. The Gene Expression Omnibus (GEO)
is an international, public functional genomics data reposi-
tory for high-throughput microarray and next-generation
sequences [14]. The published pterygium gene expression
profiles (GSE83627, GSE21346, GSE51995, and GSE2513)
were downloaded [15–19]. The GSE83627 lncRNA data set
was collected using GPL14550 platforms (Agilent-028004
SurePrint G3 Human GE 8× 60K Microarray, Agilent Tech-
nologies, Inc.) and included samples from 4 pterygium and 4
healthy conjunctiva tissues. The miRNA expression data of
GSE21346 were based on the GPL7723 platforms (miRCUR-
YLNA microRNA Array, v.11.0-hsa, mmu & rno, Exiqon
A/S) and consisted of samples from 3 pterygium and 3
healthy conjunctiva tissues. The mRNA expression data of
GSE51995 were from 4 pterygium samples and 4 healthy
conjunctiva tissues and were based on GPL14550 platforms
(Agilent-028004 SurePrint G3 Human GE 8× 60K Microar-

ray, Agilent Technologies, Inc.). Another mRNA expression
data of GSE2513 were from 8 pterygium samples and 4
healthy conjunctiva tissues and were based on GPL96 plat-
forms (Affymetrix Human Genome U133A Array, Affyme-
trix). In order to make the datasets more abundant, we
executed a systemic search in PubMed, CNKI, and Web of
Science and found 2 microarray studies on DELs and 7 stud-
ies on DEMis, including 4 microarray assays studies and 3
experimental verification studies.

2.2. Data Preprocessing. All downloaded data sets were stan-
dardized through the limma package of R 3.6.3, and the stan-
dardized expression matrix was used for the differential
expression analysis. The DELs, DEMis, and DEMs between
pterygium samples and healthy control conjunctiva tissues
were selected according to ∣log2 fold change ðFCÞ ∣ ≥1 and P
values <0.05 [20]. Sequentially, DELs and DEMis were
pooled based on the microarray data in the searched studies,
respectively, with the Draw Venn Diagram website (http://
bioinformatics.psb.ugent.be/webtools/Venn/). And the
pooled results were used as candidate DELs and DEMis for
the following analysis. The volcano plots and the heatmaps
of DELs, DEMis, and DEMs expressions were set up using
the ggpolt 2 package and pheatmap package in R 3.6.3
separately.

2.3. Prediction of Target lncRNAs and mRNAs of miRNAs.
The lncRNA targets of the candidate miRNAs were predicted
using DIANA-LncBase v3 (https://diana.e-ce.uth.gr/
lncbasev3/interactions), which identifies miRNA and
lncRNA interactions derived frommanually curated publica-
tions and the analysis of 153 AGO CLIP-Seq libraries [21],
and starbase 2.0 (http://starbase.sysu.edu.cn/) [22]. The pre-
dicted DELs could be selected for ceRNA network construc-
tion. Data for miRNA and mRNA interactions were
downloaded frommiRDB (http://www.mirdb.org/), TargetS-
canHuman7.1 (http://www.targetscan.org/), and miWalk2.0
(http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2/
miRretsys-self.html), and DEMs which appeared in all three
databases were used for the following analysis.

2.4. Construction of the lncRNA-miRNA-mRNA Network.
Based on the associations between lncRNAs-miRNAs and
miRNAs-mRNAs, the ceRNA network was constructed.
First, the upregulated and downregulated RNAs (lncRNAs,
miRNAs, and mRNAs) were assigned ∣log 2FC ∣ >1 with P
values <0.05; then, the lncRNA-miRNA-mRNA network
was visualized by using the Cytoscape 3.7.2 software [23],
and all node degrees of the ceRNA network were calculated
using the CytoHubba plugin [24] of Cytoscape 3.7.2. The sig-
nificant lncRNA was selected according to the node degree
ranking, and a new ceRNA network was reconstructed cen-
tered on the top lncRNA.

2.5. Functional Analysis on mRNAs in ceRNA Network for
Discovering Hub Genes. To analyze the function of mRNAs
in ceRNA networks, GO and KEGG analyses were performed
by Metascape (http://metascape.org/) [25]. The protein-
protein interaction (PPI) network of mRNAs in the ceRNA
network was constructed by the STRING database with the
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confidence score > 0:4 as the cutoff level, providing the criti-
cal assessment and integration of protein-protein interac-
tions of genes, including direct (physical) as well as indirect
(function) associations [26, 27]. Then, we used the Cyto-
Hubba plugin of Cytoscape 3.7.2 to analyze the PPI network
and to choose the candidate hub genes with top node degrees.
Sequentially, we identified hub genes closely related to pte-
rygium using the Comparative Toxicogenomic Database
(CTD), which provides interactions between diseases-genes
and diseases-drugs.

2.6. Validation of Hub Genes

2.6.1. Patient Sample Preparation. There were 20 primary
pterygium specimens obtained in Zhongnan Hospital of
Wuhan University during pterygium surgery. The control
conjunctival tissues were derived from healthy conjunctival
tissues on the temporal side of the surgical eye of the same
patient, with a size of 1:5mm × 1:5mm. There were 9 males
aged 40-84 (58:89 ± 1:24) years old and 11 females aged 40-
79 (59:52 ± 0:86) years old. All participants are of Han
nationality and have no blood relationship. This study was
reviewed and approved by the Ethics Committee of Zhong-
nan Hospital of Wuhan University, and the written informed
consent of the patients has been obtained before the study.

Patients with recurrent pterygium, history of severe eye
trauma, eye infection, cataract, glaucoma, acute dacryocysti-
tis, and severe mental illness were excluded.

2.6.2. Tissue RNA Extraction and RT-qPCR. All specimens
were collected during the operation and immediately placed
in RNA protective agent (RNA later™, SIGMA, USA), stored
at -20°C for usage. RNA was extracted from 80mg specimen
tissue using TRIZOL reagent. The relative expression of hub
genes was measured using a reverse kit (HiScript® III RT
SuperMix for qPCR (+gDNA wiper)) and ChamQ™ Univer-
sal SYBR® qPCR Master Mix (Vazyme company, Nanjing,
China) on CFX96 fluorescence qPCR instrument (Bio-Rad,
USA). And the PCR reaction was carried as follows: predena-
turation at 95°C for 30 seconds, denaturation at 95°C for 3-10
seconds, and annealing extension at 60°C for 10-30 seconds,
for 40 cycles. Using GAPDH as internal references, the rela-
tive expression of genes was calculated by the 2-△Ct method.
The primer sequences are listed in Supplementary Table 1.

3. Results

3.1. Filtered DELs, DEMis, and DEMs. There are four
recruited pterygium datasets from the GEO search, including
the lncRNA data set (GSE83627), miRNA data set
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Figure 1: The differentially expressional pattern of RNAs from pterygium and control conjunctiva. (a–d) Volcano plots of DELs, DEMis, and
DEMs: (a) DELs (GSE83627); (b) DEMis (GSE21346); (c) DEMs (GSE51995); (d) DEMs (GSE2513). Each point indicates an RNA. Green
dots denote the downregulated RNAs, red points represent the upregulated RNAs under the same thresholds, and gray points indicate
RNAs that did not change significantly. The criteria are based on ∣log 2fold change ∣ ≥1 and P values <0.05. (e–h) Heat maps of DERNAs
(e) DELs (GSE83627), (f) DEMis (GSE21346), (g) DEMs (GSE51995), and (h) DEMs (GSE2513). Each column represents one sample,
and each row refers to an RNA. The color legend is on the top-right of the figure. Green indicates RNAs with a lower expression relative
to the geometrical means; red indicates genes with a greater expression relative to the geometrical means. DELs represent differentially
expressed long noncoding RNAs; DEMis represent differentially expressed microRNAs; DEMs represent differentially expressed mRNAs.
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(GSE21346), andmRNA data sets (GSE51995 and GSE2513).
In Figure 1, the expression of DELs, DEMis, and DEMs is
shown by volcano plots and heat maps (GSE83627
(Figure 1(e)), GSE21346 (Figure 1(f)), GSE51995
(Figure 1(g)), GSE2513 (Figure 1(h)). After the limma pack-
age differential analysis, 214 upregulated lncRNAs were
selected (Figure 1(a)), 4 upregulated miRNAs (miR-138-5p,
miR-184, miR-642a-5p, miR-1298-5p) were found
(Figure 1(b)), and there are 360 downregulated and 537
upregulated mRNAs in GSE51995 (Figure 1(c)) and
GSE2513 (Figure 1(d)) datasets. Using online search key-
words (lncRNA and pterygium) in PubMed, CNKI, and
Web of Science, we found two publications about lncRNA
microarray data of pterygium [28, 29]. There were 10 upreg-
ulated lncRNAs and 10 downregulated lncRNAs in Liu’s
study and 10 upregulated lncRNAs and 7 downregulated
lncRNAs in Zheng’s research (Supplementary Table 2).
Then, we used the Venn diagram to make an intersection
analysis with lncRNAs in the two publications and
previously selected DELs from datasets (Figure 2(a)). So, we
merged the lncRNAs from two studies with DELs; then,
finally, 251 lncRNAs were obtained to be DELs in the
following study, of which 17 are downregulated lncRNAs

and 234 upregulated lncRNAs. Moreover, there were
seven references including 4 microarray articles and 3
experimental validation (Supplementary Table 2). In the
4 microarray articles, Engelsvold et al. [30] found 14
upregulated and 12 downregulated miRNAs; Cui et al.
[31] found 10 differently expressed miRNAs, including 1
upregulated and 9 downregulated; Lee et al. [32] found 4
upregulated miRNAs (miR-143-3p, miR-181a-2-3p, miR-
377-5p, miR-411-5p); and Lan et al. found 2 upregulated
miRNAs in pterygium (miR-138-5p, miRPlus-E1233)
[33]. Three experimental validation studies confirmed
that miR-218-5p was downregulated, and miR-182-5p,
miR-183-5p, miR-184, and miR-221-3p were upregulated
[34–36]. The Venn diagram was used to remove the
duplicate miRNAs and combine the reported miRNA
with 4 DEMis filtered in GSE21346 (Figure 2(b)). Then,
totally, 46 differentially expressed miRNAs were obtained,
among which 21 miRNAs were downregulated and 25
miRNAs were upregulated. Eventually, a total of 360
downregulated mRNAs and 537 upregulated mRNAs of two
datasets in GEO were filtered. In a word, we got 251
lncRNAs, 46 miRNAs, and 897 mRNAs as candidate RNAs
for subsequent study.
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Figure 2: Analysis of the DELs and DEMis frommicroarray results and 9 publications. (a) In the Venn diagram of two studies and GSE83627,
there are no overlapped lncRNAs in the three studies. (b) Venn diagram of GSE21346 and 7 publications of microRNAs. DELs represent
differentially expressed long noncoding RNAs; DEMis represent differentially expressed microRNAs.

Table 1: The RNAs were selected to construct the primary ceRNA network.

RNAs Gene symbol

lncRNAs
FOXD2-AS1 MIR503HG XLOC_002241 LINC00472 CCNT2-AS1 FAM155A-IT1

LINC00638 HOTTIP

miRNAs
miR-181a-2-3p miR-18a-5p miR-183-5p miR-138-5p miR-211-5p miR-221-3p

miR-642a-5p miR-29b-3p miR-192-3p miR-218-5p miR-5000-3p miR-192-5p

mRNAs

ADCYAP1R1 ADRB1 AGPAT4 ANK1 ARNTL2 BDH1 CCNA2 CCNB1
CDH11 CDH4 CHST2 CNTNAP2 COL6A3 DEFA5 ELOVL4 EPHA7 FOXJ2 GDAGJA3GPR158 HAPLN3 IL36RN INPP4A
IRAK3 KRT6B LHX6 MAL2 MYLK NANOS1 NBEA NFIX PCDHA11 PCDHA12 PCDHA13 PCDHA2 PCDHA4 PCDHA5
PCDHA6 PCDHA7 PCDHA8 PCDHAC1 PCDHAC2 PID1 PRUNE2 RASL11B RB1 RGS20 SHANK2 SLC7A2 SPC25 SPOCK1
TFCP2L1 TNFRSF12A TP53INP2 TRIM71 ZEB2 ADRB1 ANGPT2 ARHGAP6 ASXL3 ATF3 BCL11A BHLHE22 C2orf88

CADM2 CDH2 CNR1 CREB5 DNAJC28 ERBB4 FAM49A FLRT3 GABRB2 GREM2 HNF4G KLHL13 LYVE1 MGAT3 MYC
MYRF NPNT NTNG1 PDZRN4 PLAG1 PLK2 PPARGC1A RAP1GAP2 RBFOX1 RELN RNF157 SCD5 VAV3 ZBTB10

ZFP36L1 ZFPM2
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3.2. miRNA Predicted lncRNA and mRNA Targets. Firstly, the
associations between the DELs and DEMis were assessed to
reveal the 12 miRNAs targeting 8 lncRNAs. Subsequently,
94 mRNAs targeted by 12 miRNAs were identified. Finally,
the 8 coexpressed lncRNAs, 12 coexpressed miRNAs, and
94 coexpressed mRNAs were selected to construct the pri-
mary ceRNA network (Table 1).

3.3. lncRNA-miRNA-mRNA Networks. The lncRNA-
miRNA-mRNA ceRNA network was constructed by Cytos-
cape 3.7.2 (Figure 3(a)), which consisted of above 8 lncRNA
nodes, 12 miRNA nodes, 94 mRNA nodes, and 136 edges.
According to the node degree ranking, we selected the high-
est node degree RNA (LINC00472) as the center to construct
the LINC00472 network (Figure 3(b)). The new ceRNA net-
work centered by LINC00472 was constructed of 1 lncRNA
nodes, 8 miRNA nodes, 84 mRNA nodes, and 106 edges
(Figure 4(a)). This suggested that LINC00472 might be a
key lncRNA in pterygium functioning through reacting with
the 8 miRNAs (miR-29b-3p, miR-183-5p, miR-138-5p, miR-
211-5p, miR-221-3p, miR-218-5p, miR-642a-5p, miR-5000-
3p). Among them, miRNA-221-3p [34], miR-183-5p [35],
and miR-218-5p [36] have been reported to have important
function in pterygium. The other 5 miRNAs have been
reported to play an important role in cancers. For example,
Drummond et al. found miR-29b-3p was involved in a novel
mechanism wherein cigarette smoke promoted accelerated
cardiac and renal tissue injury in chronic kidney diseases
[37]. And miR-138-5p can inhibit the malignant progression
of prostate cancer [38] and lung cancer growth, through the
miR-138-5p/FOXC1 pathway [39]. miR-211-5p has been
confirmed to be related to a variety of cancers, such as cervi-
cal cancer [40], the nonsmall cell lung cancer cell [41], breast
cancer [42], oral squamous cell carcinoma [43], and papillary
thyroid cancer [44]. miR-642a-5p and miR-5000-3p were
found have important effects on colon cancer [45, 46]. As

we know, pterygium is considered as uncontrolled cell prolif-
eration and is similar to tumor [5], which supports that these
miRNAs could also play an important role in the develop-
ment of pterygium.

3.4. Functional Analysis of mRNAs Related to Pterygium. The
94 mRNAs in the primary ceRNA network was investigated
by the GO and KEGG pathway enrichment analysis with
Metascape. Metascape results were dominated by functional
categories, including regulation of homophilic cell adhesion
via plasma membrane adhesion molecules, developmental
growth, regulation of neuron projection development, adhe-
rens junction interactions, cell maturation, synapse assembly,
central nervous system neuron differentiation, positive regu-
lation of mRNA metabolic process, negative regulation of
cell-substrate adhesion, tissue morphogenesis, and blood ves-
sel morphogenesis. Two pathways were enriched, PID
FOXM1 PATHWAY and PID ATF2 PATHWAY. The
occurrence of pterygium is closely related to the epithelial-
mesenchymal transitions (EMT) and angiogenesis under
the tissue [47]. FOXM1 is a member of the forkhead box
(FOX) transcription factor family. Previous reports have
demonstrated that FOXM1 is oncogenic, in breast cancer
[48], hepatocellular carcinoma [49], prostate cancer [50],
lung cancer [51], and colorectal cancer [52], and plays
important roles in angiogenesis, invasion, and metastasis
[53]. It may indicate the mRNAs in the ceRNA network are
the biogenesis of the transformation of conjunctival cells into
fibroblasts and the formation of subconjunctival neovascu-
larization according to these biological processes and path-
ways, especially by regulating cell maturation, tissue
morphogenesis, blood vessel morphogenesis, and PID
FOXM1 PATHWAY (Figure 3(c)).

In order to explore the role of LINC00472 in pterygium,
we performed GO and KEGG enrichment analysis again on
the 84 mRNAs in the LINC00472 ceRNA network. We found

0 2 4 6 8 10
–log10(P)

12 14
R-HSA-9675108: nervous system development

M5887: NABA basement membranes

GO:0045596: negative regulation of cell differentiation
GO:0070848: response to growth factor
GO:0021953: central nervous system neuron differentiation
M166: PID ATF2 PATHWAY
GO:0007416: synapse assembly
GO:0048469: cell maturation
M176: PID FOXMl PATHWAY
R-HSA-418990: adherens junctions interactions
GO:0010975: regulation of neuron projection development
GO:0048589: developmental growth
GO:0007156: homophilic cell adhesion via plasma membrane adhesion molecules

GO:1903313: positive regulation of mRNA metabolic process

GO:0048729: tissue morphogenesis
GO:0048514: blood vessel morphogenesis
GO:0007264: small GTPase mediated signal transduction
GO:0010812: negative regulation of cell-substrate adhesion
GO:1901570: fatty acid derivative biosynthetic process

(c)

Figure 3: Construction of the primary lncRNA-miRNA-mRNA network and enrichment analysis of the network. (a) The overview of the
whole ceRNA network. This interaction network contains 8 lncRNAs, 12 miRNAs, and 94 mRNAs. The regulatory relationship among
lncRNA, miRNA, and mRNA was visualized using Cytoscape 3.7.2. (b) The top 20 mRNA node degrees of the primary ceRNA network
visualize with a bar chart colored. (c) The top 19 enriched GO and KEGG pathway terms visualize with a bar chart colored. Purple
denoted lncRNAs, red denoted miRNAs, and green denoted mRNAs. Triangles denoted upregulated RNAs, and polygons denoted
downregulated RNAs.
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that these genes were enriched in the same biology as the
primary ceRNA network, but also in the cell part morpho-
genesis, regulation of synaptic transmission, glutamatergic,
cellular response to lipid, negative regulation of cell differ-
entiation, nervous system development, temperature
homeostasis, NABA CORE MATRISOME, regulation of
behavior, and response to growth factor. In addition, the

mRNAs in both networks are enriched in PID FOXM1
PATHWAY, indicating that LINC00472 is likely to regu-
late the growth of pterygium through PID FOXM1 PATH-
WAY (Figure 4(b)).

3.5. PPI Network Construction and Analysis of Hub Genes.
The PPI network of mRNAs in the LINC00472 network
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Figure 4: LINC00472 network and enrichment analysis of the network. (a) LINC00472 network. This interaction network contains 1
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was obtained by using the STRING database, including 36
nodes and 48 edges, and the nodes contain 24 downregulated
genes and 12 upregulated genes (Figure 5(a)). The top 10
genes evaluated by connectivity degree in the PPI network
were present in CytoHubba, and the result showed that
CDH2 was the most significant genes with a connectivity
degree of 10, followed by MYC, CCNB1, PCDHA10, RELN,
CCNA2, ERBB4, CDH11, PCDHA, and RB1 (Figure 5(b)).
We defined the 10 genes as candidate hub genes in the PPI
network. It means LINC00472 may regulate pterygium
through these 10 key genes.

3.6. Identified Hub Genes Closely Related to Pterygium. We
searched for genes related to pterygium in the CTD and
found 6163 mRNAs, these genes are associated with pte-
rygium or its descendants. A gene has either a curated
association to the disease (M marker/mechanism and/or
T therapeutic) or an inferred association via a curated
chemical interaction. Then, we found 8 overlapped genes
in the database, CCNB1, CDH11, MYC, CCNA2, ERBB4,
RELN, RB1, and CDH2 (Figure 6), as selected hub genes.
It implied that the 8 genes in the LINC00472 network
may play a key role in pterygium.

3.7. Hub Genes Were Verified. Through RT-qPCR, we used
20 groups of pterygium and control conjunctival tissues to
verify the above 8 hub genes. There are 6 genes that are highly
expressed in pterygium, MYC, CDH2, CCNB1, RELN, RB1,
and ERBB4. Compared with the control conjunctiva, only
the expression of CDH11 and CCNA2 showed no significant
differences with pterygium (Figure 7). The results indicate
that the prediction of the hub genes is reasonably reliable
and could be used to discover more hub genes in pterygium.

4. Discussion

Pterygium is a common disease in ophthalmology, and its
occurrence is related to the proliferation of subconjuncti-
val fibrous tissue and the formation of new blood vessels
[15]. The treatment of pterygium is mainly surgical treat-
ment, but the high postoperative recurrence rate is still a
problem that is currently difficult to solve [54]. Therefore,
effective drug therapy combined with the operation to
reduce the recurrence rate of pterygium has become a
research hot spot. Recently, with the development of
high-throughput genomic platforms and bioinformatic
analysis, more and more noncoding RNAs, especially miR-
NAs and lncRNAs, have been discovered. They serve an
important role in the regulation of multiple biological pro-
cesses, including the development of pterygium [55, 56].

In this study, we mined pterygium-associated RNA
expression datasets from the GEO to construct the ceRNA
network. Through the analysis of the 4 data sets and 9 publi-
cations about lncRNAs and miRNAs, we obtained 251 DELs,
46 DEMis, and 897 DEMs. By the link of miRNA, the pri-
mary ceRNA network of pterygium was constructed with 8
lncRNA nodes, 12 miRNA nodes, 94 mRNA nodes, and
136 edges. Since LINC00472 has the highest node degree
value of all lncRNAs in the ceRNA network (Figure 3(b)),
we took LINC00472 as the center and built the LINC00472
network. And we found genes in the primary ceRNA net-
work mainly enriched in homophilic cell adhesion via
plasma membrane adhesion molecules, developmental
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growth, regulation of neuron projection development,
adherens junctions interactions, cell maturation, synapse
assembly, central nervous system neuron differentiation,
positive regulation of mRNA metabolic process, negative
regulation of cell-substrate adhesion, tissue morphogenesis,
blood vessel morphogenesis, and PID FOXM1 PATHWAY,
while genes in the LINC00472 network enriched in homophi-
lic cell adhesion via plasma membrane adhesion molecules,
developmental growth, cell part morphogenesis, regulation
of synaptic transmission, glutamatergic, cellular response to
lipid, negative regulation of cell differentiation, nervous sys-
tem development, and temperature homeostasis. In addition,
the genes in both networks enriched in PID FOXM1 PAYH-
WAY, which represents cell proliferation [57], angiogenesis,
invasion, and metastasis [53]. This indicated that LINC00472
might play an important role in pterygium through FOXM1
PATHWAY. After the PPI network analysis on mRNAs in
the LINC00472 network was visualized by Cytoscape 3.7.2,
10 candidate hub genes were found out. We searched the
10 hub genes in the CTD; 8 hub genes were identified to be
involved in pterygium. They are CCNB1, CDH11, MYC,
CCNA2, ERBB4, RELN, RB1, and CDH2, and 6 of them were
confirmed highly expressed in pterygium by wet experiments
(CCNB1, MYC, ERBB4, RELN, RB1, and CDH2). We pre-
sume that the LINC00472 network might function in pte-
rygium via the FOXM1 PATHWAY, especially through
the regulation of CCNB1, MYC, ERBB4, RELN, RB1,
and CDH2 in the ceRNA network. And the data mining
based on the public data and publications in the present
study is useful and reliable for digging emerging therapy
targets of pterygium.

5. Conclusion

The present study increased the understanding of the
ceRNA-associated regulatory mechanism in the pterygium
and identified LINC00472 as a key lncRNA in the whole
ceRNA network, which might be highly related to pterygium
via the FOXM1 PATHWAY in the LINC00472 network,
especially by regulating its related 6 hub genes (CCNB1,
MYC, ERBB4, RELN, RB1, and CDH2).
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