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PURPOSE. This research explores the aberrant expression of the long non-coding RNA
(lncRNA), microRNA (miRNA), and messenger RNA (mRNA) in pterygium. A competitive
endogenous RNA (ceRNA) network was constructed to elucidate the molecular mecha-
nisms in pterygium.

METHODS. We obtained the differentially expressed mRNAs based on three datasets
(GSE2513, GSE51995, and GSE83627), and summarized the differentially expressed
miRNAs (DEmiRs) and differentially expressed lncRNAs (DELs) data by published liter-
ature. Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG) path-
way, protein-protein interaction (PPI), and gene set enrichment analysis (GSEA) analysis
were performed. DEmiRs were verified in GSE21346, and the regulatory network of hub
mRNAs, DELs, and DEmiRs were constructed.

RESULTS. Overall, 40 upregulated and 40 downregulated differentially expressed genes
(DEGs) were obtained. The KEGG enrichment showed the DEGs mainly involved in
extracellular matrix (ECM)-receptor interaction, focal adhesion, and PI3K-Akt signal-
ing pathway. The GSEA results showed that cornification, keratinization, and cornified
envelope were significantly enriched. The validation outcome confirmed six upregulated
DEmiRs (miR-766-3p,miR-184,miR-143-3p,miR-138-5p,miR-518b, and miR-1236-3p) and
two downregulated DEmiRs (miR-200b-3p and miR-200a-3p). Then, a ceRNA regulatory
network was constructed with 22 upregulated and 15 downregulated DEmiRs, 4 down-
regulated DELs, and 26 upregulated and 33 downregulated DEGs. The network showed
that lncRNA SNHG1/miR-766-3p/FOS and some miRNA-mRNA axes were dysregulated
in pterygium.

CONCLUSIONS. Our study provides a novel perspective on the regulatory mechanism of
pterygium, and lncRNA SNHG1/miR-766-3p/FOS may contribute to pterygium develop-
ment.
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P terygium is a prevalent ocular surface disease that
occurs most frequently in tropical equatorial areas.1,2 It

comprises a wing-shaped progressively growing fibrovascu-
lar tissue usually located on the nasal side, and could lead to
visual impairment, astigmatism, and dry eye.3 Over the years,
various medical measures, such as anti-inflammatory eye
drops and chemotherapeutic agents have been used in the
treatment of pterygium. Surgical removal can be performed
if the patient desires symptomatic or cosmetic improvement,
but recurrence remains the main complication. The recur-
rence rate of different surgical techniques ranges from 0% to
88%.4–6 Hence, elucidating the pathogenesis and molecular
mechanisms of pterygium is crucial for improving surgical
outcomes and decreasing the risk of recurrence.

Previous clinical and laboratorial studies showed that
immunologic mechanisms, extracellular matrix (ECM)
modulation under ultraviolet radiation exposure, cell prolif-
eration and hyperplasia, inflammation, angiogenesis, choles-

terol metabolism modification, and hereditary factors
attributed to the pathogenesis of pterygium.7,8 Moreover,
in recent years, the discovery of non-coding RNAs (regula-
tory RNAs) made the molecular etiology of pterygium more
complex.

MicroRNA (miRNA) is a group of single-stranded noncod-
ing RNA (ncRNA) that downregulates gene expression at the
post-transcriptional level by inhibiting translation or promot-
ing degradation of target messenger RNA (mRNAs). Long
non-coding RNA (lncRNA) also belongs as a member of
the noncoding RNA family, which is longer than 200 nt in
length and has little or no protein-coding ability. MiRNAs
and lncRNAs are involved in many physiological and patho-
physiological conditions. Recent studies have demonstrated
that lncRNAs can work as competitive endogenous RNA
(ceRNA) with miRNAs to compete with mRNAs for binding
with miRNAs, thus affecting gene expression.9 However, the
research of core RNAs and lncRNA-miRNA-mRNA regulatory
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networks in pterygium using bioinformatics analysis was still
devoid.

In the present study, we utilized mRNA microarray
dataset from Gene Expression Omnibus (GEO) to obtain
and analyze differentially expressed genes (DEGs) and
pooled the expression profiling of differentially expressed
miRNAs (DEmiRs) and lncRNAs (DELs) between pterygium
and normal conjunctiva tissues. Afterward, gene ontology
(GO), Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analysis, protein-protein interaction
(PPI) network, and gene set enrichment analysis (GSEA)
were performed. Furthermore, lncRNA-miRNA-mRNA regu-
latory networks were explored using StarBase and DIANA-
LncBase, which helped us understand the pathogenesis and
molecular mechanisms of pterygium.

METHODS

Subjects and Gene Information

The GEO is a national center for genetic information
database, including a large number of gene chips, methy-
lation, and sequencing data.10 The including criteria: 1.
Samples were obtained from Homo sapiens. 2. The chip data
included both pterygium and normal conjunctiva tissues. 3.
Chip data belonged to different independent studies, and all
chip data did not contain each other. In this study, three gene
expression profiles (GSE2513, GSE51995, and GSE83627)
were searched and selected from the GEO database. In brief,
GSE2513 consisted of 4 conjunctiva samples and 8 ptery-
gium samples, which were harvested from 7 Chinese and
7 non-Chinese with age distribution of 42 to 57 years. In
GSE51995, four primary nasal pterygium and four unin-
volved conjunctiva tissues were collected from the superior
temporal quadrant of the same eye. GSE83627 contained
four donor-matched pterygium and conjunctiva tissues with-
out mentioning the other clinical information.

Data Analysis and DEGs Screening

We used the GEO mirror of R packages to get the expres-
sion matrix of GSE2513, GSE51995, and GSE83627 from the
GEO Dataset. Then the expression matrixes were normal-
ized and differential genes were screened by limma pack-
age (http://www.bioconductor.org/packages/release/bioc/
html/limma.html)11 between pterygium and conjunctiva
samples. The |log2 Fold change| > 1.5 and adjust P value
< 0.05 were used as the selection criteria.

Enrichment Analysis of Gene Functions

GO12 enrichment analysis and KEGG13 enrichment anal-
ysis are the two most widely used analysis strategies
for gene functions. The basic unit of GO is “term,”
which can be used for identifying cellular component
(CC), molecular function (MF), and biological process (BP).
The analysis of KEGG enrichment can show the main
enrichment pathways of DEGs. In order to identify the
GO annotations and pathways in which relevant DEGs
were enriched, GO term and KEGG pathway enrichment
analyses were performed with the Org.Hs.eg.db pack-
ages (http://www.bioconductor.org/packages/release/data/
annotation/html/org.Hs.eg.db.html). The adjusted P value
< 0.05 was served to distinguish significant enriched genes.

PPI Network Visualization

PPI network of DEGs was simulated to screen out hub
proteins, which played a key role in the progress of ptery-
gium. The Search Tool for the Retrieval of Interacting Genes
(STRING) database14 and Cytoscape15 were utilized for the
visualization of PPI network. The STRING database covers
a large number of information about proteins, including the
results of protein interaction, three-dimensional structure,
and related functional enrichment. Through this database,
the network structure of multiple DEGs can be constructed.

Analysis of GSEA

GSEA16 analysis was conducted in order to avoid missing the
genes that actually play a crucial part during the process of
screening out DEGs among three sets of data. The normal
conjunctiva tissue was class A, and pterygium tissue was
class B. Gene set permutations were performed 1000 times
for each analysis. Absolute value of normalized enrichment
score (NES) > 1 and nominal P value < 0.05 were considered
as the threshold for statistical significance.

Construction of lncRNA-miRNA-mRNA Regulatory
Network

We identified miRNA through miRBase (http://www.
mirbase.org),17 and constructed miRNA-mRNA regulatory
network by screening Targetscan (http://www.targetscan.
org/vert_72/)18 and miRDB (http://mirdb.org/).19 Both
Targetscan and miRDB provided a wide-range of informa-
tion on the interaction between miRNA and mRNA. Then,
predicted lncRNAs interacted with miRNAs were constructed
in downloaded databases StarBase version 2.020 and DIANA-
LncBase version 2.0,21 both of which provided the experi-
mentally validated lncRNA - miRNA interaction effect. DELs
and DEmiRs were acquired by searching PubMed database
for recent studies on pterygium.

Validation of Key DEmiRs

We made a systemic search on PubMed and summarized the
DEmiRs that met the criteria of P value < 0.05 and |log2FC|
> 1. The validation procedure proceeded in GSE21346,
which consisted of three pterygium samples and three
matched conjunctiva samples from patients diagnosed with
primary pterygium. The dataset was based on GPL7723, from
which we could match and compare the DEmiRs with those
previously reported. The DEmiRs were considered as signif-
icant difference with P < 0.05.

RESULTS

Screening of DEGs

A total of 422, 1374, and 420 DEGs were identified from
the GSE2513, GSE51995, and GSE83627 datasets, respec-
tively. The specific filtering results of each dataset are shown
in Table 1. A total of 40 upregulated genes were found
in all 3 datasets and 40 downregulated genes were found
in 2 datasets (Figs. 1A, 1B). The heatmap of 80 DEGs in
GSE51995 was shown in Figure 2.
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TABLE 1. Specific Filtering Results of Each Data Set

GEO Dataset Up Down All

GSE2513 272 150 422
GSE51995 860 514 1374
GSE83627 420 0 420

GO and KEGG Pathway Enrichment Analysis

GO analysis of individual DEGs and KEGG pathway enrich-
ment analysis were performed by R software to obtain more
insightful details into the diverse functions of particular
DEGs. The main MF with significant enrichment involved
with all DEGs were ECM structural constituent, pepti-
dase regulator activity, serine-type endopeptidase inhibitor
activity, sulfur compound binding, heparin binding, and
endopeptidase regulator activity (Supplementary Table S1),
and the main BP were response to steroid hormone, skin
development, epidermis development, keratinocyte differ-
entiation, and epidermal cell differentiation, etc. (Supple-
mentary Table S2). The results of GO enrichment analysis
of upregulated and downregulated DEGs were shown in
Figures 3A, 3B. The upregulated genes were mainly related
to ECM-receptor interaction, focal adhesion, PI3K-Akt signal-
ing pathway, regulation of actin cytoskeleton, primary bile
acid biosynthesis, and one carbon pool by folate, and the
downregulated genes were mainly related to osteoclast
differentiation, glycerolipid metabolism, and IL-17 signaling
pathway (Table 2, Supplementary Tables S3A, S3B).

PPI Network Visualization

The 80 DEGs were introduced into the STRING online tool,
and the proteins that did not interact with any other protein
were removed to obtain the final protein interaction diagram
(Fig. 4). A total of 58 nodes and 128 edges were selected to
plot the PPI network, which consisted of 31 upregulated
genes and 27 downregulated genes. Subsequently, 20 hub
DEGs were screened out with degree ≥ 5, which might play
a meaningful role in the development of pterygium (Table 3).
With the help of MCODE plug-in, the top three sub-networks
with most importance were analyzed (Figs. 5A–5C).

GSEA Enrichment of all mRNAs in GSE2513

GSEA was applied to analyze the main gene sets enriched on
pterygium. The results showed that cornification, keratiniza-
tion, cornified envelope, peptide cross linking, extracellu-
lar structure organization, collagen fibril organization, ECM
structural constituent conferring tensile strength, complex
of collagen trimers, ECM component, and vascular smooth
muscle contraction were top 10 gene sets with the largest
NES, and the details were reported in Figure 6 and Supple-
mentary Table S4.

DEmiRs and DELs in Pterygium

Through searching the results of 9 studies22–30, there were 49
DEmiRs that met the criteria of P value < 0.05 and |log2FC|
> 1, all of these DEmiRs’ information was shown in Table 4.
A total of 26 DEmiRs were upregulated and 23 DEmiRs were

FIGURE 1. Venn diagram DEGs were selected with a fold change > 1.5 and adjust P-value < 0.05 among the mRNA expression profiling
datasets. (A) 40 up-regulated genes shared among GSE83627, GSE51995 and GSE2513. (B) Forty downregulated genes shared among
GSE51995 and GSE2513.

FIGURE 2. The heatmap of 80 DEGs in GSE2513, GSE51995, and GSE83627.
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FIGURE 3. Gene ontology analysis of the DEGs. (A) GO enrichment of downregulated DEGs. (B) GO enrichment analysis of upregulated
DEGs. BP, biological process; CC, cellular component; MF, molecular function. The X axis represents the number of DEGs involved in GO
terms.

TABLE 2. Mainly Pathways Involved With all DEGs

ID Pathways, All Genes Counts P Value Gene

hsa04512 ECM-receptor interaction 4 1.30E-03 COL1A1, FN1, SPP1, TNC
hsa04510 Focal adhesion 5 4.33E-03 ACTN1, COL1A1, FN1, SPP1, TNC
hsa04380 Osteoclast differentiation 3 3.26E-02 FOS, FOSB, JUNB
hsa04210 Apoptosis 3 3.80E-02 CTSV, FOS, PMAIP1
hsa04371 Apelin signaling pathway 3 3.87E-02 SPP1, EGR1, PPARGC1A
hsa04151 PI3K-Akt signaling pathway 5 4.27E-02 COL1A1, FN1, NTRK2, SPP1, TNC
hsa00561 Glycerolipid metabolism 2 4.39E-02 CEL, LIPC

TABLE 3. Top 20 Hub Genes With Degree ≥ 5

Gene Symbol Degree LogFC (GSE2513) LogFC (GSE51995) LogFC (GSE83627)

FN1 22 1.904340196 1.919574909 1.501942764
EGR1 14 −2.759612281 −2.594288111 N/A
FOS 13 −5.825731498 −3.270838601 N/A
SPP1 9 1.787503117 2.209450969 1.588880771
ATF3 9 −2.96106942 −1.73277313 N/A
PI3 9 0.984055795 3.690047454 3.052663221
BTG2 8 −0.814282557 −1.385548881 N/A
COL1A1 8 1.493514951 2.011230519 1.536520954
JUNB 7 −0.7886312 −1.316569032 N/A
FOSB 7 −5.160410507 −2.97242355 N/A
SPRR1B 7 2.425475595 3.373383589 2.403416753
DUSP1 7 −1.749318839 −0.634950586 N/A
DSG3 7 0.800044612 1.86852976 1.421462526
DSC2 7 0.651243446 1.515902315 1.077400291
LTBP1 6 0.696185299 1.793949203 1.264300642
SPRR3 6 2.950888463 3.831094018 2.647137921
SPRR2B 6 1.191061582 2.802224378 1.883683433
ZFP36 6 −1.45025058 −1.476260495 N/A
GRP 5 0.659772976 6.281685003 5.023794136
MCAM 5 1.503220261 0.93347822 0.655456146
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FIGURE 4. Protein-protein interaction network of DEGs. Note: A circle represents a protein, and an edge represents a degree. The higher
the degree is, the more important the protein is in the network structure.

downregulated. From the research of Liu, 20 DELs were
acquired (Table 5), among which 10 DELs were upregulated
and 10 DELs were downregulated.

lncRNA-miRNA-mRNA Regulatory Network

In the light of the DEmiR-DEL and DEmiR-DEG interactive
pairs, the pterygium related lncRNA-miRNA-mRNA network
was established in Figure 7, including 22 upregulated and
15 downregulated DEmiRs, 4 downregulated DELs, and 26
upregulated and 33 downregulated DEGs.

Validation of Key DEmiRs

In total, 6 upregulated DEmiRs (miR-766-3p, miR-184,
miR-143-3p, miR-138-5p, miR-518b, and miR-1236-3p) and
2 downregulated DEmiRs (miR-200b-3p and miR-200a-3p)
were verified in GSE21346, with a significant difference
(P < 0.05; Fig. 8). The expression trends of these eight
DEmiRs are consistent with our ceRNA network results.

DISCUSSION

Pterygium is one of the most common ocular surface
diseases. Epidemiological observations have suggested
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FIGURE 5. Top three sub-networks in PPI.

FIGURE 6. Enrichment plots by GSEA.
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TABLE 4. DEmiRs of 9 Studies

Annotation Log2(Fold change) P Value

miR-182-5p 4.37 <0.0001
miR-183-5p 4.15 0.01

İçme G201922
miR-184 3.00 0.01
miR-221-3p −1.41 0.02
miR-143-3p 2.4 N/A
miR-181a-2-3p 3.4 N/A
miR-377-5p 2.1 N/A

Lee 201623
miR-411-5p 3.9 N/A
miR-145-3p 2.1 N/A
miR-145-5p 1.28 NA
miR-143-3p UP 0.017

Teng 201824
miR-145-5p UP 0.028
miR-138-5p 3.024437 0.019
miR-215-3p −1.8617594 0.028

Lan 201525 miR-518b 1.7451285 0.032
miR-1236-3p 1.6934906 0.047
miR-766-3p 1.5764362 0.017

Han 201926 miR-218-5p DOWN <0.01
Li 201827 miR-21-5p UP <0.01

miR-1246 4.5 0.001
miR-486-3p 4.4 0.004
miR-451 4.1 0.010
miR-3175 3.3 <0.001
miR-1972 3.0 <0.001
miR-143-3p 2.7 0.008
miR-211-5p 2.7 0.030
miR-665 2.3 0.010
miR-1973 2.2 0.040
miR-18a-5p 2.1 0.004

Engelsvold 201328
miR-143-5p 2.0 0.006
miR-663b 2.0 0.020
miR-675-5p −2.0 0.005
miR-200b-3p −2.1 0.002
miR-200b-5p −2.3 <0.001
miR-200a-3p −2.7 0.002
miR-200a-5p −2.3 <0.001
miR-29b-3p −2.3 0.005
miR-210-3p −2.4 <0.001
miR-141-3p −2.5 <0.001
miR-31-5p −2.6 0.020
miR-934 −3.0 <0.001
miR-375 −3.7 0.030

Wu 201429 miR-221 DOWN <0.0001
miR-1298-5p 1.36 0.019
miR-122-3p −3.87 0.005
miR-122-5p −2.88 0.037
miR-192-3p −1.74 0.006
miR-192-5p −2.29 <0.001

Cui 201630
miR-194-5p −2.51 0.015
miR-302f −1.50 0.006
miR-802 −2.03 0.039
miR-1973 −1.27 0.036
miR-5000-3p −1.3 0.04

that environmental alteration, like ultraviolet radiation, is
the most important factor contributing to this disease.32

However, its exact pathogenesis remains unknown. The
development of high throughput microarray technology
with high efficiency and high accuracy combined with bioin-
formatic algorithm allows us to identify key genes, which
could provide a deeper understanding of molecular mecha-
nisms on pterygium.

TABLE 5. DELs of 1 Research

Annotation Fold Change

Liu 201631 FOXD2-AS1 92.68
RP11-78F17.1 88.76
RP11-702F3.4 82.01
RP5-963E22.4 75.08
RP11-611E13.2 70.63
AF196972.9 66.01
KIAA0664L3 63.47
LOC283761 61.28
RP3-416J7.2 58.06
LOC100130264 56.05
LINC00638 0.0088
WI2-2373I1.2 0.0096
ARL6IP6 0.011
CLCA4 0.015
TECR 0.017
RP11-398J10.2 0.018
RP11-61L23.2 0.021
RP11-420A23.1 0.022
RP11-217B1.2 0.023
RP3-434O14.8 0.026

In this study, we identified a total of 80 DEGs (40
upregulated and 40 downregulated mRNAs), and hub-genes
with 3 subnetworks with most importance in PPI, includ-
ing FN1, PI3, ERG1, SPRR1B, FOS, and FOSB, suggesting
they may play a very important role in the pathogene-
sis of pterygium. SPRR1B belongs to keratinocyte protein,
and their mRNA transcripts in conjunctival tissues increased
in response to desiccating stress, which is associated with
pterygium recurrence.33 FOS and FOSB encode leucine
zipper proteins that can dimerize with proteins of the JUN
family, thereby forming the transcription factor complex AP-
1. The encoded proteins have been implicated as regula-
tors of cell proliferation, and experimental reports describe
a tumor-suppressive function in various tumors.34,35 EGR1
was found to suppress cell survival, proliferation, and acti-
vates expression of p53 and TGF-beta,36 which was proved
to play a pivotal role in the occurrence of pterygium.8,37,38

FN1 and COL1A1 were key molecules in EMT, and were
demonstrated to be involved in the pathogenic mecha-
nism of pterygium.28 Further studies were required to eluci-
date the complex interaction with these genes and clinical
features.

In this study, the results of functional enrichment analy-
sis indicated that ECM-receptor interaction, focal adhesion,
apoptosis, and PI3K-Akt signaling pathway were involved
with significant DEGs. These results were in agreement
with previous proteomics study by Hou,39 in which they
compared the protein expression from the conditioned
medium of paired pterygium and normal conjunctival fibrob-
last cells from the same patients by iTRAQ-based proteomics
strategy, and they found the differenced protein might serve
as extracellular ligands to activate intracellular pathways.
Aberrant ECM expressions were found to be a major charac-
teristic feature of pterygium. ECM and its receptors, includ-
ing fibronectin, versican, collagen III, and SPARC, were
shown to be upregulated and remodeled in pterygium,40–42

and they have turned out to be regulated by matrix metal-
loproteinase (MMP), an essential enzyme in local proteol-
ysis of the extracellular matrix.43 UV irradiation may lead
to the imbalance of MMPs and its inhibitors TIMP, which
enable the pterygial cells to dissolve corneal epithelium
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FIGURE 7. LncRNA-miRNA-mRNA regulatory network. Note: Circles represent DEGs, triangles represent DEmiRs, and chevrons represent
DELs. Red means upregulated and blue means downregulated.

FIGURE 8. Validation of key DEmiRs in GSE21346. Note: Green represents the control group, and purple represents the pterygium group.
* P < 0.05.

and Bowman’s layer and invade the corneal stroma.44–46

Besides, impression cytology specimens of pterygium show
fewer apoptotic markers, and PI3K-Akt inhibitor has been
proved to reduce the TGF-β-induced synthesis of FN in
human pterygium fibroblasts.47 Moreover, our GSEA-based
GO analysis confirmed keratinization and cornification path-
way participated in the pathogenesis of pterygium. Previ-
ous reports have confirmed that the expression of keratin
markers is upregulated in the epithelium of pterygium, and
takes effect in the epithelial abnormal differentiation.48–50

Liu constructed pterygium-related mRNA libraries by using
microarray and found upregulated mRNAs were closely
related to proliferation and differentiation.51 If our results
were combined with publications mentioned above, we
could surmise the underlying mechanisms of pterygium that
dysregulation of ECM proteins caused by increased expres-
sion of MMP might activate intracellular PI3K-Akt signaling

pathway, leading to anti-apoptosis of fibroblast, abnormal
matrix protein deposition, and hyperproliferation and kera-
tinization of pterygial cells.

It has been discovered that a group of miRNAs, includ-
ing miR-200,28 miR-145,24,52 miR-122,30 and miR-21,27 were
shown to contribute to the development of pterygium. In the
current study, by summarizing 10 relevant studies in recent
years, we found a total of 26 upregulated and 23 down-
regulated DEmiRs. Moreover, by establishing the miRNA-
mRNA network, we found miR-215-3p significantly down-
regulated and directly regulated seven DEGs, including the
hub gene FN. A previous research has shown that miR-215-
3p takes part in regulating cell cycling and inhibiting prolif-
eration of primary fibroblast cells from the ocular surface,
and was downregulated in pterygium.25 Because FN has
been reported to be a key gene of epithelial mesenchy-
mal transition (EMT) and was also identified as a target of
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miR-200b,28 we speculated that downregulated miR-215-3p,
along with miR-200b, might play important roles in ptery-
gium by regulating EMT.

Previous studies have identified the roles of various lncR-
NAs in regulating pterygium proliferation and apoptosis,31

but no study was reported about lncRNA-associated ceRNA
network based on bioinformatics analysis in pterygium.
Combining the results of DEmiR-DEL, DEmiR-DEG inter-
active network, and hub genes produced by the STRING,
we found that the expression of lncRNA SNHG1, FOS, and
FOSB were downregulated, whereas the expression of has-
miR-766-3p was upregulated, which was consistent with the
mechanism ceRNA hypothesis. lncRNA SNHG1 is a marker
of tumor progression,53 and it has been proved to nega-
tively regulate p53, which is a tumor suppressor protein
that could induce apoptosis and show strong expression
in pterygium.38 Downregulation of lncRNA SNHG1 could
explain p53 reactivation in pterygium. MiR-766-3p has also
been reported to act as a key gene in different tumors and
immune diseases, and its expression was elevated in hepato-
cellular carcinoma, inflamed pulp, and acute promyelocytic
leukemia.53–55 This miRNA contributes to anti-inflammatory
responses, cell proliferation, and apoptosis by targeting
different downstream genes and signaling pathways, but
the precise post-transcriptional mechanisms of miR-766-3p
remain to be explored in pterygium. Further work will be
needed with multiple clinical samples to clarify the ceRNA
hypothesis that lncRNA SNHG1 regulates FOS and FOSB to
act on the progression of pterygium through sponging miR-
766-3p.

There were also limitations in our study. The sample size
of gene expression profile was not large, and no microar-
ray data of dysregulated lncRNAs in pterygium was found
in GEO and Array Express databases. In addition, the plat-
form of GSE21346 was published 10 years ago with limited
probe annotation for miRNA profile. All these may prevent
us from finding a comprehensive noncoding RNA expression
profile and related regulatory network. Although we proved
that the expression of matched miRNAs on GSE21346 were
consistent with previous studies, the mechanism and valida-
tion of these ncRNAs in pterygium still need further research
in clinical and molecular biology experiments.

To sum up, we identified core genes, and related crucial
pathways, especially PI3K-Akt, keratinization, and cornifi-
cation pathway involved in the pathogenesis of pterygium.
Furthermore, we summarized all the studies on the miRNA
and lncRNA related to pterygium from PubMed database and
established lncRNA-miRNA-mRNA regulatory network. This
study might deepen the understanding of potential molecu-
lar mechanism underlying pterygium and provide some new
insights for use in further identification and development of
new therapeutic targets for pterygium.
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