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Abstract
● AIM: To investigate the relationship between semaphorin 
7a expression and cell proliferation and migration in 
pterygium fibroblasts. 
● METHODS: Twenty-six patients with surgically 
diagnosed pterygium were enrolled, including 15 cases of 
primary pterygium and 11 cases of recurrent pterygium. 
In addition, 12 cases of normal conjunctival tissue were 
collected. The expression of semaphorin 7a in normal 
conjunctival tissue, primary pterygium and recurrent 
pterygium was detected by real-time polymerase chain 
reaction. Recurrent pterygium fibroblasts were isolated 
and cultured, and the expression of semaphorin 7a was 
silenced by small interfering RNA (siRNA) interference 
technique. Furthermore, the effects of si-semaphorin 7a 
interference on the mRNA and protein levels of β1-integrin, 
vascular endothelial growth factor A (VEGFA) and vascular 
endothelial growth factor receptor (VEGFR), and on 
fibroblast proliferation were analyzed. Transwell assay was 

used to detect the effect of semaphorin 7a interference on 
fibroblast migration. 
● RESULTS: Semaphorin 7a was highly expressed in the 
primary pterygium and recurrent pterygium samples than 
that of the normal conjunctival tissue. Compared with 
the primary pterygium, the expression of semaphoring 
7a in the recurrent pterygium samples was significantly 
increased (P<0.05). The mRNA and protein expression 
levels of β1-integrin, VEGFA and VEGFR were decreased 
after si-semaphorin 7a transfection, and as well as the cell 
proliferation and migration. 
● CONCLUSION: Semaphorin 7a might play important 
roles in the pathogenesis of pterygium by affecting the 
expression of β1-integrin, VEGFA and VEGFR.
● KEYWORDS: semaphorin 7a; pterygium; β1-integrin; 
vascular endothelial growth factor; fibroblast
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INTRODUCTION

P terygium with a “pterygium belt” is characterized by 
a conjunctival disease, in which the vascular tissue of 

the conjunctival fibrosis is invaded by the cornea[1]. It is a 
common and frequently-occurring disease in ophthalmology. 
The incidence of pterygium is reported to be between 0.3% 
and 37.5% in the world[2]. The cause of pterygium is generally 
considered to be a chronic inflammatory disease caused by 
external stimuli. It has been reported that the prevalence in 
people over 50 years old in rural areas of southern China 
is over 30%[3]. The pterygium affects not only the facial 
appearance, but also the pterygium tissue may grow into 
the cornea to lead to corneal astigmatism and vision loss. At 
present, surgical resection is the main method for the treatment 
of pterygium in the clinic. However, the recurrence rate is 
relatively high, up to 20%-40%[4]. Once the pterygium relapses, 
it grows rapidly, and the treatment is difficult. Moreover, 
recurrent pterygium can also cause serious complications 
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such as limited eye movement. Therefore, elucidating the 
molecular mechanism of recurrent pterygium, and identifying 
the effective target genes is important for the treatment of 
pterygium.
Previous studies suggested that neovascularization occurs 
in pterygium[5-6]. The semaphorins protein family containing 
a large number of transmembrane proteins and secretory 
proteins are widely expressed in immune, cardiovascular, and 
respiratory systems, and play important roles in vertebrate 
nerves and immune systems[7]. Semaphorins family proteins 
can be divided into 8 subfamilies based on sequence similarity 
and structural features[8-9]. Semaphorin 7a, also known as 
CD108, is the only member of the seventh subfamily of the 
semaphorins family[10]. Studies have shown that semaphorin 
7a induces potent stimuli of monocytes by proinflammatory 
cytokines[11], and it regulates T cell immune responses via 
mediating T cell proliferation[12]. In addition, semaphorin 
7a plays an important role in the migration of osteoblasts 
and osteoclasts during bone remodeling, and in tumor 
angiogenesis[13-14]. However, there has been no related study of 
semaphorin 7a in pterygium.
Previous studies have showed both hyperplasia and degeneration 
in the epithelial layer and the superficial layer of pterygium 
epithelium, accompanied by neovascularization and 
inflammatory cell infiltration[15]. Vascular endothelial growth 
factor (VEGF) and β1-integrin are important factors involved 
in angiogenesis[16]. Recently, Boudria et al[16] proposed that 
β1-integrin is required for the invasive functions of vascular 
endothelial growth factor A (VEGFA), and an invasive 
VEGFR/β1-integrin loop is required for proliferation and 
invasiveness of cancers by VEGFA. In this study, the mRNA 
and protein expression levels of semaphorin 7a in primary 
pterygium and recurrent pterygium were examined. Primary 
culture of fibroblasts from recurrent pterygium was performed; 
the expression of semaphorin 7a was inhibited by small 
interfering RNA (siRNA); and the expression levels of 
VEGFA, and vascular endothelial growth factor receptor 
(VEGFR), and β1-integrin effected by si-semaphorin 7a was 
investigated. In addition, the proliferation, infiltration and 
migration of fibroblasts were further studied. The results may 
indicate the role of semaphorin 7a in pterygium recurrence. 
SUBJECTS AND METHODS
Ethical Approval  The study protocol was approved by the 
Ethics Committee of Shandong Provincial Hospital Affiliated 
to Shandong University and was conducted in accordance with 
the Declaration of Helsinki. Patients were voluntarily signed 
informed consent document prior to entry into the study.
Clinical Participants  Twenty-six patients diagnosed with 
pterygium and removed surgically in our hospital from March 

2017 to February 2018 were enrolled. There were 15 cases 
of primary pterygium, including 7 females and 8 males with 
an average age of 45y (37-59y), and 11 cases of recurrent 
pterygium including 6 males and 5 females with an average 
age of 43y (39-56y). The pterygium head extending at least 
2 mm into the cornea. The control group was conjunctival 
tissue of conjunctival or post-traumatic eyeball removed from 
12 accidental patients, including 7 males and 5 females, with 
an average age of 49y (41-65y). All patients had no other 
corneal or conjunctival disease, and all cases had not received 
medical treatment before surgery. 
mRNA Level of Semaphorin 7a by Real-time Quantitative 
Polymerase Chain Reaction  Total RNA from clinical 
samples was extracted by TRIzol reagent (Invitrogen, 
USA), and determined for RNA purity and concentration 
by OD260/OD280 ratio on spectrophotometer. RNA was 
reverse transcribed into cDNA using the PrimeScript RT 
Master MIX (Perfect Real Time) kit (TaKaRa) according 
to the manufacturer’s instructions. Fluorescence real-time 
quantitative polymerase chain reaction (qPCR) was performed 
according to the instructions of the SYBR Premix Ex Taq TM 
II (Perfect Real Time; Sigma, USA). The reaction procedure 
was as follows: pre-reaction at 50℃ for 2min, 95℃ for 5min, 
denaturation at 95℃ for 15s, annealing at 60℃ for 60s, a total 
of 40 cycles; melting curve program was: 95℃, 15s, 60℃, 
60s and 95℃, 15s. The real-time PCR primers are shown 
in Table 1. Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) was the internal reference, and the relative 
expression of each gene was calculated by 2-△△CT.
Protein Level of Semaphorin 7a by Western Blot  The 
pterygium samples were lysed, and detected for semaphorin 
7a level by primary anti-semaphorin 7a (1:1000, Cat. 
No.MA1-19203, ThermoFisher, USA) and secondary antibody 
IgG-HRP (1:1000, sc-2392, BD, USA).
Isolation and Culture of Recurrent Pterygium Fibroblasts  
The pterygium tissue was removed from the excised tissue, 
digested by collagenase at 37℃ incubator for 1h. The 
cells were filtered, collected, resuspended in medium, and 
subcultured. The marker of fibroblasts, vimentin, was verified 
by immunofluorescence staining using antibody specific 
for vimentin (1:250, ab92547, Abcam, USA). Fibroblasts at 
passages 2-5 were selected for subsequent experiments.
RNAi of Semaphorin 7a  The semaphorin 7a gene sequence 
was searched from the NCBI website, and the target 
sequence was designed using siRNA design software. A 
total of three target sequences were designed: siRNA1, 
sense:  5’-GGACAAUCCTGACAAGAAU-3’;  ant i -
sense: 5’-AUUCUUGUCAGGAUUGUCC-3’; siRNA2, 
sense:  5’-GGGCAUGGGUUCUUGGAGA-3’;  anti-
sense: 5’-UCUCCAAGAACCCAUGCCC-3’; siRNA3, 
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sense: 5’-CUAAAUACCACUACCAGAA-3’; anti-sense: 
5’-UUCUGGUAGUGGUAUUUAG-3’; control sequence, 
sense: 5’-GUUCUCCGAACGUGUCACG-3’; anti-sense: 
5’-CGUGACACGUUCGGAGAAC-3’. The oligonucleotide 
sequences were synthesized and ligated to the vector. The 
ligated DNA was transformed into E. coli strain DH5α. 
Positive clones were picked and plasmids were extracted.
The pterygium fibroblasts (5×105 cells/well) were seeded 
in 6-well plates until the cell fusion degree was 70%-80%. 
si-semaphorin 7a and negative control si-negative were 
transfected into fibroblasts according to the instructions of 
Lipofectamine 2000 Transfection Reagent (Invitrogen, USA), 
and the transfection efficiency was detected by qPCR.
Effect of Semaphorin 7a Interference on mRNA Expression 
of β1-integrin, VEGFA and VEGFR by Real-time PCR  
After 24h of siRNA transfection, fibroblasts were collected. 
The expression of β1-integrin, VEGFA and VEGFR in each 
group was detected by real-time PCR. The method was 
mentioned above. The primer sequences are shown in Table 1.
Effect of Semaphorin 7a Interference on Protein 
Expression of β1-integrin, VEGFA and VEGFR by Western 
Blot Analysis  After 24h of siRNA transfection, fibroblasts 
were collected, and the protein levels of β1-integrin, VEGFA 
and VEGFR in each group was detected by Western blot. The 
antibodies were anti-β1-integrin (1:2000, ab179471, Abcam, 
USA), anti-VEGFA (1:200, ab1316, Abcam), anti-VEGFR 
(1:500, Ab11939, Abcam).
MTT Assay for Cell Proliferation  The cells were collected 
at 24, 48 and 72h after siRNA transfection, and 20 μL of MTT 
(5 mg/mL) was added to each well (96-well culture plate), and 
incubation was continued at 37℃, 5% CO2 for 4h. The optical 
density (OD) value at 490 nm was measured.
Cell Migration Test  The effect of semaphorin 7a interference 
on the migration ability of fibroblasts was examined using 
Transwell assay as described elsewhere. The number of 
cell migration was quantified by randomly counting five 
independent fields using microscope.
Statistical Analysis  Statistical analysis was performed using 
SPSS 20.0 (SPSS Inc., Chicago, IL, USA). Each experiment 
was repeated three times. The t-test was used for comparing the 

two groups, and the one-way analysis of variance (ANOVA) 
was used for comparing the multiple groups. A P<0.05 was 
considered to be a significant difference.
RESULTS
Expression Level of Semaphorin 7a Increased in Pterygium 
Samples  Real-time PCR results showed that the expression 
of semaphorin 7a in the primary pterygium and recurrent 
pterygium samples was significantly higher than that of the 
normal conjunctival tissue (all P<0.05). Compared with the 
primary pterygium sample, the expression of semaphorin 7a 
was significantly increased in the recurrent pterygium samples 
(P<0.05, Figure 1A). Western blot results showed that the 
protein band of primary pterygium was significantly thicker 
than that of normal conjunctival tissue, and the protein band 
of recurrent pterygium was significantly thicker than that of 
primary pterygium (Figure 1B).
mRNA Level of Semaphorin 7a Decreased After si-
semaphorin 7a Transfection  Fibroblasts of recurrent 
pterygium were isolated. Vimentin is an essential marker of 

Table 1 Primers of semaphorin 7a, β1-integrin, VEGFA, VEGFR and GAPDH

Gene Upstream primer Downstream primer
Semaphorin 7a 5’-TCATCAAAGCCACCATCG-3’ 5’-AGCTCACATACAGCTTCCTCC-3’
β1-integrin 5’-CAAAGGAACAGCAGAGAAGC-3’ 5’-GTGGAAAACACCAGCAGC-3’
VEGFA 5’-AGGGCAGAATCATCACGAAGT-3’ 5’-AGGGTCTCGATTGGATGGCA-3’
VEGFR 5’-GGCCCAATAATCAGAGTGGCA-3’ 5’-CCAGTGTCATTTCCGATCACTTT-3’
GAPDH 5’-AAATCCCATCACCATCTTCCAG-3’ 5’-GAGTCCTTCCACGATACCAAAGTTG-3’

VEGFA: Vascular endothelial growth factor A; VEGFR: Vascular endothelial growth factor receptor; GAPDH: Glyceraldehyde-3-
phosphate dehydrogenase.

Figure 1 Real-time PCR (A) and Western blot (B) analysis of 
semaphorin 7a level in normal conjunctival tissue, primary 
pterygium and recurrent pterygium  aP<0.01 compared with the 
control; bP<0.01 compared with primary pterygium. Lane 1: Normal 
conjunctival tissue; Lane 2: Primary pterygium; Lane 3: Recurrent 
pterygium.
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fibroblasts. To validate the successful of isolation, vimentin 
was examined by immunofluorescence microscopy (Figure 2).
Real-time PCR results showed that the mRNA level of 
semaphorin 7a in fibroblasts was significantly decreased after 
si-semaphorin 7a transfection with an siRNA entrapment 
efficiency of 70%-80% (Figure 3A). Then siRNA1 was 
selected for further experiments.
Expression Levels of β1-integrin, VEGFA and VEGFR 
Decreased After si-semaphorin 7a Transfection  Treatment 
of fibroblasts with si-semaphorin 7a for 24h significantly 
inhibited the mRNA expression of β1-integrin, VEGFA and 
VEGFR (P<0.05, Figure 3B).
Western blot results showed that the bands of β1-integrin, 
VEGFA and VEGFR were significantly thinner in si-semaphorin 
7a treated group (Figure 3C). The results suggested that 
semaphorin 7a interference can significantly affect the 
expression of β1-integrin, VEGFA and VEGFR.
Cell Proliferation Inhibited After si-semaphorin 7a 
Transfection  Compared with the control group, the cell 
proliferation ability of si-semaphorin 7a treated group was 
significantly weaker in a time-dependent manner (P<0.05, 
Figure 3D).
Cell Migration Ability Impaired After si-semaphorin 7a 
Transfection  Transwell results showed that the migration 

ability of fibroblasts in si-semaphorin 7a transfected cells was 
significantly lower than that in si-negative treated and control 
cells (P<0.05, Figure 4).
DISCUSSION
Pterygium is a chronic proliferative eye disease mainly with 
abnormally proliferating epithelial cells, fibroblasts and 

Figure 2 Isolation and characterization of fibroblasts  A: Morphology of fibroblasts; B: Immunofluorescence staining of vimentin.

Figure 3 Effect of semaphorin 7a interference on gene expression and cell function of fibroblasts  A: si-semaphorin 7a silencing efficiency; 
B: The effects of semaphorin 7a interference on β1-integrin, VEGFA and VEGFR mRNA expression. aP<0.05, bP<0.01, cP<0.001, respectively, 
compared with the control group. C: The effect of semaphorin 7a interference on the protein levels of β1-integrin, VEGFA, and VEGFR. Lane 1: 
Control group; Lane 2: si-negative group; Lane 3: si-semaphorin 7a group. D: The effect of semaphorin 7a interference on fibroblast proliferation. 

Figure 4 Effect of semaphorin 7a interference on fibroblast 
migration ability  A: Control group; B: si-negative group; C: si-
semaphorin 7a group; D: The number of migratory cells in each 
group. aP<0.01 compared with the control group.
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neovascularization in pterygium tissue[17]. Semaphorin 7a has 
been reported to be associated with a variety of cancers, such 
as breast cancer[18], and oral squamous cell carcinoma[19]. Thus, 
this study aims to identify the relationship between semaphorin 
7a and pterygium. 
Real-time PCR and Western blot showed that the expression of 
semaphorin 7a in primary pterygium and recurrent pterygium 
were higher than that in normal conjunctival tissue, and that 
in recurrent pterygium samples was highest. Semaphorin 
7a showed pro-angiogenic properties is associated with 
angiogenesis in vascularized corneas[13]. It is also involved in 
corneal nerve regeneration and inflammation in the cornea[20]. 
This suggested that semaphorin 7a overexpression may 
be associated with the recurrence of pterygium, and cell 
proliferation and migration in pterygium tissues. 
In addition, and the expression levels of VEGFA and 
VEGFR affected by si-semaphorin 7a were also decreased. 
VEGF as one of the most potent angiogenic factors was 
suggested to be involved in the pathogenesis of pterygium 
by triggering angiogenesis in neovascularization[21]. Previous 
studies indicated that VEGF was highly expressed in the 
development of pterygium[21-22]. Overexpressed VEGFR in 
primary pterygia and recurrent pterygia was recognized[23]. 
In addition, Feng et al[24] indicated that β1-integrin related 
to adhesion and migration of conjunctiva cells participants 
in the occurrence and recurrence of pterygium. β1-integrin 
recruitment and VEGFR clustering was found associated 
with DNA synthesis and cell migration[25]. The β1-integrin/
EGFR/VEGFA/VEGFR-1 signaling axis is needed for cancer 
invasion and metastasis[26]. Semaphorin 7a containing an RGD 
motif binds to β1-integrin to decreases integrin-mediated 
cell attachment[27]. Although the indirect VEGF-semaphorin 
interactions, the expression levels of VEGF- and semaphorin-
related genes were highly correlated in breast cancer[28]. Thus 
after semaphorin 7a interference, the highly expressed VEGFA, 
VEGFR and β1-integrin could increase the blood supply of 
pterygium, and thus participated in neovascularization of 
pterygium, which contribute to the progression and recurrence 
of pterygium[21,29-30]. Additionally, the proliferation and 
migration ability of fibroblasts was also decreased significantly 
after inhibition of semaphorin 7a expression. These results 
suggested that semaphorin 7a may be a potential target for the 
treatment of primary or recurrent pterygium.
In conclusion, the expression of semaphorin 7a might be 
closely associated with the malignant nature of pterygium 
growth and recurrence. Inhibiting semaphorin 7a in fibroblasts 
can significantly inhibit the expression of VEGFA and VEGFR, 
and also reduce the proliferation and migration of pterygium 
cells significantly. 
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