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Abstract

e AIM: To investigate the expression profiles of the
transcription factor specificity protein 1 (Spl) and collagen
I in recurrent pterygial tissues. What is more, to compare
the changes of Sp1 and collagen | among primary pterygial
tissue, recurrent pterygial tissue and conjunctival tissue.

e METHODS: In the prospective study, we collected the
pterygial tissues of 40 patients who underwent resection
of primary pterygial tissue and recurrent pterygial tissue,
and the conjunctival tissues of 10 patients with enucleation
due to trauma. The relative expression levels of Sp1l
and collagen | were analyzed by reverse transcription
quantitative-polymerase chain reaction and Western blot.
Paired t-test was performed to compare the Spl and
collagen | of recurrent pterygial tissues, as well as the
primary pterygial tissues and conjunctival tissues. In further,
Pearson’s hypothesis testing of correlation coefficients was
used to compare the correlations of Sp1 and Collagen I.

e RESULTS: The content of Sp1 and collagen | mRNA
and protein was significantly greater in recurrent pterygial
tissue than that was in primary and conjunctival tissue
(P<0.05). There was a positive correlation between the
MRNA and protein levels of Sp1 and collagen | in recurrent
pterygial tissues (protein: r=0.913, P<0.05; mRNA: r=0.945,
P<0.05).

e CONCLUSION: Sp1 and collagen | are expressed
in normal conjunctival, primary, and recurrent pterygial
tissues, but expression is significantly greater in the latter.
Sp1 and collagen | may be involved in the regulation of the
development of recurrent pterygium.
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INTRODUCTION

terygium is a common disease of the ocular surface,
P often associated with prolonged exposure to ultraviolet
(UV) light. It has a wing-shaped appearance, often leads to
corneal astigmatism, causing visual impairment!' . Although
some studies indicate that the environmental influences, such
as UV radiation, human papillomavirus (HPV) infection, sand
and wind are critical for the development of pterygium, its
pathogenesis is still controversial. In the past few years, many
studies by employing molecular genetic analysis techniques
of patient’s tissue samples to provide new important views to
the pathogenesis of pterygium. In ultrastructural studies, the
proliferation and degeneration of elastic and collagen fibers
are considered to be the prominent pathological changes of
pterygium™™,
The proliferation and degeneration of collagen fibers,
especially collagen I is considered to be an important role in
the occurrence and development of pterygium". In allergic
conditions, transforming growth factor (TGF-B1) is one of the
main mediators of fibroblast stimulation and tissue remodeling.
TGF-B1 has been indicated that may play an important role
in the development of pterygium'®, and some studies have
confirmed that transcription factor specificity protein 1 (Spl)
is a downstream target of TGF-f1 which can regulate the
level of collagen I in many organizations' . Our previous
study have demonstrated that Sp1 is expressed in both human
pterygial and conjunctival tissues, but the expression level
is significantly increased in the pterygial tissues”. However,
there have been no such studies on recurrent pterygium.
In this study, we explored the role of Spl in recurrent pterygium
and its relationship with the synthesis and biodegradation of
collagen 1. Western blot and reverse transcription quantitative-
polymerase chain reaction (QRT-PCR) were used to evaluate
the expression of Spl and collagen I in recurrent pterygial
tissues. Our results may help to clarify the relationship between
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Table 1 Primers for qRT-PCR

Gene Forward primer Reverse primer

B-actin GGGAAATCGTGCGTGACATTAAGG CAGGAAGGAAGGCTGGAAGAGTG
Collagen I CACCAATCACCTGCGTACAG GCAGTTCTTGGTCTCGTCAC
Spl ACAACTCAAGCCATCTCCCA ACTGTTGGTGTCCGGATGAT

qRT-PCR: Reverse transcription quantitative-polymerase chain reaction.

TGF-B1 signaling and collagen I expression in recurrent
pterygial tissues, suggesting a novel mechanism underlying the
disease pathogenesis.

SUBJECTS AND METHODS

Ethical Approval The study protocol was approved by the
Ethics Committee of Anhui No.2 Provincial People’s Hospital
(Hefei, Anhui Province, China). At the beginning of the study,
all participants had signed informed consents. All procedures
are carried out in accordance with the tenets of the Declaration
of Helsinki.

Subjects This is a prospective study. From June 2018 to
December 2019, the pterygial tissues of 20 patients who
underwent primary pterygium resection, the recurrent pterygial
tissues of 20 patients who underwent recurrent pterygium
resection, and the conjunctival tissue of 10 patients who had
enucleation due to trauma in our hospital were randomly
collected. The isolated recurrent pterygial, primary pterygial
and conjunctival tissues were stored at -80°C until use.
Western Blot Total proteins from tissues were extracted
using RIPA lysis buffer (Beyotime, Beijing, China) on the ice
for 15min and centrifuged at 12 000 rpm for 15min. Western
blot was performed according to standard procedures. Anti-
Spl (BS1598; dilution, 1:500; bioWORLD, Dublin, OH,
USA) and anti-collagen I (bs-0578R; dilution, 1:300; Bioss,
Shanghai, China) were used as the first primary antibody. The
ultrasensitive electrochemiluminescence kit was used to detect
protein, and Image J software was used to analyze image. For
detailed steps refer to previous research”.

Reverse Transcription Quantitative-Polymerase Chain
Reaction Total RNA was isolated from tissues using TRIzol
reagent (Thermo Fisher Scientific, Waltham, MA, USA)
according to manufacturer's instructions. qRT-PCR reactions
were performed by using an ABI Prism 5700 Sequence
Detection System (Applied Biosystems, Foster City, CA,
USA). The comparative method 2"
the relative expression of Spl and collagen I. The primer

was used to calculate

sequences we used in the study are listed in Table 1. Detailed
steps refer to previous research”.

Statistical Analysis All statistical analysis were performed
using SPSS 22.0 (version 22.0; IBM Corporation, Armonk,
NY, USA). Data are presented as the mean+standard deviation
(SD). Differences were identified using the paired #-test and
ANOVA. The relationship in each group between the RNA
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Table 2 Characteristics of the participants in this study n (%)
Parameters Re p’tle:r;glum, P ptzr:yzgolum, Con’];iricotlva,
Age, mean+SD (y) 64.13£14.35  62.22+11.41  49.88+15.36
Male 8 (53.33) 11 (55) 9 (90)
Diabetes 3(20) 5(25) 1(10)
Hypertension 6 (40) 12 (60) 2 (20)
Work outside 13 (86.67) 15 (75) 7(70)
Over 10y course of disease 14 (93.33) 19 (95)

Re-pterygium: Recurrent pterygium; P-pterygium: Primary pterygium.

expression levels of Spl and collagen I was evaluated using
the Pearson’s correlation coefficient. P<0.05 was considered
statistically significant.

RESULTS

The study groups consisted of 20 patients (62.22+11.41y, 11
males and 9 females) with primary pterygium, 20 patients
(64.13+£14.35y, 8 males and 12 females) with recurrent
pterygium, and 10 patients (49.88+15.36y, 9 males and 1
female) who had enucleation due to trauma. All patients
have no history of atopy or allergic eye disease. The general
information of patients is listed in Table 2.

Changes in Protein Expression Levels of Spl and
Collagen I As shown in Figures 1, 2, and Table 3, protein
expression levels of Spl and collagen I were significantly
greater in the recurrent pterygial tissues than they were in
the conjunctival and primary pterygial tissues, and were
significantly greater in the primary pterygial tissues than they
were in the conjunctival tissues (P<0.05).

Changes in Sp1 and Collagen I mRNA Expression Levels
As shown in Figures 3, 4 and Table 4, mRNA expression
levels of Spl and collagen I were significantly greater in the
recurrent pterygial tissues than they were in the conjunctival
and primary pterygial tissues, and were significantly greater in
the primary pterygial tissues than they were in the conjunctival
tissues (P<0.05).

Correlation Analysis of Sp1 and Collagen I Expression In
the recurrent pterygium tissue, collagen I and Spl expression
showed significant correlation both at the protein (=0.913;
P<0.05) and mRNA (+=0.945; P<0.05) levels.

DISCUSSION

Pterygium has tumorlike features such as proliferation,
invasion, and epithelial-mesenchymal transition (EMT). The

transformation of epithelial cells into fibroblasts after tissue
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Figure 1 The relative protein expression of Sp1.
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Figure 4 The relative mRNA expression of collagen I (QRT-PCR).

stress and injury is called EMT"". In the study of Adiguzel et

al"", the expression of cyclooxygenase-2 (cox-2), an inducible

Table 3 Relative protein expression of Sp1 and collagen I

Parameters ~ Re-pterygium P-pterygium Conjunctiva
Spl 0.667+0.088 0.519+0.062°  0.395+0.043*
Collagen I 0.384+0.028 0.271£0.079°  0.117+0.007*°

Re-pterygium: Recurrent pterygium; P-pterygium: Primary pterygium.
*P<0.05, compared with recurrent pterygial group; "P<0.03, compared
with primary pterygial group.

Table 4 Sp1 and collagen I relative mRNA expression

Parameters Re-pterygium  P-pterygium Conjunctiva
Spl 1.007£0.123  0.658+0.218"  0.208+0.133*°
Collagen I 0.987+0.074  0.634+0.133"  0.145+0.025*°

Re-pterygium: Recurrent pterygium; P-pterygium: Primary pterygium.
*P<0.05, compared with recurrent pterygial group; *P<0.05, compared
with primary pterygial group.

enzyme, was found to be increased in many cancers and
precancerous lesions in recent years, while the expression
of cox-2 was increased in the tissues of recurrent pterygium.
The basic pathological mechanism of pterygium is that the
horn conjunctival epithelial cells conduct EMT to induce the
formation of pterygium epithelial cells, further activate the
production of fibroblasts, and gradually form pterygium?.
TGF-B1 plays an important role in regulating a variety of
physiological and pathological processes in the human body,
such as cell proliferation, differentiation, extracellular matrix
synthesis, immunity, inflammation and apoptosis"”. TGF-B1
induces a variety of cytokines, including fibroblast growth
factor, connective tissue growth factor, platelet-derived growth
factor, and vascular endothelial growth factor, and TGF-p1
itself plays an important role in tissue wound repair''. TGF-p1
is widely present in normal conjunctival tissues and is secreted
by conjunctival epithelial cells and corneal epithelial cells. In
the ocular surface tissues, TGF-B1 plays two important roles,
one is to maintain the stability of the internal environment,
the other is to generate automatic immunity to the emergency
response' "', TGF-p1 can also inhibit the synthesis of
extracellular matrix (ECM) proteolytic enzymes, thereby
inhibiting the decomposition of ECM, leading to the abnormal
proliferation and accumulation of collagen and elastic fibers in
pterygium, thus leading to the occurrence and development of
pterygium"”!. But its specific mechanism is still not completely
clear. In previous studies on pterygium, Sp1 has been shown to
be a downstream factor of TGF-B1 signal and to have a certain
influence on the expression of collagen 1. However, the
situation of recurrent pterygium is rarely studied, so we studied
the expression of Sp1 and collagen I in recurrent pterygium.
Spl was one of the first transcription factors to be purified and
cloned from, and characterized in mammalian cells in the early

1980s. Sp1 belongs to the transcription factor specific protein/
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Kruppel like factor (Sp/XKLF) family. In mammalian cells,
Spl regulates a variety of cellular processes, including cell
cycle, growth, proliferation, metabolism, and apoptosis'*>”.
Spl is a widely expressed transcription factor involved in
the regulation of several genes, including housekeeping gene
and active regulator gene, mainly through its basal promoter
activity. There is increasing evidence that Spl plays an
important role in the regulation of multiple genes associated
with fibrosis, including collagen I, TGF-f and its downstream

(2221 Qeveral studies

targets, such as matrix metalloproteinases
have highlighted the important role of Spl in regulating the
expression and deposition of collagen I under the condition of

>4 However, clear evidence of Sp1 regulation and its

fibrosis'
role in regulating collagen I production in recurrent pterygium
is still lacking.

Pterygium tissues are rich in collagen fibers, including
collagen I, II, and III, among them the content of collagen I
and 11T collagen type are much higher than collagen I1"°*%,
In this study, primary and recurrent pterygium tissues content
of collagen I was obviously higher than that of conjunctival
tissue, and Spl and collagen I mRNA and protein expression
were highly correlative, which can be concluded that the Spl
and collagen I in primary and recurrent pterygium tissues are
all presented a state of abnormal high expression, and to a
greater amount in the tissue of recurrent pterygium. Therefore,
in combination with previous studies and the results of this
study, we concluded that TGF-B1-Spl signaling pathway may
play an important role in the occurrence and development of
recurrent pterygium.

In summary, our results demonstrated that both Spl and
collagen I were expressed in primary and recurrent pterygium
and conjunctival tissues, but the expression was significantly
increased in pterygial tissues, especially in recurrent pterygium.
The high correlation between the expression of Spl and
collagen I suggests that TGF-B1-Spl pathway can regulate the
up-regulation of collagen I synthesis in recurrent pterygium
tissues. Based on the results of this and previous studies, it
can be speculated that TGF-1-Spl signaling pathway may
be involved in the occurrence, development and recurrent of
pterygium. It is anticipated that exploring the Sp1 in this study
will contribute to finding more treatments for pterygium and
provide a brand-new line of research.
ACKNOWLEDGEMENTS

Foundations: Supported by the Key Program of Natural
Science Research of Anhui Provincial Education Department
(No.KJ2019A1097); Science Foundation of Anhui Provincial
Health Bureau (No.2018SEYLO025); Natural Science
Research of Anhui Provincial Education Department
(No0.12925KJ2018B11).

226

Conflicts of Interest: Shi CS, None; Wu Y, None; Shu N,

None; Jiang LL, None; Jiang B, None.

REFERENCES

1 Zhou WP, Zhu YF, Zhang B, Qiu WY, Yao YF. The role of ultraviolet
radiation in the pathogenesis of pterygia (Review). Mol Med Rep
2016;14(1):3-15.

2 Liu T, Liu Y, Xie L, He X, Bai J. Progress in the pathogenesis of
pterygium. Curr Eye Res 2013;38(12):1191-1197.

3 Liang K, Jiang ZX, Ding BQ, Cheng P, Huang Dk, Tao LM. Expression
of cell proliferation and apoptosis biomarkers in pterygia and normal
conjunctiva. Mol Vis 2011;17(8):1687-1693.

4 Lee H, Jeong H, Lee CM, Shin JA, Jang SW, Lee JH, Park SY, Kim
JY, Tchah H. Antifibrotic effects of sakuraso-saponin in primary
cultured pterygium fibroblasts in comparison with mitomycin C. Invest
Ophthalmol Vis Sci 2019;60(14):4784-4791.

5 Koga Y, Maeshige N, Tabuchi H, Uemura M, Aoyama-Ishikawa M,
Miyoshi M, Katakami C, Usami M. Suppression of fibrosis in human
pterygium fibroblasts by butyrate and phenylbutyrate. /nt J Ophthalmol
2017;10(9):1337-1343.

6 Shayegan MR, Khakzad MR, Gharaee H, Varasteh AR, Sankian M. Evaluation
of transforming growth factor-betal gene expression in pterygium
tissue of atopic patients. J Chin Med Assoc 2016;79(10):565-569.

7 Jiang B, Wu ZY, Zhu ZC, Ke GJ, Wen YC, Sun SQ. Expression and role
of specificity protein 1 in the sclera remodeling of experimental myopia
in guinea pigs. Int J Ophthalmol 2017;10(4):550-554.

8 Wang R, Xu B, Xu H. TGF-f1 promoted chondrocyte proliferation by
regulating Sp1 through MSC-exosomes derived miR-135b. Cell Cycle
2018;17(24):2756-2765.

9 Jiang B, Wang Y, Zhu ZC, Wu ZY. Expression of specificity protein
1 and collagen I in primary pterygial tissues. Arq Bras Oftalmol
2019;82(5):407-411.

10 Zeisberg M, Kalluri R. The role of epithelial-to-mesenchymal
transition in renal fibrosis. J Mol Med 2004;82:175-181.

11 Adiguzel U, Karabacak T, Sari A, Oz O, Cinel L. Cyclooxygenase-2
expression in primary and recurrent pterygium. Eur J Ophthalmol
2007;17(6):879-884.

12 Ando R, Kase S, Ohashi T, Dong Z, Fukuhara J, Kanda A, Murata
M, Noda K, Kitaichi N, Ishida S. Tissue factor expression in human
pterygium. Mol Vis 2011;17:63-69.

13 Zhang XH, Zheng B, Gu C, Fu JR, Wen JK. TGF-1 downregulates
AT1 receptor expression via PKC-3-mediated Spl dissociation from
KLF4 and Smad-mediated PPAR-y association with KLF4. Arterioscl
Throm Vasc Biol 2012;32(4):1015-1023.

14 Xu YX, Ma A, Liu L. Transforming growth factor  signaling
upregulates the expression of human GDP-fucose transporter by
activating transcription factor Spl. PLoS One 2013;8(9):e74424.

15 Chen K, Lai K, Zhang X, Qin Z, Fu Q, Luo C, Jin X, Hu J, Liu S,
Yao K. Bromfenac inhibits TGF-B1-induced fibrotic effects in human
pterygium and conjunctival fibroblasts. /nvest Ophthalmol Vis Sci
2019;60(4):1156-1164.



Int J Ophthalmol, Vol. 14, No. 2, Feb.18, 2021 www.ijo.cn
Tel: 8629-82245172  8629-82210956  Email: ijopress@163.com

16 De Paiva CS, Volpe EA, Gandhi NB, Zhang X, Zheng X, Pitcher
JD 3rd, Farley WJ, Stern ME, Niederkorn JY, Li DQ, Flavell RA,
Pflugfelder SC. Disruption of TGF-f signaling improves ocular surface
epithelial disease in experimental autoimmune keratoconjunctivitis
sicca. PLoS One 2011;6(6):¢29017.

17 Serban AI, Stanca L, Geicu OI, Munteanu MC, Dinischiotu A.
RAGE and TGF-B1 cross-talk regulate extracellular matrix turnover
and cytokine synthesis in AGEs exposed fibroblast cells. PLoS One
2016;11(3):e0152376.

18 Hellweg CE, Spitta LF, Henschenmacher B, Diegeler S, Baumstark-
Khan C. Transcription factors in the cellular response to charged
particle exposure. Front Oncol 2016;6:61.

19 Chen H, Zhou Y, Chen KQ, An G, Ji SY, Chen QK. Anti-fibrotic
effects via regulation of transcription factor Spl on hepatic stellate
cells. Cell Physiol Biochem 2012;29(1-2):51-60.

20 Beishline K, Azizkhan-Clifford J. Sp1 and the “Hallmarks of Cancer”.
FEBS J 2015;282(2):224-258.

21 Reddy VS, Prabhu SD, Mummidi S, Valente AJ, Venkatesan B,
Shanmugam P, Delafontaine P, Chandrasekar B. Interleukin-18
induces EMMPRIN expression in primary cardiomyocytes via JNK/
Spl signaling and MMP-9 in part via EMMPRIN and through

AP-1 and NF-kappaB activation. Am J Physiol Heart Circ Physiol
2010;299(4):H1242-1254.

22 Siddesha JM, Valente AJ, Yoshida T, Sakamuri SS, Delafontaine P,
Iba H, Noda M, Chandrasekar B. Docosahexaenoic acid reverses
angiotensin II-induced RECK suppression and cardiac fibroblast
migration. Cell signal 2014;26(5):933-941.

23 Jiang L, Zhou Y, Xiong M, Fang L, Wen P, Cao H, Yang J, Dai C,
He W. Spl mediates microRNA-29c-regulated type I collagen
production in renal tubular epithelial cells. Exp Cell Res 2013;
319(14):2254-2265.

24 Park JH, Jo JH, Kim KH, Kim SJ, Lee WR, Park KK, Park JB.
Antifibrotic effect through the regulation of transcription factor using
ring type-Sp1l decoy oligodeoxynucleotide in carbon tetrachloride-
induced liver fibrosis. J Gene Med 2009;11(9):824-833.

25 Pérez-Rico C, Pascual G, Sotomayor S, Montes-Mollon MA, Trejo
C, Sasaki T, Mecham R, Bellon JM, Bujan J. Tropoelastin and fibulin
overexpression in the subepithelial connective tissue of human
pterygium. Am J Ophthalmol 2011;151(1):44-52.

26 Seet LF, Tong L, Su R, Wong TT. Involvement of SPARC and MMP-
3 in the pathogenesis of human pterygium. /nvest Ophth Vis Sci
2012;53(2):587-595.

227



