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Abstract

e Myopia is a serious threat to children’ s visual health,
and high myopia can not only cause vision loss, but also
lead to severe complications and even blindness. In recent
years, with the rising incidence of myopia and the
increasing awareness of myopia, the problem of myopia
has been widely concerned. At present, the specific
mechanism of the incidence and progression of myopia
remains ambiguous, and it is generally believed that the
sclera is the effector of myopia. With the development of
myopia and axial growth, the structure and function of
the eyeball change accordingly. The high rates of axial
length growth leads to scleral remodeling and accelerated
thinning of the posterior pole sclera. Myopia changes the
normal tissue structure and biomechanical properties of
the sclera, and the regulation of related gene expression
is the key to these changes. With the help of myopia
animal models and gene sequencing technology, a large
number of researchers have found that scleral
extracellular matrix remodeling is closely related to the
occurrence and development of myopia. This paper
discusses the changes of sclera structure and related
genes in the development of myopia. It provides ideas for
exploring the mechanism of scleral remodeling in myopia
and finding new target of treatment.
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T NIUBR 5 2T 4 40 g oP bFGE Fl TGF - B2 [y 263k, #2758
Lumican €78 1] GE3# i 845 bFGF #il TGF-B2 2 5 flit
PO E Y8, AR DU ECM AR, A BP9 2B,
TEPUIBE B A S, IL—6 AT LASE o 5 mi A IR 2T 4k 21
LB G5 oA R T2 5 3 % it e v LS 2H 21 1) =
g3 UL/ N AR S B 1 ( thrombospondin— 1, THBST )



Int Eye Sci, Vol.24, No.8 Aug. 2024 http.//ies.ijo.cn
Tel :029-82245172 85205906 Email ;. 1JO.2000@ 163.com

IKPAEST R A J ik A vh R [, BE S THBST RIS B
COLA1 FiK FF# , W] THBS1 7E4E5ULIE ECM pyfa s
AR, THBST Byl GEE HEJLERE ECM A9 FE 2L 72, A
115 56 WS A0 34 P 3ot 7 v R i 4 L FERR ST TS AR R
ZAR( prostanoid receptor, EP2) i £ [ R R IR ( cyclic
adenosine monophosphate , cAMP ) ¥ 7 J& 75 5 W ¥ AT A
it A 0 UK B WO IR o ( peroxisome
proliferators—activated receptorsa, PPARa) A5 S N F
1-a( hypoxia—inducible factor 1—alpha, HIF-1a) {5 5 18 i#%
AIRTSE & B, EP2 4 Al e i 1 5% cAMP I HIF - 1o
SR ECM &5 40 Rl vl ity & Je

HMAZR G S S R AL RGP G iz 1) B B AR 43, 7T
RES S T TR BB R AE A 2L B A JE 3, TTAMA R SE Y
T A7 — B 3 B ) S R 0 9 4, IX — i DR R A0 45
CR1 .CR2 H [N F C4bp DAF Rl MCP 3&IH, A W™ &
B, = B A A #MA I F H (the complement factors H,
CFH) 7KV i T % BRAL AMAR 3a( C3a) W5 A AMA I
AR A O A 5 AN DL A £F 4E 4 B ( human scleral
fibroblasts , HSFs ) (385 FITNRES 5 T L A L TLAE ECM
By ¥ BLE NOD -, LRR - il pyrin £5 #4 18 & 1
3(NLRP3) & —Fp& ULAY R AE K, NLRP3 G T iES 5
FDM /s USRS LA e VS #MA R 58 =R i
R E L), C5b-9 (WA N IR 254 vl g i i 4
T NLRP3 RAE/NABE 2 5 3w 0Lk i i A2 vb i I o
P LR A XS R B R] RE R R TR YT AL T T
TERE R, O B A% T AR PR 20 B 7 V6 O R R A R SR B ik =
ZMH
4 REE

25 BRIk PR ST A0 B AR R e v R A i
VERT B AR BL M AT A, B W55 4008 T I &
FBAER MR P OCHE AT 5 43 F SOl K, Yu 557 AR g
BT IUBE I A R T, AT A G TR
IR LSRRI A ) R R R | LA 4 LR
PRHLTRN Y SCHERE A | A B 1 — PR AT AT ALY A L
il Sz S R R T UL AR S A BT R B . il TR
M IR S 2%, nTREwy b Z AR | bR o> 5 FIE 5
M, AR 2 A B 22 AR D TR A 5 B, 7 AL PR 22 (1]
FRAH B G R RS B DA I AT A0 PL o 9 L ) 5 4
XSRS T BAR T i S8 il i
SE 3k
[1] Wang WJ, Zhu L, Zheng SJ, et al. Survey on the progression of
myopia in children and adolescents in Chongqing during COVID - 19
pandemic. Front Public Health, 2021,9.646770.
[2] Holden BA, Fricke TR, Wilson DA, et al. Global prevalence of
myopia and high myopia and temporal trends from 2000 through 2050.
Ophthalmology, 2016,123(5) :1036-1042.
[3] Garcia MB, Jha AK, Healy KE, et al. A bioengineering approach to
myopia control tested in a guinea pig model. Invest Ophthalmol Vis Sci,
2017,58(3) :1875-1886.
[4] Boote C, Sigal TA, Grytz R, et al. Scleral structure and
biomechanics. Prog Retin Eye Res, 2020,74.100773.
[5] Park J, Shin A, Jafari S, et al. Material properties and effect of
preconditioning of human sclera, optic nerve, and optic nerve sheath.
Biomech Model Mechanobiol, 2021,20(4) :1353-1363.
[6] Xie YF, Ouyang XL, Wang GH. Mechanical strain affects collagen

metabolism — related gene expression in scleral fibroblasts. Biomed

Pharmacother, 2020,126;110095.

[7] Zhuola Z, Barrett S, Kharaz YA, et al. Nanostructural and
mechanical changes in the sclera following proteoglycan depletio. MAIO,
2018,2(2) . 14-17.

[8] Harper AR, Summers JA. The dynamic sclera: extracellular matrix
remodeling in normal ocular growth and myopia development. Exp Eye
Res, 2015,133.100-111.

[9] Shin A, Park J, Demer JL. Opto—mechanical characterization of
sclera by polarization sensitive optical coherence tomography. J Biomech,
2018,72:173-179.

[10] ARy B2 o N S TR IRBR 2% oy [ 2208 ) L2 MR B HRL it
Fr ARG | A Bt 4 22 IX ) B AR G 3845 P 3R & 43R R (2022
). AR BH R 2022,58(2) :96-102.

[11] Curtin BJ, Iwamoto T, Renaldo DP. Normal and staphylomatous
sclera of high myopia. An electron microscopic study. Arch Ophthalmol,
1979,97(5) :912-915.

[12] Ouyang XL, Han YY, Xie YF, et al. The collagen metabolism
affects the scleral mechanical properties in the different processes of
scleral remodeling. BioMed Pharmacother, 2019,118.109294.

[ 13 ] Pugazhendhi S, Ambati B, Hunter AA. Pathogenesis and
prevention of worsening axial elongation in pathological myopia. Clin
Ophthalmol, 2020,14.853-873.

[14] Wang CC, Xie YF, Wang GH. The elastic modulus and collagen of
sclera increase during the early growth process. ] Mech Behav Biomed
Mater, 2018,77:566-571.

[ 15] Brown DM, Kowalski MA, Paulus QM, et al. Altered structure and
function of murine sclera in form—deprivation myopia. Invest Ophthalmol
Vis Sei, 2022,63(13) :13.

[16] Hoerig C, McFadden S, Hoang QV, et al. Biomechanical changes
in myopic sclera correlate with underlying changes in microstructure. Exp
Eye Res, 2022,224.109165.

[17] Howlett MH, McFadden SA. Emmetropization and schematic eye
models in developing pigmented guinea pigs. Vision Res, 2007,47(9) .
1178-1190.

[18] Backhouse S, Phillips JR. Effect of induced myopia on scleral
myofibroblasts and in vivo ocular biomechanical compliance in the guinea
pig. Invest Ophthalmol Vis Sci, 2010,51(12) :6162-6171.

[19] Jiang B, Shi CS. Dynamic changes of periostin and collagen I in
the sclera during progressive myopia in guinea pigs. Arq Bras Oftalmol,
2020,83(3) :190-195.

[20] Zi YX, Deng Y, Zhao JR, et al. Morphologic and biochemical
changes in the retina and sclera induced by form deprivation high myopia
in guinea pigs. BMC Ophthalmol, 2020,20( 1) :105.

[21] Vutipongsatorn K, Nagaoka N, Yokoi T, et al. Correlations
between experimental myopia models and human pathologic myopia.
Retina, 2019,39(4) :621-635.

[22] Coulombre AJ, Coulombre JL. The skeleton of the eye. II. Overlap
of the scleral ossicles of the domestic fowl. Dev Biol, 1973,33(2):
257-267.

[23] Summers Rada JA, Shelton S, Norton TT. The sclera and myopia.
Exp Eye Res, 2006,82(2) :185-200.

[24] Kee CS, Xi LYY, Shan SW, et al. ABOO8: Structural and
molecular changes in cornea and sclera of highly myopic — astigmatic
chicks. Ann Eye Sci, 2017,2:AB00S.

[25] Schaeffel F, Feldkaemper M. Animal models in myopia research.
Clin Exp Optom, 2015,98(6) :507-517.

[26] Qu J, Zhou XT, Xie RZ, et al. The presence of ml to m5
receptors in human sclera: evidence of the sclera as a potential site of
action for muscarinic receptor antagonists. Curr Eye Res, 2006,31(7-
8) :587-597.

[27] Barathi VA, Kwan JL, Tan QS, et al. Muscarinic cholinergic

1273



EiRRRIZAE 2024F 88 EF24% F8HA
B93E.029- 82245172 85205906

http://ies.ijo.cn
BB {578:10.2000@ 163.com

receptor (M2) plays a crucial role in the development of myopia in mice.
Dis Model Mech, 2013,6(5) :1146—-1158.

[28] Tkeda SI, Kurihara T, Jiang XY, et al. Scleral PERK and ATF6 as
targets of myopic axial elongation of mouse eyes. Nat Commun, 2022,13
(1):5859.

[29] Hysi PG, Choquet H, Khawaja AP, et al. Meta—analysis of 542,
934 subjects of European ancestry identifies new genes and mechanisms
predisposing to refractive error and myopia. Nat Genet, 2020,52(4):
401-407.

[30] Guggenheim JA, St Pourcain B, McMahon G, et al. Assumption—
free estimation of the genetic contribution to refractive error across
childhood. Mol Vis, 2015,21:621-632.

[31] Ohno—Matsui K, Wu PC, Yamashiro K, et al. IMI pathologic
myopia. Invest Ophthalmol Vis Sei, 2021,62(5) :5.

[32] Kunceviciene E, Liutkeviciene R, Budiene B, et al. Independent
association of whole blood miR — 328 expression and polymorphism at
3’UTR of the PAX6 gene with myopia. Gene, 2019,687.151-155.

[33] Yang Q, Lv S, Zhu H, et al. A potential research target for scleral
remodeling ; effect of miR—29a on scleral fibroblasts. Ophthalmic Res,
2022,65(5) :566-574.

[34] Wang M, Yang ZK, Liu H, et al. Genipin inhibits the scleral
expression of miR—-29 and MMP2 and promotes COL1A1 expression in
myopic eyes of guinea pigs. Graefes Arch Clin Exp Ophthalmol, 2020,
258(5) :1031-1038.

[35] Tanaka Y, Kurihara T, Hagiwara Y, et al. Ocular—component—
specific miRNA expression in a murine model of lens—induced myopia.
Int J Mol Sci, 2019,20(15) :3629.

[36] Guo DD, Ding MH, Song XL, et al. Regulatory roles of
differentially expressed microRNAs in metabolic processes in negative
Lens—induced myopia guinea pigs. BMC Genom, 2020,21(1) :13.

[37] Metlapally R, Gonzalez P, Hawthorne FA, et al. Scleral micro—
RNA signatures in adult and fetal eyes. PLoS One, 2013,8(10) ;e78984.
[38] Liu S, Chen H, Ma W, et al. Non—-coding RNAs and related
molecules associated with form—deprivation myopia in mice. J Cell Mol
Med, 2022,26(1) :186-194.

[39] Lian P, Zhao X, Song H, et al. Metabolic characterization of
human intraocular fluid in patients with pathological myopia. Exp Eye
Res, 2022,222.109184.

[40] Cheng T, Wang J, Xiong S, et al. Association of IGF1 single -
nucleotide polymorphisms with myopia in Chinese children. Peer], 2020,
8:e8436.

[41] Meng B, Wang K, Huang YX, et al. The G allele of the IGF1
rs2162679 SNP is a potential protective factor for any myopia; Updated
systematic review and meta — analysis. PLoS One, 2022, 17
(7) :e0271809.

[42] Ding X, Fu D, Ge SC, et al. DNA methylation and mRNA
expression of IGF -1 and MMP -2 after form — deprivation myopia in
guinea pigs. Ophthalmic Physiol Opt, 2020,40(4) :491-501.

[43] Liu YX, Sun Y. MMP -2 participates in the sclera of guinea pig
with form—deprivation myopia via IGF-1/STAT3 pathway. Eur Rev Med
Pharmacol Sci, 2018,22(9) :2541-2548.

[44] Asparuhova MB, Gelman L, Chiquet M. Role of the actin
cytoskeleton in tuning cellular responses to external mechanical stress.
Scand J Med Sci Sports, 2009,19(4) :490-499.

[45] Korol A, Taiyab A, West — Mays JA. RhoA/ROCK signaling
regulates TGFB — induced epithelial — mesenchymal transition of lens
epithelial cells through MRTF-A. Mol Med, 2016,22.713-723.

[46] Heasman SJ, Ridley AJ. Mammalian Rho GTPases: new insights
into their functions from in vivo studies. Nat Rev Mol Cell Biol, 2008,
9(9) :690-701.

[47] Yuan Y, Zhu C, Liu M, et al. Comparative proteome analysis of

1274

form — deprivation myopia in sclera with iTRAQ — based quantitative
proteomics. Mol Vis, 2021,27.494-505.

[48] Wu H, Chen W, Zhao F, et al. Scleral hypoxia is a target for
myopia control. Proc Natl Acad Sei U S A, 2018,115(30) : E7091-E7100.
[49] Yuan Y, Li M, To CH, et al. The role of the RhoA/ROCK
signaling pathway in mechanical strain —induced scleral myofibroblast
differentiation. Invest Ophthalmol Vis Sci, 2018,59(8) :3619-3629.
[50] Marjoram RJ, Lessey EC, Burridge K. Regulation of RhoA activity
by adhesion molecules and mechanotransduction. Curr Mol Med, 2014,
14(2) :199-208.

[51] Hu S, Cui D, Yang X, et al. The crucial role of collagen—binding
integrins in maintaining the mechanical properties of human scleral
fibroblasts—seeded collagen matrix. Mol Vis, 2011,17.1334-1342.

[52] Goetzl EJ, An S, Smith WL. Specificity of expression and effects of
eicosanoid mediators in normal physiology and human diseases. FASEB
J, 1995,9(11) :1051-1058.

[53] Xu Y, Lai L, Chen Z, et al. Scleral remolding — related gene
expression after scleral collagen cross — linking using ultraviolet A and
riboflavin in myopic guinea pig model. Curr Eye Res, 2023,48(4) .
392-401.

[54] Lv XT, Lai LB, Xu YS, et al. Effects of riboflavin/ultraviolet—a
scleral collagen cross—linking on regional scleral thickness and expression
of MMP-2 and MT1-MMP in myopic guinea pigs. PLoS One, 2023,18
(1):e0279111.

[55] She M, Li B, Li T, et al. Modulation of the ERK1/2-MMP -2
pathway in the sclera of guinea pigs following induction of myopia by
flickering light. Exp Ther Med, 2021,21(4) :371.

[56] Wang X, Lin Q, Liu S, et al. LncRNA - XR _002792574.1 -
mediated ceRNA network reveals potential biomarkers in myopia—induced
retinal ganglion cell damage. J Transl Med, 2023,21(1) :785.

[57] She M, Li T, Shi WQ, et al. AREG is involved in scleral
remodeling in form — deprivation myopia via the ERK1/2 - MMP - 2
pathway. FASEB J, 2022,36(5) :e22289.

[58] Lyu XT, Song YZ, Zhang FJ. Regulation of bFGF and TGF-B2 in
human scleral fibroblasts by the lumican gene mutation associated with
myopia. Zhonghua Yan Ke Za Zhi, 2021,57(4) .277-283.

[59] Liu L, Zhou WJ, Fan YJ, et al. Effect of interleukin 6 on scleral
fibroblast proliferation, differentiation, and apoptosis involved in myopic
scleral remodeling. Ophthalmic Res, 2022,65(5) :529-539.

[60] Chen J, Tkeda SI, Yang Y, et al. Scleral remodeling during myopia
development in mice eyes: a potential role of thrombospondin—1. Mol
Med, 2024,30(1) .25.

[61] Srinivasalu N, Zhang S, Xu RC, et al. Crosstalk between EP2 and
PPARa modulates hypoxic signaling and myopia development in guinea
pigs. Invest Ophthalmol Vis Sci, 2020,61(8) :44.

[62] Garcia—Gen E, Penadés M, Mérida S, et al. High myopia and the
complement system; factor H in myopic maculopathy. J Clin Med, 2021,
10(12) :2600.

[63] Xiao K, Jie Y, Luo MY, et al. Cytological and functional effect of
complement 3a on Human Scleral Fibroblasts. Cutan Ocul Toxicol, 2023,
42(3).137-143.

[64] Chen ZY, Xiao K, Long Q. Up-regulation of NLRP3 in the sclera
correlates with myopia progression in a form—deprivation myopia mouse
model. Front Biosci, 2023,28(2) .27.

[65] Xiao K, Chen ZY, He SQ, et al. Up—regulation of scleral C5b—9
and its regulation of the NLRP3 inflammasome in a form — deprivation
myopia mouse model. Immunobiology, 2024,229(1) :152776.

[66] £k, =, SRl T 5 AL T F7E IR R i
W kR, EBRIRAR e, 2022,22(12) :2010-2015.

[67] Yu Q, Zhou JB. Scleral remodeling in myopia development. Int J
Ophthalmol, 2022,15(3) :510-514.



