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Abstract

Objective: To investigate the role of collagen-binding integrin f1 in sclera remodeling process of
the guinea pig form-deprivation myopia (FDM). Methods: 128 young guinea pigs, aged 2 to 3
weeks, were randomized into experimental group (n = 64) and normal control group (n = 64).
FDM models were monocular deprived by placement of a facemask over the right eye in the expe-
rimental group, and the fellow eyes served as the contralateral control eyes. The guinea pigs in the
normal control group were raised with both eyes untreated. The FDM eyes were monocular de-
prived for 1, 2 and 4 weeks, and recovered 1, 3, 5, 7, 14 days after occluding for 4 weeks. Optical
measurements and axial length were accomplished at all of the time points. The histological anal-
ysis was applied to assess the posterior sclera changes, and immunohistochemical staining and
quantitative real-time PCR (QRT-PCR) were applied to investigate the expression of integrin 1
protein and mRNA. Results: After 2 and 4 weeks, compared with the fellow eyes and the normal
control group, the refraction diopter of the experimental group was (-3.00 £ 0.50) D and (-5.50 *
1.08) D, and the axial length elongated (0.22 + 0.06) mm and (0.49 % 0.11) mm, showing significant
differences respectively (P < 0.05); but in 1 week, the statistics showed no difference among those
groups (P > 0.05). After re-exposure, the right eyes of guinea pigs in the experimental group expe-
rienced re-normalization and the refraction was rapidly recovered in the initial 7 days (P > 0.05);
the axial length gradually shortened, and it was statistically non-significant after 14-day recovery
(P > 0.05). The morphological observation of sclera found that the posterior sclera collagen fiber
arrangement of guinea pigs with FDM was disordered and the sclera became thinner. Scleral inte-
grin 1 mRNA and protein expression in FDM eyes were significantly lower than those in the con-
trols after monocular deprived 1 week (P < 0.05). One day after occlusion had been removed, the
expression of integrin 1 was up-regulated but lower than that in the controls (P < 0.05), and the
difference was non-significant after 7-day recovery (P > 0.05). The difference of all the above sta-
tistics between contralateral control eyes and the normal control group was not remarkable (P >
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0.05). Conclusion: Form-deprivation myopia was able to be induced by monocular covering. Gui-
nea pigs aged 2 to 3 weeks with form-deprivation can experience re-normalization after recovery,
along with the shortening of the axial length. The main recovery stage of ocular biometric para-
meters was in the initial 7 days. The expression of integrin $1 in FDM sclera was found to be lower,
but could be restored during the recovery period. This suggests that collagen- binding integrin 1
may be involved in the pathogenesis of myopia, and further study needs to be done on the me-
chanism of the scleral remodeling in myopia.
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 E

HE: 30 BRI 5 R3F L (form-deprivation myopia, FDM)BEZ I B FRAH B S R BLEET
JEEBFRER. F¥k: 2~3AR=ZEER128R, 4 LKA = 64)FIEFXIBH(n = 64). LKA
KALERESARETEERF, ZRUVE SR, EESRAXNBRA AR, TRHAKER
RHFVE 28 4B ARERRESA G S AR RES RsisE . FEd R ERIF4E 3
ERRIEZY, WIEFBEZFEINR. 3R, 5K, 7RK14RE A F I B AFDMKE B s, %
AN IE) ST S A 5 AT RO REEE: R RIERMKE: HAR -H#H4a
(HE) MR G URA RS FET; Eh R e B R A4 X (QRT-PCR). AEALUZEHE
R E RS ER F AR ARSI mRNARE AREBN. &R BEFIF2E. 48, LRALFRSS
H¥FH(-3.00 + 0.50) DX (-5.50 + 1.08) DIJAHITIEM, HR%HSFIHH(0.22 + 0.06) mm %z (0.49 +
0.11) mm, 58 G5 BAKXIEFEBAML, HRERYESHH¥EE L (PYH <0.05); BREFIF1F,
SGIREEE . RBKESH SRR, EEXTRBALTEEEZR(P>0.05). ZiEXEE, KRAR
EHEAL, SESME. EETRBMAL, SES7RNELEZEERTEEMN(P > 0.05); ARR
BKESAE, URNBHKEZEZRTEZEM(P > 0.05). TR EMEZ LI 5 RIZ-Hm00 IR K &
JE RIS R A HEFIEEL, FUERE: QRT-PCREAFBHLSULELR AR R, LRALRFEHZ
JA B IRERE SR A X L1 mRNAREAREHERD, Z2RELTHEE N (P <0.05), ZEH1IREFR
BHE W, BIETXREAP <0.05), 7R SXTRBAMELE, ZREATERE (P> 0.05). HHX
RAK LA FrARNIEFR S EEXTBAML, WEHEZERP > 0.05). £if: RRERR L SHFDM
IR 2~3BRER R HEHF G AEIHETIENN, FERERKESRE; ZEB7RNAREY
Z2SEREREERE; BKREERFN, ERBTEESRLIRERD, RHESZERE LA, R
EEATRS S TREIFHINK AL, REMAREBMYIH A FE—PHE.
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1. 5]

IR H W AR RS, @ AT S BN R EL R A E T RE, S BCNIE A IR BRI E 2E t
FEIHT . FUBR SIER ALK R BN EVIIRALZ 2 —, IRERTEALIE R B M AL B RE S AR R 4 7
58 B 5 DSOS i b 42 DAL 40 i A1 35 55 (extracellular matrix, ECM) Eh B8, i FLifik . A&7,
DAY 5 HR e R, (R MR I, 2 SR E YIRS HIERN . U EEH | BREA K, Bk
CRYEANAR S, | B R P BSRN AR AR A TGS B 8 1 2 R AE [ 1]-[3]0 DAL sS85 J5 45 e A A A
(OGS R 7+ oy B A BRI RGN - FETRG N oy 7, TE454H 4140 ECM H IR AE b %
it T EEAER4]. AR MBS, W BRIER ol (DEEPIRLER - HER - HER
(Asp-Gly-Glu-Ala, DGEA) T4, 5225634 — RIIEM RN, Refg TR G [5], ~BIEL
YL O OGRS A WE 7T R LA DU AT 4E 40 8 5 32 2 5 R IR 0 6 6] DI AR JEAH G 3R
WA R IR AT LA S N 32 Ak . HRT, FEIE T RV R b, A5 S5 AR DU B 9 v (1) A
FIE F 7D AOE, B N A6 T84 22 S IR (R AR SC MR T 5 35 = 1 52 A O AT 9

ARSI T8 I B R I F VR SR U i R M A, RIS T TR 2R DL R E IR
H R ER A 4 2 $0 R R 5 W DRSS 20 S 75 2 BB S A (A8 4, TFF 7 DL BB AR A/ J5 J v i A 15 L 2 28
MUARDGHE, HRIT G Rk pL EIURE R, IR A . ISR IR, N & R
AR A9 Jo i v PR A A P AL R A0, e 7 N 2R A AR A I R AR AR G VR T A — 2 4R S R
e

2. MRHEIE
2.1. SEBEh

2~3 A Im = KR 128 A(WHFHE ETT&FER AT EER, 0E & REEE N
SR L IEFR), fRE 120~170 g, MEREASER, R, TR, WREGR AT MRE, T EEES
ZE (SR JH DO B AE+1.00~+7.00 D 2 [8], HWHR S % < 2.00 D). HJEmFE 2~3 2, il 25C~30°CH)
WEGIR AL, T LA 12/12h Y6RE(500 lux). 45 T 70 2 T FIRK B, 4 % e i B i i DA e 4 2R 3 C,
HEHEEK . ARSLISETH B R R GAYMC B A o fttdl, SCInsh il FHFIFR A& ARVO A .

22. SEWHE

2.2.1. BB FDM R & HRRAYR0IE L

FEREALE 7 RVE T, FEMIT 05 IR R 2 N SEIR2H (n = 64)FIE R X R4 (n = 64) . SCIGHR A 2iE
BFLIR SR B (IR M FL) A1 6 5 3L B B E B E #E 7L K) 5 S KB FDM, Sk DABIES . W50y ]
SETRAL, BRI BT HR . XCH R O &, Asgmadg ik, EaaiReeE mbEH, ARERKE. EH3)
YIAT BRAE N SEG R, XU AR VE A B o AR o 1E 5 o B A DR A AT A AL B o S8 ZEL AR B P2 3 IR
JA 2 A 4 AR LA R AL 5 5 A0 g R R S A B o el o) T 5 RISE 4 JE 24 25 Bl
2, ARHE SR L RS 3R, 5 R, 7 KK 14 RESANFER A 5 FDM Yk G I shPiisl. FDM K&
WIS AP IS 5, RS AT IR I e e R, RS U ZUE AT A

O,



IRIGARSCBE G 2R B1 AL T8 RISE PRI 5 S Wk 52 300 oo 15 DL =6 28 ' Y Rt 7

2.2.2. MEIRIRFNTSE

1) JEYGRE MRS REI & AT A S0 SN LE SCU I FIAS [ (] 2 i 7E BERUBRECRES T~ ARGk R
LRI 3 IR, HUEERORET AT IME . WS HIK R 004 IR E Y FEE (D) 1EsR FoR. AR5 10%7K & S I i
WS, S EMREEIEE G, W IRER, bR R RO B AR R o A I T A R BR S A 2 [A]
) B2 R B B 9 IR AC, W& 3 UG, Wl H-PIME, KiHfiE) 0.02 mm.

2) S e o A M DU RS 5 30 B R AE S AN SR IR 2 2 B 4 HIKERIRER, 78 A i 6
W A AP E RS Y 4 5K, BKYIAE 3~5 um, 1 KA TR E - RA(HE) 3, 1
FRAEFIVEXT IR, 2 sk T s b Qe t(integringl iR 2 mwbEdifh: HEAATF]). B FPWESHIrA
TG R LI B ORERE, ARG S B, DAY S IR SR G ik 3 (8 A BH A

3) SE G E B PCR AT G 25 1 mRNA KA %20 4 H K FIRERTE 40088 T 4 IR i 45 2 23 R 38
BAERR, BRIk 2 BE2H 2, FERRAR RN 5 mm AEBORBEH 2, K/h2) 5 mm x 5 mm,
T80 CUKFHIRAT . BUARAFALFRAN 1 ml Trizol PRIERFES, & HFZEUE RNA. RAEIM 6T
Sl E %5 B OD260 5 OD280, OD260 5 OD280 (1A TE 1.8~2.0 2 [a], FEAFEE RNA & Hi5 1R
A, AT TR S S N . TSRS cDNA. LA cDNA AR, PCR ¥ 1842 p1 H I3 R N
primer design /TSI, i TaKaRa EWA R & . BEE L B TSI 5IN:
5-ACTCCCTTTCTTCAGAGGTCATTTT-3’, 5-GTCCCGTTTACCCCGTTCTT-3’, ¥ Btk A 97 bp; W
2% p-actin b NG90 51 8: 5°-GGCACCAGGGAGTCATGGTA-3’, 5 -TGGGGTATTTCAGGGTCAGG-3’,
P B 96 bp. Syber Green %% 5E & PCR xilll: PCR #E 2408 95°C30S, 95°C5S, RGP
JMi: 60°C30S, 95°C15s, #EAT 40 MEH, THRAEIAMEE (95 CLos)NEEXRIGE S . F TS,
BENGE SR M A, L p-actin NN SRR, SXHIRAALL, 55 H KRR RIE A ERME RQ
(RQ =2-AACt).

2.23. GitrEFEA*
M FH SPSS17.0 Gtk -, XUHR ELECSR RS t 46596, 2H ) Fe iR A B R 3RO 25404, I EL IR
F LSD &5 .

3. &R
3.1. [BxE. RKEER

e 1 RTEBERIZE A T SR A S8 T A5 0 S0 R R F B kot BRI o R e YR A A AR K
FIAE Ak o SIZIG R BRI £ 20 °4+3.00 D FRSZE AR, A5 2HL1] L 4 Py OUAR ) Ji o' B RN AR B K 3 e B 5 M2 (P >
0.05) JE L FIZF 1 JA I, SEEGHR 6 BE R B 5 B B o HEHR L 1E 3 %o I HR AR LG G 2 3 P 22 5=:(P > 0.05).
BT 5 RS I TR B, 208 5 R ZELJE D6 BE pH SR 6 T MR A et IR B T RIF 2 Ji. 4 A
Jii » SEEG AT R 23 590375 5 H (—3.00 £ 0.50) D F2(—5.50 + 1.08) D [{AHXF T A1, HR 440 51l 437 K:(0.22 + 0.06) mm
J%(0.49 £ 0.11) mm, 5 F SRR R OE# X EAHARLE, 2H R 2 57 B3 (P < 0.01).

FEHE, BRAREFEML, SHS0E. EEGIRIRME, WE 1 KA ECE . AR K2
HZRREEP<0.05). KE 3 REf, FIFIENIKE 37%, IRAMKEKE 26%, 2KE 7 RJEHEE
HZERILREMP > 0.05), MK (72 FA54 W& P < 0.05). WK 14 KEF,  Seu R IR K 5 465,
H5E xR, IEFEXTRIRAIL, Z5TEREMEP > 0.05),

3.2. AT TRIRMKZE
BHIUE HE V117 G AL LIS 1o JUBE HE D) Qe AT e iz Rl 5 0, RIB s ETE, 4l
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Table 1. Refraction diopter and the axial length in different groups of guinea pigs (§ +5)

# 1 SEFRRERIFNER RIS MIESELE . REKERLER(x +3)

N JE 6 (D) AR %< B (mm)
i SO AR H S0t R AR 1B xR AR SO AR EEPRGE E X B R
TV 56 25 i 3.50+0.78 3.25+0.69 3.75+0.81 6.94 +0.54 7.00+0.14 7.06 £0.12
TEBERZF 14 3.25+0.88 3.25+1.28 3.50 + 1.04 7.00 +£0.10 7.06 +0.04 7.08 £0.08
TEaRIZE 2 A 0.00 + 0.56™ 3.00+£0.72 3.25+0.94 7.48 £0.12" 7.28 +0.06 7.22+0.10
TEEHZF 4 T -2.50 +0.98™ 2.95+0.78 3.00 £0.86 8.54 +0.08™ 8.06 +0.12 7.98 £0.08
WE 1R -1.50 +0.92" 3.00 £0.50 2.95+0.76 8.52 +0.06™ 8.08 +0.06 8.06 +0.14
WE 3R —0.50 +0.80" 2.95+0.96 2.95+0.58 8.48 £0.04 8.12+0.05 8.10 £0.02
W 5K 1.00 +0.84” 2.50+£0.74 2.50 +0.68 8.42 +0.08™ 8.28+0.10 8.26 +0.06
W TR 2.00 +0.62 2.25+0.78 2.50+0.62 8.42 £0.05™ 8.30 £ 0.06 8.32£0.06
WHE 14 K 2.00 +0.86 2.25+0.94 2.25+0.76 8.40 £0.04 8.38 +0.08 8.42 £0.02

VE: 5ES9XHEALE: P <005 SIEEMEALE: P <005,

© (d)

Figure 1. The HE staining of the posterior sclera in different groups of guinea pigs
1. ZABR SRR HE R & E F (HE x 400): (a) A 5 RI35 2 E4H IE EXTERER ; (b) AR5 RIZF 2 BLASEIAR ;
(VAR RZF 4 BIHEENRR; (d)AFERZF 4 BEKHR

HRIE R AL o X IR A IUBE B 238 A 17 Jo A AR B G R, SR IR B = IXMRAAE, SRR IR U 21 27
AR T JE RS, 2 JE I S IR UIEAR S, R AT AEHRS RS AL, 4 I AR AR, W] IR A
YRS ZEEL. HH, A, ARG, LHAERIRASR . AT e i AL AT .

©



RIS REEEZR B1 LT 58 RISF PR AL -5 Sk I v 1 RIS 2 28 A F O 7

33. REHANFSEER

2. R 2 RPUEEES R pL AR, ERKRIUEIT WS R pL MEARIA, JURRLT
Y2 e PN O 1 0 R AR, et B FEIR BRI RIRE S, B R I R, JUBRES 3R pL
FORBW N, MIRE GRS, SRR, ZREGRESRIFE (P <0.05). XlHE, ¥EE A
Rk LT, FIWKE 7 RS0 EIR L CE B R 48T %2 (P > 0.05).  H &% BRIR (1) 1A 5 1E 5 %
HRHR DU 1A TG 22 57:(P > 0.05)

(@) (b) (©)
(d) (e) M

Figure 2. The immunohistochemical staining of the posterior sclera in different groups of guinea pigs
[E 2. BEBRERIBAERBHLNZLEEF(x400): ()AFAMEITE; (o) AIEFERMEXTE; (o)A 2 B
AR; (d)MiEZE 4 BSKHMR; ()ARE 7 REWIR; (HARE 14 XL

Table 2. The posterior scleral integrin 1 protein expression in different groups of guinea pigs

32 BEBRREMBAREESR fl ERRENEL

Integrin A1

AER n - + ++ +++ ++++ S
IEH IR 10 0 1 2 2 5 100%"
EsERFLE 10 3 2 2 3 0 70%™
w2/ 10 4 4 1 1 0 60%"
R4 10 6 2 2 0 0 400%™
W 1R 10 5 2 2 1 0 50%"
W 3K 10 4 3 1 2 0 60%"
W5 K 10 3 3 2 2 0 700%™
W 7R 10 1 0 2 1 4 90%"
WHE 14 K 10 0 1 2 3 4 100%"

T HIEHAIEAHE: P>0.05 “P<0.05.
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3.4. IEREEEE p1 mRNA HIRIETX

POt E PCR &R R, S HIH LA RIFACEE S R L mRNA Rk, HaRIF 1 )5,
R AT W22 244 & p1 mRNA RIA T, SIEWSTIRA K [ SR, ZRAS%E L ({t=39,P<
0.05). IEMFET 4 FIRS, AR L mRNA RIATNEF R (=63, P<0.01). fEILMIES 4 HEHRE
W, AR L RIEZH LT, BRE 7 R SXRIR LR CEHERIT %257t =2, P >0.05). H&GXf
FRHR A 204 5 IEH A BRI R A T2 5 (t = 1, P > 0.05). 41K R 5 B #-4 2% f1 mRNA (£
$2s i |/ INES
4. WHig

W SEIS VTR A I AFTE DU SR (1) E S S, EBRAETE U, SRR ER 323095k, LAIRSH
AN G DU AR S AR o TR R AT 4 40 B A 3G FERT ECM [ 5598 S 80 T U AE A 2R MR I e A%, 3t
SEURGHIREK[7]-[9]. 8O R ZIRFIE R F B - TR 1, RIETRZHARm, L4000
AR B2k, H AR A ORI S A2 18] i S A s R 2 R A BARH, TS S
SN, [FE LS S RS AR IS AR, AT AR RS . 83, AR FIYGE[10], 7E4E
R ECM BRI AEAL 2 ke | AR (4] ABEFR AR EVE R @ ST S R, S
TP LU GBI QRT-PCR iAM S A S s ia M s 5 AWK R S NI BRI & R pL
(EE AT mRNA A8 4k, i ML Fe a8 ) SR 2%

J RIS # 5 N AL, 10 HA5 A ZR—FF, RIS A ADIRAS AROR 0 10 5 o i ik 22 R L) (i
HHREREE, RAER, PG REETIME L, X R B o A0 F0R DU 5 3 35 M A
(A RAE 223 25 )5 RE R MO S0 IEAL, YRR I BN 7 R, RN IR E 4R, 14
R F S5 =57 OG22 o R TE 0 R I (] J H75 5 B ™ 5 7% B 2 s ik 52
(07 71, AR T A BN A IR it B A AR 5 IS A b R e

T T TR | B R AL ,  HHREF A ol | BRI e L LA P 2 e R A LSS
I BRE[1]-[3] o ANSEIGALER R, JeBE T K BR SR U0 AR5 B DU A0 FR AR AR, ol 21 4 A4 P 2% 32 o
%, AHPRAZEEAMN, RIRF4EHSIZRE AR FBRAK, B 4 BN B o e, ¥
WA SO0 PRI R AR 7T B8 A2 BT IR TR AT 45 i) 218l BT 4 AR o, RRET 44 M 25 T BEAIG, TR 7,
S RSB A ) SR R B, B B EUIR Al I

1.5
= 1E & HRER
2 RSN
£ 1.0-p, =9 LR
EO ¢
2 054K
{u i
5
=
B H HHH 11HR HEH HRH HRH Bk
0.0-1dMH u H H - sl _|n
NI SN i o o i
Noar s N sl 6l AT (X
ER A

R R R
B W

Figure 3. The posterior scleral integrin 1 mRNA expression in different groups of guinea pigs
E 3 SEBRRRERDBIIEESE L MRNA RIX(SEEMRER B S HBALLE: P <0.05)
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TR i A R U AP o R ) = B, I HLAEIE AT SO f8 v A 4 B35 84k, TRl
SO i S5 A AN B AR (R DGR IR T+ o3 L B IRZWPARMY, 2 MW RRALF, BAERIEMMINE
JR SRR R OSBRI T RA R RIMEBE SRS S TR RS U LR 530 1 DU 5 %
HRE[11], AR SIE ECM R DhRERIEHEVIMI. 2006 4 Metlapally [12] 1 &) B b 5 I JEE
B RV RIRIERE, RIS YL T RIE 13 A R, RIFEES FONIURLE L 1) ZH B4
I REE HEAEH . McBrien 55[13]4 50 5IESE, EM BRIUR EAAEREG RINEKIL, VRN RESY
SR ORI, (BTSSRI B S R RIA T, MRS R B A S Rk [ B2 K T, XN
JRAREE S R RS S T IR R AE o« TEAHF TSI AR SRR v, B 5 I 56 I TRD R S K, A 6 B
AR AN TS 22 s, BRI AHOGEE G 3R p1 BRI &k mRNA RIATEIE A S 1 IR S8 55, 4 AR
TREEMHE., EIEMKE 1 KRG, BAEE L REIH L, RS ER L S5 WTIRERAEKHLH],
P IR R, (HEXTRRIRARLE, 0 TGRS, BIRE 7 R, AR L IKE BRI AKF. it
SEREW, BE R PL RS HIEMIR Y B TS RIZF 5 ] R RV EE & 2 g1 BL R )3 =K,
B S ECE A L EOE R, I RS 5 R S B, RN, TERGER .

AR BLXHRIE/E R AT R S A0 7 TGF-B #H¢[14] [15]. AWFFRIE, TGF-B2 A% FiAk4t
BRI SRR E A R L RIEW L, HEIEBER L 30 TIFHE 55 5l #-ERK/MAPK
{55 [16]. 74, Pozzi FIFH BRI MFREN T LB, alpl SZARTEIT She A K A% IE VA2 40 f 3 5E
[17]. R EA ST A5 [6]F BB 3R a1l a2l HrikBH K NJUB AT 4EA 4 & 3 a1 1 a2 PER S,
NIRRT AE A0 H 3 TR A o BRIMTE AR T AL 5 5 ISR BB 5 35 B1 /K R, RTRERRAR T et 44
MRS 5E, TS 1 RIS ) o, ARA4EHESZREL, AR, SPE R FE, mITskMERG R, SRR
HRFEME IS, TR RGO .

MR DL BB FRIRATIN Dy, TR IR AR IS AR, G20 BL AR AT B8 AR 8 ek 5 M DL Bl 21 4 40 M 1) e
BRI SO HE A it A0 5 o A AL R I SR A AE S, (R A DU A o, Bl DU A A B B3, T
2 RAE—RVIFIRENE . BT sLi& A m, BRmafE, seiliite g, BERTRER
BAR R G2, R G R AAR Y B 72 i ) (0 AH S LDE A R idk— 2 o

E ST H
F R H AR R G R A S ITH (NO. 81300790); 111 R4 H AR~ &: 15T H (NO. BS2010SF009).
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