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[ Abstract] Background Sclera remodeling process in axial elongation is one of the main pathological
mechanisms of axial myopia progression. Studies confirmed that transforming growth factor-g,( TGF-B,) participates in
the sclera remodeling process,and Smad3 is one of TGF-B, downstream signal gene transcriptive factors,so to explore
its role in sclera remodeling process of myopic eyes is of great significance for pathogenesis and prevention research of
myopia. Objective  This study was to investigate the expressions of type | collagen and Smad3,a TGF-B,
downstream target, in sclera of form deprivation myopic (FDM) eyes and explore the impact of TGF-B,-Smad3-type 1
collagen signaling pathway on collagen remodeling in myopic sclera. Methods Seventy-five 1-week-old guinea pigs
were randomly divided into normal control group (25 guinea pigs) and FDM group (50 guinea pigs). Monocular FDM

was induced by occluding the left eyes of guinea pigs in FDM group with translucent latex balloons for 2,4 ,6 weeks,
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respectively,and consecutive occluding for 4 weeks followed by uncovering for 1 week (4/-1 weeks). The refractive
power was detected by retinoscopy and axial length was measured with A-type ultrasound. Immunohistochemistry and
reverse transcription-PCR were employed to detect the dynamic expressions of type [ collagen and Smad3 protein ad
mRNA in the sclera of guinea pigs with emmetropia and experimental myopia, and the relationship between collagen
I and Smad3 levels was analyzed. Results The refraction was hypermetropic in both normal control group and
FDM group before occluding of eyes ( P>0.05) ,and the hypermetropic power was gradually reduced over time in the
normal control group. In the FDM group, the refractive power was gradually changed from (+2.09 = 0.31)D before
occluding to (-1.23+0.69),(-4.1720.59),(-7.07+0.56) and (-4.30£0.58) D, and the axial length was
increased from (5.93+0.39)mm to (6.62+0.36),(7.30+£0.34),(7.99+0.32) ,and (7.21£0.36) mm at weeks
2,4,6,and 4/-1 after occluding, respectively, indicating significant differences in refractive power and axial length
over time in the FDM group from normal control group and self-control group (all at P<0.05). The expressions of
Smad3 and type I collagen protein and mRNA in the sclera of the FDM group was significantly lower than those of
the control group and self-control group in various time points (all at P<0. 05). The positive correlation were found in
the expression of Smad3 on the myopic sclera with that of type [ collagen in both protein and mRNA levels ( protein:

r=0.993,P<0.05; mRNA: r=0.954,P<0.05).

dependent upon occluding time,and the expressions of Smad3 and type I collagen in the sclera are correspondingly

Conclusions The myopic power and ocular axis increase
weakened in FDM eyes. A consistent expression trend is found between Smad3 and type [ collage,suggesting Smad3
and type | collagen participate in the regulation of sclera remodeling in myopia by TGF-B,-Smad3-Collagen |
signaling pathway.
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el g al W T BRI Smad3 8 H 7> 75, 5
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TE - FDM : JE 58 0 25 PR3 A CBE X ¢ A5 9
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i 4 41 % T RS ; F /
PURALI T 947 T AL Smad3 mRNA. 9 1 ¥E % H3 SARRUES | MEF mRNA RABETUEKXE M.
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B LB AL T AR JE AT Smad3 mRNA [y eikig RS Sl RS U6 6 14

B (0 3,4) o 2 2K BUEE BE AT IS A [a] i (8] 825
BRI A T B JEORT Smad3 mRNA - # %f 3

BB 2 S S B TR Py = 2000
726. OO’P =0. 00’ Fnﬁh] =1 399.95 . P=0.00. Smad?); 1000 bp
F,,=682.18,P=0.00; F,, =1364.20, P =0.00), 750 bp

Smad3

B-actin

FDM 2335 2 J& i ss 4 J8 s 4 )5 2 1 8 & 300 bp
WS 6 JE B 5 W L AL 2l e T AR BRI Smad3 250 bp

e . - 100 1
mRNA % 25 1 5k 418 F 25 (40 B AL, 2 5394 ST "’
RNV N e B4 ZBAKRIEF Smad3 mRNA RiXBEETHEKE M 4x
=1 % P<0. 05 10,11), FDM #H i 35 5
FHC /J# < )(%E ) H i s I B WEE AN FE 1. 2SEAX A 208558 352 H 4.
JE R AR A T BB JR AT Smad3 mRNA f#) A Xf 32 W4 S.EEAJELEE 1 6.5 6 A
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F10 =HXRAS FDM AR[E B E =
I BIES R mRNA 3 Rk B L (xs)

ANTR B 1 T AL mRNA X 3

45 JE 56 A EHR2E  ERAN ER4RFRE EGOM
(n=5) (n=5) (n=5) EZE1F(n=5) (n=3)
7 E X R4 1.343£0.012 1.315£0.025 1.300+0.008 1.294+0.034 1.291+0.013

FDM 41 1.314£0.044 1.167+0.033 0.921£0.015 0.908+0.009 0.775+0.020

TE i F jyy =726.00,P=0.00; Fy =1399.95,P=0.00. 54 [ i A] 1
25 X IRZH LU, * P<0. 05 (W4 BB 3 0y 22 73 7, LSD-¢ 45 %)~ FDM.: JE it
) 5 A

11 BHEXRAS FDM A X [EHE &
I 216G mRNA #83F K% &8 b3 (xxs)

TR ] 1 REBE S mRNA A% 4 36

a Bl EE2EM EE4R BE4AEE EXGH
(=) (=5)  (1=5) EEIM(n=5) (n=5)
EESONE:! 1.342£0.043 1.322£0.013 1.3200.009 1.3010.023 1.299+0.010
FDM # 1.314£0.044 1.167£0.033 0.9210.015 0.908+0.009 0.775+0. 020
¢ 30.79 9.43 22.43 35.18 47.75
P >0.05 0.00 0.00 0. 00 0.00

L : FDM : J2 5 30 25 P 3 A (C X o Az )

*12 =EXRAS FDM AL E S
Smad3 mRNA #8 %} & % 2 Lb 2 (xxs)

TR 5 Smad3 mRNA X} %6 3% 5

4 I 36 Y B2 EEAR O ES4AFELE EH6H
(n=5) (n=5) (n=5) EH1F(n=5) (n=3)
EEpo:E 0.981£0.012 0.967+0.025 0.942+0.008 0.935+0.034 0.921+0.013

FDM 4] 0.964£0.017 0.871+0.024 0.628+0.015 0.630+0.002 0.519+0.016

i F =682, 18, P=0.00; Fyypy = 1364.20, P =0. 00. 5 [ i ] £
75 F X IR AL R, P<0. 05 (5 R & Jy 22 40 A, LSD-¢ 46 55 )
25 A

FDM . J& 3¢

*13 BEExEEAS FDM AL E &S
Smad3 mRNA 1E3t FiES LB (x+s)

JRJRI I ] £ Smad3 mRNA A7 % 3555 i

4151 EhH EE2H EEAH mEAHRE mE6H
(=3) =) (=3) EEIAG=S) (=)
EERNEil 0.965+0. 043 0.955£0.013 0.942+0.009 0.933x0.023 0.9160.010
FDM 41 0.964+0.017 0.871£0.024 0.628+0.015 0.630+0.002 0.5190.016
t{i 5.61 9.61 18.83 37.00 42.89
Pfg >0.05 0.00 0.00 0.00 0.00

TE - FDM 2 JE 5 ) 25 P30 A0 (X ¢ A6 560

2.4 FDM Z4LIRBUS B AL 4140 dr Smad3 1 T 5
GRS R AP S

FDM K RILIEH A 1 BRI E AL SRS
Smad3 75 [ 75 1k i 5L 5 B IR A 9% (r=0. 993, P<0.05) ,
I BB JE mRNA AH X 3 35 5 5 Smad3 mRNA A Xf 3%

5 ) B R B2 IE AR 5E (r=0. 954, P<0.05) (4 5,6) .

1 0.900 F E 1.000 :ag

Jo.soot % 0.900

£0.700} = 0.800 N

= =

Z 06001 = 0.700

q =

15 0.500 | = 0.600 3

< 04001 < 0.500 -

£ 0. SEURES z 0 fe

& 0.300F -7 , . 6 & 0.400 @
0.400 0.600 0.800 1.000 0.600 0.800 1.000 1.200 1.400 1.600

1 Y Ji 2 PR 3k T U mRNA Rk i
Bs5 1EKFEEAHAMNKEES Smadd EAENKREEHSE
r=0.993,P<0. 05( Pearson LKA &0, n=25) B 6 1 BEKE
mRNA 8% %A 2 5 Smad3 mRNA X REBEHAE r=0.954,
P<0. 05 ( Pearson Z& 14 40 43 B ,n=25)

3 g

DI 5E 2W0, JU N o 90 A 30 WL Y A 2B FD ke i
PRI 2 XEEMEM, TN KRR R FEN
T2 AR B Al JEE i o DL o R 2 (1
JE MR AT Y, UL Y 90% , FEA T K& IV &Y
JE I 21 A, T B I I 21 A 8 U BT o b ) B ok, TR Ut
TE T AU MR 08 o A8 v 2R T AU i i 2F 4 3% 38 U
B BRSEE S, TCF-B 78 4k 35 PLIBE i) 1F % T 25 F oh
RErP R SRR o IR R R, DB 4
o TGF-B (1) 3 # 7 & ( TGF-B, . TGF-B, #l TGF-B,) F*
R RE T RS EETY B SOIESE Smad3
TGF-B, i —>Filf I 5, Hrl fB il i TGF-B,-Smad3-
2tk o 24 K A T ( connective tissue growth factor,
CTGF ) 3 % i 455 U 2 90, DT 76 3 90 & Jeg it # vp
FEVE . R, Smad3 133k 5 T B e )5 A Bl A R fi
MR BNA T

EN R T PINNRS IS = 90 i T R = DO WilE )
P, FDM 25 K B IR G 40 2 BT I 7 e, IRl B 8 4
GOR TR BT A R B B B ) g A
1, FDM 25 JIK B i) HR 35K 3 40 et 't R 802 i 38 1]
A A A MR it 4 A 328 T A K, WSS FDM (Y08 i 3 2 2
IR A 1 S S K

AW 5T, 7 A DL T sk R v B R
B m , TGF-, F1 1 i Ji iy 338 W B W7 B I, HL
Wi 2 A7 AE— BRI . AR FE 4 R R, b
HE 5 I [A] 9 SE 4, KBRS AR BB L 1 21 Smad3 0 1
R I 26 11 Je mRNA Rk 5 3 52 B B R, ix
WY BE & R R, LI Smad3 F1 T AL i 5
(2R AW B I, SRS B A Liv 2 O BF ST
S5 R — . WA 55 B R] A AN BT SE K i B A IR
Bl AR A G, Smad3 A1 T 7R S i 1Y) % 5K i Rl 2
W R BAE I 4 8 S AR 1 R Smad3 F0 T &Y
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JEE I A e 3k Bk S TG 4 TR B BRI, BT AR R D
1 0 28 i ] 8 B A 2 L RE T e AR R ol e, DA T
SPEILEH Smad3 F1 T Y14 223838 87 T B

BZ AR A Rt — 2 Rk T Smad3 FRI5 T
KBRS 6 1 0 R Y g IRL I 21 4R vk, HLBE 3 5
IR ] 8 22 < 03 ML R B AY ik, FDM IR I 20 41
Smad3 ) RN H kB R BT BB, H T
B ) Smad3 £ FDM AR U3 55 28 5 A v 3235 19 3l
A — 2 HEM T RYK AT Smad3 75 3z LUK 5 20
WP RAE—ERK R KT TCF-B, . 1 BK A
Smad3 7 I UL LR 58 5 A v At U O &R B AR AL
WA Rt — 05T AW ST 4 A I e L B B
IR G TR A S
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