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[HZE] B BTG IR0R EE G B AR I 0K BRI IR AR 2% 2 50 R B 254 B LA 2O R
FME (lumican ) ML 48 R A BE-2(MMP-2) X KFRE M, FiE  BEFMEER 3 AR IKE 80 H, MEMEARIR
R MR 75 3y VA AT AR B AR AR B S UK BB TR, A RE R T 74 KRR BEATLIE I 60 H 4
A B CHMDAU, 15 R, AAMHETFTEINATLHAT 3 h, FHJEREE 60 000 lux; B 4143 H &F
FEAIMNHEAE 3 h, SERPDEREE 10 000 lux; C 443 H B FEPNALE L 3 h, P36 2 000 lux; D 4143 H = HIEH
W%, S ERREE 300 lux, HARRE S —FE AR, FHOGRRE 300 lux, IEH R UOK, R0 6 4~
Fb A 25 I BUIR AR 422 S B (IR B2 Y6 ), 025 400 IO 5595 B R e 45 4, I ARG T DAL B 21 27 Tumican ATl
MMP-2 kK- R SHMuATILE, JE 1A A 3 D &6 D HABS A E A A RS A 400
BM3INMH 64N, BA.CAMD A1 ANH 34 K6 NARIRMKEARRBRENK, 2551
B (P<0.05), BT ASHEF, A 4180 B 418 A6RE IRAHK BEART D 41556083 N H 6 NHBF A 48R R
MR EMST BAL.C M D 4, B AJENE IRHKEMRTF DA, ZRA5ITFE L (P<0.05), AZF B
T T C4l DA, B A T s D F B A, EREFRITFE L (P<0.05), A4 B
WIS PR R B 4 C 4D d14%, H A A8 i B4R, Sel6 M), 5 C4l.D 41 Lb#k, A 4AfI B 4
A lumican FEIRKHE ], MMP-2 F87KF4IG, B A 41 lumican F&A7KF-5F B 41, MMP-2 55 KHITF B 41,22
SAGIFEL(P<0.05), it FEHhmmmE A/ K R4 LU lumican ik TiH, MMP-2 £k
TR R E DL, ELA Ik 5 HIR Al 1 Fnafr A0 Jee (R A o
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[ Abstract] Objective To explore the effects of illumination intensity on eye biological parameters, retinal
structure,, and expression levels of lumican and matrix metalloproteinase-2( MMP-2) in scleral tissues of optical defocus
myopia guinea pigs. Methods A total of 80 healthy 3-week-old guinea pigs were selected, regardless of gender. The
models of guinea pigs with right-eye optical defocused low to moderate myopia were constructed by concave lens induction
method. Among them, 60 guinea pigs were randomly selected from 74 successfully modeled guinea pigs and divided into
group A, group B, group C and group D, with 15 guinea pigs in each group. The group A was exposed to outdoor sufficient
sunlight for 3 hours every day and the average illumination was 60 000 lux. The group B was placed in a cool outdoor
place for 3 hours every day and the average illumination was 10 000 lux. The group C were placed at the indoor north
window for 3 hours every day and the average illumination was 2 000 lux. The group D was raised indoors normally every
day with an average illumination of 300 lux. In the rest of the time, all the guinea pigs were given the same indoor feeding

with an average illumination of 300 lux, normal food and water intake, and continuous illumination treatment for 6 months.
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The ocular biological parameters( axial length and diopter) of the guinea pigs were compared among different groups,
and the retinal pathology and ultrastructure of the guinea pigs were observed, and the expression levels of lumican and
MMP-2 in the scleral tissues were detected. Results  Compared with those before light exposure, the diopter increased
in different degrees in each group after 1 month, 3 months and 6 months of light exposure, and the group A showed varying
degrees of increase in axial length at 3 and 6 months of light exposure, while the group B, the group C and the group D
showed varying degrees of increase in axial length at 1, 3, and 6 months of light exposure, and the differences were
significant (P <0.05). After 1 month of light exposure, the ocular diopter and axial length in the group A and the group B
were lower than those in the group D, and after 3 and 6 months of light exposure, the ocular diopter and axial length
in the group A were lower than those in the group B, the group C and the group D, and the ocular diopter and axial length
in the group B were lower than those in the group D, and the differences were significant( P <0.05). The number of
apoptotic cells in the group A and the group B was less than that in the group C and the group D, and the number of
apoptotic cells in the group A was less than that in the group B, and the differences were significant( P <0.05). The
damage degree of retinal structure in the group A and the group B was milder than that in the group C and the group D,
and the damage degree in the group A was milder than that in the group B. After 6 months of light exposure, compared
with those in the group C and the group D, the expression levels of lumican were higher and the expression levels of
MMP-2 were lower in the group A and the group B, and the expression levels of lumican in the group A were higher
than those in the group B, and the expression levels of MMP-2 in the group A were lower than those in the group B,
and the differences were significant(P <0.05). Conclusion Outdoor high-intensity light exposure can up-regulate lumican
expression and down-regulate MMP-2 expression in the scleral tissues of guinea pigs, and can stabilize scleral structure,
which can slow down the growth of ocular axial length and myopia progression.
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APIESF (extracellular matrix , ECM ) & il 5 Fafi J< 7 m]
T RS DU 2 0, DU TR A, MR 1<, fe 2%
SHOEW IR . AP EBTA T O A
DG B R PRI A BB, S4B IR L ) & e it
T, BFEMEEAN[R] D B B X I MK BRIR AR P22 2
B AL RS A8 L e U S5 15 R A R A 75 400
JGAR B (lumican ) F15E 5 46 J& £ 1 -2 ( matrix
metalloproteinase-2 , MMP-2 ) 35 7K SF it 52 Wi

1 w57 =*

L1 Smzh¥) el Ea = 6K 80 H,
3 JHIH  WEREANRR , /42 180 ~ 210 g, g B b s 4 #)
SR SRR A A o A K BT 5% T i B 28 )
FEW L, BCERIE 21 ~ 24 °C X R E 40% ~60% ,
JERANE 300 lux, B 12 h BRAEE . A IKEE HIX

=.:520220128) ,
L2 FEGGNSE (1) 20000 i iR =5 R gt
W AR S FRIC (terminal deoxynucleotidyl transferase-
mediated dUTP nick end labeling, TUNEL) 2 it i 7=
B & RIPA 4K L Fa Ak 2 Aot GR I B AL 3ok
SRHAT IR . Trisol A F) 26 Sigma 24 7.
lumican MMP-2 Kz H-yihiE-3- i1z i S0 ( glyceraldehyde-
3-phosphate dehydrogenase, GAPDH) 5|#) 4= T.A=4)
AR R B A IRA G . Wi%% iR & SYBR
Green ZOEYRHATN & A % T 254 FRA
Bt lumican P MMP-2 Bl Pt B-actin EH—Pr
H3E [ Abcam 237, i EACPIBHRICHY L PTO B
IeG HH S H ERFFETAYRHARAR, (2)F
B IR A BRSO Bk EDER AR, BXS3 B
IEEFOC RN A HABAMREET AW, HT7700 24
B R B H A H LA F] . SEI PO E B
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It B 3& [E BioRad 7] o
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[ T AR, # s T 32, r A IR R 2k
WL, ZE IR AR R AN HURAE B SRR 2R 3 ~ 5 A
AR SLE 2 WK, SR s B o 9 KRR
AIRJEGEE . [tk 80 R L, A 74 HUm L
FFEER( -1~ -4 D) M IFH 92. 50% , FEHLIEHK
60 NI IR BRI T 5 2250 50

1.4 SZIEhYHdl SAEEE KRR K RRBEHL 2k
AHBHCHDAH HAHAIS H, AABHETE
ARFESRFHIET 3 b, FHEREE 60 000 lux; B 4% H
BT EINABAL 3 b, FIEREEE 10 000 lux; C 2%
HETENILEL 3 h, PRI 2 000 lux; D 41
H %= NIEE SR, P06 B 300 lux, FHANET[H]
Gr—=E NI, TR 300 lux, IEH HREKK,
Freot A B 6 A~ H 5, B REPLEER 10 HIK R
TTIEERsss, SRR K ERAE T,

L5 JEJCESMRANNE 200 T 6T, DL R
J& LA 3 A 6 A A #7 e e R SR .
527 FEME R B IR IR ( S K 25kt IR 3 9K,
13/ o8 A B J , SR R RO 30 Y6 I A
IRJE R . SRAIRAE A IR 4G K ER A IR AR A
JE , HERIR A R R IR (S Kl 2 ko tt) TR
31T/ BCERTHERE R R 1 557 w/s , Bk
AR 1540 m/s , S RIALAEHRE S 1723 m/s,
W HR S BT A R T A 0 R A R

1.6 BRUBDWEIM B L Shiaba 6 A~ A
Jr , R ASAE SO B, S BCAT IR BR CHFE TR 2 Y
AR PIIRER , EBR Y, & B K B
R AL IR AR B BE X BRI 412U A 4 pm A
WD) R, 64T TUNEL 498 - e fa, 5 6 AR T
SRZZ AL D) R $HE AR Ak ( 23 ORE 0 K A ) o

L7 GBS BBE EA  E  ah i DGR
AEFE 6 AN H i BESAL SEIK B, S B IR 3K, BT 3%
I FEA R EE 3 b WA YEEE R 1 ~2 mm
A5, 3% I BV WP [T 5 2 h, 1% DU 4R Ak 4 okt
JERE A 90 min, FREK 2% L, Bl AU YL £
Je 3 5 LT AR T SR I AR 4544

1.8  SEEZEEE i PCR YA LA 21 lumican
FI MMP-2 mRNA X%} ik JElAA 6 A~ HE,
I STARFE A B, A IR , B AR R IR AL 21, R A
Trizol ;2 B RNA | I FH 39 A S 50 G L3 &
T M cDNA, LA cDNA Sy g 47 52 I 2¢ Y6 5 &
PCR 34, 5IWFHI K 1, ¥ 1544 :95 C 60 s,
95 °C 15 5,58 °C 30 s,72 °C 5 min, 3£ 40 MFH,

L GAPDH N2 5t 244913144 lumican F1 MMP-2

mRNA FIX KA &
x1 5477
ElLpAi Bk
lumican #5149 5'-GCCTTTGAGAATGTAACGGAT-3’

T514 5" -CTTGTAGGGACTTTGGGAGC-3’

MMP-2 8149 5’ -AGGACACCCTCAAGAAGATGC-3’
T84 5'-GCGGGGAAAGAAGTTGTAGTT-3'
GAPDH 514 5’ -AGAAGGCTGGGGCTCATTTG-3'

T#514 5'-AGAAGGCTGGGGCTCATTTG-3'

L9 ZEHEPER I Zh lumican Al MMP-2
EEAHRRRE JEHRATE 6 A Ja, TS SE K
B, B R 3K, IS AR AR LI ZH 21, P RTPA. 4 fi
WARBCEAE E, MEW I, BAE Rk B FE T 5%
JBLRE A W335 2 b, FEAA ST lumican (121 500) |
Pt MMP-2 (1:2 000) . F& T B-actin (1: 1 000) —
Pt,4 CHEF LA, IS, A A bRl
Ao/ B 1eG 25 H 40 (1: 8 000) ,37 CHEH
30 min, IS5 INAOGIR B, & B H 5kl K E
fi, LA B-actin N S35 lumican £l MMP-2 25 [
R ik i

110 Zeils#J5ik WA SPSS 24.0 Geit 4k i it 47
Bliorbre F55 IR AR THE VORISR + Frif
2 (x =5) Fon , ZH A BRI R T 20007, 41
] 79 LR AT LSD- Ky, P <0.05 h2ERA 5
HE X,

2 HR

2.1 PUAIKBOGCIRATE G A SGIRAT, &2
KRG U 25 S TGt # (P >0.05), 5
JEHRHT AL, IR TN 3 AN H K6 A&
JEAANRRRESE M (P <0.05) . SGH1T DA, A4
A B HECEART D H 63 A~ 6 A, A A
JESCEEART B 20 .C 4 D 41,B A CREART D 41,
ZEFAGT (P <0.05) , 13k 2,

2.2 UKBOGRERTE IRAHC I TbAL  SGIRAT, &4
KRR B Fe i 22 R BB (P >0.05) . 5
JERERT LR, A AR 3 S 6 N H LB 41.C 41F0
D HIEIR 1A 3 A4 B 6 4 I IRl BE AT A [
FEEIEK (P <0.05) o JGHR TSI, A 2070 B 41HR
BB T D 2H 60 3 4 6 A I, A 4IRBh S
FEART B 41 .C 411D 4, B RGBT D 4, 2=
FAGIFEX(P<0.05) , 1% 3,
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®2 WAKBCEAEELE LB (v2s),D]

49 A 6 BT 11H 3MH 611

A4l 10 -2.51+0.72 -2.83 £0.65% ~3.36 +0.93%d -3.98 +0. 86
B 41 10 -2.52+0.78 -3.05 £0.91% -3.85+1.04% —-4.82+0.98%
CH4 10 ~2.46 +0. 69 -3.19 +0.97° —4.07 +0. 86" -5.24+0.91°

D% 10 -2.64 +0.75 -3.25+1.03° —4.12 +0.95° —5.45 +0. 89°

U Fygy =4 764, Py =0. 003 5 gy =53. 489, Py <0.001 5 F i oy =0- 938, Py gy =0- 495 5 FALIGCIRRT AL, *P <0. 05 ; 15 [f] i ]
B 41ELEE, P <0. 05; 5[] C 41ELEE, P <0.05; S5[FmHE] D 414, P <0. 05

®3 WAKRAEEWERABKE LK (x£s),mm]

M5 HE S B iy 14H 3MH 6 ™~H
A4 10 9.28 0. 32 9.33 £0.41¢ 9.43 0. 39 9.50 +0. 312
B4 10 9.32 +0.40 9.42 +0. 34" 9.59 +0. 45" 9. 86 = 0. 28
(o | 10 9.34 +0.35 9.52 0. 42° 9.75 £0.41° 10. 02 £0. 44°
D4 10 9.33 +£0.29 9.51 £0.37" 9.73 +0. 38" 10. 05 0. 39°

T F g =4 737, Pygiy =0. 0045 Fyppy = 15. 828, Py <0. 0015 Fog g =0- 686 , Py gy =0- 720 5 WL YEHART 4%, * P <0. 05 5 5[ Hef A
B 41HE, P <0. 05; S i) C 44, P <0. 05 SRl ) D 414, P <0. 05

2.3 PUZH KB RR S A0 19X B 3R R Tl 2 A 1 1O

JER6 A~ J5, TUNEL Je 5,25 51 18 7, & 41 K SRR
R B P P 22 T A L )2 L N A 2 RO IR A A i )2
YA AR RE R A0 M0 T, o] WL ECrE AR Y i A%
SR Sk AR Ak, SRR A 4
B 41 .C 41 D 20 0 T 20 B 4093 o (7. 30 +
1.39) 4~ (15.40 £3.25) 4>, (34.80 +5.66) 4.
(37.20 £5. 14) 4>, A 4HA1 B A T- 4B DT

A4l B4

o S PeRGEEP S,

s m g e st adss 7T

(= e ea

CZ.D (A4l vs C4l,t=14.601,P <0.001 ;A 4 vs
D 4l,t=15.875,P <0.001;B 4] vs C 41,z =10. 300,
P<0.001;B 4] vs D 4,t =11.574,P <0.001) , H.
A T N5 DT B 41 (1 =4.301,P <0.001),
B 5 R SR SR A T B s I A e
PR RERAE SN A . A 4URT B 4 AL
BEEE R R C 41D 4142, H A 80
BB AR, ILE T,

b2 IR TA T

g

PR SRR SRR AR R U T A 5 S O S R s YA RO 5 £ SR K
B L WK RO B R AL IR A 22 BT L (TUNEL e & x 400, 3% 41 & F 8 58 x 2 000)

2.4 PUIKEROEIS PUBEZ1 2 lumican A1 MMP-2
ST JCIH 6 5.5 C 41D 4HEEA 41
1B 2111 lumican Fik /K4 E, MMP-2 ik /K P45

%, B A 2] lumican FA/KFH T B 41, MMP-2 kK
FART B 4, ERA G REL (P <0.05) WK 2,
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MMP-2

lumican
@YU L Tumican Al MMP-2 mRNA AHXF 2835 5 e, 420 Tumican mRNA X 335 5 HL#R, F =293. 565, P <0. 001 ; 4240 MMP-2 mRNA
HAXT R B L4, F =93. 530, P <0. 001, ®YLAEZILH lumican F1 MMP-2 25 AR 25K 5 L 4R, 4520 lumican & AR 33k 5 b4, F =55. 974,
P <0.001 ;%4 MMP-2 & AR X 5K Lb ¢, F =35.385,P <0.001, 5 B 4HIb%:,°P <0.05;5 C 4105, P <0.05;5 D 40 b #:,°P <0. 05
B2 WHRREEAEL L+ lumican f1 MMP-2 3% 3 K -F B

3 itig

3.1 JKEUE B T ESm I s P R IR K A
FZ A e B OE ALK 5 AR L, 8 T 0] AR
G/ = QRS I | 087 R s ¥ £ e s et
BRI B EIEE S, TR B & s S
R S ARG SR I B O B A
A B S5 5 s EE B 5 S 3 ~ 5 JlE KR
TFUG A RIFRRE I, SR VB —1 ~ -4 D,
SRR g 8

3.2 EHLIR A R SR R A, IR
T AR, FUH 6 R 55 2 R i R BRI 't % 7 B0
PHRZ— DGR P IR AR R AT
FEA R I RS S B, K R B TR R Ok
PRI 2 | U 55 , 38 ) L2 0 XU, T 2 ot
DGR AT SE ST LR g K . A RSSO, L
1 HAEJGHRE =10 000 lux f) H SR G HFREE R 3 h,
AR HB L AR Bk FX B T
ST R O R PR SRR R 7 A 2 e S £ S
T A5 S R 3 AR R SR A7 A5, D 320 3 R 4
JBE Ik 2% R s A 128 2 LI 5y =R AR VR T, 1
MR At 4, DR T W . AR T 5 o WL 31 2K ) 4%
BB UR R BB TR FDEBGR RS T 3 h,
R B EE S R R Ol B AT O T R R, 3 N PR
TR

3.3 HRAhIT EERGK & BN MY 5K, 45 ZRL,
IRE T M. ABFSEE T TUNEL 4808 T o s i)
LTS B R T 45 4 78 £k, IR 6 D H R %
ZH IV AL D RS S4 AT A LR TR B0, I L0 AN [ A
(2R HESNZEEL , LR B3 K, 2o (A i o N 25 30
REDUIE , TN M2 2 A 36 45 S5 5 A 78 A A B 40
KO0, SR IS R O B/ NGB RO i, A
PO [ 4 1 2 2 /L, o B AR R, AT
3 471N R TR S T A MR Al K DR B T O IR By
L 8 AT A R R A ) 2 A

A4l B4l C#l D4
lumican s s s s 50 kDa

MMP-2 | S S - 0 kDa

B-actin wemm sw— o— o—— 42 kDa

MMP-2

lumican

3.4 DUBEALZF 440 a1 ECM i 3 38 5 IR dh vt K 8%
YIFHOC . DU F 2D e 4ERFIR BB AR TN e 4k
#1 ECM FEfRIG 2 5 B, 4 5 | S PR AS LI
ECM T2, {2 JE MR K™ o Tumican 2§97 i B
YA B FEURRZH 2 rp v 280k, i i 2 A
o3 F R R AR A AR e dE ECM T I, 3R I
FEAERA TR R SE T , Dok % MR B304 I, st A e
MMP-2 J& 75 ECM 5 ¥ ) = SR, Hom ik 24
JNDLAEE ECM R ) =22 )5, U ECM 5 38 3 B0
A Y e S G 7 i, e AR < B ) /1
7, lumican K& PR 975 0] 52 0 Gl 2T 48 20 i A= 4 A
TREAAE K F B, FRib, BUE LA L1 ECM
PR, NS S ke B o 2wt f
FEARIE, T MMP-2 335, AT AR RO A0 O EE
SIE S MRt 3 K, WP 9 3¢ 35 1 30 0 1) i Je A T A
o AT KB, Z 5058 G R 2 lumican 235 I
Ja, MMP-2 ZR3A R, 12 AR DG REZH X lumican
F1 MMP-2 {1 3R Jo W I 520, 26 WA 38 41 v i D' R
A BT U A, G G AR S PR G, DT 9
AT i R

g5 LR, FE AR R B E IR AT R ALK BRI
ZHAP lumican ik, N MMP-2 K3k, [RI4% 875 i
VR A5 15 53 e 0P8 7 L DR B i 9, AT
P ARG , WG A L R, el 400 X iy B 43 47
FRBE, ] (] UE S G 25 A sl vt 4 il 3 i e L
A RRAE L AHA A 58 A At X6 3 400 KBRS 78 4 Xk
He i, SR I B A DM RE R 7 L EE T D4R
LR TR R B S ROCR A i — 0 5E

S 3k

(U] RUT B 75,08 o, &5, 8 B AR ARy 2 R DR DX [ . 5
W PE R BE AT 5 = F B R 522412, 2022,44.(10) 11067 -
1073.

(2] Z=22gdt b A, 5, 5 =AU LR K A
AR P R TEE 19 22 e A 0 — S0P o0 A [0 ] o ol PARORT B 2
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