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[ Abstract] Limbal niche cells ( LNCs) in the limbal niche, a type of mesenchymal stem cells closely
associated with limbal epithelial stem/progenitor cells ( LESCs) , heterogeneously express both mesenchymal and
putative embryonic stem cell markers and play a critical role in regulating the quiescence, self-renewal, and
differentiation of LESCs. Previous studies have shown that LNCs can be isolated by collagenase, dispase, dispase-
collagenase and explant culture. Transwell and 3D Matrigel coculture are widely used in ex vivo studies of LNCs and
LESCs, and the interactive mechanism may include SDF-1/CXCR4,Notch, BMP , Wnt, Sonic Hedgehog,and KIT/AKT
signaling pathways, and various cytokines such as nerve growth factor, keratinocyte growth factor, and insulin-like
growth factor. LNCs have become a hot topic in corneal epithelial tissue engineering, ocular surface reconstruction, and
corneal regeneration. This review provides an overview of the research background, isolation and culture methods,
interaction mechanism of LNCs with LESCs,and its application prospects.

[Key words] Cornea; Limbal niche cells; Limbal epithelial stem cells; Limbal stem cell deficiency;
Tissue engineering; Ocular surface reconstruction

Fund program: National Key Research and Development Program of China ( 2017YFE0103500 ) ;
Fundamental Research Funds for the Central Universities (HUST: 2019kfyXMBZ065)

DOI:10. 3760/ cma. j. cn115989-20200904-00629

- 387 -

PR G IR SR AL T A IR G L IR IR ™ Vogt L 454, th BB — AR T A0 i, B A M R TG I A RE R L R &
22 Pl 2 ML 2 M0 S0 T I % I A R B LA I 2 b gy i TR T AL T 73 A T RE S R AL, 0T 2 55 o T P 28 W 950 0 4 A I e R

JRUHA RSB A ) BER B L LR R I 4 B R T 40K ( limbal FRTHE L YA B2, LESCs 39 /1 I i h 0 3T

T8 LA

epithelial stem/progenitor cells, LESCs) J& 77 7F T ff I 2% 2L i - 105 10 ff B b B2 40 M, LESCs B9 &% 1k . A 38 38 8 A 2R 1k otk



- 388 - h A S IR AL AR

2024 4F 4 HE5 42 3555 4 ) Chin ] Exp Ophthalmol, April 2024, Vol. 42, No. 4

AZ MG MR B 5 A B MR 55 40 8 (limbal niche
Ceﬂs,LNCSM/FjﬂﬁH%%ﬁ%ﬁﬂ‘]ﬁ%ﬁﬁ%Z*,&fﬁ?%ﬂt'ﬁ
LESCs ' % A % , % J8 #35 LESCs By 4 & T £ 2 % &= E 1

o X LNCs 5 LESCs th F 4 F i & £ (40 56 K 4 JC aT e
T)Y%?ytﬁ(ﬁﬂﬂﬁ% i BRI TR ) SR R R 7T
T R i, o SR A & T 4 I B Z 5E (limbal stem cell
deficiency ,LSCD) , S8 M OB £ B K A R & B St L HF
2508 Pk 4 R KL IR e, T H TR . LNGs € R O i AR
%ﬁlﬂ%iﬁéﬂm L MR 22 3 A R A P26 5 T i — KA

o ACHE LNCs W50 50 MO 4 B 85 55 77 .5 LESCs
P FE B A R AL A B 1y PR i S S R AT 45

1 LNCsHHRE=

2011 4F, Chen %7 ¥ Y 4y B4R H T LNCs, flb i1 % 8%
¢ V55 Tt b o 68 2 20 4R e T DA R A — £ [ I 3 3K ] S B A4 i
P 3 0 RV I T A48 LA 5 5 T A L, T AR AR 5 pum,
ABAT K X 35 40 it A 45 2 LNCs. LNCs 75 [8 WF 55 A A 7 1
FIUTE =, A A J52 2% ) 70 50 T 40 B ) I 5 ik I T 4 g ) e
SRR BUIORR BE AN M S, HAS BB R A A T IR 4R IR IR
“Vogt M4 " 45 F ) — 25 18] 76 B T4 >

LR, Dravida 25 38 1o 5 938 1 Bk 4 06 Wy BE 4 53 VIR iR %
TH $i JiL 4 (stage specific embryonic antigen 4,SSEA4) BH4: i £ i
%ﬁiqéﬁﬁ“ﬂiﬂ@ il ok AL, RS T 4L A 2R

TR RE 00 T 20 A , 5k 4 R 2T 44 T 4 ML B [m) I 3R 3K 22 T 40 i b

W Oct4 Nanog Rexl SSEA4 TDGF1 L) K& Sox2, J5 3k M WF

—25 R, 38 2 R B LNCs f8 7] B 2% 3% 8] 75 5T 44
bR 259 Vimentin #1 & JI§ T 240 2 45 5 4 Octd | Sox2 | Nanog,
Rex1 SSEA4 DL K JL A T 40 Jd #5554 4 Nestin | N-cadherin |
CD34 45 | 3 S 41 fu bk 75 ) 9 22 38 X5 LNCs (4 LESCs 2 5 2
KEEMAME M, M H LESCs Fl LNCs 2 [H] ) % % 3% % J2& 4t +¢
LESCs FHE ) 2 3 4 £ . Bt sh, LNCs i H A 145 A 1%
fE , B [F) Iy 2 3k Z b i & 28 PR A5 9, W Flk-1,CD31, CD34
VWF /MR A KB F 24 B A o P LALSI & A, Ak
S5 G h g MR BT R o AR T R OB G R
AR T L% B A I Sk T R T P fE E — B s S AN, R
LNCs B9 % WATLE4RAE T S el a8

HAREE X, LNCs $24E T — A~ B ik i 3R 58 , R 47" LESCs 2 3%2
Hh SR BE X 43 A IR T 7 A S L 0 R, DA T 4 G T A
P RS o R B SE LNCs 7T LA S B0 iy B 2 ol B0 45 1) 9 425, ML
T g £ B b Bz 41 20 R R it LA Ry P A AR I 1 YR T
e

2 LNCsHJfkSh 35

1A ik JARIE T 4 By B A8 LNCs (975 2, B R
B A i | b Bz Vel Ak v At S 1 Tl — I D R T A TS A AL 4
HIRk.
2.1 JRIEEEE AL

SR JTT e S e 9 e N R B 2 4 2 T T g i e O A, O A

HFERCR B b B B IR bR SR 3 AR AURT LA A A e 1Y
LNCs., 5 J5 R BE 3 15 24 i £ I8 2% 56 Jo , {HLAS 3 A 6 i B2, [0t
PR B T A LT AR 2 0 T A0, A4S 1 R T 40 i R AR
[ 6 B T4 T o Xie 210 SR FH M D5 O AL o O 1E Bk B IR R
T 40 ffd B 3% £ (modified embryonic stem cell medium , MESCM )
e W0 iE B 7E MESCM b 15 3% 315 19 LNCs 2235 T 40 il A5
HYHE & T b SR B9 b B IR 2k, B g MESCM 7] fig
LNCs B 359 3% i de A1 5 97 4k
2.2 ERBRIEAE
P BB A v 32 R b T L AR R R AU R
Ja e A AU IR L AR A R 4 1 R, SR F B AR I AL S TE AR
J IR 40 M8 3 S b s 5 AR DA 3R Al g LNGs' ™ 5
T JT AN [a]  Hp P 2 T e 2 A A PR I, o AL A 407 B T LA
AR SR (A LK b A 3 T 3R A5 A Bk i ) 75 R 40
2.3 PR - R R AL
Li 2 U ol R D e e 2 1 I AT I % 401 U 9 5 A
HR S bR, TR T M B 5 A R0 A R o e H%ﬁﬁ@i/ﬁﬂﬁ):f
MESCM B 97 % 25 A AR AR A 24K g LNCs, 55 5 3% W] i
Tl 77 05 AT L AR AR 24 95% [R] 7t [ 4 it i S%Lﬁéﬂiﬂﬂéﬂﬁiﬂ’ﬂéﬂiﬂﬂ
ZiBzA3
2.4 ALPIEFHL
A YR IRk AR LB b BRI M I B e &
5% A 1L Y B R b g R B SR AL AU, T AR AR AL Y
LNCs, B8 SR i 7 ik b b Rz e ik A g™
Xiao 2 7 o X6t 13 4 B4y B4 07 0k oA, R PP
P — 5 DT A T AR B T A 3 Al 7 33 I 43 6 11 LNCs 3%
KT 20 MR S YR S 3F LESCs 1968 g dc ik, vb 1 4 11 8 - R Ut
Bt I A R T B S MR K B B H L TR BF 5 P LNCs g 8 19 0 £
Jidie

3 iEf4 LNCs % 3% LESCs B¢ h 5 3%

TEfA AN, LNCs HA 38 K (0 4 5 LESCs 1 19 R 7, 8 ik =
2 ( three-dimensional ,3D) Matrigel 3:4% 33 | Transwell 3L 1% 3% fl 75
W T S I FEVF Z ARG h ) 2
3.1 3D Matrigel L5535

Matrigel J& B 2% 8 LIV B R B E H BRI R b
S5 3 BT R S i TG, T ASE UL A P R DS B 4, T A Y
SRR T T 0 M A A A7 BAT AR . 3D Matrigel A LA #E
LN M A0 36 B A% 5 03 i DA S i T AR K SR AR
BT AE — 5 B B BB MR g 3R . — &R AW 58 & 9T, 3D
Matrigel fIFJE A ) LNCs-LESCs {4 4 2 B 32 & 22 45 B T LESCs
FPEM 4R, R4Sy B LNCs F1 LESCs 7] L 7E 3D Matrigel
PO B4 A R BB fR T M T 5% Matrigel 4 i F1 2D
Matrigel ,3D Matrigel fig i@ i 75 4 4%k 2 LESCs F1 LNCs 2 [f] f)
S I AR Ik LESCs 434k " . 15 3D Matrigel 15 LNCs
B IR LESCs RER K T 209 M I 1 KT 4 bR 359 ANp63au
DL K B /D B R B b K g A bR 35 W0 40 i AR 3B 1 12 (cytokeratin
12,CK12) %7,



th A SIS IR B 42 R 2024 4F 4 A4S 42 %% 4 ] Chin J Exp Ophthalmol , April 2024, Vol. 42, No. 4 . 389 -

3.2 Transwell L5 3%

Transwell Jt55 35 2 40 b 19 48 4% filh =X S 354 B) T ¥4l LNCs
XHF LESCs MIBE T o MAh, K- MR 3 THILAE Transwell R 48 H1 1
NG B TR A B L R i 0 3 A RS R4 2 XA IR
FARF R T B AH 1 4120 TR M L R 42 4k T S0 56K
$E10 Li 2 4E Transwell & %59 s LNCs FI/NEL 3T3 4R
A 20 B £ S 18 57 2 X LESCs SCReAFE AT i 25 5, 45 2R /R LNCs
HHFHY LESCs HA SR IE BUA L L B2 MR ). Bksh,
PRI Transwell 2L 35 RG09 73 W (VAL s B A B T
434t LNCs Fl LESCs 2 8] /) A 5. 4E FR AL, R T 58 ff I 2% 1 36
B AT A ST
3.3 WRHIEMLRE

T VEAL LESCs fEARSY B 3 04T FIE A 68 ), s RETE A
SLIGTEVE 2RI I B . B A A R A 1 AR 6 AL
e, HR AT 2E R AR B R A R A B R T e B T R R AR R
5 40 LA B0 S A A7 RE T . ), Barrandon 2570 5 1 3T3 )
2F 2 40 AR SR 3% 37 2 SR T 3 B 40 LAY T 3R BB RE D Al ATk
HR AR G 16 3T3 40 Ha AE Ay 8% 57 J2 B % 3% B2 40 B, 6 BT B 1ty 2%
KRR K o NT R, DA T 3R R A LA T 4 i R
FiIs A 3R ML, Pellegrini 45 1 BF 58 & B, LA 3T3 40 M 1 Ky
W 5% 2 K5 % AR T B AN T B b B v R, O T v R
T BUSCR R TG T A0 B P . 205 2 B, 58 2o 5 e B 5K
0] LLEAL AR [B] LNCs 3245 LESCs Ry BE 1 R/, e
FRIZI0 AT LAV A8 b R B b R T A R 0 B3R RN ) R
A RHAE , R 7T RLAE R 3 Al LNCs 2§ LESCs B8 A F 071k o

BT A T — 2 F 5 A Sk I BF B b LNGCs AN
LESCs 2Z [A] i) AR L8 2 , 40 o AR R Tt i 15 2% B0 B 42 it
TAHMAER IR I RE DL — 25 0 M A 2 TR

4 LNCs 5 LESCs 48 E £ A%

Z LR W], LNCs 5 LESCs @i ZF LA E/EH . &
R IR L AL 45 SDF-1/CXCR4 , Notch , Wnt/B-catenin | # {f, 4=
K A F (transforming growth factor, TGF)/BMP , Sonic Hedgehog
(Shh) DL K KIT/AKT {5 5 i % % , #t & 4= K B 7 (nerve growth
factor,NGF) | 1 [fi JE Ji{ 40 }2 [ F ( keratinocyte growth factor,
KGF) % Z F 41l )y [} 7t 2 5 # R S AMOR B2 1R 19
4.1 SDF-1/CXCR4 =256 I

LESCs A] DL if SDF-1/CXCR4 {Z 5 M 5| LNCs, )T B 1
] b 28K 5 0534k . LESCs %3k SDF-1,LNCs %3k CXCR4, 1fi
4k CXCR7. 4 A CXCR4 5 2 v FHL A I, 3D-Matrigel
LESCs 5 LNCs 9 45 & #40 l, b 5z - 5 B skOF ik B 12 /),
LESCs T4 I8 A0 B K8, 58 B T2 i I
4.2 Notch [Z5 3 %

Notch 5538 }§ 76 LNCs 5 LESCs 2 [A] i AH 5. 4E JH ML i 4
AW . IEFTEOLT , Noteh {55 75 M BREAN A B2 b B LA
RWOAE I RIS, MRS ARSI F7)5 , LESCs B iy Notch {55
WG , M AE A4 LESCs-LNCs L35 37 14 & 1, LNCs il ] Notch
E57E LESCs YRI5, X Notch {5 5 5 B 4 0 i i) LESCs

T R s T R R, 6 BH LNCs 3 a3 #06) Noteh {5 538
B T 447 LESCs T #1272,
4.3 BMP {55 B Al Wnt {5558 B

LNCs i izt 8 ¥ BMP {5 5 i #% LA & Wt {5 5 il #% 45
LESCs iy 3e b4 1. 7E BMP {5 5 Jd f& 1, pSmad1/5/8 £ ik T
LESCs [ 4 i A% N , 5 BMP1 BMP3 1 BMP4 3 Fjf BMP 3% {4 1)
S BMP $L B[R (4 3% 7K 52 IEAH 3¢, LNCs 383X noggin, 5 £(H BMP
EEWIMH . £ Wnt/B-catenin {3 538 i th , B-catenin 4 5E 7€
LESCs (4% J5 4 i B rf , 5 LESCs H Wnt7A K H & & FZD5 1)
FIE R IEAHC, LNCs 3k DKK1/2, S HUH Wt {5 5 8 30 ) .
2 Wt 5558 B0 il B, LESCs T4k F 34, [F B LNCs 1 BMP
TR FRIL LR 02 BMP {5 55 5% B0 I B, LESCs 46 g
% pSmadl/5/8 B3R iKW /D, [F BT B-catenin 75 K LESCs
KA B A B AE /N LESCs o B & AL T 40 i i b, B
DKK1/2 ik B3 ETt. B2, Wnt {55 Fl BMP {55 17 76 Al H
- R X R OF- A VR RS AUAEFE T LESCs 93, 1 BLAE7E T
LESCs 1 LNCs 2 i), DA% %5 LESCs iy npe K7,

4.4 Shh {F 53 %

Shh fF5AE 25 T f B4 ROF 5% b LESCs (1 3 AE A
TR AR 0 U5 5 52 400 AR TR AT 5 2% Shih JiC 44 1 BE B
E 3B A Shh/Gli3 92 16 J2 B , #2715 LESCs 3% Shh i B 45>
Pl Shh {5530 & , 779 2> LESCs 58 [, JF 68 B W €0 % 1 2 A
H: [ F ( pigment epithelium derived factor, PEDF) ik Bt 44-mer X
LESCs 38 4 7E T, i il ATGL F1 STAT3 0] 3 55 44-mer 35
1 Hedgehog i# ifi A1 LESCs 3 /£ /E A, h B E B, i ATGL/
STAT3 {Z 23R & ) Shh-Gli i 2 $ 3 T 44-mer /) 51 LESCs
BEP,

4.5 KIT/AKT {523 %

KIT/AKT {5 5 st 8% UE B #£ LNCs 1 LESCs 9 4H 5.1
F R HE T KA, Su 25 S B LNCs 3 34 10 o 22 00 5% 55 1A
F Sox10 /& LNCs fi£ # LESCs £ 4 A S A7 16 T 46 75 11 , Sox 10 5
Ak KIT JE 44 19 7= 48 & KIT/AKT {5 5 8%, T 4R 37
LESCs %} #i caspase-3 #f 3¢ 4 Jf 36 1=, UF 55 KIT/AKT {5 5 i %
TE AR [ S I PR B Fa 25 1 LESCs (A7 T AR JCBEVE T
4.6 AT R HZE

BR T A2 A5 5l Z A0, i A 2 R 40 i B, e 4 Ay
-1 (interleukin-1, IL-1) . 3 f7 4 & H F ( epidermal growth
factor, EGF) . KGF . NGF | Jif 41 Jis #£ & H T ( hepatocyte growth
factor,HGF ) | TGF | i £F 4 40 M /£ & B F (fibroblast growth
factor, FGF) \PDGF Dk J [ 5 2 # 4£ K B F (insulin-like growth
factor, IGF) J .57 Uk B #:5% [f] #: 2 5 #8945 LNCs 5 LESCs it 4
B A 2 A BT, X S A K 2 5 R Y LESCs (3% E 4y
b B 18 FTE T AT S SR, BT LA A {2 #F LESCs 14
A A0 L R A0 I R, DT 9T A I 40 AR 3 A DL K 4
i A

Mg b - e Z A A 74 3 Fh e ah =X . (1) TA
TGF-o IL-13 Fil PDGF-B Y i b f 40 i ¢35, (HE 114 A W 32
REZEm TRk (2) I IGF-I, TGF-B1,TGF-B2,



- 390 - h A S IR AL AR

2024 4F 4 HE5 42 3555 4 ) Chin ] Exp Ophthalmol, April 2024, Vol. 42, No. 4

LIF bFGF J Haz (e | iz A p 34 3k (3) A KGF
FHGF {3 ph 3L B4t i 26 ik (A2 1R £ 8l B g e in ™,
LA, 76 I 45 501k &5 R, LESCs AT fig fly LNCs 43 W 19 EGF
TGF-o \PDGF-B IL-1B %5 20 ffg PR - [] 2 3 3 , AT 38 % 5 11
R g R

NGF 278 F2 I T Rk 9 — B, 76 LESCs 19 |9 Fe W4 o
RIEEEAE ., WIS R, NGF [ 32 k75 £ B4 oh 1 76 v ok
AN R H £, A NGF K H A7 1k TrkA (p75 7 f B 4 56K | B
JZH SE A 4R NGF 2 ff) [ 2% 80 5F 5% vp 52 5 LESCs [ R F
P B W 55 W R T . NGF 7R B 5R I
LESCs #1323k, 7640 AL h F 98, 7615 37 3/ ¥3 n NGF, LESCs T
R34, T 0BT NGF Hit 4k it F 5 T 94, 42 /8 NGF J& i 3)
LESCs 3§ /= ) M N 7, 2 4E 5 LESCs THEmdE W 1717,

KGF J& T 14T 4 2k K R T % 1% FGFT, iy #1155 L Bz ik T 51
Ji i L5 45 22 b 21 4 (%) 5 SO 4 43 98 . KGF 3 i p38 i 42 LU
3543 W07 SN S ANp63a 3k, AT 3 15 LESCs 19 3% £ F1 5y
1 VRN KGF I 85 35 19 LESCs (935 [ 32 343 2 ) F 1A 9 £
6 Bz 40, E W] KGF 745 LESCs AP BB S,

IGF J& F e & %/H oth % 88 & 15, 77 38 5T p38/MAPK il
PI3K/ Akt AR5 G M I b % 40 ST B B4, IGF-1 T il iof
she {5576 [ BB IR AL MIT EGF RO {5258 B , 1 1] RE S 5 471 I
E R R L FE A R )5 TGF-1 TR ik A
% IGF 32 IR £ k3 % S LESCs 2k g B b gz 4n ™ o

T 5% F B2 I 3R 5 vh LNCs 5 LESCs 22 8] i 48 B 9835 LA &
LESCs 1) F J 57 M L, R 10 By F % i 5 2% T 20 i ok
Z T R 00 A1 T 1) 2 9 WL AR T 1 AR 8 T — 2 S B X
10 TS 5 TP 58 0 R, S 3 2K B8O M A TS A5 B I B 3 O B A
AR

5 LNCs K5z FAT =

FBEE MR = RBERBZ —, BT R E 244 6000
T A0 R B Hp e [ 2 400 75, 3 HL A AE 7 00 0% )
10 77, 3 A% 2 H AT IMG OR b BB a7 ik . SR, e
i T AR A S0 A B, 453 4 ST 1 A7 TR A 091 550528 1% T 0 I A
TR R & E Ml AT O B fE R . LNCs th T HA
S K1Y 1 B RE D T AR S L 2 1 A A v RE B % LU
T G 8 5 4 S 00 A, TR E 2 B R IR e R OG5 1A
T H R B R o TR
5.1 LNCs 75 /i I b 5 52 95 v B0 7 FH A 5
5.1.1 e bR AA TR PRI MG T A B
Bea B EL P B 1) 45 I Bz 02 N RS A JBE S0 AE 5 AT TR A4 i A
A, B IRk 22 BOB0R VA 1B B e B R IR, A % T
M R I R b IR T Ok (T A R A
BZ ARG G HEF S5 R, H AT LSCD A YT A I 8k BT
i PRAERR . 305 4F 5 , LESCs #9141 45 35 e ff1 JB8 b Bz 440 TR 3%
W B R B O L I BT 9 O R D, R AN B 3R A
2 bR MRS R T G R LSCD BB A B B R A0 Y K
TR XA TT 7 v B A I A R R 4 41 RS M HE IR R

R RAR S L H R SR ) 7 £ N B3T3
ZF 2k 40 AR R i 3% T2 DA ORI B 3% 3 Rl O ok AT RE A R
Fofv o i A Y e R ) G B 55 BB DL B 95 HE R IO 4 R A R
Sy i P % LIS P Sk vk 7 i XU T LNGs ly T [l b ofe
RS, OB #i R 3T3 T 4 4 1l LESCs A Ah 5% 35 h iy
FEWIRAML A F 3T3 AR 4E 4N AL, LNCs Xf LESCs f) 3¢
FrAE PRSI0 , BE U5 50 4 b B 0 355 35 1k R b D e M LESCs & it JF
e SNl 3 T4 ™) IESE T LNGs 76 ff B b % 4R T o
4 1% P 1
5.1.2 iFEF T A0 E By M BRSNS IR A
AR 2% I 7 240 A% AT 1) G PR SECSR B A3 85 5 IR R AT O X
AL AR £ B 04 A7 A PR 54 0 7 1) At A0 L ke 5 B R T I
PREE A FBEIE & BT 45 . BA, 75 2 86 T 400 ik B T 40
M % R T AN Ik 2 R R 2 45 T At R R 40 i rh) A
7 1) R S AR BIE 58 8 I N AT 4F R B R 2 IR SRR 5L,
LNCs A] i 5 22 RO U5 04 240 M 5% 20 1k O A BERE 1 F 40 M, A
1M A LSCD A1 AR I SR 408 1o mT A& . 1140, LNCs BB 5 A
JH e = 200 i 1) R BESRE O 1 e oAb, 2 A3 IS B IR G F 40 mT
PLFR3k CK12M%7 0 Hah  LNCs i 1] D75 101 J 6 55 b 1 4 o 4%
SrAGh F B RE TR AN L, 28 e A0 R 1T b E AN D 5% 6
CK12 FI AKX £ 5L B 6 (paired box gene 6,Pax6) , [f] i 3 ik
ANp63a T A BLSE BT 1 56 B 5% 20 1 11 7 66 b 2 20 A
1T LSCD #i A gy iR L '™ . £ LNCs ¥ P /L5 i 1
B 1 R 0 1 28 35 5 22 0 BT AR I8 T R PEDF (T %
fms B % 240 B W AE-1 DL K W R B A A B R N T
bEGE ! RS ML 0 A 11 16 6 155 b % 40 I J5 19 e LSCD #78 £fy
I £ 1005 B
5.1.3 Z5IREFTE WAL T4 b T B4 R M55
A W EFRET PIRER GEFEEER A ZHRAL L AR
PRSI DR AT LSCD IREF R, XTIk
Wi — 3G KI5 R, #E 16 1 St T R IR R A R 1 4
R BB IR S T AR, 16 R A 5 R (31.3%) AR s 45 F
B 7 MR T3k B 0. 1, B 1 199 1) R W 2% 3 A R AR AL M G
Bl % B FoAh ™ 5 A AE , UESE T ) FE R 40 T LSCD iR
IT A Rk R At

AR b R YR B R) 7S R F AN, LNGs 2 7 F A IR &%
Vogt #4215 LESCs % %5 M3 i — 25 7] 75 I T4 M, 25 R4
PR3 R OAR 3R T AE (MR # . 20U ¢ R, LNCs W] B 4
£ 5 LSCD MHR £ H A . LNCs HA7 B 03 A4 A 0 i 1
[E] i F2 35 55 £ 1) PEDF HITT A M fms A ik S R VMG -1 L R e /b
B LA P B2 B A X T 0 A R A I A TR R L
B T 7R LSCD KA () 5 N U B LNCs 5, A B3 2R
A5 TR LA N R AR R B R B LTS A T R R
6 T BRZL, 7 L B AR R W S T 7E S LSCD BEA
GERT ST LNCs J&5 , B i S | A IR 2E il 45 A R B 3 40
0 25 vh bR 40 HE B B AR, O FLAS R R AT LNGs 7T 3%
Wik AP, HES SRERERED . WA, B TR S
/R HEF A LNCs Fl LESCs A9 BERIE (A M A B 20 I £ IR 2 41 43, m



th A SIS IR B 42 R 2024 4F 4 A4S 42 %% 4 ] Chin J Exp Ophthalmol , April 2024, Vol. 42, No. 4 . 391 -

VLS5 1 8T AM A A7), 2 W) LNCs A LSCD IR 2 i 4 vy
ARG AT R 5 IR T A0 R R A L, R T I
LNCs B A 548 4E A5/ Sy It M AR T 0 B A oy I 458 G o
W3R ERE S LNCs, 1550 B8 2 T A0 M AR R AT IR 2% T 40
N 2 i LA BEAT IR 3 1, BB N TR YT LSCD I 7 ik .
5.2 LNCs 76 ff 55 B A2 H 4 g H i 357

TE RN i1 R 5T v A B — 2 R 1 T 0 MR RE S AE IR A
JURZ B A T oA S R TR T A0 B, 2R A T T A0 A 7 A
lumican , keratocan , ALDH1A1 ALDH3A1,CXADR  PTDGS Pl K
PDK4 4% 5 g ok At o i 52 DAY VF 2215 1 40 AH G PR 1L J%
IR A A DG 1 SC B BE R Pax6 \Sin2 | Six3 FI Notchl 45 1)
2R W] LNCs 1 T A0 M 7E FA S R B3R 9T R B A
DA E N 9

WEFE W, f5 LNCs R A 8 4 /A 1505 48 20 81 )5, LNCs RE
2L AR A BT A e R AL, HLRB % 3 % I 0T I 58 T 28 1Y [l
ML R Y AR Tumican 3 PR B R /0N LA £l L O o v
55 LNCs J& , 53 718 19 £ 2 53 RE % 7 7 6 3K lumican 3 AT B S
BB I i 2T A4 A K WO A e S R L B 4 A R D
AE Dy B 3 VL 2 PR B AR ) 4 W R i 8 4% B 383k, AT A Dy £ T
B R 22 B AR T LNGs HL A 7 A 4 )2 5 i 4 4
HIRE ), BB A TR fhoke B JE fe 9% HE e SR L 4 i 2 FhE R A
TS L B S T R AR A o B A X — 1l R B 5
MO0 BB e M ORL . I Ah, — S {8 T LNCs (9 R B30 (- 103,
https ://classic. clinicaltrials. gov/ct2/show/NCT04932629) 1F 7
HEAT oy W50 3 PG 1A S 15 77 19 LNCs #4000 AR v 26
IR R IR I 19 45 S IE 52 LNCs F T34 97 #A Bk B 4% 1Y
I R A 01 1 4 o

6 INg

2% B RTIR , LNCs AL T/ I 2% 5 LESCs %% Ml & #Yy — 2%
(6] 78 53 T 20 fg , B ) il 2 30k 1) 78 B s 25 40 A 22 FiIR JIG T 40 i A
B, EARKN ARIERRES) T A M SRR oy i 2 g
IR T 2 1 S AT R T 5 A T DA R 5 2 1 9 A AR . LINGs
XF Y LESCs (Y 8, . F 3 ST A S 2R o ok 245l 4 1 244
Flo LNCs BYPR N3 25 35 37 J5 vk 60 45 100 5 3 A0 v | b Bz By
i PR A R - U I A vk LA RS BB SRk . LNGs 5
LESCs ) #H 5./ F 7T A& 33 3D Matrigel il Transwell 3t 3% 3% 46
T #EfTAF 9%, LNCs 5 LESCs #J jifi i3 SDF-1/CXCR4 ., Notch |
BMP  Wnt5 ., Sonic Hedgehog, KIT/AKT %5 £ Fh {5 5 il #% LA M
NGF KGF . IGF 4 Z Ft 4 ffd Al 7 AH H.AE ] . LNCs 1y % B8 S 4
KU IE R 1 IR S b B T 400 ML Bl o R0y S o 9RO 46 2 R B
P A T A B T — BT RE T L TE A A R L R
(8 PR 5% o BRI, LNCs 55 H 7 Ak 149 3 158 2% Bl 24 558 =22 1] 1)
AR E AR AL LA K o] 55 45 3t ) F LNCss £ 47 995 42 A JBE 1) 15412
AN T HE— R
FlEMR A AEE B AT 45 o R

&% ik

[ 1] Dziasko MA, Daniels JT. Anatomical features and cell-cell interactions

in the human limbal epithelial stem cell niche[ J]. Ocul Surf, 2016,
14(3) :322-330. DOI.10. 1016/j. jtos. 2016. 04. 002.

[2] Bonnet C,Gonzdlez S, Roberts JS, et al. Human limbal epithelial stem
cell regulation, bioengineering and function [ J/OL ]. Prog Retin Eye
Res,2021,85 : 100956 [ 2023 -06-20 ] . https://pubmed. ncbi. nlm.
nih. gov/33676006/. DOIL;10. 1016/j. preteyeres. 2021. 100956.

[3] Ying PX,Fu M,Huang C,et al. Profile of biological characterizations and
clinical application of corneal stem/progenitor cells[ J]. World J Stem
Cells,2022,14(11) : 777-797. DOI1:10. 4252/ wjsc. v14.i11. 777.

[4] Soleimani M, Cheragpour K, Koganti R, et al. Concise review:
bioengineering of limbal stem cell niche [ J/OL ]. Bioengineering
(Basel) ,2023,10( 1) : 111[2024-03-01]. https://pubmed. nchi.
nlm. nih. gov/36671683/. DOI; 10. 3390/bioengineering10010111.

[5] Bonnet C,Gonzédlez S, Deng SX. Ocular surface regeneration by limbal
stem cells therapies:state of the art, challenges, and perspectives[ J].
Stem Cells Transl Med, 2023, 12 (11) : 714 -719. DOI. 10. 1093/
steltm/szad058.

[6] Sun D, Shi WY, Dou SQ. Single-cell RNA sequencing in cornea
research ; insights into limbal stem cells and their niche regulation[ J].
World J Stem Cells,2023,15(5) :466—475. DOT.10. 4252/ wjsc. v15.
i5. 466.

[7] Chen SY, Hayashida Y, Chen MY, et al. A new isolation method of
human limbal progenitor cells by maintaining close association with their
niche cells[ J]. Tissue Eng Part C Methods,2011,17 (5) : 537-548.
DOI:10. 1089/ten. TEC. 2010. 0609.

[8] Yazdanpanah G,Haq Z,Kang K, et al. Strategies for reconstructing the
limbal stem cell niche[ J]. Ocul Surf,2019,17(2) :230-240. DOI;
10. 1016/j. jtos. 2019. 01. 002.

[9] Dravida S,Pal R, Khanna A, et al. The transdifferentiation potential of
limbal fibroblast-like cells [ J ]. Brain Res Dev Brain Res, 2005,
160(2) :239-251. DOI: 10. 1016/j. devbrainres. 2005. 09. 008.

[10]Xie HT,Chen SY,Li GG, et al. Isolation and expansion of human limbal
stromal niche cells [ J]. Invest Ophthalmol Vis Seci, 2012, 53 (1) :
279-286. DOI:10. 1167/iovs. 11-8441.

[11]Li GG,Chen SY,Xie HT,et al. Angiogenesis potential of human limbal
stromal niche cells [ J]. Invest Ophthalmol Vis Seci, 2012, 53 (7) :
3357-3367. DOI1:10. 1167/iovs. 11-9414.

[ 12]Mathews S, Chidambaram JD, Lanjewar S, et al. In wivo confocal
microscopic analysis of normal human anterior limbal stroma [ ] ].
Cornea, 2015, 34 (4) : 464 - 470. DOI; 10. 1097/1CO. 0000000000
000369.

[13]Li Y,Inoue T,Takamatsu F,et al. Differences between niche cells and
limbal stromal cells in maintenance of corneal limbal stem cells[ J].
Invest Ophthalmol Vis Sci,2014,55(3) : 1453-1462. DOI. 10. 1167/
iovs. 13-13698.

[ 14]Mariappan I, Kacham S, Purushotham J, et al. Spatial distribution of
niche and stem cells in ex vivo human limbal cultures[ J]. Stem Cells
Transl Med, 2014,3 (11) : 1331 - 1341. DOI; 10. 5966/sctm. 2014-
0120.

[15]Li GG,Zhu YT, Xie HT, et al. Mesenchymal stem cells derived from
human limbal niche cells[ J]. Invest Ophthalmol Vis Sci,2012,53(9) :
5686-5697. DOI:10. 1167/iovs. 12-10300.

[ 16] Gonzilez S, Deng SX. Presence of native limbal stromal cells increases
the expansion efficiency of limbal stem/progenitor cells in culture[ J].
Exp Eye Res,2013,116:169-176. DOI. 10. 1016/j. exer. 2013. 08.
020.

[17]Xiao YT,Qu JY,Xie HT,et al. A comparison of methods for isolation of
limbal niche cells: maintenance of limbal epithelial stem/progenitor
cells[ J/OL]. Invest Ophthalmol Vis Sci, 2020,61 (14) : 16[ 2023 -
07-01]. https://www. ncbi. nlm. nih. gov/pmc/articles/pmid/3332
0169/. DOI.10. 1167/iovs. 61. 14. 16.

[18]Xu B, Yuan FZ,Lin L,et al. The higher inherent therapeutic potential
of biomaterial-based hDPSCs and hEnSCs for pancreas diseases
[J/OL]. Front Bioeng Biotechnol, 2020, 8 : 636 [ 2023 - 07 - 01 ].
https://www. ncbi. nlm. nih. gov/pmec/articles/PMC7333240/. DOI;
10. 3389/fbioe. 2020. 00636.

[ 19]Kawakita T, Espana EM, He H, et al. Intrastromal invasion by limbal
epithelial cells is mediated by epithelial-mesenchymal transition
activated by air exposure[ J]. Am J Pathol,2005,167(2) : 381-393.
DOI:10. 1016/50002-9440( 10) 62983-5.

[20]Barrandon Y ,Green H. Three clonal types of keratinocyte with different
capacities for multiplication [ J ]. Proc Natl Acad Sci U S A, 1987,
84(8) :2302-2306. DOI:10. 1073/pnas. 84. 8. 2302.

[21]Pellegrini G, Golisano O,Paterna P, et al. Location and clonal analysis
of stem cells and their differentiated progeny in the human ocular
surface[ J|.J Cell Biol,1999,145(4) : 769-782. DOI; 10. 1083/jch.
145.4.769.

[22]Xie HT,Chen SY,Li GG, et al. Limbal epithelial stem/progenitor cells
attract stromal niche cells by SDF-1/CXCR4 signaling to prevent
differentiation[ J]. Stem Cells,2011,29(11) : 1874-1885. DOI; 10.
1002/stem. 743.

[23]Li J,Chen SY,Zhao XY ,et al. Rat limbal niche cells prevent epithelial
stem/ progenitor cells from differentiation and proliferation by inhibiting
Notch signaling pathway in vitro[ J ]. Invest Ophthalmol Vis Sci, 2017,



- 392 - h A S IR AL AR

2024 4F 4 HE5 42 3555 4 ) Chin ] Exp Ophthalmol, April 2024, Vol. 42, No. 4

58(7) :2968-2976. DOI:10. 1167/iovs. 16-20642.

[24]Gonzilez S,Uhm H, Deng SX. Notch inhibition prevents differentiation
of human limbal stem/progenitor cells in vitro[ J]/OL]. Sci Rep,2019,
9(1) :10373[2023-07-04]. https://www. ncbi. nlm. nih. gov/pmec/
articles/PMC6637172/. DOIL:10. 1038/s41598-019-46793-6.

[25]Han B, Chen SY,Zhu YT, et al. Integration of BMP/Wnt signaling to
control clonal growth of limbal epithelial progenitor cells by niche cells
[J].Stem Cell Res,2014,12(2) : 562-573. DOI. 10. 1016/j. scr.
2014.01. 003.

[26]Saika S, Muragaki Y, Okada Y, et al. Sonic hedgehog expression and
role in healing corneal epithelium [ J ]. Invest Ophthalmol Vis Seci,
2004,45(8) :2577-2585. DOI:10. 1167/iovs. 04-0001.

[27]Fan NW, Ho TC, Wu CW, et al. Pigment epithelium-derived factor
peptide promotes limbal stem cell proliferation through hedgehog
pathway[ J]. J Cell Mol Med,2019,23 (7) : 4759 -4769. DOI: 10.
1111/jemm. 14364.

[28]Su Z,Wang J,Lai Q,et al. KIT ligand produced by limbal niche cells
under control of SOX10 maintains limbal epithelial stem cell survival by
activating the KIT/AKT signalling pathway[ J/OL]. ] Cell Mol Med,
2020,24(20) :12020-12031[2023-07-04]. https;//pubmed. ncbi.
nlm. nih. gov/32914934/. DOI.10. 1111/jemm. 15830.

[29]Imanishi J, Kamiyama K, Iguchi I, et al. Growth factors: importance in
wound healing and maintenance of transparency of the corneal J]. Prog
Retin Eye Res,2000,19(1) : 113-129. DOI. 10. 1016/51350-9462
(99)00007-5.

[30]Li DQ, Tseng SC. Three patterns of cytokine expression potentially
involved in epithelial-fibroblast interactions of human ocular surface
[J].J Cell Physiol, 1995, 163 (1) : 61 —=79. DOI; 10. 1002/jcp.
1041630108.

[31]Li DQ, Tseng SC. Differential regulation of cytokine and receptor
transcript expression in human corneal and limbal fibroblasts by
epidermal growth factor, transforming growth factor-alpha, platelet-
derived growth factor B, and interleukin-1 beta[ J]. Invest Ophthalmol
Vis Sc¢i,1996,37(10) : 2068-2080.

[32]Qi H,Li DQ,Shine HD,et al. Nerve growth factor and its receptor TrkA
serve as potential markers for human corneal epithelial progenitor cells
[J].Exp Eye Res,2008,86(1) :34-40. DOI; 10. 1016/j. exer. 2007.
09.003.

[33]Kolli S, Bojic S, Ghareeb AE, et al. The role of nerve growth factor in
maintaining proliferative capacity, colony-forming efficiency, and the
limbal stem cell phenotype[ J]. Stem Cells,2019,37 (1) : 139-149.
DOI:10. 1002/stem. 2921.

[34]Cheng CC, Wang DY, Kao MH, et al. The growth-promoting effect of

KGF on limbal epithelial cells is mediated by upregulation of
DeltaNp63alpha through the p38 pathway [ J]. J Cell Sci, 2009,
122( Pt 24) :4473-4480. DOI.10. 1242/jcs. 054791.

[35] Yoshihara M, Sasamoto Y, Hayashi R, et al. High-resolution promoter
map of human limbal epithelial cells cultured with keratinocyte growth
factor and rho kinase inhibitor[ J/OL]. Sci Rep,2017,7 (1) : 2845
[2023 - 07 = 07 ]. https://www. nchi. nlm. nih. gov/pmc/articles/
PMC5460231/. DOI:10. 1038/541598-017-02824-8.

[36]Nishida T, Inui M, Nomizu M. Peptide therapies for ocular surface
disturbances based on fibronectin-integrin interactions[ J]. Prog Retin
Eye Res,2015,47:38-63. DOI.10. 1016/j. preteyeres. 2015. 01. 004.

(3705, R M v 05 R R AR K T RG-S M PR LR W

BFoE kR [ J]. th A s IR A 4435 ,2020,38(3) : 238-242. DOI. 10.
3760/cma. j. issn. 2095-0160. 2020. 03. 015.
Zhang J, Zhou QJ, Xie LX. Advances in the relationship between
insulin-like growth factor system and corneal diseases[ J]. Chin J Exp
Ophthalmol ,,2020,38(3) :238-242. DOI:10. 3760/ cma. j. issn. 2095-
0160. 2020. 03. 015.

[38] Trosan P,Svobodova E, Chudickova M, et al. The key role of insulin-
like growth factor I in limbal stem cell differentiation and the corneal
wound-healing process [ J ]. Stem Cells Dev, 2012, 21 ( 18)
3341-3350. DOI:10. 1089/scd. 2012. 0180.

[39]Liu XN,Mi SL,Chen Y, et al. Corneal stromal mesenchymal stem cells:
reconstructing a bioactive cornea and repairing the corneal limbus and
stromal microenvironment [ J ]. Int J Ophthalmol, 2021, 14 (3) :
448-455.DOI:10. 18240/ijo. 2021. 03. 19.

[40] Chen K, Soleimani M, Koganti R, et al. Cell-based therapies for limbal
stem cell deficiency:a literature review[ J/OL]. Annals Eye Sci,2023,
8:6[2024-03-01]. https://aes. amegroups. org/article/view/7277/
html. DOI;10. 21037/ aes-22-55.

[41]Shukla S, Shanbhag SS, Tavakkoli F, et al. Limbal epithelial and
mesenchymal stem cell therapy for corneal regeneration[J]. Curr Eye
Res, 2020, 45 (3) : 265 - 277. DOI. 10. 1080/02713683. 2019.
1639765.

[42]Elhusseiny AM, Soleimani M, Eleiwa TK, et al. Current and emerging
therapies for limbal stem cell deficiency[ J]. Stem Cells Transl Med,
2022,11(3) :259-268. DOI.10. 1093/ stcltm/szab028.

[43]Gui Y,He Y, Wang D, et al. Advances in cell transplantation therapy
for limbal stem cell deficiency[ J/OL]. Curr Stem Cell Res Ther,2023
[2024-03 =01 ]. https://pubmed. ncbi. nlm. nih. gov/37605422/.

DOI:10.2174/1574888X18666230821102450.

[44]0ie Y,Sugita S, Yokokura S, et al. Clinical trial of autologous cultivated
limbal epithelial cell sheet transplantation for patients with limbal stem
cell deficiency[ J]. Ophthalmology,2023,130(6) : 608-614. DOI; 10.
1016/j. ophtha. 2023. 01. 016.

[45]Mendoza R, Vaughan AE, Miller AD. The left half of the XMRV
retrovirus is present in an endogenous retrovirus of NIH/3T3 Swiss
mouse cells[ J].J Virol,2011,85(17) :9247-9248. DOI. 10. 1128/
JVI.05137-11.

[46] Ahmad S, Stewart R, Yung S, et al. Differentiation of human embryonic
stem cells into corneal epithelial-like cells by in vitro replication of the
corneal epithelial stem cell niche [ J]. Stem Cells, 2007, 25 (5) :
1145-1155. DOI:10. 1634/stemcells. 2006-0516.

[47]Zhao XY ,Xie HT, Duan CY, et al. Rat limbal niche cells can induce
transdifferentiation of oral mucosal epithelial cells into corneal
epithelial-like cells in vitro[ J/OL]. Stem Cell Res Ther,2018,9(1) :
256[2023-07-10]. https://www. ncbi. nlm. nih. gov/pmc/articles/
PMC6158850/. DOI:10. 1186/513287-018-0996-9.

[48]Xiao YT, Xie HT, Liu X, et al. Subconjunctival injection of
transdifferentiated oral mucosal epithelial cells for limbal stem cell
deficiency in rats[ J].J Histochem Cytochem,2021,69(3) :177-190.
DOI:10. 1369/0022155420980071.

[49]Duan CY,Xie HT,Zhao XY, et al. Limbal niche cells can reduce the
angiogenic potential of cultivated oral mucosal epithelial cells[ J/OL].
Cell Mol Biol Lett,2019,24 :3[2023-07—-10]. https://www. nchi.
nlm. nih. gov/pmec/articles/PMC6448320/. DOI; 10. 1186/s11658-
018-0133-x.

[50] Duan CY,Xie HT,Zhao XY ,et al. Limbal niche cells:a novel feeder cell
for autologous cultivated oral mucosal epithelial transplantation [ J ].
Regen Med,2019,14(1) :49-62. DOI:10. 2217/rme-2018-0122.

[51] Liang L,Luo X,Zhang J,et al. Safety and feasibility of subconjunctival
injection of mesenchymal stem cells for acute severe ocular burns: a
single-arm study[ J]. Ocul Surf,2021,22: 103-109. DOI: 10. 1016/]j.
jtos. 2021. 07. 008.

[52] Eslani M, Putra I,Shen X, et al. Corneal mesenchymal stromal cells are
directly antiangiogenic via PEDF and sFLT-1[J]. Invest Ophthalmol
Vis Sci,2017,58(12) :5507-5517. DOI:10. 1167/iovs. 17-22680.

[ 53] Almaliotis D, Koliakos G, Papakonstantinou E et al. Mesenchymal stem
cells improve healing of the cornea after alkali injury[ J]. Graefes Arch
Clin Exp Ophthalmol, 2015,253 (7) : 1121 - 1135. DOI; 10. 1007/
s00417-015-3042-y.

[54]Li G,Zhang Y, Cai S,et al. Human limbal niche cells are a powerful
regenerative source for the prevention of limbal stem cell deficiency in a
rabbit model[ J/OL]. Sci Rep,2018,8 (1) : 6566 [2023-07-10].
https ://www. ncbi. nlm. nih. gov/pmec/articles/PMC5919904/. DOI .
10. 1038/s41598-018-24862-6.

[55]Mathan JJ, Ismail S, McGhee JJ, et al. Sphere-forming cells from
peripheral cornea demonstrate the ability to repopulate the ocular
surface[ J/OL]. Stem Cell Res Ther,2016,7(1) : 81[2023-07-10].
https://pubmed. ncbi. nlm. nih. gov/27250558/. DOI: 10. 1186/
s13287-016-0339-7.

[56 ] Funderburgh JL, Funderburgh ML, Du Y. Stem cells in the limbal
stromal[ J]. Ocul Surf,2016,14(2) : 113-120. DOI; 10. 1016/j. jtos.
2015. 12. 006.

[ 57 ] Funderburgh ML, Du Y, Mann MM, et al. PAX6 expression identifies
progenitor cells for corneal keratocytes[ J]. FASEB J,2005,19(10) :
1371-1373. DOI:10. 1096/1j. 04-2770fje.

[58] Wadhwa H, Ismail S, McGhee JJ, et al. Sphere-forming corneal cells
repopulate dystrophic keratoconic stroma: Implications for potential
therapy[ J]. World J Stem Cells,2020,12(1) :35-54. DOI. 10. 4252/
wjsc. v12.1il. 35.

[59]Du Y, Carlson EC, Funderburgh ML, et al. Stem cell therapy restores
transparency to defective murine corneas[ J]. Stem Cells,2009,27(7) :
1635-1642. DOI;10. 1002/stem. 91.

[ 60] Fagerholm P, Lagali NS, Merrett K, et al. A biosynthetic alternative to
human donor tissue for inducing corneal regeneration :24-month follow-
up of a phase 1 clinical study[ J/OL]. Sci Transl Med,2010,2(46) :
46ra61 [ 2023 — 07 - 10 ]. https://pubmed. ncbi. nlm. nih. gov/
20739681/. DOI:10. 1126/ scitranslmed. 3001022.

[61]Fagerholm P,Lagali NS,Ong JA et al. Stable corneal regeneration four
years after implantation of a cell-free recombinant human collagen
scaffold[ J ]. Biomaterials,2014,35(8) :2420-2427. DOI. 10. 1016/j.
biomaterials. 2013. 11. 079.

[62] Mohan RR,Kempuraj D, D“Souza S, et al. Corneal stromal repair and
regeneration[ J/OL]. Prog Retin Eye Res, 2022,91 : 101090 [ 2023 -
07-10]. https://pubmed. ncbi. nlm. nih. gov/35649962/. DOI:; 10.
1016/j. preteyeres. 2022. 101090.

(ORI 1 :2023-08-10 {6 [l H 3§ :2024-03-03)

(AR SR04 e )





