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[ Abstract] Corneal endothelial cells ( CECs) are essential for maintenance of corneal transparency.
Proliferative potency of human CECs is poor in vivo, so endothelial dysfunction is irreversible. Many studies have
showed that CECs are able to proliferate in wvitro. However, endothelial to mesenchymal transition ( EndMT) will
emerge with CECs acquire a myofibroblastic phenotype and lose their specific markers, which hinders the development
of corneal regenerative medicine. EndMT participates in corneal disorders,but its process has not been clarified yet.
Now,researchers have found that the mechanism of EndMT may include transforming growth factor-g ( TGF-B)
signaling pathway, fibroblast growth factors ( FGFs) ,and Notch signaling pathway. Therefore , there are several ways to
prevent EndMT ,such as inhibiting TGF-B signaling pathway, using anti-phosphatidylinositol 3-kinase antibody, small
interfering RNA (siRNA) against pl20, Leucine-rich repeat-containing G protein-coupled receptor 5 ( LGRS ) and
LGRS ligand,inhibiting Notch signaling pathway, making connexin43 knockdown, inhibiting matrix metalloproteinase
activity and using Asc-2P. This review elaborated the mechanism of EndMT and ways to prevent or reverse it.

[ Key words] Corneal endothelial cells; Endothelial to mesenchymal transition; Mechanics; Inhibition;
Reverse
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N Bz 40 it 18] i %% 4k ( endothelial-to-mesenchymal transition,
EndMT) /& 45 A B2 40 o 2 25 N Bz 40 M 1 6 1 25 1T 1] [00] J5 40 At JE
A IFRAR A A MR IR L OB S O - i ILILE)
% 1 (a-smooth muscle actin, a-SMA) i £ 4 40 45 S e & 1 1
(fibroblast specific protein 1,FSP1) i #2 "', EndMT {2 17
ETHRNZAALNT NN R AN, 254 b A, T4k

KA, B ok iy 1A

S F BB 2 56D L EndMT W 2 15 A 15 A B 2
i 4 10 25 45 AE R85 14 £ BB DY B2 200 il ( corneal endothelial cells,
CECs) A7 W] 15 F 1 Ji 2T 4t 240 M 5 b e %400 76 4 74 1 0

RBHE PRI 4 MR CECs, P IE 8 H I o-SMA £
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R RN BB E M M B, CECs 1 K 38 o-SMA, &
EndMT ™ o 55 5h , J5 30 22 TPk £ 155 1A f% 5 357 R BL A 1 CECs
WL AR 5 A L e MBS J5 , BR T I % 1 CECs
TR SR b A AT — 5 52 1R 72 Wk CECs %48 Jy i 2F 4
REAN A, 43 35 4F 1 09 40 B Ah 5 B B f S 0T L AR
5 TSR 57 T A U5 388 J2 A P 2 22 T B Il I e R 4T 4 4
gL SEMEE IR D T, R ESRE" . MG
69 9% JBIL A 048 S T 0, 2 MOF A I U Mt b 1 5% £ 14
CECs 43 ATH . i1 06 AT UL, EndMT J& S 5 CECs 45 44 ) i i
A5 S W R IR 2 — . L, W18 CECs % 4E EndMT
9 L 51 3 % A28 3 7, T A AR I R

RO Fe 9 N CECs %58 5 % 2 EndMT #As , HL 20 ffa 1] 3%
BRI A P 25, T AR R 1 2R R A S5 40 M R 2K
o-SMA B PHPEF IS, I HAr e T B 7 3 4 b 85 37
i) CECs % H EndMT fy 3 42 ™ BH 15 7 A 1557 4 P 2% 1 F 52
KR B, AW 2% K 9] CECs EndMT (9 #1111 5 4%
A0 7

1 CECs EndMT EJ#1

1.1 AR E KT B 5538 B s

A4 KA T B (transforming growth factor-B, TGF-B) {5 5
W RE—NEETAREZRAMEZHERMEHN FHREE, S50
WA A e B RNE T A AR . W, TGF-B 2 Y
LR AEFE 52 400 45 1Y F B A M [N 5, 7 TGF-B 1% #a b/ H
T AT 2k 440 M v 453 495 A6 3T T M At M A 3 5 9 A
BB . EAR TCF-B #E IE W A LUR s & h il F k% &
TR ARG WESE & B TCR-B1 it £ F ik s 3 & 5 W it
RGN 2 PEAL KA AAL " kg 7, TGF-
B £ B A 4% 5 30T B0 R RS 2T 20 400 i 3% Ak 35 A R i 2 4
241 i A0 R T 1) A B, T TR A R R . 5 A D 4 gy
WEFT R B, 76 PR 1 3 7% FA 55 36 o0 40 i I, 8 5% % 80 h VR i TG -
BL A LSSy B 40 41 36 S5 114 3 B 7= A DL R AN M 4T e Akt
HADBEGE &L, TCF-B2 {2 ik Tenon % i 2T 4 41 i 1) 15 1k , 78
TG AR U8 1 AR 5 45 T 25 4 Ak i f b 2 AT TGF-82
Vo5 IR A b 2 A0 Y EndMT 4% 4k s £ 75 210k 18 2 2% & 1
AR u T A 4 41 ) EndMT BF 58 & B, TGF-B {5 5 8
B AE 41 ZRUET A Ak ok A8 bl B AR H FE A 4R T ) 5 40 A A A
Vi 1, W45 3 K B TGF-B A% A Firit & ™) .

TGF-B 4345 TGF-B1 . TGF-B2 H TGF-B3 3 WA, Petroll
SR BRI B 9% AR R I TGF-B1  TGF-B2  TGF-B3 7] {¢ {ii
CECs [ JJLISCET 2 40 Ml 5% 7% , CECs % 3 86 11-1 Rk wi b, il
o-SMA [ 33K, 43 Wb 56 I £F 3% 85 (1 £F 4, IR T8 R A6 5 Bk
Zhu % BE5E % B, 4 EDTA 94645 31 #9 CECs 7 & A il MR
2 4t 4= K Fl F ( basic fibroblast growth factor, bFGF ) [y £% 35 3 rf
955 &4 EndMT 4k 53X — 55 (b AE B SR 5 fin A TGF-B1 J5
WU . (I, Wang %000 IRSME FR 1 CECs 0 43 TGF-
B2, MM 5| i 40 Jfs Bk A8 2R 6 0 T+l (08 40 B T 285 1) T & IR
FEM N CECs EndMT 5% 1, de Roo %™ 41 4| TGF-B2 #i

TGF-B3 J& Fuchs f1 BN K2 B 3= AN B AR AR+ HAE A
WREA JG TGF-BI1 J& Fuchs £ B N B2 8 578 R 14 R 5 M 4H i A
Fo Okumura %" (it TGF-B 75 53t 2 55 Fuchs £ i Py
BB SR B B A A AT M A T A SR UL, fE bl
DY 40 % 2B EndMT, fy MG AT 0, TGF-B K% £ CECs EndMT
ot % AR A (ER EL AR 2 i 2 5 g L A R —

TGF-B o B A = 25 F g p s i 1 B0 1L 3 22 SR/ 98 &
R 385 i % A O 6 10 PR A 5 15 5 AT 26 1 1 3 3 40 A%
TGF-B Al 1T B 2 IR 45 6 T% Wi 5 U R , i i Ak T 20 57 (4 ff 1
. BERRILNY | B 3Z (R fH Smad2 H1 Smad3 #% MR 1k, #F 17 5
Smad4 KT R Y B T4 A E A 40 M A% 8 5 5 A
¥ S R T I R R R O TS R S I IR A e S N 2K, R EndMT
{9 % 0 TGF-B il T LA 7] 6] 375 3 475 900 Smad F35 AL
JuH A Smad7, BHWTIEfL 9 T B A2 (R %F Smad2 1 Smad3 #) # R
b FE B R B 6 2 R 5T T & BB AL 5 A Smad7 S
AT BE 1k Smad2 {55, AT A 0 il A B8 N Bz B 4515 5 1) EndMT
TiAB G0 0 &2 . Eik, A Smad2 452 TGF-g {5 %
WEPEEN T WGS9 FS 5 EndMT %4k, i Smad7 7T L)
P A AR L FE I A K 40 EndMT WF 53 Hh & 31, TGEF-B
T3 i 0% Rho SCHL EndMT™ o5 412 38 Bk TGF-B1 3 it 34
7 Rho/ROCK {5 538 I nf LA 4> it % % 12, 2 5 % /N8
R e T8 A B L, TCF-@ 3 it 38 0 W 2 15 53 1% &
55 EndMT, 8 75 B U AT o
1.2 FGF % 20 1t D5 Ay 3 8

TR ZT 4 40 i AE 4 ] T (fibroblast growth factor, FGF) J2& £ %k
A KE T EF 28T DR EE RS R4 F
B e mE T ER . AR FOF 5 515 SR )5
119 20 406 5 0 I T I A S A Y

AL G 1Y) CECs A 5h 55 35 J7 i v, bEGF B )32 i T 42 i
CECs [y 43 2484 4 ) . SR, bEGF Xf CECs 9 FE i B A5 5 1
P, Kay 2000 BLAE 1993 48 i %% B, bFGE Xof 2 0 % 285 e JRi 36
R IR T LA AR R 09 52 0, W5 2 F CECs 2 341K T IR
VLR T BNV R 2F iR i i G 0, 1T IV TR 2F R i I 6 i o
FAI, HL bEGEF ) 33 i 5 45 A el i B P B 1R 15 IR 7 19 5% . Zhu
452 R 58 % B, EDTA-bFGF ] fi# B CECs 43 fisl 5 410 ], 1A 2
R E0G T Wnt-B-3% B R [ I, (R AT - IR AR R SRR
T LEF1 mRNA k5, B EndMT ; {H % 250 i F] EDTA %)
WA BAE B-i%E IR (R LEF1 mRNA {3556 H LI IF5E A
9 ,bFGF 38 i #4 7% Wnt-p-7% 585 (438 % 2 5 EndMT, bFGF J&
TE RS Wnt-B-3E FREE 1 B0, BTSRRI A

FGFs I fb 1f) 32 7K 5 40 i1 4 £ 4~ 15 5 58 B A 8 6, Lb dn
Ras-MAPK PI3K-AKT PLCy L) J% STAT iifi j% 7% | Kay 21
WFEE & B0, BT PI3K 7] 2| 2 FGF-2 i 45 (1 1 2F 4t 40 i % 25 4%
R 20T, WA PIBK J& g g FGF-2 4 5 1 40 g T2 AR 1
KT #E PBK fERTT, FGF-2 15 o 5z 40t v T #0 jg i
9 FkH 2 A A 1B (interleukin-18, TL-13) 7] 5
PI3K ) /F F B 2 16 4% IR F -« B, A THT 198 FGF-2 3Rk, 2 5
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PI R 40 EndMT™) | fy g W7 L, PI3K 7E CECs EndMT 2 5]
FEAEA . Lee 2 {5 o & BL, FGF-2 i i 55 Rho(Ras # %
1% ) 5% Rho £ 3¢ ¥4/ ( Rho associated kinase, ROCK ) ¥ 42 1 #1 %
FIAL[F VR 806 Cded2 (Rho ZEHE LB ) , AT 3 3500 54 4F 24k
JRIFORS 1 B B %, 8 E A O AR e A SRy 25 IR AL, B B R
B . BT DL, FGF-2 1 7] i@ 4 Rho/ROCK {5 5 ik 121/ &
EndMT,

7 JE W2, 76 A AT 2104 P B 40 i 58 vh & B, bFGF /] 4L
¥ TGF-B {5 5 % [ 3 Wi 4% EndMT!! . Correia %:44] W,
FGF-2 HAT Ui, & 5 5 EndMT, il i o 5] 40 il 1 TFG-B1
1K EndMT, Bt , FGF Kk F Xt F EndMT {1 %) 78 H
WA R — SRRV R .
1.3 Notch {55 i [ 09 6

Notch {5 5318 6 & — Fp O T 400 e 2 5] A0 T 432 firk 7 388 1RO
2, 02 4 M 2 AT R B 42 i 1) 55 43 W, L 0 X R AR LA T
A6 R 3R A By e As , B TR A 3 Ak e AR TRy B
Li 251 A A 4h B 9% K Bl CECs it & B, Notch {5 538 B W K
CECs EndMT, % id 7 ] # Noteh {55 f& S 0 il 5] DAPT 41 1 ;
[ % B, DAPT JLT- 58 & B T TGF-B i § 1 EndMT, X —
MG L HF Noteh 5 515 78 TCF-B {551 N AL . )
4h, Notch BLiA Jagged-1 J2& Wnt/TCF {48 5L K, IR otk w4800, 3%
% Wnt {55 il #% 2 TCF-B {5 & il f& #8 v] LLBIE Notch {5 %
iE

2 CECs EndMT I #l 75i%

2.1 ] TGF-B {553

WHoE BB, B TCF-B 32 (R 5541 M SB431542 ] HLHL 4
SRR CECs TR M8 4k H 2L +5 P9 Bz 20 i A= S 0 68, JF W& MK 41
JiL 1Y J5E R 4T 3% 2 Y 2 3A ; ] B R B P s i SB431542 W]
DAL ARSI 55 F2 1 CECs 4E47 R 47 A 40 i 3 8L, 3 2> EndMT 1 %
AT KT, Miyamoto 257 % B TGF- 32 1% 45 47t 371 [) i BEL Wby
T p38 MAPK JNK FI Smad2/3 i % , F7E 0 ] EndMT (1) [7) B
LS I0 T PN R 20 L 1 ST A% . p38 A1 MAPK 7E P 52 41 M 119 45 £
JEBEE RN AT A R B ZE A /E T, M INK F Smad2/3
FER S AN ML 3RS R A 0 P LT TGF-B {5 5
3 3% 14 R R A5 S T R S 0 A B S Y 5 A o A S UE W] A
FH ROCK 38041 1 550 400 0 JIL 3 28 7 400 B 22 A DG 1 Dh g, 7E 42
20 344 A= 43 24 0% [) B BEL A 200 FfL R A% P, DT O B8 T 400 M A S
BRA LA o X A R EndMT, [ B2 3 CECs #3448 312
BT T
2.2 ffif] PI3K il 51

Nakahara 25 B 55 vh % 31, {5 B PIK3 [ 300 46 31 LY294002
R BT CECs (38 A4, {F i AT N 28 8 7] 52 0 T 48 it 3K 15 19
SR 7RI MSC-CM A 3 % % p27, [W] i #% PI3K #1 ERK1/2
WA RN CECs f 38 Az, H 2 45 9 % 1 58 BT &4 5 9 ¢ 4IE 43
T Fe BN L fy gt a] WL, PI3K o B A WU A 1T, 2 5l sk
PI3K il 70 K 4 ] EndMT &5 it — B 0H5%
2.3 3 siRNA T4 pl20

B p120 IR 15 515 FIR 4200 5 5 8 1 4 il 4 i i
A A, siRNA w2 3fF p120 [a] 4% 956 5 , AT 3 36 p120-3% B
5 11 -Kaiso 5515 5 72, i HF 40 2 1% 4= , ) i 36k 2 T Wni-p-
YE PR 95 AR A EndMT
2.4 {fi il LGRS % Hfic iA

LGRS JZ 4 # CECs 528 M S8 20 T, J2H7E & 3L Wt
F 5 B H bR R . Hirata-Tominaga %51 % B, 45 4% 1
LGRS ik Al 45 CECs 8, I3 i Wt i 7240 1 4 5% 40 i
EndMT, pb4h, H sk 7 CECs 342, I FLif il i) Wnt i& 4%
M EndMT. %F LGRS MW A A%, H Wnt il ki 25 T
EndMT 9 2 1, PG R 7 4 15 TR AT
2.5 ffi [} Notch {55 1% S A

Li 2519 % B Notch {5 5 15 G 4 i 3] DAPT JL - 5¢ 42 Bl b
T TGF-B ¥ 5 1) EndMT, Notch {55 {4 F7E TGF-B 5 54 3
il Wnt {5515 5169 T iig, B0k, BLIBT Notch {5 5 15 3 s iF X T
24 M B 4 2B S /N
2.6 ifk Connexind3

Connexind3 ( Cx43) J& —Ff Ml R iE B HE (A, " Z KRB T
CECs"™ . Nakano i’f%“”?{*@jﬁﬂ*]ﬁﬁﬁﬁ“{:‘ﬁ}m, G Cx43 R
{ELTT LA 36 K B CECs s, LA T EndMT, 76 Cx43 pifi
HEAL b p27 f9 8 Th AL T S A, PRI O AR Cxd3 4l [ e
6 T p27, BT A2 HE 1A 2 400 6 119 386 7 . Dai 457 B FE 4138, Cxd3
it Smads 4§ TGF-B % 55§ . TGF-B-Smads {7 5@ % 5
EndMT % BJ 1 56, 3X 5 Cx43 1 EndMT $24¢ THE 4
2.7 R 4 R 2 1 A )

Ho %7 B 32 4 CECs I %2 B, 1041 3 % 4 IR 76 1 I 375 1k
T B AR EndMT 38 55 8 19 K 7, )7 38 5 5 4 B 8 1 EE 0 ) )
Marimastat A] J1 5 Wt {75 558 % 56 5 i 45 7] B - R 2 11 10 9 1k
AL IR o PRI, Marimastat A i 4o 32 /25 20 M 1= 42 K N-
50 256 2 11 1 7K ST A 3 00 40 86 O i — 2B 5 B3 PR 1 I
W EndMT, 3E A0 i N-46 56 28 100 W A 7 40 51 ) AT o]
— A S B o IR R B, BT B 9 T 4 Marimastat 401
1 LA I P B2 94 VR 5 46 0 BFGF i 5 1) EndMT, 3 3%
A A1 R )3 A A A R AN A EndMT SR 4 T
B
2.8 i FHALUIR I AR 2 - R

Kimoto 45 BF 58 7% , B0 VR 1l R -2~ R 1l BHL A5 EndMT
L CECs {3 45 2 5 B0 3 A8 3 A2, FCAR W] RE 3 5 4 47 4 1k 1
DNA 48 #5 Fl b 8 T 40 g 4 K I T (hepatocyte growth factor,
HGF) e R HEAE T, Hp HGF BA7 {2 HE CECs 394 1R .

3 RE

EndMT 25 ff [l 19 5 B 2k 42, 4 4k ) CECs & /E EndMT
F, 7 240 M0 S0 TR 8 A T R T 4R 6%, DA T B 0 T e
HEWE . KI SR CECs BRI A 5 & 4= EndMT, S (A 51
1 LA CECs R & B AT o BAF Ok, 71 b o o O 0F 50 T
EndMT (%5 7, 42 1 T A EndMT B % A4 HLAH 35 K 20 i 0%
PRI B 224 0N A 5 3 B, X 6 A I AR R A £, A
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