Int Eye Sci, Vol.26, No.1 Jan. 2026
Tel.029-82245172 85205906  Email : 1JO.2000@ 163.com

https.//www.ijo.cn

- kg -

AER R EndMT % £ ¥ $I 0 iHE

Frecg? g 2

SRR ATr3E 2222 MR B 4RI EndMT % A2 HLAHI A BT 55 i
JE. EPRIRRL L, 2026,26(1) :35-38.

EETH . AR EEART —R W ER KA £ T H
[ No.2018FE001( —010) ] ; z= R 44 MR #8295 fe JK B2 2 v 0 1 B
(No0.2024YNLCYXZX0335)

fEEBAL.'(650034) PEIHMARANE - ARER BWE
B EMHE H 2 E B ;% (650021) H E = A BT, = M K2
B S 5 25 T 2 MR BRI I PR 52 Tl

YEB RN AL Bl T RWER R 4, R E N, 5
77 1]« BR FRBE  HARG

BIRAEE 222 BEEN, A4 S0, lilan@ kmmu.edu.cn
WeFs H 5. 2025-02-16 B ln H . 2025-11-21

mE

SRS B2 40 ( CECs ) S22 T A i die N = 1 — J= 4 i 45
Fay BT AR A A W A OR 5 L o D) BE A P43 | B
BOPERT S ORI, — g a6 1 7T BE 15 I A 1 P9 B 40 i
47T P B A 8 TR AR 2 2 T B AT R 2 A
N B I REARANAS , 5 RS A BB I R g T e 2 g P £ 5
RAREA AN B A AR B AT EE G777 1
e BRIE I N A AL AR B = | A RN B AR R o A T 5
WFTER IR, AN B 20 AE AR SR 3R i R v 8 5 e HE
FFIBE P B 18] 78 5 5% 4K ( EndMT) |, 3 2 — i 20 Jifd 36 84 5 A
AR, AT P20 B AR 25 FRCA 1 D REST 3RAT ) 72 i
AM A RAAE . EndMT ™5 ] 24 25 {4 1 155 P4 e 200 B 1) 555
F&, SCEEEE X EndMT 1375 K PR R A5 5 18 B 2R 47 25
A, AR SEBNA B HE R S I R T R 2%
SRR« 1R PN B A A1 R PN B ) SE RS AR (EndMIT) 5
AR IR T 5 £ 5
DOI;10.3980/;j.1ssn.1672-5123.2026.1.06

Advances in the mechanisms of
endothelial-to-mesenchymal transition in
corneal endothelial cell

Ke Honggin'’, Li Lan'

Foundation items: Joint Project of Applied Special Research of
Kunming Medical and  Science
Department of Yunnan Province [ No.2018FE001(-010) ]; Yunnan
Provincial Clinical Medical Center for Ocular Diseases ( No.
2024YNLCYXZX0335)

'The First People’s Hospital of Kunming; Affiliated Calmette

University and  Technology

Hospital of Kunming Medical University, Kunming 650034, Yunnan
Province, China; > Affiliated Hospital of Yunnan University; Yunnan
Provincial Clinical Medical Center for Ocular Diseases, Kunming
650021, Yunnan Province, China

Correspondence to: Li Lan. The First People’s Hospital of
Kunming; Affiliated Calmette Hospital of Kunming Medical
University, Kunming 650034, Yunan Province, China. lilan @
kmmu.edu.cn

Received :2025-02-16 Accepted :2025-11-21

Abstract

e Corneal endothelial cells ( CECs ), which form the
innermost cellular layer of the cornea, play a pivotal role
in sustaining corneal transparency and preserving visual
acuity. However, CECs are vulnerable to damage induced
by a spectrum of pathological conditions or traumatic
injuries. Once the density of CECs declines below a critical
threshold, corneal endothelial dysfunction is precipitated,
ultimately leading to corneal edema and progressive
visual impairment. Penetrating keratoplasty and corneal
endothelial transplantation remain the first - line
therapeutic strategies for managing advanced corneal
endothelial dysfunction. Nevertheless, the global shortage
of donor corneas severely limits the accessibility and
scalability of these surgical interventions. Consequently,
regenerative medicine approaches targeting corneal
endothelial repair and regeneration have emerged as a
major focus of international research in ophthalmology. A
key challenge in the in vitro expansion of CECs is their
propensity to undergo endothelial - to - mesenchymal
transition ( EndMT ). EndMT is a process of cellular
phenotypic transformation, through which endothelial
cells lose their intrinsic functions and acquire the
characteristic features of mesenchymal cells. The EndMT
significantly impedes the clinical translation of in vitro-
cultured CECs for regenerative applications. In this
review, the risk factors and related signaling pathways
involved in EndMT were summarized, aiming to provide
references for the basic research and clinical treatment of
relevant diseases.
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(500-1 000 cells/mm*) LA, CECs £ %% L1 BE Fl J5# [ ) fig
BRI Bz 401, & Ak M N B ShRE S0 MR F A
S H AT AN B R ACAEAT 2 A 8 ik SR i i
MR B = 58K B AT AR F AR B KRG E 5 £
RAFIATT B WA RS X MG T LS. AN B A
=22 I 24 R R R R i — R 35 e ok T &2, {H & CECs #F
AR % i B v 28 5) & 9 Bz T8) 38 J5 % 4K ( endothelial -
to—mesenchymal transition, EndMT) il A1 FE KA CECs
MYREFR . EndMT J2& — 5 22 10 AR Wi ad B, P9 R 400 fifg 2k
T O SRR R Y, i o 8586 8 1 (VE 45
FHAE M) IR ARA ) 70 5 Sl LA 2T 4 40 i A, AR
P, W oI UL & (a-SMA) Rl T B R, M
HAEM TR F ,TE EndMT 1F B v | N H 19 52 5 1 ok
I, A R I S A i 22 W4 R 45 LA R G
SE TR A AR R RE B e S 2K R Sk AR
AT 205 B0 IR R N Kz 2[RRI S 2T 4 g
(retrocorneal fibrous membrane , RCFM ) , 5 U JE VR 1l AT
JIREES . CECs —H %A= EndMT, K 3 £ 5 P B2 14 9 1)
AT B KR I SR F) . AE CECs AN 20t
e EndMT &3 3 4778 A BR G, 3l K 24 1 1 RPN B
AP AT, A SCERRT EndMT %2 A2 45 Fhids KRBT
K AESl EEIE T 4R
1 EndMT BiF & E &
1.1 REMEETF ZFRIEMMEFE T E B0 E N CECs
K EndMT B9 S50, e AT n] b/ W R 4R A i) g
MMEE S, HEEM EndMT i & N FEFEH 0 E
KHF B(TCF-B) fE R4 FH MM N K 18
(IL-1B) Il &T 4 41 i A= 4< [H 7 (fibroblast growth factor,
FGF) , ANERTE NN B R , i o B 4 e A e (fu
FhOMELT Al B 2T 4 Ak Rl 41 4E AL 55 ), TGR - Y E
B2 RS EndMT 3 R 1A% 0 f o

TGF-B MHEEALFE TCF-B B & & 4 & A IS
R, ENZ 548 A B0 e fgd 1o #, i mT
DIHWTHA R S50 EE, TCF-B 2—M&5%
b2 i 2o R ) A K TR 7, LR 38 A7 B e SR Jm RN R 5 18
B, AL A2 AR B T HE B 3 B B B H g Sk
TS G, KREFIREM TCF-B 123 58 A48
W EndMT %4, Zhu 25500 EndMT S i 4 52 20 i v
TCF-B {5 51 SIS )8 sh iy i 72, J2 14 2218 M 1 45 0%
LTRSS O IERE . Zhang 257 ] TGF-B1 b BB
ik Bz 40 M m] DL s S5 N B2 48 i & 4= EndMT, Takahashi
AR N T T i 40 S Ao R AR /0N LRSS 289 b % B 400 461
TGF-B 15 54 F RN AT #1] EndMT A9 &4 . Jacobs AT
W 2 4k Ak B B 98 b & B TGF - B 5 5 1ok HF i 48
Smad A3 % e AR 28 S J% 0 0 BIR S0 B I PN A 4N K
HE EndMT, Aouimeur 25U YEAF ST A CECs 1 JR AL 1% 35 h
KL, TGF-B1.2 F1 3 7E A MG 28 LG A fs &0 vl ik 3 A
CECs &4 EndMT., A TGF-B A =FhE& 4145 TGF-B1 .
TGF-B2 il TGF-B3, CECs 7E{K P F ik =Fh TCF-B %
R Bk TGF-B He BE X CECs f 38 58 F 431k 47 25
TP, R AN, F S RAEMBEHEF, W IL-18 IR
e F—a( TNF-a) F 1L=6, 7] figif i 2% [H F-B( NF-kB)
fih % TGF-B YRZf EndMT' "',

JREF AR 1 R F 2 (FGF-2) f&— Fh B A7 e T
FRR S 2 A e R — R 2 T AR T T
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25 Z R IR )2 Rk 28 SR 2 20 B A B A 1M A RN )
fb, C2E FCF-2 5 IFh RS, 43 F &~ 18-34 kDa,
FEMFLSh Y, A DU Rp LA i SR T S M 1 B R FGF
ZR(FGFR) , Fe R4l A M sz 1k — RALJG , 0 245 #4) 3 A
TSR B Sk I A R IOE 4 A SR R R
1% : Ras—Raf-MAPK P13 - i — Akt {55 5 5% 5 245 R % 4
7, FGF-2 J&7F CECs 1 LEL 2 1 EndMT 1 B #: 4
B N R A h FGFR1 B 3 3k 527 3] 4 6 48 5 0384 1
S A0S IFN—y TNF-o A1 IL- 1B, T S BOL Rk B2
R 3 e B OB A 4N P A 5 A TR FGF SZ AR
20 BN B2 40 F 1Y £ T FGFR1, A J 2> N B2 FGF 4511
R RO TCF-B 5 5% %, 33 EndMT, #£4rF 7K
Vb RIEERH) TCF-B A2 AT AL AR R8T 5 1 ¢
AL B T FGFR AY 235 T B SR P FGF 55
B FER, FCF RS SR I IE R F B let-7
miRNA FHE A 51 7K B AR 29 80-100 %, Let—7 miRNA &K
TG B 2 R R LA SCHE TGF-B B Y 35, A
& TGF-BR1 Ml Smad-2""" | X Fh FCF/TGF-B H A 17
TE N HY EndMT & 8 B9 M B ARV 2 RSN FIHA P 52 56
SR EE

IL-1B J&—Fh EZ AL R AN 7, 78 A 5 S8 5 4%
ORarETREEZXERNEM, IL-1a A1 IL-18
P10 2 S A A FGF-2 B A BB, Lee 2511
W R B IL-18 il 1k P13 -3l 19 7E X FGF-2 1135 &
W 112 5 CECs I EndMT, Lee 2" BF 5834 & B IL- 1B
SHAZRAE N CECs F 045G 55 AP-1 Fil NF-«B &
RBEATIEGE , HETT 3 FGF-2 A9 3% 35 FIZ0 i 3F R 1t i
KT8 T RAE M A F 9140 TL-18 . TNF-a Al IFN-vy,
28 TCF-B SZ R A 4 i 35 3235, e i & 19 J& TGF -
B2, HiHe g nT 44 i 50-100 /5" YA 2 i, 2%
FIZ0 i (PMN) 2533 AR B3 A A I 4H 21, PMN B Y 11—
18 PG P13 H e, JF il K {2 i FGF-2 B4 AL,
YER EndMT B B34 Bt . FGF-2 3@ ) PI3 I id 42 ok 48
SR EE R JESE EndMT FIFEAE VG O ATS .

S PRI IRBE AT AR N R AN MRS Ak AT 4 4
JHE NS JULZ0 AR 0 Y, 2 0BT PN I AN £ 4 Ak T2 B, IF
5825 A ] WA
1.2 AR E  CECs A BURRE & 202 2 3078 40 i 322
it O 1), 3K 4 41 5 0 4 200 R BT ) G I 3 3 40 i
AL, Z0-1 A N-F5B6 8 2458 25 40 M 1] % 2 figk
P0G, A0 AR IR0 2 0 A , P9 Rz A if B 2 P ' B R oS
WIE AL A RN IE, WLsh & A 4l e 28 41, &4
EndMT, 540 0 HA AT 4E 40 i A g i e . CECs 2
B FEEARORSE AE K, B0 240 e 4 R L IE B T A A
%5 CECs R 78 d B2 b il 27 4 40 M 55 1k 1 % 4E . Peh 251
7% B0 AT XS AL £ S T 43 B8 A9 N CECs 52 %8 B K v A
K, SRR 40 M 25 5 (2 500-5 000 cells/em®) #H [, &
CECs #EM 3 FE (20 000 cells/cm® ) 23 5 S00 B2 F42: i 410
Tl B CECs , 5537 H 8 25 08 F3r A= RS B9 79 Bz 4 i, i
AT 10 000 cells/em” 3R B H] T AL CECs
B BALAR
1.3 B AF 5 MGE &0 LU S N R 40 i & A
EndMT, Feng 25" 5% T Raf #5711 (RKIP) 75
T PR A 0 35 A B A I 45 P B A0 A A S T
EndMT HAg1E R, 4555 % 30 RKIP XF 75 258175 5 00 A0
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R =S RO R A I a2 AN (1= )
EndMT BA G AEH . Zhang %7 0F 53 th & B0 = b n]
DA A D0 FBE AR 0 5 PN B2 A B o= LB &
BLET ANy S B 1 (AR S100 45455 & 1 A4,
S100A4) . £F % & 1 1 SNAIL (% 3 ik /K F 88 I, i &
EndMT,, 3301 51 AR 5% 1 36 B, B8 PR 9 B2 B 4K | CECs
B 245 P RT3 i 22 3] 1) M R , PR T2 AR 5 A B i £
DR sl g
2 CECs %4 EndMT BytE%(5 5@ %
2.1 TGF-B/Smad {5 5@ TCF-B #IH LM A Smad
B AL R & 38 B, 2 EndMT, TGF-B A 3 ik
5 B TGF-B1  TGF-B2 F1 TGF-B3, BTl it 5 TGF- 1
Bisy TGF- 1l BZ AL SR RIEE 5,5 R T
Ui Smad fKHPEFIE Smad KBHE(E S B ligte
Wit TGF-B & 15 TGF- 11 #IAZ 4K (ThR 1 ) B4%5 4 i ik
{6, ThR I J&—F Ser/Thr W, 1T #5AR 1L 1 214k, S5
Smads Bifia ik > o Smad2 I Smad3 #1 TGF-p {550,
Smadl .Smad5 1 Smad8 Wi i B & 25 & 4 & 11 ( BMP)
Smad 18 - B AL SR T RO ES 045 Snail % 55 30
K7 \ZEB %% 53 PN 7 F1 56 A B8 BE - 35 — 2 5 ( BHLH ) A F,
4N, Snaill F1 2 W] E-F56 8 (A5G %, 5 B R
BB T R 200 B 29 ) o 9 LA B 4 P RS RAR 8 A e
Smads ELHE4E i1 22 5 (8] 70 Ji 6 AU A DG 9 JE B, I 4 34 4R
F T AR R P, Toda %77 WFFT £ W, 7E 14
AR IR0 CECs Wi A 3 #% PE TGF - B 52 {4 # il 51
SB431542 Al A % 4EHF CECs BYTEASFIINAE | BRAK T AU i i
LR 2 23R 3800 EndMT B &4

TCF-B ARG AE L M5 515 EndMT AHC, 2
FEY M A5 5 A0 OC BB ( Erk ) — MAPK , RhoGTP [ F11
PI3K/ Akt 3 [, %26 3% 42 A9 3800 7T LG #8F TGF -8 45
B B T R P 7 AR olGE S B R L AZ 1R 5 Smads 1 AH B
VeI SE R, Okumura 25 ffF 58 UE WA 4% 54 ROCK #1714
# Y-27632 X} Rho/ROCK {555 By il i it 7 M CECs 1Y
ZHBE, S0 N B2 R OR T, IR A R HE T CECs B3 5
AT A i S ff B P B2 T BE R G B B R CECs 5
Y-276328K A B At 2 i B A AT R Py b Rk & A R S A
ROCK 11 1 7] 38 w] DL 08 £f B 9 B2 i 45 100 i 51
Kinoshita 25 75 11 {0 K601 FA BE9pE A8 Y 5 35 1 D vh o S
7RH0 ROCK #1I#] Y-27632 53209 N CECs J5 &, 11 H
IR Hic 53] CECs 2 85T 500(947-2 833) cells/mm’ , H:
10 HIRFEAY CECs BT 1 000 cells/mm?*, £ 55 &
/NF 630 (489-640) pm, A 9 HR B AERFIEL D42/ T
2478k 2 17RA 1, TGF-B #0772 H w5 Lot e 2
e A RN I PR B £ B EndMIT 101551
2.2 Notch {52188  Notch {52 B 7R T RARSF 1Y,
TENRNIG & B & BEAE . Notch 55t ] LA i 41 414
Vil | Fe i Bz Bk A CECs #4455, Zhang %5 BIF 5% & 3K
miR—29a/b 7£ A W0 W) B8 G 1l 45 P9 K2 4 v 4 g 3R 75
Notch2 A FFHMHI = A 1 EndMT, Li 22 5058 &
YAIESE Noteh {5518 #6255 CECs B9 EndMT, JfIF 5% Notch
PIdIF N-[N-(3,5- " KL OWE) -L-NE R
) -S—ZE A F WU T TS ( DAPT) A 58 4 FH T K Bl CECs
KA EndMT, A6 T F IS LA IE B, i AT WL, Notch
{EEE M2 5 T CECs EndMT 19 &4 3 #2
2.3 Wnt/B—-Catenin {5 i@ & Wnt/p—catenin {5530 %

LRl N R D NG U E I OB W S AN 1 U7 A1 B/ D
B—catenin & Wnt/ —catenin i f# [ & Ui &0+, AT 38 4o
B —cateninf FR 1L 4 b5 J5 7 B R # 38 (GSK-3B) ki,
JLIF 5T 2 B Wt/ B —catenin 3 [ 7E EndMT Hif & Z AR
H, Wnt/ B —catenin HH 4 AF 5 09 G /75 EndMT AH G 3
H RSB, & FR@AMREEIFIN G & MEKZ K
5(LGRS) & Wnt {5 5 f& 53 % () 2 55, LGRS Bt &
R-spondin—17] i Z 1 CECs 3448 , 31 i Wnt 38 2% 1)
il EndMT™ | 3845 B9 % BLAH FH 6 26 1 B ( EDTA ) B 36
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PRV Sy LT 2 A0 AR TR 3 b 2R 8 A A8 2 Bk UF R
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FERY IO 20 Wt (5515 S 8G mis =
3

CECs M P24 — B LR 02 IR B 22 0F 58 1 445 (E:
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5. BHr TCF-B {55 1% 5 Al B2 IR YT EndMT AHOCHE R
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