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Abstract

¢ Persistent corneal epithelial defect (PED/PCEDs) is an
eye disease that fails to form corneal epithelium rapidly
even after 10 - 14d of corneal injury. Corneal protective
epithelial destruction and stromal layer damage can easily
lead to eye infection, stromal ulcer, perforation, scar
formation, and even blindness. At present, clinicians still
face considerable challenges in treating PED patients.
Standard treatments such as wearing bandaged contact
lenses and using artificial tears, while newly developed
drugs can promote the formation of various growth
factors to re-form the cornea, and further cooperate with
the corresponding surgery to provide innervation for the
cornea. In order to achieve the effect of treatment. In
addition, treatment should be carried out as soon as
possible after the diagnosis of PED to avoid secondary
complications. This article reviews the epidemiology,
etiology, diagnosis, clinical manifestation, treatment and
prognosis of persistent corneal epithelial defect.

o KEYWORDS.: persistent corneal epithelial defect;
cornea; ocular disease; limbal stem cells; epidermal
growth factor; amniotic membrane grafting or transplant

Citation ; Liang RB, Wu SN, Shao Y. Progress in research on

persistent corneal epithelial defects. Guoji Yanke Zazhi(Int Eye Sci)
2020;20(10) :1726-1729

03l&

B IR A S A2 3 D)2 B RN AR 199 SRR
AT CERF ST HAT S B R AR b BRI o A R A A )
T B A AR ] . 22 )2 fA b B 3 5 AR 208 4 i
) P B 8 L B T R AP B B 1 4 L e e 3 ) 400
JE AW R A 20 B R 2 A O T e R RRs
AR Rz B 4t ( persistent corneal epithelial defect, PED/
PCEDs) 28 MBI 5 10~ 14d N, £ 3% T HHR IR YT
Je , A B A BB T E R A B I LA T B0 — A AR
BRI o IRBHEE AR R I PRA2 i i B v d i D By R
Y L 4 M S48 R A7 TS L B B . A2 A0 A AR AN SRS
KEHGST, & PED J5 ¥ 23 S 80™ H A IF & AE , QiR &
Y R B  L ROR S RS A
Jrad R rh N T IH R 1A 7 IR AR s i 90 B0 O s 22—, il
H I IEAS WA B B 8 B AT 8OE 9T ik . A LB TELR
& PED 67 BYBFIT R
1 RITIRFE

PED [ AR AT AR AL, MR A 798 S 9 s 7E 56
FEI 200 BEAT 0 &0 ANEOAR 2] 20 J7 41, Rt PED #9254
— AR DL A, AR IR 92 AT F: 3L PED | A



Int Eye Sci, Vol.20, No.10 Oct. 2020 http .//ies.ijo.cn
Tel.029-82245172 85263940 Email .1J0.2000@ 163.com

% IR B AL S OGRS B Btk IR 2 1
AE R 20.7/100 000, 5350, 763 H M B A G &
e PED B9 129 A BEAE 7558 1], i Jad v 3 B A4 7] s A
JG KM PED (955 5] 29 O R 4F 2480 ~ 5257 4, 4 Al it
47% ~ 64% HIWE DRI 835 23 R A B DRV A7 s . PRI UtL A
JIEERS HEL IO PR E 3880 T 5 PED B9 RUER:  Bedlr — Wi 6
T BER A A S5 e M £ B2 48 3 1 A B R e 1) AT
W SE R s T AR BN R e i XU PRI 3R A 3 60 %
DL Pk BB LA > Omm | 20 AT s 2 M R KU
s FUEEAE B9 fR 97 2 L Bk Ah, B T BB R VI BR AR S PED
F) A ARER R R TAT R AR TSR A 118 FE 3 AL 1 T A T B
LAY
2 fREE

1E PED (0% K 2# P b A DF SR B 1 e 40 A 25 B
BB ARG T A B = RIS A
Rl AN O A BT, NS i A8 PED AR
W5, PED 055 A= B 22 BF 50 30E B ol 2 24 240 i o B 4 B
S| RN T ZE AL, TS BUR R B B i — 255
M BE 7 .
21 LR A FEBERBE LK L R A A E O R R A
F7 e AR Al RGBT T SRR L b R A0 2R A ke o
FECHE B s 7] R ECGR PED ARSI I, 052 & 1 #A R g
feAn] S 80 T 4 R B B (matrix metalloproteinases
MMPs ) [ 35t 7™ A DT B IR 56 G JBE, A IR I Bz 40 it 5
S Z M 4T 4 32, T BUE PED B3, 1L4h, /i
BRI Bz JE R IR S 3% A R (epithelial basement membrane
dystrophies , EBMD ) ] 5354 iU %5 &1 J56 i 152 A= 1 T 4B
I ZE 1 Ry, 5 | 3 G IR g RNk & PR P s A IR
A A] S 30 PED , H i PRI Jay 40 R IR0 W BEL kL B 4 A )
%, T B 4 M 5 35 R I =2 1) 9 24 20 /AR 8 B AL
AR, AR IR AL | B% IR 25 2 255 PR AR M AR AR RO A2 |
KA AR A e 2R A B = FURIRIE 138 Al fig S 30
PED, 5t P 1 2 58 5 JEE %) S T2 I AN =5 B ATL A 0 ke i
22 RIEZTHMERZE  MMES B 40 ) 1 B8 F A B
b T LR FE AR AR b R A IS AR A O
R, £ 18 2% T 40 g B = (limbal stem cell deficiency,
LSCD) #3358 | Bz -4k Dy Re R i | & A= B o v i IR E
B PED I RREE IS B A= 8T BUAE ™ A IR T
0 Ak = 19 DL 22— SR RO S E TR TR A A K
FEL AT 5 1 A B AL A7 48 0
2.3 REEMH A E YIRS Ok 2 T B R T 40
HIFEE , N ITTSE M b B2 40 AP AE KO o 3 SE ALk M40 7 £
FEHR PN B S B IBE R G 52 2 2 2 0 A s 2 | T 42
SRR N AR R AR, PRI, G R b B A 4 s
JERB T MG T M A R T, S IE L PED,
24 MEEFMRIE MBRHEZ M AR LN NE
HAZ—, = SOG43R A 28 S0 3w IR il
ZEFRF ORI I E TR, = & 305 5 20
FEC IR i DR | 15 AR BB A B RN R, AR B R 2 3
PC 1Y) R K 25 T B IR ZH U8 P | #f I b B2 20 i 52 460, A
5 | b R A i, A A AR R IR AL PED
2.5 RIERM  IFHIEH T 41 AR F an i SR A+ -«
(tumor necrosis factor —alpha, TNF —a ) FI FH 40 g /v & - 1
(interleukin—1,TL—1) 0] LIIE 5 50 v 5 SR K A F
B AL TR A - R 20 B i S A AL RS, s A KA 7
o, A] DAGE E 2 1 Y G B, 0 MMPs AR, 3 S8 P - AT

A R o O L G SRR A PR e i 5k AR, T RE S
SRR . TR SRR T A Y AT SN, TR
MR A B R VE N | TREE AR T R ARG AL
A HER RO SRz VEF IR BB Rt K
KT R TNF-ou L~ 1 FUH A 5 5E 41 i A 55 = 3% 1
ik, Z R SE 2% 1 T RE T B R 18 S AL, T |
# PED,
3L EIERFMN

i R E T2 Wt PED 1977 E AL 45 HIZEOGHE T ok
I AT 10 1) /IS A7 DA R TR B T TR JE R A 1
SO R T S A IS 1) A B B b i 40 e 0 6 B i
e P B A 12 W ao e v W 2355 5 114 I 6 396 1) 42 B , 4
B FRE PED J (0 AT BE 23 P & 1T 55 RAE IR I IRHE | £
IR JR i i I A5 MR SR 5 1 A b R R S PED 1Y
D A T A A 0 5 A B e s i i e e,
WA b R AR 7~ 10d 523 H BRIl PED BV 422
2 UAREIR YT AU T AHSC RO B, AR 2wk e U dE LU
p O 1107 NV o e S A OB U R AUVAE W R s
Z & AFEA I e BE PRI | S R G DI RE R 15 | £
JEEYACRR B T AR B R RE A LU — 202 b, I Ah,
LSCD T2 PED , ]38 o s AR 05 10 2 51t 3% e € i ) £
FRIR B e L) T BERRRE B S AR 2 A A EO6 TH K
AT R M ETE ARSI T2 W, I R s
LSCD 3 vl fE th U AR I | ) SO AR 1A B
ALY AR
4 PED HiRgfr 5WiE

TEIRYT PED [ #2288 N AR 12 Jm IS R 52
TRYT (7~10d) , ARG 2k PR IF KAE , B4 fA RS ak e XU RS
B iR BRI AL T A= A B A R L 2 A A
FLANTTEE AL 132k . A, 7EH Z AR R Y7 (10d) )&,
QUAVESE2dnll W) EE S P A DS i il e 2 2 (Y7 N V32 R )
ST AN b B84y A 0 R ek R R PED, H
i, PED HNRSTAISRAR A2 J% AR AIR AN [R] (46 A A 2 Fhia o7
TR IR BT TR R R RS Y
YERIBL . AERAYY J5 R 2 H 224 oAy b Bz
20 B 1) A7 B b R RIS M TE RN AR AE SRR RIS E .
TR 2 v, PED B H WA R 2 R KT 2
ARG A, LA P3R5 i AR A A R
4.1 FRAERYT  IAYT PED B, E SN A AR I RAE IR
ST REROAG A, FEXPIETR YT . A £ PED AT LR
P A 22 A R B TR T W PR P A B 5 2 T M R
FRIRYT 7 58 s RIEVE AR T 2R FHPUR R R YT 5 LSCD 1Y
BRI AR ERA AL T A MR A

HHTXS PED F5 HE TR 7 75 B — 06 17 7k (0 o 72
MARSFIRTT T b, R ORI T SR AN 1 3k 75 22 5 31 N
FHOMRHEATIRTT . NRFESOMRI IR TT 7 2 A 46 B B N
BV R E IR 43S ( bandage soft contact lenses, BCL) ™, 2R
THAZE WERIAR I 4E G ARG 107 i), BH 1~ 2h fif
FHAS B B 8 500 9 N TOHWOR IR B e A7 . (HE R A
TN R HEAT VR 7 B 0% JE 3] PED (19 BS % 7]
R, QIR R (R IR P RS2 m RE M IR A S B i 2590
WAL SRR S (R R EBER M Z A R) Tl
B 2 0 S5 LT A X Se 25, 7 1 R AR SR BUE T
MAEST ' o ARUETA T 1T — 25 02 R I TH o5 %€ 3 5 i
YER AMIA B S A i 2 R A K 7 S R B AR KA
F ( epidermal growth factor, EGF) F# b4 K H F -8

1727



EfRIRRIZE 2020108 &£20% 105
815 :029- 82245172 85263940

http://ies.ijo.cn
B8 F{57%§.1J0.2000@ 163.com

(transforming growth factor—B, TGF-B) il - 4E 41 fg A=+ A
F (basic fibroblast growth factor, bFGF) T4 g A= < K -+
(hepatocyte growth factor, HGF') RS E AL R K A%
B AR A Mg R CY ks A K R TR AR 0 A R
RS

BCL B A2 B R 77 9 N TAH W AT AR &R 093697 7
ZA B TR AP 240 0 E R 20 it A2 TR B B2 2 3 i ) AL
Pt , Wi IO 4 1 b fe iy Fp A F ] B fet A i)
TEVROR Jay 38 T 35 U AR R A 2 e TR e 1 A R Y
B2 AN R RR o A R A Ao R b LR R Y 5
—FRBR TR 7R SR, AN b © IR B 2 i 4 1
AE, IF AT RE S A B 0 R G A, TR I X 3 MG o O v
(Y7 R TF B R M . T, AR I R A G 81 43 BT
ZBUIM AN R 8997 30T REAS G BCL,

HMEFFARANE QIR R 2 58 6 R % T 2 8006 v
PED W] DGR B AR & 0936 97 B8O . i B AR 2 158 15 R [ E
1Y B E ) b B 22 DTS T 14 R 200 i 5 % 3] £ 5
M, WAEG AR H 02 A G i R LI D #1522 85 T
o T30, I I S5 B AR Je —FhEAERFIG R4 & 6wk 19T
ARIEFE, BR TR HANEEF AR G IR, b nl i 5 A
RINEER 2R LI, DOtk 203 A RIS R0, it
A TEFBRABAMG T B i A 2 v S50k s T 15 et A7 I
TR RE RO b B A S R T P U P s R T A
RN ZEFLE L ph b4 BT 5 D9 04 R I8 IS %t T PED
MEWATREA — & RI7RL, TR TRV R s A =M
FEFmEL AT T PED BUARIEIRYT . FIRIOER 22 R 3K
PR A e, 3] b JAE R 7 A2 9 MMPs 376 14 1) R
FH PR F1 R DY 26 3R AR B N IR YT PED AT — 5 YT AN
] BCL Bfs AE T AR YT A BB I, ] Jay 4 £ 1)
PUA R, LA Ty A0 PRI, . R A W B B R TEIR
7 PED 2 R AR L, PR IZOR 7T RERIR b 42
SECEL T R, T A T BE 3G I AR 40 T R g M A R AR 0
BT BRI, B R T U8 R AR TR YT IR M A R | s
iy~ 2y b 255 R 0 S 0 M A R4 5 48 B S 20y PED )
EH AR BEAE R e I R AE TR YT s A SO -2
HERGAE | A RS R HE R SN AT R LA R R L 2 A
B
4.2 ¥R 14 PED AT
421 FRBHE X —BERRUEST AR YT IO TR
MEIE PE PED 5 91, I IR B2 AR AT RE 23 ok HUE R R8 A
(amniotic membrane grafting or transplant, AMT) [ J5 7% i
FRGIT . AMT 2 HEMIXTIRFB (40 PED AR @& 1 £
95 ) TR TR A L IF T B bR M ZE L, ¢
B A r 2 A K W[40 EGF, £ 1k 240 M 2E K B+
(keratinocyte growth factor, KGF) | il £F 4 41 g 4 K A+
[FGF2]) 1 il 0 ] 550 125 b AR 1 £ FBEA%5 11 5 10 2R
Flo SEREAAT LA f BT b R A3l — A S i ]
DAL IS B 1, I B TR Ak . PRI, 3 5
W LT 4E R FUBORG 78 048 45 7% BCL I, DAL L& BCL ik
FAIF PED MRCR . 2B FIRYT LSCD, LM
ZAR RN SR, A MR IE AMT A5 AT RE
BT RAE , AR AR B, AR R A B I IR T
i AR i
422 AFMmME#HRKE AWMETEATFZERKRNT,
WIEgEA R A 4R E EGF TGF-B i/ MR A A K I
F(platelet derived growth factor, PDGF) Ji& &% R EEA K A

1728

F (insulin—like growth factor,IGF) e K K F e ek
ML ER A PO, w0 00 LA B 20% 35
50%VE i IR, I HLAE KA HT 3h K 10038 T HR BB 7
PED"™ I RGEH /my 7 8 Wtk o e o A 008 FH e i K
TG I AP T IR B R L AR 1 35 T IR VA 97 PED 580 Sk Bl
bR R T Ak 3 R R A Y R R ARl
FEAEJRI B, o DA 4 i w55 JBC i 75 7R 71 3 R Y 17 s 35 <
6 8 RIS It ARTRH DG %) B 2% 0810 45 T R i A 4 1. LA
Fi BT A T g MR B AT 4 2 20 8L, A BIF SN, T B i
I B P 5 L INAR ) L T 4 L T 3 R R A B PR B
Pt RV G i T S P9 R YRR TR T IR 25 T
FEZ W ga AL H R T4 MR 7 o 1 3 s XURS: 1, 3 4
RITIEIEAT i AR IR R ZE ] v | A B i
TARGAYT/NL PED, R B R AFI9IRITRCR .
423 ARG THMBE 7oL LeiH MRS T 40 i g
o, s A ST - 2 R 55 AR | Al S I BRI B
PN 7 RS2 1 A L RS A v 5 B AR T B Ak, M E Y
PED B3, WO AR A5 10 7, AR AF T4 i 19 5 AL
DRV, T LR FH 258 325 P £ A% AT A 2 £ A AT, B A
HER] S ) 1 A B AL A R (the Boston keratoprosthesis,
KPro) ™,
4.3 FBRIT A iE
43.1 BHRBSMAREBR R B4 A WIFLRW, MR R B4
(thymosin beta 4, TR4) HAT{E#E I B 24 g 3 58 AT & 11
JH,HALHIFTRE S TR4 #6 M2 4 AR AE 1Y % 5 K ¥ 19 & i
AR FEIRIT AN E SR PED b B P, RS TR4
TRYT Lt 7 AR B b B 28 R R A AR 4F 1Y
i G
432 BEMIAMERERKEATF EGFERNAERK T,
AR 1 J 240 B 60 1) J5 448 L 1 A PR, At R AR
J2 K [ B JS0ET 2 40 B 3 20, A R AT 4 i dE R A A
B, RS2 A IR Y EE . EGF ZERIm A& g VE
¥ KRS D ( phospholipase D, PLD ) Y33 Fl PAX6 2
ik R S, ECF il i 5 8 kK H T 2k 2
( transforming growth factor—beta receptor Il ,TGF—-BR I ) #H
EAE R DA AH 3 AR A L A
Ab A W5 & B, HGF TE 1 B8 03 18 52 vh J #5 B A
FH, Hotn] /Sy —Fh kst PED S WU 967 TR,
ABIF/EIIABRSRHFEKEF-18F N
IGF—1 R ff M6 b e A0 M0 7% | A B 2% T A O3 1k, OF
R A RS 2 A AT YA T A 2 SR A R R
H o X TMETR A 2258 TR A 5t 97 A B i PR
o Jry A0 R 5 AT O B TR Ak R
PRSI 85 21 AT B T3R5 W PR M A1 5 22, HAR YT 7
FREK AW R 05U R,
4.3.4 {E AR AR RS IR R IA T
0 R i 8 7 M B R v 75 S LR A IR SR 2 L, %) T
PED 8, Nl A B b R A& %08 40 Al AR Ui R
I % A R A B ) BB PR B R R AR T
300 7K I A RS 5, A A R M SR 7 T2 8 A S T
B A B BIr K g, B SRR 35 SEUEE , B 1k A I
WA ARG AECIRAS . A DG Y Il R 28 151 43 B 1k I Ak 7K B
B A B BT 0T LT3R 9T PED | 1 R B R B ik
S Fa IR B SR B ORAP, JF BERS A A I L B2 K &
VeI 3 , N fE it PED BALA , 0 4E A IR RLEE A=
RIBGZIARYT T S8R M PED (HGE



Int Eye Sci, Vol.20, No.10 Oct. 2020 http .//ies.ijo.cn
Tel.029-82245172 85263940 Email .1J0.2000@ 163.com

5RE5RE

£ 5% 2 MR B 7 2R 48 14 1 AL AR 23, PED ] fiE
BURHE R LR R MR FERRR AL B, B R
REARRW, ASCLGIRT PED MIRATIE Y R % 12 W
S REI LA KIARYT . PED B R R A = HAE 2 W
TR I R R B A b I S e T 5 R e R = A Y E A
SR FRTA ZRR IR 751, T H AR B TR Y
BT AR 1RYY PED 33K AT Bk P, PED 1Y
TRTT 0 BT — R W R 012 J5 S B R ORI R e
L fEadrad R, G T R AR RN i LSCD L €1
Pl | b K AR R R R B 45 | G UR RO I 1 T 9k 58
WRIERIT o W BRYT )5 54T BCLAMT 45 iR )5
o AR A AR A A B T AT R 25 AT, DL
BISNRHE AR AT LA JEE B Ao 2 S, P51 25 0 58P
A bR RE R 2R ST  fE PED BRI 7 MERE IR AP
R, AEE WK IA @ PED M SRR A& 25 145
MGIT T, HETE IR T 2590697 NRRATT SMEEFR
7 ARKBETS 16 5L A Aligt A2 K7 B8 PED 1495 [H JF:
PEATREDNGY Y BAT — E AT IEYE . 1kAh, 3D FTENFORAE
AR RETS WL HT T A BE AL AE, AT sk 2D S B HE e S, i —
AN T2 R G BRI WAEAHRE
SE 3k
1 Eghrari AO, Riazuddin SA, Gotisch JD. Overview of the Cornea:
Structure, Function, and Development. Prog Mol Biol Transl Sci 2015;
134.7-23
2 Wilson SE, Medeiros CS, Santhiago MR. Pathophysiology of corneal
scarring in persistent epithelial defects after PRK and other corneal
injuries. J Refract Surg 2018; 34(1): 59-64
3 Wirostko B, Rafii MJ, Sullivan DA, et al. Novel therapy to treat
corneal epithelial defects: a hypothesis with growth hormone. Ocul Surf
20155 13(3) ;. 204-212
4 Wan S, Cheng J, Dong Y, et al. Epithelial defects after penetrating
keratoplasty in infectious keratitis; An analysis of characteristics and risk
factors. PLoS One 2018; 13(11) : 0208163
5 Chen HF, Yeung L., Yang KJ, et al. Persistent corneal epithelial defect
after pars plana vitrectomy. Retina 2016; 36(1) : 148-155
6 Fatima A, Iftekhar G, Sangwan VS, et al. Ocular surface changes in
limbal stem cell deficiency caused by chemical injury: a histologic study
of excised pannus from recipients of cultured corneal epithelium. Eye
(Lond) 2008; 22(9) . 1161-1167
7 Sacchetti M, Lambiase A. Neurotrophic factors and corneal nerve
regeneration. Neural Regen Res 2017; 12(8) . 1220-1224
8 Sejpal K, Bakhtiari P, Deng SX. Presentation, diagnosis and
management of limbal stem cell deficiency. Middle East Afr J Ophthalmol
20135 20(1): 5-10
9 R, AN BEIRIT RREL A R b B BB IR PRI . EBRIR A
& 20155 15(6) : 1072-1074
10 Petroutsos G, Guimaraes R, Giraud J, et al. Antibiotics and corneal
epithelial wound healing. Arch Ophthalmol 1983; 101(11) . 1775-1778
11 Tuli SS, Schultz GS, Downer DM. Science and strategy for preventing
and managing corneal ulceration. Ocul Surf 2007; 5(1): 23-39
12 Feizi S, Masoudi A, Hosseini SB, et al. Microbiological Evaluation of
Bandage Soft Contact Lenses Used in Management of Persistent Corneal
Epithelial Defects. Cornea 20195 38(2) . 146-150
13 Campanile TM, St Clair DA, Benaim M. The evaluation of eye
patching in the treatment of traumatic corneal epithelial defects. J Emerg
Med 1997 ; 15(6) :769-774
14 Vasquez—Perez A, Matarazzo I, Mandal N, et al. Acute Glaucoma
Following Cyanoacrylate Glue Patch for Corneal Perforation. J Glaucoma
2018; 27(9) : el48-el50

15 Dakhil TAB, Stone DU, Gritz DC. Adjunctive therapies for bacterial
keratitis. Middle East Afr ] Ophthalmol 2017; 24(1) . 11-17

16 Jirsova K, Jones GLA. Amniotic membrane in ophthalmology:
properties, preparation, storage and indications for grafting—a review.
Cell Tissue Bank 2017; 18(2) . 193-204

17 LA, 258, LigeE. FIRBALART S MBI 82367 Fp 2L 1k
SO L Bt iy PRk PR S 2019; 30(6) : 465-468

18 Manolova Y, Stoycheva Z, Yordanov Y, et al. Amniotic membrane
transplantation — Analysis of structural characteristics in amniotic
membrane transplant and corneal ulcers. Scrip Sci Med 2017; 49(1) .
12-20

19 Rahman I, Said DG, Maharajan VS, et al. Amniotic membrane in
ophthalmology : indications and limitations. Eye( Lond) 2009; 23(10) .
1954-1961

20 Jeng BH, Dupps WJ Jr. Autologous serum 50% eyedrops in the
treatment of persistent corneal epithelial defects. Cornea 2009; 28(10) :
1104-1108

21 Choi JA, Chung SH. Combined application of autologous serum eye
drops and silicone hydrogel lenses for the treatment of persistent epithelial
defects. Eye Contact Lens 20115 37(6) . 370-373

22 Murri MS, Moshirfar M, Birdsong OC, et al. Amniotic membrane
extract and eye drops: a review of literature and clinical application. Clin
Ophihalmol 20185 12, 1105-1112

23 Kalhorn AJ, Tawse KL, Shah AA, et al. Maternal serum eye drops in
the management of pediatric persistent corneal epithelial defects: a case
series. Cornea 20183 37(7): 912-915

24 Sejpal K, Yu F, Aldave AJ. The Boston keratoprosthesis in the
management of corneal limbal stemcell deficiency. Cornea 2011; 30
(11): 1187-1194

25 Sosne G, Qiu P, Kurpakus— Wheater M, et al. Thymosin 4 and
corneal wound healing: visions of the future. Ann N Y Acad Sci 2010;
1194(1) :190-198

26 Sosne G. Thymosin beta 4 and the eye: the journey from bench to
bedside. Expert Opin Biol Ther 2018; 18(supl) : 99-104

27 Li T, Lu L. Epidermal growth factor — induced proliferation
requiresdown—regulation of Pax6 in corneal epithelial cells. J Biol Chem
2005; 280(13) : 12988-12995

28 Shu DY, Hutcheon AEK, Zieske JD, et al. Epidermal Growth Factor
Stimulates Transforming Growth Factor — Beta Receptor Type [
Expression In Corneal Epithelial Cells. Sci Rep 20195 9(1) : 8079

29 Chen SY, Xie C, Zhu H, et al. Effects of epidermal growth factor on
transforming growth factor — betal — induced epithelial — mesenchymal
transition and potential mechanism in human corneal epithelial cells. Int J
Ophihalmol 20205 13(1) . 11-20

30 Miyagi H, Thomasy SM, Russell P, et al. The role of hepatocyte
growth factor in corneal wound healing. Exp Eye Res 2018; 166: 49-55
31 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. Stem Cells Dev 2012; 21 ( 18):
3341-3350

32 Wang AL, Weinlander E, Metcalf BM, et al. Use of topical insulin to
treat refractory neurotrophic corneal ulcers. Cornea 2017; 36 (11):
1426-1428

33 Bastion M, Ling KP. Topical insulin for healing of diabetic epithelial
defects?; A retrospective review of corneal debridement during
vitreoretinal surgery in Malaysian patients. Med J Malaysia 2013; 68
(3):208-216

34 ERUR, URIREE, FETHN. REKERE B A R b B IR T R gt
FAE L R S TR B PRIR R 2235 20185 18(8) + 1436-1439

35 Khan M, Manuel K, Vegas B, et al. Case series; Extended wear of
rigid gas permeable scleral contact lenses for the treatment of persistent
corneal epithelial defects. Cont Lens Anterior Eye 2019; 42(1) ; 117-122

1729



