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Abstract

Recent advances in genetic engineering techniques have enabled large-scale manufacture of
human epidermal growth factor (hEGF), making possible the clinical use of this particular agent in
treating a variety of corneal epithelial disorders. In view of future application to humans, it has to be
determined whether hEGF could induce neovascularization in the cornea upon topical instillation,
since the angiogenic effect of mouse EGF on the cornea in vivo has been reported. For this, a sheet
of slow-release form polymer (EVA) containing hEGF was surgically implanted into the rabbit
corneal stroma in search for subsequent corneal neovascularization. EVA sheets contained one of the
following agents : (1) 250ng hEGF, (2) 500ng hEGF, (3) 250ng bFGF (positive control), (4) vehicle alone
(negative control). On 5 and 14 days after implantation, the corneas were excised, sectioned, and
stained with hematoxylin and eosin for histological evaluation. Slit lamp examination revealed that
marked neovascularization developed in the corneas when EV A sheets containing bFGF were implant-
ed. A number of polymorphonuclear leukocytes were accumulated around the implants. However,
neovascularization did not occur in the corneas when EV A sheets containing either concentrations of
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hEGF or vehicle alone were implanted. Only a few polymorphonuclear leukocytes infiltrated. This
result indicates that as much as 500ng hEGF does not induce corneal neovascularization. (Acta Soc

Ophthalmol Jpn 95 : 52—358, 1991)

Key words: Human epidermal growth factor, Basic fibroblast growth factor, Corneal angiogenesis,

Neovascularization

I &

epidermal growth factor (EGF) 13.19624E Cohen!
B, WD T=y AT FRF L Db L253@D 7 < 2
Mhbied~7F ¥ T, RERMIE, SMEFME 0
EERTME, 70 7K, BRAb, W LR
LA OMROMMERIH TS L6 h T
%, 19757 Gregory K%, b PR TR—% v g ¥
ArrvERRERLLNY, hicii~9 2 EGF £70%
DT I/ BEFIOHERAELD D, B UEDFERIEEL
HBHZENTEH S, £0#, Urdea Hick b 1 —
APEERACICKEOBEBEERMATHE L LY, 1985
FRGKBELHCCBETF#IFICL 5 e b EGF
(hEGF) 258 & h i,

L L7enih, hEGF 2S£ SIRA & L CEEG
AT 213, MEFAEER, BEEORES Lk
L iudie s W RMBEAE S hT w5, Fl21E, 1979
iz Gospodarowicz 5, Goldbaum &%, =¥ 2 EGF
CIEHEFRALSS - L2 FRAEL B THEL
TWaH, Lal, chbLUAoHE R, TNty
AFATHR B Ehi- EGF ## B LT b, nerve
growth factor #&A T3, ¥, YKoz L b
fER & hic EGF (26 L & BMIE L X T At
&, TOMEFEFHCOWTLERE XS 2L,

*ZTHE, BETRFC X 2 ESME D hEGF 2
ML, BRICHRESL L THEI AT 510~20ug/
ml O RIRE S, A YDk 5 ks d 52 50k
FRCIE N EDOII SO L, coXRRTIE, 4
RE, ABIEBRICIERAL 5 % &£ Bih s hEGF of
K%, RRFICHA LS v 75 v 2 EEER
WAL, TOMmEFEER %M L1,

I &G

. 175 pERE

BHFIC=5 1L v E=z—A 7 €7 — b (REBIE)
¥ERLI, =FLrve=n7e5— % 8 %Yl
Frvy(CEHF) ILBRL, 77e v 7 — bC3ul T

il

Lic, SRCEEREE £0 ke () BEGKcE@L:
hEGF (7 — 2 838) 250ng ¥ X 0%500ng, (2) &K
IZ#5 % L 7z fibroblast growth factor (bFGF, R & D)
250ng, (3) ZBHAKDZ, #HLTERCHERL, B
EFUVE=—ATEF— Pl R F L, 208
BUOSEREEL, 870 23~4mm, ER0.5mm o
MBS EAs, chvrv75vy bicli (F1
a),

2. 4175 MBI

EERE 2. 5kg DEBERES PERHEH L1,
EIEEEMNA Y » b}, AEET»53mm OET
B PATIC R E T B A4 ~5mm $18 L CPER L
o, 3, WHROMEED 4 KL 8D 2 2257 (K 1b)
CHEHNEY » P 2ER L, RUMAEERA hEGE &
ZVREBKRKDHBD T OREBA VTS v v &
ALK, 23ciE, 1BORCEBRNAEY » + 214F
B L,bFGF 2 G AlA v I3 v 2 BALL. AV
7V MRERARBCAERYEXT, HEHEOBRRTE
REEAR L7, MAEL4H R AR B i T
L7z, hEGF 500ng, 757K % 0* bFGF 250ng # A 5,
AHEOMMA ~~ b+ ) v—xd o v TR
AR I L,

IIT SEBRAE R

KB RAF 1 icmT, hECF 250ng, 500ng, 7%
KOZTRWTFhLARMEHREIED S h T,
bFGF 250ng Cli & (A e# A4 R, i
LR OFEMIcoOWTIR, LTFriE#ds,

L. 175 EAWIMA (5 Bik)

hEGF 250ng, 500ng, ZE®AkDLTi2, HBAKICH
R, WERMme S ORERRIR, MEFER
mdbhiehrote, BBREANE, 1v 75 BHE
Ao EEAMRORE, FiELL - AEEERR
RRDI DB THY, 1 hEGF 500ng fEART A v
77 v rEEOAE ERMEE, 4~5BRFs T
7z. bFGF 25ng AR TRWThi1 v 75 v 1
Atk L D ERCEEFm, AREEARLH, AER



54 HiR&EE 9% 15

3mm \

N

b

Bl @Av7svt: 8%iElksrFv v iclhER
Lir=FLrvE=a—AT27— big, BAKICER
L7: hEGF, bFGF, & KD %, #22H, #FT H
£ % 3~4mm, BEE0.5mm O MEMIcEZAAL,
(b) BEEENEY v+  KRABRKD 4B & 8 K
© 2 AP, S H3mm OB, 256 #HTH
B O BRE AR ED, SR LcREARRE
A= 7 AT, REPEEL#RTCFETIC4~5mm
SIBE L TARBEEAA Y, » F BIERIL,

2 (a) hEGF250ng, &K D 246 A10 B # O #iHE

%1 hEGF & FGF o il & e i WER, 95 hEGE, 3 REHENIEERD L,
- W L b AmEEE, MEELRE ST, mEFE
M HE + - LB A7z, (b) bFGF 250ng 6 A10H &0
hEGF 250ng 0 4 (RGO fcktiiAm, MERELED, 5
hEGF 500ng 0 4 OBFEMED, 1 v75v FEABRCBALTWE
KD 2 0 4
bFGF 250ng 2 0

=3 m)mxwmeﬁxsaﬁoﬁﬁm&®«7r+yuv—:f&v%ﬁ.4viavrﬁﬂmwﬁ®§&EMﬁ
DRE, EH L AEERYEst, 1 v 77 FE EOMAE LR, d~5EERR- TV, (EVAI=F1 >
C=ATeF— DLV 75 bERT.) (b) bFGF 250ng A 5 AEOMBEMO~~ b F > ) v—=F IV
&, WO BIEMR, EHEALL AR EER Y RE R, el v 7 7Y BEOREEMTEN TS -7, 1
v 5y bE EoAE ARk, SR L TRPELEL T, (c) ZAEKDLFEA S HEOABMAIDO~~ P+ )
vzt i, {75y b BECAROSEANROBE, FHE L AERERRE RS, 177 P E
ol R, R LTREEL TV,



FH 341 H10H

e FEGFABEEEMNE Fic kL 2 MEFH LT TORE » B0l

L

55



56

HiE&iE 9%5% 1%

4 (a) hEGF50ng A4 EoMEHASKO ~~ b+ ) v—=a I v RHE, K
fEMERORT, 1 v 77 v VEEOAR ML MEL TREFELL TV,
(b) bFGF250ng EA4REOABEAKD ~= t*> ) v—=d o v, (v 7
5 v b AECEAECAERRORENAR LA, FEPBCHEMELRD, (R

I EEAHEMNEYRT.)

I A A e T, AT ATk, S o EM,
AR L AR E e 2 RE B w3, Hicf v 7
7 v ARORBERKCENTH T, 1Y T F T
B b i, MELTREELTue (B
3.

2. 175 MEAFH (108#)
hEGF 250ng, 500ng, Z&®/KD 2 CiAE A i
FEDRARLD - 7o, I, hEGF THIEIC

Bohnit-SEMBEMEL, F1vy75 v ELED
i iR £ELd - oIt 3RBdbh Y,
B LTRELL Tz, bFGF AR T, T Tt
MM, 1v77 7 McEELTW (R2),

3. 4175 FEAEE (148%)

hEGF 250ng, 500ng, Z&HADLTIERVThb A
~OMEHFEFEDH LI, BB TL, REME
RGN 57, bFGF#ARTIL, f v 77V FIT



FRL3EEL AL0H

FELFEMER, <M< oo Tt Hilk
FHNCIE, 4 v 77 v BB SEM 0 2
HaRbh, FERBCLHFEMEZRDL (K4),

IV % #

BifE, BRIEHIC#E 2 5T 5 hEGF SRA o
EE310~20pg/ml TH H, Z Ok hEGF # 4%
ROEWMEIC 1 8 5B 2 HEES LicERTR,
FHEMBEORAILCEREIL TR, EBIT, H
UCE® EGF SR OBEKREHAFI T, MmMEHERE
RLEVGEBEIRTVLA?, L Lk, Zofki
22 hEGF i EH AEMER 035 5 0vE % ¥
THZELRRELELAS,

LEO=FLYE=—ATEF— FEEEHLL-ER
b, A< &£ $500ng LI F o hEGF i Afic st
HEENTMEFREER IR LA LMnE S
=,

Schultz 5k, EGF SE#OEESEN O EGF &4
MELILEZH, 10FHITILE ~10% D LHEBHEL,
LObAEERCEETZOREN. 1% THo712 L
HEL TR, CoR2EATE 10~20xg/ml
DRETCHRBEX T B e AR~ O FER &,
25-100ng DWHEICH D L METE B, —F, EBHNKF
CBrhfc=FrvE=—AT7EF— 5 bHDEGF
BAEIE L Murray HOER T, MHEZ0 ~2
HEOBRH L h peak i L 7%, 3 ~6 HEICILY
WL, 2EM#ECIEpeak BFD14%ICie D & LT\
5%, Fitbh, AEEHEHICEDAALE=FLVE
=—=NT7ET— FH2LER, 2EBLUACATG O
EGF 2Bl S h T WA FTHH, Thb 2 20HHE
HEZIE SEH, =FLrvE=—nTEF—} &
R AEEEANICHE A L7250ng, 3 X 0500ng ©
hEGF E&H & LTHoIBEL o &, FHEMM &
LTo 2BH N EUTHEZ LB THEAS L EDL
nas,

g & b, hEGF 24, in vitro TXMAH Kz
o AWM BIER IR E ERT VLR, Ll
i, < v R EGF (24 o MBS MM E M B & £
3 OB A A B AR, d X UNBR B Bh R Y A
faronz i+ 5 AR IER OB B = & A in vitro TH
& &h, EGF 2313 b H 2 o0 ME M H Mk o RiE %
BT 5 HENEOH 5 LATRBI RT3,

b, invivo TX, 4@ hHED EGF ##4.L
T, FRABCHEANER R bRz Lt 0BEND

t +tEGFARREAREC L 5 IMEFEconwTos - a0l 57

80 K hbOERTIE, < v R EGF & posi-
tive control & L CH\»% bFGF & o [l g 5
HrETLIEIBERLTCH -, L L ORI,
LR & fu724 T @ growth factor D#E DK X1z
BALTWEbELLbLD, BH, BHEOCHAIY
A Lic S5 maosEs T3, EGF & positive control @
bFGF OB B e ZNR ST Wwh, ok,
500ng X b Ll Eo oAl mEFE s o 5 s
FEIATEY, ZhicouwT, SEMEOFEESM
D growth factor OB 5% E 2 TR LERH B,

EGF 2E & LTHilassic X b AEAIEER 2 ('
ETHZERLUAETX VRE I h T B SED
FETY, hEGF 1 v 75 v OB AWM, 1 v 75
v FE LSO EEE EEMEAS, negative control @
LRI D Z LR EBEELRL, 1ol
BAMETT 5 & BbhsBiicadEflls s o LR
Shic, BEFEHACEA LK hEGF 28, RlLTd
O EEEFCET IRV, 20z LT,
HHEL ED hEGF " FEET 286, EEEAKLE
AR S in vivo Ik W TBRIBENE | 2R X h
HAEHODH S EHTHEL TS,

Z OFFEo—EE, CHEEF PR B A 402454406, X
BR7 A -2 7 BRoEBh Rl B O ST e 2 A L e,

X ®

1) Cohen S: Isolation of a mouse submaxillary
gland protein accerelating incisor eruption and
evelid opening in the new-born animals. J Biol
Chem 237 : 1555—1562, 1962.

2) Gregory H: Isolation and stracture of urogas-
trone and its relationship to epidermal growth
factor. Nature 257 : 3256—327, 1975.

3) Urdea MJ, Merryweather JP, Mullenbach
GT, et al: Chemical synthesis of a gene for
human epidermal growth factor in yeast. Proc
Natl Acad Sci USA 80: 7461—7465, 1983.

4) Oka T, Sakamoto S, Miyoshi K, et al: Syn-
thesis and secretion of human epidermal
growth factor by Escherichia coli. Proc Natl
Acad Sci USA 82: 7212—7216, 1985.

5) Ohgai H, Kumakura T, Komoto S, et al:
Production of rat epidermal growth factor by
Escherichia coli cells containing a secretion
plasmid. J Biol 10: 151—160, 1989.

6) KfE#M—, XEHAM, FHIAE, {2 Epidermal
growth factor fSRHE OEERIGH. #4261 KR
B, WH, 1988,

7 KT &, Ki&#—, B2 1, fil. v+ EGF &



8)

9

10)

1D

12)

MR oo ffb b e+ B0 L, 2813EI A E 4
777 vA, il 1989,

Gospodarowicz D, Blalecke H, Thankral TK :
The angiogenic activity of the fibroblast and
epidermal growth factor. Exp Eye Res 28 : 501
—514, 1979.

Goldbaum MH, Cleveland P, Wickham MG, et
al: Corneal cell and vessel response to epider-
mal growth factor fibroblast growth factor and
immune response. Invest Ophthalmol Vis Sci
(Suppl) 18: 38, 1979.

Kitazawa T, Kinoshita S, Fujita K, et al:
The mechanism of accelerated corneal epith-
elial healing by human epidermal growth fac-
tor. Invest Ophthalmol Vis Sci, in press.
Schultz GS, Davis JB, Eiferman RA : Growth
factor and corneal epithelium. Cornea 7: 96
—101, 1988.

Murray JB, Brown L, Langer R, et al: A
micro sustained release system for epidermal
growth factor. In Vitro 19 : 743—748, 1983.
Gospodarowicz D, Greenburg G, Bialecki H :
Factors induced in the modulation of cell prolif-
eration in vivo and in vitro ; the role of fibrob-
last and epidermal growth factors in the
proliferative response of mammalian cells. In

14

15)

16)

17

18)

19

Vitro 14 : 85—118, 1978.

McAuslan BR, Bender V, Reilly W, et al:
New functions of epidermal growth: Stimula-
tion of capillary endothelial cell migration and
matrix-dependent proliferation. Cell Biol Int
Rep 9: 175—182, 1985.

Weinstein R, Weng K: Growth
responses of human arterial endothelial cells in
vitro. In Vitro Cell Dev Viol 22 : 549—556, 1986.
Culbertson WW, Schantzlin D, West C, et al :
The effect of epithelial growth factor on cor-
neal epithelial defects. Invest Ophthalmol Vis
Sci (Suppl) 19: 74, 1980.

Ho PC, Elliot JH : Kinetics of corneal epith-
elial regeneration. II. Epithelial growth factor
and topical corticosteroids. Invest Ophthalmol
14 : 630—633, 1975.

Daniele S, Frati L, Fiore C, et al: The effect
of the epithelial growth factor on the corneal
epithelium in humans. Albrecht von Graefes
Arch Klin Exp Ophthalmol 210 : 159—165, 1979.
Brightwell JR, Riddle SL, Eiferman RA, et
al: Biosynthetic human EGF accelerates hea-
ling of neodecadron-treated primate corneas.
Invest Ophthalmol Vis Sci 26 : 105—109, 1985.

factor




