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Abstract

The proliferation and collagen synthesis of keratocytes during corneal wound healing after
alkali-burn were investigated using *H-thymidine or *H-proline autoradiography. The effect of
epidermal growth factor (EGF) on keratocytes was also examined. On day 1 after burn, the wounded
stroma lacked keratocytes, and keratocytes at the periphery of the wound started to proliferate from
the endothelial side. On day 7 and day 14, the population of keratocytes returned to normal. Collagen
synthesis activity of the keratocytes was observed from day 7 through day 56, with the highest
activity on around day 21. After day 14, keratocytes at the site of epithelial reopening or ulceration
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started to proliferate again. In the early stage of wound healing more keratocytes incorporated *
H-thymidine in eyes treated with EGF than those treated without EGF, suggesting that EGF may
stimulate the proliferation of keratocytes in the early stage of wound healing (Acta Soc Ophthalmol

Jpn 95: 59—66, 1991)

Key wards: Alkali-burned cornea, Epidermal growth factor, Keratocyte proliferation, Collagen

synthesis, Autoradiography

I % =

T A U AMBEER N T (LB o o A4 E
WChich [Kfi BB EL XL, BEKES < ofE
ArETAEBLEDLRS, AROCKER EROXT
<, EHIZE VT b ®EET, keratocyte DFEH, =
5 — 4 v O, MlasEEOREYRL, TEWE
Bz e 5B E b &y, bhbhBic, FERMAE7
A ) AMERIE AR T BT 5 A LT
HEL,EGF A7 r 1 FOREE oL TE
o, &E, FEORIEERAREY keratocyte DE)RE
bR L,

—77 epidermal growth factor (L F EGF & B§3)
1%, Coheniz X b FER Eh, Milan 5%, IR
EHRYETEEZE 2 DR TV, AFEES TS
EGF offic2\T % Frati bo#&EMc@ U ¥y,
A4 OWMENLERTWEY, FOREGAKEL
MR T A HEYRBELLLLOVTHD, AEE
Bl TH 5 keratocyte ioxt+ 5 EGF o 81>
W in vivo TOBFRIRIZ LA Elnw,

L@, bhbUIFRBIZIN NaOH & 7= K5k
BT A~ 5 ) AEEIERL, 1BANG6EEET
O~ OB o B o\ T, keratocyte @ #i futE
W, 27— vESCELTA -+ F2A T T 74 —
PRGTEN L, FAE7 L0 ) AMEAE TSR E
iz 311 5 EGF @ karatocyte i % 5 & iz o\
THHETOHMRXBIOTRET 5.

II ERFHH

ERBHIC BE2-kgoRBHABRR
(Japanese White) % {#ffl L 7z, Ketamine hydrochlor-
ide (Katalar ®) 30mg/kg FiiEic T4 S REE L 7,
0.4%oxybuprocaine hydrochloride (Benoxyl ®) ©
HRAE L, FRRABEPLTIZIN NaOH g2 LAcE
Z5mm O PGS CGREIEM No. 2) 26080,
ERABET A~ ) AMHERER L72(K 1), 50cc £2

REKCTHIEL, BEROAXRERJOTFHOLD
Erythromycin (Ilotycin ®) [R#EKTF 2 S A L1z,
AT A2 ) AEERE, 168ME X H —Ric
EGF, flifRic= v b r—n b LCTHEBAEKZ1HS
E&HR L7, EGF E szt > TRbhiz
b EGF(h-EGF) (7 — AWM X b #it5) 2B ARK
W L10ug/ml & Lichb D&z, 7AH0 ) ME
EREDI6H2IR I T L, 2, 3, 7, 14, 21,
28, 56H Bz, pentobarbital (Nembutal ®) il i &+
TRT S, MELREL LA, MHARE, Dul-
becco’s minimum essential medium(DME) (GIBCO)
1 *H-thymidine (Amersham, 100~130Ci/mmol)
(10¢Ci/ml), (1ml/cornea) ¥ 7z (X*H-proline (Amer-
sham, 100~130Ci/mmol) (10 Ci/ml), (1Iml/cornea)
T37.0C, 4 FfEE# Lo B10% A v <) v CEEL,
257 4 YHIRRER L, EERFERRE, X UHEHRY
| # | T autoradiography # 17 - 7c. B2 M ©50%

i 5

1 IN NaOH =# L x-EZESmm QMK T7T A+ H
VAR ER L ERO R RARER



e 341 A10H

Konica NR-M2 autoradiography HZLAICE L 7=,
WEER, VAL AADOBECNDT4CTER
wiT-fo, 3B, B L 9 Bh L, Fuji Lendole
CH &, Fuji Lenfix TEHKE L2, Loi%, H-E B
BETV, SEBEMEESE T CHEMENRRE S5 &
L iz, radioisotope @ & H Z A BEL1:,

Im % =X

1. *H-thymidine (= & % autoradiography

Z{Ew 1 B 8, o keratocyte [ E5ELICIER LT
¥ b, acellular zone 233 btz (F2), &IFELH
T it keratocyte ik L & & B ' THL A L, *H-
thymidine % & b = A72Mifla s A b i, BEAZBEG L
T\+7z, keratocyte ®*H-thymidine ® & » = &, I3
~® reropulation X ERIIC B\ TEBRTH - 1= (B

2 FE% 1 0BEofFFEMEER. AIE Tz
keratocyte 23524 ICFER L Ty fe, (X65)
346K 7 *H-thymidine ic L 54—+ 7 & o4
7774 —XHEER,

3 FEE1HAD=2v e —AME AIELHC
(3 F il © keratocyte {Z*H-thymidine @ B b iA
Lt BB, (X65)

ARE T v h ) AMEEBRLBRE I 351 A keratocyted BhiEIc o\ T « BEIR AR 61

BK4-1

R4-2

K4 (HR4-1)@R=2vir-AAESFEE2880
BB, HEMO keratocyte iZ*H-thymidine ®
E D ZARERDHI (X65), (K4-2) X EGF &R
EEZES 2 A B8l M. EGF SARAE TR
keratocyte ®*H-thymidine ® & h = Z it = ~ ¢
r—ArhERCEZbhTE Y EETO ker-
atocyte i & b Z LB DL, (X65),

E5 SEHEIBED=v e —LHE (X65)



62

- i e SRl R - s
e e S i e e T T R

M6 ZHETHED=v o —AMEAE Ao
keratocyte DEEE T EF IO L T 0, BIE
T keratocyte @*H-thymidine @ & © & Z 2330 8
bt (X65)

3). D%, FEAE &b BIEfHE ~D keratocyte D
repopulation 23T L (K4, H5) SEHTHB K
e % & Al keratocyte ZIEH AEREOWE £ 12
FREECETEE L TWA(H6), ZEEI4E B 5
»28H B iz s % & 8] & 1 repopulate L T & 7- ker-
atocyte REE X hicz 7 — ¥ v #BifolE L 5 &
BhbhaHBIciB- T, FHEFTL T2, Lo,
BIMEHED = 5 — 7 v M0 ETT, keratocyte DEF
RBAETH-7 (H8). keratocyte ®*H-thymidine
DHE DAL, FHH1IBE»L 3 BHEE TR
FBRcsIicbh, THREHERITEEL WA, Al
# keratocyte DR AMTIEIEH 1 @E L 124, radio-
active 7z keratocyte 1Z2E A L, HWHEAKTLT V3
fEE 2RSS, 4, 5, 6, 7, 9). FHEH?2
HEoAETE, —BEEABEIRTVWSH, £0
#%, 148 BLERZE, x0T EREO reopening,
FodEHBOBRAHERL, BEOBRcHt-TExD
i keratocyte (L UER 12 H-thymidine %t 0 1A
ATWHDONRDHLNAC(RT,10), 2AE=2 Y b r—
L R (5 Rl B R s T N Bl @ keratocyte
1z*H-thymidine @ & » = Z & BB EGF SR
Tk keratocyte @?H-thymidine @ & § & Zuid = v
br—A L BRI b TE ) EETO ker-
atocyte icb & h Z A% DI (K4), 3HEFTO
W ORIGERREREC VT, EGF AR L =2 ¢
7 — L #C, *H-thymidine % & h = A 7 keratocyte
ORF 1B bizonT, EFFhLFhH0Y)
FEHWTHELFH Lo B LI LIS, 2
HE ORIzl T EGF SRBO H 536 BT ker-
atocyte D & b ZHHMEML TV, EGF iz oS
123\ T keratocyte OEM{EHEIFH A HTHZ £
mERL (F1),

HIR&EE 95% 1%

/;’,:. % :'-‘;"

E7 %HBHEMBEO=2v e -2 AR BEHETX
AEE, TELEAIE, 88 T i2*H-thymidine
DEYZRRFBLEDLhE 0, R
BIZoTWw 5T ¥EHkeratocyteic £ 5 o
*H-thymidine ® & h Z & Az, (X65)




PR3 1 AL10A AR 7 v 0 MR 351 3 keratocyte D BAEIZ o\ T - BEIRAD 63
S~ %fz o #1 7H-thymidine % & h = A% keratocyte o>#{
2 s @8 s = =T

. N . / % ~ o ST OER &R 7 keratocyte DB/ YK
. ; wgw | N\ ZHHD A
—a e s £ M A EGF 17 & iyt

A i i 4 = —
N ! L i e i Zfi;lﬁ 89421 .6*
" - W\_*&% 7. 2 £8. +21.
- ey 3 26+7.5 30+7.0

’ B M-ﬁtq TR \ *HEEYRO L (EE, P<0.001)

e - S A 4 SH-thymidine It X 24—+ 524757 4 —

ﬁﬂf,;ﬂy— ‘ - BT, 1R S0 RN TOEEYRD

» "eq." o .. keratocyte O E# A 51#I L, EGF SfiRfAEL: =

- #
.

8 ZEBHI4HEH =Y e - A AEAMKERFE,
#0812 repopulate L T ¥ 7= keratocyte I 2 5 —
FURMEORBIRICE > TR BRYDIELTERL
TW5h, ZORFITETHY, 27— 7r i
DFETSEI TV, (X450)

Pr—afBETHEL::. 2AEBCBVWTEER
EGF SBABIC ST E h Z kLT,
BAEILHTEF W F W 8 H o 0Bl + B (R
o

Q,»s
'r#”“ap i
% BTN
- = Tl
’ ‘.i
% r P il

-

- —

- 14D 21D
B9 ZM#k1HE, THHE, 148 H, 218 BO*H-thymidine i L 24— 5 =4 »
774 —EBATH. ZHH 1 B B8 A 0 keratocyte 1= % 5 o ST o H S
wads, 7 H BB repopulate LT X 72 keratocyte i b SEI T 0 23

7z, 14HH, 21H Bicfe s & R HIBE LS CIE keratocyte O 88T 0 H 57 15
Ao 2@, (%300

2. *H-proline (Z & % autoradiography

keratocyte ®3H-proline ® K¢ b A Zi3, £~ o
keratocyte @ repopulation 2327 b #EFT L 72 5 {5 4
THEEX h#gmL T2 (K1), 14BEH»521HE
W27 % & & Hic?H-proline DHL A ZLIERIC L b,
BH#&zas—4r vig#HoRMBIEREL T\ 3 ker-

atocyte THiGEFK LMV ALLRZD LA, “OFTD
BRIz 7 - VEENMTbRTWAZ EARBEh
7o (12, 13), Z{E#28H B 0 AT, *H-proline
DED AL RE T+ A EE 2 Bsn i 2= 14), 56
HAABETREY, BRAMIALZBED LR, 25 —
FYBEEMRRE L TEBIbh T2 EAFEE X



s, M
B
- : . ‘ RS &,'F .
’ . P - . -
E10 ={#28H B ®*H-thymidineic L 54—t 7 '

o757 4 —AIEEEER. LECEHEL, O 5 i
ol j)}’ i @12, 13 SEE4AERIU2IHA, A0 EA
keratocyte IZ$RK F# @7z, (X170) 7> Reratocyte £, BETF ORREBBE, (X
H114 6 K1563*H-proline ic X 2+ —+F F & & 7 B0 , E? e,
77 4 —EEREH,

14 S{5#%280, 218 Bictki L €, SN TFOER
L 7= il £ keratocyte (L4 L T v BB & @R
E11 =Z{E# 7 H B, keratocyte O E KT % f=. (X690)
B, (X690)

E15 = #1560 B, 28H B w8 L € £l 3 ker-

atocyte DEH FOEFEIBUERCE - T,
B 12 (X690



FRE 341 A10H

nfc (H15). EGF ARAK & FSBRAR ST
*H-proline @ & h Z Rz KE# BB - 1o,

IV # #

EET v 0 S, AR NRicRR Lk L,
EHExZUHEED keratocyte, = 7 — ¥ v, Hiast
EHOWELIBE, TEHGBRIC 25, FRcE %
HOAE7 L2 )V AMEC S LW TOHRIREE < 26
h, BESEHEORHEERARIC ST Pfister 519028
BErRCTREFEMNCKRF LTk, ¥7:, Chung
B0 Microradiogram i THEE 7 L » ) A EH O
27—y voBEtEBHFLTWA, LaL, SET7A
7 U BRI G HBTE % keratocyte O MIFIENRE X b
BELAMES IR LA LR, bhbhg, BIESH
MBED keratocyte DEIEE, keratocyte o i B
E2F-rVESOEL VB Lk,

A7 v 2 0 MBI CRABRRRO LY, SE
# keratocyte RFELICIEH TS, BEABICE LT
12, keratocyte (1#E T turn over DE WA TH B
TEDMBRTVLBA, 7 aAh ) AMEEAETE O
keratocyte 23 &b 2 iR A L, B0 acel-
lular zone ~ repopulation # B4+ %, = OB, N
fllo> keratocyte 231 A2 BALG L, 3 b gkt 815
~NEALTL 52 LBBIITH -7, Thiz, AR
R L7 Ah ) BREOM I VAP REEEFERC
ETHLIATHSARER b H D25 JLEIEHL TV
BL 5, o AR o R4 B L AR
HREARCELUL TWT, BEMOREOREINERE
IhBEL L S, REAGERELEE»SHIBLT
WA LD EMERNEBEESFETH - LAARE X
#1. %, keratocyte ®*H-thymidine ® & H Z Z L b
keratocyte (2 FE#H 1 BB X h T Cio A BtG L,
THHEHICERCHEELTWAZ bt L
L, £O#E*H-thymidine ® & b = Z2#A L, ker-
atocyte 13Hl7c = 7 — ¥ B o ERY I+
SIA DAL, £ h b keratocyte #3¥H-proline %
BRCLDZATVLAZLINBAC=F - ¥ VESE
CHELTWBZ EFRBRS A, Thbb, KRMA
7 a0 AHEREBEBEEBERICHE VT, %7 ker-
atocyte O MBI 235 = 7edoi, H BEEE repopula-
tion 23T L 7o 1< keratocyte @ = 5 — 4" v EEA B
FthiehsZ taE Lz bhl, Ll, 7A8 Y58
WHETIE, AR b R oo TR A R 5 AT 4
CENELBZ D, oW TIEEED keratocyte (1 5H

AET A2 ) AMEERLARIC 3513 5 keratocyted BB Ic o\ T - IR 65

U, BRICHBEELY SRS TV E00ESD
bhiz, =354 v o E7T= karatocyte DELF
FFFCAETHY, M EEORRLEETHS
E B %, keratocyte @*H-proline @ & b = Zu35
B2 0 BEIEFICIRRIC L 28 H BEIZ X2 ET
T22% 56H Bicix@OiER{LT 5. B, Cionni &
DERBABICHBA %22 7B o AE BRI S
Tas—FvERBRHET S hbh3 EHELT
WBHNY, T ovh ) AME#RIZ 38\ T b keratocyte D =
F—rvELARTHERR b T LA RS S
B, ¥, KRAE7 LD VIMECEWT, =27—¥
VEANRIBICh > THELTWA Z Ldtdbdos
7E

EGF i, Al Lo iR HaF+5 2 &
BREIh TS, ARRELER#EICT % EGF
DEEIZ2O2WTL, W 2h0BE4 235, Calel
51, Petroutsos 5'®i% incision % 0z 7= 8E M
EGF # SR L, ZOFMEHT (tensile strength) A4
L, %EE 48 B Tk, EGF ABEAEccH S
ERLTCWRERRTW3, =6 ERMKIC
EGF ##inL, EGF »EEMAH LT b M m
(RHEIFREZHTSB LR<T W5, 1, Woost 5% in
vitro T fibroblast ®*H-thymidine ® & b = Ziz2 >
TH#E L, EGF #: fibroblast ® DNA & # {84 L T
WHZ EERHELTVE®, UL, invivo T EGF ©
keratocyte ~DEEFM L LIt E I bhbh
DHIZNEHNTRELEA LR BAKY, SRIDbhD
NOEBFR L ) EGF SIRAR CRIESRAM
~C, 5 2 B H O keratocyte O #IFIRERE 2 A B i
{E T b, EGF % in vivo T keratocyte D #4E
CH{EEMLLSREETHZ LR EAL, AET A
A ) AEEREARBCI VT, oL S EED
reopening PEFHA 7 £, keratocyte @ i BBAE 12
HERRAETLEL:OhANFIEMCIERT B2
b, REIF: EGF ffF M2 Ll chH
hZEFE O A THiE L1z, keratocyte ®*H-proline
D& bHZHILEGF ARAE, FLARAECTAKELR
Dighoted’, ThCBL TR, SHEENCHTT
HLBENRHB EBbRT,

KEAET7 L2 ) HECIE, ZHEERHEL b EEF
& keratocyte DRFEA I = febh, 467 acellular
zone & 70 - T\~ % il & ~ keratocyte 7% repopulate
LcH@fE L7 = 5 — & » ORI T keratocyte A% =2
FrVEARRI - TEHORERENETTS



66

et LT, 27— vEERTLC

LAFES6H B THREAFERICE bh TV &

AR s, i, EEORESCEEOMMIICE D

7o TEZEHEMICE VT H H OB 8 keratocyte

OMiaEE s =i, BRI b MEIHEE &

a7 - rvEAEREIELTWSZ LdbhaT,

A 0BEE §E55E B RFHREETRELE,
X m

1) BRAETF FEFWF, Wk & ARE7AH )Y
Wi+ % EGF & 25 v A FOOERATRE, LK
AR 13, IR&E 40 : 2858—2863, 1989.

2) Cohen §S: Purification of a nerve-growth
promoting protein from the mouse salivary
gland and its neuro-cytotoxic antiserum. Proc.
Natl. Acad. Sci. US.A. 46: 301—311, 1960.

3) Cohen S: Isolation of a mouse submaxillary
gland protein acceleration incisor eruption and
eyelid opening in the new-born animal. J Biol
Chem 237 : 1555—1562, 1962.

Frati L, Daniele S: Selective binding of the

epidermal growth factor and its specific effects

on the epithelial cells of the cornea. Exp Eye

Res 14 : 135—141, 1972.

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—110, 1985.

Kandarakis AS, Catsy Page BS, Kaufman

HE: The effect of epidermal growth factor on

epithelial healing after penetrating keratoplas-

ty in human eyes. Am ] Ophthalmol 98: 411

—415, 1984,

7) Schultz GS, Davis JB, Eiferman RA : Growth
factors and corneal epithelium. Cornea 7: 96
—101, 1988.

8) Singh G, Foster CS: Epidermal growth factor

4

~t

5

6

R

9

100

1D

13)

14)

15)

16)

17

18)

HR&E® 95% 18

in alkali burned corneal epithelial wound hea-
ling. Am ] Ophthalmol 103 : 802—807, 1987.
Katakami C, Perkins T, Dorfman N, et al:
Polymorphonuclear leukocytes inhibit prolifer-
ation of epithelial cells of rabbit cornea. HHR
£5E 92 798—805, 1988.

Pfister RR: The effects of chemical injury on
the ocular surface. Ophthalmol 90: 601—609,
1983.

Chung JH, Fagerholm P: Stromal reaction
and repair after corneal alkali wound in the
rabbit: A quantitative microradiographic
study. Exp Eye Res 45: 227—237, 1987.

Kitano S: Cytoplasmic granules of the cor-
neal stroma cell. Invest Ophthalmol 5: 277,
1966.

EFEE . AEOfBEBEIICoVT, RIE 29:
1341—1358, 1978.

Cionni RJ, Katakami C, Lavrich JB, et al:
Collagen metabolism following corneal lacera-
tion in rabbits. Curr Eyve Res 5: 549—558, 1986.
Calel B, Fagerholm P: Human epidermal
growth factor—The influence on the healing of
surgically closed corneal wounds. Acta Ophth-
almologica 65(Suppl 182) : 58—61, 1987.
Petroutsos G, Courtois SY: Epidermal
growth factor increases tensile strength during
wound healing. Ophthalm Res 18: 299—300,
1986.

=g 5L, HBE % EmEERX, b BE LR
& OREM T 2 B EMMEAT o BEC
T, #5500 H AR ERIR B e 108, D-26, 182,
1989.

Woost PG, Brightwell J, Eiferman RA:
Effect of growth factors with dexamethasone
on healing of rabbit corneal stromal incisions.
Exp Eye Res 00: 40—60, 1985.




