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= Abstract =

The Effect of Fibronectin, Hyaluronic Acid and Growth Factors on the
Wound Healing of Cultured Rabbit Corneal Endothelial Cells

Ki—San Kim, M.D., Duk—Kee Hahn, M.D.
To investigate the effects of fibronectin (FN), hyaluronic acid (HA), epidermal growth

factor (EGF), fibroblast growth factor (FGF), and transforming growth factor- 3(TGF- g)
on the healing of the comeal endothelial cells, the rabbit corneal endothelial cells were
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cultured from the outgrowth of Descemet’s membrane explants. After making a wound at
the center of the monolayer of confluent corneal endothelial cells using a rotating silicone
tip, three different concentrations of testing agents were added. Then, the wound healing
area and healing rate were measured. In addition, the effects of agents on the DNA
synthesis by comneal endothelial cells were determined by measuring the incorporation of
°H-thymidine into cold acid-insoluble material. FN and EGF increased the wound healing
area at all concentrations tested. and HA only at 1.0mg/ml showed a stimulatory effect.
However, FGF showed little effect at all concentrations. TGF- 8 promoted wound healing
at 1.0 and 10.0 ng/ml

The combined treatment of FN and HA caused a more potent effect on corneal
endothelial wound healing than single treatment. Neither the combined treatment of EGF
and TGF- g, nor the combined treatment of FGF and TGF- ;3 caused any significant
effect. Wound healing rate was highest during the first 12 hours in all agents. EGF
stimulated DNA synthesis while other agents studied did not, and TGF- 3 suppressed
EGF-induced DNA synthesis. These results indicate that FN, HA and TGF- A stimulate
the endothelial wound healing by probably enhancing cell migration, and EGF by enhanc-
ing cell migration and cell proliferation (J Korean Ophthalmol Soc 33 :436~456, 1992).

Key Words : Corneal endothelial cell, DNA synthesis, Fibronectin, Growth factor, Hyalur-

onic acid.
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Hyaluronic acid¥ linear polysaccharide 2 ¥
Fre 53 AFFAANAsA A 4
o] e a2 E BT Y] A8 AHeste
B2 29l Healon?] F A ¥°]™ hamsterd o &3
WU FFAFE FIANGE Bzt ok,
a2 A oln] ddHeZ AMEHI UE hyaluro-
nic acid7} ZE A 2] X Folx FEE H)X]
718 BuA g =3 EYHEF o A
X9 £4& A IE epidermal growth factor
(EGF)™, Zulgdat A3 efufqg oA e Al x
9], B3 A A Ee F4& FIAYL &
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Az WA e 4 JA st Aoz ¢
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sin® Y& Gibco, USAY AEL, BF 75cm*d
Z v % flask$} 24-well =2 vl % plate(Adcellco-
at TCL—241)% Costar, US.A8] A £&, human
fibronectin® New York Blood Center, U.S.A9)
A #-&, recombinant human epidermal growth fac-
tor(EGF )¢t human transforming growth factor- g
(TGF-g8)< Earth Pharmaceuticals Co., Japan$]
A %-&, Hyaluronic acid(HA)+= Santen Pharma-
ceuticals Co., Japan® A #-&, basic bovine pitui-
tary fibroblast growth factor(FGF)& Sigma,
USAY AFES 2H AMEsId. 223 6
7Ci/mmol® methyl-tritiated thymidine(me-
thyl*H-thymidine)> NEN Research Products,
US.A. Al E-&, 183 scintillation cocktail & %2
Lumac, USAMEFE 72 AMSstA T 71EF 4]
FES ATEE dFolFY AFL AL
B Ao AL &3 FBL A2 2—3Kg? Japanese
white rabbito] 13 & 2672l 52¢H8 AL&EA ).
Zrehg ol Ml 2 o] wiky e WA Eze QP
£ # &%} phosphate buffered saline(PBS) Oi
ARo] Atk AR AN 3—dmmE o
A& w2t Aste AFUAE e T ‘E%"\]ZJ
Stocker 57'¢] W wte} A 4FLAL
HMEZ HE VIEE $1 LU F 3 NA
Descemet¥ %€ WUttt wo]d Descemett
98 razor bladeZ ZA ZFA uf Ff (M199,
15%FCS, 20mM HEPES)#} 4] A o] % flask
o] ¥ CO; incubator(5% COz, 100% humidity,
37Tl A wigstgh. 1—-29%F v g A}
81 5—6d T AL v g3t Ao Bad
FES Axsz 245" 2.5ml9 0.02%
EDTA, 0.25% Trypsing 2ol WHAEE wo]
W_T’_ meshE FHAINF %@%aﬂﬁq(ZOOXg,
). AL e g A X wjfdg
212 welld A E57F G IX10A7F e 500
sl 24-welldl B3 ohA] wf Ao
A4A &2 24-well plateo] Wi %® 7FEZFERY
A X7} F231A well Edo) YA HAS
W Miyata® 7} 2¢H8 A% Imm] silicone tip$
ZA$ Z1AE o] &35 silicone tipe 3 HAIA
3 & welld] @71&udA WA xe 38 4
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e ATk
(Fig. 1,2).
B4E TE HAFd FAE R é
Hj kol (M199, 1% FCSIFH ¥ AL gz

SFT oA FAZ A 2 platesheh v ool o} 44

oA fibronectin(0.1, 1.0, 10.0pg/ml), hyaluro-
nic acid(0.01, 0.1, 1.0mg/ml), EGF(0.1, 1.0,
10.Ong/ml), FGF(0.1, 1.0, 10.0ng/ml), TGF-
rotating
- silicone tip

ab
L [ T T T

cultured endcthelial cell sheet

Fig. 1. Schematic draw showing wounding method by

rotating silicone tip

Fig. 2. A round wound was made on confluently cul-
tured rabbit corneal endothelial cells in a well
surface using a rotating silicone tip (phase-
contrast micrograph, X100).
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Ong/ml), % FGF(1.0ng/ml)$} TGF-g(1.
Ong/ml\«] HEERE B fstd Zzbe) o)

£ 9= 4 I 543511 wigsg o

FRAFAHY HHL AFE DED FAE
FAF F FA), 12417, 24213, 3641, 48413
Fo =P dA ¥ Z (Nikon) &2 AR &G (X
100)8tar of 34} =72 FojAstsich S
std ARE o] 8-3t9 Image Analysis System
(Bio-Optics, U.S.A)9] area program¥ Compute-
rized Digitizer(SAC, USA)E Z+ A7ty 3449
HAS 23R Al o] R A fa
= ARME I wrg ARFEFHe] %2 B rte)
Rom E& A 1241 7HESE, 1241 7bell A 244 2HAL
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WA ARGz AFHA ) X100/ 27 o’b‘h
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o} BAAA)/(T.—Ti)eolth ol&d Hﬂ%% Lﬂﬁ}
Az} epstd FAE o) st
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plated] Ao} A X7} YA 2 w712 w4y
o FAAFAE ) U 2P0 FAE
I F Al *H-thymidine & welld 2 xCi¥q Ho] 24
AIZE st 2% AARde wEa 4T
Hank’s balanced salt solution(HBSS)2 & 23] A
of ZFEA @& A AAE F 4CAA 20
7 1ml9) 5% trichloroacetic acid(TCA)L.2 A
2atch dAAL vEla gA 5% TCAR 23]
A& F absolute alcohol® 23] Mo} & AR
o 2 well®l X8 AEXE 500mle 2%
Na,CQ4/0. 1IN NaOH & o 2 oF 3087 &3 A A
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DNAW 29| HYH *H-thymidined] WAIEE &
stth

2E A3 SAAGe g9 EYgog A
kA=

g2

Azl 2 AFoHe gy #F  75em’
Z 2] flasko| A vl ¥ £ 1-29 R Descemet
A B2 WM E7} flaskHll FEste =8
27 AZEte] 7Rl oA 27 Gl B
o] ztehut-go] ##=HIUE ol EDTAS Tryp-
sinX# & 3t 24-well plated] &4 A& Fd&
oF 3dA ME7F JAsA HAHFig. 3).

WA 27 ASA W dEH AL = by g
ZFol oy A= F Fgo] AFHe B
4ol 1Al d e AEe FAde 24L ¥
3 1 BYo] HoiX 1 wEyo g WYY 1
T4 Alxe Rgoldeh. 18y FAAAF7)
29 F Ax7E A 2AEA g 5
Al dgrgorz Hele AL FF T 5 U
o Aol upE M T X Fo] Wl Xol= Q1%
o1} EGFAMEAIA vl Fglo] & #&E ¢
A} Fig. 4).

Fibronectin® &3} : fibronectin%¢ 12A)17+%

o 0.1, 1.0, 10.04g/ml¥) BE FEFNA Uz
o Hd BATGHcz FAAde FAARE
Ao 7t ART FARUE F7PF 4N 07
AN 7R E AL FAHADL 53] 10.0x
g/mlTo e G FEFAA BoE §938 &
7}7b Q1A tk(Table 1, Fig. 5). AFEEE A 12
AIZbE Qo] 7 ko =) v &) fibrone-
ctinwol X FAGHoz 99A wgtew 2

S5 EE dE27# 2ol7t gden 238 A
12AZHE AFES 27t BRE & 2436417,
36—48A1 F¢A e dERTERY #Fadad
(Table 2, Fig. 6).

DNAZAE S dzFoY AHE3 BE Fx9
fibronectin@ o)\t % Hj3 FAEE Ho F
AA e Aole 98 fibronectin® DNAE
doll AolM e &7 ATH Table 3).

Hyaluronic acid®] &3} :hyaluronic acid&1.
Omg/mlT-ol M B 2k Al Zhoh el A th 2 Foll ¥l&) B
AgHoz {3 AFHEHY ZF7h7 AUz
(Table 1, Fig. 5) Af&=& 9A A 12477}
744 wgton 0.1, 1.0mg/mlTolA A &H
2 oA E7EYT 12— 24X A ol M
Nz H3) BE T2 FAgHcE ¢
oA ME A{FE=7E FAHAD(Table 2,
Fig. 6). 281} DNARA & U= 5485

Fig. 3. A, Outgrowth of the rabbit corneal endothelial cells from explant of Descemet’s membrane three days after explantation
(phase-contrast micrograph, X320). B, The confluent corneal endothelial cells three days after incubation in 24-well
plate were polygonal in shape (phase-contrast micrograph, X320).
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Fig. 4. The size of the wound area decreased with time.
Cells at margin of the healing wound were spin-

dle-shaped, but became polygonal after com-
plete wound healing. Initial wound (A), 12
hours (B), 24 hours (C), 36 hours (D), and 48
hours (E) after making a wound (phase-contrast

micro graph, X100).
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Table 1. Wound healing area (%) of the rabbit corneal endothelial c%lls $fter treatment with FN, HA and combined

treatment of FN and HA.

agents conc. 12 hours 24 hc*urs T‘ 36 hours 48 hours
FN 0.0 pug/ml 44.5943.59 65.8244.05 81.851+6.16 96.07%4.53
0.1 57.77+1.93* 78.97+ .59'1 93.58+3.09* 100. 00£0. 00
1.0 57.04%2. 38 79.90£5. 534 93.57+3.57* 100. 00+0. 00
10.0 61.11+2,53** 85.78% .56"1}’r 97.08+1.70%+ 100. 0010.00
HA 0. 00mg/ml 55.57+2. 85 71.85+2.18 | 83.06%2. 32 88.831+1.90
0.01 53.17+5.15 72.39+5.71 | 82.79+5.58 89.23+£5. 66
0.10 56.8814.78 74,65+4.17 | 84.5112.78 90.19+2.48
1.00 61.361+4.33* 81.48+4. 81‘1 88.83+4.18* 93.85+2. 86"
FN+HA 0 51.68+5.23 76.79+7.49 | 96.05+3.40 100. 00+0. 00
FN(1.Ogg/ml)  64.72%3.02* 91.01+3, 31* 99.34+1. 33 100. 00 0. 00
HA(l.Omg/ml)  63.63+4.55* 91.15+1,66* 100.00£0.00 100. 00+ 0.00
FN+HA 69.90+1.93*" 97.01%0 89':{' 100. 00+0. 00 100. 00£0. 00

Values represent the mean+S.D. percentages of wound healing are

for \51x determinations. FN : fibronectin, HA :

hyaluronlc acid, FN+HA : combined treatment of fibronectin (1.0 zg/ml) bnd hyaluronic acid (1.0 mg/ml)

* p<0.05, compared to control group

* p<0.05, compared to 0.1 & 1.0 #g/m! groups
*+p<0.05, compared to 1.0 ug/ml group
$p<0.05, compared to 0.0lmg/ml group
" p<0.05, compared to FN and HA alone groups

|
|

% of healing area 10 % of heal
100 A T [ I _____ -
oy x or \ | i
o e \‘ - -
&t e -@- control ok - ~e - control
/ -a- 01ug/ml -&~ 0.01mg/mi
N 4 %~ 1.0ug/ml ol ‘ 3~ 0.1mg/ml
o -a- 10.0ug/ml i -a-1.0mg/mil
2} 20 i
L 1 i 0 t‘ 1 L
0% 12 2 % B 0 12 2 * ™
time (hours) | time (hours)
% of healing area
W p—=22= P !
C x Fig. 5. Time ¢ourse of wound healing area (%) of the
80 | et rabbit forneal endothelial cells after treatment
’,/’ with FN (A), HA (B), and combined treatment
60 /" - -control of [FN and HA (C). Values represent the mean+
/ -4-HA (1mg/m| S.D. percentages of wound healing area for six
ok / -%-FN (1ug/mi) determinations. FN : fibronectin, HA : hyaluronic
y [-o-FN+HA acid, FN+HA : combined treatment of f{ib-
2 ronectin (1.0 #ug/ml) and hyaluronic acid
(1.0mg/ml)
0 N 1 1 ‘
0 12 2 * 48 ‘
time (hours)
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Table 2. Wound healing rate ( um?%/hr) of the rabbit corneal endothelial cells after treament with FN, HA and com-
bined treatment of FN and HA.

agents conc. 0-12 hrs 12-24 hrs 24-36 hrs 36-48 hrs
FN 0.0 ug/ml 162.82+13.58 77.6416.88 68.61112.06 52.22+28.05
0.1 194.86+ 7.39* 71.53112.43 49,26%11.05 21.62+10.33*
1.0 186. 34 £5. 45* 74.58+ 9.87 44.7718.10* 21.16£12.01
10.0 197.22% 7.64* 79.63111.64 36.48+ 8.65" 9.44 % 5.54*
HA 0. 00mg/ml 249.58+10. 61 73.24%+ 5.62 50,30+ 5.71 26.04% 8.04
0.01 266. 56 + 30. 43 96.22+10.47* 52.00x1.84 32.06+ 5.82
0.10 305.56+18. 49* 96.25+14. 20* 53.431+12.68 30.51% 7.32
1.00 321.67+31.09*%  106.22+21.58* 38.89+ 8.88** 27.50%13.32
FN+HA 0 179.35+£21.65 86.25116.47 68.38+£31.18 13.47+11.49
FN(l.O,ug/ml) 243.26+12.91* 98.72+11.61 31.35+11.72 2.50% 5.00
HA (1.0mg/ml) 239.35+16.57* 103.57+13.27 33.33% 6.52 0.00+ 0.00
FN+HA 267.114+10.98*+ 103.47% 5.64* 11. 42+ 3.30** 0.00x 0.00

Values represent the mean+£S.D. of wound healing rate ( zzm?/hr) for six determinations. FN : fibronectin, HA : hyalur-

onic acid, FN+HA : combined treatment of fibronectin (1.0 #g/ml) and hyaluronic acid (1.0mg/m})

* p<0.05, compared to control group
* p<0.05, compared to 0.01 mg/ml group
+p<0.05, compared to FN and HA alone groups

20 healing :ate %0 healing rate
A : QN contol 0 B a N\ contol
.l \ < 0.1mg/ml o £ 001mg/mi
\ A 1.0mg/mi 20 7 A 0.1mg/mi
0 10.0mg/mi 200F 0 1.0mg/mi
100t
\ Q \ 150+
50t \ N\ < | 11 / R
\ \\ MINE N
NN Vi NN NN st
0—12 12—24 24—3% %—48 0—12 12-24 24—% %—48
time interval (hours) time Iinterval (hours)
healing rate
C o lcontol Fig. 6. Wound healing rate (um?/hr) of the rabbit cor-
%0 4 O HA (1mg/mi) neal endothelial cells after treatment with FN
20 | A FN(1ug/ml) (A), HA (B), and combined treatment of FN and
.7 O FN+HA HA (C). Values represent the mean®S.D. of
150 } / wound healing rate for six determinations. FN :
: N fibronectin, HA : hyaluronic acid, FN+HA:
00 combined treatment of fibronectin (1.0 z2g/ml)
50 b / // 7 and hyaluronic acid (1.0mg/ml).
0 ./// % // V77787772
0—12 12—24 24—36 36—48

time interval (hours)
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Table 3. Effect of FN, HA, and several growth factors on *H-thymidine incorporation into the rabbit corneal endothe-

lial cells.
agents conc. dpm agent conc. dpm

FN 0.0 pg/ml 14186+ 2510 EGF 0. 0ng/ml 14736+ 2771
0.1 14581 £ 2186 0.1 79590+ 14766*
1.0 15753 +£1517 1.0 423128 +56968*
10.0 14093 +2537 10.0 3730254 39573*

HA 0. 00mg/ml 1226312231 FGF 0.0ng/ml 12639t 2636

0.01 13306 £ 2254 0.1 13775+ 2858

0.10 119201253 1.0 12687+ 2278

1.00 1219641422 10.0 11442+ 2333

TGF-p 0. Ong/ml 11686+ 1801

0.1 12754+ 1332

1.0 13965+ 2216

10.0 13329+ 767

Values represent the mean+S.D. incorporation of *H-thymidine into cultured corneal endothelial cells for six deter-

minations.

FN : fibronectin, HA : hyaluronic acid, EGF : epidermal growth factor, FGF : {ibroblast growth factor, TGF>/9 - trans-

forming growth factor- g
* p<0.01, compared to control group

Table 4. Wound healing area (%) of the rabbit corneal endothelial cells after treatment with EGF, FGF, and TGF-g

respectively.
agents conc. 12 hours 24hours 36 hours 48 hours
EGF 0. 0ng/m! 42.3313.48 66.12+ 7.95 83.58+£8.54 95.01+8. 22
0.1 49.1314.83* 78.70+3.78* 94. 05+ 3. 39* 100.0010. 00
1.0 53.86+4.73* 82.35+4.31* 97.82+1.14* 100.00£0. 00
10.0 55.67+1,23** 82.07t1.65* 96.41%£1.48* 100. 00+ 0. 00
FGF 0. Ong/ml 56.161+8.08 81.69+11.04 94.46+5. 37 99.9040. 25
0.1 58.31+9.97 87.94% 5.85 98.51%1.15 100.00£0.00
1.0 66.06+8.23 92.99+ 8.18 98.72+2.03 100.00£0. 00
10.0 56.65+7.70 88.75%6.11 99, 66 £0.47* 100. 0040. 00
TGF-g 0.0ng/ml 48.90+3. 90 71.76+ 5.30 88.49+5.99 94.3414.91
0.1 53.03%£3.05 78.61+ 3.35 93.31x2.70 98.37+2.00
1.0 57.03+4.32* 78.66+1.98 93.19+%2.33 98.70+£1.13
10.0 62.9245.84** 81.88+ 6.58* 94.52+5.78 98.02+3.21

Values represent the meant S.D. percentages of wound healing area for six determinations. EGF : epidermal growth
factor, FGF : fibroblast growth factor, TGF- g : transforming growth factor- g

* p<0.05, compared to control group
* p<0.05, compared to 0.1 ng/ml group

2 99le AolE HolA FAth(Tabel 3).
Fibronectin ¥ hyaluronic acid®] Bg& : 12
Azt g 247 2kell ] HA € FNZOlA 242t §4
gAez fA4%lE ARRAHI S/ AU
HEEdAd e @554 vl& Bo o a3}
A} Table 1, Fig. 5). ARFEE 9A] A 124
Zroll A 71 wgtom ol A vl Ztzhe) &
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5% 371891 95 RARg HEFEAA &5
% ¢ #3(Table 2, Fig. 6).

EGFe £33 2ZE FEroA tixFd 93
EASA oz fAAJE ARBHY F7HF A
AT 3BAARE 1 B} AL FAHAY
(Table 4, Fig. 7). AfE2E A 122204 7}
Z wgron xR HlE BATHOZ Ko
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“lc
’__,"" Fig. 7. Time course of wound healing area (%) of the
& ',»'r rabbit comeal endothelial cells after tratment
4 .
wl /;‘,;.‘) "o conto with EGF (A), FGF(B), and TGF- 8(C). Values
',;‘/ -a- O.1ng/mi represent the mean+S.D. percentages of wound
0F ,{/"/ %~ 1.0ng/mi hea}ling area for six determinations. EGF:
',,’/ -5~ 10.0ng/ml epidermal growth factor, FGF : fibroblast
of 2 growth factor, TGF- g : transforming growth fac-
tor- 8.
0 A A l
0 12 43

24
time (hours)

Table 5. Wound healing rate (m?/hr) of the rabbit corneal endothelial cells after treatment with EGF, FGF, and

TGF- g respectively.

agents conc. 0-12 hrs 12-24 hrs 24-36 hrs 36-48 hrs
EGF 0. 0ng/ml 146.20£12.14 82.13%17.81 60.37+10.07 39.63118. 67
0.1 171.39+17. 72* 103.10+ 8.93* 53.52% 6,71 20.69+11.73*
1.0 185.39+17. 46" 98.00% 8.61 49.93+12. 48 7.57+ 3.95*
10.0 197.92+ 5.65** 93.84% 7.08 50.97+ 4.10 12.82+ 5.56*
FGF 0.0ng/ml 153. 01 £20. 83 69.68x12. 30 34.91116. 42 14. 86+ 14,27
0.1 161.57£27. 60 82.13+16.12 29.35+13.92 4.12+ 3.16
1.0 180. 09+ 22. 63 78.89+18. 49 13.61% 8.51 0.00% 0.00*
10.0 164.29+23. 06 93.00+17.86 31.61+18.01 1.00+ 1.22*
TGF-pg 0.0ng/ml 150.39£11. 43 70.33% 7.28 51.06x10. 46 18.06+11. 44
0.1 152.43+11. 80 71.47% 8.40 45.94+15.26 11.78+ 8.38
1.0 163.77£15.20 61.92+ 6.71 41.67% 6.93 15.74% 5.55
10.0 179.33+16.64*" 54,06+ 6.92* 36.00+ 3.56* 10.00% 7.97

Values represent the meantS.D. of wound healing rate ( #m?/hr) for six determinations. EGF : epidermal growth

factor, FGF : fibroblast growth factor, TGF- 8 : transforming growth factor- g
* p<0.05, compared to control group
*p<0.05, compared to 0.1 ng/m! group

A F7 A a
ol & & UK Table 5, Fig.

E AN e

2 B N R
8). DNAZA A

= o adgrt e RE rdA AR F

7W7F AR e z:Fo wHE oF 5—28ue) A

%7He B A (Table 3).

FGF9 &7} :10.0ng/mlTo A 36A12tW X5
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0 healing rate healing rate
A 2 NN control B a %%/ control
150 < O.ing/mi 150+ 3/ <o 0.1ng/ml
N A 10ng/mi v A 10ng/mi
ol \ 0 1o.oz/m| %% a 10-0n9r/nml
\ /g gl %% s
50 / N 50t / / ]///
% \\ 7 %% / 7
LN 2 N 77877 7
0—12 12—24 24—36 36—48 0—12 12—24 24—3% 648
time interval (hours) time interval (hours)
healing rate
0 C o 2 control
a & 0.1ng/mi
1501 z
/// é :(;);ng/gr':ll Fig. 8. Wound healing rate ( #m?/hr) of the rabbit cor-
Jook / neal endothelial cells after treatment with EGF
/ (A), FGF (B), and TGF-g(C) respectively.
/ V% Values represent the mean+S.D. of wound heal-
50 / / 7/ ing rate for six determinations. EGF : epidermal
th factor, FGF : fibroblast th factor,
0 Za IZA ‘2///24 24_/% % ?ngv- F: :?rca:l):forming glror\ztha;actgc:r(-)v;. o

time interval (hours)

WA F7 YA AwrHo =z, E3 g
fAl st 2 1247t o iR v E <k
Y Frlke 3¢ BYAT EA%H 29
7b )lAH(Table 4, Fig. 7). A{¥EEE H 124
Z7E b oy thxFdl vl 4829
9= HAH Table 5, Fig. 8). DNARAE o
Al HzTG 9ol zFole YU TH Table 3).

TGF-g9 &3 1 12A12t9 1.0, 10.0ng/mlZol
A, 24Xt 10.0ng/mlTAN AN EAGHoz
goE ARAAY F7H71 UYL L(Table 4,
Fig. 7) A& EE 10. Ong/mlZN A R 124) 7Ho]
FT7HERT 2 dgole 238 FAyAY
(Table 5, Fig. 8). 28y DNARAY S ZE ¥ &
TAAM H2ZEG I ZFrHUoU S48
A 99+ A Table 3).

EGF % TGF- g9 W& a3 : EGF, TGF- g9
GEALS T ME BAGH R e A4
Aol F717F AAA T BHEGA] GF=Eojg) n)
¥ FsEAE QAT TF JAEDE YA
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(Table 6, Fig. 9). X#&x GA] 2zhe) Fojl A
© $57F F7HE AR nl@Rlz gPEds
A FeaT L AgAEA7 QQTH Table 7,
Fig. 10). DNAZA A= TGF- g€ ©4& 73t
RAARE BAHA ool YA EGFE 1549 7}
FT7rA L} BRALEA 238 TGF- g7t 84
3] 3719 EGF9 AEZ4 578 #4A)7: 2
HE BYtHp<0.01)(Table 8, Fig. 11).

FGF ¥ TGF-g¢ WA : 12412 dhel A
TGF-px'3t HFAZANA d=Tol vls) A
gHoz o AFHEHY 77 YA T,
GE5ALE A vl WRARAY AfHAe &
% zto]E BolR| ekkthTable 6, Fig. 9). X
FEEAXNE rlA7IA 2 WRALEA o A a 3
U s ESE gon dSAgAdE EA 8
Aoz e F7he RIUTHTable 7, Fig.
10). DNA$H32 TGF-g@EALg Aol k3t 27}
FHou FARE FAHe AU HFAEA
ol FGFY TGF-p7F Al29] Z&ol 98ge 23|
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Table 6. Wound healing area (%) ‘ofthe rabbit corneal endothelial cells after the combined treatment of growth factors.

agents conc. * 12 hours 24 hours 36 hours 48 hours

control 49.76+2.87 79.65+4.09 90.72+2. 94 100. 0010. 00
EGF (1.0ng/ml) 55.57+1.49* 90.52+2.35* 99.89+£0.26* 100. 00£0. 00
TGF- g(1. Ong/ml) 54.74 1 4. 58" 83.39+3.61" 96.12+1.89** 100. 00£0. 00
EGF+TGF 56.66+2. 67* 91.38+2.63* 99.95+0.12* 100. 00£0. 00
control 51.64+2. 36 82.23+3.74 92.90+3.89 100.00+0. 00
FGF(1.0ng/ml) 52.51%2.58 85.00+1, 95 97.71+3.78 100. 004 0. 00
TGF- g(1.0ng/ml) 57.66+2.40* 85.99+1.83 96.21+2, 05 100. 00£0. 00
FGF+TGF 56.67+2, 12* 84.30+2.57 98.87+2. 67 100. 00+0. 00

Values represent the mean+S.D. percentages of wound healing area for six determinations. EGF : epidermal growth
factor, FGF : fibroblast growth factor, TGF- g : transforming growth factor- 8, EGF+TGF : combined treantent of
EGF (1.0ng/ml) and TGF- 8 (1.0ng/ml), FGF+TGF : combined treatnet of FGF (1.0ng/ml) and TGF- g (1.0ng/ml)

* p<0.05, compared to control group
* p<0.05, compared to EGF and EGF +TGF groups

% of healing area n 00 % of healing area
sof > sof-
e} 47 o control o}  control
/4 4 EGF (1ng/ml) A FGF (1ng/mi)
40 % * TGF- g (1ng/ml) 0r * TGF-p (Ing/mi)
0 EGF+TGF-p o FGF+TGF-g
2 20}
0 1 1 1 0 L 1 A
0 12 24 % L 0 12 24 36 48
time (hours) time {hours)

Fig. 9. Time course of wound healing area (%) of the rabbit corneal endothelial cells afteg combined treatment with EGF and
TGF- g (A), FGF and TGF- g (B). Values represent the mean+S.D. percentages of wound healing area for six deter-
minations. EGF : epidermal growth factor. FGF : fibroblast growth factor. TGF- g : transforming growth factor- g,
EGF +TGF- 3 : combined treatment of EGF (1.0ng/ml) and TGF- g (1.0ng/ml), FGF+TGF- g : combined treatment

of FGF (1.0ng/ml) and TGF- g3 (1.0ng/ml).

v agten gxeax §A%Hcs KT 2
ol 1A h(Table 8, Fig. 11).

-

A AYAA AeiE AR 493 FAAA
FoAol B¢ AT FAAFF FAF FRUE
vz AAH #FE A Hedl ol W
Az F3AAPez: A4Y4gdE 53 UF
SR, FAES AhA]dste YA EALE
ol & A oM X A4AE TH=e PP Fol
olg5=dl HAe] A4 FAxVY AAAMED

v Ade Egoz HFAAW A AT FHPA
a1 F2e Ae B4 Aot HolA 3
AEY et dol ARstes ZHAW A B
o] gojslty T} A Av|e] FdA Fo)
@3l B dig A7 Bedn £
AR APA Ay A AT FEFAVL
3l FFAEHo] FEo] gto g P oF &
Aok, ANEF APAMY WA E F
AAAYPeze MIFE Ao EL glass
needle2 o] &3t F3E& = MET, filter
paper® ©|&3le WHYFol o] &HAMUH. £
APL Miyata® 7} WES FXE o] 83t A ¥
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Table 7. Wound healing rate ( zm?/hr) of the rabbit corneal endothelial cells after the combined treatment of growth

factors. ‘
agents conc. 0-12 hrs 12-24 hrs 24-36 hrs 3648 hrs
Control 131.201+ 8.88 78.66+8. 67 29.21+3.58 24,54+ 8.02
EGF (1.0ng/ml) 147,59+ 7.33* 92.78+6.89* 24.86+5. 39 0.28+0.62*
TGF~‘3(1.0ng/ml) 150, 42 +10. 83* 78.754+6.85" 35.14+6.24% 10.794£5,52*"
EGF+TGF 154,54+ 9.54* 94,54+£7.22* 23.381+7.03 0.1440.31*
Control 155.32+ 8.52 91.94+£8.33 32.22+8.14 21.531%6.61
FGF(1.0ng/ml) 156,02+£20.93 95.931+7.79 37.451£4.70 6.81+2.60*
TGF-p(l.Ong/ml) 159.79% 7.89 85.23+8.55 32.871£4.00 9.44+2.67*
FGF+TGF 163.95+ 7.88 91.44+8.09 35.74£4.40 2.924£4.34%,

Values represent the mean+S.D. of wound healing rate (gm?hr) for six determinations. EGF : epidermal growth
factor, FGF : fibroblast growth factor, TGF- g : transforming growth factor- 3. EGF+TGF : combined treatment of
EGF (1.0ng/ml) and TGF- g (1.0ng/ml), FGF + TGF : combined treatment of FGF(1.0ng/ml) and TGF- g (1.0ng/ml),

* p<0.05, compared to control group
" p<0.05, compared to EGF and EGF+TGF- g groups
+ p<0.05, compared to TGF- g group

healing rate healing rate
200
¥/, control \\controt
OEGF(Ing/ml) & EGF (1ng/ml)
150 ATGE- (ing/mi| | 190 4 TGF-p (1ng/mi)
0 EGF+TGF-p O EGF+TGF-p
100 100

&\\\\d&

7 . )

time interval (hours) time interval (hours)

Fig 10. Wound healing rate (zem’/hr) of the rabbit comeal endothelial cells after combined treatment with EGF and TGF- g

&\ \\m

(A), FGF and TGF- g (B). Values represent the mean®+S.D. of wound healing rate for six determinations. EGF :
epidermal growth factor, FGF : fibroblast growth factorr TGF- 8 : transforming growth factor- g, EGF+TGF-g:
combined treatment of EGF (1.0ng/ml) and TGF-g (1.0ng/ml), FGF+TGF- 3 : combined treatment of FGF
(1.0ng/ml) and TGF-  (1.0ng/ml).

T HYAM BHoh 43 AEEA dAS AV && FAIE of 1o} Aol A H]E°]
Azl 7hE3tA T AAIE HES A8 dol o FHA opsomn.‘li’ﬂ-—l 1e= 7 AL F
A3t A AR S Ro] H @A B o] 7ME3tAt bronectin®] £3] Bo] EX o] le X WA
Fibronectin& £2}% 440,0002 29 €3 % Al  £9| basal lamina®} 219 & limiting lamina
F9| 7| Ao EAste A=A Axe wY ot AbEe BFAZEE Zed oM £
Ao st Fgol o ME F23 dF  basal lamina, Z'24A, Descemet®| =7} W 7 4]
ofM E7} 7| Aol Rsted £8% 9L e ¥ ExYe Ao Az A4
Aoz dHA ded AXY i FA9E, A FHAHNA fibronectind ZHF A £ o] F S
o] 31 ¢ FYHAEA 2549 FU AR FAAA FRFAAKFE FAANUGL S d4H
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Table 8. Effect of TGF- g in the presence of either EGF or FGF on 3H-thymidine incorporation into the rabbit corneal

endothelial cells.

SH-thymidine incorporation

single treatment dpm combined treatment dpm
Control 11944+ 1860

EGF (1.0ng/ml) 169002 £+ 35382* EGF+TGF- B 102931 £17199**
TGF-p(1.0ng/ml) 13865+ 1568

FGF (1. 0ng/ml) 10703+ 1751 FGF+TGF-p8 14875+ 3209*

Values represent the mean+S.D. of incorporation of “H-thymidine into cultured rabbit corneal endothelial cells for six

determinations.

EGF : epidermal growth factor, FGF : fibroblast growth factor, TGF- g : transforming growth factor- 8, EGF + TGF- 8
:combined treatment of EGF (1.0ng/ml) and TGF-ﬁ(l.Ong/ml), FGF+TGF- g :combined treatment of

FGF(1.0ng/ml) and TGF- 5(1.0ng/ml)
* p<0.01, compared to control group
* p<0.01, compared to EGF alone group

0 3H-Thymidine incorporation( X 1000dpm)

150

50

0 contro  EGF  TEF EGF+TEF FEF FGF+TGF

Fig. 11. Effect of TGF-g in the presence of either
EGF or FGF on *H-thymidine incorporation
into the rabbit corneal endothelial cells. Values
represent the mean®S.D. incorporation of
H-thymidine into cultured rabbit comneal en-
dothelial cells for six deteminations. EGF:
epidermal growth factor, FGF :fibroblast
growth factor, TGF : transforming growth fac-
tor- 3, EGF+TGF : combined treatment of
EGF (1.0ng/ml) and TGF- g (1.0ng/ml), FGF
+TGF : combined treatment of FGF
(1.0ng/ml) and TGF-g8 (1.0ng/ml).

©. 2 fibronectin®] ZteHd A £} A Fol &7}
P2 A48 AT gFol Hu UG,

Scott '€ fibronectin®] ZtEr A X o] A&
/8 F2 MFA AFE FAANNGL FARE
o] zteR o M 2o & fibronectin®] EA3tE AL
2 Rol YN EY FAXFAE BAY Aoz
AR 4 Ak 2 AP M = fibronectin®] 7

Zeh I A 9] A Fel 4% A7 AN
T EY FET ¥ETE AR } mES d 5
Ak 28y DNARAEE EE sETdA 9
e MEZFAY ade AU

A dAH e 2= hyaluronic acidE W&
Al B3] JAF3FAA Aderd dHHgAEE
BE3 AT 24E& HAsIH3 Al
st ARgstar gtk o]RAE FeAd e hya
luronic acid7} 71A &) cushioning® &g &}
WA E7} FE717 AFFEA % Y A
3t g HotF7] W&Eolth. < Smedsrod
273 Laurent B2 7t sinusoids®] W3] A 2o
A hyaluronic acidF&* & LAY =d THHIAA
¥+ circulating hyaluronic acidthAtel] F8.3
&g 3131 hyaluronic acid58-# 7} 4ol A hya-
luronic acidE =9 MEWo|Y& 2R T} 3
g, dxl 79 AWRel = hyaluronic acid7} &
Azt YA M EE hyaluronic acids-&3 &
7 A dokar e A oo,

Hyaluronic acid linear polysaccharide 24 al-
ternating glucuronic acid®} N-acetyl-glucosamine
residues® TS & proteoglycand 32
83t BE 239 A2 712 GAHE T &Y
4& AFSH. =g 329 4319 interstitial
compartmenttfol A EA o]F & ZAgtt
Hyaluromc acider Al X4 Fo] &gt o £

= F4A0 ZAgsled &A= AEFVY
?5“3]4—};‘&4 #Ho] Qivha g, dwrHo g
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hyaluronic acid#/d& FAHEE A oA &
d3te AEE SFVAZRH AN HE
ol & 34 3% 22]2 hyaluronic acids4 A
v AUA R deE T ojs e wat FH A4
"o, £ 214 hyaluronic acid® F4F 3}
U7t hamsterd 8] EFwY e ZAFEAF DA
nHE#AFE FAAIIR B g FITC
-dextran®] ¥9&& HAAIIH FAA/KE FHA
e 2% A, Yue 592 g3t A9
Zteh o] A o A hyaluronic acid(1mg/ml)g] Al
¥ZAaRe v Bast. B AN
E BE FxolA DNAZAHY Frhe e
Img/ml¥) FxolA thzel via) 22 A me
A4AFEA7F AR e ol hyaluronic acid”}
A Eoj & oA M FAAFE FZA
Zcn & 4 AUty EF fibronectin® Zo] £
e A A= FAgo] W A gdonm F
FARFE WU FIME € F A

EGFe 37019 disulfide bond2 A3Hd 5374
ohu) =2k} @A) polypeptide(MW 6. 045kDa) .
M4 HE Cohen 5o 23] AH sl A
2 Eed G dAe &L e
ot &Hth. EGFE 3 &M Be] H
53 oA A Al e oW, B,
FrdolA A Aol 2—4ng/mle] Lo
EA gt AFAY A9 EGFE 7RIS ZE
gzt A28y g5 AY vlduk. A
Y EGFY olv =it &H e AR E A g
beta urogastrone® #th A EGFE H4HE
HE JA3ls 4= . EGFe iz &
A3ed Tl A 0.7—8. Ing/ml, WA=
0—1.4ng/mle T2 HEHUP*Y. 6mmZ}
AAes A9 JHE FH F49 EGFE
7R ge RIE o a2y b EGFE)
A g4He & vev . EGFE E0]F0]
i w2 38 HAEH #4719 45 Z&s
tt. EGF—%%&7] 5349 ¥3}71= membrane
preparation®] A 2F 20%-0]1 7} Hojt}, EGF+
o]H g EHF M X +EH(175kDa)E FHA 2
£t HoAE 9 B EA LY F4H £
£ AE3%dy A ledied s g, 4
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o2 A gog g A X, 28 ¥
e FALZ HNEFLA7F E2AFHDL" Go-
spodarowicz £9& Alge]l EGFe 49 Zrvhiy
AEE FANZIL AEF7HEE He AE 3
Hrog ZAA7Y H A= 10ng/mle] Fxol
A BHEHAL 0. Ing/ml8] & FEAME &7
7F AR AESe F7HE olyel DNARA®
Z71710 3 sk, £ EGFe WAl x e
FHE g HFFow WAL W
Ao ol 5 & FAANTA AT, E Aol
AZ AMEE RE kA B A AR AR ES
WA £ wofo] Yoz Wty HolHA
% 538 EGFY A% 2 Axvt o §ude #3
& & AT} Yoshida §'& ZebAA g FepA
710 % (organ culture)@W EGFE Zhau) o A4
ZE A7t Gl dis) A2 o)Fo] I3
Hia AR ARFAIZME dEAAG L 3149
. 2349 EGFe A xed dside
FAHEE S 2N 7Y AT o = 1%
2 &t} shubstE S FY A A Eoll= EGFO
g &A= §l7] dEoloE. B Ao
AE 0.1, 1.0, 10.0ng/ml 5 2E€ £ EGF7}
ZFEZNE S A 2 o] FAAARell oefle FRA
A7t AR EF BE FZToA DNATA 9
717 Aok

FGF+ Gospodarowicz®, Gospodarowicz®’oll
s HatgEAoA A FEHAD ALHA o
M= EHJA2®. FGF+= @714 49
2o ez EA3y A FFY FMEH U7
uigoll A 7] ME, 53] & & £ TA
o YA Ee F4% ¥3tE FIAFT
G A AT, o] LA AEFH, FA
AR EYE ollE FeGAYTH Y3 EE
ZAshe Al 7129 ZjA 7 dHE B4 9
i g, 8L dr14¥Ee 1 HETH
e 2AT AExF ot 30—-1008 HE &
Sol Hop'. A4 FGF& £A4#0] 15—15.5kDa
olu®®  @r|4 FGFv 2A-#e¢] 15—-16KD, Y
@71 polypeptideo] tb*". W2t al ] &h= ) of) A
B A= e F9 growth factors 9714 FGFo| T
B @xAA 4714 FGFe A A2 ME
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a7, 53 ¢ 2 g E5S /A TE
o] AL-EH oA $o . E o] FGF7l vl 43
AP A EE ot FAMATAE FH3 KA
FEEdE AgPdcta R, 9714 FGF
£ platelet derived growth factor(PDGF )4 TGF-
gote g FAAFHARA #Ade e AR
o F4L A8 & ZAERNAA xS ¥
BH G2, AFoANEVF Y F4E AF L
=3 FGFe 7tEZ9, Wotal 9] § %28 % chori-
oalantoic membrane) E¥ hamsterF 2] 374
SolA HFEPE FIAAA L7 1977 Go-
spodarowicz ¥-& Wl F¥ 7tEZ U o) A Eef of
& FGF 2 EGF9 FAHAF #F HuoA
EGF+ FGFRUE B2 TR A FAHEE S
AA G 39t &, EGFE 0.0lng/mlol A=
97T Ao 10ng/mio] ol = vl5g 53
2 B4 vH FGFE 0. Ing/miol A k7t mito-
genic 1 100ng/mloll Al HA < &A7F UAthn
E ole Yue 599 Ae fAlEASY
Yue®] AN = AL Zrahf Al Lo glojA
€ A a7t AT F[ch 2ZAT M E
2287} ‘Hthymidines] ¥#& EGFRT FGF
of A ofzt o . a¥d FHUAMHE o
#M e FGFe fAMHEEE A7l wbdd
EGFE A9 E#d7 gl sda™™. & 49
A& 0.1, 1.0, 10.0ng/ml F=9 FGF& AM&
el 2E FxoA xRt g A f
7} AU 1.0ng/mlzA A 3 122179 24
HAA o} A K&ol 71 Eho FAITA 99
= Utk =% DNARAE 9goidle 5718 &
&g 3 g olv B Afel AH8-3 FGFH
Tl 97 wWEelstn AzZEd. g4
FGF& Al29] gejo} A% Jakg v
= A HE Hfotdx FGFE 93}
Y A27t 21 7l 718 7Y F3] 503
o] AU U ole B AYPAA=
2 + At £ EGFS} FGF= A 22 E
& F7HE R ool M XY o]F& FIANT &
e A R A 3 R

TGF- g disulfide2§E 3t 9§ 112749
olujx it olbel g FAH olFAMY polypeptide

oltt. ¥AHFE 25kDacl™ HETHoE T
A EAlolw ojFAF27t I HH FAo] 24
g, TGF-ge AANA 4714 FF7F €A
ded dH AgEe gihwA FAE A&
TGF-glolgta 3t i @47 -Zol A AA
" AL TGF-gzol® A, siA], ®¢] cDNA
cloningl A 2 € TGF-p3, B9 AT A XA
&4 (clone)® TGF-pg4%°lth. 22y TGF- g1
# TGF-g2e 2 F&4 715°] oFF fAtstx
TGF-p334 TGF-g4t F&A4d9 ZAdz oy
TGF-81& F& AH&3tn Ju™ oA
TGF- g% TGF-p1& AAste Aotk TGF-g
© Axe 719 e Hee 5747 dn w
4, fibronectin, proteoglycan®] &, integrin'd
58 F/Mn = AuAE, yaAx, o
HAE g SFHEFY A& JA T AEY
7148 HAA 7| £ collagenaseZ2L D EsE L
9] 3§38 Z4A712 plasminogen activator inhi-
bitor type 1 #Z& G Esad JA A FE S
Z7MN 71 Aoz A o

H| & Muller 5”& TGF-37t $-Zehi s 4 2 ¢}
FAE A g FPAT B A AEF2
TAFAAME gzFd ¥3 DNAFAC] 238
Rt F7HstA oY BAIEH KoL gAY 1
AU MEFE Alo] SHAELE BFF Plovet 5
o] YA I Ing/mloldte] FRAAE FIA|
713 1 039 & FroME dAg T s
th B AN AN A AARAFE N FHA S
233 FEme 1.0 € 10ng/miolA 2elgle
BAAFEHATE AU ol TGF- g7t dvtd o
2 A2 AF7 F4L AdASvn AT v
of YA, fibronectin ¥ integrin £ AL =
W 7E AL 3tRE olF EA] ZuyuA
X9 ojF € g FJAA wE FAA {7
golgrim Ayztgc},

3 TGF- g7} FGF 4 bioactivity® 3332
2 EE BAYor 2EIATE Barl @) %l
th FAHA -9 A2 FGFo 93 x7] 8
olo] H2& 3} osteoblastZF 2ol th3k Falol] o
3 Aola BAAH dE2e & gdo 2AEd
o WX d§ FGFY 4% XA E o
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A3t FGF9 angiogenic acitivity® A gtthe
Aolth, £ t}& FHY HAMEE G2 TGF-
B7F FGF9 A& Asle L2 Buso gl
™ 284 Plouet ¥ Gospodarowicz™®ol 2] &}
H et s 2 loiME TGF-g7t FGFY
i3 ¢ EGFY &%& FIANZYL 84, 1
YA B dHANME TGF-/;W]' EGFY FGF9 &
ol oW g FHFE WX =7tE G798 HEF
g 39 Hgte=d Plowetd Zdgs whiza
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