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NEAEHMBREELIDOICHL, BRERIRTELBTZTNEE
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"EGF : epidermal growth factor

TGF-a : transforming growth factor-a

TGF-8 : transforming growth factor- 8

HB-EGF : heparin-binding epidermal growth factor-like
growth factor

KGF : keratinocyte growth factor

PDGF : platelet-derived growth factor

CTGF : connective tissue growth factor

HGF : hepatocyte growth factor

IGF-1: insulin-like growth factor-1

NGF : nerve growth factor

TNF-a : tumor necrosis factor-a

IFN : interferon

PD-ECGF : platelet-derived enddthelial_ growth factor

CSF : colony stimulating growth factor

GM-CSF ' granulocyte-macrophage CSF

G-CSF : granulocyte CSF

M-CSF : macrophage CSF

spr : small prorine-rich protein
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Table 1 Effects of various factors on keratinacyte proliferation, wound healing, and angiogenesis.

in vitro culture outgrowth in vivo/wound  angiogenesis references:
cyclic AMP ' ) Ve i o ? 8-10,15,16,23,24,120
epinephrine /isoproterenol 4 ¢ vasoconstriction 8-10,15
cholera toxin ' 1 L 4 o ) 12,15.17,60,61,118
forskolin i ¢ 79,80,120
EGF/TGF-a t * 1 t 12,39,40,41,45,

46,59,63,81,85

amphiregulin ? 33
HB-EGF 1 35
TGF-8 V (G 1 ? 24,26,27,29,58,

‘ () ,82,83
PDGF (=) t * 38,64-66
bFGF (ma¥ +) ? ? 45,52-54,58,59,67
KGF ? t C) 47,555
HGF 1 1 81,84,85
IGF-1 t 1t 38,85,86
NGF ? ' 87
TNF-a v i t 58,88-90,99
glucocorticoid ) | } vasoconstriction 16,20,21,39,

(1 : required) 58,59,62,69
retinoid V ) t... R 16,91,93-95
Vit D3 } G 96,97
prolactin t 107
TPA { V ? 11,108,119
IFN-a v ' 106
IFN-8 ¥ 106
IFN-7 ¥ ? 4 89,109,112,121,125,126
IL-1 (=) () 110,111,122,127

(% : through induction of KGF)

IL-2 ) ' 111,113

IL-3 ? 112

IL-6 i 114,115
IL-8 1 1 116,123

GM-CSF 1 112

G-&SF unknown?

M-CSF ) 112

* =variable(depending on
* * =early phase
* * * =diabetic rat model

cell line or culture condition)

The data of conventional culture system(s) and those of the outgrowth system are separately shown.

Note there is a marked discrepancy between the results of the two systems. The results of the two culture systems are also
different from those of in vivo,/wound healing system, that are mostly parallel to angiogenesis effects. Angiogenesis and
endothelial cell proliferation may not bé the same. For example, TGF-8 and TNF-a, while showing angiogenic effects,
inhibit endothelial cell proliferation. Epinephrine and isoproterenol increase cyclic AMP levels of keratinocytes through
B-adrenergic receptor-adenylate cyclase system. Cholera toxin and forskolin activates Gs and adenylate cyclase, respec-
tively, increasing cyclic AMP levels of keratinocytes.
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Table 1 IcRENZTREMISHEEHARF ERT,
CORERT, —BRAZGI2HT LIBHTHEHLL,
Btk N3 D in vivo & in vitro D 84 iRk
Thro THOLEERTREMIHMEO LD 25
TTRTH, 47 L bAIGEERE T VICBOTIEDIER
ERELV, —F, TGF— B4 TNF— a ® & 5 ot #
FTIRERRMIAOIE £ WH T 2EF 4 in vivo T
BAVERBORERFLE LTHMmEs LT WD T 3,

in vitro O#EERIE, AE, in vivolc BT 2HEHEK
HEEREUIVBET /- DIKRES N DTH S, L1t
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2o TEA OHEEFIMERFOIERZMBIT T 2 1ICi3B8LT
W3 DN, AHERIZEKINC IS  OBEHEE
FhHERC»OAH - invivolcBIF BEETH Y,
EBRTHONLERY, L7 L bABREERRT 2
EWMRSH W, & biTinvitro T, HEROEEI L -
THEHBERFOERIIRKE S BT - TL %, HHEAIE
DIEFTIC S > T, EDLS NEERE BN, ik
FEEICAKEUBETH 3,

BIEABESIVE LTO outgrowth R

REMBOEEREZRBIRT 31c4-T, bhbhidK
#FK outgrowth R 2 RBIR L 129, CORIIHL » 54
5NTVBE DT, t +FRKT b Karasek ® Flaxman
SOHEHDH BV, BERKICBIL Tid Halprin 5t & »
TRESELNLO D,

outgrowth RRERKDODWEEREE2 XS54 FH S R

- RBicBEESYE, ZONODPLORKOMEEHATES

OTH3 (Fig. 1)o BEOEBRRIELANICRKME
IS LTHEHAZRETH D, EENTAIGHER
EFNEVSICRET, BHAEH B, Hc OREMEH
ML REETEAT AT LR, in vivo TIREZ 54
BWRETHB, BEOERRTH SN 37 OB
¥ in vivo Tz 5hii v, & L5 outgrowth T
55N BERNIHNTS 5, AIEO LEILO 70+ 2
BEKMICIE, b & S5 & outgrowth i IEL TW 3 &
S IcRZ 3, outgrowth REFHOEER & DREER I,
LIS LIZMRBENS S S h 308, Diad &b RROAIGRE
EF V& L Tid outgrowth R D5 A% in vivo DRE%Z
FOERCRBLTVE EbhbhidHEL Lk, 4B
Compton 5> bMiERHROREKMIAIITEKE L /2 in vi-
tro DAUGHIEE 7 VEHEL TV B4, Chb—EO
outgrowth 2 TH 3'?,. ¥ /-% 2 F % Barrandon and
Green® A # 3w =— b —EDoutgrowthZ & 2B s h

%" (E2)

outgrowthid 2 D DBRERP 51 3, 1D IIERRM
RosRic s S HRRKOEMTH 5, 5 1213~
D 5 DREAMIOBH (migration) TH 5o WA,
CD2oDAEEICLD 1 HiT150—250 £ m3 D
Uféo outgrowthRICHB W THEFID 2 — 3 H ldmigratio
WHEARTHD, ZORBMIEABBEEL BB, O
2oRVTNHAIBERCBVWTRBHTEETH 3
22, LiZ LSRBESRONB, EARAY b Ldt—
b I3HREE S 2 %] B A5, migrationic tiﬁé@’a’:%z’.
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Fig. 1: Pig Skin Outgrowth System.

A. Pig skin slice was obtained by using Castroviejo
keratome set at 0.2mm thickness. The skin slice- was
cut into 2X2mm—sized squares.

B, C. Pig skin squares were then put with their keratin
layers up on cover glasses, that had been placed in
35m (diameter) X 10mm—sized plastic dishes. The skin
squares were firmly attached to the cover glasses in
5—10min, and then incubation media (see below)
were added to the plastic dishes.

D. Incubations were performed at 37°C in 5% CO; in air

for 3 days in 2m/ of RPMI 1640 medium containing
10% fetal calf serum, and antibiotics (penicillin,
streptomycin, fungizone). In a standardized condition,
outgrbwth from the edge of the skin square is usu-
ally 1560—250 4 m per day.
Aollowing 3 days of culture, explants with outgrow-
ing edges in at least 3 directions were randomized.
The maximal outgrowth of each explants was deter-
mined under a stereomicroscope. The explants were
cultured with various chemicals and,or growth fac-
tors for 3 more days and the outgrowth of each
explant was determined under the stereomicroscope
daily. Mitotic index was determined following
hematoxylin staining. '

—135—

fx e °
outgrowth[C# &2 9 cyclic AMPOIERA

outgrowth 3 [REHIC 3 RE OAIAERE R L TV
313 TH B, HlE LTeyclic AMPOER %317 %,
outgrowthR&ic &\ T, cyclic AMP# \ Leyclic AMP
% LA S ¥ 3 EA 2outgrowth b MRS & M &l 4
5819, —%, cyclic AMPRIEBRRICT & - TIIHHER
EIERZRTS 0, SORE—DOEBERTH > T Ml
DELNIREICLVREBEAERLALDT 3, Oka
dabic&hid, BEOERRTH > TH, cyclic AMP
2 ERSE 33 V5 BRIBAEE I 3 R
FEZETLE S &, confluent T < T8 3 & ¥ iz B5E & M4l
4 3™, in vivoD#K izconfluent cultureF iz 1) L
TVBRTTHE» D, TOREI, outgrowthas,
& Din vivolt B WVIREEERBL TV 3 £V S BRI A
®d 3, B

outgrowthR iz h B 5, RENTESHELEZE-> TV
%, t2& ZiE, B —adrenergic agonisticyclic AMP
F %A L Toutgrowth2MEld 5, —F4, sSvaans
a4 Ficld&EE B —adrenergic adenylate cyclase® X
RS 3EENH B9, outgrowthFRizc B W
TEREI VI aNF a4 FORET B E, Zhich
L T B —agonistic & % outgrowthil&IfEE 2RI h .
32 (Fig. 2)o COBBRRIEL 2SO TVWBE SN
TINF 34 K& BABEIO MM &, 53R
EHAT20TH 3,

outgrowth@fﬁ!.’% I3, cyclic AMP&A%in vivolZ#L W
RETREREMIGEEEMHE T L%, SVbhIsE
cyclic AMPIRAIERAICB VT, D & bER IS
L CTRMEIRIcE TEERBRL TV 3,

—7%, cyclic AMPiZ, in vivoTi8lEIER (R T
BILBWMESNTHY, RERE T 24 AREA
ELTERIBALESh T2, AlERBREOX
IR THN, BRKHICIERILCEVEETZRTT

BB, TdbrHHOT, EERRICLDEVIF T Dout-

growthDFER DS, in vivoD AlEEEIEEER & BT L
TWIEWDIIRBIETH 3, cyclic AMPROIEH D#RE
3, AUSIBEHIEC 81 3 REMRORMT#E VS 7
To-FBEEEERZ560TH 3,
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Fig. 2 : Glucocorticoid augments the inhibitory effect of
epinephrine on epidermal outgrowth®,
Epinephrine inhibits pig skin outgrowth.
Glucocorticoids, that augment the B —adrenergic
adenylate cyclase response of epidermis'™ ', also
augment the inhibitory effect of epinephrine on
outgrowth. Hydrocortisone pretreatment for 24 h
augmented the inhibitory effect of epinephrine
in a dose—dependent manner®.

HC : hydrocortisone
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TGF— B 3L OBk EN L TH <, TGF—
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HERL®, AFEROEES 2%, RS

B & -338% 515 1996F2 A

+ 3 WAL IER I2PDGFRE ¥ » <2 (CTGF) A%
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BV, HREREFRARROAEVD, '
TGF— BT L ARKMI DO+ < MFIT 3,
ThiTiZRbD ) YERILOWHEI &, Zhic & 785 myc
OREMG 53 32, TGF— BRI LB ->TL
BILRBES€ZRTTHEY, B20HRICNT 2
BVWHTEREEROWR I, 24 L LCAlgRRE(EE
& ¥ 3%, Quaglinolic & 3 & TGF— B i3 ¥ i3 FR1L
k5 REECE Y, BRI ASHEIREC ¥
BERIFSTV, o &lE, Dl EbTGF— B
KBR->TWAE, in vivoofIEBRBIcBVWTIZ, KK
XD LERMOMESHIVEETH ST LERRLTY
%, BlGIRRICRENBHEEEZ 20 3ERTHVE
EHRL BN, ZBRIZRAIKBB3L5 KRR 3,

EGF,/TGF — o & Al{EARE

EGFREVWEE 2 ROBIERTTH 3, FEHTME
&, FRFBOMAICHE L TR, EREEENIZE,
EGFRTGF—a# &, WS 2»0HEUOETFL 7 7 3
) —EBRLTVWS, ThoRETEGFREKRENL
T, EGFZAKRF oy v+ - ¥EKEERS,

PEK, FEMMAIC B\ TIRTGF — a BEGFZF K
BEBALTT=2  EEX SN TE A, amphire-
gulin, HB — EGF (heparin — binding epidermal
growth factor—like growth factor) &\ o f:%’r Lw
HFosRESh, EGFZAKENT 2HIBMIIEHT
DITIE 2 139, % 2HFE~YY) VE5AEE%EE Lamphi
regulinid RIS, HB—EGFliiw /v 7 » -V &
REMRSEET 5, REMOMMTEICEL TTG
F— a, amphiregulin\\g* n bREWEBH LN W,
% 72TGF — a £ HB—EGF3, %ﬂﬁ%@ﬁ@UD&ﬁ 5
7, HEORBEEHEMT 5%,

EGFZA& I, AlEHRRmickZbEnsasoh, EE
b4 2 EBMDT 37, IGF— 1 IEGFRAKK ST
T it & DEGFERA MY 515,

EGF/TGF—a i3, ZEMICX L TREEREM
b REREER AR TS 20, F /- REMITDOmigra-
tion b {E# 7 %, in vivoT & EGFPTGF — o B ic &
ZEERBREFRHIMES TV B, L, T
DBE, HECLET ZLENH B,
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MoN TV, KGFEZARKIIFGF2RIZAKmMRNA A
alternative splicingic kW E L bDTH 3™, FGF2
B A4kIIbFGFIc $aFGFic b 49 545, KGFiTid
o€ T, KGF2AKIZKGF (&aFGF) i L4 L
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FGF7 7 1 Y —D5 b, AlERMIBRT 301, X
ICbFGF & KGFTH 3, i FHRMIMIE, Mm% AEME
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rEBRRTHIn vivoRliEF VTS, REMEORETE
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outgrowth® s, in vivoDREZ L DB KL T
WBEWHIHEFBICO b ST, cyclic AMPICBEL T
WA, BEOEBROGHL Din vivodEM & HHE
Lo ThidoutgrowthROBRERT D TIRH - 7=
75, [REMICoutgrowthO AHBVWE WS bhbh DIL
BETH LD TREV, ThaBhkon, 1987
fEdBarrandon and Green it &k 3 4 43 o =—DHE
TH B9, A4 ao=—<%IdGreen ® feeder layer %
AViEERCBVT L HoMEMS RS- LT la
PEDRESITE->71-bDEIET, TORETIIMAMRIE
M TS ERABEMERT, CoRIHERERE
EREShicbhbhd outgrowth RicHIGLTH D,
invivoD ERILEFNVERLT LN TE S, SHIC
EH#EM, T73bETGF-aFAET TR, 1HIKHI
mOU 53, bhbhdFRD 150—-250m & X, Wh
KT hhbDTHE2h0bh b, bhibhdsghs 8
4ERT, outgrowth Hh oHGBL AEBEOE - IFicii»
OB OWMETH 5, BEOEBERS, RKHIC out-
growth LE CEH %, ThdRr—-V7v 7L kT
R L 7-BE, & 13 outgrowth i S B R X 2 218715 h -
o GE4)o . ,

4 BEABLREDLNOND Y 2T L IHEND 22
BHSHTSH B, REMITD migration 1213 FEROHIR
PEHELEWERE S, &2, migration i3 7 4 7o
27Fv, asrvickoRESh, SI=vickhil
HENB® (GE5), 45 AREMEEBETME > bh
bOUDY X7 AiF, TOETHSHICAENLEFVLA
2o TOffl, KGF ik L% &9 5 HEMMEIFMiat
koH ORTFLOMEMEAGER, EX5N3, BH -
7470X2F Y, a3 VTR LBIRL - TGF—
Bk 0FHEBLL» BT LIIEHICMET 5, TGF- 8
3R D BERE % T & ¥ 15 { T migration IcFF|
BREEELLICLD, ERIEERESE TV ZHE

- B3,

MEFE & AIHER

b5 —ERERTHBE, invivo lc B 3 AERE

C REERSERMEOBETEL D b, UL AMMAKE

BOLMEFEE V- AEHEEBLTVWE T EobD
3, TGF— B8 2 DREMIHITHBH®, TOED
I b MEPIRAIG L 147 S & 5 cyclic AMP i3 AR
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ZREL= =00, MENEERER> 7 vaavsa
4 FRABIREZMEIT 37, TGF— a b RKMK
WO I MEFEERERT™ ®, PDGF 3REHM
iAKW ERERS T VY (GE6), I
EEHEEEREEL, REICin vivo DRIEIEE £ RE X
#5549, FRERIIC bAIG O ERILICBEL, BIFEAF
MBYERINZCLRIKAMONIEBETH B, bh
bUBMEHFEOERT 200% 65 1 EELZHEH
b3

R OMFRE & MEFLE

IR BERORERBRELE o7, ARCRER
DBREVGFEELTVIY, AESERZLMEZES TV
o, EEREIBIAOREICHD, REIEE, BK
HBERCZO XV F—RBEEKELTWVWEY, £
PEbOTEBREAVAEERIC X 3 L REMROEME
ko — 7 3EBEREICH S (GE7), Horikoshi 5
L& 3E I IERKOBESEME CREMBIZSR S X
CHRES 2, CHIIOMEELEREECEVRET
bV, fo&ZITBHFMAZE 9 —16mHg O BEKH TR
RBTRLB(MET 5, REREEORETIE, BER
BhORZEBDTREDBEVWEIATHARLTVST
LB5Y B,

TTIRBAE I, REICE > THOBEKORAS

B, RRZThEEBREALLKTH 2, BEORKIZ.

WalPy—vZd—nN—%GnRLTVITIVDIIT,
VP L bRETABESEE LI, REAKELKE,
TROLOLAGHERBICE VT, RIBIERICEET 5K
KA RcE-> TRHRERES Y, BEICENTERRE
WEBEBLTVWAI LI B™, EkicAIERETSS
hAMEFESMPTEENTIBKT 7 X0 LRI
DUMB, FIRbIZLALBEEES WD, RN
EROBEENLEBROFHBZLEETH 5, LW
DA 3 LAUGIC I T 2 RFTERR I3 R D HE5E i B F
HEBRBEEE b AOTVRTALENE>TWVS, TDT
L RAGERIC B ARFMBOR-OEKY, TER%
BELOLRHVPODEETH 5, REMITHEMEDIT
L ic BV T HIER O 10 £ O MM AESE S
>h3b,

SN OORRE, ASERERCSY 5 MiEs v L
BEFEOMEH, KM T EE DR LHEOSHIE
FVLREMCEETHEILERRLTVWE, MEFH
&3 MAEBEROEBRT 02155, REMBEONRHIC
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Lo THHLEBRERIEEIED 123, ARRICBVT,
ZEMARBESMEFERFEHLTVWEEVHSEED
HERZOBEWMLSOOEETH 529,

BhUIC

AlEEa I 1) 3 REMIAO RSB >V TE L B
o AREIESH S 8 4RI, bhbhdoutgrowth R
SHGE L BRI OB S > T3, in vivo i
HET 2EBERE VS outgrowth DEAEHICHE%
Kok, bhbhi3uBE 328U -7,

BRATIHL O LINEFEOREE TEDTELD
L, AERERICSWVWT, HABEO—REMELINES
KbBX 3, LMLENS, hbfiAEE bS8
fbo—2 T &Y, BRI TNEHBERRIESCESN 3,
BEOSBROEENL T LY, invitro DEBRITBIT 3
REMRQIETEDS, 49 L SAISIAR MBI 5 & RS
BOWEWSH-BHETH 5, in vitroDEEEFRIZ, in
vivo & BB L TE—TRK WV, AlEERIE, BLe oMk
EEL ORI TFHERICr (5 > EARBDOTH
% (Table 2) (G£8),

invivo lcilid HhidE 313 &, BIFHEREEICKLS
LEERFO LT, #F, BRALTEALE2LET0ORIin
ViVOEFANTHBLEDLE 2B VWE T HITAIBER
RICB 3REBROFOXEN LB H 5, BEROD
HRERIHCETHESEHVDIKTEL VL, & 5IT in vivo
EFNVTHODFGF D LS5 I 1 BOMEBETE VS DY,
EGFO XS ICBVEBELMBLIEFNER STV 0P,
ISRV, >hDEEERFOMABEHLESARN? LN
TEihae, AGRBOERRIRENICEEL D
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platelet

macrophage

fibroblasts

endothelial cells

eosinophil

K E'%SS%‘%I%“IQQG#ZF]

—139—

Table 2 Growth Factors in Various Cells during Wound Healing Process

PDGF
IGF-1
EGF
TGF-8
PD-ECGF
HGF

TGF-8
TGF-a

MDGF (macrophage-derived growth factor, a PDGF-like protein)

bFGF
HB-EGF
PDGF
IGF-1
TNF-a
IL-1(8)

IGF-1.
bFGF
TGF-8
PDGF
KGF

bFGF

CTGF (connective tissue growth factor)

PDGF

TGF-a

These growth factors affect wound healing process synergistically. The major source of EGF, TGF- 8, and PDGF is platelets ; that

of bFGF is endothelial cells ; and that of TGF-a is eosinophils.
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outgrowth RITBH > L Y¥HFO ISV — T DR v /¥ —
KEHWELET,

=

E2

E DA

BEs DA TP T AEL LTT R -
YRR TEME S BT OB, REICBIET
# b= 20FHIEBEIEE, SFECHEAShD
25H35™, A

Bell ® dermal equivalent &, punch biopsy L
T-ERE%Z#MA 8 Coulomb D% b, PR —8
@ outgrowth R T&H 3 o' dermal equivalent &
B3 55 VIR ERMEFMREERLASODT,
CH3F3Lasy v i3EL TKERBRIELE

E3

x4

LYWL d %, T ORBO S IVIZEHESFMIE 3
RTHEEHRLTHD, in vivo K iGT 2H
BREFLVEALEING,

KGF i, ZERMRICBHVT TGF—a 0FE LR
Tl k) REMBOEMEEEER%2RT C
EBFEI N, . ,
AFao=—%2Green DEHERDOEER LI
HB, cyclic AMPZ2 LR & #2333V 5ER

HBA2TVE, BEICVWAR, » Fao=—%i

i+ 3 cyclic AMP OfE IS WTRBEZFRE-O L
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RBA->TVBEH, AHao=—{LL KAT,
IV IERY, AYCHEETESE, BRCH
HOBROPES>LRIAINOEETH 3, cyclic
AMP O¥EFEIC T 2EAIBERZHIC L DHEY
RE5H", 5—F, FHESEL THMz
TS LEND 3,
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%5

6
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Regulation of Keratinocyte Proliferation
during Wound Healing
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In wound healing epidermal hyperproliferation is accompanied by .- altered
keratinization process. Numerous growth factors and cytokines seem to participate in the
epidermal hyperproliferation. Although these ‘growth factors’ stimulate keratinbcyte
proliferation in various culture conditions, they might not neccessarily accelerate wound
healing in vivo. Wound healing process should be regarded as a highly complex mecha-
nism with mariy cellular participants that affect keratinocyte proliferation. Among the
factors that affect keratinoéyte proliferation, angiogenesis seems to play an important
role on wound healing.
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