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12X 2RFETH S integrin 297 L T, AIE_LRRI
& fibronectin 72 EOFEIAN < b 1) v 7 R E DEBEHH
EEREEAE TIIEZ LB EZ®/L TEH Y, interleu-
kin 6 & UREREEF (EGF) A BE LEMETH
integrin DFEIVAE L, AR LFAEEEAEET 52
EHEZINE THEL TE7, Substance P & LU IGF-1
ZAL TAKELEERAEET % &, integrin a5 &
LU 310 messenger RNA(mRNA)FEIRAEAEL T
W% Z & D reverse transcription-polymerase chain
reaction (RT-PCR);ZIZ L YBES A & 70 b)), EFE(C fi-
bronectin ¥ b 1) v 7 AIZEEF T 2 AE_ERiBIRE L 1B
MLt LfzA*>T,substance P & IGF-1IZ & 2 A&
FRBREEFAOHBFO—D & L Tintegrin DFEIR
DR EH#E Z b+ 5, Tachykinin family (&, — %z C
K % IZ phenylalanine- £ & ? 7 3 / Bf-glycine-
leucine-methionine amide (FXGLM)® 7 3 / E&EC I
ERT I EHAHBOWBETH 5. IGF-1 £ DIEEER
IZWHE 7S substance P OF/MESEE#ETT 5 &, C RKig
DABOT I /BEFNEBTINTFFTHS
phenylalanine-glycine-leucine-methionine amide
(FGLM) TIIERIEA A O 1A% HBER IZFF L iso-
leucine-glycine-leucine-methionine amide (IGLM),
valine-glycine-leucine-methionine amide (VGLM),
tyrosine-glycine-leucine-methionine amide (YGLM),
HBWNITIEDT I /EEBECTI TH 2 glycine-leucine-
methionine amide (GLM) 73 ¥ D~ 7' F F Tli4 ( 8F
fERPFROH 5N T, FGLM A&/ WwWiB7 2 / BECS TH
SIEMEALAER S, 2R BO in vitro TOMR
MRIZEDE, in vivo TOAEBE FFAEABICNT S
substance P & IGF-1% % W (3 FGLM & IGF-1 M &5
BN E A5t d % &, substance P & IGF-1 & £ U
FGLM & IGF-1 mg5RIZ & b ICBEBEER RIBOBHE
AREICRET 22 AR o, ERIZERRMIZE,
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substance P & IGF-1 0 S BRA K& B 2R X BIE
(Riley-Day fE{REE) OERIT, ABREAMBEOET & RikR
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DHBREERBOBEIZCEYTH-12. & 512, sub-
stance P DR /NAET I /BEEF TH 5 FGLM &
IGF-1 DSRA=RNBEREICL D2 AR EREE DS
EIZHZ T&H-1-.Substance P & IGF-1 4% % W (&
FGLM & IGF-1 @ SERFEGED SRR A BE ICx T
SERAENARMICOWT, SEEA A ERTRITT 54
EHNHB5. EFATRLMEOSBELARICEWT, M
HRFEOEEMIIEENICEER SN TV, KR
(2 &Y MBHRTEYE THh % substance P YRR
FTHDIGF-1 t BEWICHEANICEEIL, AR LR DE
WO PRI AEBRICEBENICEAE L TVWE D &
HEALME o MECESFTIIMEA4+BE €5 2
EIEETH 21, IREEYE TH 5 substance P &
IGF-1 %535 Z &icd ), Hi-H b EEDHRFEXA
H&H2H DL ) LREEABELRMIICEA S Z L EA]
RETHDEEADND, ABEANILARIAXHERBLETL
ELIEIRBRT 2BBRHMEMET L 72 FI T (L, sub-
stance P OFAIZ & V) BEE RO~ b1y
IANDEFERERLENBEEN, *ORBEL L TELAD
BlE FREEAEC 5 Z A ERE A BREDBRED
—OTERWAEEZ LN D, SRR AEEICHT
DARARLAEEA L LT, AMRIZ L V) substance P (#
W (E FGLM) & IGF-1 R E DI ~DE—EHH
BAHENnzbnEEZ S, (HIESEE 101 : 948—974,
1997)
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Neurotrophic Keratopathy
—Studies on Substance P and the Clinical
Significance of Corneal Sensation—

Teruo Nishida
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Abstract

Neurotrophic keratopathy, which often follows
damage to the trigeminal nerve, is clinically char-
acterized by various types of epithelial disorders and
melting of corneal stroma. To understand both the
pathology of neurotrophic keratopathy and the
physiological significance of corneal sensation, we
investigated both the cellular and molecular func-
tions of a sensory neurotransmitter, substance P, in

corneal epithelial cells. Our findings prompted us to
try a new mode of treatment for neurotrophic
keratopathy. Substance P, a member of the tachy-
kinin family, is an 11-amino-acid peptide. In an
organ culture system using rabbit corneas, sub-
stance P alone had no effect on corneal epithelial
migration. In the presence of insulin-like growth
factor-1 (IGF-1), however, substance P synergis-
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tically facilitated corneal epithelial migration in
proportion to the concentration of substance P or
of IGF-1. Other neurotransmitters (acetylcholine,
norepinephrine, serotonin ete.) or tachykinins
(neurokinin A, eledoisin etc.) did not show this
synergistic effect with IGF-1. Among receptors for
the tachykinin family (NK-1, NK-2, or NK-3) only
the NK-1 receptor system was involved in the syner-
gistic effect of substance P and IGF-1 on corneal
epithelial migration. IGF-1 affected neither the
binding constant nor the number of sites of sub-
stance P receptors in corneal epithelial cells, sugges-
ting that the synergistic effect was not regulated at
the receptor level. Various extracellular signals
activate the intracellular signal transduction sys-
tem, thus amplifying specific biological functions.
We found that the addition of inhibitors of protein
kinase C or tyrosine kinase clearly inhibited the
synergistic effect of substance P and IGF-1 on
corneal epithelial migration, demonstrating that
protein kinase C and tyrosine kinase are involved in
the synergistic effect. During corneal epithelial
wound healing, epithelial cells must attach to a
provisional, extracellular fibronectin matrix. We
previously reported that interleukin 6 and epidermal
growth factor (EGF) facilitate corneal epithelial
wound healing hy activating the expression of fi-
bronectin receptor (integrin). Reverse transcrip-
tion-polymerase chain reaction (RT-PCR) revealed
that substance P and IGF-1 increased expression of
mRNA for integrins «5 and 51 in cultured corneal
epithelial cells and also inereased the number of cells
that attached to a fibronectin matrix. These find-
ings strongly suggest that substance P and 1GF-1
synergistically increase corneal epithelial migration
by activating the expression of integrin. Tachy-
kinins share a five amino acid sequence, phenyl-
alanine-free amino acid-glycine-leucine-methionine
amide (FXGLM), at the C-terminus. Studying sub-
stance P, we found that a four amino acid sequence
at the C-terminus, FGLM, was the minimum amino
acid sequence for the synergistic effect on corneal
epithelial migration. Structurally similar tetrape-
ptides mimicking other members of the tachykinin
family isoleucine-glycine-leucine-methionine amide
(IGLM), valine-glycine-leucine-methionine amide
(VGLM), tyrosine-glycine-leucine-methionine
amide (YGLM), and the tripeptide glycine-leucine-
methionine amide (GLM) did not have any synergis-
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tic effect with IGF-1. Based on these findings in
vitro, we investigated the effect of eye drops
containing substance P plus IGF-1 or FGLM plus
IGF-1 on the epithelial wound closure of rabbit
corneas in vivo. Both combinations significantly
facilitated corneal epithelial wound closure. In a
clinical setting, the administration of substance P
plus IGF-1 effectively treated corneal epithelial
defects in a patient with Riley-Day syndrome, a
disease in which corneal epithelial defects persist
because of loss of corneal sensation and hypola-
crimation. In a patient with neurotrophic ker-
atopathy due to trigeminal nerve paralysis follow-
ing surgery, eye drops containing FGLM plus IGF-1
eliminated superficial punctate staining. Although
we have treated only two cases, these clinical results
encourage further development of such eye drops
for the treatment of various corneal epithelial dis-
orders resulting from neurotrophic keratopathy.
The long-recognized importance of the trigeminal
nerve to the maintenance of the corneal epithelium
is partially clarified by our finding that a neural
factor (substance P) acts synergistically with a
humoral factor (IGF-1) to maintain the integrity of
the corneal epithelium by up-regulating fibronectin
receptors. Thus in neurotrophic keratopathy the
lost or diminished corneal sensation may signal an
insufficiency of substance P resulting in inadequate
cell adhesion to the fibronectin matrix. Both pro-
phylactic treatment and fibronectin eye drops have
been reported to promote resurfacing in epithelial
disorders, but there is no specific treatment for
neurotrophic keratopathy. Current medicine cannot
regenerate a damaged trigeminal nerve, but the
administration of substance P and IGF-1 might send
messages to epithelial cells as if they were innervat-
ed. Treatment with eye drops containing substance
P plus IGF-1 or FGLM plus IGF-1 may shed light on
future approaches to treatment of neurotrophic
keratopathy. (J Jpn Ophthalmol Soc 101 : 948—974,
1997)

Key words: Neurotrophic keratopathy, Neur-
otransmitter, Substance P, Insulin-
like growth factor-1 (IGF-1), Cell
attachment, Corneal epithelium,
Wound healing, Integrin, Focal adhe-
sion kinase, Paxillin, Fibronectin,
Corneal sensation
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B OREL, BEEDO b 05 5 BYYE £ THBR®
T % T, IHHC S INBH 2 S8R & SR 2 TFifr i
HEBEYNCEINT 2 2 LB TH L JIEMER Y
A v A K7 ¥ QPRI OB, AR 2 £ o
ABHREE RO L D, %  OMBERER S 5 HiR#E
TEIENTEB LI TR > TER, —H, flAEWER
STFEPEOESC LD, R ZABEOE T O HERE
HBPAEEREREL S5 T 2R FE L D EL BET
BIEDBTED LIRS TE L, A EF O
(stem cell) DSEFEICFEAE T 2 2 &9 XYZ theory THhi
HHS 5 AR R OBIEEY, b 5 Wi AR KA AE
ZHET 5 W T Th 5 REKERT (EGF) % interleu-
kin 6% ED4 A4 b H A > OFYEM % fibronectin ® & 7
o gl EOMas < )y 2 A0ER O £
23, A O A RHEROBMBIC RS CHMLAZ (FL),

B I0EN A AMERGTE ORI B T A it~
MU w7 AL EFIC fibronectin-integrin ZORENZ DT
Wz ERT S/, 2h o O/F%E %38 U T ABATE 2ME
TLTWLAEERNC UIE U IEB AR b KBS U 5
CEREERIICRERR L/, e O ABEE O 47
D, ARMERENEELAE 2 HHTns 2 & 2R
LTwd, 202 ki, MBI #EE SRS 23 B, R
Z OGS L BEOHEFRRCEELREEFH L TWE 2
LERLTWS, L Lo, ABICHT 2 HIEMRED

il
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AHAERPHEAREICE L TR HS s T
I,

AR T, MEHEROHREEYE TH % sub-
stance P QAR EF IS 2 EBER 2B 2 L, 8
RERRIELE A EE OFFRED & O VR & Z ORBOWHE
MEEETLIIEEZEHBE L.

IT  FRERRER T Al

< 12 fibronectin 2 ¥ AR I F BB RE A {EET 5
HEH| OWFE DiFE T, fibronectin MR H: OIS & 7% %
BIEAL U 7z Al b B2 RO ERF T, ABEIRAAE T L
TWAHINRE NI LIcgoui, AMOHES48 5=
DS, oAk, PHREET S 2 VIR O ED VRV THE S
nTH, AEAEIET L, AR Ffic LR cEL OR%E
ML B T A, < 13 1824 £ Magendie® iz X Y
PG SN T WS, £72,1804 F1C 13 = me i oot
TAHNBFMOBEE L SIHEO—D & L TAREE W
EIENT WD, 2O L DI 170 F LA ERTO 19 AL
5,% < DA B IR, BRI Z X RS E & U
BETLTWREFTIE, FRLARBEENELC S &
% REER 4R L T % /2, Neurotrophic keratitis o i &
HA R £ 0, G M8 A I, WL R2 2%, AR I i i L % stippled
haze, KT, SR8 M A (SPK) &2 &Rz 0 A
BEEEREETHY, FEREHBITERLTBOREEL T
Vv 27 BT @ Krachmer 5 O # ElEH 12 £ 5 &, neur-
otrophic keratitis # =Mz}, FhF N ORETOE:

®1 ARLFABAECETIREET V1 ba( sl UERAT b

Jwo R
AN - SR In vivo B FEER BEOK

D3=ES R

EDGF NR 1 238)239) NR

EGF T 128)240)-243) T 244)-247) T 248)249)

FGF T 250)251) T 252)~255) NR

HGF T 256) NR NR

KGF T 256)257) t 258) NR

MGF NR T 259) 260) NR

PDGF T 261) 1 262) NR

TGF-p T, 1 240)263) NR NR
YA rAA>

Interleukin 1 T 264) NR NR

Interleukin 6 T 191) T 265) NR
kst~ r Y v 2 R

Fibronectin 1 127)128)266) -268) T 130)13%) T 133)134)135)

140)269)

E 7o T 150)153)270) T 131) T 159)

Laminin T 266) NR NR

Collagen type IV T 266)271)272) NR NR

Vitronectin NR T 273) NR

ToofeiE, Lo, NR C SR L

EDGF : eye-derived growth factor, EGF : epidermal growth factor, FGF : fibrob-
last growth factor, HGF : hepatocyte growth factor, KGF : keratinocyte growth
factor, MGF : mesodermal growth factor, PDGF : platelet-derived growth factor,
TGF-g : transforming growth factor-g NR : not reported
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B EBFEORUBEFMICEEH S h Tw 32, Jaffe”ik
neurotrophic keratitis M¥EHE L LT, AL EEEEO T
ERFHT 5 I ERREORBEETH D, @il G AE
HTH 2 LT wd, BIFET R L HRE R <,
R SPRAELE 4 BE 1L IR B T DD — D TH B,
AEMESET L0 E LR mHBIcHL

®2 HEMEMAREOMR LRE

SR PR £ R OO T L
- HUPR R R
RO S A
- SEREM: F I E R AR
- S
AR IR A R O A
o AL AR (HSV, VZV)
o HARER 5T, o AR
- BRELF M (RBRAET - CIRETRZ £)
- FEEAE, M B
o HBEtE fE T (R - B- 7w —R E)
« JeR M (Adie FERREE, SENE B BRI & &)
s M A 74 (BFIRAEY)
- BRI

HSV : herpes simplex virus, VZV : varicella zoster virus
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T,neuroparalytic keratitis, neurotrophic ulcer % £
B2 OREBHVONTELH, —DOKRBEEL L TH
FEFRB M A IEAE (neurotrophic keratopathy) & v 5 ¥
B BLETH L, MRERE M A IE T3, £ ORARm %
R AR OIS T I $ 2 53, b TEE R R R
MEBINS (F2)Y AELEEORRBIZHRO 7
WwHE Ve Y ORENREE X LS SPK 24 L % 2,
& S ICHEBLRED T, Al EE2EH KIE L s
4 UZe WBREME f M R RAE & 22 D, RIS EE O
i3 U AR gs L 2 20 L ARER T 5, S OMERERE
P AR A 0D 75 R (%, FEAH I A R AU IR oD B AT
ThirrEZOND AEMEAMETT2REAE L TR
LFEAE VD I, IR A VA TH BB AN~ A
A A ROHARIEE 7 A VA DRI £ B ANV AMEA
fEE T 02029, ERZ ISR AT O T 23 E R
WD KERRA b Thd,—7, AERNOHERHEIH X
N5 &5 RIREERMT (A BRI 2 &) O399, f R
B 7 A ) BT & B MHERERME & & & AR O
Y, SHREREEA 2 & ORI X B BN AEE 2 X
BOTHLABRMREOEFENLZETALELERD S
L83 2 S ORERI T IR =X RO R H T o

# 3  Tachykinin family ®7 3 /EEC%

Tachvkinins

Phe -Xaa-Gly -Leu -Met-NH,

Substance P
Neurokinin A
Neurokinin B
Physalaemin
Eledoisin
Kassinin

Asp-Val -Pro -Lys -Ser

Arg -Pro -Lys -Pro -GIn -GIn -Phe -Phe -Gly -Leu -Met-NH,
His -Lys -Thr-Asp-Ser -Phe -Val -Gly -Leu -Met-NH,
Asp-Met-His -Asp -Phe -Phe -Val -Gly -Leu -Met-NH,

pGlu-Ala -Asp -Pro -Asn-Lys -Phe -Tyr -Gly -Leu -Met-NH,

pGlu-Pro -Ser -Lys -Asp-Ala -Phe -lle -Gly -Leu -Met-NH,

-Asp-Gln -Phe -Val -Gly -Leu -Met-NH,

H1 ARSI IHERENDIH (5 v b IELEERE).
FBEEN O 5l 2 3 & I AEARIE IR A L T 2,
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. Substance P in rat cornea

2 AERIZET S substance PORBE(F v b, &
FIn{EE, laser confocal microscope),
Substance P {283 % EkO RO e EH
NicRgsh s

HTHD EFZOND, MEECHMEES CcHNT2F
I S = SRR, & 5 IR RS
FRERERIE 2 299 T, X MR D 2 W IX iR Ei v
RNV TOREFICE D ABMEMET T 2, BRBEHZIC
BOTH, ABMEOE RS LIELIEEED 5, BEREA

NESHE D 8 1< M AR DSEE 5 L Tus B ATREMEATRIR & 1
5531-'?'»1)

AREAEHME 2R L, IREROBE L TOBRE 2 8-
FTrHi, AETOLOD AL ST, AEEED 4% { B
WOREEML 2 EBLBETH D, AL, Eob TR
ME GBI TH 5, EH ABIC IZIMEFEIE L &
W, Z MR L SR RECOFE L £ b2, T, |
K, & %\ 3R REF N LR & OWMER T IC &
HAMNORERE DR 2521 TH D, A I Bk o Wk
W DPRICEPATO LR EE LB TH B L&
ZAHNETHD, Lo T, AEOEMOFEL % 2 2
L&, MRERA TS L 2 FAMTEERE &, e Yok
T 2 WMER TS & 2 RETBERE O M E Ol = & F il
o,

AR ORI, = X MBS 1 BT H 2 IR
DYS S REMREMEE £ 2 0, AR TR O plexus

L AEEE S % BRI 5, ke b T
HREE 2D, ZO®BREEMS EFEOHICE D> THIA I
A, LR THU plexus 27 !kLMﬁH’“‘?ﬂ*T"#‘f“?i\"’?f‘]
HEE 1 R T vz ;MHT AR BIT S ftﬁ%ﬁﬁ%m """ e
mm*% 7z O #76,500 £ TH L, £ D [E.h-_ii 0.5~5
wm O FEA 7 AR T H 2 (Lxll )6~79) F RN i3
substance P, calcitonin gene—rclated peptide (CGRP),
acetylcholine #¢ £ O #if# {5 'ii’f*/j B DIEAE DI RS S % o
R EENLHRICLIVESrCER TV S
()2 ) Fa=1on.

Substance P i%,1931 442 von Euler 52§z L - T,

v~ Ol & AME D S IMERE T &8 2 IS € 5/ T &

Central
7 o Nervous

| System
\J Substance P \

3 MERNEAAEIZH TS substance P,

L CH#Is THds & M7z, Substance P I3, HIE R O£
WMETHY 1IHOT7 = /EBrol 28 iE<7+ F T,
tachykinin family @—2T&H % (F 3)199~199 —F5 Hf
PRAEA D 54396 & 1172 substance P 135 212 enkeph-
alinase THfEs L 5,

AESEESNS &, ZORBIZ =R ICEZ S
L, M7 action potential ®ZE{L & L Tk Iz {58
SN, AL LTEU S, JIBIC RIG L T, = X HiEET 0
% substance P 2338 & 41, action potential % #4342
EFZ LN TV 58, R0 KOG L T i ifliwx o L
7z substance P @ 5 5, ¥ 20% 53 FHEIZ [ 55 v, 9 80%
IR I D L2 ST v 4, Substance P I,
H DA% 6T, RIETEELLHERE2EL TV S
£z 5N, b ® 3% neurotrophic factor Th 2 » # 2
ShTENL(H3).

I A RS SR e OB e

SR O % T L AR o A B TE RS0 A 5 o
T, R el (EE ) 2R 272002, % <
U)'Q‘ RO T L HEHRSED THEEZME L 50T

5. AEOZIRER O BRI I AE L, AdE L L bz~
7:7?;:» LTOBEHEFHETWE ARICERSLLED
HE L A TRREE I, B TH RO E SR CIRN I E A
T5C L &, HEEAOE r{i“ EEE2EbELOICHEY Y
BITHERET 22 THS, L LEVS, AR
HEmLTED, %wﬁ;f’ 'IJ B fiE L DR THRD
%% fLm:,‘,’;“l ERIPT L, LELIEAE FczoXmT

5 ERECEEPEL S, BRI L, 2o inrs
a)fci!‘ﬁszt-ﬁrl,'C@@fi‘&’\'vm;m,u‘t, IEEOABETIE
LERBERFRTEE NS, L Lad s, R
(FRC A~ LR 72 8) RBERE S 5 I8 v
VT EOEREBER T 0Tk AB_E L AIEERA
SEE § 5 12ion-11s),

EHEARETIE, LR TFORERIE L LT laminin
% collagen type IV 2STELET 4. A F o RigH 4
% b, RABERIC fibronectin A5 IR 3 A 10~18 FEF | T
Va5 bR AY, & O—HF 2 LSBT H 3 fibronectin
Py 7 AOEICHESL, BT 5 2 L TRIEERED
FifR S 5 (Al L R AEREIEEE —F, MifufeEnit). o
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Fibronection

Normal

12 hours

24 hours

1 week
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b
Ji

Fibronection
receptor

Laminin

E4 FEmiErEEAEICESTS fibronectin, fibronectin receptor, laminin ®RFE(F v b, &EFH#FE) .
N—{Z 100 gm,

*5E11
o - (55

e ¢E K

— = —
Phase 2 o o
— - — ® E:iz?;:;'
""f.ﬁ ) 1
Phased —| o

5 AR ERAIEARERE,

I, TEEhIY 72 fA B b 2 IR i 35 v T, fibronectin ‘,‘-E"é‘:f'ffi
TH 5 integrin a b1 DFHELITLHEL T3 (Ez]
@O PR TR SHRE s NS &, A R !’Wh’_f
IIFEEBR L, EEOEAMHEMT 2 (8- ﬂ ,ﬁilnﬁliw
WEHA) . # O, EEMREAMEL, EFAR LR TRD S
haksk *f‘,f’f‘.. L L7z BRSE TR S L, BIE T
A3 % (55 =4, Mk e (B 5) -, 2o & 9 i,

B O RIEHERLRE OB —H T H 5 LEMIROREE
S HEO{EE) 3 A 7 A & L T fibronectin-integrin 5 43
B TEELGAHEABEETWL AROAL ST KO
KR OBMEERIC BV TS, FREAMCH D FEPE
EEOZEAIC B W T fibronectin-integrin & A3
PR E 2 E U T D 120 RO O 2 FE D B
Z THIRBERR D B - RERMIRE T O 8IS E NI ol
DOFEHEET 5 Z LB THKOH L ZETH D,
B X 5 o Al R AR E R E P I EE T
22k, BEOWhAICLPDS T EERBOLRE
DO IFR) & L TR SRR A, A TR, AR, w55
aAyy vy AERAD S REEREZ O R E R
3 2 By o ik T A R AIEREEH BRI TS
LOEFEDLLEMb-T, LrLAEDs, 25 u’)?ﬁ#ﬁ-‘- B
t:Js{btlLQ‘t : l"J"’)(J'HU”]'I-'WHJW) . FaE b R A
DIz Z 4 B AW W 2 wE SR & D, fibro-
nectin, £ 7 o »EE EGF & F O IE 2 H
T2YENESLERD, IO L S R BEAEEE R
Biont-+ 2B EIh T E .,
-f%"‘ AT 8 T db A fibronectin A3 AR b R R AEES
CHE L, AR AR EE L RBEEEEITWD
= & f,awfi"-*-“““““’ X 7z, EEE I fibronectin @ TR ANIC
X0 AEREERCBL AR EEOMEMEES LD
ok '="’*'-’-”, ¥ 72 in vivo T O A _E S5 5 5T 51 fi-
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bronectin £ilRIC & D {EHE S 3B Z LB080E VL

FEHS M LT, 2 2T, BEHESOMMBD & FRFH T
U B s dutolngous 7t fibronectin®?#% &SR L, I~
ANAEE BT 515 EEEE A R AE LS 2 B L
WIS ICHHELT 2 2 L BREOL I, & 512,
fibronectin fARIC & D SMGHORKEMHAE TS ADH
FAMIETE S Z L 2EE LI, Z0H%OBKMIEI
& U, fibronectin SR DO F & RGO M2 LT »
.

—H, e 7o AR E ORI L T NIRFHE
DOFMTREEIAI L UL TH W & T & fo 3118 e iasiy
7 HEHE & L T fibronectin & #£& LU T AR _E R A6 54
PEET S Z EBHHS i EIo f22IUN~150 BRI
bE2OMBE ELEREDGRICESTH S 2 LMW
HIE N, BETIRELEBEORR LS T AE LEE
LY LT HvLNRTWE, 20 X 5, difad:
P O A3 SR I R PR 12 JE & A, fibronectin
HERP E 7o CEEASIRZ E O AL E1E % R I
(R4 2 WEHEL T S LTz,

IV Substance P Ol 44 1oHF5e

FIE OIS & BEAE D HERF I = i 2 & O Mg R ) HE
BERBHEHEFECTWS 2 E 2L, £ & LT =X
BED XS AR, R AR LEMCERLTVw 25
DWFFED % { D ATz B IC X W iThbi T % 7z, Sigelman
U0, =RMREE Y 7 70 S — BRI U TR L 7
HRFRE M ABED 7 v Iz B T, Al L OBIER
FEMEEELZVS OO AR FEMEOSARE
0%ETFLTwBZEEZHLLICL, EXN MRS AEE
B OBEREDRIEICBE S L Twa 2 L 2HE L. =
B3 = MR s T b BB Z s izt
B EIERE T 205, LR OBESP0BELTED, b
R AR oD i O340 & $EHEOAE T 23R T $ 2 WhERE &
MLz, —A, 2o =RV RBIC B W, E
FUHIRER & F W I RFSE 2 &, AR B REHIRE PN S b R H
MOL R OBE LR L, =g Al -k ogiE
R I B W THI O EE L OB 2 H/E L Tw2
Z L ®#E L1z, Fujita 591 capsaicin #4E~ w7 A

RS U 125G, AN O MR MEDRTT A L AR |
BEOMENENE Z L2 REL, 20H Y, =Xkt
OEEW & 5 AR EEHO KIS 50»wT% ot
oA d’L'Cf: D, A _E R OfE A O acetylcholine Ji
iz ﬁiﬂﬂ’?f‘*ﬁ_@ﬁT,%ﬂfﬂ@JEUJigrﬁ{t,ﬁ‘H]H’JF?(’D
Umtmmmmmﬁﬁﬁﬁﬂﬁmmm £ %&b TT
A, N LA B OBEEE T £ 3 R1EEREO
BIET RGNS N TS, 2D L DI, BEEK
N b £ 72BN % WD o 3 N RO FEE A
LR OEELRSER I L, X AmE LK OGS
PHEEOHFCN L TE by TEELEE 2R L Tw

FHIAE P PSS 0D Jp5 BE & 75 HE - PEIH 955

750 1
]
=3
c
S 500 H\{; 3
s
b=
E
s
©
£ 250
3
w
0- r T T T T 1
0 10 20 30 40 50

Substance P (ug/ml)

6 AELERHEREIZHT S substance P OEZEE,
FRABH 2 24 B2 O O substance P %
MU 7 B398 CHE RS FE L 72, Substance P B3T3
AN L DRI B %5 2 fedn o 12170179

800 - .y "
*
1
2 600+
c
s
K
[=]
T 400
s
s
£
& 200 -
0

None EGF IGF-1 bFGF TGF-p
(10 ng/ml) (10 ng/ml) (10 ng/mi) (10 ng/ml)

7 BELE#&KIZXT % substance P & {IERY
REFOHEFEEA.
R 4 B F & 24 K [ substance P (50 gg/ml) &
M2 O RET (10 ng/ml) ZHML - 58T
‘B3 L 7z, Substance P, IGF-1,bFGF, TGF-g i
HiciiAaRELEOMBCHEEREZ Lol
EGF i3 2 h B & {5 % {4 L /2. Substance P (%
IGF-1 8B X UEGF O EERIZE D 5 h
foimi - [] 1 None, B : Substance P (50 pg/
ml), *:p<0.01vs None, #:p<0.01 vs without
substance P
IGF-1 : insulin-like growth factor-1
bFGF : basic fibroblast growth factor
TGF-3 : transforming growth factor-g
EGF : epidermal growth factor

LI ERS T, L LS, ERIc DL S
BRFTEHAL Tw30MIC oL TR A TY
o AR EEAEEERBICBWLESHRELT
fibronectin-integrin AW ERIICHE TH 2 = & 135
KOWGEL S S MIZENTD, Zh S OWERE % X
SICFRRESE, 20O LD B AEE LK ORI RTEH M
BERTFICIDEDI I CHIHENTLEDHIT DN
T, HIREEYFR S D Wik TEMEN T2 HWT
LTz,
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8 MAEFFERICHT S substance P & IGF-1 OFEER (~7 bF ) T D 45, 523 24 BH)E)

HERE3E 1015 125

il BB
L e 1 -

Substance P (50 gg/ml) & % v i IGF-1(10 ng/ml) % B I L T & A (TC 199) & kel U T ABEE O &
ICEREFED SN o7z, Substance P & IGF-1 % & b iCiimhnd 3 LR EE S L,

1. AR ERHBRICHT S substance P OYEFR

st I % substance P O AEF{EM % F~ % H
BT, ELBRICHRE L -ARSEREREHVT,
Al E AR OE—HTH 2 A LR ORI
% substance P O#hHE &G L 7270179,

Substance P #ffi< OIS TREFEEICHEML T Mk
EEOHEICZEIZED 5h$, substance P D b O
TR EEAIEGE R RS hweFz ohl
(B6). Al HEERD & & CERPHIERICEL TED,
IRHIETNIWEORTIC L - T b A LIS
WHGIE SN T LEEES H 5. EE, EE P I i@
EGF, interleukin 1 7 YOEERTFRHA F A A > 35
FHTWD I ERRFHEONANT WS, Z T, HiEH
FOHETTH % substance P 43 Z 41 6 Ot A+ & 4
L THIEHERS I BES L T v 2 ATREME £ % Z, substance P
2 OERERT £ R RFCERIL T AR EE DR~
DYEH % #iat L 72, Substance P 383 L2 ER T O
9 b, insulin-like growth factor-1(IGF-1) 8 £ t* EGF
MIAFET D EAHEMICAE EFOME SR ICEEL T
(B7,8) . fx,MEH~ b YVYvy2 ATH 5 i
bronectin ®° BFEMEHS A b A4 > D—D2TH % interleu-
kin 6 A EEOMZEEEET 5 2 & g ey
L 7z #3, substance P iZ fibronectin % interleukin 6 &
LR OHKESNA T R v 7 ARY A P AL ERIO
L fEERE RS R o72 (B9 ). Substance P &

IGF-1 OHFEIEM T &2 DEEICIKEL TB D (K 10),
& 5 [Zsubstance P % 43 R 4 2 B2 # T & % enke-
phalinase Z% /N7 % EHHEFHERD s k-7,
2Dk i, MiERET TH S substance P kAT
Td 5 IGF-1 OB & D Al EAIS RO % —H
TH5 LEEROBESHHIA TS I LML
e,

Substance P & & & iCAEFEAIC A L DR & (gt
¥ % IGF1 @3RERTFO—>2T, 7 2 /B 70 b 55K
BOFEHMTEDR)SATSF P THL EEXY A
P CELTHS R Tz, insulin & LU 724 HEE
%&4A 3 5 Z L% insulin receptor £ G5 bk
b6, MIETIR IGF-1 & W h, B4 o #iid o R 5E
b E{EET ZERABHE SN T 51999 JGF-1 i
4 > @ domain 2 & HEEE 2 41, A domain £ B domain
BZ20¥ AN 74 FBETRIENTEY, 2A
domain DHIZ b —D D SSHEESVEET 5 (M 11). A
domain & B domain @fjiciz C domain BEEL TH
D, IGF-1 ® i 1% insulin ® HiE A T & % proinsulin
LEHOHTLLHBEPLL T3, IGF-1 8 & U proinsulin
D7 3/ EEY & T 5 £, A domain £ B domain
THE S T homology 36 <, [Al—D@EETICHREL Tw
5 EHERIE B9 # 27, insulin i b IGF-1 & AR
Iz substance P & OAHEERAARED 5L 5P DT
#f L7243, insulin & substance P & OFEMEHIZED &



PR 9 E12H 10H
(A)
800
S * * * - x m
£
= 600
e
2
&
> _.
£ 400
s
©
£
a 200
w
0
None  Fibronectin Collagen IV Laminin Vitronectin
(100 pg/ml ) ( 100 pg/ml ) ( 100 ug/ml ) ( 100 ug/ml)
(B)
800 A
* *
E
i 600
c
2
o
o
£ 400
s
°
&
= 200 +
w
0
None IL-1a IL-1p IL-6

(10 ng/ml) (10ng/ml) (10 ng/ml)

9 AELFHEKICT % substance P & ZFELH
st~ 1)y A(100 pg/ml, A)H B EH A b
A4 > (10 ng/ml, B) MFSEE (24 BSRIEE)
Substance P 1, fibronectin, laminin, collagen
type IV, vitronectin, interleukin 1, interleukin 6 =
OFEFEFEHEED -7, []: None, B :
Substance P (50 gg/ml), *:p<0.01 vs None

L3, substance P & d)-Hl-’»EﬂleHi IGF-1 RN TH
A BB ER ST,
PO AR R EYE % mnf'-} Lzt
DA IGF-1 & OHEBEEH D & 4172 (4 12).

2, BEE_LRZHEERIZE 1T 5 substance P 28 &
NG O BERE 2 J08H « I+ 282 OS> 7 F 0
LlREOZEFRLFES TSI L VAN OE
SRR “Wvb'“wm L, fed&niz muul-wnﬁwnﬁzmwm

- Ji, i) tachykinin family

%, substance P I

]
k
s
E

1H 5

RICBEG T 2 58RO 725568 & h, LR 2 3
Bld 5,Substance P & IGF-1 icid, 7 FHICEEDY
LRERBTFELET
stance P Biiidh 2 W id IGF-1 8Tl s - oE
CWE ARG Z VO, R BIET A EEO & A Y

DHEVBREESNIBFLLTEZEERLXALTO

CO cross talk 2% 2 &

7, 103)~106)197)199)~205)
at .

cross talk »HilAGESEESR
NbH, % T, AE L EMKI B 5 substance P &
IGF-1 OZEEFIZONT %’}ia—'\i't Ic.
FEEE L

Substance P @ » NK-1, NK-2, NK-3 ®

i,) IJJ;‘ r_f 1#] J /)) miw]wlm‘.'.“.l)!\uu. ;:, ;H ’:‘.:')Jilt D ,i;:'. %’i\‘ ,1}: ij: lii'

L 7z 232, sub-

FHEE IR £ EAE OO TE & R - PEHE 957

(A)

7 -
S0 O None *

® IGF-1(10ng/ml)
*: p<0.01 vs None

600

450 +

Epithelial migration ( um)

T T
10 20 30 40 50
Substance P ( ug/mil)

(B)
750 4
O None
— @® Substance (50 ug/ml)
5 * : p<0.01 vs None 2y
_E 600 *
®
=5
E
g 450
a
w
0 T. 1F T T |
0 041 1 10

IGF-1(ng/ml)

10 MEEFEHKICXT % substance P & IGF-1
DOFEFEIER.
KRAMER %
A) = IGF-1(0

24 IFf i substance P (0—50 pg/ml,
-10 ng/ml, B) Z B8 N L < ‘m

‘B 5% L 72, Substance P L IG F-] DOFEFEEH I
B2 OBECKEL TED s

- (_\an \ ‘(’ﬁlr \O&D(ﬂ\v}\( )‘ ;
11 IGF-1 o5 T,

' B domain

chykinin family @ £ > 73— % % substance P, neuro-
kinin A & % \»{Z neurokinin B EE# R FRICH L T
R LBAMEEL TV IGF-1 D
,L[{—'f {43 substance P 2D 5 B, ¥ O subtype % 1
LTw2OhiMERBEOERR CEEOMEZIEE
f;:.,f L 722 NK-1, NK-2, NK-3 £ £4.D agonist 13,

B T AR t/)fﬁh W DOEEL 52 oz,
IGF-1 23 % L T & NK-2 agonist % \» i3 NK-3
agonist (X G O ‘Ff\-_fﬂ T ORELFED &R

. Substance P &
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(A)
750
E
=
=~ 500
L]
©
o
E |
= 250
Q
5
a
w
D-
(B)
750 -
*
E
=
— 500 A
|
o
=
=
=
3 250 4
[}
£
a
w
0 -~ -
8 1 4
%oc “, %, 4'-’0,,, ,'"0,', %,
G, % % 8, %
%, %0 %,
12 AELFE#HRIZETS substance P & IGF-1

DFERIEAIZHTT % substance P O4FRE,
FKRAMBR % 24 R 2 ORREEEYE (2 X10
M, A) & % \»3fE 2 @ tachykinin fznml\( 2 X10-
M, B) & IGF-1(10 ng/ml) #5535 # IS HRIM L TERE
g Utz fl 2 OMER{GEYE S tachykinin ffmnl\
d)ll1 T b substance P iz ® & IGF-1 £ OHE(ER
o NS (O Al : None, B : I(}F—l(l(}n;{."
ml), ¥ plll l\s None

150 ~ -

100 -

( % of control )

50 A

Epithelial migration

0
None IGF-1 (10 ng/ ml)

13 AELEEMEIZHT S substance P 2F1F

agonist & IGF-1 OAEFEIERA.

% 7 4 B B % substance P = & & (NK-1, NK-2,
NK-3) agonist (2107 M) & IGF-1(10 ng/ml) #§%
ﬁ%u%Ml‘”Mﬂ“%HWﬁLtﬁmw
(ia,omul Y IGF-1ic X 2 HHIEER D58 & 12209,
M : NK-1 agonist, 4 : NK-2
agonist, 3. NK-3 agonist, NK agonists: 2 X
107 M, * : p<0.01 vs None

[]: None,

HIR£EE 101#%: 125

150 - "
£
S~ ¥
£2 100
=
E§
2%
2
w

0
None SP + IGF-1

14 BiR ERE{HKRICZH TS substane P & IGF-1
NOIBEFEB 2T 5 substance P B &K antago-
nist MF
Substance P %2744 (NK-1, NK-2) antagonist ( 2

)~* M) % substance P(2 X10° M) X "}’I('F-

1(10 ng/ml) % & teBF WU HAN L THRR AT

24 SIS EH23%E L 72 NK-1 antagonist @ #&#% >.L|h—

stance P & IGF-1 2 X 2 H3E/EH 2 HZ L 722,
:None, B : NK-1 antagonist, #Z: NK-2

NK antagonisis: 2X107° M, * I p<

- p<0.01 vs SP+IGF-1

antagonist,
0.01 vs None, #

v in- 7z 03, NK-1 agonist @ & %3 IGF-1 & @ & I FZ
{EADOHEMEH %R L (E13),#i1,NK-1 B L O
W Tk 4 % &£,NK-1 antag-
onist O &A% substance P & IGF-1 12 & % i b 7 {5
ZEHE L (F14). 285 OFEHE» &, substance P &
IGF-1 OME/ER O FEHRIC i, NK-1 ZH AR5
Wah & EBlEE T,
& IGF-1 BB H W OZEERO B
i et A o= LD AHSRIEH AR 2 O
IZ2nWT $ﬁr;‘l' lite, ffJJF"'- ‘lﬂfﬁmw substance P Z#1E
2 DWW, ] THURERE L 72 substance P %) HL:':,H;
2 U FKRAN L E A0S 2 HIE L7220, AR
Bi'%’"!llﬂ"ﬂit substance P XA L, T DR S ES J((I&(l) :
.45 nM T, &S 5 A7 #(Bmax) i L X 72 © 21,000
ﬂnﬁ! ThH-ote,—h, Al EEME% IGF-1 & & b iK%
L T b,substance P 1zx83 % A _E RO & E 2L
bSO S 2R R o7, #ITHT TH
SHEEE U7z IGF-1 2 W T, IGF-1 ZAFEIZ O W THIE
L7z 28,8 & & B(Kd) ik 4.1 nM T, & & & O £(B-
max) X 22 0 100,000 TH -7 Mz H & »
U substance P & & b 25#L T H,IGF-1 x4 3
i b B O A & B B R SR AL BN L 2R
Motz 2 OFEERRE D 6, A R IR & sub-
IGF-1 it 2 ZHFEHBFEL T 3
3, IGF-1 12 & © substance P ZZE{RD, #1Z substance
Pz & 0 IGF-1 ZHEOBEME XM OREL 5 2T,
substance P & IGF-1 iz X % ffji tJ.\l{'ﬁiﬂﬁﬂ“\w* FlFH
i, ZEE Vv AN TOH I (cross talk) Tldiw I &4
BHE M ER 2T,

NK-2 @ antagonist % H

K1z, substance P

stance P B &
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150 7 ONone ONone

EH-7 . ¥] Genistein —

[ calphostin C 3 herbimycin A
=
22 100 {—
52
Eg
p— ]
2% 7%
£ 504
2T
w

0
Control SP + IGF-1 Control SP + IGF-1
PKC TK

15 Substance P & IGF-1 (24 2 BB FE#EREA
DFEFEERICHTT S protein kinase [AEH |0
Substance P(2 x10°° M) B L tf I(}F-l(l(lng:‘f[ﬂ])
%Gt BE 2R 1T protein kinase C FE S (H-7, 3(
uM .Ldlpl(i\lln C,10 uM) & % vy IF tyrosine
kinase [H 3 #l(genistein, 10 #M : her hnmun A,
10 M) :;ffsf]ﬂt CRFBMAMR % 24 RFg Eas L
7z, Protein kinase C [HEH|#H £ OF tyrosine kinase

FHEE A AN B MR 2% L 72,

3. Substance P & IGF-1 ®{ERIZBAS T 2B
SRERE

M ~D > 7 F NIl OZFE R TR I NS &,

ML (G5 {E# % (signal transduction system) 2354

&b, (ENLESEERICIL, protein kinase C,

b}

tyrosine kinase ¥ cyclic adenosine 3’, 5 monophos-
phate (c-AMP) % cyclic guanosine 3°, 5
phate (c-GMP) |2 {53
protein kinase G #3165 T3, £ Z T, substance P
£ IGF-1 12 X % B E MR 3 2 fHEERAA~OM
fANGESEERDOBESIC DWW T protein - kinase C %
tyrosine kinase M FH &% H v THET L 72 B 15 1271
T & 9 12, substance P & IGF-1 # BRI IC RN L TIEHE
s A E oME 1L, protein kinase C JHEHKIO H-
7 & 5 \if calphostin C 4 tyrosine kinase [HE /IO
genistein % herbimycin A k> THEE L. 2o
D FEERHE F A &, substance P & IGF-1 0 =2 D ¥ 7+
)i, protein kinase C & tyrosine kinase %#%#7-L T,
R L OMRERAET 2 2 el nE ko T,

4, Substance P O AR FFHAROTEENZNT 51ER

AR B DS RARES A~ S B 3 % /2 © 12 13, integrin & /1
9 % fibronectin 2 ¥ OB ~OFE L filENOES 5
HHEOIEELWEZETH 5, Substance P & IGF-1 iz

L % AR b # AR i (E T 48 fibronectin— integrin %

THIEI SN TV E DI DVWTRIL 72,

1) Integrin

R b R 1, fibronectin 13 U s & 4 2§l 4
v MU w2 AHT BFHEMETH S integrin 75\{'??{:
fibronectin & OGS A AELEEHIIE OB - HE - 28
OfEEIFR & LTS TEETH 5 19120122200~209) [ntea.

-monophos-

% protein kinase A H 5 Wi

PR IR T F BEAE D 99 HE & ¥ - pe I 959

Integrin o5
(171 bp)

Integrin 31
(189 bp)

G3PDH
(147bp) ™

16 Substance P & IGF-1 (Z& % integrin ¢ 5 &
& U integrin B 1 HFEIF{RAE,
A #IE & substance P(2 %107 M) 8 X
U IGF-1(10 ng/ml) % &t Br iy < 2 WifsIES 38 L,
RT-PCR & % A \v» T integrin & 5 # X UF integrin
BLIZH 4 %5 mRNA % #| % L /2, Substance P &
I(‘I‘ 112 £ D integrin a5 B & Wintegrin g1 O
HAEHEL 2, N: None, S:SP (2 x10°M),I:
IGF-1 (10 ng/ml), SI:SP+IGF-1

grinif @ & B DD® subunits oL SN S ~T 0
¥ 4 < —C,fibronectin 4> 7 @ # K & &
zll'glnmt'-g]\-'C1[1(L;1~;parmc acid(RGD) ® 7 3 / EEEY) %
BT A, % < OFEED a subunit ® 8 subunit BFELE
T 5 55, fibronectin I+ 2R EEIFE L Cadpl
THFA-2n 21, ﬁubstzmce P & IGF-1 ic kX 2 M
FE DR o0t 3 2 HHR(ER 23, (E815R T H % integrin
DFBEMNLTOBEONITDWTHE L.

1 BE b K2 M K o integrin 3 M 13, B 2% M fg & fi-
bronectin T2 — b L 7z plastic 52820112 i X &, 35
Ul o %A GHA L 7217, AR L % substance
P#H%vid IGF-1 BHTHlimML TH#E L T b, Mo fi-
bronectin ~ @ #5512 13 251k 3’33 otz Ll
#3865, substance P & IGI 1 & E S ICERmL THilE %
&Y 5 L, EEMaR W(J ﬂJ'HfJI L7z, T DR,
glycine-arginine-glycine-aspartic acid-serine-proline
(GRGDSP) <=7 F %[ HINT 5 &, flE LA #IN
E fibronectin & OEEF ZHEx A8, B E L TH
W 7z LA & @ glycine-arginine-glycine-glutamic
acid‘%erine—proline(GRGESP) a7 ol N el >4 1 17))] E’i%ﬁ b
W 5 m-oT:. GRGDSP i integrin 23585k 3 5
rOTEARGDEFI#H L THB i),f1bronectm-
integrin OfEE #HET 5, L7zH - T, substance P &
IGF-1 1z & D fl bR AR 0 integrin i& M 3858 & 1,
fibronectin IZ L N EHFE LT L5 LML
o,

iz, substance P & IGF-1 2 £V, FEERIC integrin @
B TREAFIB I NS O 20w T reverse trans-
cription-polymerase chain reaction(RT-PCR) % % Hi
WTHRET L7, K16 127”9 & 9 12, substance P % 3 »

T domain @
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17 BEREEEMARCET2ESE ) EvE.
b MR- (HCE) Ml % substance P(2 <1077
M) £ L UF IGF-1(10 ng/ml) % & $e 55384 T 30 43 [@
k2 3% L, i phosphotyrosine i #& 5 X 0¥ rhoda-

mine-phalloidine T _H#e i L 7z, FEEHOH 57 12

5 < MR HEEHBE S LT,

£ IGF-1 840 T (2 0l & Hl L T integrin a 5 B L U
integrin #1 D 8> FICEHZELEZFZ b ho7. L
L &0t 6, substance P & IGF-1 %[GR ICHshn L THE
T+ A L, integrin @ b & Wintegrin g1 D3> F
b o3 12 #E 3 X 4, integrin @ 5 @ messenger RNA
(mRNA) X #7 4 %, % 7z integrin 81 ® mRNA |Z #9
1.5 B RIAIML Ttz ZH o OR5HEL &,
- B E) O {FE % T H S integrin @ §Fi P
mRNA F# % substance P & IGF-1 A5 (2 )8 L
TWah WM ER ST,

2) U rEE{bRERE

Mk ssim e ZF %% 5 &, ZHE K2 L TH
HIN OE S iR RS S L & 41, %’/ {1 kinase t“}’ﬂt

N2EABED ) YBICBHEOMEMRICL D, R L EHE
DY kIS L, Wb ® % kinase cascade % 2/ Jk
A, % 2T, tyrosine BE ) Bl hTWwWaEHED
J& {F % phosphotyrosine (2 %f 9 % $1.4& & B v» T, sub-
stance P & IGF-1 THlli# L 7z fEE f;J»'itﬁi]flﬁl THRELT
(B4 17), #6#E L 72 Al B B2 liA i, fibronectin = b V)

7 A LETRELILDD, BT 2840 IEE ﬁ)\u;w)w
% lamellipodia 23 ERZE & AL/, & D4 T < HE L 5
ELTwaEFEZ s, ZOBEROLEIICH < K|
ROV BRE SN, 2O L, Mg R 2R
B sihs }')f']:fiirtdl"?'|5‘9}(/)ﬂ{}’l’f'l'fﬁ L DagEd ) b
NTWEZELERET S,

3) Focal adehsion kinase(FAK)

Mk~ Yy 7 AT B2FERTH 5 integrin
DI T-FI A3, substance P & IGF-1 12 L D llg =
A ERBSMIC LA, integrin (26 L THINEEE O
HHNC ZEITHEH TR 2 EAEBTFEL T 5,
ZFDO—21F FAK Th 5, FAK i3, 55+ 523 125,000 T
tyrosine D) Y fEE2ZT2EHE TH 5.8 512,

HiRZ=3E 10135 125

{Immunoprecipitaion :
Anti-FAK

| Western blotting :

125 kDa
C-20 ( P-Tyr
R R (P-Tyr)
&, Sp G, S
%26 oy, 10r *k
Ty ,00 F‘J
') é’/a‘v)

10 minutes treatment

18 FAK @) E#{LIZxtd 5 substance P 5 LU
IGF-1 D§
Substance P( 2 x107° M) & £ TF IGF-1(10 ng/ml)
& R T HCE #ife = IlJ SRR L R,
focal adehsion kinase(FAK)IZ *f 4+ % mono-
clonal Jifk % v T FAK # GU-,dUn‘F 2, BRI
#7% phosphotyrosine 2%t 3 2 Hifk (RC-20) Tt
L 7z western blot @#5H, Substance P & IGF-1 I
FAK Y Bt &= fHRm I {2 L 72,

Immunoprecipitaion :

68 kDa Anti-Paxillin

| Western blotting :
RC-20 ( P-Tyr)

30 minutes treatment

19 Paxillin @) E{bIZX} T % substance P &
LU IGF-1 M2
Substance P(2 x10° M) & X OF IGF-1(10 ng/ml)
%G L ESEYE T HCE Mife % 30 4 RIRS 38 L 72 48,
paxillin 12 #f 9 % monoclonal #i{& % H \» T paxil-
lin % 69l & &, A% phosphotyrosine (2
o3 AP (RC-20) THf L 72 western blot O #5
B, Substance P & IGF-1 i& paxillin ® V) >k %
fHIRA I {EAE L 72,

FAK HE tyrosine kinase {§ME2#H L TH D, B+ 2
fhoEEHE %) v E{LT 5, FAK (Z e 355 RAE
LTHH,integrin OBEHEICERICES L T v B218~220,
2D X5 FAK i3, i ofEs, i o{bo @it tE
B RREA R L TWw3

Substance P & 4 W (& IGF-1 2%+ 5 &, #hFih
HAETIE FAK 0V vEBtoZbiziEs s hichotz,
L L %4 5, substance P & IGF-1 # & é) sl T

z® FAK @V >~ F1tk 1%, substance P & IGF-1 % *f\fJH
LT5~10 &5 155 <, 30 2RI PRETLTY
fz. 2 4L 5 DR Ik, substance P& D 3 7 F 0 &
IGF-1 260y 7 FHFNnD_2B&E RO &, FAK 23 &
Bt hiEtbahd 2 ER2RLTWS,
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20 Substance P 5L U IGF-1 (2 & % mitogen activated protein(MAP) kinase @ lr;m-alocatinn

HCE #ifg % substance P( 2 x10° M) & IGF-1(10 ng/ml)
PR TEE L /2. Substance P 3T b, IGE-

et

4) Paxillin

Paxillin i2#ild & 3657 & OBFTRICRTE S 5 Ml
FAOEME (G178 61 kDa) T7 2 /1§ 557 {#4 & 5k
A5 . FAK OiEHEEIcfEW ) vE{bah, 7 ¥ 74
EHE & L THHET 2229222 Substance P & IGF-1 &
WIZODT T FANEFT L Lick b FAK 23E M
{62 L7 F, SEEIC paxillin 28) Y E{EE B iz ow
Tt b & (HCE) # i % Hw T, f 9% v [ o &
western blot i % s THETL

Substance P % % v (3 IGF-1 ?:M FRESRICHIE L

bypaxillin ® V) > O 2O 5 oz b,
FAK & [AIERIZ, substance P & IGF-1 @& 5 (a1 #1
fa xRS 5 £, paxillin @V B b I HEEE L 72
(K 19), FAK 85 ~10 3%ic V) B iemic L
DIzt L, paxillin ® ) B {LIZ 05 THRE -7,
e O E > 6, paxillin &
stance P * IGF-1 ONABHFET AR CO &, 1) AL
ShiEMbsha ek 1,

5) Mitogen activated protein(MAP) kinase

MR ORI Y B & L TR ICHBE ST 5
FEZ 5N TS MAP kinase (1, iz O ERFIC L

D i M {k & © % serine/threonine kinase T, MAP

FAK & [A] £ 12, sub-

FIRIIL THEEE L, Bt MAP kinase JifA %2 Hw T

1 53T h .\l.-\l’ kinase @ translocation :’;'ﬁ'}ﬂﬁ% § bl

kinase ] £ i threonine & tyrosine BTV » §{k %
2T 5 ML L 72 MAP kinase {3 #ifa & 2 &M IC f{'ff
{7 (translocation) L, #Hfz% IJ]]’ v ) VL L CERT
WA LR SH 3 EE LS5 TV A, MAP kinase 13,
KAaED EEETV, VbR 35 MAP kinase cascade
B T 5229228 Yoz, substance P & IGF-1ic k0 £
B Rk MAP kinase 233 E A2 E S Mic
2T western blot i & # TR THER L 72

fil 7k @ FAK % paxillin & & # ‘)‘M.-‘\!’ kinzlst? =
5 W X IGF-1 A 0 ) 8 T & 1% M B
MAP kinase O HINAIZE & & #1, substance P & IGF-1
AFEEFICEIML T b, 20 L0 B i3 iEMR MAP kinase
IEEIN L % - 72 MAP kinase U)“(;F'I"-I:{Ej Iz
location % MAP kinase o8} 24ifkEH W T, 2DfE
{F % R PR Tl EHE D THEE L 7z A
B2 il T i, B 9 12 MAP kinase @ R7TE X3 & 1
T, M KB N 12 @ & MAP kinase 73 # 2% X 41 72, Sub-

=

stance P @ &,IGF-1 ® &, & % \» | substance P &
[GF-1 DX 2 WU BT, BN % & o - il 4
(£ T, MAP kinase O EE s - (1 20), =
o OFEHEM 5, substance P B XN IGF-1 1k & &z,
T MAP kinase Z{GMEb 3 223, 250 ¥ 7 F VO

substance P & %

£ 4 trans-
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=
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750 9
= O None
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21 Substance P & IGF-1 (24 % fiE R mRRE
FE~DFE,
SRR [ Mk % substance P (50 pg/ml) 35 X OF
IGF-1(10 ng/ml) % & ¥» K% 3% ¥ T & % L,*H-
thymidine ¢ HX D A # % #] & L 7z, Substance P &
IGF-1 & S MM IR ORI i o e S
R Ietp o 72179,

CHBEARERZRS VLI EBH e ER 5T,

5. AIE LR imFaEsE

FAlE R A LR O 8 T T H S AR L
T,substance P & IGF-1 3D & 5 REHAB T 5 »
DWW L KRR AR LR & 5°H-thy-
midine O D A & ZEELICHEET L2 L2 OBEOD
substance P M & % % (3 IGF-1 ZiEhNL THF#EL T
b 3H-thymidine D D AL ELERED o T, 12
substance P & IGF-1 ##ia# &b ¥ THML T &°H-
thymidine ®Et Y A A ICEL IO s it o7 (K
21), 2 M & 517, substance P & IGF-1 id Al _E Bz #i i
ORGEERB L w2 ERBHS M ER T2,

V  #HR T ORFLE (in vivo)

Substance P 23 IGF-1 L fHIEAIC AR EE O HE %
(B4 5 2 &A%, Th o AIESRERERD S W ITREM
FZEHWEERRTHL L Lol 08, FEEEIC in vive
DO E 7 V12 B\ T, substance P & IGF-1 0 filR A
Al - B o BRI & IS 2 i D TR R A TR

HIR=3¢ 101% 12%

i Ty

FRAREO F ¥ #HE % n-heptanol TfT\, substance
PBIUVIGFl 2 NFhEMT, Hhrvitflagby
THAR L, FRE IR R TR % R IR Bl E L 72 (Y
22). bRz 1A 24 BERBIC B LT, MR & L THWL I 3EH
DB ) BB (PBS) O A& % fSHR L 28 & i
L T,substance P fifhid 5 v i IGF-1 B30 SR Tk
KEEFEIC =R E25b R iz, L LD 5, sub-
stance P & IGF-1 Z[[EIFRIC IR % &, EERIEEOME
P VLB i/ Lo 7z, KBTI O RERFRY 72 2810 & B
a3 % k([ 23), PBS fillif#, substance P BiffiiART,
B & IGF-1 BT IREEOMIC i3 L REBEO/$ 5 —
CHBELERIZED &L T, 12~36 B 5 1 TEARR
W RABTR O ERE A FE /s L T v iz, — 5, substance P &
IGF-1 %# L b IC SR L 7B T3, 12 Bl & EREIEME
DIMEAME & 4, 18 REHI AR e i Pl L ¢ RAE
BiAsE/ N L Tatz, 205 ORE % Bz, AR R KdRE
EHE RS 5 &, B, BRF0.92£0.18(FLy
{ifi + BEHE(R ) mm?* T & % D L, substance P D& D
HHREETIX0.91£0.11 mm?, IGF-1 @ A @ SHRFE T
0.89+0.08 mm>Tdh D, il L ik L THELZ2R
Hirotz. L Licht s, substance P & IGF-1 % [6] s
AR U728 mEF 1.09410.09 mm? e HEIC LR
IBEESAEEL Twiz, 2 s O D 5, substance P
#H B i IGF-1 3T in vive TO AL Z A
WEICRE LTl & B & 5 2 Ao\ s, substance P & IGF-
1 DIEIREICTEAE T 5 & FHFRAY I A L R B Hh T8 & (R A
TAHILBHSMELR ST,

VI G K e A

AR IR I8 18 B OB D — o & L T, M e 0 5
£ 125 substance P DRZH3FH 2 65, KIEEICEHIIK
HEW TH 4 21T > T fAalirhic &4 & 15 substance P &t
OFELEFHT L Z ERAARTH S, LoLads,
substance P & IGF-1 iz L 2 fH3EM 72 falE L 7 Al {5 G
ORAESHREICE T 2R AL SHEnERD,
F2 RREO R, 2h S ORI E % Wi
L CHIR OB I L, BIFERHREE O & WERB O BRI
BTHELTHELEEZLD. ZDRDITE, SVEET,
E DT T, BB L THaREYFNFHERE T 5
MEERET LB THA.

1. Substance P Mg/ )viiBiEE

Substance P @4 #IEM L, FHEAT O &% & FIERN
HIKE T A ERH R L &b T% { O3 54
TR D3R 100220~ X T B, & 51, substance P
OEFIERII BRI X D 8 5 0%, KR Tl fili e &
| EEIT. £ T, 25O substance P DF T 4 1il
OEBHIER %2 T & 2722088k L, IGF-1 £ OHEER
DB L T2t kaimaET 3 7 BES &K e 5 T
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PBS
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(22 Substance P E LU IGF-1 SMRIZ L 2 ABlE FRAIE SR ~DEE,

E L h)
1 AR % fﬁ,fT L.

L7: PBS filR & KIHAROZR 2D & otz Lo LZdi s, substance P & IGF-1

AR R RABEDIEE IR B E IC{EE L 7222
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Time After Debridement

23 Substance P H LU IGF-1 SRIC L 2 AE

SeT

ily i

B RIGEBEOBRFEL,
F R _E 7 % n-heptanol T % L, substance P
(1 mg/ml), IGF-1(1 ug/ml) & % \» 1z s‘ub‘%tanu
P IGF-1 fillR % MEfT L, REMFAY 2 R TRL & #5E
L 7z. Substance P Hflidh 2 v IGF-1 §iih o i iR
Tl & L7z PBS fllR & Ehie L T RIEmRS 2 2
RE@Lpotz, Lip L4 6, substance P &
I( F-1 #[]lEF E_HU R 2 LM EERIBOBERS
W {EAHE L 1222 :PBS, @ :SP, A :IGF-1,
: SP+IGF-1, p<0:05, ** : p<0.01:vs PBS

% n- heptdnn TH|EE L, substance P(1 mg/ml), IGF-1(1 pg/ml) & 2
b Bz B 24 BEE# O RTIRERS 5, Substance P Hiffidk 2 Wit IGF-1 Ll-'ﬁiwrlll[x’(“iiiﬂhi

7= 72, Substance PP #{{# &£ 4 % tachykinin fam-

IL,CEKBEDOSHED 7 3 /7 EBEY » FXGLM

V3 |d substance P+ IGF-

% [F] I IR T 5

it

(phenylalanine— £ & @ 7 3 / f-glycine-leucine-
methionine) £ WS HFOMELZHFHL T3, % 2T,
substance P @ C KInDEE 2 H L 2o B3O8 5
FL7F FOERIC 2 W THE L 72, Substance P @
C # % 2 & 7 i glutamine-glutamine-phenylalanine-
phenylalanine-glvcine-leucine-methionine amide (QQF-
FGLM), 6 {f glutamine-phenylalanine-phenylalanine-
glycine-leucine-methionine amide (QFFGLM), 5 ffi
phenylalanine-phenylalanine-glycine-leucine-methio-
nine amide(FFGLM), & % \» {& 4 {# phenylalanin-
glycine-leucine-methionine amide (FGLM) @ 7 3 / E
B EET27F Fik, ZhBHRAK ELEOMEI
IDFHE L 5 2 oo o8, substance P &4 < [@A#kiC
IGF-1 L tHEMICAE L OMRZEEL 2. L L
5, CKiED 3MEO 7 2 /BEEYIM¥ED tripeptide T
H5GLMiE, Th BEHHMMTHK EEOMEICEES

52720 wmg 59, IGF-1 L OHEFEH LD Lo
7z (3 4 ). &Iz, tachykinin family Ofthod £ >3 —T &
% neurokinin A, neurokinin B, physalaemin & 4 \» &
K S 4 A0 2 S BRESN E2E T 5
# % valine-glycine-leucine-methionine

eledoisin @ C
tetrapeptide T
amide (VGLM), tyrosine-glycine-leucine-methionine

amide(YGLM) & % \» ({3 isoleucine-glycine-leucine-
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HiRSE 1015 125

%4 Substance P BE~TF F & IGF-1 £ OBFEEH

HWHTOfEH  IGF-1 & OAFEFHR

Substance P
SP(5-11)
SP(6-11)
SP(7-11)
SP(8-11)
SP(9-11)

PRKPQQFFGLM-NH. — +
QOFFGLM-NH. ==
QFFGLM-NH, =
FFGLM-NH, —
FGLM-NH., =
GLM-NH. 5= =

P 2 B

—{ERAAL +:{EH#® Y  IGF-1: insulin-like growth factor-1
P: proline, R : arginine, K : lysine, Q : glutamine, F: phenylalanine, G : glycine, L : leucine, M :

methionine

%5 Tachykinin BBER7F K & IGF-1 & HEEIEA

A TOMER  IGF-1 & OHEMEHR

Substance P

FGLM (SP-8-11)

VGLM (Neurokinin A, B 8-11)
YGLM (Physalaemin 8-11)
IGLM (Eledoisin 8-11)

PRKPQQFFGLM-NH. = +
FGLM-NI, — v
VGLM-NH, = =
YGLM-NH, = —
IGLM-NH., - =

methionine amide(IGLM) !z 2w T IGF-1 & O] #EA(F
A L7 £ 2 %, substance P f13k® FGLM @ 4243
IGF-1 £ OHBEIEH %3 L, £ LLA O tetrapeptide i
B OERLED o7 (FR5), 25 DEHD S,
substance P & IGF-1 @ fH#E{F I 12 1%, substance P @
Wz 3 2 FGLM & w9 4o 7 3 7 BBl 53
INBHLETHSZ I BB ER ST,

Kz Z D FGLM kv 9 tetrapeptide 23 ff F K7 B {5
BRI LT IGF-1 M REFH 2RO
2\ in vivo THETL 72, Bk X 9 12, n-heptanol T
L 7o R AR B RIEE 7T VIcH LT, SR ETY
R RABHEIR OMi N EBIEE L1z £ 2 %, substance P &
IGF-1 % [RIFFIC 55 iR L 726 & [H)#k s, FGLM & IGF-1 @
[l AR T AR L AR X A R e L 72, Bk b
27k, FRICBWT I substance P ic X b fElE A3
B &tz Hs, FGLM I ik Z OfRIEIER A3 72 <, MFLE T
Lo tz. 2D X D2, substance P o3& 12 f3E
T3 FGLM WS EWRZFFFEHWSEZ LWED,
A o BREE I3 % IGF-1 & OFFIE{EH % 5
LEads,iEE I BIRICEREST 2 2 LR L
L,

2, THRERRESAREDAR

L a| O FeRk B % 310, Texas Tech University OHR
Bl & UL DR 2EE S RABEIR BN 5 v T, MR
B f BEE O EFIC R L T, F L # L@ Institutional
review board(IRB) iz & % #4&GE & #i# » & ORE %15
7z #% |z substance P £ IGF-1® S IR# L H 25 v ik
FGLM & IGF-1 @ SRk % A7z,

fER 1

— fEEZL + {ERMHD

e F E e 3 (Riley-Day SEMREE) 13 8 MEHETT
PHEBE T, AMBAEHERB L CEREMEE R O neuron
CEMEHE L, Bt E P RERE TR Z 5. D0 T
HIRHH A WIEFE D — D D FHE T B 5502010 i ]
&, 16 2 H O AR T, TR S BT RS FEHE
HE % R, FIEME BRI LB S LT s RE
Fliz BT, BT LENH A WIS S i, A
MRS 3T L Tua e, RO R R R RAE &
IR & A, FANE R RIASSEREL L Tz, ATRE A
FOHRBICRELRELEW T, ERIZH L £ 37 sub-
stance P @O SR & 23 A& 12 5L, B A58 5 4135, 10
H#1z substance P g} insulin @ iR 22 7z, L
L 72435, substance P & insulin @l SIRIC X - TH
RIS & Y, substance P & IGF-1 @ fSHRICEI D
Bal-bZ A, 5HB,S LEOBHBRESEED 30 HE
i, ERRBEERCTHE S A, RBE2R T OO
ELIREE L 22 o 7z, 20 & 5, SN R A IE
= & 2 R R A IEE o) SiE (] 12 6 L T, substance P
&£ IGF-1 O EIRDPERNTH - 7229,

fER 2

Iz, substance P O i 1% 3 % tetrapeptide T
H2% FGLM <=7 # F £ IGF-1 £iliR#3 SPK O iE#IcH
BITH-o UK FEERLTHEFERE TO 1l 2 HET
3 FEBE, A= SRR o L TR ISR AT & 2 1
Fetic FARE R REE A B L 72 48 O L T, iR 1
B & FROF M, #HAESH 2 HE LR %2522
7o, FAIEHIE AR R 25388 & 41, MRS A E D 22 i
DY &, fibronectin SR X UHTAF O 2SHR LIRS0 12
LD hnE X, — HER U 72 93, fibronectin £ IR %
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b3 % & FERESEFEL LD, BEIEERNTY
BlEErsn22 Ll HR EREE 0. 208 IER
fE), ABEIR I I0mm BAF LR F L Tz, AR AR
RO SR R 2 SR Fo, Wl R & D U fibronectin &
PR O GR%FtG L, S A LB L, L L
#36, fibronectin (R 2 g1k 4 & M e i ws s
¥ L T L 57 o, fibronectin SR I3F1T L T a2
L 7z. Fibronectin SlRIc & O K 24 FREREIZ# AL
P2 48, R tAE L, SPK BB LR cis L T %
fz. % Z T, fibronectin % —H it L, FGLM <7 F F
L IGF-1 @SR % Bes U 72, 1 AME# I i, SPK 238
L A e s oIR8 H \ik L, SRR 2 BRE®c I
REIETR ) 1.2 1038 U Je, AER T3, = i 2B <
Tz & DALBHIGHIC X D 4 U7 R s A B 1o L
T, MEIEE M LR RAHO T 13 fibronectin SR AS
G Th-otz, L L6, fibronectin il o il iz
L OHEFETLLE,SPK WEHBEICESI T 5 2 L A3
TH-7:.FGLM & IGF-1 @ SIR#EkIC X D SPK 3%
BHiIc A+ 5 O A 7% & 7, fibronectin difiR#EH: 20k L
THAELERIBOMESED SW B L2720 s,
FE R KT FE O TR FGLM & IGF-1 O iRk
BEMTHELFEZ R,

S, & SIEFZFERTHRE L Tw { LB H 525,
substance P & IGF-1 @ fill#ffik & % v iF substance P
kT 227F FTH D FGLM & IGF-1 @ ZillR#E
DI PRER PR B ORI B TH B L F A 6N B,

VII 8 b b i«

Rz 13, AR IR A E & BRI L L iR ER T
4 B e, MIEMELGEYE TH 5 substance P iciE
H L T,substance P & IGF-1 #8344 2B ic O 4 fafE
FEOMENME#ES LS Z L &2 B L7, Substance P
£ IGF-1 OHFEFEMIIZ, 2hE THio ¥ OHIlcBWw T
bffianl I i3, SEHLPIFICH THL I
LI:ZETh2 ABOERE LIEL LES, BT
b EITELSH, HREENT e WERTLOE
SRR I L D T ICHER ST 10 A, B 5O T4
KRG T MEOIEFE S O HIERE L, 72 815 R
HNRIE S S, BRI I ARHREOREC LD, HHRE
HIH MR AR 3 L8 TE, iy D ABEEBO
W LB OBIRC YD, AEMEE2HET SO
R e EErHME L, — A, EkroHEZohTE
72, EPHEE E L TORE TS <, AR 2 8k
HTOEAEREE L L TORERORE A RES 2 L 43
T %, AEEBOZWNIC YT DR 2 B L] e ih
WL % BN T 5 1o T 0, MBSAT SR 1 & B A O
b O OREOIEIE & FIFFIC, AR CREREORER £
AT D & BREONEVPEETH S L H2 5,

S ElERs U - M0 B X 0 TR YE i e i oe

RIS T A TBTE DS TE - 15 8% « PE 965

E5TLDEE (BK)
#28 (in vivo)
& (in vivo)

A
i

o

[RF
24 ERFREFTROREEE FARSER).
D X b A,

#» 5, substance P & IGF-1 12 & 2 MK R EOEE
i, HIHE O 4235 1 D TUE, integrin O &S T F B OBy 78,
HEHEHEO FAK % paxillin ® Y »E{bOR% A EE
RRFCTHE L EHSLICTHIENTE L, LL
BRSO THEED S Z L, substance PO AT 4
IGF-1 OAaTH, 2o DfEHIEHESD 571, substance
P & IGF-1 O EHBFEAET 2O AEMABED 5 h
%2 ETHD MO substance P 2%k & IGF-1 24
Bl % 2b0TbhDY,protein kinase C %
tyrosine kinase # 73 2 #ildN(E 55385 THIFU N &
FHEAY kST { BEiC, substance P 225 0O1{F
FEIGF1 o DOFESOMEF #HEE 3 5 EAHE
BOY ZhCEET LRI TH L. Bain s, SEOW
T, COMERRET S 2 LIZTE Lo, Hil
WD DR TAEYIERNIC L, SEIEEED T W

{REBOTHEEHLZMETHSL EHZ D,

r el O i RS OWFFE % 8 U T, ILHIPR & R O £ 53
FTORRZIGH L CHAESRORELROERKIC YD X
SIZLTHERL Tl ddh kw3 BERIED—DD A S
ANEREBT A LT MREEERED OBKO
BUEHEELTEY, BERRAEMBIFEATHL ETOD
FHETH D, HIROEEGT, 5 HOMER 5 & MEL % B
L, HAEORBIETHEBET S ZWERICH L TR, 20/
BOFPIC > THENT BN H 5, PR b R
D— T H 0, ITREE IR O HIFE B i 2 4
BB LT, AT L o4 BE, HEAE 7~ X0
SIS BRI L T RiEn s &wn, L L, B
MRIZBWTEERZ L, 2RBEOFHO Hi %
BN TEHZS W ETHD BMYLERET, b —E5
FLrANTOEBEREG L T, AT £ 0EETOEEA
EAMERT A ZENLETHY, 2O EHHAORE
B2 b DTH S LG 2. HH GoARAEER
BT FE A ARSI P80, BB A¥EFHR) L, 20 X
9 2 WFFE D T3 it & “ AR I B 1T 5 ROEIER” & £
T TWES R #HEDLS Lo T 26 FESL, &
IR ZOFREOER L EAVEBETCED L ko1
ERRUTWA ([ 24),

£ [El O WFFERE R I3, FREIRE 1 £ BAE 0 95 8 0 BRI~
OFE—HEBEAHELIOATHD, SBEBIILLD
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B BT, &0 EWIREEO IR L RO RR I @ o
TR AT T LERH B,

EEFEO/E 2S5 2 Tu L Ru i HEREEESFHE,
HAMRE S E B L U8 101 B HAIREFSRESREOF
I EEEEZ (BIVEERIAE) KRG L D RHOE2ET 5.8
HIEPE « DT EWFOESORE b IS Eass, B
EXBL LTS ETCIHBEPTHS 2L EBHEHCBY
TEROFH 2B WiciZuizEH  FEE GEILAE) i
AL BT S, SEOMELTICLLD, ZhThORLE
THRAOEE % L, BN EBAEEL £ UOKEE
FHIRBFBEORERLRICL L DVE#HT 5. 62 Kh B
A1 (a8 hyEheiRED 2 5 o & b Al E Y i (HCE #
i) ozt LT 5. P& 5B cEE L JHE Sl
Bt Znieig  EEEE (L ORFEESEREHE), & Hik
— B8, K LR RE (UORFEFTRES) B LW %
MR (LORFNERFE=) RO & D EHT 5,

AHFe I, 1987 4E visiting professor & L T University of
California Davis(UCD) i ##£ L 72 IFf, Ted W Reid, Ph.D.,
Christopher ] Murphy, DVM, Ph.D.3 X ©f Mark ] Mannis,
MD, FRCS(Ziif UCD) & OBl 23w H Flm & 2 D, sub-
stance P O4AB{ERAICB T 2 LEMEAEG s oD
RiFIChic 2% b & kil L ERICEHRT 2.

AFRO—H I, XHEREFHREREL BB £
0947038) B L U7 4 & > X 7 7 7 EEEWH £ 336-D #1 [X
(Lions Club International Fund) 7 & O#FZEEhE I £ D 1T
iz,

Bz, EHIE =S4 CRBRR ) & KBFIE4E
GESAFEEER) ORFEIC O 5 ZHEFe L Tdd Tk b
DM OKE L 285,
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