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Abstract

The physiological roles of the cornea are to con-
duct external light into the eye, focus it, together with
the lens, onto the retina, and to provide rigidity to the
entire eyeball. Good vision thus requires maintenance
of the transparency and proper refractive shape of
the cornea. Although the cornea appears to be a
relatively static structure, dynamic processes operate
within and around the cornea at the tissue, cell, and
molecular level. In this article, I review the mecha-
nisms responsible for maintenance of corneal homeo-
stasis as well as the development of new modes of
treatment for various corneal diseases.

I. The static cornea : structure and physiological

functions

The cornea is derived from ectoderm, so that it can
be considered as transparent skin. It is devoid of
blood vessels and manifests the highest sensitivity in
the entire body. The surface of the cornea is covered
by tear fluid, which serves both as a lubricant and as
a conduit for regulatory molecules. The cornea is
also supplied with oxygen and various nutrients by
the aqueous humor and a loop vascular system in
addition to tear fluid. The cornea interacts with its
surrounding tissues directly as well as indirectly
through tear fluid or aqueous humor, with such
interactions playing an important role in the regula-
tion of corneal structure and functions. The resident
cells of the cornea—epithelial cells, fibroblasts (kera-

tocytes), and endothelial cells—also engage in mutual
interactions through network systems. These interac-
tions as well as those with infiltrated cells and
regulation by nerves contribute to the maintenance of
the normal structure and functions of the cornea as
well as to the repair of corneal injuries.

II. The dynamic cornea : maintenance of struc-

ture and functions by network systems

Developments in laser and computer technology
have allowed observation of the cells and collagen
fibers within the cornea. Furthermore, progress in
cell and molecular biology has allowed characteriza-
tion of dynamic network systems—including cell-cell
and cell—extracellular matrix interactions as well as
cytokines and neural factors—that contribute to the
maintenance of corneal transparency and shape.

Il. Disruption of network systems : persistent

corneal epithelial defects and corneal ulcer

Selection of the appropriate treatment for patho-
logic lesions of the cornea and the accompanying
decrease in visual acuity requires localization of the
lesion with regard to the epithelium, stroma, or
endothelium of the cornea. In certain instances,
however, it is not possible to determine the cause of
the problem within the cornea. In such cases, the
cause of the pathologic lesion and the target for
treatment may lie in the surrounding tissues or
environment. For example, corneal epithelial wound
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healing may be delayed, leading to the development of
persistent epithelial defects, as a result of disruption
of intercellular junctions between epithelial cells, an
abnormality of the corneal basement membrane,
altered concentrations of various cytokines in tear
fluid, a lowered corneal sensation, or allergic reac-
tions in the lid conjunctiva. Loss of corneal epithelial
barrier function can further allow inflammatory
cytokines present in tear fluid, together with infiltrat-
ed cells, to activate keratocytes and elicit excessive
degradation of collagen in the stroma, thereby giving
rise to corneal ulcer.

IV. Development of new drugs for corneal diseases

We have attempted to apply the results of basic
scientific research to the development of new drugs
for corneal diseases that remain difficult to treat.
The process of authorization for new drugs from the
Ministry of Health, Labor, and Welfare takes more
than two decades, however. The path from the bench
to clinical practice is thus a long one.

1. Development of eyedrops for treatment of

persistent corneal epithelial defects

We demonstrated the clinical efficacy of fibronec-
tin eyedrops for the treatment of persistent epithelial
defects of the cornea. However, the possibility of
blood-borne infections has interfered with the devel-
opment of serum-derived fibronectin as a drug. An
automated machine for the preparation of autologous
fibronectin eyedrops has therefore recently been
developed. Furthermore, in seeking an alternative to
fibronectin eyedrops, we are investigating the effects
of a peptide corresponding to the second cell-binding
domain of fibronectin on corneal epithelial wound
healing. Considering that urokinase-type plasminogen
activator may be expressed at the site of corneal
epithelial defects and facilitates epithelial migration,
the potential clinical application of annexin V, which
stimulates the secretion of urokinase-type plasmino-
gen activator for the treatment of persistent corneal
epithelial defects is also now under investigation in
Japan.

2. Development of eyedrops for treatment of

neurotrophic keratopathy
Substance P, a neurotransmitter, stimulates cor-

fafpE - Z O LB - T 181

neal epithelial migration in a synergistic manner with
insulin-like growth factor (IGF)—I1. We have shown
that eyedrops containing both the substance P—
derived peptide FGLM-amide and the IGF-1—derived
peptide SSSR are effective for the treatment of
persistent corneal epithelial defects in individuals
with diabetic keratopathy or neurotrophic keratopa-
thy, both of which are associated with a reduction
in corneal sensation.

3. Development of drugs for corneal ulcer

Treatment of corneal infection with antibiotics
does not necessarily halt the process of corneal
ulceration, which is characterized by excessive deg-
radation of stromal collagen, or resolve persistent
corneal epithelial defects. In addition to eyedrops for
the treatment of persistent corneal epithelial defects,
we have therefore also been working on the develop-
ment of new drugs for the treatment of corneal ulcer.
To this end, we have established an experimental sys-
tem in which corneal fibroblasts are cultured in a
three-dimensional collagen gel. With this system, we
have shown that triptolide and steroids inhibit colla-
gen degradation by corneal fibroblasts. Triptolide or
its derivatives are thus potential drugs for the
treatment of corneal ulcer and would work by acting
directly on corneal fibroblasts rather than by inhibit-
ing the secreted enzymes (matrix metalloproteinases)
responsible for collagen degradation.
Nippon Ganka Gakkai Zasshi(J Jpn Ophthalmol Soc
112 : 179—213, 2008)
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nosa, Matrix metalloproteinases, Tripto-
lide
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RIELTW 2P (X 6). MRS ORESEECES T 5
FA DAV, AERHEFARO 2T -7 AR
LCED L) R RAERT R L - ARARHEE R
DT =7 UEEB X OD R HIE L ORE L 72%.
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fERMEE I X 5 29 — 7 A transforming
growth factor B (TGFB) & 4 » XA ) Y ke £ N+
(IGF)-1 2MeAE L, SKIEMT A "N A o ThHHA 7 —
04 %Y (IL)-1% TNFa 33 -7 v &lxlEL
7. =, 377, IL-1 % TNF-a 2L )1iE
H#T5(F2)., Lo T, FIEWTF A M4 2 (L1
£ TNF-a) (ZMfast~ t 1) v 7 ABE % ek X 8 il
ZiEMALT 2T mICE &, TGFR R IGF-1 7 & A5HA3
LT A HICEH TV L EEZLND, ZD LD
12, MR RRAEEE A, A RR A TV ISR Y
Dz s, Mgzl HATHwLaT =7
MIAAEH LAV, S5 A M A I2 & 0 RO
WEZT, 377 O E G L THIRY 2P
BIRZ MR L CEAM A MR L T 5, ZZICMEFER
2B LM, MfE—MEst~ b v 7 AB IO A
A DRy VT =T AH I EPTES.

3. AR &R

PR AR N T b SR OIUE 5 Mk TH 27, TR
FINZD AR EEO DT D BEILE DO TRWIEHEZ 5
2%, ABENICHEBIRICS  OMBERMEIFEL T D
L, DT E W EES L SN TE Y, Neurofila-
ments 2R A HUE % H o CHRSEAEEZ e L, L —
- MBI L SR CHEMBET S & (-
7A), K\ neurofilaments 2SfAREZROH 2K ), 4
JE LRI 2 o THE A WHIOIRAE R L, LR TR L
M & DD TRV HRERRAME & 045 L TV 5.

RN ORI = RIS L TB Y, /26
RIGIZ B HIZEMIZ D, AENOMREZROBEIZLD,
AEOEREIWIEINSE Z e ELASHLRTY
237 BN ARG ENE CH L TR
Y AP & EOCMRERMESSBAFE ST 5 2 & 25, 1980 4F
RANTAIZZ & DRtk h SHE S22, FpETY,
Shimizu 5%, 7 2% v XA P OAFELHIIRE TO [/
IZOWTHE LT TE LY, —F, #7252
P O %445 T& % neurokinin (NK)-1 @ f &N T D JHH#E
Y TAY VAP LEDICBETLL, Y TAY VR
P B A AT 2 & AR LR CTHRAEL TH
D, SHIMEEREEMBICST 7 A5 2 A PRR
HOEHBIEE S N7z (M 7B). NK-1 IZAEHESE AN L2 b fR7E
T5N, AREEMICEDOTEEIHFELTNSL S
ERHL LD (HT7C), MEMBELENETH 2T
TAY AP A, ML R M R MAE S O B AR 12
KREREEEZRLLTOBZEDRTFMENL, 2 2I2H
FERIC L AR T 2 MILOMREL T2 4 v +
T—=0hHb.

4. AELHEREAY NI

HIAD L) IZARICIEHEE LToa T —7 > DS
DK AR T 2 S F ST RMBI~ b)Y v 7 AEN
BEPHFEEL T 5., M LRI REN 2~ - —T
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o g 7
d /
e AL =

X 5 MIREEAN TOMESTMIEOFEEHRX CHBREE

A EBEFIEF UM, B Freeze fracture %, C @ #GPUIAEE (5 5 connexin 43, 7k 7 70 A ¥,
~—3 7

AR TE TR

X 6 MAIREBERMESFMILDERE Ok 27 2 k).

HrrIF 12k, BHEFEMBO~Y - —THDE R
F IR R gt L, MiRRA < MY v 2 ADTEE
HEOPURETHIZE L7z, BEEICE T I =RV
T yaEBELTBY, AEEHICEIVEIS -7
Wiz, 18Mas—roe7470x7F 0058 LT
W5, AROEREEHERT 29 2T, s ofifast
~ My 7 AR R S M OB AR IR A
BLTWAEIENEZLNL,

R Rz g O E R OMERC I, R &  Ek
LTWaH, ZoHIZOWTIZgERT 5. —J, MiEE
BSAEAE S 5 FEE AN GRRARSE M) O TERER AR S,
fa 80y Pt~ v ) v 2 A CTHDL T =7 v OFF
WL D HIH S TG, BiEE L 7o MEERHEE ML % 1
WTIT—F VD=L VORI TERL, WEiThbh
TWALTIAF v 7 L TORHEE, L0 L) ICTRENE
b5 200emE LY. FI9AFy 7 LTHEET S L
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BRI 2 SHESF I O TEREZ IR $5, I 5 —F Y XV
TEWRTICEERET B L, —DO—DOMEAFEEEILC 72
DEVWEREYHT(MS). COa5—7 U r ik bE
EHRAE SIS D TEREAN ORI 1T, VN O
WT T AT 7 LIZBEIT A &, ruffling 21> THIR

® 2 ABRHEIFEROIS -7 RKBIIHTS
Y1 bhA L DER

PAMIA aT7=rUER ag=rr ok
IL-1 FHE i
IL-6 WERL WL
IL-8 7 WL
TNF-a FHE s
TGF-B s WERL
IGF-1 piRiid WERL

IL: 4 >»%—uA %>, TNF : tumor necrosis factor,
TGF : transforming growth factor, IGF : 1 >~ A1) Yk
R (SCHik 28 72 B UL, %)

HEESEE 11248 3%

IR o 72560 % & OO RE IS 2L 5. HIIkE

QIR 72MM2S 3 7 =7 Y FVNICBEIT 5 &, filE
VISR DM L TERER 2L B Z L B S .
EOICABBMEFMREZ IS -7 Y S VNTRE#ET S
&, gap junctions 2S5 T 5 Z & & F A 1 B
THETX/.

AT S FSFhaT— 7 VIRETHEET
LE, AT UBENE L RDICOoN, HMEFHEO
BIEAEIZIR T $ 5 (M9). o2 L I3AREE 2B
537 =7y OIRREIZE Y, MEESZ & TS L
THRENCT T =7 VIREMCT 5 &Sl o3
FEASE AL S 5 Fox ORI 2888 e X < —FH L Tw
5.

RS O E BB RRIE, 29— T a7
TV EEETHEEDIL, ENLEGMLIYE
BHNOEY T2 2 L Th D, AFEHES I,
HEARNTEEEEZ b > TWAh, ik, MEEENOR

7 AETOMRE.

A L= R BRI X B MRERHE O BTE O BIZE (hk - MIRERRME), ZSIRICHMEERGE, BT RS
A P bt riigsise, C: %7 A% v A P&k (neurokinin 1 : NK-1), (ft:NK-1, #:953I=>, v—7

e
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8 AT HFIRNTOABIGEHIFMIBOMELEL.
A TIAFy 7R#EIE, B:as—="7C7 VA, C:ag—=rryr VARG 75 A5y 7 FICBEIL7
Mg, D: 79 AF v 7 Eprbas—7 2 VIN~BE) L7,

60 0ooo oooo
100 1
g
cgf H 80 1
i)
— 40
X
d 0 60+
< |
§- 0
) 00040
h=]
g 20
2
= 20 +
a
0

0 l—|| T = 7 T 1
o lloo2 0.2 2

000000 mgimlo

m]
B9 5424 LRTOEERETMIOEIEEE & SREE.
o BEIEYE. A AR, —O—:

WIRELCE~xru 7y =Y E0MEICE Y EA
ENbEEZLNTE, Fald, ~7u 77 =120
2 CABREARAE S AT 2SS B AP ISR A S 7z F (R
FTFv 7 A=) HAEL, EbOTENMIIH-
THIAICEELTWS 2 E2@E LY, a5—4
YOFIVNTHRET S &, ARG o B A
Bz o, HICaTg—r v OFfELEVWENETH S
TIAF v 7 ETREDLOTEHVAAREZRLZ (K
9). RiEE LA BARIE, 7170y
FUOHFHETIME LY, BIEREATOA FEIZL I
Hlenz™, MRS EET 5 L, BEWEHm
T 272012, fIAANOY VY — A BEOEE T
%52>-

TI= (=),

ARSI TS -y~ M) v 7 ADHFTER
TCOM B IRAEEZ LY, H\ |2 gap junctions & 3@ L T
e H L, H7rd—20MERE LTHEELTW
L. MBOREEIZ T 5 =7 U HAEET UL, AR
MR IETHEE b K < AT RV, W2 2 Ml
ELTHAES 545, WICHIRaYL D 3 T — 7 Vi EEDHA
MIZTFHR->TLBE, 2y NT—27POANEREIZHHE
L, BET 28 eMBIC2T 5, Mgt~y v s
A THAHIAT—7 2, HHEFAROTZEE & FEGE % il
LTWwb—fITHiEEZLNS,
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00 oooxQ

0Q oooxQ

0000

X 10 BEMAREEXIEEBEEE K3 EER

IV ARZRS Ay M7 —27 Ol
I F I b B KA & A

HEDOBHFEOT T, A DI THHEBIHET S S
FEELAREEND L. ARMEORTH D WIE=RL
AR IR RS (K] 9 2 AR BRI A e, S 0 —D
Thb. T, VAEWERTHREORE CEIEZD D
DOEHEIITRE e o 7205, ABEEE ORI, Thbb
JEY A IS 2 iR LD ) A T &SRB 2 ER] b R
Bre b, INoopBl il L 7-pr GBI L L 72K
FRRIEE AEFEERE, Tabb ARG THD.

— AR O RKIEIZ & Do THES 2 IBE S NE
WHEENDL, Lo Lahs, B, EERIGESESICH
7o) BIEAL LW E SN WIER Z BT 5. F72BIE
AL L7zl bR 3R, AR 2 G L L 2 ol
flagl ZRI T, ARELISRES S &R E R,
o B Rz OISR ICEEDE U D, 2 SISBEM AR
Fe RAR & AR A R D — D O EAGERHDAFAET S (X
10).

BIEVE AR b Bz RIEC AR DO RRE 2 B L, #rL
WIRBED TR R BT 57201203, AR EE ORI ER
WRZFIET L0y b — 2%, AERHERE O
R T2 0y NI — 2 IZBE L THE R T, £
LI BRBENPELTOLDD, HHWIFEDLIIZLT
BETELONEELDLZ ENRYTH 5.

1. BEMAR EEXIE (AR RIS ARREERE

DEE)

A ERESEESNRIET S L, BRELZELO B
Mila2s 3 —Rofilis s LRI ICME LB E) % BiLG
T5., —Bo A E CRIBMAHE SN, —RZ

N T =0T E NS & MR o BgED A Uil ks
BMINLEZREO LEMEEE 25, 2otk LRMRIZS
L LIEH A L CRIEE SN D &) REERE LB
WHETE L ERA G A SER T A, 20X )1, AKE
B DBIBHARBIZIC B\WTIE, BRI R - BT
LRIEEROILG OIREE, 72 5N A A A U REER
F7 O & O R T & B BRI LA EE 4
BE R L TWD, LA o T, BREMAE LK /RIE
X, SNSORFOREIZL Y ERBEITHO VIR
BETHLEEZDLIENTELYY (ML),

1) —BmEEL L7 70x 7 F

ALK (T MR LT, FERIEEHEREL T
WA 16 mm BEETHi L 72 time-lapse cinemato-
graphy CEIZ9 2 &, LR /RIBIERICIN > Tl L 72
FeE B RS HAR TR LI L < ruffling 24727228
SEBHEIL, LESLTrbAREEERIERO LD
IZ&thk e LTREIT 200 BR N, 7170407
F U EREFERISRINT S &, RAOBERO LMo
BT L7z, ME R CORAGEREZ 2D L&, §
—HTdH 5 MO RIBEA~OBEDELET, 207
OIIIRIBIO RS & L COREDIKRE R%EZ2H LT
W5,

1970 RO EFA 5 80 AU 1T, el AMATEE
BEPLEENRLT VO E V)RR END, HMioE:
BEIZT74 70407 F V) BEERAEADPHG LTS
EDRHL PR STES, 747017 F HEHMID
A BT, — IS OREE S T5LEZS
nCw, 22T, AEAGHEEOBEIZT 1 7Tut s
F UG L TW 202 MET 572012, 14 o mES
EEMATT 4 70 R7F ¥ ORFEDOLEA % #HRE
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1 BIEMEAREERE
TRRE DA & AEB.

g L7,

MEEOIEFAETIX, 7414 7037 F U I3FEIZHKL
Pt SN 525, ARICYEZ M 5 & HBETBOIEITMH
W TR F URRAESBIEE S, WHLT 4
TaRyF O E EEABAMEL TWAY, [
Harvard K% ® Fujikawa & b FEEOFEH % s L,
TATART T2 o< N w7 AN OB G
BREICBWT R EEE 252 2R LA, HE
BEIC L 2 KEEABRESLHGH L\ F v L —
P2 MBI T L 2 DEEICH LT,
T4 7RI FUREHEN TV s 0k
RN R 5, AR LR ORIGGEICBW T T 47
U7 F U EEREEHALHE LA ENHLNE o
7z.

T4 T AT T DSER AN R o3 VR
TLHDNPED P EME L7z, SV40 T transform L7z k
I fi B b Rz A (HCE i) % 7 4 7a 2 7 F » T
I— b L7z ILCHEF L, time-lapse videography C
MO EOZEL = BIE L/, 7470t F > < b
Vw7 A0 ETIE, WRE LAY VIET VT I Y BT
OB LT, &% oM RMIEs S LK
DY) SR LIERICREI L Tz, Z2ok)
WZ7 4 70k FUpiEE e LA ERMILOEES

D 5 VIEBE IS S LS P E 2D,
F 72 Ohji 512 & » THRABROKE R WA SN 2?, &
I274 7047 F O HEEOR Tz 7 4 71
AT FURHEREOREICEET AT I BEHITH S
RGD # & & XRTF FERINT 5 &, ME LMo
TATURT T IANOEEDPHESINLZ Lnb, A
FREMBRRGO 7 4 Tar s F U HEEGRIA VT T
D) EDRENEETHLZ ERRLEY. &5
74 7tk F %, AR ERAIEICH LT chemotaxis
%> haptotaxis ZEHE$ 5 2 & # B S A2 L7227,

2) 74Tt FrRHEA T v) L BRI

B iE

—F, 747X FUEFEETHLA T T D
By 5L, EEOMETIE, 1077 Vidf
EEFEDHH, e L TEREMBICEEL WA, Ik
FMZCT1HRZIZE, BESNMBEFEEITH AT 17
O 4 7 F CHFRAEATEIEE S, FEICYIRE M ER
BLTWA M RTICA 77 YSEB L7,
Gtk 2 EMRL, BAMBEL 5L, EFHEOT 4T
o7 F AL, EETIRIERE CEESNI0 L
UL EHICE L CWARRKMEORIZ A v 77 &
PRAEL TW® (M 12). F 7B 1 % 3% Lk
B BB Z BN LT 7 4 70 %7 F 0 L OEEEE
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Fibronectin Integrin a 5B 1

Intact

HEESEE 11248 3%

Fibronectind Integrin System

S L )
SUGE A LS BES RIS S

12 74 7AXTFLETATARTFLBRIE(A T TUL).
MEYIB% O 7 1 71 & 7 F ~ (fibronectin) & 1 >~ 7 71 ¥ (integrin) D {FEDZAL.
Intact : #EOMEE, 1D 5EHZ L H, 2W @ 55k 2 8.

BIZEICA 7 7)) Y IEWEERRET 5 L&, RIS LRI
B LT 2RO AR b m W iEEE R L, AlGE
OBMPED LM TA 7 7)) UHEHL TnbZ &8
SN, ChSOFRIZEY, 74 70R 7T
EFDZFEARTH LA VT 7)) Y OSEE, HIIEEE) L
THY, AR EEORGEEIZ 7 7atsFr—
TN RDPEREGEEEZH L TCNL I EPHL N E
o712,

AR TOELICAE L S B - BEMLOBEO—
SOH L L TEIEFE (estrous cycle) 125 U THEL 5T
EHEO LEMORERS T OND, AE LR ORI
HEBECERIN T TR Fr— AT T v
ROEEDSFEHMNE LA TLBETE 505 T v b
THE L7z, BEEAPICS U T, LRME kT 5
B BT A > 7 7)) Y OB EL, BEL
RILeoTBY, S EEIFHAET LRI 7
7)Y OEBRPTELTWAEY, Skt T e Ta AR
sFr—A T ) YRR, ABEORL S TRIEREO
BIGHER R T E WO _FRE DR ZEE % E12B W T
RN TE CEEREHEZHELETWL™ ™™,

3) ABELEOMEICHT S 71 70r7 T OEH

FlE FRE SR L 723G, E 4 o BRIl oEE R
BEIEOAZ ST, AELEEN—DOY— e LTHE
T5LIENEMRNTIIEETHSL, Z2C, 74 70%
7F U, =ML LTOAREEEOBEHCHEIZED
LIV BFEE L > TVLOD ST 472012, FAld

RROABRZREREL, —ENMRZICEEL, #ED
BRI A EBL L C, YIWF L 72 A 92" oo Wi 2 i OV 72
I ERORS R HET S EBREZBHE LY (X13).
T4 TR F U EREERRICEINT 5 SIREISETA
i ERz DMESREEL 2D, kT 7R
7 F A AR OB R RE S L O L RE o
BEZIRET L EDH LN R oz, S, 7470
7 Fr OVERIL, MMM L ToRME SN T
WD T, ADZOWREE, T4 TURTF U LR
H DTGB L COEERTL LTEHT A L
VW, HRTRIOMRETH - 72,

4) A7) v OREBARET L EY OBHE
Kax 7470k 0F BT AL WATLC, 4
B ER OB & e 2 W H 2 S EREEE T
WRLTE/ZEES)., 74 70x7F PSS, TV
|} :/EQSZ,)“%), %EZJ&E@%(EGF)SO)SD, /r :/ y — 1 /r 3—\,
Y 6(IL-6)"*", 7 2A% v A P+IGF-1(f3k), 7 4%
Ty VIR E A R OMER AT D 2 L EFIS
WZLTCT&/, FWETIE, 7407087 F 08254
B K DT F FTHH PHSRN 28 L Offif &
in vivo TORIREBEZIRET 5 2 L 2B 5212 LY,
EDLOTHFEN L2, SNHLOWEDHI L, TV
OYBE T TR s F AT A LI B
BlEEREEZREL Cwb EE2 6N, $7- EGFY,
IL-67, ¥ 7 A% » A P+IGF-1 BX 2N 5 ICHET
LT F FOMAEDE(FGLM-7 2 F+SSSR) 1%, f4
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600 - u

| A

200 1

ooooono

0-h—4| b
I
0 1

gooobooboog
Op g/mid

10 100

EBEHEAETORTEI 7 4 704027 F 2 O (ug/ml) #7779, % : p<0.005.

[ EEfilscoA 77 v osBle It L, FRAE
DT 4 TURTFUANDFEETEHOL I EFHL ML
ot TRSOMREEENS, T4 7ORTF—
A VT 7)) VRDPUUTNICEE 2 AN EE ZH L TV
PHL DL TH 5.

5) Invivo THT7 4 707 F v HIRORHR

T4 T T A R RIBOFEE L IET S
MED I in vivo THET L7z, AL %3 — FTH
BELZ-RRBIZT7 4 70 ks F v HREIT) & EEREO
HREDE L2, BRFET v b To AR
b747atrsFrHBRIENTH-1Y, T T
0 2RO IR MR ER B E 2 E5E L 72, Phan
54 [BRIZ in vivo TT7 4 7047 F ¥ EIRDFE A O
[t ED FRIBHRICERITH D Z L 2 MG LY.
2. THIZRREM A RRE

FIREAND = T AFED & OPFE L FL S E S UM B
T LTWAERT, LIZULISAELEOAIBERED
JEIE | EE AL R R & e B T & R FRIRAGICREER 5
B, ZAAEED S AEANOMBRERTF T %D tro-
phic factor DAHBAERK T, A R OE M E MRS
LR ERE L, AR LEEEENEL TWAIRETH S
EEZH5N5YT (1M 14). Yamada 513, EEHIZY
TAY VAP EZDORBYHPHFAAT 5T & % mHEEE
s0a~x N7 74 —=THLMZL, E5IZHEMEIE
TLTWAEFATIERERFOT TR v AP EMET
LTWBZERMELZY™™, $-3k2 701 FUH
KIEH(NSAID) TH AV 707 2+ v 712 & 0 R
DI TAY Y APEMET 52 LERLAY. filk
DX IZABENOMREEHEZ T T A5 v AP B
MHEDTAES B 2 R &L Z 2 A5HhEOY | i

xR 3 BAPMREL TELBERLEEDRIGER % (EE
T3ME

W SCik

T4 TaRT T 79, 94, 95
PHSRN (7 1 70 47 F V55 2 & & HhAL 89

AT F F)
|y 2w I 3 82~85
FR R T (EGF) 80, 81

{1y —uAfF(IL)-6 86, 87, 92

FTAY U APHA YA YEMERT 93, 107, 108, 115
(IGF)-1

FGLM-7 3 F+SSSR(¥ 7 A% » A P 113, 116, 146~149
B LU IGF-1 Hk~R_TF F)

Ve A 88

TR R A R IE
Eiﬁlﬁﬂ%%
Wﬁ%%%@ﬁ%
ﬁﬂﬁi)i'l‘ﬁﬁ'&;ﬁﬁ%ﬁmﬁﬁ
ﬂﬂﬁJ:tﬂ%%
(RRREARE, BIEEARERRIE AEES

X 14 IR A IRIE.

GEWETH LT TAY AP OMEFEAIGGRIC
T AERIC OV T 2 1 7217,

1) ¥ 7 2% v AP LA LRZAIGRRE

A OFSE L72ABGRERELEEHWT, v 725~
APHFABELEOMBIERT 209 2 Bat L7z
B, HwnzEogEch Mo B2 52 kol —
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IGF-1 SP+IGF-1

15 #7222 ZP(SP) &1 > ) UiEMREAF (IGF)-1 DAE ERBRADHR (REHEEL)

UCJ o — —
S n i T
z Q Q
O
a
n
Prappr— % Integrina 5
g
ik
POFAK
40 g o AT 4 ot
e
PO Paxillin

pap W B

16 YT7X2>XP EIGF1IZ&B1>7T7U >
a5 338, focal adhesion kinase (FAK) ) > &1L,
paxillin 1 > E&{E D L.

P-FAK : ) v 1t FAK, P-Paxillin: ) Y1t
paxillin.

i, BERTFO—>TH 5 IGF-1 2HMLTL, MofE
HORBTZENTE o7 LELEDS, 7 A
¥ AP & IGF1 # MEICHINT % &, MAEREOM
RIZAEIRESNAZT (K1), ZOFTAY L AP
& IGF-1 12 X 2 MHFEMER 1L, BEVOREIKE L T
7z, FEOMREIRHEIZ T T A Y 2 A P UASHT D calci-
tonin gene-related peptide (CGRP) %z E28& FN T 5

A3 IGF-1 & O A ER RO FEEM I 7 A
v A PITHHEI T, MOMEZEE TH 5 vasoac-
tive intestinal peptide (VIP), CGRP, 7 tF — 2
v, JVIV¥RTY Y, kO by sFF=0 T
& 5 neurokinin A, neurokinin B, kassinin, eledoisin
& %\ it physalaemin TSR SN e r o7, 7
IGF-1 £ IGF2 & 2 WIE EGF ICIEV 7TAZ VAP &D
AHSEAER SR S N7278, HEAELL TWbH A A Y
VZIRERDERD SN b 7219,

2) ¥ 7 A% AP & IGF-1 OMFAEH OB

TR AP & IGF-11C X B Ml Al E
D, DL IR ANZAXLTIERT OO0
T, BELABE LMY W CRET L7z, AR R
ot $ 5% 7 A% > AP L IGF-1 & OAMTEIEAIZIE,
A IR L TW AT TR VAP ZHRAET
5 NK-1 245 LT3, NK-1 %38 L CoMan
EamElE, Fuy v &5 —¥(TK)#EE, protein kin-
ase C(PKC) # 1 B & 1" p38 mitogen-activated protein
kinase (MAPK) # & CT{EE & O, Hveva) v
RAFE 7 a5 4 > %+ — ¥ 1 (CaM-PK II) i 1AL %
FlakEz .

T/ T AY AP & IGE-1 1L, AELEMETO
AT 7) P ORBERELDY, 7 7) v OEFT
LEHETH VMo EE)PEIZRI S5 % focal adhesion
kinase (FAK) ® paxillin @V ¥ B{L 2 e L 72" (M
16). L2L%d S, Y725 2 AP &H5HWEIGF-1 H
MTIEZFDO L) RRRIEFEOSN D572, TDLEIHIC
BT AL APk IGF-1 AT M R & i
HALL, LFROABGEAMREST L2 EFHO IR -
7z,
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3) Invivo TOH¥ T AY » A P+IGF-1 ® Al Al
BEB AT A1

TR A PHIGE1 SRS, ERGZHIREEYETS
AECo LA ER ZRET L0289 B % in vivo T
Wt L7:, 7 A% v A P+IGF1 ARICLY, RRT
OFERBOBHBEIIAEIREL LY, S5 I2ME
HIELANES LT\ 2 AR C o kR R HE A~
DRFE AL, Ty MEFWT, =R % 2
R L 72 e R A IEAE O B £ 7OV A AERLL 7221,
COEYETNTIE, WEEd L TWZEWERT v hTO
BB GRS 5 — 2B U CAIE R RIB O FEb AN E
ELTBY, AREETO 7V LA v EBEATLE
LTBY, MR IEEO— D> ORI R & L T#El
BENDLAMW LY T —ORESBE SN, 7R
¥ AP LIGF-1 O RIRE4TH &, RRKIBOBED
festE L, MALEDIER S v b TORGER SR U/8s —
VERRL FRARLEEONY T —HEEED FAE L
72109 2 NS D i viveo TOWRRRRIE, T AY VR
P & IGF-1 @ s BR 2SR FR A A IS D VR I A R C d
BT EERRELTWES,

3. AlEE B

BIEE AR 1 B2 RIE O Sk O JF T % fMHEEEE Ol
#, ThHbLMEEETIEIEDI IRy T — 7D
FELTWABDONIZDONWT, FADEZ T2 BD.
A, AREEEZER T 537 —7 2 O#E s
fRCdhDHEHMIZERT LI ENTE S, AREEL,
FE L THMAEMICLDBEEOD DL, HURIERERSR
T UVIVF =7 82 & B R GRS O b O3 H B
A5, MR O 7 — OREICE | S v CAREE O
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LR oOBECABEREEIRET LI EEH S 2L
729 M oBENCI, WS ) v 2 2k o
# & urokinase ! plasminogen activator 3 7 4 5 uPA
X BBAELDOFA 7 VDBLETH LI, THFY
¥V A A T O uPA i EAEET 5 2 12
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k7 4 7k s F 3R E LTOHRE R Tw
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RIOAREZ R L TE 72 EBICE S ORFROBIE TUL
FHLTWi7Z 2oy, #BEULSLETHL, L L
NS, MEHA EVIWEBIO 74 7047 F V98
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5, laser in situ keratomileusis) (21 £ IRHIH AME T 9
BMT e T OMBL R R R R 2R & in
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MEOHFAENHETE /2 (H27). 2T L HIZFGLM-T 3
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DFER RS RENED S B 2 L AURIE S 72",
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Z D, 1997 4E 10 A5 5 2002 4£ 9 H £ T, MLk
JEVE F IEE L2 P O B AEE A 1 B2 R HE (11 B1) 12 FGLM-
7 3 F+IGF-1 JIGEA T o 72, 25 OFEBNILFY
20.2 812720 LRI EBIELL TW2bDTH D,
11 Bl 2 Bl iR B AA TR 1 B LINIZ e 421 R RERDS
BEL, 7THTH 2BELNICBELZ. LarL 26Tk
LR OEWENBO SN0l TRTORERT AR
W& BRI IEEIE &9, FGLM-7 3 K +IGF-1 /%
MRAEAS, FRORRIEIE A IRRE |2 P ) SEREME F I 1 iz K 3R
DERIZENTH D EE 2 LN,

Aia D & 912, WiFE=E T IGF-1 ik, 7 A
5V APHDLWIEFGLM-7 2 K& OAHFAERIZAE R 72
7 3 JBRIEEHIAISSSR THhAH L) T ERBEN7
¥, WIZFGLM-7 3 F +SSSR HHRAHE % kA 72 (1M
28). JEBIL 59 DI YET, FINHGH B BREE | 2k L )
BAfrArbi, FoHM 1 A LTI Bz RED
U 72 BTG 70 PR SRR A R D AER] T b 5. LI
WA %O LR MR R R E 7 LERIET, KIBIHE
N ERRE E Y L) 25580 Hi/z., FGLM-T 3
N +SSSR AR % BIfA LT 1 A2 F R R8240 LU
TUHEN L, 6 BRICIZEEITHEL, LEOREIX X
bOTI RN T2 (1X28). 26 IRTO FGLM-7
I N +SSSR ARG E OE RS T, 19 /- (73%) T%
&7 LR OFRE IR MGA R 4 BLINIZEED b
(Yamada &, #&fa). 7273, ERESHIRAESE L T
BIEBITIEARTIE% <, AR EERIBORAICILHHE
WAEALETHLI 2R TWD,

COEHE, YTAY AP L IGF] £V RAE
bENLIEE - 720%E0 5, FGLM-7 3 K& SSSR &
WY INE L RTF FOMAE LT L S EIRAS, AEER
SR A EE C O BIEVE A R RIBOWGIRICHERITH 5
CEPHSLMERY, BTE, IHORFRF T, FG
LM-7 X F+SSSR R % FH\VTHHEFEE ATV, ER % FE
AERTW5S, Brown Hl%, 7 A% > AP+IGF-1 T
DEHDOFEM T, RIS E L CONIEMEDFEDHE 72
TEERHELTWDEY, kA DORBLTELXTT R
EHOVIEETIIRTZRBELTB ST, &9 THofEH
WZHERY IO 7 X 7 BERFIC D C T T NGB DE
SISO Z RS 5\ VITTHE L TnwbH EEZ 6N 5,
CORIZOWTIE, SHROL % TOLEBINC X % ERR
R CHEERERIEIE L T2l 52w,

— 77, SR ORE TE U 2 10 s M I E
(&, BHEVEME LR RIBD A7 S $ER ISP 5 IR
@ AIE (SPK) R8T 5. aiko £ 912, BuE LS
IV EHMREEGE LTy FoBWE TV oOMmEE
BlESTDHE, TVF LA THERICHEME ENS SPK
DVEE SN, A FEOEBEIEEICIET D, i
DOWZETH, Y7 A AP EIGF1I2k b, Bl
7oA BT, LbRZ N 7 — & 7 4 tight junctions
FHERTL2EAECTH D 20-1 OFEBHIICHEL T 5B 2
EPRENTWE, 2O &, Y725 AP L
IGF-1 12 & 0 Ml E Rz i o b A S, /N1 7 —
PREEATLHET AT REE A /R L T\ b, £ 2 CFGLM-7
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X 28 FGLM-7 % K +SSSR RREIIC & 2 #HiERAE M A IRIE T DOBEMEA R L RIE0EE (BIIRERR
BEUIRRIIR, 59, BiE)
Pre : pHRAT, 1W @ piREE 138, 6W @ mlfilifk 6 56

F % SPK OHEHER TR RN D 5 D% —EEHRT
Fead L7z, SPK OFEE % $umild 572012, LLAT Miya-
ta & 2% & L 72 Area-Density 4738 % VT A a2 71k

L, W# o SPK Ot D &AL % et 0 IcE L
72 TSR e RS LTI, ANBEFMEZLH
HIZSPK A2 7H8L, Zok2EMIZbz)Hx
KT L7, —%, FGLM-7 2 F +SSSR MR %47 -
TR, MBI HELIZE AL AT 7IZEMET,
SPK D583 fe/NT, iif: 3 H HIZ, W#EH TR
WA EEP RO SN, ZOEKRE,S, FGLM-
7 3 N +SSSR AR E, #ERAEAEF] T 0 EH N BT % O
SPK BEDFHHICEMTH LI ENHLNER -T2
(Chikamoto &, #H383).

AR OMT IRE 5 MR RREE A 5 ©, BIEYE A
i BR RIBDO M7 63, siARFERE I O F B R 1695 12
FGLM-7 X F +SSSR HlEAHRTH 5 Z &A%, B
F COLEBITOEKREL, SRBESNTEY, 5H%
Mgk COZEERIC L 2 HEOKEEZ AT ) LELDH
5.
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WMEHKEIIDIZY) S F ST LT -7 V3 REEROM
EFNBT B EERAREBRATON T E /228, L d ik
WRIAESME A RS ZENTE Lo lz, AT=7 V45
fERER CTd H MMP % ET % 72912, MMP EH] %
GEICHWSE Z EDRA LN TE /2, MfEO MR, I
HIZ&EFENL a2~ a7 a7y v, EDTA, 7tF—
WY ATAVRTNVIZ I AT AT A Y OEIR, 5|2
FAETIE MMP ICHF R 2 AR S N2 BRI EH 7 &
PAEEREOEREEE L CRAALN. L2 LARADS,
INSOFHNIAABEN T EN R a5 —F Vo E

IES 2230 RN R IR O T OB M
DR TE oz, —20FME LT, MMP % [E

L C b MEHESE AR o3 L C & 72 h R o i B 2 &
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BRRI 22 f8BR & LC, BYh d L FREPIRSE 2 & T
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Bat L7z, AR E a9 — 7 v VN TR
#L, IL1 23N 5 LRk sas -7
IREDEIRICRE S NS, A DRED T FF A~
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O EFIHI S D (M 29)., 2ok &, #iEFMED
5O MMP 53 O BE LT EAL O EFBIE N5,
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LPS % IL-1 12 & 1) Al & 7z £ IR HE 3 A =0 I b 2R
DOIEHEALDHIH] S A, MMM R k%2 3% 2
T =T VRO S NS Z L ER LTS, 72
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