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Abstract

The matrix metalloproteinases (MMPs) and the
tissue inhibitor of metalloproteinases (TIMPs) regu-
late the extracellular matrix and are important in
the process of connective tissue remodeling. In this
study, we investigated the expression of MMPs and
TIMP-2 by myofibroblasts (MF) originating from
keratocytes during the healing of alkali-burned and
lacerated rabbit corneas. In light and/or electron
microscopic immunohistochemistry, the MMP-1, 2,
9 and TIMP-2 antibodies reacted with MF in both
types of corneal wounds. The clear expression of
MMP-1 and the relatively faint immunoreaction of
MMP-2 were observed in both types of healing from
one week after wounding, while MMP-9 appeared

from 3 weeks after injury. In addition, the levels of
MMP-2 and 9 were increased from 4 weeks after
alkali-burned injury. The clear expression of TIMP-
2 was observed from 1 week after both types of
wounds. These findings indicate that MF is deeply
involved in degrading some of the key matrix pro-
teins (such as type I collagen), and may play an
important role in tissue remodeling in corneal
wounds through production of MMPs and TIMP.
(J Jpn Ophthalmol Soe 101 : 371—379, 1997)
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L 72, MMP-9 12 3 M5 & FRBARED & 4, 438
B o REMEORE 2R U, TIMP-2 BRET LT
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metalloproteinase (MMP) & & UF tissue inhibitor of
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MMP-1,2,9 ¥ & U TIMP-2 235J58 T4 U 1= fiie i i
B & iz PIEEHLAR Y o i S M R AR A e 1o R & e
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TIMP-2 % 7z BT L 28R % 17> 72, MMP-1
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Dense body (A Z%E]), microtendon (% U D) %> basal lamina BE#EiE (/[\4F) 72 ¥ @ myofibroblast (MF) ¢
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a: Pl MMP-1iz & D 8884 L 7z MF O#E/DMEEAICBERIGHED 515 (). £ LD I3 MF
DFHHD—2 Th 5 ML O microfilaments #7354, b H TIMP-2 1z & D {8EE B4 L 7> MF O
AR B R IG 2T & 5 (R . LK L D i3 MF Q80— > TH % pinocytotic vesicle %57,
NW—iE 1 gm
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50 MMP #F%BE L TWwWa I ERHE ML ER ST,
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BEAT 5 2 ERAFERICHL M LT, 51T, ER
MR T O active #1 MMP-2 OFE &2 #iE L iz, SE
DIZREMBZ T Y, EE AR, BiFIC L > TRHS %
MMP-2 OBEMFFRE D08, BEFRETRTLO L
WExhl, ZOFLELSBRE, E¥ AR T MMP-2
ORBEESIEE DR VIDIECEEIONSD,

MMP9 R ¥35 %, IV, VB4 >, 27 AF >~
Dfth, native 7z 1, M2 53— » 3BT 25 2 L,
xh T, BEMlaE~ 7077 — 9, PR ED
%5 9 S B, AR MESE M B, B RRMIE A E A S T w
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s RT3 LicEoT, YT YA BB
MMP-9 # 4T 2 X512k b LWE-"ShTwa,. In
vivo Tb, MMP-9 i IEH AL 358 & hu 3, A A
TORBEBEFRCRE Sh TV,

it 45 T, MMP-2 & MMP-9 SR O R 7% % R K
GBI ETHEBRE % &, 7 v h ) BEENIC sy 5
WRENEDON, TG, BT LAV L TERD
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SFF—VENSRBL-bDEHFZ . —H, K4
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T L7 X 5% MF EB® basal lamina $ & Uf micro-
tendon i MF k [iE 0# c EE2#EY T, MF OIX
Wk 2 EEMONCEST I ENHMS TV,

IhSORSEMO TS IIVEI 2 Z7—4 7 4 TR
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F—VEEREMLIEbFEZONS. L L, FEfllicon
TIETEHTH 5.

TIMP 1 MMP 0¥ RMZHERFE L THEHETDH
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SI, BT, B, OB L ¥ O E R IG I HHE
OB 8 Z > AD _FIcHEEF S T w30, S a0 EER
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A — Y B TR B L Uik
e MFIZX->TTIMP-2 BELEND Z 6L
Lot £z, TIMP2 i MMPHOIE LA LED S
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77T R 15 B HARERESY VRV T AN THREL
iz,



FRE9ES H10H

1)

2)

3)

4)

8)

10)

11)

X ®

KEEBBA . v b v o ARFuFurT—¥, B
1%, P22, BE{L¥REA, B :56—69, 1993,
Salo T, Makela M, Kylmaniemi M, Autio-
Harmainen H, Larjava H: Expression of
matrix metalloproteinase-2 and -9 during early
human wound healing. Lab Invest 70: 176—182,
1994,

Birkedal-Hansen H, Moore WGI, Bodden MK,
Windsor LJ, Birkedal-Hansen B, DeCarlo A, et
al: Matrix metalloproteinases: A review. Crit
Rev Oral Biol Med 4 : 197—250, 1993.
Fini ME, Girard MT: Expression
lagenolytic/gelatinolytic metalloproteinases by

of col-

normal cornea. Invest Ophthalmol Vis Sci 31:
17791788, 1990.

Fini ME, Girard MT: The pattern of metallo-
proteinase expression by corneal fibroblast is
altered by passage in cell culture. ] Cell Sci 97 :
373—383, 1990.

Matsubara M, Zieske JD, Fini ME : Mechanism
of basement membrane dissolution preceding cor-
neal ulceration. Invest Ophthalmol Vis Sci 32:
3221—3237, 1991.

Matsubara M, Girard MT, Kublin CL, Cintron C,
Fini ME :
enzymes of the matrix metalloproteinase family
in the remodelling cornea. Dev Biol 147 : 425439,
1991.

Berman MB: Regulation of (corneal fibroblast
MMP-1) collagenase secretion by plasmin. Cornea
12(5) : 420—432, 1993.

AEHFRE AROBEBEIc > w T, B 29:
1341—1358, 1978.

Ishizaki M, Zhu G, Haseba T, Shafer SS, Kao
WW-Y : Expression of collagen I, smooth mus-
cle a-actin, and vimentin during the healing of
alkali-burned and lacerated corneas.
Ophthalmol Vis Sci 34 : 3320—3328, 1993.
Ishizaki M, Wakamatsu K, Matsunami T,
Yamanaka N, Saiga T, Shimizu Y, et al:
Dynamics of the expression of cytoskeleton com-
ponents and adherens molecules by fibroblastic

Differential roles for two gelatinolytic

Invest

cells in alkali-burned and lacerated corneas. Exp
Eye Res 59 : 537—549, 1994.

12)

13)

14)

16)

18)

19)

20)

21)

A AN » MMP/TIMP - FHft 379

Kajikawa K, Yamaguchi T, Katsuda S, Miwa A :
An improved electron stain for elastic fibers using
tannic acid. ] Electron Microsc 24 : 287—289, 1975.
Jester JV, Petroll WM, Barry PA, Cavanagh
HD: Expression of @-smooth muscle (a-SM)
actin during corneal stromal wound healing.
Invest Ophthalmol Vis Sci 36 : 809—819, 1995.
Ishizaki M, Shimoda M, Wakamatsu K, Ogro T,
Yamanaka N, Kao CW-C, Kao WW-Y:
Stromal fibroblast are associated with collagen IV
in scar tissues of alkali-burned and lacerated
corneas. Curr Eye Res 16: April, 1997.
Girard MT, Matsubara M, Fini ME :
ming growth factor-4 and interleukin-1 modulate
metalloproteinase expression by corneal stromal
cells. Invest Ophthalmol Vis Sci 32: 2441—2454,
1991.

Cintron C, Hong B-S, Covington HI, Macarak
EJ: Heterogeneity of collagens in rabbit cornea,
type III collagen. Invest Ophthalmol Vis Sci 29:
767—1775, 1988.

Okada Y, Gonoji Y, Naka K, Tomita K, Nakani-
shil, Iwata k, et al: Marix matalloproteinase 9
(92-kDa gelatinase/type IV collagenase) from HT
1080 human fibrosarcoma cells. J Biol Chem 267 :
21712—21719, 1992.

Murphy G, Cockett MI, Ward RV, Docherty
AJP: Matrix metalloproteinase degradation of
elastin, type IV collagen and proteoglycan: A
quantitative comparison of the activities of 95kDa
and 72kDa gelatinases, stromelysins-1 and -2 and
punctuated metalloproteinase (PUMP). Biochem ]
2771 277279, 1991.

BJIKRER: TIMP 7 7 2 ) —— % O R3S - BEpE—,
#4bFE 63: 523—528, 1991.

Ninoh H, Sato H, Tsunezuka Y, Takino T,
Kawashima A, Okada Y, et al: MT-MMP, the
cell surface activator of proMMP-2 (pro-
gelatinase A), is expressed with its substrate in
mouse tissue during embryogenesis. ] Cell Sci
109 : 953—959, 1996.

Kao WW-Y, Ebert J, Kao CW-C, Covington H,
Cintron C: Development of monoclonal anti-
bodies recognizing collagenase from rabbit PMN ;
the presence of this enzyme in ulcerating corneas.
Curr Eye Res 5: 801—815, 1986.

Transfor-




