NIFESEE 29% 35 1 177~188 (2003) 177

T RADFRT Y MMEREBEETIVICEIT5Y /0
7 7 — 7 B85E matrix metalloproteinases (MMPs) (D7%E|
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Essential Role of Macrophage-related Matrix Metalloproteinases in
Indomethacin-induced Enteropathy in Rats.

Hiroshi MATSUMOTO

Background and Aims : Matrix metalloproteinases (MMPs) play a key role in degradation and

remodeling of the extracellular matrix in various inflammatory diseases. Intrarectal administration
of indomethacin induces longitudinal ulcers of the small intestine in rats, similar to those in Crohn’s

diseases. The aim of this study was to investigate the role of macrophage-related MMPs in the
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development of indomethacin-induced small intestinal ulcers in male Wistar rats. Materials and
Methods :
assessed the production of MMP-2, -3, and -9 by Western blotting, zymography, and

In the first experiment, we investigated serial changes in small intestinal ulcers and

immunohistochemistry. In the second experiment, we assessed the effect of a broad spectrum MMP
inhibitor, GM6001, which was given intraperioneally three hours after indomethacin administration.
We evaluated small intestinal injury 24 hours after indomethacin administration by the methods
used in the first experiment. In the third experiment, we administered selective MMP-3 inhibitor
VI three hours after intrarectal indomethacin and assessed the small intestinal ulcers. Results : In
the first experiment, the ulcer index of the small intestine and the histological damage score during
MMP-3

In the second

the acute phase were at their peak at 24 hours after indomethacin administration.
production was also at its peak at 24 hours after indomethacin administration.
experiment, intraperitonal GM6001 inhibited the small intestinal ulcers in a dose-dependent
fashion. The change in MMP-3, but not in MMP-2, and MMP-9, correlated positively with the
change in the small intestinal ulcers after GM6001 treatment. In the third experiment, selective
MMP-3 inhibitor VI also suppressed the small intestinal ulcers in a dose-dependent fashion.

Conclusions :  MMP-3 plays an essential role in indomethacin-induced enteropathy in rats.
Regarding the equal efficacy of selective MMP-3 inhibitor VI and the broad-spectrum MMP
inhibitor GM6001 against the experimental longuitudinal ulcers of the small intestine, selective

inhibition of MMP-3 may become a strong alternative in the management of Crohn’s disease.
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Macroscopic view of a typical longitudinal ulcer of
the small intestine in an indomethacin-treated rat.

Fig. 1.

Fig. 2. Microscopic view of a typical longitudinal ulcer of
the small intestine in an indomethacin-treated rat ( x 40,
H&E).
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Table la. Histological damage score of the small intestine
in acute phase

(5529% #3%5 2003)

Table 1b. Histological damage score of the small intestine
in chronic phase

Width of the ulceration No ulcer 0
<3mm 1
3mm~6mm 2
> 6mm 3
Depth of the ulcerationNone 0
Mucosa 1
Submucosa 2
Muscularis propria 3
Serosa 4
Neutrophil infiltration None 0
Mild 1
Moderate 2
Severe 3
Thrombi No 0
Yes 1
Maximum score 11

B2 X ) X2 5 7-0, JEMEREE
%, Sk HDS [ 3ifHh ek, 180 HDS 3y >~
NERIRE L L, B HDS I3k EE
ZiEimL 7.

7. Western blotting

5 U 72/ B 18 B 38 0 SRS R AR I sample
buffer [20 mM Tris-HCI (pH7.5), 0.01% Brij-
35] 40l #MAZ T, AEIA—IL, TOK
1% R % bicinchoninic acid (BCA) & (¥ 7',
KE) CTHELRZY. 1ug 0EALZE LY
VNVICER O SDS buffer [125 mM  Tris-HCI
(pH 6.8), 4 % SDS, 20% glycerol, 10% 2-
mercaptoethanol, 0. 002% Bromophenol Blue, 0. 01
9% Protease Inhibitor Cocktail Set V, EDTA-Free
(e sra, ME] 2@mL, 10T,
5 MOBMIHELT o2 RNBROT VT
L #12.5% SDS-PAGE (sodium dodecylsufate
polyacrylamide gel electrophoresis) % F\»C 2B
L7z. #kBh L7z gel 5 Hybond-P X ¥ 7' L
(7~¥xya, EE) ICEHZ®EE L. &H

Width of the ulceration No ulcer 0
< 3mm 1
3mm~6mm
> 6mm 3

Depth of the ulceration None 0
Mucosa 1
Submucosa 2
Muscularis propria 3
Serosa 4

Lymphocyte infiltration None 0
Mild 1
Moderate 2
Severe 3

Thrombi No 0
Yes 1

Fibrosis None 0
Mild~moderate 1
Severe ) 2
Maximum score 13

VHEEINIZA YTV Y "5 BATLAINYD
TER4ICORBETFTT—HTay F 7 L7
%, v PLOXRXEDDH BH L b MMP-2,
-3,-9 €/ 7 u—F WPk 4 ug/ml GE—7 7
47 3IA), Bl &S EE72. Enhanced
chemiluminescence detection = (ECL ¥ » b,
7<% A, ¥E) 2T, Hyperfilm ECL (7
<Yy a, EE) ZEOEE Y, Ei{R% Macintosh
Power Mac G4 (7 v 7 nvar¥a—%, KE)
T, NIH Image 1.62 (U.S. National Institutes of
Health, KE) % BT 21772, SRR
% v % — b & LT Codak # ® external density
standards % ffi [ L 7-.

8. zymography
MMP OREFIEMEZ W ET 572012, gelatin
zymography % 47 - 72710 HUREIE K % sample
buffer N THREI F— F L7z#%, 4T, 10000G
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T2 M OB L2, BEAZEL LEOERA
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¥ FIVIZ, 3 4% & @ SDS buffer [0.5M Tris-
HCl (pH 6.8), SDS, 70% glycerol, 5 % BPB]
FRELIZDE, 4%ESF U E2ELEEE10
% SDS-PAGE |2 TKIEH B KB L 7. kB
T, 7V %Pk A buffer [50 mM Tris-HC1
(pH7.5), 0.1M NaCl, 2.5% Triton X-100] 2
RLULSKEE A Y F2ax— L7 208, HBO
FHZEH] [#iZE 2 mM o-phenanthroline, 200 yM
Phenylmethanesulfonyl fluoride (PMSF)] Il 5 Jits
buffer [1 M Tris-HCl(pH 7.5), 1M CaCl,, 1 mM
ZnCl,, 2 % NaN;] T37C, 30BR A ¥ ¥ =
~N— kL, Coomassie blue R-250 (¥ 7=, ¥
E) 2THet, L, Bifadfsr% NIH Image
THWEL, BEGHEOREL Lz, iR
MMPs #1520 wl [EPER! MMP-2 + 9, MMP-
3, (YA BEFERT, WK bHEKOLEE
1To72.
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MMP-2 $iifk (140857 B, $te b MMP-3 $it
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fafix, P+ FREERAETERL 2.
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o R

1. Indo FFE/ Mt EBE R BREIZBIT 5
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/NBE S O UL, Indo $55-240 11412181
4.8 TR A& o7 (Fig. 3A). AN HDS
D2UAMFIRICT.320. 78 R E o 7278, 1B%
] HDS |3 #EIREIICHE ML, 7 HHIZ9.3%0.5
Tk K& 7% -7 (Fig. 3B, C). Western blotting
12 & 5 MMPs 583 D%t % Figure 4A |Z/R9.
MMP-3 (%, 24F§ 1% 124.24% (control & D It
) LHRAMEERE L. MMP-9 X128/ T3.3
%, MMP-2137 HHIC3. M ClRARZ R L7,
zymography |2 X 5 MMPs %14 D %251t % Figure
4B |Z7"9. MMP-3 {E41d, 24Kf#£12 control
D25 R VIR KE/R L. MMP-9 13, 12K;
MBI K E R 57228, $TXTecontrol X h 3
BAETH o 72, MMP-2 1%, 12BRI#%IC 45
WRKIC R o 72, G X 5 MMP BRI
# %A%, Figure 4C, D (2753, MMP-3 [
PERINEEE, 24 RIS HR B LT 29. 4 £ 4.1
fE, WHEERT78.5+7. 30 & | Al %R L 7=,
MMP-9 B PR B, 3 BERI#8 i 5 i i
T4.2+0.5MH, 6 KR4 OB B LB T6.7+
L3 AMEERLZZ. MMP-213, 7 HE®
FLULERT16.9+ 0.5, 3HZEDMEIHTI4 1+
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mg/kg 5T, MEERESECFRINE
» o7z (Fig. 5A). 2V HDS & &K%
WZEIH 2 7 (Fig. 5B). MMPs & HFEH D%
1t % Figure 5C |Z779. GM6001 X, MMP-3
EHRRB L ARREECHH L, 10mg/kg T
99.5% DK T - 72. MMP-9 F3 1L, 1 mg/
kg DIRJHE T3 TN L 7228, ThEo
BCIHETEMZR L2, Wi iLd Viechle £
XD IBETH o 7. MMP iF D% 1L %, Fig.
5D 2R, EHESH L& FKIC, MMP-3 1ZH
BIREMEICET L, 10 mg/keg Tix94% O #il
KAk L7z, MMP-9 &, 1mg/kg T vehicle D
L8RFIcHmL7:. mARICL S LETHEINZ
R L72AS, 10mg/kg THe4%OEHIFEIZE &
F o7 EREICXBEEMEROZLE
Fig. SE, F [27°3. MMP-3 i g, &

2 A =
Rk
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@}

Mean=S.E. (n=6)
*p<0.001 , vs. control

10
] *

Histological damage score (Chronic phase)

Control  8hrs  12hrs  24hrs 3D 7D

Fig. 3. Serial changes in small intestinal ulcers. The ulcer
index of the small intestine was at its peak at 24 hours
after indomethacin administration (A). The histological
damage score during the acute phase was at its peak at
94 hours after indomethacin administration (B). The
histological damage score during the chronic phase
increased in a time-dependent fashion (C).
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oz,

3. Indo F /NG HEE BB BT 5 EINW
MMP-3 [HEFI DR H
AR MMP-3 [ ER 512X Y, ULIGH
AR PIH S 7z (Fig. 6A). 5mg/kg T
wK93.8%DWHIE E 2 ), GM6001 DFhRIZ
Tt L7, AMH HDS &, R H &R
Il S 7z (Fig. 6B).
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(nonsteroidal anti-inflammatory drugs ; NSAIDs)
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55N TWw A%, Matsumoto 5%, F v b
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|2 Crohn AP DOHEER B ZHETE 2L &
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Fig. 4. Serial changes in the MMPs production in small intestinal ulcers. The MMP-3 production assessed by Western blotting
(A) and by zymography (B), was at its peak at 24 hours after indomethacin administration. In the immunohistochemical
assessment, the number of MMP-3 positive cells at the edge of the ulcer (C) and in the central area of the ulcer (D) were
also at their peak at 24 hours after indomethacin administration.

EHEPHBE SN ZEDIHMEL TS, Thb
B, BILMMICHES LEE» 5 RIS iz
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MR 2 25T 2 2 E AV STV B2~
Jig YR /NI ARV 2 D G2 RO A Crohn i (2 FH DL
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g 300 VVP-3 g Mean = S.E. (n=6)
£ 7 MMP-9 g
e e -
S 200 o
Q =
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= 100 2 |
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o I _ .
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Fig. 5. Intraperitoneal GM6001-inhibited indomethacin-induced enteropathy. Intraperitoneal GM6001 inhibited the ulcer

index (A) and the histological damage score during the acute phase (B) in a dose-dependent fashion. The changes in
MMP-3 production assessed by Western blotting (C) and by zymography (D) correlated positively with the change in
the ulcer index of the small intestine. The number of MMP-3 positive cells (E), but not MMP-9 positive cells (F),
correlated positively with the change in the ulcer index of the small intestine.
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HEH, MMP-2 IZIEETEK & 0 & L A EEEE
KR LTWwAEEZ NS, F72, MMP-9
FBUL, FIC24RHE L D ATCHRRMEEEL, &
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Fig. 6. Intraperitoneal administration of the selective MMP-3 inhibitor inhibited the ulcer index (A) and the histological
damage score during the acute phase (B) in a dose-dependent fashion.
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