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S TIMP/} Belde Q1T wb} glont ASlAZA F 3]
BollA] collagenase, stromelysin 3 gelatinase-B 5-2] MMP7}

Z7Kele] TIMP-1o] fE5]0] 3% tedfol] g o] A7
A Qek As| Aol GG 5% 4] AL el A
A gygkort Asis Eslse] Feba £l Aele] v
ot MMPel Slal sl AIES] 74 Eals} wadol
9 Ao BAHL™ olol] PAL AT 27 ol
£ MMPS} TIMP7 B8 Zolehs 7hasioll ol % els

7 Sistel WARZA e s Alge] & Hi
924 A% ot 24 24 Aueldsl MMPsh
TIMP2 281 elo] BA sigleh MAAZA F 217

a7 Ave ZAelg A4 B &3t A

%

3l Z3F]

A o] 3ol] whE MMP-29} TIMP2 117}e] 1shi e Sropul
of MARZAS] o8 27 £4a Ael AL dhlaA

3o of ale] BAolu.
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CHat
1. 00 &

AHFE g Hslel A% 45714, FA 250~300
gm®] 217|(Sprague-Dawley) & AH--stlar 22 e|sH4 74
gh wojzZsheted 2 35ule], WA S| ELISA 714+ 21v}
2l Alskalek

AR ZAL
A SEER F9 nE &
53 2AE 98 BF20 9
A8714:7](NEC 1006X, Japan)E o] -5}
Gy AZEZ 8 Gy WA4S U3
CAAZA 1, 2,3, 5,7, 1490
S AAlsIGe AdFe A=A &
LD, 29T, 3L, SATFAV), T
V), 4AFVDoE FHslo] 7+ Fol suleld Agslgich
ARG 2A8A ke slelE A2 Conro) 2.2 3}
% cHTable 1).
2) AZHE ¥ M=

m
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Sl

zAwe] Aol BRI WlzANLANL  Slstol
TreitzQ o) Helie] B4 2 om Zol2 Alele] Ll

o 24, sfepdlell Zofgt ¥ S WHAE 5 ym AR

flo

i
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F
(=)

b
)l

ato)

ofo| &AHD

H

AMIA

(=Rl K=}

Z} hematoxilin?} eosin GO Z 3
He SsiAe SAAT 29
A odsl 1050l Agsdc.

3) ZEWSHN ZA}

ok

s

Pt o

>
Mo
ne

ZAste] Fadksllck LR 7 SA
—, 57ellA] ORIl A5 +, 1070 o] 44l 7
S 107) ol4e] ARG Holw Lddl
7k Zoslol Qe AE 342 sk

4) ieizxxsisteiay

MMP-2¢} TIMP-29] WHAREE slr] Slsto] AJedsh
o] 22| 8} 3ke] 4 2- Hsugt Raine (1984)0] 7]&3k Wile &
$3to] AeIsich 5, sfelelol Eolml 24 5 m A
2 A2 F xyleneo 727} 534 33] Aol shebale A
3 ¥ 100% ollehe® 254 23] $31A)7]3L, 0%, 80%, 70
% oleew 7] 23] SaRisle). vSold chile] Zite
27] Sl 10% A4 FHo= 2087 WA =AY
peroxidase?] &S AAls}7] 93l 3% hydroxideol] 15%-7F
WS AT T % 2R 28 FARKL QR (phos
phate buffered saline, PBS)ol] 5%7F Y = MMP-29} TIMP-2
o QxRS 27 Aol 247 WSAZT MVP2
gl dxekAlE AESZ AJ3kE|E ZI(Ab-3, monoclonal
mouse IgG, Oncogene Research Products, Calbiochem)-& A48}
R TIMP20] ot AR sl Faol Alzd
2E ol A&3ck. 015 A% TIMP2E Erlel o]

0 4o Lo 2 o 2 oy

[e)

Table 1. Experimental Animal Groups

Group Radiation dose (Gy) No. of rats (x) Day of sacrifice

Control - 5 (3) -
I 8 5 (3) 1
II 8 5 (3) 2
111 8 5 (3) 3
v 8 5 (3) 5
\Y 8 5 (3) 7
VI 8 5 (3) 14

(¥*) No. of rats used in ELISA
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AA 5% AZE FZAIA "EE hybridomaZ 5] 1))
2 the PBSE 5E7F 334 FAlgk £ DAKOAS] LSAB
(labelled streptavidin biotin) kitE A}-gs}o] wedzZ|35}sled M
< A3¥slgdet. =, biotino] ZEHE link antibody S 2087k |}
22)7)3 PBSE FA|3F ¥ peroxidase”} wdtE streptaviding:
2087 vreA]71 3 thA] PBSE AlsFitl AEC (3-amino-
9-cthyl carbazole)Z HFAA]Zl & Meyer’s hematoxilin®. 2 T

2 ¥ nges gl SAUETS MVPL
TIMP26] sk QAREAIA PBSE ThAAF T vhA) 3}
Ao aUZ del ol AL Y PETOTE g
HEgo]l sl e EElel=E FEk v QAA] Fol
AAsle] wlgt QG HoleA| wlasigich Ade #
S| o Hsle] T HzA 3ot MellA] A3y
= 4ol 7S (intensity)2} HlE(distribution)& 7|+ 2 A}
3o Satelglch 4 tzTolA Kol

—, E¥o] <fsiAl ‘/PE}W A8 +, F3o| sl oy
o AlE7E e B ASE 3tk 4R AlEvt
FA WS Kol ASE 2+ E VIEE AEich

5) MAYEZE

MMP-29} TIMP-29] Uﬂ"—i%i‘%‘% Aste] A= F 214
&7 223 A z=2AE A 23S 10% glycerol, 150
mM NaCl, 1 mM Na;Vos, 50 mM NaF, 1% Triton X-100, 10
ug/mL, leupeptin, 1 mM PNSF7} ¢35 10 mM HEPES®| +
Zalol] k13 polytron homogenizerZ TFUslAl Hafjzl X
o g

==t
J—a

A¥] 450l 4] 20,000 pmO.E 3057+ °M‘—E‘—a]$}
olS X}y AlZolol|A] whulA AeES 2|83t & o] Tk
WA 20 ugs #Hske] 8% SDS- PAGEE —v—BV]Z_ % nitro-
cellulose paper O EAI7| o]F wolzA|3feked dlol| 4|9}
293l MMP-2 3 TIMP-2¢l] W3l tHE4 A2 4X7F £
o Beoilal WESAZTh ol AAR WA F ECL sys
tem (Amersham, U.S.A)©. 2 ¥HHAX|7] 3 immunoreactive band
2 Baigik

6) ELISA

WA RO B4 AAE Ade] A A el
2050l 31‘5}‘}14- é"PE A3 wi= 2 A 9 gA
~TEE FARIES Ssick 24 100

NS MMP o TIMP7} ZoHE] wello]

A S g wellol BFAe). Felol =
Fre B ¥ ALelA 247 wekisiek A 95
o] gslo] 4l AH3E $ paperE o|-3to] A7} A =
£ blots}Ack. ©FA] 100 pLe] peroxidase conjugateE wellol]
VRS F T4 9 ALeld L7 wesisieh B 2
B A F AL B FU TS 100 1L
wellol] £5531 & vhA] 745 @Al 30 Aol wlok
3 FEM(blue color)o] k2 630 nmol|A] ZA3}9ch
7) SHAE
EAX g+ ELISA ZAAE E3 od& I\/IN[P-ZQ}‘ TIMP-22]
2920 tiete] Agellet =TS 2 ARFAY Bla

rulo m1

ok i rlo

= HIESH ol ik vlaE $lste] 7 IHe] wlaLo]
+ Mann-Whitney testE, Al 7 o442 B]FollE= Kruskal-
Wallis testE o]&zfo] H2laich. pghe] 0.05 o]3lQl A&
frelsiekar HAsleich
4 i
1. ZEHasty AA
A A9 &4 Xéx‘i% Aukgmo] aEm A4l

QL 7|ARel| ZAlehr}
Qe Hlste] WANzAR 29 LAk
B 44 dute) 933 ol AZAE ol

N

3 =7 $£abo] 293} 3Yel 2+, 3+2 7 AskAl B
2]k 71ARe] FA T FAEA o] Sk e A
< ARE] +, 2+ vpeh}A 5Yel 24, 3+ & 7}
7 #haksA] Vebgtek(Table 2 & Fig. 1).

Table 2. Histopathologic Findings of Inflammation & Regeneration in Jejunal Mucosa of Rats after Irradiation

Control I 1I 111 v \4 VI

I R I R I R I R I R I R I R
1"rat - - 2+ - 2+ - 2+ - 2+ 2+ + 3+ - +
2"rat - - - - 2+ + 2+ + + 3+ + 2+ - 4
3"rat - - + - + - + 2+ 2+ 2+ 2+ + + -
4"rat - - 2+ - 2+ - 2+ + + + 2+ - 2+ -
5"rat - - - - 3+ — 3+ — 2+ 3+ + o+ -+

Abbreviations : I, inflammation; R, regeneration
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1) Bz a5 sl 2) piojg=g
MMP2E WAAZEA FIQRE 2 U Adele]  MMP29] w1 72 kDaolA OBy wrl BEo s &

30} 590 24, 3+ 2 7bg APl iehgond, TIMP2 o lsigla 393 59el] 44 HAE Heirh TIMP2S] e
A BARZA F19RE +2 dERl] Adelel 5ol 21 kDaolA b4 wrh Bl skRIFUE 1, 3, 5, 70l

Fig. 1. Histopathologic  findings
of jejunal mucosa of rats; the
jejunal mucosa of experimental
group revealed shortening of mu-
cosal length and heavy infiltra-
tion of inflammatory cells in lam-
ina propria on the third day
after irradiation (A) & increased
number of mitosis (white arrows)
and the number of regenerating
crypts on the fifth day after ir-
radiation (B), compared to con-
trol group (C) (H&E, x200).

Table 3. Immunohistochemical Stain of MMP-2 & TIMP-2 in Jejunal Mucosa of Rats after Irradiation

12

Control I I I v

VI
M T M T M T M T M T M T T
1"rat - 4 + o+ + - 2+ 4+ 2+ 3+ + 4 +
2"rat - - + o+ + 4 + 2+ 2+ 2+ + 2+ -
3"rat - 4 - - 2+ 2+ + 4 3+ + -+ +
4"rat - - - - + o+ 3+ 2+ + 2+ - 24 -
5"rat - - -+ 2+ + 2+ + 3+ 3+ + o+ +

Abbreviations : M, MMP-2; T, TIMP-2
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Fig. 2. Immunohistochemical stain of MMP-2 of jejunal muco-
sa of rats; MMP-2 was expressed mainly in damaged surface
epithelium on the third day after irradiation (A), whereas
there is no expression of MMP-2 in control group (B) (Im-
munostatin, %200).

7o AR ¥ 1ee BtkFg 4.

3) ELISA

Uxsh BANZAE Aole] MMP2SH TIMP2 274
£ Mamn-Whitney test2 2531918 w] AR fela Holr}
siglor] MANZAFNA FAeich FANZA F 1, 2,
3,5, 7, 1421°] MMP-29} TIMP-2¢] ZAX|% Kruskal-Wallis
et AZse] A7 BAM e §oI3 Holr) glglew s
Aol 714 B F0Z BglekTable 4)

ek gl

my

=
—

WARZAS S AE 4L Ar A AESh 7ol
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oW .
Fig. 3. Immunohistochemical stain of TIMP-2 of jejunal muco-
sa of rats; TIMP-2 was strongly expressed in stroma on the

fifth day after irradiation (A), compared to focal expression
in control group (B) (Immunostatin, x200).

72K —| ==

Fig. 4. The immunoblot analysis of MMP-2 & TIMP-2. (A)
The expression of MMP-2 was stongly positive on the third
day after irradiation (E), compared to control group (C). (B)
The expression of TIMP-2 was strongly positive on the fifth
day after irradiation (E), compared to control group (C) (p:
positive control, 72k :72 kDa, 21k:21 kDa).



I S

]

rer

= 2 291 1 ARSI EZAL

L]

(=13
=

flo

i

Table 4. Levels of MMP-2 & TIMP-2 Measured by ELISA

Post irradiation days

MMP &

TIMP Contorl 1 2 3 5 7 14

MMP-2 (ng) 105 52 81 195 905 386 181
31 39 31 515 411 458 167
25 65 54 481 255 275 84

TIMP2 (ng) 101 226 115 134 428 478 359
205 285 204 257 655 313 202
112 201 58 310 814 468 143
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WAz A el 23 MMP-29} TIMP-2 Wi&lel] disf] sl
Ba7}b glo] & Avh WAL o3t =4 &3 A 3
Aol 4] MMPS} TIMPS] J3he ubs]aiz} 3 %9 A%
ojch. WozA sl Ao g W3t £ Huhie] MMP-2
o} TIMP-29] W1 A=A & 393} 5% 74 7t

A veht &4 =279 43 Ao RS 3 =2wE
A £AY) AdX)EE= #3E Hiu) w3k ELISAR ZA3)
W MMP-29} TIMP2E WA ZA & 5Umd] 74 &
7hElo] =AMy 47, WozAstetel Ayl IX|she

F AT

)l

E\I-_OJ _/‘._\_/\I-J__Jl. XHAH__]L|.I1 % g:‘.\_E}UHEi S_< O-lx."xl.ol

=

Aske Beleh ol WANZAG] 8 s 2R £
7 24 #Aoll MMP-29} TIMP-27} A3hg & Aolefar
A% Ak
MMPE chilisliss ZEE oflidt AdE B
o 714 Solgol g vlghgel el Huislo] Dk
245 27 SeiAe AL et =AY ARt
93 A=Y MMPE =A| collagenase, gelatinase$} stro-
5o U¥H collagenaser= MMP-1, 8, 130] 9l
gelatinaser= MMP-2, 9¢0] 1o stromelysin® MMP-3, 7, 10,
11, 120] QIck"? MMPE AlES] 7149] Helg B =4
o] M (remodeling), 27 AV, 44 A%, E] 43t A
ololl Rofejul, AEe) AL Fepaad 4wt viZehAg
Ao vra Fepid AR Bl Ml oz 4A
A, = —‘?’— 53} Boll Bojsle Ao AP AL
7149 Eafl+ WA collagenaseol] o)l UA-5- Z}Al(fibrillar
collagen),] Bzl AlekEl & gelatinaseol] o]l A<=t
Gelatinase:= collagenaseol] ]3] Hali7} A|#t=l Zejale] Hs
$eks A SldlE Fel Falle] AltellE sojslod
A4 AES) A4S Aol S SR ek MuP
Fel z229] AA, R A, A= AAE AA =3
5o Bl A Aol Bofelnl Agdow gt
B9 %9, 3, A% S0 Agel Qo]
ege
Aol ANEZE F
3 MMP2 & 9, TIMP-1 & 29|
MMP-2 & 92] #AJo| Z7}E|9)al TIMP-1 & 29| wFslL
S} qldekar sfo] AakaFoll o3k = £4
o Z7sh cizhol Qoka Sk 57
SHFE] $=4to] MMP-22] mRNA levely} %+
2 e T SR HEge) 2o e
MVP27} S48 wdh qiel slejal sjalol w712
o shrlo] SJ3 A4l MMP27} Thofdh Zlolehar 3]
o 95 e YAl 27 s 3 F colla
genase, MMP-9, stromelysin-1 & 29} TIMP-18] 717} i3
AL Z7)oll= MMP-29} membrane type 1 MMP2] Z717}
Qelths QT Az s¥ £ A4 A AsHEE
hE ZF9 MMP7} Hholdths 2S AZsiele” wa A
2 AAzAN Zeplle] el MMP-27} Fa3k o
ke e HaE Qe #o] el Py 4 #
HEAIA MMP-99F MMP-27} Z7He & 2slal MMP-9E &
Alslol 74 M7t e B dAFE ok’ og)
k2 oAt AT MMPEE TIMP7E o] <Aglel] 23t =3

melysin
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S} A el Bolshe gz

TMPE MMPS) Qe el SlaAAS WA
TIMP-1, 2, 3 & 49] 4&57} 93 TIMP-1 & 2+ tEE9]
MMPol| ojAlA2 2-gelv] MMPS} TIMPS] 4% 4ol
o) AEe] 7170l Halet FHo] mAR HFgo] 2
Al AEY £ e WE we Ao e Wy 4

e i e i H% -? Qe 7t

Wow 9}0]*} SECEE 4*}\11 TIMP-1 & 27} Zpurol wh
& WA AR F08 B 9 :
8 AP 4T AR F M T )
57 AS 407 AAE 4aZel HaAE Hel
MMP-13} TIMP-1°] AT F Al 23k 4] X
& BHAol JoJgtcty Hwst d7r} ik

S| R EAG S5 3% 21sh MMP, TIMPS}e] AahaiA
5 W Al oelH Aoz ¥ 2ok Zo]e)
collagenase, gelatinase®} stromelysin®] Z7}7} g o]+ =}
SRz T si3e) Al 1 Zeb) Bet Zohas S99
Wetehn Sl o] ATl A5 AT 712
- FE AL I Felelw zelde] izl o
Fepllo] Zhazstar o|egk A|Ee] 7|Ae] Falli7k MMPel| 2]
o f=dvka slgick. MMPSL TIMPS] H 2 zheldzAtke)
&3 wlelsly Slgvt FoldrF Sk Ao vk
I Az - 16~24417F Well 2 3x]7h Hgiekr} 48~
12X 7kel] AASkE = Ao vEbdr) Gelatinase FollAl=
MMP9?| Z7}7} @3 v MMP-29] F7h= oFsA| viet
wrh AgldzAbe TIMPY| WS FEshe Zle® vheb)
3L TIMP-1 5715 9levt TIMP-2 91 912 HshE Holx|
Shokeh. 317olAs] MMPS) TIMP wle] i3k 21|42/}

R B oz el $EY A% BH A%,
A5 4143 A% 915 Foe] Rl Bl choret

Alell 2zl MMPS} TIMP7L 5w o] Zlo] 3]3e] Ajg]
2, Wl Aol tigt 7|l #eid Aolvketa A4S
T ek

B QdFolAs A zA o3t 31F 47 HatellA ]
MMPS} TIMP Whalg 3Hslo]  zzmiof3lsted A n]of| A
MMP-27} 3437} 5o, TIMP-27} 5o 7
ELISA 7ZAbHollA MMP-29} TIMP2 R% 5% FHux &
LeRdE Bt ol & Aol =AWy 474
z7] E4go] wiAdzEA F l%loﬂ *11—}540% 2, 3%l 714
Askar 2L 3, 5Yofl 7h s
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K]Oﬂ MMP-2¢9} TIMP-27} &d8kS- &8 <& <= gl o) A
& 71RE i) 4olw—:— chekel MMPS} TIMPS] -l
o] rdle] Aol & opiim WAAzAY] ¢, 24 7171
Arjol]l whE wstell gt 5 Ay} deehrta Yz

WARAzA & 22 o] £33 A 2 Foll MMP-29}
TIMP-27} o Zlolehz 7P s ol WAl ofaf =4 &

Fe Bl B9 44 Aot AT RelEFsRG A}
ESYE A0 094 WA Gl ELISA B4

YHE] +E I
A ZtE]o] 29, 3Yef| 2+, 3+E 7 AlsiAl 3=k

ANt AR o 57
£ HE3E A A= 3%l +, 2+ E vERbA] 5Y
2+, 3+ & 7H sl Zlow L‘rE}kb:}

A, o 2251t Aol 4] MMP-2& AIZA & 1
Aol +Z e} AAFste] 39, 5Ul 24, 3+ 2 7HA 7
Al Vel om TIMP2+ 190l +& veh}r] Al#ste] 5
ol 2+, 3+ & 71 ZsiAl et

s, Wed2gzel Azl MMP-29} TIMP-2:= 72 kDai} 21
kDaol|4] kAl band7} zEE o 2 slx|gy MMP-2+ 3
A3} 5Uel] A3E S Holw TIMP2+ 1, 3, 5, 7Hel 2
T BES] ANk Hidh
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—— Abstract

Expression of Matrix Metalloproteinase-2 and
Tissue Inhibitor of Metalloproteinase-2 in
Radiation Exposed Small Intestinal Mucosa of the Rat

Hyon Joo Kwag, M.D.", Kyoung Ja Lee, M.D.", and Chung Sik Rhee, M.D.T

“Department of Diagnostic Radiology, Kangbuk Samsung Hospital, Sungkyunkwan University,
"Department of Radiation Oncology, TDepartment of Diagnostic Radiology,
Medical College, Ewha Womans University, Seoul, Korea

Purpose : The matrix metalloproteinases (MMPs) are a family of enzymes whose main function is the
degradation of the extracellular matrix. Several studies have revealed that MMPs and TIMPs are related to
the wound healing process and in photoaging caused by ultraviolet irradiation. However, the expressions
of MMP and TIMP after irradiation have not, to the best of our knowledge, been studied. This study in-
vestigates the expressions of MMP-2 and TIMP-2 in rat intestinal mucosa following irradiation.

Material and Methods : The entire abdomen of Sprague-Dawley rats was irradiated using a single dose
method. The rats were sacrificed on day 1, 2, 3, 5, 7 and 14 following irradiation. Histopathological ob-
servations were made using hematoxilin & eosin staining. The expressions of MMP-2 and TIMP-2 were
examined using immunohistochemistry, immunoblotting and ELISA.

Results : Radiation induced damage, associated with atrophic villi, and infiltration of inflammatory cells was
observed from the first postirradiation day, and severe tissue damage was observed on the second and
the third postirradiation days. An increase in mitosis and the number of regenerating crypts, as evidence
of regeneration, were most noticeable on the fifth postirradiation day. From the immunohistochemistry, the
MMP-2 expression was observed from the first postirradiation day, but was most conspicuous on the third
and the fifth postirradiation days. The TIMP-2 expression was most conspicuous on the fifth postirradiation
day. From the immunoblotting, the MMP-2 expression was strongly positive on the third postirradiation
day, and that of TIMP-2 showed a strong positive response on the fifth postirradiation day. In ELISA
tests, the expressions of MMP-2 and TIMP-2 were increased in the postirradiation groups compared to
those of the normal controls, and showed a maximum increase on the fifth postirradiation day. These
results were statistically significant.

Conclusion : The expressions of MMP-2 and TIMP-2 were increased in the intestinal mucosa of the rats
following irradiation, and these results correlated with the histopathological findings, such as tissue damage
and regeneration. Therefore, this study suggests that MMP-2 and TIMP-2 play roles in the mechanisms
of radiation-induced damage and regeneration of intestinal mucosa of rats.

Key Words : Matrix metalloproteinase, Tissue inhibitor of metalloproteinase, Radiation, Rat small intestine
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