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Table 1. Experimental Animal Groups

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

Control - 5 (3) -
I 8 5 (3) 1
Il 8 5(3) 2
il 8 5 (3) 3
v 8 5 (3) 5
\ 8 5 (3) 7
VI 8 5 (3) 14

(*) No. of rats used in ELISA
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Table 2. Histopathologic Findings of Inflammation & Regeneration in Jejunal Mucosa of Rats after Irradiation

Control I | m I\ v 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 - - - - 24+ 2+ + + 3+ + 2+ - 4
3"rat - - + - + - + 24 24 2+ 2+ + + -
4"rat - - 2+ - 2+ - 2+ + + o+ 2+ - 2+ -
5"rat - - - - 3+ - 3+ - 2+ 3+ + o+ -+

Abbreviations : I, inflammation; R, regeneration
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24, 3+ 5 7bg 7k okAbEE HelrKTable 3, Fg 2 &
2. MMP-2 ¥ TIMP-29| &8 ) P A e AT &
1) BloiZa sfatoiu 2) potzzg
MMP-2& A ZA 3 1958 +2 vehdr] Azksie] MMP-22] W1&l-S- 72 kDaol|4] k4 w7} g o =i 3
3L 59l 2+, 3+2 7b ZebA viebton], TIMP2 o qlsiglm 33t 5ol e WS Eich TIMP-29] 2
Al BAARA F 1988 +2 Yehdyl AAsle] sdell 21 kDaollA oA wiyh Ao} #AQUSI 1, 3, 5, 7]
Fig. 1. Histopathologic  findings
of jejunal mucosa of rats; the
jgjunal 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
Control I 1 I v \Y VI
M T M T M T M T M T M T M T
1rat + + 4+ + - 2+ + 2+ 3+ + o+ -+
2"rat - o+ 4 + 24 2+ 2+ + 24 -
3“rat + —~ 2+ 2+ + 4 3+ + -+ -+
4"rat - - - + o+ 3+ 2+ + 2+ - 2+ —~
5"rat - + 24+ 24+ 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).

3) ELISA

daTat FAAZAT Aol MMP2SH TIMP2 2743
£ Man-Whiney test2 23498 o AZ 48 Aolr}
siglom) PAAZATNA Frhlgeh BAAZA F 1,2,
3, 5, 7, 1492] MMP-28} TIMP-29] ZA X% Kruskal-Wallis
(@ AFete] A7 FAROE felR Aoll ggiewd s
Aol| 74Ad E& FXE BYrKTable 4).

Tt W HE

PALZAG 3 AE £ 4o A AT o]

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, %200).

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

MMP & Post irradiation days

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

TIMP-2 (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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& wllsln] vl Bl Fkle AoE ey
I AeAdzA T 16~2427F Well Hzxjrt = et 48~
A7 N AskElE Zog Uelgrh Gelatinase FollA=
MMP9€] Z717}F SR8 wbd MMP-2¢] Zvhe <ksiAl et
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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,
TDepartment 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 immunchistochemistry, 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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