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[RE)] BN HiTERLREANH-2/9(MMP-2/9) kI A SN H M (TIMP-1/2) & A B 2 5
HMGALDRBRIBHIER., ik B54 AABBTERBLBAT BUEASXKHEAZ P, LI 18 AR
EESSHPEENTRA, AU TRE24.48 M 72 h BRAEH/PB WA S 54k, M E g/ TEW/D)
HE.XSEMAEEBGALDHEOAREMEERA UFINHRGEE. AAHR-RABERMN
(RT-PCR) ¥ & Bt 41 41 MMP-2/9 #1 TIMP-1/2 8 mRNA % ik ; Fi B B 5 5 % Bt 25 (ELISA) ¥ & BALF
MMP-2/9 kR TIMP1/2 HEAER. &R WEHESIEALLEXRAMM W/D lW{E.BALF PEAKRER
BEREYYEEE TN R4A(P<0.05 5 P<0.01), RT-PCR &R B 5, B EHMAL MMP-2/9 & TIMP-1
B mRNA 3k % 8 % 58 4 B & ¥ #& (P<<0.05 3 P<0.01), TIMP-2 mRNA 3 % X 8§ & % 4t ; MMP-2/
TIMP-2f mRNA REZESEADHEEFH (P 1$9<0.01), ELISA &R 87, % &4 BALF # MMP-2/9
1 TIMP-1 BB A E 78 (P<<0.05 % P<0.01),Mi TIMP-2 EA S RF#XHE T ;
MMP-2/TIMP-2MBEAREEBEA P LA BAH (P <0.0), #it BWEAMESIE ALI £ MMP-2/9 fl
TIMP-1 B %A E, i MMP-2/TIMP-2 & ASBARIEREEAELXRESBIREREAN.
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The role of disequilibrium of expression of matrix metalloproteinase-2/9 and their tissue inhibitors in
pathogenesis of hyperoxia-induced acute lung injury in mice ZHANG Xiang-feng* , ZHU Guang-fa, -
LIU Shuang, Hussein D. Foda. * Department of Pulmonary Medicine, Beijing Anzhen Hospital Affiliated
by Capital Medical University, Beijing 100029, China

[Abstract] Objective To investigate the role of matrix metalloproteinase-2/9 (MMP-2/9) and their
tissue inhibitors (TIMP-1/2) in pathogenesis of acute lung injury (ALI) induced by hyperoxia. Methods
Seventy-two C57BL/6 mice were randomly divided into normal control group, hyperoxia for 24 hours group,
hyperoxia for 48 hours group, and hyperoxia for 72 hours group, with 18 mice in each group. The mice in
- hyperoxia groups were exposed to >>98% oxygen in sealed cages, and the normal control group were placed
outside of the cage to breathe room air. At the end of the exposure time the animals were euthanized, the
right lung was removed and phosphate buffer solution (PBS) was used to lavage the lung through the
endotracheal catheter. The wet/dry weight ratio, broncho-alveolar lavage fluid (BALF) protein content and
the volume of pleural fluid were measured, the severity of lung injury was assessed; the expression of
MMP-2/9 and TIMP-1/2 mRNA in lung tissue at 24, 48 and 72 hours of hyperoxia were assessed by reverse
transcript-polymerase chain reaction (RT-PCR); the amount of MMP-2/9 and TIMP-1/2 protein in lung
tissue were measured by enzyme-linked immunosorbent assay (ELISA). Results Hyperoxia caused ALI as
evidenced by the increase in lung wet/dry weight ratio, BALF protein content and the volume of pleural fluid
as compared with the normal control group (P <C0.05 or P<C0.01). RT-PCR study showed increased
expression of MMP-2/9 and TIMP-1 mRNA in lung tissues (P<C0.05 or P<<0.01), and ELISA assay also
demonstrated upregulation of MMP-2/9 and an increase in TIMP-1 amount in BALF compared with their
normal control group (P <0.05 or P<C0.01). The ratios of both MMP-2 mRNA/TIMP-2 mRNA and
MMP-2 protein/TIMP-2 protein were all increased in hyperoxia groups as compared with their normal
control group (all P<C0.01). Conclusion Hyperoxia causes ALI in mice, and disturbance of MMP-2/
TIMP-2 balance plays an important role in the development of hyperoxia-induced ALI in mice.

[Key words] hyperoxias acute lung injury; matrix metalloproteinase; tissue inhibitor of matrix
metalloproteinase
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KNEIRBTHREEATSEFRBERERE
e K e . b B2 40 A X AR 5 B M 40 i B R B A
REREXRUEER FE—AZHRSTHIER
BB REARTAREESXORRER, MF
NERAEEZH . AER LRI, AR
HWERBRNETERENBMRGEH - EER
BN, K F S BEAMMMPs) B— AL ERAK
SEFECM) N EE BN —4 2, MMP-2 f
F15SGE bR 0 R i B P B A8 LR N B £ A
4335 , MMP-9 gy o ¥ 00 40 1 | B 0 5 Wt 40 B % 0%
IS H R % R RT3, BT 8
WREREOEEAS NV ERR, AT EHREIE
EEMEE P RETEER, 4K MMPs 531
HLAMH P (TIMPs) R F5F &, I X4 % ECM 1
GHRERMEEFEAEEAAY. HREIEX
MMPs 7 & @B a4 (ALD B R R PL&
REEFEEIER, Piedboeuf % ity 52 1 ti1 iF
TIMP-1 EREFR T REME. AR PELNR
EBEEE AL 5 MMP-2/9 #1 TIMP-1 1% &,
BitHE ALl RRS R PREM.

1 #E5F%

1.1 ERFYHHARERG &:.8~12 Fi.hE
15~20 g i C57BL/6 /PR 72 R, MEERFR , #BEHL
WFRESANBAN 4) . HE 24 h 01 4),
WEBhHOZA) . HE2h HO3 44 4,58
H18 H., ERELRASYH B T Plexiglas X5
ZHNEBEERENREKMEAERE . RIEEHE
SHEBRLSEKRT 8%, sh Y H H # & RHKAK;N
HHIYVEETERKSHEERRER. TREEHR
KREUNBEE L ZATHYERMEFLR.
1.2 WS GAEHN R G ERES B ER7]
BEHE. ONEME/TEW/D WY . LBEXR
EAHEBRAMREERERBT 70 CEBMRTRE
KTE. OQXSEMBEEERBALD S ERKE
WE AEPRELHGTREREE. A1 ml #RE
ZWE(PBOIT XS EMEER, L 3K, B LoRE
W EE AW O WU M B T - 7 40 4T FF B B
B, FIB R R U R

1.3 ALURHE:-AERSER 105K PHER
BABBEERMW, FE20min EHBRHFAET
0% FHERRBABEBRFEE 12h, KARK. A
A, H R 5 pm BHARY H, HAE-HFI(HE)
o, MERHAFREEYE,

1.4 ERF-BEEMERNRT-PCROMEMAR

MMP-2/9, TIMP-1/2 iy mRNA %3k : B 50 mg B
#4141, TRIzol B 4 RNA, ¥ ¥ 5 % B cDNA,
MMP-2 B| ¥ 5 ). L # 2| % 5-CACCATCGCC
CATCATCAAGT-3, F# 514 5-TGGATTCGA
GAAAAGCGCAGCGG-3', =4 K B A /s 399 bp;
MMP-9 51 %) ¥ 5. £ # 51 ¥ 5-GCTTTCGGCT
GCAGCTCTGCTG-3', T ## 51 ¥ 5-GAGGCCTT
TGAAGGTTTGGAAT-3', = ¥ i Bt & /305 bp,
TIMP-1 5| ¥ F 5. Li#i# 5|4 5'-GCTAAAAGGA
TTCAAGGCTGTGGG-3', F##514 5'-AAAGCT
CTTTGCTGAGCAGGGC-3', PHIH-Ek/ 210 bp;
TIMP-2 5| % 5 5. £ # 35| % 5-TGCGGGGTCT
CGCTGGACGTT-3', F # 5l ¥ 5'-CGGTTGGC
CTTAGGGTTCAGGGGG-3', = ¥ K & Kk /M
150 bp p-M BB (B-actind FI Y IF 5 . L# 519 5'-
GTGGGCCGCTCTAGGCACCA-3' , F## 5|4 5'-
CGGTTGGCCTTAGGGTTCAGGGG G-3', = 4
R Bt K/ 244 bp, PCR KR {E RN 25 pl, G2
¥:35 MEIF,96 C 305,60 C 305,72 'C 45 s, 5%
J572 °C 10 min, B 10 ¢l PCR =Y FHRES B R
1. 5% B B 4 o ik ol 3K L B X A48 43 #7 R 4t (Alpha
Image) HITHEEHB . MEY R FHRI R
EEAE, BNSE Bactin BEHEFHERXK
FHER. -
1.5 BALF 1 MMP-2/9.TIMP1/2 (yEA & B
S - BB S TR B ik (ELISA) , /R 3R ) & e B
FBHT RE A EHEFAE SRR S MMP-2/9 #
TIMP-1/2 & &.

1.6 St ¥4R . BEUBKTHEE %
AR GB-STAT V 8.0 & BT AR EF
ENHM g BE,P<0.05 REREZITFEEL.

2 & B

2.1 KRERAREEASIE ALL.EHESZEN
R, & LRHAN W/D WEMENHABEAE;
02 HMO3 4 BALF P ERSBHBEG TN 4,
EZRYHESKITFE L (P<0.05 FK P<0.01), N4
MRILFXHERE:EXRA MR TRERER
MEREEYEEMMP 5<0.01, %D, XET
ME.BERBBhET2h HASNERTEBNG
g AR, B e 450 e B B ) SR K B (R TR 1)
2.2 B MMP-2/9, TIMP-1/2 ) mRNA %35
(& 2;% 2):RT-PCR &R 8/8 ,MMP-2 mRNA &
RERERB24h GBI, 48 h F1 72 h ¥4
B KF (P $<0.01) ;7 MMP-9 mRNA %X H
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ZREEB 2h BEAE N AHEHMP<0.05),
TIMP-1 mRNA REZARERFE B 720 G
1 (P<<0. 05 fl P<<0.01) ;%4 TIMP-2 mRNA
REERIKIFEXL.

P-actin

(244 bp) g
%1 HEEEI KM W/D . BALF PEAA R .
HWE BB G+

A% Y% M W/DH{E BALF BEH(mg/L) MEBH (uD
N4 18 3.32+0. 34 22.51+ 5.62 2.1520. 32
O14 18 4.4240.65*  25.64+ 6.37 6.35+1. 22°
Oz4 18 4.93+1.09* 163.454 25.36°  22.7514.63%
O34 18 5.3140.92> 505.41+112.64>  20.1143.54® .

¥.5 N 4, P<0. 05,5P<0. 01 (399 bp) |

2.3 B4 MMP-2/TIMP-2 #1 MMP-9/TIMP-1

# mRNA H & % {k (% 2): MMP-2/TIMP-2

mRNA HEAREEB 24 h EHEM M. BEE

Z2h ENAHRBERHERZTEREX (P B

0.01); i MMP-9/TIMP-1 # mRNA WEZEHE

EEEXHB L. S
2.4 BALF &1 MMP-2/9.TIMP-1/2 WEA S & oz ol
EHEETH(ED - BREER 24 h s MMP-2
BEOSEHEBHEMP<0.05% P<0.01); 1

MMP- 9 BEHEBREZEEZE 2h AR NAH
BRIM(P<0.05), TIMP-1 EHSEAEREAREE

48 h H1 72 h B B 1 n (P<<0. 05 #1 P<<0.01); 7

TIMP2 EHSRAERERBEXHET 4. sl
MMP-2/TIMP-2 BEAHEAREEZ 48h M 72h

B B 1 fm (P ¥ <<0.01); i MMP-9/TIMP-1 &
HEEREARBELHEEK.

3 W #

B R LS B ALL B M AT B LR
HFEE#ARER, ERESERXTHREREK TIMP2
BRHEAIRE P T R A 4 T R
IS - TTUBKEE MMPs ERNFERENE.

KRR HEFREEAHRR LSS ECM B 1:Marker;2.3:N £114.5:0141,6.7:024 ;89,0341
ARERHBR, R ALL H 3B A A W2 RT-PCR 9% 4/NRUISSS MMP-2/9,
FHEBIHEF,.MMP-2 i MMP-9 4@ 48 TIMP-1/2 # mRNA &%

|1 o

f e

=
-
-

®2 K4A/NRHAS MMPs 81 TIMPs ) mRNA ZiARHHE LR GLs)

MMP-2 mRNA MMP-9 mRNA TIMP-1 mRNA TIMP-2 mRNA MMP-2/TIMP-2  MMP-9/TIMP-1

aw By

(A (A “auf (A mRNA H.H mRNA H1E
N# 18 0.32%0. 07 0.3740.11 0.54+0.14 0.9740.08 0.2940.08 0.68+0. 15
o4 18 0.88+0. 21 0.40+0. 10 0.74£0.15 1.0940. 17 0.81+0.16° 0.56+0. 08
oz#l 18 0.9240.19° 0.371+0.18 0.90+0. 13* 1.05+0.23 0.87+0.17% 0.52+0.12
034 18 0. 80+0. 25° 0. 72£0. 21* 1.10+0. 18° 0.9940.13 0.84:+0.21° 0.65+0.18

.5 N @ i#,°P<0. 05,°P<0. 01
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%3 %4/ E BALF & MMPs #1 TIMPs WEHE AR K HELE Gty

PA— MMP-2 EH MMP-9 EH _TIMP-1 &R TIMP-2 EH MMP-2/TIMP-2  MMP-9/TIMP-1
(ng/L) (ng/L) (ng/L) (ng/L) EAE EAWwE
N# 18 188. 32+ 15. 07 196.37+18.11 203.54+421.08 211.97432.08 0.89+0.16 0.97+0.18
or4 18 362. 88423, 21* 209. 40+16. 10 235.74+31.15 224. 09420. 17 1.1540. 23 0.69+0. 09
O24 18 438.92+36. 19° 235.37+18.18 392, 90427, 16* 232.05+25.23 1.89+0. 25° 0.60£0.11
O34 18 526. 80142, 25° 383, 72+28.21° 424.10438.13° 218.99414.13 2.4140.17° 0.904-0. 22

B 5 N A, P<0.05,P<0.01

EEBEMEEASVERFEMNEEHENT,
EHFRIEL  FERAKRT 8% AT FEH
BB W/D 8. BALF th S B E K E R
AKEBERB I RERRG: ARERRRE
B, b 1 8 22 R B 55 h S A B 3R B X R B K
M, FRGEEFEEB U h EHFAER,HHERE
Bt 6] 2 Wi & 5 o & ; B e B 4 41 MMP-2/9
TIMP-1 #§ mRNA %35 % BALF # MMP-2/9
TIMP- 1 KN ERSBRERERZES WS MM, &
B 5 4 41 B 41 41 MMP-2 mRNA 7K % & BALF
f MMP-2 EASEHBAE . TIMP-2 AERH
B, B MMP-2/TIMP-2 # mRNA REAHLEH
B B F 5 B R4 A4 MMP-9, TIMP-1 mRNA
K¥RBALFH MMP-9.TIMP-1 ZEHABRY HE
. B R M4 A8 MMP-9/TIMP-1 mRNA
H. {8, % & BALF & MMP-9/TIMP-1 B At i 5
NAUBRERHXETEEXL. B, RERES
fili 44 41 f1 BALF 1 MMP-2/ TIMP-2 mRNA K&
X BALF &t MMP-2/TIMP-2 B N &k —#
B R ERAR B RG R ERESHWA
RSB b B Y i B ] BRK e B
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