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gk, 2. 5 SO AL, SAP 22 20 W 4, i S i Al ik ST U RE T PCR Fl1 Western blot R & 2R, SAP £ fiti
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Changes and significance of AQP5 and MMP-9 in severe acute pancreatitis—

associated lung injury
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[ Abstract ] Objective: To observe the changes and significance of aquaporin 5(AQPS) and matrix metalloproteinases—9 (MMP-9) in
severe acute pancreatitis (SAP) associated with lung injury. Methods :SAP model was prepared through retrograde injection of 5%
taurocholic acid. SD rats were randomly divided into SAP group and shamed-operated (SO) group. Lung structure damage and AQPS5,
MMP-9 expression in lung tissues were examined at 3,6,12 h and 24 h during disease development through the immunofluorescence
staining , real—time PCR and Western blot analysis. Resulis: Lung tissues were significantly damaged in SAP group compared with
those in SO group. Immunofluorescence staining,real-time PCR and Western blot showed that in SAP group there was no change in
AQP5 expression until 3 h(P>0.05) and it was gradually decreased at 6 h afterwards(P<0.05) ;in SAP group, MMP-9 mRNA expres—
sion was significantly increased at 3 h afterwards and was reached the peak at 12 h(P<0.05) but was gradually decreased at 24 h
afterwards. MMP-9 protein expression was gradually increased at 3 h afterwards(P<0.001). Conclusions; AQP5 expression remains
constant in lung tissue at early stage of SAP associated with lung injury,but decreases at later stage. This indicates that AQP5
may not be the direct reason for early edema of lung injury. Large expression of MMP-9  pulmonary capillaries basement membrane
dissolution, discontinuity and increase of blood capillary permeability of are perhaps the main mechanisms of early edema of lung in—
jury. But the decreased lung AQP5 expression can affect the efficiency of transmembrane transport of water molecule mediated by
AQPS5 ,induce alveoli liquid removing obstacles and promote the formulation of lung endema,which increases the severity of lung
edema and propels the process of acute respiratory distress syndrome.
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HORE 2B R 22 (Severe acute pancreatitis, SAP)
SEIIREI O SEREA 5T, A LS i ZH ZUSCh R 1
PO e B ™ AR 2 — IR AT A
PRl 4545 (Acute lung injury, ALL) Fll 2 PEEIG B 38
ZEAE (Acute respiratory distress syndrome, ARDS) ,
1M SAP 5 & ALL J5 i ZH 2K BB - 350 9 58 42
PR, A7 S0 3 W] R 42 i 2 1 188 (Matrix metal-
loproteinases , MMP ) 75 $& 15 & 4l IfiL 47 P9 Bz 38 375 14 T
T HA EEAER . MMP REREAR N SRR 32 2 B 40
MAEBEN, 5 SAP BB SR A IS, 75—
5 i 25 2 e KSR A T DA OG 1 R 2R S K e 1
# H (Aquaporin, AQP) , {HZEAS [R1 PRUE B AL
KB AQP 7 R IR A AR . E
AWFFERY AQP1 ik N IHAE SAP Sl 1 il
IR W & HEFEEAVE L RIXE T AQPS 7E SAP fitifhi i
it 7K fie 4 728 A B HAE I A0 A 10, A S5 o A
I SAP Jilifiifs; AQPS Fz MMP-9 A4k, #RITAQPS
MMP-9 7£ SAP ilifbt 73 i 3

1 #RFA*

1.1 SE3eM#

fE T T R AT MM SD KB, MR FE (200 = 10) g, 1 I
VT3 70 S50 S A BR DT A R HE (/7 AT IE S SCXK ()
2007-0005], fRHLAE AQPS, /NI R MMPY, 2£H5T K R
IgG-HR i E LY (Horse radish peroxidase , HRP) , 3%
IgG—#5 7} B 54 55UFR ( Tetramethyl rhodamine iso—thiocyanate,
TRITC) W [ ABCAM A W], ¥ % sl &% 3 TOYOBO 24
], S T A (Hitachi H7650 Japan) , 34 HL 5 5 (3085
(JEOL JSM-6380LV Japan) , #4416 R 45 8 54 8% (LEICA
TCS SP5 Germany) , ¢ it PCR {X(ABI 7500 USA),
1.2 SEBHWER Tk
12,1 STEEhWordl BN F R0 40 K SD K EM AL
SEIGZH (SAP) FMETF- AR (Shamed—operated , SO ) 2 | £F2H W 5% 4
A AR (3.6,12 .24 h) AN =5, & ]S ISERR A
122 SEEJri: M Goldenberg®HIfE SAP Zhyisl .
Wi IE , SAP 2R AN B2 F 7T I Grey-Turner fiF:, 5
FEA R MAMHEIE K, 43 B 3.6.12 .24 h B[RS, 10%7K 554
T (3 ml/kg) B R SRR . 1M 2 M50 B Jok , B TR R, P RS
UUHE A M@, ORI A48, 2002 IS IR 29 0.1 ml,
BIH A0 55 ,0.1 mol/L PBS PLiE 4 (29 v/min) 115 47 0 3
Ui P WA, 49 22 B HEE-0.3% 1% T -0.1 mol/L PBS [i]
SE W TP AT T s, 7553 % i 0L, BT OSUm i, A i
TR 28, BUE LG4 412U F HE e i ;8
Sy ML T S DA b LR E it PCR M Western

blot FEAGI AQPS MMP9 YA,
1.3 A& & E

A il H F RSP FRIR (W) SRS IR A B T 70 C5
s 2 d REE BHRILTE D), RAEMRE(Lung co-
efficient, LC) Az 5 b (W/D):LC=W (g)/D(g) .
1.4 S 3 KB BALSE F &R IR AQPS MMP-9 #4 & ik

WBZHZL 5 wm JEREEATIESY) R TR B HUR, 10%
L2 M A 20 min J5 01—, 4 CHER SR H A
0, ZEIRBEE S 45 min, 0.1 mmol/L PBS #hik 35 F | FTCS
SP5 RO LR AR AT , 0 5L 662 nm Fl 546 nm
A B B &MY R L 28U CyS B TRITC T kiR /)
MMP-9 AQP5 i) YL 045 5 (Cy5 PHE:ZH L1 5 % {5 TRITC FH
PRHZURLIM)
1.5 SEEF3EEE PCR 94T AQPS \MMP-9 mRNA #9 & ik

ZALHR A S INA RNAiso™ Plus(TaKaRa D9108A) ,
M FINEE 75% CEEUEME , PRI RNA FH 306 5 S 37 &
15 RT-PCR,SYBR Green I JeRHATEDIEE & PCR U, 5]
¥1.GAPDH.5’-TCTTC CAGGA GCGAG ATCCC-3"/5"~AGTGA
TGGCA TGGAC TGTGG TCAT=3" (320 bp);AQP5:5’ ~CCCTA
CCCAG AAGAC CCAGT-3’/5’~CCATC TTGTG GGG-AT CTACT
TCAC-3’ (112 bp) ,MMP-9.5’-TCTGC CCCAG TGAGA ATCTC
T-3"/5"=CCAGA AACAG GCTGT ACCCT T-3 (384 bp), %
N SAEFRAEME 95 °C 30 5,95 °C 55,60 °C 31 s,40 fFER,
1.6 Western blot 5% AQP5 MMP9 % & #4 & ik

P BUHAE VK ERFES ST, A 50l 2 x 231 Hf 24
T IRAUE VK IS BT 50 pl 2 x SDS _HEZZ R,
FL K, B R R TN I IO e B e e S e PR T 4 R I L
FUFLL YR 5~10 min, FRICHE FARED FREA K
JEE T 30 ml HAZ MW, EWRTED | h, —PoRN(1:
1 000) 2518 FHERIEE 2 hy ZHU (1:5 000) T2 0 N 4%
JRIFE 1 h, ECL ZJGGRANE, W2 B, Quantity one 4.62
A IR A
17 #}BHITFIFE

SEULFHYIE + bRiEZE (v ) TR, T REAR 2980 ¢ 46
B3 r 2 1B 2% S GE R R SPSS 15.0(SPSS Inc, Chicago,
IL) , SIS 56 , P<0.05 tAh 25 5 BT G243 X

2.1 A ARH

SAPZH K FRAEAN [F] B[] 5 22 5] Py it 14 o R 2 LUABL (WY
D)254k(3 h;4.82+0.31;6 h:5.22 +0.17;12 h;5.83 +0.38;24
h:6.50 +0.23) B Gi 1T 5 X (P<0.001), 1 SO 4k Bl
W/D {ETEA BN TE]BE (3 h:4.46 £ 0.1656 h:4.59 £ 0.18;12 h:
4.60 +0.23;24 h:4.61 +0.16) Z [a] Jf- JC I I 22 51 (P=0.138) ;
F£H,SAP 2L 7E A [R] A [R] 45 (0 il W/D (B L[R]30 6 HE 4 2
4 (P<0.001)
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22 FFLLLRIRILF KL
SAP ARt ™ T A A, T2 alA R ekt
SO K E P JCH . ALT 3880, FliZH 2300 F g, SO 4 Jili
HZVTCH REAR AL, SAP ASTHRYELI FtiAbt £ 28 5 M il a] 7k
i 2 G i A0 MR, T M B 3B A M T I 8 L (R
iR /N 15— SAP S BAZR IR il Bk i 3925 e,
Jini e R A A 5, K SRE AR, /N s DK AR TR 1, 76
KIAFZE G, (ORI D E il A 5K Bl RNA—
P P L I R EB R
23 AiZE4% AQPS MMP-9 %.7% 3% e anfe sk &
IETO LSS AN 1~5 fR, 5 SO AL, SAP 44
AQPS [HTARCHRELE 3 h I TEHT AR L {H 6 h JF2OE00
BEYEHINES , MMP-9 2 EhRica BN 3 h R E] 24 h
S EZnss A, maE 6~10 ir7R,S0 41 AQPS Fll
MMP-9 [ R T-AE AN ] 2 () 20T 22 Ak
2.4 AiZAZ2 AQP5S MMP-9 mRNA 528 3% 5652 % PCR 4 %
A LH B E R PCR mRNA MR Cr L (2-2) L
F 1, PCR 4550 rp ik el 47 by 2 0 A b 28— S0Pty 5
I A AEPEIEAE . SAP 41 AQP5 mRNA 7E 3 h Yk /KF
5 S0 4 JCHH B 24 5 (P=0.147) ,{B 2 6 h J5 AQP5 mRNA Y
FERBWH L (P<0.001, 8 4) . MMP-9 mRNA [Ki%7KF 3 h
FHARD S I T 25844 (P<0.05) ,SAP 535 12 h Bf MMP-
9 mRNA [ ZRiK KB WE(E KT, 24 h BF MMP-9 mRNA )
FERACEFFA TR, SO 4H AQP5 FI MMP-9 mRNA fi32357K
AR5 SR 05, 2 0] ) 22 ) TE G287 (4390 P=0.449 , P=
0.803),
2.5 AiZAZ AQPS MMP-9 & & Western blot 24745 %
Western blot 25 F15-4%- 20 i 52 47 KM, WL 2. SAP
2 AQP5 FE [ FIAFAE 3 h IHJCW] 281k (4331 P=0.731,P=
0.620),1H 6 h JFZ#E Ik (P<0.05), MMP-9 # 145 it B
SAP 55 A (A1 1 2 B 14 =B 45 (P<0.001) , SO 41AE 45 5%
I s Z A AQPS Fil MMP-9 & [ 38 14 i o HH i AR 1k (4351
P=0.253,P=0.519),

1 SO ZARfiZH4 AQP5-TRITC St B4R (500 % )
Fig.1 Immunofluorescence staining of AQP5-TRITC in rat lung
tissue in SO group ( 500 x )

El 2 SAP 4 3 h fifi AQP5-TRITC & FAML LR (500 x )
Fig.2 Immunofluorescence staining of AQP5-TRITC in rat lung
at 3 hin SAP group( 500 x )

3 SAP 4H 6 h fifi AQP5-TRITC S AL LR (500 x )
Fig.3 Immunofluorescence staining of AQP5-TRITC in rat lung
at 6 h in SAP group ( 500 x )

F1 HHEEFEFEE PCRmMRNA FEHWER Ct{E(222%) (x+5,n=5)
Tab.1 Relative amount (2-22%) of AQP5,MMP-9 mRNA expression at 3, 6, 12 h and 24 h in SO and SAP groups( x +s,n=5 )

AQPS mRNA AHXFFik i

MMP-9 mRNA H% ik i

251
3h 6h 12h 3h 6h 12h 24 h
SAPZH 1.06 +0.12% 0.75 £0.15" 0.51+0.12" 0.30 £ 0.07" 1.38 £0.49° 2.61 £0.55 6.55+1.05" 1.96 + 0.29"
SO 1.00 +0.00 1.06 +0.10 1.09 £0.22 1.07 +£0.08 1.00 = 0.00 1.01 £0.14 0.98 +0.09 0.97+0.11

5 SO 4 EE,#,P>0.05;%,P<0.05

F2 &HAQP5S5.MMP-9 EABHETWKREE (x+s5,n=5)
at 3,

Tab.2 Grey value of AQP5 and MMP-9 protein expression of lung tissue at

6, 12 h and 24 h in SO and SAP groups ( x +s,n=5)

AQPSZE [ i 55 K RE (H

MMP-9 25 [ i 5 455 IR FE A

4151
3h 6h 12h 3h 6h 12h 24 h
SAPZ 1.02 £ 0.13" 0.90 +0.08" 0.69 £ 0.07 0.49 +0.08" 1.15+£0.07° 1.21£0.10° 1.46 £0.19 1.76 £ 0.12°
SO 1.00 £ 0.00 1.01£0.13 1.09 £0.24 1.04 £0.14 1.00 £ 0.00 1.00£0.11 1.02£0.10 1.02+0.12

5 SO A HE,#,P>0.05;%,P<0.05
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E 4 SAP 4 12 h fili AQP5-TRITC Sz AL LR (500 % )
Fig.4 Immunofluorescence staining of AQP5-TRITC in rat lung
at 12 h in SAP group ( 500 x )

9 SAP £ 12 h fifi MMPP-Cy5 &z F 484k ( 500 x )
Fig.9 Immunofluorescence staining of MMPP-Cy5 in rat lung at
12 hin SAP group ( 500 x )

B 5 SAP 48 24 h fifi AQP5-TRITC SiET AL LR (500 )
Fig.5 Immunofluorescence staining of AQP5-TRITC in rat lung
at 24 h in SAP group ( 500 x )

10 SAP 4 24 h fili MMPP-Cy5 $iZ5e3t28 4K ( 500 x )
Fig.10 Immunofluorescence staining of MMPP-Cy5 in rat lung
at 24 h in SAP group ( 500 x )

3 3t i
B 6 SO HRHLE MMPP-Cy5 iE i AR (500 x )
Fig.6 Immunofluorescence staining of MMPP-Cy5 in rat lung G RHIAZ SAP R A @k & 4 ALL HIARDS,
tussues n SO group 500 ) BRI EA T AR Kb B

SYIRERERG, ALY, WERH] SAP 55 2 3
ISP 00 i LR T R R N g
JELIRE U 6L 25 I, B Y0 BE A R IR i Y s A
ML RS R, B0 M A SN K i 2t
Wi, TR 30 Ao G A 2R 5T WL HCARL PR 3 b 9 4.82 +
0.31 %] 24 h 14 6.50 + 0.23 , 4275 ili ZH 2K Jifr 125 57 ]
AP 3 B MPP_Cys st (500 ) o IHLUIIE  SERE BN TSN ELE 1 K
Fig.7 Immunofluorescence staining of MMPP-Cy5 in rat lung at 3 BﬁE/‘jﬁgéﬂmﬁzgo Jﬁﬁ%&#?%éﬂ}m%lﬂﬂzéﬁ}ﬂ@
h in SAP group (500 x ) Z [6) P B AR 2 7= A /N BT B S P B2 A S
RG340 S FL A B e A SE sz 1, B 20 LA P VAR AT
RG>0 o BE 18 1 52 408 9 P B2 200 i 2 2 A Jl )
B,

o 2R 35 il 6 40 1 A N B 5 e 2 BEL L 1 A A )
Joc s S SN ) K i 2R 1 R IR i
B B A 2 B L AR B il A8 A R T B kA

6 SAP 18 6 h B4R MIVIPP_Cys 3364 (500 x ) FreL 5 [ K e ) 25 2 TR, AQP FERZH 21K
Fig.8 Immunofluorescence staining of MMPP-Cy5 in rat lung Mﬁﬁ;é EP;Q/% I"%’g ’ El}%ﬁﬁﬁﬁiﬂ(—ﬂz?@f ’ Eﬁfﬁ(@ AR
at6 hin SAP group( 500 x ) (1) J5 LA R Jits =6 44 100485 (1) 7 7 i P e ds vh R 455 T
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TR, JUHGE BRI N 2 A AR A = S
FHE, 6 b K 40 3 RGN0 AQPS, FE AT
il N AR 52 . A TSR HRGE , ALL B il 20 21
AQP1/5 mRNA FIEE FFRIE T, M, —48 ALL 5
TSI B 48 5E 108 AQP1/5 mRNA HIZE [ 3 ik 14
Jnsa, i Nagai SE77E/NEL ALL #5EAL & RTE AN [A]
SCEGRYEE AQPS (IR R ik shikath.,

TEA S v R I SAP 40 fifi 40 21 MMP-9 [1)%¢
JehricsREEM 3 h FFIRE) 24 h 20 BB sk
#, MMP-9 mRNA Kihk7E 3 h 5 1.38 £0.49,12 h
7 6.55 + 1.05, iR FIIE(H , 24 h 54 1.96 £ 0.29 HiHH
T R ,MMP-9 & 1 FRIATE 3 h JaiR 2 bk
A HAME MR 5 A2 SAP AR I 35 JE A B K 7
A, CAMR AN, SAP K 4 4E 28 i
P ITE J5 BE AL, TNF - IL—18 1 1L—8 %5 % i
A BTRE R UK e 3R3A 70 M MMP-9 | J5 45 EA AL
3 M0 A/ NS S r ) B T T 2, DT A2 B A I
(3B R, DA AR PR R SAP FAI Y il i
PRVEN B HIRECS MMP-9 2357516 LA K B 40 1fiL.
IR E R ME IR 3 B Z M AR 2 — A 1 ORIk
P o FR MR FE A 2P AR A I S RE AR AT fig
i MMP-9 ZEik 3801, MMP—-9 43+ J& I v 116 fie B £
Y PEOLIL S NEBIR , B YN SN LB e B Pl
N5 2 1 v B AN LA A 2 o8 I P U T
AN 100 IO ST s A i i) ol v 5 | e i ) ol
IR,

[ FEAS S vh | e o 2 Ak b /R 25 SR WL 58
FI|,SAP 2 AQP5 My ZEhRICHR EEAE 3 h B JCH] ik
A .6 h J5 9 GER BE AL SO 21 H B 5 kA L 12,
24 hJ5E U 55 5 A I I SAP 41 AQPS mRNA 17
7 3 h HIFEA23 500 1.06 £0.12 F1 1.02 +0.13, iSO
24 AQP5 mRNA FIEEFI7E 3 h %3524 1.00 = 0.00,
Wi 18] oI 25 4k s SAP 44 AQP5 mRNA FIZE 456
TKAKF-H 6 h 2] 24 h 2RI 5 177 (] 4 fili 41 21
()50 5 A S TR S I P e, 250 3 h
Al AQPS FRIK7KFAEfL AT GEA & 53 SAP 2tk
1 ALL B0 2K I ity B2 IR A 5 15 B 00 B T AQPS
FEIR T VR S IS5 B 22 ()95 375 A A, 52 )

T AQP5 M- FHK o315 B ia 0% S 38U 1
T o W RS ) J5 PN VRO [ ik 2D . MMIP=9
FEIRYEIN, it L RS () JE DT A | o IR SR R 5 5
PE BB ; BN AQPS KK 23115 B 15 355
TREINE T, AR T K e AR T R
MBS HEDE T ARDS ifEFE,

ARSI HFFANALILEE AQPS & MMP-9 7£ SAP
Jili i il 2 2 3R (4 AR Ak, SR SAP Bl 45 BT 6
FAHLHI 52 4%, AQP Ay A IR Z B 2 Fp A
R sZR , Ha] AL A FRtE— 2 ST
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