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[WE] HH HoE/KEEEMA AQPL & AQPS J& 7578 K FUINI T 241 ifi 45 A (WP B ) 223k | 1 M F 55 & P il
i3 (ALD) KRB AQPL Al AQPS WYX MM E THMER ., FiE  RAEAMPIA AQPL Hl AQPS HLfik, I A
GoPE LA I S e LB R T IR ST AQP1 S AQPS FENFIR AR A4 A5 . 6 FHAT I8 P9 78 12 B 22 1 ( LPS) AR K Bl ALT 3
YIBR BFSE ALL BRI AQPL 2 AQPS Y754k, Z5R e i ta R AQP1 FEZRIA T IE Il 20 2L (0 ol il A8
NEZ, T AQPS FEEFRFAliv [ Y b iz 4, Sy gl ib sy bt —4 B LPS #E{H /5 4h ~48hAQP1 K AQPS 7EN
W BRI 2Tk 4R % AQPT ZR LT LPS HEVE)S 24h I E TS B M KE (P <0.05) 1 AQPS TiX F ik = M4
i ALL B AQP1 & AQPS ZEIFIR I ) 223518 /0  $27R ALL BsF AQP1 Fll AQPS 19 F K35 1T B 5 H iR ¥z 1y 57
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Expression of AQP1 and AQPS is decreased in the alveolar-capillary
membrane in rats with acute lung injury

YUE Sheng, ZHU Ping, YUE Lei, QIAO Guo-hua
(Department of Emergency, Luoyang Central Hospital, the Affiliated Hospital of
Zhengzhou University, Luoyang, Henan 471000, China)

[ Abstract] Objective To determine if aquaporinl ( AQP1) and aquaporinS ( AQP5) are expressed in the
alveolar-capillary membrane in rats, and to investigate the changes of AQP1 and AQP5 expression in the rat with acute lung
injury. Methods The distribution of AQP1 and AQPS5 in alveolar capillary membrane was investigated by
immunohistochemistry and immunoelectron microscopy with affinity-purified antibodies to human AQP1 and AQP5. The
possibility that alveolar capillary membrane AQP1 and AQP5 undergo altered regulation was studied by a rat model
established using intra-tracheal instillation of lipopolysaccharide (LPS). Results Immunolabelling showed that AQP1 was
stained primarily in the microvascular endothelium of normal lungs, while AQPS5 was expressed in type I pneumocytes.
Immunohistochemical analysis showed a significant decrease in the expression of AQP1 and AQPS5 in injured lungs at 4 —48
h after LPS instillation. AQP1 protein was resumed partly at 24 h after LPS instillation and steroid administration, whereas
AQPS was unchanged. Conclusions The decreased expressions of AQP1 and AQPS in injured lungs suggest that both of
them may play a role in abnormal fluid transportation.

[ Key words] Aquaporin 1, AQP1; Aquaporin 5, AQP5; Acute lung injury; Fluid transportation; Steroid; Rat
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ML 5T 87 |, 7K 38 38 2 1 (aquaporins, AQPs ) J&
— L AEN 2L B W A 9 3Rk 0 K SR B E T Y o K
JBE, EATTRT LA 58 % 6 T K A 7 W D dg, R T
DUIAR b i AR 3 s A — S EE A
T, HE TS e R Il 4 2 A s e, 3 T I
PR T3 o WIS 2R AR K I A 5. B
I, V0 R 30 7K 38 38 2 IR 2P E B 45 (acute lung
injury,, ALD) FYBFFEIBAR D . ASBFFEHT 1 /K i E 2R
F AL AQPL Fl AQPS 7 K Ui 162 =6 41 ifin 5
(iR, FIF 5T N 35 2 (LPS) 5 5 19 S0tk it 2 47
(ALD) K EBAI fr AQP1 Fl AQPS 1Y 35 115 K i
ETWMEN.

1 ##FTE

1.1 zh#¥

Mtk SD KRS 45 HO B0l 7 1 i 5838 K23
Yzt (SCXK (971) 2013 —0013) , 45 2 (230
+15) g, A RIS I 27 B 38 P o0 5 Bt
FYLEEE (SYXK (#) 2011 - 0076) (75 T 3 55
IR SR E RS R MR SR 1 RR
1.2 RXFIFALES

EEBT A AQPL Z s EHLIR, K BBt A AQPS
PSR NPT B — actin BTTREBUIA Y [ 55
Sigma 7~ A, S 411k S-P {5 &, DAB & {2357
¥ I P AEZAEYH RN, RPMI Medium
1640 Hi %L, Western-blot %% EPAY, 25 H HL 3K AU A A
%[ Bio-Rad A Hl, 54 24 LAk ,OMEM 5529
DMSO | FFRAY e R LIRSS,

1.3 SRR SRR A §l &

% SD KEBANLN 3 21, B NS 2 (XFHE4H) (n
=10) ,JEZ B (LPS) 4l (n =20) I E 4 (n =
15) . ¥ 3 AR BRI L RBERREE, 28538, NS
XHHRZH (n =10)3% 0. 5 mL/kg NS ¥EFERB/E 12
h J5 58 H AR A (R AE A 4 2148k, # LPS (E.
coli serotype 055: B5 LPS, Sigma, USA) #% 200 pg/
kg % TJCIE NS, i 25 S43LF KK 0.5 mL/kg
BT, MBS ASTEST LPS J5 4 h 12 h 24 h Al
48 h ZEARFEBr B (n =5) B R BT H 240, R
HARFL T 0.5 mL/kg LPS(200 wg/kg) & W IE
5t I [R5 7 F JL 58 B A (30 me/kg) & Ik T
Bt MELTSE 4 h 12 h 24 h S ARRB (n =5)
(1K U ZH 2R 4k
1.4 FERGEN

W IR BN s 1 136 B B 2244 (50 mg/kg) , 31 8)
A A W e R BRIt A B 5 6 il 41 2R
S R 2.5 mL Y 37°C TCH JCHR 1 IR 2%
M (PBS) T4 ERAE T VR I A 4, 4t
9 W, 55 1 IRBYBEVEM oA 8 4~ 2.5 mL
VRV A [ WSO S A P b v 2 3 3 S 4
0%

2R 5 IF4T HE Y4, 4% BAL 7£ 1 000 1/
min £ 10 min, A . BAL oY 2 K 46 5
IR B e . A T BliER 4 H 4% 2 5 H
T T, A W A g Il U 7 i R H 0 A e £
SRR SGCEE T OES, XK B B AT SR g 4 At
5%, 3 BT U A e g T R B R A, A2 il
Y FLARR A HEAT R o, AR A5 il B, SR 5 8 i B
T 60°C IRAH N THRMK 5 d, 13 H 8 & A F AR Ak
PRI
1.5 RARNUFEMEERENE

AQP1 Fl AQP5 TEfIH iy RIE . (1) e
e, Hal R & U] e, P AQPL Prikuk i
1: 1000, Hit AQP5 HUIRVEEE 1: 1000, EIZR 5 #r il
AQP1 Fll AQPS PHYEYE (2 (3O (A) o (2) %R
PERLBE LA, P AOPS HUIRMREE 1: 1000, (3) fitidd
ZURIE H AOP1 K AQPS 73 Hir: S Bl ik — it
(i AQPL Hiifk 1: 1000: HL AQP5 Hifdk,1: 500),
4CHIM R , —PU(BRPEBER AR IC, 12 2000) E &
R, PRPE R A FRE 6 2 UVP SRR
BRI N AR A A,

1.6 EBRANFEERIE

AQP1 F1 AQPS 75 fiti 4 24 v (1) & 35 5ik 4K BH 1
A A . (1) BIMEC - ) PP EL <5% 5
(2) 5B +) B %L 5% ~20% 5 (3) FHE
(+ +): PHYEAMIEL 20% ~60% 5 (4) 5RBHTE( + +
+) : FAPEAH IS > 60%

1.7 Western-blot # il & H A A LR AQP1 #1
AQPs EHSE

2520 i 20 2 B B, A B 2R TR LA
PMSF(50 pL PMSF + 3 mL & 2 @) , A3
PRUTEEZH 2H . 4°C 244 30 min, B A 4°C{HIRE.LAL,
PAES 0242 10 em .12 000 r/min B0 15 min, Y&
VEW,BCA B SR A PR, KRR 8
ne TE 5% ~17% 1 —Jt FE A R 4N 3% DN s Tk g 458 i
HL UK 5, ¥ PVDF i, PBS ¥ JiN 0.05% Tween-20
(PBS-T) VE¥,2% AR Wik % i £ 1 2 h; 71
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PBS-T ¥EHE, in AQP1 Fil AQP5S —H1,4°C I F 11,
PBS-T V¥, 40 (Fhif/ R 1g6) EMFHF 2 h,
PBS-T Vi, H ECL JrikfEmE = W5, X 4k 7 il
K H Image Pro Plus ST 450 B2 5L
1.8 FitFEHZE

N H] SPSS 18. 0 B i EFORER - ¢ K5, 3t
FPORSR T 220047, P <0. 05 25455 X,

HR

2.1 MM ERE

3P ITAE K RIAEN, LPS 4K BRI IE
B, A NS X HRZH K SRR 2 80 Ik K 95 +2. 6 mmHg
HA, LPS 41 K BP0 30 kO B Sk A1, 4 h i 12
h (521 B k43551 4 68 + 6.6 mmHg F1 71 6. 8
mmHg, K227 A2 X (P <0.05), 24 h #
48 h KREHF- 30 k£ 43 514 83 +10. 4 mmHg
87 +7.9 mmHg, A FAMKE {HFT NS X IR KK
L, 22 A G 2E = L (P <0.05)

LPS WEVES , K BUA IR+ & L7 B E 1 4 h
F12 h B E 80, 5050k 6. 73 +0. 68 16.50 +
0.59,F1 NS XFHEZI KB (4. 48 +0.37) [L#, £ 7 H
HEIT2E X (P <0.05) , FINS XFHRA1 KR (4. 48
+0.37) tbdss, LPS 41K B 24 h 1 48 h B ffije T &
2R LI E (P >0.05),
2.2 LPSAHAMBAZRE

HAVERA o, LPS A KRAE G ,4 h M
12 b J5, R BRI E) BT 7K e, it 28 20 B Sk v s 4
R, BTN K RU AL 20 T At b i b i, 40
JHLREE 5 A5 2 il 90 s 223 ) ) 360 UK, [T Bsf I 784 4
ST, 524 h F148 h Ji , 7l 2l 2L b

[

SRR L2 A8 Ak, A6 R 2 W RE T s, Jili 1] Bk
Jn A, FELBE LA il 6 A0 A8 v 2, (R R AN
2.3 AQP1 1 AQP5 EIEE AR MMEP DT

TE NS XA, Sy bric ik s AQPL FEZE A
Tt 2L 2R A5 8 A B A R, LA K /38 43 A 7
ili 1 S AR (P 1) o K s AQPS B IRTE
1 AU 58 E e qk (1 2) (BORAE 11 BY i b 4 40
ML LA RO R 248 L R ) S5 40 B PN 3 AT B e LR I
7 AQPT FETRUILAS PN B 44 B 1) T00 sty 1 356 JEC 6L, 1
AQPS FEAFTET 1 BUfiliyy b iz 4 e iy ToUpss (161 3 )
2.4 A[E4HI1E AQP1 1 AQP5 TR iE

SAGNVEDE LPS 4 h ~48 h 5, Sl Ak ik
SUMZHEZLR AQP1 A1 AQPS A1k, 5 NS XJ 4]
Fb#s, LPS 41 AQP1 Fl AQPS 7E 4 g i e 18 AL B I
FETEYL R A0 RN AR {H NS X R4
FL#, LPS 445N B Be i) AQPT ik B FEAIK (& 1 A1
4), 54 h~12 h BrEAY LPS 4 K EAH L 24 h ~48
h J& , LPS 4K B AQPT FEIkTAMKE (F 1), 5
—J7 1, LPS 4 R FRMZHZT AQPS ik 4 h ~48 h 4%
B A TR, 24 h ~ 48 h J5 WA A Ak
H(ES),

A, 25 R 1 LPS ZHAH I & 4Kk BUAE
S NUETE LPS BA SR A e ST 4 h ~ 12
h I, R Bl 2H 23U 4 TN B2 0 ML AQPT 1Y 3R A 4
L, EFAGEE (P <0.05) {5 T Ay 40 g
HAQPS 119 3¢ 18 WU AS 37 3 3 (%) 4 e B9 5% ) (3%
1), BeAh, R AR RAE ST B i e 4 h ~
12 h J& , BAL ¥ H AR VR B2 F PMIND i 3R B
TIE BH 354 2% A 96 76 200 i A5 53 3 M R A

£ 1 LPSHKK B BALF ' PMN% FfifiZH 4R rh AQPL 1 AQPS S (x =5 )
Tab.1 Content of AQP5 and AQPI in the lung tissue and PMN% of BALF of the LPS group at each stage( x +s )

o iﬁ%ﬂfﬁ@‘?ﬁi?ﬁﬁ i”ﬁ%ﬁf?@?ﬁé‘i%?ﬁﬂ‘ 7J<iﬁiﬁ$]'[ 7J<i)ﬁiﬁ§]'l
TS r R A L £ AQP1 JKEEfH AQP5 JK B {H
Groups Albumin in BALF PMN% in BALF AQP1grayscale (A) AQP5grayscale (A)
(NSI\I(iriq:ffiiup) 0.15 +0.03 7.3£2.3 33.5+5.3 24.6 £3.6 "
LPS 4 h 0.54 +0.16 " 89.6+7.3"7 20.8 +3.4* 20.9 £2.5
12 h 0.59+0.15" 87.9+6.9" 21.4+3.6" 20.4 £3.8
24 h 0.37 £0. 12* 88.3+10.7" 26.7 +4.3* 18.3£1.9
48 h 0.31+0.11% 64.2 +8.2% 27.6 +5. 1% 18.4 £2.7
A4 h 0.32 £0. 10* 60.5+7.7* 26.9 4.7 21.1+2.6
(Hormone group)
12 h 0.27 +0. 06" 62.4 +6.8* 26.8 4. 8* 20.7 £4.3
24 h 0.28 +0.07* 59.3 +7.2% 27.5 +4.9% 18.2£2.9

H: " P<0.05, vs. NS XFHEL];* P <0.05, vs. LPS4 h~12 h 4.
Note: * P <0.05, vs. the NS control group; * P <0.05, vs. the LPS 4 — 12 h groups.
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1 NS4 AQPI FZ AR 4 P4 1z
4l 2Rk (k7R ,SABC, x40)
Fig.1 The expression of AQPI in NS group was mainly
expressed in microvascular endothelial cells in the

lung tissue. Arrowhead indicates SABC. x40

3 B s AU b B2 L T AL
ik AQP5, (Hisk7R,SABC,FR/ =20 um)
Fig.3 AQPS5 is expressed in the apical membrane of

type I alveolar epithelial cells, shown by immunoelectron

microscopy. Arrowhead indicates SABC. Bar =20 pm

- - - 4

' > .- _ \

.~ y “ ’ ’ b a
5 AR, KENEELPS 12 h 5,

1 B2 AQPS FIkFEMR, (#ik/R,SABC, x40)

Fig.5 Immunohistochemistry shows that the expression of

AQP5 in type I alveolar cells is decreased at 12 h after
LPS perfusion LPS. Arrowhead indicates SABC. x40)

B2 g g s iR AQPS 7E 1 R
YA N 3K (Hi k7R SABC, x 100)
Fig.2 Immunohistochemical staining shows that AQPS is
expressed in type I alveolar cells. Arrowhead indicates SABC. X100

4 HPEHZUL RN S NHEE LPS 4 h 5,
T ZH SRR P9 K AR B AQPT 3RA
BERL, (#7378 ,SABC, x40)
Fig.4 Immunohistochemisiry shows that the expression of
AQP1 in microvascular endothelial cells of lung tissue
was significantly decreased at 4 hours after LPS
perfusion. Arrowhead indicates SABC. x40

2.5 Western-blot il & A KR AHZEHL AQPI 1
AQP5 ERRIX

LPS 41 K& LPS fEH )5 4 h, AQP1 & [ &
/D NS X RRZHAY (45.2 +4.4)% (P <0.05),
AQP5 [# 2 NS XTHRZH 1 (68.6 £8.9)% (P <0.05,
n =5);24 h J5 AQPI & it fF & NS X 211y
(63.4+5.9)% ,AQP5 [% % NS X B4 (61.4 =
4.6)% , ZFHHAGI#E X (P<0.05),

3 itig

/K838 % 1 (aquaporins, AQPs) P! & —Fh7ETE
HEWIRR ) 43 F-1 R 28000 FAELA 875 K S DI RE K
AR, 7K I8 2 1 5 el /) 7K e iz 2l Y BEL
IS 240 Jf [6) 7K 533 B8 B 3 e, K 1 4 A
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(R A A S RS0 K ) 3 385 i ) R R &7, IRt il
D38 2 AR AR FL AR P A 3 1 R S K FL R AR
A B b A R IR B G K B B RE
HETE A E &I AQP /44 12 F, 1
BTSRRIk oK o -l o 0 R AESh A b an
B IR o R ERAEAE AQP, T AE M 44 A 6 Fh
AQP Fik , Hi AQPI 3= %243 A 7 Jili B 41 il % N 2
YA, AQPS 253 A1 FE v 1 Y 4 A Y T FEE T , 3
A 2B AQPL, AQPS 5 i 7K A JE i AT W WA i
R,

Towne %’2:6] K H e e 20 B 2F e % o e Y o,
AR B B R R 8 AQPS 3R, BB
] FIE 2% K2, AQPS TE4R i 9 Bz 450 Fn Kz 45 J&] Bl 1)
F R F KT R, f# ] Tewameter RTM210 i1
CorneometerRCM 820 F6 il 4% Ji5 5 £ 5 iz 45 S J&] 11 11%)
5 Won . TEWL ¥ KA 1EH B, BFoE &A1
A, AQPS 1132 35 2 5 | A B IS o R85 B 459 7 1Y
TR — S CHEI 2 Nakakoshi M 2577 R B, 1 Jik
IR AN i 3 Fe38 AQPS 2B 1, LA MBI A i AR
e AQPS X A TIE A AR T AE B4, ik TR
AWFSE AQPS 25 T R kb my it #2, wFe k B0,
TR T IS, AQPS JE R BB [ A Hi B ik
Jikgeg T A 76 ) B S B 2 o e 5 Bk 2L Sk 0
RANMESRFE TR AQPS I S5 HGTHbRICY) K14 HLE 7,
X — i 5 R R 9 2Bl 7E e R e e i) e A i
Hh, AQPS R DR R /0N BROGH ek e 75 ) = B B Rk
JiRa A I BRI

5T W7, AQPT 32 %2 3% 3K T il v Ji] [l %) & 4
M P B 4N AR S 3R @R, 78 NS X4
BRERRICTE /R AQP1 =437 78 il 2 2L fi 45 1Y
PN K AR BRI, DA S /D08 o 43 A 6 il b B 20 B RS A
MR AQPS FEEEFRIATE 1 RUMV AR b3R8, (HR
FE T YT 36 b Bz A 0l 785 PR R 448 6 0 1] J5i 40 i
A3AT . LS s AQPT TEGHUINL A N Bz 40 i 174 T
S ANFEECHEE I, 1 AQPS EZAFAE T 1 AUl L fz
LAY TR . AQPL, AQPS 7 W W JIE AN ] 1) 6 31k iz
B LT R EA AN A A P RE

TEARMFZE LU ER A R, LPS {1 AR RA
BJE,4 h F12 b, K EUTE] BTk i il 20 200
FrPRL IR, BT s KRR 2 1 A i
SRk , 20 AR S HE A5 il o Jis 225 1] A 60 0K [R) T
I BTG A iV . 75 24 h #1148 h J=  7EfiliZH
ZUrP R B 2L ) LA AR Ak FE R Z W S

I T 5 7K e At L B R 5% i 1 00 OB i 3 4
{RJEEEARY S, RS NHETE LPS 4 h ~48 h J5 , 5 g
HALA BT R BURZH 2 AQPT 1 AQPS YA, 5
NS X FEZH He#e , LPS 20 AQP1 1 AQP5 7E 41 fifl b 5%
A A7 BRI S e £ P AT B 2 RO L {ELE A
NS Xf B2 L4, LPS 4145 B B 1) AQPT ik ¥ [%
%, 54 h~12h BBl LPS 4K FUAHHE 24 h ~48
h J&,LPS 4 K B AQPT FIkEBIKE . 55—
T, LPS 20 K B4 AQPS %354 h ~48 h &£4Fr
BEYA PTG 24 h ~48 h 5 WA [ iR &

A, 25 BN A LPS 4HAH FL i R 4ok BUE
SAEIVETE LPS BA W FE5E B A e 33 5 4 h ~ 12
h 5, R Bl 2H 2330 4 TN B2 0 L AQPT 1Y 3R A 4
WL, ZEFAGEE (P <0.05) {5 T iy 40 g
W AQPS 112 38 WIAS 32 Y JE i A 48 g 1) 5% ) (3R
1), DEAh, SR AR e 4 LR A e 4 h ~
12 h J& , BAL ¥ (8 R B PMN 9 53 T [
UE B 2R 2Lt 94 6 00 1 76 3 A R R R

25 FRRR, AQPT Fl AQPS AR AQP A
R, R PR 35 AE 25 0 S T R b 3 A e B i 2=
St ARIEASHIE 5T 25 S, FRATTHE I T AT 58 B A
B3z ) A v o] BE A [ 9 0 R AR T
MITEH
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