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Aquaporin in bleomycin induced lung injury

An-Soo Jang, M.D., Jong-Sook Park, M.D., June-Hyuk Lee, M.D., Sung-Woo Park, M.D., Do-Jin Kim, M.D.
Soo-Tak Uh, M.D., Young-Hoon Kim, M.D., Choon-Sik Park, M.D.

Division of Allergy and Respintoy Diseases, Depotmet of Intenal Medicine Soonchunhyang University Hospital, Korea

Background : Aquaporins (AQPs) may play a role in the pathogenesis of pulmonary inflammation and edema. This
study investigated the role of AQPs in acute lung injury following bleomycin inhalation in rats.

Methods : Sprague-Dawley rats were treated via inhalation with 10 U/kg bleomycin hydrochloride dissolved in 5 ml
of normal saline. The control rats were treated with 5 ml normal saline. The animals (n = 6-8 rats per group) were
sacrificed at 4, 7, and 14 d. The changes in AQP1, AQP4, and AQP5 expression levels over time were analyzed by
Western blotting. The nitrate and nitrite concentrations in the bronchoalveolar lavage fluid (BALF) were measured using
a modified Griess reaction. ELISA was used to check cytokines.

Results : The respiration rates were significantly higher 4 and 7 days after the bleomycin treatment compared with
those of the control rats. The tidal volume was lower in rats at 4 days after the bleomycin treatment, and the wet/dry
weights of the lung were significantly higher than those of the control group. The nitrite and nitrate concentrations
in the BALF from the rats at 4 days after exposure to bleomycin were greater than those from the saline-treated rats.
Immunoblotting studies demonstrated that the AQP1 and AQP4 expression levels were lower in the rats at 4 days.
However, the AQP4 expression level was higher at 7 days. The AQP5 expression level increased at 4, 7 and 14 days

after the bleomycin treatment.

Conclusion : This study demonstrates that AQPs are expressed differently in bleomycin-induced pulmonary edema.

(Tuberc Respir Dis 2006 60: 330-336)

Key words : Aquaporin, Nitric oxides, acute lung injury
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A1 AQP1, AQP3, AQP4, AQP5 5°] s = Ao
2 ddA itk 4 SR w2t 47 75 S A AL
Qom’ AQP1E E¢ UlvAl 9] HH 2 baso-
lateral =}, visceral & 2ol £ 3Hh AQPAE #/9]
A 39| basolateral 2ol H3Z 3l AQPoE Al 18
g A 2] HE 7wk FR15F A9 acinarAl
3o FEg oftmutole] o] o3 HAF H -
o] AFelA gzl on olyg A5 FE2
o] AQP1#} AQPSA ool AxEw ol
< AQP13 AQP57F 39 ool #oldhs ¢
AT AR AAEHIL S ‘3}8 A T4 HE
3

ZI:
FRA) AYEE 2] s 34 AL 74
!

L

of tigh o W2 A7t 2ok AA o) wpebA A
A} 52 bleomycin w574 H<&Y TEEES o] 835
TGRS ofFtetxzde] HAS gQlste] w4 T
EAJl| A ofFtolargl el 9ES dolr At &kt
CHAS 3 BH
1. A2 2 gaAny
AP FES X‘H‘é‘ 200 BOOg/] Spraw Dawley rats

% A o}i 28] 0}7]77};<]‘~
AL FE ARFARIA ARSI
Bleomycin- 10U/kg% AHIE o] &3}l BH3IY
t}. Bleomycin 25 % 4, 7, 140l #7]574 Ak} 7]
A A ZA A A} Hx24-S DA =TS bleo-
mycin tAle] 0.05% Tween 80°] X% phospha-
ted buffered saline (PBS, pH 7.4)2.% 3}t o4
T AxE 47] fal "ol #H x4 A= A

A 60T 8ol 3Y FolE & X AHS SHsH
HEFo A5 Hrslsith

2. I7|1S&A

< Ao R JPdE o] AR Foln FEo] A
FEA AU JdE 7 AH) Vet a FAgE
715 A} 71538 one chamber A|-&4W %5 7] =

g olgstel £ERG AAEFES S4sAh
3. 7| BRI ZHA

)z} bleomycin S thiopental sodium 50m-
g/kgs AU FANSHA wHAAIZ] $ S0tE F4E
Arfste] #Het 7|Hs wE AR 718 dEEE F
8 PE-20 Zelolgal mahe AFgste] A7) AL
4T 9 A9 20ml ImlY 43])= 7]3+] H
AHz=s A8 sttt glad A-d &s 7|53,
HEZ 4T, 1500rpmo.2 1023F A2 (VS-6000
CF, Vision, Korea)sto] 342 Heth ol o=
AL FERAAE Ak 05ml (pH 74) 2 =<

2, °]% 50ulE 3% acetic acid-&<) 950pl<} 4701 A
Hemocytometer (Naubauer chamber)& A}-&-3}o] &
173 (x100)eFf A FAEZFE AATE EiE FEU
dol 9l AES7F mig 100707 H 22 S1akghsof
o2 3|Ae 3 400ulE WA 4T, 700rpm o2 5E-7F
cytpospin (CF-120, SAKURA, Japan)3dle] <elo]=
& WESTE o] AL Diff-Quick 438k 4000 &
n7dstoll A Zb Sefol=o] WME £E5 500714 Ao

ALEHS AN

Of

WAL bovine @4 EHN15 Y BCAA kS
43 Smith 579 WY & olgslirh

5. &% A

7, AzAE dol 99, A A7 o] X
2] AT JmTFA = Akl Sefol=ef ¥
o5t A T

6. AIO|EFIRl Y nitrite?} nitrate A

7k At EFRRIE 71 BAHAEA A Y 100 LE T4
HAAALZ (Quantikine™; R&D Systems, Inc., MN)™.
=433tk TNF-a, IL-6, nithte®] detection limit
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= 923 2} (IL-6: 4.7 pg/ml, TNF-a: 7.8 pg/ml,
nitrite: 1.56 pM/L, nitrate: OuM/L).

7. O}F20}Z2IQ| Western blot analysis

ool #H322S 250mM sucrose 1 mM
EDTA, 0.ImM phenylmethylsulfonyl fluoride, 5 mM
potassium phosphate (pH 7.7)7} €91 J& &9 Y
oA 22EH71= 300rpmel A A3t vk &
224 Fxgjr)ef 8 2752 3000g, 4TollA 55
oF 12]a1 10,000g, 4CollA] 559t F+ W YAl E2]
3].01 xﬂﬂg}.%{q—. X],] -.?Lzloﬂ,] d—tﬂlzl R
F AE2 albuming ©]-43 Smith’s o]§s}o]
sty 283 ui= AQPI, AQP4, AQP5l U
A plotting S #leke] 22 A AS 101,000g0
Al 60 B U4 —cﬂ Skl pellets 83lste] |hol
ol e ‘?} s wElskaith @A blotting &
93te] /\]JL 75% polyacrylamide reso-
lving gel® 5% polyacrylamide stacking gel & ©|F
o7 HAEA A (Xeell T Mini-Cell, Novex) & ©]-8&
skl H7lgEete] A7 E ERskdth 11 v
@48 NOVEX blot modules ©]-83te] #1719 %
3} Nitroplus membrane (Boehringer Mannheim)
of &t} o] membranes TrisZ $538 A 94
(TBS)ell A3t 2A13Fg<t TBSel| &-3llA121 5% F4)
U Az $FEANFM/TBST)el A blockingd}al,
2% NFM/TBSZ AJF A
ti-AQPY E7]eA FZ3F monoclonal anti-AQP
(Transduction Laboratories)& 1t 20009 H]& =
8|23l g-allo A 3}55) 5t biotinylated goat ant-
i-mouse IgGY goat anti-rabbit IgG (1:1,000)(We-
stern-Light Plus™ Immunoblotting System, TRO-
PIX)9} &7 incubationd}t it A3 &AlE X-ray
filmell “}Eh4i= chemiluminescence® 2743}t
T2 A B-actindl] tiste] F oA FE3 mo-
noclonal antibody= loading ™ & 0.2 AL-&3}SiTh
Membrane< T2 A2 incubationdl”] A 2% S-
DS¢}F 100mM B-mercaptoethanole] £9] 9+ TBS
gAol| A 18] 31 50°Coll A membraneS- stripdtSl

ol AN ke

ruml

23} monoclonal an-
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BE Wy E Fe R A= Jehyiglen EA
A HAAL SPSS Z 21 (version 10.0 for Win-
dows)& ©|-83FaL 7F ehghe] v = Mann-
Whiteny U test=® a3l pgkel 0.050]3H81 49-&
frelgk ato]= skt

2 1

1. BleomycinXZ| £ H5Z5 ¥ HS

Bleomycin< 10U/kgS A X & 4, 7, 149 HHF
T AEE &) Sal "ol #H x4 A=E A
60T 2ol 3Y Foke ¥ 11z A%Hs S5
HEE AEE Hrlstg e 444 wet/dry ratio
7F e zatol] HlsiA frolstAl FrbshalaL, 7Y, 149
of FHaston 14 = 74 vls) F-ostAl 7
289 tHcontrol vs. 4d vs. 7d vs. 14d; 2.8 gra-
ms/grams vs. b grams/grams vs. 3.8 grams/grams
vs. 2.9 grams/grams, Figure 1). ©]2]gF #3l= # 5
Fo] 49dl] HAAE o] F 7, 149l HA} AT
= AR 71 HA FH EA Aol A ST 49 A
5k 71ttt (control vs. 4d vs. 7d vs. 14d;
25%0.5% vs. 17.3+2.5% vs. 125+2.0% vs. 6.4+1.2%).

m
Y

Wet/dry weight ratio (grams/grams)

Control 4d 7d 14 d

Figure 1. Increased lung fluid after bleomycin treatm-
ent. *p{0.05 compared with saline treatment, ¥ p{0.01
compared with 4 days after bleomycin treatment.
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Figure 2. Pulmonary infiltrates were observed in the
peribronchial and perivascular regions with H& E
stains. Original magnification, x100. Alveolar inter-
stitial edema was detected as thickened alveolar septa
in some regions. Evidence of pulmonary edema was
generally more evident in the lungs of rats at 4 days
after bleomycin treatment (B) than in rats treated wi-
th saline alone (A).

20

I itrite
[ Mitrate

UL
2

N iﬁi

Control 14 d

Figure 3. Increased nitrite and nitrate levels after bl-
eomycin treatment. *p<0.01 compared with saline tre-
atment, T p{0.01 compared with 4 days (d) after bleo-
mycin treatment.

Bleomycins 10U/kgE A F 4, 7, 14 #H =49
A 71 BA =9k 3 F9 o] ATAE] HFo] T
e glom 14 HEFo] EHAY (Figure 2).

2. il ZEXIZES| B}

Control 44 7d 14d

AGPT - s — 0D
e — 20 D

AQP 4 Y I T I T 97 kD

—— . ————
AGP 5 o
T
- S0P
O 4aP4
400 4 . AQPS

% of saline treated
u
—+

100 " ¥ H
o

Control 4d 7d 14 d

Figure 4. Lung aquaporin 1 (AQP1), AQP4 and AQP5
protein expression after bleomycin treatment. *p<0.05
compared with saline treatment, ¥ p<0.01 compared
with saline treatment.

|

kol AR #7158 AE 71s @ one chamber
A ME757)E olfste] SHET HANEF
skt 49, 794 TE5T7F fﬁz“—r“’ﬂ
ofstAl S7Fskal o 4 Bls) 1494 7HAak3)
(control vs. 4d vs. 7d vs. 14d; 120£35 rate/min vs.
150454 rate/min vs. 160+5.8 rate/min vs. 12529
rate/min). L2} 1 tidal volumeS 444 %
7AH4del 4Ll wlE] F7FsF tHeontrol vs. 4d
vs. 7d vs. 14d; 0.3£0.01 ml/min vs. 0.15+0.01 ml/m-
in vs. 0.2520.02 ml/min vs. 0.17+0.01 ml/min).

Jl
. =
[«

’Rzoﬁ,é

T o o

I

—/I\—O}A/\J—

3. TNF-q, IL-6 EHY 3 MslEAMSO| H5}

Bleomycin< 10U/kgE A $ 4, 7, 140l 7]
A | A Z B A TNF-q, IL-6, T 18] 1L nitrite
9} nitrateE =43 TNF-q, IL-6= 717} 4, 14
A dizatol Blal] frelshA = kth(control vs. 4d
vs. 7d vs. 14d; TNF-a, 1.5+0.3 pg/ug of protein vs.
3.0£0.6 pg/ug of protein vs. 25104 pg/ug of protein
vs.75+0.8 pg/ug of protein ;IL-6, 0.3+0.1 pg/ug of
protein vs. 0.4+0.05 pg/ug of protein vs. 0.3+0.03
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pg/ug of protein vs. 25+0.2 pg/ug of protein). ¢
2 497 7 Z 718k B control vs. 4d vs. 7d vs.
14d; 3.75+0.75 pg/ul vs. 7.89+091 ug/ul vs. 657+
0.56 pg/ul vs. 4.48+0.45 pg/ul). nitrite} nitrate= 4
A ol HlEiA FolstAl STEskA T 49l
Hl3) 1494 A 7238 tHcontrol vs. 4d vs. 7d vs. 14
d; nitrite, 41202 uM/L vs. 182425 uM/L vs. 3.8+
0.3uM/L vs. 40£0.2 uM/L, nitrate, 2.5£0.1 uM/L vs.
7.3+16 uM/L vs. 21£02uM/L vs. 1.9+0.1 pM/L,
(Figure 3).

4. O} 01=gl 4al

Bleomycin< 10U/kgE A A $ 4, 7, 149 # =
& dof ofFtolxdl dS gRlsts = AQP1
AQPA= 494 o] ZHaaklal, AQPAE TUA 2
do| F7lsk Tk 18] AQPSE 4, 7, 140l iz
ool vl wdo] FrhskTh (Figure. 4).
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2 QA=) i Ao # el AQP1C) 3
TZ7F BilE 9194“1 AQP 1-5% o933
2H ] GAAEE ARSS Al A AQP2, AQPS,
AQP5E ol A tetramerE A dro] ure AP ®
A7oll= 5719] oFFtolE ™ (AQP1, AQP2, AQPS,
AQP4, AQP6) F9tulo] WHF T defA 9laL
F T 37FA 9] ootz A(AQP 7, AQPS, AQP10)°]
F7tE g oy ofA B B 75 obA HEX
ath ol 5709 ofFtelxd (AQPL, AQP2
AQP3, AQP4, AQP5) E9lehulo] welsv] 22
7k 9] o} ol (AQPT, AQPS, AQP10)0] F7H=
deiia Il B e ™ 01?7} Fagh Ago|rh
wheba] FHof| A ofFrolE R o] 3
o] Blofl Fa3k g3s o
™ oo gk Fye
250 dxg Aoz 7y
w4 A sERdA dyhuaEe] HiE A
basolateral ™}, visceral §2oll =33k AQPI, %
YA 2] basolateral moﬂ LA AQP4 Al 13
A9l acinarAl

3} AQP5 7pzte] opFtobERlel thgh

215kt Bleomycin o] & 3 222l A
NI AE] HE 2 basolateral Uoll ¥ 3=
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