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Chronic airway inflammation and airway hyperresponsiveness (AHR) are fundamental
features leading to.airway narrowing in bronchial asthma. Airway in‘ﬂammation in
asthmatics is characterized with the accumulation and activation of inflammatory cells such
as eosinophils and mast éells, which is orchestrated by a network of Th2 cytokines, such as
IL-4 and IL-5, released mainly from CDa* T lymphocytes. The peptide hormone angiotensin
I (AT ) plays an important role in the regulation of arterial blood pressure. Plasma
levels of renin and AT II were reported to be elevated during acute exacerbation of asthma,
and studies using type 1 AT I receptor (AT1) antagonist (ARB) suggested the
involvement of the receptor in the pathogenesis of asthma. However, the pathogenié roles of
AT I and AT1 in asthmatié airway inflammation remains elusive‘ Therefore, we
investigated the effect of ATla gene deletion (AT1aKO) on allergen-induced airway
inflammation using a murine model of allergic asthma. In sensitized wild type mice (W),
the numbers of inflammatory cells in bronchoalveolar lavage fluids (BALF) were increased
with a peak on 5 days after antigen challenge. In AT1aKO mice, in contrast, those were
increased with two peaks on 3 and 7 days, which were significantly higher than in WT. The
contents of IL-4 and IL-5 in BALF of AT1aKO mice 1 day after the challenge were
significantly higher than those of WT mice. These date suggest that ATla play a pivotal role
in allergic airway inflammation via, at least in‘part, the downregulation of Th2 cytokine

expression.
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The role of angiotensin I type 1a receptor in allergen- induced airway inflammation.
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I8 PR R MR =0 Sl R M & A B RAEAT
DREIZBIT 25 FHEICBVWT, BETFR
TNFRIL-4% DA MLV, TEIAZ,
LT, PAF ®O5-%%in vivo ®in vitro DEER T
RIBEN TS,

TrIATFyI VN (ATL) 79477
v UEMEEE (ACE) ¥ ~v—+HIlkoT, 7
YIFTF Y INLERSN, MEREROR
Hi Rk O Na R KOEFEMHERFICEE &S 2 R/
TN MEVEBERLVEY TH B9, ATIR
BRI EFELZ2O0773)—, 1BIATI
Bk (AT1), 2BIAT I %BfK (AT2) 21,
ATIOELERZATIZNT A EEZLNTWY
58, b MM TR, M R
#H, monocyte/macrophage, LRZMIREIZ ATI
PEBETAHIEFEHIN NS0, —F, IFo
BAEIZ BV T, AT1I213ATla, ATIbD 2D
DHTH A THEIEL, ATIbIEFMEIZ BT
FORBEPHEREIN TR WA, ATlaldfiFE,
D% EORE MM, 7 v MEROMM O
MEFMMICHEET A LRI TSI,
SUREBEORERETIE, MEFOL =R
ATIDOLRGZELVZ V=TV IFT VI VRD
Bk lRons2, £/, EVEY MIBW
TAT1 PSFGE BB R BRIRIZ R 5 5 &
DH|ENDH AW, Z0O—FT, AT I 50HEBE
PR RIKREICEE L 2w L 2 RET 5
LB 105) AT & ATI DRFERICIZBIT A
FENCE L Tid, ATIZATIZAL, U /38K
whE, BERHRSE, A M A T EAA
BAEST, TGFR1OEWEEET 51019, T v
MIBWTATI#H5I12E ) Th2H A M A VE
HEDSHEAT 519 —75, high AT I ApoE"~< 7 A
T Th1H A M AA VEADTTEL, 728
WO EBEIZBWTACEHEEOHSIZLD
YA ML VEENPTR2NMEET S, Z0LH
12, AT II/AT1iX Thl/Th2/8%F ¥ AZ4x LCTHH
K3 AERDHRE STV 520,

RETMBOFRERIEICBITAAT I, i
AT1 %A LR EIEKRAHTH S, £2TH

4 1 AT1a B IETRIBIC LB 7 LV F—
S ARIEOEAL A Lz,
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1. RERES SUMERA

BRI, Kumagai®® SOOI - TiTo 7.
Y26~ 8B AT1a KB~ 7 A (AT1aKO)
(HABE L Y itE) RUOBFAERO C5TBL/EI R
Mt~ A (WT) (HARSLC, i, HA) 2fE
Bl w7 ARERCHERT 2 T CHEET A
7V 128:R (BI#A9:00 ~21:00, BE#A21:00 ~
9:00), EiR22+2CHO—ERET CIAMIL
HE L. 4B, BWCBEERAOY Y AH
BT R OV 35 & DK B K & B BB S
7. EERRIIHEILERKFEWEREH ICHE -
TiTo7. FURE LT, JIET V7 I (OVA)
% Vv, OVA/Alum (OVAl6mg/mL (SIGMA, St.
Louis, MO, USA) in Saline/Al(OH)s (FIJGAIZERR),
KB, HA) 8mg/mL in Saline) 500 4 L % fEHEMA
K5 TEMEL:. 53 HMRT2EAT o 72,
20 B O OVA/Alum 556 12 Bk, 77 A
F v Fx N— 2T A% AN, OVA(5mg/mL
in Saline) & % Widxt#E & L TSalined L7 1Y
Vw LR, AR C2RIRASEZ, =7
T WISy b A 7T A4 — (Sunrise Medical
HHG Inc.,Somerset,PA,USA) % V> 5L/min Tt
ASHT.

2. REHER

W AHT R O A%, 3, 5, 7, 14 HEIZHkK %
FRELL 7-. Diethyl ether (F1JEHEZEER, KR, B A)
BT C, B~ 7 A0 EEE, [EIC
HZa—LEFA, BEREKERVOMRHEHL
72. #=a2—1 X bhPBS (phosphate-buffered
saline:NaCl137mM,KCl12.7mM,Na:HPO4- 12H20
8.1mM,KH2P041.47mM pH7.4) (FIJEHEZER)
0.25mL % {EA L 2% L7z, ELZREX
Jifi B 356 & (bronchoalveolar lavagefluid (BALF) )
%#200x g 4 C T3 M@ L&, LERIEZAEL,
Enzyme-Linked Immunosorbent Assay (ELISA)
LB A M A VIEE T80 CTRFLZ.
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Table 1. Primer sequences and the predict size of the PCR product
Mouse Gene Sequence [5'-3'] PCR
products (bp)
IL-5 Sense 5 -GCACAGTGGTGAAAGAGACC-3’
Antisense 5 —TAATCCAGGAACTGCCTCGT-S’ 284
IFN-y Sense 5 -AGTGGCATAGATGTGGAAGAAA-3’
Antisense 5 -GACCTCAAACTTGGCAATACTC-3’ 274
GAPDH* Sense 5 -TGATGACATCAAGAAGGTGGTGAAG-3’
' Antisense 249

5 -TCCTTGGAGGCCATGTAGGCCAT-3’

*GAPDH: glyceraldehyde-3-phosphate dehydrogenase

LE RN OMAEI%E L, 1%Fetal bovine serum
(ICN - Biomedicals.Icn.,Aurora,0H,USA) &4&
PBS 0.1 mLiIZH&F# L, 0.02mL % 0.1 % Trypan
blue (PBSE&A) (FIGHEZEM) 0.02 mLihnz,
NEFA P RX—F —FHWTHRAMBREEHE
L7, %0 @®0.08mL %, 300 rpm T247 Y A
F Z ¥~ (Shandon, Runcorn, UK.) X7, #
7% Diff-Quick Feta il (D-Q4efif) (ERRHE,
e, BA) cgal, MlasmisEs Lk
(2R 1000 TN £ 200 fE LL 815 .

i L7, WAE E THER-80 C TR
L, RNADHIHIZH 7.

3. Y14 bH1 2 DRE

BALF 1 D IL-4, IL-5 3 & UFIFN-y 813, # 1%
N ELISA kit (AN’ALYZA) (TECHNE Corporation,
Minneapolis,MN,USA) % i\ T, 171 r a2—
VNI L7z, %k, £NEFNORIEH#EIL
IL-4 ; 7.8 ~ 500pg/mL, IL-5; 15.6 ~ 1000pg/mL,
IFN-y ; 9.4~600pg/mLT& 5.

4. m RNARIRDOHER

RNA BEEREL-LGME T4 v 5 —
(KINEMATICA Inc,Cincinnati,0H,USA) 12 THf
L, Total RNAHHE ¥ v I (RNeasy Mini,QIAGEN
Inc,Valencia,CA,USA) 2 HWTHE 0 b 2—

MICHE o THI L72. cDNA QAR I3 M L7

RNA2 g £ 1), Ready-To-Go-You-PrimeFirst-

Table 2. Table 2:Conditions for PCR amplification

Mouse Gene Cycle

IL-5 First step 94 C,1min
Denaturation 94 C,15sec
Annealing 58 C,20sec
Extension 72 °C,30sec

Final step 72 °C,6min 47
IFN-y First step 95 C,4min
Denaturation 95 C,1min
Annealing 57 C,2min
Extension 72 °C,1min

Final step 72 °C ,6min 35
GADPH First step 95 C,1min
Denaturation 94 C,1min
Annealing 67 ‘C,1min
' Exténsion 72 °C,1min

Final step 72°C ,7min 32

strand Beads (Amersham Biosicences) % >,
REHAEZ30puLE LTHE TS ba—)LIlHE
> TiTo72.

AR L7z cDNABW 1L % 7B L, Ready-To-
Go-PCR Beads (Amersham Biosicences,
Bucknghamshire,UK) % fv>, &1~ A A V4f
2774 ~— (Tablel) %ML, Gene Amp
PCR system 2400 (PERKIN ELMER,Norwalk,CT,
USA) |2 THEME &8 72 (Table2). PCREH 10 L



154 il AU, AE R, S X WA BN, KRB EX, ENERT, ¥4

f, Bl &% ANEET, B0 W, KB OB

12, 0.56%Bromo Phenol Bluel 4 L3 X &L=
FV0.005mg % EML, 1.5% 7 H 0 — 27 VIZ
TH0V, 1 B ESIKE 217072, KB)R, 774
O — A4 )V % UV transilluminator (UVP,INC,
Upland,CA,USA) THRETF, K74 Fhx 7
(7Fav ®HE HE) CEEEREZZTo 7.

5. FEtLIE

7 —#idmean+SD TE L7z, ErERED 7 —
FAIAE % Lo Z BB 5 &5 AT (Two-factor
analysis of variance) (23!} % Bonferroni % &
LB TR L. AR, MRS,
ELIZA, PCROD#RII¥FIE7% L ® Mann-Whitney
DUMEIZL VBT L. &8, P<0.05%AE
EREDE LT

X B K R

1. OVAIRA{£®D BALF R R AEMRRDRERFZ(L
OVA W A @ BALF # %5 Ml fu £k o #2525 1L
X, WICIEs5HE % ¥—2 & L CHMA & i
KoFE Ml R o (Fig 1-A). —7,
AT1aKOTW3HEHETHEA# Y -2 & LM
MBI L FBRIROF E 2BNA R 6 n ik
(Figl-B). WT B X IFAT1aKO & b A AIE K
ATEKEMBOEELREMIR SN o7,
OVAWAHROBALF A REMIBEZ WT &
AT1aKO DTl L /2L 2 A, AT1aKO Tid
Al L fEEERAS 1 HE, 3HHE, THH, 14H
HizBwT, v vu7ryy—UA3HEE148HE

200

[y
»n
[—]

(x10 * cells/ml)

200
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100 |-

(x10 4cells/ml)

50}

pre 1day 3day

Sday 7day

14day

Fig. 1. Time course of cell numbers in BALF from WT and AT1aKO mice after OVA inhalation.
In BALF from sensitized WT (A) and AT1aKO (B) mice challenged with OVA, the numbers of total
cells (), macrophages ([]), eosinophils (A), neutrophils (X) and lymphocytes (O) were counted.
. Date are expressed as mean = S.D. (n=3-12) **P<0.01 compared with pre.



T UV F BB AR BB AT 1 1a SAEOREE AT ‘ 155

T, ) YNBSS HE TWTICRNEE RN %
mL7. L2L, sHBICBWTIIRMAEE
ETCOMPLS M TWT & AT1aK0 & ORI F =
REER NP7 (Fig2).

2. OVARA#MDBALFHHIL4 5 LTILS

SE ML EE (BALF) HDHA FAA
BEMETL2EZS, OVARAKZRIHEIIBY
T, AT1aKO T WT & IE L TIL-4 B L U'IL-5
EAEECMINL T (Figd). —4, IFN-y
BHWT 5 X UAT1aKO 1K B TT R TORIE
TRERFRMCH o7z,

3. Th1E LU Th2H¥ 4 B 1> mRNARBEBER

iRk BITATh1 BL O Th2 ¥4 M A >~
mRNA S # 5T L7z, ATIaKOB L UWT <7
ZVTFNICBWTSH, Thi1V A b4 Thb
IFN-y ® mRNA GHEBAR 2 HFO L N7
A, PUEBAICL > TOZDORBMORE ITH S

Total

200

150

100.

(x10 * cells/mL)

50

Pre 1day 3day 5day 7day 14day

Eosinophil

200
150 kaled

100

(X10 * cells/ mL)
3

50 ke

Pre 1day 3day S5day 7day 14day

IR SN e oz, —F, ThaH A4 b
HA Y ThHAHIL-5DOmRNAE, HURBAR T,
AT1aKO BL UWT ¥ 7 AWVTNIIBWTH 5
BRidBobherorz, L LeDPoHERA
1HZIZBW T, AT1aKO ¥ XIZDAHIL-5
mMRNA DEHD O N7z, (Figd)

£ =

SEOERTR AL, ATla KIBT 7 A

(AT1aKO) 12BWC, HUERAKZDT L L ¥ —

HREIIENTAER <7 X (WT) ICHTAHEE
CEET B EEERLE. Thbb, WITH
SHHZ Y —2 & LR REME & FBmRk0s
BoEmPRoN/H, —FHAT1aKO TiE3 H
HE7HBICWT & ) HELBLAEM & I Bk
DOWEIMAR S/, AT1aKO T RO ER
FEIWZHEAT L C, 1 HBIZBALF B IL-4 & OVIL-5
DEMAR SN LaL, “HHEHTHATH

Macrophage
200
2 150
2
8 100
= 50
0

Pre 1day 3day Sday 7day 14day

Lymphocyte
200
E 150
=
S 100
-
=
x 50
*
0 \M
"Pre 1day 3day Sday 7day 14day

Fig. 2. Comprarison of cell numbers in BALF between WT and AT1aKO mice after OVA inhalation.
The numbers of total cells, macrophages, eosinophils and lymphocytes in BALF from sensitized WT ()
and AT1aKO (/1) mice challenged with OVA were counted. Date are expressed as mean £ S.D. (n=3-

12). *¥P<0.01 and *P<0.05 compared with WT.
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100

. A
50-} E

pre 1day 3day Sday 7day 14day

IL-4 content (pg/mL)

300

* B
200
100
0 . L L L L L

pre 1day 3day Sday 7day  l4day

IL-5 content (pg/mL)

Fig. 3. Comparison of 1L.-4 and IL-5 contents in
BALF between WT and AT1aKO mice
after OVA inhalation.
re
P 1 day IL-4 (A) and IL-5 (B) contents in
BALF from WT () and AT1aKO (1)
WT KO WT KO expressed as mean =S8.D. (n=3-12).
**P<(.05 compared with WT.

GAPDH

IL-5 Fig.4. RT-PCR analysis of IL-5 and IFN-y

transcripts in lung tissues from WT and
AT1aKO mice.

Sensitized-WT and AT1aKO mice were
inhaled with (1 day) or without OVA
(pre). 1 day after the inhalation, RNA wa
extracted from lung tissues and analyzed
for gene expression of GAPDH, IL-5 and
IFN-y by RT-PCR as described in materials
and methods.

IFN-y
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BIZBY TRREREDELBRONZb DD
BALFH DY 4 M H 4 >~ (IL-4, IL-5) OB
WREN o7, EVEY FREEFILTRI
AT1 ZHKAERE (ARB) 0512 & ) 1FEEER
BHEAHHI SN W RENH LD, Thi
ATla KIBIZ X D IFERREGZE ML 72 & v )
KADHEREMRTBHDTH B0, TOHE
D12 LT, ATIOBREHEIEZONS.
ENE Y FETIVTIEARB O 5 I PR B E R
3HME (2EI/H) T, AT1HEHEIEHN TS
HOLZxF L1, AT1aKO T EH I ATI 25
EEINTVDL I EPORERBRICES T 554

MNIARTENA Y, BETT R EDOFERD
B bufgrEzonb. 72, EVEY b
Ly A WEIE B RERIBOERY S
b Lz,

RERIEDIREFIEIZIE, FENDOIFEEERS
) oNEk, B0 %E, EEHLPEETSH
5. MAEMOFEE - ) > 55kiE, 2ok
HIZdH A lymphocyte function-associated
lymphocytes (LFA)-1%22, very late activation
antigen (VLA)-42Y %%counter ligand T& 54 L%
P4 Rz W 32T O intercellular adhesion molecule
(ICAM)-1, vascular cell adhesion molecule
(VCAM-1) &N ENFEET A LI IE
BECEEAE L, Y EH A (eotaxin, regulated
on activation normal T expressed and presumably
secreted (RANTES)%27, MCP-17% &) 12X 1
MESMEE L7 #, & 512ICAM-1/LFA-1%9)
WX D SEERRIZEAEL, SN BET 5.
CO—HOEBREEACOBAREZFH T LI D
& LT, TNF, IL-1, Th2# 4 bAh A > (IL-4,
IL-5, 1L-13) OFHLS, WMEFE THRINT
W5, IL-41din vitrolZBWTFH 4 —7CD4+T
W (Tho) 75 Th2 MK~ MLAE, Bl
o DIgE L, MEPIETOVCAM-1 4RI
BH, rENA CERLECHET . $10
in vivo IZBWT b IgE BEAE, S0E PILFBRERIE N,
FEBBERECEELRY A P v THBT
EDRE SN TV 52930 —F IL-5 13 AFEEEk D
oAt - BERERIE AL ISR HDY A P4 2 TH
D30 MERERMERE ORI II BV TEE 2 RE

ABETHIENHMOENTVE, {EoTHAD
AT1aKO TH 6 N7z B O K ERFEBAL D ERA
LT, IL-4, IL-5 DRBEAEVFEZOND.
IL-4, IL-5 DFEEHMI E LT NEROAMMIZHE
L, SRRk S B4, SEOEBRTERAE
LTwiw, F$7/2AT1aKOIC X B 1L-4, IL-5®D
BT HEA D = X LOFMEIAHTH A, € b
HERIZBWTAT TIZATZHME (ATL, AT2)
x4 L, BERFTH 5 nuclear transcription
factor-« B. (NF-xB) % I&EMHALT 5 2 &A% &
NTnb, E5HIINF-xBIZThl (IFN-y 7% &)
BBEILBEEINTBY, NF-« BOFHNZ LY
Thl fUL (IFN-y BEARTURRF R IgGESE) »°
BT 5 ENRESN TS, F/z, AT
BRI Y MIBWTHThIHA b A A~ (IFN-y)
WML, Tha¥ A4 bh 4> (IL-4) ZiEd s
52 &1 high AT Il ApoE"~ 7 & F 3 i fig
R BYV>Tnormal AT Il ApoE-~ 7 A & [k~
IFN-y DS WEAHM L T2 &2, ACE-
inhibitor |2 & ) Th1 B D /YT > A 25| &
I ERMESATVL, TR DOEEDNS
AT TI/AT1ald NF-« BDiEMAL % /- L T Th1/Th2
NT Y AEThINEE S5 2 LG LT
b LNz, /2NF-«x BAEHEIL-4DFHE

CCREHT AL LHESATVED, o TS

M AT1aKO 25 1F 5 IL-4, IL-5 DFEH A H =
AnD12E L TATIaRIBIC & B Th1/Th2 /N5
YADTR2NDREVPEZ oS,

FERFEBALD A H = X2 & U THIHIHEY A
k71 A4 2 TH % transforming growth factor-31
(TGF-B1) OFEHEAPET L TV BHTREHE D E 2
b s, TGF-p1i, THIFEOBEEHIHIZ /AL T
HAEECERTAZ 2 7 LIVEF MR
DORBIZBEET 5 I EARBENTW S, b
BEGETIE, GFERIRCMAMEFMR, ek, b
fixoa 77—k EICARREESHRESINT
VB 340 R BT RRER AT 72 B TGF- B E AN
D1IDTHHIEDREINT VWSS, b b
SETEHICBVCAT IRESRET (egr-1,
c-fos, c-jun) ZRBIZEHRL, ZNITHEW
TGF-RLDFEHEFES L, TLAAf v

ERMRBHERETE TV T v POBALF HIZB W
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f, il &8 KNEET, 9 W, A% B

TN L 72 TGF-R1 AAARB D 51T L D AEIC
B ER L2 LO®EDPH L. £o TATla
KIBIZEAHAT DER OB R L D REIHIHE
DTGF-RLEBRPET L, ZIITLEVRIEHIE
fLL7-TREMENZE R O 5.

ATIOXRIBICE D MBEAT TIREDFTLEL,
AT2NEETHZ L, AT I ORBEY
(AT, ATIV) P hozk (AT4) IS
BIELEZOLND., EHIIINLDEAITL
FEMES VNV BEORBPEFETH I LEPHES
NTW5B M), s TAERLNIRERED
BAL, FRICAT IAHEDICL 2 Z_HEBORE
B, OERE L TAT2B X UAT4OME %
BENERETHA.

R 12 B\ T ARB 2 &8 U < I & P i3 %
FRTLIERY, TLPEEORELME
BEIZBWTHARBRHREEZ RS LWV &40
PHRESNTWE, ThLDHFERCSEOKA
OFERLY, REBMEEEEL LTHYORN
TWw5 ARB O B &t MEBEENDHRG DR
Zhi BT 5 8, FRICREREDIEITE
ERLETHLIENRBEINS. 40
AT1aKO THE LN BREERLD 2 H =
AL T A EIBRRNICERETHL LE
Y (W

2 £ X K
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