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WFZER R OEZE (3530) : In the present study, we investigated the role of Nrf2 in protection
against the development of acute lung injury. Mice lacking Nrf2 were susceptible to acute
lung injury induced by several stimuli, such as bleomycin, lipopolysaccaride, and influenza
virus. The induction of several self-defense genes was lower in the lungs of Nrf2-deficient
mice than in wild-type mice. Activation of nuclear factor-kB and induction of
proinflammatory cytokines were significantly higher in Nrf2-deficient mice than in
wild-type mice. Results indicate Nrf2 is a pivotal factor in protection against the
development of acute lung injury induced by environmental stimuli.

SN IR TERR
(REHAT - 1)
ELPERE 2 LIEESES ¢ a i
2008 4FEE 1, 300, 000 390, 000 1,690, 000
2009 F R 1, 600, 000 480, 000 2,080, 000
2010 4F 2 700, 000 210, 000 910, 000
FE
FE
wwFk 3, 600, 000 1,080, 000 4,680, 000

i e A Y ke
Bt o558 - M E - WESRERIRES: - MERZRNEFE
¥ —U— K : Nrf2, Keapl, Bk 2 F L A, &MMEE, ~/n77—



1. AFZEBRAE 4 FI D 5

SMENGRES ., SRR IE E B RE (ALT/ARDS)
IR REIR D ARAEIZ IS < | e oA fili
KIETHY, THRABOKEERTH D, BUMLE
(28T D ALI/ARDS % &te B RIEIT, T84
WE L O OEEKTICKTHEYA MO
A YE & H 0 & LR 2 fE OGO fE
RBThod,

RIEMEY A PO A VOEAITEELE LT
0 77— U RMIEIZRELT D Toll B AFK
(TLRs) 4 L7= b R v 7 Rz Phiis B K
NF-kB DIEVEIC L VB S5 25, Nrf2 1%
MmN OEL A b L A 28T 5 Z & T,
NF-«B OIEMEALZ H#+ 5, Nrf2 OfFMHAkIX
A LA —EBHATHH D Keapl IZ
XV S TWD, > T, Nrf2/Keapl ¥
AT A% ALI/ARDS ORJERZMEZHET 5
HEREER T THY, AERIFEENTH
HERDLNA,

2. WHEDOHBY

A |l @ BF %2 Tl . ALI/ARDS (2 B i} 5
Nrf2/Keapl AT AOEE %41 L LT
O L, R 28R & LIFREEo
BIREZREBIEL Lz, B—li~vra 7y —
TIZRIT D Nrf2/Keapl #H.LvE L7ZHIRAE
TR A TRBA A 2 & # 1T Nrf2/Keapl
VAT AHNFERRD ALT/ARDS 128\ T IR
DOHFETH D EEE L)V TRIET 5 Z
E VB ZITNef2 OFEMAL Y AT A B HENL L
BPEASORBPY DT TR
BARM72BEE LT,

3. WFED kL

(1) Eh . FBRIZIZ C57BL/6 = 7 A% L VA
FAONrf2 K~ 7 A Nrf2 IBREA - TH
HoUL AR L Ry v T (Prx]) R~ 7 A
Z Tz, B SRR T A T R R Eh Y SR
FEEDOMPFE 22 KB EST-,
@Q)~ru7y—UOHE  EEvrsa Ty
— VI~ RCTF AT Y aL— FEAIE
ey U7z 5 BRI YE S 21T > TR L
2o Mifl~2rnn 77—V~ AL RER
P L v B U7z, MifEA 1x106/ml
RETTIAF v 7oy —LICREL, B
M L C~wru 7y —U%HEEL -,
(3)ALI/ARDS EF /L : T LA~ A >, UK
ZHER (LPS), BLUA 7= Wy b
AJEG K D~ v ABEREEE T VA {E
Lz, 7 LA~A 2 ET LT bmg/kg D
TVUA~A v ERENEG LIERK LTz,
LPS &5 /L3 5mg/kg D LPS Z g 5- L T
ERR LTy A v 7N FEF T 1 HEAR
DV 3 2 U M TIF G 28 X TE T2 200pfu @ A
AT W 0 LA (PR BE) % KE K
PeXH 52 L TR LT,

(4) ALT/ARDS &7 /L DRI : ~ 7 AZ&HIPL
ZURFEL, RIS RS S seiE 217 - 72,
AR EIEH D & X7 JRE 2 RIE L,
Jitiv e (s i) OFfERE L L, 2RIHK
HORIEMIEE A FH L, IRIEOREE L L
Too & DIC[RIRE R TR A BRI L, Bl
HIRAT 24T > 72,

GYYTNHEALLERPR: ~7 a7 57—,
HAWTIRERE LV total RNA ZRHIH L. m
RNA S 81L& % U 7 )L X A L PCR |2 CE BT
L7z, il b 2 b b AEEERE S LT NAD(P)H:
X/ URBbIECEFR 1 (NQOL), ~LAF T
F—¥ 1 HO-1), FNAEZIVBIATA
V=o' 2=~ k (GCLC) B L
Effi 7 2= k(GCLM), ZNHFF o S
Bz (GSTs), Prxl &, MIKIEMEY A R A
v & U CHEEHESEIN - (TNF) o, macrophage
inflammatory protein (MIP)-2,
keratinocyte—derived chemokine (KC) %,
BLOHRERFEE & LT T-bet, GATA-3 D45
mRNA S8 B AT L2, &7 74 ~—I132T
ready—made primers (Applied Biosystems)
W,

6) V= AKX T ay MENT : BBEIK T O
AT TR T OBATORE L 7 = A X
Y7y MITHT 52 & TiTole, <7
07 y—, &5 W S >
I (Panomics) & FAVNCHIIAOKE 2 BBt L 7=, 1%
K Ny B IKE %, PVDF BEICER G L, B
Nrf2 HLiR, H1NF—«B p65 Hifkz oA L/
Ty ME{ToT,

(T)ELISA : K& SRR deif Rl aIE _Eig
DWPRIEMES A N J1 4 > (INF ., KC, MIP-2)
BLOTh/Th2 A v A F—T =
ayy, A F—naAx(I0)4, 1L-13) %
FEIX ELISA % v b~ (R&D systems) & HVNTHT
S 7~ [FEKH D macrophage migration
inhibitory factor (MIF)JEESS AF L 4F
(MUC5AC) JREE 132 L E BT MIF Bk, i
MUCSAC Hifhk % Fu 7= ELISA &I T T2 72, %2
filifklf A€ Y = — N EIEFOK X RS
JREEHIE X BLISA 52 VW Tt o 72,
®) B {LA b U AGHE : BR{EA b L ADFRE
1L 8 V7 a AR L pEER AT LR L
7o MR EY =R — MDD 81 VT X
4 &% ELISA &% v b (Cayman Chemicals) Iz
CESEMN L, Mififkf o 8-—1 Yy Fuxsz
PEATRTEIZ DWW TIEHL 8-4 Y e A X 41
K% AT Stk B CREN L 72,

(9 HFt : 7T — XX HERERR TR LT,
TREOENT t BEE WV TITV, SR
1 JEELE S B AT 3 O Scheffe DFRE %
AWTIT o7z, EFROLENL log—rank &
EBra AW T T 272, p<0. 06 b > CTHEED
n EHIE LT,



4. WFIERRE
(DT vA~A v UFRAEMEEICB T 5
Nrf2/ Keapl 3 25 ADOEEZHWT :

TVvA~A T UG HDOEFRE B AR
<~ A Nrf2 R~ ATHET S &, L1
RII Nrf2 KE~VATHEEICELS, 74
~A RS EORSZNEN Nrf2 K~ A
TEE->TWVWAHZ ENRENT,

TVvAvA T UoEE% 1 BN 3 HOM
FLFR Tl ~ o A &b 12 Ml B B 0 T S
I ER 2 s & U 72 RE AR IR & AR
L 7= MM EEOREE N LN TN, 20
FREIE Nrf2 K~ U XATHZECThH-7Z, [
REH O K& SR BEE IR D % 2 X 7 R E
SRR EREE S Nrf2 KB~ 7 A CHEIZEE
ThHY, BHEMEEORREN Nrf2 K~ D
ATHELTWDZ ERHLMNE 0T,

G MR EE I R D INF o, MIP-2 2B
VZIRIREENZ Nef2 R~ 7 A THEICHEML
Ty, Mk o NF-B IEMEL S Nef2 &
H~ U ATHFIITTEL T,

T A~ A G %O 8-+ v
a2 E UREARIT Nef2 KRB~ X TEA
Tl 2|\ ZHE_EEFICEMLTEY Nef2 K
H~ T A TEHBEA PLAREE->TND
ZENRENT, FEBAER< T 2Otk
TIET VA~ A R LY GSTs, GCLC,
NQO1 72 EDOHIE{L A N L AKX Xy N
SN N2 KRBT ATIIINEDH v
R ORBFFEN R SN2 0- T,

S HIZ Nrf2 K~ T ZAOfiETIE7 v
F=A T RN E DOERGK - STAT6 @ U g
1b.. GATA3 ¥EMEA L. BEL OV IL-4, IL-13 pEAE
NILELTEY ., Th2 REBEDIRIETH > 7=,
PLE XV Nrf2/Keapl ¥ AT AFZ 7 LA~ A
U TIEE LS, BT Th AL
b B s FRE DR —HIFE %8 &/ L TRk A
FLURZMHIT D ZENHLEMNE T, R
A P L 2OWMENZ LV Ry 7 R &2 HERE
(K7~ NF-«B {EMEA L 2 0 L RIENEY A R A
V. TEANA OB EIEIT S Z L Tk
SEAET 560 & Bbi-, F-E LA R
L A DOEIRIE STAT6 U il 2/ L <
Th2 RBZMHIT 22 & L0, %O Lz
BAZ S PEIICER T b0 B 2 b,

(2) LPS B A N5 381 5 Nrf2/ Keapl
AT ADOEENZHOWNT

TLRA U B R THDHLPSEEGIZ L > TH il
~ 7 A D fili R T 1 B T S0 4 BR IR
R E LR EE RGN R o
72725, FOREIT Nrf2 K~ X THHET
& olz, LPS 5% 6 FEfH, 36 LU 24 IRl D
R MR iR D X Xy BESS
IFHERBUT Nrf2 R~ A THEICTUEL
THEY ., [~ ATILLPS FHRMEEDKZ
HREESTVDZ ERHELMNE o7,

Nrf2 KA~ 7 A TIXEE S e
@ INF o, MIP-2 JREENAEIZEEML Tz,
FrFETD 84 Y S AR PEAER LA
BloEfich v, BAER <o 2[Rk LPS
FIC X 0B E S D HE LA L AR
TH D Prxl OFBFEN, Nrf2 RE~ T A
IMETF L=, F£72 Nrf2 KIE~ 7 ATl
LPS #¢ 5.4 D ik MIF 2R 0N A &2 &l
ThH-oT,

PrxT IZMIF{EMEZHE T2 Z LB 6T
W5 Z LD Prxl KB~ A& HWT LPS
HRAEMEEE TNV EER LR 21T -
720 Prxl R~ o A TIL LPS 8 5-1% D 2k fifi
EEORENFAR <~ T 2 A EICHE
MmLTEY, MMETOMFEES~ Y
7 =BT D MIF EEAEN T L Tz,

PLE X W Nef2 13 LPS filiiz X v iEM b &
N7 VA~ A v UERAEMEERRICH
FRfb A N L AZ NI ERE & BT, Prx] &
A U 7= MIF #1iC X  NF—kB RH L SE M
A NIA PEAZIE L, A EE
e < o L Bz,

@) A TN W T VAR AN E
21T D Nrf2 O&ENZOWT

Nrf2 REE~vUAHFO~wI7 a7 57— T
ARy AEEOY I T 7y — U
A Z NI (CSE) R TLR3 U Hv R TH
% poly (1:C) DILHHIZ L W NF-«B iEMALS
TNF o 28BN BHE (2 TUHE L Tz,

WRIHENRE T 51T - 7= Nrf2 KB~ v A |X[Fg
BOWER < 2 TR, VTNV Ty
A VAL DI RBN GBI E -T2, £
72 Nrf2 RIE~ DU A TR % 3 B n 7 H
D i SISl FENE D FEFE N B AR~ o 2|
G L CTBY . A 7V YRGS D
NS E IR RS D = & > Tz,

Nrf2 R~ U 2T 7r
P RERGB O~ 7 a7 7 —JICB T 8-
AT AR ELENTLEL TEBY . NF«B
TEMEA LR INFa BB S A REICICILE L T,
F R~ U AKE X TIEMMIE OB &
& B IR MG > MUCSAC 2D
BHERBEMN A S, BRELEDOTTENAE T
TWa Lo e by,

PLEX Y Nef2 131 v 7= ket o
OB RIECM 5 E 6 LINHIAIC @< Z &
WD BN E T o T, JRIEAEDRE OBRERRK
DX TLRs 7 F U v 7 &2iEMALT 508, =
DEFIZ TLR s 124 » 7Y > 79 % NADPH E{b
e AN LI-NIRMEICA U DGR SEN
NF-kB iEMALO—RTH D Z L B3F 5TV
%o Nef2 |2 X DB bEER I Z N 6 OFE
MR EZ AR T HZEIZEY TlRs &
JF N TS DNF-B B LIZRIET A A
— RZ2EIT 2 2 & NPIRIERF D —[K &
2 onlr, £7- Nef2 RIB~ w7 A CIIMLE



BETROA v 7= PGSR LR il
BERRZMEE R Uiz, BYE L OBIE O i
RAEVETE BB C & 2 18 M BA ZE M Jifi 7% £& (COPD)
DORMEMEBEOERE LA 7V PR
EOT Y NAEPENEETHDLFEIELEE X
B s L, Nrf2 | COPD Ak Iz pd 5
AERRIBGEIA 7 CH D EE X v, fed Tl
BRIRWETRLCTH - 7,

YA E SR B MBI X D — O
12X 0 Nrf2/Keapl & 27 AT AlikEARIZ B0
TEicvwrsue 77— TEERIT L% T
&AM DEIBK Y 2 &% T
BRBEIN 712 K AMRAE, Mt E D & AR E S
T HEERKNFTHDZ LN, FTOBF L
LITH BN o T2, BFFRDORRITSH D
ALT/ARDS RHEIEBIRICEN D H O L HFFS
ns,

5. FreRERLE
(WFFEANEE . BFSEs 038 M OV HERT 2812
EN )

(ERERm 0] (6 1)
(DYageta Y, Ishii Y, Morishima Y, et al.
Role of Nrf2 in host defense against
influenza virus in cigarette smoke-exposed
mice. Journal of Virology 85: 4679-4690,
2011 (&HeH)
®@Kikuchi N, Ishii Y, Morishima Y, et al.
Aggravation of bleomycin-induced
pulmonary inflammation and fibrosis in
mice lacking peroxiredoxin 1. American
Journal of Respiratory Cellular and
Molecular Biology (In press) 2011 (#7¢4)
®Kikuchi N, Ishii Y, Morishima Y, et al.
Nrf2 protects against pulmonary fibrosis
by regulating the lung oxidant level and
Th1/Th2 balance. Respiratory
Research 11, 31, 2010 (&H#FHH)
@A HSERE. ARDS S{ETERRSE, Foft ARDS O
T, Bl =R OHD A, 45-50, 2010 (£
ot
OAHERE. FPRRE LB R T PRk S
fEER. 56, 393-403, 2008  (HFiiE)
©4HERE. 5K Nrf2(NF-E2 related
factor-2)% ¥ <> T. Annual Review 2008
MEUZ &R, 33-39, 2008  (FE M

Pk (Ghe )
OB, AFH=ErE, O SE, i : #5
KT T-betiL 7 LA~ A o i 2 MARHEE 2
9%, H500a] H AR &2 P =
; 2010.4.23-25, FUHB

@ Yageta Y, Kikuchi N, Ishii Y, et al.
ablation of Nrf2

Genetic exacerbates

influenza virus-
induced lung injury after cigarette smoke
exposure 1n mice. 106th International
Conference of American Thoracic Society;
2010.5.14-19, New Orleans(USA)

@ Yamadori T, Ishii Y, Yageta Y, et al.
Nrf2-mediated cell
regulated by EGFR-MAPK signaling in
Keapl wild-type

prolife-ration  is

non-small cell lung
cancer. 106th International Conference of
American Thoracic Society; 2010.5.14-19,
New Orleans(USA)

@IGMAR, AFHERE. AT, M LPS
R fLIE & 7 V12 351 5 Peroxiredoxin-1 D #])
HIRNR.  FE49IR] H AR B2 T
2009.6.12-14, HU

®Kikuchi N, Ishii Y, Yageta Y, et al. The
role of preoxiredoxinI in the pathogenesis
pulmonary
105th

of bleomycin-induced

inflammation and fibrosis.

International Conference of American
Thoracic  Society; 2009.5.15-20, San
Diego(USA)

@%uAR, Ab=EmE, RO fih o Sk
i85 5 X Ot ARMEE (2 2~ v A % o
L R T OBETER. 55480 0 ARRER &
FETRERS ; 2008.6.15-17, fiT

6. WFZEHHA
() IrgefRaEs
it =i (ISHIT YUKIO)
B R - KEGEAMRA B 2R -
HEH =
9EE %5 80272194



