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T L &I

15 MR FE (ROS: reactive oxygen species) D {FLE
DB L THE SNEDIX 1954 FTH DY,
FIIWARUFTORELTHERLENTZROS &, B
EETO 4 FEDKH ##%C, Bk, I, R,
EREEAL, 2R Y O~ T2 oM iasg ke il
K- & U CREMZ R A T T & 7.

SPEEEE SR O X — 5y b LT D
RAECHEMMEIFREICIB W TE, ROS Tk Sz
i, NEE, DNA S EHfastielc 8% 525
ZEMREEINRTEL. HEMB TR, BRETS
HLEROUF P ER 722 & O BN 5 ROS 75 % 51 ik
HEh2 Z LA T, Mz a4 28« 722
R B 12 ROS % AT 4. IEH AR Tk ROS
VAR OFAENC L0 Mnoqb, MR, kK
v, RIENIGR, BHFRbzo P —L L THEELTWD
2, SEERICHEERF IC T AR L L C
NADPH # 3 o % —-£ (NOX) @ ROS PE A HEAE O Hif
ZEMEATE . ROSIZIE, RA—R—FF K

B Z*

(- OH), WHE#ER: (HOC), —EfE (02,
NAXFT VT PANRO2 ), TLaxy sy
JIN RO )REBREENDH, ZOEADRIEL
LT, NOX OFBNEH SN TWND.

TDE I ROS FEAICK LT, EFENTIEES
RvC, V¥IVE, gAnFr, FEFFL,
JRIEE, EVUAE R EDERNYER, superoxide
dismutase (SOD), 7% 7 —¥, ~UbAF 4 —1,
NAAF U F =Bl EOHIERLEER A, Fig(ksy
F & LTROS oERICHHLTWaD. Lavl,
ROS 23 PEA SN DIFEICB VLTI, b
OFFEACAER 288 LT, ROS (2 X % HilksgRER
ENETT S, ARETIE, EERNIZEBIT S ROS @
BEIPE A2, BIERATEIRICB T 2R
JESUSIEBEREOFREICH S LT U 5.

£ G RAE RIS AE IR BE

LB PERIE I SIEBERE (SIRS: systemic inflamma-
tory response syndrome) %, 1992 4| K[EHE TR
JRIE S & RERSE RS2 L VB ST E
BERETH Y, KR, O, PRk, AimEREEo
4Oo0IIFATIVT(RDDI B, 220 Ll
TIRHE L ER SN TWBY . IME, FiF, JAEPHER

(Oz+), WK (H02), B RarXFZ U hL 5, 2MEPER, BRME (sepsis), EHifR, i,
£1 SIRS BMiDT=-0H® 4 1EH
0 R >38CdH 5T <36T
(IRTPEIEE - >90/%y
EEEZYE >20/43 % %\ & PaCO2< 32mmHg
0 AmERE  >12,000/mm® & %\ E<4,000/mm? & 5 O 3 ehEERE > 10%
LEDAHED S S 2 2L E&li7- T4, SIRS L2Mid 5.
*RUEBR SR BT E PR R IR« MBEE S B
fiosis
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£ B R RITEREE (SIRS)

BERERME: Y avy, ZEBTE, DICOEHH

E1 &5 RE R EEEE & AU

4 By PE S HE SO E BB (SIRS: systemic inflamma-
tory response syndrome) (X, #ME, FAfF, [REaFHEN
5, APEEESR, BumfE (sepsis), EHIMERAZ &0
WRBICBWNT, KIEMEYA NI OEAREE -
THETHD. TN DOEBRBIZENT, KYYE
W2 RHERERE LTBX, va vy, ZRBR
4, REARME LB PN EE R RE (DIC) % & ff L 7= BIE
i i (severe sepsis) # E X L4V, ZD X H AR
SIRS HEfFfkicxt LC, TEMEmBEREL —REH5 &5
ZHNTWND.

va vy Z R EOFERRBIZBWT, RAEMETA b
HADFEENEE D E, SIRS OFEFHNHERAT 5.
o, ZHULOEMFEBIZEWNT, BRYEEE 2 K
PR ERG & LT SIRS Z&\EM LT, St
&AL BIEMKIMLE (severe sepsis)? %3 %
RTWELD. ZoXOEETI, AMEMEE, v
a v 7, MEERE, BRI E PR EE A
(DIC: disseminated intravascular coagulation) 73 & %
FIEHZEDEL, ERBEES.

T HEgas O & 7221, Toll-like %2 %514 (TLR),
tumor necrosis factor (TNF) 54 {&, Interleukin (IL)
SRR EORIEMEZ BRNFIEL, SIRS ZiEE
DL ENHRRTE DY, Z ok D 7% SIRS i
REIZH\NT, ROS MRIFEA S, RIESLT A B
—VADRETT D EDPHRBENT NS,
TRIRE 2 LB & A HERUEY, LMY 2 v
70 EMEREED 2 L ICB VTS, xRS
TP FAME T L TWA XY 2y, ROS EA
HERTHE LTS Z EBRIEIN TN S,

SIRS JRfETIL, RIEMEMERME ORIEIZ 2 T,

Bk & 7ok O B T B ICRIE L T AR b —
APHEITT DY, ZOMFE LT, MBI RE
WZREEFFORIED T L 9 70 Alert AfE (B8
AR D 354 5. KIEHRRTIX, FEOMD L
WZ EST X TOMESRIENER S & BRT 5
FTCIReL, RECEMELZ LT DO —FEITFE
T 25— OMIIZE X 72y, SIRS JRREIC BT 5 E
Fligias D Alert Miflix, 55 K7 nuclear factor-xB
(NF-xB), activator protein-1(AP-1), cyclic AMP
response element binding protein (CREB) /activating
transcription factor (ATF) , signal transducer and
activator of transcription (STAT), interferon regula-
tory factor (IRF), hypoxia inducible transcriptional
factor (HIF) 7 & D&k % 055 H -+ & HMEAL =,
TERA Y, BESTF, REEDEOEETZED
B0 X5z, Alert MfITIX, REMEY v
& L T mitogen-activated protein kinase (MAPK) <>
IaFArx ) —8 CPKC) L&Dl Uik
DIEMHIEbRBO BILA. SIRSHETIE, ZD XD
AR NS SR E S 7 v &S LT Alert Ml T
ROS MMilaEIEA S, BEENREHDOLNLDL. b
W2, BRI aRMEE, FEOMBENY 7
N%Ar L CHRD TR & ROS ikt L, FHAkAR A
e a INgib S E 5.

EMERIES NADPH A X4 —+F

ROS 1%, #FHEk, 4r@gEk, HEK, ~7s/nm 77—
Tp EOBEEME CIEHEN T M~mM L)L
L, ZHEERHZLELTZENMBRATNEY,
—77, EENREE O FE O M PN B2 AT RS i
TEIBFAIICH ROSIIELE SN DA, EFRKIT
nM~M LSV ORREICHERF SN TN S,
ROS #EAT HHMANEREX, I a2 R T
KR, B, FaT T Y —h, Mg L
BxTh, ROSIZI har Y 7EFRERIC
Mz 7T, NOX, 7 utxvrh—8, VRxyv
FFr—E¥, FhIr—»Ahpds0, FHFrAFFy
Z—E, NFXFF R EOBBEITL Y FES
END. Zo5 BT, NOX I ROS FEA D HiL
ThHY, A——FFY FOELICEEREE %
Ho. FERSROLHMAZO ROS EAICENTY,
NOX NEHLHE Y LEZ BN TN HW,

BIfE, NOX iZ, NOX1~NOX5, DUOX1~2 D 7>
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A. NOX1/2/3 B. NOX1

NOX1/2/3 |||

Rac Ce} pATohx

C. NOX3

D. NOX4 E. NOX5

2 NOX 77 3 —DEHcH#E

DT A V7 F—LREESH, S5 NOX EHZ®
WHRFELT, NOX LHEHEMICEAELTWS
p22phux,

2 >® DUOX 5 5K 7 (DUOXAL, DUOXA2)
MEE SN TWD. MR i EEE & D NOXL
~NOX5 1% 6 [nlE @R EH & LT, DUOX1/2 D
20DT A Y7 F—AF 7 EIFEEES ”Hﬁﬁ!ﬂ& L
T, TNENOEHACHE R F & 0Bz L
NADPH L Y A—/ 3—F % REELETD.
A. NOX2

NOX2 (%, gp9lphox =°> b-245 & L T 1986 4 iZ
Royer-Pokora ©'¥ %> 1987 4 |Z Teahan 5% L ¥
XU TRE SN NOX Thb. 6 [0l E @ E
M& LTNEKRE CREmMAMBENITAET D X
HNCHEEE B E S DY, EOIEMARICI
p22Phex L DABIZIN AT, pd7h* ORI ~DRK
BAME L S5 (K2A)17. pd7P% oK fia s &)
\ZE 0, I pd7PoE H—4y b & LT pb7P R
pA0P o D M IR B 8 45 U, B K912 1% Rac 28
p67°hs L i E) LT NOX2 215tk & 5. Rac
VIBRAE 3 FEFEARIE & TV A small GTPase T&
D, Racl [ZFITKMMAEIZ, Rac2 1TFIEHERAM
faiZ, Rac3 i EFICHBAMPRIC ML TN D.

2 SOA—HFA Y~ T (P47, NOXO1),
2 S OEPEALE F (p677, NOXAL) 35 £ UF p40»™,

NOX2 iFF ALY W), HHhEk~rn7y—Th
FORERMRICRET 2D LEE 5T
e NOX2 T B RIS EBB L TWD L0,
MEISCI A, & OISO, M PR
i 7e & o0 i 48 R0 HLB ) R ISR EL L T

HO= = kS kAR TTIE, pdTP o FE IR
i N H—L LT, A—/N—FF RPREAZ
no.

Z DO NOX2 # =1— K4 % NOX2 # {5 1-1%, X4
IR 211 ICIFET SH. NOX2 @iz oS mE—4
—fEiRIC X, NF-«B, AP-1, IRF1, IRF2, PU.1
(myeloid-specific transcriptional factor), Elf-1, YY1
NFEA L, NOX2 DREA#RbHZENTED. i
i, ME, BYYEZe EIZB W T, BEHLC NF-
B %° AP-1 X IRF OiEtE2 & £ 57-9%, NOX2 7
BAREOVSTWV. ZOX S IZRIERFT TIX
ROS OFEANEEZ VLTV, ZHICH AT, (L
BRER T T AT v MICL DR LA
NMTNOX2 HENEEDL Z EbMEINTWD?,
B. NOX1

NOX1 %, NOX2 D ¥&IZ 1999 FIC[FE S L7z
NOX2 DFHFEIRTH Y, ML Moxl, NOH1 & I
TV 7B20 . NOX1 b fihe NOX & [FIERIC Bk
TIX ROS % FEAT HHEITMRD TRV, NOX1 i,
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NOX2 & [RIFRIC p22rhs b OHEEIALETH D, =
512 NOXO1/NOXOA1L (E2B) & 5\ ME p47Pho/p67ehes
(H2A) L DAL VIEERIL S, RERICIX
Rac I X W iEH L S 5%% . NOX1 (ZIH% LR,
i, U2 < FEET DAY, i/ Y75 5 il < ifn.
BNRMBEICLREL TR AP, Hi2mnE Tig
iz 5 NOX O EK T NOX1 Th 5.

bk NOX1 &f=1-1% NOX2 & Ffkic, X Bk
b X@22) \ICHFEET B, S ue— X —fERIC T
NF-xB, AP-1, IRF, CREB, STAT, CBP/p300,
GATA L OFEAEHEE A H Y, Zhbiz LY NOX1
FERERED NS, EMCRE TEENEE S
NF-xB %, IL-6 7 FMIic X viEibans
STAT3 |12 X ¥, NOX1 DFEBITEEEM THED S
5. Mm% TiE, PMA (phorbol 12-myristate 13-
acetate) Bl 1= & 5 PKC &M< PKC-§ 12 LV,
NOX1 EHENFEE D Z & bBEShTWBET, =
@ X 512 SIRS JHEE TiX, RIAERFTT NOX2 12
Z T NOX1 ORBNBEE Y, ROS OEEAENHEIMNT
hrEZBND.
C. NOX3

NOX3 I%, 2000 FcFh bz L0 e MEE B
MR TRESNED, NEICEEEICEBL, K
)?—’H’ab%m%"ﬂﬁf;& HREERD DN, LMER

BU2HEBIIZ L, YFERICBVWTHE b

MBI BREBEZBRHTE T, NOX1 X
NOX2 & Rk DiEMAL 7% 4 LT ROS ZPEAT
DM, FOHETH p22°h 15 L UNNOXO01 D573
K. LAL, Rac A NOX3 #iFMA L &€ % 0
E oI LTI, 2008 4 % T o BB CRE R A H
T2, BIE, NOX3 oiEtficksnwT
NOXO1 £ F Tik Rac DEBIEIARMETHD,
pAT" FHE T CTlE Rac # B L THLEDEZN—
R TH 5 (F2A). NOX3 1%, NOXOl fffEF Tt
A BRI CIEERIIC A — =% F v REE
ALTWEEEZLNR TV (E20).
D. NOX4

NOX4 iX, 2000 FIZBE L FIRRTRES L
7280 g CrEe <, DL R /N AR
MBI BETA 22 EAmMbN T3S, NOX4
2o NOX & H7e % 80%, gk Tl NOX4
& p22rher L DFE G BT TE A, T L bHIE
JETO p22Phx b DB ENLEL LRI LILH D

(E2D). NOX4 OIEMALIZIX p22Ph3fi 545 &
DHEN D 505, NOX4 DiEMELIE p22 PRI IC
BWTbHREND. F7z, NOX4 OiEFHEbICIE
fth > p4a7Phox R NOXO1/NOXOAL > il i i 7 Bh <
Rac DiEMEALR EEMLEE L2 &b Eh
TWBY, ZokHiz, NOX4 iZfhod NOX & £ 7
0, ZOFERERETROS EAEZHBL TN LE
ZHhTVnD

—7, b b NOX4 #f5 11 11q14.2-q21 IZ1F1E
L, NOX4 #8iX INF-o, 7oV FF v v
7, PRCIGME, L @mbbhdl b
NHEREN TS, NOX4 X SIRS J5 D O
THREANBHDOONAFREERHEH. 2D L 57tk
PIZBWT, Toll-like 5278 & 4(TLR4) & NOX4 1%
AT DHIENERINTEY, 77 AREEE
JEYIE Tl TLRA & 7 F )V S22 NOX4 % 1E M
L &4H, ROS ZPEASHEHAREMATRRE AT

Z) 32,33) .

E. NOX5

NOX5 1%, 2001 41 M0k B CRIE S i3,
NOX5 (%, gV v k&S B E CHET S
2, DLERICHERTE, RAEREDY 38k
TIRFEET DA, PV U RBRIIEFEE L 2N
ZEBMBNTVWS. NOX5 13 NOX1~3 L #72xy,
Z OIEMEALIT 1T pd7*> NOXO1/NOXOAL O i iz
RS B> Rac DOIEME L7 8 & MEE L L7y, NOX5
%, NRIBOMBANERAESREFESALTHNDLD
NEFECToH Y, EF-hand fEIK & FEIZIL TV 5 (K
2E). Z @ EF-hand fEI%iCi% Ca® " AT H Z &
BELTE L, Mg C RED ERIZLY
NOX5 |3#E 2 bz Z L, NADPH L ¥ A—/3—
XV REEETHEBEZLNTNS% . NOX5
OFRBFREICOWTIL, 5% OFEMBRBRERAH
nb.
F. DUOX1/2

DUOX1/2 1%, 1999 iz FRAR X 0 [AE & 723090,
FORARCIZMC I, R X R A< Langerhans &
WCHFEET 52, DIERICIXRETE 2. fho
NOX L #7xv, 7THEE®EEATHY, NKIE
SIS ALE S 5. DUOXY/2 & NOX5 & [F
BRIZ, MIIAWIC Ca R AL a Fio. TR L%
MR TIE, MR Ca* IRE O EFIZ XY DUOX1/2
G L&, A= N—F XV FPEEETS.
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G. p22vbex

p22PhxiE, NOX IZHfEZ MiBh+ 501 & LT,
M CHBELREEZE S . Z 0 p22rhed TR
1%, ONOX @%B]H@H%LT“U)“”%M @p4 7o L
NOXO1 & DfEE D 2 2l — &2 NOX O
JafE B 7 = A& Ty I\ﬁﬂﬁ%ﬁ 9 BRI,
FORY FRHEAERICELSOERAAT AL
LTWERBROUMEDE LT, NOX & p22P D {EH

SEREHIEH D B
MR ET1:1 OHRTERELTRIY®, NOX %
22PN A PICHECHEET 2 HEICE, Th
SITHIAENICRRA L, a7 v —Z X 0 45
STV, FLCHE20%EE LT, CEREHED
Za ) Uy FHE(PRR) &4 LT, p22°(k
p47°"* > NOXO1 @ SH3 K A 4 > (Src homology 3
domain) ¢ FEBTE B, 2D X 91T, p22ehx (L,
NOX & A—4F A % —[K T (pa7"*, NOXO1) # &
ELID2REBERLE LTOREEZB-TNS.
H. NOX #—H+ A H¥—EF (p47*>*, NOXO1)

p47°%% (NOX02) & NOXO1 D&, p22ros s i
A DI NOX IEHEALE - (p67*, NOXA1) 4 il
Mﬁ CHBESEAZ LIH D, p677r L NOXAL (%

, N RUifEIEIC phox R A A > (PXD) Z{%:FF L

f:(w), ZOPXDIC XY MRy HRE L AES T
X%, &5 CHEDPRR 24 LT, pd7"i%
p67phox &, NOXO1 (X NOXAl & #i& CT& 5
p47°h L NOXO1 {213, PXD & PRR ®f#ic SH3 F
AABHY, p2xLFELT DY, ZD2oD
F—=HFT AP —NFDH 5, L é%c:%@é’fxm
I p47MxCdn ), NOXOL (LG, JFlE, B, M
72 Sl EEmE TRILL TV

p477% & NOXO1 D&M T, pd7Pho T iE AL )
% (AIR: autoinhibitory region) Z FfosZdH 5.
F7z, NOXO1 (L FEITHMEE EDRART A/
=1 ) CBRICHEAT 2 0IIx LT, pdrhe
% PI3 & —Biz &k v M T b &%) 7= 37
ARFVNA ) b=k PXD CHREAT 2D A%
W B . JAERTHE O B A ML ifiL/ SR T i PI3
X F—F DM RS B A TTHE L, pdA7Pho o i i fis
BEERET V0TV, &6, BM-PRIEDIBR
T NF-«B #HME7e L2 X v pa77x & NOXO1 DA
BREDHILENHONTVD., 2O L5 REBNE
PALFRENIC AN 2 T, pd7orox i3 BN B 5 AL TR &

FHNns. NOX & p2orod,

25,

pd7x D AIR 1, £ O 3 KAEE DK L v ik
HIZ p22rhox & DAE BRI CH H SH3 R A A v & iffE
LT3 (E3). BIfE, pd7hxo AIR (2 THe
12, Pro299, Pro300, Arg301, Arg302, Ser303,
Ser304 , Ser328, Ser345, Ser359, Ser370,
Ser379 7x EERER T R VR L THELEZD
TG, pdTr B EEE LA - L, p22ehex b gk
ATEDLXIICRDIHITIE, Ser303 75 Ser379
FTOWThHOY VBERAKETHYD, R
Ser379 & Ser345 @ Bl U > ER{b <>, Ser303 +
Ser304 & 5\ it Ser359+Ser370 M EE V E{LH
MEL 2 B29 . Z ok 5z, pd7™L NOXO1 &
Bp0, AIR © U UERKIZ X 0 HIIEREE o p22rhe
LOREEERODEFEMUN D D, pdT*D AIR DV
VA, TNF-a <0 IL-1872 ¥ ORIEMEY A b A
Av, VKRKRIY v HTA Felo TLR #, G-
SF, GM-CSF, PAF 72 X2k v, MAP ¥ —+
(p38MAPK, ERK1/2) X° PKC O iE M L2/ L T4
LA ZENMERINTVEY,

PLED X ST, RIERIBIC I\ Tl I B HE R
HENTWDA—HFA =KL pd7P**TH Y,
SIRS #% BE T (% p47" TR ICTEMIL S B
NOX2 O i Fiftls 13 A — /3 —A % ¥ KOPEEA |
OTEBEREHZMI EEILND
I. NOXEMALEF (p67°1*, NOXA1) & p4orhex

p67°"* (NOXA2) %> NOXA1 1%, ZHh Fh C Kl
fEIk D SH3 K A A > T pd7™> NOXO1 & fEA§
D, p67PhNiE, X 61 C REfEIEIC pdoptor b fE S
3% Phox/Beml (PB1) K A A > % &>, pdOrhjL,
677> NOX {E AL 1M 2 5819 5 A%, siRNA %
FW - B0 2R e & L 0 NOX oiEdE
ILICHBARRI R RS T TRV EZEZ LTV
p67°"*> NOXAL X, N KW ClERac &AL, &
#&H91Z Rac @ GTPase {&PEA /1 LC, NOX % 1&#:
b5,

Z DX D RS A o poTheniy, AR IR0
ZC, MAENEDCME FHETY, BRI bR
LTW5. NOXAL i, BE-CHilcinZ T, Mm%
WIHNCEFEOICEALTEBY, LB EEHICRT
% NOX {E AL F O EEIE NOXAL £ &2 51T
W5, pb7hiE, NOX2 & [IERIC IFR1 < PU.L 72
EOEEIEE TN 5 &3, AP-11CX 0 %
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gz [ |G e |

@

p38MAPK, ERK1/2, PK ﬁ
satempare | PXD | (53 AR S e
| PRR|

E3 pd7™ OEMALHEE

pATPh |, AR b T p22rtox & EA L7z NOX2 X° NOX1 (25t LT, p67h* & Rac #&A SE 5. pd7h (I
AL fEE (AIR: autoinhibitory region) Z ¢ 6, IEHEIRIE T 3 IEEOFHEIZ LY Lﬁgﬁ’J p22Phox L DiEAE
BT B SH3 F A1 > (Src homology 3 domain) Z il L T\ 5. KEM S 72 LV AIR 73 MAPK <° PKC 72
izkv ) Uik zZ0 5 L, pdTh IZHEERLAAE LT, SH3 RAAL Ui RkiBE 5. Zhic kb
pATPMOX [ p22Phox L HEA L, & 5T NOX1/2 12 p67?h* L Rac # A &®H L5 sd. ZoLH5ICL T, SIRST
1%, MAPK = PKC O#EMEAbIC L v, NOX1/2 #4r L7 ROS MpEAN @S 5. PXD: phox K A4, PRR: 7
o Ul oy Fhik.

NADPH 02 RAFIFA BT b

2 ONOO~

Ve

2H*

NADP* - _,\_;rj; L

ERRFYSTAL 0z

-OH «~—p—— H202

OH™ | EEHAE

H20 @

02
_ - c- EFRFUSTOAL

H4 EMMREOELLSDHILRE

H20+1/2 O2

NEEDZLBEBINTHE?. ZDX3IT, T &72. NADPH iX NOX D&Mk & =Mz s
p67 & fih > NOX FEMEAL R F & FARIZ, SIRS ¥ WT, B4An XS, £7, A—N—FF T FiC
BCTIEENEED LFMisND. BIhD., A——FF T NI, wRIZ—BRL=E

FMNO) ORI E O~ vFxRF A T4 BT
7 = e
REREEDNORN BEHEIS L b bic, SOD Ik BE{LARICE
ROS 7 DNA SMIMIEMIEREBICEES S Bah5. BRIAENDIE, b FadssUp
BT LI ChETELOIACHLIE Sh  ACKEHERIEESND,
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ZhBH?DROS IZ X %5 DNA EEX, @EWUIER
ENRWIRY, 7HEM=VRAEN LMD
KE7d., Fiz, AT A T4 X, M
JAREREEEAOTF o U EEO= buiki
LT, FryrBE0) VBRIbEFEEL, EFR
MIRAEREEZREET Y. REERRHED
THRWHEBEES> 52523 Mbh Ty, Z
NHEDROS A = ) VEREOKEREICH
BEEL, A2 ) VR mEEOFESI & LT
BNTVDHY. Zof, LATD ROS 24 LiciE
R FEECERAHA L E SN TEBY, SIRS FHEE
BB IEL LFMENS.

A. 5B RF NF-xB O#FHEMHEL/ERA

SIRS e CRIEMS B E N L CiEHEts 15
R BN F NF-«B?i%, Lo X 512 NOX = NOX
TSGR R 7 DERE & &, ROS EAZFHE S
L. —J7, PEAESNTOBEBLAKEREDS uM L
MAZET D &, fRx 7ol T NF-«B &M% EA &
HEHIEBMBN TS = Ot AKRIC
£ % NF-«BiEMALOEF & LT hEzTlc, O
xB (inhibitory-«B) D 717 7 YV — A L 5 iR &
BEHEICEES TS 2 L, @LxB ¥+ —EDiHE L
Z9 LTC kB O fif e MBI Rt S5 2 L
MEREINTNWDI | @H, NF-xBIEHIEE 6
[-xB OEAZ RS, BSDOIEEICERRZFFON,
DNA [ U722 W1 B RS Cls g bk 8 O s
FTREAED uM LU E D & T-xB B A ] &
A, NF-«BIEMERRRET 2%, Zo k5, g
{EARFEPEAD M L OVIZE E D 1A HE Tl NF-
kB OENBATHRFHRIICEmD b, RIEMY A b
B4 v, INOS < COX2, A 178 & DpEA? A
IHiZEHOENDLEZLNTND.

B. MAPK & U AP-1 O;EMHL/ER

MAPK X, extracellular signal-regulated kinase
1/2(ERK1/2), Jun-N-terminal protein kinase (JNK),
p38 MAPK, ERKS5/ bhig MAPK1(BMK1) ® 4 > D
777 IV —TCHRENDEY /AL = F T
—EBThHD. ZD5BbEIAP-1 FHEEOEEL & D
% AP-1 BEOERIAMIL, Jun & Fos TH 5. Jun
DRE 2 &R, Fos & Jun D~7 1 2 BRI, V
U b SR EE T DNA B AP-1 fHik & L CA
H#u% phorbol 12-O-tetradecanoylphorbol-13-acetate-
responsive element (TPA-responsive element: TRE)

LREA L, COX-2, ICAM-1 72 & ORIEM~— T —,
matrix metalloproteinase (MMP-1, MMP-3, MMP-
N TurTT—8, TI/FLT4TAED
@Iz 545 CapG, Ezrin, Krp-1, Mts-1 72 &
FERE BB CH M S %, SIRS fFRED Alert i
TEMLEND AP-11E, B U HAWERA LA =
VEREOY ELIC X 0 IEME &7 Jun & Fos
D2EEBIZLV HEEHENDY. YHIEE T,
AP-1 FEPEIC KLY TNF %% 1, Fas, DR4, DR5
7¢ & O Death ZREOMIMBER BN EE D, <
M RO Alert MO T R b — ARETTHZ &
EHER L TN D,

ZD & D7 MAPK B X OVAP-1 iEHEIZEI LT
A== A% ¥ RROWERL/AKFEIL, cJun <° c-Fos
FHRE B CHIIN S W05, F 72 100pM LL LR
BElZ@md bbb KFEILEICINK 24 LTz
Jun 773U —D Y UEKIC LY AP-1{EMEZ BN
SHDH®. X5, nM LUV OKEE O ROS E
HETH-TH, JNK X p38MAPK i3 U b iEd:
EZTDLIEAMERITVWDSY,. —J5, ERK1/2
1T 1mM % 8 2 % 56D T i WO IR E o g bk 3BT
BWTY UEbAEZT, O ROS DELD L~
NTIRIEH L ENRNEEZ B TNED,

BEhHhYIc

AFaTlE, SIRSHHEEIZME LT, ROSEAIZE
75 NOX 5 L OV NOX B (K D&l 25 Ui,
SIRS JHHEIZH51T D Alert flfE Cik, RIEMER BE
AL TENEIL SN NF-«B R AP-1 2 &8I LY
BB EEME D 5 NOX 38 L UV NOX BEE K D FE N
ML, ROSPEANEED. —7, Alert Hifa CE
A E 72 ROS X, & IR EEIRHE CTIEirf% @ non-
Alert #ifla (% L CHEM L, non-Alert #f i (2
NF-xB O iEMH:% @, NOX 8 L OVNOX BS#ER 1
DEBEFETHAEENHSH. X 5IZ, non-
Alert ML CiE, ROS H#IZ L 0 iEME(L S iz AP-
1 290 L TRIEMEZ AKX Death 5% 280K 0 4l i i
FELAZFFE L, non-Alert fiE % Alert #IIRICZAEFR
FTHAREERSHD. ZD L HIZ, SIRS mHED &
AR (231 2 MR RIECEEE XL T, 4%
£V FEMIIZ ROS DGR LNZENDTHA 9.

Presented by Medical*Online



LY WRIEFOMEBREC BT 2 IERREREORREMEE 79

X #ik

D

2)

3)

4)

5)

6)

9)

10)

11)

12)

13)

14)

15

=

Commoner B, Townsend ], Pake GE: Free radicals in
biological materials. Nature 1954; 174: 689-91.
Members of the American College of Chest Physi-
cians/Society of Critical Care Medicine Consensus Con-
ference Committee: Definitions for sepsis and organ
failure and guidelines for the use of innovative thera-
pies in sepsis. Crit Care Med 1992; 20: 864-74.
Matsuda N, Hattori Y: Systemic inflammatory response
syndrome (SIRS) : Molecular pathophysiology and gene
therapy. ] Pharmacol Sci 2006; 101: 189-98.

MEEZ: BUMEIC BT 5856 FREE (L — FEER
BOBEMEEEN L LEEBTIRE—. R
2008; 57: 327-40.

MHE 2 25 M RAEEGER & Toll-like 5 28K
v 7" —Alert Cell Strategy —. fEERHIHEH 2004; 25:
276-84.

Azevedo LC, Janiszewski M, Soriano FG, et al: Redox
mechanisms of vascular cell dysfunction in sepsis. En-
docr Metab Immune Disord Drug Targets 2006; 6: 159—
64.

Peng T, Lu X, Feng Q: Pivotal role of gp91lphox-
containing NADH oxidase in lipopolysaccharide-
induced tumor necrosis factor-alpha expression and
myocardial depression. Circulation 2005; 111: 1637-44.
Gujral JS, Hinson JA, Farhood A, et al: NADPH oxidase-
derived oxidant stress is critical for neutrophil cytotox-
icity during endotoxemia. Am ] Physiol Gastrointest
Liver Physiol 2004; 287: G243-52.

Motoyama T, Okamoto K, Kukita I, et al: Possible role
of increased oxidant stress in multiple organ failure af-
ter systemic inflammatory response syndrome. Crit
Care Med 2003; 31: 1043-52.

Biasi E Chiarpotto E, Lanfranco G, et al: Oxidative
stress in the development of human ischemic hepatitis
during circulatory shock. Free Radic Biol Med 1994; 17:
225-33.

Baldwin SR, Simon RH, Grum CM, et al: Oxidant activ-
ity in expired breath of patients with adult respiratory
distress syndrome. Lancet 1986; 1: 11-4.

MEEZ: AREED 2T = — 4% — LIRER T,
R - E£FIEE 2008; 20: 1192-206.

Ray R, Shah AM: NADPH oxidase and endothelial cell
function. Clin Sci (Lond) 2005; 109: 217-26.

Cave AC, Brewer AC, Narayanapanicker A, et al:
NADPH oxidases in cardiovascular health and disease.
Antioxid Redox Signal 2006; 8: 691-728.

Royer-Pokora B, Kunkel LM, Monaco AP, et al: Cloning
the gene for an inherited human disorder — chronic
granulomatous disease —on the basis of its chromosomal
location. Nature 1986; 322: 32-8.

16)

17)

18)

19)

20)

21

22)

23)

24)

25)

26)

27)

28)

29)

30)

Teahan C, Rowe P, Parker P, et al: The X-linked chronic
granulomatous disease gene codes for the beta-chain of
cytochrome b-245. Nature 1987; 327: 720-1.
Groemping Y, Lapouge K, Smerdon SJ, et al: Molecular
basis of phosphorylation-induced activation of the
NADPH oxidase. Cell 2003; 113: 343-55.

Lapouge K, Smith SJ, Walker PA, et al: Structure of the
TPR domain of p67phox in complex with Rac. GTPE. Mol
Cell 2000; 6: 899-907.

Heymes C, Bendall JK, Ratajczak P, et al: Increased
myocardial NADPH oxidase activity in human heart
failure. ] Am Coll Cardiol 2003; 41: 2164-71.

Goérlach A, Brandes RP, Nguyen K, et al: A gp91phox
containing NADPH oxidase selectively expressed in
endothelial cells is a major source of oxygen radical
generation in the arterial wall. Circ Res 2000; 87: 26-32.
Kinoshita H, Matsuda N, Kaba H, et al: Roles of phos-
phatidylinositol 3-kinase-Akt and NADPH oxidase in
adenosine 5'-triphosphate-sensitive K+ channel func-
tion impaired by high glucose in the human artery. Hy-
pertension 2008; 52: 507-13.

Touyz RM, Chen X, Tabet E et al: Expression of a func-
tionally active gp91phox-containing neutrophil-type
NAD (P) H oxidase in smooth muscle cells from human
resistance arteries: regulation by angiotensin II. Circ
Res 2002; 90: 1205-13.

Suh YA, Arnold RS, Lassegue B, et al: Cell transforma-
tion by the superoxide-generating oxidase Mox1. Na-
ture 1999; 401: 79-82.

Banfi B, Maturana A, Jaconi S, et al: A mammalian H™"
channel generated through alternative splicing of the
NADPH oxidase homolog NOH-1. Science 2000; 287:
138-42.

Cheng G, Diebold BA, Hughes Y, et al: Nox1-dependent
reactive oxygen generation is regulated by Racl. ] Biol
Chem 2006; 281: 17718-26.

Ueyama T, Geiszt M, Leto TL: Involvement of Racl in
activation of multicomponent Nox1- and Nox3-based
NADPH oxidases. Mol Cell Biol 2006; 26: 2160-74.

Fan CY, Katsuyama M, Yabe-Nishimura C: PKCdelta
mediates up-regulation of NOX1, a catalytic subunit of
NADPH oxidase, via transactivation of the EGF recep-
tor: possible involvement of PKCdelta in vascular hy-
pertrophy. Biochem J 2005; 390: 761-7.

Kikuchi H, Hikage M, Miyashita H, et al: NADPH oxi-
dase subunit, gp91(phox) homologue, preferentially
expressed in human colon epithelial cells. Gene 2000;
254: 237-43.

Geiszt M, Kopp JB, Varnai B, et al: Identification of
renox, an NAD (P) H oxidase in kidney. Proc Natl Acad
Sci U S A 2000; 97: 8010—4.

De Deken X, Wang D, Many MC, et al: Cloning of two
human thyroid cDNAs encoding new members of the

Presented by Medical*Online



80

3D

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

B OB Wl W E30% F25 (2009
NADPH oxidase family. J Biol Chem 2000; 275: 23227-
33.

Martinez-Salgado C, Eleno N, Tavares B, et al: Involve-
ment of reactive oxygen species on gentamicin-induced
mesangial cell activation. Kidney Int 2002; 62: 1682-92.
Park HS, Jung HY, Park EY, et al: Cutting edge: direct
interaction of TLR4 with NAD (P) H oxidase 4 isozyme
is essential for lipopolysaccharide-induced production
of reactive oxygen species and activation of NF-«B. |
Immunol 2004; 173: 3589-93.

Park HS, Chun JN, Jung HY, et al: Role of NADPH oxi-
dase 4 in lipopolysaccharide-induced proinflammatory
responses by human aortic endothelial cells. Cardiovasc
Res 2006; 72: 447-55.

Cheng G, Cao Z, Xu X, et al: Homologs of gp91phox:
cloning and tissue expression of Nox3, Nox4, and Nox5.
Gene 2001; 269: 131-40.

Banfi B, Molnar G, Maturana A, et al: A Ca®*-activated
NADPH oxidase in testis, spleen, and lymph nodes. J
Biol Chem 2001; 276: 37594-601.

Banfi B, Tirone E Durussel I, et al: Mechanism of Ca**
activation of the NADPH oxidase 5(NOX5). J Biol
Chem 2004; 279: 18583-91.

Dupuy C, Ohayon R, Valent A, et al: Purification of a
novel flavoprotein involved in the thyroid NADPH oxi-
dase. Cloning of the porcine and human cdnas. ] Biol
Chem 1999; 274: 37265-9.

Huang J, Hitt ND, Kleinberg ME: Stoichiometry of p22-
phox and gp91-phox in phagocyte cytochrome b558.
Biochemistry 1995; 34: 16753-7.

DeLeo FR, Burritt JB, Yu L, et al: Processing and matu-
ration of flavocytochrome b558 include incorporation of
heme as a prerequisite for heterodimer assembly. ] Biol
Chem 2000; 275: 13986-93.

Takeya R, Ueno N, Kami K, et al: Novel human homo-
logues of p47phox and p67phox participate in activation
of superoxide-producing NADPH oxidases. ] Biol Chem
2003; 278: 25234-46.

Hawkins PT, Davidson K, Stephens LR: The role of
PI3Ks in the regulation of the neutrophil NADPH oxi-
dase. Biochem Soc Symp 2007; 74: 59-67.

Faust LR, el Benna ], Babior BM, et al: The phosphory-
lation targets of p47phox, a subunit of the respiratory
burst oxidase. Functions of the individual target serines
as evaluated by site-directed mutagenesis. J Clin Invest
1995; 96: 1499-505.

Brown GE, Stewart MQ, Bissonnette SA, et al: Distinct
ligand-dependent roles for p38 MAPK in priming and
activation of the neutrophil NADPH oxidase. ] Biol
Chem 2004; 279: 27059-68.

DeLeo FR, Renee J, McCormick S, et al: Neutrophils
exposed to bacterial lipopolysaccharide upregulate
NADPH oxidase assembly. J Clin Invest 1998; 101:

45)

46)

47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

455-63.

Jones SA, O'Donnell VB, Wood JD, et al: Expression of
phagocyte NADPH oxidase components in human en-
dothelial cells. Am J Physiol 1996; 271: H1626-34.
Manea A, Manea SA, Gafencu AV, et al: AP-1-dependent
transcriptional regulation of NADPH oxidase in human
aortic smooth muscle cells: role of p22phox subunit.
Arterioscler Thromb Vasc Biol 2008; 28: 878-85.

Gauss KA, Bunger PL, Quinn MT: AP-1 is essential for
p67 (phox) promoter activity. ] Leukoc Biol 2002; 71:
163-72.

Maeda H, Akaike T: Nitric oxide and oxygen radicals in
infection, inflammation, and cancer. Biochemistry
(Mosc) 1998; 63: 854-65.

Hotz-Wagenblatt A, Droge W: Redox-mediated functional
and structural changes in insulin receptor kinase.
Methods Enzymol 2002; 348: 283-96.

Meier B, Radeke HH, Selle S, et al: Human fibroblasts
release reactive oxygen species in response to inter-
leukin-1 or tumor necrosis factor-a. Biochem ] 1989;
263: 539-45.

Li N, Karin M: Is NF-«B the sensor of oxidative stress?
FASEB ] 1999; 13: 1137-43.

Bowie A, O'Neill LA: Oxidative stress and NF-«B acti-
vation. a reassessment of the evidence in the light of
recent discoveries. Biochem Pharmacol 2000; 59: 13-
23.

Kretz-Remy C, Bates EE, Arrigo AP: Amino acid ana-
logs activate NF-xB through redox-dependent IxB-a
degradation by the proteasome without apparent Ikap-
paB-alpha phosphorylation. Consequence on HIV-1 long
terminal repeat activation. ] Biol Chem 1998; 273:
3180-91.

Hehner SP, Breitkreutz R, Shubinsky G, et al: En-
hancement of T cell receptor signaling by a mild oxida-
tive shift in the intracellular thiol pool. ] Immunol 2000;
165: 4319-28.

Matsuda N, Yamamoto S, Shun-ichiro Kageyamal, et al:
RNA interference targeting Fas-associated death do-
main (FADD) protects mice from septic lung inflamma-
tion and apoptosis. Am J Res Crit Care 2009; 79: 806~
15.

Janssen YM, Matalon S, Mossman BT: Differential
induction of c-fos, c-jun, and apoptosis in lung epithelial
cells exposed to ROS or RNS. Am J Physiol Lung Cell
Mol Physiol 1997; 273: L789-96.

Beiging L, Chen M, Whisler RL: Sublethal levels of
oxidative stress stimulate transcriptional activation of
c-jun and suppress IL-2 promoter activation in Jurkat T
cells. ] Immunol 1996; 157: 160-9.

Karin M: The regulation of AP-1 activity by mitogen-
activated protein kinases. ] Biol Chem 1995; 270:
16483-6.

Presented by Medical*Online



EHMWIIEFOMEGREC 11T 2 EEBRBEEOMIEBEMME 81

59) Hehner SP, Breitkreutz R, Shubinsky G, et al: En-
hancement of T cell receptor signaling by a mild oxida-
tive shift in the intracellular thiol pool. ] Immunol 2000;
165: 4319-28.

60) Griffith CE, Zhang W, Wange RL: ZAP-70-dependent
and -independent activation of Erk in Jurkat T cells.

Differences in signaling induced by H202 and Cd3
cross-linking. J Biol Chem 1998; 273: 10771-6.

Pathophysiology of Impaired Redox Signaling in Systemic Inflammatory Response Syndrome

Naoyuki Matsuda, MD, PhD*

*Department of Primary Care and Emergency Medicine, Kyoto University Graduate School of Medicine, Kyoto, Japan

The presence of free radicals in biological materials
was discovered less than 50 years ago. An excessive
and sustained increase in reactive oxygen species (ROS)
production has been implicated in the pathogenesis of
many diseases including systemic inflammatory response
syndrome (SIRS) .

The NADPH oxidase enzymes (NOXs) are a particu-
larly important source of ROS that are implicated in re-
dox signaling. The NOXs are proteins that transfer
electrons across biological membranes. NOX 1/2/4 and
the organizer subunits (p47") can be upregulated in
several types of cell of peripheral tissues by activation of
transcriptional factors such as NF-xB and AP-1 in SIRS.

Then, at produced high concentrations of ROS, many
types of cell can strongly activate NF-«B and AP-1 to
induce inflammatory burst and multiple organ failure
(MOF).

Thus, ROS is activated primarily in NOX-positive
inflammatory alert cells to penetrate into NOX-negative
non-alert cells and to enhance transcriptional activity of
NF-xB and AP-1 and expression of NOXs in major or-
gans and vasculatures. This article reviews the evi-
dence for an involvement of NOXs and the co-factors in
progressing MOF in SIRS. A better understanding of
the roles of NOX family may define novel therapeutic
targets for the prevention of severe SIRS.

(Circ Cont 2009; 30: 72-81.)
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