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% 4 FHF NF-kB(nuclear factor-kB)& — K iR FAEM . HH FLMEFHE TN EZL AT E
F.ORREAME T . w0 R S B R B8 5] A2 NF-KB B9 0% . NF-kB i F 3 %
FRAMTE G A FRR Rk B AR, Bk, NF-KB #4 2 —ANE# G B HF R AT, 4543 kAt
BB vk 40 j LPS/TOII/NF-KB /% IL-12 Rk W5 5@ #E A % 45K, 1738 T NF-kB f5 5 # # X HH 1=

WUIE By B3k . Bl 4m, IKB B (IKK) B 44 5 Th éE

IKB #y a8 1 52 R4k . NF-kB = B K M 1]

HeAZ W 3 UL Rg B 2R 1R 4 b 2 FALIE %, SRR T NF-kB £ I R b ¥ 86 B9 5 AT 3%

Xegti] ES#ES IkB IKK Toll ¥

1986 4, Sen F1 Baltimore!™ )\ B 4 fift t & 31— Ff
AE AN e BR B 11 K R B SL R A 38 0 I 91 R S 45
AR T, HHar 4 NF-kB. NF-kB &L - RIKIE
FAEET AN T, P EEN NF-kB 2ZH
P50 Fl p65 ZH WL 5 R4 AR Ry — A~ S R 4
T, NF-KB 777 TA R4, 252N
RO IR, EmE MK e T, AR
AR B % LR Y2 h g™, HRT, NFkB 1E
VERIRTT Z2 R0 0 10 43 ST 45 32 B2 AL G T

1 NF-kB [y L

NF-KB & —Fi i ik 77 75 1 5% St L, ZE1F 24
BERGAE S AT iR EEEEM, 25 T HE
ZRRN S, R A R T L 20 a7
k. Toll M. L FZ M. BLoaT-E . ZhHtor
T ATENE RS SN - S A SIS Rk

G S8 2 ML B ) SR AL, T ST T A B ) 0l
BN AN, RS ANB BIHL, XA S AR T 4
RIEFEM > TROZRE. BLC &P, NF-kB JH# KA
0 Mk B o F O St A AN R Y 4> (VCAM-1)
JEERRE UK R M — 5L, BB ST RIE aB, I
0B, BAER AR AL S, X e 4
KW S B A . 72 VCAM-1 [ 8h T IX e
SR 2 4~ NF-kB Z5 G500 fl o — e 71
PR WA HF-1 (IRF-1)—if2 L[ VCAM-1 i3
ik, HAbSmADEEET A FROSEA, W Bk R . Ailn)
Fhb o F-1(ICAM-1) 552 1] NF-kB (1) I8 ¥

VLR EEREA A NF-kB 81 A BRI &, A%
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Yoy BB B 1 (HIV-1) 23 1 19 K OR i =2 52 e
(LTR) F & 24 kB 4518, HIV 4l iy & [ Tat 7] LA
75T NF-kB 3, MTINEE 1 5 A% S AN . A
R BRI, NF-kB AR A REJ2—10 R II 81 — )5
I, NF-kB 1]/ SV 242 R T ik, 51k
PUAR G RGN RE ISR, 55— 7T, NF-KB B3#06
[ B 75 5 1 9 1 b IR B I R i, B D RE
SSPIEER

2 TR ) B S — IR T B A B S TR 1 D I
YEH. TEVF 27 % N+ 1) 3hF Fi 3 g+ 5 91 s
BT NF-kB 45 &0 5. XA, NF-kB i i 7 1k H: At
e SR DR -l — 20 M Sl A i P SR TR 20k, A AE A i
AR P REEEEANEERTF c-mye, UK
NF-kB F % i b1 p105/p50, c-Rel, Rel B %,

2 NF-kB/Rel %%

NF-kB/Rel J&— KI5k N1 K%, BT ik
138 i NF-kB1(p50 M I i 144+ pl05)F1 p65/Rel A
Gh, WH ALY AN NF-kB2(p52 K HFi{A s>
T p100), c-Rel, RelB 4. NF-kB JF i [al Ji % 5 J5 — 5
S ERIE N F 4 E B DNA 1) (KB ) 254 1 4 it
RlEE 5. X —0 %5 GGGRNNYYCC, Ht RN
IEERS Y R mERE, N AR L. AR NF-kB R K
FERERELS A 7 41 0 AT BB A 25 5, iXFE, NF-kB Al il
o AR ) R AR R XS ) 35 IR ) 2k 14 7 4 1Y)
495, Rel A/p65, c-Rel 1 Rel B 4> 11 N i Rel [f]
5 45 4 55,(Rel homology domain, RHD)FI C 3 hY i =
P45 45 44 38k (transactivation domain, TD)ZH . RHD fit
7i5 DNA 454 R fZiAr, M TD W 5%
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SRR AL AH 3G, p50 il p52 W H A5 Rel [] ¥ 45 44 3 (RHD)
Mk = s ARG A5t k. ik, p50 1 p52 [q]i — %
TR TF AN BRI B R s, A S — B ] 43 17
1E. TEMIN, p50 Al p52 MHTIASN ¥4 pl05 Al
p100, £ hn T J5 iy BHA W&t ny /N o+ (| 1) 7E
p100 5 p105 43 N K, A —A-H 23 PN FEIR
H Y & AR T R A IX(GRR), & ] 2 g P) &1 H:
TUEBAL. I, EAE ps0 5 p52 £ Rl Hh e FE L
TEH.

NF-kB Je— "tk ORI, 1EVFZ b
AL T NF-kB 5L {5 5 1l B FI NF-kB /519
W EERE. R C A 3 NF-kB 9N, 41
5|7 Dorsal, Dif(dorsal-related immunity factor)#ll
Relish. Dorsal J& i i i AR E ) NF-kB 73+,
TE VA 5 SR I A I8 S R A OB . R v
5 ABIEIT Y NF-kB 43 J2 Dif. A= ¥ A 7E FL T Ik
2T, Dif BOME, 1498 T PR E R 10
e R, BHEERATHE Dif 3755 0 SO AE R R AR e
REWRGRAEIE . Rig Relish I 2mEL s+
p105 F1 p100 (R4 F. 5T Relish B LIREIR T f#
Feb HUANE TR0 R L ), Relish (93635 U] i 1 5,

] R 55 5 5 g R 4 T R 1 5 TR S T A A 61
SR X R T 5 40 A R BT B A A S R ML
ToEE L A TAEF WA T MR 515 2 14 T4
T S AL

3 NF-kB il H——IkB

NF-KB 1) P94 i o i 0l 437 1kB BT .
IKB f& NF-kB —#f, )& — "KM, WiGmzLlshy
1Y 1kBa, 1kBP, 1kBe, IkBY, bel-3 FI ¥ 05 2 1 Cactus
. T X S 1kB AL S 6 3 7 M E T EE Y
%1l (ankyrin repeats). 1T pl05 5 pl00 t & A #iE A
HEHE)PH, Frfi A EmEfIsIA kB KiEH. 1kB
i 1 4 # P E AR R I R NF-KB 1 Rel  [] V5 45 44 3s A
HAEH, T NF-kB 4 & (¥ 41 (nuclear loca-
lization sequence, NLS), fii NF-kB i &8 T it i 2.

| K B o e i & B FL T A A T i 3 A 1 — A
KB 7+ . 42 FfBAES T IkBa 0+
Ser32 il Ser36 (WML, T3 IkBoig iz 2 Mz &R
I F. IKB Mz 24 EEH 3 AEEREM, ENM145
M 1, B 2, W 3(E1, E2, E3), H G 3 flftAk K v
S G Rl B Al Ak R Ty & B, —

Rel BR45131 (RHD)

I
( Relish

Dorsal
LZ

NF-kB/Rel &3 <

\_ p105/p50

'SRR

——— G G- 971
Dif — O (67

— . (78

RelB =G — - 555

TD
oRel — O ———— 557
D65 — . 550
GRRY
pl00ps2 - G} H e 960

GRRY

— D G 1——7  ATH A——— 940

IxB-Y == —— 607 )
Bcl-3 — AT 421

IkB-e ——— A AHAATAh 500
> IkBEB

IxB-ou — AT A 317
IxB-B —HAA— AR 359
Cactus — VYV VAT A 7h 460
[T 7
wWEOEERI

Bl1 izl shd KRt NF-kB/Rel ZIEFI KB I & 114> F45 1
AR B AR B LR, 13k (308 4 p52 I pSO i1 e M AU (53 9 HERTHA 4 - p100 T pA0S I T K ); TD /%% i L4k ek, LZ
IR AR, SRR 7R 4 BB 1K, GRRUR TR RS H X
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Fh#R K F-box/WD 5 [ 4 B-TrCP 23 12 il 3 ik il
FIWERRAL 1B E 3L, BEC R B oy 44 4 1B 11l
3 K5 (E3 receptor subunit of 1kB, E3RS*®). Ft
AR KB EAHSTH 6 & IR T 5
(DSGXXS), Ho 1 WA 22 24 1@ 2 & AT ) B 2 Ak A A3
(# 1). E3RS*® i xf ILIF SRS, 4 EL, E2, E3
53 kB 4T b, 2 IkBa lys21 1 lys22 i3
ISP ¥ S

2 Z LG 1kBady T —1> 26S (198 i/ IMA
Kfi, fli NF-kB (A% E D ¥ A 55, 515 NF-kB #%
LA, TR IMAID I BB 705 BB NF-kB 4%
Wepr, Ry, (BRI sz Rk 1B
FHARBES IKB Fl NF-KB i 1.

| kBa 3 H A s F % NF-KB &5 5705, 1l
fili | kBar h JE R a1k EIE, 36 ALY 1kBa 3Ll
T NF-kB it Xk, IkBasl i —4~ A & 1Y 6 s 5
WHLHILRIE T NF-kB 6 M /) B2 SCH, DAZEFR40 i
i 1 B Rt

AFH kB 73 FmZS S AFE NF-kB 43,
DXAR AT BEA — 1~ HORS 4 R 5 R N R A AR, 2
1 IkBaFl IKBBF % 5 p50-p65 Fil p50-c-Rel &4
it ARk, ATRE IkBy iR TR, AUHE
HATHI p105 C sig— B 541, ALAEI L 20 i & 30
ERFTE. BEARATAE R 5 pb0 & p52 [Al I — RIK45 5,
i p50/p50 F1 p52/p52 Hif FE T M. Bel-3 j& kB
RGP A EFER, MU FED, frHiS
p50 5, p52 [l I — RAKLE &, 1 H 55 NF-kB 3 45 &
J&, FEGEHNFIEN I, SMEHAD 1KB 27 7 E T
NF-KB i 3 1) Jk [5 7 5

4 |1KB (1 KK)

IkBar TN Ser32 il Ser36 () iR b J2: )i o
IKBa A% | 151 NF-kB 9 5CHEL IR, 1997 4F, Bl
FAVr B ) — 2 700~900 ku FOE A, TE40 A
T, BEUSHE T HLBE IR L IkBoFl IKBB N #51>
Ser %%, TIEf4 N |kB (kB kinase, IKK)2,
Ergifl . Wy Koy F oM a2 R EH, IKK 240 H
3R A AL WAL IKKa/IKK 1, IKKB/IKK 2 &

JH 45 L IKKy/NEMO22723],

|K Ko 8 UE BH 2 LA AT 8 8 1 — 4~ 21 B R AT
Ser/Thr ¥ CHUK (conserved helix-loop-helix (HLH)
ubiquitous kinase). IKKa FIIKKP 435l 2 745 F1 756 4~
FIETRA B Z IR, HAMRIR S5, &84 N bk i
SERI, | w A R 4% X (leucine zipper) T C i it 2L i -
IR S5 A B (HLH). See PIIEMFFEUE, IKKaFl
IKKB RE WS T B ) P5 Bl S5 5 — J A 1 FH R A8 43 i 6
B, 2 2 R v e DR 9 B 1 (DA BVE A, SR - 2R -
W S5 AL J 2 5 e O M A R

R T IKKoFTIKKB B9 4 B gE, Af]iE—
AT SR SIBR SR, BRI, HIBR/NR IKKa
K5, WRRGR P IR & & Rz IR IE B A= D) RERR A%, (H
J& IL-1 fil TNF-a %5 3089 NF-kB 1§ fb R Z 5 m. 51
I, BB T IKKB 1970 BRASA 57 7™ 3 1 R JHF 46247,
i HLRFLH IL-1 F0 TNF-aifs 319 NF-kB 1% P B %
REAGI2627) szt AR R IKKB, A2 IKKa, 4
JfL Rl A S NF-kB & AL T 75 1.

IKK 955 = AN B 5 &— 40 F 18 48 ku B IRy
T IKKY, Z 0% NF-KB 14 1229, IKKy
ATRETE IKK B EWAs P T — P EE AL
(" 2).

5 IKK 1y LiiHEs
5.1 IKK [y I ki

HFATBIEE R B, IKK BTS2 A &K
WAL, 5 AR I — R, IKKoRTIKK ) %
58 Ry SRR A0, — N0 A BR BT A S 0 Bl R A L A
EATRBERRAL TSR IKK MR8, 15808
MG L. TKK JEPE ) 55— A R X2 HLH 25
PR, XA DIk R AR S R KK 36 1 22 T R

PR A WIE TS H, AUEE RNA SIS A9 & A
(the double-stranded RNA-activated protein kinase,
PKR)AES 5 IKK 4> FAHIEAE, B AT IKK &2
AW, AT IKK Z4 00305 PKR &5 54
SRR AT, P A A 0 SRR . PKR 92
FA i HA RUZHE RNA BIZ5G 741, 4 PKR 5 H:4E
A, PKR Mo As, 3000 i 0 07 5% 57

%1 IkBa, IKBRAHI IKBes» T bW BR AL 5 Y 350 ¥ 51

kB & H

IkBa L
kBB A
IKBe E E

D D H
D E c
S Y

A 37 2
S G L D s M K D E E
S G L G S L G P D A
S G | E s L R S L R

R D
w D
Q D
a) i IkB 2r RS A 2 MRS N2 AR (RHA 9), 2
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iF

g2t aloa

LAiRE

BERT, BHETZHE,
ATES, BDT,

NF-kB $5ER

TMEHED, BSE-SKt

768, Toll2A%

Bl 2 NF-kB {55 #
LR AN AME S (W A AE AR 1 TNF-a, IL-1, g AME RS> LPS Z5)3 15 T 1B 3 (IKK) A9 IE 1L, IKK $25 #RR1L 1kB LY 2 AMESTFiY Ser
. BERRILIE XY 1kB B E3RS*® FRil %, S3 kB i L2z 01, FHal gl 2 HE/IMA KRR, 1B (9755 H NF-kB 894 E (751
(NLS), fili NF-kB #0218, I sk K 5 5%

AR, FHE— 210 SR i 1%
PKR A fig il it oAb 45 M S IKK 454, DR ik
dsRNA %54 25 H I 1) R AS IR RE AT IKK TE 2 &
PP PKR 583502 IKK B _EIrs, &2 IKK 24
RN N D R Sl e W g [V O S S A S
AL IE ML dSRNA 255 6FE 1) PKR AR A L 5]
NIH3T34Hf, 51# T IKK F NF-kB 3% 6. HAf,
*F PKR WINRERZ R EF AR, ik, 18
e L A bR i — 25 A0 PKR B AR BT ek
AR FE A T R A

5T 2, B 4 il 32 /A (BCR)AE M i PKC i i
WAL BOE NF-kBPY, sk i WF 9t s, 2R R &
HEEA T S5 (KK &MY, K ats PKC,
NIK, PI-3K, PKB, MEKK1, MEKK2, MEKK3, COT/

ﬁ
P
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TPL-2 il TAKL %53 g>%"%%, ok se g fe i 3L sh i
Ui ff ot B AR, S5 IKK 3§ PR BT, mEm]
FA) T8 T e o R0 DU B KK (35 4k, Ik sb gl R, £
P AR AEAS A B A rh 2 5 1 X% NF-kB (315

5.2 TLR 451 NF-kB %%

A HE S5, 5 R A B LR K 98 S
RY, FEARAGERIE RS, B R
T JELAAAF DG 14 43 1% 2 (PAMP) LA K B85 A% 53 %
s N R VA S RO =S TR O & - = |
TLR(Toll-like receptor) & A& ¥y ik fb i # op 1 B T ok
B i, A R AR G 5 B A R 0 e S 1R ) — A
R, HA S NF-kB {55 g vl B 52/
Sxh A Mo AR BRI 5 B TLR i sk R
F14+F MyD88, Jip 1L-1 S2{AHI 8 (1RAK)FI
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TNF Z K4 %] 7 6(TRAF6, 3L E 4 F)N S
NF-kB 5 FHEF(NIK) G 1L, 51 IKK gL & 1kB
Pk AR, RS R T NF-kB. NF-kB i Jifd Jii 5%
P EZ, SR AR LR A 30 F ISP 5 45 A A
AP T IR T M F RO s
YIVERT T A B 4ifi, Ja shakigd: e ni . 1
JRELAAAE T, NF-KB S84 A 1y iR R (1838
FIPCTE, S EUBALAE LA K 5 NF-KB 350G A 5% A 50 .

GG R YL FT LPS A 5 10 e 35 K 7 44
LPS {55 % S0 IG IR AR 4 th T3 e 55, 3,
TS, FEARSRIILAEE, @il Rl2: T/EH X CD14/
TLR2 5 CD14/TLRA/MD-2 Z 1K W5 5 S50
T HIWFFT, J0EERE 22 A W7 b ] 2 A R R i 25 9,
SR ARG 98 i RN ILRE H5 A 87 A BE .

5.3  EWELNNN LPS/Toll/NF-KB {551 5%

VLA BIBFFE K B, LPS 755 /) BUIE fies 41 ) 42 5 e
g 1L-12 p40 F1 p35 mMRNA f ik Fl IL-12 p70 &
1 WML AR T PKC, PKA Fl ERK i %, i
J&5% LPS/Toll/NF-kB {55538 # Fl p38 MAPK HE 4%
A, Ak, Th 40 F NK 20877 A (49 1EN-yA] B
[d] LPSi7% 5 1L-12 p40/p35 mRNA (5235 H1 IL-12 p70
7 A 9 e g SRR S I AN N E K AR G g R
i NF-kB {5538 g2 il & IL-12 p70 (%35, H T
IL-12 fi23F Thl 40 0% 5 AL 3G 58 A IFEN-yIR) 20 36,
IFN-yfz s ok S5 T B Mg 1L-12 p93Rik, X
W T LPS/TOllINF-KB {5538 B 7EBEAE KR
925 (L W 200 L) R AR AP e (T 40 ) P 2 % 0 PR .
TaAR, FRATTIT St XoF B A i 1 9 R AT e BH, 2
1575 FA 10/ BUE W 40 0 A NF-k B335 P 4 2 s 3 141
I SECT R AL (N IL-12) ek 9 3md]. E g
T ER AR T S BE S A LPS A S 1 1L-12 %3k, IF
L3 o4 1 e, 2 1ok % 1k Ba/NF-K B {3553 2 1 40 1)
PR e g L E— A T LPS/Toll/NF-kB
15 5300 [ S BLAAR R E R G928 Js o7 187 1) S B P AT
6 IRITPERRIEER)—NF-kB

NF-KkB 7E £l 98 5 il G e 55 5 Y ek i 35 5%
BEMVEH, B REEEIE S sh ko AR AL . BEIR
L RN . RE M IE B . MR AE £ Rl A
Kl )74y R NF-kB K HAH KR4 T2
BN IR YT R R B A 4 . TE s AT
NF-kB {5 B Gl 4T T KRS58 516 KA 5T,
HH A2 FFRIAT7 NF-KB 35075 5 i AR SR 10 7 2.

www.scichina.com

NF-kB 5 15 529 & IkB BkmiL . 12
R AR AR VR /IMAYE N BEfE, X8 T3 NF-kB
BT BRI T 2 S Y L S I Y A SR A X A
S, W TNF/IL-1 524K . ZARFCE R . IKK 24
Yy, T — e B = R S, T R R
F /AR P 95
6.1 PLAEfH

VEZ P A AL, i ntk mg b R AR A L R R
(PDTC)MI N-Z -1 Bt B2 (NAC)SE, 1T LIA &5t &
FH NF-kB ByiE Ak, EZ, BT dl s & e,
A /M S T 85 28 B (calpain), X IE 40 2
Al -5 20 B R B R YT AR Ty . R, IR
R — B A /DA R A o 7 ke
il B R 5 B 3 /0N O MR R X 41 ) R 1) R T
e, NI R 3R — Pl 18 B 1 2R 1 N A4 ] )
PS341 BB I (e A K, S R g RE RS
T2, FFUERA T H 515 2 R & 11 ps3 A e,
6.2 —AILRE(NO)

P NO HIAL-S Y, w5 il i vk e 2
Y& (nitrofurantion), FIRIGYT O LA BENE, C 7E IR K
N T HCHAE. NO J& i A7 AE 1l B 5L e &, A
A2 2F L5 A Bt R A4 L PR A ) 7 22 D AR 2R Ak
N SR, PUEE RS S NO BT LU NF-kB fY
WG . NO AJ LB 40 fil 21k p50 2 127 62 17 i bk
MR, 4 NF-kB 55 DNA 4545 RE IR, % T B
i NF-xB AY7EPE LIS, NO tRE T — s 5
NF-KB 6 i {5 5 %, £ 4 iE NO v] LU i e
IKBa A3 AN KB A A 1 NF-kB 3% 18, it
EL WA A T 40 AT 5% & B, NO AT B ok 3 i 2
P T /A P 35 PSR BT Ik Bocy 6. A, NO W] LA
R HoOg BT B 75 K AR S 470 S8 Ak 731 25 900 o JEC Al i 5
FES A NF-kB 193E. ik, NO X I 455 0% 1Y
5 AR X ML R S AE T, i ELREFEAR NF-kB
B IL-1, TNF, ICAM-1, VCAM-1 /4335, X264k
FHBE I ] 30 bk ok e Al Ak ) & A=
6.3 Gkl

Wi B R | KR AR . AR SRR PR 2 55T
2N i S PR 25 B Bon X NF-kB
PTG AL, B Rz o R Tl L PR ALE AT NF-kB 1
e (1) WSk EZIREREYS NF-kB 1547
gh4y, T BHIE 454 3] DNA; (ii) i hn 1kBa
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i AR

FIA A, T NF-kB A7 . 58 TR XTI 4
WIIBE S A R RIVE R, X T IER 0 R LA R
6.4 |kBazeZelk

FH Ser32/Ser36 &% Lys21/Lys22 275 IKBafi#F5%
R, XARARERDL IkBafz R AL 55 A/ MA
R HIREAE, I HAIBEORRE S NF-kB RS 7. e
I IkBo AR 7R T4 o 2 R i 52 9 L 5 Ras
55 Bal-Abl 5L S AR et se T, (B HRTIG
PR EXF IkBa g AR AR R SEAT TR I 177 22 BRI HER.
6.5 R FEHTERE TR

THYT I NF-KB 30 5 R 1 — A FRAR Y 5w
FEAEPR IR RN 2 B NF-kB 9361k, AN
YA HoA A= W 2E T RE . T LT IR BE S 5 R e
) MRNA 532546, M6 51 bt BH 32 5 IR ) 7
PR WFFE &I, FH p65 mRNA 4 5 SCEEAE T R b 3
ST MR AT A B4R, o] AOE > IL-1 5 AR5
LB & R FEFIIRE B, oA B —Fi A
KT NF-KB HREM I & A NF-KB 455 o7 a5 i BUIE
BEFEAZTTIR. X PP SERZ T IR 2 e G 45 NF-xB, &
FH NF-kB #1323k, HHET, NF-KB 554+ & 52
U FHEFE NF-KB A5 18 20 i DR 7~ 14 7 A R e i 4
OERG. EAERBFE R, R LFE IR 5 NF-kB 52
FYTEIRYT FHRA T2 N AT 5

P28 5 H 5 3R G0 R LA 32 31 Ok 2 1)
M. FFE 20 40 40 454X, von Euler mliiik B 52 Jdp 22
(sympathetic nerves) Bl 1) = 2 b 2 A4 3 A Jit 25 HH F
B R X e g T T A A R AR, X A
Z2 505 G 8 AN M o 1 T IE 2 — 10, s
PEZ0 R A 58 5 o AL (AP IS 400 . T 4. B
08 6L 0 /) EU ML S 200 160 55 ) 8 S AN ) LS B e 2 4y 1
(Z E R AL B LR R) M AR ms T i, i i i
ST G ERET. R LB, ZEEE
0 LPS A9 A S A I BRAZ 4 ML NF-kB 3%, X
AT 5 AE 40 A D5 RN 75 S 40 A G R R S T
A, ZEEAMEH NF-kB 352 B HLEE 75 AR I
BRI, BRI 1kB BB, SRFEAK NF-kB
P R 2 57 A A AT 15— TR A Y,

NF-kB Z SR AL 534k . e O . IR &
A HLPR T L e R A 2 B L A A BRI B
N, PRI SZ 3 [ N AR AE P2 R SRR R
REEWFRIORHAE RNz 0E. RERSK
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7E 20 T4 90 AFAVHI ik R4 1 X — 5 i 5. i
K, EA LR E T AEE LRI T X NF-kB, Bel-2 L)
K B p53 55 1 I 4 MU T 1) 56 F 11 B
8. ATRATR R, REHIIRXT NF-kB {5518 5% & Hiilfi IR
N RIFSE, RE 2 5 NI Ty R AN R A A 4 25

B ATEANERESAEBFRLEAR(HEST:
G1999054201) &+ & # % Bt b it 4 & B % #F 5 B % By T
E.

z % X W

1 Sen R, Baltimore D. Inducibility of the immunuglobulin enhan-
cer-binding protein NF-kB by a posttranslational mechanism. Cell,
1986, 47: 921~928

2 Chen F, Castranova V, Shi X. New insights into the role of nuclear
factor-kB in cell growth regulation. Am J Pathol, 2001, 159: 387~
397

3 Ghosh S, May M J, Kopp E B. NF-kB and Rel proteins: Evolu-
tionarily conserved mediators of immune responses. Annu Rev
Immunol, 1998, 16: 225~260

4 Baldwin A. The NF-kB and IkB proteins: New discoveries and in-
sights. Annu Rev Immunol, 1996, 14: 649~681

5 Karin M, Ben-Neriah Y. Phosphorlation meets ubiquition: The
control of NF-kB activity. Annu Rev Immunol, 2000, 18: 621~663

6 May M J, Ghosh S. Signal transduction through NF-kB. Immu-
nology Today, 1998, 19(2): 80~88

7 Musikacharoen T, Matsuguchi T, Kikuchi T, et al. NF-kB and
STAT5 play important roles in the regulation of mouse Toll-like
receptor 2 gene expression. J Immunol, 2001, 166: 4516~4524

8 Deluca C, Kwon H, Lin R, et al. NF-kB activation and HIV-1 in-
duced apoptosis. Cyto Growth Fact Rev, 1999, 10: 235~253

9 Dushay M S, Asling B, Hultmark D. Origins of immunity: Relish,
a compound Rel-like gene in the antibacterial defemse of Droso-
phila. Proc Natl Acad Sci USA, 1996, 93: 10343~10347

10 Whiteside S T, Israél A. IkB proteins: Structure, function and
regulation. Semin Cancer Biol, 1997, 8: 75~82

11 Yaron A, Hatzubai A, Davis M, et al. Identification of the receptor
component of the IkBa-ubiquitin ligase. Nature, 1998, 396: 590~
594

12 Maniatis T. A ubiquitin ligase complex essentia for the NF-kB,
Wnt/Wingless, and Hedgehog signaling pathways. Genes Dev,
1999, 13: 505~510

13 Spencer E, Jiang J, Chen Z J. Signal-induced ubiquitination of
IkBa by the F-box protein Slimb/B-TrCP. Genes Dev, 1999, 13:
284~294

14 Tanaka K, Kawakami T, Tateishi K, et al. Control of IkBa prote-
olysis by the ubiquitin-proteasome pathway. Biochimie, 2001, 83:
351~356

15 Chiao PJ, Miyamoto S, Verma | M. Autoregulation of IKBa activ-
ity. Proc Natl Acad Sci USA, 1994, 91: 28~32

16 Régnier C H, Song H Y, Gao X, et al. Identification and charac-

www.scichina.com



iF

3k

%475 w5 2002%538 44 F b &

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

terization of an kB kinase. Cell, 1997, 90: 373~383

Woronicz J D, Gao X, Cao Z, et al. IKB Kinase-B: NF-kB activa-
tion and complex formation with IkB kinase-a and NIK. Science,
1997, 278(31): 866~869

DiDonato J A, Hayakawa M, Rothwarf D M, et al. A cyto-
kine-responsive IkB kinase that activates the transcription factor
NF-kB. Nature, 1997, 388: 548~554

Zandi E, Rothwaf D M, Delhase M, et al. The IKB kinase complex
(IKK) contains two kinase subunits, IKKa and IKK[, necessary
for IkB phosphorylation and NF-kB activation. Cell, 1997, 91:
243~252

Regnier C H, Song H Y, Gao X, et al. Identification and charac-
terization of an kB kinase. Cell, 1997, 90: 373~383

Mercurio F, Zhu H, Murray B W, et a. IKK-1 and IKK-2: Cyto-
kine-activated 1kB kinases essential for NF-kB activation. Science,
1997, 278(31): 860~866

Mercurio F, Young D B, Manning A M. Detection and purification
of a multiprotein kinase complex from mammalian cells: IKK
signalsome. In: Keyse S M, ed. Stress Response: Methods and
Protocols. New Jersey: Humana Press & Totowa, 2000. 109~125
Stancovski |, Baltimore D. NF-kB activation: The IkB kinase re-
vealed? Cell, 1997, 91: 299~302

Maniatis T. Catalysis by a multiprotein IkB kinase complex. Sci-
ence, 1997, 278: 818~819

Scheidereit C. Docking IkB Kinases. Nature, 1998, 395: 225~226
Hu Y, Baud V, Delhase M, et al. Abnormal morphogenesis but in-
tact IKK activation in mice lacking the IKKa subunit of the IkB
kinase. Science, 1999, 284: 316~320

Tanaka M, Fuentes M E, Yamaguchi K, et al. Embryonic lethality,
liver degeneration, and impaired NF-kB activation in IKK-p-de-
ficient mice. Immunity, 1999, 10: 421~429

Yamaoka S, Courtois G, Bessia C, et al. Complementation cloning
of NEMO, a component of IKB Kinase complex essential for
NF-kB activation. Cell, 1998, 93: 1231~1240

Rothwarf D M, Zandi E, Natoli G, et al. IKK-y is an essential
regulatory subunit of the IKB kinase complex. Nature, 1998, 395:
297~300

Hatada E N, Krappmann D, Scheidereit C. NF-kappaB and the in-
nate immune response. Curr Opin Immunol, 2000, 12: 52~58
Delhase M, Hayakawa M, Chen Y, et al. Positive and negative
regulation of IKB kinase activity through IKK( subunit phos-
phorylation. Science, 1999, 284: 309~313

Zamanian-Daryoush M, Mogensen T H, DiDonato J A, et a.
NF-kB activation by double-stranded-RNA-activated protein
kinase (PKR) is mediated through NF-kB-inducing kinase and
IkappaB kinase. Mol Cell Biol, 2000, 20(4): 1278~1290

Williams BR. Signal integration via PKR. Sci STKE, 2001(89):
RE2

Gil J, Rullas J, Garcia MA, et a. The catalytic activity of
dsRNA-dependent protein kinase, PKR, is required for NF-kB ac-
tivation. Oncogene, 2001, 20(3): 385~394

www.scichina.com

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

Ishii T, Kwon H, Hiscott J, et al. Activation of the | kappa B apha
kinase (IKK) complex by double-stranded RNA-binding defective
and catalytic inactive mutants of the interferon-inducible protein
kinase PKR. Oncogene, 2001, 20(15): 1900~1991

Gold M D. Intermediary signaling effectors coupling the B-cell
receptor to the nucleus. In: Instement L B, Siminoviteh K A, eds.
In Transduction of BCR Signals from the Cell Membrane to the
Nucleus. Heidelberg: Springer Publishing, 2000. 77~134

Beraud C, Henzel W J, Baeuerle P A. Involvement of regulatory
and catalytic subunits of phosphoinositide 3-kinase in NF-kB ac-
tivation. Proc Natl Acad Sci USA, 1999, 96: 429~434
Romashkova J A, Makarov S S. NF-kB is a target of AKT in anti-
apoptotic PDGF signaling. Nature, 1999, 401: 86~90

Medzhitov R, Janeway C. Innate Immunity. New England J Medi-
cine, 2000, 343: 338~344

Kopp E B, Medzhitov R. The Toll-receptor family and control of
innate immunity. Curr Opin Immunol, 1999, 11: 13~18

Modlin R L, Brightbill H D. The Toll of innate immunity on mi-
crobial pathogens. N Eng J Med, 1999, 340: 1834~1835

Zhang J S, Feng W G, Li C L, et a. NF-kB regulates the LPS-in-
duced expression of Interleukin 12 p40 in murine peritoneal
macrophages: Role of PKC, PKA, ERK, p38 MAPK and protea-
some. Cell Immunol, 2000, 204: 38~45

FEIE, KA, G, % IFN-y {2k LPSXH/INBU 4 E v i
IL-12 p40/p35 (YR IXMIWETE. HIEFL~, CH, 2000, 30: 585~
592

Li CL, Wang X Y, Shao J, et a. Heat shock inhibits IL-12 p40
expression through NF-kB signalling pathway in murine macro-
phages. Cytokine, 2001, 16(4): 153~159

Tak P P, Firestein G S. NF-kappaB: A key role in inflammatory
diseases. J Clin Invest, 2001, 107: 7~11

Baldwin A S Jr, Series introduction: The transcription factor
NF-kappaB and human disease. J Clin Invest, 2001, 107: 3~6

An W G, Hwang S G, Trepel J B, et al. Protease inhibitor-induced
apoptosis: Accumulation of wt p53, p21WAF1/CIP1, and induc-
tion of apoptosis are independent markers of proteasome inhibi-
tion. Leukemia, 2000, 14(7): 1276~1283

Colasanti M, Persichini T. Nitric oxide: An inhibitor of NF-kB/Rel
systemin glial cells. Brain Res Bulletin, 2000, 52(3): 155~161
Roshak A K, Jackson J R, McGough K, et a. Manipulation of dis-
tinct NFKB proteins alters interleukin-1B-induced human rheuma-
toid synovial fibroblast prostaglandin E2 formation. J Biol Chem,
1996, 271(49): 31496~31501

Chrousos G P. The stress response and immune function: Clinical
implications. Ann N Y Acad Sci, 2000, 917: 38~47

Maestroni G J M. Neurohormones and catecholamines as func-
tional components of the bone marrow microenvironment. Ann N
Y Acad Sci, 2000, 917: 281~289

AR, BAFTC. AR IR 5 U Ll NF-kB 285 45+
PSSO TS, 3% 24, 1994, 21(6): 417~423

(2001-07-01 Wi fi, 2001-11-23 W& He ki)

329



