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���� NF-κκκκB ����	

��� ��� ��	 �
�*

(��������	����
���
��
����, �� 200031. *���, E-mail: immusig@sunm.shcnc.ac.cn)

�� ���� NF-κB(nuclear factor-κB)����	
��
�����������������

�. �������
��
�� !"#$%��"�&'()*+ NF-κB�',. NF-κB�-./

01 ',2��3��456789. �:, NF-κB;<��=>?,@�ABCD. EFGHIJ

KLM�� LPS/Toll/NF-κBNO IL-1201�PQRS�ABET, UVW NF-κBPQRSXY��

Z[�\]^_. `a, IκB'b(IKK)�Ec2d)
IκB�efg2hig
NF-κBjklm�no

�p��qrXst�����u�Z[%, vwxW NF-κB�yz{|)�}~��.

��� ���� IκκκκB IKK Toll ��

1986�, Sen� Baltimore[1]� B�����	


���
��� κ��������������
����,  !"# NF-κB. NF-κB$%&'()*

+,-�.�/0��, 12345� NF-κB $6

p50 � p65 78��&'(. 9#	:;<�=>?

�, NF-κB+,-@
AB����, CDE
��

�FG=H, IJK���LMN?ONPQNRS

�:(�TUE
LVWX�[2~4]. YZ, NF-κB [

9#\]E
^_�?�`abcdWe�;f.

1 NF-κκκκB ����

NF-κB $	
gh+,�/0��, ,iE�


�jklm�=>�nKop9q , CDrs�

E
tm?�, �u$vw�����N����c

(NTollc(NxO��c(NyPQ��Nz{?

�N|}~�����B	�O���U[5~7]�FG

=H.

�
�����jk�� , ���pz{��

�.���, �����7�, �:����-��

F�z{?��FG. ����, NF-κB=Hvw�

��z{?��/0. ����z{?�(VCAM-1)

$�
�������	�, �D� FG α4β1 �

α4β7 ¡�¢�£��¤¥����, �a¦� �

�§¨�©ª���. , VCAM-1 �«¬�­®�

¯��� 2 : NF-κB ���°�±	:/0��²

³¢=>��-1 (IRF-1)	n´µ=H VCAM-1�F

G. s¶·¸z{?����, ¹ E-º»¢N��¼

z{?�-1(ICAM-1)U½c� NF-κB�=H.

iE_¾�¿q NF-κB =>ÀÁ�FG. ÂA

�
ÃÄ_¾Å (HIV-1)?��MÆÇoÈÉ�

(LTR)ÊËÌE:κB�°[8]. HIV·¸��� TatÍ%

��NF-κBÎÏ, �aÐÑr_¾�/0�ÈÒ. ,

ÓÔ_ÕÖ(., NF-κB×Í�$	¦ØÙÚ: 	Û

�, NF-κBÍÜ�iEÝjk�����FG, ¨n

Þ(�
ßàX�Ð�; ±	Û�, NF-κB�ÎÏ½

µá��r_¾â��8ãäåæ , �ç�
X�

�èé.

�5���/0	ê�pE:/0���ëµ

9q . ,iE/0���«¬��������½

��r NF-κB���°. �ì, NF-κBí�ÏOs¶

/0��î	ïð¬�����FG , ñò,��

LMHÒ�nop9q�/0�� c-myc, %ä

NF-κB��8� p105/p50, c-Rel, Rel BU.

2 NF-κκκκB/Rel ��

NF-κB/Rel $	:v�/0����, ór1�

ôõ� NF-κB1(p50äsZ(?� p105)� p65/Rel A

�, öÌ÷ø¬V��.� NF-κB2(p52 äsZ(?

� p100), c-Rel, RelBU. NF-κB)8µùú�ù&'

(D`��Ê�5� DNA��(κB�°)��=>�

�/0. �	�û��#GGGRNNYYCC, s�R#

üý, Y#þ�, N#����. �µ�NF-κB&'(

,º»����áÍ��Ì��, �ì, NF-κBÍí

��µ&'(�)*��µ���FGî	
��

=>. Rel A/p65, c-Rel� Rel B?�6 NÇ� Relµ

ù��®(Rel homology domain, RHD)� CÇ�l*

ÎÏ��®(transactivation domain, TD)78. RHD�


D DNA ��N&'(O��/�, a TD �D/
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0ÏO�;; p50� p52��Ì Relµù��®(RHD)

aÃ�l*ÎÏ��®. ��, p50 � p52 µù&'

( ��ÎÏ��/0 , a$9#	
�Ò?�+

,. ,�., p50 � p52 �Z(?�?u# p105 �

p100, ¯Ð��8#�ÌÏ}��?� (� 1). ,

p100 D p105 ?�� N ÆÇ, Ì	:6 23 :���

78�������­®(GRR), 5������s

 !��. ��, ", p50D p52��åæ�nop

9q.

NF-κB $	:îOÊ#$�?�, ,iEV


�%��r NF-κBÏO�&'í(� NF-κBÜ��

LVWX�. )*��Ì 3: NF-κB?�3+,, ?

u$ Dorsal, Dif(dorsal-related immunity factor)�

Relish. Dorsal $)*�123ôõ� NF-κB ?�,

,=>)*-./�)8�nK;<9q . )*�

0&:312� NF-κB?�$ Dif. LV(,345

678 , Dif 3ÎÏ, ��ry34�����/

0. ��, dW�9¦ Dif ���lm9#:;�


ßà�<=>) . )* Relish ?@$÷ø¬V�

p105� p100�µù?�. ;- Relish�X�örA

BC, �Dõ,�456á, Relish�FG2E��,

Í�D��·�y�4����/0�ÏOÌ;[9].

)*�34D�456FE�G��µHuÞÒ ,

IJKL�
�9ÖMNrAHuD&'�?�O

PQRS�ÞT.

3 NF-κκκκB �����——IκκκκB

NF-κB �Ï}3�P���Ò?� IκB F=H.

IκBU NF-κB	ì, ½$	:v��, ñò÷ø¬V

�� IκBα, IκBβ, IκBε, IκBγ, bcl-3�)*�� Cactus

U. FÌ�  IκB?�%ñË 6ú 7:V��oÈ�

�(ankyrin repeats). 6- p105D p100½ËÌV��

oÈ��, FÌÌá½¦"9�N IκB ���. IκB

í�V��oÈ��� NF-κB � Rel µù��®�

W9q, XYr NF-κBÊ��5���(nuclear loca-

lization sequence, NLS), Z NF-κB[\-�P[10].

Iκ Bα$12�� ]rA��1^_�	:
IκB ?� . ��`c�eaÎ��r IκBα?�Ê
Ser32� Ser36�b�O, �ç IκBαc`ÊE:d¢
?�. IκB �d¢Oep6 3 :�Rf8, "9?u

#� 1, � 2, � 3(E1, E2, E3), s�� 3�gOlm

$s��;<ïh . í���iO�j��� , 	

� 1 �������	 NF-κB/Rel 
�� IκB 
�
�����

��������	
��
��, ����� p52� p50
����(��������� p100� p105�� !); TD"#$%&'(), LZ

"*�
+,, SRR"-�
./0, GRR"1�
./0
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k# F-box/WD���β-TrCP?�$� 3���H

ub�O IκB�l�, ��msoS!"# IκB��

3c(l�(E3 receptor subunit of IκB, E3RSIκB). F

Ì� IκB ��%ËÌ 6 :����#$��

(DSGXXS), s�n:o��$"9�b�O�°

(F 1). E3RSIκBí������Hu, ¦ E1, E2, E3

��� IκB?�Ê, �ç IκBα� lys21� lys22 c`

ÊE:d¢?�[11~14].

d¢O¨n IκBα?�3	: 26S �����(

pA, Z NF-κB ��5���qr, ¨� NF-κB /

�s�. ����(�Òt�uv?wx NF-κB �

/�, î	ï�yzF2, {{b�Oúd¢O IκB

 ��Z IκB� NF-κBA|.

IκBα����«¬�ñË NF-κB ���°, Í

Z IκBα���FG}ÑÊ=, S�8� IκBα~�Ò
rNF-κBÏ}. �ì, IκBαí�	:ÀÁ��l�=
>ÞÒ#1r NF-κB Ï}�äá;�, %����

�ÀÁ�5[15].

�µ� IκB ?������µ� NF-κB ?�,

�×Í�Ì	:�
��=H��FG��* . �

D IκBα� IκBβepD p50-p65 � p50-c-Rel È�V

��. ��#�, Â9� IκBγ örA�C, {D"

�Ì� p105 C Ç	ç���, {,¤¥�����

"�+,. "×Í��D p50ú p52µù&'(��,

çZ p50/p50� p52/p52[\-�P�. Bcl-3$ IκB

���1�µ��� , �{5�-�� , ���D

p50ú p52µù&'(��, a]D NF-κB?���

�, �ç��FG�ÏO, �Us¶ IκB?��=>

NF-κBÜ����/0.

4 IκκκκB ��(IKK)

IκBα?�ΝÇ� Ser32� Ser36�b�O$«¬

IκBα�pANÏO NF-κB�;<ïh. 1997�, dW

�9?|�	:� 700~900 ku �È�V, ,���

���á, �u���b�O IκBα� IκBβ ΝÇn:
Ser��, -$!"# IκBÎ�(IκB kinase, IKK)[16~21].

��iONj�ä?�����)F2, IKKsC6

3:l�78: gOl� IKKα/ΙΚΚ 1, ΙΚΚβ/ΙΚΚ 2ä

=>l�ΙΚΚγ/ΝΕΜΟ[22~25]. 
IKKα312$%Zôõ��	:X��D�

Ser/ThrÎ� CHUK(conserved helix-loop-helix (HLH)

ubiquitous kinase). IKKα�ΙΚΚβ?u$ 745� 756:

���78�E�, �Ì�?���, %Ì NÇÎ�

��®N�����­(leucine zipper)� CÇ���-

�-����®(HLH). �
����12 , IKKα�
ΙΚΚβ�u)8µùú�ù&'(. mq�S?�F

2, �����­=H��¼�W9q, a��-�-

����®CDÎ�Ï}�=>.

#r 2 IKKα�ΙΚΚβ�L¡X� , Â9î	

ï¢r��£óyz. ����, £ó�¤ IKKα �
��, ¥¦�§(�T��¨)8�LX�©ª, «

$ IL-1� TNF-α ��� NF-κBÏO�cIJ. D�

�l, £órΙΚΚβ ��¤�{E¬­o�¥®©ª,

a]F�G IL-1� TNF-α��� NF-κBÏ}�E¯

p°[26,27]. � �)±¬, ΙΚΚβ , a�$ IKKα, $�

���Ü�� NF-κBÏOF²��.

IKK�0³:8�$	:?�w# 48 ku�=>

l� IKKγ, $ÎÏ NF-κB �²��?�[28~30]. IKKγ
Í�, IKK È�V7´Êµ¶r	:op�7�Ö

(� 2).

5 IKK �����

5.1 IKK �����

Ìv?�1·F2, IKK�ÏO��-sÀÁ�

b�O. Ds¶��Î�	ì, IKKα�ΙΚΚβ�Î�
��®%ñË	:ÏO� [31]����b�O�° ,

"9�b�OÍ¨n IKK �¸�¹S,  �çÎ�

�ÏO. IKK Ï}�±	:op�=H­$ HLH �

�®, �:­®��S¨n IKKÏ}�E¯ p.

ºRÌôõ»G , Ø� RNA ÎÏ���Î�

(the double-stranded RNA-activated protein kinase,
PKR)�uD IKK?��W9q, )8v?� IKKÈ

�V, �aÜ� IKKÈ�V�ÎÏ[32]. PKR$&'/

��¡�?�, HÒK���/0�¼½. PKR��

�ÆÇ�ÌØ�� RNA�����, ¾ PKRDs�

� , Z PKR �¸¹S , �çÎ��ÎÏ��qr

� 1 IκBα , IκBβ� IκBε������	
��
��a)

IκB �� �����

IκBα L D D R H D S G L D S M K D E E
IκBβ A D E W C D S G L G S L G P D A
IκBε E E S Q Y D S G I E S L R S L R

a) �	 IκB
��
�	 2���������(�� S), � IKK��� IκB����
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� 2 NF-κB ������

����� !("#$%��&� TNF-α , IL-1, �'�()
 LPS*)+,- IκB./(IKK)�0�, IKK12��� IκB3� 2���� Ser

��. ���45� IκB6 E3RSIκB�78, 9: IκB;13��<=
�, >?@6��/A�BC. IκB�BCDEF NF-κB�GH�IJ

(NLS), K NF-κBL�MG, NO�&LP

������, ��	
��
�������[33].

PKR ����������� IKK ��,  !"#

dsRNA �����$%&'(�� IKK )*+�

,[34]. PKR -./ IKK $0�12, 3/ IKK +�

,4$����? 56789:;<=>? , @A

��BCD dsRNA ��"E$ PKR %&'56�

NIH3T3FG, HIJ IKK�NF-κB$B�[35]. KL,

MN PKR $O�PQRSNFGTU,  V, ��

WXC$Y Z[�	
\] PKR $^_O�@/

`Ra-?bMc$de.

a-fg, BFGh'(BCR)��� PKCij$

kl1BNF-κB[36]. mR$a-no, Qpqr$s

t12u��v� IKK BC$wx, �4yz PKC,
NIK, PI-3K, PKB, MEKK1, MEKK2, MEKK3, COT/

TPL-2 � TAK1 {12[5,37,38]. |}12~���,

FG4��f��, �HI IKKBC$0�, ��b

$12"EU��� IKK$B�. |}��fg, Q

p12~qr$FG4v�J� NF-κB$wx.

5.2 TLR��� NF-κκκκB���

~���,4 , ��'���'1B����

��, ����C����$B�. � FG��]

¡��'¢M$��£�(PAMP)¤¥¦§�
�¨

©�Pª��«¬Y $f� . m­R®¯°$

TLR(Toll-like receptor)/^,���±4²³�R

$��´µ , /����¶·��¸¹]¡$	º

»¼½*¾�, �¿�$ NF-κB �
�¨�¸¹¿

��Àp��'$]¡�«¬[39]. TLR ��ÁÂs

t�� MyD88, GÃ IL-1 h'¢M12�IRAK)�
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TNF h'¢M �6(TRAF6, ÁÂst�� )¿�

NF-κB ©�12(NIK)B�, HI IKK $B�¥ IκB

ÄÅÆÇ, �ÈÉ5Ê � NF-κB. NF-κBËGÌ5

Í�Î , ���w&Y Ï��$¸¹ÐÑ��¿

�ÀpFG �ÒÓÔ1��{$f�[40,41]. |}Õ

,Ö×N TFG� BFG, Ï���C��¬Ø. ~

�_ÙÚ�, NF-κB{5Ê �¿�$0Ûstf�

$1B, ��ÜÝÞ¤¥� NF-κB1B¢M$ß�.

àáHI$â6� LPS ¿�$ãäCåæç

LPS �
5�a-èé�êëìíJî$ïð. �

b¢�, ~`R$ñ­ò, ��óôõÖ?� CD14/

TLR2� CD14/TLR4/MD-2h'+�,$�
5��

�$a-, Aö@�q÷øàùíúû$ü$ý,,

!èéêëþÞ�ÜÝÞ�Rî$��.

5.3 ���	� LPS/Toll/NF-κκκκB
��


mR$a-��, LPS©����	��C� 

FG IL-12 p40� p35 mRNA$f�� IL-12 p70s

t$�
9:qijN PKC, PKA � ERK �¨, �

/h LPS/Toll/NF-κB�
�¨� p38 MAPK�Á�

�$[42]. V
, Th1FG� NKFGÕ^$ IFN-γ��
r LPS©� IL-12 p40/p35 mRNA$f�� IL-12 p70

$Õ^ [43]. |}���g , � FG~����4

¬× NF-κB�
�¨��� IL-12 p70$f�. ËN

IL-12 �� Th1 FG$����� IFN-γ$�
 ,

IFN-γ«�R���J� FG4 IL-12 $f�, |

��fgJ LPS/Toll/NF-κB �
�¨~�����

�(� FG)���C��(T FG)4IÎ�Ö× .

�
, �bmR�� FG¬1«¬$a-fg, �

á>����� FG$ NF-κBBC®n�ø��,

���J��üY (� IL-12)f�$��. � F

G$�åæ«¬� �� LPS¿�$ IL-12f�, �

!|p��"/��� IκBα/NF-κB�
�¨$��

7�$ [44]. |}���	
#gJ LPS/Toll/NF-κB

�
�¨/�'þÞ���«¬wx$M$C%x.

6 �������——NF-κκκκB

NF-κB ~QpþÞ���Y $f�4I�M

$$Ö× , �$#�C1B��&'()�Ò*+

�Ò,-ÒþÞC./ß�Ò01{Qpß�¢

M[45,46]. |	2��fg NF-κB ¥�¢M$��3

*!êë0Ûß�$»¼ü$�� . a-?b�

NF-κB �
�¨��,�4JPª78�èéa-,

�K$/56êëNF-κB1BHI$¢Mß�$78.

NF-κB 1B$�
kl9¥ IκB $���Ò:

;�¥~st2�'Ö×�ÆÇ, |!<= NF-κB

$1Bì>J?Qü$ . |}ü$4ú}/¢�¸

¹$, � TNF/IL-1 h'Òh'¢MstÒIKK +�

,, ��	}�"@¸¹C, �<=:;AÁ2�s

t2�'$BC.

6.1 ����

?QBC�D , �EFGHIJKYL�M

(PDTC)� N-NO-PQK�(NAC){, �¤úûøR

S NF-κB$B�. T/, �bU��$üest, �

st2�'�VWst2(calpain), �NXYFGO

��FGZ�$wxr(/[�»¼$.  V, èé

0¬×	\$st2�'�Wst2$��DR�

�01V¼[���ø]^��FGO�$_` .

mR , ab��	pbWXC$st2�'��D

PS341cdâø��tÝ�^e, ¿��$f±Cg

h, �#gJ��©�01��st p53úM[47].

6.2 ����(NO)

Õ^ NO $��,, �i�jk�iYlmn

o(nitrofurantion), ×Rêë�Ýpß� , 3~èé

¬×Jq[­. NO /rst~$�uY��,, v

ú��Ýpwx�FGÃ�FGy$Qp^,ôû

¬. a-fg, ÃSC$©� NO�¤�� NF-κB$

1B. NO�¤�ÁziY� p50st{ 62Í$PQ

K�, | NF-κB� DNA��$�}Æ~. [J�Á

�� NF-κB $BC¤
 , NO "�<=	}��

NF-κB1B$�
�¨, 3ú�/ NO�¤���°

IκBα��� IκBα$�*R�� NF-κB$BC[48]. �

� FG� TFG$a-��, NO������s

t2�'$BCRS� IκBα$ÆÇ. V
, NO�¤

*! H2O2$�[D¥Ö!BC�D������u

YHI$ NF-κB$1B.  V, NO��Ýpß�$

��q�/�Ýp$wxÖ×, �!�Æ~ NF-κB

¿�$ IL-1, TNF, ICAM-1, VCAM-1$f�, |}Ö

×����&'()�$�^.

6.3 �����

*�Ì1;Ò���MÒ��'�Bâ6ý{�

:¬×$�����Bþý,3no��� NF-κB

$B�. *�Ì1;����p��wx NF-κB $

BC: (�) B�$1;h'�Á� NF-κB $z�Í

��, ��S����� DNA; (�) ���� IκBα
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$�*, ����NF-κB$Î5Í. ¯N1;�Ã�


O��J�$�Ö×, �N1;$|×���».

6.4 IκκκκBαααα���

× Ser32/Ser36D Lys21/Lys22%& IκBα$a-
no, |p%&��B IκBα$:;��st2�'
¿�$ÆÇ, �!(�²=�NF-κB$��}. 56

�f� IκBα%&'3®*Oø×Ra-�Y Ras

� Bcl-Abl©�$5��FG$f±Cgh, TKLè

é0� IκBα%&'$a-(�è?Q��0$ ¡.

6.5 ����� !"#

êë NF-κB 1BHIß�$	º_¢$£¤

/~ß�¥¦�§�RS NF-κB $B�, �q_`

FG$��^,ôO� . «¨©Îª�� �¸°

$ mRNA ����, ��WXCøRS«Y $¬

­. a-��, × p65 mRNA$«¨©Îª�®_a

$Mx¯°±²³FG, �¤´µ IL-1 ©�$%C

�2st$f��LÑ¶; E2 $Õ^
[49]. �	p×

Rwx NF-κBO�$/·ú NF-κB��Íe$¸¹

º©Îª�. |p©Îª���»¼�� NF-κB, R

S NF-κBüY $f�. KL, NF-κB»¼,3*O

ø×Na- NF-κB ¿�$FG �$Õ^¥"ÝC

�½�. m­Ra-fg, «¨©Îª��NF-κB»

¼,~êë0vú�:$¬×L¾.

¿À�����$¢ÁÖ×h�ÂRÂQ$»

Ã. �~ 20ÄÅ 40­J, von EulerÆ#gÇâ¿À

(sympathetic nerves)ÈÉ$È¼¿À��¿Ì�LÉ

0¶;���BCFGúwxÖ× , |/4Ê¿À

�����FG“�Ë”$»¼Ì#Í	 [50]. ��B

CFG$�����(a
ZÝ�ÎFGÒTFGÒB

FG���Î§FG{)�!
S$ÏÐÑÒ���

(QÓÒ��LÉ0¶;)�NOÔÕU��, ��©

�JFG$f±Cgh. mR$a-��, QÓÒ�

�� LPS ¿�$a
ZÝ�ÎFG NF-κB 1B, |

��b´µ�þÞFG ��©�FGf±Cgh

¢M. QÓÒ�� NF-κB BC$�_/Ö�*�Ì

1;¢�9, §���� IκB$)*, RÆ~ NF-κB

$GÌ5Í�Î3ú×�	
#g[51].

NF-κBv��'$FG��Ò��«¬ÒØÙ�

^ÒFGÚhÒ�äâ6{Qp»¼$^_��_«

¬,  Vh�ÛÃ
FG^,ôÜÒ��^,ôÜÒ

�Ý^,ôÜ¥�_ôÜ$�:Mc . �ÛóôÜ

~ 20ÄÅ 90­JÞÆ¥¦J|	7�$a-[52]. m

R, �Ûú}óôõÖ?3¥ßJ�NF-κB, Bcl-2¤

¥01��Y p53 �tÝ�FGÚh$M�$a

-. �¤àá, â¼�ã�NF-κB�
�¨¥�èé

¬×$a-, °�ça�^B�Rq�äª$��.

�� ��������	
��
��� (��� :

G1999054201)������������������
 .
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