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�� NF-κB ��������	
��
�������. ������������, ����

 !"#��$��%&'()*+�,����. NF-κB-.�/��012	3#�	456+�

"!7#89:*+, �; NF-κB<-���=>�9���?@AB��ACD�EFGH. NF-κB

IJ�K>�� IκBs*LM, NO-6PQ�����R
, S��TUVWX<��, �YZ[\�

�!]^_-1!�`a1b8�()c, IκB�<deM@ IKK�()fghi., jkg�_l:de

M@ E3RSIκB/β-TrCPmno�_., pqg 26Sr]dsmnotuvw. IκB�vwx NF-κB�yz

{|}~���, j�y�����. IKK�-.�NF-κB<-��I�
�+���, �cNF-κB�h

i.!NF-κB �s�vw8���
����(). ���H^� NF-κB <-�������B��

EFj�.

��� NF-κκκκB IKK �� TNF-R1 TLR ���� ��	


���� NF-κB(nuclear factor-κB)� 1986��

�	 , 
��
����� κ ���������

����, ������ B !"#$%&'[1]. (

)*+�	 NF-κB ,- ./01#$%2&'.

NF-κB34
56�� IκBs(inhibit κB)7��, 89

:;<=> �#$?%; @#$ABC>DE, F

EG�HI#JKLMNOJ�PQRST��UV

W, NF-κB�X:. NF-κB:Y�Z[
\]*0^

LF0_`;abc , defgh7a , �i ,

NF-κB X:�j�EklCkLkmVnop 10 \

�%Cqrstu�vwxy . z{|}y~�

NF-κBX:�j�[bE6lCqs��.

1 NF-κκκκB ��

1.1 NF-κκκκB ����

:Y�NF-κBn����G, �NF-κB/Rel��

���� , �/
����������� (5�-

GGGACTTTCC-3�)���������� . ���

�Tq#$% NF-κB ����/ 5 �: NF-κB1(p50

l��G p105), NF-κB2(p52 l��G p100), c-Rel,

RelA(p65)� RelB. ��% NF-κB ���� ¡

Dorsal, Dif � Relish. ./¢£��2¤/��¥¦

§¨�� 300 �©�ª��� Rel «¬­ RHR(rel

homology region), �% ¤®�0¯������

�°u. RHRn NF-κB���±��°u, ²³<�

��G, 
 DNA 8l56�� IκB ��; RHR «W

´¤/��µ�� NLS(nuclear localization signal),

²³:Y�NF-κB�¶�·¸¹±�. NF-κB���

<�«¬Nº¬��G. �% p65�p50 n»¼��

	½n> »¾¿���G<= , �i34.À�

NF-κB Á�n p65�p50 Â�G. ¤/ p65 � NF-κB

��G�ÃX:��, R p50/p50, p52/p52«¬��

GÄ56������[2]. �ÅÆÇÈÅÉNF-κB�

����Ck±�, vwÊ+ËÌÍ% NF-κB ��

�µy�¸ÅÎÏÐÑ, ���	�/ p65/RelA n

ÌÍ>:.ÒÓ�, �Ô� NF-κB �����±�

Õ��ÃÖ×[3].

1.2 IκκκκB ����

vwØÙ, ./� NF-κB Â�qÚ87¯�Û

=�[bÜÜ
56�� IκB��. @ÝÞßàáâ

IκB���ãªY�äÉW, NF-κBå�æçè)�

é�·êë, X:������. IκB� 1988���

	 , ì������ ¡ IκBα, IκBβ, IκBγ, IκBε,

Bcl-3, NF-κB1��G p105, NF-κB2��G p100, 8

l����� Catus. 
 p105í«, p100Õ«W
�

IκB����lRelB���j�, p100�îï��ð

C:Y� p52�RelB º¬��G[4]. R Bcl-3 
�Ô

IκB �����
ñÛ=½í«, ò �·
 p50 N

p52 �«¬��G��, ¹�±��C�ó: ���

56�ó���X:[5].
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ô� IκB����j�%Ú¤/ 6N 7� ankyrin

}Â�� , IκB j�õö¢£}÷�øù�°


NF-κBj�%� RHR­u��, úû NF-κB���

µ�� NLS, ¹ NF-κB üý $?%. IκBs  þ�

NF-κB:;�o�%½��}�
ñ. IκBα����
� NF-κB �[b , R���� IκBα�¶�·

NF-κB��, ¹�� DNAÝÉ�	)(NF-κB
 IκB

���
��¥��
 DNA�
��), IκBαj�%
���è�� NES(nuclear export signal)��¹

NF-κB}�
�#$?%[7].

IκBαn IκB ��%������j���vw

�»���. vwÊ+��Å IκBα� Bcl-3�Z�Ì

Í, �% Bcl-3 �Z�ÌÍ��Ë�£�º����

V�UV; R IκBα �Z�ÌÍ èC( 7~10 d��

�, è	��]��L 
 NF-κB �o!X:�&

"�â[7]. IκB �����&'�� NF-κB �[#,

$/ IκBβ%&: ÐÑ&Ù IκBα −/−ÌÍ%� IκBβí
�'( IκBα �
ñ ; ) IκBβ ���*Ý�
NF-κB#6� IκBα �ST���+(, IκBβ å�/
mÈ'× IκBα�
ñ[9]. ,)/vwÊ�	, IκBβ  
$?%
�] GTP ����κB-Ras ��, $/@

IκBβ 
κB-Ras É�(-��ãªYR�CäÉ [9].

IκB���Ô���Ck�;./0í1ÙÅ.

1.3 NF-κκκκB ��������

NF-κB [b2!�� , �3n
��V��c

 UV7a�����,  ¡#$��(C4��)K

�GK56j�K7;8��KLM��K����

�[b��f. 9�:��n, NF-κB Õ3o;á<

=>�&'R�?@LM±� [10]. )«W/£LM

F*���ALM HIV-1 �* T !"#$LM

HTLV-1, Bo48�CV�í;á<=>�ðC ,

RnöD NF-κB X:ò+EF���&', «WG

X*!"#$��H, 8I�ò+ �%�¸Â6.

J�ÛA,  K\#$% NF-κB 3o;á�£>:

���&'R§L#$í�CM�.

NF-κB :Y�Z[
K\*0L gh7a ,

 ¡�]N KOBP¸;^LKQ#RSTUVW

Z[ K0_`;abcKXYKZc8l2!�Ô

c ; «W NF-κB �£[R#$KÝ\#$�!"

]^�_o�%�?}�
ñ . ,)�vwØÙ ,

NF-κB ����´`
ÅOBab�<��de�

êë[10].

NF-κB���]GX��X:,  ¡c�c U

V�ded���(TNFα, tumor necrosis factor α)K

�#$e>-1(IL-1, interlukin-1)KT#$� B#$�

/fjg�K#J8l#Jh\i LPS(lipopoly-

saccharide) K L M j � l L M � � K k �

RNA(dsRNA)KGX��� DNA �� ISS-DNA

(immunostimulatory DNA)KCklYslmf[10]. ¢

£GX���ßàFn #$·op�»þáâ

NF-κB�:Y, �gqcrvwÊ+�stuv. �

�2\w NF-κB �:Y��½�ÃX:�Ô�£


NF-κB x/ghay�ßà3z, ¢¹�­jßà

op�¼8{|%}£
 NF-κB �:Ygh7a~

���. �i, �@�]X:NF-κBßà3zV«�

	ÞE6�87Ë�Ù( , vwÊ+-��È��

Å�£�1X:��ÝÞßà���#b.

2 NF-κκκκB �������

2.1 NF-κκκκB ��	
��

	 Ë�]$&;á�>FnX: NF-κB, 8

lò+�ißàoá�����y�/7ËÙ��

��. �1�c GX��F TNF, IL-1l LPSf3

4 wj�·�¹ IκBs(��n IκBα)�CäÉ(� 1).

�� IκBα X�Â�q IKK �
ñ	�ãªY, ã

ªY�C IκBαj�% Ser32 � Ser36 ®�µ

y[11,12]. IKK Â�q�:;�� IKKα, IKKβ�[b
�� IKKγ ��. ��ÎÏÐÑ&Ù, IKKβ � IKKγ
nc ��X: NF-κB .ÒÓ�. ãªY(� IκBα
�¿>�h�Â�q SCF(Skp-1/Cul/F-box)����

E3RSIκB/β-TrCP �3[13], �R�¹ IκBα j�%�
Lys21 l Lys22 ¿>Y[14,15], �(� 26S ���G�

3���äÉ. IκBα�äÉ¹� NF-κB ���µ�

���è), �¶�·����.

Ý����n,-./ NF-κB X:ßà3z�

V«�=%, NF-κBj��$?é�·��ën�a

�. ),)�vw��&Ù¢ín NF-κB X:��

�E6. ��, vwÊ�	NF-κB�IκBαÂ�qÐ�
Ý�Ã �·/�&)
��[16~18]; ��, �S IκBα
�ãªY�C $?% , )Ë��¸�3�¿>�

h�Â�q E3RSIκB/β-TrCP  �µ �·[19], �i

Õ¡¢ IκBα����GäÉ+��¿>Y�C �
·; vwÊ´�	, E3RSIκB/β-TrCP��·�µn�

� huRNP-U 
+���£¤Å IκB ���µy, ñ
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huRNP-U�U� RNA
ñ+(Õ8áâ IκB�¥¦

äÉ. §/¢�	¨�Cqs��´í©ª. �SF

i, B��=Ë� NF-κB�IκBβÂ�q0��«. �

� IκBβx/��è�� NES[20,21],  ¬4­®	ò

í� �·&�� . R2\w#$%¯/�°�

NF-κB
 IκBβ��.

Ïi+&, �£GX�>, F�±fX: NF-κB

WÓ� IκBα j�% Tyr42ãªY[22, 23]. ì�´í�

²}�]³©ª��X�¸¹Å¢�±� , ¡¢Õ

�n Src �����. R Tyr �ãªY� IκBα 3o

 PI3X����� NF-κBÝÉ�	), 
 26S��

�G`
�äÉ��´a[23]. Tyr42  IκB ����

%�ín��§¨µy, �i¢�E6Vn IκBα .
�/�. J��%&n@#$��µ¶4(254 nm)�

·&¸¹ºRX: NF-κBW, IκBα »�3o 26S�

��G�CäÉ, )í� Ser32, Ser36N Tyr42�ã

ªYeá, ��ïE6¼íÙÅ[24, 25]. 7Ë�Ô�1

�;á��F TNFα, IL-1 N LPS f�
ñ,  Ý�

®]­®	 NF-κB�:YmV½¾R�¿À.

ÏÅB���c ��;�� IKKβ-IκB-p65�

p50:Y��+&, ,)�	�J�Á NF-κB:Y�

�c�Å*+�:�(� 1). p52�RelBn#$%> 

��]NF-κB�º¬��G<=. @ p52�Gj�«

W½n IκB����� NF-κB2/p100
 RelB��W,

� 1 NF-κB �������

�������� IKKβ	
� IκB �
������; �����

�� IKKα	
� p100 ��
������(����[26])

��GÂ�56ÃÄ; p100 �äÉðCÅ/:;�

p52�RelB. 
 IκBα0¯, p100äÉ«ÅÓ�ãªY,

��ÎÏÐÑØÙc� p100 ãªY�n IKKα,

IKKαÕ8�ÝÞ���X� NIK(NF-κB inducing

kinase)X:. vw&Ù, IKKα-p100-p52�RelB ��

Õ�!"#$M>β��G LTβR � TNF ����

TALL-1��G BAFF-R.;á.

2.2 NF-κκκκB �������: IκκκκB �	 IKK

2.2.1 IKK 
��
�

 c ��;á�B� NF-κB :Y��%, a

�ÆÇn IκBj�%� Ser32l Ser36�ãªYR(

äÉ , �i7@\�vwÊ2â����¸¹¢�

±����X�. 1997�, vwÊ+��Å�]�Ã

�#$��;áX:���X� , ÈÉ� IKK(IκB

kinase)[27, 28], ò�ÃãªY IκBα� IκBβj�%��
� SerÊ�. ËY� IKKX�:;Ì�Í% j�!

¯ 700~900 kD ���Â�q%; RJ�vw���

Åj�!7Ë�Ì(300 kD)�ËYðq[29], �i¡¢

IKK n�� ¤\]���j�Â�q. ÎñCY

ËYKÏÐkÑ�ÒÓlÔo±�Ö×fÛÕ, vw

Ê+Ö¦��Å IKKÂ�q� 3]�j: IKKα, IKKβ
� IKKγ. IKKα� IKKβj�!j3� 85 kDl 87 kD.

IKKα� IKKβ�«¬;×¥, 2¤/NØ���X�

�°u�Ù©ªÚ�(LZ, leucine zipper)8løù-Û

-øù(HLH, helix-loop-helix)�° . IKKα� IKKβn
IKKÂ�q%�ÜY��.

IKKÂ�q%�Ý 3]�jnj�!� 48 kD�

[b�� IKKγ[ 3 0 ] , «W½��ÔvwÊÈÉ�

NEMO(NF-κB essential modulator)[31]KIKKAP1

(IKK-associated protein 1)[32]l FIP-3(14.7 kDa inter-

acting protein)[33]. �Þ�°ß¢&Ù IKKγ ¤/2!
àøù�°, CØ½�/Ù©ªÚ��°. IKKγ j�
C áØ� 23 �©�ª
 FIP-2 ��/ 70â�«¬

;[33]. �i IKKγ �
ãLM�� AdE3-14.7K 7�

�, ¢]��Õ�nãLM���Ã56 TNFα;á
�#$gÉUV���+�[34].

/vwÊ�� IKK Â�q´ ¡�Ô�£��,

F IκB � Rel ����[35], fg�7a�� MAP-1

(mitogen association protein1)�$&ßà[bX�
MEKK1(extracellular signal-regulated kinase kinase
kinase)[28], NIK[36], IKK 7a�� IKAP(IKK associ-

atetion protein)[35]f. )¢£��/ä��ÆÐÑÑ
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Ø, J&¢£��nå CkÃÄ	> � IKK Â

�q%æí��. »,/ç²�� Cdc37� Hsp90n

IKKÂ�q��j+�[37], @ñHsp90�56qÂk

#$W, IKK Â�q�j�!èÌ, �� TNFα ;á
�:Y�mV½éZÅ. )Hsp90ê�ç²
\]X

� ¡ RIP(receptor interactingprotein)7Ö
ñ [38].

RIP n TNFα X: NF-κB o�%ÒÓ�a�;X

�[39]. �i, Hsp90wën IKKÂ�q%�±�;�

j , ´n����
\]X�7Ö
ñ�Rìí

TNFα�ßà��, 0�í©ª.

�� 700~900 kD� IKKÂ�q%¤/2âf!

� IKKα� IKKβ, 8 IKKα/β��G�<=> ;

IKKγ �¤!î�, 8��GNï�G�<=> [30].

2.2.2 IKK ��	��

IKKα/β�X��°u
�Ôf©ª/ð©ªX�

7¯, ATP ��µy���¥¦§¨, �% Lys44 a

óÕáâ IKKα/βZ:[40,41]. o!&' IKKα/β�X�
Z:aóG, �Ã56 TNFα;á� p65 ���ë8

l NF-κB ST���:;. ÐÑ&Ù IKKβ +/−#$

¬4#$7~, IKK�:;äñÅ®ò, R NF-κB

�:Y�¦	äÅ 70%~80%. ÀÙ IKK �:Yn

NF-κB X:��%�ó�ÆÇ, $� IKK �X�:

;��ôKèÀåõö÷56 IκB �äÉ� NF-κB

�X:.

IKK ­3��ÔX���y , nò�:;��

�/ LZ 8l HLH �° . ��aó�vwØÙ ,

IKKα/β��G�<�n� LZ ­ueá�[29,40,41], ¢

]��YË� IKK �X�:;nÒÓ�. vwÊ+

Ë IKK �:;�¸Å�sjø[32,42], ��&Ù IκBα
� C Ø­u�Ãäñ IKK X�� Km9; ñ IκBα

p65�p50<��Â�q
�ùqW, IKK� Vmax9�

*Å. ¢���&Ù, �+úû> � IκBs, IKK Æ

üé
ñ�
 NF-κB <�Â�q� IκBs. �iÕ8

Éæ����Þ�� IκB  IKK 0�/:;�­®

	0��Ã #$%ýþ.

2.2.3 IKK ���

NF-κB ���ën�X:o�%�a�ÆÇ ,

¢�o�Ó��\����«
ñ, IKKn�%�a

�j�, �:;��¥¦[#. vw IKK�:;[b

ËÅÉ NF-κB�±�§a}�.

ìí IKK:Y����>n IKKÂ�q���.

��ÎÏÐÑ&Ù, IKKβ� IKKγ n2\wGX�>
;á NF-κB :Y.ÒÓ�. ñ#JNÏÐ&'��

Õ8ðC/:;�}� IKKα� IKKβ��[43,41], )

 ��Tq#$% , ò+�:Y���
[b��

IKKγ���[44,31]. IKKα� IKKβ��öD�j�%�
Ù©ªÚ��°u<���G[28,40,29], �j33o C

áØ��µ��°u
 IKKγ �� [45,46]. ÐÑ&Ù ,

G&*¶¢�µ	�Ã56 IKK Â�q�<�, �

R
��:Y. IKKγ ÏÅ Â�q��o�%�?
a�
ñ& , ´
�[b��3o� C Ø��Á

�°u| IKK Â�q
ÝÞX:���h�). �

£ IKK l NF-κB �X:��F HTLV-1 LM� Tax

�����3o
 IKKγgh
ñR�?±�[47].

ÏÅÂ�q���&, IKK �X:´Ó� IKKα
N IKKβj�·�ÛÃ�°u%§¨ Ser �ãª

Y [4,48,49]. ÐÑ&Ù , ËY� IKK 
��ãª
�

PP2AV«�_õáâ IKKZ:; HeLa#$ñ PP2A

�56qÂk(¹�#$· IKK :Y[27]. 
�ÔX

�0¯, IKKα� IKKβ�X��°u%¤/��ÛÃ
�°[28,48,49], ¢�­u%�§¨µy�ãªYõc�

j�°¨��ó , �RáâX��:Y . F�|

IKKβj�ÛÃ­u%� Ser177� Ser181��� Ala,

åõ
� IKK �:Y; F�|ò+'��ãªYm

VÆ�� Glu, Äõáâ IKK�¥¦:Y. IKKαj�
%� Ser176½/0¯�
ñ.

g�	 , Ë�ÝÞßàáâ IKK Â�q:Y

�E60í�j©ª. �� IKK �:Y����j

��ãªY, vwÊ+�g�����ãªY IKK

�ÝÞ��X�. �/�ç²&Ù, �\���X�

 ��Tq#$%o!&'W�ÃX: IKK, Rò

+�X�Z:aóGÄ�Ã56ÝÞßà;á�

IKK X: , �% ¡��X� C(PKC)��]º°

G[50], MAPKKK����, NIK[40,51], AKT/PKB[52,53],

MEKK1[54,55], MEKK2[56], COT/TPL-2[56], TAK1 (TGFβ-
activated kinase1)[57,58], NAK/T2K/TBK[59], MEKK3[60]

f . )�%2�j�ÓÊ�±�2í� ��ÎÏ

ÐÑ%��ØÐ. $/ MEKK3 � PKCθ %&, /

ç²&ÙMEKK3n TNFα X: NF-κB.Ó��, )

�
ñE6¼íÙÅ[60]; R PKCθ�Z�ÌÍ�&�

R T !"#$í��@�X: , ��n#$·�

NF-κBí�:Y[61,62]. ÐÑ´ØÙ, PKCθ�X�:;
n�X: NF-κB .Ó��. ) PKCθíngh:Y
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IKK �X�, ò�
ñÕ�´Ó�J&®]���

`
.

 ãªY IKK ��ÓÊ@%, êB“��»¥”

�X�j�nNIK. NIKnMAPKKK����, ��

ò�
 TNF �G���� TRAF2(tumor necrosis

factor associated factor)��R���[63]. o!&'W,

NIK�ö÷X: NF-κB[49,64]. NIK�X�Z:aóG

�Ã56�2\w;á�� ¡ TNFα c��
NF-κB�X:. �i NIKê���gh`
Å TNFα
l�ÔGX��;á� NF-κB �:Y. )()�v

w�	 NIK�
 TRAF����Ô�� ¡ TRAF3

��, R(Ê
 NF-κB �:Y´a[65]. vw´�	,

| TRAF2j�%
 NIK����µ'���Ã��

Y��°u, ¹+í�
 NIK��(, �j�0�X

: NF-κB. ÏÐkÑ�l����� ÐÑØÙ ,

NIK�
 IKKα �º;��[49,40], *+�i¡¢ NIK

3oghãªY IKKα RX: IKK[49]. )��ÎÏÐ

ÑØÐ IKKα �9 TNFα ;á IKK :Y.ÒÓ[45,66].


¢£��0¯, Ë NIK ��ÎÏÌÍ�jø&Ù,

NIK�ín TNFα l IL-1X: IKK.ÒÓ���[67].

,8�vw��� NIK �Ck±�!"Å#$.

vwÊ�	 IKKα −/−ÌÍ�&"
 p100−/−ÌÍ�&
"7¯: B#$eá���UVl B#$��%Ú�

C�A[68,69]. �� IKKα �Z�#$%, p100 í��

îï� p52. ��ÆÐÑØÙ, p100 ��%o���

¥¦[#, �
 NIK 7a[69,70]. R IKKα ��Z�Ã

& NIK ;á� p100 �îï
ñ. 8Ývw��&

Ù, IKKα nNIK�º�	Þ���, @ IKKα �NIK

X:(, ��Æ:Y p100, áâ��CãªY��;

�îï, C�/:;� p52�RelBÂ�q��¶#$

���	Þ����&'[4]. ��/�ÐÑØ¤)',

B�� IKK Â�qÕ��î`
 p100 �îho�,

�� NIK ;á� p100 �îh
ñ IKKβ � IKKγ 
�Z�­®	�î��ìí[70]. .8 p100 �îho

�Õ����J��9B��¤/ IKKα � NIK �

Â�q. 	 Ë�X: NIK-IKKα-p100 ßà���

#$��½/.ÅÉ . ��n TNF �G����

LTβ-R(lymphotoxin-β-receptor). ¹ñ@ LTβ-R �X

:@G�Ã;á#$% p100 �C IKKα ��;�
îï
ñ , «W LTβ-R �ZÌÍ [71]�&1
 NIK

aóÌÍ NIKaly/aly[72]� NIK−/−ÌÍ [67]�&17

¯; ��n BAFF-R (B-cell activating factor-receptor),

BAFF-Rn B#$�º&'� TNF���� TALL-1/

BAFF[73,74,75]��G+� . ��ÎÏÐÑØÙ ,

BAFF-R B#$��%�!"]^�<�o�%�

a�
ñ [75]. »,�vwØÙ , BAFF-R ¬n3o

NIK-IKKα ���?
ñ�[76].

ÏÅãªY IKK ���X�8&, J�£X�

j��ØÙ`
Å IKK � NF-κB �X:, )
�X

�:;´a. �%�(&;j�n RIP. RIP(receptor

interacting protein)nf©ª/ð©ª��X� ,  Ï

ÐkÑ���ÒÓ Fas7Ö
ñj�W��	[77]. �

N Ø�/X��°u , C Ø�/���°u(death

domain). ����òn�]��M�;áj� , (

)vwÊ�	,  ��Tq#$% RIPî`
 Fas;

á�#$M�[78]. Hsuf*[79]ØÐ, RIPn TNF-R1ß

àoáÂ�q�j+� . @#$h� TNF ßà( ,

RIP ��º;È"(� TNF-R1 ßàÂ�q%, 


TRADD(TNF receptor associatedd death domain pro-
tein)l TRAF2 ���X: IKK, �Ráâ NF-κB �

X:[80,81]. ��ÎÏÐÑ��ÆØÐ, RIPn TNF-R1

X: NF-κB ßà��%�ÒÓj�, )�X�:;


¢�±�´a [39]. ,)/vw&Ù, TNFα�GX
õáâ IKK Â�q�)*� TNF-R1 ßàÂ�q

Ý[82~84]. Zhangf*[84]�� IKK3o IKKγ
 RIP�

���)*��GÂ�q%Ý, R Devin Ä��n

IKKα � IKKβ � TRAF2)*� TNF-R1�GÂ�q

%, R RIP ²³:Y IKK. �SFi, §/îØÐ

IKKγ 
 TNFα � IL-1�GÂ�q%�+nj��g

h��, R RIP�X�:;½
 IKK�:Y´a, À

Ù RIP Õ�
�h,j�3o
 IKK N�Ô:Y

IKK�X�7��)�?
ñ.

	 �	� RIP ����/ 4 �: RIP, RIP2/

RICK, RIP3 � RIP4/DIK/PKK ò+�X��°u�

/«¬;. 
 RIP� CØ���°uí«, RIP2� C

Ø�/ caspase X:�)*�°u CARD(caspase

activation and recruitment domain)[85]; R RIP4j� C

Ø�/ 11� ankyrin}Â��[86]; RIP2� RIP4Ú�

X: NF-κB, )
 RIP í«, RIP2 � RIP4 �±�


�j��X�:;7a. RIP3�CØ
Ý�j�x/

«¬;, )òÕ83o C Ø
 RIP ��, �R56

RIPX: NF-κB�
ñ[87,88].

«Å�/h,j�±��`
Å IKK :Y�X

�´/ IL-1 �G
ñX� IRAK(IL-1 receptor asso-
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ciated kinase)�k� RNA ��;���X�

PKR(dsRNA-dependent protein kinase). IRAK n

IL-1R/TLR(Toll-like receptors)�GßàÂ�q��

j+�, ²³op IL-1 X: IKK �ßà[89]. 
 RIP

0¯, IKK �:Y½íÓ� IRAK �X�:;; PKR

nk� RNAKLMl-./0;#Jh\i(GNLPS)

;áNF-κBX:�ÒÓj�. vw�	, �X�Z:

aóG«Å�ÃX: IKK[90,91], ¡¢ PKR 3o


IKKγ �7Ö
ñ)¸¹±�.

Ïi+& , ,)vwÊ+´1*23È�	Å

¿>��l MAPKKK ���� TAK1(transforming

growth factor-beta-activated protein kinase 1) IKKX

:%�
ñ[92,93]. G&ÐÑ%, h,�� TRAF6 X

: IKKÓ�®]���*¶: TRIKA1�TRIKA2. �

% TRIKA1 ¡¿>�� Ubc13� Uev1A, TRIKA2

 ¡ TAK1 �J&®]���� TAB1(TAK binding

protein 1)� TAB2. vwÊ��, TRAF6 Ubc13�

Uev1A �
ñ	 , �CÅ9�1�¿>Y , áâ

TRAF6�:Y, �(X: TAK1Â�q, ���ÆX

: IKK, �RST JNK � NF-κB ßà��. 8Ýv

w��!èÅ¿>�� NF-κB ßà��%Õ��

�
ñ, )��¢£n)E�G&ÐÑ���, ¼Ó

G·ÐÑ��ÆØÐ.

�� RIP, IRAK1� PKR�X�:;
 IKK�:

Y´a, 45ò+n3o65��:Y IKK �78

/�]9À��, RIP, IRAK1� PKRÕ�
 IKKα/β
��Ggh��, ¹ò+ ¥¦/�� IKK Â�q

%7Ö:,, �R���i�ãªY
ñ, ¢Ååí

Ó��]��� IKK X�3oãªY):Y IKK.

��ÏÅ�ÝÞX�
ñ8&, IKKÛÃ�°�ãª

YX:½Õ8� IKK EF;�[10]. @ <=#$�

��Tq#$%o!&'W , �¹x/GX��>

 , IKKβ� IKKα½§¥×��X�:;. �SÕ�

> �ÔX��
ñ , )Ë¢�	¨»gh�Éæ

n IKK �ÃEFãªYRX:. ÝÞX���w!

�
��f��, ��ãªY>!� IKKj�, ÛÃ

�°�EFãªYÕ8¹ÝÞX�Ë IKK �:Y


ñ��ç2. EFX:´!"Å¢Å�]E6, � 

ú�� IKK Â�q%, ú�ÜY���X:|áâ

Â�q%./ÜY���:Y . EFãªY LM

HTLV-1�� TaxX: IKK�o�%�?Åa�
ñ.

Tax ín��X�, )ò�Ã���Ô��<���

G. vw&Ù Tax 3o IKKγ 
 IKK Â�q��[90],

òÕ�| IKK �®�:;���?�R;¹ò+�

CEFX:. �£ÝÞX�Õ�½@ñ
 Tax0¯�

E6X: IKK, R�9ghãªY IKK �ÛÃ�°

u. �SFi,  IKK�:YE6;AÙ�8�, Ý

�“�¹h,”��=´$�n�]9À.

J��}��¼äÉB�CDna� IKKγ ��
ï
ñ. ��×qc*�9En IKKγ gheáÅÝ
ÞX:��Ë IKK �
ñ, �ivwÊ+â���

� IKKγ 7Ö
ñ���[94,95], R¢£���Ck±

�/ävw. J��a� IKKγ �CDn: nå IKKγ
zF½��ãªY�[b8�S/ÐÑØÙ IKKγ  
TNFα�
ñ	õ�CãªY, )��ï�ãªYµ

y�±�´í©ª[47].

�S./���vw��¯-öF, IKKn�\

NF-κB ßà����Íy, )GH�IJ+íVK

ÏCkÃÄ	> L<0¯ IKK �X�, Ë IκBs �

ãªYläÉ�?
ñ.

2.2.4 IKK ���

IKK Z:�E6´í�j©ª , )*+�²�

2\wGXc�� IKK :Y2nMW�. GX��

¦N�, UV�WOåNµ. IKK �MWX:�Z:

[b�/×}��Ck��, �� NF-κB �¥¦X

:õáâ%MNâ�UV , ~FPR;Q�NR}

�c UV. TNFα 
ñW, 2\w#$%� IKK :

; 5~15 min�'�¥S, R 30 min·åäñ§

S9� 25%,  T	� 90 min ·Ä½¾	ä[27,29,48].


 IKK�T�s�â, IκBα �äÉ�U 15 min·

;�, 60 min ·$?%� IκBα IV}�ýþ. Ý{

%ê!�, IKK :;�¿Àäñ�Õc� IκBα äÉ
�¦� NF-κB :Y�¦�22äñ, ���� IκB

�WX�äÉÈY���, 2Zå �iW IKK �

:;22äñ, R� IKK ËúË IκB ���
��

À[41].

 TNFα GX�#$%, ·¬; IKK :;�	

[Õ�n� IKK j�EFãªYc��. vw&Ù,

TNFα Âk(, IKKα l IKKβ j�� CáØ2�CÅ

�[�EFãªY[48]. | IKKβ j� CØEFãªY

­u%� 10� Serµy'�� Ala, Õ¹ IKKβ �:
YWO\4 4 ò, 7U| Ser '�� Glu, Ä]2È

^µÅ TNFα ;á� IKK :YWO. ¢]56
ñ

Ó�\�µy Ser�CãªY, �� IκBj�Ë IKK
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EFãªY�/56
ñ, $/@#$%� IκB�ä

É(, IKK j� C Ø�EFãªY-���È�¸.

Ý�o��Ã
��]W�E6)ó6 IKK �[�

¥¦:Y. IKKj� CØ�àãªY�ÛAÕ�áâ

HLH �°u�C°¨�ó, �Räñ IKK �X�:

;; J�ÛA½Õ�)*2!�ãª
�, ¹� IKK

pãªYRZ:. ÐÑ&Ù, ��Tq#$%¥¦&

'�ãª
� IKK:;	[o�%�?Å
ñ[27],

ì�¼í�²nå> �];á&'�ãª
�)

	[ IKK�:;.

2.2.5 IKK �����

_`� IKKα� IKKβ+O¥¦���«¬;8
l®]}��� G&Ú�/mÈãªY IκB, ��

*+��¢®]X� NF-κB �X:o�%�/0

¯�±�. )a� IKKα � IKKβ �X�Z:aóG
�ÐÑ&Ù , IKKα :;�éZ�íìí TNFα N
IL-1;á� IKK:Y, ¢£����öFÅ IKKα

IKKβ  ±�Ý�í«. @ IKKα � IKKβ ��ÎÏ
ÌÍa«(, IKKÂ�q%¢®�ÜY���±�-

�8ØÐ.

IKKα −/−ÌÍvw�è���Ì��bn :

IKKαínc ��;� IKK X:�ÒÓ�� .  

IKKα −/−ÌÍ�cd�ef#$K��Ý\#$�g
#$%, TNFα, IL-1� LPSÂkÚáâ¬4� IKK:

Y� IκB �äÉ[96]. ,)vwÊ+�	, n IKKαR
9 IKKβeáÅ�£GX��Ë IKKÂ�q�X:


ñ[97]. F �hÝ\�i� B !"#$%, IKKα a
óG�á¶¹ IKK Â�qË TNF ����

RANKL(receptor activator of nuclear factor kappa B
ligand)� BAFF�UVéZ, RË TNFα, IL-1� LPS

�UV¬4.

� IKKα−/−ÌÍ%�è�J��Ì��b , n

IKKα �£�i�]^��_o�%�?Åa�

ñ. IKKα−/−ÌÍ èC( 4 h ���[45,68]. �C�

IKKa−/−ÌÍ'�)��ïj, k"KlmKnA�

�_Z4, \o¸pqr, Ý\�<��°[Ùöº

4. ���ùs#$�o¦�H, aóÌÍ�Ý\~

¬4ÌÍ*tÅ 5~10 ò, ��,-x/�CjY.

¬4Ý\�i� 4]01#$��<�, RaóÌÍ

�t�Ý\�°,-nÚ����5;×2 , ¢Õ

�naóÌÍïj
FGu�î�vwè)���.

�iÕI IKKα Ý\�i��_o�%�?Åa�


ñ, )¢�
ñ
ò�X�:;lË NF-κB �:

Y
ñ´a[99]. vwÊ+�R�	, IKKa−/−ÌÍG
· B#$��%�@G�ðC��
�, ) T#$7

a�UVn¬4�[68,69]. 45 IKKαË B #$��º

±�n3o NF-κB Ð	�x8vwÊ�	, IKKα �
ZÌÍ� B #$UV&"
 p100−/−ÌÍ7¯[98,99].

R IKKα �Z�#$% p100 í�¬4îï[69]. �/

ÐÑØÙ, IKKα�X�Z:aóG�Ã
& NIK ;

á� p100�îï
ñ[100]. R p100�îh IKKβ�
IKKγ ���­®	�í��ìí[69]. 8Ývw��

&Ù, IKKα ²³:Y p100, �Ráâ��CãªY

��;�îï. FÝ{.�, IKKα Õ��ÝÞ:Y
X�n NIK, 9B�� NIK-IKKα-p100/RelB ßà3

z
 B #$��%l@G�<�7a. »,�vw

�	 , B #$%�º&'� TNF �G����

BAFF-R[75],  B #$��%�!"]^��io�

%�a�
ñ, R BAFF-R¬n3o NIK-IKKα ��
��?�Ck
ñ�[76].

IKKβ��ÎÏ��� *+�ßy+%. ��

2!�g#$�CM� , IKKβ −/−�ÌÍcd 
12.5~14.5 dW��[33,101]. ¢��1���	¨
 p65

ú�Zl p65, p50k�Z�ÌÍ�â, (®Êj3 

cd 14.5 d[3]� 12.5 d[102]W��. ��î����,

cdg#$&'2!� TNFα,  NF-κB�Z�­®

	õc�2!�#$M� . ¬FvwÊ+�ß¢ ,

IKKβ −/−#$~¬4#$Ë TNFα ;á�M�z{
�\, ��#$% IKK l NF-κB  TNFα , IL-1,

dsRNA � ISS-DNA �GX	,-2x/:Y
ñ.

IKKβ +/−#$% IKKβ�&'!	äÅ 1 ò, áâ

IKK�X�:;äñÅ 50%, NF-κB�:;ÄäñÅ

70%~80%. �i|´}C , IKKβnc GX��;
á� NF-κB :YíÕ�>���X�. »,/ÐÑ

&Ù, IKKβ�Z�~ã#$%, NF-κBæí��X:,

��Ë T#$�G;á�#$�H
ñUV×À[103].

IKK Â�q% IKKγ �±�7ËÙ�. vwÊ3

oÔoÖ×ÐÑ�ØÐ, IKKγ n ¡c �� ·
��\GX�>:YNF-κB.ÒÓ�, ñTNFα, IL-1,

dsDNA, LPSfÂk IKKγ �Z�#$, IKK� NF-κB

Úí��:Y[31].

2.3 ������ IκκκκB ���

8Ýe�Å NF-κB:Y���Ý 1�V«ÆÇ:

IκBs  IKK �
ñ	�ãªY; qhr�Ý 2 �Æ
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ÇnãªY� IκB j��¿>äÉ���3��C

äÉ, ðC/:;� NF-κB��G.

2.3.1 ������

¿>äÉ��Õ�nEG%»������ä

É��. ¢����±�»����näÉ�Y�K

��d�K���÷N�����, ),)�vw�

	 , ¢���#6r#$·\]±�;[b���

w!, �% ¡#$�8��K����K#$C4

[b��lßà�á��f . ¢����É�)¬

��]#$%¾¿> �Ìj�!��ÜÜ¿>, �

ÏÐ�*0#$%2×§¨. ¿>äÉ��� 3�Æ

Ç��: (1) ��N,�¿>\	j�V��h��

�ùqÝ; (2) ¿>j�+O�i�h<�¿>\�

G; (3) ¿>������ 26S ���Â�qäÉ.

t�o��L<�j���;� : ��¿>:Y�

E1 |¿>ñ¥��
��h�EFj�Ý; �3o

����UV, ¿>���ë�¿>�h� E2 ��

��j�Ý; Ý�Æn E2 �«��ÜÜ¿>�h�

E3|¿>�3oÕ��º	��h�ì�j�� Lys

Ê�Ý, �R:Y�¿>j�í&�h�+��¿>

�Ý<�\�¿>�, 
����G�3���[10].

¿>:Y� E1$/�]j�, E2����ØÙ

 ÏÐK�q�Tq#$%> \���. R E3 �

h��±�óY�2, �� E3 Õ�3o\]���

¹ùq�¿>Y. E3 ����±�n²³ùq��

3, /W� E3� E2j�Ýh���:Y�¿>j�

W, �<����
��%Oðq, �|¿>j��

ë�ùqÝ; RÆ\�W�, E3��3o�¹®�j

�:,)�D E2 |¿>j�gh�ë�ùqÝ. �

i, �±�ÛAË E3 ÕFi��: �]��j�N

��j��Â�G�ÃghNOhÈ
�º;ùq

��, �¹¿>j��
�j�(E2 N E3)<���


�%Oðq�ë���ùqj�%�©�Ý . �

¹¢���, E3 ��Õj� 5 0: (1)E3a/Ubr1, (2)

Hect-E3, (3)jg(8�T��Â�q APC (Ana-

phase-Promoting Complex), (4) Skp1-cullin-F-Box
(SCF)N Skp1-cullin-ROC1/Rbx1/Hrt1-F-Box��, (5)

VCBÂ�q(Von Hippel-Lindau-Assiociated Elongins

C � B). �º;�3ãªY IκBα� E3 ¿>�h�

���%�Ý 4]01. SCF��n��\����

h��� ,  ¡L<3ñ��l���3ùq�Õ

ó�� F-box. ¢����� ÏÐ%���, ±�

vw&Ùò+n#$�8��.ÒÓ� . ¢���

�×\ùq��3W/�V«�" : ÚÂ�ãªY

ÃÄ. SCFEFx/Ùö��±�, 3o E2�¹ùq

¿>Y .  SCF Â�q% , Skp1 �
ñÕ�n|

F-box 
Â�q��Ô�j�h�); RJ&���

F Cullinl���� ROC1/Rbx1/Hrt1Ä²³)* E2

j����ùq. J��� APC2� ROC1/��V

« � � ° u , � � R-box (ring finger, small

metal-binding domain). ¢��°u E3s ���£

��(F Ubr1� Mdm2)%½> , (®ÊÕ�
 p53

���eá p53�¶¿>äÉ��.

2.3.2 ���� IκκκκB ��

IκBαnFn�¿>���3�78G&ÐÑØ
Ù
NF-κB<�Â�q�ãªY� IκBα ��¿>Y,

R9ãªY� IκBα Äí�. Yaronf*[104]ñ IκBαj
� N Ø[b�°u%�	�ØÙ, Ser32 l Ser36 ®

�µyãªY�	��Ã/mÈ��;56 IκBα

E3 <�Â�q, R$/ú�µyãªY�	��5

6m�äñÅ 20 ò, 9ãªY�	�Äí��56


ñ, ¿>�hµy Lys�Z�	�«Å�Ã/mÈ

�?56
ñ. ¢�����r IκBαj��¿>�
��3�µyí«�¿>�hµy . | Ser32 l

Ser36 ®�µyãªY�	�6��
�sø�, Õ

pÏ#$gÉ�% IκBα ¿>Y�:;, Ríìí#

$%�Ô���¿>Y. ¢£vw��&Ù, > �

]�º;�¿>�h�, �Ã�3 IκBαj�Ý8ã
ªY� Serµy�����°. vwÊ+Yñ��Ë

Yl��¢� ¡¢�Å*� pIκBα�º; E3 �3

j�: F-box/WD ����β-TrCP. ¢���j��

}ÈÉ� E3RSIκB(E3 receptor subunit of IκB)[13].


�Ô SCF Â�q0¯, E3RSIκB x/�:;,

ò�±�ncá�º� E2¿>�h�(UBC5)
ùq

��. ÐÑ&Ù E3RSIκB 
 pIκBα���µy �
j�%� WD40 }Â­u[13]. ¢��°u ×\í

«���%> , ��ØÙ�Ã��ãªY�µ	.

R E3RSIκB j�%� F-box ²³�¹ pIκBα�¿>
Y . vwÊ�R�	 Skp1, Cull � ROC1 �


E3RSIκB �� [105~109], Ý�j��Ã�� E3RSIκB


 Ubc5���
ñ(� 2).

E3RSIκBÂ�qnín���3 pIκBα� E3¿

>�h�78	/�vw��´í�É�¢�CD.
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� 2 pIκBα-E3 ������

700 kD�������� NF-κB, pIκBα	
��
���(�������). ������Ε3�����; Ε3�� Skp1, Cul1, Roc1/Rbx1/Hrt1

� F-box �� !����(SCF), �" F-box ������"��#!�, $%&' pIκBα . � pIκBα��(), E3������� E2��

UBC5� E1*+,-./, 01 IκBα2345, 67*+34-3489, ):;<�� Cul1�Roc1���$%=!�(>?@A[10])

/ÐÑ&Ù, E3RSIκBn 8] F-box����%��

�
 pIκBα\	���j� [108]. RJ��


E3RSIκB / 85â«¬;��� E3RS2/β-TrCP2  G

&í�
 pIκBα��. �SFi, §/��2�j�

ÐÑ��2)E�CYvw , ´����ÎÏ�Ð

ÑØ¤ . 9��!�n IκBαäÉ�®]%&­® :

UV ;ál�£Ys£q;á. ¢®�o��í¤l

IKK�:Y, ½
 IκBj� NØ� E3�3��´a.

UV ;á� IκB �äÉ�����G�
&¥5

6[2,25], ÀÙ���GúûNÊ
¿>���«²³

UV;á� IκBα�äÉ.

IκB j�% E3 ��3��� 6 �©�ª��:

DS(PO3)GXXS(PO3), ¢�������*0294

§¨ [104], R�½> ��Ô��j�% , ��jø

���&Ù w¤¦%/2¯ 1250 ]��¤/

DSGXXS��. )�ínô]��Ú� ®� Serµ

yÝ�CãªY, ðC� E3RSIκB�3��°. /v

�n IKK� E3RSIκBË IκBj�% Ser�
��Ú

¥� Thr[11], R� IKK 
 E3RSIκB µ�«�Á§¨

GÝ(* 10q24), ÀÙ¢�ÊÕ� �YÝ/�«


ñ . 	 ��/J&®]���� E3RSIκB �3:

β-catenin� Vpu. Vpun HIVLM©ª�\	, > 

��{§#$·?«¬Ý. ò�«W
 CD4 ���

E3RSIκB �� , �R�¹ CD4 �CäÉ [109]. 


pIκBα0¯, E3RSIκB
 Vpu���öD� WD40�

°u, ��Ó� Ser �ãªY. í«�n ¢�o�

%, Vpu ínùqRn�h,j��
ñ. CD4 �	

[/D�LM�� gp160�æç, ��LM&­��

%; «Wè>Å HIV �G�w!, H�LMo{§.

J�]��β-catenin 
� E3RSIκB �ùq���2

!ÔoÐÑ�ØÙ :  ®¯���Tq#$%o!

&' F-box �Z� E3RSIκB �Ã\4β-catenin �°

È . ) β-catenin º4±��de#$% , ²²n

β-catenin j�% E3RSIκB �3��³´�µy�C

aó, �íìí�3��zF. β-catenin �º4±�

ngZN�µ¨>e#$��1�" , )§/î�

	 E3RSIκB �� gZN#$%�Caó , R

E3RSIkB���º4 OB¶?eK��ãN�Ì#

$·N%��\I . �� E3RSIκB �Z:õáâ

NF-κB�56, R NF-κB�:Y¹#$��M�, �

i E3RSIκB �Z:��í��de#$>:, Õ�

 de�Co�%�²Ó¸[10].

2.4 NF-κκκκB ���� p105 � p100 ���	


NF-κB1 � NF-κB2 ��2©ª~�%� p50 �

p52 ��2×\��G��, §/ p105 � p100 �î

ïo�´í�j©ª. �S/vwÊ�� p105 �î

ïo�n
¹º«Æ�¸� , )2\wvwÊ«�

p105� p100��%n ¹º(öD�¿>���¸

�. Fan� Palombellaf*[110,111]ØÙ, G& p105��

%Ó ATP �¿>�`
, 56¿>\��<��¿

>aóG�Ã
& p105 �îï. «Å, ���G5

6q #$%½�
& p105 ��%. vwØÙ p100
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�îï»¼r p100 ���l¿>Y, ��/vwÊ

�	 p100 � C Ø
���G�j S9 ��[111]. J&

�£vwÊ´ñ0¯�ÛÕ��Å`
 p105� p100

îïo�� E3/E2Â�q[112, 113]. �S²³¢�o�

�¿>��;?¼îÙ�, ) NF-κB �G�îïo

�Ó�¿>���`
���½�.

¿>[b���äÉ���U2ðCÌ�\	,

íõðC2���¾�, �i p50� p52�ðCÕ�

��%&­® . ¢�o��E68l.Ó��j�

�°�"2×í©ª. ÐÑØÙÌÍ p105 �Gj�

%¿¤ Glu �­u GRR(Glu-rich region)n�îï.

ÒÓ�[114], | GRR ��À¶´a��, �Ãáâ�

�C
 p105 0¯��jäÉ. R Orian f*[115]ØÙ

GRR 
¿>�h´a, Rn`
Å���Geá�

��äÉo�. vwÊÁ�Å p105 îïo��®�

í«��1: Ý 1��1n p105j���¿>Y, �

(���G��� p105 j�� C Ø, @���G


ñ� GRR ­uWåÂ�
ñ, |�%� p50 æçè

). J 1��1n p105j��¿>��(, ���]

���ï�®�, �% CØ����GäÉ, R NØ

� GRR§LR�����G�äÉ.

ÐÑ&Ù#$% p105 �îï�%n���¦�

o�, R p100 �îïn�;á�¸�[100].  �£G

X­®	õ*�®]�G�îïo� , �iðC�

mV/: (1) Æ�#$% p50� p52��¦, ��ò+

���¶; (2) æç#$?%
�G��� NF-κB�

�Ô��, ��¢£��¶�. vwÊ+¡¢, �G

�¢]îï*�
ñ3oj��ãªYÐ	 .

MAPKKK���� Cot/TPL-2�ØÙ
 p105� CØ

�������äÉ [116]. )()�vwØÙ

Cot/TPL-2�íãªY p105, RnãªY IKK�ÝÞ

X:��[56]. Heissmeyerl�«{ØÐ IKK�
 p105


ñ��ãªY�j� C Ø IκB 0¯�°u[117]. Ð

ÑØÙ, IKKα ��Z�Ã
& NIK;á� p100�î

ï
ñ[69], IKKα�Ã:Y p100, áâ��CãªY

��;�äÉ, C�/:;� p52�RelBÂ�q[4].

2.5 IκκκκB ���� NF-κκκκB ����	

�S[# IKK eá� IκB ãªYläÉ���

n[b NF-κB :;�a�ÆÇ, ) NF-κB �:Y�

í;A��� IKK. ,)�vw��&Ù , �·

NF-κB�������½��[b. NF-κB��zF

�ãªY½õ[b���:;. /ç²&Ù NF-κB

 �£GX�>
ñ	�ãªY[118,119]. %F LPS G

Xáâ p65j�% Ser276���X�A(PKA)ãªY,

¢]ãªY*�Å NF-κB
 DNA�
�;8l
�

�X:� CBP(cAMP-response-element-binding pro-

tein)/p300  �·���
ñ. ��2\w NF-κB �

� NLS ÝÞ 25 �©�ªÂ�/ PKA (cAMP-

dependent protein kinase)��3µy RRXS, �i¡

¢ PKAeá�ãªYÕ�`
Å NF-κB;ál¥¦

�X:o�[119].

/7@��jvw���� , p65 �ãªYË

NF-κB ���:;nÒÓ�. ÏÅ PKA 8&, �Ô

��X�F³©ªX�Ã (casein kinaseÃ ), PKCζ ,

1§ IKK2ê�ç²`
¢�o�[120, 121]. ���T

q#$%ËY� IKK� G&ãªY P65, ()V�

	}� IKKα/β�ãªY p65[28,32], )
ñµyí©

ª, R� IKKË p65�¢]
ñ´î CkÃ®	�

�ØÐ. J&, ��ÎÏÐÑØÙ, GSK3β(glycogen

synthase kinase 3β)l TBK/T2K/NAK½Ë NF-κB�

��:;/×2�ìí[122,123].  Ý�®]X��Z

�#$%, �]GX��;á� IκBα�äÉ, NF-κB

���ël
 DNA���2n¬4�, ) NF-κBí

�/��:; . PKCζ��ZËcd�ef#$%
NF-κB �:;/×2ìí[120]. vwÊ��ÆÄ¢�

Å PKCζ
 p65 ���lãªY
ñ[124]. ,)�	,

PI3K� Akt IL-1�GX	½��� p65���:

;[125], ò+�9ghãªY p65, Rn3o:Y Akt

�RX: IKKα, IKKα �ãªY p65j�%� Ser536.

´/vwÊ�	, TNF ;á� IL-6 �C�Ó� ERK

� p38MAPKc�� NF-κB�ãªY
ñ. ) p50�

p65ín p38MAPK�ghùq, p38MAPK�	ÞX

�MSK1ÕãªY p65� Ser276. vwÊ+¡¢í«

�X�3oãªY p65 � NF-κB ����Ô��Ë

���:;�?
ñ . )	 ´í�²Fi\í«

�X�Ë p65���[#
ñnÅ#;a�, »þ


ñ� p65�«�µy, ´n
ñ�í«µy8F�(

�]9À�«, 45
ñ� p65�í«�X�nåË

Vrí«�;á�>8R�
�í«X��ùq ,

#$· IκB�NF-κB��¦nFnÆj�78¢£C

D�É�Ó�Ù��]X� p65 j�Ý�ï�


ñµy.

vw�	, p65 ãªY�a���Õ� �)*

������ë� HATs(histone acetyltransferases).
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�/\�ç²&Ù , ®] HATSÜÜCBP/p300 �

p/CAF(CBP associated factor)�Ã[b NF-κB �:

;[126~129]. »,�vw�	 p65 ´�Ã
���p�

�Y� HDACs(histone deacetylases)�í«º°G�

� [130~132]. vwÊ+¡¢ p65 ���Y[brò


IκBα�
�; , NF-κB ¶�(���Y , Ç�Å


IκBα���56
ñ , �R�?��X:
ñ ; �

( HDACs �
ñ	p��Y(
 IκBα ����
Yè#$�, þ���.

ÏÅÝ�9À+& , a�ãªY���YË

NF-κB:;�[b´/J&�]�=. vw�	,  

îGX#$�#$�%> 7@w!� p50 «¬�

�G[133], o!&' p50N*��
 DNA+O���

õäñ NF-κB ��;������. RèÀ p50 


DNA ���
ñÄ�ÃÉÏ¢]56. �� p50 «

¬��G
 DNA �
�;ÈÈñ�º¬��G, í

Õ���®ÊË DNA���;��RðC¢]56


ñ. »,�vw�	, p50 �
���X����

HDAC1��56����, ���% p50nÒÓ�,

�� HDAC�56q Trichostatin A(TSA) ¬4#$

%�ÃÉÏ HDAC ���56
ñ , Ý[���

NF-κB ��;����&', ) p50−/−#$% 
í�ðC+n
ñ[2]. vwÊ�i��,  GX��


ñ	$?% p65�p50 Â�q� PKAc ãªY(�

¶�·, É( p50�HDAC1Â�q, £¤����S

T���, ST����.

3 NF-κκκκB ��������	
�

»��]GX��X: NF-κB �	Þßà��

2â7«, )ò+�ÝÞßàopÛ= 27�Ê,

×\X:���ÝÞ��§/0íÙÅ . �%Ëø

�7Ë��K�vwÊ+Ì�B��, nded��

��G TNF-R1eá� NF-κB:Y�=, 8l
+0

¯� TLRs� IL-1Rßà�á�=.

3.1 TNF-R1 �� NF-κκκκB ������	

ded��� TNF �@N:; 1 �ÍÎ8�

å/~�, �Å 1984�*¬� TNF-�ËY���

Å� cDNA��. ÏÅ;��£de#$l¬4#$

�CM�, TNF´eá��UV�[b��±�. ,

10 �) TNF ßà�á�j�E6�ÏÐÉøè

)[134,135]. 	 Ë TNFßà«Ñ�a«�B���Ô

TNF����ßàoávw�Ò%.

TNF�:Y�ÓÔ#$ðC, n�¤ 157�©�

ª�\	<��«¬ï�G. TNFßà3o®]#$

&A�Geá: TNF-R1� TNF-R2. �% TNF-R1e

áÅ TNF2�jCk±�, TNF
 TNF-R1��b�

���$·ßàÞyUV , »þáâ®0}���

��� NF-κB � c-Jun �:Y. @ TNF ��G��

� TNF-R1 �$&­uW, �� TNF-R1 $·�°

u ICD(intracellular domian)Ý�56�� SODD

(silencer of death domain)�æçè), ICD�h,�

� TRADD(TNF receptor-associated death domain)�

3��� , TRADD �)*J��h,��j�

TRAF2(TNF-R1-associated factor 2)��h,��


ñ�X� RIP 8l¤/���°u��� FADD

(Fas-associated death domain). ¢£h,j�<��

TNF-R1 ßàÂ�G��Æ)*	Þßàj�, ST

í«�ßàop�(� 3)[136]. �%, caspase8� FADD

)*� TNF-R1ßàÂ�q%��:Y, ¼+ST	

Þ� caspase ÞyUV , c�#$M� [137~143]; R

TRAF2 ²³)*$·M�56�� cIAP1(inhibit

apoptosis protein)� cIAP2, «W:Y MAPKKK��

��F MEKK1 � ASK1(apoptosis-stimulated kinase

1), STX�ÞyUV , :YX� JNK(c-Jun

NH2-terminal kinase), »þX:� c-Jun� c-fos��

����� AP-1[144,145]. R RIP Ä²³:Y TNF-R1

�Ý 3 Á}��mV��ÜÜX:����

NF-κB[146]. RIP3oî��ßàj�X: IKKÂ�q,

�R¹ IκB�ãªY��CäÉ, »þ:Y p65�p50.

 TNF-R1X: NF-κBo�%, RIP� IKKβ�ØÙn
ÒÓj�.

TNF-R1 ;á�¢ 3 Áßà���iay: ~F

NF-κB:;éZ�#$Ë TNFα;á�#$M��z
{;22�*, R NF-κB �:;���Ã§L#$

��M�; NF-κB;á&'��£���Ã56 TNF

;á� JNK �X:, JNK �:; NF-κB �Z­®

	�*��\4.

./��, TNFßà3z�K\:;j����

�, �@c £q�EÕ�ÒÓ!"Å2!���.

)a�¢�ßà3z0/K\CD/äÉB , ~F

n}�]%O��NX�eáÅ RIP Ë IKK �:Y


ñ8n}�] MAPKKKX:Å JNK, ��3on

]���)*�TNF-R1ßàÂ�q%�Fn�X:

�8«W, NF-κB�:YK#$M�l JNK�:Y¢
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� 3 TNF �������	�

TNF ��� TNF-R1 ����� SODD 	
�, �
�����

TRADD, TRAF2, RIP� FADD�������. ���������

����� !	"#$, % caspase-8� IKKβ&'()�����
* , +,-./0123��	��45 , 67��89:;<

NF-κB	/0� JNK	=/(>?@A[139])

3 Á��+O7Ö6¯�j�E6¼íÙÅ. Ë8Ý

CD�É�|/D�Ë TNF CkLkmV�j�E

k�kÉ.

3.2 IL-1R/TLR �� NF-κκκκB ������	

TLRs n����#$&A&'��0��, �

Ã�3�º;¿CqL�Gj��=��0�� ,

ò+`
°ÖÅEG×@#J�LM�Ý�²H

#[147]. TLRs
 IL-1�Gn«�����, Ú�/$

· TIR �°u(Toll/interleukin-1R/plant R gene ho-

mology domain), @®0�Gh�GX(, 3o TIR

�°ub�$·�ßà��, »þ:Y NF-κB, ��

7a����� . @���º;�L�Gj��=

�GX(, TLR���í«��b�Å7¯�$·ß

à��, �%�Ì�ßàj� ¡h,�� MyD88,

TRAF6 8l IL-1R 7aX� IRAK(� 4). MyD88 j

� C Ø�/ TIR �°u, N Ø�/���°u. TIR

�°u²³eáMyD88
 TLRs� IL-1R��, R�

��°u²³)* IRAK1.

� 4 TLRs 
�������	�

B TLRsCDEF�GH� I	#$JK�, �9L	����#

$ MyD88��, MyD88MN� IRAK-1'()�����*; IRAK-1

ON3F?PQR01STU IRAK-4	VWXY�Z/0. /0	

IRAK-1[\ MyD88-TLR���1� TRAF6]^_��, MN=/

��	����. IRAK-MST`abc IRAK-1d TRAF6efgh

����Mijkl(>?@A[152])

@ TLRs�3�º;¿CqL�Gj��=(�


MyD88��, MyD88| IRAK-1)*� TLRsßà

Â�q%, IRAK-1 �R�CEFãªY�ó�:Y

ÃÄ, ¢�o�½«W���«¬j� IRAK-4 ��

�. :Y� IRAK-1 ù��Ø TLR-MyD88 ßàÂ�

q�ÙW
 TRAF6 ��, �R:Y IKK Â�q, á

â NF-κB �:Y, ��	Þ#$���ðC�;�

c . X� IRAKs�
ñ
 RIP0¯, ��ÎÏ�Ð

ÑØÙ, IRAK-1 � IRAK-4 n TLRs � IL-1R X:

NF-κB ßà���a�j� [148]. »,vw�	 ,

IRAK���� IRAK-MË TLR� IL-1R�X:�²

[b
ñ[149]. 
¬4#$7~, IRAK-M �Z�#$

Ë IL-1 �#J{§�UVÆ*�[. »� IRAK-M
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x/X�:;, )ò�Ã*� IRAK-1�MyD88+O

���, �R
�Å·¬; IRAK-1� TRAF6+O�

7Ö
ñ. �i
Ê¡¢ IRAK-M¹� IRAK-1A�

MyD88-TLRÂ�q%Rí�
 TRAF6��, �i


�Å	Þßà�� . »,´�	�]��h,��

j� TIRAP(TIR association protein), eáÅ TLRs�

���ßàop��º;. ��ÎÏ�ÐÑØÙ, �

� TIRAP�ÌÍ;AéZÅ TLR4 ;á� NF-κBX

:, )Ë TLR5, TLR7� TLR9�UV¬4[150].

TLRs � IL-1R ßà��%/äÉB�CD


TNF-R1 ßà��0¯, ¼í�² IRAK1 
 TRAF6

��(FnX: IKK, J&Ë IRAK-1 Fn�[bl

�
 IRAK-4�a�Ú/ävw.

4 NF-κκκκB �����

4.1 NF-κκκκB �����

NF-κB :Y(Ì��#$mV&	�®ÛA ,

�ÛAn��c 7a���&' , J�ÛAnÚ

@#$M�. NF-κBn����%#$Ó¸;T�N

Ûè�Ì�[b��, Ë NF-κB �ZÌÍ�jø�

	, NF-κB /56M��±�[151,152]. ò�@M�:

;n3o;á��&'Ð	�, NF-κB;á#$%\

]M�56���&':  ¡ c-IAPs, casper/c-FLIP,

A1(Bfl1), TRAF1 � TRAF2 f . �% TRAF1 �

TRAF2nNF-κB� JNKX:��%�h,��j�,

ò+�@M�:;Õ�3oX: NF-κB )Ð	[153],

�Ô�j�Ä M�ßà3z���Ûb�?56


ñ.

c-IAPs Õgh
M�Ü¸��F caspase-3 N

caspase-7 ��, �R56�:;, NÊ56 caspase6

N caspase9 �G�:Y [154]. c-IAP2 �ST�Ý/

NF-κB ���µy. NF-κB ;á&'� c-IAP1 �

c-IAP2
 TRAF1� TRAF2��, 3o56 caspase8

)56 TNFα;á�#$M�[155,156]. c-IAPs 56M

��J�]
ñÛ=8 XIAP �(& (X chromo-

some-linked IAP)[157]. XIAP 3o�j�% BIR

(baculoviral IAP repeat)�°u� N Ø��h­56

caspase-3, caspase-7� caspase9�G�:Y.

J�� NF-κB [b&'�M�56��n

Casper/c-FLIP, ò
� Caspase8 �«¬q��

� [137,158]. Casper/c-FLIP �/ 2 ���Ü¸�°u

(DEDs)� 1 �0¯ caspase )´�:;��°u. ò

�Ã
 FADD l caspase8 �G���56 caspase8

�G�:Y. Casper/c-FLIP �ZÌÍ�cd�ef

#$Ë TNFα� Fas Ligand;á�M�94z{[159].

Casper/c-FLIP«W´
 TRAF2� RIP��[137], ÀÙ

ò½Õ�3oX: NF-κB)56M�. Casper/c-FLIP

/\]îï<= , 	�ØÙ�%�]�µ<=�j

� TRAIL;á�M�o�%�?Ì�
ñ[160]. )

	 ¼ÓØÙ Casper/c-FLIP �ST�%nå> 

NF-κB ���µy, 8ln}] NF-κB ���GÝ

Þ�&', �� RelA−/−�#$% Casper/c-FLIP�

� TNFα ;á&'[159].

NF-κB´�56 DNA�ßc��3o#jG�

�Ð	�#$M�, ¢�mV3oBcl-2����A1

� Bcl-Xeá. A1
�[R#$�º&'� Bcl-2«

¬q���[161], ò�o!&'56 etoposidel IL-3

�Zc��M� , ��Ã�j56 TNFα;á�M
�[162]; «Wò´�56#$¨> c�æçl caspase9

�:Y. ÐÑ&Ù A1−/−�ÌÍG·, %;j#$�

M��*[163]. Bcl-2���J��M��� Bax�&

'�� NF-κB �²[#, ¡¢Õ� �£¥¦&'

NF-κB �de#$�>:%�?
ñ . J���

NF-κB &'[#�M�56�� IEX-1L, »¼n3

o mRNA àºöF ¡j�áº¼8UV��W�

�� . �o!&'�Ã56 TNFαl FasL ;á�

Jurkat#$�M�, )�O¬�Ck
ñ´/ävw.

NF-κB ´�Ã3o56�M��ßà��)�

?
ñ. JNK Õ�8�]î��Û=�� TNFα;á
�M�[164].  ¬4#$%, TNFα;á� JNKX:n

MW�, ) IKKβ −/−lRelA−/−�#$%, JNK�:

YWO�8\4, �i¡¢ NF-κB �Ã;á JNK 5

6���&', ��¢]56��Õ� NF-κB �

@M�±�%�?
ñ.  NF-κB [#&'�M�

56��% , $/ XIAP �Ã56 RelA−/−#$%
JNK �4â:Y[165], )òÕ�ín���
ñ��.

,) ã$@ TNFα;á� RelA−/−#$M����
o�% , �	Å GADD45(growth arrest and DNA-

damage inducible 45β)[166], ò�&'� NF-κB�[b,

 RelA−/−#$%o!&'W�Ã56 TNFα ;á�
#$M�. ò«W½�56 DNA �ßc��#$M

�, ���Ãäñ RelA−/−#$% TNFα ;á� JNK

:Y�¥¦WO, ¡¢Õ�3o56 JNK ���:

Y)56M�.
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äÝ.�, NF-κBX:&'����ðq, �Ã


&���GN#jG��;��M� . )§/¢

£ðq% , ´x/}������ZÌÍ&	è


IKKβ� RelA�ZÌÍ0¯ Ã, �g#$�2!M

�. �iò+ TNFα ;á�#$M�%�
ñ´/
ävw.

4.2 �����	 NF-κκκκB 
��
�

�� NF-κB �ÃX:@M����&', 45

;áM��GX�>VÕ3o�£Û=)56Nþ

�@M����
ñ. {Ð��Fi, NF-κB :Y�

�Ý��£a����ØÙn caspase �ùq, cas-

paseË��ïå|þ�ò+�@M�:;.

 TNFα X: NF-κB ���%, §>®]��

RIP� TRAF2n caspase�ùq. RIPj�%� Asp32

� caspase8ïå(ðC®�¾� RIPn� RIPc, �R

ZpX: IKK�:;[121]; R RIPc�o!&', �Ã

�� TNF-R1
 TRADDN FADD+O���, 56

NF-κB �X:, �R��Å TNFα ;á�#$M�.

TRAF2 �)*� TNF �G���� CD30 j�Ý8

(, õ�äÉ�íæÉ�#$�j, �i!¥Å#$

Ë TNFα ;áM��z{;[167];  TNF-R1 � Fas

;á�M�o�% , TRAF1 «Å Asp163 Â�

caspase8ïå, ðC� cØ¾��Ã56 NF-κB�X

:, � TRAF2� TNF-R1��«
ñ	�� TNFα
l FasL;á�M�[168].

 M�o�%�äÉ�J��a���n IKKβ.

IKKÂ�q%�/ IKKβ  caspase30¯��
ñ	

 Asp78, Asp214, Asp373l Asp546�Cïå�þ�

�X�:; [169]. «WðC� IKKβ(1~546)¾�
�

IKK�56q�� TNFα ;á�#$M�. o!&'

í� caspase äÉ� IKKβaóG�Ã
� TNFα ;
á�M�, ¢���ÀÙ IKKβn¢�o�%B�#
$C��a��>.

¿>äÉ��eá� IκBα�äÉn NF-κB:Y

o�%�a�ÆÇ. caspase3eá�ïå¹� IκBαj
� NØ[b­( ¡ IKKãªYµy)�j�, �Rð

CÅí��ãªYäÉ�àÞ±�� IκBα [170], R

IκBα� IKK ãªYl Ser32 � Ser36 �'�� Glu

(, õ
� caspaseeá�äÉ[171]. �i, IκBα «Å
nC�ç¸Øa�}��j+�.

 C4����R;áM��­®	 , #$%

� p65/RelA��zF½�,] caspaseïå, ðC�

C Ø¾�0�
 DNA ��, )í�����, ��

:; NF-κB���;56q[172].

�Å/mÈ
& IKK-NF-κB eá��¹#$>

:�ßà3z, M�#$%� caspase ´ghïå�
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