
�������	
����������������������� !"#$%&'

�()*+	,�-.�/0����12

2 34 5*6789:	;<=��>?@ABCD�E��F GCHICHJKLM�$%NO�PQ��

����RST.UVW1��� GCHICHJKLMX8Y,Z�$%[\�]^�_%`Fa

b\c ;deGCHICHJKf$%NOghijklm�nopqQW1GCHICHJKLM�rs tu

QWvwx�Hyz{|}~�$%p]no_%`T.UVW�p Hyz{|���t�u����

������pFu����UVW1GCHICHJKLM2�z{| ��X8Y,Z��	����u�

�6z�� z{|���6���������������UV��p �|����	X����

�� ��u������U��V�z{|�������/0��.���15*GCHICHJKLM

�;deGCHICHJKf��z{| z{|������������������ ���¡¢� 

£�p�¤UV��u��z{|�¥Wu���¦U�����§W�12

¨©ª«���¬©ª«®�¯°±2

2

²³��O´�/¦��¬��µ¶·¸2

¹2º»¼½¾t¿�PQ��o�ÀÁ¼���EÂ�¥Ã��ÄÅ§Æ^[V�Ç� 

J�ÈL|L2�z{|�ÉÊ�ËÌ�ÍÎNO�gh[V�^� ^VÏÐp��ÄÅ§Æ^[

V�^��¦U���W12

¹26�ÈK�F2ÑÒ����gh���Ó�gh� ÔV�PQ��Õ*	ÖeÅ§Æ^� 
×¿6�ÈK��Õ*	Öe�gh\c�����RS�ØÓgh��QW�Ù���$Ú�
��F nÇ�ÛÜ@Ý�$%�gh� ^�ÛÜ@ÝÑÒ����ghÞßà�PQ�ÑÒ��$%á

�ËÌ[\���â()*+	,��ã�ä�W12

2

å³æçµ¶è�WFéçµ¶³®�¯°�ê�µ¶·¸2

2 éçµ¶��è>ëìíjîïðñ³�P�òóô	õö÷7)�øèùúûø³p üÒACÜ2

Èýþ��2GKÈýþ��2ý�ÈL2�6�È��2�KGCDJ�Ò��2Èý|Ûû���ð	��X8Y,Z�nÊ�
QW1
^��¸F£m�µ¶�$���u���]WU����[V�1�W Ùµ�����

��G�{|,�	8�����Â�^�p§W ^�^�F�µ¶������p�¿�

�u����  µ¶�$���§u��qQW12

¨!"µ¶�����	�Wµ¶�	X7#	e±2

2

2 µ¶7#	e����5*�Û6,�	8�$��µ¶��	����1s%p vMMwx�

]&'�Û6,�	8��	����12

2 �W 5*GCHICHJKLM�;deGCHICHJKf�!"#F GKÈýþ�!"#��u�v()*

×pq+ ^����¥Wu������ã�u�� ,���|���	X�-�/0��

.���12

2¨.uµ¶/0�Ô�1�±2

1.2 Kobayashi Y, and Yonehara S. 2008. Novel cell death by downregulation of eEF1A1 expression 
in tetraploids. Cell Death Differ, in press. 
Summary: When duplicated sister chromatids are not properly compacted in mitosis, chromosomes are 
mis-segregated, inducing genetically unstable tetraploidy known to facilitate aneuploid malignancies. Here we show 
that tetraploid cells produced by impaired chromosomal condensation are eliminated by a novel type of cell death 
different from caspase-dependent apoptosis. The cell death was associated with downregulation of eukaryotic 
translation elongation factor 1 alpha 1 (eEF1A1/EF-1�) expression in conjunction with accumulation of its mRNA 
in Processing bodies (P bodies). Importantly, expression of exogenous eEF1A1 was shown to inhibit the 
caspase-independent cell death, and similar cell death was observed after inducing the expression of short hairpin 



RNA specific for eEF1A1. Furthermore, the number of spontaneously arising binucleated cells was indicated to 
increase several fold during one to two week-cultivation after initiation of exogenous eEF1A-expression. Taken 
together, the novel cell death machinery should help to eliminate abnormal tetraploid cells and inhibit 
tumorigenesis. 

2.2 Okamoto K, Fujisawa J, Reth M, and Yonehara S. 2006. Human T-cell leukemia virus type
Ioncoprotein Tax inhibits Fas-mediated apoptosis by inducing cellular FLIP through activation of NF-
2B. Genes Cells, 11, 177-191. 
Summary: In this study, we generated a new system to produce inducible expression of a lentiviral vector-encoded 
cDNA by using a conditional Cre-loxP-mediated inducible system. 

3.2 Ohgushi M, Kuroki S, Fukamachi H, O'Reilly LA, Kuida K, Strasser A, and Yonehara S. 2005.
Transforming growth factor �-dependent sequential activation of Smad, Bim, and caspase-9 mediates 
physiological apoptosis in gastric epithelial cells. Mol Cell Biol, 25, 10017-10028. 
Summary: Transforming growth factor � (TGF-�) has been implicated in the maintenance ofhomeostasis in various 
organs, including the gastric epithelium. In this study, the molecular mechanism of TGF-�-induced apoptosis was 
analyzed in a human gastric epithelial cell line, SNU16. Expression of Smad7 and Bcl-XL, but not viral FLIP, was 
shown to prevent TGF-�-induced apoptosis, indicating an exclusive requirement of the activation of Smad signaling 
pathway and mitochondrial dysfunction followed by activation of caspase-9. In addition, treatment with TGF-�
induced binding of Bim, a proapoptotic Bcl-2 homology domain 3 (BH3)-only protein, to Bcl-XL, which is 
dependent on the activation of Smad, and reduction in the expression of Bim by RNA interference decreased the 
sensitivity to TGF-�-induced apoptosis. Moreover, we found abnormalities in the gastric epithelium of both Bim 
and caspase-9 knockout mice; these abnormalities were associated with a defect of physiological apoptosis in gastric 
epithelial cells. These results indicate for the first time that TGF-� is involved in the physiological loss of gastric 
epithelial cells by activating apoptosis mediated by Smad, Bim, and caspase-9. 
2

4.2 Nakagiri S, Murakami A, Takada S, Akiyama T, and Yonehara S. 2005. Viral FLIP enhances 
Wnt signaling downstream of stabilized �-catenin, leading to control of cell growth. Mol Cell Biol.
25, 9249-9258. 
Summary: Death receptor-mediated apoptosis is potently inhibited by viral FLIP through reduced activation of
procaspase 8. Here, we show that equine herpesvirus 2-encoded viral FLIP E8 enhances Wnt/�-catenin signaling in 
a variety of cell lines. E8 was shown to strikingly augment Wnt3a signaling, as shown both in a luciferase assay for 
T-cell factor/�-catenin and through induction of endogenous cyclin D1. The effect of E8 was independent of its 
direct binding activity with death effector domain (DED)-containing signaling molecules, including caspase 8 and 
FADD, in death receptor-mediated apoptosis. E8 enhanced Wnt signaling downstream of stabilized��-catenin, while 
a long form of cellular E8-mediated stimulation of Wnt signaling induced dramatic growth retardation in 
untransformed cell lines but not in transformed cell lines. Thus, viral FLIP E8 not only inhibits death 
receptor-mediated apoptosis but also enhances Wnt signaling pathways that are closely related to those of both 
ontogenesis and oncogenesis. 
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E��Ð# F-RelA-Red&ÀRelB�NÃÄ�MycXD CÃÄ�Ë»ÆÇX8Y,ZVenus
�Ès[\WÉÊE��Ð# M-RelB-Yellow �$%��<),ö8;de�ð·��1ð
·�W;de�	�� RelA � RelB �®¯�°��ØÓ±²�EÂ�Ç»¸�u$%�
��Ó�ÌÍ� �°��ØÓ�Ø#�J�ÎÊ����]� k����!"#O´(

)*+	,�/0��W.�ÏÐ�u����nÊ��1

I³TRAF6-KO ;de RelB-KO ;de NIK Ñ�Ó;deèaly ;de³�ÒÓ®¯�
°���UÔ4�W RNA�	�W;ö,��Õö/0 ��Ö	X	/0 ÖD×�"Ø
/0à�U½�!"#�nÊ�Ô�!"#O´()*+	,�Ù/��1

L³RelA &À RelB �·s¼�¬·��X8Y,Z�ZáØ0%�	��nÊ���]�
RNAiø�P+nÊ!"#�<),Ùd8[\ ®¯�°���ØÓp�ÚÛ�/0��1

R³^VU�·¸�]�� ®¯¨©ª«¬·����!"#O´()*+	,��¿�

�1

2



¨Ü·Iu7rÝÃ�p�µ¶·¸±2

k�GÞp50/RelA&Àp52/RelB�$%���ÓÁ
Â�Ç»¸�/0 
2 tuQWÆÇßà�á��ÆÇX8Y,Z

mRFPq��F Venus EPÀMyc, FlagXD�
â�ãÉÖÃÄ��s[\W RelA  RelBÈsX
8Y,Z� ;deS¼äp$%[\�W. å�

�Ïæ��<),ö8;deðïç,X	�JK

� �n��è��Æ^�Wé�� ES ��>�
RelAp 13> RelBp 27>êë�W1[U�Ô
� ES ��>�ìí��ì�îï�� ÉÊE;
de�ð·�W1 

k�IÞp50/RelA&Àp52/RelB�½�!"#�n
Ê

G³TRAF6, RelB&À NIK�P+$%
gh[V�½�!"#�nÊ��W. 

TRAF6-KO ;de, RelB-KO ;de, 
NIK Ñ�Ó(aly/aly ;de)�Ïæ��
��ð(WT);de�Ò� 13.5j 15.5
j 17.5j�®¯�°���U RNA�
Ô4� Affymetrix-GeneChip Array
�	��$%/0�
QW145101!"
#�8pWT�4KO�WFÑ�Óð
�ñò�IÁl�$%ó�!"#�

Ô4� å��½�!"#��ô�ç8

����Ò� 15.5 j��¸�����
G�ä�W1Ò� 15.5jEPÀ 17.5j
�E�� I ð&À II ðö8X	9
?�8 (IFN)gh��!"#õ
TRAF6, NIK, RelB�·��ö��
�$%��^��$÷�Wè�G�

øùä��³1̂ ��¸Fúºcdæ

û����� IFN�Ô�gh!"#
õ ®¯�¨©ª«¬·����

cd`�`a-�`abT�E��
]������^��äü��E+

¥Ã��ó�µ¶®$���^�

��[V�1�W NF-�B��Ó
IFN �gh����¥Wu��Ð#
Stat1/Stat2/IRF9��Ó��¥�ä
��E+ ¥Wu��Ð#()*+

	,¦U��uQWè�I³1 
I³TNF9´µ7	pq� RANKL
�WF CD40L pÒý®¯�°��



�þ����E������� 

®¯�Z�°���ØÓ�


��^�¦U��uQWè�

L³1^�`�E�� RANKL
ö���®¯�°���ØÓ�

�� IFN�&À IFNæû!"#
$%gh��¥]¦U��uQ

1Ô^p � Ra /-, Cd40-/-

À Rankl-/-Cd40-/-;de�®¯

�/0�Wè� 4³1Ò� 14j�
U 18 j�EÂ� Rankl-/-®¯p

F ×¿��[V� UEA-1 
ligand+·	�Z�°��
�

Cd40-/-® �Ft¿��[Vu�Q

W1�mI���®¯pF Rankl-/-, 
Cd40-/-�]�{Ø�u�Z�°���

�÷UVW��Ï�� Rankl-/- Cd40-/-

F�Z�°������W1^V

U��¸� CD40L ���m�$%g
h[V�^��s�\�����ÒÓ�

pF .� RANKÖD×��Z�°�
��ØÓ�gh����Ï�� ��m

pFCD40ÖD×��RANKÖD×�
�&���§ØÓ·	��
[V�^�

¦U��uQWè� 5³1 
L³;

W  M nkl-

&

���ã�u� nÇ��

¯

p

ö,��Õö��¸�U TRAF6 
NIK RelBê�]��F��s�\�P
Q�O´[V�!"#Øx[V�1^�

PâuO´�J�/¦��W. ��Ö	

X	�J��/0�W1Ô��¸ 

NIK/TRAF6/RelB&ÀNIK/TRAF6�PQ
�O´[V�!"#�F��Ð# HSF-1 
IRF Yy-1�s��}~�ã����
Ï�� NIK/RelB �PQ�O´[V�!
"#�F^VU�}~�ã�u�QW1

�Q� NIK/TRAF6 �ö��WÖD×�
"Ø��pF��Ð# HSF-1 IRF Yy-1
���� ����UV� [U�

�	X������/0���¡�q

�1 
R³$% NIK�ö��� RelB�ö�
�u�!"#��§UVW^��Uè�

G³ NIK ����]������u

NF�B ��Ó���Ftu�¥Ã� NF�B
��Ó����ã��äü[V�1



aly/aly Relb-/- aly/aly
�� Rel -;de�®¯

�J��/0�W1aly/aly
;de&À Relb-/-;de

pF UEA-1 �����
�� Keratin5 ���Z
�°����Z®� !

Ñ$��[V� 

aly/aly �� Relb-/-;de

p]n²spn��t¿

"#�EÂ�$��²s

Relb-/-;dep�]�

����Ï�� aly/aly�
� Relb-/-;de� aly/aly
ê�%t;depFÔ�

²sn��&���

Wè� 6³1^��¸F 
NIK pgh[V�!"#
�8�$���
[\�

4'���]�q+ 

NIK

b-/

��[VW1�^( 

F

�%t�P+$��

¡¢pq+ TP73L®¯�°����������^�B

�
)\[VW���

UVW1 
V³TRAF6, NIK, RelB�
ö���Ò�13.5j 15.5
j&À 17.5 j�$%gh
[V�!"#�8�U�

�Ð#�Ô4�� NF-�B
��Ó�¬Ð#��()

*+	,� PPI �	Xç
	e�	��ÎÊ�W1Ô

�ä Ò� 15.5 j�
TRAF6 &À RelB ö��
$%��Ð#õ����

F ®¯¬·�����·

����Ð#���ÖD

×�()*+	,�Ö���¿p§W1TRAF6 ö��$%��Ð#pq� NCOA3, 
FOXA3A, STAT1, FANK1, SP100�NF-�B��ÓÖD×�"Ø����()*+	,��
7 �ä�1^�()*+	,pF®¯�°��ØÓ����^�����>?,*�E��
³�*¦�W�+¼ RANK ��V�^� &À®¯�EÂ��Ï�ä�¡¢u��Ð
# Aire�J��x,�W��Ð#pq� SP100Ô�Ì-�./��^��U 0�1�1
�WRelBö��$%��Ð#pq�BCL-3, STAT1, IRF3, WT1, TP73L�E��]RANK
�+¼���� NF-�B��Ó����()*+	,¬·2Ê[VWè� 8³1BCL-3 
®¯�°������ØÓ�

C[V���^��U �¿�0�1�1 

SP100

FANK1
NCOA3 FOXA3

STAT1 

TRAF6

A

TP73L 

BCL-3

STAT1

WT1 

TRAF6

IRF3



3³®¯¨©ª«¬·����ÖD×�()*+	,�/¦��W.� TRAF6 NIK, 
RelB ®¯p��Ï�ä�¡¢u��Ð# Aire &ÀÔ�x,X8Y,Zp TRAF6 ö��
�$%gh[V� Sp100��sX8Y,Z� In vitro virus (IVV)ø�P+e,7	48D
�W1®¯p��t�u������Ø#�nÊ�kY��Eö÷E7	&ï�ÒÓ®¯e

*�	;��� RNA�	�W1Ia�/0�×�� Airep 36 NIKp 36 RelBp 39 
Sp100p 18 TRAF6p 43�s% 172��sX8Y,Z56�nÊ�W1[U�W���
��s�7T&À���)8ö�������1 

p52/RelB���ð	��

p

 
k�LÞp50/RelA&À
��Ð#�nÊ

G³X8Y,Z·s¼����U£ï� Ô�

J·Ð#�ZáØ0`pnÊ���9�:9

�uQWè� 10³1�Q� in vitro
&À in vivop®¯;J··î�W���UV�12

<=�
� ·s¼/0`�7î�W1 
I³nÊ[VW½�!"#¼�&À��ð	X

8Y,Z���>?�W. ®¯�°��p!

"#$%� RNAiøpNO� ®¯¬·®�@
A�/0��¡�q�1�c !"#hï�

<=�W1GFP !"#���Õ8Bdö�e
�&C� ®¯�Z�°��>�dö�e�ú

º[\W�¸ � 40%����!"#hï[V
�^�¦U��uQW1M� DO��®¯�

°���!"#hï��:9<=�
QW1

FTOC (Fetal thymic organ culture)��EF�
��GH�We*�	;���*7�Ö8pI

Ù� S�����JU�Õ8BdK��úº[

\W1���;ÀLM)*;8�B)��N�	

� � � � O � � � ^ � � P + RTOC 
(Reaggregate thymic organ culture)� 10j¸

QW1Ô��¸ GFP �����ÛsF �
40�pqQW1£mdö�e�P¾à�P+[U
�úºQR��S[\�T �U� shRNA�$
%��Õ8Bdö�e�	��úº�9�
â1

M�®¯�;J·`�7î�W1ÒÓ®¯�e*

�	;���*7�Ö8pIÙ� S�����

JU�1V=��F^�WXp!"#Yð�
â Ô�ZøFI³pT[<=8pq�1

���;ÀLM)*;8�B)��N�	����O��� 24Ç¸ RTOC�
â1^��
�O�]��®¯�;J·����W1\3�4øF^���O�Ô��� 30 j in vitro
p���W1��m���OpF�Z�°��� !��[V in vitrop®¯�;J·
�·]�W ��q�è� 9³1�W \¶�4ø��� RTOC �
QW��O�^	�
;de�_#°Ì�`a�W1�8*�	����`a�·î¦U�u FTOC®¯�`a
�W16�m�F `a�W��O·à��� FTOC®¯�n���Z�J�¬·[V
��W1�W CD4,CD8�;	â	p/0��b+ ��O�U¬·[VW®¯�J�¼�
E��]®¯ T ��c¿�ØÓ����¥¦U�



2

¨©ª«���¬©ª«®�¯°±2

²³��O´�/¦��¬��µ¶·¸2

G³®¯�°��ØÓ�E�� ��Ð#NF�B���Ó��ÖD×�"Ø����� 
RANK�+¼dTRAF6 RANK�+¼dNIK 
CD40�+¼dTRAF6 CD40�+¼dNIK 
�R��q�^�äü[VW1 
I³G³�_�WNF�B��ÓÖD×��P+Ið&ÀIIðö8X	9?�8(IFN)$%gh
[V $%�WIFN�P+IFN�+¼����Stat1/Stat2/IRF7��·s¼�¬·� [U

IFNgh!"#�$%�gh����â¥Wu��Ð#()*+	,¦U��uQW1�
 
å³æçµ¶è�WFéçµ¶³®�¯°�ê�µ¶·¸2

G³;ö,��Õö�	�W$%��9´ö��ð·�W. ;deÒý�500S¼�U®
¯�e4� Ô�å��þ������URNA�Ô4�W1cdf+·î�8g�uÚÛ�
¸W�#þ�$�WX�EÂ�RNA�	� ��]ØÓ�¡¢uÖD×���h�Wij�
�ñk�E��/0�W£a�	XF �¿�?ló� ®¯�°��ØÓ�J�/¦�

�§�¯°�����UV�1 
I³¼4�W;ö,��Õö��¸�-��� ®¯�Z�°��ØÓ�EÂ�TRAF6&À
RelB����!"#O´()*+	,�Ö����¿�W1 
L³éçµ¶mnop�lqrD�	���*nµ¶��� ®¯�Z�°��ØÓ�E

Â�ÖD×�()*+	,&À��O´()*+	,�¦U����W.RelB, Aire, NIK, 
TRAF6, Sp100�çö*��WIVVø�P��sX8Y,Z�st�u/0����W1Ô
��¸Ia�/0�×��Airep36 NIKp36 RelBp39 Sp100p18 TRAF6p43�s
%172��sX8Y,Z56�nÊ�W1 
¨!"µ¶�����	�Wµ¶�	X7#	e±2

1. ;<=()*+	,�E)*u	=2 PPI network 
2. Ùµ FANTOM sequence 
3. National Center for Biotechnology Information  Entrez2
2¨.uµ¶/0�Ô�1�±2
2

v$_/0w

1.2 Akiyama T., Shimo Y., Yanai H., Qin J., Ohsima, D., Maruyama Y., Asaumi Y., Kitazawa J., 
Takayanagi H., Penninger JM., Matsumoto M., Nitta T., Takahama Y., and Inoue J.  The 
TNF-family receptors RANK and CD40 cooperatively establish the thymic medullary 
microenvironment and self-tolerance. Immunity in press. 
2 <1�wcdf+��â®¯�Z�°���ØÓ·	�TNF�+¼9´µ7	�RANK�
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