
 

 

2.20.T��po��¯RNA	��STUWXÏòóô-��\]
 
^_12`��<^_-.>�

� 1¨� 'Ì� P¼ãOö#$%&Q�

�

<=>���

� 9� þ��7Ê	z@7f RNA!���,��®¯°2³4SÆÇhs0��÷

2 siRNA³R� miRNA!©m��}]ã!*+h0\�S	]�³R���¥¦e

7û
~]XYZ[�S�7Ê	z@7fRNA���¥¦;<=	
8I�®�S�

7Ê	z@7fRNA!cdhdi�ã!*+h0\�S	]h
/]�´kl-.5& 

� gn/2þ�~J X;<=v»]XYZ[�S��= RNA!cd]ã!*+01�

Argonautee7û
~]XYZ[�S��= RNA!cd]ã!*+01�miRNA2

RS in vitro���¯Ü!HIh� ]�´ !�(�-.5& 

Må~J X ;<=v» FMR1PdFMR1Q�«��Slmn2÷ú/���= RNA

!cdðþ�ã!Ò%]�´��! �Ã siRNA hcd�5&-I2cþ!01h

6���ðd·�9h]ú´iS]	¶ðTS&	.I!�%þ��ð2 !}]�

´��-.´iS�!�T��Úç2�i��2í�S& 

� @að�9� þ��������	
 !]i·R�þ�eL�5ËÌ !]i·

Â��F����
� !¦[�r]�ydÈ.´i�i&cd�5��= RNA

2¥�S,�!G�I(�}��� !z	e!s�hì}5&'!,�s��)^

.S& 

� 	.I! mh¥^¦´�¦.è�9� þª.5�%hTU´iS]��ðJS& 

 
 
<?>126��abBc96d�

� t�?�?�å S2��h�zAÜ]�´�Må~JX;<=v»FMR1PdFMR1Q

�«��Slmn2÷ú/���= RNA!cdh_G�ã!Ò%�cd-.5 �Ã

siRNAþ��"D�©»2³4S�Z! �Ã siRNAcdðT����� !�%]

�´��ðJS&-I2cþ!01�6���ð]úI.´iS&�ð2 !}]�

´��-.´iS�%�T��&'!�(2�´-.S]	¶ðTS& 

 

 48



 

 
<H>efgh�.icefgj�kl�

� 9� þ�ã!�"�8I���
�;!ïðhºúI.S���������	


 !]i·R�þ�eL�5ËÌ !]i·Â��F����
� !¦[�r

]�ydÈ.´i�i&GNP ðû^.5ö/����	
�&'! !!�(2ÆL

>´[	]h´�5i& 

 
 
<m>N�n<12opq�rstuDv[wxy�z{|}�

cd�5��= RNA2¥�S,�þ�6���!�!�Må��!�!�]�28

s-.Ê7�	tg� 2�>-.´iS��	./�2��&'!}��� !z

	e!s�hì}5,�s��)^.S& 

 

 49



 

 

2.21.��íî-V	÷�� ¡¢��-V~�+�p*hÞß
^_12`��<^_-.>�

� ��� �� ��P�Lo¼OöR1o¼Q�

�

<=>���

� 9� þ�þ;�;<=��aO�)[î+�{?Bh�zA©»]�´�¹ºW/

2oi�4I.STUV=É]tfÔA<"�=Éh�ËÌ©ª*+2¥ë�S*+/

����	
]�´cd��ã.I!úç2R>´�©�S�®CP���zAQ2�

i´01�S	]h
/]�´kl-.5&�

�� !f2Ã¦´c@*¥ ! 2�!�¶ !fA	�2R��XY2*+h�¶

³R�X^�S¾78G	h«��STUV=W����	
P@ì����	
Q]

e7û
~!XYZ[P»s/�m�G7�xQ�ò/Òm23!ëeb�m2R>´

«�-.STUV=ÉW����	
Poì����	
Q!Ën�©2³4S*+h

\I82�S5ú2�XY2����	
h«��SoMafÉTUV=�TGF-¸/Smad�

Shn-2] ATF-2¾78G	2�i´!Ën>âAð!01��Z/2dÈ.5&�

� 9� ðþ��� !f��¶ !fA	��YZ���Iã.'.�%�Ik2%

I.´³���*+����	
�]i·� �2Xä�i !2�(�5&^5��

]!¥¦�y�Ó¼/2Ù|��%�%I.5	]�÷_�BJ�ðTS&�

6��������	
�D��¾¿	�!ëez	e�ëìG�	B!o[2�

¬�%ð�T��Á» !]!ëc !�kl��;<=��{?Bh¼½�S�y�

GNP]!¥¦�ïð�oJi&&'! !�%!@Bs��´5.S]	¶ðTS&�

� 	.I! mh¥^¦´�¦.è�9� þª.5�%hTU´iS]��ðJS&�

 
 
<?>126��abBc96d�

�  !þ�Z!Ç$ì�]d��E7û
�!TS}����-.´iS	]þ�

��ðJS&÷2�o Maf ÉTUV=���! �@��!���x2{)!TU

V=ðTS	]h\I82��̂ 5�TGF-¸/SmadtfÔA�]2 Smad2] Smad3

!���©2³4SÆÇhËn>âAðê�2���5&-I2 Shn-2� BMPw�/

�½¾���x2Ù|�ÆÇh%5�	]h\I82�5&�

 50



 

9� ðþ�{?Bh�zAÎ»]�´[i�TUV=ÉW����	
!Ën�©

2³4S*+h\I82�S	]h
/]�´~!�i !�dÈ.�ù0!ôO2R

S��
g?�{?B!Z�Þ4ð���
E7{?B!BL�y�5�ôOh`

�=.S	]2R>´�E7û
�!TS�%h���5&�

 !�%þ�Z! !Ç$24m��´³�� !W.2�Z23��8>5û

üliÒ%�%I.5	]�·8�È.S&�

 
 
<H>efgh�.icefgj�kl�

� 6��������	
�D��¾¿	�hì}´`%�5z	eh�[�S]]

�2�e×!g>E01z	eh`%��½¾���x�é���·2¥�S;<=�

®����	
h0\�5&^5���Ó�S�o¼��L�ûÓRs7e	���o

¼�\]Ó�o¼]i>5Á» !2;<=��{?Bh¼½�S�y�GNP ]!¥

¦�ïð�oJi&-I2�sx¼ !�2MafB��{
�¾7	!g>Ez	e

h½v�S�y�Ò%!���
� ;!¾@	N��
�dÈ.5& 

 
 
<m>N�n<12opq�rstuDv[wxy�z{|}�

� }���Ê§2dÈ.´iSR·ðT��t/uvw!<ë�÷+w 1¼�<ë-

.´³��:B/2 !þÙú´Ê§2]d�5]åÈ.S&�

� }��"2�· !z	e2�i´��&'!z	es��´-.S&�

 

 51



 

 

2.22.����ï6c��c�À	.����~�+�p*�\¨
^_12`��<^_-.>�

� �ß� õ� ��P�Lo¼Oö��Ó�S�o¼Q�

�

<=>���

� 9� þ�¿b¥¨hH��S:¿���¿À���yh¦� !!�K]���D

7B
G��	�01���uÄ	�01�y2R>´%I.S;<=�®,�hn

o�´�¿b¥¨2³4S;<=�®¯°����	
hs0�S	]h
/]�´k

l-.5&�

� 9� 2R��:¿���x!{Be	TUV= NFATc1 !:¿��2³4S*+

0\�56/2]G��5� NFATc1 !:¿��÷ú/�ò/;<=!cd�:¿�

��x`a2³4S NFATc1�®�h*H!0\�NFATc1]�!TUV=]!Y§/

�;<=TU¯°*H�:¿���x2³4S NFATc1 !Ën>âAð!{)Ã!0

\þ�÷_�BJ�%ðTS],¦R·&�

-I2�TNF-�2RS:¿���x�]� NFATc1!�®�]2RS�!ðTS	

]h\I82��rG?{wò!Z[2 NFATc1 !�®�¯2�·:¿���¯²%

�TS	]h0\�S�y�Z[2�Ò��i5�%hTU´iS&-I2�c-Maf;

<=!¿À��2³4S{)Ã�\I82�5&�

/7!�%þ�9���
�2³4SÁ»bº»¦[hH�2�[�5�%ðT��

ã!²%��k2>-.´iS&&'! !�%!@Bs��´5.S]	¶ðTS&�

� 	.I! mh¥^¦´�¦.è�9� þÚç2ª.5�%hTU´iS]��ð

JS& 

 
<?>126��abBc96d�

¿À���:¿��!�x¯°2³4S�¹/�±²/;<=�®,����uÄ

	�01hkl�S	]2R>´�x2�i�®��Î�S�=!cdhd>5&̂ 5�

º» !8I¼½-.S siRNA�cDNA �y!G�	BhH�2�[��;<=��

{?B!012R��Ën>âAð!*+h01�5&̂ 5�:¿��2³4S NFATc1

!�Ã¯°�}]�´!ÏA�kG7xÔ	9�}� Tec xÔ	9�}hcd�5&

÷2�TecxÔ	9�}!0\ðþ�PPI,�]�D7B
G��	�01,�h�m

 52



 

�5012R��TecxÔ	9�«��Slmnþ:¿���x2{)ðTS	]h\

I82�5& 

^5�¥¨G?{w�y�·Ã¿:���2³4S¿:�Ã! T��]�´ Th17�

�hcd��	! Th17���¿À��2³4S:¿���xV= RANKL!�®h�

]-MS�=����	
h0\�5&-I2�:¿��÷ú/�¿�~�0JpÏu

�t7 K �B#��!tfÔA<"�}h¯°��B#��!éE�ÏE7v©2Ù

|ðTS	]h0\�5&�

�}´�9� þ�Z!
/h�¦´Ê§2]d�5]��ðJS& 

 
<H>efgh�.icefgj�kl�

� 9� þ�GNP!i�8!fA	�]!���¦[h�]2 !h\]�´³��

#$%&o¼]!¦[2R�%I.5�D7B
G��	�� PPI z	ehno�5

 !hþ}ú���!io¼�8(- DNA !���L�ûÓRs7e	�R1o¼

]!¦[bëc !�sx¼ !����o¼!G�	B!�[�y�9���
�

2³4SÁ»bº»¦[!uCó]�´kl-.�Ùú´ª.5�%hTU5&&'�

NFATc1! ChIP on chip01�y�ª.5�%!���´-.�GNP]!¥¦�ï

ð]i·�8IÙú´���ðJS�!ðTS& 

 
<m>N�n<12opq�rstuDv[wxy�z{|}�

�  !}�Úç2���-.´³��&'@W!�%!s��´ðJS&	.I!

}��2�· !z	e2�i´�&'!z	es��´5.S& 

 

 53



 

 

2.23.ØÙ�¼¯��4�h��c4À¼¯��£~�+�p*�-�\¨
^_12`��<^_-.>�

� �É� �� ��P�Lo¼Oö�'o¼Q�

�

<=>���

� 9� þ�ÏÂn!�-úç��5�TU�hhæ�´�p��Óh�h�S#t!

�=*H�TGF-¸�TUhæ�´��ÓPg?�	tBQh�h�S�=*H] TGF-

¸�g?�	tBh�h�S8��ÕÖ�¯��xh�h�S8h�d�S#t!¯

°*H]]�2�g?�	tB�htfÔA�=ðTS caspase� FLIP"!�=�©

n�=����	
2w��STU!�h]§¨hæ�´��ÕÖb�xbÓh��/

2¯°�S�p�=*H!0\h
/]�´kl-.5&�

� !kl2�5>´þ��)�ÏÂn!�-úç���Óh�h�S#t!�=*H�

Ä)�TGF-¸�g?�	tB����xh�d�S¯°*H�§)�g?�	tB�htf

ÔA�=]ÕÖb�xtfÔA]!����	
*H!0\h.q]�´]úI.�I

k��%hTU´³��ã!�%� !}]�´��-.´iS&�

º» !8I! PPIz	e� cDNA
�	7!�[2R� !�]úI.´³��

ã! !�%]]�2����
�2�ïð�´iS&&'! !z	e!s�2

´�Ñ5.S]	¶ðTS& 

� 	.I! mh¥^¦´�¦.è�9� þH���%hTU´iS]��ðJS& 

 
 
<?>126��abBc96d�

ÏÂn�����!úç2R>´©}SN�n��2³4S��i��Ó!*H]

�´�caspase2w���i��Ó!*Hh¨ù�]]�2�ã!�=*H2M?Bx

	�7f;<=!@�ðTS eEF-1�!mRNA�.]i·ûülihkh\I82�

5&-I2�{?B caspase-8�6� caspase-10]i>5��ÓtfÔA�=����

÷2�����!ÕÖb�x2ÚÛhë¦S]i·�5���h¼�����ÓtfÔ

A�=]ÕÖb�xtfÔA]!TUhæ�5��i©n�=����	
*H!0\

h
V�´³��&'! !!](�´-.S&�

 
 

 54



 

<H>efgh�.icefgj�kl�

º» !*¥ðTS�L¡Z�]¦[��9� ðÙ|]-.5�=]XYZ[�S

e7û
~!cdh�JKL	MEFG�NOPY2H OQðd>5&	!Ò%þ�9

� !�(2Ùo�jëh�5I�5&^5�sx¼ !�hæ�´��! cDNA 


�	7!¼½h�4S�y����
�!ÄÅhH�2�[�´ !h]úI.5	

]�·8�¦S& 

 
 
<m>N�n<12opq�rstuDv[wxy�z{|}�

 !}�Ik2��-.´³��÷+w!ù|2d�T�t/uvw!�2�Q

±-.´iS& 

� &'! !z	e"!�%!s�2´-.S& 

 55



 

 

2.24.������ �	.�ãä!���óô~�+�p*�\¨
^_12`��<^_-.>�

� T7� �@yP�Lo¼Oö��o¼Q�

�

<=>���

� 9� þ�TUV= NF�B¾78G	!*+/2ú�So�!lmn p50/RelA]

p52/RelBhîïx�S	]2R��ã!�®]�Ãxh��7����x!`að¹

W/8�ºW/201��-I2�º» !�vù�Sz	eh�[�´��TUV=

lmn!
�B�	
]ã.2R�¯°-.Sò/;<=!0\h]ú�×ØÙÚ×Ø

ÛÌ2¥ÈS;<=¯°����	
h\I82�S	]h
/]�´kl-.5& 

�� 18��8I 3�W!� ]�´kl-.�{E
�g>Eh[i5�®��¾

7EA!Z�2³i´þ�{?BQ � 500 Ën8I��hµù��ã!X;hÏ¡

¢ø�´8I RNAhøù�5&^5�vù�5{E
�g>EÒ%h�2�´���

£~7����x2³4S TRAF6³R� RelB�¥ë�S;<=¯°����	
!

�zAh¼��5&�

����òó!«�2{|� RelA�RelB!�®¯°bò/;<=É!cd�TUl

mn!cdh
/]�S !]�´�ã.'.!u	{2��´D¤2`�ÄG���

7����x2¥ë�StfÔA<"�}!cd]i·�É¥Þ�¦Ù��%hTU´

iS&�

{?BQ ��!�®��¾7EAhZ��5	]�º» !ðTS#$%&o¼]

!ëc !2RSTUV=!XYZ[!0\2R�����
�2��´�ïð�5

�!]��ðJS&&'� !z	e"!�!s��)^.S& 

� 	.I! mh¥^¦´�¦.è�9� þª.5�%hTU´iS]��ðJS& 

 
 
<?>126��abBc96d�

��7����x2³4S p50/RelA³R� p52/RelB!�®]�Ãx#õ!¹ºW

/01���7����x2³4S p50/RelA³R� p52/RelB!ò/;<=!cd�

��7����x2³4S p50/RelA³R� p52/RelB]XYZ[�STUV=!cd

hgn/�u	{]�´ !h\]��{?BQ© 15.5�³R� 17.5�2³i´�§

 56



 

C³R��CE7e	¾��7PIFNQ�hÃ!;<=É� TRAF6�NIK�RelB!l

�2w��´�®�S	]h�¨�5&̂ 5���7���x2¥ë�StfÔA<

"�}!cd8Iþ�Q©ðþ¦2 RANKtfÔA��̈ ©'ðþ RANKtfÔA

] CD40tfÔA�F§�´©	]ð�NFªB�¥ë�STU¯°����	
�

*+�´��!��òó�«�-.S	]h\I82�5& 

ã!����¹�ð]d.ðTS�!2�i´��&'!�(2RS�%�´ðJ

S&�

 
 
<H>efgh�.icefgj�kl�

TU¯°����	
0\2��S !]�´�GNP 2ïð�5&^5�º» !

ðTS#$%&o¼]!ëc !2RSTUV=!XYZ[!0\hþ}ú�����

���	
�D��¾¿	�^5þsx¼ !�"!z	e�G�	Bh�[�´ !

�]úI.5�!]ºúI.S&�

 
 
<m>N�n<12opq�rstuDv[wxy�z{|}�

� Ù|� !�%hHI���TS5ú�&'!}���z	es��´5.S&÷

2�{?BQ ��!�®��¾7EA2�i´þ�1�²%�´ðJS	]8I�

�!s��)^.S&�

 

 57



 

 

2.25."#$%ëì	.â����Ïò~�+�p*�\¨
^_12`��<^_-.>�

� «ù� 4¬� PuéOöoÎ�EÄéEå7B !�Q�

�

<=>���

� 9� þ�ÝÞ¹2÷ú/2�®>âA��Î�S;<=h±²/2`a��ÝÞß

àh¯°�S;<=�®����	
h01��-I2�ÝÞ.2¸ ð�JS¸*+

!0���!�Ì]dI!vÏâÐ�2¥ë�S;<=�®�xhTU¯°!÷�

8I\I82�S	]h
/]�´kl-.5&�

�� 18��8I 3�W!� ]�´kl-.�×ÝÞ#õ]ßà#õ!{?Bo

¸�~8I RNA høù��DNA w��01hd>´�ÝÞbßà#õð!;<=!

�®�Îh01��ÝÞ¹2÷ú/2�®>âA��Î�S;<=h¨ù�5&	.I

®^;<=!�®§¨*Hh0\�S5ú�Î»2³i´®^;<=!�®h RNAi

2R>´�¯�´ÝÞ§¨]!¥¦h���5&�

×ÝÞ¹2³i´o¸�~ð÷ú/2�®�Î�S;<=!w��01�ã.I]

XYZ[�S;<=! IVV O2RS01�	.I!;<=�®2¥ÈSTUV=]t

B23! CAGE01�-I2 in vivoð!��
¹?72RS01�y�º» !]ã

!z	eâ	Bh�[�5 !��þ��ðJS&�

�8���I����5 !}�÷+wù|�^>5��-.´i�i5ú�g

n/� !!�"�����
�]!¥¦�ïð"!�¶�ðJ(� !�%hH�

��!]���S	]þðJ�i&�

	.I! mh¥^¦´�¦.è�9� !�%þ�H�ðTS]�-LSh¦�i&

&'�z	e!�Ô�I�2}��238>´@W!](h´�S&�

 
 
<?>126��abBc96d�

òó��ÝÞ¹!{?Bo¸�~8I RNA høù��DNA w��012R��Ý

Þbßà#õð!;<=!�®�Îh01��×ÝÞ¹2�Î�S;<=]!,-h

d>5&-I2�òó��ÝÞ¹2�Î�S;<=�®2¥ÈSTUV=]tB23h

§BS5ú�sx¼ !�]!ëc !2RS CAGE01hkl�5&�

 58



 

H��k<z	eh%´iS������I}���ðJS>âAð!z	e!�

Ô��-.´³I(��Z!
ò2��SE�Ãb"��þH�ðþ�i]�¶-.S&�

 
 
<H>efgh�.icefgj�kl�

PPI 012³4S#$%&o¼]!ëc !�sx¼ !�]!ëc !2RS

CAGE 01�cDNA G�	B!�[�y�º» !]ã!z	eâ	Bh�[�5 

!��2�¬J�H��¦[�[��-.´iS�!]ºúI.�GNP !
/2m�

�5�%�%I.S#$�¨©^.S��}��"!gn/�Ò%�>-.´i�i

5ú�¶�ðJ�i&�

 
 
<m>N�n<12opq�rstuDv[wxy�z{|}�

 !�%!@�8Iþ1�²%�oi2´ðJS�!ðTS5ú�t/uvw!�

2�Q±����&'��2z	e!�Ô��-.�}���z	e!s���

-.S	]�)^.S&�

 

 59



 

 

2.26.�+STU�*'Â¿� ¡&'�+�õö[\]hN�(§
^_12`��<^_-.>�

� ¯b� Z� ��P�L��s7e	Q�

�

<=>���

� 9� þ��������	
h�¦S·¦ð�;<=�®§¨2³4S���!�

ìH4!|]�>´iS�{� DNA�!±²/��ahdi�;<=!TUáâ��

]�®¯°*H2�i´�=>âAð!,�h%S	]h
/]�´kl-.5& 

� �� 18 ��8I 3 �W!� ]�´kl-.���!� H4n2�I�´iS

DNA����{� DNA�!±²/��ah HeLa��h[i´di����72³4

Sl�!;<=hNÆTUáâ��!,�h%S	]�-I2�	!,�h[i´��

�!�=*H!TUáâ��úçPã.2�·
�{w7��úçQ]i·ï�8I!

01�dÈ.5& 

��� DNA��I�´iS{�	
! DNADEFDG!Z�hdi�� 3�!2

301b�12R��÷hTS°�±�23"h¨ù�5&-I2�� 1�2�i´þ

���2{���´TUáâ��]!¥Îh>�´iS& 

� 	!R·2�%hTU5�!]ºúI.S��#Þ}��"2���>´iS�!

�.�i&	!5ú����
�;!ïð�#Þ�¶�ðJ�i&&'!1�²%2

�´ðJS5ú��!�%s��´5.S& 

	.I! mh¥^¦´�¦.è�9� þH���%hTU´iS]��ðJS& 

 
<?>126��abBc96d�

���høù�5'�DNAseI�Ì��Ãó"!$shdi��²Ã]�>5�$8

I DNAhøù�	.Iøù-.5 DNA¶·h�DB8N2¦Ò-M�o³´2«~

TÇ����� DNA!�I�´iS{�	
! DNADEFDGhZ��5&	!{

�	
! DNADEFDG!Ê�â	8I DNAhøù��1�23h0*�5& 

	.I0*�5� 3 �!{�	
 DNA !1�23h���72{��7fh_G�

� 1�!{�23h���72{��7f�S	]2�:�5&Hela ��!;<=�

®z	e]{�	
z	e]!X¥01�_GI.´iS]	¶ðT��÷høù�µ

��ð! !�]úI.´iS��&'!](2´�5i& 

 60



 

 
 
<H>efgh�.icefgj�kl�

� ChIP-Chip01ð!º» !]!¦[�d�È.´iS& 

� ���
�;!ïð2�i´þ�@B;!1�²%�´ðJS	]�Nú�z	

e!s�2R�õ�[-.S	]h´�{|�TS& 

 
 
<m>N�n<12opq�rstuDv[wxy�z{|}�

� {�	
! DNADEFDG2�i´þ�1�²%�´ðJS5ú��!@Bs

��)^.S& 

&'� !h-I2](-M� !}"]�´-�-.S	]2´�S& 

 

 61



 

 

2.27.)Õ()~½��*~�+�p*±*Ì�×ØÙ���4�-+
^_12`��<^_-.>�

� æ¥� \Ì� PeLdfOösx¼ !�Q�

�

<=>���

� 9� þ����tBu�2¶�hL��å���u@�
tBu�]�VÃtf

ÔAÉ!ã.'.�H��S����	
!*+/X¥h\I82�S	]h
/]

�´kl-.5&�

�� 18 ��8I 3 �W!� ]�´kl-.��QMÃ���PES ��Qh�z

A]�´[i5�*+ÃÐÑ2{|�å���u@�
����	
!0\�³R�

ÄQ©n !ÄÅ���2³4S
�{w7#õh01�S5ú!k<tBu�!HI

! 2�2¶�hL>5 !hdi�ot!��/z	e!F-��12R�lG�XY

Z[!��h>·�SÒ%�%I.5	]2�i´þ�@d!���ðJS&�

�8���I���¹�ðþËÌ/t¨!²3!¯°2]y^>´³���i�0�

���	
:n2¥�´y!R·�ef/s02îS!8��]�´i�i&�

^5�vù-.5MÃ���! ChIP on chip�{E
�g>E012RSz	e2

�i´�����
� !�! !� 2��´ïð�5]^ðþ,iPi&5Þ��

	.I!z	eþ����
��!@B !f2]>´�e[�,�ðTSî+Ã�

�i!ð��2@Bs�-.S	]�)^.S&�

� 	.I! mh¥^¦´�¦.è�9� þH���%hTU´iS]��ðJS& 

 
 
<?>126��abBc96d�

;<=��
g?���h[i5ù0Cg��	w]��! ChIP on Chip��h[

i5±²/g��	whÄGmÈM´����EN�å���u@�
01hd>

´³������	
0\;!Fi±Wh¥}-MS&	.I!018I%I.5z	

eþ����
���'2 !h�52�(-MS5ú!oJ�uv]�S2ñi�

i&�

@a�±²/g��	w8I%I.5ot!z	e8I�?GÊ	�É2RS�¯N

vE7HI2jë�S�=����	
!øù2�:�5��H�2e[,�høù�

 62



 

S2þî>´i�i	]�å���u@�
����	
!0\]©n ÄÅ���

!
�{w7#õ01!5ú!k<tBu�HI! 2�!¶����0y!R·2G7


�S!8�#Þ\I82�>´þi�i	]�¸�^.S&�

W 2%I.5�%þ�~t]�223-.S>âA 2]y^>´³�����

�	
!�m/s02îS2þ-I2�!¹W]¹��gEz@g�{|ðT¶·

]23-.S& 

 
 
<H>efgh�.icefgj�kl�

6��������	
�D��¾¿	�!z	e��[��ChIP on Chip��2

R>´�å����!#$2�i´����EN�z	ehvù�5	]þ�GNP ;

!ïð]�´��ðJS&�

�8�����
� !�!fA	�]!gn/�¦[þ÷2]úI.´³I(�

vù-.5z	e2�i´���! !� 2ïð�5]^ðþ,iPi&�

 
 
<m>N�n<12opq�rstuDv[wxy�z{|}�

}��� !z	e!s�2�i´þ�t/uvw!�2�Q±-.���V«

2]úI.´iS�!]åÈ.S&�

÷2�vù-.5{E
�g>E�ChIP on Chip"±²/01!z	eþ���

�
��!@B !f2]>´e[�,��N^.´iS]�¦I.S!ð���}

2)[-.�8>5���Nú´��2s�-.H�2�[-.S	]�)^�i&�

 63



 

 

2.28.,-.í�ØÙ�B4À	.�STU~�+�p*�\¨
^_12`��<^_-.>�

� Xº� »¼=Po¼ëc)[*¥Oö,�btBu� !*H�L;<¼ !�Q�

�

<=>���

� 9� þ�èéê©Ö��!Ã�x2¥ÈS;<=ÏBi	N�÷2��� !fI

�q½�5	!©Ö��2÷ú/2�®�S Nanos2 2RS;<=Û2hò/]�´�

å���u@�
�¯°hNú5©Ö��!Ã�x2¥ÈS�������	
!

0\h
/]�´kl-.5&�

9� þ�� 18��8I 3�W!� ]�´kl-.�{E
�g>Eh[i5�

�
g?�{?B��D7B�â�
{?B2³4S�®01�XYZ[�Se7û


~] RNA!cd"�-^L^�g��	w2RS Nanos2�p!����	
0\

!_G�dÈ.5&ã!Ò% Nanos2�p!�®§¨vÏâÐ�!0\238>´&'

!(��´ðJS��!�%�%I.5	]þ��ðJS&̂ 5�	!`aðDE

-.5opq�;<=�®z	eþ�������	
�D��¾¿	�!HI2j

ë�´³��GNP!�%]�´¾-È�i�!ðTS&�

�8��®#ðþËÌt¨!DE!>âAh½¦´³I(�	.Ih�m�5���

�	
/s02îS¥!�þ¿i��	.þ9 !2ë¦I.5W!K-]�[-.

5ôO!�f�ÉVðTS]�¦I.S&�

^5�ëìG�	B!�[þ¨I.S���!º» !"]!¦[þ\�2þºúI

.�i&5Þ�9���
�ðvù-.5{E
�g>E01z	eþ����


��!@B !f2]>´�e[�,�ðTSî+Ã��i!ð��2@Bs�-.

S	]�)^.S&�

� 	.I! mh¥^¦´�¦.è�9� þH���%hTU´iS]��ðJS& 

 
 
<?>126��abBc96d�

�I.5 !W 2���
g?�{?B��D7B�â�
{?Bh[i5;

<=�®01�XYZ[�Se7û
~]RNA!cd"-^L^�g��	w2R��

©Ö��!Ã�x2¥ÈS;<=ÏBi	N!@��\I82-.5&	!Ò%�

 64



 

Nanos2�p!�®§¨vÏâÐ�!0\238>´&'!(�h´-MS��!

�%�%I.5	]2�i´þ��ðJS&�

9���
�!�%h�[�5&'! !!](2R���m�5����	
/

s02îS�%h´�5i&�

 
 
<H>efgh�.icefgj�kl�

��
g?�{?B��D7B�â�
{?B2�i´{E
�g>E012R

Sopq�;<=�®z	e�DE-.5	]þ��ðJS&�8��	.I!opq

z	eh�2�5��! !� ]!ëc !"þdÈ.´³I(�ëìG�	B

PcDNAQ!�[þ¨I.S��GNP  !�!fA	�]!¦[�H�2ÂI.5]

þ,iPi&�

 
 
<m>N�n<12opq�rstuDv[wxy�z{|}�

}��� !z	e!s�2�i´þ�t/uvw!�2�Q±-.���V«

2]úI.5i&�

9���
�ðvù-.5���
g?�{?B��D7B�â�
{?B!{

E
�g>E01z	eþ����
��!@B !f2]>´e[�,��N^.

´iS]�¦I.S!ð���}2)[-.�8>5���Nú´��2s�-.

�[-.S	]�)^.S&�

 

 65



 

 

2.29.ãäÞß	./â� ¡¢��~�+�p*�\¨
^_12`��<^_-.>�

� }À� Oo� P¼ãOöÔno¼Q�

�

<=>���

� 9� þ�×Ø��ÃÁ#���PAITDQ¥�Ã;<=]�´cd�5 ZFAT

PZinc-finger gene in AITD susceptibility regionQ2�i´���¶���h»]�5

TU����	
!:n¯h\I82�´���¥¦��!¤Vb¤õ!0\�Sòe

	���!`ahdi�"n/�QRO!��2��S	]h
/]�´kl-.5&�

�� 18��8I 3�W!� ]�´kl-.��®g>E!01�e7û
~Ùe

7û
~WXYZ[01�ZFATÙDNAXYZ[01hp]�S����	
01h\

]�5��^ÞoJ��%hTUS2þî>´i�i&�

� #$]�´þ�ZFAT!�®�*+012¥�´þÊ§2 !�]d�´iS&ZFAT

ÙDNA XYZ[012�i´þ���ì�+!�irnhZ��5	]8I�&'!

�(�´-.S&e7û
~Ùe7û
~WXYZ[01ðþ^ÞH���%þ%I

.´i�i&�}´�:B/2þrÜ�Z!Ç$ì�]d�´iS]�¦I.S&�

/7!R·2�9� þ�Z!Ç$2Â>´�i�8!k<ôOð!�4hÃ¦�

��8�º» !�Á» !]����¦[hÂ���I\]-.5& !þIk2]

d�´iS�!!�]d.!k<���iµ���ðJS¯°2"�´iS]þ,¦

�i]	¶�TS&�

	.I! mh¥^¦´�¦.è�9� þ@d!�%hTU´iS]��ðJS& 

 
 
<?>126��abBc96d�

� ZFAT !�®2�i´þ B ��� T ��2�®�´iS	]h\I82��;<=

�®g>E01!Ò%h}]�´���5&ZFAT!*+2¥�´þ�ZFAT�¯2

R�g?�	tB��h-.S]i·Ò%h%´³�� !h�Ã.ðTS&e7û


~Ùe7û
~WXYZ[01ðþi�8!e7û
~hcd�5��ã!ê��0

1þ)��´i�i&ZFAT-DNA XYZ[012�i´þ���ì�+!�i ZFAT

rnh�52BL�S	]2�:�5&	.2R� ChIP-chip O2RS01�]G�

 66



 

ZFAT!®^;<=!cd]*+01�]d.ðTS&-I2 ZFAT!��
g?�{

?B!BL�d>5&�

� �Z!
ò2��´þ�rÜÇ$ì�]d�´iS]ºúI.S�� !W� 3�

ð!��],·�ðþÓ�i�!�TS&�8��8���/! !��2�-.´i

S	]8I����
�W!��^ð2R�oJ��%]�´-�-.S	]2

´�5i& 

 
 
<H>efgh�.icefgj�kl�

� ZFAT!*+01!5ú2���!io¼��L¡Z��sx¼ !�]�ChIP-chip

01�Y2H01�M2H01�yhëcðd·]]�2�cDNA�siRNA"! !G�

	B��[-.5&�2���L�ûÓRs7e	�#$%&o¼]�¦[����

�
�]!���¥¦!�]2 !�\]-.5&ChIP-chip012�i´þ !!Ä

7ðTS��&'!�(�´-.S& 

 
 
<m>N�n<12opq�rstuDv[wxy�z{|}�

� t/uvw!�]!¥¦�Q±�{|Þ��̂ Þ]d.!k<���:B/2i

µ���ðJS¯°2"�´iS]þ,¦�i	]8I�H�2�%!����-.´

iS]þ,iPi&&'! !!-I�S�(]ã!s�2´�S& 

 67



 

 

2.30. SET�¾��4�	��STU~�+�p*��híî-Vóô
^_12`��<^_-.>�

� ÅÆ� Ç@� P�Lo¼Oö�'o¼Q�

�

<=>���

9� þ�^Þ*+�\I82-.´i�i�6B�7vwAxJpbSET NvE

7�=2¶�hL��	!�=�y!R·�6B�7vwAxÊ	Nhy!R·�
�

{w7	
2ÈÉ�S!8h����ENð0\��y!R·�
�{w7©ª®Kh

¯°�S!8�-I2©n !y!R·�©ª®Kh¯°�S!8h�zA{?BhZ

�b01�S	]ð\I82�S	]h
/]�´kl-.5&�

�� 18��8I 3�W!� ]�´kl-.��Qã.'.!�=2��S÷úr

nhBL�TSiþ=ô������EN� ChIP-chip 01hd·	]ðã!ò/;

<=TSiþò/
�{w7	
hcd�S�ÄQ��
g?���³R���
g?

�{?BhZ��´�ã!�®C!018I ESET�Prdm5�Prdm8 !�=*+�I

�2©ª*+h\I82�S	]"�_GI.5& 

ChIP-chip018I SETNvE7�= ESET�E7�G7u@7f;<=	
2D

E-.S]i·z	e�ESET��{?BES��ð!>��å>v7�!�Ãx"!

 !�%þH���%!"�h2¥-MS����¹�ð�%]�´^]^>5z	e

þù´³I(�}��ðJS>âA2þry¿i#$ðTS&º» !"]!¦[�

��2dÈ.5]þºúI.(� !�2¨m>5�%h%5]þ,iPi&�

	.I! mh¥^¦´�¦.è�9� !�%þ�H�ðTS]�-LSh¦�i&

&'����
���^ð!@W!](2´�S&�

�

 
<?>126��abBc96d�

SETDB1/ESET2��S÷úrnh[i´ ChIP-chip01hdi�ESETþK8Ê

0! U2af1-rs1;<=2DE�´iS	]h\I82�5&ESETh��
¹?7TS

iþ��
g?��S]	.I!ò/;<=·8Ã�®��:2�S8y·8þ��

.ðTS&^5�ESETÊ7z@t�ÔA��
g?� ES��!01!Ò%�ESET

��2�>´l�!Íê!>��å>v7�!TU��Ãx-.S	]h¨ù�5&	

 68



 

.I2�i´þ�ESET2RS DNAvwAxÚw�/�>��å>v7�!TU�¯

*H!kn!0\�dÈ.´iS&�

i(.��%],¦Sry^]^>5z	e�ù´i�i5ú� !�%!E�Ãb

"��]��H�ðTS]�¶MLSh¦�i&�

 
 
<H>efgh�.icefgj�kl�

ChIP-chip012³4S��YZ�#$%&o¼]!ëc !�¨I.S���}´

^]^>5}���÷+"!gn/�%���-.´i�i5ú�GNP ]!¥¦�

� GNP;!ïð!���ðJ�i&�

 
 
<m>N�n<12opq�rstuDv[wxy�z{|}�

� }���÷+w]���-.´³I(�:B/2iµ���ðJS¯°2"�´i

S]þ,¦�i&&'! !!-I�S�(]ã!�!���)^.S& 

 

 69



 

 

2.31.ãä!ØÙÔ�-V±0�DOCK2¼¯��~�+�p*�\¨
^_12`��<^_-.>�

� ÔT� +p� P�Lo¼Oö°±o¼Q�

�

<=>���

� 9� þ��mnËÌ8I*+�®2i5S DOCK2tfÔA����	
!:Íh

0\�S	]h
/]�´kl-.5& !��fI�kÔ�´J5�DOCK2�i�

ÏE7�mn�rÉ�mn!�=ð*+�S Rac �Ãx!{Be	�=ðT��ã!

��2R�ùÎ·ÏÐ�×Ø���·�ÑÒðJS	]h�2��mnËÌ8I*+�

®2îS Dock2 tfÔA����	
!:Íh0\�S	]ð��mnËÌ8I*+

�®2îS DOCK2 tfÔAhò/]�5�p���¯ó��!�=��h¼½�S

	]
ò]�´]úI.5&�

�� 18 ��8I 3 �W!� ]�´kl-.���Ü��!*+2[ÈS�=

DOCK22�i´�ã!*+NvE7]�m�=!cd�DOCK2!��i*+]¯°

*H!0\�DOCKD!�� Îõh¯°�StfÔA<"Ü!0\�DOCK2-Ract

fÔA2RS;<=�®¯°!0\hd>5&DOCK2þi�ÏE7�mn�rÉ�m

n!�=ð*+�S Rac !�Ãx!{Be	�=ðTS	]8I�ã!*+!0\þ

Ùú´ûüli&�

:n]�´��Z!Ç$ì�Ê§2 !�]d�´³��i�8!Ù|�t¨�%

I.�}���-.´iS&@að�9� þ���!�ì*+¯°2³4S�Ó�

����	
{��!Z�]ã!Ó¼b©»¼;!ä[]�´����
�!
/2

ïð�´iS�!!�º» !"]!¦[2¥�´þ,-/�I.5�!]�>´iS&�

� 	.I! mh¥^¦´�¦.è�9� þª.5�%hTU´iS]��ðJS&�

 
<?>126��abBc96d�

DOCK2 !�� ÎõhîïxðJS��
E7{?BhZ���DOCK2 � PIP3

]�m��PI3Kw�Ã2��Ô2ùd�S	]h\I82�5&^5 DOCK2��Ô

E	F CD4+T ���rÉËÌ2�i IL-4 h�@��TSÜ�!{?Bðg>Aj	

��!×�·2¥ë�S	]h¨ù�5&�

	.Iþ��Z!Ç$ì�Ê§2]d��}�l���-.´³��ª.5�%h

TU´iS],¦S&�

 70



 

 
 
<H>efgh�.icefgj�kl�

� sx¼ !�³R�#$%&o¼]¦[��DOCK2]�m�S�=!q½hd·�

y�GNP ]!¦[h>´ !h\]�´iS&�8���I�ã!*+!012�

i´þ#Þ)��´i�i&&'! !!](h´á5i& 

 
 
<m>N�n<12opq�rstuDv[wxy�z{|}�

� t/uvw!�2�Q±-.���}!���V«2d�È.´iS&	.I}

!z	ehNú5�&'!z	es�2´�S& 

 

 71



 

 

2.32.ÃÄ�12Àh-V[´µ¶\]3\ñSTU4®B~�+�p*
^_12`��<^_-.>�

� ñT� \� ��P�Lo¼Oö�`o¼Q�

�

<=>���

� 9� þ��� !fIe×!��ðTS�� ð!����ÕäX!îïx01]�

�Õ!®�ð©e7û
~!lmn!�d]ã!*+01hAm�´�Ötb#te

7û
~�H��Slmn!cd]*+!0\hdi�6��� ð!���ñdÃ2

88ÈSlmn!±²/cd]*+,�!����	
h0\�S	]h
/]�´

kl-.5& 

�� 18��8I 3�W!� ]�´kl-.�6����;!>	�	�!×��

Ø2R���Õ��2-E�Se7û
~hîïx�´01�Sk<����Õ��2

«�-.Se7û
~lmnh~t�12R>´01bcd�Sk<��h���´�

¦2���ñdÃ����	
!0\h]ú�ª.5�%hTU´iS& 

� ¦Z]�So�!��P>	�	�Ø2RS�Õ-Ee7û
~!îïx��Õ-E

e7û
~lmn!~t�1Q�Ê§2��-.�k(! !2�[-.´iS&��

�ñdÃ2¥�Se7û
~2�i´þ�l�!Ù|��p!e7û
~]ã!lmn

!cdhNÆ !�%�}]�´��-.´³��Ùú´Ê§� !!](�¨´`

.S& 

GNP !¦|e	���ðTSTU§¨����	
2�i´�����Òx¯°2

¥ÈS���ñdÃ2©e7û
~W!����	
!0\]�´�%hTU´ï

ð�´³��Á» !"]!¦[ !ð�kµ�ù´iS& 

� 	.I! mh¥^¦´�¦.è�9� þª.5�%hTU´iS]��ðJS& 

 
<?>126��abBc96d�

� �Ã�p2RS1��ÕhZS��iaOh���´Ú6B�7
�{w7e7û
!

HMGB1 ��Õ2-E�S	]hîïx�´Ô\�5}�?�AÔ	�Ò·!ÉVe7

û
ðTSWRN��ÕhÙ��¦ DNAl¡2¥ÈS?GvD	9 h]XYZ[h�´�

Ú�Û�Õ�y!²%/�Ù��¦2¥È�T>´iS	]hÔ\�5}�y���-

.´³��&'���!2d�TS�y�"��þÙú´�i]��ðJS& 

 72



 

 
 
<H>efgh�.icefgj�kl�

� ëìG�	BðTS cDNA�siRNA !�[2RS !hþ}ú�Á» !"]!ë

c !�kl-.´iS&���Ü�Ü!��0\2����S !ðT��&'!¦

[2��S´�Ñ´S	]hNú´��ðJS& 

 
 
<m>N�n<12opq�rstuDv[wxy�z{|}�

� }���Ê§2�-.´iS�� !z	e]mÈM´�&'!s�2´�Ñ´

S&6��������	
�D��¾¿	�hì}´s�-.´iS !z	e�T

��@Bð!)�[2RS1�²%�´-.S& 

 

 73



 

 

2.33.-ÜÝØÙ�567ºB	.â�~�+�p*��8\]
^_12`��<^_-.>�

� `ê� a\� P÷dÚ�)�ÎOötBu�b�EÄ�	 !*HQ�

�

<=>���

� 9� þ�e�xt¾�7¥�ÃbÚ¥�Ãé����h[i´�G7�x��uÄ

	�b;<=�®01hdi�åB���7�mn!Ý¯°] EGFR tfÔA<"Ü

2¥ë�S����	
|p!cd]ã!Îõ!01hdi�é��tfÔA<"��

��	
!MAPx��s�zAHI�����	
!ÞÎ01hì}´òóôrÃv

ÏâÐ�!0\]®^]�Sòóò/�}!cdh
V�]]�2�÷2{Awe	�

��Sò!î+Ãh���S	]h
/]�´�tBu�b�EÄ�	 !*Hw	

�]��o¼�\]Ó�o¼�sx¼ !�!Xw	��YZ�´kl-.5& 

�� 19��8I�W-.��EÄE7¾¿{u@
B��s�¼/01hì�´�

=����	
!0\2`�ÄG�±²/�MAPhZ�.ðTS&-I2��zAh

�Ô�S5ú!��¬hBL��Í;!01z	e!vù]ã!�m2RSÎ/�s�

zA!��HI�]úI.´iS& 

9� þ���-.´8I^ÞKW�8�`�´i�i��&'�9 !ð%I.

5 in silico!z	ehy!R·2k(2ä[�´i!8�ã!¥ßh�4´i	]

�{|ðTS]åÈ.S& 

^5��Î/����	
01�������fD�þ�Á» !"ð!�%h¥^

¦�����	
!Î/�÷Ãh01�S5ú2�W-.5�!Þ���¶*¥Wþ�

]R�����
� ð!¦[�ÂI.��I]úI.´iS& 

� 	.I! mh¥^¦´�¦.è�9� þH���%hTU´iS]��ðJS& 

 

<?>126��abBc96d�

Î/�s�zA!HI2¥�´þ�EGFR!�=XYZ[MAPhTà��ER�y

hNú5XYZ[����	
hHI��-I2Fx.ðTS&�EÄE7¾¿{u@


B��s�¼/012¥�´þ�MAP !Z�`a2³i´����	e01��®

01hdi�XYZ[!�8-!@�!áÔ]�5&�zAhHI�S5ú!�� �

=Îõ01�z	e©v2¥�´þ��¶*¥ðTSsx¼ !����o¼�\]Ó

 74



 

�o¼�¶���Ê§2]úI.´³��MCF-7 ��ho>5�;<=�®z	e�

e7û
~G7�x!¹Ü3z	e�`%-.�	.I!z	e�mZi��W-.´

iS&	!z	e�mh�´�tfÔA<"!kõ�îïx-.S]]�2�Î/�z

A!���HI-.S2d]�>´iS& 

��¹�^ð2�e�xt¾�7Ú¥�Ãé����PMCF-7Q¬hBL��ã!

��ho>5;<=�®z	e�e7û
~G7�xz	eh`%�´³���!


òh"����TS]i¦S& 

 

<H>efgh�.icefgj�kl�

9� þ��s01!¶�w	��.q]���k<z	e!F-G�¦[�´z	

e�m01hÐd�´iS�!ðTS&÷2¹Ü3z	e!Z�234´þ���uÄ

	�z	eh�]2�5X�dtz	e!©�³R��mhd·,�$s�D��¾

¿	�h�52HI�S�y�w	�W!���HmM!��kl-.´iS& 

^5�MAP ��2)[�S�D��¾¿	�!HI!5ú���o¼]¦[��

ð,�{Eâ7fL	A PathTEXTh¦Î-MS�y!_G�dÈ.´iS& 

��iaO}2R��TU¯°����	
]e7û
~XYZ[����	
!�

ahef/2�zAx���T��ã!Îõhs0�SaO}!�L2R�����


�!
/2�ïð�S	]�´-.S& 

 

<m>N�n<12opq�rstuDv[wxy�z{|}�

t/uvw!`%�Â.S�m2þ�ã!�2�i´V«�2Õhâi����%

`�^]ú^ðÊ§2�-.S	]�)^.S&̂ 5�%I.5k<z	e2�i´þ�

&'!@Bð!�[�ïê2=.�V«2s�-.S	]�)^.S& 

 

 75



 

 

2.34.��ØÙc��ØÙ4À~�+�p*�9��h:B\]
^_12`��<^_-.>�

� vb� w	� P�Lo¼OöoÎo¼Q�

�

<=>���

9� þ�½¾��]¿À��;!�x`a2³4STU¯°h.q]�5�m/�

�=����	
!0\h
/]�´�ã.2÷x�501gAÞGÐ�h���S	

]h
/]�´�oÎo¼w	�]\]Ó�o¼w	��YZ�´kl-.5&�

�� 19��8I�W-.�,�01fA	�PoÎo¼Q]k<fA	�P\]Ó

�o¼Q�Úç2��2¦[�5n¯hÄG�q2�®,�"8ITU����	
h

\d�SÞ4ð��k<G8I!t¨h���5�������	
!öH�hd·

	]�MF�
�B�	
2¥ë�SÙ|�;<=h`a�S]]�2ã.'.!;<

=!�®�Î�ë¦SÚÛh01�S	]�	.I!Ù|�;<=2�i´ã!;<=

�p!TU¯°����	
!-I�Sê�xb���xhd>´����	
!ê�

�÷Ãh\I82�´i	]�_GI.5&�

9� þ���-.´8I^ÞKW�8�`�´i�i��9� !�]]�>5

Á» !P\]Ó�o¼Q!�%�¥^¦�-I2�¶*¥]�´���¦[!���

ð2 6Ë!����	
¥¦!�p���x¥¦;<=�%I.´iS�y�±W/�

`�ÄG�dÈ.´iS&}Z�2�Iô-.´³��&'!`�^]ú�%2´

�5i& 

� 	.I! mh¥^¦´�¦.è�9� þH���%hTU´iS]��ðJS& 

 
 
<?>126��abBc96d�

\]Ó�o¼2³i´þ�01[z	e!v©hdi�½¾���x�h]¿À��

�x�h2(�´! LONG�SHORT�SUPERSHORT] CONTROL$s!:´!e

E�?E7�2�i´!�®g>E[é7�Ah�9�S]]�2�c01hkl��

ã!Ò%!�Ôk<kl�´iS&�

oÎo¼ðþ�̀ a�K]�S¯°V=h�d�S]]�2�íìTo2RSTU¯

°����	
!\d�¹W��h�Õ�5TU¯°¥Î!To"!ôO2RS¯°�

 76


