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ȈőǶŗ 
 
� h` T ǍǞƮǯƪIHyUɌð (human T-cell leukemia virus type-1 : 
HTLV-1),ļ� TǍǞƮǯƪɊadult T-cell leukemia: ATL)�</ HTLV-1ȯ
ȜǠɈƫɊHTLV-1 associated myelopathy: HAMɋ, HTLV-1 1(
ǥƕ
ɊHTLV-1 uveitis: HUɋ)(ĻĴƕƫĴƩĵ+ÔêIHyU&�?�Ɲî6&
HTLV-1*<?ƭ�DŷŴ+Ƹǀ&,lwUȬ*Q�a�@? Tax��ıƯ)
ĩÇCŅ
'Ǜ�=@%���Tax , E2F1 )(ŵ�)÷ŽêþCƈĴÍ��
ǍǞŻ*ȯB?ǐȐCŀÂ�?�6� Tax CƭƝ�?oIU&,x}gǢCâ
9ŵ�)�DCģ�ȏ���'
=ĥÈ)�Dȣ�þ'�%ƶ=@%	?��


�)�=Ǌ60%+ATLƫ¤&, tax+ƭƝCȃ9=@)	�'
=�HTLV-1
*<? ATLƭƫŷğ*,�tax�ù+ȣ�þ+ȯ��ƺæ�@%	�� 
� HTLV-1 bZIP Factor (HBZ), HTLV-1+oHbUȬ*Q�a�@?IHy
Uȣ�þ& 2002ĝ*ƭǷ�@���+ HTLV-1ȣ�þ'Ƨ)>�HBZ,¶%
+ ATL ƫ¤&ƭƝ�%	?�'
= ATL +ƭƫ�Ǔņ*č�%ȩǶ)ĩÇC
Ņ"%	?�'�ƺæ�@���=* HBZ,Q�a�@?Z}gMȍ'�% 
�&)��RNA'�%:ŷǟCŞ�?�'�ôä�@%	?���+ȂǍ)ŷ
ǟ�rKcVq,�ř&�"��ŤƸǀ&,oIU¾�òɆ CD4ȶĴ TǍǞC
Ơ	%HBZ RNA�Z}gMȍ+ǍǞƞÿ*č�?Ĩȿ+ȂǍ)ǺřCȁ7�� 
� GFP competition assay;�+�+ąɇ+Ǒū�HBZZ}gMȍ,ǍǞ÷Ž
C¦ȝ�?:++ǍǞŻCĥ�ȄĎ�?�9ǍǞƞÿƜC������HBZ 
RNA,÷ŽC¦��àŚ*ǍǞŻCŀÂ�?�'&ƞÿƜC�Ř��?�'�
ř=
')"����+Ǒū
= HBZ RNA'Z}gMȍ,à�ȣ�þ*Q�
a�@?êþ*:ȯB=��ǍǞ+ƞÿĴ*č�ƳØ�?ŷǟCņ"%	?�

'�ƺæ�@��6�øƧ CƠ	�ąɇ<> HBZ RNA+Q�_G}NɄñ
+¾9+ 11
= 50öó� HBZ RNA+ƈĴ*ĲɃ&�?�'�ř=
')"
�� 
� 6�oHM{FzH*<?ƭƝǺŪ&, HBZ RNA,ǍǞ÷Ž�ƞÿ*ȯB
?ȣ�þ&�? survivin�mcm5�aurkb)(+ƭƝC÷ĥ�?�'�ř=
'
)"��6�_�Zm�UCƠ	�gUIJHǺŪ& HBZ RNA,ǍǞ÷Ž�
ƞÿ*ȯB?ǐȐ�6�Z}gMȍ,´ƨ*ȯB?ǐȐ*�@�@ĨȿC��
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%�>�HBZ RNA 'Z}gMȍ,�@�@Ƨ)?ǐȐ*ȯ��%	?�'�
ƺæ�@��HBZ RNA +ŶƯȣ�þ+l{s�Z�CM{�c}N� HBZ 
RNA+ŷǟCȇ3�'�A�survivin�ccna2�top2a�bub1b�cenph�mcm5� 
ccnb2�rrm2�aurkb+l{s�Z�
=+ȑ¹C HBZ RNA�ƈĴÍ�?�
'�¿ř����=* survivin+ȲćÅ&�? YM155,�HBZ RNA*<"
%�ȝ��ǍǞƞÿƜ+�ŘCŀÂ��6� ATLǍǞŭ+÷ŽCĥÈ*ŀÂ�
���+Ǒū, HBZ RNA*<? survivinƭƝ+�ȝ� ATL+ƞÿ*ȩǶ&
�?�'Cƺ�%	?� 
� ��+Ǒū<> HTLV-1 ,��+ȳ=@�IHyUȣ�þCZ}gMȍ'�
% �&,)��RNA'�%:ËƜƯ*ÁƠ�?�'&Ėý*ĹŬCǓņ�%
	?'Ǜ�=@�� 
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Ʀȅ�ǹ  

 
ATL: adult T-cell leukemia 
CDE/CHE: cell cycle dependent element/cell cycle homology region 
HTLV-1: Human T-cell leukemia virus type-1 
GEO: Gene Expression Omnibus 
HAM: HTLV-I-associated myelopathy 
HBZ: HTLV-1 bZIP factor 
HSV-2: Herpes simplex virus type-2 
IAP: inhibitor of apoptosis 
IPA: Ingenuity Pathway Analysis 
KSHV: Kaposi’s sarcoma associated herpesvirus 
lncRNA: long non coding RNA 
LTR: long terminal repeat 
SM: Silence mutant 
URA: Upstream Regulator Analysis 
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Ǆ�ǂ� ğȈ 
 
1-1. h` T ǍǞƮǯƪIHyU+ųǶ  
� h`TǍǞƮǯƪIHyUɌð (HTLV-1), 1980ĝ*Gallo=*<"%� h
` TǍǞŭ&àĄ�@�z`{IHyU&�?(Poiesz et al., 1980)�1981ĝ*
ŖƄ=*<>HTLV-1,ƚŞ+Ů+ħĺC:#Ʈǯƪ'�%ƶ=@?ļ� TǍ
ǞƮǯƪ (ATL)+ÔêIHyU&�?�'�ôä�@�(Hinuma et al., 1981)�
6�ƕƫĴƩĵ&�? HTLV-1ȯȜǠɈƫɊHAMɋ;�HTLV-11(
ǥƕ+
ÔêIHyU&�?�'�ř=
')"%	?(Gessain et al., 1985; Osame et 
al., 1986)�Ɲî��ƥ&,Ǌ 1,000~2,000��+ HTLV-1¨Şǜ(LtxF)�
	?'ŊĄ�@%�>�ŖŤ�FjxK�ÑFrxK)(&ƚ*ú	(Watanabe, 
2011)�ŖŤ*,Ǌ 108 ��+ HTLV-1 LtxF�	?'ŊĄ�@%�>��
ĕ�Ƃǖ)(ǵŖŤ*ú	�'�ƶ=@%	?��ŝȖ&,Ũ��ûȰ)(+

ȦĘȥ&: HTLV-1LtxFŐ�÷É�%	?�'�ôä�@%	?� 
� HTLV-1 ,IHyUǈþ*<?ĹŬÈ�ȾĚ*Ĥ���*ĹŬǍǞ'ȾĹŬ
ǍǞ�ŉǻ�%IHyU��ō�?ŵĢC'?(Igakura et al., 2003)�HTLV-1
, glucose transporter 1 (GLUT1)CÛĈ '�%ǍǞ¸*µ>�7��+īI
HyU RNA,șȑ¹Ȩǌ*<> DNA*øŌ�@�ĉ�Pdq*Ǐ7ȕ6@l
{IHyU')>ĹŬ�ƹǁ�?(Matsuoka and Jeang, 2007)�ĹŬǐȐ'�
%ň�*<?žþĹŬ+4
�ĴǰƗĹŬ�ƶ=@%	?�HTLV-1 *ĹŬ�
�ī�50~60ĝ+Ɠ�ĹŬCǐ%�HTLV-1LtxF+Ǌ 5%� ATLCƭƫ�
?'ŊĄ�@%	?�ATLĵǜ&,Ů�Ǫ/=+<
)ħC��ǪǍǞ(jw|
�Wy)�ţůǯ*»Ɲ�?�'�ú	�ƃƬƅ'�%,ÍĀƬƅ�țǯĞǍǞ
ƽű)(�ǰB@?��Ăƃ,ëȽ)�'�ú	(ì 1-1)� 
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& ®ª®«¤ÁÌÅÎª® AUñĒ ºÌÅ vuċĂćYr¤

¤

¤

1-2. HTLV-1 *Q�a�@?ȣ�þ  
� HTLV-1 +l{IHyU+ųǶìCì 1-2 *ƺ��HTLV-1 l{IHyUP
dq, LTR(ţǃØįȧ½)C�ǃ*ņ!�z`{IHyU+óŤƯ)Ŵțȣ�
þ&�? gag, pol, envCQ�a�%	?�HTLV-1l{IHyU, env' 3’®
LTR+Ȯ* pX'<-@?ɄñCŞ�%�>��+Ʉñ, HTLV-1ƚŞ)ȇǆ~
FMWRx�ȣ�þ&�? tax,rex,p13,p12,p30CQ�a�%	?�HTLV-1ƭ
ǷĦ¾
=�HTLV-1 *<?ƭ�D+ŷğ*ȯ�%,�* tax �Ƹǀ�@%�
��ąȷ* Tax , AP-1(Jeang et al., 1991), NF-κB(Sun et al., 1994), 
E2F1(Lemasson et al., 1998)ǅ+SNby*ȯ���6� TaxCƭƝ�?`w
}UTJc]MoIU&,ƮǯƪCâ8�DCȏ��)(ĥÈ)ƭ�D¢Ơ�

�?�'�ôä�@%	?(Grossman et al., 1995)��
�ąȷ+ ATLƫ¤&
,Ǌ60%�TaxCƭƝ�%	)	�'�ř=
*)"�ɊTakeda et al., 2004ɋ�
Tax+ƭƝŀÂ+�)ŷŴ'�%�taxȣ�þ+ non-senseøƧ�frame-shift�
6� tax+l{s�Z�&�? 5’LTR+Ÿü�ɉĠ+r\yÍ*<?�ƈÍ�
ƶ=@%	?(Miyazaki et al., 2007; Takeda et al., 2004; Tamiya et al., 1996)�
�
��¶%+ ATLƫ¤& pXɄñ
= 3’® LTR,¨ÿ�@%	?���+ƶ
Ƿ, ATL ƭƫ*ȯ�% Tax ',Ƨ)?ȩǶ) HTLV-1 ȣ�þ�ÿî�?Ýǟ
ĴCƺæ�%	�� 
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& ®ª¯«¤ÁÌÅÎª® İĺĚęĸģğĪĴćZ�¤

 
 
1-3. HTLV-1 bZIP Factor 
� HBZ , 2002 ĝ*àĄ�@��HTLV-1 +oHbUȬ*Q�a�@?ȣ�þ
&�?(Gaudray et al., 2002)�HBZ, spliced form HBZ (sHBZ)' unspliced 
form HBZ (usHBZ)+ɍƾɅ+ȑ¹Ɵƙ��?�6� usHBZ, sHBZ*ƀ3Z
}gMȍ+ÐƏš�Ʒ	'	
�'�ôä�@%	?(Yoshida et al., 2008)�
Tax'ȡ	�HBZ RNA,¶%+ ATLƫ¤&ƭƝ�%	?�'�ôä�@%�
>(Satou et al., 2006)��+�', HBZ� ATLƭƫ*ȩǶ)ĩÇCŅ"%	
?�'Cƺæ�%	?�Ɲî6&+Ƹǀ
= HBZZ}gMȍ, AP-1jEpx
�&�? c-Jun'+ǑßC���ŷǟȲć(Basbous et al., 2003)�NF-κBǐȐ
*ȩǶ)ȑ¹êþ&�? p65 + DNA Ǒßǟ+Ȳć�¼Ǻ¦ȝ�ôä�@%	
?(Zhao et al., 2009)�6�ŝȖ�HBZ*<>microRNA-17�21+ƭƝ�Ř�
ȏ�> DNA©įȲć�ȏ�?�'�ôä�@%	?(Vernin et al., 2014)�6
� HBZC CD4ȶĴ TǍǞ*ƭƝ�? HBZ`w}UTJc]MoIU*�	
%�CD4ȶĴ TǍǞŐ+÷É�÷Žǟ+�ȝ�ưǤƕ�x}gǢ+ƭƫ)(+
ǲƝðCƺ���'
= HBZ ȣ�þ:ƭ�D*ȯ��%	?�'�ƺ�@%
	?(Satou et al., 2011)� 
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& ®ª°«¤Á»Ñ ćY�¤

¦º§¤ Á»Ñ ĥĻĬĝ�Ĉ ÕªÃãÝ©ß³² ąĄ[ëą4�%1Ć��ø��=ùĔê¦»§¤ Á»Ñ

ĨķĻģĢěĩĦĝĳĚģĈ ºÌÅ Đéüć� ÁÌÅÎª® ��t@oćukėzùê¤

 
1.4  HBZ  RNA 
� Z}gMȍCQ�a�)	 100~200öó��+ȭ�+ RNA (lncRNA),�Ä
6&ŷǟ�)	Tt}M RNA'�@%	���Ȗĝŵ�)ŷǟ�ǐȐ*ȯB"
%	?�'�ř=
')"%�%	?(Geisler and Coller, 2013; Spizzo et al., 
2012; Wang and Chang, 2011)��=*,ŵ�)IHyUƢŧ+ RNA�ĉ�´
ƨ
=+ȘȤ(Ouellet and Provost, 2010)�÷Ž+�ȝ(Iwakiri, 2014; Samanta 
et al., 2008))(*ȯB"%	?�':ôä�@%	?�²ǰƸǀ& HBZ C
Kit225'	
 IL-2¥ÿĴ+ TǍǞŭ*ƭƝ����ƔĠ+ IL-2ÿî�&òɆ
�?'Q}`{�ymMZ�CƭƝ�?ǍǞ*ƀ3÷Žǟ��ȝ�?�'�¿

ř�%	?��=* Kit225*��? HBZ+÷Ž�ȝǟ�Z}gMȍ�:��
, RNA+(!=*ŅB@%	?
Cȇ3?�9*�2ƾɅ+øƧ  (TTG, SM)
�ŲǾ�@��TTG øƧ , HBZ +Q�_G}NɄñ+UZ�`Qa}&�
? ATG C TTG *Ǘ�Ō�%�Z}gMǚȀ�&�)�)"�øƧ �SM ,
Q�_G}NɄñ+¶Ʉñ+Qa}* silence øƧCĎµ��RNA +ȧ½�Ŵ
ț,Ȫƞð'Ƨ)?��Ȫƞð HBZ'à�Z}gMȍ�ǚȀ�@?øƧ &�
?��@=0�#+øƧ CƠ	�'�A�Kit225 ǍǞŭ*��? HBZ ȣ�
þ+÷Ž�ȝǟ, HBZ Z}gMȍ(SM)&,)� RNA(TTG)*<"%ŅB@%
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	?�'�ř=
')"�(Satou et al., 2006)��
�)�=��+ HBZ RNA
*<?÷Ž�ȝŷǟ, Jurkat, CTLL-2 )(+�+ T ǍǞŭ&,ƹȃ&���
6��+¼þrKcVq,¶��ř&�"����&ŤƸǀ&, HBZ RNA'
Z}gMȍ+ǍǞ÷Ž�</ƞÿĴ*č�?źƹ)ŷǟ�6� HBZ RNA+¢
ƠrKcVqC�¾�òɆoIU CD4ȶĴ TǍǞCƠ	%ř=
*�?�'C
ƱƯ'��� 

 
& ®ª±«¤����ÊÇº Ĉ ÄÚâ¯¯² ~�ć.`�ė��ùĔ¤

¦º§¤ ÌÌÀ©ËÆ /s
ć�Lê¦»§¤ ���� ÊÇº Ĉ ÄÚâ¯¯² ~�ć.`ė��ùĔê&Ĉ

¦ËÓâÞã¤×â¤ÓÛ«©¤¯­­³§đē9oê¤
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Ǆ�ǂ� Ǒū 
 
2-1. HBZ Z}gMȍ' RNA , T ǍǞ+ƞÿƜ*č�%
ƳØ�?°�C:#  
 
� 6�¾9* TTG�SM øƧ ��@�@ƱƯ'��øƧ '�%ƭƝ�%	
?
ƹȃ���293FT ǍǞ*�@�@+øƧ CĎµ��Z}gMȍ6�,
HBZ RNA+ƭƝCŲ»��'�A�HBZZ}gMȍ, HBZ�SM+7&Ų»
�@(ì 2-1.A)�6�Ȫƞð RNA, HBZ�TTG+7&Ų»�@�(ì 2-1.B)�
��+Ǒū*<> TTG�SM��@�@ RNA�Z}gMȍ'�%ƭƝ�?�'
�ƹȃ&��� 
 
 
 
 
 
 
 
 
 
 
 
 
& ¯ª®«¤ÌÌÀéËÆ ĆðõĔ�n) ���¤ÊÇºéĥĻĬĝ�ćX�¤

¯¶°¿Ì ~�VĆ Á»Ñ¦�n)§éÌÌÀéËÆ vmıĝĥļ¤ ¦īĦĝĲļĻıĝĥļ·¤

ßÆÏªÂÀıĝĥļ§ė6�ø±µM�;Ć~�ė$�øġĻİĸăøþê¦º§¤~�i�f

ėE� Ë½ËªÉºÀ¾ ĆāĥĻĬĝ�ėd�øéÉÎ½¿ �ĆįĺĦĨ;éD Á»Ñ D
éD

èªâãÔãÛÚÝ D
ėoíāüĕýĕćĥĻĬĝ�ėX�øþê¤ ¦»§¤E�øþ ÊÇº ė�

)Ć Õ½Çº ė"Bøé!İķęĳļėoíā.7øévmėy�øþê¤
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� Ź*HBZZ}gMȍ' RNA+ǍǞƞÿƜ*č�?źƹ)ĨȿCȇ3?�9
*�GFP competition assay(Shi et al., 2013; Wolfe et al., 2014; Zuber et al., 
2011)Cǰ"��GFP competition assay+ųǶìCì 2-2*ƺ��oIU CD4
ȶĴ TǍǞ*z`{IHyUmMZ�CÁƠ� HBZ�:��,�+øƧ &�
? TTG�SMC GFP'·*ƭƝ���IHyUĹŬ
= 2Ŗī (Day0)'��
=* 4ŖȮ IL-2ƍÉr_GIq*%òɆ��ī (Day4)*GFP+ȶĴƜCƑĄ
�ƀȒ���ƭƝ���ƱƯȣ�þ�ǍǞ*č�%ſĴCņ#õß�òɆ�%

	?Ȯ* GFPȶĴǍǞŐ,ȵĴǍǞŐ*č�%ƏĐ��Ǒū'�% Day0*ƀ
3 Day4&, GFPȶĴƜ,���?��ŔƱƯȣ�þ�ǍǞ+ƞÿƜC�Ř�
�?õß�GFPȶĴǍǞ, GFPȵĴǍǞ'ƀȒ�÷É�?�9�GFPȶĴƜ
,òɆī*�Ř�?� 
 

 
& ¯ª¯«¤À¿É¤ÕÞÜß×âÚâÚÞÝ¤ÓááÓç ćYr&¤

ĳĚģñĒE�øþ ¼½± �? Ì ~�ĆĹĨĺĚęĸģėoíā Á»ÑéďøôĈüć/

s
ė6�ø ±µ M�;ĆÀ¿É�?lėh3øé÷ĒĆ ÂÅª¯ ė#čĵħĘĚĴĂ ±J

�+£;Ć À¿É ė�8h3éa�ùĔöăĂĥļğĦĨ�	1ò~�ćn2lĆĄ

ćđîĆ:¡ė�ïĔñ�ĊĔIcĂìĔê¤

�  
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� Q}`{�ymMZ�CĎµ��ǍǞǙ&, day0 ' day4 & GFP ȶĴƜ,
øÍ�)	�'
=IHyUĹŬ,ǍǞ+ƞÿĴ*ĨȿC��)	�'Cƹȃ

���HBZCƭƝ��?' GFPȶĴƜ, day0*ƀ3 day4&ǫĜ���%	
��'
=�HBZ ,ǍǞƞÿƜC����?�'�ř=
')"���=*
TTG' SM*�	%:àŵ+ąɇCǰ"�'�A�TTG&, GFPȶĴƜ,�
Ř��SM&���%	�(ì 2-3.A.B)���+Ǒū<> HBZ RNA'Z}gM
ȍ,¾�òɆCD4ȶĴTǍǞ+ǍǞƞÿĴ*č�ƳØ�?ËūCŞ�%	?�
'�ƺ�@�� 
� � � � � � � � � � � � � � � �

 
& ¯ª°«¤À¿É¤ÕÞÜß×âÚâÚÞÝ¤ÓááÓç ć�T¤

¦º§¤!ġĻİĸĆðõĔ+£�¦½Óç­§ă+£;¦½Óç±§ć À¿É ćĭģĨĞķĴėzùê

¦»§¤!ġĻİĸć ½Óç­ ć À¿É �?lė ® ăøþăóć ½Óç± ć À¿É �?lćF{

ėċăĎþê¨¨¤·¤É¹­«­®¤
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2-2. HBZZ}gMȍ' RNA,ǍǞŻ*č�%ƳØ�?ŷ
ǟC:#  
 
Ź* HBZ RNA'Z}gMȍ�(+<
*�%ǍǞƞÿ*ĨȿC��%	?

ř=
*�?�9*ǍǞŻ*č�?ĨȿC Annexin V/7-AAD�6�÷Žǟ*č
�?ĨȿC BrdU Ú>ȕ7ǟCƠ	%ǺŪ���IHyU*<?ȣ�þĎµ

= 48ŚȮī�Q}`{�y*ƀ3�HBZ�SM&,ŻǍǞ+Çß�Şķ*÷É
�%	��'
=�HBZ Z}gMȍ,ǍǞŻCȄĎ�?'Ǜ�=@�(ì
2-4.A.B)�TTG ,IHyUĹŬ
= 48 ŚȮī*,ǍǞŻ*ĨȿC��)	��
�=* 48 ŚȮòɆ�?'Q}`{�y*ƀ3Şķ*ǍǞŻCŀÂ��(ì
2-4.C.D)���+Ǒū<> HBZ RNA 'Z}gMȍ,ǍǞŻ*č�%Øč*¢
Ơ�?�'�ř=
')"�� 

 
& ¯ª±¤���¤ÊÇºéĥĻĬĝ�ć~�_Ć5ùĔ:¡¤

ĳĚģpR ¼½± �? Ì ~�ĆĹĨĺĚęĸģė�oøā Á»ÑéďøôĈüć/s
ė
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� ĳļĜļĂìĔ ÇÀ¿Ê ă�Ćvm÷ûé±µ M�;¦ºé»§éċþ ¶³ M�;¦¼é½§

Ćüĕýĕ¼½±�?Ç¿ÀÊ�?~�ĆðõĔ_~�ėºÝÝ×æÚÝ¤Î¬´ªºº½U�ėo

íāh3øþêº©¼ ĆĭģĨĞķĴé»©½ Ć�TėċăĎþĞķĮėzùê¨¨¤ ·¤ É¹­«­®é¤

¨¤·¤É¹­«­²éÇË¤·¤ÝÞâ¤áÚÙÝÚØÚÕÓÝâ¤

�  
2-3. HBZ Z}gMȍ' RNA ,·*ǍǞ÷ŽC�ȝ�?  
 
� 6�ì 2-5*ƺ�Ț> HBZ�TTG�SM¶%&Q}`{�y*ƀ3 BrdU+
Ú>ȕ7ǟ�÷É�%	?�'
=�HBZ RNA�Z}gMȍ,·*¾�òɆ
CD4 ȶĴ T ǍǞ+÷ŽǟC�ȝ�?'Ǜ�=@?���+Ǒū<> HBZ Z}
gMȍ,ǍǞ÷ŽC�ȝ�?'·*ǍǞŻ:ȄĎ�?�'&ǍǞ+ƞÿƜC�

��?�Ŕ�HBZ RNA ,ǍǞ÷ŽC�ȝ�?'·*ǍǞŻ:ŀÂ�?�'&
ǍǞ+ƞÿƜ��Ř�%	?�'�ƺæ�@�� 

� � �  

& ¯ª²«¤���¤ÊÇº ăĥĻĬĝ�ć.`�ĉć:¡¤

ĳĚģpR ¼½± �? Ì ~�ĆĹĨĺĚęĸģė�oøā Á»ÑéďøôĈüć/s
ė

� ĳļĜļĂìĔ ÇÀ¿Ê ă�Ćvm÷ûþêĚęĸģAUđē ±µ M�;Ć ¼½± �

?Ç¿ÀÊ�?~�ĆðõĔËN~��ė»àÖÍ ē�Čėoíāh3øþêºĈĭģ

ĨĞķĴé»Ĉ�TėċăĎþĞķĮėzùê¤ ¨¨¤·¤É¹­«­®¤

¤
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2-4. HBZ  RNA Q�_G}NɄñ+¾9+ 50 öó� HBZ  
RNA +ŷǟƈĴ*ĲɃ&�?  
 
� ÄɁ+Ǒū<> HBZ RNA,oIU CD4ȶĴ TǍǞ+ǍǞƞÿƜC�Ř�
�?�'�ř=
')"���Ź* HBZ RNA+(+Ʉñ�ƈĴCņ"%	?

ȇ3?�9*�TTG-SMøƧ C¢ļ����+øƧ , SM+UZ�`Q
a}&�? ATGC TTG*øƧ���RNA'�%ŷǟCņ�)	 �&)��
Z}gMȍ+ǚȀ:ȏ�=)	<
*��øƧ &�?�ąȷ* TTG-SM ,

GFP competition assay&,ǍǞƞÿ*ĨȿC��)	�'Cƹȃ���Ź*
TTGøƧ +ÞɄñC SM*ǗŌ��øƧ Ǚ(ì 2-6.A)CƠ	%�ǍǞƞÿƜ
*č�?ĨȿCƑĄ��'�A�TTG-SM1øƧ *�	%ǍǞƞÿƜ+�Ř�
ȃ9=@)
"��'
=�HBZ+Q�_G}NɄñ+¾9+ 207öó�HBZ 
RNA +ƈĴ*ȩǶ&�?�'�ř=
')"���=*ȂǍ*øƧ Ǚ(ì
2-6.B)C¢ļ��GFP competition assay *<"%ƈĴCƑĄ��'�A�
TTG-SM1.1 *�	%ǍǞƞÿƜ+�Ř�ȃ9=@)
"��'
=�HBZ 
RNA+Q�_G}NɄñ+ 5’® 50öó� HBZ RNA+ƈĴ*ȩǶ&�?�'
�ƺ�@�� 
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� �  
& ¯ª³«¤Á»Ñ ĠļħĘĻĞ¢*ć�Ďć ²­ -,ò ����ÊÇº ć]�Ć>�ĂìĔ¤

¦º§¤Á»Ñ ĠļħĘĻĞ¢*ė ° ĀĆĖõéüĕýĕė ËÚÛ×Ýâ¤ÜãâÓâÚÞÝ Ć�óGïþ/

s
ėoíāÀ¿É¤ÕÞÜß×âÚâÚÞÝ¤ÓááÓçć�TėzùêĞķĮćīļĈ½Óç­ćÀ¿É�

?lė ® ăøþăóć ½Óç± ć À¿É �?lć�"ėzùê¦»§¤ Á»Ñ ĠļħĘĻĞ¢*

ć�Ďć ¯­´ -,ć��ė÷ĒĆ ± ĀĆĖõéüĕýĕ ËÚÛ×Ýâ¤ ÜãâÓâÚÞÝ Ć�óGï

þ/s
ėoíā À¿É¤ÕÞÜß×âÚâÚÞÝ¤ ÓááÓç ć�TėøĎùêĞķĮćīļĈ ½Óç­ ć

À¿É �?lė ® ăøþăóć ½Óç± ć À¿É �?lć�"ėzùê¤
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2-5. usHBZ  RNA : sHBZ  RNA 'àŵ)ŷǟC:#  
 
� ÄɁ6&+ąɇ&, spliced form HBZ (sHBZ)+ŷǟCƺ�%����GFP 
competition assay+Ǒū usHBZ RNA: sHBZ RNA'àŵ*ǍǞ+ƞÿƜC
�Ř��?�'�¿ř���6� usHBZ RNAƭƝǍǞ,Q}`{�y*ƀ3�
Annexin V/ 7-AADȶĴǍǞŐ+���BrdUÚ>ȕ7ǟ�÷É�%	?�'

=�sHBZ RNA'àŵ*ǍǞŻCŀ��÷ŽǟC�ȝ�?�'�Ǜ�=@�� 
                 

 
& ¯ª´«¤�����¤ÊÇº Ĉ~�.`ė��øé~�_ėC�ùĔ¤

sHBZ' usHBZ+ RNAȧ½+ƳȡƖCƺ�� (B) usHBZ�usTTGCƠ	%
GFP competition assayCǰ"�ǑūCƺ��Nwj+f�, Day0+ GFPȶ
ĴƜC 1'��'�+ Day4+ GFPȶĴƜ+ÇßCƺ��(C�D) usTTG+Ǎ
Ǟ÷Ž(C)�ǍǞŻ(D)*č�?ĨȿCȇ3�ǑūCƺ��** : P<0.01 
¤

¤
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2-6. HBZ  RNA 'Z}gMȍ,�@�@Ƨ)?gUIJH
*ȯ��?  
� ÄɁ6&+ąɇ*<> HBZ RNA'Z}gMȍ,ǍǞ÷Ž�ǍǞŻ*�@�
@ĨȿC���ǍǞ+ƞÿƜ*ƳØ�?ŷǟC:#�'�ř=
')"��Ź

* HBZ RNA'Z}gMȍ�(+<
)ȣ�þ*ĨȿC��?
Cř=
*�
?�9*�oHM{FzHCƠ	ƭƝǺŪC��)"��oIUƢŧ CD4ȶĴ
TǍǞ* HBZ�:��,�+øƧ Cz`{IHyUmMZ�CÁƠ�%Ďµ
� 96 ŚȮī*IHyUĹŬǍǞCY�^G}N*<>Òȼ�RNA CéÙ�Ǻ
ŪC��)"��ƭƝǺŪC��)"�Ǒū�Q}`{�y*ƀ3 HBZ& 301
ª�TTG & 326 ª�SM & 104 ª+ȣ�þ+ƭƝ� 2 «��*�Ř��HBZ
& 266ª�TTG& 57ª�SM& 128ª+ƭƝ�Ð¼��*���?�'�ƺ
�@���@=+ƭƝ�øÍ��ȣ�þ+�& HBZ�TTG+7&øÌ��"�
ȣ�þ� HBZZ}gMȍ&,)� HBZ RNA*<>ÂĮ�@?ȣ�þ(�Ř�
�ȣ�þǙ 146ª�����ȣ�þǙ 6ª�ßǽ 152ȣ�þ)'Ǜ�=@�� 
                 

¤

& ¯ªµ«¤ ÆÚÕàÞÓààÓç �S¤

¦º§ÆÚÕàÞÓààÓç �SćY�ėzùêĳĚģpR ¼½± �? Ì~�ĆĹĨĺĚęĸģė�

oøāÁ»ÑéďøôĈÌÌÀéËÆė6�ø ¶³M�;Ć¼½±�?éÀ¿É�?~�ėĤļ

Ĩø ÊÇº ėE�éÆÚÕàÞÓààÓç Ćoíþê¦»§¤ ÆÚÕàÞÓààÓç Ă<Ēĕþq�ħļĥė

À×Ý×ËßàÚÝÙ Ă�Søé!ġĻİĸĂ ¼ÞÝâàÞÛ ĆaĊvmò ¯ ���/�øþ�	1

�ćċăĎėzùê¤
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� �ǿ+ 152 ª+ȣ�þǙ
=ǍǞŻ(survivin)�ǍǞ÷Ž(mcm5�cenph� 
aurkb)*ȯB?ȣ�þ*ƆƱ��HBZ RNA*<?ƭƝ�ŘCĄȫƯ PCR&ƹ
ȃ��(ì 2-9)� 
 

           
& ¯ª¶¤ ���¤ÊÇº \w�	1ćvmy�¤

���¤ÊÇº ć\w�	1ćvmė Ê×ÓÛ¤ÌÚÜ×¤É¼Ê cĂy�øþ�Tėzùê¤

¨¨¤·¤É¹­«­®é¨¤·¤É¹­«­²éÇË¤·¤ÝÞâ¤áÚÙÝÚØÚÕÓÝâ¤

¤

 
� �Ä*Kit225ǍǞ&HBZ RNA,ǍǞ÷ŽC�ȝ�?�'Cř=
*����
�éoIU¾�òɆǍǞCƠ	%��)"�oHM{FzH<>ĭ=@�HBZ 
RNAŶƯȣ�þ� Kit225ǍǞCƠ	�ąɇǉ&:àŵ* HBZ RNA&�Ř�
%	?
ƹȃ����+Ǒū Kit225-TTG &: Kit225-Ctrl *ƀ3à�ȣ�þ
+ƭƝ��Ř�?�'�ř=
')>(ì 2-10)�oIU¾�ǍǞCƠ	�ąɇ
ǉ&ĭ=@�ƶǷ� Kit225ǍǞCƠ	�ąɇǉ&:ƹȃ�?�'�»ŧ�� 
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& ¯ª®­«¤���¤ÊÇº vm ÄÚâ¯¯² ~�ĆðõĔĥļğĦĨ�	1ćvm¤

¼ÞÝâàÞÛ ıĝĥļéďøôĈ Á»Ñ¤ÊÇº ėvmùĔ ÄÚâ¯¯² ė ÂÅª¯¦ª§+(Ă ±µ M�+£

ø ÊÇº ėE�éÕ½Çº ė"BøþêĳĚģ~�ėoíþ ÆÚÕàÞÓààÓç �SĂ<Ēĕþ

���¤ÊÇº ĥļğĦĨ�	1ćvmė Ê×ÓÛ¤ÌÚÜ×¤É¼Ê cėoíāy�øþê¤

 
� �=* HBZ RNA'Z}gMȍ�(+<
)SNby�ȠǐȐ*ȯB"%	
?
ǔǘƯ*ȇ3?�9*�IPA CƠ	%gUIJHǺŪCǰ"���@�@
+R}ly (HBZ, TTG, SM)&Q}`{�y*ƀ3 2«��øÌ��"�ȣ�
þCǺŪčȋ'�%ǺŪCǰ"��URA,�ÞR}ly&øÌ��ȣ�þǙ�
(+<
)�Ɖêþ(ȑ¹êþ�RH`KH}�ÍĀƙȍ)()*<>ÂĮ�@?

��+ȩǴĴC_�Zm�U
=ȇ3?ǺŪƅ&�?�Overlap p-value,Ǻ
Ūčȋȣ�þǙ��_�Zm�U�*�?�Ɖêþ+�Ɖȣ�þ'(@ �ȩ

Ǵ�%	?
Cƺ�¬&�?�¤�-�? upstream regulator + overlap 
p-value +¬��	õß�HBZ '�+êþ,à��Ɖȣ�þCÂĮ�?�'C
ƺ��6�à��Ɖȣ�þCÂĮ�%	?'	
�',�HBZ��+�Ɖêþ
+ŷǟ*¡=
+ĨȿCÖ5�%	?ÝǟĴCƺæ�?�Activation z-score,
ǺŪčȋȣ�þ'�Ɖêþ+�Ɖȣ�þ+Ƴȯ+ŔáĴCƺ�¬&�?�¤�

-�?�Ɖêþ�ƭƝC�Ř��?ȣ�þǙ� HBZ &:�Ř�%	?õß,
activation z-score,ź+¬�Øč*�?�Ɖêþ�ƭƝC�Ř��?ȣ�þ�
HBZ *<"%���?õß, activation z-score ,Ȍ+¬*¯���)B!
activation z-score +¬�ź*¯�-��Ɖȣ�þ' HBZ +�Ɖȣ�þ,ź+
Ƴȯ�6�Ȍ*¯�-Ȍ+ƳȯC�%	?�'Cƺ�%	?�6� activation 
z-score�ź+¬&ɉ�@-�HBZ,�+�Ɖêþ+ŷǟC÷ĥ�%�>�Ȍ+
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¬+õßŷǟCȲć�%	?ÝǟĴ�ƺæ�@?� 
� HBZ, TTG, SM&�@�@ǺŪ�overlap p-value+�	ɂ*�ƉêþC�3
�ǲCǲ 2-1*ƺ��URA+Ǒū�HBZ RNA,ǍǞ÷Ž�ǍǞŻ*ȯB?�
Ɖêþ�Z}gMȍ,´ƨ*ȯB?ȑ¹êþ&�? Foxp3�:��,RH`K
H}(IL-2, IL-4, IL-10, IL18)+ŷǟ*ĨȿC��%	?�'�ƺ�@��6�
ƚ* HBZ RNA ,�Rb ; p53 )(+ǍǞ+÷ŽCȟġ���>�ǍǞŻCȄ
Ď�?êþ+ŷǟCŀ�%	?ÝǟĴ�ƺæ�@����+ǺŪǑū, HBZ 
RNA'Z}gMȍ,�@�@À+SNby�ȠǐȐ*ĨȿC��%	?�'C
ƺæ�?� 
 

 
� ¯ª®¤Íßáâà×ÓÜ¤Ê×ÙãÛÓâÞà¤�Sć�T¤
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2-7. HBZ  RNA , survivin Câ8ŶƯȣ�þ+l{s�
Z�ƈĴC�ȝ�?  
 
� ÄɁ& HBZ RNA+ŶƯȣ�þ�oHM{FzHǺŪ&ř=
')"���
HBZ RNA ��@=ŶƯȣ�þ+ȑ¹CƲŉƈĴÍ�?
ŲǾ�?�9�Þȣ
�þ+l{s�Z�CM{�c}N��U2OS ǍǞ*%l{s�Z�F]WH
Cǰ"���+Ǒū TTGøƧ ,Þƾl{s�Z�+ƈĴC�Ř��?�'C
ř=
*��(ì 2-11)� 
   
 
�  
 
 
 
 
 
 
 
 
 
 
& ¯ª®®«¤Á»Ñ¤ÊÇº ĈĥļğĦĨ�	1ćİĺĶļĥļe?ė�K÷ûĔ¤

ÆÚÕàÞÓààÓç �SĂLĒñăąÿþ ���¤ ÊÇº ĥļğĦĨ�	1ćİĺĶļĥļėĝĺļ

ĩĻĞø ���	
��¤ ÅãÕÚØ×àÓá×¤ Î×ÕâÞà Ć6�øþêÍ¯ÈË ~�ė ¯±å×ÛÛ¤ ßÛÓâ× Ć °æ®­Ò±

~�¬å×ÛÛúĀH|øé¯±M�;Ć�Bøþ! ���	
��¤ÅãÕÚØ×àÓá×¤ıĝĥļé����ÊÇº

vmıĝĥļ¦īĦĝĲļĻıĝĥļ·¤ ßÆÏªÂÀ ıĝĥļ§é�	
����¤ ÅãÕÚØ×àÓá× ıĝĥļė

6�øþê�	16�đē ¯± M�;é~�ė$�øé!| ÅãÕÚØ×àÓá× e?�ėh3

ùĔöăĂ���¤ÊÇºć!İĺĶļĥļĆ5ùĔ:¡ė�Ċþê���	
��¤ÅãÕÚØ×àÓá×e?

�ė �	
����� ÅãÕÚØ×àÓá× e?�Ă�ÿþ�ė ÅãÕÚØ×àÓá× e?�ăøé! ¼ÞÝâàÞÛ ć

ÅãÕÚØ×àÓá× e?�ė ® ăøþăăóć ÌÌÀć�ė ¿ÞÛÖ¤ÓÕâÚäÓâÚÞÝ ăøāzùê¤

¤

¤
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� Survivin, IAPjEpx�+r}f�& caspase*ƲŉǑß�?�'&�+
ŷǟCŀ��ǍǞŻCŀ�?�'�ř=
')"%	?(Altieri, 2008)�'
=�
TTG�l{s�Z�C�Ř�@?ȣ�þǙ+�
= survivin*ƵƱ���ŕ*
ATLƫ¤&,­Ě�*ƀ3�survivin+ƭƝ��Ř�%	?�'�ôä�@%
�>(Che et al., 2006; Kamihira et al., 2001)�Ľ�: ATL+ƭƝ_�Zm�U
(GEO database, accession number: GSE33615)CƠ	 ATLƫ¤&,­Ě�*
ƀ3 survivin+ƭƝ��Ř�%	?�'Cƹȃ��� 
 
 
 
 
 
 
 
 
 
 
 
& ¯ª®¯«¤�������
ć ºÌÅ @�u�Ăćvm¤

ħļĥıļģ¦ÀË¾°°³®²§ĆìĔºÌÅ@�ćÆÚÕàÞÓààÓç�Sć�Tđē �������
ćv

mė�Ċþ�Tėzùê¤

¤

� ATLƫ¤& survivin+ƭƝ��ȝ�%	?ŷğ'�% Tax*<?NF-κBǐ
ȐƈĴÍ�ôä�@%	?��²*:ȗ3�<
* ATLƫ¤&, TaxCƭƝ�
%	)	ƫ¤:�?�9��+IHyUêþ� survivin+ƭƝ�Ř*Ċ��%
	?ÝǟĴ��?� 
� Ľ�,Ź*M{�c}N�� survivin l{s�Z�(-1957bp~+34bp)+
!
(+Ʉñ� HBZ RNA*<?ƈĴÍ*ȩǶ&�?
ǺŪ�?�9�survivinl
{s�Z�+ȭ�CÃ"�Q}U`wM`C¢ļ��(ì 2-13)��@�@+ȭ
�+l{s�Z�*č�? HBZ RNA+ĨȿCȇ3�'�A�Đ)�':-84bp

=+34bp+ȥ¼* HBZ RNA*Øĳ�?Ʉñ��?�'�ř=
')"�� 
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& ¯ª®°«¤�������
İĺĶļĥļć!|^0/s
Ć5ùĔ ����ÊÇº ć:¡¤

ĝĺļĩĻĞøþ �������
İĺĶļĥļė�)Ć!�÷ćİĺĶļĥļė�Bø ���	
��¤

ÅãÕÚØ×àÓá× ıĝĥļĆ6�øþêÍ¯ÈË ~�ė ¯±å×ÛÛ¤ ßÛÓâ× Ć °æ®­Ò± ~�¬å×ÛÛ úĀ

H|øé¯± M�;Ć�Bøþ! ¿Úà×ØÛç¤ ÅãÕÚØ×àÓá× ıĝĥļé���� ÊÇº vmıĝĥļ

¦īĦĝĲļĻıĝĥļ·¤ ßÆÏªÂÀ ıĝĥļ§é�	
����¤ ÅãÕÚØ×àÓá× ıĝĥļė6�øþê�

	16�đē ¯± M�;é~�ė$�øé!| ÅãÕÚØ×àÓá× e?�ėh3ùĔöăĂ

���¤ ÊÇº ć!İĺĶļĥļĆ5ùĔ:¡ė�Ċþê���	
��¤ ÅãÕÚØ×àÓá× e?�ė

�	
����¤ÅãÕÚØ×àÓá× e?�Ă�ÿþ�ė ÅãÕÚØ×àÓá× e?�ăøþê¤

 
� �+Ʉñ*, p53 Ǒßȧ½(Hoffman et al., 2002), SP-1 Ǒßȧ½(Li and 
Altieri, 1999), CDE/CHE (Li and Altieri, 1999)�ÿî�?�'�ôä�@%�
>��@=+ȧ½CŸü��l{s�Z�C¢ļ��HBZ RNA +ƈĴCȇ3
�� HBZ RNA,��+ȧ½CŸü��l{s�Z�+ƈĴ:�Ř��?�'

=��@=+ȧ½*Ⱦ¥ÿƯ* survivinl{s�Z�CƈĴÍ�?'Ǜ�=
@�� 
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& ¯ª®±«¤ �������
İĺĶļĥļć!���"ġęĨć^0/s
Ć5ùĔ ����ÊÇº

ć�o¤

�������
 İĺĶļĥļñĒ!��%1�"ġęĨė^0÷ûþİĺĶļĥļė�Bø

¿Úà×ØÛç¤ÅãÕÚØ×àÓá× ıĝĥļĆ6�øþêÍ¯ÈË~�ė ¯±å×ÛÛ¤ßÛÓâ× Ć °æ®­Ò± ~�¬å×ÛÛ

úĀH|øé¯± M�;Ć�Bøþ! ���	
��¤ÅãÕÚØ×àÓá× ıĝĥļé����ÊÇº vmıĝ

ĥļ¦īĦĝĲļĻıĝĥļ·¤ßÆÏªÂÀıĝĥļ§é�	
����¤ÅãÕÚØ×àÓá×ıĝĥļė6�øþê

�	16�đē ¯± M�;é~�ė$�øé!| ÅãÕÚØ×àÓá× e?�ėh3ùĔöăĂ

���¤ ÊÇº ć!İĺĶļĥļĆ5ùĔ:¡ė�Ċþê���	
��¤ ÅãÕÚØ×àÓá× e?�ė

�	
����� ÅãÕÚØ×àÓá× e?�Ă�ÿþ�ė ÅãÕÚØ×àÓá× e?�ăøé! ¼ÞÝâàÞÛ ć

ÅãÕÚØ×àÓá× e?�ė ® ăøþăăóć ÌÌÀć�ė ¿ÞÛÖ¤ÓÕâÚäÓâÚÞÝ ăøāzùê¤

¤

 
�  
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� 6� survivin+ƭƝ* RNAǑßZ}gMȍ&�? ILF-3, p54nrb, TLS(Du 
et al., 2011; Yamauchi et al., 2012)�ȯ��%	?�'�ôä�@%�>�
HBZ RNA ��@=+Z}gMȍ+ŷǟ*ĨȿC��%	?ÝǟĴCŲǾ�?
�9��@=+êþ+d]M[I}Ŧ��& HBZ RNA� survivin l{s�Z
�CƈĴÍ�?
ȇ3��siRNA*<?d]M[I}ËƜCƹȃ�(ì2-15. A�
C�E)�ÞŦ��& HBZ RNA+ survivin l{s�Z�*č�?ĨȿCȇ3�
'�A�negative control+ siRNAĎµǍǞ'àŵ*ƱƯȣ�þCd]M[I
}��ǍǞ&:HBZ RNA,survivin l{s�Z�ƈĴC�Ř����'
=
�@=+êþ*Ⱦ¥ÿƯ*ƈĴÍ�?'Ǜ�=@�(ì 2-15. B�D�F)� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
¤

¤

& ¯ª®²«¤����ÊÇº Ĉ ÂÅ¿°©¤ß²±ÝàÔ©ÌÅË �
2wĆ �������
İĺĶļĥļe?ė�K
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÷ûĔê¤

Í¯ÈË ~�ė ¯±å×ÛÛ¤ ßÛÓâ× Ć °æ®­Ò± ~�¬å×ÛÛ úĀH|øé¯± M�;Ć! áÚÊÇº ė

6�øþê÷ĒĆ ¯± M�;Ć �������
İĺĶļĥļıĝĥļé����ÊÇº vmıĝĥļ

¦īĦĝĲļĻıĝĥļ·¤ßÆÏªÂÀıĝĥļ§é�	
����¤ÅãÕÚØ×àÓá×ıĝĥļė6�ø¯±M�

;é~�ė$�øé!| ÅãÕÚØ×àÓá× e?�ėh3ùĔöăĂ ���¤ÊÇºć! áÚÊÇº2

'�Ăć �������
 İĺĶļĥļĆ5ùĔ:¡ė�Ċþê¿Úà×ØÛç¤ ÅãÕÚØ×àÓá× e?�ė

Ê×ÝÚÛÛÓ¤ÅãÕÚØ×àÓá× e?�Ă�ÿþ�ė ÅãÕÚØ×àÓá× e?�ăøþê¨¨¤¸¤É¹­«­®¤

¤

¤

¤
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2-8. YM155 , HBZ  RNA ƭƝǍǞ*ĥÈ)ſĴCņ#  
� YM155 , survivin +l{s�Z�ƈĴCȲć�?Íßƙ&�?(Nakahara 
et al., 2007)�YM155, survivinl{s�Z�ƈĴCȲć�?�'& survivin
+ȑ¹CŀÂ��ǍǞŻCģ�ȏ��(Cheng et al., 2014; Nakamura et al., 
2012)�Ľ�,�Ä+Ƹǀ& HBZ�:��, TTGCƭƝ�? Kit225,Q}`
{�ymMZ�CƭƝ�?ǍǞ*ƀ3÷Ž��ȝ�?�'�'Cƺ�����

& YM155 + HBZ RNA *<?÷Ž�ȝ*Ö5�ĨȿCǺŪ��HBZ ƭƝ 
Kit225&, 8nM, TTGƭƝ Kit225&, 32nM&Şķ*÷ŽCŀ�?�'�ř
=
')"�(ì 2-16. A,B)� 
              

¤

& ¯ª®³«¤ ¤ ÐÆ®²² ć ���¤ÊÇº vm~�éºÌÅ ~�Vĉć:¡¤

¦º©»§¤ Á»ÑéďøôĈ ÌÌÀ vm ÄÚâ¯¯² ~�ė ÂÅª¯¦ª§Q��Ă ±µ M�+£øþ;é

²ãÝÚâ¬ÜÅ ć ÂÅª¯é!j8ć ÐÆ®²² 2'�Ă+£ø ¼×ÛÛ¤ÎÚÓÔÚÛÚâç ė ÆÌÌ ėoíāh

3øþê¦»§!~�Vė ¶³å×ÛÛ¤ßÛÓâ× Ć ®­Ò± ~�¬å×ÛÛ ĂH|ø!j8ć ÐÆ®²² 2'

ñĂ+£øþê±µ M�+£øþ; ÆÌÌ e?ėh3øéÐÆ®²² Og�ĆaĊn�ė

²­¥C�ùĔ ÐÆ®²² ćj8ė!~�ĆābĎþê¦¼§¤ Í¯ÈË ~�ė ¯±å×ÛÛ¤ ßÛÓâ× Ć
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°æ®­Ò± ~�¬å×ÛÛ úĀH|øé¯± M�;Ć�Bøþ �������
¤ İĺĶļĥļıĝĥļé

���� ÊÇº vmıĝĥļ¦īĦĝĲļĻıĝĥļ·¤ ßÆÏªÂÀ ıĝĥļ§é�	
����¤ ÅãÕÚØ×àÓá×

ıĝĥļė6�øþê�	16�đē °M�;ĆW�j8ĆąĔđî ÐÆ®²² ėg�øé

÷ĒĆ ¯®M�;~�ė$�øé!|ÅãÕÚØ×àÓá×e?�ėh3øþê���	
��¤ÅãÕÚØ×àÓá×

e?�ė �	
����¤ ÅãÕÚØ×àÓá× e?�Ă�ÿþ�ė ÅãÕÚØ×àÓá× e?�ăøþê¤ ¨¨¤ ·¤

É¹­«­®é¨¤·¤É¹­«­²éÇË¤·¤ÝÞâ¤áÚÙÝÚØÚÕÓÝâ¤

¤

¤

     6�HTLV-1ĹŬ TǍǞŭ (MT-2�MT-4�ED�TL-Om1)*č�? YM155
+ſĴCȇ3�ľ�ȾĹŬ TǍǞŭ (Jurkat�Molt-4)*ƀ3�ĥÈ*ĹŬǍǞ
ŭ+÷ŽCŀÂ�?�'�ƺ�@��ŝī* YM155, HBZ RNA*<"%ƈ
ĴÍ�@� survivinl{s�Z�ƈĴCȫ¥ÿƯ*����?�'�ř=
'
)>���+Ǒū<> YM155� HBZ RNAƭƝǍǞ�HTLV-1ĹŬ TǍǞ*
č�ĥÈ)ŀÂ¢ƠCŞ�?�'�ř=
')"�� 
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Ǆ�ǂ� Ǜċ 
 
� ŤƸǀ*<"%à�ȣ�þ*Q�a�@? HBZ RNA'Z}gMȍ,�@�
@ǍǞŻ�÷Ž*ĨȿC���ǍǞ+ƞÿƜ*č�%,ƳØ�?ËūCņ"%

	?�'�ř=
')"���@6&*ŵ�)IHyUƢŧ+microRNA, long 
non coding RNA�IHyU+÷ě�ƪĺħļ*ȯB"%	?�'�ôä�@%
	?(Iwakiri, 2014; Ouellet and Provost, 2010; Samanta et al., 2008)�6�Đ
Ő)�=ĉ�Ƣŧ+Z}gMȍCQ�a�?mRNA�ŷǟCŞ�%	?'	

ôä:ÿî�?(Candeias et al., 2008; Gajjar et al., 2012; Kumar et al., 2014; 
Masuda et al., 2008)�p53Z}gMȍ,Mdm2*<"%¼Ǻ�¦ȝ�@?�� 
p53 mRNA,Mdm2*Ǒß��+ŷǟCŀ�?�'�ƶ=@%	?(Candeias 
et al., 2008; Gajjar et al., 2012)�6�ȾďǍǞĴǝ�D&ƭƝ��Ř�%	? 
Hmga2,�Q�a�@?mRNA�microRNA+ let-7'Ǒß�?�'& let-7
+�+ŶƯ&�? Tgfbr3 mRNA +¼ǺCȲć���D+ȝǰC¦ȝ�?�'
�ƶ=@%	?(Kumar et al., 2014)�HTLV-1+l{IHyU,Ǌ 9kB'ĉ�
*ƀ3
)>ȳ=@� genome RHVC:!�Q�a�@?ÂĮȣ�þ�FM
WRx�ȣ�þ+Z}gMȍ �&)� RNA :ÁƠ�%Ė7*ƪĺħļ*ȯ
B"%	?�'�ĥ�ƺæ�@�� 
 
� 6�microarray+ƭƝǺŪC:'*��gUIJHǺŪ&,HBZ RNA'Z
}gMȍ��@�@Ƨ)?ǐȐ*ĨȿC��%	?�'�ř=
')"��

HBZ RNA ,ǍǞ÷Ž;ǍǞŻ*ȯ��?ȣ�þǙ*ĨȿC��?�Ŕ�HBZ
Z}gMȍ,Foxp3; IL-4)(+´ƨ*ȯB?ȣ�þǙ*ĨȿC��%	?�
'�ƺæ�@���²ǰȈő& HBZZ}gMȍ� Foxp3+ƭƝ*ȯB? Smad 
2/3 *Ǒß� Foxp3 +ƭƝC�ȝ�?�'�ř=
')"%	?(Zhao et al., 
2011)�6� HBZZ}gMȍ, Foxp3'Ǒß��+ŷǟCŀ�%	?�':ô
ä�@%�>�HBZZ}gMȍ,ǴȻ* Foxp3+ƭƝ�ŷǟCÂĮ�%	?'
Ǜ�=@?�6� HBZ`w}UTJc]MoIU&, Th-1RH`KH}+Ɵ
»�ŀ�=@�xU^xFǬ; HSV-2+ŃłĴ�Ĥ6"%	?�'�ôä�@
%�>(Sugata et al., 2012)�HBZZ}gMȍ� HTLV-1*<?´ƨǟȸć*
ĥ�Ċ��%	?�'Cƺæ�?� 
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� 6�ŤƸǀ&, HBZ Z}gMȍ�ǍǞ÷ŽC¦ȝ�?'·*ǍǞŻCȄƭ
�?'	
ǑūC���HBZ � OncomiR '�%ƶ=@? microRNA-17 '
microRNA-21+ƭƝC�ȝ�?�'&�ǍǞ÷Ž+�ȝ'':*Pdq+�ā
ĄĴCģ�ȏ��'	
ôä��>(Vernin et al., 2014)�HBZ Z}gMȍ�
ǍǞŻCȄĎ�%	?ÝǟĴ:ƺæ�@?��DÔȣ�þ'�%ƶ=@? E2F1�
c-Myc ,ǍǞ÷ŽC¦��Ŕ�DNA [r�T+Ȅƭ;�p53�p73 +ƈĴ�ƭ
ƝC�ȝ�?�'&ǍǞŻCȄĎ�?�'�ôä�@%�>(Hoffman and 
Liebermann, 2008; Stanelle and Putzer, 2006)��@,ƧĚ)�DÔȣ�þ+
ƈĴÍ*<?ƭ�DCȱ�ŷŴ 'Ǜ�=@%	?��Ä+ôä&�+HTLV-1
Ƣŧ+ RNA*ƀ3�HBZ RNA,Ů¸*'(6>;�	ĴȍCņ"%	?�'
�ř=
')"%�>(Rende et al., 2011)��+Ɲȋ, HBZZ}gMȍ2+ǚ
ȀC�ȥȲć��HBZZ}gMȍ*<?ǍǞſĴ�»*��)"%	?ÝǟĴ
Cƺæ�?� 
 
� Survivin ,ǍǞŻCŀÂ�?êþ'�%ƶ=@%�>�ǝ�D�Ʋǣ�D�
Ǧǧ�D)(+ŵ�)�D&ƭƝ��Ř�%	?�'�ƶ=@%�>

(Hernandez et al., 2011; Kami et al., 2004; Kapellos et al., 2013; Ryan et al., 
2006)��6�6)�D&ȩǶĴ�ôä�@%	?�6� HTLV-1 �ù*:
KSHV *Q�a�@?ȣ�þ&�? Latency-associated nuclear antigen �
survivin +l{s�Z�ƈĴC�ȝ�?�'&ƭƝC�Ř��?�':ôä�
@%�>(Lu et al., 2009)�survivin, HTLV-1Câ9��DIHyU+ŶƯȣ
�þ*)"%	?�'Cƺæ�?�ŤƸǀ&, survivinȲćÅ'�%ƶ=@?
YM155 � ATL ǍǞŭ+÷ŽCĥÈ*ŀÂ�?�'Cř=
*���ŤƸǀ&
Ơ	� ED�TL-Om1 ǍǞ, Tax CƭƝ�)	ǍǞŭ*:ȯB=� YM155 *
č�%ĥ	ĹÛĴCņ#�'
=HBZ RNA*<? survivin+ƭƝ�ȝ�ATL
ƭƫ*ȩǶ).'#+êþ&�?�'�ƺæ�@�6� YM155Câ8 survivin
ȲćÅ�œǸ+ ATL*č�?¼þŶƯƬƅ')>
?ÝǟĴCƺ�%	?� 
 
� HBZ RNA�survivinl{s�Z�ƈĴC�Ř��?�'Cř=
*����
ŤƸǀ&,HBZ RNA�(+<
*�%survivin l{s�Z�ƈĴC�Ř��
?
��+ȂǍ)rKcVq,Ǻř�?*,Ǩ=)
"��survivin +ƭƝ*
,	�#
+ RNAǑßZ}gMȍ(ILF-3, p54nrb, TLS)�ȯ��%	?�'�
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ôä�@%	?(Du et al., 2011; Yamauchi et al., 2012)��HBZ RNA,�@
=+Z}gMȍ+d]M[I}��Ŧ��&: survivinl{s�Z�ƈĴC�
Ř��?�'
=��@=+êþȾ¥ÿƯ*°	%	?�'�¼
?��DǍ

Ǟ*��? survivin+ȑ¹ÂĮ*,6 �ř)Ɩ�ú��?'�Ķ�@��ī
+Ƹǀ�šĪ�@?�
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Ǆèǂ� ąɇťŒ'Ŕƅ  

 
4-1. oIU'ǍǞŭ  
� C57BL/6JoIU, CLEA� Japan
=Ȏµ��� U2OSǍǞ, 10% fetal 
bovine serum (FBS)Câ8 DMEM òï&òɆ���293FT ǍǞ, Life 
Technologiesƻ
=Ȏµ��10% FBS, G418 (ǎƔĠ 500�g/mL)ÿî�&ò
Ɇ��� z`{IHyUg]O�T}NǍǞ&�? Platinum-E ǍǞ, 10% 
FBS,  Blastcidin (ǎƔĠ 10�g/mL), puromycin (ǎƔĠ 1�g/mL)ÿî�&
òɆ��� TǍǞŭ&�?MT-2, MT-4, TL-Om1, ED, Jurkat, Molt4ǍǞ, 
10% FBSCâ8 RPMI-1640òï&òɆ���Kit225ǍǞŭ*Q}`{�ym
MZ� (pME18S neo)�:��, HBZ, TTGƭƝmMZ�CĄĚƭƝ���ŭ
(Kit225-ctrl, Kit225-HBZ, Kit225-TTG), 10% FBS, G418 (ǎƔĠ 500�
g/mL), xQ}ib}` IL-2 (ǎƔĠ 50U/mL)Câ8RPMI-1640òï&òɆ�
��¶%+ǍǞ, 37�, 5%CO2ÿî�&òɆ��� 
 
4-2. lwUpa  
� Survivin �+l{s�Z�,ǲ 4-1 *ƺ��lwHo�CƠ	%÷ě�:�
�,øƧCĎµ��Luciferease vector&�? pGL4.10mMZ�*Ďµ���
TTG,SM (silent mutant) ,SM1, SM2, SM3Q}U`wM`,�Ä+Ȉő&£Ơ
�@�:+CƠ	�(Satou et al., 2006)�TTG-SM1-3, SM:��, SM1-3
Q}U`wM`+UZ�`Qa}&�? ATG C TTG *Ǘ�Ō���

TTG-SM1.1-1.4 , TTG +Q�_G}NɄñ+�@�@+ȥ¼(TTG-SM1.1: 
1-50bp, 1.2: 51-100bp, 1.3: 101-150bp, 1.4: 151-207bp)C silent mutantion*
Ǘ�Ō��øƧ &�?��@�@+Q}U`wM`,z`{IHyUmMZ

�&�? pMX-IG�:��, pGCsamINmMZ�*Ďµ��� 
 
4-3. IHyUĹŬ  
Platinum-E ǍǞ*Þz`{IHyUmMZ�C Lipofectamin LTX (Life 
Technologies)CƠ	%Ďµ��48ŚȮī*IHyUCâ8�ƎCéÙ��� 
oIU CD4ȶĴ TǍǞ, CD4 enrichment kit (BD Pharmingen)CƠ	%oI
Uǡǧ
=Òȼ���6�ǡǧǍǞ
= TǍǞCȴ� 20Gy+ XǕ&�ƈĴÍ
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��ǍǞCłÔŋƺǍǞ'��ł CD3ł (ǎƔĠ 0.5�g/mL)'·*Òȼ��
CD4ȶĴ TǍǞCòɆ���24ŚȮòɆ��ī�IHyUƋ' polybrene (ǎ
ƔĠ 4mg/mL)CÉ��ĆƐ& 1ŚȮ�1000g*%ȢıŎ¢Cǰ"�� 
 
4-4. GFP competition assay 
oIU CD4ȶĴ TǍǞ*IHyUCĹŬ�� 48ŚȮī�ǍǞ+�ȥCéÙ�
ƞǍǞ�+ GFPȶĴƜC FACS Verse(BD Pharmingen)*%ƑĄ��(Day0)�
ż>+ǍǞC PBS(-)&ƇƊ��IL-2 (ǎƔĠ 50U/mL)Câ8 RPMI-1640òï
&òɆ���òɆ
= 48ŚȮī*�Ð¼+ǍǞCǒ��ś* 48ŚȮī* GFP
ȶĴƜCƑĄ��(Day4)� 
 
4-5. BrdU Ú>ȕ7ąɇ  
oIU CD4ȶĴ TǍǞ* pGCsamINmMZ�CƠ	%Ɵƞ���IHyUC
ĹŬ�� 48ŚȮī�ǍǞCéÙ� FITC BrdU Flow Kit (BD Pharmingen)C
ÁƠ��IHyUĹŬǍǞ&+ BrdU Ú>ȕ7ǟC FACS Verse(BD 
Pharmingen)*%ƑĄ��� 
 
4-6. Annexin V/7-AAD Ŭǩ  
z`{IHyUĹŬ
= 48ŚȮī�ǍǞCéÙ�IHyUĹŬǍǞ�+ŻǍǞ
C Annexin V (Biolengend)� 7-AAD (BD Pharmingen)CƠ	%ƑĄ���6
�IHyUĹŬ
= 48 ŚȮī�ǍǞC PBS(-)&Ƈ	�IL-2 Câ8òï&�=
* 48ŚȮòɆ��ŻǍǞ+ÇßCàŵ+Ŕƅ&ƑĄ��� 
 
4-7. oHM{FzHǺŪ  
z`{IHyUĹŬ
= 48ŚȮòɆī�ǍǞC PBS(-)&ƇƊ� IL-2Câ8œ
�	r_GIq&�=* 48 ŚȮòɆ���CD4 ȶĴ GFP ȶĴǍǞC FACS 
Aria2 (BD Pharmingen)*%Òȼ� RNAC RNeasy Mini Kit (QIAGEN)CƠ
	%ń»���Cy3&wmy�� cRNA+ßļ�\]l2+eHkx[HX�
Sv}, Low Input Quick Amp WT Labeling Kit (Agilent)+l{`QyCÕ
Ƙ�ǰ"��oHM{FzHƤ±CÚ>ȕ7�ƭƝ_�ZC GeneSpring GX 
(Agilent Technologies)�gUIJHǺŪC Ingenuity Pathway Analysis 
(Ingenuity Systems)CƠ	%ǺŪ��� 
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4-8. ySjJz�UF]WH  
U2OSǍǞC 24well plate* 1IJy��> 4000ǍǞCōƾ��24ŚȮī*
ÞIJy��>* Firefly reporter vector C 100ng, ƭƝmMZ�C 400ng, 
Renilla reporter vectorC 10ngC Transit (Mirus Bio)CƠ	%Ďµ���Þm
MZ�Ďµ
= 24ŚȮī�ǍǞCéÙ��Passive Lysis BufferCƠ	%ƒǺ
��Dual-Luciferase Reporter Assay System (Promega)+l{`Qy*Ĭ	�
ReporterƈĴCƑĄ���Firefly luciferase+¬C Renilla luciferase&ǳź
��¬C Luciferase acitivity'��� 
 
4-9. Immunoblotting ǺŪ  
293FT ǍǞ* HBZ :��,�+øƧ CƭƝ�? pMX-IG mMZ�C

Lipofectamin 2000 (Life Technologies)CƠ	%Ďµ���mMZ�Ďµ
= 48
ŚȮī�ǍǞCéÙ� RIPA Buffer (50mM Tris-HCl pH8.0, 1% Triton X-100, 
100mM NaCl, 0.5% Nonidet P-40, protease inhibitor)*%ǍǞCƒǺ��Ȣı
¼ȼ��ƎCéÙ����ƎCR}lyf]jE�'·* Boil� 5%-20%lz
LtU`Py&Z}gMȍC¼ȼ��WpawHƅ& PVDFr}kz}*Z}
gMȍCȑ¹��� 
 
4-10. RNA +ƭƝǺŪ  
Total RNA C Trizol (Life Techinologies)�:��, RNeasy mini kit 
(QIAGEN)CƠ	%�đl{`Qy*Ĭ"%ń»���1�g + RNA C Rever 
Tra Ace (TOYOBO)CƠ	%șȑ¹� cDNA Cßļ���ĄȫĴ PCR ,
FastStart Universal SYBR Green Master Mix (Roche)CƠ	�StepOnePlus 
Real-Time PCR System (Applied Biosystems)*% RNA+ƭƝȫCĄȫ���
£Ơ��lwHo�,ǲ 4-2*ƺ�� 
 
4-11. MTT F]WH  
ǍǞ+ƞÿĴ, 3-(4,5-dimethylthiazol-2yl)-2,5-dephenyltetrazolium bromide 
(MTT)CƠ	%ƑĄ��� ÞǍǞC 96IJylz�`+ÞIJy* 2000ǍǞ
/200�L �#ōƾ��ÞƔĠ+ YM155 CÉ���48 ŚȮòɆ��ī�20�L
+MTTƒǺƋCÉ��37�H}Lum�Z�& 2ŚȮH}Lum�`��Lysis 
Buffer (4% Triton X-100, 0.14% HCl in 2-propanol)*%ǍǞCƒǺ���
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595nm & + ã ³ Ġ , TriSter LB 941 multimode microplate 
reder(BERTHOLD TECHNOLOGIES Gmbh & Co. KG, Germany)*%ƑĄ�
��IC50, YM155ŢƍÉ+ǍǞ*ƀ3ƞÿĴ� 50%*)?<
) YM155+
ƔĠCƺ�� 
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� ±ª®«¤ İĺĶļĥļćĝĺļĩĻĞé/s6�Ćoíþİķęĳļ¤

Promoter cloning 

 
Forward (5' to 3') Reverse (5' to 3') 

Survivin cgcaCTCGAGtggtgcgtccttggtctgtg cgcaAGATCTggtcccgcgattcaaatctg 

Survivin Δ1 cgcaCTCGAGgagttttgctcttgttgcct  

Survivin Δ2 cgcaCTCGAGgcctgcacgcgttctttgaa  

Survivin Δ3 cgcaCTCGAGcccgcgccgccccgcctcta  

Survivin Δ4 cgcaCTCGAGcgtgcgctcccgacatgccc  

TOP2A cgcaCTCGAGtatctcttgaggtggcctcg cgcaAGATCTgacggtcgtgaaggggctca 

AURKB AGATCTaaagaaggaagtgtggcaggaagga AGATCTccttagagagaaagggggaggagag 

BUB1B AGATCTagccctgaatccactatccccagtg AGATCTgtcctgctgcaggcctttcctctggg 

CCNA2 gcagaaatagtgatgccatcttag catgAGATCTcactgctcccgggagtggac 

CCNB2 AGATCTggtattaacttgcatttcttcgatg AGATCTgagggacggggaaggcaagagtgcc 

RRM2 catgCTCGAGtaacagccctgagcgcagct catgAGATCTagtggaggcgcagcgaagca 

MCM5 cgcaCTCGAGatgggcacctggacccaatc cgcaAGATCTgacaagaacctccacgctca 

CENPH cgcaCTCGAGcactcactacacagctaaga cgcaAGATCTtgctggttgaggggaaaggc 

 
mutagenesis in  

Survivin promoter 

 

Forward (5' to 3') Reverse (5' to 3') 

p53 del gcctaagacgcggcgcgccattaacc cgccgcgtcttaggcggtccacccc 

cde/chr del ccattaaccgcgggaccagatctggc tcccgcggttaatggcgcgccgcgg 

sp1/del gggggtgagagggcgtgcgctcccg cgccctctcaccccccgcggccttct 

sp1/del-2 ggggtgagcccgacatgccccgcggc tgtcgggctcaccccccgcggcctt 

                                                     *Capital letters indicate restriction enzyme site 
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� ±ª¯«¤Á»Ñ¤ÊÇº ćX�éÊ×ÓÛ¤ÌÚÜ×¤É¼Ê Ćoíþİķęĳļ¤

HBZ RNA detection  Forward (5' to 3') Reverse (5' to 3') 

HBZ agggctgtttcgatgcttgc ctgccgatcacgatgcgttt 

GAPDH ctggcgtcttcaccaccatgg atcacgccacagtttcccgg 

 

Real time PCR in  

human samples 

  

Forward (5' to 3') Reverse (5' to 3') 

Survivin tcaaggaccaccgcatctct ccagctccttgaagcagaag 

CCNA2 cgctggcggtactgaagtc gaggaacggtgacatgctcat 

CENPH ttggacagtatggaaaactcagag catgtcaacattcttctcaagctg 

MCM5 agcattcgtagcctgaagtcg cggcactggatagagatgcg 

BUB1B aaatgaccctctggatgtttgg gcataaacgccctaatttaagcc 

ACTB ccaactgggacgacatggag gaaggtctcaaacatgatctg 

HBZ atggcggcctcagggctgtt tggagggccccgtcgcag 

 

Real time PCR in 

mouse samples  

 

Forward (5' to 3') Reverse (5' to 3') 

Cenph ttgcacttcgggataacatgg ctgacatcaagcagctttttctc 

Rrm2 tggctgacaaggagaacacg aggcgctttactttccagctc 

Rad51 aagttttggtccacagcctattt cggtgcataagcaacagcc 

Mcm5 cagaggcgattcaaggagttc cgatccagtattcacccaggt 

AurkB cagaaggagaacgcctaccc gagagcaagcgcagatgtc 

Survivin ctaccgagaacgagcctgatt agccttccaattccttaaagcag 
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Supplementary 

Figure 5 
 Sense (5' to 3') Antisense (5' to 3') 

negative control  cggcugcaaucgauugauagc aagccgacguuagcuaacuau 

ILF3  gcggauccgacuacaacuacg cccgccuaggcugauguugau 

TLS #1 cggacauggccucaaacgauu ucguuugaggccauguccgcg 

 #2 uuccaauuccugaucacccaa gggugaucaggaauuggaagg 

 #3 gacuauguaauuguaacuaua uaguuacaauuacauaguccg 

 



 41 

ÕǛőƛ 
 
Altieri, D.C. (2008). Survivin, cancer networks and pathway-directed drug 
discovery. Nature reviews Cancer 8, 61-70. 
 
Basbous, J., Arpin, C., Gaudray, G., Piechaczyk, M., Devaux, C., and 
Mesnard, J.M. (2003). The HBZ factor of human T-cell leukemia virus type I 
dimerizes with transcription factors JunB and c-Jun and modulates their 
transcriptional activity. The Journal of biological chemistry 278, 
43620-43627. 
 
Candeias, M.M., Malbert-Colas, L., Powell, D.J., Daskalogianni, C., Maslon, 
M.M., Naski, N., Bourougaa, K., Calvo, F., and Fahraeus, R. (2008). P53 
mRNA controls p53 activity by managing Mdm2 functions. Nature cell 
biology 10, 1098-1105. 
 
Che, X.F., Zheng, C.L., Owatari, S., Mutoh, M., Gotanda, T., Jeung, H.C., 
Furukawa, T., Ikeda, R., Yamamoto, M., Haraguchi, M., et al. (2006). 
Overexpression of survivin in primary ATL cells and sodium arsenite 
induces apoptosis by down-regulating survivin expression in ATL cell lines. 
Blood 107, 4880-4887. 
 
Cheng, S.M., Chang, Y.C., Liu, C.Y., Lee, J.Y., Chan, H.H., Kuo, C.W., Lin, 
K.Y., Tsai, S.L., Chen, S.H., Li, C.F., et al. (2014). YM155 down-regulates 
survivin and XIAP, modulates autophagy and induces autophagy-dependent 
DNA damage in breast cancer cells. British journal of pharmacology. 
 
Du, K., Arai, S., Kawamura, T., Matsushita, A., and Kurokawa, R. (2011). 
TLS and PRMT1 synergistically coactivate transcription at the survivin 
promoter through TLS arginine methylation. Biochemical and biophysical 
research communications 404, 991-996. 
 



 42 

Gajjar, M., Candeias, M.M., Malbert-Colas, L., Mazars, A., Fujita, J., 
Olivares-Illana, V., and Fahraeus, R. (2012). The p53 mRNA-Mdm2 
interaction controls Mdm2 nuclear trafficking and is required for p53 
activation following DNA damage. Cancer cell 21, 25-35. 
 
Gaudray, G., Gachon, F., Basbous, J., Biard-Piechaczyk, M., Devaux, C., and 
Mesnard, J.M. (2002). The Complementary Strand of the Human T-Cell 
Leukemia Virus Type 1 RNA Genome Encodes a bZIP Transcription Factor 
That Down-Regulates Viral Transcription. Journal of virology 76, 
12813-12822. 
 
Geisler, S., and Coller, J. (2013). RNA in unexpected places: long non-coding 
RNA functions in diverse cellular contexts. Nature reviews Molecular cell 
biology 14, 699-712. 
 
Gessain, A., Barin, F., Vernant, J.C., Gout, O., Maurs, L., Calender, A., and 
de The, G. (1985). Antibodies to human T-lymphotropic virus type-I in 
patients with tropical spastic paraparesis. Lancet (London, England) 2, 
407-410. 
 
Grossman, W.J., Kimata, J.T., Wong, F.H., Zutter, M., Ley, T.J., and Ratner, 
L. (1995). Development of leukemia in mice transgenic for the tax gene of 
human T-cell leukemia virus type I. Proceedings of the National Academy of 
Sciences of the United States of America 92, 1057-1061. 
 
Hernandez, J.M., Farma, J.M., Coppola, D., Hakam, A., Fulp, W.J., Chen, 
D.T., Siegel, E.M., Yeatman, T.J., and Shibata, D. (2011). Expression of the 
antiapoptotic protein survivin in colon cancer. Clinical colorectal cancer 10, 
188-193. 
 
Hinuma, Y., Nagata, K., Hanaoka, M., Nakai, M., Matsumoto, T., Kinoshita, 
K.I., Shirakawa, S., and Miyoshi, I. (1981). Adult T-cell leukemia: antigen in 
an ATL cell line and detection of antibodies to the antigen in human sera. 



 43 

Proceedings of the National Academy of Sciences of the United States of 
America 78, 6476-6480. 
 
Hoffman, B., and Liebermann, D.A. (2008). Apoptotic signaling by c-MYC. 
Oncogene 27, 6462-6472. 
 
Hoffman, W.H., Biade, S., Zilfou, J.T., Chen, J., and Murphy, M. (2002). 
Transcriptional repression of the anti-apoptotic survivin gene by wild type 
p53. The Journal of biological chemistry 277, 3247-3257. 
 
Igakura, T., Stinchcombe, J.C., Goon, P.K., Taylor, G.P., Weber, J.N., 
Griffiths, G.M., Tanaka, Y., Osame, M., and Bangham, C.R. (2003). Spread of 
HTLV-I between lymphocytes by virus-induced polarization of the 
cytoskeleton. Science 299, 1713-1716. 
 
Iwakiri, D. (2014). Epstein-Barr Virus-Encoded RNAs: Key Molecules in 
Viral Pathogenesis. Cancers 6, 1615-1630. 
 
Jeang, K.T., Chiu, R., Santos, E., and Kim, S.J. (1991). Induction of the 
HTLV-I LTR by Jun occurs through the Tax-responsive 21-bp elements. 
Virology 181, 218-227. 
 
Kami, K., Doi, R., Koizumi, M., Toyoda, E., Mori, T., Ito, D., Fujimoto, K., 
Wada, M., Miyatake, S., and Imamura, M. (2004). Survivin expression is a 
prognostic marker in pancreatic cancer patients. Surgery 136, 443-448. 
 
Kamihira, S., Yamada, Y., Hirakata, Y., Tomonaga, M., Sugahara, K., 
Hayashi, T., Dateki, N., Harasawa, H., and Nakayama, K. (2001). Aberrant 
expression of caspase cascade regulatory genes in adult T-cell leukaemia: 
survivin is an important determinant for prognosis. British journal of 
haematology 114, 63-69. 
 
Kapellos, G., Polonifi, K., Farmakis, D., Spartalis, E., Tomos, P., Aessopos, A., 



 44 

Polizos, A., and Mantzourani, M. (2013). Overexpression of survivin levels in 
circulation and tissue samples of lung cancer patients. Anticancer research 
33, 3475-3480. 
 
Kumar, M.S., Armenteros-Monterroso, E., East, P., Chakravorty, P., 
Matthews, N., Winslow, M.M., and Downward, J. (2014). HMGA2 functions 
as a competing endogenous RNA to promote lung cancer progression. Nature 
505, 212-217. 
 
Lemasson, I., Thebault, S., Sardet, C., Devaux, C., and Mesnard, J.M. (1998). 
Activation of E2F-mediated transcription by human T-cell leukemia virus 
type I Tax protein in a p16(INK4A)-negative T-cell line. The Journal of 
biological chemistry 273, 23598-23604. 
 
Li, F., and Altieri, D.C. (1999). Transcriptional analysis of human survivin 
gene expression. The Biochemical journal 344 Pt 2, 305-311. 
 
Lu, J., Verma, S.C., Murakami, M., Cai, Q., Kumar, P., Xiao, B., and 
Robertson, E.S. (2009). Latency-associated nuclear antigen of Kaposi's 
sarcoma-associated herpesvirus (KSHV) upregulates survivin expression in 
KSHV-Associated B-lymphoma cells and contributes to their proliferation. 
Journal of virology 83, 7129-7141. 
 
Masuda, K., Teshima-Kondo, S., Mukaijo, M., Yamagishi, N., Nishikawa, Y., 
Nishida, K., Kawai, T., and Rokutan, K. (2008). A novel tumor-promoting 
function residing in the 5' non-coding region of vascular endothelial growth 
factor mRNA. PLoS medicine 5, e94. 
 
Matsuoka, M., and Jeang, K.T. (2007). Human T-cell leukaemia virus type 1 
(HTLV-1) infectivity and cellular transformation. Nature reviews Cancer 7, 
270-280. 
 
Miyazaki, M., Yasunaga, J., Taniguchi, Y., Tamiya, S., Nakahata, T., and 



 45 

Matsuoka, M. (2007). Preferential selection of human T-cell leukemia virus 
type 1 provirus lacking the 5' long terminal repeat during oncogenesis. 
Journal of virology 81, 5714-5723. 
 
Nakahara, T., Kita, A., Yamanaka, K., Mori, M., Amino, N., Takeuchi, M., 
Tominaga, F., Hatakeyama, S., Kinoyama, I., Matsuhisa, A., et al. (2007). 
YM155, a novel small-molecule survivin suppressant, induces regression of 
established human hormone-refractory prostate tumor xenografts. Cancer 
research 67, 8014-8021. 
 
Nakamura, N., Yamauchi, T., Hiramoto, M., Yuri, M., Naito, M., Takeuchi, 
M., Yamanaka, K., Kita, A., Nakahara, T., Kinoyama, I., et al. (2012). 
Interleukin enhancer-binding factor 3/NF110 is a target of YM155, a 
suppressant of survivin. Molecular & cellular proteomics : MCP 11, M111 
013243. 
 
Osame, M., Usuku, K., Izumo, S., Ijichi, N., Amitani, H., Igata, A., 
Matsumoto, M., and Tara, M. (1986). HTLV-I associated myelopathy, a new 
clinical entity. Lancet (London, England) 1, 1031-1032. 
 
Ouellet, D.L., and Provost, P. (2010). Current knowledge of MicroRNAs and 
noncoding RNAs in virus-infected cells. Methods in molecular biology 623, 
35-65. 
 
Poiesz, B.J., Ruscetti, F.W., Gazdar, A.F., Bunn, P.A., Minna, J.D., and Gallo, 
R.C. (1980). Detection and isolation of type C retrovirus particles from fresh 
and cultured lymphocytes of a patient with cutaneous T-cell lymphoma. 
Proceedings of the National Academy of Sciences of the United States of 
America 77, 7415-7419. 
 
Rende, F., Cavallari, I., Corradin, A., Silic-Benussi, M., Toulza, F., Toffolo, 
G.M., Tanaka, Y., Jacobson, S., Taylor, G.P., D'Agostino, D.M., et al. (2011). 
Kinetics and intracellular compartmentalization of HTLV-1 gene expression: 



 46 

nuclear retention of HBZ mRNAs. Blood 117, 4855-4859. 
 
Ryan, B.M., Konecny, G.E., Kahlert, S., Wang, H.J., Untch, M., Meng, G., 
Pegram, M.D., Podratz, K.C., Crown, J., Slamon, D.J., et al. (2006). Survivin 
expression in breast cancer predicts clinical outcome and is associated with 
HER2, VEGF, urokinase plasminogen activator and PAI-1. Annals of 
oncology : official journal of the European Society for Medical Oncology / 
ESMO 17, 597-604. 
 
Samanta, M., Iwakiri, D., and Takada, K. (2008). Epstein-Barr 
virus-encoded small RNA induces IL-10 through RIG-I-mediated IRF-3 
signaling. Oncogene 27, 4150-4160. 
 
Satou, Y., Yasunaga, J., Yoshida, M., and Matsuoka, M. (2006). HTLV-I 
basic leucine zipper factor gene mRNA supports proliferation of adult T cell 
leukemia cells. Proceedings of the National Academy of Sciences of the 
United States of America 103, 720-725. 
 
Satou, Y., Yasunaga, J., Zhao, T., Yoshida, M., Miyazato, P., Takai, K., 
Shimizu, K., Ohshima, K., Green, P.L., Ohkura, N., et al. (2011). HTLV-1 
bZIP factor induces T-cell lymphoma and systemic inflammation in vivo. 
PLoS pathogens 7, e1001274. 
 
Shi, J., Whyte, W.A., Zepeda-Mendoza, C.J., Milazzo, J.P., Shen, C., Roe, J.S., 
Minder, J.L., Mercan, F., Wang, E., Eckersley-Maslin, M.A., et al. (2013). 
Role of SWI/SNF in acute leukemia maintenance and enhancer-mediated 
Myc regulation. Genes & development 27, 2648-2662. 
 
Spizzo, R., Almeida, M.I., Colombatti, A., and Calin, G.A. (2012). Long 
non-coding RNAs and cancer: a new frontier of translational research? 
Oncogene 31, 4577-4587. 
 
Stanelle, J., and Putzer, B.M. (2006). E2F1-induced apoptosis: turning 



 47 

killers into therapeutics. Trends in molecular medicine 12, 177-185. 
 
Sugata, K., Satou, Y., Yasunaga, J., Hara, H., Ohshima, K., Utsunomiya, A., 
Mitsuyama, M., and Matsuoka, M. (2012). HTLV-1 bZIP factor impairs 
cell-mediated immunity by suppressing production of Th1 cytokines. Blood 
119, 434-444. 
 
Sun, S.C., Elwood, J., Beraud, C., and Greene, W.C. (1994). Human T-cell 
leukemia virus type I Tax activation of NF-kappa B/Rel involves 
phosphorylation and degradation of I kappa B alpha and RelA 
(p65)-mediated induction of the c-rel gene. Molecular and cellular biology 14, 
7377-7384. 
 
Takeda, S., Maeda, M., Morikawa, S., Taniguchi, Y., Yasunaga, J., Nosaka, 
K., Tanaka, Y., and Matsuoka, M. (2004). Genetic and epigenetic 
inactivation of tax gene in adult T-cell leukemia cells. International journal 
of cancer Journal international du cancer 109, 559-567. 
 
Tamiya, S., Matsuoka, M., Etoh, K., Watanabe, T., Kamihira, S., Yamaguchi, 
K., and Takatsuki, K. (1996). Two types of defective human T-lymphotropic 
virus type I provirus in adult T-cell leukemia. Blood 88, 3065-3073. 
 
Vernin, C., Thenoz, M., Pinatel, C., Gessain, A., Gout, O., Delfau-Larue, 
M.H., Nazaret, N., Legras-Lachuer, C., Wattel, E., and Mortreux, F. (2014). 
HTLV-1 bZIP factor HBZ promotes cell proliferation and genetic instability 
by activating OncomiRs. Cancer research 74, 6082-6093. 
 
Wang, K.C., and Chang, H.Y. (2011). Molecular mechanisms of long 
noncoding RNAs. Molecular cell 43, 904-914. 
 
Watanabe, T. (2011). Current status of HTLV-1 infection. International 
journal of hematology 94, 430-434. 
 



 48 

Wolfe, A.L., Singh, K., Zhong, Y., Drewe, P., Rajasekhar, V.K., Sanghvi, V.R., 
Mavrakis, K.J., Jiang, M., Roderick, J.E., Van der Meulen, J., et al. (2014). 
RNA G-quadruplexes cause eIF4A-dependent oncogene translation in cancer. 
Nature 513, 65-70. 
 
Yamauchi, T., Nakamura, N., Hiramoto, M., Yuri, M., Yokota, H., Naitou, M., 
Takeuchi, M., Yamanaka, K., Kita, A., Nakahara, T., et al. (2012). 
Sepantronium bromide (YM155) induces disruption of the ILF3/p54(nrb) 
complex, which is required for survivin expression. Biochemical and 
biophysical research communications 425, 711-716. 
 
Yoshida, M., Satou, Y., Yasunaga, J., Fujisawa, J., and Matsuoka, M. (2008). 
Transcriptional control of spliced and unspliced human T-cell leukemia virus 
type 1 bZIP factor (HBZ) gene. Journal of virology 82, 9359-9368. 
 
Zhao, T., Satou, Y., Sugata, K., Miyazato, P., Green, P.L., Imamura, T., and 
Matsuoka, M. (2011). HTLV-1 bZIP factor enhances TGF-beta signaling 
through p300 coactivator. Blood 118, 1865-1876. 
 
Zhao, T., Yasunaga, J., Satou, Y., Nakao, M., Takahashi, M., Fujii, M., and 
Matsuoka, M. (2009). Human T-cell leukemia virus type 1 bZIP factor 
selectively suppresses the classical pathway of NF-kappaB. Blood 113, 
2755-2764. 
 
Zuber, J., Shi, J., Wang, E., Rappaport, A.R., Herrmann, H., Sison, E.A., 
Magoon, D., Qi, J., Blatt, K., Wunderlich, M., et al. (2011). RNAi screen 
identifies Brd4 as a therapeutic target in acute myeloid leukaemia. Nature 
478, 524-528. 
 
 



 49 

ȊȔ 
� ŤƸǀ,��ȦûĀ�IHyUƸǀľ�IHyUÂĮƸǀɄñ+ũēȺȹŏň

+:'&ǰB@6���ı<>ƌ�ĹȊƣ���6�� 
� ŤƸǀCȞǰ�?*��>ąɇĿƅ)(�Č*�ŇĎ	� �6���Ȧû

Ā�IHyUƸǀľ�IHyUÂĮƸǀɄñ+āƁǋ�şȉę*�6�ȈőŁƿ

*��>ąɇ+ǳÊC�%ɀ	�ÜơŰĸ�D*ƌ�ĹȊƣ���6�� 
� 6�Šȭçțŏň(�ȦûĀƞåƼĀƸǀƼ)*,�ŇĎŏă�ǁǪȆŏň(İ
ĔûĀƩĵȨǌĀƸǀW}Z�)�ǇĒ³§ŏň(ÏǭûĀƴǬÎĀƸǀW}Z
�)�íŔȆºŏň(�ȦûĀIHyUƸǀľ)�ÉǮÓėºŏň(�ȦûĀIHy
UƸǀľ)*,ÆŇĎŏă'�%ŵ�)�ÊǼCɀ�6��� 
� ŝī*ŤƸǀ�ǰB@6���ȦûĀIHyUƸǀľ�ƞåƼĀƸǀƼ&»

�"�²ƞŔ�²ȓ�Ā×�īȓ*ı
=ĹȊƣ���6�� 
 
ŤĀ�Ȉő,��+ĀǱȈő+¸Ĉ*ó$	%Ŝ
@�:+&�?� 
 
Yuichi Mitobe, Jun-ichirou Yasunaga, Rie Furuta, Masao Matsuoka 
 
HTLV-1 bZIP Factor RNA and Protein Impart Distinct Functions on T-Cell 
Proliferation and Survival 
 
Cancer Research. 2015 Oct 1;75(19):4143-52. 
doi: 10.1158/0008-5472.CAN-15-0942. Epub 2015 Sep 17. 


