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1. 緒言 

� ƧŇɻ*̆�ȵǱȴ(˓ȝ�#�;��Űǈģ)Ǳȴ$*Ś(ǢŚɳɾ-)

â±ȧ�Ƅŷ�<�ƧŇɻǱȴŮ)ōƈÒȶ5ŋ'
9�ˆ49<;��9(�

ȵ)ɕ̧(8:ƧŇɻſüŹ*ǚ�$�:�ƧŇɻ(8;ǱȴéǍ�ǂŭ$�

'�ɕ̧)ȵ5Ʉ9<#�;��)�4�ƧŇɻ)ȥșĺȹŶɡ%șȢȹɻ˿

×ŗ?ʆƂ��Ǳȴ)˗ȹƦĖ�ǭ49<#�;̳1, 2 �̴ 

� �)8�'țǳ�$ƧŇɻǱȴ)ǱȴǚŤ)Ʀʞ5˫49<#�;�ƧŇɻ

˿)ʾɣ(ħ"�#�ĂƱĆ
9�ǡÈȹ(ȕŇ�×�;�%$�ǛȹɳɾȚ

ȯȹ'ȕŇ?ÿʏ(�;�ǡÈõ¯ȕŇ�ʭ><;8�(' ���)Ů��

9(ɫŃ'ȕŇ˾)ɻ˿ˉɤ?ÿʏ(�;�%$�ŧŢĮˉƧŇɻǱȴ̳ IMRT̴

�̈ȶ�<��IMRT*�Ǳȴʾȫ)ƾ˱ë?R�m~�\�UW`y(8;ɻ

˿˸×ʾɣ?ʭ��%$ľȠ�;��)UW`y*Ą�ȕŇ̇Ñ)ȕŇ˾?ʶ

ƫ)îȫ(×�#ɻ˿ŧŢ?Įë��;�%$�ǛȹȱĮ�̮ſüŹɳɾ?û

:ě3ĩă$5�̮ſüŹɳɾ-)ȕŇɻ˿)ƌÝ%ȱĮ˷-)̮ɻ˿)ƍ�

)�ɛ�ÿʏ$�;̳3 �̴ 

� 1��̐ĸɻ6ȑɯɻ'&)ɪĸɻ(*o�_Om�NȠˑ�Ʉ9<#�;�

�)Ƞˑ*�ɪĸɻ�ș˗(ÌŇ�;%ŋ��!Gg�M�?Ĵ�'�9˫2�

�Ľ)˧Ţ(1$ȃ˧�;%Ċě)ș˗%)ȍ��ɀ�±ȧ?̈Ķ�;�%(

˙ę�;���� #�ÌŇ̜$8:5ɀ�±ȧ?˙��ș˗Ñ˷$)Gg�

M�¢��ɀņȹ(ı��';ɻ˿×ŗ?ũƅ�;��<(8:ƧŇɻȕŇ$

ǢŚɳɾ-)ʱƽ?˵�#Ǳȴ?ʭ��%�ÿʏ%';��)8�'ɪĸɻ?
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Üȧ��ƧŇɻǱȴ*ǀé$�:�ǀŁ�ˑ5ŋ'�%Ĩĉ�<#�;̳ 4, 5 �̴ 

� �Ʊ�ƧŇɻ)șȢĺȹȚŹ6ȕŇǟė)Ʀʞ(8;ǱȴéȞ)Ć���$

'��ˢŝȶŎ�#��×ĸȥșĺȹ'Ʉˎ(ħ"�Ʀʞ5˄29<#�;�

�)8�'ʼǯǵ)�!%�#�ƧŇɻ˴¨ĸǱȴ%ċ+<;�ƧŇɻǱȴ%

˴¨ĸǱȴ%)ɳ2ă>�(8;Ǳȴǵ�ƜĒ�<#�;̳6 �̴ 

� ˴¨ĸǱȴ*�ȚĽ)˴¨ĸȰŻ?ȿƚǱȴ�;�4)Ʊǵ%�#ʆǔ�<�

ȶˮ�#���1990 ŝ( ADA ǠƟȲ)Ǳȴǵ%�#ɩĞ$*�4#ʚŠ˄̬

�ʭ><��)Ů5�1�1'ȰŻ(ņ�#İ�)ʚŠ˄̬�ʭ><#�;

̳7-10 �̴Ɔ�Ğ$5İ�)ʚŠ˄̬�ʭ><#	:��<1$Ǳȴ�Ě̖$�

 �ȱǫ(5ņŶ$�;8�('<+�ňǈ)ïȴ)�ʅ?ƒ�$�=�%ǂ

ŭ�<;� 

� ˦Ś�Ǳȴ(³ȧ�<;˴¨ĸ*�ED�W'&?ȩǈ%�;ŧå'p�{

�\�$ȶȠ�;�%(8:�)˴¨ĸȦș�ı˿(µɵ�<;��Ƌʮȹ'

Ĕ̥
9ȶȠ˿)˅ɱ'ˉɤ*ʭ><'��%�İ���<(8:��˛�#

�;ǢŚ'˴¨ĸȦș�Ⱦȹ)ɱʎ(µɵ�<;�%$��<1$('�Ǳȴ

éǍ?Ɋ�´5�;��
�'�9�ŉÌ�<�˴¨ĸ)ȶȠ�˭ã$�:�

�)Ȧș�ı˿(µɵ�<;�4�ĩă(8 #*â±ȧ?ť�˙��ÿʏŹ

5Ɣơ�<#�;̳11 �̴Ț(ȵ)˴¨ĸǱȴ(	�#*�ɱʎǣ?ť�˙��

Å�?Ɠ �\�jN˗)˴¨ĸ?Üȧ�;ĩă5�:̳12 �̴ȓɑš'Ǳȴ˴

¨ĸ)ı˿ȶȠ*ǢŚɳɾ-)ū̟5Ƅŷ�<;� 

� �)8�(�ƧŇɻǱȴ�˴¨ĸǱȴ)�ʇ%5(̆ƈ�Ʌƈ�Ɣơ�<#

�;��ƧŇɻ˴¨ĸǱȴ*��<9?ɳ2ă>�;�%$	��(ʴļ$�
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;)$*'�
%��Ɯǔ$�;�Ð¯ȹ(*�ƧŇɻſüŹ?½̩�;˴¨

ĸ?Üȧ�;Ʊǵ6�ƧŇɻ(8:Ǳȴ˴¨ĸ)ȶȠ?ˉɤ�;Ʊǵ'&�ƕ

�9<;�ʶƫ)Ʊǵ?ɳ2ă>�;�%(8:�Ǳȴ)Ƹ̉ȹ�ə̉ȹ'Ý

Ų�8:öŃ(':��9(*�Ǳȴ(ʷ�;ȕŇƧŇɻ˿	8,˴¨ĸƍ�

˿?ȃ�;�%(5!'�;%Ÿ><�â±ȧ)ŋ'��éǍȹ'Ǳȴ)Ɉɛ

�ǂŭ�<;� 

� �)8�'ʌƺ)5%�ƧŇɻ)Þȍ$ȶȠ?ÝŲ$�;˴¨ĸȶȠUW`

y?�œȹ(Ǚɦ�;�%�$�<+�ƧŇɻ˴¨ĸǱȴ(Üȧ$�;%ʆ�

��1��Ąǚ)Ʊǵ$�ƧŇɻ¥į)Þȍ(8:˴¨ĸȶȠ?ÝŲ$�;U

W`y)Ǚɦ�ÿʏ$�<+�8:İ�)Ǳȴ-Ŷȧ)ÿʏŹ�ǂŭ$�;%

ʆ��Ɇɘ(ɃƉ���ǅɆɘ$*�ƧŇɻ$ǹŹë�;˝Óęĸ)ɴă˸Ù

?ȧ��ƧŇɻ˴¨ĸǱȴȧ)�œp�{�\�?Ǚɦ���<?ʛǦ˴¨ĸ

)ȶȠÝŲ(ȧ�#ǱȴŶȧ)ÿʏŹ(!�#Ǘʿ��� 
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2. 本論 

2-1. 背景 

� ɱʎ*�ƧŇɻȕŇ(8;Þȍ?ü�#�Wb�WŶɡ˴¨ĸ6Úǂƅ̆Ŷ

ɡ˴¨ĸ'&)˴¨ĸ)ȶȠ?̈Ķ�;�%�Ʉ9<#�;��<9)˴¨ĸ

)p�{�\�*�ƧŇɻ(8;˴¨ĸȶȠÝŲ-)ÜȧÿʏŹ�Ɋ�<#�

;�´�+�Hallahan9*�Úǂƅ̆Ŷɡ˴¨ĸ)�!$�; egr-1˴¨ĸ)p

�{�\�?³ȧ�;�%$ʓȳĭǣęĸ̳ TNF )̴ȶȠ?ƧŇɻ$ÝŲ$�;

�%?Ɋ����9(�wEW(ɓǖ��ʓȳ(�)˴¨ĸJY_b?ŉÌ�

;�%$ƧŇɻ?ȕŇ�# TNF)ȶȠ?º��ƧŇɻǱȴ%˴¨ĸǱȴ)�Ʊ

)Ǳȴ)ɳ2ă>��ÿʏ$�;�%?Ɋ��̳13 �̴�
�'�9�ĲȔ)p

�{�\�(*ȥȢȹ'̌Ȭ��:�ǱȴŶȧ(Ć�#�'�ĩă5�;%Ÿ

><;���$�Ɏ��*�ƧŇɻÞȍ(Ŷɡ�#ǹŹë�;p�{�\�?

*�4%��˴¨ĸȶȠÝŲUW`y?Ǚɦ��ƧŇɻ˴¨ĸǱȴ-)Üȧ?

Ǘʿ��� 

� � �œȹ'p�{�\�)±ƅǵ6Ʀʞǵ(̊�;Ĩĉ*İ��Li9*�ɠɱ

ʎȚȯȹ'˝Óęĸ)ɴă˸Ù'&?ɳ2ă>��ɠɳɾ$̮�ǹŹ?Ɠ!p

�{�\�?̈ȶ��̳14 �̴Scott9)O��p*�egr-1˴¨ĸp�{�\�)

ÞȍŶɡ(̊��;˝Óęĸɴă˸Ù?ʶƫɴă��Ʀʞp�{�\���˾

ȥģ)egr-1˴¨ĸp�{�\�8:5ŶɡŹ�̮��%��)ɴă˸Ù̉)˜

̕*ƧŇɻŶɡŹ(�1:ū̟�'��%'&?ʹ����̳15,16 �̴Ɔ�5�

ıʔʢ�$p�{�\�ǹŹ)'�ď�êșɱʎQhyȩǈ)DNAƯȖ(��
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]y'Įȯ?ŉÌ�;�%$p�{�\�ǹŹ?¢�$�;�%̳17 �̴v_N

WED�W)p�{�\�ǹŹ?Ɋ�Ʌ�DNAƯȖ?ɳ2ă>�;�%$̮�

ǹŹ)5)�Ǚɦ$�;�%̳18 �̴/�êș)p�{�\�)ǟʏ?DNAU|

_n��O(8:Ʀʞ$�;�%̳19 �̴1��/�êș)˝Óęĸɴă˸Ù?

ɳ2ă>�;�%$p�{�\�ǹŹ?5!DNAƯȖ�Ǚɦ$�;�%̳20̴

'&?Ɋ���p�{�\��DNA)�ǡǙ˨$�;Īħ˸ÙUOd�?�!

)ó¬%�#ƅ:ɛ #	:�˝Óęĸ'&)˝Ó̊˩\�jN˗�ɴă�;

�<9˸ÙUOd��̔ă�#ǟʏ�#�;%ʆ�;%�p�{�\�)Ǚɦ

6Ʀʞ*�</&Ě̖$*'�%ʆ�9<;��
�'�9�Ą�˸Ù$5˝

Óęĸ(ŧ�ˆˎ�<;ĩă5�/%@&ˆˎ�<'�ĩă5�;��<*�

	�9��DNA)̮ǡǙ˨6GmVFg`C_N'½̩��9(*¡)DNAɴ

ăęĸ%)̊¹'&Ċ:)R�`NWb5˝Óęĸ)ɴă(ū̟�;�4�%

Ÿ><;��
�'�9��<9�p�{�\�)Ź˗(&)8�(ū̟�;


*ļÍ(*ƶ9
(' #	9��ư�(�Řǁ�;Ź˗?Ɠ ��œp�

{�\�?Ǚɦ�;ĩă��)ˁʾ?Ě̖(�#�;� 

� ��$�Ę�«�8�'Ź˗?Ɠ �˝Óęĸ?˳Ə���<9)ɴă˸Ù

?��]y(ɳ2ă>�;Ʊǵ(8:p�{�\�?Ǚɦ�;�%%����

'>��ƧŇɻÞȍ$ǹŹë�;ʶƫ)˝Óęĸ?˳Ə���<9�ɴă�;

Īħ˸Ù?ć3 DNA ƯȖ?�<�<ăƅ�#��]y(ɳ2ă>��Ů(

TATAu_NW˸Ù%ɴă�;�%$�ǚ�'ɔŢ)ŶɡŹ?Ɠ ��ƧŇɻ(

Ŷɡ�#ǹŹë�;p�{�\��Ǚɦ$�;%�Ž��̳ Figure 1 �̴�)Ʊǵ

(8:Ǚɦ�<;p�{�\�)ħǅǙ˨*�ƧŇɻŶɡŹ��Ž�<;5)
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$�:�İ�)5)�ƧŇɻ$ǹŹë�;%ʆ�9<;���� #��)Ʊ

ǵ$±ƅ�<+�ǩ˞ȹŊ��TDX)p�{�\��Do���
9$5�

Ⱦȹ)Ź˗?Ã��p�{�\�?ûű$�;%ʆ���ˊƭ'&)a�\


9�ƧŇɻ(Ŷɡ�#ǹŹë�;˝Óęĸ%�#þ�
9Ʉ9<#�;�Nuclear 

factor kappa-B (NF-κB)̳21-23 �̴Nuclear factor-Y (NF-Y) (24)�Activator protein-1 

(AP-1)̳25 �̴CArG binding factor-A (CBF-A)̳26̴?˳Ə���<9)ɴă˸Ù

?��]y(ɴă��p�{�\�)Ǚɦ?˄2���9(�Ǚɦ��p�{

�\�)��Ç<�ùŶŹ?Ɋ�5)(!�#�in vivo $)ŶɡŹ6ȵǱȴ(

Üȧ�<;ʛǦ˴¨ĸ)ȶȠÝŲ'&(!�#Ɉˆ��ǱȴŶȧ)ÿʏŹ(!

�#Ǘʿ��� 
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2-2. 材料と方法 

2-2-1. ɱʎ%iN`�B	8,�)Ħ̪ 

� kbĸŀ̣ȵȩǈ) HeLaɱʎ	8, CaSkiɱʎ�kbàɛʖȵȩǈ) DU145

ɱʎ�PC3ɱʎ	8, LNCaPɱʎ�kb�ȵɱʎȩǈ) MCF7ɱʎ�HMC1-8

ɱʎ	8,YMB1ɱʎ�kbʋȵȩǈ)A549ɱʎ�kbŊɱʎʋȵȩǈ) SBC5

ɱʎ�kb̭ʉʓȩǈ) SaOS2 ɱʎ	8, Hs871.T ɱʎ�kbʘʙȵȩǈ)

AsPC1 ɱʎ?³ȧ���HeLa ɱʎ�CaSki ɱʎ�MCF7 ɱʎ�HMC1-8 ɱʎ�

YMB1 ɱʎ	8, SBC5 ɱʎ*�k~�w�TDG�WɆɘ˕Ȉi�N
9˘

Ì��̳Tokyo, Japan �̴Ǥ:)ɱʎ(!�#*�American Type Culture Collection

̳Rockville, MD, USA̴
9˘Ì����.#)ɱʎ* RPMI1640Ħġ(�10%

)ȘʍËʫȂ%˱Ø'ȏŢ)seU���Wb�pbwDU�?ȁæ��Ħġ

�$�37℃�5%�˻ëȑɯ̗ěǫ�$Ħ̪��� 

� 1��ǅɆɘ$*ɳ2Ɲ��b�ED�WȦȥȧ)j_P�V�Oɱʎ%�

#˴¨ĸɳ2Ɲ�ɱʎ$�; AmphoPack293ɱʎ̳Takara Bio Inc., Ohtsu, Japan̴

?³ȧ����)ɱʎ*kbʍËʑʙȩǈ)HEK293ɱʎ
9±Ö�<#	:�

Qhy�(ŉÌ�<�{�e�wEWȸʫȱED�W)gag˴¨ĸ%env˴¨ĸ

?ȶȠ�#�ED�W)j_P�V�O(ŵʷ'�<9)˴¨ĸȦș?µɵ�

;�j_P�V�Oɱʎ(ŉÌ�<�ɳ2Ɲ�ED�W±ʵȧp�Wxc
9

Ψ˸Ù?ǀ�;�b�ED�WQhyǚ RNA�˝Ó�<�ED�Wǚɪĸ(û

:ˡ1<ɱʎĦ̪Ǿ(ƧÖ�<;��)ED�Wǚɪĸʰ̜*�ram1 üł¯?

ˆˎ�;�%(8:wEW¥į)ɱʎ(5ſǏŹ?Ɋ��ƔĆŹ)G�r��

p\�jN˗?ƜɊ�#	:�wEW?*�4%��İ�)ď�êșɱʎ(ſ
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Ǐ��Ñ˷)�b�ED�WQhyǚ RNA?ŉÌ�;� 

� ˴¨ĸƤ±ľ̬(*�ıʔʢ DH5α ǒ)R�m�`�bY�̳Nippon Gene, 

Toyama, Japan̴?³ȧ���ıʔʢ)Ħ̪*�37℃$�Luria-BertaniĦġ̳b�

pb� 1% (w/v)�˺ǧGLW 0.5% (w/v)�Īëdb�Ey 1% (w/v)̴?³ȧ�

#ʭ ��Luria-BertaniĦġ)ǆƮ*�.#BD Diagnositics Ɍ̳ Sparks, MD, USA̴


9˘Ì����.#)˴¨ĸƤ±ľ̬*�Sambrook% Russell)ˀˤ?÷ʆ(

��̳27 �̴ 

2-2-2. p�{�\�p��orN\�	8,p�{�\��Do���)Ǚɦ 

� *�4(�Ǚɦ��p�{�\�?ŉÌ�;�%$�Ǻ)�UnF��Z˴

¨ĸ?ȶȠ���<?ƔǛ(ŉÌ��p�{�\�)Ź˗?ˉ.;�%)$�

;�p�{�\�p��orN\�)Ǚɦ?	�' ��1��DU145 ɱʎ


9 Ƒ Ö � � Q h y DNA ? ́ ģ ( � � ɳ ) p � D w �

5’-atggtaccttccgcctggcccacgtgac-3’	8, 5’-atgagctccggccggtgctgggctcgtt-3’?³ȧ

�# PCR?	�'��kbqyILUQd�Z̶˴¨ĸp�{�\�) TATA

u_NW˸Ù?ć3 DNAƯȖ?Ĭś���Ĭś�� DNAƯȖ*Ý̌˺ɯ SacI

% KpnI$ǽë��p�Wxc pGL-3-Basic̳Promega Corp., Madison, WI, USA̴

) SacI-KpnI˷¬(ŉÌ��pGL3-TATA?Ǚɦ���ǡ(�pGL3-TATA?Ý̌

˺ɯ SalI $ǽë��N�hEƯȖ$ÕȢ��Ů(Y�n�DQ�U��?ʭ�

�%$�v� A UOd�)���ǺÂ(ĹĠ�; SalI ˆˎ˷¬?ɇĭ��

pGL3-TATAΔSal ?Ǚɦ���ǡ(�ăƅ��I�SfN�I^c

̳5’-cggagtcgactccggtac-3’̴?Be���Oi_nA�̳100 mM NaCl, 50 mM 

Tris-Cl, pH7.5̴�$�95℃�5×ÕȢ��Ů(Ŀȅ(Ƨʀ�#̎Ô�;�%$Y



 9 

�nBe���O�� pGL3-TATAΔSal ) KpnI ˷¬(ŉÌ�;�%$

pGL3-TATA-Sal?Ǚɦ����) pGL3-TATA-Sal*�Luc˴¨ĸ)�Ǻ(˸ʀ

�� TATAu_NW˸Ù)���Ǻ(��e�N' SalI˷¬?Ɠ!p�Wxc

$�:��)˷¬(˝Óęĸɴă˸Ù?ŉÌ�;�%$�p�{�\��Do

���?Ǚɦ��� 

� p�{�\�*�ăƅ��˝Óęĸɴă˸Ù?��]y(ɳ2ă>��

pGL3-TATA-Sal) SalI˷¬(ŉÌ��TATAu_NW˸Ù)�Ǻ˷×(˝Óę

ĸɴă˸Ù?˸ʀ�;�%$Ǚɦ���ɞ�)p�{�\��Do���?±

ƅ�;�4(³ȧ��ăƅ˝Óęĸɴă˸Ù*�NF-κB̳5’-ggaaatcccc-3’, 

5’-tggagttccc-3’, 5’-ggaaagtcccc-3’̴̳ 21-23̴�NF-Y̳5’-cattggg-3’̴̳ 24̴�AP-1

̳5’-tgtctcag-3’̴̳25̴�CBF-A̳5’-ccatataagg-3’̴̳26̴$�;�ăƅ���

<9)I�SfN�I^c*��<�<)ɀʴ˸Ù%Be���O��ǅ̄

DNA %�#³ȧ���Ąǚ(�SalI ˆˎ˷¬)˸Ù?ć3Ʌ�I�SfN�I

^c5ăƅ��ɀʴ̄%Be���O����<9)ăƅ DNA*��DQ�W

(8;ɴă�éȞʞ�˫38�( 5’Â( 5’gatc-3’)ɚÖ˸Ù?¢æ���Be

���O��ăƅ DNA *�T4 v�fN�I^cLd�Z$Ǆɝ(��˻ħ?

¢æ��Ů(�̋ Óęĸɴă˸Ù*ɟ{��!�SalIˆˎ˸Ù?ć3ăƅI�S

fN�I^c*�) 100 ×) 1 æ�#�DQ�U��ùŶ?ʭ ���DQ�

U��ùŶŮ�Ý̌˺ɯ SalI$ǽë����)ǽë�� DNAƯȖ?BK��W

Q�̘ǫǷê(µ��50~200 bp ɔŢ)TDX) DNA ?ƑÖ�ɫʵ���

pGL3-TATA-Sal ?Ý̌˺ɯ SalI $ǽë��B�J�nHWnA\�Z̳BAP̴

$ÕȢ��Ů(�BK��WQ�
9ɫʵ�� DNAƯȖ?�DQ�U��ùŶ
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(8:ŉÌ���pGL3-TATA-Sal) SalI˷¬(ƗÌƯȖ?»Ɠ�#�;p�W

xc)���˄ ̬ȹ( 11¾)p�Wxc?˳Ə�̠Ȯ( pGL3-X̳ X* 1~11$�

ó̕��̠Ȯ̴%��ąà?!��ƾÚ)p�{�\��Do���%���

�<�<)p�Wxc(ć1<;p�{�\�)ąɒ*�N�� X p�{�\

�%��� 

� ɞ�)p�{�\��Do���5/0Ąǚ)Ʊǵ$±ƅ������!


)Ȓ$Ʀʞ?ʭ ��1��p�{�\�p��orN\�*�ƾÚ)p�{

�\��Do���)p�Wxc pGL3-11?Ý̌˺ɯ KpnI% SacII$ǽëŮ(

N�hEn�Oz�b$ÕȢ��Y�n�DQ�U���;�%$ư�'p�

Wxcp��orN\��pGL3-DU-TATA?Ǚɦ����)p�WxcrN\

�*�TATAu_NW˸Ù)�Ǻ(��)p�Wxc�$đ�) KpnIˆˎ˷¬

% SacIˆˎ˷¬?Ɠ!�4�p�{�\�ƯȖ)Ǚɦ(*�NF-κB�AP-1�CBF-A�

NF-Yɴă˸Ù(æ�#�Ý̌˺ɯ KpnIˆˎ˸Ù?ć3ăƅ DNA	8,Ý̌˺

ɯ SacIˆˎ˷¬˸Ù?ć3 DNAƯȖ?ăƅ���p�{�\�846
9 8621

$*�àĘ%Ąǚ( 5’-gatc-3’˸Ù? 5’Â)ɚÖ˸Ù%�#�DQ�U��ùŶ

)éȞë)�4(¢æ����p�{�\�801
9 8451$*�ɚÖ˸Ù?¢

æ���ŜȋǄɝ)11$�DQ�U��?	�'�p�{�\�)Ǚɦ?˄

2���<9)ăƅ DNA *��<�<)ɀʴ̄%Be���O��Ů(�T4

v�fN�I^cLd�Z$Ǆɝ(��˻ħ?¢æ��˝Óęĸɴă˸Ù*�

ɟ{��!�Ý̌˺ɯˆˎ˸Ù?ć3ăƅI�SfN�I^c*�) 100×) 1

�!æ�#�DQ�U��ùŶ?ʭ ���DQ�U��ùŶŮ�Ý̌˺ɯ KpnI

	8, SacI$ǽë���pGL3-DU-TATA5Ý̌˺ɯ KpnI% SacI$ǽë��ǽ



 11 

ë�� DNA ƯȖ?�DQ�U��ùŶ(8:ŉÌ���pGL3-DU-TATA )

KpnI-SacI˷¬( 100 bp¥�)ƗÌƯȖ?»Ɠ�#�;p�Wxc? 62ɕ̧˳

Ə��ɞ�)p�Wxc�Do���%����<9)p�Wxc*�̠Ȯ(

pGL3-X̳X* 801~862$�ó̕��̠Ȯ̴%��ąà?!����<�<)p

�Wxc(ć1<;p�{�\�)ąɒ*�N�� Xp�{�\�%��� 

2-2-3. ĮȯŉÌģ PCR̳epPCR̴(8;p�{�\�ƯȖ-)Įȯ)ŉÌ 

� pGL3-11 ? ́ ģ ( � p � D w � 5’-tctattaattgttgccgggaagctag-3’ %

5’-cggccatggtccggccggtgctgggc-3’?³ȧ�#�PCR?ʭ��%$Ĭś�; pGL3-11

(ć1<;ăƅ˝Óęĸɴă˸Ù? pGL3-DU-TATA) KpnI% SacI˷¬(ŉÌ

��pGL3-11-DU?Ǚɦ���ǡ(��) pGL3-11-DU̳10 ng̴?́ģ(�p�

{�\�̡ĥÍ¯?Ĭś�; epPCRȧp�Dw�5’-ggcaagcttgccagaacatttctcta-3’

% 5’-cggccatggtccggccggtgctgggc-3’̳ 10 pmol�! ?̴ 100 μl)Įȯi_nA�̳ 10 

ml Tris-HCl pH8.3, 50 mM KCl, 1.5 mM MgCl2, 0.5 or 0.75 MnCl2, 0.2 mM dNTP, 5 

U Taqv�z��Z̳ Takara Bio Inc.̴̴ (ȁæ��T�w�TDN��̳ TPC 200, 

Bio-Rad Laboratories, Hercules, CA, USA̴$�95℃ 3×)D�L~r�U��)

Ů(�94℃ 20ɐ�60℃ 30ɐ�72℃ 60ɐ)ȅŢĮë? 35TDN���9( 72℃

$ 3 ×̉D�L~r�b�#ĮȯŉÌƯȖ?±ƅ����)ĬśƯȖ*�ɫʵ

Ů(Ý̌˺ɯ HindIII% NcoI$ǽë�#�pGL3-DU-TATA) HindIII-NcoI˷¬

(N��e�O��ĮȯŉÌp�{�\��Do���?Ǚɦ��� 

2-2-4. �Ƹȹ˴¨ĸŉÌ 

� Ǚɦ��p�WxcrN\�*�˴¨ĸŉÌ˄ʧ$�;GnFN`�

̳QIAGEN K. K., Tokyo, Japan̴?³ȧ�#�z�J�)we~B�(ǲ #˴
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¨ĸŉÌ?ʭ ��a~B��UnF��ZB_YD$p�{�\�)ǹŹ?

˃·�;ĩă�60 mm)ɱʎĦ̪Ȼ( 1.5×106)ɱʎ?ʥ��37℃)D�L~r

�\�$�ƹĦ̪���1��ɱʎ? 37℃$Ƽ4� RPMI1640Ħġ$��W��

1.0 μg) pGL3-X% 10 ng) phRL-TK̳ Promega Corp.̴?ć3GnFN`�ʶă

¯?Ħ̪Ȼ(ȁæ����<? 37℃$ 6Ƹ̉Ħ̪��Ů�b�pU�ÕȢ(8

:�ɱʎ?Ęú���Ęú��ɱʎ*ʫȡʾɣȼ?³ȧ�#ƫ��35 mm ɱʎ

Ħ̪Ȼ 1ǌ��:( 2~3 × 105¾)ɱʎ?ʥ� 37℃$�ƹĦ̪��Ů(�ƧŇɻ

ȕŇ(µ��� 

2-2-5. G_NWɻ	8,̐ĸɻȕŇ 

� G_NWɻ?ȕŇ*�1���ˀ)8�(ȉÃ�� 35 mmɱʎĦ̪Ȼ(ʥ�

�ɱʎ)Ħġ? 37℃(Ƽ4#�� 2 ml)ư̯' RPMI1640Ħġ%ȕŇȿà(�

Ɲ����<?G_NWɻȶȥʲʀ̳MBR-1520-3, Hitachi Medical Technology 

Corp., Tokyo, Japan̴)^|�i�Ñ(ˁʀ��\��`�o�)�ĳ(̚ʀ��

Ę˝�'�9�5 Gy/min)ȕŇȞ$G_NWɻ)ȕŇ?ʭ �� 

� ̐ĸɻȕŇ)ĩă*��ˀ(Ɋ�˦:(˴¨ĸŉÌ�� 60 mm(Ħ̪��ɱ

ʎ?b�pU�$Ęú��Ů( 2~3×105¾)ɱʎ? 12.5 cm2n�WR$�ƹĦ̪

��̐ĸɻȕŇ(µ���ʠȜȇGg�M�ɆɘY�\�̳Tsuruga, Japan̴)

W-MAST U�N�b��̳28̴(ˁʀ�<#�;ȥșĺɆɘȧ̮Gg�M�ȕ

ŇƲˁ)ȕŇ˾(ˁʀ��200 MeV)̐ĸɻ? 2.0 Gy/min)ɻ˿Ȟ$ 10 Gy1

$ȕŇ��� 

2-2-6. �UnF��ZB_YD(8;p�{�\�)˃· 

� �Ƹȹ˴¨ĸŉÌŮ)�œp�{�\�(8;�UnF��Z)ȶȠ)˃·
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*�˴¨ĸŉÌéȞ'&)+9!�?Ǜȉë�;�4(�a~B��UnF�

�ZB_YD?ʭ ��a~B��UnF��ZB_YDL_b̳ Promega Corp.̴

?Üȧ��Ǚɦp�{�\�(8;t\��UnF��Z)ȶȠ?�phRL-TK

)óɮq�sWED�W I ģ^xV�Ld�Z˴¨ĸp�{�\�$ȶȠ�;

ExUD\P�UnF��Z?Ñ˷Ǜȉ%�#ʴǢ�;�ƧŇɻȕŇŮ)˱Ũ

'\Dx�O$ɱʎ
9Ħġ?̎��PBS $�Ţ��W?ʭ ���<(�ˀ

L_b(ć1<; 300 μl)j_Uo�UWi_nA�?ɱʎ(ȁæ�#�Ŀȅ

$ 15 ×̉�p�_bt�yƖȽʲʀ$ɱʎ?ƖȽ�Ȋʼ����)�Ȃ 10 μl

?û:�L_b(ć1<; 50 μl) Luciferase Assay Reagent II%Ȁă��t\�

�UnF��ZùŶ?ʭ ���)Ů�Ą��L_b(ć1<; 50 μl) Stop & 

Glow Reagent?ȁæ�;�%(8:ExUD\P�UnF��ZùŶ?ʭ ��

�<�<)ȶÊ*��xhz�\�̳TD-20/20, Turner Designs, Sunnyvale, CA, 

USA̴$ȆĽ���ĂȶȠɬ)˃·*�t\��UnF��Z(8;ȶÊÀ?

ExUD\P�UnF��Z(8;ȶÊÀ$̎�� Relative Luminescent Unit

̳RLU̴$ʭ ��1���œp�{�\�(8;�UnF��ZȶȠ)Ĭŧ

*�ȕŇ��˄Ʈ) RLU À?ĄǇ¦$ȕŇ�'
 �˄Ʈ) RLU À$̎��

Fold activation%�#ʰ��� 

� ĻĽȹ'˴¨ĸŉÌŮ)�ýp�{�\�)˃·)ĩă�ƧŇɻ'&)Þȍ

?���ɱʎ%Þȍ?��'�ɱʎ$*�Ĭǥ˧Ţ'&)˃·)àƜǇ¦�ȯ

';���;%Ÿ><;��)�4��Ƹȹ(ŉÌ��p�Wxc
9)Ex

UD\P�UnF��Z)ȶȠ%�ĻĽȹ(ŉÌ�<�Qhy
9ȶȠ�;t

\��UnF��Z)ȶȠ)ǩȞ�Į>;ÿʏŹ5ʆ�9<;���$ɳ2Ɲ
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�ED�W$ĻĽȹ(˴¨ĸŉÌ��ɱʎ$ȶȠ�;�UnF��Z)ǹŹ?

ƔǛ(��p�{�\�)˃·(*�a~B��UnF��ZB_YD$*'

�t\��UnF��Z?ȶȠ�#�;ɱʎ)ȊʼǾ)\�jN˗ȏŢ?ħȉ

%�#)˃·5ʭ ���)ĩă*ƧŇɻȕŇŮ)˱Ũ'\Dx�O$ɱʎ


9Ħġ?̎��PBS $�Ţ��W��Ů(a~B��UnF��ZB_YDL

_b)j_UoɱʎȊʼǾ? 300 μlæ��p�_bt�yƖȽʲʀ$ 15×ƖȽ

���ɱʎȊʼǾ)�Ȃ 10 μl% Luciferase Assay Reagent II 50 μl?æ�t\��

UnF��Z)ȶÊ?�xhz�\�$ȆĽ���\�jNȏŢ* BioRad 

Ptotein Assay Kit̳ Bio-Rad Laboratories ?̴ȧ�# Bradfordǵ(#ȆĽ����)

ĩă*��UnF��ZǹŹ)ȆĽÀ?\�jNȏŢ$̎��À? Relative 

Luminescent Unit̳RLU̴%�#˃·���Ąǚ(��œp�{�\�(8;�

UnF��ZȶȠ)Ĭŧ*�ȕŇ��˄Ʈ) RLUÀ?ĄǇ¦$ȕŇ�'
 �

˄Ʈ) RLUÀ$̎�� Fold activation%�#ʰ��� 

2-2-7. ɳ2Ɲ��b�ED�W)±ƅ%ĻĽ˴¨ĸŉÌɱʎ)Ɉɛ 

� ɳ2Ɲ��b�ED�WǙɦȧ)p�Wxc pSIREN-RetroQ*Takara Bio Inc.

8 : ˘ Ì � � � p � { � \ � Ư Ȗ * � pGL3-11-9-37 ? ́ ģ ( �

5’-cgcagatctgagtcggggactccagatcc-3’% 5’-gcggggcccatggtccggccggtgctgggttcg-3’?p

�Dw�%�#³ȧ��364Īħ)N�� 11-9-37p�{�\�?Ĭś����

!Ⱦ)p�Dw�) 5’Â(*¢æ˸Ù%�#Ý̌˺ɯBglIIˆˎ˷¬˸Ù�ć1

<#	:��!Ⱦ)p�Dw�(* 5’Â(Ý̌˺ɯ ApaIˆˎ˷¬�ć1<#�

;�PCRŮ(ĬśƯȖ?Ý̌˺ɯ BglII% ApaI$ǽë��pSIREN-RetroQ) U6

p�{�\�%Ì<Ɲ�;8�( BglII% ApaI˷¬(ŉÌ��pRet-37?Ǚɦ�
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��SV40p�{�\�6�œp�{�\�)N�� 831�843�848(!�#5

pSIREN-RetroQ )Ą�Ý̌˺ɯ˷¬(Ąǚ)Ʊǵ$ŉÌ��pRet-SV�pRet-31�

pRet-43�pRet-48?Ǚɦ���ľ̒(³ȧ��́ģp�Wxc	8,p�Dw�

)ɳ2ă>�*�¥�)˦:$�;� SV40̷ pGL3-Control ?́ģ(

5’-cgcagatctgcgatctgcatctcaattag-3’	8, 5’-gcggggcccatggtggctttaccaacagtaccg-3’?

p � D w � % � # ³ ȧ � N � � 831 ̷ pGL3-831 ? ́ ģ (

5’-ggctcgagatctgcgatctaagtaagctt-3’	8,  5’-gcggggcccatggtccggccggtgctgggctcg-3’

?p�Dw�%�#³ȧ�N�� 843̷pGL3-843 ?́ģ(N�� 831 )ĩă%

Ą�p�Dw�?³ȧ�N�� 848̷pGL3-848 ?́ģ(N�� 831 )ĩă%Ą

�p�Dw�?³ȧ� 

� � U n F � � Z ˴ ¨ ĸ * pGL3-control (Promega) ? ́ ģ ( � #

5’-gcattccggtactgttgg-3’% 5’-ggcgaattcactctagaattacac-3’)�p�Dw�?ȧ�#

PCRǵ$Ĭś���Ĭś�� DNAƯȖ̳�UnF��Z˴¨ĸ̴*��ɝ(ˆ

ˎ˸Ù)ĹĠ�;Ý̌˺ɯ NcoI % EcoR1 $ǽë��Ů�pRet-37�pRet-SV�

pRet-31�pRet-43�pRet-48)p�{�\��Ǻ(¬ʀ�; NcoI-EcoRI˷¬(ŉ

Ì��ɳ2Ɲ��b�ED�W±ƅȧp�Wxc pRet-37-luc�pRet-SV-luc�

pRet-31-luc�pRet-43-luc�pRet-48-luc?Ǚɦ���Ąǚ(�/�êșɱʎȧ(Ʀ

ʞ�<�ɺʟʩÊ\�jN˗̳EGFP̴˴¨ĸ)ĩă*�p�Wxc pEGFP-N1

̳ Promega Corp. ̴ ? ́ ģ ( � 5’-ggatccaccggtcgccacc-3’ %

5’-ggcgaattcaatgtggtatggctg-3’)�p�Dw�?ȧ�# PCRǵ$Ĭś���Ĭś�

� DNA ƯȖ̳EGFP ˴¨ĸ̴*��ɝ(ˆˎ˸Ù)ĹĠ�;Ý̌˺ɯ NcoI %

EcoR1 $ǽë��Ů�pRet-37�pRet-SV )p�{�\��Ǻ(¬ʀ�;
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NcoI-EcoRI ˷¬(ŉÌ��ɳ2Ɲ��b�ED�W±ƅȧp�Wxc

pRet-37-EGFP�pRet-SV-EGFP ?Ǚɦ���Fcy::Fur \�jN˗)˴¨ĸ(!�

#5Ąǚ)Ʊǵ$N��e�O?ʭ ���)˴¨ĸ*˺ǧ)UbU�aBx

d�Z˴¨ĸ%E�U�tWt�uU�b��WnF��Z˴¨ĸ?ɴă��

5)$�ʪă\�jN˗?R�c�;ʛǦ˴¨ĸ$�;̳29̴��) fcy::fur˴

¨ĸ)ȶȠǗÖ)�4( PCRĬś)̒(�˴ ¨ĸȦș) C-Ǆɝ(n�_O\O

˸Ù̳ N-Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys-C �̴ŉÌ�<;8�(��<(ņŶ

��Īħ˸Ù?p�Dw�(¢æ���PCR (*�p�Wxc pORF5-Fcy::Fur 

(InvivoGen, San Diego, CA, USA)?́ģ%�#�5′-ggctctagattatttagtagtatctgtccc-3′

̳Xba1ˆˎ˷¬%n�_O\O˸ÙR�c̡ĥ%�)�Ǻ(Wb_pRc�?

æ��̴% 5′-gagacagaggagaccatggtcac-3′̳ Nco1ˆˎ˷¬?ć3̴?p�Dw�

%�#Üȧ���fcy::fur˴¨ĸ?ć3Ĭś�� DNAƯȖ*�Ý̌˺ɯ NcoI%

XbaI$ǽë��Ů�pRet-37) NcoI-XbaI˷¬(ŉÌ��ɳ2Ɲ��b�ED�

W±ƅȧp�Wxc pRet-37-Fcy::Fur?Ǚɦ��� 

� ��$Ǚɦ��ɳ2Ɲ�ED�W±ƅȧp�Wxc*�3’Â)�b�ED�W

) LTR(Įȯ�ŉÌ�<#	:p�{�\�ǹŹ?Ĵ #�;��)Įȯ*ɳ

2Ɲ�ED�W�ſǏɱʎ)Qhy(D�`O��b�;̒(�5’Â) LTR (

5ɀĄɳ2Ɲ�(8:ŉÌ�<;�%$ 5’Â) LTR5ǹŹ?Ĵ���)�Ǻ(

¬ʀ�;Ⱦȹ)˴¨ĸ?ȶȠ�;�ýp�{�\�)ǹŹ(*/%@&ū̟�

'����� #�Ⱦȹ)˴¨ĸ)ȶȠ*��ýp�{�\�)ǹŹ()2Ŕ

Ā�<;� 
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� ɳ2Ɲ��b�ED�W?±ƅ�;�4(�Ǚɦ�� 10 μg )ɳ2Ɲ��b

�ED�W±ʵȧp�Wxc? CalPhosTM Mammalian transfection kit̳ Takara Bio 

Inc. ?̴³ȧ�# 60 mm)R��Q�R�b��Ħ̪Ȼ(Ħ̪�� 1.0 × 106¾)

AmphoPack293 ɱʎ(ŉÌ���48 Ƹ̉Ħ̪Ů(ED�Wɪĸ?ć3Ħ̪�Ȃ

?Ęú��0.45 μm)nC�\�$ɱʎȖ?û:̎��Ů�ɳ2Ɲ�ED�W)

ſǏº˫ȧ(v�o��̳ Sigma-Aldrich Inc., St Louis, MO, USA ?̴ 7 μg/ml('

;8�(æ����)ED�WǾ? 100 mm)ɱʎĦ̪Ȼ(Ħ̪�� 1.0 × 106

¾) HeLaɱʎ(ȁæ�# 6-8Ƹ̉Ħ̪���Ħġ�Ɲ)Ů�3Ƴ̉Ħ̪���

9( 0.5 μg/ml)Ǝȥș˗$�;m~��wDU�̳ BD Biosciences, San Jose, CA, 

USA ?̴ć3Ħġ$ 3Ƴ̉Ħ̪��ȥĹ��ɱʎ?ĻĽ˴¨ĸŉÌɱʎ%���

ĻĽ˴¨ĸŉÌɱʎ*�³ȧ��ɳ2Ɲ��b�ED�W±ƅȧp�Wxc)

ąɒ?5%(ąà?!���´�+�pRet-37-luc ?³ȧ�#±ƅ��ĻĽ˴¨

ĸŉÌ HeLaɱʎ)ąɒ*�HeLa/Ret-37-luc%��� 

2-2-8. ƧŇɻ(8;p�{�\�ǹŹë(ņ�;Ǝ˻ëá)ū̟ 

� ƧŇɻ(8;p�{�\�ǹŹ)Ĭŧ(ņ�;Ǝ˻ëá)ū̟?ʻŅ�;ľ

̬(!�#*�ĻĽ˴¨ĸŉÌɱʎ?³ȧ�#ʭ ��1��ɱʎ( 10 ng )

phRL-TK?GnFN`�˄ʧ(8:�Ƹȹ(˴¨ĸŉÌ��37℃$ 6Ƹ̉Ħ̪

����)˴¨ĸŉÌɱʎ?b�pU�ÕȢ$Ęú��35 mmɱʎĦ̪Ȼ( 2 × 

105¾ʥ���37℃$�ƹĦ̪��Ů�ɱʎĦ̪Ǿ?�9
�4 37℃(Ƽ4#�

� 50 mM�;�* 100 mM ) D-mannitol�1�*�70 mM�;�* 140 mMV

z^�W�tLUc̳ DMSO ?̴ć3ư̯' RPMI1640Ħġ%�Ɲ����)Ů�

10 Gy)G_NWɻ�;�*̐ĸɻ?ȕŇ���ƧŇɻȕŇŮ�ɱʎ*˦Ś˦:
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8 Ƹ̉ 37℃$Ħ̪��a~B��UnF��ZB_YD(µ���t\��U

nF��Z)ȶȠ˿*�<�<Ą�ɱʎ$ǗÖ�<;ExUD\P)�UnF

��Z)ǹŹ$½Ǣ����<9)ƧŇɻȕŇ)ǀȓ(8;˯�?ǩ˞�;�

%$�ƧŇɻ(8;ĬŧŢ?ɣÖ���Ǝ˻ëáȁæ)ū̟*�Ą�ɕ̧)Ą

�ȏŢ)Ǝ˻ëá?ć3Ħ̪ɱʎ$ƧŇɻȕŇ)ǀȓ(8;�UnF��Z)

ȶȠ˿)˯�?ǩ˞�;�%$ĬŧŢ?ɣÖ���9(��<9?�Ǝ˻ëá

?ȁæ�#�'�ĩă)ĬŧŢ%ǩ˞�;�%$�Ǝ˻ëá)ū̟?ɣÖ��� 

2-2-9. EGFP˴¨ĸȶȠ)ʩÊ̦ų̅	8,n��TDbz�\�(8;ǗÖ 

� HeLa/Ret-37-EGFP	8,HeLa/Ret-31-EGFP)ƧŇɻ(8; EGFP˴¨ĸȶȠ

)Ĭŧ(8;ʩÊ)Ĭŧ?ʩÊ̦ų̅	8,n��TDbz�\�$ǗÖ���

ľ̬)�Ƴà( 60 mm)ɱʎĦ̪Ȼ( 1 × 106¾)ɱʎ?ʥ��37℃$�ƹĦ̪

����)ɱʎ( 10 Gy) Xɻ?ȕŇ��8Ƹ̉ 37℃$Ħ̪��Ů�EGFP


9)ʩÊ?ǗÖ�;�4( 525 nm)nC�\�?³ȧ�#ʩÊ̦ų̳̅Eclipse 

TE300 equipped with Y-FL Epifluorescence System, Nikon Corp., Tokyo, Japan̴$ʻ

Ņ����)Ƹ)ȫÆ?ʩÊ̦ų̅(ɴă��aV\� CCD Jz�

̳C4742-95-12, Hamamatsu Photonics K. K., Hamamatsu, Japan̴$Ƣū��R�m

~�\��(	�#Bp�P�U��[nbEGB̳Argus, version 1.4.1., 

Hamamatsu Photonics K. K.̴$ɼ̔��� 

� Ąǚ(��ƹĦ̪��ɱʎ( 5 Gy�;�* 10 Gy)G_NWɻ?ȕŇ���

)Ů 37℃$Ħ̪���8 Ƹ̉Ů�ɱʎ?b�pU�ÕȢ$Ęú��PBS $˱Ũ

'ȏŢ(�@Ȏ����)ɱʎ? 535 nm)nC�\�?Y_b��n��TD

bz�\�̳EPICS XL, Beckman Coulter Inc., Brea, CA, USA̴$ʼǊ��� 
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2-2-10. ȶȠ\�jN˗)ǗÖ 

� 10 Gy)G_NWɻ?ȕŇ�ǚ�'Ƹ̉Ħ̪��Ů�4℃(Ô6�� PBS$ 2

Ęɱʎ?Ǹǻ���p�`B�ZD�kl\�JN`�̳Nacalai Tesque Inc., 

Kyoto, Japan ?̴ć3ɱʎȊʼi_nA�̳ 50 mM Tris-HCl pH7.4, 10 mM MgCl2, 1 

mM CaCl2, 1 mM Ethylenediaminetetra acetic acid, NaCl, 1% Triton X-100̴$Ȋʼ�

��ɱʎȊʼǾ)\�jN˗)ȏŢ* BioRad Ptotein Assay Kit̳Bio-Rad 

Laboratories̴?ȧ�# Bradford ǵ(#ȆĽ���ĂT�p�)\�jN˗)ȏ

Ţ?ɱʎȊʼi_nA�$ˉƬ��ɱʎȊʼǾ(�5 ml )ʞ�Ô6��Ǹǻi

_nA�̳50 mM Tris-Cl pH7.4, 150 mM NaCl̴$ 5ĘǸǻ��Ǝn�_OM2

{hN��d�Ǝ¯�ɴă��l�X̳ Sigma-Aldrich Inc. �̴@ȎǾ?ɟ˿ȁæ

���7 �:%ƖȽ�'�9 4℃$�ƹùŶ��1 ml)ʞ�Ô6��Ǹǻi_

nA�$ 8 ĘǸǻ���Țȯȹ(ɴă�#�;n�_O\O?Ɠ � Fcy::Fur

\�jN˗? 2 × Laemli T�p�inA�̳4% SDS, 20% glycerol, 10% 

2-mercaptoethanol, 0.004% bromophenol blue, 125 mM Tris-HCl̴?æ� 95℃$ 10

×̉ÕȢ�#ȊÖ����<?˰Ŵė(
�#�Ȃ?̔4�b�WO�U�i

_nA�) SDSv�BN��BxcQ�$̘ǫǷê?ʭ ��̘ǫǷêŮ�D

{l�� PDFʗ̳Merk Millipore, Billerica, MA, USA̴(̘ǫȹ(˝Ó����

ǡƎ¯(*Ǝn�_OM2{hN��d�Ǝ¯̳Sigma-Aldrich Corp.̴?ȧ��

�ǡƎ¯(*t�W�aC_U~j�ILU]�Z½̩}MƎwEW IgG Ǝ¯

̳Merk Millipore̴?ȧ���Ⱦȹ\�jN˗)i�c)ǗÖ* ECL Western 

Blotting Detection Reagent̳ GE Healthcare UK Ltd., Little Chalfont, UK Ǘ̴Ö˄ʧÕ

Ȣ(8;ȶÊ?�LAS4000 Luminescent Imaging Analyzer̳Fujifilm Corp., Tokyo, 
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Japan̴?³ȧ�#ȫÆë�;�%$ʭ ��Ñ˷Ǜȉ%�#�ɱʎȊʼǾ�)

β−BN^�?�Ąǚ) SDS-BN��BxcQ�̘ǫǷêŮ)Dyho�_`C

�O(8:ǗÖ����ǡƎ¯(*�Ǝkb β−BN^�{hN��d�Ǝ¯?

�ǡƎ¯(*�t�W�aC_U~j�ILU]�Z½̩}MƎwEW IgG Ǝ

¯̳Merk Millipore̴?ȧ��� 

2-2-11. êșľ̬ 

� �.#)êșľ̬*�ńŏıĺêșľ̬ķč§(ˆÿ�<�Ʊǵ$ʭ ��

ɱʎĦ̪Ȼ$Ħ̪��HeLa/Ret-SV-luc�HeLa/Ret-37-luc�HeLa/Ret-31-lucɱʎ?

b�pU�ÕȢ(8:Ęú��PBS$1 × 107/ml)ȏŢ(ˉƬ���50í)5˪¤

)zW)KSN/Slcf�cwEW̳Sankyo Labo Service, Toyama, Japan̴)�ʐʕ)

Ⱥ�(�<�<Ą�ɱʎ?200 μlƚɕ���ɭ1�ƿŮ�ĄɔŢ)ʓȳTDX)

wEW?39í˳Ə��ƧŇɻȕŇľ̬(µ����.#)wEW*g�o\�

�?500 mg/g¯˽$ʕʒÑƍ��#̲˹?
���1��̲˹��wEW(100 

mg/g¯˽)äă$�PBS(Ȋʼ���UnF��Z)ħ˗˄ʧLuciferin EF

̳Promega Corp.̴?ʕʒÑƍ����wEW*ħ˗ƍ�10×Ů(iDI�xg

_UF�WǗÖʲʀ̳AEQUORIA-2D/c8600, Hamamatsu Photonics K. K.̴$ʓȳ

Ñ)iDI�xg_UF�W?60ɐ̉ǗÖ����)Ů�wEW?ĝĽė$ĝ

Ľ��1�ȖÂ)ʓȳ?̀ǉ$ʸ ��wEW?ĝĽė�%G_NWɻȶȥʲ

ʀ̳ MBR-1520-3, Hitachi Medical Technology Corp. )̴^|�i�Ñ(ˁʀ��\

��`�o�(���Ę˝�'�9�y  #�'�Ʊ)ʓȳ)2(5 Gy/min)ȕ

ŇȞ$10 Gy�;�*15 Gy)G_NWɻ?ȕŇ���wEW*G_NWɻȕŇ

ŮP�V(5&��Ǭ�̫?ð×Ơ<;Ȥī$8Ƹ̨̉ʊ���wEW(ÒŢg
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�o\��?ƚɕ�#̲˹?ʭ �Ů�luciferin EF?Ą˿ƍ���Ů�Ąǚ)\

Dx�O$ʓȳ
9)iDI�xg_UF�W?ȆĽ���ȆĽ���<�<

)ʓȳ)ȶÊ*Wasabi Application Software̳version 1.5, Hamamatsu Photonics 

K.K.̴$Ľ˿���ȕŇ��Â)ʓȳ
9)ȶÊ˿?ȕŇ�#'�Â)ʓȳ


9)ȶÊ˿$̎��5)?ƧŇɻȕŇ)àŮ$ǩ˞���)äă?Fold 

activation%�#�UnF��Z˴¨ĸ)ȶȠĬŧ?˃·��� 

2-2-12. ʛǦ˴¨ĸǱȴ in vitroUx~��U�� 

� 1×106¾)HeLa/Ret-37-Fcy::Furɱʎ?60 mmɱʎĦ̪Ȼ(ʥ�37℃$�ƹĦ̪

���10 Gy)G_NWɻ?ȕŇ��Ů��(�PBS$Ǹǻ�b�pU�ÕȢ(

8:ɱʎ?Ęú���ɱʎĦ̪ȧ)96EG�wDN�p��b(1EG�Ũ�:

0.6 × 104¾)ɱʎ?ʥ��0�0.01�0.1�1.0�10.0 mM)5-n�I�UbU�̳5- 

Fluorocytosine; 5-FC̴?ć3Ħ̪Ǿ�$�37℃$48Ƹ̉Ħ̪���5-FC?ć1'

�Ħġ(�Ɲ��Ů�37℃$1Ƹ̉Ħ̪��ĂEG�(10 μl)WST-1˄ʧ̳Cell 

Counting Kit, Dojindo Laboratories, Kumamoto, Japan̴?ȁæ��37℃$2Ƹ̉Ħ̪

���wDN�p��b��]�̳iMark, Bio-Rad Laboratories̴$450 nm)ĈÊ

Ţ̳ 630 nm?�nA��W(ˁĽ ?̴ȆĽ���ȥɱʎ̳ survival cell fraction: SC̴

)äă?�)Ť$ɣÖ��� 

SC (%) = 100×AS/AC 

AS*450 nm$)T�p�)ĈÊŢ?ʰ��AC*R�b���)ĈÊŢ?ʰ���

R�b���)À*5-FC?ȁæ�'�ɱʎ)À%��� 

2-2-13. Īħ˸Ù×Ǌ 

Īħ˸Ù×Ǌ*Big Dye Terminator Cycle Sequencing Ready Reaction Kit
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̳Applied Biosystems, Foster City, CA, USA ?̴Üȧ�#cycle sequence PCRǵ(8

:ľʭ���˱Ø'p�Dw�?ˁʾ�#�Ǚɦ��p�Wxc6p�{�\

�(!�#¥�)8�(×Ǌ?ʭ ��3.2 pmol)�<�<)p�Dw�%500 

ng)́ģDNA	8,L_b(ć1<;8.0 μl)p�ȀăǾ?ć3DNA˸Ù×Ǌ

ȀăǾ?Gene Amp PCR System 9700 (Applied Biosystems)(
�PCR?ʭ ��ɫ

ʵ��PCRȦș?4%)PAGE(8;˸Ù×Ǌ(ABI Prism DNA Sequencer 377; 

Perkin-Elmer Life and Analytical Sciences, Boston, MA, USA)(
��� 

2-2-14. ɶʾĺȹʼǊ 

Í#)À*Ț(ˀ˟�'�<+ŜĢ ± ǛȉÁŕ̳mean ± SD̴$ʰ���2ʂ

̉ǩ˞(*ņŶ)'�W^~�a�bTǗĽ?ȧ���2ʂ¥�)ǩ˞ǗĽ(*

one-way analysis of variance (ANOVA)?ȧ���P < 0.05)ĩăɶʾĺȹ(ǀžŕ

�:%ÛĽ��� 
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2-3. 結果 

2-3-1. p�{�\�)Ǚɦ% DU145ɱʎ$)ȚŹ˃· 

� 4ɕ̧)˝Óęĸ)ɴă˸Ù?ć3ăƅ DNA?��]y(ɳ2ă>��p�

{�\�p��orN\�$�; pGL3-TATA-SalI) TATAu_NW˸Ù)�Ǻ

(ŉÌ�;�%$�˄̬ȹ( 11ɕ̧)p�{�\�?ć3p�Wxc�Do�

��̳ɞ�)p�{�\��Do���̴?Ǚɦ����<9)p�Wxc?

�<�<kbàɛʖȵȩǈ) DU145ɱʎ(ŉÌ��24Ƹ̉Ů(�UnF��Z

)ǹŹ?ȆĽ��%�=�5 ɕ)p�Wxc$ TATA u_NW˸Ù)2?ć3

pGL3-TATA8:5̮�ǹŹ?Ɋ����<9)���N�� 6p�{�\�	

8,N�� 11p�{�\�%ą¢��5)� SV40p�{�\�$�UnF�

�Z˴¨ĸ?ȶȠ�; pGL3-Control 8:5̮��UnF��ZǹŹ?Ɋ��

̳Figure 2A �̴!(��<9)p�Wxc? DU145ɱʎ(ŉÌ� 18Ƹ̉Ħ̪

��Ů( 10 Gy)G_NWɻ?ȕŇ����9( 6Ƹ̉Ħ̪��Ů(�UnF

��ZǹŹ?ˉ.�%�=�3ɕ̧)p�Wxc$ǀž'ȶȠĬŧ�ʻŅ�<��

�)�$N�� 11p�{�\�?ć3 pGL3-11?ŉÌ��ɱʎ*G_NWɻ?

ȕŇ�'�ĩă%ǩ˞�# 1.87 ± 0.17 ¿̳ p = 0.002 )̴�UnF��ZȶȠ?Ɋ

��ƾ5ı�'Ĭŧ�ˆ49<�̳Figure 2B �̴ 

2-3-2. ȯ';ȵɱʎǒ(	�;N�� 11p�{�\�)ȚŹ 

� ǡ(�DU145ɱʎ$G_NWɻ(ņ�#ƾ5̮�ŶɡŹ?Ɋ��N�� 11p

�{�\�!�#�¡)ȵɱʎ$)ŶɡŹ(!�#ˉ.#2��DU145 ɱʎ)

ĩă%Ąǚ(�ȧž�� 13ɕ̧)ɱʎ( pGL3-11?ŉÌŮ�10 Gy)G_NW

ɻ?ȕŇ���) 6Ƹ̉Ů(a~B��UnF��ZB_YD?ʭ ��Figure 
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3 (Ɋ�8�(�13 ɱʎǒ)�� 4 !)ɱʎǒ$�ƧŇɻȕŇŮǀž(�Un

F��ZȶȠ�Ĭŧ����<9)�� DU145�PC3�SBC2(!�#*ɭ 2¿

)Ĭŧ�ˆ49<��kb)ĸŀ̣ȵȩǈ) HeLaɱʎ$* 5.10 ± 0.25¿)Ĭŧ

�ʻŅ�<���)¡)ɱʎ(!�#*��)Ǉ¦$*�UnF��Z)ȶȠ

Ĭŧ*ˆ49<'
 ���)ɴǍ*�N�� 11p�{�\�)ƧŇɻŶɡŹ

��ɱʎȚȯȹ$�;�%?Ɋ�#�;� 

� � ǡ(�ɞ�)p�{�\��Do���)p�Wxc?�<�< HeLaɱʎ

(�Ƹȹ(˴¨ĸŉÌ��10 Gy)G_NWɻȕŇ 6Ƹ̉Ů(a~B��UnF

��ZB_YD?ʭ' �%�=�11N��)p�{�\�)�� 7N��̳ ɭ

63.6%̴$�ƧŇɻ?ȕŇ�'�ĩă%ǩ˞�#�UnF��ZȶȠ)ǀž'Ĭ

ŧ̳p < 0.05̴�ˆ49<�̳Figure 4 �̴�)�$ƾ5̮�ŶɡŹ?Ɋ��N�

� 11 p�{�\�*�G_NWɻ)ɻ˿¶Ĺȹ(ǹŹ?Ĭŧ�̳Figure 5A �̴

10 Gy$G_NWɻ?ȕŇ��ĩă�9Ƹ̉Ů( 6.13 ± 1.29¿%ƾı)ŶɡŹ?

Ɋ����)Ů�ů�(�UnF��ZǹŹ*��#ʭ���48Ƹ̉Ů$5�

ƧŇɻÞȍ?��'�5)%ǩ˞�# 4 ¿ˢ�)�UnF��ZǹŹ?Ɋ��

̳Figure 5B �̴ 

2-3-3. ĮȯŉÌģ PCRǵ(8;N�� 11p�{�\�)Ʀʞ 

� ǡ(�±ƅ��p�{�\�)ƧŇɻŶɡŹ)Ʀʞ?˄2��Ɔ�*�¥à�

p�{�\�ǹŹ?Ɋ� DNA˸Ù(��]y'ȒĮȯ?ŉÌ�;�%$��)

p�{�\�)˝ÓǹŹ�Įë�;�%?Ɉˆ�#	:̳17 �̴ȒĮȯ)ŉÌ(

8:ƧŇɻŶɡŹ)Ʀʞ5ÿʏ$�;%ʆ���Įȯ)ŉÌ*�ĮȯŉÌģ PCR

ǵ$	�' ���<*�N�� 11p�{�\�?ć3 DNAƯȖ? PCRǵ$
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Ĭś�;̒(�wOgUEyDI�(æ�#w�K�DI�?ȁæ�;�%$�

Taqv�z��Z)ǢɈ' DNAʶʵ(ū̟?���ˈ �Īħ)ŉÌ?º�Ʊ

ǵ$�;�Éɛ #ʭ ��Ãľ̬$�0.5 mM)w�K�DI�?ȁæ��Ǉ

¦�$ PCR ?ʭ'��%$�ɭ 1%)ȒĮȯ)ŉÌ?ˆ4��1���)Ʊǵ

$±ƅ��p�{�\�?łƷ(N��e�O$�;8�(Ʀʞ��p�{�

\�p��orN\�pGL3-DU-TATA ?ǆƮ%Ʊǵ$Ɋ��8�(Ǚɦ���

�)p�WxcrN\�(N�� 11 p�{�\�?N��e�O��

pGL3-11-DU?Ǚɦ����)p�WxcrN\�(ć1<; TATAu_NW)

�ǺÂ)˸Ù� pGL3-11 %İŋȯ' #�;���)p�{�\�%�#)ǹ

Ź*/%@&Į>9'��%?Ɉˆ�#�;̳Figure 6C �̴pGL3-11-DU?́ģ

(ĮȯŉÌģ PCRǵ$ 5!)Įȯp�{�\�? pGL3-DU-TATA(N��e�

O����<9?�<�< HeLa ɱʎ(�Ƹȹ(ŉÌ��5 Gy )G_NWɻ(

ņ�;ŶɡŹ? 6Ƹ̉Ů(˃·��%�=�pGL3-11-DU� 2.51 ± 0.19¿)ȶȠ

Ĭŧ?Ɋ��)(ņ�# pGL3-11-9%ą¢��p�Wxc� 3.54 ± 0.41¿)ȶ

ȠĬŧ$�;�%�Ɋ�<��<9)�$5 %5̮�ƧŇɻŶɡŹ?Ɋ���

�9(�pGL3-11-9?́ģ(ÒŢĮȯŉÌģ PCR?ʭ� 42¾)Įȯp�{�\

�?±Ö��Ąǚ)Ʊǵ$˃·��%�=�5 Gy)G_NWɻ?ȕŇ�� 6Ƹ

̉Ů( 6.69 ± 0.46 ¿)ȶȠĬŧ?Ɋ� pGL3-11-9-37 p�Wxc?ûű��

̳Figure 6A �̴�)p�Wxc(ć1<;p�{�\�)ȚŹ(!�#�9(˃

·?ʭ ��1��ɱʎ(ŉÌ� 24 Ƹ̉Ů(�UnF��ZǹŹ?ˉ.;%�

ĮȯŉÌà)p�Wxc�pGL3-11-DU6 pGL3-11-98:5�)ǹŹ��' 

#��̳Figure 6B �̴�
�'�9�10 Gy)ƧŇɻ)ņ�;ŶɡŹ*�ȕŇŮ
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6Ƹ̉$ɭ 21.57 ± 6.07¿%̛Ś(̮�̳Figure 6C �̴ĮȯŉÌģ PCR(8;�

�]y'Įȯ)ŉÌ�p�{�\�ǟʏ)Ʀʞ(Üȧ$�;�%�Ɋ�<�� 

2-3-4. Ǚɦp�{�\�)Ǚ˨ʼǊ 

� N�� 11p�{�\�%�<(ȩǈ�;p�{�\�)Īħ˸Ù×Ǌ(8:�

Ǚ˨ʼǊ?ʭ ���)ɴǍ�N�� 11p�{�\�* 364 bp$�NF-κBɴă

˸Ù� 10Rm��AP-1ɴă˸Ù� 3Rm��NF-Yɴă˸Ù� 2Rm�$�CBF-A

ɴă˸Ù 1Rm�ć1<#��̳ Figure 7 �̴1��p�{�\�Ñ(*��!


)ǠĴ6�B��Vz�b�ʹ!
 ��	�9��˝Óęĸɴă˸Ù6��

]yɴă?º˫�;�4(ŉÌ�� 5’ɚÖ˸Ù'&)İ�)ɿ:ˣ�˸Ù)�

4�%ʆ�9<;��)˸Ù?N�� 11-9 p�{�\�	8,N�� 11-9-37

p�{�\�)˸Ù%ǩ˞�#2;%�N�� 11-9p�{�\�$ 4!)ȒĮ

ȯ��N�� 11-9-37p�{�\�$*�<9(æ�# 2!)ȒĮȯ�ˆ49<

��ǹŹ6G_NWɻ(ņ�;ùŶŹ)Įë*��<9)ȒĮȯ(ȩǈ�;%

ʆ�9<;��<9 3 !)p�{�\�)˸Ù*�GenBank (ȷ̂��¥�)

BNY_U��Ȯā?¢��<�̳N�� 11p�{�\�̷EF536080�N��

11-9p�{�\�̷EF536081�N�� 11-9-37p�{�\�̷EF536082 �̴ 

2-3-5. ɞ�)p�{�\��Do���)Ǚɦ 

� ǡ(ǅƱǵ)ÿʏŹ?ʹǘ4;�4(�ɞ�)p�{�\��Do���%

Ą� 4 ɕ̧)˝Óęĸ)ɴă˸Ù?��]y(ɳ2ă>��ƯȖ?

pGL3-DU-TATA(ŉÌ��Ąǚ)Ɖǵ$ư�( 62ɕ̧)p�{�\�ƯȖ?ć

3p�Wxc�Do���?Ǚɦ��̳ɞ�)p�{�\��Do��� �̴�

<�<)p�Wxc? HeLaɱʎ(ŉÌ� 24Ƹ̉Ů(�UnF��Z)ǹŹ?
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ˉ.�%�=�p�Wxc pGL3-Control (ć1<; SV40 p�{�\�(8;

�UnF��ZǹŹ8:5ŧ�5)*ˆ49<'
 �̳Figure 8B �̴�<9)

˴¨ĸŉÌɱʎ( 10 Gy)G_NWɻ?ȕŇ���)Ů 6Ƹ̉Ħ̪�#�Un

F��ZǹŹ?ȆĽ��%�=�62ɕ̧� 57ɕ̧)p�{�\���UnF�

�ZǹŹ?ǀž(Ĭŧ��̳91.9% �̴�)�$Ț(ŶɡŹ)̮
 � 3 ɕ̧)

p�{�\��N�� 831�843�848p�{�\�*�10 Gy)G_NWɻ(Ŷ

ɡ�#�Ǻ)�UnF��Z˴¨ĸ)ȶȠ?�<�< 11.17 ± 1.72¿�13.54 ± 

3.01¿�10.96 ± 0.56¿ȶȠ?Ĭŧ�;�%�Ɋ�<�̳Figure 8A �̴ 

 ̮�ùŶŹ?Ɋ��<9 3ɕ̧)p�{�\�(!�#Īħ˸Ù×Ǌ(8;Ǚ

˨ʼǊ?ʭ ��N�� 831p�{�\�* 295Īħ
9':�9Rm�)NF-κB

ɴă˸Ù% 5Rm�) CBF-Aɴă˸Ù
9';�%�Ɋ�<��N�� 843p

�{�\�* 330Īħ̆$�8Rm�) NF-κBɴă˸Ù�7Rm�) CBF-Aɴ

ă˸Ù	8, 3Rm�) AP-1ɴă˸Ù
9';�%�Ɋ�<���9(�N�

� 848p�{�\�* 406Īħ
9':�10Rm�) NF-κBɴă˸Ù�1Rm

�) CBF-Aɴă˸Ù�3Rm�) AP-1ɴă˸Ù	8, 2Rm�) NF-Yɴă˸

Ù
9';�%�Ɋ�<��Figure 9(�<9)p�{�\�(	�;�<�<

)ɴă˸Ù)˸ʀ?ǜŤȹ(ʰ��Ǚ˨Ĝ?Ɋ��ɞ�)p�{�\��Do

���
9˳Ə�� 3 !)p�{�\�)˸Ù*�GenBank (ȷ̂��¥�)

BNY_U��Ȯā�¢��<�̳N�� 831p�{�\�̷HQ542862�N�

� 843p�{�\�̷HQ418223�N�� 848p�{�\�̷HQ418224 �̴ 

2-3-6. �b�ED�WrN\�(8;ĻĽȹ'˴¨ĸŉÌɱʎ$)Ǚɦp�{

�\�)ȚŹ˃· 
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� ǡ(�p�{�\�)Ź˗?8:Ǳȴ(ô��țǳ$ˉ.;�4(�N��

11-9-37p�{�\��N�� 831p�{�\��N�� 842p�{�\��N

�� 848 p�{�\�%�UnF��Z˴¨ĸ?�<�<ɴă��˴¨ĸJY

_b?��b�ED�WrN\�?Üȧ�#ĻĽȹ(ɱʎ-ŉÌ��

HeLa/Ret-37-luc�HeLa/Ret-31-luc�HeLa/Ret-43-luc	8, HeLa/Ret-48-lucɱʎ?

±ƅ���1��R�b���%�#�SV40p�{�\�%�UnF��Z˴

¨ĸ?ɴă��˴¨ĸJY_b?ĻĽȹ(ŉÌ�� HeLa/Ret-SV-luc?Ǚɦ���

˴¨ĸŉÌ���<�<) HeLa ɱʎ(G_NWɻ?ȕŇ��%�=�

HeLa/Ret-SV-luc ?̎��.#)ɱʎ$�ɻ˿¶Ĺȹ(�UnF��Z)ȶȠ˿

�Ĭæ�����Ƹȹ'˴¨ĸŉÌ)ĩă%İŋȯ';ŶɡŹ�ʻŅ�<��

N�� 831�843�848 p�{�\�(!�#*Þȍ?��'�Ƹ)�UnF�

�Z)ȶȠ˿�Ĭæ���4
�ĬŧŢ��Ƹȹ'˴¨ĸŉÌ)ĩă%ǩ˞�

# 20−60%ɔŢ(ʣ��̳Figure 10A �̴ǡ(�ȶȠĬŧŢ(ı�'Įë)'
 

� HeLa/Ret-37-lucɱʎ( 10 Gy)G_NWɻ?ȕŇ���)Ů)�UnF��

ZȶȠ)Įë(!�#ˉ.��9 Ƹ̉Ů)ĬŧŢ�ɭ 30 ¿(ˮ��ĬŧŢ$*

�Ƹȹ'˴¨ĸŉÌ%)ı�'˯�*'
 ���
�'�9�G_NWɻȕ

Ň
9 24Ƹ̉Ů(*̛ȕŇ)Ąɱʎ(8;�UnF��Z)ȶȠ%/0Ąɟ%

':��Ƹȹ'˴¨ĸŉÌ)ĩă%ǩ˞�#�UnF��ZȶȠĬŧ)ƓɸƸ

̉)Ʌɽ�ƶ9
%' �̳Figure 10B �̴�<9)˯�*	�9�˴¨ĸJY

_b�ŉÌ�<�Ċˠ) DNA Ǚ˨�;�*�<(ɴă�;\�jN˗)˯�

'&(8;5)%Ÿ><;� 

� HeLa/Ret-37-luc ( 2 Gy )G_NWɻ?ȕŇ�;%��UnF��ZȶȠ*�
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ɭ 9Ƹ̉Ů( 2.40 ± 0.29¿̳p < 0.01̴1$Ĭŧ�#ƾıÀ(ˮ���)Ů 24

Ƹ̉1$(ȕŇ�#�'�5)%ĄɔŢ)�UnF��ZȶȠ�r�(5&;

̳Figure 10C �̴2 Gy)ƧŇɻ*�˦Ś)ȵ)ƧŇɻǱȴ(	�;�Ę×)ɻ˿

$�:�ǅƱǵ(8;ƧŇɻ˴¨ĸǱȴ(Ŷȧ$�;p�{�\�ûű)ÿʏ

Ź?ɊĐ�#�;� 

 N�� 11-9-37 p�{�\�$ EGFP ˴¨ĸ?ȶȠ�;˴¨ĸJY_b?ĻĽ

ȹ(ŉÌ�� HeLa/Ret-37-EGFPɱʎ?Ǚɦ����)ɱʎ( 10 Gy)ƧŇɻ?

ȕŇ�#�˴ ¨ĸȶȠ)Įë?ʩÊŧŢ)Įë$ʻŅ���Figure 11A(Ɋ�8

�(�G_NWɻ?ȕŇ�;à)ɱʎ*/%@&ʩÊ?ȶ�#	9��ʩÊ̦

ų̅$* EGFP˴¨ĸ)ȶȠ?Ɉˆ$�'���10 Gy)G_NWɻȕŇ 8Ƹ̉

Ů(ʻŅ�;%�Figure 11B(Ɋ�8�(ɺ)ʩÊ?ȶ�;ɱʎ�ƫİ�ˆ49

<��Ąǚ(�G_NWɻȕŇ 8Ƹ̉Ů( HeLa/Ret-37-EGFPɱʎ?Ęú�#n

��TDbzb��$ʩÊŧŢ)ȆĽ?ʭ �%�=�G_NWɻ?ȕŇ�'

�HeLa/Ret-37-EGFPɱʎ*˾ȥǒɱʎ)ʩÊŧŢ×ŗ%/0Ą�¬ʀ$óŐģ

×ŗ?Ɋ��/%@&ʩÊ?ȶ�#�'��%�>
;�G_NWɻ?ȕŇ��

8Ƹ̉Ħ̪Ů(Ęú��ɱʎ?n��TDbz�\�$×Ǌ��%�=�ɻ˿¶

Ĺȹ(ʩÊŧŢ)̮�ĀÂ(5ư�'m�N�ÖȠ�#�ŐŹ)×ŗ?Ɋ�8

�(';��<*�G_NWɻ)Þȍ(8: EGFP )ȶȠ�Ĭæ��ŧ�ʩÊ

?ȶ�;8�(' ��4%ʆ�9<;̳Figure 11C̴��)ɴǍ*��UnF

��Z¥į)˴¨ĸ$5Ǚɦ��p�{�\��ƧŇɻ(8;˴¨ĸȶȠÝŲ

(Üȧ$�;�%?Ɋ�#�;� 

2-3-7. ̐ĸɻȕŇ(8;p�{�\�)ǹŹë 
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� ˢŝ�ƳǅĂġ$ȵǱȴ)�4)̐ĸɻȕŇƲˁ�ƬÃ�<!!�;�ɍ�

Ɂƪ˔Ŗ)ʠȜȇGg�M�ɆɘY�\�(ˁʀ�<#�;�ƾ̮$ 200 MeV

1$̐ĸɻ?æ˧$�;U�N�b���\�ayæ˧ėUW`yW-MAST*

İȾȹ$�;��ȵǱȴ)�4)ȕŇ5ʭ' #�;̳28 �̴˗˿?Ɠ!ɪĸ)

Ǻ<$�;̐ĸɻ*G_NWɻ'&)Êĸɻ%*șȢĺȹ'Ź˗�ȯ';��


�'�9��<9)ȥșéǍ*̧«Ȓ5İ��´�+�̐ĸɻ)ȕŇ(8;

kbēǾʖȵȩǈɱʎ)ȥĹȞ�	8,�wEW)ʔN�pbɱʎ)ȥĹȞ?

ƔǛ(��ǗĽ$*��)ȥșĺȹéǍǩ̳RBE̴*�<�< 1.08�	8,�

1.11$�G_NWɻ%/0Ąɟ$� �̳30 �̴��$�̐ĸɻ$5ăƅp�{

�\�)ǹŹë�ÿʏ$�;
�±ƅ��ĻĽ˴¨ĸŉÌɱʎǒ(ȕŇ�#ˉ

.#2���)ɴǍ�HeLa/Ret-31-luc�HeLa/Ret-43-luc�HeLa/Ret-48-luc	8,

HeLa/Ret-37-luc -) 10 Gy )̐ĸɻ)ȕŇ(8:�6 Ƹ̉Ů(�<�< 3.01 ± 

0.60¿̳n = 3̴�1.92 ± 1.14¿̳n = 3̴�2.59 ± 0.35¿̳n = 3̴	8, 5.81 ± 1.47

¿̳n = 3̴)ȶȠĬŧ�ʻŅ�<���)8�(̐ĸɻ)ȕŇ(8 #5p�

{�\�)ǹŹë? �#�ǀž'�UnF��ZȶȠ)Ĭŧ�ˆ49<�

̳Figure 12 �̴̐ĸɻ(8;�UnF��ZȶȠ)Ĭŧ*�Ąɻ˿)G_NWɻ

(8;Ĭŧ8:5�äă$� ���HeLaɱʎ(	�;ɳ2Ɲ�¯̉)ɀņ

ȹ'ĬŧŢ)̊¹�G_NWɻ(8;5)%̧«�#	:�G_NWɻ)ĩă

%Ąǚ)ǟš(8;ǹŹë$�;�%�ɊĐ�<;�¥à)Ǘʿ$�Ąɻ˿)

G_NWɻ	8,̐ĸɻ?Ǭ(ȕŇ��ĩă�ǹŹ˻ɯ)ȶȥ˿'&(˯��

�;�%�Ɣơ�<#�;�̳31 �̴G_NWɻ%)ĬŧŢ)˯�*��)8�

'șȢëĺȹ'˯��ū̟�#�;ÿʏŹ5ʆ�9<;� 
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2-3-8. Ǝ˻ëáȁæ(8;ƧŇɻÞȍ(8;�UnF��ZȶȠĬŧ)ƌÝ 

� ƧŇɻ)Þȍ(8:�ɱʎ*˻ëWb�Wțƀ(̏;�%�Ʉ9<#�;

̳32 �̴1��p�{�\�Ǚɦ(³ȧ��˝Óęĸ)�� NF-κB6 AP-1'&

*�˻ëWb�W(8 #5ǹŹë�;�%�Ĩĉ�<#�;̳33 �̴�<9)

�%
9�N�� 11-9-37p�{�\�)ǹŹë(�ƧŇɻÞȍ(8:ˇŉ�<

;˻ëWb�W)̊��ƛŅ�<;���$�kc�LU�VJ�)WJr�

V|�$�; DMSO6 D-mannitol?�ƧŇɻ?ȕŇ�;ȿà(ȁæ��ĩă)

N�� 11-9-37p�{�\�ǹŹë-)ū̟?ˉ.#2���)ɴǍ�10 Gy)

G_NWɻ(8;ȶȠĬŧ��50 mM	8, 100 mM) D-mannitol$�<�<

23.98 ± 5.73%	8, 34.29 ± 12.76%�70 mM	8, 140 mM) DMSO)ȁæ$

36.01 ± 19.58%	8,ɭ 56.22 ± 8.59%ƌÝ�<�̳Figure 13A �̴̐ĸɻ(8;Ĭ

ŧ5Ąǚ)äă$)ȶȠĬŧ)ƌÝ�ʻŅ�<��Ð¯ȹ(*�10 Gy)̐ĸɻ

(8;ȶȠĬŧ��50 mM 	8, 100 mM ) D-mannitol $�<�< 14.28 ± 

12.36%	8, 48.88 ± 11.26%�70 mM	8, 140 mM) DMSO)ȁæ$ 57.56 ± 

0.55%	8, 71.13 ± 5.76%ƌÝ�<�̳Figure 13B �̴�<9ɴǍ*�ƧŇɻÞȍ

(8;N�� 11-9-37p�{�\�)ǹŹë(�˻ ëWb�W�̊��;�%?

ɊĐ�#�;� 

2-3-9. Ǚɦp�{�\�) in vivo$)Å� 

� ǡ(�Ǚɦ��p�{�\�)ǱȴŶȧ)ÿʏŹ(!�#Ǘʿ�;�4(�

f�cwEW?{a�êș%�#³ȧ��ȥ¯$)p�{�\�)ƧŇɻŶɡ

Ź(!�#ˉ.��HeLa/Ret-37-luc ɱʎ�HeLa/Ret-31-luc ɱʎ��;�*�

HeLa/Ret-SV-luc ɱʎ?�<�<wEW)Ůʌ˷�ʐʕȺ�(ƚɕ�ȿŬɭ 5-10 
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mmɔŢ)ʓȳ?ũƅ����<9)wEW)ŔÂ)ʐʕ?̀ǉ$˲ʦ��wE

W( 10 Gy�;�* 15 Gy)G_NWɻ?ȕŇ�# 8Ƹ̉Ů(�UnF��Z

ȶȠ)Ĭŧ?iDI�xg_UF�WǗÖʲʀ$ȆĽ���HeLa/Ret-SV-luc ɱ

ʎ)ʓȳ$*�10 Gy)G_NWɻȕŇŮ$5 0.95 ± 0.20¿̳n = 3̴%1 ��

Ĭŧ*ʹ9<'
 ���HeLa/Ret-31-luc ɱʎ)ʓȳ$* 10 Gy )G_NWɻ

ȕŇŮ(�ȕŇ�'�ĩă%ǩ˞�;% 1.75 ± 0.72¿̳p < 0.05; n = 8 �̴15 Gy

$ 2.31 ± 0.65¿̳p < 0.05; n = 3̴)Ĭŧ�ʻŅ�<��HeLa/Ret-37-lucɱʎ)

ʓȳ$* 10 Gy)G_NWɻȕŇŮ(�ȕŇ�'�ĩă%ǩ˞�;% 2.29 ± 0.12

¿̳p < 0.01; n = 5 �̴15 Gy$ 2.67 ± 0.50¿̳p < 0.05; n = 5̴)Ĭŧ�ˆ49<

�̳Figure 14 �̴�)8�(&�9)ɱʎ)ĩă$5 in vivo$�UnF��Zȶ

Ƞ)ǀž'Ĭŧ�ʻŅ�<�G_NWɻ(8;�<�<)ăƅp�{�\�)

ǹŹë�ˆ49<�����in vitro%ǩ˞�Ĭŧäă*
':���Ů*�

õę)ɘƶ%�9';Ʀʞ�ŵʷ�%Ÿ><;� 

2-3-10. fcy::fur˴¨ĸȶȠɱʎ)Ǚɦ%ʛǦ˴¨ĸǱȴ) in vitro$)Ux~�

�U�� 

� ǡ(��UnF��Z˴¨ĸ6 EGFP˴¨ĸ)£>:(N�� 11-9-37p�{

�\��(ʛǦ˴¨ĸ$�; fcy::fur˴¨ĸ?ȶȠ�;˴¨ĸJY_b?�b�

ED�WrN\�$ĻĽȹ(ŉÌ��ɱʎ̳HeLa/Ret-37-Fcy::Fur̴?±ƅ��

5-FC%)ɳ2ă>�$ in vitro$)ʛǦ˴¨ĸǱȴ?Ǘʿ���³ȧ��ʛǦ˴

¨ĸ�fcy::fur ˴¨ĸ*�ȵǱȴȧ)ʛǦ˴¨ĸ%�#̈ȶ�<�5)$�˺ǧ

)UbU�aBxd�Z?R�c�; fcy-1˴¨ĸ%E�U�tWt�uU�b

��WnF��Z?R�c�; fur-1˴¨ĸ?ʪă���œ˴¨ĸ$�;̳ 28 �̴
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�)˴¨ĸ)Ȧș*�˺ɯ)ǹŹ?»Ɠ�#�;�%�Ɉˆ�<#�;�Ub

U�aBxd�ZǹŹ)Ŧ�ď�êșɱʎ(ņ�#ǨŹ)� 5-FC*�àʇ)

˺ɯǹŹ(8:ǨŹ)̮� 5-n�I�E�U�̳ 5-Fluorouracyl; 5-FU (̴éȞȹ

(ĮƝ�<;�5-FU*�Ůʇ)˺ɯǹŹ(8:�9( 5-fluoroUMP(ĮƝ�<

;��)Ů�ɱʎÑ$�9(ǚ�(ĮƝ�<�˺ɯ̋Ł6Qhy-û:ˡ2'

&? �éȞȹ(ɱʎǣ?ˇŉ�;̳33 �̴ 

� 1���)ɱʎ(G_NWɻ?ȕŇ��fcy::fur ˴¨ĸ)ȶȠĬŧ?\�jN

˗)ǗÖ(8:ˉ.��G_NWɻȕŇŮ 0Ƹ̉$5 HeLa/Ret-37-luc%ǩ˞�

;%İŋȶȠ�#�;�%�>
;��)ȶȠ*�G_NWɻȕŇ 6 Ƹ̉
9

̦ʤ(': 12Ƹ̉$m�N(ˮ����24Ƹ̉Ů(*/0ȕŇà)țƀ(Ƈ 

�̳Figure 15A �̴��$�10 Gy)G_NWɻ?ȕŇ�� HeLa/Ret-37-Fcy::Fur

? 5-FC?ć3Ħġ$Ħ̪��%�=�5-FC)ȏŢ¶Ĺȹ(ɱʎ)ȥĹȞ�̦ʤ

(�����)Ƞˑ*�HeLa/Ret-37-luc 6�G_NWɻ?ȕŇ�#�'�ɱ

ʎ$*ʻŅ�<��HeLa/Ret-37-Fcy::Fur -)G_NWɻ)ȕŇ(8: fcy::fur

˴¨ĸȶȠ�º˫�<;�%$ 5-FC 
9 5-FU (ĮƝ�<;�%$ť�˙��

<�ɱʎǣ(8;5)$�;%ʆ�9<;��
�'�9�G_NWɻ?ȕŇ

�'�ĩă$5 fcy::fur˴¨ĸ?İŋȶȠ�#�;�4
�5-FC?̮�ȏŢ$ȁ

æ�;%ɱʎǣ�˙�;̳Figure 15B �̴�<9)ɴǍ*�N�� 11-9-37p�{

�\���)11)țƀ$Ǳȴ(Ŷȧ$�;ļÍ'ș$*'��%?Ɋ�#�

;��
�'�9�1��ǅɆɘ$Ɔ��Ɋ��Ʊǵ��ǱȴŶȧ$�;p�

{�\�ûű)ÿʏŹ?ɊĐ�;ɴǍ$�;%5ʆ�#�;� 
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2-4. 考察 

� ǅɆɘˊƭ$*�Þȍ(Ŷɡ�#ǹŹë�;p�{�\�)Ǚɦǵ%±ƅ�

�p�{�\�)Ź˗��9(��)ǱȴŶȧ)ÿʏŹ(!�#Ǘʿ��� 

� ǅˊƭ$Ǘʿ���ÞȍŶɡŹ)�œp�{�\�*�Þȍ(Ŷ�#ǹŹë

�;˝Óęĸ)ɴă˸Ù?��]y(ɳ2ă>��ħǅ˝Óęĸ�ˆˎ�;

TATAu_NW˸Ù(ɴă�#Ǚɦ����)Ʊǵ*�Þȍ(Ŷɡ�#ǹŹë�

;˝Óęĸ?�9
�4˳Ə�#�;�4Þȍ(Ŷɡ�#ǹŹë�;p�{�

\�?ûű$�;éȞ�̮�%ʆ���ǅɆɘˊƭ$* 2 !)p�{�\��

Do���?Ǚɦ����ɞ�)�Do���$*�63.6%)p�{�\��G

_NWɻ)Þȍ(Ŷɡ�#�Ǻ)�UnF��Z˴¨ĸ)ȶȠ?ǀž(Ĭŧ��

ɞ�)p�{�\��Do���$* 91.9%%�/%@&�.#)p�{�\�

�G_NWɻ)Þȍ(Ŷɡ���5�=@�ÞȍŶɡŹ*G_NWɻ)ȕŇɻ

˿'&)Ǉ¦(5ŔĀ�<;��̛Ś(̮�äă$Ⱦȹ)Þȍ(Ŷɡ�;p�

{�\�?ûű$�;�%�Ɋ�<��ľ̒�Ąǚ)Ʊǵ$Ǚɦ��àɛʖȵ

ɱʎ$ǟʏ�;ƧŇɻŶɡŹp�{�\�ûű)�4)�Do���$5�

46.6%%��̮�äă$ 10 Gy)G_NWɻ(Ŷɡ�;p�{�\�?ûű��

̳34 �̴�)8�(�ǅɆɘˊƭ$Ɋ��Ʊǵ*ǀé$�:�Þȍ(Ŷɡ�#ǹ

Źë�;˝Óęĸ)˳Ə?Ɓ˽(ʭ�+�ǩ˞ȹɨó(ÞȍŶɡŹ)p�{�

\�)ûű�ÿʏ$�;%Ÿ><;� 

� �Ęûű��ƧŇɻŶɡŹp�{�\�*�ɱʎȚȯŹ�̮��N�� 11p

�{�\�*�HeLaɱʎ$)2̮�ùŶŹ�ʻŅ�<��1��ɞ�)p�{

�\��Do���)p�{�\�5kbàɛʖȵȩǈ) LNCaPɱʎ$ƧŇɻ
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ŶɡŹ?Ɋ�5)5� ���HeLaɱʎ(	�;ŶɡŹ%ǩ˞�#ç #��

̳34 �̴�<*�	�9��ȵɱʎ)ȩǈ6ȵë)ɔŢ'&(8:�Þȍ(Ŷɡ

�#ǹŹë�;˝Óęĸ)ɕ̧�ȯ';�4%ʆ�9<;�ľ̒�Nrf2�p53�

Oct1 '&ȯ';ɕ̧)˝Óęĸ)ɴă˸Ù?Üȧ�#Ąǚ)Ʊǵ$±ƅ��p

�{�\�*�LNCaP ɱʎ$5ǅɆɘˊƭ)ăƅp�{�\�%Ąɟ�r�)

ŶɡŹ?Ɋ��̳34 �̴ 

� ǅɆɘˊƭ$*�Öȗ�<�Ɇɘˊƭ?Ǘɰ�#ʹ�����ƧŇɻÞȍ$

ǹŹë�; NF-κB�AP-1�CBF-A�NF-Y) 4ɕ̧)˝Óęĸ?˳Ə���)ɴ

ă˸Ù?Üȧ�# HeLaɱʎ$Å�p�{�\�?ûű���±ƅ��p�{�

\��Do���
9ûű��ŶɡŹ)̮�p�{�\�)Ǚ˨?ˉ.#2�

%�=�NF-κB% CBF-A)ɴă˸Ù?ć3äă�̮��%�Ɋ�<���<9

2!)˝Óęĸ�̮�ƧŇɻŶɡŹ?»Ɠ�;'&�¡) 2!%ǩ˞�#Ț(Ƨ

ŇɻŶɡŹ(ŧ�̊> #�;ÿʏŹ�ʆ�9<;��Ę˳Ə��˝Óęĸ)

�$5ƧŇɻ(ņ�;ŶɡŹ(˯��Ɋ�<#	:�ǅɆɘˊƭ$Üȧ��˝

Óęĸ�ƾ˱)˳Ə$�;
&�
*�ƶ$�;�62 ¾)p�{�\�?ć3

ɞ�)p�{�\��Do���)���ùŶŹ)̮�p�{�\�$5�U

nF��Z˴¨ĸȶȠ)Ĭŧ¿Ȟ*�ƾı$5 10 ¿ɔŢ$̢Ɗ�$� ���

�)�%5˝Óęĸ)˳Ə(˙ę�;ÿʏŹ��;�ƧŇɻÞȍ?��;àŮ

)˴¨ĸȶȠp�nAD�)˯�?ɹʁȹ(ˉ.;�%$�ƧŇɻŶɡŹp�

{�\�?ûű�;�4)8:˱Ø'˝Óęĸ)ɳ2ă>�?ʹ����%�

ÿʏ
5�<'�� 

� ĮȯŉÌģ PCR(8;p�{�\�ƯȖ-)ĮȯŉÌ(8;ǟʏ)Ʀʞ*�
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óɮ'Ƥ±$ľƲÿʏ$�:�éǍ5̮��%�Ɋ�<��¥à(�ıʔʢ�

$p�{�\�ǹŹ?Ɠ�'� HeLaɱʎQhyȩǈ) DNAƯȖ(ĮȯŉÌģ

PCR (8:ȒĮȯ?ŉÌ�;�%$�ıʔʢ�$)p�{�\�ǹŹ?¢�$

�;�%��)Ɖǵ?ɿ:ˣ��%$��)ǹŹ?Ć�$�;�%'&?Ɋ�

�̳17 �̴õǓȥș)˝ÓzJeXy*ɂǓȥș)�<%*ȯ';��	�9�

˝Óęĸɴă˸Ù�ũƅ�<#p�{�\�ǹŹ?Ɠ���9(Įȯ�ŉÌ�

<;�%(8:˝Óęĸ% DNA %)ʺČŹ���;�%$˝ÓǹŹ�Ć��

�%ʆ�#�;��Ę)ǟʏ)Ʀʞ*�óɮ(˝ÓǹŹ�Ć���%��)$

*'��Þȍ(8:Ĭæ�;˴¨ĸ)ȶȠ˿)äă�Ĭæ��>�$�;
9�

Þȍ�'�Ƹ)˝ÓǹŹ�ȃŦ��
�Þȍ��;Ƹ)˝ÓǹŹ�Ć���'

&)Ƞˑ�ť�˙��<��4$�;%ʆ�9<;�ľ̒�N�� 11p�{�

\�(Įȯ?ŉÌ�;�%$ûű��N�� 11-9 p�{�\���9(Įȯ?

ŉÌ��N�� 11-9-37p�{�\�*�ĮȯŉÌà8:5ƧŇɻ?ȕŇ�#�

'�Ƹ)˝ÓǹŹ̳�Ǻ˴¨ĸ)ȶȠ̴�ȃŋ�#�;�%�Ɋ�<�̳Figure 

6B�N�� 11p�{�\�̸SV40) 35.85 ± 16.6%�N�� 11-9p�{�\�: 

SV40) 8.80 ± 1.29%�N�� 11-9-37p�{�\�̸SV40) 4.76 ± 0.23%̳�

Ƹȹ˴¨ĸŉÌa�\̴̴��<*�Įȯ)ŉÌ(8 # DNA)Ǚ˨(ū̟��

 ��4$*'�
%ʆ�#�;��'>��Įȯ)ŉÌ� DNA)̮ǡǙ˨)

Įë?ť�˙���´�+�Þȍ�'�Ċ:(˝Óęĸŋ'�ĩă�˝Ó̊˩

ęĸ� DNA(ƚˢ�(��Ǚ˨%' #	:�Þȍ�æ>;�%(8:˝Ó̊

˩ęĸ�Ĭæ�;�%$ DNA)Ǚ˨�/&�;%�̋ Óęĸ*¥à%Ąǚ(ƚ

�sɴă�;'&){a��ʆ�9<;�Įȯ?ŉÌ�;�4)ĮȯŉÌģ PCR
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ǵ*Űǈ DNA �R�c�#�;\�jN˗)ǟʏƦʞ'&(Üȧ�<#��

Ʊǵ$�;�̳35 �̴DNA)�ǡǙ˨)Įë*�DNAʛ¯)ǟʏ(!�#5ū

̟?���p�{�\�'&)Ʀʞ(5Üȧ$�;�%�Ɋ�<���Ů*�

ĮȯŉÌ)̤Ţ%ǹŹĮë)̊¹'&�8:¯ɬȹ'Ǘʿ?ľƲ���� 

� ED�WrN\�)Üȧ*ǱȴŶȧ?ʆ��ĩă(˽ʷ(';%Ÿ><;�

��$��b�ED�WrN\�?Üȧ�#�Ǚɦ��p�{�\��(�U

nF��Z˴¨ĸ?ɴă��˴¨ĸJY_b)ɱʎ-)ŉÌ?˄2��p�{

�\�)ǟʏ?/0»Ɠ��11ĻĽȹ(ɱʎ-)ŉÌ�ÿʏ$� ����

�!
)Ĕ̥Ȓ5Ǽ����´�+�p�{�\�)Ź˗�ļÍ(*Ą�$'


 ��%$�;��)ĻĽȹ'ŉÌ(8:�ȶȠĬŧäă)Įë6ȶȠĬŧ

)ɷɸǂ̉)Įë'&�ʻŅ�<���<*�b�ED�W�ɱʎ)Qhy(

D�`O��b�;�4�D�`O��b��˷¬)Ȥī(ū̟�<;�4$

*'�
%ʆ�#�;��;�*�p�Wxc�%�b�ED�WQhy�$

) DNAR�`NWb)˯�(8;5)%��ÿʏŹ5�;�¡)Ĕ̥Ȓ%�#

*�ı˿)ɳ2Ɲ��b�ED�W)ûű�Ě̖$ɱʎ-)˴¨ĸŉÌ1$(

Ƹ̉�

;�%6�ɳ2Ɲ�ÿʏ' DNA˿(Ý̌��:ŉÌ˴¨ĸ)ƫ�̌

9<;'&5�ǱȴŶȧ?ʆ��ĩă�Ĕ̥%Ÿ><;� 

� ̈ȶ��N��11-9-37p�{�\�)ÞȍŶɡŹ)zJeXy*8�>
 

#�'��Ǝ˻ëș˗)ĹĠ�$*ÞȍŶɡŹ�ƌÝ�<;�%
9�˻ëW

b�W)̊��ɊĐ�<��1���)p�{�\�*�ɱʎÑ˻ëWb�W

?ť�˙��Ǝȵá$�;cL[�lU�ÕȢ̳36̴(5Ŷɡ�#ǹŹë�;

̳37, 38̴̳ Figure 16 �̴�Ʊ�¡)Ǝȵá�́ �+wDbwDU� C)ÕȢ$*�
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N�� 11-9-37p�{�\�*ǹŹë�'���wDbwDU� C5ɱʎÑ˻ë

Wb�W?ť�˙���%�Ĩĉ�<#�;̳39 �̴��� #��)p�{�

\�)ǹŹë(*�óɮ(˻ëWb�Wțƀ$�<+ð×%��>�$*'��

�;ȚĽ)˻ëWb�W�;�*˻ëWb�W(æ�#�<¥į)ʷę5ŵʷ

$�;�%?ɊĐ�#�;�´�+�DNA%)ɀ�±ȧ�̊��;ÿʏŹ5�

;�ƧŇɻ� DNAƟÄ?ť�˙���%*ʞ�Ʉ9<#�;��p�{�\�

)ǹŹ?Ć���;cL[�lU�6UWp�^�5 DNA %ɀ�±ȧ�ƟÄ

?ť�˙���%�Ʉ9<#�;����cL[�lU�*�ǅ̄ DNA)̄̉

(¸Ì� DNAbvD[z��Z?̋Ł�;̳40 �̴�Ʊ�UWp�^�* DNA

)̄̉(ǎǞ?ũƅ�;�%�Ʉ9<#	:̳41 �̴ť�˙��ƟÄ)˅ɱ*ı

��ȯ';�1��wDbwDU� C 5ǎǞũƅ�B�L�ë'&?ť�˙�

� DNA %ɀ�±ȧ?�;�%�Ʉ9<#�;̳42 �̴ȶȠĬŧ)zJeXy*

�</&óɮ$*'���$�;��Ů5ʼǊ?ɸ���� 

� �Ę̈ȶ��p�{�\�*�êș)¯Ñ$5�G_NWɻ)Þȍ(Ŷɡ�

#�Ǻ˴¨ĸ)ȶȠ?Ĭæ�;�%�Ɋ�<���
�'�9��)Ĭæäă

* in vitro$ʻŅ�<;ĩă%ǩ˞�#ı��ƌÝ�<���<9)ƌÝ)õę

*ȠƸȒ$*�ƶ$�;����êșľ̬)̒�ƧŇɻȕŇ)'�ĩă$5

HeLa/Ret-37-luc 6 HeLa/Ret-31-luc ɱʎ$ũƅ�<�ʓȳ
9�HeLa/Ret-SV-luc

ɱʎ(8;ʓȳ) SV40 p�{�\�(8;�UnF��ZȶȠ(8;5)%

Ąɟ�r�)UOd�?ǗÖ�#�;�In vitro(	�#Þȍ�'�țƀ$*�

N�� 11-9-37p�{�\�(8;�UnF��Z˴¨ĸ)ȶȠ* SV40p�{

�\�)5)%ǩ˞�# 15.95 ± 0.33%ɔŢ$�;�%�Ûƶ�#	:̳ĻĽȹ
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˴¨ĸŉÌa�\ �̴in vivo$*°9
)õę$Þȍ�'�Ƹ)ǹŹ��Ƶ��

%ʆ�9<;�´�+�wEWʫ�(ć1<;t�{�6TDbJD�'&)

ȥȢǹŹș˗)Å�(8:�œp�{�\�)ǹŹë(̊��;˝Óęĸ�Þ

ȍ)'�țƀ$5ǹŹë�;�%$�p�{�\�)ħǅ˝ÓǹŹ?̮4#�

;)$*'�
%ƛȆ�<;�ņɢ%�#*�˝Óęĸ)˳Ə?ˊƭa�\$

'��ľ̒)țǳ(ô�#ʭ��%$�;ɔŢʼǯ$�;)$*'�
%ʆ�

#�;�ȠĠ�f�cwEW(Ǜȹ%�;ȵɱʎ$ʓȳ?ũƅ��ƧŇɻ?ȕ

Ň�;�%$ǹŹë�;˝Óęĸ)ƙɰ?ʭ #�;�ű9<;żĨ?ħ(�

ǅƱǵ$ÒŢp�{�\�?Ǚɦ�;�Ľ$�;� 

� N�� 11-9-37p�{�\���in vitro$G_NWɻ6̐ĸɻ(Ŷɡ�#�Ǻ

˴¨ĸ)ȶȠ?̦ʤ(Ĭæ�;�%6�ƌÝ�<#*��� in vivo$5�G_

NWɻ(Ŷɡ�;�%�Ûƶ���%?ü�#�ʛǦ˴¨ĸ?Üȧ��ƧŇɻ

˴¨ĸǱȴ) in vitro$)Ux~��U��?ʭ ��ɱʎǨŹ)� 5-FC?

Ǝȵá(5³ȧ�<;ɱʎǨŹ)̮� 5-FU (ĮƝ�;˺ɯ)˴¨ĸ�fcy::fur

?N�� 11-9-37p�{�\�$ȶȠ�;˴¨ĸJY_b%�# HeLaɱʎ(Ļ

Ľ(ŉÌ�#Ǘʿ?ʭ ���)p�{�\�*�ƧŇɻ(Ŷɡ�#ð×'˿

) fcy::fur ˴¨ĸ)ȶȠ?ˇŉ��Ą�ɱʎ( 5-FC ̛ĹĠ�$ƧŇɻȕŇ��

ĩă��;�* HeLa/Ret-37-luc( 5-FCĹĠ�$ƧŇɻȕŇ��ĩă%ǩ˞�;

%�1 mM¥�) 5-FC)ȁæ(8:ɶʾȹ(ǀž'ɱʎǣ)º˫�ʻŅ�<#

�;��)p�{�\�*�ƧŇɻÞȍ)'�Ƹ(*�ƧŇɻÞȍ?æ��ĩ

ă)�ð×)�ɔŢ$�;�1��SV40p�{�\�) 16%ɔŢ)ǹŹ?Ɋ�

)2$�:��)p�{�\�$ȶȠ�� EGFP \�jN˗)ʩÊŧŢ)n�
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�TDbz�\�(8;×Ǌ$5�̋ ǒ) HeLaɱʎ%ǩ˞�;%66ĀÂ-)

Unb�;)2$�;̳Figure 11C̴��
�'�9�10 mM) 5-FCĹĠ�$

*ƧŇɻ?ȕŇ�'�ĩă$5�ɭ 20%%ƧŇɻ?ȕŇ��5))ñ×ˢ�ɱ

ʎǣ)º˫�ʻŅ�<�̳Figure 15B̴�Þȍ�'�Ƹ)ȶȠ(8;ɱʎǣ)º

˫*�̈ȶ��p�{�\�)ǠȒ$*�;��5-FC )ȁæȏŢ6ȁæ)\D

x�O��9(*ȁæǂ̉'&?ˉƬ�;�%$�;ɔŢ)Ʀʞ�ÿʏ$*'

�
%ʆ�#�;�1��ʛǦ˴¨ĸ$�; fcy::fur) mRNA	8,\�jN˗

(�́ �+�q�sWED�W TDx�) RNA×ʼº˫˸Ù)AU Rich Element

̳43̴6wEW)I�e^�aJ�uLU��Zȩǈ)\�jN˗×ʼº˫˸

Ù$�; PEST˸Ù̳ 44 '̴&)¢æ(8;ñȃǂ)ˉɤ'&(8 #5
':

1$Ʀʞ�ÿʏ�%ʆ�#�;��9(�G_NWɻ)Þȍ(8:ȶȠ�ȃŋ

�;wDN� RNA)ɴă˸Ù?Ǳȴ˴¨ĸ(ć4;�%$�G_NWɻ?ȕŇ

�'�ĩă*Ŧ�'�95ȶȠ�#�;Ǳȴ˴¨ĸ)ȶȠ?ŧ�ƌÝ��ȕŇ

��ĩă*�<�ʼ̎�<;�%$p�{�\�)Å�?ĵ�'�ư�'˴¨

ĸȶȠÝŲUW`y)Ǘʿ5̈Ķ��̳45̴� 

� ǅˊƭ$Ɋ���˩)Ǘʿ(	�#��Ę̈ȶ��Ʊǵ$Ǚɦ���œp�

{�\��G_NWɻ	8,̐ĸɻ(Ŷɡ�#ǹŹë���Ǻ(ɴă��˴¨

ĸ)ȶȠ?Ĭŧ�;�%�Ɋ�<���9(��)ǹŹë*ȥ¯$5˙�:�in 

vitro$)Ǘʿ$*�;��ʛǦ˴¨ĸǱȴ(5Üȧÿʏ$�;�%�Ɋ�<��

1���!
Ĕ̥��;�4��Ę³ȧ��p�{�\�?�)11ǱȴŶȧ

�;�%*̖����p�{�\�?Ǚɦ�;Ʊǵˊʛ¯*ǀé$�:��Ů

)Ʀʞ'&(8:�ȵǱȴŶȧ)ÿʏŹ?˥ǭ����
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3. 結語および今後の検討 

� �ĘɊ��ƧŇɻŶɡŹp�{�\�Ǚɦǵ*ǩ˞ȹłƷ$�˱Ø'˝Óę

ĸ?˳Ə�<+Ⱦȹ)Ź˗?Ɠ �5)?ûű$�;ÿʏŹ5̮�%Ÿ><;�

�)��	�9�*¡)Þȍ(Ŷɡ�;p�{�\�)ûű(5Ŷȧÿʏ$�

;�ľ̒��<1$ŧŢ˚̞ǶÞȍ̳46-48̴6ƎȵáÕȢ̳37, 38̴'&(8

 #ǹŹë�;p�{�\�?��Ę%Ą�Ʊǵ(8:Ǚɦ��p�{�\�

�Do���
9˳Ə$�;�%?Ɋ�#�;���<)ĩă5�in vitro$)

ʛǦ˴¨ĸǱȴ�ÿʏ$� ���Ů*��)Ʊǵˊ��8:ş�ɥě$Ŷȧ

ÿʏ'�%?Ɋ���� 

� ȠĠ�ǱȴŶȧÿʏ'5)?±ƅ�;�4(�¥�)8�'��!
)Ǘʿ

?ɸ�#�;��!Ⱦ*�ʆŅ(5ˀ����wDN� RNA)Üȧ$�;�w

DN�RNA*�\�jN˗?R�c�'� 20ĪħɔŢ)Ŋ×ĸ)RNA$�;�

wDN� RNA*�˦Ś�mRNA) 3’̛ʄ˂̡ĥ(ĹĠ�;wDN� RNA)ɀ

Ą˸Ù(ɀʴȹ'˸Ù?Ǜȹ%�#ɴă��˴¨ĸ)ȶȠ?ƌÝ�;�%$˴

¨ĸȶȠ)ˉɤ?ʭ #�;�ɳɾȚȯȹ'ȶȠ?Ɋ�5)6ÞȍŶɡŹ)ȶ

Ƞ?Ɋ�5)5Ʉ9<#�;�ʆŅ(Ɋ��8�(�ÞȍŶɡŹ)5)*�)

Ǜȹ˸Ù%p�{�\�%)ɳ2ă>�$8:\Db'ȶȠÝŲ?ľȠ$�;

�%�Ɋ�<�̳45, 49 �̴1��ɳɾȚȯȹ'ȶȠ?Ɋ�wDN� RNA)Ǜȹ

˸Ù?Ⱦȹ˴¨ĸ) mRNA (ɳ2ˡ3�%(8:��)wDN� RNA ?ȶȠ

�#�;ɳɾ$)Ⱦȹ˴¨ĸ)ȶȠ�ƌÝ�<;�N�� 11-9-37p�{�\�

)�Ǻ(�ȵɱʎ$�+�+ȶȠ�ƌÝ�<; miR-200c̳ 50, 51̴)Ǜȹ˸Ù?
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ɳ2ˡ@��UnF��Z˴¨ĸ?ɴă��˴¨ĸJY_b?±ʵ����)

˴¨ĸJY_b?�miR-200c ?ȶȠ�'� HeLa ɱʎ(ŉÌ��ĩă�ƧŇɻ

ŶɡŹ(ȶȠ����Ʊ�miR-200c ?ı˿(ȶȠ�;ɱʎ$*�ƧŇɻ)ȕŇ

�ǀ;ȓ�(̊>9�/%@&�UnF��Z�ȶȠ�'��%?Ɉ
4��

�)UW`y)Ŷȧ(8:�Ǳȴ˴¨ĸ)8:̮Ţ'ɳɾȚȯȹȶȠ?ľȠ$

�;%Ÿ><;� 

� 1��N�� 11-9-37 p�{�\�?Üȧ�;�%$�ƧŇɻ(8; shRNA

)ȶȠÝŲ�ÿʏ$�;�%5Ɉˆ����)UW`y(8:�ƧŇɻ)Þȍ

$ shRNA? ��˴¨ĸȶȠ)ƌÝ�ÿʏ%';�ȠĠ���!
)ȵǱȴƐ

ƎŹ(Å�˴¨ĸ?Ǜȹ%��˴¨ĸJY_b?ɱʎ(ŉÌ��G_NWɻ)

Þȍ(8;ȵɱʎ)ǱȴſüŹ)ÝŲ(!�#)Ǘʿ?ʭ #�;� 

� ʓȳɳɾ?±;ȵɱʎ*�ǚ$*'��ǱȴƐƎŹ5ɱʎ(8 #ȯ';�

%�Ʉ9<#�;���� #�ʓȳ)éȞȹ'Ǳȴ(*�ƧŇɻ%)ɳ2ă

>�?ʆ�#5�!)˴¨ĸ)ȶȠ6ƌÝ$*̌Ȭ��;��Ů*�q�sW

ED�W6iL~�ED�W'&)ʶƫ)˴¨ĸ?ŉÌ$�;rN\�?Üȧ

��¾�)˴¨ĸ?ƧŇɻ'&)Þȍ$ɱ
�ÝŲ$�;8�'˴¨ĸȶȠÝ

ŲUW`y?Ǚɦ�;�%$�ư��ƧŇɻ˴¨ĸǱȴ(ɴ,!�#����� 
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ĺ̍ïĺʧĺɆɘ˷ ƧŇɻħɉïĺˌţ� ˢʨ� ̑� ƩƘ(Ŵ8:ŲɋȪ�

��1�� 

� 1��ǅɆɘ)ˬʭ(��:�İ�)̜$�èʽ��òå?˖:1��ńŏ

ıĺıĺ̍ïĺʧĺɆɘ˷ ʑǴŌėɏĺˌţ� Ȅ˷ƶŪ� èƩ�Ą� Ǖ�ɜʳ�

èƩ�Îʬʯȥĺˌţ� ő� ǢĞ� èƩ�ì˼ıĺïȴʯȥĺ˷ïȴʯȥœĺ

ɏ� ̃ˏ� ˒� ˌř��)¡)ÏĄɆɘʇˋǪ(ǿˍʜ�1��1��ƾŮ(

ɲĶ�ƥƞ?˖:1���ƧŇɻħɉïĺˌţ)ˋǪ(ſˍ���1�� 
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6．図 

 

 

Figure 1 Construction of radiation responsive promoter library and selection method for radiation 

responsive promoters. 

A promoter library was constructed by cloning randomly combined DNA fragments containing four 

transcription factors upstream of the TATA box sequence in a promoter probe vector. Cells were 

transfected with each vector and exposed to radiation to see if luciferase activity increases. Promoters 

were evaluated by calculating ratios of luciferase activity after radiation to one before radiation and 

selected the ones showing higher ratios as candidate promoters. 
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Figure 2 Promoter activities and their X-ray inductions of synthetic DNA fragments in DU145 cells.  

A. Promoter activities without X-ray irradiation. Luciferase activities driven by synthesized promoters 

were expressed as the values of the promoter activities and they were expressed relative to that driven by 

SV40 in the pGL3-Control. The red bars indicate significant increase in luciferase expression in response 

to X-ray irradiation (p < 0.05). B. The promoter activities 6 h after X-ray irradiation. All of the values of 

the activities are expressed relative to those in the identically prepared samples except for X-ray 

irradiation. The error bars represent the standard deviations (n = 3). The presented figure was depicted 

based on the representative findings of 3 independent experiments. 
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Figure 3 Inductions of clone 11 promoter activities by X-ray in various cancer cell lines.  

All of the values of the activities are expressed relative to the same samples without X-ray irradiation. 

The red bars indicate significant increase in luciferase expression in response to X-ray irradiation (p < 

0.05). The error bars represent standard deviations (n = 3). The presented figure was depicted based on 

the representative findings of 2 independent experiments. 
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Figure 4 Promoter reactivity to X-ray irradiation in HeLa cells. 

HeLa cells were transfected with a plasmid containing one of the constructed promoter clones (clone 1 to 

11). Luciferace activity was assessed 6 h after the transfected cells were irradiated with 10 Gy X-ray. Fold 

activation was calculated by comparing luciferase activity of transfected cells with X-ray irradiation to 

the identically treated cells except for X-ray irradiation. The red bars indicate significant increase in 

luciferase expression in response to X-ray irradiation (p < 0.05). The error bars represent the standard 

deviations (n = 3). TA: Promoter consisting of only a TATA box sequence.  
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Figure 5 Reactivity of clone 11 promoter to X-ray in HeLa cells.  

A. Induction of luciferase activities by X-ray irradiation at various doses. The bars represent the standard 

deviations (n = 3 to 5). The presented figure was depicted based on a typical representative of 2 

independent experiments. B. Kinetics of luciferase activities after X-ray irradiation. The bars represent 

the standard deviations (n = 3 to 6). The presented figure was depicted based on the representative 

findings of 2 independent experiments. 
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Figure 6 Improvement of the clone 11 promoter reactivity to X-ray irradiation with random 

mutations introduced by error prone PCR (epPCR).  

A. The reactivity distribution of clones generated from clone 11 promoter during improvement by 

two-step epPCR. B. The promoter activity transition of improved promoters without X-ray irradiation. 

The bars represent standard deviations (n = 3). The presented figure was depicted based on the 

representative findings of 3 independent experiments. C. Transition of improved promoter reactivity to 

X-ray irradiation. Open box: Induction of promoter activities 6 h after 5 Gy irradiation. Solid box: The 

induction of promoter activities 6 h after 10 Gy irradiation. The bars represent standard deviations (n = 3). 

The presented figure was depicted based on the representative findings of 3 independent experiments. 
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Figure 7 Nucleotide sequences of clone 11 promoter and improved mutants.  

Incorporated cis-acting elements are indicated with underlines with numbers (corresponding to numbered 

synthetic DNA oligomers described under Materials and Methods) and directions are expressed as 

arrowheads. The potential TATA-box sequence is framed squared with hatched lines. NF-κB binding 

motifs with the same mutation introduced in clone 11-9-37 were framed squared. A mutation possibly 

caused by deletion due to homologous recombination introduced during the cloning of the fragment was 

marked with an asterisk. Mutations introduced with epPCR highlighted with black background.  
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Figure 8 Screening of a promoter library for reactivity to X-ray irradiation.  

A. HeLa cells transfected with 62 constructed promoters were exposed 10 Gy X-ray and subjected to dual 

luciferase assay 6 h after that. Fold activations were calculated by dividing values of luciferase activities 

of irradiated transfected cells with those of the same transfected cells without X-ray irradiation. The red 

bars indicate three best promoters in their reactivity to X-ray irradiation. B. Relative background activities 

(activities without X-ray irradiation) of all the 62 promoters to that of the SV40 promoter determined by 

dual luciferase assay. Luciferase activity driven by the SV40 promoter was set to 1. SV: control with 

pGL3-SV-luc. Error bars represent the standard deviations (n = 3).  
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Figure 9 Schematic representations of structural features of constructed promoters responsive to 

X-ray. (a) clone 831, (b) clone 843, (c) clone 848 and (d) clone 11-9-37. Arrows represent transcription 

factor binding sequences. Colors and directions show their kinds and directions. Red arrows: CBF-A, 

white arrows: NF-κB, blue arrows: AP-1 and green arrows: NF-Y. The yellow boxes at the most 

downstream represent a DNA fragment containing TATA box sequence. 

 

5’

3’

b
5’

3’

a

5’

3’

c

Fig. 2abcd

5’

3’

d

A B

C D



 60 

 

 
 

Figure 10 Responses of constructed promoters to X-ray in stably transfected HeLa cells.  

A. Highly responsive promoters of clone 831, 843, 848 and 11-9-37 were integrated into recombinant 

retrovirus vectors. HeLa cells infected with a recombinant were exposed to various doses of X-ray and 

subjected to dual luciferase assay 6 h after that. Fold activations were calculated by dividing values of 

luciferase activities of irradiated infected cells with those of the same infected cells without X-ray 

irradiation. White bars: clone 831, green bars: clone 843, red bars: clone 848 and blue bars: clone 11-9-37. 

Error bars represent the standard deviations (n = 3). B. Kinetic responses of luciferase activities of HeLa 

cells infected with a recombinant to X-ray irradiation at 10 Gy. Blue line with solid circular markers: 

HeLa/Ret-37-luc, black line with solid square markers: HeLa/Ret-SV-luc. Error bars represent the 

standard deviations (n = 3). C. A kinetic response of luciferase activity of HeLa/Ret-37-luc to X-ray 

irradiation at 2 Gy. Error bars represent the standard deviations (n = 3). 
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Figure 11 Enhancement of EGFP fluorescence with clone 11-9-37 promoter by X-ray irradiation. 

HeLa/Ret-37-EGFP cells were observed on a fluorescent microscope without (a) or with (b) X-ray 

irradiation at 10 Gy. The cells were observed 8 h after X-ray. (c) Wild type HeLa cells without X-ray 

(blue line) and HeLa/Ret-37-EGFP were analyzed with flowcytometry 8 h after X-ray irradiation at 0 Gy 

(purple line), 5 Gy (green line) or 10 Gy (orange line). 
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Figure 12 Responses of constructed promoters to proton beam in stably transfected HeLa cells. 

Luciferase gene expression of HeLa cells infected with a recombinant retrovirus was evaluated 6 h after 

proton beam irradiation at 10 Gy. SV: HeLa/Ret-SV-luc (black bar), 831: HeLa/Ret-31-luc (white bar), 

843: HeLa/Ret-43-luc (green bar), 848: HeLa/Ret-48-luc (red bar), 11-9-37: HeLa/Ret-37-luc (blue bar). 

Error bars represent the standard deviations (n = 3). Statistically significant differences were indicated 

with asterisks (**: p<0.01). 
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Figure 13 Suppression of enhancement of luciferase expression with anti-oxidants.  

Enhancement of luciferase expression in HeLa/Ret-37-luc by X-ray (A) or proton beam (B) irradiation 

was suppressed by addition of an antioxidant, D-mannitol or DMSO. Error bars represent the standard 

deviations (n = 3). Statistically significant differences were indicated with asterisks (*: p<0.05, **: 

p<0.01). 
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Figure 14 Reactivity of artificially constructed promoter to X-ray in infected HeLa cells in vivo. In 

vivo luciferase expression was augmented in response to X-ray irradiation at 10 Gy. After tumor tissues 

of infected HeLa cells of similar sizes were formed in the both flunks of five nude mice, one of the 

tumors was irradiated with X-ray at 10 Gy or 15 Gy. Immediately before and 9 h after X-ray irradiation, 

photon generations emitted out of each tumor tissue were recorded for the bioluminescent image data and 

they were calculated for changes in luciferase expressions. Error bars represent the standard deviations (n 

= 3 ~ 8). Statistically significant differences were indicated with asterisks (*: p<0.05, **: p<0.01). 
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Figure15 Increase of fcy::fur gene expression and reduction of cell survival by 5-FC after X-ray 

irradiation.  

A. Expression change of the Fcy::Fur proteins in HeLa/Ret-37-Fcy::Fur cells at 0, 6, 12, 24 and 48 h after 

X-irradiation was detected. HeLa/Ret-37-luc cells without radiation were loaded in the leftmost lane as a 

negative control. b-actin served as a loading rference. B. Cytotoxicity of 5-FC to HeLa/Ret-37-Fcy::Fur 

cells was enhanced after X-irradiation at 10 Gy. The mean cell survivals of HeLa/Ret-37-Fcy::Fur were 

evaluated by WST-1 assay. The data are expressed as cell survival ratio that is calculated by dividing 

surviving cell fractions after treatment with 5-FC by that of the identically treated cells without 5-FC. The 

solid lines are for HeLa/Ret-37-Fcy::Fur and the dotted lines are for HeLa/Ret-37-luc. The red lines are 

for X-ray irradiated cells and the blue lines are for non-irradiated cells. Error bars represent the standard 

deviations (n = 4). Statistically significant differences were indicated with asterisks (**: p<0.01). 
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Figure 16 Responses of clone 11-9-37 promoter to anti-cancer drugs in stably transfected HeLa 

cells. 

Luciferase gene expression of HeLa/Ret-37-luc cells was evaluated 6 h after exposure to anti-cancer 

drugs. CDDP: cis-platin, CPT-11: camptothecin 11, Taxol: paclitaxel, MMC: mitomycin C, Dox: 

doxorubicin. Error bars represent the standard deviations (n = 3). Statistically significant differences were 

indicated with asterisks (*: p<0.05, **: p<0.01). 
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