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ĨƹʦȚ³ÈĔïɅɩƈþ�ƣɑ5�ǎÅɨưƭĔïŞù
 
ǘĴĔïɫĵƇ 

 
PolκĊǣ{P^Jʔ�)ĳÐȑ3 CYPɇ�ǢȈv�b[a]q��ʌȺ�ȍȠƵ5ɏ° 

 
ĔïǫɎŬ� ƾ；Ɓ�� Ķʜ�ʈɑƣɑ¢ƹĔïƆɐʚɛ� Ĕï� 

 
ĔïʕŖ 
� v�b[a]q���BaP
6ƹǦȤ0ǫŭJŵ�/ÍƵ¯�G�DNA4ɖ±ǦJăƶ#F�ȍȠƵɟŪ
0�F ɵĔï06ǣƋƘE¤�Ă DNAz�}�	`0�F Polη�O	c
�Polι�OSc
�Polκ�T
fo
JĊǣ!)ŀɯ5 BaP ÐŵƵ4-�/đȘ!)1�H�ǫŭÍƵ¯JįI3�ƝĎ®0 Polκ Ċ
ǣŀɯ�C8 PolιĊǣŀɯ�ȟ�Ȉ4 BaPĳÐŵƵJť!) =)�PolκĊǣŀɯ06ȄȮȑ5ɇǫŭ
BaPƄʚ4CE DNAȥŽļƿǵ{	T	0�F γ-H2AX�SâeQfWzO�iVk	` Chk15��
ō¯1�,) DNAǣƋ©Ȗãĭ5ÍƵ¯�ĖDG)�1�D�PolκĊǣŀɯ06 BaP�áǷ5ǫŭÍ
Ƶ¯�À5ãƉ0�ȍȠƵJʌȺ#F�1�ťĹ�G) '�0ʅƹĂ{P^�C8 PolκĊǣ{P^4
BaP�C8 CYP1AǒÁł α-krir�y��ANF
Jĸʱȓʐ!/�ƣɑǽ5 BaP4CFȺ�K4�
�F Polκ1 CYP5ʆËJđȘ!) '5ċ´�ʅƹĂ{P^�PolκĊǣ{P^1A4�ANF5ɤʔȓ
ʐ4CEǌ�5ŴʫƵɐɧ5Ƴ�Ǜ±!) �ɭ0�ʎǕ4Ƚ!/ Polκ Ċǣ{P^06 BaP ǰȡȓʐ
�C8 ANF 15ɤʔȓʐ5�$G5ƚĴ4��/AʅƹĂ{P^1ɂ:/�ĞǦ�)E5ŴʫƵɐɧ
5ȺƹƳ�ʗƴ�G/�) �GD5ċ´6áǷ5 BaP5ȠƵȺĝãƉ�C8ƹǦȤ05ɴģãĭ5Ț
��DʎǕ�GFċ´16ë0�E�BaP5ȠƵȺĝ�C8'5ʎɴ�Œ4-�/�D3F»Ƽ�ɋʕ
0�F1Į�DGF  
 
A�ĔïʃȈ                       � � �  
v�b[a]q���BaP
6ǥÒɰĲǠǳ¯Ʊǐ

5�-0�E�ȱU^�¦Ǚ¦5Ǥ�±ȫǿʚ!
)ƣɑ4AÙ=GF¨ǈɟŪ0�F(1) BaP6ƹ
ǦȤ0ǫŭJŵ�/ÍƵ¯�G�DNA4ɖ±ǦJ
ăƶ#F ��!)ǣƋ§ßJƘE¤�/ DNA
ĴƶJĆǡ#Fãĭ�ǣƋƘE¤�ɝƻ�TLS

0�F(2) ʪȨʢŀɯ6 Polη�Polι�Polκ32ɝ
Ƴ5 TLS z�}�	`Jš,/�F(3) Ĕïǫ
ɎŬ6�G=04�Polη�Polι�Polκ ňŽĊǣŀ
ɯ�TKO
�ʒ�3ɧ�Ě4ǧ!/ʅƹĂŀɯ
�WT
1ɂÇ!/ĳ�ÐŵƵJť#�1JĖž
!/�F BaP6WTŀɯ4ǧ!/6żʘ5ǷĖ
1�Ǻ!/ S9 mixɇǢŃ®06 50 µM0Aǎ�
ŀɯȠƵ�>DG$�S9 mixǢŃ®5>0ƹǢ〜
Ȅ®Jť!)�IC50=13.5 µM
 �ɭ0 TKOŀɯ
6 S9 mixɇǢŃ®0 BaP4ǧ!/ú@/ĳ�Ð
ŵƵJť!�IC50=0.25 µM
�S9 mix ǢŃ®06
WT ŀɯ16ë4ŀɯȠƵ�Ȅ®!)�IC50=4.8 
µM
 �D4 TKO ŀɯ5>3D$ BaP ɖ±Ǧ5
ƘE¤�4Øʐ#F Polκ 5ǰȡĊǣŀɯ0AȜ
ʒ5ĝƕ�>DG) �5�1�D BaP 46 in 
vitro 0 CYP J¹#FǫŭÍƵ¯4CFáǷ5Ƞ
ƵȺĝãƉ4±�/�CYPJ¹�3�ȠƵȺĝã

Ɖ5ǢŃ�ťĹ�G) =)�BaP6 CYP4CE
ǫŭÍƵ¯Jŵ�F�ąĩȓʐ4CFțɟūĘ
06Õǜ06�KJʌȺ%$�ǌ��ƣȝ�ǅ1
�,)ƣɟ1ȁǀǀƢ#Fɛ��Ⱥ�KɌȈǜ
Þ13,/�F(4) �D4�CYP1A1Ċǣ{P^
B HRN{P^Jʔ�)Ĕï�D�in vivo06 BaP
6 CYP 4CE»Ƞ�GF�1�ť�G/�F(5, 
6) TLS Ċǣŀɯ4��FĳÐŵƵ6�^Wɏ°
ƗʮǶ�3�1�GF�ȍȠƵJťĹ!/�F
�1�D�Õİǐ4CFǫŭJŵ�/�3� BaP
�ú@/ȄȮȑ0 DNA ǣƋJʌȺ#F²ȯƵ�
ť�G)�16ƣɑ�ǎƗŽʕ3ǷĖ0�F1
Į�DG) ��!)ƗɛƑ¯Ó4��F CYP
ɇ�ǢȈ3 BaPʌȺ�ȍȠƵJ�TLSĊǣŀɯ�
C8�ȍŒ¾ɧ{P^Jʔ�/ĳÐȑ4đž#
F�1JʃȈ1!/ɵĔïJūŕ!)  
 
B. Ĕïɭɮ 
B-1. ŀɯ 
� Polη�Polι�Polκ 5ǰȡĊǣ�Polh-/-�Poli-/-�
Polk-/-
ŀɯ=)6ňŽĊǣ�TKO
ŀɯ��C
8ʅƹĂ�WT
ŀɯ6á4ŷʜ�G)ŀɯ(7-9)
JŅƶŬ5µ«ɣʍȶŐ�Èź ǬÈ÷Ŷ
�C
8ǬƧŤɗȶŐ�ę�Èź ǬÈê�÷Ŷ
CE
ɠʐJŵ�/ŏʔ!) �GD5ŀɯ6 37°C�5% 
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CO2Òõ®0 10%P\ǩŠČƸJȋ±!)d�v
fZɧɮO	X�ȴǸ0ȴー!)  
 
B-2. ŀɯƹǢ〜Mf_O 
� ŀɯJ 96 PQ�t�	i4Ŋ���Ɂǹ�/
ǀǼ�%)Ģ��= =3Ȯȑ5 BaPJÃ 6PQ
�$-ȋ±!) ǧƕĀ�C8ȴǸ5>5s��
WĀÃ 6PQ�46々ȵ5>Jȋ±!) ǫŭÍ
Ƶ¯Jį�Ā46ɄĘɟŪ11A4ŹȮȑ 1%5
ǈơǦ�ƛŚĘʔ S9 mix�VfZ	{�
Jȋ±
!) 24Ţ×ĢɄĘɟŪJÙ?ȴǸJƊð!�Ʀ
ǋ3ȴǸ0�ȑPQ�JǇ,)Ģ4Ľ8ȴǸJ
ȋ±!/ 96 Ţ×ȴー!) '5Ģ MTS Śʈ
�Promega
Jȋ±!)ȴǸ4ĥÑ!�1Ţ×O�
V�v	i!�íĦt�	i�	d	Jʔ�/
495 nm5íĦȑJǟȅ!)  
 
B-3. DNAǣƋ©Ȗ5»Ƽ 
� ŀɯJ 6 cm hNf\�4Ŋ���Ɂǹ�/ǀ
Ǽ�%)Ģ�ɄĘɟŪJȋ±!/O�V�v	i
!) '5ĢŀɯJɍƗ0¼Ÿ!�0.5% Triton 
X-100 JÙ?nfrL	4Đǯ!/²々Ƶ·ɠ1
ɕ々Ƶ·ɠ4ɠ·!) 'G(G5·ɠ5ǴȷŪ
Jȅʠ!/ SDS-PAGE 4Ȋ¿!�γ-H2AX���
ō¯ Chk1JWestern blot4CEđž!)  
 
B-4. PolkĊǣ{P^ 

Polκ 6ǣƋ DNA 5ƘE¤�ɝƻ4Øʐ#F�
Œ0�F)@�Ȥ�Ƶ5ȢǍɧ��ǻƽ#F�^
WJɆ�F)@4 Polκug�Ċǣ�Polk+/-
{P
^1ʅƹĂ C57BL6J JÊ�ĴI%/Ąȗ�š�
C8ȿƟJį,) Polk+/-{P^Ŝʍ6ŅƶŬ0
�FǬƧŤɗȶŐ�ę�Èź ǬÈê�÷Ŷ
C
EʞƏJȞ/�ȧɵW�M0ŵǮŝ��G/�)
SPFțɟJȾȩ!) țɟ6ßǏŝʟ�CE-2�30 
kGy・üĿ�ȧɵW�M
�C8ǿƻƱJŦʋǁ
Ű�%�­ȑ 24±1��ũȑ 55±5��Ñä¼Ƴʇ
18¼/Ţ�S	�r�f\�
�12Ţ×5．�[O
W�4ƴģ�G)n�M	\^g|5ŝ�Ũ0
ŝ�!) Ǝə1!/arieft�ňô�y[
	p^
Jə�)z�T	ym	iƻȹĂY	]
4 1-6Ɋ$-Ÿʑ!�Y	]�C8ƎəJŻ 1¼
5ɔȑ0ĥÑ!) ūĘ4ò#Fx~Ċǣ�Polk-/-

�C8Ȝɜ5ʅƹĂ�Polk+/+
{P^6�Polk+/-

ŜʍJÊ�ĴI%/Ņž!)  
 

B-5.�  BaP�C8ANFĸʱȓʐ5ƝĎđȘ 

� ʏƙ5 Polk+/-Ŝʍ{P^JÊ�ĴI%/ Polk+/+

�C8 Polk-/-{P^JŅž!�ʔʠǂȅ5)@5
ʎɈŚĘJūŕ!) 'G(G5�ȍŒĂ�14
țɟJȓʐ¿őȧ5ǦŽ4ß.�/�ÃĀ5ɥû
ǦŽ�ýş#FC�4 1Ā 3Ɋ5 7Ż（ʍ�D3
FÃ 6Ā�ć 12Ā
4ɠ�) BaP6Z	�ʉ4
々»!�々 ȵǧƒ�0%
�ɇȺ�Kʔʠ�0.003%
�
Ⱥ�Kʔʠ�0.01%
5Ȯȑ0ǰȡ=)6 CYP1A1

ǒÁł0�F�krir�y��ANF
(10)1ó
4ɢɹßǏŝʟ4ĸ&�4 Ż×ŦʋǁŰ�%) 
ūĘâ×ǽ��ɀƞǨ�C8řɲțɟ5ʊ、Jɸ
ȧÖŇ!�ǦŽ�ǁʱʠ�C8�ƱʠJŻ 1 ¼ǟ
ȅ!) țɟ6ȓʐâ×ŹʞĢOar���íȩ
ɶƲ®0¿ɜ!�ɜɛǬțɻCEɬČ!/�Éř
�%) ɳđJūŕ!/�Ȳ�ƥǜ�ʭǜ�Õǜ�
ƯǜJȇž!�ŽʠJǟȅ!) =)�Ɨæ5Ǒ
Ơ4±�ǅ�ƣȝ�ǌ��Ǌ��ƌǾ�ǬǾJȇ
ž!) �GD5ǜÞ6 10�ǽƵÔƔx�{��
£0Ġȅ!)Ģ�ƛɮ4ż�o�rN�ɪɷ�ȸ
ƿɌɵŅƻĢ�u{iV\���RS]�ǈơJ
ŕ!/ɐʚǑƠÈȈđņJūŕ!)  

 
B-6.�  BaP�C8ANF5ĸʱȓʐ4CF�ȍȠƵ
ŚĘ�ƝĎđȘ
 

� 'G(G5�ȍŒĂ�14�țɟJȓʐ¿őȧ
5ǦŽ4ß.�/ÃĀ5ɥûǦŽ�ýş#FC
�4 1Ā 6Ɋ5 7Ż（ʍ�D3F 6Ā�ć 12Ā

4ɠ�) BaP 6Z	�ʉ4々»!�々ȵǧƒ
�0%
�ɇȺ�Kʔʠ�0.003%
�Ⱥ�Kʔʠ
�0.01%
5Ȯȑ0ǰȡ=)6 CYP1A1 ǒÁł0
�F αkrir�y��ANF
(7)1ó4ɢɹßǏ
ŝʟ4ĸ&�40Ż×ŦʋǁŰ�%) ūĘâ×ǽ�
�ɀƞǨ�C8řɲțɟ5ʊ、JɸȧÖŇ!�Ǧ
Ž�ǁʱʠ�C8�ƱʠJŻ 1¼ǟȅ!) țɟ
6ȓʐâ×ŹʞĢOar���íȩɶƲ®0¿
ɜ!�ɜɛǬțɻCEɬČ!/�Éř�%) ɳ
đJūŕ!/�Ȱ�Ȳ�ƥǜ�ʭǜ�Õǜ�Ưǜ
Jȇž!�ŽʠJǟȅ!) =)�Ɨæ5ǑƠ4
±�ǅ�ƣȝ�ǌ��Ǌ��ƌǾ�ǬǾJȇž!
) Õǜ4-�/6�ɛJȒċɨǢ!�'5Ǥ5
ǜÞ6 10�ǽƵÔƔx�{��£0Ġȅ!)Ģ�
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ƛɮ4ż�o�rN�ɪɷ�ȸƿɌɵŅƻĢ�u
{iV\���RS]�ǈơJŕ!/ɐʚǑƠÈ
Ȉ»ƼJūŕ!)  
 
B-7.� Polk+/+{P^�C8 Polk-/-95 BaP �C8
ANF5ĸʱȓʐ4CFȺ�KƵūĘ 

� 'G(G5�ȍŒĂ�14�țɟJȓʐ¿őȧ
5ǦŽ4ß.�/ÃĀ5ɥûǦŽ�ýş#FC
�4 1Ā 6Ɋ5 7Ż（ʍ�D3F 6Ā�ć 12Ā

4ɠ�) BaP 6Z	�ʉ4々»!�々ȵǧƒ
�0%
�ɇȺ�Kʔʠ�0.003%
�Ⱥ�Kʔʠ
�0.01%
5Ȯȑ0ǰȡ=)6 CYP1A1 ǒÁł0
�F αkrir�y��ANF
(7)1ó4ɢɹßǏ
ŝʟ4ĸ&�40Ż×ŦʋǁŰ�%) ūĘâ×ǽ�
�ɀƞǨ�C8řɲțɟ5ʊ、JɸȧÖŇ!�Ǧ
Ž�ǁʱʠ�C8�ƱʠJŻ 1¼ǟȅ!) țɟ
6ȓʐâ×ŹʞĢOar���íȩɶƲ®0¿
ɜ!�ɜɛǬțɻCEɬČ!/�Éř�%) ɳ
đJūŕ!/�Ȱ�Ȳ�ƥǜ�ʭǜ�Õǜ�Ưǜ
Jȇž!�ŽʠJǟȅ!) =)�Ɨæ5ǑƠ4
±�ǅ�ƣȝ�ǌ��Ǌ��ƌǾ�ǬǾJȇž!
) �GD5ǜÞ6 10�ǽƵÔƔx�{��£0
Ġȅ!)Ģ�ƛɮ4ż�o�rN�ɪɷ�ȸƿɌ
ɵŅƻĢ�u{iV\���RS]�ǈơJŕ!
/ɐʚǑƠÈȈ»ƼJūŕ!)  
 
B-8. ɐʚǑƠÈȈ»Ƽ 
� ǌ�4��/ȦÛȈ4Ȫ@DG)ʇ 0.5 mm �
Ɨ5ċǃǎ/5ȸƿɌɵJŅƶ!/ǑƠɐʚÈ
Ȉ»ƼJūŕ!) 1 ĞǦ�)E5ɐɧ5ȺƹƳ
5Ōž4�),/6ɐɧ、!5ĞǦ6 0 ɐɧ/Ğ
Ǧ1!/ćŌ4±�) Ƭǵßƀ6�®5ȃE0
�F �ăƶ6Àă�Ǭ���Ä5ăǨ��ƛ3
ŀɯJÙ?�Ă¶ăƶ0�E�!7!7ƗɃȤ4
ÆŪ¯JȪ@F ȨșŴ6ɠ¯!)ʯɥƗɃŀɯ
0ɞIG)ɠŗ!)ǉ�ČÓƠ0�F ʯɥƗɃ
Ú6ŀɯ5úƵǓŧ�Ä5ǥĂƵ��C8ɱɘ3
ɠ）ǚJť#ŀɯJÙ>�!7!7½řǚ�C8
Ȝƥ¥ǔƞ5Æ¯ɟŪ�ÚƩų
JȪ@F  
 
B-9.� ȗćÈȈ»Ƽ 

� ǦŽ4-�/6�Ã�ȍŒĂ4-�/ Dunnett
ɮ4CEǧƒĀ15ʊ�ĺJđȅ!) ǌ�4�
�Fɐɧ5Ⱥƹ〜4-�/6�TOȥƘđȅ4C
EǧƒĀ15ʊ�ĺJđȅ!) 1 ĞǦ�)E5
ɐɧ5ȺƹƳ4-�/6�Tukey-Kramerɮ4CE

ʊ�ĺJđȅ!)  
 
�ʡʚʁ95ȳʝ
 
�ȍŒǑÑ�țɟūĘ6Ķʜ�ʈɑƣɑ¢ƹ

ĔïƆ�ȍŒǑÑ�ūĘ�ǎ��º�C8țɟ
ūĘ��º5ƤĻ�ƏȪJȞ/�ȜƆ5ȅ@F��
ȍŒǑÑ�ūĘ�ǎÓʚåǞ��C8�țɟūĘ
5ȉƷ3ūŕ4Ø#Fåȅ�JƂű!/į,) 
ȟ4�țɟ�Ĥ5ƺƪ4Ǟ,/țɟŝ�Jį��
ūĘŹʞŢ5ɳđ6ƨɶƲ®0ūŕ!�ÿȂ5Ĉ
Ĝ4Ȑ@) =)�ūĘŬ5ďĬɄÁɴŘ5)@�
ɄĘɟŪ5Ű�6�ǎV�pmfi�ɴƮ{^W
�C8ŲǪȕJŏʔ!/ěŽ4ūŕ!)  
 
C. Ĕïċ´ 
C-1.� ǫŭɇ�ǢȈ3BaPĳÐŵƵ5ʗƴ4ØI
FTLSz�}�	`5Ǳņ 

� ǫŭɇ�ǢȈ3BaPĳÐŵƵ�PolκǰȡĊǣŀ
ɯ5>3D$Ǥ5TLSz�}�	`Ċǣŀɯ0A
ĖDGF�2��ǿ:F)@�Polh-/-�Poli-/-�Polk-/-

�C8TKOŀɯ4S9 mixǢŃ®=)6ɇǢŃ®0
0.1�100 µM5BaPJȋ±!/24Ţ×Ƅʚ!�4ȧĢ
5ŀɯǛƟ〜Jǟȅ!) '5ċ´�WTŀɯ1
Polh-/-ŀɯ6S9 mixȋ±Ţ5>BaP4ǧ!/ÐŵƵ
Jť!)��Poli-/-Ċǣŀɯ6S9 mixȋ±Ţ5>3
D$ɇȋ±Ţ0ABaP4ǧ!/ů�ÐŵƵJť!
)�Fig. 1
 =)�TKOŀɯ6Polk-/-ŀɯCEA
�D4ö�ÐŵƵJť!)  

 
C-2.� BaP�ǫŭɇ�ǢȈ4ȄȮȑ0�ȍȠƵJ
��ç�#ãƉ5đȘ 

� Polk-/-ŀɯ0ĖDGFǫŭɇ�ǢȈBaPÐŵƵ�
�ȍȠƵ4ç�#F�ǿ:F)@�DNAȥŽļƿ
ǵ{	T	0�Fγ-H2AX��C8ɝƻǒÁ4CE
ÍƵ¯#FSâeQfWzO�iVk	`Chk15
��ō¯J»Ƽ!) S9 mixǢŃ®=)6ɇǢŃ
®02, 10, 50 µM5BaPJWTŀɯ�C8Polk-/-ŀɯ
4ȋ±!�24Ţ×Ģ4ŀɯJ¼Ÿ!/Western blot

4CE'G(G5DNAǣƋ©Ȗ�Œ5ÍƵ¯J
ǿ:) '5ċ´�WTŀɯ06S9 mixɇǢŃ®5
BaPƄʚ06�GD5�Œ5ÍƵ¯6ĖDG3�
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,)54ǧ!/�Polk-/-ŀɯ06S9 mixǢŃ®CE
AɇǢŃ®0ö�ÍƵ¯�ĖDG)�Fig. 2
  

 
C-3. PolkĊǣ{P^5�š�ȿƟ 
� Polk+/-{P^ŜʍwMJÈź ǬÈʚÈɛµ«
ĔïŨCEɠʐ�)*��Ķʜ�ʈɑƣɑ¢ƹĔ
ïƆ4/�š�ȿƟJūŕ!) Ȝɜ5 Polk+/+�
C8Polk-/-5ʍ{P^Ã 30ɊJŏʔ#Fʎȅ0�
F)@�ƫ13F Polk+/-ŜʍJȿƟ�%�56wM
JŅž!) �GD5 Polk+/-{P^Jĥȳ�%/
ūĘ4ò#F{P^JŅƶ#F11A4�ʏƙț
ɟJʔ�/ʔʠǂȅ5)@5ʎɈŚĘJūŕ!
) ţ4 Polk+/-�ug�
Ŝʍ 56ǑJÊ�ĴI%
/�319 Ɋ5Ŏ{P^JȞ) �ȍŒĂ»Ƽ5ċ
´�ʍ Polk+/+�Polk-/-1A4Ȝɜ5ʅƹĂ�C8
Polκx~Ċǣ5ʍ{P^Ã 41Ɋ�ȞDG))@�
Ã�ȍŒĂ�14 1Ā 6Ɋ×6Ā0ɵūĘJūŕ!
) ƃǿ4ȿƟ�ƭK*ċ´�Ȕƅ5ʎȅCEǖ
� 6 č 22 ȧ�DȓʐJ¿ő#F�1�²ȯ13
,))@�Ⱥ�KƵJR�jzO�i1!)»Ƽ
Jūŕ#F)@4ɵūĘ5ȓʐâ×J 40 Ż×4
ǂȅ!)  
 
C-4. ʅƹĂ{P^�C8PolκĊǣ{P^95BaP

�C8ANF5ĸʱȓʐ�ƝĎđȘ
 

� ȓʐâ×Jȃ"/�řɲ�C8�ɀƞǨ5ɧ¯
6ĖDG$�ǦŽ4ÃĀ×0ʊ�3ĺ6ĖDG3
�,)�Table 1�Fig. 3
 ǜÞŽʠ06Polk+/+5
0.003% BaPȓʐĀ10.01% BaP+0.1%ANFȓʐĀ
0ƥǜ5ǄǧŽʠȄ®�0.003%�C80.01% BaP

ȓʐĀ0Ưǜ5ǄǧŽʠȄ®�ĖDG)���$
GAǗǧŽʠ46ɧț�ĖDG3�,)�Table 2
  
 
C-5. Polk+/+{P^�C8 Polk-/-95 BaP �C8
ANF5ĸʱȓʐ4CFȺ�KƵūĘ 

� ʎɈūĘ5ċ´�ɇȺ�Kʔʠ0�F 0.003%�
C8Ⱥ�Kʔʠ0�F 0.01% BaP1 0.1% ANF5 4

Ż×5ǰȡ�C8ɤʔȓʐ0řɲ=)6îĉ3Ǧ
ŽĜƍȕ6Ȫ@DG$Ȁâȓʐ�²ȯ1ȼǵ�G
))@�ɵūĘ4��Fʔʠ6ʎɈūĘ1Ȝʒ4
0.003%=)6 0.01% BaP5ǰȡ=)6 0.1% ANF

15ɤʔȓʐ1!)  

� ūĘâ×ǽ5řɲ1!/�ȓʐ 36 Żʃ4 Polκ

Ċǣ{P^5 0.01% BaP + 0.1% ANFĀ0 1Ɋř
ɲ��E�ɳđ!)1�Hǌ�4ɝƳ5ȷơċǃ
��,) =)Õǜ�Ưǜ�ǲơ0�,)�1�
DɓČ�èIG) ȓʐ 37Żʃ4ʅƹĂ{P^5
0.01% BaP + 0.1% ANF0 1Ɋřɲ��E�ɳđ!
)1�H�Ȥɛ4 1.3 cm×1.0 cm×0.5 cm5ȷơŴ
ʬ��,) Ŵʬ6ɡʄJɦľ!/�EƑ¯Ó4
Ȥʑɟ�Ȫ@DG3�,)�1�D�ǁƣƖÁ4
Ȼ�řɲ1Į�DG) �GD5 2ʣ4-�/6�
ǑƠɐʚÈȈƬǵJūŕ!) 38Żʃ4ʅƹĂ{
P^5 0.003% BaP + 0.1% ANFĀ0 1Ɋřɲ��
E�ɳđJį,)�řĢɧ¯�ĳȑ0�E�ɵʣ
4-�/6ǑƠɐʚƬǵJǵȭ!)  

� ǦŽ4-�/6�9 Żʃ�ı 33 Żʃ=0 Polκ

Ċǣ{P^5 0.01% BaP + 0.1% ANFĀ4�24Ż
ʃ�ı 37Żʃ=0ʅƹĂ{P^5 0.003% BaP + 

0.1% ANF Ā4ʊ�3ǦŽǛ±ʗƴ�ĖDG)
�Table 3, Fig. 4
 ǁʱʠ6Ā×0Ǭ�3ĺ6Ė
DG$�BaP�C8 ANF5ǁŰʠ6ȓʐȮȑ4;
<ɂʣ!/�)  

� 40 ŻȓʐĢ4ƹǢțɟJOar���ɶƲ®
0�Éř�%�ɳđJį,) BaPȓʐțɟ06
ǌ�4ȷơ5ċǃ�ĖDG) ɐʚǑƠƬǵ5ċ
´�BaPȓʐțɟ4��/ǌ�4ʯɥƗɃ¶ăƶ�
�ăƶ�ȨșŴ�ʯɥƗɃÚ�ĖDG�Fig. 5
�
ʅƹĂ{P^5 0.01% BaPĀ1 0.01% BaP +ANF
Ā��C8 PolκĊǣ{P^5 0.01% BaPĀ06ʯ
ɥƗɃ¶ăƶ5Ⱥƹ〜5ʊ�3Ǜ±�ĖDG) 
ʅƹĂ{P^5 0.01% BaP +ANFĀ06'G4±
�/ȨșŴ�C8ʯɥƗɃÚ5Ⱥƹ〜5ʊ�3
Ǜ±�ĖDG) =)��ăƶ�ȨșŴ�C8ʯ
ɥƗɃÚJǌŴʫƵ
ŴʫƵɐɧ1!/Ⱥƹ〜
JŌž!)1�H�ʅƹĂ{P^5 0.01% BaPĀ
�C8 0.01% BaP +ANFĀ0ǌŴʫƵ
ŴʫƵɐ
ɧ5Ⱥƹ〜5ʊ�3Ǜ±�Ȫ@DG) �ɭ0
PolκĊǣ{P^5 0.01% BaPĀ�C8 0.01% BaP 
+ANF Ā06�ʔʠǗØȈ3ŴʫƵɐɧ5Ǜ±�
ĖDG)A55ȗćÈȈ3ʊ�ĺ6Ȫ@DG3
�,)�Table 4
  
� ţ4 1ĞǦ�)E5ɐɧƳJǿ:)1�H�ʅ
ƹĂ{P^5 0.01% BaP + ANFĀ06ǧƒĀ�C
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8 ANF Ā1ɂ:/ 1 ĞǦ�)E5ʯɥƗɃ¶ă
ƶ�ȨșŴ�ʯɥƗɃÚ��C8ǌŴʫƵ
Ŵʫ
Ƶɐɧ��ăƶ+ȨșŴ+ʯɥƗɃÚ
5ǘȺƹƳ
�ʊ�4Ǜ±!/�) ȨșŴ1ʯɥƗɃÚ6
0.01% BaPĀ1ɂ:/Aʊ�4ǥ�,) �ɭ0
PolκĊǣ{P^5 0.01% BaP + ANFĀ06ǧƒĀ�
ANFĀ��C8 0.01% BaPĀ1ɂ:/ʯɥƗɃÚ
5ȺƹƳ�ʊ�4ǥ�,)��ʯɥƗɃ¶ăƶ�
�ăƶ�ȨșŴ��C8ǌŴʫƵ
ŴʫƵɐɧ5
ǘȺƹƳ6ǧƒĀ�C8 ANF Ā1ɂ:/ʊ�3
ĺ6ĖDG3�,) =)�ȨșŴ5ȺƹƳ6ʅ
ƹĂ{P^5 0.01% BaP + ANFĀ1ɂ:/ʊ�4
ƍ3�,) �Table 5, Figure 6
  
 
D. ĮŇ 
� BaP�C8 ANFJʅƹĂ�C8 PolκĊǣ{P
^4 40 Ż×ĸʱȓʐ!)1�H�ȓʐâ×ǽ4
ć 3Ɋ5řɲ��E��$GA BaP + ANFɤʔȓ
ʐĀ0�,) =) BaP + ANF ɤʔȓʐĀ06
BaP ǰȡĀ1ɂ:/ǦŽ�Ȅ�āĪ��E�Polκ
Ċǣ{P^5 0.01% BaP + 0.1% ANFĀ06 9Żʃ
�ı 33Żʃ=0�ʅƹĂ{P^5 0.003% BaP + 
0.1% ANFĀ06 24Żʃ�ı 37Żʃ=0ʊ�3
ǦŽǛ±ʗƴ�ĖDG) �GD5Ā0ǁʱʠ5
Ȅ®6Ȫ@DG3�,)�1�D�ȓʐ4Ȼ�ɧ
ț1Į�DG) țɟƳ5ƴʇ1ĞǦ×57D-
�4CEȗćÈȈ3ʔʠǗØƵ6．Å063�
���GD5ċ´�D ANF5ɤʔȓʐ4CE BaP
5ȠƵ�ʩƭ#F�1�ťĹ�G)  
� ǑƠɐʚÈȈđĻ06��$G5�ȍŒĂ5{
P^4��/ABaPȓʐ4CEǌ�4ʯɥƗɃ¶
ăƶ�C8ǌŴʫƵ
ŴʫƵɐɧ�ĖDG) ɇ
Ⱥ�Kʔʠ�0.003%
5 BaP5ǰȡȓʐ06ʅƹ
Ă{P^06ʯɥƗɃ¶ăƶ5>ĖDG�PolκĊ
ǣ{P^06ʯɥƗɃ¶ăƶ4±�/�ăƶ�
�ʣ5>ĖDG) �ɭ0Ⱥ�Kʔʠ�0.01%

5BaPȓʐ06ʅƹĂ{P^06ʯɥƗɃ¶ăƶ
4±�/�ăƶ�C8ȨșŴ�ĖDG) PolκĊ
ǣ{P^06'G4±�/ʯɥƗɃÚ� 1ʣĖD
G)���ăƶ�C8ȨșŴ5Ⱥƹ〜�C8Ⱥƹ
Ƴ6�$GAʅƹĂ{P^CEȄ�,) ANF5
ɤʔȓʐĀ06�ʅƹĂ5 0.003%BaP + ANFĀ0
ǌ�ʯɥƗɃÚ4ç�#F1>DGFřɲʣ� 1
ʣ�,);��PolκĊǣ{P^06ȨșŴ�ĖD
G) =)�0.01% BaP + ANFĀ06 0.01% BaP
Ā1ɂ:/ŴʫƵɐɧ5�+�ʅƹĂ{P^0Ȩ

șŴ1ʯɥƗɃÚ�PolκĊǣ{P^06ʯɥƗɃ
Ú5ȺƹƳ5Ǜ±�>DG) �GD5ċ´�D�
CYP1AǒÁł0�F ANF5ɤʔȓʐ6 BaP5Ⱥ
�KƵJǛö#F1Į�DGF BaP 6 CYP1A1
JçȌ1!)ǫŭÍƵ¯4CEȠƵJȺĝ#F in 
vitro5ȠƵȺĝãƉ4Ƚ!/�CYP1A1Ċǣ{P
^06ʅƹĂ{P^1ɂ:/BaP5�îƵȠƵ�
Ǜö#F�1�ɫĵ�G/�F(8) ķ¼5Ĕïċ
´�D�CYP1A1ʗƴƝĎ®06 BaP5�îƵȠ
Ƶ*�03�Ⱥ�KƵAǛö#F�1�ť�G
)  
� ʅƹĂ{P^1 Polκ Ċǣ{P^4��FŴʫ
Ƶɐɧ5ȺƹƳJɂÇ#F1�ʅƹĂ{P^06
0.01% BaPĀ�C8 0.01% BaP + ANFĀ0ŴʫƵ
ɐɧ5Ⱥƹ〜5ʊ�3Ǜ±�Ȫ@DG�0.01% 
BaP + ANFĀ5ȨșŴ�ʯɥƗɃÚ4-�/6Ⱥ
ƹ〜�ȺƹƳ1A4ʊ�3Ǜ±�Ȫ@DG)54
ǧ!/�PolκĊǣ{P^06 0.01% BaP + ANFĀ
0ʯɥƗɃÚ5ȺƹƳ5ʊ�3Ǜ±�Ȫ@DG
)5>0�,) Polκ6 BaP5ÍƵǫŭŋɟ0�
F Benzo[a]pyrene dioletopoxide�BPDE
�ɖ±!
)XMl�§ßJħ〜C�ƷÅ4ƘE¤�FÍ
ƵJš,/�E�PolκĊǣŀɯ6ʅƹĂŀɯ4ɂ
:/BaP4ĳ�ÐŵƵ1ȢǍɧ�ɔȑJť#�1
�ǷDG/�F�(9)�ĞǦ�v�0 Polκ � BaP
ʌȺȺ�KJʗƴ#F�2��6ɺ*4．D�
43,/�3�,) ɵĔï5ċ´06��À4
A Polκ Ċǣ{P^06ʅƹĂ{P^CEȨșŴ
5ȺƹƳ�ʊ�4Ȅ�,) Polκ6 BPDEɖ±Ǧ
JƷÅ4ƘE¤�F16��ȃƛ5ɝƻ4ɂ:
F1ɝƻR�	6Ɇ�DG$�Polκ� BaP4CF
DNA ǣƋJƘE¤�F�10ȢǍɧ�Jš-ŀ
ɯ5ƹǢJǝ!�ċ´1!/ǌ�Kɐɧ5Ⱥƹ4
àʐ#F²ȯƵ�Į�DGF �ɭ0�ʯɥƗɃ
Ú5ȺƹƳ4-�/6ʅƹĂ{P^�PolκĊǣ{
P^1A4ȜȆȑ0�,) PolκĊǣ{P^06
ö�ɝƻǒÁ4CEǈơǦɕ�ȅƵ���ç�
�GF�10�CE�Ƶȑ5ĳ�ŴʫƵɐɧ�ʌ
Ⱥ�GFɔȑ�ƗƐ#F)@063��1Į�
DGF  
 
E. ċʨ 
� ɵĔï4CE�CYP1AǒÁł0�F ANF15
ɤʔȓʐ4CEBaP5Ⱥ�KƵ�Ǜö�GF�1
�．D�13,) =)�PolκĊǣ{P^06Ŵ
ʫƵɐɧ5ăƶ�ʅƹĂCEAĜƍ!/�) �
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GD5ċ´6áǷ5BaP5ȠƵȺĝãƉ�C8ƹ
ǦȤ05ɴģãĭ5Ț��DʎǕ�GFċ´1
6ë0�E�BaP5ȠƵȺĝ�C8'5ʎɴ�Œ
4-�/�D3F»Ƽ�ɋʕ0�F1Į�DG
F  
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ƾ；Ɓ� 1�ª�¸ī 2�ʰ¡Ɂ 1�ɱȎɚŐ 1�µ
«ɣʍ 2�ƌǆìɉŒ 1�  
�1Ķʜ¢Ĕ�ɐʚ�2Èź Ǭ�ʚ�ƹ，
 
Polη�ι�κ ňŽĊǣŀɯ5ɧ�Ě4ǧ#FĳÐŵ
Ƶ6�ȍȠƵ5ŔɌ1!/ʊʔ0�F 
ǭ 74 ¼ȧɵÚÈºÈſǘº�2015.10
� 。ğ¬
ĶŁºéƚ 
 
ƾ；Ɓ� 1�ª�¸ī 2�ʰ¡Ɂ 1�ɱȎɚŐ 1�Ǭ
ƧŤɗ 2�µ«ɣʍ 2�ƌǆìɉŒ 1 
�1Ķʜ¢Ĕ�ɐʚ�2Èź Ǭ�ʚ�ƹ，
 
ǣƋƘE¤�Ă DNA z�}�	` η�ι�κ ňŽ
Ċǣŀɯ6ʒ�3ãƉ5�ȍȠƵɟŪ4ÐŵƵ
Jť!��ȍȠƵɟŪ5^W�	l�X4ʊʔ0
�F 
BMB2015� ǭ 38¼ȧɵɠŒƹɟÈºȬº�ǭ 88
¼ȧɵƹ¯ÈºǬºĴȜǬº�2015.12
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Ctr., Kobe Univ., 3Dept. Life Sci., Fac. Sci., 
Gakushuin Univ.) 
Triple knockout mouse cells defective for Polη, Polι, 
and Polκ exhibit hypersensitivity to various 
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Gordon Research Seminar on Mutagenesis (2016.6) 
PGA Catalunya Business and Convention Centre, 
Girona, Spain. 
 
Akagi J1, Yokoi M2,3, Toyoda T1, Cho YM1, Ohmori 
H2, Hanaoka F2,3, Ogawa K1 
(1Div. Pathol., Natl. Inst. Health Sci., 2Biosignal Res. 
Ctr., Kobe Univ., 3Dept. Life Sci., Fac. Sci., 
Gakushuin Univ.) 
Triple knockout mouse cells defective for Polη, Polι, 
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and Polκ exhibit hypersensitivity to various 
genotoxins and are useful for screening of chemical 
genotoxicity. 
Gordon Research Conference on Mutagenesis 
(2016.6) PGA Catalunya Business and Convention 
Centre, Girona, Spain. 
 
\<T� 1, @!c4 2,3, ZIB) 1, ;D9 1, Y
1P% 1, *?F+ 2, X/8b 2,3, .1�V, 1 
�1Ķʜ¢Ĕ�ɐʚ, 2Èź Ǭ�ʚ�ƹ，, 3ƪġ
Ǭ�nOS\Xk�Ĕ
 
7' �]� DNA ������ η�ι�κ �_A
7UW�
	 Polκ A7����^$C6G[:
d�-��5Sg 
R 31(MLKHOQ# (2016.8)�  &2="�

�����	a`Na`3  
 
\<T� 1, @!c4 2,3, ZIB) 1, ;D9 1, X
/8b 2,3, .1�V, 1 
�1Ķʜ¢Ĕ�ɐʚ, 2Èź Ǭ�ʚ�ƹ，, 3ƪġ
Ǭ�nOS\Xk�Ĕ
 
Polη�Polι��C8 Polκ 5Ċǣ6�= =3¯È
ɟŪ4ǧ!/�3FÐŵƵJť!��ȍȠƵ5^
W�	l�X4ʊʔ0�F� 
ǭ 75 ¼ȧɵÚÈºÈſǘº�2016.10
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Akagi J1, Yokoi M2,3, Toyoda T1, Cho YM1, Ohmori 
H2, Hanaoka F2,3, Ogawa K1 
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DNA polymerases η, ι, and κ exhibit hypersensitivity 
to various genotoxic agents and increased activation 
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10th 3R Symposium in Matsuee2016.11f� ����
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\<T� 1, @!c4 2,3, ZIB) 1, ;D9 1, *
?F+ 2, X/8b 2,3, .1�V, 1 
ǣƋƘE¤�Ă DNA z�}�	` η�ι�κ ňŽ
Ċǣŀɯ6ɇǫŭv�b[a]q��4ĳÐŵƵJ
ť#� 
ǭ 39 ¼ȧɵɠŒƹɟÈºȬº�2016.11
� o\
rNZªɒ�ƪȣǆĕªɒœ 
 
H. ǷȈńŋĒ5žÜ�ȏʧƞø 
1�ȟñŰȞ 
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Fig. 1. Cellular sensitivities of TLS-deficient cells to metabolically unactivated or activated benzo[a]pyrene. 
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Fig. 2. Activation of DNA-damage responses in Polk+/+ and Polk-/- cells treated with metabolically unactivated 
or activated benzo[a]pyrene 
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Fig. 3. Body weight and body weight gain of Polk+/+ and Polk-/- mice treated with with benzo[a]pyrene and 
α-naphtoflavone for 4 weeks 
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Fig. 4. Body weight gain of (a) Polk+/+ and (b) Polk-/- mice treated with benzo[a]pyrene and α-naphtoflavone 

for 40 weeks. *P < 0.05 compared with 0% benzo[a]pyrene. 
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Fig. 5. Representative images of histopathological findings in the forestomach of the mice treated with 
benzo[a]pyrene and α-naphtoflavone for 40 weeks. (a) normal forestomach, (b) hyperplasia squamous, (c) 
dysplasia, (d) papilloma squamous, (e) squamous cell carcinoma. Bar=100 µm. 
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Fig. 6. Multiplicity of tumor lesions in the forestomach of Polk+/+ and Polk-/- mice treated with benzo[a]pyrene 
and α-naphtoflavone for 40 weeks. 
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