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ʘ͐�̀ 

 
A : adrenaline 

AR : adrenergic receptor 

AC : adenylyl cyclase 

ACTH : adrenocorticotropic hormone 

AP sites : apurinic sites 

ATM : ataxia telangiectasia mutated�  

ATR : atm and rad3-related 

APS : ammonium persulfate for electrophoresis 

AP-1 : activator protein-1 

BRCA1 : breast cancer 1 

CYP : cytochrome P450 

COMT : catechol-O-methyl transferase 

CNS : central nervous system 

Clo : clonidine 

cAMP : cyclic adenosine monophosphate 

DMEM : dulbecco’s modified eagles medium 

DMSO : dimethyl sulfoxide 

DNA-PK : DNA-dependent serine/threonine protein kinase 

DPM 

DCHH-DA 

: disintegration per minute 

: 2’,7’-Dichlorodihydrofluorescein diacetate 

ER : estrogen receptor 

ERK : extracellular signal-regulated kinase 

E2-3,4,Q : E2-3,4,quinone 

ECD : HPLC-electrochemical detection 

E1 : estrone 

E2 : 17β-estradiol 

E3 : estriol 

FBS : fetal bovine serum 

HO-1 : heme oxygenase-1 

HPA : hypothalamo-pituitary-adrenal axis 

H2AX : variant of histone H2A 

Iso : isoproterenol 

KU : KU-55933 
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NAT : noradrenaline transporter 

NA 

NF-κB 

: noradrenaline 

: nuclear factor-kappa B 

MMPS : matrix metalloproteinases 

MEK : MEK kinase 

OA 

PKA 

: oxalic Acid 

: cAMP-dependent protein kinase A 

PI3K : phosphatidylinositol-3 kinase-related kinases 

Pro : propranolol 

PMSF : pohenylmethylsulfony fluoride 

Q3G : quercetin-3-O-glucuronide 

-OH : hydroxyl radical 

Rau : rauwolscine 

SAM : sympathetic nervous adrenal medullary system 

SDS : sodium dodecyl sulfate 

TFA-MeOH : trifluoroacetic acid-metanol 

TBS : tris buffered saline 

Tris-HCl : tris hydrochloride acid 

8-OHdG : 8-hydroxydeoxyguanosine 

2-OHE2 : 2-hydroxyestradiol 

4-OHE2 : 4-hydroxyestradiol 

γ-H2AX : phosphorylated form of histone H2AX 

  

 

 

 

 

 

 

 

 

 

 

 

 



- 3 - 
 

˰̈́  

 

� ʉÁ;jw�jʻÅ5Ķ<O�ǆ�;�ɥƛJë76:ʍŔjw�jJƱʋ�ʻ

Åʥjw�j76ȴ�7jw�j8Ƒ8Ȋ#O3�N�jw�j8KNąɲ;̌:

Ŝ ̌ ʦ ͞ 4 ͎ ͗ # O � ̌ õ : ̿ Ɨ ¢ Ά - ̌ ¢ Ŋ Ì - ĉ ̎ ʦ ͞ ˛

ωhypothalamo-pituitary-adrenal axis: HPAϊ�K>̿Ɨ¢Ά-·ƿʼ˧-ĉ̎ρ͞˛

ωsympathetic nervous adrenal medullary system: SAMϊ:ɖĒR¶'N�HPA˛:

Ƴː4;�̿Ɨ¢Ά�Ld�rd�w��Ǯý����ωcorticotropin-releasing 

hormone: CRHϊ�þɏ#O�+O�̌¢ŊÌ�Lĉ̎ʦ͞ąɲ����

ωadrenocorticotropic hormone: CTHϊRþɏ#)�ĉ̎ʦ͞�L�d�ro���þ

ɏ#ON�SAM˛:Ƴː4;�·ƿʼ˧˛�ɖƶĕ#O�·ƿʼ˧z����ȓˋ

�L�}�Ux�y��ωnoradrenaline: NAϊωFig. 1ϊ��ĉ̎ρ͞�LUx�y�

�ωadrenaline: AϊωFig. 1ϊ�¨8þɏ#ON�}�Ux�y��JUx�y��;�

̌õ:ʼ˧˧ͣˮ8��3Ύ̼7ƨċRȟ-%3�M�E-�Ύ̼7̔ľ:̯ɝR

×Ǚ'NʎÌ:ƷƑƶ˭Ǚ8Ŝ�7ƨċRȟ-%3�N��jw�j:ąɲ8KM

þɏ�ŕč'N5�Ɋ˱�L;�Ɋ�þɏ#O�ÌɅ�Ͱˉ/�KMś�:ëRΨ

HN-H8ʰť�ǲŜ%�ˢÑ˩RK�'N-H8Ɇ˒Ǭ�ǖƣ%�Ʊǔǳ�ŕ

č%�Ʊ̔:Ħ˳Č�ŕŜ'N76�Ʊ̔�ĶĲľ�̯˒76ś�:ľŪ8ƧγR

¤�N�A:ͳƑ4:̯§ɴƛ;�10 pmol/L5#O3�Mjw�j͙̣ȃ4; 10 

nmol/L E4¡Ȁ'N!5�ʱLO3�N [1]�E-�NA :ͳƑ4:̯§ɴƛ;�

10 pmol/L5#O3�M�jw�j͙̣ȃ4; 100 nmol/LE4¡Ȁ'N!5�ʱL

O3�N [1]�E-�C5S6:ȓȨ˦˶8��3�NA:˦˶ıΐ�·ƿʼ˧:þ

Əųƛ8ʫΙ%3�M�ĉ̎ρ͞RΠ�3;�ȓȨ˦˶§: NA;·ƿʼ˧˥ȓ8

Ŧņ%3�N�Ʊ̔�̍̔�˘˒��K>̯˒˦˶764;�ʁ8 NA �ś�Ŧņ

%�5-50 nmol/g5Őĳ#O3�N [2]� 

 

NH2�

OH�

OH�

OH� HN�

OH�

OH�

Noradrenaline (NA)� Adrenaline (A)�

OH�

 
Fig. 1. Chemical structure of catecholamine used in this study. 
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� NA�A8Ƴː'NĨűÌ;�Ux�y��ĨűÌωadrenergic receptor: ARϊ5Ķ

<O�õņƶ̓p��`͞4�MƖ˔7˦˶8Ŧņ%3�N�!OL;�Ŝ��þ

�3 3˄ι�'7Q/ α1�α2�β-AR8þι#ON�#L8�AR;�α1ωα1A�α1B�

α1Cϊ�α2ωα2A�α2B�α2Cϊ�βωβ1�β2�β3ϊ: 9˄ι8þι#ON�AR; α�β�γ

: 3ΐÌ Gp��`͞R½%3ȶʥˤ̆Rɖƶĕ%�ʎʋƳːRƠ�͡!'ƻŐÆ

Ϳ˛:Á̴ʥ7ĨűÌ4�N�α2-ARωα2A�α2B�α2Cϊ:§4 α2B�α2C;�ȻƑ¬

̒ˤ̆4ʣʉ%3�N [3]�Á̴ʥ7Ƴː5%3�NA; α2-ARR½'5�ǌĄƶ G

p��`͞ωGiϊ5òƨ%�Uvz�h`��mωadenylyl cyclase: ACϊRǌĄ

%�\�hX�r��|�RǌĄ'N55I8�cyclic AMPωcyclic adenosine 

monophosphate: cAMPϊRɤž#)N [4, 5]��Ǻ�β-AR;�Öƶ Gp��`͞

GS5òƨ%�ʎ&- Gαs-GTP̻ĭÌ� ACRɖƶĕ%�ŕč%- cAMP8KMɖ

ƶĕ#O-��uW� A^y�mωprotein kinase A: PKAϊ�˄�:p��`͞R�

�ĕ%3ʎʋÎʐRƠ�͡!' [4, 5]� 

� jw�j8;ƛ8�N�;ǁƶʥ8Ȋά#Oˬ�N5�̕Ʃʼ˧˛�K>õþɏ

˛R½%3ʎÌȸ̈8ʚƑR�-%�ȴ�7ʜƹ�͏ʣ#ON [6-9]�ͭ ƕ�ǽƑʎ

ɖ4ȉά#ONjw�j�Ð�<Ş:Ⱦ76:jw�j͙̣�¬�S:�j`Rŕ

č#)NĪ̈ƶ���V���xº�˝ 1�º:U�b�w͓Ȣ8I52�ʛŧ͓

Ȣ�Lǚǧ#O3�N [8]�E-�Ēʀ͋ο8��3I�Xj8Ǖȗjw�jRū

Ȑʥ8͙̣'N5�jw�jR͙̣%3�7��Xj8ɄB�˂Ȭ%-¬�Sˤ̆

�˄�:̔ľ8ś�ͥ˂'N!5�Őĳ#O3�N [10, 11]�#L8�̘ĵɟ�!

58�ς̯Ņ:ɍʠRʩʥ5%3 β2-ARǘǎ̫:Ǎ¤RĨ�3�-ƹ˾8¬�S:

Τͥ˂JƁǉ÷ʣ�Ê��¬�SȾµ:�j`� 71%IÊ¢%3�-!5�Őĳ

#O3�N [12]�!OL:ʱ̽KM�AR R½'N\ud��U��:Îʐ;�¬

�SƂ��lj8ɟ�Ι¤%3�N!5�˽�LONωFig. 4ϊ�!:K�8jw

�j;�¬�S:�j`ŀŤ5%3˽�LON��+:¿:�j`ŀŤ5%3�

BRCA1ωbreast cancer 1ϊ76:΄ÆŤřʚ8Á̴#ON΄Æʥ̼ŀ�ς\����

ς̉́:λʎɖ�·ÁĔēωh�w��`ϊ76��N [13]�#L8�¬�S:ś

�;�����ÒŦƶ̐ʟ4�N!5�L�Ā˧ƕχ�Ζ˧ƕχ�ýʏȽJĀʏƕ

χ�����̹éʠɐ768KNŠƶ����4�NZjw�c�A:ΕȐȉά�

ʍŔ§:ʣ�Sƶʀ͞JZjw�c�ȴĕŧʀ͞A:ΕȐȉά�¬�S:Ύ̼7�

j`ŀŤ4�N5Őĳ#O3�N [14]�Zjw�c�;ĝƋ4ĭǅ#O3�¨8ĝ

̆JυÌ�Lþɏ#O�ŤŮ:ʣ̂JŤŮõ̓:ŕɀ�¬̒:ʣͿ76#E$E7

ʎʋÎʐ��M�Šƶ8503ʁ8Ύ̼7����4�N�Zjw�c�:̯§ɴ

ƛ;�ĝ̆Ȑ 10~200 pg/ml�ǝĝĆǽ 120~375 pg/ml�υÌȐ 15-260  pg/ml4�

Nω-.%Ǟ̯ȃȐ�λ°õű�Ǟ̯ȃ:ÌÉ764ʚ7Nϊ[15]�Zjw�c�
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8; 17β-estradiolωE2ϊ:¿8 estroneωE1ϊ�estriolωE3ϊ76��N�¬�S:

Ƃ��lj8!OL:Zjw�c�;ɟ�ΙQ03�M�estrogen receptorωERϊR

½%3ˤ̆ŕɀÎʐRʹ'�ƪͯ'NZjw�c�Á͖ʀ��¬̒ˤ̆: DNA R

ǥä%�¬̒ˤ̆8ˈɹřʚR͏ʣ%�Ƞ̛Ì8£ŨūƶRI-L'�!:K�8

Zjw�c�;�ˤ̆R�Sĕ#)�#L8ƺƶƛ:ς��Sˤ̆A5Ƃ#)N 

[14, 16]� 

� E2: Aʍ;̝ξʍ8703�M�3-�x�^h�Ŏ;�Y}��ƶɇŎ:ƶ͞

Rȏ'N�!O;¿:ju�Wx����8;̽LO7�Zjw�c�ʁȏ:ȳ͵

4�N�+:-H¬̒˦˶õ764̫ʀÁ͖Ίˢ4�N cytochrome P450ωCYPϊ8

KMÁ͖#ON�E2RÁ͖'N CYPι;�CYP1A1�CYP1B1�CYP1A2�CYP3A4

�ʱLO3�N��CYP1A1 5 CYP1B1 �¬̒˦˶4:ʣʉ�ς� [17, 18] �

CYP1A1;¨8 2É:ɇĕ8�CYP1B1; 4É:ɇĕ8Ι¤% [19]�+O,O

2Éģ>4 É:\ud��Ìω2-hydroxyestradiol: 2-OHE2�4-hydroxyestradiol: 4-OHE2ϊ

�ʎǅ#ON (Fig. 2)�ȻƑ¬̒˦˶4;�catechol-O-methyl transferaseωCOMTϊ8

K03��r�ĕ#O�Ũū7�w^hÌ57M�#L8Ǒĭĕ#O�͂ Ƀ#ON�

%�%�¬�S˦˶4;�COMT:ʣʉ�Ê¢%3�M�COMT8KN͂Ƀđȟ�

Ƣ� [20]�°Ŭ�ƺƶ:¬�S˦˶§4;�4-OHE2 �ś�ȭý#O3�M [21] �

ȻƑ7¬̒˦˶4: 4-OHE2:ɴƛ;�78.7 ± 49.5 fmol/mg�ƺƶ:¬�S˦˶§4

;�1608.7 ± 466.8 fmol/mg5Őĳ#O3�N [22]�4-OHE2;ŬοŽĒʀ8ʣ�S

R͏ʣ'N!5�Őĳ#O3�N [23, 24]�E-�¬�Sƹ˾:ƀ§8�4-OHE1ωE2ϊ

-1-N3Adeω4-hydroxy-estroneωestradiolϊ-1-N3Adenineϊ�ȭý#ON��àƑ˾:

ƀ§4;ȭýΞʕÂ¢5#O3�N [16]�!OL:!5;�4-OHE2 �¬�Sʣʎ

8Ύ̼7�j`ŀŤ4�N!5Rʹ%3�N� 

� 2-OHE2J 4-OHE276:\ud��Zjw�c�;�ΑƃW[�J˄�:ĕΊ

ˢ8KMĕĥƳR���l�^}�R˧3£Ũū7^}�Ì57N�E-�^}

�Ìʎǅ;˃8��3j���[^hxUz[�ω�O2
-ϊJ�x�^h�i\� � �

ω�OHϊ76˄�:ɖƶˢ�ʎ&N [25] (Fig. 2)�2-OHE25 4-OHE28KMˤ̆§

8ʎǅ'NɖƶˢΐRɄͦ'N5�4-OHE28KNʎǅΐ�ś�!5�Őĳ#O3

�N [26, 27]�!OL: ROS8KM�aUz�: 8É�ɇĕ#O�8-�x�^h

aUz�76:ĕʥ DNA ǥä�ʎ&N [28]�#L8�ĕŧʥ8£Ũū7^}�

Ì;�p��`͞J DNA A:ÀčÌRƦǅ'N!5�Őĳ#O3�N [29]�Uv

z�5aUz�5ĥƳ%ʎǅ%-ÀčÌ;£Ũū7-H�̋ œŎΆÉωapurinic sites: 

AP sitesϊRʎ&N��ÙƮ�j8KMˈɹřʚR͏ʣ'N� 

� �Ǻ�ȍͭ DNA ǥä:ςƿƛ7��\�5%3��jw����ĕ#O-

γ-H2AX�ɓʩ#O3�N�DNA; H2A�H2B�H3�H4Ĭ 2þŤ�Lȳǅ#ON
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�jw�ðΐÌ8Ǝ�À��{`�[n��5Ķ<ONȳ͵RƦǅ%3+:ςȹȳ

͵R˭Ǚ%3�N�#L8{`�[n���ǳʈʃ817�M�jw� H1 76�

˨ĭ%3`��r�ȳ͵�Ʀǅ#O3�N��jw� H2AX ;��jw� H2A :

~�U�w4�DNA ǥä�ʎ&N5�ǥäΆÉĴͫ: H2AX ���ĕ#ON�

l��: 139ʙʩ���ĕ#O-�jw� H2AX;�γ-H2AX5Ķ<O3�N�

ͭƕ�ΫΪǮŻ˱RŢH�śʍ̝ξǻɶĕɇˢ:��t[a]���76:řʚğʀ͞

768K03 H2AX:��ĕ�͏ż#ON!5�Őĳ#O�N [30-32]� 

OH�

OH�
E2�

Proliferation�

CYP1B1�CYP1A1�

OH�

OH�

OH�

OH�

OH�

OH�

4-OHE2�2-OHE2�

E2-2, 4Q�

DNA damage�

2-OHE1-6-N3 Adenine�

Depurinating Adducts�

AP site�

E2-2, 4Q�

DNA damage�

4-OHE1-6-N3 Adenine 
4-OHE1-6-N7 Adenine�

Depurinating Adducts�

AP site�

COMT�
4-MeOE2�

Detoxification�

COMT�
2-MeOE2�

Detoxification�

O2�
-O2�

H2O2�

-OH�

Oxidative DNA damage 
(8-hydroxy-2-deoxyguanosine)�

 

Fig. 2. Estrogen metabolism and catechol estrogen induced DNA damage. E2: 
17β-estradiol; COMT: catechol-O-methyltransferase; 2-OHE2: 2-hydroxyestradiol; 4-OHE2: 
4-hydroxyestradiol; 2-MeOE2: 2-methoxyestradiol; 4-MeOE2: 4-methoxyestradiol; E2-2, 4Q: 
estradiol-2, 4quinone; E2-3, 4Q: estradiol-3, 4quinone 
 

� 5!P4�ʛŧʳˇ�L�Ȭʀʕ8Ɩ�þƏ%3�N���}Wx:Ǧħΐ5¬

�S�j`5:Θ8ͰʫΙƶ��N!5�ʹĺ#O3�M����}Wx;�Zj

w�c�ÒŦƶĢ;ίÒŦƶ¬�S8��Nĕŧʥ¯ΛđȟRʣǣ'N!5�4�

NλĹǅþ5%3Őĳ#O3�N [33, 34]�ǽƑʎɖ4�ǆ��Ǧħ%3�N��

�}Wxι;�Ȭʀʕ8Ɩ�þƏ%3�N���Y}��ĕĭʀ4�M�ʉņE4
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8��K+ 4000˄ι�þιĮū#O3�N�Ȭʀ:˄ι8KM�E-�Į&Ȭʀ4

I�̨�̜�ȟŬ76˦˶8K03þƏ'N���}Wx:˄ιJıȏΐ�ʚ70

3�N�¨8�Έ˙Ì5%3Ŧņ%3�N��̴ʦ�ȷ̉�˄Ť8;Ua�d��

ś�ıEO3�N�E-����}Wxι;�����ι�����: 3É8ɇ

Ŏ�˸Ǣ%-���}��ι�ͳƑ;Έ˙Ì5%3Ŧņ%3�NU�whUz�ι�

Bʍ� 3É8˨ĭ%-�Wn����ι�Cʍ�μĸ˨ĭ:��~}�ι�+%3�

\�d�ˏ8þι#ON� 

� ���}Wxι;�ʣ�SǌĄÎʐ [35, 36]�+:¿8IǎĕÎʐ [36]R;&

H�ǎ̤ƶ�ǎU��_� [37]�ǎřʚğƶ [38]�ˤ̆ĴȐ:ǌĄĄƭ [39]ˏ:

ȸ̈ƶRȏ%3�N�%�%7�L�ςɴƛ4Îʐ#)N5Ͱ8řʚğƶRʹ'!

5�Őĳ#O3�N [40]�b�lr�ω3,3’,4’,5,7-pentahydroxyflavone: QuercetinϊωFig. 

3ϊ;�Á̴ʥ7���}Wx4�N��-E9�76:Ώ̥Jȟʀι8Έ˙Ì5%

3ıEO3�M�ǆ�;ǽƑʥ8Ǧħ%3�N�-E9�8; 0.3 mg/g��̢8;�

10-25 mg/L�Έ˙Ì5%3Ŧņ%3�N [41-43]�b�lr�Έ˙Ì;�̑õˤ̤8

K03čɇþ͂RĨ�Ua�d�57M�Ua�d��̑˒8KMĲĦ#ON�+

:ƪ�UDP-a�`��ͥ˂Ίˢ8K03ǑĭÌωQuercetin-3-O-glucuronide: Q3Gϊ

ωFig. 3ϊA5Á͖#O�˿̔4 COMT8KM�r�ĕ#ON�ƫ03�b�lr

�ǑĭÌ�Q3G� quercetin-3’-O-sulfate��r�ĕÌ4�NWn��|r�

ωisorhamnetin-3-O-glucuronide: Isoϊ:ǑĭÌωFig. 3ϊ��̯ɗR½%3ÌïÌRƯ

ʍ'N [44, 45]��w�-E9�ω500 gύΈ˙Ì5%3b�lr�Rıȏ'N��

150 mg:b�lr�Ua�d�8ʫƥϊRǦħ%-őĭ:̯§:ɴƛ;�b�lr

�5%3 0.1-1 µM5Őĳ#O3�N [46, 47]� 
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Fig. 3. Chemical structure of quercetin metabolites used in this study. 
 

 

Fig. 4. Stress and breast cancer development.  
 

� ǆ�ń4;�ͭ ƕ�¬�S:˹ƹʇ�K>Ⱦµʇ�ŕč:�ͲR-603�M [48, 

49]�+Oǰ8�¬�SRȒɹ8Λ�!5;ʻÅʥΎ̼͒η5#O3�N�Ȕʳˇ4

;�Fig. 4 8ʹ'K�8�¬�S:Ƃ��lj'7Q/�WzhZ�h����

����h�����a�sh��:ĬɁΣR˽ǃ%3��w¬̒ˤ̆ MCF-10A

�K>�w¬�Sˤ̆MCF-7�MDA-MB-231Rʐ�3�ōνˤ̆˛8KM�jw�

jąɲ�WzhZ�h��J��a�sh��:ɁΣ86:K�7ƧγRģD':
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��E-�λĹǅþ4�Nb�lr�76:���}Wxι�¯Λʥ8Îʐ'N:

�6��ȁL�8'N!5Rʩʥ5%-�ˎ 1ˊ4;�DNAǥä8ɓʩ%�}�U

x�y��5 4-OHE28KNDNAǥä͏ʣ8Ÿ'N���}Wxι:ǌĄđȟ5+

:ÎʐȸƘ81�3ȭ͆%-�ˎ 2ˊ4;�ɜɯ8ʯʩ%��w¬�Sˤ̆4�N

MDA-MB-231Rʐ�3�NA8KNɜɯÖA:Ƨγ5+O8Ÿ'N Q3G:ǌĄđ

ȟ81�3ȭ͆%�+:ÎʐȸƘRȁL�8%-� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   
 

 
 
 

 
 
 
 

�� 1� �  
 

 

)%4�������(-�&.',0� 4-OHE2��  

DNAg=�X
��-#$0�����6�y�aª  
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Ƙ͔  

 

� ˰̈́4IͯB-K�8�E2;�ŤŮ�¬̒:ʣͿÖÎʐ76ȴ�7ʎʋÎʐR

ȏ%3�N��+:ΕȐȉά;¬�S:�j`ŀŤ57N [23, 24]�E2:Á͖ʀ͞

4�N 4-OHE2;£Ũū7^}�ÌA5ĕ#ON [25]ωFig. 2ϊ�!:£Ũū7^

}�Ì��DNA :���œŎ4�N�aUz�: 7 ÉJUvz�: 3 É8ÀčÌ

ω4-OHE2-1-N3Adenine�4-OHE2-1-N7GuanineϊRʎǅ'N��!OL;�ĕŧʥ8

£Ũū7-H�űȂ8 depurination ω̋œŎϊ��!N [25, 50]ωFig. 2, 5ϊ�E-�
^}�ʎǅ;˃4�x�^h�i\�Jj���[^hxUz[�ω�O2

-ϊ76:

ROS �ʣʎ'N!58KM� 8 É�ɇĕ#O� 8-�x�^haUz�

ω 8-hydroxyguanineϊ�ʎǅ'N5̈́QO3�N�!:őĭ:̋œŎ;�

DNA-glycosylase 8KMv[^h���j5���{`�[rxR˵�4�N N-a

�dhx˨ĭ�Η̷'N!58K03ʣʎ%�œŎ�şQO-ΆÉ4�N apurinic 

sitesωAP sitesϊ�ʣʎ'N [25, 50] ωFig. 2, 5ϊ�!OL: DNAǥä;�œŎΠĠ

ÙƮ8K03ÙƮ#O3����AP sites�ÙƮ#O7��/8 DNA�����m

�Îʐ'N5�AP sites :ĥŸá8Uvz�ȿŎRîOêAG!5�ʱLO3�

N [50]�E-�£Ũū7 E2^}�Ì8K03̋œŎ8KMʎ&- AP sites:ÙƮ�

j8KM AT �L GC A:ˈɹřʚ�ʎǅ%�¬�S:WzhZ�h��8Ι¤%

3�N5˽�LO3�N [50]� 

� �Ǻ�ʎʀ:΄ÆƻŐR×Ǚ%3�N DNA;�̻ ̺ȃ: DNA�����m:Z

��8č��ʍŔ§:ǮŻ˱JˣŚ˱�E-;U�^�ĕćˏ:ĕŧʀ͞�ʎÌõ

8��Nɖƶˢˏ:Á͖ʀ8KMǥäRĨ�N!5�ʱLO3�N�DNA �ˈ

ɹřʚ͏ʣʀ͞8#L#ON5�c}�:£ŨūƶJȏů7Ʀͥ͞Ǣ8̖03%E

�ˈɹřʚ�Lˤ̆RΛƭ'N-H8Ēʀˤ̆;̻Ω8�E-ςƛ8þƆ%-ha

y�|sw��`8KN DNAǥäƳːRÖ#)N�E-�DNAǥäRƿʱ'N

5�DNAÙƮ�ˤ̆Ⱦ�ˤ̆ĴȐßȺ5�0-ͥø��a��Rɖƶĕ#)NK�

ˤ̆õhay�ÆͿR̰��DNA ĭǅ:ßȺJͻƞR͡!'-H8 3 1:ˤ̆Ĵ

ȐrYs`�W�w˧ͣ�Ŧņ'N��G1�S�G2Ȑ; ATM ωataxia telangiectasia 

mutatedϊJ ATRωATM and Rad3-relatedϊ��uW�^y�m8KMĄƭ#ON�

ATM 5  ATR ;l�� -j�[z�^y�m:  PI3ω phosphatidylinositol-3 

kinase-related kinasesϊ�T���:��~�4�DNAǥäƳː8Ι¤%3�N [51]� 

� ͭƕ�ˤ̆õ8 DNA ǥä�ʎ&N5�+:ÿǸΆÉR§Ʊ8ͭâ:�jw�

H2AXωH2A:~�U�w:�˄ϊ: 139ʙʩ:l��ȿŎ���ĕωγ-H2AXϊ

#ON!5�ʱLO3�M�γ-H2AX;��̙ʥ8 DNAǥä:ςƿƛ7��\�5

#O3�NωFig. 6ϊ�γ-H2AX;�ΫΪǮŻ˱Jɖƶˢ768KMʪǟʥ8ʎǅ'
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N��ȍͭ�ǮŻ˱�x Ś˱76: DNAǥäJw�Wn���mΜůć8KN DNA

̻̺Jͥøȃ:Φů�DNAÙƮ:Φů764Θǟʥ8͏ż#ON!5IŐĳ#O3

�N [51]� 

 

 

Fig. 5. Putative pathway for biological consequence of AP sites induced by catechol 
estrogen. Catechol estrogen, 4-OHE2, is oxidized and partially formed to quinone moiety, 
estradiol 3,4-quinon (E2-3,4Q). E2-3,4Q can directly make DNA-adduct with purine bases, or 
induce hydrolysis of purine bases by generations of hydroxyl radical (·OH). 
Apurinic/apyrimidinic (AP) sites are common intermediates in the course of the base 
excision repair of the majority of such endogenous DNA damage. Hence, generations of AP 
sites are thought to be one of useful biomarker for DNA damage. 
 

� jw�j�ʎÌ8͙̣#ON5�̿ Ɨ¢Ά-·ƿʼ˧-ĉ̎ρ͞˛�¶%�NAI

̯§ɴƛJ˦˶õɴƛ�¡Ȁ'N [1, 52]�ĚʄΤΪjw�jR�Xj8͙̣'N5�

d�swUslW8KMȓȨ̯ˤ̆:ĕʥ DNA ǥä�ŕč'N!5�Őĳ#O

3�N [53]�E-�ȍͭ�Ώʎŋ�Xj8 β2Ux�y��ĨűÌ:Uezjw4�

NWn��u�}��R 4ͷΘ8Q-MǍ¤'N5�̇̒˦˶8��3 γ-H2AX�

ŕč%̪˅'N!5�+:ȸƘ5%3 Gs p��`͞-��uW�^y�m A ˧ͣϋ

�K>ϋβU�jr� 18KN p53:Ê¢5�� 21:hay�ÆͿ:Į͓�Ơ�

͡!#O3 DNAǥä�̪˅'N!5�Őĳ#O- [54]� 
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Fig. 6. Phosphorylation of histone H2AX-induced by radiation and chemical 
compounds. 
�  

� +!4Ȕˊ4;�¬�SƂ��lj8��NWzhZ�h��8ΙQN DNA

ǥä8ʯʩ%�ˎ 1˓4;�4-OHE28KM γ-H2AX�͏ż#ON:�6��ȭ͆%�

ˎ 2˓4; 4-OHE28KN DNAǥä8Ÿ'N NA:Ƨγ�ˎ 3˓4;�NA5 4-OHE2

8KN DNA ǥä8Ÿ'N���}Wxι:b�lr��K>+:Á͖ʀ:ǌĄđ

ȟ81�3ȭ͆%-� 
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ˎ1˓� 4-OHE28KNDNAǥä͏ʣ  

 

1-1-1� ŬοǺɐ 

 

(1)� Ïʐ%-ˤ̆ 

��MCF-7 (mammary gland/breast; derived from metastatic site: pleural effusion)  
# HTB-22ω69ȼϊ 

©ʗǇúŤěŘωèύήƇʭˉŜŧŜŧΟʎɖàƝʿŧʳˇʿ�ʉύƑ̨Ŝŧ�

Ǳ̂ŧΆϊ�Lþ¤δ�-� 

 

(2)� ōňʐ̫͋ 

�Dulbeccos modified Eagles medium (DMEM)ωͳƑ:ōν4Ïʐϊ 

DMEM [ǽȔ̺̫ȥƟÅʻ�Ț¹�ǽȔ] # 5792 

ωDMEM4.75gR͢˞ɇ 500 ml8ɫ͂%ςŅɬ̤ϊ 

429 mL 

��ɶɇˢyw�X� [ʁˡ/ĸë˞̫ƌȮȥƟÅʻ�ŜΚ�ǽȔ]  

 # 191-01305 

5.6 mL 

��l-glutamine 200 mM [Invitrogen, Carlsbad, CA, USA]� # 25030-081 10 mL 

��100×penicillin/streptomycin [Invitrogen] # 15140 5 mL 

��FBSωίæĕ ɿí̯ɢϊ[Invitrogen] # 2916754 50 mL 

� DMEM 429 ml8Ÿ%¿:̫͋Rč�3͓̺%-� 

 

���Y}���sx���ōňωE2Ŧņ¢ϊ 

DMEMωwithout phenoled freeϊ[Invitrogen] # 11054 500 mL 

200 mM L-gutamine [Invitrogen] # 25030-081 10 mL 

100×penicillin/streptomycin [Invitrogen] # 15140 5 mL 

HyClone Charcol/Dextran treated FBS [Invitrogen] # AML17637 55 mL 

� ¡͇:̫͋Rɠĭ% 4	4×Ŧ%-� 

 

(3)� ̫͓̺͋ 

�10×PBS (-) pH7.4 

œĕyw�X� [ʁˡ/ĸë˞̫ƌȮȥƟÅʻ] # 191-01665 80 g 

KCl [ʁˡ/ĸë˞̫ƌȮȥƟÅʻ] # 163-03545  2 g 

Na2HPO4�12H2O [ʁˡ/ĸë˞̫ƌȮȥƟÅʻ] # 196-02835 6.3 g 

KH2PO4 [ʁˡ/ĸë˞̫ƌȮȥƟÅʻ] # 169-04245 2.4 g 

� ¡͇:̫͋R͢˞ɇ8ɫ͂% pH7.48͓̺%�͢˞ɇ4 1 L8�jUs�ƪ�ς
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Ņɬ̤%3×Ŧ%-�Ïʐȃ8;ɬ̤ɣF:͢˞ɇ4 10ÛƐΌ%-� 

 

�1×Trypsin/EDTA 

� 10×Trypsin/EDTA [Invitrogen] # 15400-054R PBS (-) 4 10ÛƐΌ%�10 mL(1þ

ɓ%-I:RÏʐE4-20	4×Ŧ%-� 

 

�Ro 41-0960ωCOMT:Μůćϊ[Sigma-aldrich, ST Louis, MO, USA] # 034K4611 

� ÏʐʪĆ83 µM57NK�8�100%:Zp}��8ɫ͂%-� 

 

��2-OHE2 [Sigma-aldrich] # 038K1246�K> 4-OHE2 [Sigma-aldrich] # 128K1021 

� Ĭ͋Ƿ5I8 Dimethyl sulfoxide (DMSO)4 10 mM8ɫ͂%�ÏʐE4ùû×Ŧ%

-� 

 

�KU-55933ωATMΜůćϊ[dj��~W[ȥƟÅʻ�Ț¹�ǽȔ] # CD0191 

� Dimethyl sulfoxide (DMSO)4 10 mM8ɫ͂%�ÏʐE4ùû×Ŧ%-� 

 

(4)� ˫ÁōνȘÃ 

� `�����rõ4Ïʐ'Nľóι;�'B3ÏʐĆ8ɬ̤%-�ˤ̆R˫Á'

Nȃ;�ōňRĲƠΠĠƪ�37	8ɥH- PBS (-)4 5 mL4�ƛɕɘ%-�2 mL/cm2

: 1×trypsin/EDTARɡč%�CO2W�^���p�õ4 2þή˸%-�+:ƪ�Ĉ

Ϊ%-ˤ̆RĿĦ%�ʹJ�8ƱþΪω1000 rpm×10þϊ'N!54�trypsinR

ΠĠ%-�ǹ%�ōň8÷Ǆɳƪ�w������ωˤ̆Ǆɳɝ 50 µL5w���

���50 µLϊ4Ƞ̛%-ˤ̆R̯ʊͅˑɾ [ȥƟÅʻZ���Ț¹�ǽȔ] # ˎ 118

ī4\X�w%��L�&HōňRîO3��-h���õ8 1×104 cells/cm24ˤ

̆RǨ˄%-�3 ǽƪ8ǹ%�ōň8·Ǣ%�+: 2 ǽƪ8ˤ̆;f�d���Z

�w8Ϳ%-�CO2W�^���p� [Napco�ǽǅΆĹ̺Îǉ�ŜΚ�ǽȔ] õ:

ȘÃ; CO2ɴƛ 5%ɥƛ 37	5%-� 

 

1-1-1-1� �jw�H2AX:��ĕ:ȭý 

 

(1)� ˤ̆ōνȘÃ 

� 60 mm dish [ȥƟÅʻ ļ�Ț¹�ǽȔ] 8�w¬�Sˤ̆MCF-7R1×104 cell/cm2 4

Ǩ˄%-�3ǽƪ8ǹ%�DMEMōň8·Ǣ%�2ǽΘōν%-�f�d���Z�w

8ăͿ%-!5RθưΔ¢4ʸ͎ƪ�Ro 41-0960ω3 µMϊRıG�Y}���sx�

��:DMEMōň8·Ǣ%�1ȃΘĆōν%-+:ƪ�2-OHE2ω30 µMϊI%�;
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4-OHE2ω30 µMϊ�K>Ro 41-0960ω3 µMϊRıG�Y}���sx���:DMEM

ōň8·Ǣ%�+O,O0-12ȃΘōν%-� 

 

(2)� Ïʐ%-̫͋ 

��1×Cell Lysis Buffer 
� 10×Cell Lysis Buffer [Cell Signaling Technology, Inc., Danvers, MA, USA]  

  # 9803 

 ω1ƛ̮͂%�500 µL(1þɓ%-20	4×Ŧϊ 

500 µL 

� Pohenylmethylsulfony fluoride (PMSF) [ĸë̺̫ƌȮȥƟÅʻ�ŜΚ�ǽȔ]  

� # 160-1218ωPMSFR 100 mM87NK�8�p}��4ɫ͂%-ϊ 

50 µL 

 

¡͇:̫͋R 4450 µL:˞ɇ8ɫ͂% 1×Cell Lysis Buffer5%-�7��Cell Lysis 

Buffer;Ŭο:ʪĆ8͓̺%�û˨ɫ͂R˷Mͮ%3;��7��͓̺%-ɫɝ;

Ɉù%3��-� 

 

��BCA Protein Assay Kit [Thermo Fisher Scientific Inc., Waltham, MA, USA] # 23225 
� ¢͇8͍%�õű�͇ͧ#O3�Nω(3) p��`͞:ǒýϊ� 

 

��250 mM Tris-HClωpH 6.8ϊ 

� Trizma base [Sigma-aldrich] # T6066-1KG 6.1 g 

� ¡͇:̫͋R͢˞ɇ8ɫ͂%�pH 6.88͓̺%-ƪ 1 L8�jUs�%-� 

  

��4×SDS sample buffer 
� 250 mM Tris-HClωpH 6.8ϊ 7 mL 

� 300 mM DTT ((±)-Dithiothreitol) [þŤʎʀŧʐ/ĸë˞̫ƌȮȥƟÅʻ]  

� # 040-29223 

46 mg 

� 6% SDSωxvh�ʶyw�X�ϊ[ʎĕŧʐ/ĸë˞̫ƌȮȥƟÅʻ]  

� # 191-07145 

600 mg 

� Glycerol [ʁˡ/ĸë˞̫ƌȮȥƟÅʻ] # R14462 3 mL 

� Bromophenol blue [ʁˡ/ĸë˞̫ƌȮȥƟÅʻ] # 021-02911 2 mg 

¡͇:̫͋Rɠĭ% 20 mL8�jUs�%�500 µL8þɓ%3-20	4×Ŧ%-� 

 

��ΫɆɔĒʐ~s�T� 

� Trizma base [Sigma-aldrich] # T6066-1KG 3 g 

� Glysine [ʁˡ/ĸë˞̫ƌȮȥƟÅʻ] # 077-00735 14.4 g 

� Sodium Dodecyl Sulfate [ʎĕŧʐ/ĸë˞̫ƌȮȥƟÅʻ] # 191-07145 1 g 
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��Transfer Buffer 

� Trizma base [Sigma-aldrich] # T6066-1KG 6 g 

¡͇:̫͋R͢˞ɇ8ɫ͂%�ȍ˥űΐR 500 mL 5%-�ͥøʪĆ8�p}��� � � � � � � �

20% (v/v)87NK�8͓̺%-� 

 

��Blocking Buffer 
� ��s`Z�j˗ȓ [ŜǽȔËĤ̺̫ȥƟÅʻ�Ț¹�ǽȔ] # UK-B80 4 g 

¡͇:̫͋R 100 mL:͢˞ɇ8ɫ͂%-� 

 

��Dilution Buffer 
  Blocking BufferR͢˞ɇ4 10ÛƐΌ%-� 

 

��10×TBS� pH 7.6 
� Trizma base [Sigma-aldrich] # T6066-1KG 42.2 g 

� œĕyw�X� [ʁˡ/ĸë˞̫ƌȮȥƟÅʻ] # 191-01665 87.6 g 

¡͇:̫͋R͢˞ɇ8ɫ͂%�pH 7.68͓̺%�ȍ˥űΐR 1 L5%-� 

 

��1×TBS-T 
10×TBSR͢˞ɇ4 10ÛƐΌ%- 1×TBS-T 500 mL8 Tween 20 [ĸë˞̫ƌȮȥ

ƟÅʻ] # 103168R 500 µLč�-� 

 

��zw�l���j����� [GE Healthcare, Little chelfort, United kingdom, USA] 

 # RPN303D 

�PˠωHybond blotting paperϊ[GE Healthcare] # RPN6101M 

��ECL-Plus Western Blotting Detection System GE [BD Healthcare Princeton,  

  Eranklin Lakers, NJ, USA] # RPN2132 

��ECL-Prime Western Blotting Detection System GE [BD Healthcare Princeton]  
# RPN2232 

 

��ȹǎÌ 

Anti-phospho-H2A (Ser139) [Millpore, Billerica, MA, USA] # DAM1546024 

  Actin (1-19) [Santa Cruz, Texas, Dallas, USA] # SC-1616 

 

�±ȹǎÌ 

  Anti-rabbit IgG HRP-linked Antibody [Cell Signaling, Boston, MA, USA] # 7074 
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  Brovine anti-goat IgG-HRP [Santa Cruz] # sc-2350 

 

(3)� Ïʐ%-ȸľ 

��l�j`���� [ȥƟÅʻ ļ�ƾʱ�ǽȔ] # 9000-220 

��CentrifugeωƱȸϊ[Eppendorf�Ț¹�ǽȔ] # 5417R 

��Recipro ShakerωhYW\�ϊ[ǽØƌȮȥƟÅʻ�ΕΏ�ǽȔ] # NA-20 

��Handy Sonicω͢βɒʣʎȸϊ[ȥƟÅʻw��˘ƌωTOMYϊ�ȕƒ�ǽȔ] # UR-20P 

��MG-2300ω�W`�r���Ʒɥľϊ[EYELA Ț¹ʋʿȸȩȥƟÅʻ�Ț¹� 

  ǽȔ] # MG-2300 

����suV�a̸˸��Wk��sw [Uw�ȥƟÅʻ�Ț¹�ǽȔ] # AE-6677 

��j��ŋ EP ��qj��zj��ΫɆɔĒȵ [Uw�ȥƟÅʻ] # AE-6500 

��Light-Capture
 (̭ëǩƧýČ̸˸) [Type AE-6981/2FC (Zoom Lens), Cooled 

CCD Camera System (-30	)] [Uw�ȥƟÅʻ]  

��Printgraphω9W�r�}`��zp�ϊ[Uw�ȥƟÅʻ] # K80235564A 

��VIDEO GRAPHIC PRINTERω�}`��v[���pϊ[Uw�ȥƟÅʻ] # 

SONY CUP-897MD  

���W`����w��q�ωVarioskanϊ[Thermo Fisher Scientific Inc] # 525-0040 

 

(5)� p��`͞:ǒý 

60 mm dish�LōňRĲƠΠĠƪ�Ɉù%- PBS (-)4 1Ŀɕɘ%�ōňRũï8

ħMΠ��1×Cell Lysis Buffer 160 µLω60 mm dish8Ÿ%3ϊRɡč%�Ɉ¡8ή˸

%-�+: 5þƪ�l�j`����4ˤ̆RĈΪ%��W`�r���8ĿĦ%

-�ˤ̆̓Rʵŗ'N-H8 Handy Sonicω͢βɒʵʴȸϊRʐ�3̰0-ω3ˀΘ

×3Ŀϊ�ʵʴ%-f���RƱþΪω4	�14000×rpm�15þΘϊ%�¡ɢRǹ%

��W`�r���8ĿĦ%-�ĿĦ%-ǒýɝKM�ΆþRp��`͞ūΐʐ8

5MQ��ȿM;ʹJ�8Žþ�8%-80	8×Ŧ%-� 

 

(6)� p��`͞ūΐ 

p��`͞ūΐ; BCA Protein Assay Kit [Thermo Fisher Scientific Inc] # 23225Rʐ

����wd��8ƫ03̰0-�óÌʥ8;�͢ ˞ɇ4 10ÛƐΌ%-p��`͞

ǒýɫɝ5 9ɁΣ:ɴƛ:p��`͞ȶɪɝωjp�q�xϊω0�25�125�250�

500�750�1000�1500�2000 µg/mLϊRʐƽ%-�Ĭ͋Ƿɫɝ 25 µLR 96ˆƔƙ�

��w8ɡč%�37	4 30 þΘ�Ʒɥȵ83W�^���w%-�30 þΘƪ�ŭ

ɥ8ǈ%��W`����w��q�4 562 nm 8��NĲëƛRɦū%-�ɦū

%-p��`͞ȶɪɝ:Ĳëƛ�Lȭΐ˱RÎǅ%�Ĭ͋Ƿ§:p��`͞ΐRɉ
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H-� 

 

(7)� SDSf���:Îǅ 

ˑý%-v�pRè8�Ĭ͋Ƿ§:p��`͞ɴƛ� 10 µg/mL57NK�8 Cell 

Lysis BufferRʐ�3͓̺%-ƪ�f���5 SDS f��� Buffer R 1:3:ċĭ8

7NK�8ɠĭ%-�!:5��ɔĒʐc�A:ɡčΐ� 10 µLĆƪ57NK�8

Cell Lysis buffer4͓̺%-�+:ƪ�U����s`ƷɥȵωEYELA MG-2300ϊ

Rʐ�3 95	4 5þΘčɼ'N!54΅èüʋ%-� 

 

(8)� ΫɆɔĒʐc�Î̺̫͋5Î̺Ǻɐ 

� Acrylamide [ΫɆɔĒʐ/ĸë˞̫ƌȮȥƟÅʻ] # 011-08015 

� Ammonium persulfate (APS) [Sigma-aldrich] # A3678-100G 

� N, N-Methylene-bis (BIS) (acrylamide) [ΫɆɔĒʐ/ĸë˞̫ƌȮȥƟÅʻ]  

� # 138-06032 

� Tetramethyl ethylenediamine (TEMED) [σʁˡ/ΙȚĕŧȥƟÅʻ�Ț¹�ǽȔ]  

� # A3678-100G 

 

��30%U`��U�xωAɝϊ 

� Acrylamide [ΫɆɔĒʐ/ĸë˞̫ƌȮȥƟÅʻ] # 011-08015 14.6 g 

� N, N-Methylene-bis (BIS) (acrylamide) [ΫɆɔĒʐ/ĸë˞̫ƌȮȥÅʻ]  

  # 138-06032 

0.4 g 

 

¡͇:̫͋R͢˞ɇ 40 mL8ɫ͂%�͢˞ɇ4 50 mL8�jUs�%-� 

 

��1.5M Tris HCl pH 8.8ωBɝϊ 

� Trizma base [Sigma-aldrich] # T6066-1KG 9.09 g 

¡͇:̫͋R˞ɇ 40 mL8ɫ͂%�pH 8.88͓̺%�͢˞ɇ4 50 mL8�jUs�

%-� 

 

��0.5M Tris HCl pH 6.8ωCɝϊ 

� Sodium Dodecyl Sulfateωxvh�ʶyw�X�ϊ[ʎĕŧʐ/ĸë˞̫ 

� ƌȮȥƟÅʻ] # 191-07145 

3.03 g 

¡͇:̫͋R͢˞ɇ 40 mL8ɫ͂%�6N HClRʐ�3 pH 8.88͓̺%-ƪ�͢˞

ɇ4 50 mL8�jUs�%-� 
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��10% SDS 

� Sodium Dodecyl Sulfateωxvh�ʶyw�X�ϊ[ʎĕŧʐ/ĸë˞̫ 

� ƌȮȥƟÅʻ] # 191-07145 

5 g 

 

¡͇:̫͋R͢˞ɇ 40 mL8ɫ͂%�͢˞ɇ4 50 mL8�jUs�%-� 

 

��10% APS 
� Ammonium persulfate for electrophoresis (APS) [Sigma-aldrich]  

  # A3678-100G 

0.1 g 

¡͇:̫͋R͢˞ɇ 900 µL8ɫ͂%�͢˞ɇ4 1 mL8�jUs�%- 

 

��þΪc�ωSeparating gelϊ�ɴ˳c�ωStacking gelϊRÂ¢:ͳM8ɠĭ%�c

�RÎ̺%Ïʐ%-�Â¢:˦ǅ;ò8c� 2Ȟþ:þΐ4�N� 

 

           ωþΪc�ϊ                           ωɴ˳c�ϊ 

 

 

 

 

 

 

 

 

 

 

 

 

(9)� ΫɆɔĒ 

ΫɆɔĒʐ BufferR�ΫɆɔĒȵ [Uw�ȥƟÅʻ]:˱:ΆþE4ɨ-%�Îǅ

%- 12.5%:c�RΫɆɔĒȵ8lsw%-ƪ�ΫɆɔĒʐ Buffer4ũï8ɨ-%

-�+:ƪ�΅èüʋR%-f���'B3Rc�8U��W%�c� 1Ȟ�-M

20 mA:ÊΫɗ4˝ 60þΘΫɆɔĒR̰0-� 

 

(10)� �����A:ͥø 

10 cm×10 cm8zw�l���j������Pˠω����� 1Ȟ�-M 4Ȟ

:PˠϊR̶Ǹ%-�ͥø:ɪã5%3�Transfer Buffer 8�p}��R 20%ωv/vϊ

� � 12.5%�

͢˞ɇ� 5.8 mL�

Aɝ� 7.5 mL�

Bɝ� 4.5 mL�

10% SDS� 180 µL�

TEMED�  10 µL�

APS�  70 µL�

͢˞ɇ� 3.5 mL�

Aɝ� 0.9 mL�

Cɝ� 1.5 mL�

10%SDS� 60 µL 

TEMED� 10 µL 

APS� 18 µL 

Aɝ: 30%U`��U�x� � � �

Bɝ: 1.5M Tris HCl pH 8.8� � � �

Cɝ: 0.5M Tris HCl pH 6.8 
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87NK�8č��Pˠω2Ȟϊ�������Pˠω2Ȟϊ:εʙ4�˝ 15þΘɜ

ͱ%-���suV�a̸˸ω��Wk��sw AE-6677ϊ8Pˠω2 Ȟϊ5��

���R!:εʙ4˸��Transfer Buffer Rƥΐč���������7�K

�8%-�ΫɆɔĒ�˥®%-c�Rc�ț�LŚ%�£̼7ΆþR��4ÿMħ

0-�+%3��L�&H��suV�a̸˸8ɪã%-�����:¡8Ɇɑ�

îL7�K�8c�R��-�+:¡8ȿM:Pˠω2 ȞϊR˸���uV�a̸

˸Rlsw%�144 mA4 2ȃΘͥøR̰0-� 

 

(11)� �����:��s^�a 

� ͥø˥®ƪ�Ʋ̼7þŤΐ:Άþ:�����R\sw%�Blocking Buffer8ɜ

%�ŭɥ4ȍÊ 3ȃΘǛ5�#)-ωI%�; 4	4�ȅǛ5�ϊ� 

 

(12)� �ȹǎÌ 

��s^�a˥®ƪ�TBS-T§4 15�10�5þΘR 3ĿǛ5�#)7�Lɕɘ%

-�+:Θ8��ȹǎÌR Dilution Buffer4¢͇:Ûʇ4ƐΌ%-� 

 

� ǎÌƐΌɝω˝ 1.5 mLϊR�����8ɡč%�4	4�ȅω�N�;ŭɥ4 3

ȃΘϊW�^���w%-� 

 

 (13)� ±ȹǎÌ 

�ȹǎÌĥƳƪ�TBS-T§4 15�10�5þΘR 3ĿǛ5�#)7�Lɕɘ%��

ȹǎÌɝRΠ�-�±ȹǎÌ;¢͇:ͳM�ȹǎÌRÎǅ%-Ēʀ:ìʛa���

�8Ÿ'N±ȹǎÌRʐ�-� 

 

�ȹǎÌ  ǎÌƐΌʇ  ±ȹǎÌìʛĒʀ  ǎÌƐΌʇ  

γ-H2AX 1:500 Rabbit 1:2000 

β-actin 1:500 Goat 1:2000 

 

 (14)� �����:ĕŧʣëωECL Plusϊ 

±ȹǎÌĥƳ˥®ƪ�TBS-T§4 15�10�5þΘ5 3ĿǛ5�ɕɘ%�±ȹǎÌ

RΠ�-�1 mL: Aɝ8Ÿ% 25 µL: Bɝ4ɠ*ĭQ)�±ȹǎÌɕɘƪ:��

���8ɡč% 5 þΘĥƳ#)-�ĥƳƪ�ĕŧʣëǩƧýČ̸˸ωLight-Capture


�Zoom LensϊCooled CCD Camera Systemω-30	ϊ[Uw�ȥƟÅʻ] # Type AE-6981

RÏʐ%ƥ7ȃΘ4ǩƧR̰0-� 
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(15)� ǳÜĕ5˪ͅüʋ 

� CS Analyzer ver 3.0 [Uw�ȥƟÅʻ] 8KMWestern blot:˨ȟRǳÜĕ%-�

β-actin4̹Ȼ%-+O,O:͋Ƿ§: γ-H2AX:͏ż;�d�w���ωɫţŸ͘

˻ϊR 15%-5�:Ʉʇ4̴͇%-ωƔŉÜ ± ȶɪÞƍ�n=5ϊ� Pharmaco Analyst 


ω������W�ʻϊRʐ�3śΎȭūωTukey testϊR̰0-� 

 

1-1-1-2� AP sites:ʎǅ 

 

(1)� ˤ̆ōνȘÃ 

� 100 mm dish8�w¬�Sˤ̆MCF-7R1×104 cell/cm2 4Ǩ˄%-�3ǽƪ8ǹ%�

DMEMōň8·Ǣ%�2ǽΘōν%-�f�d���Z�w8ăͿ%-!5RθưΔ

¢4ʸ͎ƪ�Ro 41-0960ωCOMT:Μůćϊω3 µMϊRıG�Y}���sx���

:DMEMōň8·Ǣ%�1ȃΘĆōν%-�ˬ �3�2-OHE2I%�;4-OHE2ω30 µMϊ�

Ro 41-0960ω3 µMϊRıG�Y}���sx���:DMEMōň8·Ǣ%�+O,O

0-2ȃΘōν%-� 

 

(2)� AP sites:ɦū 

� ǒý%- DNA §: AP sites ʎǅΐR DNA Damage Quantification Kit - AP Site 

Counting -ωȥƟÅʻĮ»ĕŧʳˇǉ�ɻȔ�ǽȔϊRʐ�3��z�U�8ƫ03

ɦū%-�AP sites:ɦūğʋ;Â¢:5�M4�N� 

� DNAǥäΆÉ8;ÙƮȸȳ�æ��+:�15%3œŎΠĠÙƮ��N�!:ȃ

AP site (apurinic / apyrimidinic site)5Ķ<ONœŎΠĠΆÉ�ýʉ'N�1EM AP 

site:ȭý; DNAǥäΆÉRɦū%ƬNȏđ7Ǻɐ57N� 

� ARPωN'-Aminooxymethylcarbonylhydrazino-D-biotinϊ;�!: AP site5ʁʚʥ8

˨ĭ%�[r�ĕ4�N̫͋5%3ʱLO3�M�Ȕ^sw;�ARPRʐ�3 DNA

R�[r�ĕ% 96ˆ�W`����w8Ńūĕ%3ȭÌ DNA§: AP siteR˖Õ

8ūΐ'NI:4�N�!:^sw8;�AP siteǳ�Ǽū#O-ȶɪ DNA�ıE

O3�M�HRPȶ͗jw��wU�i�8KN�[r�ȭýɐRʐ�N!58K0

3 AP site:ūΐ�4�N� 

 

(4)� DNA:ǒýǺɐ 

� ĿĦ%-ˤ̆ǄɳɝR 200×g 4 5 þΘƱþΪƪ�¡ɰFRΠĠ%-�#L8�

PBS (-) 500 µl4ˤ̆RǄɳ%3ɕ��200×g4 5þΘƱþΪ%�¡ɰFRΠĠ%

-�+:ƪ�DNA Damage Quantification Kit - AP Site Counting -ωȥƟÅʻ Į»ĕŧ

ʳˇǉϊRʐ�3��z�U�8ƫ��70%Zp}��8K03 DNARɋɂ#)ǒ
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ý%-� 

 

(5)� Ĳëƛɦū 

� ��wd��8ƫ03�96 well ���wR 37	4ĬȃΘω0-12 ȃΘϊW�^�

��w%-ƪ��W`����w��q�ωVarcioskanϊ 

[Thermo Fisher Scientific Inc]83�ɒΕ 650 nm8��NĲëƛRɦū%-� 

 

(6)� ˪ͅüʋ 

� DNA§:AP sitesǳω100,000œŎ�-M:ǳϊRȭΐ˱�Lˑý%�ƔŉÜ ± ȶ

ɪÞƍωSDϊ4ʹ%-ωn=5ϊ�Pharmaco Analyst 
 ω������W�ʻϊRʐ�

3śΎȭū (Tukey test) R̰03Ʉͦ%-� 
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1-1-2� Ŭο˨ȟ 

 
1-1-2-1  4-OHE28KN�jw� H2AX:��ĕ 

 

� Fig. 7 8 2-OHE2�K> 4-OHE28KNγ-H2AX :͏ż:˨ȟRʹ%-�7��ǳ

Ü8Ι%3;�d�w���R 15%3ˑý%3�N� 

� �w¬�Sˤ̆ MCF-7 8��3�2-OHE2; COMT :Μůć4�N Ro 41-0960

ίŦņ¢4;�DNAǥä:ǚȶ4�N�jw� H2AX:��ĕωγ-H2AXϊR͏

ż%7�0-ωFig. 7-Aϊ��COMTΜůć�òŦ'N5�2-OHE2:ɡč 12ȃΘƪ�

d�w���ω1.0 ± 0.1ϊŸ%3ȏƽ8γ-H2AXR͏ż%-ω2.2 ± 0.3ω2Ûϊ�2.7 ± 

1.0ω2.7ÛϊϊωFig. 7-Bϊ��Ǻ�4-OHE2; COMTΜůćίŦņ¢4�03I�4-OHE2

ɡč 12ȃΘƪ8�d�w���Üω1.0 ± 0.3ϊ8Ÿ%3γ-H2AX:ȏƽ7¡Ȁ�̽

LO-ω3.2 ± 0.2ω3ÛϊϊωFig. 7-Cϊ�#L8�COMTΜůć�òŦ'N5�4-OHE2

ɡčƪ 1ȃΘ4γ-H2AX:͏ż�θ̩8¡Ȁ%ω3.3 ± 0.1ω3.3Ûϊϊ�+:ƪ�˧ȃ

ʥ8ɤž%-�4ȃΘƪ8;d�w������8ǈ0-ω1.8 ± 0.5ω1.8ÛϊϊωFig. 

7-Dϊ�5!P��12ȃΘƪ8;÷>�γ-H2AX:͏ż�̩%�¡Ȁ%-ω4.2 ± 1.2

ω4.2ÛϊϊωFig. 7-Dϊ�E-�1ȃΘƪ: 4-OHE25 COMT:Μůć4�N Ro 41-0960

Ŧņ¢4ȏƽ8γ-H2AXR͏ż%-ω3.5 ± 0.1ω3.5Ûϊϊ�E-�DMSOɡč˻4I

12ȃΘƪ8�d�w���Üω1.0 ± 0.1ϊ5Ʉͦ%3�ȏƽ8γ-H2AX�͏ż%-ω2.8 

± 0.5ω2.8ÛϊϊωFig. 7-Eϊ�!:˨ȟ8Ÿ%3�ATM:Μůć KU-55933ω10 µMϊ

Rɡč'N5�θ̩8γ-H2AX:͏ż�ɤž%-ω0.98 ± 0.1ω3.5ÛϊϊωFig. 8ϊ� 

� !OL:˨ȟ�L�4-OHE25 COMT:Μůć4�N Ro 41-0960Ŧņ¢8��N

γ-H2AX:͏ż;�ATMR½%3�N!5�þ�0-� 
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Fig. 7. Induction of γ-H2AX in MCF-7 cells treated with or without a COMT inhibitor,  
2-OHE2 and 4-OHE2. MCF-7 human breast cancer cells were pretreated with (B and D) or 
without (A, C and E) Ro 41-0960 (COMT inhibitor, 3 µM) for 1 h, and then exposed to 30 
µM of 2-OHE2 (A and B), 4-OHE2 (C and D) or DMSO (vehicle control (E)) for 0-12 h. 
Values indicate the mean ± SD (n=5). Different alphabetical superscripts on the top of each 
column indicate statistically significant differences at p < 0.05 as evaluated by the Tukey test. 
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Fig. 8. Effect of ATM inhibitor on γ-H2AX induction in MCF-7 cells treated with 
4-OHE2 and a COMT inhibitor. MCF-7 human breast cancer cells were pretreated with Ro 
41-0960 (COMT inhibitor, 3 µM) and KU-55933 (ATM inhibitor, 10 µM) for 1 h, and then 
exposed to 30 µM of 4-OHE2 in the presence or absence of KU-55933 (10 µM) for 0-2 h. 
Values indicate the mean ± SD (n=5). Different alphabetical superscripts on the top of each 
column indicate statistically significant differences at p < 0.05 as evaluated by the Tukey test. 
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1-1-2-2  4-OHE28KNAP sites:ʎǅ 

 

� Fig. 98 2-OHE2�K> 4-OHE2� AP sites:ʎǅ8ģD'đȟ81�3ȭ͆%-

˨ȟRʹ%-�d�w���ÜRʹ' 0ȃΘ: AP sites:Ŧņΐ;�10�œŎŸ�

-M 2.2 ± 0.164�0-�COMT:Μůć4�N Ro 41-0960òŦ¢:ȏɸ8ΙQL

(�2-OHE2ɡčƪ6:üʋȃΘ8��3I�AP sites:ʎǅ;̽LO7�0-ωFig. 

9-A and Bϊ��Ǻ�4-OHE2; COMTΜůćίòŦ¢4;�AP sites:ʎǅ;̽LO

7�0-ωFig. 9-Cϊ��COMTΜůćòŦ¢8��3�ɡčƪ 1ȃΘ4 AP sites:

ʎǅΐ;�d�w���Üω2.5 ± 0.09ϊ5Ʉͦ%3�ȏƽ8¡Ȁ%ω13.1 ± 0.16ω5.2

Ûϊϊ�+:ƪ�2ȃΘƪ8;�ȏƽ8 AP sites�ɤž%-ω7.5 ± 0.1ω1.74Ûϊϊ8

ǈ0-ωFig. 9-Dϊ� 
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Fig. 9. AP site formation in MCF-7 cells treated with or without a COMT inhibitor, 
2-OHE2 and 4-OHE2. MCF-7 cells were pretreated with (B and D) or without (A and C) Ro 
41-0960 (COMT inhibitor, 3 µM) for 1 h, and then exposed to 30 µM of 2-OHE2 (A and B) or 
4-OHE2 (C and D) for 0-2 h. Values indicate mean ± SD (n=4). Different alphabetical 
superscripts on the top of each column indicate statistically significant differences at p < 0.05 
as evaluated by the Tukey test. 
 

 

 

 

 

 

 

 

 



- 28 - 
 

ˎ2˓� }�Ux�y��54-OHE28KNDNAǥä͏ʣ  

 

1-2-1� ŬοǺɐ 

 

(1)� Ïʐ%-ˤ̆ 

��MCF-10A (mammary gland; breast, epithelial, fibrocystic diseas) # CRL-10317ω36ȼϊ 

  ATCC (American Type Culture Collection) [Manassas, VA, USA] 83͟î%-� 

 

(2)� ōňʐ̫͋ 

��DMEM/F12 (DMEM) [Invitrogen] # 11330-032 500 mL 

��5% (vol/vol) fetal bovine serum FBS [Invitrogen] # 172012 25 mL 

��100 ng/mL Cholera toxin solution [ĸë˞̫ƌȮȥƟÅʻ] # 036-2060 

� 100 ng/mL87NK�8͢˞ɇ4͓̺%�100 µL(1þɓ%-I:RÏʐ 

� E4-80	4×Ŧ%-� 

 

100 µL 

��10 µg/mL Insulin [Sigma-aldrich] # 120M8702V 
� 10 µg/mL87NK�8͢˞ɇ4͓̺%�500 µL(1]��˱ɬ̤Zs� 

� �r���8þɓ%-I:RÏʐE4-20	4×Ŧ%-� 

 

500 µL 

��0.5 mg/mL Hydrocortisone [ĸë˞̫ƌȮȥƟÅʻ] # 098K5308 

� 0.5 mg/mL87NK�8�p}��4͓̺%�250 µL(1]��˱ɬ̤ 

� Zs��r���8þɓ%-I:RÏʐE4-20	4×Ŧ%-� 

 

250 µL 

��20 ng/mL Epidermal growth factor [Peprotech, Rocky Hill, NJ, USA]  
  # 0712AFC05 

� 20 ng/mL87NK�8͢˞ɇ4͓̺%�100 µL(1]��˱ɬ̤Zs 

� ��r���8þɓ%-I:RÏʐE4-20	4×Ŧ%-� 

100 µL 

��100×penicillin/streptomycin [Invitrogen] # 15140 5 mL 

� (2):ōň:˦ǅ;�ATCC:ōνǺɐ8ƫ0-� 

 

(3)� ˫ÁōνȘÃ 

� 1-1-1:MCF-7ˤ̆5Įȴ:Ǻɐ4̰0-� 

 

(4)� ̫͓̺͋ 

���Ǥ̱ʎʋλœɇ˗ȓωPBS-, 0.01mol/L PH 7.2-7.4 ϊ[ĸë˞̫ƌȮȥƟÅʻ]  
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� # 162-19321�  

� 100 g:˗ȓω1̵ϊ8Ÿ%3 1L:͢˞ɇɝ4ɫ͂%�[�w`���4ɬ̤ 

� üʋƪ�Ŭο8ʐ�-� 

 

�1×Trypsin/EDTA 

� 1-1-15Įȴ:Ǻɐ4͓̺%-� 

 

�4-hydroxyestradiol [Sigma-aldrich] # 128K1021 

� 1-1-15Įȴ:Ǻɐ4͓̺%-� 

 

�}�Ux�y��ωNoradrenaline: NAϊ[Sigma-aldrich] # 056K1167 

  0.12M percronic acid4 10 mM8ɫ͂%�ÏʐE4ùû×Ŧ%-� 

 

�0.12M percronic acid 

� 60%;œˢ [ĸë˞̫ƌȮȥƟÅʻ] # 166-00713 

� ¡͇:̫͋ 1.2 mL8 100 mL:͢˞ɇ5ɠ*�100 ng: l-hjuW� 

ωl-cysteineϊ[ĸë˞̫ƌȮȥƟÅʻ] # 039-206525ɠĭ%-� 

 

��Clonidine hydrochloride (α2-adrenergic receptor agonist) [ĸë˞̫ƌȮȥƟÅʻ]  

# 038-14291ωFig. 10ϊ 

��Rauwolscine hydrochloride (α2-adrenergic receptor antagonist) [Tocris Bioscience, 
Boston, ST, Louis, MO, USA] # 0391ωFig. 10ϊ 

��L-(-)-isoproterenol hydrochloride (β2-adrenergic receptor agonist) [MP Biomedicals,  
LLC, Carlsbad, CA, USA] # 6536BωFig. 10ϊ 

��Propranolol hydrochloride (β2-adrenergic receptor antagonist) [Tocris Bioscience] # 0624

ωFig. 10ϊ 

¡͇: 41:̫͋;�+O,O͢˞ɇ4 10 mM8ɫ͂%�ÏʐE4ùû×Ŧ%-� 
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Fig. 10. Chemical structures of α2, β2-adrenergic receptor (AR) agonist of clonidine, 
isoproterenol and α2, β2-AR antagonist of rauwolscine, propranolol used in this study. 
 

1-2-1-1� α2-Ux�y��ĨűÌ:ʣʉ 

 

(1) Ïʐ%-ǎÌ 

��ȹǎÌ 

� α2B-AR (C-4) [Santa Cruz] # sc-390429 

� α2C-AR (T-15) [Santa Cruz] # sc-30437 

� β2-AR (H-73) [Santa Cruz] # sc-9042 

  Actin (1-19) [Santa Cruz] # sc-1616 

 

�±ȹǎÌ 

  Anti-rabbit IgG HRP-linked Antibody [Cell Signaling] # 7074 

  Brovine anti-goat IgG-HRP [Santa Cruz] # sc-2350 
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(2)� �ȹǎÌ 

��s^�a˥®ƪ�TBS-T§4 15�10�5þΘ5 3ĿǛ5�#)7�Lɕɘ%

-�+:Θ8��ȹǎÌR Dilution Buffer4¢͇:Ûʇ4ƐΌ%-� 

 

� ǎÌƐΌɝω˝ 1.5 mLϊR�����8ɡč%�4	4�ȅω�N�;ŭɥ4 3

ȃΘϊW�^���w%-� 

 

 (3)� ±ȹǎÌ 

�ȹǎÌĥƳƪ�TBS-T§4 15�10�5þΘ5 3ĿǛ5�#)7�Lɕɘ%��

ȹǎÌɝRΠ�-�±ȹǎÌ;¢͇:ͳM�ȹǎÌRÎǅ%-Ēʀ:ìʛa���

�8Ÿ'N±ȹǎÌRʐ�-� 

 

�ȹǎÌ  ǎÌƐΌʇ  ±ȹǎÌìʛĒʀ  ǎÌƐΌʇ  

α2B-AR 1:500 Goat 1:2000 

α2B-AR 1:500 Goat 1:2000 

β2-AR 1:500 Rabbit 1:2000 

β2-AR 1:500 Goat 1:2000 

 

΄ÆŤʣʉ:ɦū;�Motoyama, TsurusakiL:Ǻɐ8ƫ��7500 Real-time PCR 

System [Applied Biosystems]Rʐ�3PCRR̰��͂ȜR̰0- [55, 56]� 

 

(1)� Ïʐ%-̫͋ 

��Distilled Water RNase DNase-Free [Life Technologies, Carlsbad, Calfornia, USA]  
   # 100977-023 

��Prime Script RT reagent kit [p\�~W[ȥƟÅʻ�ɭ͛�ǽȔ] # RR037A 

��QuickGene RNA cultured cell kit S [ŴŘ�V���Ț¹�ǽȔ] # RC-S 

��TaqMan Gene Expression Master Mix [Applied Biosystems] # 4369016 
��Ethanol (99.5%) [ʁˡ/ĸë˞̫ƌȮȥƟÅʻ] # 052-07221 

��2-mercaptoethanol [ʎĕŧʐ/ĸë˞̫ƌȮȥƟÅʻ] # 137-06862 

��Rnase AWAY [Molecular Bio Products] # 7002 
 

(2)� Ïʐ%-ȸľ 

��Gene Quant pro’’S’’ [GE Healthcare] # 16-8-04 
��X�w��W`������l� [GE Healthcare] # 80-2103-69 

����kƟˤ̆ʵʴ̸˸ωBead Smash 12ϊ[ĸʳ̫ȥƟÅʻ] # BS-12R 
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����kƟˤ̆ʵʴ̸˸f���r��� [ȥƟÅʻw��˘ƌωTOMYϊ]  

 � # TM-625S 

����kωi�dzU�fWkύ5.0�ϊ[ȥƟÅʻw��˘ƌωTOMYϊ] # ZB-50 

��QuickGene Mini 80 [ŴŘ�V��] # 76221370 

��TakaRa PCR Thermal Cycler Dice mini [p\�~W[ȥƟÅʻ] # TP-100 

��CUTE MIXER [EYELA Ț¹ʋʿȸȩȥƟÅʻ�Ț¹�ǽȔ] # CM-100 

��THERMAL PRINTER [lWd�W�jt�ȥƟÅʻ�Ę̇�ǽȔ] # DPU-414 

 

(2) ˤ̆�L:total RNA:ǒý 

� QuickGene RNA cultured cell kit SRʐ�3�ɡÀ:��wd��8ƫ��ˤ̆§:

total RNA:ǒýR̰0-�ˤ̆;60 mm dish4ōν%-I:Rʐ�-� 

 

(4)� RNAɴƛɦū 

� Ïʐľó 

��Gene Quant pro”S” [GE Healthcare] # 16-8-04 
��X�w��W`������l� [GE Healthcare] # 80-2103-69 

��THERMAL PRINTER [lWd�W�jt�ȥƟÅʻ] # DPU-414 

 

��Ǻɐ 

ǒý%-total RNAR͢˞ɇ410ÛƐΌ%�¡͇:ȘÃ4ĲëƛRɦū%�ɴƛ

RɉH-�260 nm/280 nm:Ʉω˞ƛϊ�1.9-2.28ĦEL7�0-őĭ;�÷ƛ�

ǒýR̰0-�¢͇8͍%�ȘÃ��a��Rʹ%-� 

 

Factor 40.0 

Units ng/µL 

Pathlengh 5 mm 

Dilution Factor 10 

Use 320 nm Yes 

 

(5)� Reverse TranscriptionωRNA:ͰͥøĥƳϊ 

� Prime Script RT reagent kitRʐ�3�ɡÀ:��wd��8ƫ��RNA:ͰͥøR

̰0-�óÌʥ8;¢͇8͇ͧ%-� 
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1 f����-M:Ʋ̼ΐ  

5×PrimeScript Buffer 2 µL 

PrimeScript RT Enzyme Mix1 0.5 µL 

Oligo dt Primer 0.5 µL 

Random 6 mers 2 µL 

Distlled Water DNase RNase Free 0-4.9 µL 

 

� ¡͇:̫͋RƲ̼f���þ:ΐ4̚�ɠĭ#)-�Total RNAΐ;�ïΐ5%3

400 ng U��W'Nωűΐ5%3;�0.1-5 µLϊ�U��W'NRNA:űΐRŎɪ5

%3ͰͥøĥƳɝ:ȍ˥ïΐR10 µL87NK�8Distlled Water DNase Free:ΐR

0-4.9 µL5%-� 

 

��ͰͥøĥƳ 

͓̺%-f���RTaKaRa PCR Thermal Cycler Dice mini8lsw%�¢͇:�

�a��4ͰͥøĥƳR̰��Ͱͥø��a��;¢͇8͇ͧ%-� 

 

Temperature Time 

37	 15 min 

85	 5 sec 

4	 hold 

 

� ĭǅ#O-cDNA;�-20	4×Ŧ%-�cDNA;�RNAKMŨū4�M�ΕȐ×Ŧ

�Ī̈4�N� 

 

(6)� �U�pW�RT-PCR8KN΄ÆŤʣʉΐ:ɦūω̫͋�Ïʐȸľϊ 

��Taq Man Gene Expression Master Mix (Cat. No. 4369016) [Applied Biosystems]  
 # 4369016 

��Taq Manõņƶd�w���  (Reporter: VIC Dye, Quencher: MGB); human 

GAPGH # 4326317E 

��p�csw΄ÆŤTaq Man��W������� 

� ¡͇:̫͋;�ï3[Applide Biosystems]KM͟î%-� 

 

��ĭǅ%-cDNAf��� 
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��Distilled Water DNase RNase Free [Life Techmologies] # 100977-023 

��Applied Biosystems Real Time PCR 7500 system [Applide Biosystems]  
��STAR 8-strip Tube (Flat Type) (Item No: RS-PCR-8F) [ʋʿʳȥƟÅʻ�Ț¹]  

  # RS-PCR-8F�  

 

� ¼ĿÏʐ%-p�csw΄ÆŤTaq Man��W�������RTable.18ʹ%-�

��W�������;�Applide Biosystemsʻ:Taq Man Gene expression AssayRĂ

ʐ%3p�csw΄ÆŤā:��W�������lswR͟î%-� 

 

Assay ID Gene name Amplicon Length 

Hs00265090_s1 α2B-adrenergic receptor 117 

Hs01896125_s1 α2C-adrenergic receptor 95 

Hs00240532_s1 β2-adrenergic receptors 65 

Table. 1. Primer probe of target genes assayed by quantitative RT-PCR. 

 

(7)� PCRĥƳ̫͋:͓̺ 

1 f����-M:Ʋ̼ΐ  

TaqMan Gene Expression Master Mix 10 µL 

Distilled water DNAse, RNAse free 7.5 µL 

TaqMan �wõņƶd�w���ωGAPDHϊ 1 µL 

p�csw΄ÆŤ� TaqMan ��W������� 1 µL 

 

� ¡͇:̫͋RƲ̼f���þ+1-2 µL:ΐ4̚�ɠĭ%�j��qX�%�r��

�:Ŗΰ8Àʯ%3�NɝŖ5%-�+:ƪ�STAR 8-strip Tube819.5 µL(1þɓ

ω7NB�Ɇɑ�îL7�K�8'Nϊ%�cDNAR0.5 µL(1U��W%�ïΐ20 µL

5%-� 

 

(8)� PCRĥƳ 

� ͓̺%-f���R7500 Real-Time PCR system8lsw%�Relative Quanification 

plateωRQ Plateϊx^���wRǐ%-�͈ū%-well8f���R͈˸%�ĥ

ƳRΗŢ%-�ĥƳ��a��;¢͇8͇ͧ%-� 
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Temperature Times Cycle number 

50	 2 min 1 cycle 

95	 10 min 1 cycle 

95	 15 sec 50 sec 

60	 1 min 50 sec 

 

(9)� v�p:͂Ȝ 

� ɦū%-Ĭf���:p�csw΄ÆŤ:CtÜ5õņƶd�w���ωGAPDHϊ

:CtÜ:ƔŉÜ5ȶɪÞƍRˑý'N�p�csw΄ÆŤCtÜ�õņƶd�w���

CtÜR�CTÜωdCTϊ5'N�ȹ8�Ŏɪ5'Nf���˻:�CTÜ�LƠ��+:

ÜR��CTÜωddCTϊ5'N�ωŎɪ5%-f���˻:��CTÜ;087Nϊ���

CTÜ;�fW`�ǳ:ƍ57N:4�+!�L#L82^ddCtω��CTϊRˑý'N:

4�ʫŸÜRɉHN!5�4�NωŎɪ5%-f���˻:ʫŸÜ;157Nϊ� 

 

(10)� ˪ͅüʋ 

� ΄ÆŤʣʉΐ:řĕ;�Ĭf���:p�csw΄ÆŤ:CtÜ�õņƶd�w��

�ωGAPDHϊCtÜωdCtϊ:Ü4̹Ȼ%�+O,ORƔŉÜ4ʹ%-�GAPDHR15

%3�+O,O:p�csw΄ÆŤ:ʣʉΐRɉHa��ĕ%-�ǳÜ;�ƔŉÜ ± 

ȶɪÞƍωSDϊ4ʹ%-ωn=5ϊ�Pharmaco Analyst 
 ω������W�ʻϊ R

ʐ�3śΎȭū (Tukey test) R̰03Ʉͦ%-� 

 

1-2-1-2� �jw�H2AX:��ĕ:ȭý�  

� 1-1-1-18ɪ&3ȭý%-� 

 

(1) ˤ̆ōνȘÃ 

� 60 mm dish8MCF-10Aˤ̆R1×104 cells/dish4Ǩ˄%-�3ǽƪ8ǹ%�DMEMōň

R·Ǣ%�2ǽΘōν%-�5ǽʩ8�˥ ɴƛ3-100 nM:NA�clonidineω0.5�2.5�5 µMϊ�

rauwolscineω5�50�500 nMϊ�isoproterenolω1�5�10 µMϊ�propranololω1�5�10 µMϊ

RıGDMEMōň8·Ǣ%�1ȃΘĆōν%-�+:ƪ�NARıG3 µM :4-OHE2Ŧ

ņ¢�ίŦņ¢8��NDMEMōň8·Ǣ%�1ȃΘōν%-� 
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1-2-1-3� AP sites:ʎǅ�  

� 1-1-1-28ɪ&3̰0-� 

 

(1)� ˤ̆ōνȘÃ 

� 100 mm dish8MCF-10Aˤ̆R 1×104 cells/dish4Ǩ˄%-�3ǽƪ8ǹ%�DMEM

ōň8·Ǣ%�2ǽΘōν%-�5ǽʩ8�˥ɴƛ 3-100 nM: NA�clonidineω0.5�

2.5�5 µMϊ�rauwolscineω5�50�500 nMϊ�isoproterenolω1�5�10 µMϊ�propranolol

ω1�5�10 µMϊRıGōň8·Ǣ%�1ȃΘĆōν%-�+:ƪ�NARıG 3 µM :

4-OHE2Ŧņ¢�ίŦņ¢8��N DMEMōň8·Ǣ% 1ȃΘōν%-� 

 

1-2-1-4� ���fWw�w��Rʐ�-ɖƶˢ:ɦū 

� ɖƶˢ:ɦū;�̫ ŧΆȪ 4Σ8�N Flow cytometry (FACS CANTTM II)Rʐ�

3ɦū%-����fWw�w��:ÏʐǺɐ;�ήƇʭˉŜŧ�λĹȣνʿŧΆ�

ΕŹʎĕŧʳˇŭ: š̾ªêʎ8ǚżRĨ�˼Ƭ%-� 

� ���fWw�w��Rʐ�- DCFH 8KNɖƶˢ:ɦū;�

2’,7’-Dichlorodihydrofluorescein diacetate ωDCFH-DAϊRˤ̆õ8Îʐ#)N5�ˤ

̆õZju��m8KM̋Ulr�ĕ%�ί̭ëŋ 2’,7’-Dichlorodihydrofluorescein

ω DCFHϊ57N�ȋ8�ɖƶˢ8KMĕ#OƤ�̭ëRȏ'N

2’,7’-DichlorodihydrofluoresceinωDCFϊ8řĕ'N�!:ĥƳRʐ�N!58K03�

���fWw�w��4ɖƶˢ:ūΐ�4�N�ȔŬο4;�ď͡ɒΕR 488�

ȍŜ̭ëɒΕR 530 nm8͈ū%�ˤ̆õ:ɖƶˢ:ʎǅRɦū%-� 

 

(1)� Ïʐ%-ȸľ 

�Flow cytometry (FACS CANTTM II) [Becton Dickinson, Franklin Lakes, NJ]  

  # V96100053 

 

(2)� ˤ̆ōνȘÃ 

� 6 well plate8MCF-10Aˤ̆R 1×104 cells/cm24Ǩ˄%-�3ǽƪ�ǹ%� DMEM

ōň8·Ǣ%�#L8 2ǽΘōν%-�5ǽʩ8�3 µM: NA:ōň8·Ǣ%�1

ȃΘ�ĆōνR%-�+:ƪ�NAω3 µMϊ5 4-OHE2ω10 µMϊRıG DMEMōň

8·Ǣ%�1ȃΘōν%-�#L8�PBS (-) 5 mL4 2Ŀɕɘ%-ƪ�20 µM: DCFH

ıGDMEMōň8·Ǣ%�1ȃΘōν%-�clonidineωα2-ARUezjwϊ�rauwolscine

ωα2-ARU�pezjwϊ�isoproterenolωβ2-ARUezjwϊ�propranololωβ2-ARU

�pezjwϊ81�3I NA5Įȴ:üʋR̰0-� 
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(3)� ˤ̆:ĿĦǺɐ�  

� Trypsin 250 µLRɡč%�ǿƵ8l�j`����4ˤ̆RĿĦ%�f���R

Ʊr���8˂%-�+:ƪ�4	�2000 rpm4 2þΘƱƪ�¡ɢRǜ3�500 

µL: PBS (-)4��suV�a%�ˤ̆Rɕɘ%-ω2Ŀϊ�Ʊƪ�¡ɢRǜ3�

��sw:ʃǀ8 1 mL: PBS (-)Rč����suV�a%-ƪ����fWw�

w��ʐ:f���5%-�!OL:ÎȮ;�̭ëʀ͞ωDCFHϊRǋ�-H8�

�u�����¢ωȈŭϊ4̰0-� 

 

(4)� ˪ͅüʋ 

� d�w���ωɫţŸ͘˻ϊ:ɖƶˢ:ʎǅΐR 15%-5�:Ʉʇ4̴͇%

-ωƔŉÜ ± ȶɪÞƍωSDϊ�n=5ϊ�Pharmaco Analyst 
ω������W�ʻϊ

Rʐ�3śΎȭūωTukey testϊR̰0-� 
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1-2-2� Ŭο˨ȟ 

 
1-2-2-1� MCF-10Aˤ̆8��Nα2-Ux�y��ĨűÌ:ʣʉ 
 

� Ȕʳˇ4ʐ�N��w¬̒ˤ̆4�NMCF-10A8AR�ʣʉ%3�N:�İ�R�

p��`͞ʣʉRWestern blotɐ�mRNARRT-PCRɐRʐ�3ȭ͆%-� 

 

� Fig.118�w¬̒ˤ̆MCF-10A:AR:ʣʉ81�3ʹ%-�7��ǳÜ;�õņ

ƶd�w���4�NGAPDHR15%3ˑý%3�N� 

� Western blotɐRʐ�3p��`͞���4ȭ͆R̰0-˨ȟ�α2C�K>β2-AR�ʣ

ʉ%3�N!5Rʸ͎4�-�%�%7�L�α2B8Ι%3;ʣʉ%3�7�!5�

þ�0-ωFig. 11-Aϊ�#L8��U�pW�PCRRʐ�3mRNA81�3:ʣʉΐ

I͓B-˨ȟ�α2Bω0.00000891 ± 0.0000012ϊ�α2Cω0.000373 ± 0.00013ϊ�β2-ARω0.1 ± 

0.02ϊ4�MωGAPDH8Ÿ%3ω1.0 ± 0.003ϊϊ�Western blotɐ5Įȴ:˨ȟ4�0-

ωFig. 11-Bϊ� 

� !OL:˨ȟKM�Ȕʳˇ4ʐ�-�w¬̒ˤ̆MCF-10A8;�α2C�K>β2-AR

�ʣʉ%3�N!5�þ�0-� 
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Fig. 11. Western blot and RT-PCR analysis of α2B, α2C, and β2-AR in MCF-10A cells. (A) 
The expression of α2B, α2C, and β2-AR proteins was assayed by western blot. (B) The 
expression of α2B and α2C mRNA was analyzed by RT-PCR. Values indicate mean ± SD (n = 
5). Different alphabetical superscripts on the top of each column indicate statistically 
significant differences at p < 0.05 as evaluated by the Tukey test.  
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1-2-2-2� }�Ux�y��54-OHE28KN�jw�H2AX:��ĕ 

 

� Ȕ˓4;γ-H2AX:͏żRDNAǥä:ǚȶ8%�NA54-OHE2Ŧņ¢�ίŦņ¢8

��NDNAǥäŕč81�3ȭ͆R̰0-�#L8�+:ÎʐȸƘ:�Ǿ:͂ȁR

ʩǚ'-H8��̙ʥ8γ-H2AX:͏żÎʐȸƘ:¡ɗ8É˸'N5˽�LO3�N

ATMωataxia telangiectasia mutatedϊ5�NA:˨ĭĨűÌ4�NAR8ʯʩ%ȭ͆R̰

0-� 

� Fig. 128 NA5 4-OHE2Ŧņ¢�ίŦņ¢8KNγ-H2AX:͏ż8ģD'Ƨγ81

�3˨ȟRʹ%-�ÍO:˨ȟI�NA�4-OHE2�N�;ɫţωDMSOϊɡč 1 ȃ

Θƪ:˨ȟ4�N�ǳÜ8Ι%3;�d�w���R 15%3ˑý%-� 

� �w¬̒ˤ̆MCF-10A8��3�NAω3 nMϊ5 4-OHE2ω0.03�0.3�3�30 µMϊ

Ŧņ¢4��̙ʥ8 DNAǥä:ǚȶ4�N�jw� H2AX:��ĕωγ-H2AXϊ

:͏ż��d�w���Ü8Ÿ%3ω1.3 ± 0.6ϊ�ɴƛÒŦʥ8ŕč%-ω1.2 ± 0.2�

2.4 ± 0.3ω2.4Ûϊ�3.6 ± 0.3ω3.6Ûϊ�3.2 ± 0.2ω3.2ÛϊϊωFig. 12-Aϊ�NAω3�30�

100 nMϊ5 4-OHE2ω0.1 µMϊŦņ¢4ɴƛÒŦʥ8γ-H2AX�ŕč%-ω1.3 ± 0.4

ω1.3Ûϊ�2.2 ± 0.2ω2.2Ûϊ�3.3 ± 0.4ω3.3ÛϊϊωFig. 12-Bϊ�NAω3�3�10�30�

100 µMϊ5 4-OHE2ω3 µMϊŦņ¢4;�NAω100 nMϊĚʄ4�d�w���Ü8

Ÿ%3ω1.0 ± 0.3ϊ�ȏƽ7¡Ȁ�̽LOω2.7 ± 0.1ω2.7Ûϊϊ�4-OHE2Ŧņ¢4I�

ɴƛÒŦʥ8γ-H2AX:͏ż�ŕč%-ω3.2 ± 0.1ω3.2Ûϊ�5.3 ± 0.2ω5.3Ûϊ�5.5 

± 0.1ω5.5Ûϊ�5.0 ± 0.3ω5.0ÛϊϊωFig. 12-Cϊ�!OL:˨ȟ�L�NAR 3 nM�

4-OHE2R 3 µM8͈ū%�ȹ˓�LŬοR̰�!55%-� 

� ȹ8�NAω3 nMϊ5 4-OHE2ω3 µMϊŦņ¢8KNγ-H2AX:͏żω3.7 ± 0.7ϊ8

Ÿ%3�ATM:Μůć4�N KU-55933ω10 µMϊRÎʐ#)N5θ̩8γ-H2AX:

͏ż�ǌĄ#O-ω1.2 ± 0.2ω3.0ÛϊϊωFig. 12-Dϊ�#L8�NA5 4-OHE2Ŧņ¢

8��Nγ-H2AX:͏ż� ARR½%3�N:�ʸ�HN-H8�α2-ARUezjw

4�N clonidineω0.5�2.5�5 µMϊ5 4-OHE2ω3 µMϊRÎʐ#)N5�ɴƛÒŦʥ

8γ-H2AX:͏ż��d�w���8Ÿ%3ȏƽ8ŕč%-ω3.2 ± 0.6ω3.2Ûϊ�4.6 

± 1.5ω4.6Ûϊ�5.3 ± 1.1ω5.3ÛϊϊωFig. 12-Eϊ�#L8 α2-ARU�pezjw4�N

rauwolscineω5�50�500 nMϊRÎʐ#)N5�NA5 4-OHE2Ŧņ¢8��Nγ-H2AX

:͏ż8Ÿ%3ω4.7 ± 0.2ϊ�ɴƛÒŦʥ8ȏƽ8ǌĄ#O-ω2.7 ± 1.1ω1.7Ûϊ�

1.3 ± 0.6ω3.6Ûϊ�1.2 ± 1.0ω3.9ÛϊϊωFig. 12-Fϊ�%�%7�L�isoproterenolωβ2-AR

Uezjwϊ�K> propranololωβ2-ARU�pezjwϊò8�NA5 4-OHE2Ŧņ

¢8��Nγ-H2AX:͏ż8Ÿ%3Ƨγ;7�0-ωFig. 12-G, Hϊ� 

� !OL:˨ȟKM�NA54-OHE2Ŧņ¢8��Nγ-H2AX:͏ż;�α2-AR�ATMR

½%3�N!5�þ�0-� 
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Fig. 12. Effect of ATM inhibitor or α2 and β2-AR agonist or antagonist on γ-H2AX 
induction in MCF-10A cells treated with 4-OHE2 and NA. MCF-10A cells were pretreated 
with NA for 1 h, then exposed to 4-OHE2 or DMSO together with NA for 1 h. Induction of 
γ-H2AX was detected by western blot analysis at the indicated time, (A) 4-OHE2: 0.03, 0.3, 
3, 30 µM; NA: 3 nM, (B) 4-OHE2: 0.1 µM; NA: 3, 30, 100 nM, (C) 4-OHE2: 3 µM; NA: 3, 
10, 30, 100 nM. Cells were pretreated with or without NA (3 nM) and KU-55933 (KU) (10 
µM) (D), clonidine (Clo): 0.5, 2.5, 5 µM (E), rauwolscine (Rau): 5, 50, 500 nM (F), 
isoproterenol (Iso): 1, 5, 10 µM (G), or propranolol (Pro): 1, 5, 10 µM (H) for 1 h, then 
exposed to 3 µM 4-OHE2 or DMSO together with each compound for 1 h. Values indicate 
mean ± SD (n = 5). Different alphabetical superscripts on the top of each column indicate 
statistically significant differences at p < 0.05 as evaluated by the Tukey test. 
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1-2-2-3� }�Ux�y��54-OHE28KNAP sites:ʎǅ 

 

� AP sites;�ĕʥ DNAǥä4�N 8-hydroxyguanineω8-oxdGϊ76:œŎΠĠ

ÙƮ;˃J\ud��Zjw�c�8K03ʎǅ'N£Ũū7 DNA ÀčÌ:̋œ

Ŏ768KMʎǅ'N�AP sites:ȭý;�DNAǥäΆÉRɦū4�Nȏđ7ǊɁ

5˽�LO3�N�Ȕ˓4;�NA 5 4-OHE2Ŧņ¢�ίòŦ¢8��N�DNA ǥ

äRŕč#)N�R�AP sites :ʎǅ:ȭý�Lȭ͉%�+:ÎʐȸƘ:�ˋ:͂

ȁRʩǚ%�NA:˨ĭĨűÌ4�N AR8ʯʩ%ȭ͆R̰0-�  

� Fig. 138NA5 4-OHE2Ŧņ¢8��NAP sites:ʎǅ8ģD'Ƨγ81�3˨ȟ

Rʹ%-�ÍO:˨ȟI�NA�4-OHE2�N�;ɫţωDMSOϊɡč 1 ȃΘƪ:˨

ȟ4�N�d�w���Ü: AP sites:Ŧņΐ;�10�œŎŸ�-M 2.25 ± 0.164

�0-�NAω100 µMϊĚʄ4 AP sites:ʎǅ�ȏƽ8ŕč%-ω25 ± 2.1ω11Ûϊϊ�

E-�NAω3�100 nMϊ5 4-OHE2Ŧņ¢4;�NAĚʄKMI AP sites:ʎǅ�ŕ

č'N!5�þ�0-ω28 ± 1.3ω12Ûϊ�44 ± 2.5ω19.5ÛϊϊωFig. 13-Aϊ�#L8�

NA5 4-OHE2Ŧņ¢8��N AP sites:ʎǅ� ARR½%3�N:�R͓BN-H

8�α2-AR Uezjw4�N clonidine Rʐ�3ȭ͆%-˨ȟ�4-OHE25 clonidine

ω2.5�5 µMϊŦņ¢4d�w���Üω3.1 ± 0.4ϊ5Ʉͦ'N5 AP sites:ʎǅ�

̩%�ŕč%-ω10 ± 0.2ω3.2Ûϊ�13 ± 0.2ω4.9ÛϊϊωFig. 13-Bϊ�%�%7�L�

clonidine Ěʄüʋ8��3;�ƧγRģD#7�0-�#L8�α2-AR U�pez

jw4�N rauwolscineω50�500 nMϊRÎʐ#)-˨ȟ�NA5 4-OHE2Ŧņ¢8�

�N AP sites:ʎǅ:ŕč8Ÿ%3ω18 ± 0.3ϊ�ɴƛÒŦʥ8 AP sites:ʎǅ�d�

w���Üω3.6 ± 0.5ϊE4ǌĄ#O-ω13 ± 0.2ω1.4Ûϊ�3.4 ± 0.2ω5.2Ûϊϊ�ωFig. 

13-Cϊ� 

� !OL:˨ȟKM�NA5 4-OHE2Ŧņ¢8��N Ap sites:ʎǅ:ŕč;�α2-AR

R½%3�N!5�þ�0-� 
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Fig. 13. AP site formation in MCF-10A cells treated with 4-OHE2 and NA. MCF-10A 
cells were pretreated with or without NA (3, 100 nM) for 1 h, then exposed to 3 µM 4-OHE2 
or DMSO together with NA for 1 h (A). Cells were pretreated with or without NA (3 nM), 
clonidine (Clo) (2.5, 5 µM) (B), rauwolscine (Rau) (50, 500 nM) (C) for 1 h, then exposed to 
3 µM 4-OHE2 or DMSO together with each compound for 1 h. Values indicate mean ± SD (n 
= 4). Different alphabetical superscripts on the top of each column indicate statistically 
significant differences at p < 0.05 as evaluated by the Tukey test. 
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1-2-2-4� }�Ux�y��54-OHE28KNɖƶˢ:ʎǅ 

 

� !OE4:˨ȟKM�NA5 4-OHE2Ŧņ¢8��N DNAǥäωγ-H2AX�γ-H2AXϊ

:ŕč;�α2-AR 5 ATM R½%3�N!5�þ�0-�+!4�Ȕ˓4;�+:

ÎʐȸƘ:�ˋ:͂ȁRʩǚ'-H8�ɖƶˢ:ʎǅ8ʯʩ%ȭ͆R̰0-�#

L8�NAĚʄüʋ4I γ-H2AX�K> AP sites:ʎǅ�ŕč%-!5�L�NAĚ

ʄüʋ8KNɖƶˢ:ŕč8Ι%3Iȭ͉'N!58%-� 

� Fig. 148 NA5 4-OHE2Ŧņ¢�ίŦņ¢8��Nɖƶˢ:ʎǅ5 Fig. 158 NA

Ěʄüʋ8KNɖƶˢ:ʎǅ8ģD'Ƨγ81�3˨ȟRʹ%-�ÍO:˨ȟI�

NA�4-OHE2�N�;ɫţωDMSOϊɡč 1 ȃΘƪ:˨ȟ4�N�ǳÜ;�d�w

���R 15%3ˑý%-� 

� Fig. 148ʹ%-K�8�NAω3 µMϊ5 4-OHE2ω10 µMϊŦņ¢8��3�d�

w���Üω1.0 ± 0.2ϊ5Ʉͦ'N5ɖƶˢ:ʎǅ�ȏƽ8ŕč%-ω1.9 ± 0.3ω1.9

Ûϊϊ�#L8�NA5 4-OHE2Ŧņ¢4ɖƶˢ:ʎǅ� ARR½%3�N:�R͓

BN-H8�α2-ARUezjw4�N clonidineRʐ�3ȭ͆%-˨ȟ�ɖƶˢ:

ʎǅ8ƧγRģD'!5;7�0-ωFig. 14-Aϊ�%�%7�L�β2-ARUezjw

4�N Isoproterenolω5�10 µMϊRÎʐ#)N5�NA5 4-OHE2Ŧņ¢8��Nɖ

ƶˢ:ʎǅ:ŕč5Įˏ���:ŕč�́ŵ#O-ω1.7 ± 0.2ω1.7Ûϊ�2.3 ± 0.2

ω2.3ÛϊϊωFig. 14-Aϊ�#L8�α2-ARU�pezjw4�N rauwolscineRÎʐ#

)N5�NA5 4-OHE2Ŧņ¢8��Nɖƶˢ:ʎǅ:ŕčω1.8 ± 0.1ϊ8Ÿ'N

đȟ;�¯ƼͳM̽LO7�0-��β2-AR U�pezjw4�N propranololω5�

10 µMϊRÎʐ#)N5d�w������E4ɖƶˢ:ʎǅ:ŕč�ȏƽ8ǌ

Ą#ON!5�þ�0-ω1.3 ± 0.2ω1.4Ûϊ�1.2 ± 0.1ω1.5ÛϊϊωFig. 14-Bϊ� 

� !OL:˨ȟ�L�NA 5 4-OHE2 Ŧņ¢8��Nɖƶˢ:ʎǅ:ŕč;�α2

4;7��β2-ARR½%3�N!5�þ�0-� 

� E-̘ĵɟ�!58�NAω0.1-10 µMϊ:Ěʄüʋ:őĭ�ɸüʋ˻4�N α2ω+ϊ�

β2-ARω+ϊωFig. 15-Aϊ�β2-ARU�pezjw4�N propranololRÎʐ#)-˻ α2-AR

ω+ϊ�β2-ARω-ϊωFig. 15-Bϊ�α2-ARU�pezjw4�N rauwolscineRÎʐ#)

-˻ α2-ARω-ϊ�β2-ARω+ϊωFig. 4-Cϊ:6:üʋ˻8��3I α2�K> β2-ARR

½'N NA8KNɖƶˢʎǅŕč;̽LO7�0-ωFig.15ϊ� 
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Fig. 14. Generation of ROS in MCF-10A cells treated with 4-OHE2 and NA. MCF-10A 
cells were pretreated with NA (3 µM), clonidine (Clo) (2.5, 5 µM), or isoproterenol (Iso) (5, 
10 µM) (A), rauwolscine (Rau) (50, 500 nM) or propranolol (Pro) (5, 10 µM) (B) for 1 h, 
then exposed to 10 µM 4-OHE2 for 1 h. Values indicate mean ± SD (n = 5). Different 
alphabetical superscripts on the top of each column indicate statistically significant 
differences at p < 0.05 as evaluated by the Tukey test.  
 

 

 

 
Fig. 15. Generation of ROS in MCF-10A cells treated with NA. MCF-10A cells were 
pretreated with NA (0.1, 1, 10 µM) (A) and rauwolscine (Rau) (500 nM) (B) or propranolol 
(Pro) (10 µM) (C) for 1 h. Values indicate mean ± SD (n = 5). Different alphabetical 
superscripts on the top of each column indicate statistically significant differences at p < 0.05 
as evaluated by the Tukey test. 
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ˎ3˓� }�Ux�y��54-OHE28KNDNAǥä͏ʣ8Ÿ'N  

� � �  b�lr��K>+:Á͖ʀ:Ƨγ  
 

1-3-1� ŬοǺɐ 

 

(1)� Ïʐ%-ˤ̆ 

� 1-2-15Įȴ:ˤ̆Rʐ�-� 

 

(2)� Ïʐ%-̫͋ 

�4-hydroxyestradiol (4-OHE2) [Sigma-aldrich] # 128K1021 

� 1-1-18ɪ&3͓̺%-� 

 

�}�Ux�y��ωNoradrenalineϊ[Sigma-aldrich] # 056K1167 

  1-2-18ɪ&3͓̺%-� 

 

�0.12M percronic acid 

� 60%;œˢ [ĸë˞̫ƌȮȥƟÅʻ] # 166-00713 

� 1-2-18ɪ&3͓̺%-� 

 

��Quercetin dihydrate (HPLC) [Extrasynthese, Genay, France] # 1135S 

��Quercetin-3-O-glucuronide (HPLC) [Extrasynthese] # 1127S 

��Isorhamnetin (HPLC) [Extrasynthese] # 1120S  
¡͇:̫͋;�Dimethyl sulfoxide (DMSO)4 10 mM8ɫ͂%�ÏʐE4ùû×Ŧ

%-� 

 

1-3-1-1� �jw�H2AX:��ĕ:ȭý�  

� 1-1-1-18ɪ&3ȭý%-� 

 

(1)� ˤ̆ōνȘÃ 

� 60 mm dish8MCF-10Aˤ̆R 1×104 cells/dish4Ǩ˄%-�3ǽƪ8ǹ%� DMEM

ōň8·Ǣ%�2ǽΘōν%-�5ǽʩ8�˥ɴƛ 3�100 µM: NA�b�lr��

Q3G�Wn��|r�ω0.1�1�10 µMϊRıG DMEMōň8·Ǣ%�1ȃΘ�Ć

ōν%-�+:ƪ�NA RıG 3 µM : 4-OHE2Ŧņ¢�ίŦņ¢8��N DMEM

ōň8·Ǣ% 1ȃΘōν%-� 
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1-3-1-2� AP sites:ʎǅ�  

� 1-1-1-28ɪ&3ɦū%-� 

 

(1) ˤ̆ōνȘÃ 

� 100 mm dish8MCF-10Aˤ̆R1×104 cells/dish4Ǩ˄%-�3ǽƪ8ǹ%�DMEMō

ň8·Ǣ%�2ǽΘōν%-�5ǽʩ8�˥ɴƛ3-100 nM:NA�clonidineω0.5�2.5�5 

µMϊ�rauwolscineω5�50�500 nMϊ�isoproterenolω1�5�10 µMϊ�propranololω1�5�

10 µMϊRıGDMEMōň8·Ǣ%�1ȃΘ�Ćōν%-�+:ƪ�NARıG3 µM :

4-OHE2Ŧņ¢�ίŦņ¢8��NDMEMōň8·Ǣ%1ȃΘōν%-� 

 

1-3-1-3� HPLC:þȜ 

 

(1)� Ïʐ%-̫͋�K>ȸľ 

���p}�� [ɝ`��wa��V�ʐ/ĸë˞̫ƌȮȥƟÅʻ] # 132-06471 

��Ulwzw�� [ɝ`��wa��V�ʐĸë˞̫ƌȮȥƟÅʻ] # 015-08633 

��β-glucuronidaseω13800 unitsϊ[ĸë˞̫ƌȮȥƟÅʻ] # 070-04001 

 

��0.5%w���[�Ή-�p}��ωTFA-MeOH: Trifluoroacetic Acid-Metanolϊ[Ι

ȚĕŧȥƟÅʻ] # 40578-30  

� �p}��Rʐ�3 0.5%87NK�8͓̺%-� 

 

��0.01 Mh�XωOxalic Acid: OAϊ[ĸë˞̫ƌȮȥƟÅʻ] # 155-0042 

� 0.6 gͅM5M�͢˞ɇ 500 mL8ɫ͂%-� 

 

��50 mM��~s�T�ωpH 5.0ϊ 

� ���±ɇˢyw�X� [ĸë˞̫ƌȮȥƟÅʻ] # 192-02815 

� ���ɇˢ±yw�X� [ĸë˞̫ƌȮȥƟÅʻ] # 196-02835 

� ¡͇:̫͓̺͋;�~W[̫͓̺͋�bsw�z�U�ωp.37ϊRġ˽8%-� 

 

(3) Ïʐ%-ȸľ 

��HPLC-electrochemical detection (ECD) system [ESA Bioscinces, Inc., Chelmsford, MA, 
USA] # Model 5600A Coul-Array System 

� v]sf�ωGASTORRϊ[ȥƟÅʻ Flomω���ϊ] # Model No 153 

����� [ESA Bioscinces, Inc] # Model No 582 

��\��[��� [ESA Bioscinces, Inc] # Model No 70-4470T, CTO-0134 
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��ȭýľ [ESA Bioscinces, Inc] # Model No 5600A, CA-767 

� C-18 OASIS HLB (10 mg)ωǒýϊ[Waters Co., Milford, MA, USA] 

� ODS-C-18 (4.6 mml, D×250 mm; F/NE Chemicals)ω\��ϊ[͜ʎŏ�Ț¹] 

��Z~���p�ωdry up̸˸ϊ[Taitec Co.] # VC-96N 

����kƟˤ̆ʵʴ̸˸ωBead Smash 12ϊ[ĸʳ̫ȥƟÅʻ] # BS-12R 

����kƟˤ̆ʵʴ̸˸f���r��� [ȥƟÅʻw��˘ƌωTOMYϊ]  

 # TM-625S 

����kωi�dzU�fWkύ5.0�ϊ[ȥƟÅʻw��˘ƌωTOMYϊ] # ZB-50 

 

(3)� HPLCþȜȘÃ 

� ɗʹ 0.1 mL/min�\��ɥƛ 50	�f���ɓîΐ 10 µL8͈ū%�ɫţ 35ψU

lwzw���0.5ψ��ω͢˞ɇ 645 mL : Ulwzw�� 350 mL : �� 5 mLϊ�

ΫɆĕŧʥȭý:ΫȯR 150 mVωr��|� 1ϊ�200 mVωr��|� 2ϊ4Ŭň

þȜR̰0-� 

 

(4)� ˤ̆ōνȘÃ 

� 60 mm dish8MCF-10Aˤ̆R 1×104 cells/dish4Ǩ˄%-�3ǽƪ8ǹ%� DMEM

ōň8·Ǣ%�2ǽΘōν%-�5ǽʩ8�b�lr��Q3Gω1 µMϊRıG DMEM

ōň8·Ǣ%�1 ȃΘÎʐ#)-�+:ƪ�ˤ̆RĿĦ% HPLC Rʐ�3þȜR̰

0-� 

 

(5)� f���ǒýɐ 

� ˤ̆R PBS (-)4 2Ŀɕɘƪ�l�j����Rʐ�3ˤ̆RĿĦ%���kƟˤ

̆ʵʴ̸˸ʐf���r���8îO-�+:ƪ���kƟˤ̆ʵʴ̸˸Rʐ�3�

ˤ̆:ʵʴüʋR̰0-ω��kƟˤ̆ʵʴ̸˸f���r���8��k 2Úύ

4	�3800 rpm 30ˀϊ�3000 rpm4 10þΘƱ%�¡ɢRïĿĦ%-� 

 

(6)� ΊˢĥƳüʋ 

� (5)4ǒý%-ïΐ:f���8�50 mM ��~s�T�R 500 µL 5

β-glucuronidaseω13800 unitsϊR 25 µLRZs��r���8îO�̚ �ɠĭ%�37	

4 90þΘ�W�^���w%-� 

 

(7)� ŃʫǒýǺɐ 

� (6):ΊˢĥƳüʋf���R�C-18 OASIS HLBRʐ�3ŃʫǒýR̰0-�E

(�C-18\��RƔ̲ĕ#)N-H8�0.5%w���[�Ή-�p}��ω2 mLϊ
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R\��8ͳ%-�+:ƪ�\��RǂL'-H�0.01 Mh�Xω1-2 mLϊRͳ

'ω�ïΐͳ#7�K�8ɆRÀ�Nϊ�E(�f���ω1 mLϊͳ%�0.01 Mh

�Xω1 mLϊ�0.5%w���[�Ή-�p}��ω1 mLϊ�Z~���p�4

dry upR̰��HPLC83ȭý%-ωFig. 16ϊ�ω�Įȴ:f���4�O<�0.5%

w���[�Ή-�p}��ÂΝ:Ǌε: 0.01 Mh�X�L̰0-ϊ�ſ�!:

Ǻɐ;�SakakibaraL:ǺɐRġ˽8%- [57, 58]� 

 

(8)� ˪ͅüʋ 

� ƔŉÜ ± ȶɪÞƍωSDϊ4ʹ%-ωn=5ϊ� 

 

 

 
Fig. 16. Solid-phase extraction assay. 

 

1-3-1-4� α2-Ux�y��ĨűÌ˨ĭ͋ο 

 

(1)� Ïʐ%-̫͋ 

��[3H]-noradrenaline hydrochloride (5-15 Ci mmol) [ñʧ͚ŁɐºǽȔUWnw��Ę

Å�Ț¹�ǽȔ] # NET 048  

 

� Ultima Gold XRωɝÌh�r��p�ϊ[Perkin Elmer Inc., Melville, NY, USA]  

   # PE-601311 
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(2)� Ïʐ%-ȸľ 

� ~WU�ω100 mLϊ[ESA Bioscinces, Inc., USA] # 99-90161801 

��ɝÌh�r��h��\X�p�ȭýľ [Beckman Coulter�Ț¹�ǽȔ]  

 # LS6500SE 

��ɝÌh�r��h��\X�p�ȭýľ [ǽˉU�\�vV\�ȥƟÅʻ�ɇǇ�

ǽȔ] # LSC-5100 

��ˤ̆ʐW�^���p� [ȥƟÅʻŝΡ��ny�� Ύ�ǽȔ] # DX  

��̺Ɉȸ [�hg^ΙȚȥƟÅʻ�Ț¹�ǽȔ] # FM-120F-50  

��ɽȸ [Ț¹ʋʿȸȩȥƟÅʻ] # NDO-450D  

��͢βɒʣʎ̸˸ [ȥƟÅʻw��˘ƌωTOMYϊ] # CC-100  

� Kyplot [ȥƟÅʻ\WZ�j�Ț¹�ǽȔ] # version 5.00 

 

(3)�  ˤ̆ōνȘÃ 

� 10 mm dish8MCF-10Aˤ̆R 1×104 cells/dish4Ǩ˄%-�3ǽƪ8ǹ%� DMEM

ōň8·Ǣ%�2ǽΘōν%-�+:ƪ�0.5%: DMEMōň8·Ǣ%�48-72ȃΘ

ōνƪ�β2-ARR�L�&HΜů'N-H8 propranololωβ2-ARU�pezjwϊω10 

µMϊRıG DMEMōň§4 1ȃΘōν%-�+:ƪ�b�lr��Q3G�NAωnon 

labeledϊR+O,Oω10-10-10-4ϊ:˥ɴƛ4 1ȃΘĆōν%�PBS (-)4ˤ̆Rɕɘ

ƪ�[3H]-NAω6 µMϊRıS. DMEMōň8·Ǣ%�30þΘōν#)-�+:ƪ�

cold PBS (-)4ˤ̆Rɕɘ%�1×trypsin 250 µLɡčƪ�Ɉ¡4ˤ̆RĿĦ%�ɝÌh

�r��h��ʐɦūf���5%-� 

 

(4)� ɝÌh�r��h��\X�p�ʐɦūf��� 

� (1) 4ĿĦ%-f���R�L�&H�ɝÌh�r��p�R 2 mLîO3��-

~WU�8îOɠĭ%-�+:ƪ�ɝÌh�r��h��\X�p�4 15þΘ\X

�w%�ɦū%-� 

 

(5)� ɝÌh�r��h��\X�p�ğʋ 

� w�Z��̂ h��76:ɫţ8p��Yz������Y±��-[^hxˏ:

ʣëʀ͞:ɫ͞Rɫ�%ͬS.h�r��p�8ɠĭ%-͋Ƿ�L:ǮŻ˱Îʐ4�

h�r��p��ʣë%�ǮŻ˱ɴƛRɦū4�N� 

 

(6)� v�püʋ 

� v�ph�w:ŗřʇωʮ:ǮŻ̈ϊDPMωdisintegration per minuteϊÜRʐ�3�

d�w���ÜR 100%5%�ĨűÌ8Ÿ'N˨ĭƛĭ�R Kyplot version 5.00
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ωWindowsϊRʐ�3�hill:ͅˑƟ8KMa��ĕ%-ω¢͇8͍ˤ7ƻŐRʹ'ϊ�

ƔŉÜ ±ȶɪÞƍωSDϊ4ʹ%-ωn=5ϊ� 

 

Problem : Least Squares for Y=F [X�A] 

Model : Drc_hill.fun 

Formula : 100-A1/ (1+A2×)^A3 
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1-3-2� Ŭο˨ȟ 

 

1-3-2-1� �jw� H2AX:��ĕ8Ÿ'Nb�lr��K>+:Á͖ʀ:Ƨγ 

 

� 1-2-2-24ȁL�8%-�NA54-OHE2Ŧņ¢�ίŦņ¢8��Nγ-H2AX:͏ż:ŕ

č8Ÿ'NǌĄđȟR�-E9�8ś�ıEO3�NλĹǅþ:b�lr��+:Á

͖ʀ4�NQ3G��K>+:�r�ĕÌ4�NWn��|r�Rʐ�3ȭ͆%-� 

� Fig. 178 NA5 4-OHE2Ŧņ¢8��N γ-H2AX:͏ż:ŕč8Ÿ'Nb�lr

�5+:Á͖ʀ4�N Q3G��r�ĕÌ4�NWn��|r�8KNǌĄđȟA:

Ƨγ81�3ʹ%-�ÍO:˨ȟI�NA�4-OHE2�N�;ɫţωDMSOϊ�quercetin��

Q3G�Wn��|r�ɡč 1ȃΘƪ:˨ȟ4�N�7��ǳÜ;�d�w���R

15%3ˑý%-� 

� NAω3 nMϊ5 4-OHE2ω3 µMϊR�w¬̒ˤ̆MCF-10A8Îʐ#)N5�d�

w���Üω1.0 ± 0.2ϊ5Ʉͦ'N5�ȏƽ8 γ-H2AX:͏ż�ŕč%-ω3.7 ± 0.4

ω3.7Ûϊϊ�!:ʉ͘8Ÿ%3�b�lr�ω0.1�1�10 µMϊRÎʐ#)N5�NA

5 4-OHE2Ŧņ¢8��N γ-H2AX:͏ż:ŕč8Ÿ%3�ɴƛÒŦʥ8 γ-H2AX

:͏żRȏƽ8ǌĄ%-ω4.0 ± 1.8�2.1 ± 0.7ω1.76Ûϊ�2.0 ± 1.0ω1.85ÛϊϊωFig. 17-Aϊ�

Įȴ8�Q3Gω0.1�1�10 µMϊÎʐ#)N!58K03�b�lr�5Įȴ8 NA

5 4-OHE2Ŧņ¢8��N γ-H2AX:͏ż:ŕč8Ÿ%3ω3.8 ± 0.4ϊ�ɴƛÒŦʥ

8 γ-H2AX:͏ż:ŕčRȏƽ8ǌĄ%-ω4.0 ± 0.7�2.4 ± 1.5ω1.58Ûϊ�2.3 ± 2.0

ω1.65ÛϊϊωFig. 17-Bϊ�%�%7�L�Wn��|r�ω0.1�1�10 µMϊɡč˻

4;�NA5 4-OHE2Ŧņ¢8��N γ-H2AX:͏ż:ŕčω3.8 ± 0.4ϊ8Ÿ%3�

6:üʋ˻8��3IƧγRģD'!5;7�0-ωFig. 17-Cϊ� 

� E-�NAω100 µMϊĚʄüʋ8��N γ-H2AX:͏ż:ŕč8Ÿ'N Q3G:Ƨ

γIȭ͉%-5!P�Q3Gω0.1�1�10 µMϊRÎʐ#)N5�NAω100 nMϊ8K

N γ-H2AX:͏żŕč8Ÿ%3ω3.4 ± 0.3ϊ�̩ %�ǌĄđȟRʹ%-ω1.2 ± 0.2ω2.8

Ûϊ�1.5 ± 0.2ω2.2Ûϊ�1.2 ± 0.3ω2.8ÛϊϊωFig. 17-Dϊ� 

� !OL:˨ȟKM�NA5 4-OHE2Ŧņ¢�ίŦņ¢��N γ-H2AX:͏ż:ŕč

8Ÿ%3�b�lr��K> Q3G�ȏƽ8ǌĄđȟRʹ%-�%�%�Wn��|

r�;ǌĄđȟRʹ#7�0-!5�L����}Wxι:§4I�\ud��ȳ

͵�Ύ̼4�N!5�ʹĺ#O-� 
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Fig. 17. Effects of quercetin and its metabolite, quercetin-3-O-glucronide, on 4-OHE2- 
and NA-induced γ-H2AX in MCF-10A cells. MCF-10A cells were pretreated with 
noradrenalime (NA; 3, 100 nM), quercetin (0.05, 0.1, 1 µM) or quercetin-3-O-glucronide 
(Q3G; 0.05, 0.1, 1 µM), isorhamnetin (Iso; 0.05, 0.1, 1 µM) for 1 h, and were then exposed to 
3 µM 4-OHE2 or DMSO together with each compound for 1 h. Effects of quercetin or Q3G 
on 4-OHE2- and NA-induced γ-H2AX (A, B, D) in MCF-10A cells. Values indicate mean ± 
SD (n = 5). Closed triangle: 0.05, 0.1, 1 µM. Different alphabetical superscripts on the top of 
each column indicate statistically significant differences at p < 0.05 as evaluated by the Tukey 
test.  
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1-3-2-2� AP sitesʎǅ8Ÿ'Nb�lr��K>+:Á͖ʀ:Ƨγ 

 

� 1-2-28�NA54-OHE2Ŧņ¢�ίŦņ¢8��Nγ-H2AX:͏żJAP sites:ʎǅŕ

čRʹ%-�+!4�Ȕ˓4;�NA54-OHE2Ŧņ¢8��NAP sites:ʎǅ:ŕč8

Ÿ'N����}Wxι4�Nb�lr��K>Q3G:ǌĄđȟ81�3ȭ͆R̰0

-� 

� Fig. 188NA5 4-OHE2Ŧņ¢8��NAp sites:ʎǅŕč8Ÿ'Nb�lr�5

+:Á͖ʀ4�N Q3G8KNǌĄđȟ81�3ʹ%-�ÍO:˨ȟI�NA�4-OHE2

�N�;ɫţωDMSOϊɡč 1ȃΘƪ:˨ȟ4�N�NAω3 nMϊ5 4-OHE2ω3 µMϊ

R�w¬̒ˤ̆MCF-10A8Îʐ#)N5�d�w���Üω6.2 ± 0.5ϊ5Ʉͦ'N

5ȏƽ8 Ap sites:ʎǅ�ŕč%-ω24 ± 1.3ω3.8Ûϊϊ�#L8�NA5 4-OHE2Ŧ

ņ¢8��N Ap sites:ʎǅ:ŕč8Ÿ%3�b�lr�ω0.05�0.1�1 µMϊRÎ

ʐ#)N5�ɴƛÒŦʥ8 AP sites:ʎǅ:ŕč�ǌĄ#O-ω22 ± 0.5�14 ± 0.4

ω1.7Ûϊ�10 ± 0.4ω2.4Ûϊϊ�Q3Gω0.05�0.1�1 µMϊRÎʐ#)N5�NA5 4-OHE2

Ŧņ¢8��N Ap sites:ʎǅ:ŕč8Ÿ%3�ɴƛÒŦʥ8ǌĄ�̽LO-ω20 ± 

0.3ω1.2Ûϊ�14 ± 0.3ω1.7Ûϊ�13 ± 0.3ω1.8Ûϊϊ� 
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Fig. 18. Effects of quercetin and its metabolite, quercetin-3-O-glucronide, on 4-OHE2- 
and NA-induced AP sites in MCF-10A cells. MCF-10A cells were pretreated with 
noradrenalime (NA; 3 nM), quercetin (0.05, 0.1, 1 µM) or quercetin-3-O-glucronide (Q3G; 
0.05, 0.1, 1 µM) for 1 h, and then exposed to 3 µM 4-OHE2 for 1 h. Values indicate mean ± 
SD (n = 5). Closed triangle: 0.05, 0.1, 1 µM. Different alphabetical superscripts on the top of 
each column indicate statistically significant differences at p < 0.05 as evaluated by the Tukey 
test.  
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1-3-2-3� b�lr��K>+:Á͖ʀ:ˤ̆õA:ħMͬF 

 

� !OE4�NA5 4-OHE2Ŧņ¢�ίŦņ¢8��N γ-H2AX:͏żJ AP sites:

ʎǅ:ŕč8Ÿ%3����}Wxι4�N quercetin J Q3G 8K03đȟRʹ%

-�!OL:˨ȟ�L�b�lr�J Q3G;�ˤ̆õ�N�;ˤ̆̓¡4đȟRʣ

ǣ%3%3�N!5�˽�LON�+!4�Ȕ˓4;�E( MCF-10A ˤ̆8��

Nb�lr�JQ3G:ħMͬFŬοRHPLCω`��U�Wϊ8KMþȜR̰0-� 

� Fig. 208�w¬̒ˤ̆4�NMCF-10A8��Nb�lr�5 Q3G:ˤ̆õħM

ͬFA:Ƨγ81�3˨ȟRʹ%-�ÍO:˨ȟI�b�lr�5 Q3G;�ɡč 1

ȃΘƪ:˨ȟ4�N� 

� b�lr�;�Ίˢωβ-glucuronidaseϊüʋω-ϊω3.2 ± 0.6ϊ�Ίˢüʋω+ϊω12 ± 

2.1ω3.8Ûϊϊ5Ίˢüʋω+�-ϊΙQL(ˤ̆õ8ħMͬEO3�-�%�%7�

L�Q3G;�Ίˢüʋω+�-ϊ6/L:üʋ˻4IȭýΞʕÂ¢4�0-�!OL

:˨ȟKM�Fig. 17, 184ʹ%- NA5 4-OHE28KN γ-H2AX:��ĕ5 AP sites

:ʎǅŕč8Ÿ'Nb�lr��K> Q3G:ǌĄđȟ;�b�lr�:őĭ;�ʕ

̆õ�K>ˤ̆̓¡4đȟRʹ%3�NĪ̈ƶ�˽�LO�Q3G81�3;�ˤ̆

õ4;7�ˤ̆̓¡4đȟRʹ%3�NĪ̈ƶ�ʹĺ#O-� 
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Fig. 19. Concentration of quercetin in the extract of MCF-10A cells treated with 
quercetin or Q3G. Cells were treated with 1uM quercetin or Q3G for 1 h. Values indicate 
means ± SD (n = 5). Enzyme treatment (E): β-glucuronidase (+, −).  
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1-3-2-4� }�Ux�y��: α2-Ux�y��ĨűÌA:˨ĭ8Ÿ'N 

� � � � b�lr��K>+:Á͖ʀ:ΜůÎʐ 

 

� 1-3-2-3:˨ȟ�L��w¬̒ˤ̆4�N MCF-10A8��3�b�lr�;ˤ̆

õ8ħMîͬEO3�-��Q3G;ˤ̆õ:ɴƛ�ȭýΞʕÂ¢4�0-!5�L

ˤ̆õ8ħMͬEO3�7�!5�ʹĺ#O-�!OL:˨ȟ�L�b�lr�;

ˤ̆õ�K>ˤ̆̓¡6/L4IđȟRʹ%3�N!5�¯Ƽ#ON�%�%7�

L�Q3G;ˤ̆õ8ħMͬEO3�7�!5�L�ˤ̆̓¡4đȟRʹ%3�NĪ

̈ƶ�˽�LON�+!4�Ȕ˓4;��w¬̒ˤ̆ MCF-10A 8��N�α2-AR

A: NA:˨ĭ8Ÿ'Nb�lr��K> Q3G:ΜůđȟR[3H]-NARʐ�3�˨

ĭ͋οR̰0-� 

� Fig. 208 α2-ARA: NA:˨ĭ8Ÿ'Nb�lr��K> Q3G:ΜůđȟA:

Ƨγ81�3ʹ%-�ſ��w¬̒ˤ̆4�NMCF-10A8ʣʉ%3�- β2-ARR�

β2-AR :U�pezjw4�N proptanolol 4ĆüʋR̰03�L�&HΜů%�

α2-AR:F:ʣʉ4ŬοR̰03�N� 

� �iuV�d�w���4�N�non labeled: NAω10-10-10-4ϊRÎʐ#)N5�

α2-ARA:[3H]-NA:˨ĭRɴƛÒŦʥ8Μů'N!5�þ�0-ω100 ± 3.3�96.8 

± 3.3�99.8 ± 2.6�90.7 ± 5.8�74.0 ± 7.9�54.5 ± 3.5�42.9 ± 3.5�47.5 ± 2.6ϊ�#L8�

α2-AR U�pezjw4�N rauwolscineω10-10-10-4ϊRÎʐ#)N5��iuV�

d�w���4�N�non labeled: NAüʋ˻5Ʉͦ'N5�Êɴƛ4�α2-ARA

:[3H]-NA:˨ĭRΜů'N!5�þ�0-ω102 ± 6.9�103 ± 6.0�77.6 ± 4.2�69.1 

± 4.9�51.5 ± 0.5�57.3 ± 1.4�50.2 ± 3.7�45.9 ± 3.5ϊ� 

� �Ǻ����}Wxι4�Nb�lr�ω10-10-10-4ϊRÎʐ#)N5�α2-AR U

�pezjw4�N rauwolscine C6:Μůđȟ;̽LO7�0-��α2-AR A:

[3H]-NA:˨ĭRɴƛÒŦʥ8Μů'N!5�þ�0-ω96.7 ± 3.3�94.4 ± 3.3�95.3 

± 2.6�102.3 ± 4.9�97.5 ± 5.7�87.5 ± 4.3�74.9 ± 4.1�53.6 ± 2.2ϊ�E-�Q3Gω10-10-10-4ϊ

RÎʐ#)N!54�!/LI�α2-ARU�pezjw4�N rauwolscineC6:Μ

ůđȟ;̽LO7�I::�b�lr�8KN α2-AR A:[3H]-NA :˨ĭΜůđȟ

:ƛĭ�KMI�̟ƓƤ�ΜůđȟRʹ'!5�þ�0-ω97.7 ± 3.3�100 ± 3.3�

97.3 ± 2.6�99.3 ± 4.9�89.6 ± 5.7�70.5 ± 4.3�58.3 ± 4.1�51.6 ± 2.2ϊ� 

� !OL:˨ȟKM����}Wxι4�Nb�lr��K> Q3G;�α2-ARA:

NA:˨ĭRΜů'N!5�þ�0-� 
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Fig. 20. Competition assay of the binding of [3H]-noradorenaline to α2-AR in MCF-10A 
cells. Competition analysis was performed in whole cells, as described in Material and 
methods, with a constant [3H]-noradrenaline concentration of 6 µM in the presence of 
increasing concentrations of different compounds. MCF-10A cells were pre-treated with 
propranolol for 1 h and rauwolscine (), unlabeled NA (○), quercetin (�) or Q3G (●) for 
next 1 h. Values indicate mean ± SD (n = 5). 
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1-4� ˽ŵ  

 

� Ȕˊ4;�¬�SƂ��lj4ʎǅ'N DNAǥä8E(ɓʩ%�DNAǥä:

ςƿƛ7ǚȶ5#O3�N�jw� H2AX :��ĕωγ-H2AXϊ:͏ż�K>̋

���ĥƳJœŎΠĠÙƮȃ8ʎǅ'N apurinic sitesωAp sitesϊ81�3�jw�

j͙̣ȃ8þɏ�ŕč'N NA�¬�S:Ύ̼7�j`ŀŤ4�N 4-OHE2Ŧņ¢�

ίŦņ¢8��3DNAǥäR͏ʣ'N�6��+:ȸƘIıHȭ͆%-�#L8�

���}Wxι�+: DNAǥä8Ÿ%3ǌĄđȟRʹ'�6��ȭ͆R̰0-� 

� ˎ 1 ˓4;��w¬�Sˤ̆ MCF-7 Rʐ�3�E2� CYP1A1 8K03Á͖#O

5ʎǅ'N\ud��Zjw�c�4�N 2-OHE25 4-OHE2Rʐ�3�γ-H2AX:

͏ż�K> AP sites :ʎǅ81�3ȭ͆%-�2-OHE2; COMT Ŧņ¢�ίŦņ¢

8ΙQL( 12ȃΘƪ8 γ-H2AX:͏ż�ŕč'N!5�þ�0-ωFig. 7-A, Bϊ�%

�%7�L�4-OHE2; COMTίŦņ¢4 12ȃΘƪ8 γ-H2AX:͏ż�ŕč%ωFig. 

7-Cϊ�COMTŦņ¢4;�1ȃΘƪ8 γ-H2AX:͏ż�ŕč%-ωFig. 7-Dϊ�12ȃ

Θƪ: 2-OHE2ωCOMTΜůćŦņ¢�ίŦņ¢ϊ�K> 4-OHE2ωCOMTΜůćί

Ŧņ¢ϊ: γ-H2AX:͏ż;�Fig. 7-E: DMSO4IĮȴ8 12ȃΘƪ8 γ-H2AX:

͏ż�ŕč%-��+L�ˤ̆ĴȐ8KNƧγ4;7��5¯Ƽ#ON�#L8�

E2��DNA̻̺8Ƴː%�γ-H2AXR͏ż'N!5�ʹĺ#O3�N [59]�!OL

:!5�L�12ȃΘƪ: γ-H2AX:͏ż;ˤ̆ĴȐ8Ç�ĥƳ4�N!5�˽�L

ON�!:˨ȟKM�4-OHE25 COMT Μůć8KN 1 ȃΘƪ: γ-H2AX :͏ż8

ɓʩ%�+:ÎʐȸƘ81�3ȭ͆%-� 

� �̙ʥ8 γ-H2AX :͏ż;�ATM�ATM �K> RAD3 ΙͶωATRϊRıG��

j�Tri�W}hw�� 3-^y�m�T���ωPI3Kϊ:��~���K> DNA

ÒŦƶ��uW�^y�mωDNA-PKϊ�Ι¤%3�N!5�Őĳ#O3�N [51]�

+!4�ATMR½%3�N:�R ATM:Μů4�N KU-55933Rʐ�3ȭ͆%-

5!P�4-OHE25 COMT ΜůćŦņ¢8KN γ-H2AX :͏żRȏƽ8ǌĄ%-!

5�L�ATMR½%3�N!5�þ�0-ωFig. 8ϊ�E-�ɖƶˢ8KMʎǅ'

N 8-OHdG76: DNAǥä:œŎΠĠÙƮ:;˃4�E-�E2:^}�ÌωE2-3,4Qϊ

� DNA5ĥƳ%̋���ĥƳ8KMʎǅ#ON AP sites81�3ȭ͆%-5!P�

2-OHE2ωCOMTΜůćŦņ¢�ίŦņ¢ϊ�K> 4-OHE2ωCOMTΜůćίŦņ¢ϊ

4;�AP sites:ʎǅ;̽LO7�0-�ωFig. 9-A, B, Cϊ�4-OHE25 COMTΜů

ćŦņ¢4�1ȃΘƪ8 γ-H2AX:͏żĮȴ�AP sites:ʎǅ�ŕč'N!5�þ�

0-ωFig. 7-D, 8-Dϊ[60]� 

� Â¡:˨ȟKM�ˎ 2˓ÂΝ�L;�γ-H2AX:͏ż�AP sites:ʎǅR DNAǥ

ä:ǚȶ5%3ʐ�3�1ȃΘƪ: 4-OHE28KN DNAǥä8Ÿ'N NA:Ƨγ8
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1�3ȭ͆'N!58%-� 

� ˎ 2˓4;��w¬̒ˤ̆ MCF-10ARʐ�3�NA5 4-OHE28KN γ-H2AX:

͏żR͓B-5!P�jw�j͙̣ȃ8̯§4Ŧņ%�N NAω100 nMϊĚʄ4ȏ

ƽ8 γ-H2AX:͏ż�ŕč'N!5�þ�0-ωFig. 12-Cϊ�Ȕ˨ȟKM;ƛ7jw

�j�͙̣#ON5 DNAǥä�ŕč'NĪ̈ƶ�˽�LO-�#L8�NAω3 nMϊ

5 4-OHE2ω3 µMϊ:Ěʄüʋ4;�γ-H2AX;͏ż#O7�0-��¦˾�Įȃ8

Îʐ'N!54�γ-H2AX�͏ż#ON!5�þ�0-ωFig. 12-Cϊ�ȹ8�NA5

4-OHE28KN γ-H2AX:͏ż� ATMR½%3�N�6��ʸ�HN-H8�ATM

:Μůć4�N KU-55933RÎʐ#)-5!P�NA5 4-OHE28KN γ-H2AX:͏

ż�ȏƽ8Μů#O-!5�L�NA 5 4-OHE28KN γ-H2AX :͏ż;�ATM R

½%3�N!5�þ�0-ωFig. 12-Dϊ�NA:ͳƑ4:̯§ɴƛ;�10 pmol/L5

#O3�M�jw�j͙̣ȃ4; 100 nmol/LE4¡Ȁ'N!5�ʱLO3�N [1]�

E-�ȻƑ7¬̒˦˶4: 4-OHE2:ɴƛ;�78.7 ± 49.5 fmol/mg5#O3�M�ƺ

ƶ:¬�S˦˶§4;�1608.7 ± 466.8 fmol/mg5Őĳ#O3�N [22]�!:Őĳ�

L�4-OHE2:˦˶§:ɴƛ; 0.1 µM˃ƛ5˽�LON�Fig. 12-B:˨ȟKM�˦

˶õɴƛR˽ǃ%- 4-OHE2ω0.1 µMϊ5 NAω3�30�100 nMϊ8KMɴƛÒŦʥ

8 γ-H2AX �͏ż#ON!5�þ�0-�%�%7�L�NA � 3 nM 4;�ŕč

åį;�0-I::ȏƽ7ŕč4;7�0-:4�NA5 4-OHE28KN γ-H2AX:

͏żȸƘRȁL�8'N-H8�4-OHE2R 3 µM8͈ū%ÂΝŬοR̰�!58%

-� 

� �̙ʥ8�AR ;�αβγ : 3 ΐÌ G p��`͞R½%3�ȶʥˤ̆Rɖƶĕ%�

ʎʋƳːR͏ʣ#)NƻŐÆͿ˛:Á̴ʥ7ĨűÌ4�N [4, 5]�NA �˨ĭ'N

AR ;�α1�α2�β2 : 3 ˄ι5#O3�M�Vazquez L:Őĳ4;��w¬̒ˤ̆

MCF-10A 4;�α2:f�pW�4�N�α2B�α2C�ʣʉ%3�N!5�Őĳ#O3

�N [61]�E-��w¬�Sˤ̆ MDA-MB-231 4;�β2�ʣʉ%3�N!5�ʱ

LO3�M[62]�¬�Sƹ˾�L:˦˶�W`�U�W:ìʛ˦˶ĕŧʥþȜ˨ȟ

�L�α �K> β2-AR �;Ċ8ʣʉ%3�N!5�Őĳ#O3�N [3]�ƫ03�

Ȕʳˇ4ʐ�-�w¬̒ˤ̆ MCF-10 8�α2B�α2C�β2-AR�ʣʉ%3�N:�R�

�U�pW� PCR ɐ5 Western blot ɐRʐ�3ȭ͆%-5!P�ǆ��Ïʐ%-

MCF-10A4;�α2C�β2-AR�ȏƽ8ʣʉ%3�N!5�þ�0-ωFig. 11ϊ�7��

�w¬̒ˤ̆ MCF-10A 4�β2-AR �ʣʉ%3�NÐ;!OE48ŐĳÐ;7��

MCF-10A 8ʣʉ%3�N AR Rʸ͎4�-:4�NA 5 4-OHE28KN γ-H2AX :

͏ż��α2�K> β2-AR:6/LR½%3�NĥƳ7:�ʸ�HN-H8�α2�β2-AR

Uezjwωclonidine�isoproterenolϊU�pezjwωrauwolscine�propranololϊ

Rʐ�3ȭ͆%-5!P�clonidineɡč4ȏƽ8 γ-H2AX:͏ż�ŕčωFig. 12-Gϊ
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%�rauwolscineɡč4NA5 4-OHE28KN γ-H2AX:͏ż�ǌĄ#O-ωFig. 12-Hϊ�

%�%7�L�isoproterenol�K> propranolol;�ƧγRģD'!5;7�0-ωFig. 

12-G, Hϊ�!OL:˨ȟKM�NA5 4-OHE28KN γ-H2AX:͏ż;�α2-ARR½

%3�N!5�þ�0-�#L8�AP sites81�3ȭ͆%-5!P�J;M�NA

ω100 nMϊĚʄ4 AP sites:ʎǅ�ȏƽ8ŕč'N!5�þ�0-ωFig. 13-Aϊ�#

L8�NAω3 nMϊ5 4-OHE2ω3 µMϊòŦ¢4 NAĚʄKMI AP sites�̩%�ŕ

č%�!:ĥƳ;�α2-ARR½%3�N!5�þ�0-ωFig. 13-A, Bϊ�LuthyL:

Őĳ�L�4-OHE2;�α2-AR8˨ĭ%7�!5�Őĳ#O3�N [63]�Â¡:˨ȟ

KM�NA;�α2-ARR½%3 4-OHE2Ŧņ¢4 DNAǥäRŕč#)N!5�þ�

0-� 

� ͭƕ�ɖƶˢ;�GPCR:w��jv��f�4�N5Őĳ#O3�N [64-67]�

E-�β2-AR�U�i[u�h� II�Z�xl��-1ĨűÌRıG�GPCRj���

�T���ˏ:UezjwÎʐ;�ˤ̆õɖƶˢ:ŕč817�N!5�ʹ#O

3�N [64-67]�Moniri L:Őĳ�L�ˤ̆õɖƶˢ�����[^hq�m8

K03ʎǅ#O�G p��`͞ÒŦ\jb�xωPKA�cAMP���uW�^y�

mAϊR½%- β2-ARhay�y��a�Ŧņ%3�N!5�ʹĺ#O3�N [66]�

E-�β2-AR Uezjw4�N isoproterenol 8K03��w̅ƶ̎ˤ̆8��Nˤ

̆õ:ɖƶˢ:ʎǅ�Ö#ON!5IŐĳ#O3�N [66]�%�%7�L�

α2-AR R½%3ɖƶˢ�ʎǅ#ON�6��ȁL�4;7��E-�4-OHE2 ;

CYP1B1 8KM^}�Ì8Á͖#ON��+:ΥɖƶˢRʎǅ'N!5�ʱLO

3�N [25]�+!4�NA5 4-OHE28KN DNAǥäŕȸƘ͂ȁ:-H�ɖƶˢ

:ʎǅ8ʯʩ%ȭ͆R̰0-�Fig. 14�L�NA5 4-OHE2òŦ¢4ȏƽ8ɖƶˢ

:ʎǅ�ŕč%-�!:ĥƳ��ARR½%3�N:�ȭ͆%-5!P�α2-ARUe

zjw�K>U�pezjw4;Ƨγ;̽LO7�0-�ωFig. 14-A, Bϊ�̘ĵɟ

�!58�β2-ARUezjw4�N isoproterenol:ɡč4ȏƽ8ɖƶˢ�ŕč%�

U�pezjw4�N propranololɡč8KM�NA5 4-OHE2òŦ¢4ɖƶˢ�θ

̩8ɤž%-!5�L�NA5 4-OHE28KNɖƶˢ:ʎǅ;�β2-ARR½%3�

N!5�þ�M�α2-ARR½'N DNAǥä:͏ʣȸƘ;ɖƶˢ4;7�ā:ha

y�8KN!5�Ǡŵ#O-ωFig. 14-A, Bϊ� 

� E-�VazquezL;�NA�A8K03��w¬�Sˤ̆4�NMCF-7A:r�i�

:ħMͬFRŕč#)N!5RŐĳ%�α2-ARUezjw:clonidine;�ˤ̆ŕɀ8

Ÿ'NđȟRȏ%3�N!5RȁL�8%- [61]�#L8�α2-AR;�ǌĄƶp��

`͞Gi5òƨ%�Uvz�h`��mRǌĄ%3ˤ̆õcyclic AMPωcAMPϊɴƛ

RÊ¢#)N!5�ʱLO3�N [4, 5]��Ǻ�CYCLIN B1;�G2Ȑ:ȏ˚þ̷:͓

Ǵ8Ι¤%3�Np��`͞4�N�CYCLIN B1:ƨċ;�G2�LMȐAˤ̆R˂
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̰'N!54�M�CYCLIN B1:;Ċʣʉ;�cyclinÒŦƶ^y�m8˨ĭ'N!5

8KM��Sˤ̆:ˤ̆ŕɀ817�NĪ̈ƶ��N!5�Őĳ#O3�N [68]�

#L8��Xj�`��T�iˤ̆8��3�cAMP:¡Ȁ;�G2Ȑ:̰Rͻƞ#

)CYCLIN B1:ʣʉ�ǌĄ#ON!5�Őĳ#O3�N [67]�!OL:!5�L�

α2-ARR½%-cAMP:Ê¢;�CYCLIN B1Rŕč#)�G2/MȐ8į�03ˤ̆ĴȐ

R̰#)N!5�˽�LON�Â¡:!5�L�MCF-10Aˤ̆8NA54-OHE2RÎ

ʐ#)N5�NA�α2-ARR½%3ˤ̆ŕɀhay��ąɲ#ON!58KM�MAP

^y�m�K>ATM:��ĕ�ɖƶĕ#O�+:˨ȟ�γ-H2AX�͏ż#ON:4

;7��5˽�LO-�#L8�NA54-OHE28KMAP sites�ʎǅ'N!5�L�

NA8KNα2-ARR½%-ˤ̆ŕɀhay�;�DNAǥäȃ:�j�srÙƮ:ğŀ

57NĪ̈ƶ�˽�LON��!:ȸƘ:͂ȁ8;�Z�iY|uVs`j͂ȜIı

H�#L7Nȭ͆�Ʋ̼4�N� 

� �Ǻ�ǽƑʎɖ4Ǧħ%3�N���}Wxι;�ǎĕÎʐ76ȴ�7ȸ̈ƶ

ƶRȏ%3�N [43]�ʁ8�¬�S:�j`Rɤž#)N!5�Ēʀ͋ο�K>ʛ

ŧ͓Ȣ�Lʹ#O3�N [33, 34]�E-�TakemuraL:Őĳ4;����}Wxι

��Zjw�c�8KNʣ�S:ĕŧʥ7Λƭ8Ι¤%ƬN!5Rʹ%3�M��

w^h���}Wx; CYP1B1Ίˢ:ǐʥ7Μůć4�N5%3�N [34]�+!

4�ˎ 3˓4;�NA5 4-OHE2òŦ¢8��N α2-ARR½%- DNAǥä:ŕčȸ

Ƙ8Ÿ%3�b�lr�ωQuercetinϊ5̯§8ȭý#ONÁ͖ʀ4�Nb�lr�

:ǑĭÌωQuercetin-3-O-glucronide: Q3Gϊ8KNǌĄđȟ81�3ȭ͆R̰0-�

E(�NA5 4-OHE28KN γ-H2AX:͏ż8Ÿ'Nb�lr��Q3G�K>�r�

ĕÌ4�NWn��|r�ωIsorhamnetinϊ:ƧγRȭ͆%-5!P�b�lr�ωFig. 

17-Aϊ�K> Q3GωFig. 17-Bϊ; 0.1 µM4ȏƽ8 NA5 4-OHE28KN�γ-H2AX

:͏żRǌĄ%-�#L8�NAĚʄ8KN γ-H2AX:͏żI Q3Gω0.1 µMϊ�ȏ

ƽ8ǌĄ'N!5�þ�0-ωFig. 17-Dϊ�%�%7�L��r�ĕÌ4�NWn�

�|r�;�NA5 4-OHE2Ŧņ¢8KN γ-H2AX:͏ż8Ÿ%3ǌĄđȟRʹ#7

�0-ωFig. 17-Cϊ��+L��NAĚʄ8KN γ-H2AX:͏ż8Ÿ%3IđȟRʹ

#7�5˽�LO�!OL:˨ȟKM����}Wxι:§4I\ud��ȳ͵�

Ύ̼4;7��5¯Ƽ#ON� 

� ȹ8�NA5 4-OHE28KN AP sites:ʎǅ8Ÿ'Nb�lr��K> Q3G:ǌ

Ąđȟ81�3ȭ͆%-5!P�γ-H2AX5Įȴ�AP sitesIb�lr��K> Q3G

ω0.1 µMϊ8KMȏƽ8ǌĄ#ON!5�þ�0-ωFig. 18ϊ����}Wx:̯§

ɴƛ; 0.1-1 µM5Őĳ#O3�M [1]�Ȕʳˇ4đȟRʹ%-ɴƛ;�̯§4ȭý

#ONɴƛ4�N!5�þ�N�ȹ8�HPLC-ECD Rʐ�3�b�lr��K>

Q3G : MCF-10A ˤ̆A:ħMͬFŬοR̰0-5!P�b�lr�;ħMͬEO
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3�-��Q3G:ˤ̆õɴƛ;ȭýΞʕÂ¢4�0-ωFig. 19ϊ�ǰ8�Q3G;�

ˤ̆̓¡4đȟRʹ%3�NĪ̈ƶ�˽�LON-H�[3H]-NARʐ�3�Q3G:

α2-AR 8Ÿ'N˨ĭ͋οR̰0-�+:˨ȟ�Q3G ;�[3H]-NA :˨ĭRΜů'N

!5�Q�0-ωFig. 20ϊ�!OL:˨ȟ�L�Q3G; α2-ARA: NA:˨ĭRΜ

ů'N!58KM DNAǥäRǌĄ'N!5�þ�0-ωFig. 21ϊ� 

� ˨͔5%3�!OL:˨ȟ;�ǆ�:ʱNΞM4;����}Wx:ǹ%�ȸ̈

ƶRʹ'ȍĀ:Őĳ4�N�¼E48�ʛŧ͓ȢJĒʀ͋ο:˨ȟ�L¬�S:¯

ΛŀŤ5%3Wn����ι�Őĳ#O3�M�+:ÎʐȸƘ5%3�Zjw�c

�ĨűÌ8Îʐ%3Zjw�c�:ÎʐRǌĄ'N!5�ȁL�8#O3�N�

[34]�Ȕˊ4ʹ%-˨ȟ;�b�lr�J Q3G� α2-ARU�pezjw5%3Îʐ

'N!5Rʹ%3�M�jw�j8KMÖ'N¬�S8Ÿ'Nĕŧ¯ΛŀŤ5%

3Îʐ'NĪ̈ƶRʹĺ%3�N�¼ƪ�Q3G� in vivo8��3I DNAǥäRΜ

ů%�̍ ɹřʚRǌĄ'N�ĒʀŬοRʐ�-#L7Nʳˇ�Ʋ̼4�N5˽�N� 
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Fig. 21. Quercetin and Q3G may acts as an α2-AR antagonist. 
 

 

 

 

 



   
 

 

 

 

 

 
 

�� 2� �  
 

 

)%4�����vx�X
�(-�&.',0�aª�

quercetin-3-O-glucronide�eACp  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
                                                                             
n��73��i�K����
� 
3. Yamazaki, S., Miyoshi, N., Kyuichi, K., Yasuda, M. and Shimoi, K.: Quercetin-3-O-glucronide inhibits 

noradrenaline-promoted invasion of MDA-MB-231 breast cancer cells by blocking β2-adrenergic 

signaling. Arch. Biochem. Biophys., 557, 18-27, (2014).  
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Ƙ͔  

 

� ˎ 1ˊ4��S:Ƃ��ljωWzhZ�h��������h�����a

�sh��ϊ:WzhZ�h��:ɁΣ8��3͏ż#ON DNA ǥä81�3ȭ

͆R̰0-� 

� �S;�ȻƑ7ˤ̆ŕɀ:Ąƭȸȳ�L̋%�I5I5:ƶ͞R�N˃ƛȿ%

7�L�̕Ʃʥ7;ĊŕɀR'N˦˶4�M�!:ǹʎʀ�ğʣƋ�LͶˬʥ8Ĵ

ł:ȻƑ˦˶8Ôî%3ŕɀ'NőĭRɜɯωinvasionϊ5Ķ>�ğʣƋ�LΪO-

ΆÉ8ίͶˬʥ8Į�:ʝřRʣʎ#)N!5Rͥ ω˂metastasisϊ5Ķ@ [69]ωFig. 

23ϊ�ś�:�S;�ʣʎΆÉ:¡ʦõ8ΞƁ%-ŕɀ�LŢEM�!:ʃǀ:�S

;¡ʦõ�S5Ķ<ON�!:¡ʦõ�S�ɜɯRʆƬ'N5�Χǟ˦˶RÔ%�

ͥ˂'Nʃǀ57N��Sˤ̆�ɜɯR;&HN¾˦F;�3ɁΣω1. ˤ̆ŚŎ͞

5:ǟ̓�2. ˤ̆ŚŎ͞:þ͂�3. �Sˤ̆˂Ēϊ:εʙ4͡!N [69]�!OL

8;��Sˤ̆:Ʀ͞řĕ5Ĵł:Θ͞ω�SưŽʍŔϊ�ɟ�Ι¤%3�N!5

�˽�LO3�N� 

 

 

Fig. 22 Invasion and metastases. 
�  

� �Sˤ̆;�Ŏƙ̓Rɫ͂'Np��`͞þ͂ΊˢRʏʎ'N�!:K�7Ίˢ

8;�X�^y�mŋ��j�}�c�ɖƶĕŀŤJd�cy�m76RıG�w

�s`j�p���uU�mωmatrix metalloproteinase: MMPϊ76��N�MMP

;�ɖƶ§Ʊ8´ΓR˨ĭ'NΑƃ̼ɉƶZ�x��rq�m4��w4; 23˄Į

ū#O3�M�ˤ̆Ś8þɏ#ONĪɫŋ5ˤ̆̓¡8˨ĭ%3�N̓ŋ8þι#
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ONωTable. 1ϊ� 

 

Table. 2. MMP˄ι  

ĪɫŋMMP jw���h�ωStromelysinsϊ�MMP3, MMP10, MMP11, MMP18 

d�cy�mωCollagenasesϊ�MMP1, MMP8, MMP13 

m�ry�mωGelatinasesϊ�MMP2, MMP9 

Zy��h�ωEnamelysinsϊMMP20, MMP23, MMP28 

̓ŋMMP MMP14, MMP15, MMP16, MMP17, MMP24, MMP25 

�  

� �S:ɜɯRÖ'N MMP15 MMP13�m�ry�mɖƶωŎƙǅþ: 5ŋd

��c�J���:þ͂ɖƶϊRI1 MMP2 �K> MMP9�¦Ǻ:ɖƶRǙ1

MMP14ὠŋMMP: MT-1MMPϊ�ʱLO3�N�!OL:p��`͞þ͂Ίˢ;�

�Sˤ̆ͤ̕�Lþɏ#ON�Ǻ��Sˤ̆Ĵł:Θ͞ˤ̆§:�`��T�i�

̀ɨˤ̆J˴˭̞ˤ̆�LIþɏ#ON [69]�ŬΥ�MMP9:ʣʉ;�ğʣ̐ʟ:

ͥ˂̈5Ȼ:ʫΙ��N<�M47��ɜɯ:�`��T�iJ˴˭̞ˤ̆4Iʣ

ʉ%3�N [70]�Ŏƙ̓Rʵŗ%-ˤ̆;�˨ĭ˦˶õR˂Ē'N�ˤ̆:ͽĒR

͏ż'NͽĒÖƶhay�8ĥƳ%3�ʕ ̆�Ē�þŤȸȳ;ίƑ8̻Ω4�M�

U`r�πȧ:÷ȳ˕Jˤ̆ŚŎ͞:þ͂�ǟʯ:Ę͓Îʐ8KNI:5˽�LO

3�N�ˤ̆;ͽĒ%K�5'NǺį8ˤ̆͞RÈ<%���uU�mRĂʐ%�

ˤ̆ŚŎ͞Rþ͂%�ˤ̆ŚŎ͞5ǹ-7ˤ̆ǟʯǶRȳ˕%7�Lˤ̆R˂Ē#

)N [71]��Sˤ̆;Ŏƙ̓Rʵŗ'NĆ�śťƶ:Ŏƙ̓Rͱ;'N̯˒ǹʎŀ

Ť76Rþɏ%�̯˒J���˒:ǹʎRÖ#)3�N [72]�!:˨ȟ�Θ͞õ

8ɜɯ%-�Sˤ̆;űȂ8Ʌˤ̯˒5ǟ̓4��ȣνɩ5ˢRîǊ'N!5�

4�N��Sˤ̆ͤ̕:ɜɯ̈4�!OL̊˒:õ̏A˂Ē'N�!:K�7̊˒

Ôî8KM�̯̰ƶͥ˂J���̰ƶͥ˂�Ī̈4�M�Τ̔ľ:ͥ˂8;�!

OL:C�8�Ǩ˄ƶͥ˂�˧˒ƶͥ˂Jǟ̓ƶͥ˂76:˧ͣI�N [73]� 

� ͭƕ�̘ ĵɟ�!58�β-ARǘǎ̫:Ǎ¤RĨ�3�-ƹ˾8¬�S:Ⱦµ�j

`�ɤž'N!5�Őĳ#O3�N [12]�β-AR ;�Öƶ G p��`͞ GS 5ò

ƨ%�ʎ&- GSa-GTP̻ĭÌ�Uvz�h`��mRɖƶĕ%�ŕč%- cAMP

8KMɖƶĕ#O- A^y�mωPKAϊ�˄�:p��`͞R��ĕ%3ʎʋÎ

ʐRƠ�͡!' [5]�ĝƋʒș�Sˤ̆8��3�NA;�β2-ARR½%MMPRþ

ɏ%3�Sˤ̆:ɜɯRÖ'N!5�Őĳ#O3�N [74]�%�%7�L�ʉņ

E48�¬�Sˤ̆Rʐ�3 NA8KNƧγRȭ͆%-ŐĳÐ;7�� 

� +!4�Ȕˊ4;��w¬�Sˤ̆MDA-MB-231ˤ̆Rʐ�3�NA:ɜɯ8Ÿ

'NƧγ5+:ÎʐȸƘR͓B�+O8Ÿ'N Q3G:ǌĄđȟ81�3ȭ͆%-�
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7��ˎ 1ˊ:˨ȟ�L�b�lr�;ˤ̆õI%�;ˤ̆̓¡�Q3G;ˤ̆̓¡

4đȟRʹ%3�NĪ̈ƶ�˽�LO-�ƫ03�Ȕˊ4;b�lr�:ǑĭÌ4

�N Q3G8ʯʩ%3ŬοR̰0-� 
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2-1-1� ŬοǺɐ 

 

(1)� Ïʐ%-ˤ̆ 

�MDA-MB-231 (mammary gland, epithelial breast adenocarcinoma) # HTB-26ω51ȼϊ 

  ATCC (American Type Culture Collection) 83͟î%-� 

 

(2)� ōňʐ̫͋ 

� Leibovit’z/L-15 (DMEM) (Invitrogen) # 11415-064 500 mL 

��10% (vol/vol) fetal bovine serum FBS [Invitrogen] # 172012 50 mL 

� 100 × penicillin/streptomycin [Invitrogen] # 15140 5 mL 

� (2):ōň:˦ǅ;�ATCC:ōνǺɐ8ƫ0-� 

 

(3)� ˫ÁōνȘÃ 

� `�����rõ4Ïʐ'Nľóι;�'B3ÏʐĆ8ɬ̤%-�ˤ̆R˫Á'

Nȃ;�DMEMōňRĲƠΠĠƪ�37	8ɥH- PBS (-) 5 mL4�ƛɕɘ%-�2 

mL/cm2: 1×trypsin/EDTARɡč%�W�^���p�õ4 2þή˸%-�+:ƪ�

ĈΪ%-ˤ̆RĿĦ%�ʹJ�8ƱþΪω1000 rpm�10þϊ'N!54�trypsin

RΠĠ%-�ǹ%� DMEM ōň8÷Ǆɳƪ�w������4Ƞ̛%-ˤ̆R̯

ʊͅˑɾ [ȥƟÅʻZ��] 4\X�w%��L�&HōňRîO3��- dish õ

8 1×104 cells/cm24ˤ̆RǨ˄%-�3ǽƪ8ǹ%� DMEMōň8·Ǣ%�+: 2

ǽƪ8ˤ̆;f�d���Z�w8Ϳ%-�W�^���p� [�ydhȥƟÅʻ] 

õ:ȘÃ;�ɥƛ 37	�ɧƛ 100%�100% Airω�MCF-7�MCF-10Aˤ̆5ʚ7N

:4ɓƽϊ� 

 

(4)� ̫͓̺͋ 

���Ǥ̱ʎʋλœɇ˗ȓωPBS (-): 0.01mol/L PH 7.2-7.4 ϊ[ĸë˞̫ƌȮȥƟ 

� Åʻ] # 162-19321�  

� 100g:˗ȓω1̵ϊ8Ÿ%3 1L:͢˞ɇɝ4ɫ͂%�[�w`���4ɬ̤ 

� üʋƪ�Ŭο8ʐ�-� 

 

�1×Trypsin/EDTA 

� 1-1-18ɪ&3͓̺%-� 

 

�}�Ux�y��ωNoradrenalineϊ[Sigma, USA] # 056K1167 

� 1-2-18ɪ&3͓̺%-� 
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�0.12M percronic acid 

� 1-2-18ɪ&3͓̺%-� 

 

��Quercetin-3-O-glucuronide (HPLC) [Extrasynthese, Genay, France] # 1127S 
1-3-18ɪ&3͓̺%-� 

 

��L-(-)-isoproterenol hydrochloride (β2-adrenergic receptor agonist) [MP Biomedicals,  
LLC, Japan] # 6536B 

 

��Propranolol hydrochloride (β2-adrenergic receptor antagonist) [Tocris Bioscience] # 0624 
� 1-2-18ɪ&3͓̺%-� 

 

2-1-1-1� β2-Ux�y��ĨűÌ:ʣʉ 

� 1-2-1-18ɪ&3ȭý%-� 

 

(1)� ˤ̆ōνȘÃ 

� 60 mm dish8MDA-MB-231ˤ̆R 1×104 cells/dish4Ǩ˄%-�3ǽƪ8ǹ%�

DMEMōň8·Ǣ%�2ǽΘōν%-�+:ƪ�ˤ̆RĿĦ%-� 

 

(2)� ˪ͅüʋ 

� ΄ÆŤʣʉΐ:řĕ;�Ĭf���:p�csw΄ÆŤ CtÜ�õņƶd�w��

�ωGAPDHϊCt ÜωdCtϊ:Ü4̹Ȼ%�+O,ORƔŉÜ4ʹ%-�GAPDH R

1 5%3�+O,O:p�csw΄ÆŤ:ʣʉΐRɉHa��ĕ%-�ǳÜ;�Ɣ

ŉÜ�ȶɪÞƍωSDϊ4ʹ%-ωn=5ϊ�Pharmaco Analyst 
 ω������W�

ʻϊ Rʐ�3śΎȭū (Tukey test) R̰03Ʉͦ%-� 

 

2-1-1-2� ���fWw�w��Rʐ�-ɖƶˢ:ɦū 

� 1-2-1-4ɪ&3̰0-� 

 

2-1-1-3�  HMOX1�MMP2�MMP9:΄ÆŤʣʉ 

� 1-2-1-18ɪ&3̰0-� 

 

(1) Ïʐ%-̫͋ 

�H-89 (PKA:Μůć ) [Tocris Bioscience, Boston, MA] # 130964-39-5 

�SR11302 (AP-1 (DNA binding):Μůć) [Tocris Bioscience, Boston, MA]  
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� # 160162-42-5 

�Tanshinone IIA (NF-kBΜůć) [Tocris Bioscience, Boston, MA] # 568-72-9 

�SB203580 (p38α, p38-MAPKΜůć) [ĸëε̫ƌȮȥƟÅʻ] # 199-16551 

 

(2)� ˤ̆ōνȘÃ 

� 60 mm dish8MDA-MB-231ˤ̆R 1×104 cells/dish4Ǩ˄%-�3ǽƪ8ǹ%�

DMEM ōň8·Ǣ%�2 ǽΘōν%-�+:ƪ�ΜůćωH-89ω0.1�1�10 µMϊ�

SR11302ω0.01�0.1�1 µMϊ�Tanshinone ΙΙAω10�30�50 µMϊ�SB203580ω1�5�

10 µMϊRıG DMEMōň8·Ǣ%�1ȃΘÎʐ#)-ƪ�NAω1 µMϊ�Q3Gω0.1 

µMϊRıG DMEMōň8·Ǣ% 12ȃΘōν%-� 

 

(3)� Ïʐ%-��W�� 

� ¼ĿÏʐ%-p�csw΄ÆŤTaq Man��W�������RTable.18ʹ%-�

��W�������;�Applide Biosystemsʻ:Taq Man Gene expression AssayRĂ

ʐ%3p�csw΄ÆŤā:��W�������lswR͟î%-� 

 

Assay ID Gene name Amplicon Length 

Hs01110251_m1 HMOX1 130 

Hs01548727_m1 MMP2 65 

Hs00234579_m1 MMP9 54 

Table. 3. Primer probe of target genes assayed by quantitative RT-PCR. 
 

(4)� v�p:͂Ȝ 

� ɦū%-Ĭf���:p�csw΄ÆŤ:CtÜ5õņƶd�w���ωGAPDHϊ

:CtÜ:ƔŉÜ5ȶɪÞƍRˑý'N�p�csw΄ÆŤCtÜ�õņƶd�w���

CtÜR�CTÜωdCTϊ5'N�ȹ8�Ŏɪ5'Nf���˻:�CTÜ�LƠ��+:

ÜR��CTÜωddCTϊ5'N�ωŎɪ5%-f���˻:��CTÜ;087Nϊ���

CTÜ;�fW`�ǳ:ƍ57N:4�+!�L#L82^ddCtω��CTϊRˑý'N:

4�ʫŸÜRɉHN!5�4�NωŎɪ5%-f���˻:ʫŸÜ;157Nϊ� 

 

(5)� ˪ͅüʋ 

� ΄ÆŤʣʉΐ:řĕ;�Ĭf���:p�csw΄ÆŤCtÜ�õņƶd�w���

ωGAPDHϊCtÜωdCtϊ:Ü4̹Ȼ%�+O,ORƔŉÜ4ʹ%-�+%3�d�w

���5:ʫŸÜ4a��ĕ%-�ǳÜ;�ƔŉÜ ± ȶɪÞƍωSDϊ4ʹ%-ωn=5ϊ�

Pharmaco Analyst 
ω������W�ʻϊ Rʐ�3śΎȭū (Tukey test) R̰03



- 71 - 
 

Ʉͦ%-� 

 

2-1-1-4� cAMP:ɦū 

 

� cAMP:ɦū;�Cyclic AMP ElA kit [Cayman Chemical Company, Ann Arbor, MI, 

USA] # 581001Rʐ�3�ɡÀ:��wd��8ƫ03�f���R͓̺%-�+

:ƪ��W`����wωVarioskanϊ [Thermo Fisher Scientific Inc]Rʐ�3�ɒΕ

405 nm-420 nm8��NĲëƛ4ˤ̆§: cAMPRɦū%-� 

 

(1)� cAMP:ɦūğʋ 
� Ïʐ%-^sw4;�Ulr�d��Zju��mωacetylcholinesterase：AChEϊ

4ȶ͗%- cAMP5:ˌĭ ELA8KMɄ̛ɐω412 nmϊ4 cAMPRūΐ'N� 

 

(2)� ˤ̆ōνȘÃ 

� 10 mm dish8MDA-MB-231ˤ̆R 1×104 cells/dish4Ǩ˄%-�3ǽƪ8ǹ%�

DMEMōň8·Ǣ%�2ǽΘōν%-�+:ƪ�NAω1 µMϊ�isoproterenolωβ2-AR

Uezjwϊω5�10 µMϊ�propranololωβ2-ARU�pezjwϊω5 µMϊ�Q3Gω0.1 

µMϊRıG DMEM ōň8·Ǣ%�24 ȃΘōν%-�+:ƪ�f���:͓̺;�

kit:��wd��8ƫ0-� 

 

(3)� ˪ͅüʋ 

� a��;�ƔŉÜ ± ȶɪÞƍωSDϊ4ʹ%-ωn=5ϊ�Pharmaco Analyst 
ω��

����W�ʻϊRʐ�3śΎȭū (Tukey test) R̰03Ʉͦ%-� 

 

2-1-1-5� Ras:ɦū 

 

� Ras:ɦū;�Ras Activation Assay Biochem KitTM [Cytoskeleton, Inc] # BK008-S

Rʐ�3�ɡÀ:��wd��8ƫ03�f���R͓̺%-�+:ƪ�western blot

ɐRʐ�3�ɖƶĕ RasRȭý%-� 

 

(1)� Ras:ɦūğʋ 

� Ïʐ%-^sw4;�ĬÊþŤΐ G p��`͞ωRasϊ8Ÿ'NZ�Y`p�þ

ŤωRaf1ϊ:ʫ²Îʐx�W�ωRaf1-RBDϊ���k¡8d�w#O3�M�͋Ƿ

§:ɖƶŋÊþŤΐωRasϊR��qX�ɐω��kRƱ%ɖƶŋÊþŤΐRɋɂ

#)Nϊ8KMĿĦ%���k8˨ĭ%-ɖƶŋÊþŤΐR SDS4ɫý% Western 
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blotɐ83ȭý'N� 

 

(2)� ˤ̆ōνȘÃ 

� 60 mm dish8MDA-MB-231ˤ̆R 1×104 cells/dish4Ǩ˄%-�3ǽƪ8ǹ%�

DMEMōň8·Ǣ%�2ǽΘōν%-�+:ƪ�NAω1 µMϊ�Q3Gω0.1 µMϊRR

ıG DMEMōň8·Ǣ%�1ȃΘōν%-�+:ƪ�f���:͓̺�K>ɦūǺ

ɐ;�kit:��wd��8ƫ0-� 

 

(3)� Ïʐ%-̫͋ 

���ȹǎÌ 

anti-Pan Ras antibodyωkit§:ǎÌϊ# AESA02 

  Actin (1-19) [Santa Cruz] # sc-1616 

 

�±ȹǎÌ 

  Anti-mouse IgG HRP-linked Antibody [Cell Signaling] # 7076 

  Brovine anti-goat IgG-HRP [Santa Cruz] # sc-2350 

 

(4)� Ïʐ%-ȸľ 

�PVDF����� [GE healthcare] # RPN2020F 

 

(5)� SDS f���:Îǅ 

ͅˑ%-v�pRè8�Ĭ͋Ƿ§:p��`͞ɴƛR 100 µg/mL 57NK�8

Cell Lysis Bufferωkit §:I:RÏʐ%-ϊRʐ�3͓̺%-ƪ�f���5 SDS 

sample Buffer R 1:3:ċĭ87NK�8ɠĭ%-�!:5��ɔĒʐc�A:ɡč

ΐ� 10  µL Ćƪ57NK�8 Cell Lysis buffer4͓̺%-�+:ƪ�U����s

`ƷɥȵωEYELA MG-2300ϊRʐ�3 95	4 5þΘčɼ'N!54΅èüʋ%-� 

 

(6)� ΫɆɔĒ 

Îǅ%- 12%ωkit:��wd��8ƫ03̰0-ϊ:c�RΫɆɔĒȵ [Uw�

ȥƟÅʻ] 8lsw%�ΫɆɔĒʐ Bufferωkit:��wd��8ƫ�͓̺ϊ4ɨ-

%-�΅èüʋR%-f���'B3Rc�8U��W%�c� 1Ȟ�-M 20 mA

:ÊΫɗ4˝ 60þΘΫɆɔĒR̰0-� 

 

��þΪc� (Separating gel)�ɴ˳c� (Stacking gel) RÂ¢:ͳM8ɠĭ%�c�

RÎ̺%Ïʐ%-�Â¢:˦ǅ;ò8c� 2Ȟþ:ΐ4�N� 
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           (þΪc�)                               (ɴ˳c�) 

 

 

 

 

 

 

 

 

 

 

 

 

 

(7)� �ȹǎÌ 

��s^�a˥®ƪ�TBS-Tωkit:��wd��8ƫ�͓̺%-I:ϊ4 15�10�

5þΘ5 3ĿǛ5�#)7�Lɕɘ%-�+:Θ8��ȹǎÌR Dilution Buffer4¢

͇:Ûʇ4ƐΌ%-� 

 

� ǎÌƐΌɝω˝ 1.5 mLϊR�����8ɡč%�4	4�ȅω�N�;ŭɥ4 3

ȃΘϊW�^���w%-� 

 

(8)� ±ȹǎÌ 

�ȹǎÌĥƳƪ�TBS-Tωkit :��wd��8ƫ�͓̺%-I:ϊ4 15�10�5

þΘ5 3ĿǛ5�#)7�Lɕɘ%��ȹǎÌɝRΠ�-�±ȹǎÌ;¢͇:ͳM

�ȹǎÌRÎǅ%-Ēʀ:ìʛa����8Ÿ'N±ȹǎÌRʐ�-�ſ�Ras :

ǎÌƐΌʇ;�kit:��wd��8ƫ03̰0-� 

 

�ȹǎÌ  ǎÌƐΌʇ  ±ȹǎÌìʛĒʀ  ǎÌƐΌʇ  

Ras 1:250 mouse 1:20000 

β-actin 1:500 Goat 1:2000 

 

(9)� �����:ĕŧʣëωECL Plusϊ 

±ȹǎÌĥƳ˥®ƪ�TBS-Tωkit §:��wd��8ƫ�͓̺%-I:ϊ4 15�

10�5þΘ�3ĿǛ5�ɕɘ%�±ȹǎÌRΠ�-�1 mL: Aɝ8Ÿ% 25 µL: B

� � 12% �

͢˞ɇ� 7.0 mL�

Aɝ� 7.2 mL�

Bɝ� 4.3 mL�

10% SDS� 173 µL�

TEMED�  9.6 µL�

APS� 67 µL�

͢˞ɇ� 3.5 mL�

Aɝ� 0.9 mL�

Cɝ� 1.5 mL�

10%SDS� 60 µL 

TEMED� 10 µL 

APS� 18 µL 

Aɝ: 30%U`��U�x� � � �

Bɝ: 1.5M Tris HCl pH 8.8� � � �

Cɝ: 0.5M Tris HCl pH 6.8 
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ɝ4ɠ*ĭQ)�±ȹǎÌɕɘƪ:�����8ɡč% 5þΘĥƳ#)-�ĥƳƪ�

ĕŧʣëǩƧýČ̸˸ ωLight-Capture
�Zoom Lensϊ�Cooled CCD Camera System

ω-30	ϊ[Uw�ȥƟÅʻ] # Type AE-6981RÏʐ%ƥ7ȃΘ4ǩƧR̰0-� 

 

(10)� ǳÜĕ5˪ͅüʋ 

� CS Analyzer ver 3.0 [Uw�ȥƟÅʻ] 8KMWestern blot:˨ȟRǳÜĕ%-�

β-actin4̹Ȼ%-+O,O:͋Ƿ§: Ras:ʣʉΐ;�d�w���ωɫţŸ͘˻ϊ

:ʣʉΐR 1 5%-5�:Ʉʇ4̴͇%-ωƔŉÜ ± ȶɪÞƍ�n=5ϊ�Pharmaco 

Analyst 
ω������W�ʻϊRʐ�3śΎȭūωTukey testϊR̰0-� 

 

2-1-1-6� ERK1/2�p38:��ĕ:ȭý 

 

(1)� ˤ̆ōνȘÃ 

� 60 mm dish8MDA-MB-231ˤ̆R 1×104 cells/dish4Ǩ˄%-�3ǽƪ8ǹ%�

DMEMōň8·Ǣ%�2ǽΘōν%-�+:ƪ�NAω1�10 µMϊ�isoproterenolωβ2-AR

Uezjwϊω10 µMϊ�propranololωβ2-ARU�pezjwϊω5 µMϊ�Q3Gω0.1 µMϊ

RıG DMEMōň8·Ǣ%�10þωp38ϊ�όȃΘωERK1/2ϊōν%-� 

 

(2)� Ïʐ%-̫͋ 

��ȹǎÌ 

p44/42 MAPK (Erk1/2) (Thr202/Tyr204) [Cell Signaling] # 9101S 

p44/42 MAPK (Erk1/2) Antibody [Cell Signaling] # 9102 

phosphor-p38 (Thr180/Tyr182) [Cell Signaling] # 4511 

p38 Antibody [Cell Signaling] # 9212 

  Actin (1-19) [Santa Cruz] # sc-1616  

 

�±ȹǎÌ 

  Anti-rabbit IgG HRP-linked Antibody [Cell Signaling] # 7074 

  Brovine anti-goat IgG-HRP [Santa Cruz] # sc-2350 

 

(3)� �ȹǎÌ 

��s^�a˥®ƪ�TBS-T§4 15�10�5þΘ5 3ĿǛ5�#)7�Lɕɘ%

-�+:Θ8��ȹǎÌR Dilution Buffer4¢͇:Ûʇ4ƐΌ%-� 

 

� ǎÌƐΌɝω˝ 1.5 mLϊR�����8ɡč%�4	4�ȅω�N�;ŭɥ4 3
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ȃΘϊW�^���w%-� 

 

 (4)� ±ȹǎÌ 

�ȹǎÌĥƳƪ�TBS-T§4 15�10�5þΘ5 3ĿǛ5�#)7�Lɕɘ%�ȹ

ǎÌɝRΠ�-�±ȹǎÌ;¢͇:ͳM�ȹǎÌRÎǅ%-Ēʀ:ìʛa����

8Ÿ'N±ȹǎÌRʐ�-� 

 

�ȹǎÌ  ǎÌƐΌʇ  ±ȹǎÌìʛĒʀ  ǎÌƐΌʇ  

p44/42 MAPK 1:500 Rabbit 1:2000 

p44/42 MAPK Antibody 1:500 Rabbit 1:2000 

Phosphor-p38 1:500 Rabbit 1:2000 

p38 Antibody 1:500 Rabbit 1:2000 

β-actin 1:500 Goat 1:2000 

 

(5)� ǳÜĕ5˪ͅüʋ 

� CS Analyzer ver 3.0 [Uw�ȥƟÅʻ] 8KMWestern blot:˨ȟRǳÜĕ%-�

β-actin 4̹Ȼ%-+O,O:͋Ƿ§: ERK1/2 :��ĕ;�d�w���ωɫţ

Ÿ͘˻ϊ:ʣʉΐR 1 5%-5�:Ʉʇ4̴͇%-ωƔŉÜ�ȶɪÞƍ�n=5ϊ� 

Pharmaco Analyst 
ω������W�ʻϊRʐ�3śΎȭūωTukey testϊR̰0
-� 

 

2-1-1-7� ɜɯ:ɦū 

 

(1)� ˤ̆ōνȘÃ 

� 100 mm dish8MDA-MB-231ˤ̆R 1×104 cells/dish4Ǩ˄%-�3ǽƪ8ǹ%�

DMEMōň8·Ǣ%�5ǽΘōν%-� 

 

(2)� ɜɯ:ɦū 

� Kitźʐ: 96 well plateR 10þΘŭɥ8�L�&H˸�-�#L8�ɥH3��

-ɸ̯ɢ DMEM ōňR�õΆ:d�����wωźʐ plateϊ8č��ˤ̆ōň:

Ŏƙ̓ƄR÷ɇĸ#)�ŭɥ4 1ȃΘ˸�-�ω1ϊ4f�d���Z�wʃǀ87

0-ˤ̆R�trypsinüʋR̰��2.0×106 cells/mL:ˤ̆Ǆɳɝωɸ̯ɢōňϊ8͓

̺%-�320 µL:ˤ̆Ǆɳɝ8ʪǟ�NAω0.003�0.1�1�10 nMϊ�isoproterenolω5�

10 µMϊ�propranololω5�10 µMϊ�Q3Gω0.1�1�10 µMϊR+O,O:ɴƛ87N

K�8 1.6 µLωǄɳɝ 320 µL8Ÿ%3 200×: 1.6 µLϊč��24ȃΘōν%-�+
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:ƪ;�CytoSelectTM 96-Well Cell Invasion assay Kit [Cell Biolabs, Inc] # CBA-112:�

�wd��8ƫ0-� 

 

(3) Invasion assay Kit:ğʋ 

� CytoSelectTM 96-Well Cell Invasion assay Kit;�96-well plate8���\��|�w

̓W�f�wω8 mmϊ�Àƃ%3�N�W�f�w̓:¡Ƅ8;�ɽ%-Ŏƙ̓

�w�s`jɫɝ��ŉ�8d�w#O3�N�!:Ŏƙ̓Ƅ;�ίɜɯˤ̆�L�

ɜɯˤ̆Rþ�3Τ3NƨċR%3�N�ɜɯˤ̆;�Ƅ:�w�s`jp��`

͞Rþ͂%�ȍ˥ʥ8;���\��|�Ƅ̓Rͳ;'N�+:ƪ�ɜɯˤ̆R̓

�LþΪ%�̭ë̛ˢ4�N CyQuant GR Dye4ȭý'N� 

 

(4)� Ĳëƛɦū 

� �W`����w��q�ωVarcioskanϊ[Thermo Fisher Scientific, Inc] 83�ɒ

Ε 480 nm8��NĲëƛRɦū%-ωġɺɒΕ: 520 nmϊ� 

 

(5)� ˪ͅüʋ 

� ƔŉÜ ± ȶɪÞƍωSDϊ4ʹ%-ωn=5ϊ�Pharmaco Analyst 
ω������

W�ʻϊRʐ�3śΎȭū (Tukey test) R̰03Ʉͦ%-� 

 

2-1-1-8� pro-MMP-2�pro-MMP-9: Gelatin zymography8KNȭý 

 

� Ȕɐ;�ōň¡ɢR SDS-PAGE4þΪ%-ƪ�c�õ8òŦ'NMMP:Ŏ͞

ωgelatinϊ5ĥƳ#)N!54�MMP:Ŧņ'NΆÉ�έ̛:̃Ȇ8ʤ�Ǐ�-~

�x5%3́ŵ#ON�MMP :Ŏ͞ʁʚƶR˽ǃ%�c�8ɠî#)NŎ͞Rř

�N!54�ȭ͆%-�MMPIřȋ'N!5�Ī̈4�N�'7Q/�MMP-1J

2�976; gelatinR�MMP-3J 776; caseinRʐ�N� 

Ȕɐ;ƿƛ�ς��Western blot5ʚ7Mōň¡ɢR+:EEʐ�O<ɖƶɦū�

Ī̈4�N��ūΐƶ8;«%��E-�ɖƶŋ.�47� pro ŋI~�x5%3

́ŵ#ON�!O;�MMP : endogenous inhibitor 4�N TIMP � SDS 8KM pro

ŋMMP-9�L͂Ϊ'N-H4�N�%�%�Ȕɐ; western blot4ƬLO-˨ȟ5

Ʉͦ%�˽ŵ'N¡4Ύ̼4�N� 

ͳƑ: SDS-PAGE 5ʚ7Nɷ;�1.ϊɔĒ;Êɥŭ4̰��2.ϊf��� buffer

8;β-��\�wZp}��;ɡč%7��3.ϊf���;čɼ%7��: 3 ɷ4

�N��(OIΊˢɖƶR×Ǚ#)N-H8Ύ̼4�N�Ȕɐ;�ʽ³ʭˉŜŧ�

ʎʀ͜ɩΆȸ̈λĹŧþΏ�Ɗʖʊ�êʎ:��wd��8ƫ03̰0-� 



- 77 - 
 

(1)� ˤ̆ōνȘÃ 

� 60 mm dish8MDA-MB-231ˤ̆R 1×104 cells/dish4Ǩ˄%-�3ǽƪ8ǹ%�

DMEMōň8·Ǣ%�2ǽΘōν%-�+:ƪ�NAω1�10 µMϊ�propranololωβ2-

Ux�y��ĨűÌU�pezjwϊω5�10 µMϊ�Q3Gω0.1 µMϊRıG DMEM

ōň8·Ǣ%�1ȃΘōν%-� 

 

(2)� f���:ĿĦ 

� ōňω1 mLĆƪϊRZs��r���8ĿĦ%�6000 rpm�3þƱ%-�¡ɢ

Rā:Zs��r���8˂%�f���5%-� 

 

(3)� p��`ūΐ 

� 1-1-18ɪ&3̰0-� 

 

(4)� SDS f���:Îǅ 

ͅˑ%-v�pRè8�Ĭ͋Ƿ§:p��`͞ɴƛR 45 µg/mL57NK�8 Cell 

Lysis BufferRʐ�3͓̺%-ƪ�f���5 SDS sample Buffer R 1:3:ċĭ87

NK�8ɠĭ%-�!:5��ɔĒʐc�A:ɡčΐ� 10 µLĆƪ57NK�8 Cell 

Lysis buffer�N�;͢˞ɇ4͓̺%-� 

 

(3) Ïʐ%-̫͋ 

��þŤΐ��\�ωPrecion Plus, ProteinTM Dual Color Standardsϊ[Bio RAD, USA] # 

161-0374 

��MMP��\� [dj��~W[ȥƟÅʻ�Ț¹] # AK38 

� 50 mg/mLA���ωHeparinϊ[̫͋ʁˡ/ĸë˞̫ȥƟÅʻ] # 085-00134 

� ¡͇:̫͋A��� 5 mgR͢˞ɇ8 1 mL8ɫ͂%-ωÏʐĆ8͓̺ϊ� 

 

��Uiĕyw�X�ωSodium Azideϊ[̫͋ʁˡ/ĸë˞̫ȥƟÅʻ] # 195-11092 

��œĕ´ΓωZinc Chlorideϊ[̫͋ʁˡ/ĸë˞̫ȥƟÅʻ] # 263-00271] 

��Trizma base [Sigma-aldrich] # T6066-1KG 
��TRITON -X100ωt-Octylphencxypoly-ethooxyethaolϊ[Sigma-aldrich] # T-9284 500 m 

��œĕ\�hX� [̫͋ʁˡ/ĸë˞̫ȥƟÅʻ] # 039-00475 

 

� Incubation bufferωΊˢĥƳʐ̫͋ϊ�K>c�ɕɘʐ buffer:͓̺Ǻɐ 

1. Trizma baseω6.057 gϊ�œĕ\�hX�ω555 mgϊ�Ui\yw�X�ω20 mMϊ�

R͢˞ɇ8 400 mL4ɫ͂%�pH 7.58͓̺ƪ�500 mL8�jUs�%-� 
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2. ėþ8þ���Ǻ; 500 mL8�jUs�%�incubation buffer5%3ŭɥ

4×˒ω50 mM Trizma base/5 mMœĕyw�X�/1 µM œĕ´Γ/0.02%Ui\

yw�X�ϊ 

3. I��Ǻ8;�TRITON -X100ω12.5 mLϊ/͢˞ɇω237.5 mLϊRɡč%̚

�ǪǓ%�c�ɕɘʐ buffer5%3ŭɥ4×˒ω50 mM Trizma base/5 mMœĕ

yw�X�/1 µM œĕ´Γ/0.02%Ui\yw�X�/2.5% TRITON -X100ϊ 

 

��Comassie Brilliant BlueωCBBϊω`��h����U�w���ϊȠ̛ɝ 

� �p}�� [ςʹɝÌ`��wa��V�ʐ/ʁˡ/ĸë˞̫ƌȮȥƟÅʻ]  

� # 132-06471 

� ΉωAcetic Cacisϊ[ΙȚĕŧȥƟÅʻ] # 01021-03 

� d�i����U�w���R-250ωCoomassie Brilliant Blue: CBBϊ[ΫɆɔĒʐ 

� ʁ̺̫͋/y\�WȥƟÅʻ�¹·] # 09408-52 

¡͇:̫͋��p}�� 100 mL�Ή 20 mL�͢˞ɇ 100 mL�K>���U�w

���550 mgRɠĭ%�4	4×Ŧ%-� 

 

��̛̋ɝ 

� �p}�� [ςʹɝÌ`��wa��V�ʐ/ʁˡ/ĸë˞̫ƌȮȥƟÅʻ] 

  # 132-06471 

� _ωFormic acidϊ[ʁˡ/ΙȚĕŧȥƟÅʻ] # 16064-00 

¡͇:̫͋��p}�� 150 mL�͢˞ɇ 345 mL�K>_ 5 mLRɠĭ%�ŭɥ

4×˒%-� 

 

��2×sample buffer:Î̺ 

� 125 mM Tris-HCl (pH 6.8) 25 mL 

� 10% SDSωxvh�ʶyw�X�ϊ[ʎĕŧʐ/ĸë˞̫ƌȮȥƟÅʻ]  

� # 191-07145 

40 mL 

� 0.2% Glycerol [ʁˡ/ĸë˞̫ƌȮȥƟÅʻ] # 56-81-5 20 mL 

� ����Y}�����ωBromophenol blueϊ[ʁˡ/ĸë˞̫ƌȮȥƟ 

� Åʻ] # 021-02911 

10 mg 

 

(6)� Ïʐ%-ȸľ 

��Ʊȸ [Eppendorf�Ț¹] # Centrifuge 5417R 

��Recipro ShakerωhYW\�ϊ [ǽØƌȮȥƟÅʻ�ΕΏ�ǽȔ] # NA-20 

��j��ŋ EP ��qj��zj��ΫɆɔĒȵ [Uw�ȥƟÅʻ] # AE-6500 
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���W`����w��q�ωVarioskanϊ [Thermo Fisher Scientific Inc] # 525-0040 

���swjp���ωstrirrer/Hot plateϊ[Ț��qXd�z�a�Ț¹] # PC-420 

��j^�y� [EPSON�Ț¹�ǽȔ] # GT-9700F  

 

(7)� ΫɆɔĒʐc�Î̺̫͋5Î̺Ǻɐ 

� Acrylamide [ΫɆɔĒʐ/ĸë˞̫ƌȮȥƟÅʻ] # 011-08015 

� Ammonium persulfate (APS) [Sigma-aldrich] # A3678-100G 

� N, N-Methylene-bis (BIS) (acrylamide) [ΫɆɔĒʐ/ĸë˞̫ƌȮȥƟÅʻ] 

� # 138-06032 

� Tetramethyl ethylenediamine (TEMED) [σʁˡ/ΙȚĕŧȥƟÅʻ] # A3678-100G 

3 mg/mLm�r�ωGelatin from porcine skinϊ[Sigma-aldrich] # G1890-100G 

 

��30%U`��U�xωAɝϊ 

� Acrylamide� [ΫɆɔĒʐ/ĸë˞̫ƌȮȥƟÅʻ]� # 011-08015 14.6 g 

� N, N-Methylene-bis (BIS) (acrylamide) [ΫɆɔĒʐ/ĸë˞̫ƌȮȥÅʻ] 

  # 138-06032 

0.4 g 

 

� 1-1-1-18ɪ&3͓̺%-� 

 

��1.5M Tris HCl pH 8.8ωBɝϊ 

� Trizma base [Sigma-aldrich] # T6066-1KG 9.09g 

� 1-1-1-18ɪ&3͓̺%-� 

 

��0.5M Tris HCl pH 6.8ωCɝϊ 

� Sodium Dodecyl Sulfate (SDS)ωxvh�ʶyw�X�ϊ[ʎĕŧʐ 

� ĸë˞̫ƌȮȥƟÅʻ] # 191-07145 

3.03g 

� 1-1-1-18ɪ&3͓̺%-� 

 

� 3 mg/mLm�r� 

¡͇:̫͋m�r� 600 mgR 0.02ψUiĕyw�X�/͢˞ɇ 200 mL8čɥω�

sw���wjp���Ïʐϊ%7�Lɫ͂%-�4	4×˒%-� 

 

��10% APS 
� Ammonium persulfate for electrophoresis (APS) [Sigma-aldrich]  

  # A3678-100G 

0.1g 
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� 1-1-1-18ɪ&3͓̺%-� 

 

��þΪc� (Separating gel)�ɴ˳c� (Stacking gel) RÂ¢:ͳM8ɠĭ%�c�

RÎ̺%-�Â¢:˦ǅ;ò8c� 2Ȟþ:þΐ4�N� 

 

           ωþΪc�ϊ                          � ωɴ˳c�ϊ 

 

 

 

 

 

 

 

 

 

 

 

 

 

��ΫɆɔĒʐ~s�T� 

� Trizma base [Sigma-aldrich] # T6066-1KG 3 g 

� Glysine [ʁˡ/ĸë˞̫ƌȮȥƟÅʻ] # 077-00735 14.4 g 

� Sodium Dodecyl Sulfate [ʎĕŧʐ/ĸë˞̫ƌȮȥƟÅʻ] # 191-07145 1 g 

� 1-1-1-18ɪ&3͓̺%-� 

 

(8)� ΫɆɔĒωÊɥŭ4̰0-ϊ 

1. ɔĒȵ bufferω1x conc.ϊR 300 mLÎ̺%�Êɥŭ83ùĜ%3��-� 

2. Ŏ͞ɫɝR 37	ɇɛ§83�ɫɝ�ͱȁ87NE4×ɥ%-ω5-10þΘϊ� 

3. 0.6 mg/mL gelatinω1 mg/mL caseinϊ/10ψ acrylamide gelRÎ̺�Â¢:ċĭ

4 0.5%TEMEDE4ɠĭ%-� 

4. þΪc�8 10ψAPSRč��c�ț8ɗ%!Fω6 cmϊ�50ψEtOH 400 µL

RΎƄ%-� 

5. þŤΐ��\�ωPrecion Plus, ProteinTM Dual Color Standardsϊ[Bio RAD] # 

161-0374�MMP��\� [dj��~W[ȥƟÅʻ] # AK38R+O,O 10 µL 

U��W%-� 

� � 10% �

͢˞ɇ� 1.34 mL�

Aɝ� 6.66 mL�

Bɝ� 5.0 mL�

gelatinɫɝ 4 mL�

0.5 % TEMED�  3 mL�

10% APS�  150 µL�

͢˞ɇ� 4.5 mL�

Aɝ� 1.5 mL�

Cɝ� 2.5 mL�

0.5 % TEMED� 1.5 mL 

10% APS� 75 µL 

Aɝ: 30%U`��U�x� � � �

Bɝ: 1.5M Tris HCl pH 8.8� � � �

Cɝ: 0.5M Tris HCl pH 6.8 
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6. þΪc��ŃE0-L 100%Zp}��R�Ŷ8ɕ�ɗ%-� 

7. ɴ˳c�8 10ψAPSRč�3c�ț8ɗ%!F�d��Rƍ%ͬS.� 

8. c�țRɔĒ̸˸8lsuV�a%�f���55I8Êɥŭ8ͽS.� 

9. f���RU��W%ωˤ̆ōνɝ;�ȍς 18 µLϊɔĒ%-� 

10. έ��W��c�¢ˋʪĆE4�-5!P4ɔĒRȺH�c�Rÿ0-� 

 

(9)� ΊˢĥƳ5ȭý 

1. c�Rɕɘʐ buffer 30 mLω+ 120 µL Heparinω50 mg/mLϊϊ8ɜ%�ŭɥ4 1

ȃΘɜͱ#)�c�§: SDSRΠĠ%-� 

2. Incubation buffer 5 mL4 2Ŀɕɘ%-ωǜ3N�îON×2ϊ� 

3. Incubation buffer 30 mL8·Ǣ%�37	ɇɛ§83 24ȃΘW�^���w%

-ωΊˢĥƳϊ� 

4. CBBȠ̛ɝ8ɜ%�30þΘȠ̛%-ƪ�[�~�yWw4̛̋%-ωȴŤR

̽7�Lϊ�¢͇8 CBBȠ̛ƪ:˨ȟRʹ%-� 

5. j^�y�4ħMͬF�͂Ȝ%-� 

 

 
CBBȠ̛ƪ:˨ȟωFig. 29ϊ 

 

(10)� v�p͂Ȝ 

� � CS Analyzer ver 3.0 [Uw�ȥƟÅʻ] 8KM Gelatin zymography:˨ȟ:~�

xRʤ�~s`Rφ̛8řǢ%-� 

 

2-1-1-9� β2-Ux�y��ĨűÌ˨ĭ͋ο 

� 1-3-1-48ɪ&3̰0-� 

 

 (1)�  ˤ̆ōνȘÃ 

� 10 mm dish8MDA-MB-231ˤ̆R 1×104 cells/dish4Ǩ˄%-�3ǽƪ8ǹ%�

DMEMōň8·Ǣ%�2ǽΘōν%-�+:ƪ�0.5% FBS: DMEMōň8·Ǣ%�

48-72ȃΘōνƪ�[3H]-NAω6 µMϊRıS. DMEMōň8�propranololωβ2-ARU
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�pezjwϊ�Q3G�NAωnon labeledϊR+O,Oω10-10-10-4ϊ:ɴƛ4�30 þ

Θōν%-�+:ƪ�cold PBS (-) 5 mL83ɕɘƪ�1×trypsin 250 µLɡčƪ�Ɉ¡

4ˤ̆RĿĦ%�ɝÌh�r��h��f���5%-� 
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2-1-2� Ŭο˨ȟ 

 

2-1-2-1  MDA-MB-231ˤ̆8��N β2-Ux�y��ĨűÌ:ʣʉ 

 

� Ȕˊ4ʐ�-�w¬�Sˤ̆4�N MDA-MB-231 8 β2-AR :ʣʉ81�3ȭ͆

%-��  

� Fig. 248�w¬�Sˤ̆ MDA-MB-231: AR:ʣʉA:Ƨγ81�3ʹ%-�

7���U�pW� PCRɐ:˨ȟ:ǳÜ;�õņƶd�w���4�N GAPDHR

15%3ˑý%3�N� 

� Fig. 23-A4;��U�pW�PCRRʐ�3mRNA���4ȭ͆R̰0-˨ȟ�β2-AR

�ʣʉ%3�N!5Rʸ͎%-ω0.6 ± 0.2ϊωGAPDH8Ÿ%3ω0.98 ± 0.045ϊ�#L8�

Western blotɐRʐ�3p��`͞���4I͓B-˨ȟ��U�pW�PCR5Įȴ:

˨ȟ4�β2-AR�ʣʉ%3�N!5R÷ʸ͎4�-ωFig. 23-Bϊ�%�%7�L�ˎ1

ˊ:1-3�4˓4̰0-�α2B�α2C-AR;�ʣʉ%3�7�!5�þ�0-ωdata not shownϊ� 
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Fig. 23. Analysis of β2-AR expression in MDA-MB-231 human breast cancer cells. (A) 
qRT-PCR analysis of ADRB2 (β2-AR) mRNA expression. (B) Western blotting analysis of 
β2-AR protein expression. Values indicate mean ± SD (n = 5). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



- 85 - 
 

2-1-2-2� }�Ux�y��8KN β2-ARR½%-ɖƶˢ:ʎǅ 

 

� ˎ 1ˊ4;�¬�S:Ƃ��lj4�N�DNAǥä8ʯʩ%3ȭ͆R̰03�

-�Ȕ˓�L;��S:ͥ˂8Ύ̼7��lj:ό14�Nɜɯ8ɓʩ%�NA 8

KNɜɯA:Ƨγ5 Q3G 8KNǌĄđȟ81�3��w¬�Sˤ̆4�N

MDA-MB-231Rʐ�3ȭ͆R̰0-�+!4�Ȕ˓4; NA8KNɜɯÖÎʐȸ

Ƙ:�ˋR͂ȁ'N-H8�E(ɜɯ8ɟ�Ι¤%3�Nɖƶˢ:ʎǅR���

fWw�w��ɐ8KMȭ͆%-�#L8�Ȕ˓4; A8KNɖƶˢ:ʎǅA:

Ƨγ81�3Iȭ͆%-� 

� Fig. 248 NA�K> A8KNɖƶˢ:ʎǅ:ŕčA:Ƨγ81�3ʹ%-� 

� E(�Fig. 24-A :˨ȟ�L;�NAω0.1�1�10 µMϊR�w¬�Sˤ̆4�N

MDA-MB-2318Îʐ#)N5�d�w���Üω1.0 ± 0.1ϊ5Ʉͦ%3ɴƛÒŦʥ

8ɖƶˢ�ȏƽ8ŕč%-ω1.1 ± 0.2ω0.9Ûϊ�1.8 ± 0.6ω1.8Ûϊ�1.8 ± 0.1ω1.8

Ûϊϊ� 
� ȹ8�NA8KNɖƶˢ:ŕč� β2-ARR½%3�N:�ʸ�HN-H8�β2-AR

Uezjw4�N isoproterenolω5�10 µMϊRÎʐ#)-5!P�NA5Įȴ8ɖƶ

ˢ:ʎǅ�ȏƽ8ŕč%-ω1.7 ± 0.3ω1.7Ûϊ�2.0 ± 0.1ω2.0Ûϊϊ�#L8�β2-AR

U�pezjw4�N propranololω5�10 µMϊRÎʐ#)N5�NAω1 µMϊ8K

Nɖƶˢ:ŕč8Ÿ%3�θ̩8ǌĄ#O-ω1.4 ± 0.3ω1.3Ûϊ�1.1 ± 0.4ω1.6

Ûϊϊ�E-�propranololω5�10 µMϊĚʄüʋ8��3;ɖƶˢ:ʎǅ8Ƨγ;

̽LO7�0-� 

� !OL:˨ȟKM�NA ; β2-AR R½%3�ɖƶˢ:ʎǅRŕč#)N!5�

þ�0-ωFig. 28-Aϊ� 

� Aω0.001�0.1�1 µMϊRÎʐ#)N5�d�w���Üω1.0 ± 0.2ϊ5Ʉͦ%3

1 µM: A4ɖƶˢ�̩%�ŕč%-ω1.6 ± 0.2ω1.6Ûϊϊ(Fig. 24-B)�#L8�

propranololωβ2-ARU�pezjwϊω5 µMϊRÎʐ#)N5�Aω1 µMϊ8KNɖ

ƶˢ:ʎǅ;θ̩8ǌĄ#O-ω1.1 ± 0.2ω1.5Ûϊϊ�!OL:˨ȟKM AI β2-AR

½%3�ɖƶˢ:ʎǅRŕč#)N!5�þ�0-�E-�propranololω5 µMϊ

Ěʄüʋ8��3;ɖƶˢ:ʎǅ8Ƨγ;̽LO7�0-� 

� Â¡:˨ȟKM�NA�K> A; β2-ARR½%3ɖƶˢ:ʎǅRŕč#)N!

5�þ�0-� 
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Fig. 24. Generation of ROS in MDA-MB-231 cells treated with catecholamines, 
isoproterenol and propranolol. Cells were treated with isoproterenol (Iso; 0, 5, 10 µM), or 
propranolol (Pro; 0, 5, 10 µM) in the absence or presence of NA (0, 0.1, 1, 10 µM) (A), or A 
(0, 0.001, 0.1, 1 µM) (B) for 1 h. The fluorescence intensity of intracellular DCF was 
determined by flow cytometry. Values indicate mean ± SD (n=5) as fold-changes of the 
control. Superscripts at the top of each column indicate statistically significant differences at 
p<0.05 as evaluated by the Tukey test. 
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2-1-2-3� }�Ux�y��8KNɖƶˢ:ʎǅ8Ÿ'N 

� � � � quercetin-3-O-glucronide:ǌĄđȟ 

 

� 2-1-2-2:˨ȟ�L�NA�K>A; β2-ARR½%3��w¬�Sˤ̆MDA-MB-231

ˤ̆:ɖƶˢ:ʎǅRŕč#)-�+!4�Ȕ˓4;���}Wxι4�N Q3G

8KNǌĄđȟ81�3�w¬�Sˤ̆4�N MDA-MB-231 Rʐ�3ȭ͆R̰0

-�ſ�ǳÜ;�d�w���R 15%3ˑý%-� 

� Fig. 258NA�K>A8KN β2-ARR½%-ɖƶˢ:ʎǅ:ŕč8Ÿ'NQ3G

:ǌĄđȟ81�3ʹ%-�E(�Fig. 25-A�L NAω1 µMϊR�w¬�Sˤ̆4

�NMDA-MB-2318Îʐ#)N5�d�w���Üω1.0 ± 0.1ϊ5Ʉͦ%3ɖƶ

ˢ�ȏƽ8ŕč%- 1.7 ± 0.4ω1.7Ûϊ�E-�Aω1 µMϊR�w¬�Sˤ̆4�N

MDA-MB-2318Îʐ#)N5�d�w���Üω1.0 ± 0.1ϊ5Ʉͦ%3ɖƶˢ�

ȏƽ8ŕč%- 1.7 ± 0.3ω1.7ÛϊωFig. 25-Bϊ� 

� ȹ8�NA�K> AKNɖƶˢ:ʎǅ:ŕč8Ÿ'N Q3G:đȟRȭ͆%-˨

ȟ�NAω1 µMϊ8KNɖƶˢ:ʎǅ:ŕčω1.7 ± 0.4ϊ8Ÿ%3�Q3Gω0.01�

0.05�0.1�1 µMϊRÎʐ#)N5ɴƛÒŦʥ8ȏƽ8ǌĄ#O-ωω1.7 ± 0.3ω1.0

Ûϊϊ�ω1.5 ± 0.2ω1.1Ûϊϊ�ω1.0 ± 0.2ω1.7Ûϊ�ω1.0 ± 0.2ω1.7ÛϊϊωFig. 29-Aϊ�

#L8�Aω1 µMϊ8KNɖƶˢ:ŕčω1.7 ± 0.3ϊ8Ÿ%3I�Q3Gω0.1 µMϊ

RÎʐ'N!58KMɴƛÒŦʥ8θ̩8ǌĄ#O-ωω1.5 ± 0.2ω1.1Ûϊ�ω1.4 ± 0.2

ω1.2Ûϊ�ω1.2 ± 0.2 ω1.4Ûϊ�ω1.0 ± 0.2ϊω1.7ÛϊωFig. 25-Bϊ� 

� �Ǻ�Q3Gω0.01�0.05�0.1�1 µMϊĚʄüʋ˻4;ɖƶˢ:ʎǅŕč;̽L

O7�0-ωFig. 25-A and Bϊ� 

� Â¡:˨ȟKM�NA; β2-ARR½%3ɖƶˢ:ʎǅRŕč#)�+O� Q3G

8KMǌĄ#ON!5�þ�0-�#L8�NA 8KN β2-AR R½%-ɜɯÖÎ

ʐ8;�ɖƶˢ:ŕč�Ι¤%3�NĪ̈ƶ�˽�LO-� 



- 88 - 
 

Fl
uo

re
sc

en
ce

 in
te

ns
ity

  
(f

ol
d 

of
 c

on
tr

ol
) 

NA (1 µM) 
Q3G (µM) 

- + 
- - 

- - 
0.01 0.05 

- 
0.1 

0 

0.5 

1 

1.5 

2 

a 

b 

a ab a 

A�

- 
1 

a 

+ + 
0.01 0.05 

+ 
0.1 

b 
b 

a 

+ 
1 

a 

 F
lu

or
es

ce
nc

e 
in

te
ns

ity
  

(f
ol

d 
of

 c
on

tr
ol

) 

A (1 µM) 
Q3G (µM) 

- + 
- - 

- - 
0.01 0.05 

- 
0.1 

0 

0.5 

1 

1.5 

2 

a 

b 

a a 
a 

B�

- 
1 

a 

+ + 
0.01 0.05 

+ 
0.1 

b ab 

a 

+ 
1 

a 

 

Fig. 25. Downregulation of catecholamine-induced intracellular ROS generation by 
Q3G treatment in MDA-MB-231 cells. Cells were treated with Q3G (0, 0.01, 0.05, 0.1, 1 
µM), NA (0, 1 µM) (A), or A (0, 1 µM) (B) for 1 h. The fluorescence intensity of 
intracellular DCF was determined by flow cytometry. Values indicate mean ± SD (n = 5) as 
fold-changes of the control. Superscripts at the top of each column indicate statistically 
significant differences at p<0.05 as evaluated by the Tukey test. 
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2-1-2-4� }�Ux�y��8KN β2-Ux�y��ĨűÌR½%- HMOX1�MMP2 

� � � � �K> MMP9:΄ÆŤʣʉΐ8Ÿ'N quercetin-3-O-glucronide:ǌĄđȟ 

 

� Ȕ˓4;�NA8KN mRNA���4:ɖƶˢ:ʎǅ8KMʣʉ%3�N heme 
oxygenase-1�HMOX1��K>ɜɯ�ͥ˂8Ι¤%3�N matrix metalloproteinase

ωMMPϊ2�9:ʣʉΐA:Ƨγ5 Q3G8KNǌĄđȟ81�3��w¬�Sˤ̆

MDA-MB-231 Rʐ�3��U�pW� PCR ɐ8KMȭ͆%-�7��Ȕ˓ÂΝ:

NA :ɴƛ; 1�10 µM 8͈ū%3ŬοR̰0-�ſ�ǳÜ;�d�w���R 1

5%3ˑý%-� 

� Fig. 26-A4;�NAω1 µMϊ8KN HMOX1:΄ÆŤʣʉΐ81�3ȭ͆%-˨
ȟ�NAω1 µMϊRÎʐ#)N5�d�w���Üω1.0 ± 0.1ϊ5Ʉͦ%3ȏƽ8

HMOX1:΄ÆŤʣʉΐ�ŕč%-ω2.3 ± 0.5ω2.3Ûϊϊ�!:˨ȟ;�NA8KNɖ

ƶˢ:ʎǅ:ŕč5�̗%-ωFig. 24, 25-Aϊ�ȹ8�NA8KN HMOX1:΄ÆŤ
ʣʉΐ:ŕč��β2-AR R½%3�N:�ʸ�HN-H8�β2-AR Uezjw4�

N isoproterenolω5 µMϊRÎʐ#)N5d�w���Üω1.0 ± 0.1ϊ5Ʉͦ%3�NA

8KN HMOX1:΄ÆŤʣʉΐ:ŕč5Įˏ8ȏƽ8ŕč%-ω2.0 ± 0.2ω2.0Ûϊϊ� 

� E-�β2-ARU�pezjw4�N propranololω5 µMϊRÎʐ#)N5�NAω1 µMϊ

8KN HMOX1:΄ÆŤʣʉΐ:ŕč8Ÿ%3�θ̩8ǌĄ#O-ω1.2 ± 0.2ω1.9

Ûϊϊ�!OL:˨ȟKM�NA ; β2-AR R½%3 HMOX1 :΄ÆŤʣʉΐRŕč#
)N!5�þ�0-�#L8�Q3Gω0.1 µMϊRÎʐ#)N5�NA8KN HMOX1
:΄ÆŤʣʉΐ:ŕč8Ÿ%3�θ̩8ǌĄ#O-ω1.2 ± 0.2ω1.9Ûϊϊ�Q3Gω0.1 

µMϊĚʄüʋ˻4; HMOX1:΄ÆŤʣʉΐ8ƧγR�KD#7�0-� 

� Fig. 26-B4;�NAω1 µMϊ8KN MMP2:΄ÆŤʣʉΐ81�3ȭ͆%-˨ȟ�
NAω1 µMϊRÎʐ#)N5�d�w���Üω1.0 ± 0.1ϊ5Ʉͦ%3ȏƽ8 MMP2
:΄ÆŤʣʉΐ�ŕč%-ω3.2 ± 0.1ω3.2Ûϊϊ�ȹ8�NA8KN MMP2:΄ÆŤ

ʣʉΐ:ŕč��β2-AR R½%3�N:�ʸ�HN-H8�β2-AR Uezjw4�

N isoproterenolω5 µMϊRÎʐ#)N5d�w���Üω1.0 ± 0.1ϊ5Ʉͦ%3�NA

8KN MMP2:΄ÆŤʣʉΐ:ŕč5Įˏ8̩%�ŕč%-ω2.8 ± 0.3ω2.0Ûϊϊ� 

� E-�β2-ARU�pezjw4�N propranololω5 µMϊRÎʐ#)N5�NAω1 µMϊ

8KNMMP2:΄ÆŤʣʉΐ:ŕč8Ÿ%3�θ̩8ǌĄ#O-ω1.1 ± 0.3ω3.0Ûϊϊ�� �  

� !OL:˨ȟKM�NA; β2-ARR½%3 MMP2:΄ÆŤʣʉΐRŕč#)N!
5�þ�0-�#L8�Q3Gω0.1 µMϊRÎʐ#)N5�NA8KN MMP2:΄Æ
Ťʣʉΐ:ŕč8Ÿ%3�θ̩8ǌĄ#O-ω1.1 ± 0.2ω3.0Ûϊϊ��Ǻ�Q3Gω0.1 

µMϊĚʄüʋ˻4; MMP2:΄ÆŤʣʉΐ8ƧγR�KD#7�0-� 

� Fig. 26-C4;�NAω1 µMϊ8KN MMP9:΄ÆŤʣʉΐ81�3ȭ͆%-˨ȟ�
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NAω1 µMϊRÎʐ#)N5�d�w���Üω1.0 ± 0.1ϊ5Ʉͦ%3ȏƽ8 MMP2

:΄ÆŤʣʉΐ�ŕč%-ω1.5 ± 0.4ω1.5Ûϊϊ�ȹ8�NA8KN MMP9:΄ÆŤ
ʣʉΐ:ŕč��β2-AR R½%3�N:�ʸ�HN-H8�β2-AR Uezjw4�

N isoproterenolω5 µMϊRÎʐ#)N5d�w���Üω1.0 ± 0.1ϊ5Ʉͦ%3�NA

8KN MMP9:΄ÆŤʣʉΐ:ŕč5Įˏ8̩%�ŕč%-ω1.7 ± 0.3ω1.7Ûϊϊ�

E-�β2-ARU�pezjw4�N propranololω5 µMϊRÎʐ#)N5�NAω1 µMϊ

8KNMMP2:΄ÆŤʣʉΐ:ŕč8Ÿ%3�θ̩8ǌĄ#O-ω0.7 ± 0.2ω2.1Ûϊϊ�

!OL:˨ȟKM�NA; β2-ARR½%3 MMP9:΄ÆŤʣʉΐRŕč#)N!5
�þ�0-�#L8�Q3Gω0.1 µMϊRÎʐ#)N5�NA8KN MMP9:΄ÆŤ

ʣʉΐ:ŕč8Ÿ%3�θ̩8ǌĄ#O-ω0.9 ± 0.2ω1.7Ûϊϊ��Ǻ�Q3Gω0.1 µMϊ

Ěʄüʋ˻4; MMP9:΄ÆŤʣʉΐ8ƧγR�KD#7�0-� 

� Â¡:˨ȟKM�NA 8KM β2-AR R½%3 HMOX1�MMP2 �K> MMP9 :΄
ÆŤʣʉΐ�ŕč%�Q3G8K03ǌĄ#ON!5�þ�0-� 
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Fig. 26. Downregulation of NA-induced HMOX1, MMP2 and MMP9 gene expression by 
Q3G treatment in MDA-MB-231 cells. Cells were treated with combinations of 
isoproterenol (Iso; 0, 5 lM), propranolol (Pro; 0, 5 µM), Q3G (0, 0.1 µM) and NA (0, 1 µM) 
for 8 h (for HMOX1) or 12 h (for MMP2 and MMP9). The expression of HMOX1, MMP2, 
and MMP9 mRNA was analyzed by qRT-PCR. Values indicate mean ± SD (n = 5) as 
fold-changes of the control. Superscripts at the top of each column indicate statistically 
significant differences at p<0.05 as evaluated by the Tukey test. 
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2-1-2-5� }�Ux�y��8KN MMP2�K> MMP 9:΄ÆŤʣʉΐŕč 

� � � � ȸƘ:͂ȁ 

 

� 2-1-2-4 :˨ȟ�L�NA R�w¬�Sˤ̆4�N MDA-MB-231 8Îʐ#)N5

β2-ARR½%3 MMP2�K> MMP 9:΄ÆŤʣʉΐ�ŕč%�Q3G8K03ǌĄ

#ON!5�þ�0-�+!4Ȕ˓4;�NA8KN MMP2�K> MMP9:΄ÆŤ
ʣʉΐ:ŕčȸƘR͂ȁ'N-H8 PKAωcAMP-dependent protein kinase A: PKAϊ�

AP-1ωactivator protein-1: AP-1ϊ�NF-κBωnuclear factor-kappa B: NF-κBϊ�K> p38

:hay�ÆͿ˧ͣ8ʯʩ%�Ú�:ΜůćRʐ�3 MMP2�K> MMP9:΄ÆŤ

ʣʉΐA:ƧγR�U�pW� PCRɐ8KMȭ͆%-�ſ�ǳÜ;�d�w���

R 15%3ˑý%-� 

� Fig. 27-A4;�NA8KN MMP9:΄ÆŤʣʉΐ:ŕč8Ÿ'N PKAωH-89ϊ�

AP-1ωSR11302ϊ�K> NF-κBωTanshinone IIAϊ:Μůć:Ƨγ81�3ȭ͆%-� 

 E(�NA R�w¬�Sˤ̆4�N MDA-MB-231 8Îʐ#)N5�d�w���

Üω1.0 ± 0.1ϊ5Ʉͦ%3ȏƽ8 MMP9:΄ÆŤʣʉΐ�ŕč%-ω1.5 ± 0.7ω1.5

Ûϊϊ�!:˨ȟ;�Fig. 26-C5Įȴ:˨ȟ�ƬLO-� 

� ȹ8�PKAΜů4�N H-89ω0.1�1�10 µMϊRÎʐ#)N5�NA8KN MMP9

:΄ÆŤʣʉΐ:ŕč8Ÿ%3ɴƛÒŦʥ8ȏƽ8ɤž%-ωω1.5 ± 0.5ω1.0Ûϊ�

ω1.3 ± 0.3ω1.1Ûϊ�ω0.7 ± 0.3ϊω2.1ÛϊωFig. 27-Aϊ� 

� �Ǻ�AP-1Μůć4�N SR11302ω0.1�1�10 µMϊRÎʐ#)N5�NA8KN

MMP9:΄ÆŤʣʉΐ:ŕč8Ÿ%3ɴƛÒŦʥ8̩%�ɤž%-ωω1.5 ± 0.2ω1.0

Ûϊ�ω1.2 ± 0.2ω1.3Ûϊ�ω0.8 ± 0.3ϊω1.9ÛϊωFig. 27-Aϊ�#L8�NF-κB:Μů

ć4�N Tanshinone ΙΙAω10�30�50 µMϊRÎʐ#)N5�NA8KN MMP9:΄
ÆŤʣʉΐ:ŕč8Ÿ%3ɴƛÒŦʥ8θ̩8ɤž%-ωω1.5 ± 0.2ω1.0Ûϊ�ω0.8 ± 

0.2ω1.9Ûϊ�ω0.6 ± 0.2ϊω2.5ÛϊωFig. 27-Aϊ� 

� !OL:˨ȟKM�NA8KM PKA�AP-1�NF-κB�ɖƶĕ% MMP9:΄ÆŤʣ
ʉΐ�ŕč'N!5�þ�0-� 

� Fig. 27-B4;�NA8KN MMP9:΄ÆŤʣʉΐ:ŕč8Ÿ'N p38ωSB203580ϊ

:Μůć:Ƨγ81�3ȭ͆%-� 

� �Ǻ�NAR�w¬�Sˤ̆4�NMDA-MB-2318Îʐ#)N5�d�w���

Üω1.0 ± 0.1ϊ5Ʉͦ%3ȏƽ8 MMP2:΄ÆŤʣʉΐ�ŕč%-ω3.2 ± 0.1ω3.2

Ûϊϊ�!:˨ȟ;�Fig. 27-B5Įȴ:˨ȟ�ƬLO-� 

� p38:Μůć4�N SB203580ω1�5�10 µMϊRÎʐ#)N5�NA8KN MMP2

:΄ÆŤʣʉΐ:ŕč8Ÿ%3ɴƛÒŦʥ8ȏƽ8ɤž%-ωω2.8 ± 0.3ω1.1Ûϊ�

ω1.7 ± 0.2ω1.9Ûϊ�ω1.2 ± 0.2ϊω2.7ÛϊωFig. 27-Aϊ� 
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� !OL:˨ȟKM�NA8KM p38:��ĕ�ɖƶĕ% MMP2:΄ÆŤʣʉΐ

�ŕč'N!5�þ�0-� 
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Fig. 27. Effects of inhibitors of PKA, AP-1, NF-κB and p38 inhibitors on NA-induced 
MMP2 and MMP9 gene expression in MDA-MB-231 cells. Cells were pretreated with 
H-89 (0.1, 1, 10 µM), SR11302, (0.01, 0.1, 1 µM) Tanshinone IIA, (10, 30, 50 µM) or 
SB203580 (1, 5, 10 µM) for 1 h, and then exposed to 1 µM NA for 12 h. MMP9 (A) and 
MMP2 (B) mRNA expression was analyzed by qRT-PCR. Values indicate mean ± SD (n = 
5) as fold-changes of the control. Superscripts at the top of each column indicate statistically 
significant differences at p<0.05 as evaluated by the Tukey test. 
 

 

 

 

 

 

 

 

 



- 95 - 
 

2-1-2-6� β2-Ux�y��hay��a8Ÿ'N quercetin-3-O-glucronide:ǌĄđȟ 

 

� 2-1-2-5 :˨ȟKM�NA 8KM β2-AR R½%3��w¬�Sˤ̆ MDA-MB-231

:MMP9�K>MMP2:΄ÆŤʣʉΐ:ŕčȸƘ:�ˋ5%3�PKA�AP-1�NF-κB�

p38:��ĕ:ŕƤ�Ι¤%3�NĪ̈ƶ�ʹĺ#O-�#L8�Q3G�+OL

:hay�ÆͿ˧ͣRǌĄ'NĪ̈ƶ�ʹĺ#O-�+!4Ȕ˓4;�#L7NÎ

ʐȸƘRȁL�8'N-H8�β2-AR :¢ɗ8Ŧņ'N!5�ʱLO3�N cyclic 

AMPωcAMPϊ:ʎǅ�NF-κB :��ĕ�Ras :ɖƶ�K> p38 :��ĕRp

��`͞���4͓B�NA8KNƧγ5 Q3G:ǌĄđȟ81�3ȭ͆R̰0-� 

� Fig. 28-A8 NA8KN cAMP:ʎǅ8Ÿ'N Q3G:ǌĄđȟA:Ƨγ81�3

ʹ%-�NAω0.1�1�10 µMϊR�w¬�Sˤ̆4�NMDA-MB-2318Îʐ#)N

5�d�w���Üω5.8 ± 0.3ϊ5Ʉͦ%3�ɴƛÒŦʥ8 cAMP:ΐ�ŕč%-

ω6.1 ± 0.2ω1.0ϊ�8.4 ± 0.3ω1.5Ûϊ�11 ± 0.2ω1.9Ûϊϊ�NA8KN cAMP:ŕč��

β2-ARR½%3�N:�ʸ�HN-H8�β2-ARUezjw4�N isoproterenolω5�

10 µMϊ4Îʐ#)N5�NA8KN cAMP:ʎǅŕč5Įˏ:ŕč�̽LO-ω7.5 

± 0.5ω1.3Ûϊ�8.8 ± 0.1ω1.5Ûϊϊ�#L8�β2-ARU�pezjw4�N propranolol

ω5 µMϊRÎʐ#)N5�NAω0.1�1�10 µMϊ8KN cAMP:ʏʎŕč8Ÿ%3�

6:üʋ˻4Iȏƽ8ǌĄ#O-ω5.0 ± 0.1ω1.2Ûϊ�5.7 ± 0.2ω1.5Ûϊ�4.9 ± 0.4

ω2.2Ûϊϊ�!OL:˨ȟKM�NA; β2-ARR½%3�cAMP:ʏʎRŕč#)N

!5�þ�0-�!:ʉ͘8Ÿ%3�Q3Gω0.1 µMϊRÎʐ#)N5�NA 8KN

cAMP:ʏʎŕč8Ÿ%3�θ̩8ǌĄ#O-ω5.0 ± 0.2ω1.2Ûϊ�5.8 ± 0.2ω1.5

Ûϊ�6.0 ± 0.2ω1.8Ûϊϊ�!OL:˨ȟKM�NA; β2-ARR½%3 cAMP:ʏʎR

ŕč#)�Q3G8KMǌĄ#ON!5�þ�0-� 

� #L8�Fig. 28-B8 NA8KN ERK1/2:��ĕ:ŕč8Ÿ'N Q3G:ǌĄđ

ȟRʹ%-�7��ǳÜ;d�w���R 1 5%3ˑý%-�NAω1�10 µMϊR

�w¬�Sˤ̆4�NMDA-MB-2318Îʐ#)N5�d�w���Üω1.0 ± 0.2ϊ

5Ʉͦ%3�ȏƽ8 ERK1/2:��ĕ�ŕč'N!5�þ�0-ω2.6 ± 0.5ω2.6

Ûϊ�2.3 ± 0.5ω2.3Ûϊϊ�NA8KN ERK1/2:��ĕ� β2-ARR½%3�N:�

ʸ�HN-H8�β2-ARUezjw4�N isoproterenolω10 µMϊRÎʐ#)N5�

NA8KN ERK1/2:��ĕ:ŕč5Įˏ:ŕč�FLO-ω2.3 ± 0.3ω2.3Ûϊϊ�

#L8�β2-ARU�pezjw4�N propranololω5 µMϊRÎʐ#)N5�NAω1�

10 µMϊ8KN ERK1/2:��ĕ:ŕč8Ÿ%3�ȏƽ8ǌĄ#O-ω1.2 ± 0.3ω2.2

Ûϊ�1.2 ± 0.2ω1.9Ûϊϊ�!OL:˨ȟ�L�NA;�β2-ARR½%3�ERK1/2:�

�ĕRŕč'N!5�þ�0-�� �Ǻ�Q3Gω0.1 µMϊRÎʐ#)N5�NAω1�

10 µMϊ8KN ERK1/2:��ĕ:ŕč8Ÿ%3�θ̩8ǌĄ#O-ω1.2 ± 0.2ω2.2
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Ûϊ�1.3 ± 0.4ω1.8Ûϊϊ�!OL:˨ȟKM�NA; β2-ARR½%3 ERK1/2:��

ĕRŕč#)�Q3G8KM+O�ǌĄ#ON!5�þ�0-� 

� Fig. 28-C8NA8KNRas:ɖƶ5Q3G8KNǌĄđȟA:Ƨγ81�3ʹ%-�

7��ǳÜ;�d�w���R 15%3ˑý%3�N�NAω0.1 µMϊR�w¬�S

ˤ̆4�NMDA-MB-2318Îʐ#)N5�d�w���Üω1.0 ± 0.2ϊ8Ÿ%3�

ȏƽ8 Ras:ɖƶ�ŕƤ%-ω2.3 ± 0.2ω2.3Ûϊ�#L8�Q3Gω0.1 µMϊRÎʐ#

)N5�NA8KN Ras:ɖƶŕƤ8Ÿ%3�θ̩8ǌĄ#O-ω1.5 ± 0.8ω1.5Ûϊϊ� 

� Fig. 28-D8 NA8KN p38:��ĕ:ŕč8Ÿ'N Q3G:ǌĄđȟ:˨ȟR

ʹ%-�7��ǳÜ;d�w���R 1 5%3ˑý%-�NAω1�10 µMϊR�w

¬�Sˤ̆4�NMDA-MB-2318Îʐ#)N5�d�w���Üω1.0 ± 0.2ϊ5Ʉ

ͦ%3�ȏƽ8 ERK1/2:��ĕ�ŕč'N!5�þ�0-ω2.6 ± 0.5ω2.6Ûϊ�

2.3 ± 0.5ω2.3Ûϊϊ�NA8KN ERK1/2:��ĕ� β2-ARR½%3�N:�ʸ�

HN-H8�β2-AR Uezjw4�N isoproterenolω10 µMϊRÎʐ#)N5�NA

8KN ERK1/2:��ĕ:ŕč5Įˏ:ŕč�FLO-ω2.3 ± 0.3ω2.3Ûϊϊ�#

L8�β2-ARU�pezjw4�N propranololω5 µMϊRÎʐ#)N5�NAω1�

10 µMϊ8KN ERK1/2:��ĕ:ŕč8Ÿ%3�ȏƽ8ǌĄ#O-ω1.2 ± 0.3ω2.2

Ûϊ�1.2 ± 0.2ω1.9Ûϊϊ�!OL:˨ȟ�L�NA;�β2-ARR½%3�ERK1/2:�

�ĕRŕč'N!5�þ�0-��Ǻ�Q3Gω0.1 µMϊRÎʐ#)N5�NAω1�

10 µMϊ8KN ERK1/2:��ĕ:ŕč8Ÿ%3�θ̩8ǌĄ#O-ω1.2 ± 0.2ω2.2

Ûϊ�1.3 ± 0.4ω1.8Ûϊϊ� 

� Â¡:˨ȟKM�NA; β2-ARR½%3 cAMP:ʎǅ�ERK1/2:��ĕ�Ras

:ɖƶŕƤ�p38:��ĕRŕč#)�Q3G8KM+O�ǌĄ#ON!58KM

NA8KNɜɯÖ�ǌĄ#ONĪ̈ƶ�˽�LO-� 
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Fig. 28. Effect of Q3G on NA-mediated β2-adrenergic signaling in MDA-MB-231 cells. 
Cells were treated with combinations of NA (0, 0.1, 1, 10 µM), Q3G (0, 0.1 µM), 
isoproterenol (Iso; 0, 5, 10 µM) and propranolol (Pro; 0, 5 µM) for 10 min (for p-p38), 1 h 
(for active RAS and pERK1/2) or 24 h (for cAMP). cAMP (A), phosphorylated ERK1/2 (B), 
RAS activation (C) and phosphorylated p38 (D) were assayed using a Cyclic AMP EIA Kit 
or by Western blotting. Values indicate mean ± SD (n = 5) (A and C). Results are 
representatives of at least three independent experiments (B and D). Superscripts at the top of 
each column indicate statistically significant differences at p<0.05 as evaluated by the Tukey 
test. 
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2-1-2-7� }�Ux�y��8KNɜɯÖ5 quercetin-3-O-glucronide:ǌĄđȟ 

 

� !OE4:˨ȟ�L�NAR�w¬�Sˤ̆4�NMDA-MB-2318Îʐ#)N5�

ɜɯ�K>ͥ˂8Ι¤%3�N MMP2 �K> MMP9 :΄ÆŤʣʉΐ�ŕč'N!
5�þ�0-�#L8 Q3G 8K03ǌĄ#ON!5�þ�0-�+:ȸƘ5%3

cAMP�ERK1/2:��ĕ�Ras:ɖƶŕč�p38:��ĕ�Ι¤%3�N!5�

þ�0-�+!4Ȕ˓4;�ŬΥ8 NA8KMɜɯ�Ö#ON:�R Invasion assay 

kitRʐ�3͓B-�E-�p��`͞���:ɖƶĕ MMP9R Glatin zymography

ɐRʐ�3͊Ó%-�#L8�NA8KNɜɯÖ50 MMP9Nɖƶ8Ÿ'N Q3G

:ǌĄđȟA:Ƨγ81�3Iȭ͆R̰0-� 

� Fig. 29-A8 NA8KNɜɯÖ5 Q3G:ǌĄđȟA:Ƨγ81�3ʹ%-�NA

ω0.003�0.1�1�10 µMϊR�w¬�Sˤ̆MDA-MB-2318Îʐ#)N5�d�w

���Üω38 ± 0.2ϊ5Ʉͦ'N5�ɴƛÒŦʥ8ɜɯ�Ö%-ω39 ± 0.2ω1.0Ûϊ�

47 ± 0.2ω1.2Ûϊ�57 ± 0.09ω1.5Ûϊ�62 ± 0.3ω1.6Ûϊϊ�NA8KNɜɯÖ��β2-AR

R½%3�N�ʸ͎'N-H8�β2-ARUezjw4�N isoproterenolω5�10 µMϊ

RÎʐ#)-5!P�d�w���5Ʉͦ%�ȏƽ8ɜɯ�Ö%-ω45 ± 0.5ω1.2

Ûϊ�60 ± 0.6ω1.6Ûϊϊ�#L8�β2-ARU�pezjw4�N propranololω5�10 µMϊ

RÎʐ#)N5�NA8KNɜɯÖ8Ÿ%36:üʋ˻4Iȏƽ8ǌĄ#O-ω28 

± 0.2ω1.4Ûϊ�25 ± 0.2ω1.9Ûϊ�28 ± 0.1ω2.0Ûϊ�27 ± 0.2ω2.2Ûϊϊ�!OL:˨

ȟ�L�NA;�β2-ARR½%3��w¬�Sˤ̆4�NMDA-MB-231:ɜɯRÖ

#)N!5�þ�0-�!:ʉ͘8Ÿ%3�Q3Gω0.1 µMϊRÎʐ#)N5�NA

ω1�10 µMϊ8KNɜɯÖ8Ÿ%3�θ̩8ǌĄ#)N!5�þ�0-ω28 ± 0.4

ω2.0Ûϊ�25 ± 0.08ω2.5Ûϊϊ� 

� Fig. 29-B;�¬�Sˤ̆MDA-MB-2318��NNA8KN�MMP-2�K>MMP-9

:ɖƶ8Ÿ'N Q3G:ǌĄđȟA:Ƨγ81�3ʹ%-�NAω1�10 µMϊ8K0

3MMP-9:ɖƶ�θ̩8ŕč%-�NA8KNMMP-9:ɖƶ� β2-ARR½%3�

N:�ʸ�HN-H8�β2-ARU�pezjw4�N propranololω5�10 µMϊRÎ

ʐ#)N5�NA 8KN MM-9 :ɖƶ�θ̩8ǌĄ#O-�!:˨ȟ�L�NA ;

β2-ARR½%3�MMP-9:ɖƶRŕč'N!5�þ�0-�!:ʉ͘8Ÿ%3�Q3G

ω0.1 µMϊRÎʐ#)N5�NA8KNMMP-9:ɖƶ:ŕč8Ÿ%3�ȏƽ8ǌĄ

#O-�%�%7�L�MMP-28Ι%3;�ɖƶ;́ŵ#ON��6:üʋ˻4I

Ƨγ;̽LO7�0-� 
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Western blot β-actin 
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Fig. 29. Suppression of NA-promoted invasion and pro-MMP-2 and pro-MMP-9 
activity by Q3G treatment in MDA-MB-231 cells. Cells were treated with combinations of 
NA (0, 0.003, 0.1, 1, 10 µM), Q3G (0, 0.1 µM), isoproterenol (Iso; 0, 5, 10 µM) and 
propranolol (Pro; 0, 5 µM) for 24 h (A). Values indicate mean ± SD (n = 5). The zymography 
of gelatinases was performed in cell lysates of control NA (0, 1, 10 µM), Q3G (0, 0.1 µM) 
and propranolol (Pro; 0, 5, 10 µM)-treated cells as described in the experimental section (B). 
Data shown is representative of three independent experiments carried out in duplicate, each 
of which demonstrated similar results. Superscripts at the top of each column indicate 
statistically significant differences at p<0.05 as evaluated by the Tukey test. 
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2-1-2-4� }�Ux�y��: β2-Ux�y��ĨűÌA:˨ĭ8Ÿ'N 

� � � � quercetin-3-O-glucronide:ΜůÎʐ 

 

� !OE48�NAR�w¬�Sˤ̆MDA-MB-2318Îʐ#)N5�ɖƶˢ�cAMP

:ʎǅ�ERK1/2:��ĕ�Ras:ɖƶĕRŕč#)N!58K03�ɜɯ�Ö

#ON!5�þ�0-�!:ȸƘ8Ÿ%3����}Wxι4�N Q3GRÎʐ#)

N5�¡͇:ȸƘRï3ǌĄ'N!58KM�ɜɯ�ǌĄ#ON!5�þ�0-�

+!4�MDA-MB-231 ˤ̆õ8 Q3G �ħMͬEON:� HPLCω`��U�Wϊ

8K03ɦū%-5!P�ȭýΞʕÂ¢.0-ωdata not shownϊ�!:˨ȟKM�

Q3G ; MDA-MB-231 ˤ̆:ˤ̆̓¡4đȟRʣǣ%3�NĪ̈ƶ�˽�LO-�

+!4�Ȕ˓4;��w¬�Sˤ̆MDA-MB-2318��N�β2-ARA: NA:˨ĭ

8Ÿ'N Q3G:ΜůđȟR[3H]-NARʐ�-˨ĭ͋ο83͊Ó%-� 

� Fig. 318 β2-ARA: NA:˨ĭ8Ÿ'N Q3G:Μůđȟ81�3ʹ%-�E(�

�iuV�d�w���4�N�non labeled: NAω10-10-10-4ϊRÎʐ#)N5�β2-AR

A:[3H]-NA:˨ĭRɴƛÒŦʥ8Μů'N!5�þ�0-ω100 ± 6.3�100 ± 7.2�

96 ± 8.5�95 ± 8.1�71 ± 6.8�50 ± 6.3�59 ± 3.9�49 ± 8.4ϊ�β2-NAU�pezjw4

�N propranololω10-10-10-4ϊRÎʐ#)N5��iuV�d�w���4�N�non 

labeled: NA: β2-ARA:[3H]-NA:˨ĭ:ΜůKMI�Ƥ�Μůđȟ�́ŵ#O

-ω97 ± 2.3�100 ± 5.2�87 ± 2.5�73 ± 2.5�55 ± 6.8�35 ± 4.4�32 ± 5.5ϊ�ȹ8�Q3G

ω10-10-10-4ϊRÎʐ#)N5�β2-ARU�pezjw4�N propranolol: β2-ARA

:[3H]-NA :˨ĭ:ΜůđȟC64;7�0-I::�ɴƛÒŦʥ8 β2-AR A:

[3H]-NA:˨ĭRΜů'N!5�þ�0-ω103 ± 7.9�100 ± 5.6�102 ± 3.5�99 ± 5.8�

77 ± 5.4�79 ± 4.2�60 ± 3.8�48 ± 7.2ϊ�!OL:˨ȟKM�Q3G;�β2-ARA: NA

:˨ĭRΜů%3�N!5�þ�0-� 
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Fig. 30. Competition assay of [3H]-NA binding to β2-AR in MDA-MB-231 cells. 
Competitive binding analysis was performed in whole cells with a constant [3H]-NA 
concentration of 6 µM in the presence of increasing concentrations (10-10 to 10-4) of different 
compounds. MDA-MB-231 cells were treated with propranolol (), unlabeled NA (○), Q3G 
(●) for 1 h. Values indicate mean ± SD (n = 5). 
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2-2� ˽ŵ  

 

� ˎ 1ˊ4�¬�SƂ��lj4�N DNA ǥä8ɓʩ%ȭ͆R̰0-˨ȟ�NA

5 4-OHE28KM�α2-AR R½%3 DNA ǥä�ŕč'N!5�þ�0-�#L8�

b�lr��K>+:ǑĭÌ4�N Q3G�̯§4ȭý#ONɴƛ4 NA5 4-OHE2

8KN DNA ǥäŕčRǌĄ'N!5�þ�0-�+:ǌĄȸƘ5%3;�Q3G �

α2-AR :U�pezjw5%3Îʐ'N!5�ʹĺ#O-�+!4�ˎ 2 ˊ4;�

¬�SƂ��lj:ͥ˂768Ύ̼7˧ͣ5#O3�Nɜɯ8ʯʩ%-�SoodL

;�NA�Aω0.1�1�10 µMϊRĝƋ�S: EG ˤ̆8Îʐ#)N5�A 5ɄB3

NA :Ǻ�KMɴƛÒŦʥ8ɜɯRÖ'N!5RŐĳ%- [74]�#L8�Îʐȸ

Ƙ5%3;�NA � β2-AR R½%3��w�s`j�p���uU�mωmatrix 

metalloproteinase: MMPϊ2�9:ˤ̆õ:þɏRŕč#)N!54ɜɯ�Ö#ON
!5Rʹ%- [74]� 

� PerezL:Őĳ;��w¬�Sˤ̆4�N IBH�K>MDA-MB-2314;�ȏƽ8

β2-AR�ʣʉ%3�N!5�Őĳ#O [62]�˦˶§4I β2-AR�ʣʉ%3�N!5

�Őĳ#O3�N [62]�#L8�¬�Sƹ˾:͋Ƿ:˦˶�W`�U�W:ìʛ˦

˶ĕŧʥþȜ˨ȟ�L�α �K> β2-AR �;Ċ8ʣʉ%3�N!5Rʹ%��w¬

�Sˤ̆4�N IBH5MDA-MB-2318 β2-AR�ʣʉ%3�N!5RŐĳ%- [3]� 

� Ȕʳˇ4;��w¬�Sˤ̆4�N MDA-MB-231 8 β2-AR �ʣʉ%3�N�6

���U�pW� PCR ɐ�K> Western blot ɐRʐ�3ȭ͆%-5!P�

MDA-MB-231ˤ̆8;�β2-AR�ȏƽ8ʣʉ%3�N!5Rʸ͎%-ωFig. 23ϊ�%

�%7�L�α-AR8Ι%3;ʣʉ%3�7�5ƴQO-ωdata not shownϊ� 

� ͭƕ�ɖƶˢ;GPCR:w��jv��f�4�N5Őĳ#O3�N [64-67]�

E-�β2-AR�U�i[u�h� II�Z�xl��-1ĨűÌRıG�GPCRj���

�T���ˏ:UezjwÎʐ;�ˤ̆õɖƶˢ:ŕč817�N!5�ʹ#O

3�N [64-67]�MoniriL;�Gp��`͞ÒŦ\jb�xωPKA�cAMP���u

W�^y�m AϊR½%- β2-AR:hay��a;�����[^hq�m8K0

3ʎǅ#ONˤ̆õɖƶˢ8ÒŦ%3�N!5RŐĳ%3�N [66]�E-�β2-AR

Uezjw4�N isoproterenol 8K03��w̅ƶ̎ˤ̆8��Nˤ̆õ:ɖƶ

ˢ:ʏʎ�Ö#ON!5IŐĳ#O3�N [66]�+!4�ɖƶˢ8ɓʩ%ȭ͆

R̰0-�NAω0.1�1�10 µMϊRMDA-MB-2318Îʐ#)N5ɴƛÒŦʥ8θ̩

8ɖƶˢ:ʎǅ�ŕč'N!5�þ�0-ωFig. 24-Aϊ�#L8�NA8KNɖƶ

ˢ:ʎǅŕč� β2-AR R½%3�Nʸ�HN-H8�β2-AR Uezjw4�N

isoproterenol�U�pezjw4�N propranololRʐ�3ȭ͆%-5!P�isoprotereol

ω5�10 µMϊRÎʐ#)N5ɖƶˢ:ŕč�̽LO�propranololω5�10 µMϊ8
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K03 NA8KNɖƶˢ:ŕčRȏƽ8ǌĄ'N!5�þ�0-ωFig. 24-Aϊ�!

OL:˨ȟ;�NA ; β2-AR R½%3ɖƶˢ:ʎǅR͏ż'N!5Rʹĺ%3�

N�Įȴ8 Aω1 µMϊRÎʐ#)N5�ɖƶˢ:ʎǅ�ŕč%-°�L�NA5

Įȴ:ȸƘ�˽�LO-ωFig. 24-Bϊ�%�%7�L�̘ ĵɟ�!58�ˎ όˊ: Fig. 

148ʹ%-K�8��w¬̒ˤ̆ MCF-10A4; β2-AR�ʣʉ%3�N8IΙQL

(�NA RĚʄ4Îʐ#)3Iɖƶˢ:ʎǅRŕč'N!5;7�0-��w¬

̒ˤ̆MCF-10AωFig. 14-Aϊ5¬�Sˤ̆MDA-MB-231ωFig. 23-Aϊ54�β2-AR

:΄ÆŤʣʉΐ:ƍRFN5�̟Ɠ¬�Sˤ̆:ʣʉ:C��ς��¦ˤ̆8��

N β2-ARR½'NƳː:�;�β2-AR:ΐʥ7�8KNI:���N�; β2-AR

:ȳ͵ˏ:�8KNI:��¼ƪ͍ˤ7ʳˇR̰�Ʋ̼��M�̘ĵɟ�5!P

4�N� 

� �Ǻ�ɖƶˢ;�IκBα:þ͂R½%3 NF-κB��xs`jƿĨƶͥøŀŤRɖ

ƶĕ'N!5�4�N�#L8�ɖƶĕ NF-κB;�HMOX1:K�7jw�j͏ʣ
ƶƳː8ΙͶ'N̻ǳ:΄ÆŤ:ʣʉRĄƭ'N!5�ʱLO3�N [75, 76]�+

!4�HMOX1 :΄ÆŤʣʉΐ81�ȭ͆%-5!P�ʎʋʥ7ɴƛ4�N NAω1 

µMϊ8K03θ̩8 HMOX1:΄ÆŤʣʉΐ�ŕč%ωFig. 26-Aϊ�NA8KNɖƶ

ˢ:ʎǅ5Įȴ7˨ȟ�ƬLO-ωFig. 24-Aϊ�#L8�NA8KN HMOX1:΄

ÆŤʣʉΐ:ŕč� β2-AR R½%3�N�ʸ�HN-H8�β2-AR Uezjw4�

N isoproterenolω5 µMϊ�U�pezjw4�N propranololω5 µMϊRʐ�3ȭ͆%

-5!P�isoproterenol RÎʐ#)N5 HMOX1 :΄ÆŤʣʉΐ:ŕč�̽LO�
propranolol 8K03 NA 8KN HMOX1 :΄ÆŤʣʉΐ�̩%�ǌĄ'N!5�þ
�0-ωFig. 26-Aϊ�!OL:˨ȟ;�NA; β2-ARRţ½%�ɖƶˢ:ʎǅ8Ç

��HMOX1:΄ÆŤʣʉΐ�ŕč%-!5Rʹĺ%3�N� 

� ¨̼7 β2-ARhay��a:\jb�x;�ɖƶĕUvz��h`��m/ cAMP

:ʏʎ/ PKA˧ͣ�K>Uvz��h`��m/cAMP/Uvz��h`��m˧ͣ8

KMɖƶĕ#ON·Ǣp��`4�N�β2-AR;�u� ΐÌ Gp��`͞8çê

ʥ8˨ĭ%�Uvz�h`��mRɖƶĕ%�E-�?-1:¨7¢ɗ:Z�Y

`p��PKA5 cAMP8KMɖƶĕ#ONaUz�{`�[rx·Ǣp��`͞:

ʪǟʥ7ɖƶĕRͳ%3hay�RÆͿ'N�;ƶ:ˤ̆õl\�x�sl�i�

�cAMP �ʏʎ#ON [77]�E-�cAMP ʏʎ;�ĝƋʡ:̰8Ι¤%3�N!

5�Őĳ#O3�N [78]�ȍͭ:ʳˇ4;�õʦˤ̆�K>ȴ�7ʡˤ̆8��3�

NA�A �K> β2-AR Uezjw4�N isoprenaline 76: β-AR Uezjwι��

ŕɀ5ERK8KNMAPK˧ͣ:ɖƶĕR͏ż'N!5�ʹ#O3�N [78, 79-81]� 

� MAPK;�ȦͥøŀŤR��ĕ%�ˤ̆ŕɀ8Ι¤'N̻ǳ:΄ÆŤ:ʣʉR

͓˓'Nl��/j�[z�^y�m4�N�E-�MAPK;�ȦõͥøŀŤR��
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ĕ%�ʕ ̆ŕɀ8Ι¤'N̻ǳ:΄ÆŤ:ʣʉR͓˓'Nl��/j�[z�^y

�m4�N�E-�β-AR:hay�ÆͿ;�ɵʞ�̯˒ǹʎ8ΙQNͥ˂ΙͶ΄Æ

Ťʣʉ8��Nͥøɖƶ:Ö��K>˦˶ɜɯ�ǎ̐ʟìʛƳːRÖ'N΄Æ

Ť:ʣʉǌĄRI-L' [78]� 

� ɜɯJͥ˂8Ι¤%3�N MMP9:΄ÆŤʣʉ;�cAMP / EPAC / RAP1A / AP-1

˧ͣR½%3Ö#ON [74, 77]�#L8�H-RasRżî%- MCF-10Aˤ̆4;�

Rac-MKK3 / 6-p38˧ͣR½%-MMP2΄ÆŤʣʉŕč�H-Ras8KN͏żƶ:ɜɯ

�K>ͼ͠8Ύ̼4�N!5[82]�E-�WB-F344 �sw˿¡ʦˤ̆8��3�

ERK1/2 �K> NF-κB :ɖƶĕR½%3 H-RAS 8K03 MMP9 :΄ÆŤʣʉ�Ö

#ON!5 [83] �Őĳ#O3�N�#L8�MMP-9 :����p�ζŌ;�

NF-κB:˨ĭΆÉRıG!5�Őĳ#O3�N [84]� 

� Schmitt and Stork;ÂĆ��w̄í̎̔HEK293ˤ̆8��3β2-ARUezjw4�

Nisoproterenol�RASRɖƶĕ%-!5RŐĳ%- [86]�RASp��`͞;�GTPase

4�M�ɖƶĕRASp��`͞;�̐ ʟ8KNɜɯ5̯˒ǹʎ5��ƺƶ:̴ʉŋ8

Ų¤%3�N [85]��Ǻ�MMP-2�K>MMP-9;�̐ʟˤ̆:ɜɯ�K>ͼ͠8Ι

¤%3�N!5�Őĳ#O3�N [87]� 

� Ȕʳˇ;�NAω1 µMϊ�K>β2-ARUezjw4�Nisoproterenolω5 µMϊ;�

MDA-MB-231ˤ̆8��3�β2-ARR½%3MMP2�K>MMP9:΄ÆŤʣʉΐRŕ
Ƥ#)N!5R̽�.%-ωFig. 26-B�Cϊ�Ÿɺʥ8�β2-ARU�pezjw4�N

propranololω5 µMϊ;�NA8KNMMP2�K>MMP9:΄ÆŤʣʉΐRɤž#)-ωFig. 

26-B�Cϊ�!OL:˨ȟKM�NARMDA-MB-231ˤ̆8Îʐ#)N5β2-AR R½%

3MMP2�K>MMP9:΄ÆŤʣʉΐ�ŕč'N!5�þ�0-�¡͇:K�8�
MMP2�K>MMP9:΄ÆŤʣʉΐ:ŕčȸƘR͓BN-H8�β2-ARhay�ÆͿ˧

ͣ:��1�:Μůć:đȟRȭ͆%-�H-89ωcAMPÒŦƶ��uW�^y�m:

Μůćϊ�SR11302ωAP-1ͥøŀŤ:Μůćϊ�K>Tanshinone IIAωNF-κB�K> AP-1

:DNA˨ĭRΜůϊRMDA-MB-231ˤ̆8Îʐ#)N5�NA8KNMMP9΄ÆŤʣ
ʉ:͏ż�Μů#O-ωFig. 27-Aϊ�E-�Fig. 28-D8ʹ%-K�8�NAω1 µMϊ�

K>β2-ARUezjw4�Nisoproterenolω10 µMϊ8KNp38:��ĕ:ŕƤ8Ÿ%

3�SB203580ωp38 MAP^y�mΜůćϊRÎʐ#)N5�NA8KNMMP2΄ÆŤ
ʣʉΐ:ŕč�ǌĄ#O-ωFig. 27-Bϊ��Ǻ�Fig. 288ʹ%-K�8�NAω1�10 µMϊ

RMDA-MB-231ˤ̆8Îʐ#)N5�cAMP:ʏʎωFig. 28-Aϊ�ERK1/2:��ĕ

ωFig. 28-Bϊ�K>RAS:ɖƶĕωFig. 28-Cϊ�ȏƽ8ŕƤ%-�#L8�β2-ARU

ezjw4�Nisoproterenolω10 µMϊRÎʐ#)N5�cAMP:ʏʎŕčωFig. 28-Aϊ�

ERK1/2:��ĕωFig. 28-Bϊ�ŕƤ%�β2-ARU�pezjw4�Npropranololω5 

µMϊRÎʐ#)N5�NA8KNcAMP:ʏʎωFig. 28-Aϊ�ERK1/2:��ĕωFig. 
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28-Bϊ�Μů#O-�!OL:˨ȟ;�cAMP-PKA�K>MAPK˧ͣ��β2-ARha

y�ÆͿ8Ι¤%3�N!5��#L8�NA��ɖƶˢ:ʎǅ�cAMP:ʏʎ�AP-1

�K>pERK1/2:ɖƶĕ�Ras:ɖƶĕ�p38:��ĕRŕƤ#)�HMOX1�MMP2
�K>MMP9:΄ÆŤʣʉΐRŕč#)N!5Rʹ%3�NωFig. 31ϊ� 

� MMP;��Sɜɯģ>ͥ˂ [88-90]8̖N;˃8Ι¤%3�M�E-�̐ʟ:̯

˒ǹʎ [89]8��3¨̼7ƨċRȟ-%3�N�MMP-2�K>MMP-9;�Ćˉ̒

ʡ [91]RıGȴ�7̐ʟ [90]8��Nɜɯƶͥ˂�K>̯˒ǹʎ:��lj8Ύ

̼7Ίˢ4�N�Ȕʳˇ4;�NAω1�10 µMϊ� 24ȃΘ4ɜɯ�K> pro-MMP-9

:ɖƶĕRȏƽ8ŕč#)N!5Rʹ%-ωFig. 29ϊ�Fig. 28-A8ʹ'K�8� NA

;ˤ̆õ cAMP:���Rŕč#)-!5�L�!OL:˨ȟ;�NA� cAMPʏ

ʎR½%3MMP-9ɖƶRŕč#)N!5Rʹĺ%3�N� 

� ˎ 1ˊ4ʐ�-�b�lr�:ǑĭÌ4�N Q3GRʐ�3�NA8KN β2-ARR

½%-ɜɯÖȸƘ8Ÿ'NǌĄđȟ81�3ȭ͆R̰0-�!OE4���}W

xι8KNɜɯǌĄ:ʳˇ;ǳś�Őĳ#O3�N�Ð�<�Ȕʳˇ4ʐ�-b�

lr���U87ˤ̆:ˤ̆ŕɀRǌĄ'N!58K03ɜɯRǌĄ'N!5 [92]�

E-����Y}��ι�MAP kinaseRǌĄ%3ɜɯRǌĄ'N!5�Őĳ#O3

�N [93, 94]�%�%7�L�b�lr�:Á͖ʀ4�NǑĭÌ�̯§4ȭý#ON

ɴƛ4ǌĄđȟRʹ%3�NŐĳJˤ̆̓¡4đȟRʣǣ%3�NŐĳ;7�� 

� Ȕʳˇ4;�Q3G:ǹ%�ȸ̈ƶRǡÑ%-��w̯ɮ§:ȭýɴƛω0.1 µMϊ

: Q3GRMDA-MB-231ˤ̆8Îʐ#)N5�NA5 Aω1 µMϊ8KNɖƶˢ:

ʎǅ�̩%�ǌĄ#O-ωFig. 25ϊ�#L8�Q3Gω0.1 µMϊ;�NAω1 µMϊ8K

N HMOX1�MMP2�K> MMP9΄ÆŤʣʉΐ:ŕč8Ÿ%3Iθ̩8ǌĄ%ωFig. 

26ϊ�E-�NA8KN cAMP:ʏʎ�ERK1 / 2�Ras:ɖƶĕ�K> p38:��

ĕ:ŕƤIȏƽ8Μů%-ωFig. 28ϊ��Ǻ�NAω1 µMϊ͏ ʣƶɜɯ�K> pro-MMP-9

:ɖƶĕ:Ö8Ÿ%3�Q3Gω0.1 µMϊRÎʐ#)N5ȏƽ8ǌĄ#ON!5�

þ�0-ωFig. 29ϊ�!OL:˨ȟ�L�Q3G;�β2-AR8˨ĭ'N!54 NA:Î

ʐRΜů%3�NĪ̈ƶ�ʹĺ#O-�+!4�HPLC-`��U�WRʐ�3 Q3G

: MDA-MB-231 ˤ̆õA:ħMͬFŬοR̰0-5!P�Q3G ;ȭýΞʕÂ¢.

0-ωdata not shownϊ�+!4�[3H]-NARʐ�3 Q3G: β2-ARA:ˌĭ˨ĭ͋ο

R̰0-5!P�Q3G� β2-ARA:[3H]-NA:˨ĭRΜů%3�N!5�þ�0-

ωFig. 30ϊ� 

� Â¡:˨ȟ;�̯§4ȭý#ONɴƛ4 Q3G��β2-ARU�pezjw5%3Î

ʐ%�β2-ARÎĒƶhay�˧ͣRΜů%�+:˨ȟ�MDA-MB-231ˤ̆8��3�

NA8KNMMP9:΄ÆŤʣʉ:͏ż�pro-MMP9:ɖƶĕRΜů%3MDA-MB-231

ˤ̆:ɜɯRǌĄ%-!5Rʹĺ%3�N�Ȕʳˇ8KM�β2-AR hay�ÆͿ8
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�w̯ɮ§4ȭý#ONɴƛ: Q3G�ΜůÎʐRʹ'!5RĀH3Őĳ%-� 

� ˎόˊ4͑ȁ%-K�8�NA8KN DNAǥä:ȍIĀȐ:ǚȶ4�N γ-H2AX

:͏żŕč� Q3Gω0.1 µMϊ8KMȏƽ8ǌĄ#ON!5�þ�0-ωFig. 18-Dϊ�

+:ÎʐȸƘ5%3�Q3G� α2-ARA:NA:˨ĭRΜů'N!5RȁL�8%-�

!OL:˨ȟJȔˊ:˨ȟ�L�Q3G � α2�K> β2-AR A:˨ĭRΜů'NȘÃ

5%3�\ud��ȳ͵�Ύ̼4�N5ƴQON�E-�NA :;Ċþɏ8K03

ɖƶĕ#ON β2-AR:hay�ÆͿ˧ͣ;��S.�4;7��ς̯Ņʞ�̯ Ȥʞ�

Ē̊ʷĕE-;¿:jw�jΙͶʜƹI˽�LO3�M�Q3G�!OL:ʜƹ:�

j`RÊɤ'N�6���¼ƪ#L8͍ˤ7ʳˇ�Ʋ̼4�N� 

 

NA�

Q3G�β2-AR�

ROS�

HMOX1�
Gene expression�

MMP2�
Gene expression�

p38� MMP-9�

Protein activity�

Invasion�

H-RAS�cAMP�

ERK1/2� AP-1�

PKA�

MMP9�
Gene expression�  

Fig. 31. Proposed scheme of Q3G action on NA mediated β2-adrenergic signaling in 
MDA-MB-231 human breast cancer cells. 
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˯Ǘ  

 

� ʉÁ;jw�jʻÅ5̈́QO3�N��jw�j8;ƛ8�N�;ǁƶʥ8Ȋά

#Oˬ�N5�ʎÌȸ̈8ʚƑR�-%�+:˨ȟȴ�7ʜƹ�͏ʣ#ON�jw

�jRĨ�N5�̿Ɨ¢Ά-·ƿʼ˧-ĉ̎ρ͞˛�ɖƶĕ#O�ĉ̎ρ͞�K>ʼ

˧ȓˋ�L: NA J A :þɏ�ŕč'N [1]�!OL:\ud��U��;�AR

8˨ĭ'N!54hay��ÆͿ#O�ȴ�7jw�jĥƳR͡!'�NA :ͳƑ

4:ʎÌõ̯ɮ§ɴƛ;�10 pmol/L 5#O3�Mjw�j͙̣ȃ4; 100 nmol/L

E4¡Ȁ'N!5�ʱLO3�N [1]�E-�¬̒˦˶§:ɴƛ;�5-50 nmol/g5

Őĳ#O3�N [2]�ͭƕ�ʛŧ͓Ȣ�K>Ēʀ͋ο�L�jw�j�¬�S:�

j`Rŕč'N!5�ʹĺ#O [6-9]�̘ĵɟ�°8�β-ARǘǎ̫:Ǎ¤RĨ�3

�-ƹ˾4;�¬�S:Ⱦµ�j`�Ê�!5�Őĳ#O- [12]�!OL:ʱ̽8

KM�AR R½'N\ud��U��:Îʐ;�¬�S:Ƃ8ɟ�Ι¤%3�N

!5�˽�LO-� 

� �Ǻ�¬�S:�j`ŀŤ4�N E2;�¬̒˦˶õ764 CYP1B18KM 4É:

\ud��Ìω4-OHE2ϊAÁ͖#O [20]�4-OHE2 �#L8ĕ#O-^}�Ì�

DNA:���œŎ5ĥƳ%�̋œŎΆÉωAP sitesϊRʎ&N [25, 50]�!: DNA

ǥä:ÙƮ�j�ˈɹřʚR͏ʣ%��SĕA5Ƃ'N5˽�LO3�N� 

� ʛŧʳˇ�L�Ώ̥Jȟʀ8Ɩ�þƏ%3�N���}Wx:Ǧħΐ5¬�S�

j`5:Θ8ͰʫΙƶ��N!5�ʹĺ#O3�N�-E9�8;b�lr�:Έ

˙Ì�ś�ıEO3�N���w�-E9�RǦħ'N5�b�lr�:Έ˙Ì;

̑õˤ̤8KMb�lr�Ua�d�8čɇþ͂#O�̑˒�LĲĦ#Ob�lr

�:ǑĭÌωQuercetin-3-O-glucronide: Q3G76ϊ8Á͖#ON [44, 45]�b�lr

�ǑĭÌ;�̯ɗRƯʍ'N���w̯§ɴƛ;b�lr�5%3 0.1-1 µM5Őĳ

#O3�N [46, 47]� 

Ȕʳˇ4;�¬�S:Ƃ��lj'7Q/�WzhZ�h�����a�sh

��:ĬɁΣR˽ǃ%3��w¬̒ˤ̆ MCF-10A��w¬�Sˤ̆ MCF-7 �K>

MDA-MB-231Rʐ�3�NA5 4-OHE28KN DNAǥä͏ʣÎʐ5 NA8KNɜɯ

ÖÎʐ81�3ȭ͆%�#L8�+OL:Îʐ8Ÿ'N���}Wxι:ǌĄđ

ȟ81�3ȭ͆%�Â¢:!5RȁL�8%-� 

 

1. 4-OHE2; COMTŦņ¢4�ͭƕ�DNAǥä:ςƿƛ7ǚȶ5%3ʐ�LO3

�N γ-H2AX;�ATMR½%3͏ż%�E-�AP sites:ʎǅIŕč%-� 

2. NAω100 nMϊR�w¬̒ˤ̆MCF-10A8Îʐ#)N5�γ-H2AX�K> AP sites

�ȏƽ8ŕč%-�E-�NAω3 nMϊ5 4-OHE2ω3 µMϊ;�+O,OĚʄK
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MIòŦ¢4 γ-H2AX�K> AP sitesRKMŕč'N!5�þ�0-�!OL

:ŕč;�α2-AR5 ATMR½%3�N!5RȁL�8%-�MCF-10Aˤ̆4

;�α2C-AR5 β2-AR�ʣʉ%3�-� 

3. b�lr�5 Q3G;�NA5 4-OHE28KN γ-H2AX�K> AP sites:ŕčR�

̯§4ȭý#ON 0.1 µM:ɴƛ4ȏƽ8ǌĄ%-�#L8�!:ǌĄȸƘ;�

Q3GJb�lr�� α2-ARA: NA:˨ĭRΜů%�α2-AR:U�pezjw

5%3Îʐ'N!5RȁL�8%-� 

4. �w¬�Sˤ̆MDA-MB-231ˤ̆4;�β2-AR:F�ʣʉ%3�-� 

5. NA 8KN MDA-MB-231 ˤ̆: MMP2 �K> MMP9 ΄ÆŤʣʉΐ:ŕč;

β2-AR:hay�˧ͣ�'7Q/�ɖƶˢ:ʎǅ�cAMP:ʏʎ�ERK1/2:

��ĕ�Ras:ɖƶĕˏRR½%3�N!5�þ�0-� 

6. NAω1�10 µMϊRMDA-MB-2318Îʐ#)N5�β2-ARR½%3ɜɯ�Ö

#O-�#L8�MMP-2�9 :þɏ81�3 Gelatin zymography ɐRʐ�3ȭ

ý%-˨ȟ�NA8K03ȏƽ8MMP-9:ɖƶ�ŕč'N!5�þ�0-� 

7. Q3Gω0.1 µMϊ;�NA8KNMDA-MB-231:ɜɯ�K>MMP-9:ɖƶ:ŕ

čRǌĄ%-�E-�NA8KNɖƶˢ:ʎǅ�cAMP:ʏʎ�ERK1/2:�

�ĕ�Ras:ɖƶĕ�p38:��ĕI Q3G8KMǌĄ#O-�!OL:˨

ȟ�L�Q3G; β2-ARA: NA:˨ĭRΜů'N!54�β2-AR:¢ɗ:ha

y�RΜů%�+O8Ç03�NA8KNMDA-MB-231:ɜɯÖRǌĄ%-

I:5ƴQON� 

 

Ȕʳˇ8KM�Á͖ʀ4�N Q3G��̯§4ȭý#ONɴƛ4 α2�K> β2-AR

A: NA:˨ĭRΜů'N5��U�pezjw5%3:ǹ%�ȸ̈ƶRʹ'!5

�4�-�E-�¬�S:ƂRΜů'N¯ΛŀŤ5%3 Q3G�Îʐ'NĪ̈ƶ�

ʹĺ#O����}Wxι:ǹ%�ȸ̈ƶRŐĳ'N!5�4�-� 

 

 

 

 

 

 

 

 

 

 



- 109 - 
 

͖ͩ  

 

� Ȕʳˇ:ͺ̰JȔ͔ǵ:Îǅ:-H8˥Ţ"ǚż�"αǫR͝ME%-ήƇʭˉ

ŜŧŜŧΟ�ʎɖàƝʿŧʳˇʿ�ʍŔʀ͞ʿŧźǭ�ʎÌȸ̈ŧʳˇŭ�¢Éξ

ÁŤêʎ�×ʑÝŤêʎ8Ğ�ƭʺʓ%¡ E'� 

� E-�ȔʳˇRͺ̰'N8�-M�ɼƱ7"ǚż�K>Ŭο8ĘČ%3�.#�

E%-�ŮƉŜŧ�ͪŧΆ:ȱğĽªêʎ�ήƇʭˉŜŧŜŧΟ�̫λʎķʿŧ˯

ĭŧƚ�ΕŹʎĕŧʳˇŭ: š̾ªêʎ�ƾʱŧɎŜŧ�ŰǯŧΆ:ˍȖ=5F

êʎ�ʽ³ʭˉŜŧ�ʎʀ͜ɩΆ�ȸ̈λĹŧþΏ:Ɗʖʊ�êʎ�ήƇʭˉŜŧ

ŜŧΟ�̫λʎķʿŧ˯ĭŧƚ�ʎʋŧʳˇŭ�ĻȑȄ�êʎ�Ƒ̨Ŝŧ�Ǳ̂ŧ

Ά�©ʗǇɞŤêʎ8ɟ��ʺʓ%¡ E'� 

� #L8�Ȕ͔ǵ:ŷȢ8�-M�ĉȢ5%3�"Ď̈́�"αǫR͝ME%-ήƇ

ʭˉŜŧŜŧΟ�̫λʎķʿŧ˯ĭŧƚ�ĕŧʍŔʳˇŭ:̟ȝêʎ�ʎǀʣʎ΄

Æŧʳˇŭ:Žȝ¸êʎ�ºι΄Æŧʳˇŭ:ŽȝñŤêʎ8ɟ�ƿ͖ƭʺʓ%¡

 E'� 

� E-�!OE4:ʳˇʎɖ8��3�ʾͿ:ʳˇʎɖRöɨ8HN-H8śŜ

7"ĘČRδ�-�ʎÌȸ̈ŧʳˇŭ:ˁȌ:ɻɌ˺ȇŤȴ�ò8ďF���ʳˇ

ŭRʨM¡ -�Įʳˇŭ OB :ŽȡκΡ#S�έƈͨ̚#S�ʉʳˇŭ:ěŘƪ

Ȑ͒˃ 2ƕ:Ä̬Ň�ȴ�ěŘĆȐ͒˃ 2ƕ:ŜŒš˺#S�Βȑτ̳Ť#S�Ε

ɱͿơ#S�̬ʑʌŤ#S8Ŝř�¥͌87ME%-�ɟ�ƿ͖%E'� 

� ȍƪ8�ěŘĆȐ͒˃�L: 5ƕΘ�ʎɖRǬ�3�O-Űǻ�+%3�ʢ%R

�O-ƾʂr�d8ƿ͖%E'� 
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