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9:B8дUeTaV[XW'V[T?a�q'AXgbTV?WеŁǐϲq'­ÀϦ�

9:B;:дUeTaV[XW'V[T?a�q'AXgbTV?W�WX[lWebZXaTfX�VbCcBXkеŁǐϲq'­ÀϦ͙�

�������ʉ̤ϥ̤΀űđ�

9:B;BдUeTaV[XW'V[T?a�AXgbTV?W�V[T?a�WX[lWebZXaTfX�A?aTfXеŁǐϲq'­ÀϦ�

�������͙ʉ̤ϥ̤©Âè·�

9J8дUbi?aX�fXehC�TBUhC?aеʿͷʤ�âÎ×æ�

:ACCдVeXTg?aX�A?aTfX�CCе«ã�¼æ©Âè·DDƕ�

:b8дVbXamlCX�8е¯¤æ±¡Ø8�

<J�VXBBдXCUelba?V�fgXC�VXBBе͒ǿǛ̦͓�

=Uk-,дY�Ubk�cebgX?a�-,е=Ô½«´ºæÉ«ί-,�

=FOFдYbeA[XTW�Ubk�FеÍ¥è«Ð½ÁλĻƋư�°Îº¡ÏF�

=CKдYB?ccTfXеÍá½Éè·�

=IKдYB?ccTfX�eXVbZa?g?ba�gTeZXgеÍá½Éè·ΚΤºè®½À�

"<д[XCTgbklB?a�TaW�Xbf?aеÐÖÀ©²áæç¤¦³æ�

"IGд[befXeTW?f[�cXebk?WTfXе΂ʕå°ËÒâ¦©²»è·�

#!='+д?afB?a'B?AX�Zebjg[�YTVgbe'+е¡æ´áæɶȍϴƋư+�

#Z!д?CCabZBbUhB?a�!еĴ˙¬äÎáæ!�

#C'+rд?agXeBXhA?a'+rе¡æºèä¡©æ'+r�

BFдAabVA�bhgеÆ½«�¢À�ɼȮ#�

CM8NKдBXYg�iXage?VhBTe�TagXe?be�jTBB�g[?VAaXffеǔƹňƠŢ�

CM;WдBXYg�iXage?VhBTe�XaW'W?TfgbB?V�W?TCXgXeеǔƹȜǥɝɚǬ�

CM;fдBXYg�iXage?VhBTe�XaW'flfgbB?V�W?TCXgXeеǔƹŨ̹ɝɚǬ�

CMGNKдBXYg�iXage?VhBTe�cbfgXe?be�jTBB�g[?VAaXffеǔƹǯƠŢ�

D#дClbVTeW?TB�?aYTeVg?baеǸ̔ɭƛ�

CKFIдCTCCTB?T�gTeZXg�bY�eTcTClV?aеàÉÖ¡²æɸˣºæÉ«ί�

DhI='+дChfVBX�I#E!'=?aZXe�GebgX?a'+е͉̔I#E!'=?aZXe͵ˢ'+�

E8;"дa?Vbg?aTC?WX'TWXa?aX�W?ahVBXbg?WXеϞįƕÃ¯¼æ�×Á�¿Ãæ³Ä«�

�����ã¦¼Á�
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c1*J0Bдe?UbfbCTB�cebgX?a�J0�A?aTfXеáÔ¸èØºæÉ«ίJ0©Âè·�

GG,:CдcebgX?a�c[bfc[TgXfX�,:CеÏä¾¡æÍ¥´Í�ºè·,:C�

GM;=дcbBli?alB?WXaX�W?YBhbe?WXеÕáÍ½ŖËÃá¿æ�

HFCдdhTB?gl�bY�B?YXеˌʘ�ί�

I88дeXa?a'TaZ?bgXaf?a'TBWbfgXebaXеãÃæ'�æ³¦¾æ²æ'�âÁ´¾äæ�

J;J'G8!<дfbW?hC�WbWXVlB�fhBYTgX�'�cbBlTVelBTC?WX�ZXB�XBXVgebc[beXf?fеÕá�

�����������«áâ�×Á®âЉʈʔŔ�

K8:дgeTafiXefX�Tbeg?V�Vbafge?Vg?baеɺ͸ƦŔ̹͗̌͹�

K9JKдge?f�UhYYXeXW�fTB?aX�j?g[�cbBlbklXg[lBXaX��,*#�fbeU?gTa�CbabBTheTgXе� � �

� � �Õá¦©²¤¼ãæ�,*#¸âËºæÚÆà¢ãèÀ�Ŷ�Àá´̶ͺˌˊ�

�����РƜʉ�

KE='qдghCbe�aXVebf?f�YTVgbe'qе͜˞ơʁƋư'q�

NKдj?BW�glcXеϪˌƕ�

� �
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Ķđ�̴Ύ�

ǸìĶ��d���m�Ǹ͢ɻ͕Єƻаµ��~аǸ͢�ƈίˣl��)h�i

�ɻ͕ˣ˘ǘnˌv�ǸÕæÏɻ͕�ąĭɻλn˷̲u|̪ɥаżŷƌЈçģǽȇ

�ʜ͜nŀˉuаz×�čiϓŔ͆Ƽ͕nĐëµ�ͤǝ˝ġ―e�ƶ̀t×�ЭɅ

ɞǴˋƈ˜Ƴċ)ɅɞǸìĶƳċűų¨¡Áà¡æ	�,*+1ǚȵΏʾ��ǤˎЮвǸì

Ķ�˜Ƌ�аǸ̔ʹͷаШͷƑаǢ͡˛Ȃ��ƥǐ��|�nаτǚ�Р�ɾ̛Ŗ

�čjʹͷǿǸ˛Ȃ�Ɵŏ�аШЫŖ�čjШͷƑ�Ǣ͡˝Ȃͅ�Ɵŏ�͑Ɏ�а

ȎnƐ�ǸìĶȂͅ�ƟŏĪŵ�h��FAheT�Xg�TB(	�,**2#вɅɞ�lq�ʁƋń

ʁû ȹ�Жď��аǸ˛Ȃ�ȃǿɀˌˀ�ɽi�ú˗˪�ƥiвz�ñ��Ǹì

Ķ���ʁû�аǸ˛Ȃ�ĸΔ�ñ�� -0	�ɕ�ƥi˛Ȃ����i�ЭŢˌő

ī˭,*+.Ю(��

ǸìĶ�аɶc�Ǵˋƈ˛ȂЭШͷƑаʹͷǿǸ˛ȂаǢ͡˝аǸ̔˝��Ю�

��Ǹ̔Єƻnγ±��аǸÕæÏɻ͕ЄƻnϐǍµ�в±�ǸÕæÏɻ͕Єƻ�

Ǿǿɚ��аǸȚŀϫ�ͷƑ̱Ƞ�|��̆c�ąĭɻλnĒŔµ�в±�ñǸ�

α � � i � � n а ã Ã æ ç � æ ³ ¦ ¾ æ ² æ ç � â Á ´ ¾ ä æ

ЭeXa?a'TaZ?bgXaf?a'TBWbfgXebaXЭI88ЮЮ̞ �аýȇ˼̩̞�ήʘŖ�h�вéɁ

�а±×��˼̩đʠǿƋư�ȉǿˣ�ʘǿŖ�аǸ̔áÚ¿áæ¬�ż�×�Ǹ

̔�ɵ̚ƣŖЭǸ̦͓͍̔ƦаϷί̵̱Ŗа�ÕÀè²´Ю�Ǥoγ±uаɒ��

Ǹ̔Єƻl��ǸÕæÏɻ͕Єƻ��|�µв±��j�ȃǴˋ°¡«âm�Ǹì

Ķ�ϐǍµ��̈́k�×�i�ЭƎ +'+ЮвƸЃаI88̞ȒņͲ�rϚȿͲ�ǸìĶ

Ȃͅ�Ǹ̔áÚ¿áæ¬�Ȓņuаøǯ�ȵƆµ�±�nƦΆɹͤǝΘЦ�ΖɈt

×�i��:bBhVV?�Xg�TB(	�,**15�DVBXBi?X�Xg�TB(	�+333#(�

�

�

�

� � � � � � Ǝ +'+(�ǸìĶ�˜Ȉ�ǨȍаϐǍ�ɻǞ�

Э9eThajTBW�<	�9e?fgba�DI(�:?VhBTg?ba�,***5+*,�?#M�+.',-��ȵƣǤˎЮ� �

�

",>��

"���'4>��

+/�)#��	8(��
���	��-�
����A+/-����

",������: �
���",.32��
���<910��
���
����
�

	��-=�6�
�;%6�

",&��?7���
!R*�",*����
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umu�n�а±×��ͲŉnɗŒ��m�|�аéɌɗŒ�h���z�ǯȃ

Ŗu|�µ�˝ĕ�ƥpаɀ|�ɻǞ�ΌɈnǭ|×�l�аǸ̔áÚ¿áæ¬�

ϐǍ�ŁưɻǞ�ΌɈ�аǸìĶИƗ�li�ϩ΃�˵̊ΟЛ�h�в�

Ǹ̔�аĶι�ͷʠ�χ�ŀµÕæÏ�u�̭kϷ�pŨ̹�Ȝǥ�̼�υu�

i�±�m�аƦϫ�¤Åâªèv�¿Æ²æ-áæϦЭTWXabf?aX�ge?c[bfc[TgX

Э8KGЮЮw�Ė̫�ǹ΃�u�i�вĥǘǸ̔��аò�¬â¯è´а͖͎Ϧаõ

Ϧ�¤ÅâªèƘί�u�Ņˎµ�вz�ñ��͖͎Ϧ�ϦŖˣáæϦŖ�āu�

Œˈˣm�Ʀϫ�8KGˍˌ�αiа¤ÅâªèĶđ�1*'3*	�Ş����;X�AbaZ�TaW�

CbcTfV[hA	�,*+1#вumuаìĶǸ̔��аǸ̔Ϧ̤Њ΃�Đë�ŧǻu�а͖͎

ϦąΣm�¬â¯è´�Ƙί�u|Ό̜̞�ŌűnƟŏµ�в±�ǸìĶ����

Ǥoγ±t×�ąΣ�ƣŖ�vCXgTUbB?V�eXCbWXB?aZw�Ύ�×аĥǘǸ̔�ʆξ

u�ìĶǸ̔�8KGˍˌϫ�-*	τpȮ��×���ETfV?CUXa�Xg�TB(	�+330#в±�

ɶ�ìĶǸ̔�lq�¤ÅâªèąΣЄƻnаǸ̔áÚ¿áæ¬�ϐǍ�ϸ���

i��̈́k�×�вu|n��а¤ÅâªèąΣЄƻ�ǸìĶʍˠ�li�ɀ|�

ʍˠɁʑ˹̏�ϩ΃�āĵʷ���Ǳ��̈́k�×�i�в�

éɁ�а�×ÆϦąΣ�аǸìĶ����j�īo�α��i��mɜ}�Ɉ�

m����i�iʷnƥiвumuаτǚ�ƙŹ�аŁǐϲ�×ÆϦЭUeTaV[XW'V[T?a�

TC?ab�TV?WЭ9:88ЮЮ�ǫŌnʓ˪t×�i�в9:88 �аŁưĸ�Ħϲ�Łǐɵύ

����×ÆϦ� ̃�аä¡²æа¡¸ä¡²æаÈáæ�-�nŶ�×�в9:88

�ǹЗ�×ÆϦ�é��аРˀm�Ȱũ�΃µ�ɨФ̤�h�ЭƎ +',Юв9:88�а

РˀºæÉ«ί�ǹЗ�×ÆϦ� /*	�Ŷ�×аȰũǯ�ƥpnЧɬ̔���̔º

æÉ«ί�ɵȍ΃̤�u�đĸ�Ĝɗt×�вz�Ōű�̔ºæÉ«ί�ǹЗ�×

ÆϦ�-/	�Ş��l�а͉̔����ϩ΃�ȍŁ�h���"TecXe�Xg�TB(	�+32.#в�

� �

Ǝ +',вŁǐϲ�×ÆϦ�ŁО�īo

分岐鎖アミノ酸(BCAAs)	
必須アミノ酸 (EAAs) 

ロイシン� イソロイシン� バリン�
トリプトファン	 スレオニン	 メチオニン	

フェニルアラニン	 リジン	 ヒスチジン	

エネルギー産生/	生理的作用	

BCAAs	

						経口摂取	
(食事,	サプリメント)	

												筋タンパク質	
(BCAAsは筋タンパク質中のEAAsの約35%を占める)	
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� 9:88�͉̔����¤ÅâªèƘί�u��ǫŌ�Ƞ~а×À¯æÁá�ĸ�ˆ

ͥ�̩η�ąΣt×аƦop , ʂЁ�´¾½Ï�Łq�×�ЭƎ +'-Юв±�´¾

½Ï�-��9:88�ķϋ�а_Łǐϲ�×ÆϦ�×ÆƘλ̄ϥ Э̤UeTaV[XW'V[T?a�

TC?abgeTafYXeTfX� ,Э9:8K,ЮЮа`Łǐϲ q'­ÀϦ͙ʉ̤ϥ̤΀űđ

ЭUeTaV[XW'V[T?a�q'AXgbTV?W�WX[lWebZXaTfX�VbCcBXkЭ9:B;:ЮЮ�ij,��ϥ

̤���΍Ưt×�i�в̒г´¾½Ï�9:8K,�΍Ưt×�ŭψˣ��×ÆƘλ

ďŧǻ�аñϷąΣˀ�Łǐϲ q'­ÀϦЭUeTaV[XW'V[T?a�q'AXgbTV?WЭ9:B8ЮЮ

nˌȍt×�в̒,´¾½Ï��а9:B;:�΍Ưt×а9:B8m�ìŭψˣ�ϦŖˣ

͙ʶϦŧǻ���¯¤æ±¡Ø8�ЭVbXamlCX�8Э:b8ЮЮŖűˀnˌȍt×�в±�

ìŭψˣ�´¾½Ïn9:88ąΣ̩η�Ǯόu�i�в9:B;:�ϥ̤ʘǿ�áæϦŖ

ŧǻ����ΠȺ�Ūq�вáæϦŖ����9:B;:�ìʘǿŖµ�ϥ̤nŁǐϲ

q-­ÀϦ͙ʉ̤ϥ̤©Âè·ЭUeTaV[XW�V[T?a�AXgbTV?W�V[T?a�WX[lWebZXaTfX�

A?aTfXЭ9:B;BЮЮ�аψ�͙áæϦŖ����ʘǿŖty�ϥ̤n˂˘ˣÓ´Í�

ºè· ,:CЭcebgX?a�c[bfc[TgTfX�,:CЭGG,:CЮЮ�h�в�umuаǸ͢Ķđ�¤

Åâªè�ǁu� 9:88 nŞ��Ōű�Ǉ�p	�ä¡²æ��Ǹ̔Ϧ̤Њ΃� -'/	

�umʩ|�i|���#V[?[TeT�Xg�TB(	�+32*#а͖͎Ϧ�¬â¯è´�ʆξu�¤

ÅâªèƘί�u��ǫŌ�ǆti�t×�i�в�

�

�

�

� � � � � Ǝ +'-в9:88 ąΣ̩η��i�� �

���& 
�$ 

BCKA dehydrogenase complex 
(BCKDC: BCKA"�!%!#��)  

BCAA  
(Leucine/ Isoleucine/ Valine)�

BCKA 
(Branched keto acid : ��'��&)  

CoA��  

BCAT2 
����
�	 

P-BCKDC  

PP2Cm 
�	����
 

BCKDK 
���
 ���� ���� 

P
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� 9:88��аă�ɨФ̤���iˌˊˣ˂Ƕ�ɗu�l�а˂ �ä¡²æ�àÉÖ

¡²æɸˣºæÉ«ίЭCTCCTB?Ta�gTeZXg�bY�eTcTClV?aЭCKFIЮЮ�ǦŎ�ʘǿŖ

µ�±��˲�×�i���ET?e�TaW�J[beg	�,**/#вCKFI �аƂõО���Ŕˀ�

̦͓ĸ²¬ÂâČϖ�ϸíµ�ºæÉ«ί©Âè·�é̆�аϥʃ�ˎi|´«á

èÃæ¬�àÉÖ¡²æ�ɸˣŁư�u�ˡ΅t×|΀űđºæÉ«�h�вCKFI�

�ɨФ˅Ȉ���ŧǻu�аáæϦŖĝУ�Ūq�±��ʘǿŖuаɶc�̦͓ĸ

Ïä¶´�Ш��īo�Ƞ�ò΃�Π̘Ƌư�é��h�в˂�ǦŎ�ºæÉ«ű

ȍ²¬Ââ�h�±��˲�×аò΃�̩η����	�����ί�J0�����

����ЭcebgX?a�J0�A?aTfXЭJ0�A?aTfXЮЮ�áæϦŖ����а’Δ�Ěϐt

y�ЭƎ +'.Юв�

�

� � � � � � � � �

� � � � � � � � Ǝ +'.в9:88 � CKFI �ǁµ�īo�

�

ɿǘǸ̔�lq�CKFI�ǫŌ�а̨ ̻�ˡϖ�Ȁǘǿ�̱Ƞ�ϩ΃�аǸ̔˂˘ˣ

�CKFI�Æ½«�¢ÀЭAabVA�bhgЭBFЮЮu|Ö¢´�аŀˌǯ�ǸȜƦ�ǸìĶ

nˌvа˳Ž�h���Q[TaZ�Xg�TB(	�,*+*5�Q[h�Xg�TB(	�,*+-#вéɁаɺ͸ƦŔ͗

̹̌͹ЭgeTafiXefX�Tbeg?V�Vbafge?Vg?baЭK8:ЮЮ����ƑΪͪΛˡǿǸ͍Ʀ�

ˌv|ǸìĶÚ¿âÖ¢´�ˎi|˵̊��аàÉÖ¡²æ�ȓí�CKFI�ȞȔu

|̪ɥаǸ͍ƦnȒņt×аǸɻ͕nȵƆu|ƙŹ��DVDhBBXa�Xg�TB(	�,**.#�b

͝ϠƦŔ͗'Ў͗ĒͿ���ƼϫΪͪÚ¿â�ϘǸǿǸ͍ƦnаCKFI�Ϻƻ���

�νʥu|ƙŹnh���#AXWT�Xg�TB(	�,*+/#в±×��̪ɥm�аϔŋ�CKFI�

ʘǿŖ�аǸ̔áÚ¿áæ¬�ȃŖtyаǸɻ͕ȃŖ�ƽíu�i��̈́k�×а

ǸìĶ�lq�CKFI�ʘǿŖ�Ȓņµ�±�nɗŒ�ʍˠȏʂ���Ǳ��̈́k

�×�вu|n��аCKFI�ʘǿŖ�ϸώµ�9:88ąΣ�аǸ̔áÚ¿áæ¬�

ϩ΃�ǫŌ�ɥ|u�i�ŭ͕ǿnh�в� �

mTOR 

Akt 

BCAA�
	������� 
mTOR���
����� 

	���������。 

������ 

P

P

S6kinase 
P

BCAA ⬆ 

⬆ 

⬆ 
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� Jha��аÖ¢´�K8:ǯìĶǸ̔�li�9:88ąΣЄƻnˌvаGG,:C'BFÖ¢

Э́ʯƒˣ�9:88ąΣЄƻ�ȃŖty|Ú¿âЮ��аǸ̔áÚ¿áæ¬nƟȃu

|��Jha�Xg�TB(	�,*+0T#в�|аNTaZ��аǸ̔ɭƛЭDlbVTeW?TB�?aYTeVg?baЭD#ЮЮ

ǯìĶǸ̔�9:88ąΣЄƻ����а̨ ̻ñ�9:88nͯ̈µ�±��Ɉ�m�uа

ǸìĶÖ¢´�9:88�;İµ��а9:88�ɒ��ͯ̈nCKFI�ʘǿŖ�āu�а

Ǹ̔áÚ¿áæ¬�Őϴµ�±��˺u|��NTaZ�Xg�TB(	�,*+0#вu|n��аǸ

ìĶ�lq�9:88ąΣЄƻ�ȵƆ�аǸ̔áÚ¿áæ¬�νʥ�ɗŒ�ʍˠȏʂ�

��Ǳ��̈́k�×�в�

� ǸìĶ��аϓŔ͆Ƽ͕nĐëu�i�вϓŔ͆Ƽ͕�ǸìĶȂͅ�lq�ʘŔ

͕Ŏ�Ηė�ϩ˝ǟ�ŧɉuаˌʘ�ίЭdhTB?gl�bY�B?YXЭHFCЮЮ�ȃŖ�ƾȧ�

ϸęµ�}q��pаˆ̏u|øǯΆƶƋư�u�ϩ΃�ȡɸ�h�ЭƎ +'/Юв

u|n��аϓŔ͆Ƽ͕�ȵƆ�аǸìĶʍˠ�ò΃�˪ˣ�é��t×�i�

�8aAXe�TaW�:bTgf	�+3335�8aAXe�Xg�TB(	�+3315�DTaV?a?�Xg�TB(	�+33+#вϓŔ͆Ƽ

͕�ΆƶƋư�΀ȹ̈́k�×�nаz�ñ�Чɬ̔�ñǸˣ�ǫŌ�ɥ|u�i�в�

�

�

�����������Ǝ +'/вϓŔ͆Ƽ͕�øǯ�ϸώ�

��������GXTA�MF,	�ɕШϦ̤Ȱũϫ	�ϓŔ͆Ƽ͕�ȡɸ�h�в�

��������Э8aAXe�TaW�:bTgf	�+333��ǤˎȵƣЮ�

�

� ǸìĶ�li�Чɬ̔ɻ͕˘ǘnˌv�ùnƙŹt×�i���B?ahZTjT�Xg�TB(	�

,*+/#вЧɬ̔˘ǘ�а_ǨȈƳˣƣŖЭЧɬ̹̔ͫЮа`̨̻ƳˣƣŖЭ̵̱̔�

ƣŖа×À¯æÁá�˘ǘ��ЮаaˌŖƳˣƣŖЭϦŖϥ̤�ʥǇаΌ̜̞ϥ̤�

ʥǇ��ЮnȢr�×�в˂�Чɬ̹̔ͫ����ιđɻ͕nĐëu|˅Ȉ�а°

â¯ÒÃ��ƶ̀t×���:ehm'AXagbYg�Xg�TB(	�,*+*#в°â¯ÒÃ��űēu|

Time (months)

Su
rv

iv
al

 (%
)

100

80

60

40

20

0

― Peak VO2≧14 mL/kg/min (n = 118)

0 6 12 18

P<0.0001
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ǸìĶȂͅ��аϓŔ͆Ƽ͕nɗȆ�ĐëuаλĠá´«�ƟŏаÍã¡â�ϐ͸а

ȏ͹á´«�êɇаˌƱˈĐë����ǪВµ��ƙŹt×�i���8aAXe�Xg�TB(	�

+3315�CTaW?�Xg�TB(	�,*+-5�JXcX[e?�Xg�TB(	�,*+.#вumuаЧɬ̔�ǁµ�ɗŒ

�ʍˠȏʂ�ϓŔˠʑum�pа°â¯ÒÃ��ɗµ�˝ĕ��аřŁ�ϓŔˠʑ

nǅĵ�o�iƚűnh�аɀ|�Чɬ̔ʍˠʑ�϶ˡnǹ΃�̈́k�×�в�

� ɊĀаɨФˠʑ����Чɬ̔�ǁµ�ʍˠŒɥ�Ш��±��˪ˣ�u|dá

ÇËá¾è²ßæɨФe�ijɴǼnȪƄt×а9:88;İʍˠn˯˪t×�i�в

éͧˣ�°â¯ÒÃ��аЧɬ̔�lq�ºæÉ«űȍ�ŁΌ²¬Ââ�ìƓͻn

ˌv�±�n˜Ƌ�u�̈́k�×�i�ЭƎ +'0ЮвǸͷ̗˛Ȃ�li��I88̞

�ϔŋ�ʘǿŖ�#agXeBXhA?a'+rЭ#C'+rЮ�KhCbe�aXVebf?f�YTVgbe'qЭKE='qЮ

���ʵ˝ǿ°¡À§¡æn΀űˣ�ĒˎuаCKFI�Ȓņn²¬Ââ�ìƓͻ�é

Ƌ����i���B?ahZTjT�Xg�TB(	�,*+/5�Pbf[?WT�Xg�TB(	�,*+-#в�

���

�

� � � Ǝ +'0в�ºæÉ«ίűȍçŁΌ²¬Ââ�ìƓͻ��i��

Э8B?�J�Xg�TB4�JTeVbcXa?T	�VTV[Xk?T�TaW�TZ?aZ4�W?TZabf?f	�CXV[Ta?fCf�TaW�

g[XeTcXhg?V�bcg?baf�'�T�C?a?'eXi?Xj(�!XebagbBbZl�,*+.5�0*4�,3.'-*/��Ǥˎ

u�ȵƣЮ�

�

� z±�а9:88;İʍˠ�аCKFI�ʘǿŖ�āu�²¬Ââ�ìƓͻ�ɋɿuа°

â¯ÒÃ��ϐǍ�Ȓņµ�Œɥnɚǭt×�i�вumuаǴˋƈ˛Ȃ�lq�

9:88�ɗŒǿ��i��аɈ�m�t×�i�iвňφu|ϋ�а�9:88;İʍˠ

�аǸìĶ�Ǹ̔áÚ¿áæ¬�ǁu�ȃǪВ���ŭ͕ǿn̈́k�×���NTaZ�Xg�

TB(	�,*+0#в�|а9:88ąΣ�ȵƆʍˠ�аǸ̔áÚ¿áæ¬�ǁu��ɗŒ�h

()$	����� 
�

���������	
��,�

�������
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+����/#%�
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IGF-1�
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�nаЧɬ̔��9:88�ʟά�̔ºæÉ«ί�ŁΌ�Ěϐtyа°â¯ÒÃ��Ő

ϴµ�ŭ͕ǿnȌǼt×�в��

� ±×��θ�kаȎc�аdìĶǸ̔�lq�9:88ąΣ�ʘǿŖ�CKFI�ʘǿŖ

�ȒņuаǸ̔áÚ¿áæ¬�øϹ�o�e�ćΞ�̏�ɱΖu|вųɌ�а9:88

ąΣ�ʘǿŖ����Чɬ̹̔ͫnƟȃµ�m�jm�Ηėu|вɽ�d9:88;İ

ʍˠ����а8aZ�##ΛˡǿЧɬ̹̔ͫ�νʥµ�e�ćΞ�̏�ɱΖu|в�

±×��ɱΖµ�|��а̒ +̐�li�̔˂˘ˣ9:B;B'BFÖ¢ Э́Ǹ͢аЧɬ̔Ю

�ˎiаǸìĶǸ̔áÚ¿áæ¬�ík�Œɥ�аЧɬ̔�ík�ǪВ��i�Η

ė�͸�|в�|̒,̐�li�аǴˋƈИƗ�Чɬ̹̔ͫÚ¿â�u�˹̏u�

i� 8aZ�## ΛˡǿЧɬ̹̔ͫÖ¢´�ˎi�а9:88 ;İʍˠ�ɗŒǿ�ɱΖuа

ɀ|�ʍˠʑ�϶ˡ�̺r�±��˪ˣ�u|в� �
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̒ + ̐Э˵̊ +Ю� 9:B;B'BF Ö¢´�ˎi|аǸ̔ɭƛǯǸìĶǸ̔аЧɬ

̔�lq� 9:88 ąΣ�ǫŌ�ϸµ�˵̊�

�

+(+(�̴Ύ�

� ǸìĶ�˜Ȉ�а˼̩đʠǿƋư�ʘǿŖ�Ǹ̔áÚ¿áæ¬����˂Ƕ�q

�×�i�вǸ̔áÚ¿áæ¬�ŁưɻǞ�ΌɈ�ϩ΃�˵̊ΟЛ�h�вǸ̔�

lq�¤ÅâªèąΣЄƻа˂�͖͎ϦąΣm�̜ąΣ��̄͸vCXgTUbB?V�

eXCbWXB?aZwnаǸ̔áÚ¿áæ¬�ϸώµ�±�n˲�×�i�вéɁаǸ͢Ķ

đ�¤Åâªèˍˌ�lq��×ÆϦąΣ�ǫŌnǆti±��h�а�×ÆϦą

Σ�Ǹ̔áÚ¿áæ¬�lq�ǫŌ��i��h��˲�×�i�iв�

τǚаǸ̔�lq�9:88ąΣ�ǫŌnʓ˪t×�i�вJha��аÖ¢´�ìĶǸ

̔�lq�9:88ąΣϥ̤�ƣŖ�ʧƶu|̪ɥаɿǘǸ̔�ʆξu�аʘǿŖƕ�

9:B;: �ˡˉnĐëuаìʘǿŖƕ�áæϦŖu| 9:B;: �Ó´Í�ºè·�h�

GG,:C�ˡˉnĐëu|��Jha�Xg�TB(	�,*+0T#в�|аñϷąΣˍˀ�h�9:B8n

Ǹ̨̻̔�ͯ̈u�i|вu|n��аìĶǸ̔�li�9:88ąΣЄƻnŀˉu�

i�±��˺u|вz±��Jha ��аGG,:C'BF Ö¢´�ˎi�а9:88 ąΣЄƻn

Ǹ̔áÚ¿áæ¬�ík�ǪВ�Ίǀu|вGG,:C'BFÖ¢´�K8:�ɂ͹u|̪ɥа

ϪˌƕÖ¢´�j?BW�glcX5�NK#� K8: �ʆξu�а9:88 ąΣЄƻnШǟ�ŀˉuа

ǸƹáÚ¿áæ¬ЭąĭǿǸ͍Ʀаǔƹĸ͛�ȜƦаǔƹŨ̹͕�ĐëЮnȃŖu

|в�

� NTaZ��аD#ǯǸìĶÚ¿âÖ¢´ЭD#―Ю�ħȏ͹ǯÖ¢´ЭJ[TC―Ю�Ǹ

̔�ʆξuа9:B;:�ϥ̤ʘǿnĐëµ�±�аǸ̨̻̔ñ�9:88nͯ̈µ�±�

�ƙŹu|��NTaZ�Xg�TB(	�,*+0#в�|аD# ―�̩ūˣ� 9:88 �;İЭD#%9:88

―Юty|�±�аD#―�ʆξu�аD#%9:88―��̨̻ñ�9:88ͯ̈nɒ�Ɵŏ

uаCKFI�áæϦŖnüϐuаǸ̔áÚ¿áæ¬nȃŖu|в�

Ćê�̪ɥm�аǸìĶ�li� 9:88 ąΣϥ̤�ˡˉ�ʘǿ�ƣŖ���� 9:88

ąΣnЄƻt×аąΣŒˈ�êƊ�| 9:88 �ͯ̈����аCKFI �áæϦŖnü

ϐuаǸ̔áÚ¿áæ¬nȃŖµ�±�n˺ƃt×�вu|n��а9:88ąΣ�ʘ

ǿŖty�±��аǸ̔áÚ¿áæ¬�νʥ�ƽíuаǸìĶ�ǁµ�ɀ|�ʍˠ

Ɂʑ���Ǳ��̈́k�×|вNTaZ��аD#―�9:B;BȒņͲ�h�³«ääÑæ

¹R9S¼¦Í£æ','§âÔæϦÙ¼âƜŖˀ�Ķιȓíµ�±��а9:88ąΣЄƻ

�νʥu|̪ɥаǸ̔áÚ¿áæ¬nϠŁˣ�ȵƆµ�±��Ɉ�m�u|��NTaZ�

Xg�TB(	�,*+0#в�

�
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� ɞ˵̊��а̔ ˂˘ˣ9:B;B'BFÖ¢´�ˎi�±��а9:B;:�áæϦŖ�ǦŎ

�Ȓņu��#f[?ATjT�Xg�TB(	�,*+1#аȀǘˣ�9:88ąΣ�ʘǿŖu|ƸЦÚ¿â�

D# ǯǸ̔áÚ¿áæ¬�ík�ǪВ�Ηėu|вéɁ±�Ö¢´�аЧɬ̔��

9:B;BnɼȮu�l�аЧɬ̔�9:B;:nʘǿŖuа9:88ąΣnüϐu|̪ɥаº

æÉ«űȍ�ϸµ�CKFI�áæϦŖ�Đënγ±�аЧɬ̹̔ͫnŀˉµ�ŭ͕ǿ

nh�вɞ˵̊��а±�ʷ�ųɌ�Ηėu|в�

�

+(,(�Ɂʑ�

� Ćë�ɞ˵̊�ˎi|ƸЦɟȽ�ːɡl��ΠȺʑ�˺u|в�

�

+(,(+(�ƸЦŔˀ�

� +2',*ϏЫ�ϪˌƕÖ¢´l��̔˂˘ˣ9:B;B'BFÖ¢´�ŴŬǌƦƳƦƳϼˌ

ŽρƳ˵̊̀�ǻˎˌŽ̀Ƴǃȶ�ɨФˌŖƳ˵̊ƹm�℃Ūuаɞ˵̊�ŗʝϕƦ

ƳƦƳϼŘƳ˵̊ϼ�lq�ĤˊƮƁċ�ȐΚ�Ǳ�͸��|вɞ˵̊�+(,(+(+

�̔˂˘ˣ9:B;B'BFÖ¢´�ĒͿа+(,(+(,�ͼˉƕ�˺µв�

�

� Ö¢´�а+,ɌϷ�Ɉɐ°¡«âаƹʦ,-з,/y�ˋƞë�Т͏u|вХ�éͧ

ˣ�Ö¢´Т͏�ˎi�ƏǨТȽЭºæÉ«Ŷɗϫ�,-(+		��D=	�Fe?XaggTB�PXTfg	�

KbAlb	�ATcTa#Ю�Т͏u	�,.ɌϷh|��РХȰũϫ�Βϱu|в�

Ķ��ŔˀƸЦȏȑð��Т͏Ĝ̗�аdŗʝϕƦƳŔˀƸЦ�ϸµ�Ά̅e�ϛƴ

u�Ƹɂu|в�

�

+(,(+(+(�̔˂˘ˣ 9:B:B'BF Ö¢´�ĒͿ��

� ķų˵̊ɂΓ�h�ŴŬǌƦƳƦƳϼˌŽρƳ˵̊̀�ǻˎˌŽ̀Ƴǃȶ�ɨФˌ

ŖƳ˵̊ƹ�ĒͿu|�Ǝ +','+#вÖ¢´�ϝČˣÈ½«¬à¢æÁ�:/19C)0

Ö¢´�ˎi|в�

 
+# 9:B;B͵ˢ�Æ½«�¢Àµ�|�а9:B;BϝČư�®ÆØà¡Îàáè�Ȅ

ƙ�Ƙ�oа´«áèÃæ¬u|в��

,# 9:B;BϝČư�h�¤«¸æ3�êʙ�Å¦Ö¡²æ͆ǿ§¶½Àаz�ï̑

�YB?ccTfX�eXVbZa?g?ba�gTeZXgЭ=IKЮ�ϡŃ�ϡ̽u|в��

-# Å¦Ö¡²æ͆ǿ§¶½Àĸа¤«¸æ3'+,�êʙl��ëʙ�Bbk�cϡŃ

�Ȥĵuаºè®½¾ æ¬Ñ«ºè�u|в�
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.# ºè®½¾ æ¬Ñ«ºè�а͒ǿǛ̦͓ЭXCUelba?V�fgXC�VXBBЭ<J�VXBBЮЮ

�ǅĵu	�ˬų̨ȫknγo|̦͓�«äèæŖu|в�

/# «äèæŖu|<J̦͓�͒˩͓�¡æ³£«²ßæu|в�

0# ͒˩͓�Ö¢´�ưƺ�˯ǝtyа©ÙàÖ¢´�ĒͿu|в�

1# ©ÙàÖ¢´�ϪˌƕÖ¢´��аÐ¾äÖ¢´�ĒͿu|в�

2# Ð¾äÖ¢´�YB?ccTfXЭ=CGЮˡˉÖ¢´���аÅ¦Ö¡²æϡŃ�ϽŤ

u|YBbkÐ¾äÖ¢´�ĒͿu|в�

3# YBbkÐ¾äÖ¢´���аYBbkÓÚÖ¢´�ĒͿu|в�

YBbk ÓÚÖ¢´�«ã�¼æ©Âè· DD ƕЭ:ACCЮ˂˘ˣ� :eX á¯æËÂè·

�ˡˉty|:ACC':eXˡˉÖ¢´�9eha?aZ�Xg�TB(	�+332#���а:eXϡŃ�ϽŤ

uаYBbkÐ¾äç:ACC':eXЭ%ЮÖ¢´�ĒͿu|в�

+*# YBbkÓÚÖ¢´�YBbkÐ¾äç:ACC':eXЭ%ЮÖ¢´��аYBbkÓÚç:ACC':eX

Э%ЮÖ¢´аµ��~̔˂˘ˣ9:B;B'BFÖ¢´�Ǳ|в�|аYBbkÓÚç

:ACC':eXЭ'ЮÖ¢´�:bagebBÖ¢´�u|в�

�

�

� � � � � �Ǝ�+','+в̔˂˘ˣ 9:B;B'BF Ö¢´�ΓΐƎ�

� � � ����� ��Э#f[?ATjT�Xg�TB(	�,*+1��Ǥˎu�ȵƣЮ� �

BCKDK	gene�

BCKDK	targeting	
vector�

BCKDK	floxed	
(Neo+)�

BCKDK	floxed�

BCKDK	deleted�
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+(,(+(,(��̔˂˘ˣ 9:B;B'BF Ö¢´�ͼˉƕ�

� 9:B;B'BFÖ¢´�аǸ̔l��Чɬ̔�9:B;B�˂˘ˣ�ɼȮuаʯƒˣ�9:88

ąΣnʘǿŖuа̨ ̻ñ�9:88ʱǟnĐëu|Ú¿â�h�ЭƎ +',',Ювéͧˣ

�Ö¢´Т͏�ˎi�ºæÉ«ŶɗϫЭ̠ ,*	Ю�РХ�аđϩl��Чɬ̔ϩϫ

�ƣŖn�i±�n˹Κt×�i���#f[?ATjT�Xg�TB(	�,*+1#(�

�

�������������Ǝ +',',(�̔˂˘ˣ 9:B;B'BF Ö¢´�ͼˉƕ��

���� � � �� �� �Э#f[?ATjT�Xg�TB(	�,*+1��Ǥˎu�ȵƣЮ�

�

+(,(,(�D# ȏ͹�

� Ѕ +2 Ϗз,* ϏЫ� :bagebB Ö¢´l��BF Ö¢´�ǔļŔ͗�̪̥u�D# �

ĒͿu|в͹ň�Ö¢´�đϩ�ʧƶuаƜϦÙ¿ÀÙ³æ�*(-�CZ)AZ�đϩ

ЭBlbe?gfh�JX?lTAh	�KbAlb	�ATcTaЮа×»¹àØ�.(*�CZ)AZ�đϩЭ8fgXBBTf�G[TeCT	�

KbAlb	�ATcTaЮаϢ˴ϦÎÀâÍ�Æèâ�/(*�CZ)AZ�đϩЭDX?]?�JX?AT�:b(	�CgW(	�

KbAlb	�ATcTaЮ�-̆ʢűЩϣͲ�͛͝ĸȓíu��BTjT?�Xg�TB(	�,*++#аřŁ�Щ

ϣʡǟ���|±��˹Κu|вȏ͹Ů�ͣď�Ɖ͌�ǋ�¾èÏ�Əƶuаʈ̗

Ȥ̗�|��łʀ�̮̝�˃ǤuКϠ�ĎǍď�Əƶu|вКϠɿñ��˥͠ł϶

�ǯ�аМë͞�ʈ̗ň̔�Ǎ϶uаʈ̗�˫̵Ǩ˅�Ĝ~�n�,-®è³�Õá

��
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¤¼ãæ¼ÝèÎnŚωɈ�ʈ̗κЧ�ϋϔµ�±��˫·ë�˹Κu|��Ǝ

+'-8#вz�ǯаǰϫǣƸЦŔˀÿǓżŷƈЭJE'.2*'1k,KЭJ[?aTab	�KbAlb	�ATcTaЮЮ

�ȧ̰uаʄƊ++*Ɗа+Ɗȫʈϫ*(.�CB�ÿǓżŷ�϶ƭuаχʈɌ�ň͔Ϡn

ͨƪ�Ȣêu�i�±��˹Κu|в�

1*	�â¯èâ�ʟʅ�͸iаĲʪЭC!'GJ,ЭFBlCchf	�KbAlb	�ATcTaЮЮ�ƸđНǵ

ϳЭЭJQ0+��FBlCchf	�KbAlb	�ATcTa#Юë�ȏ͹�͸�|вǔň͔Ϡ�˥łu|ǯ�а

Ʀ͔̔�ǆ͔̔�˃Ǥu�ʦƱuа†Ϸ̔�Ћŀu|��Ǝ +'-9#в̒ .†Ϸ�†Ϸ

̔�ł϶u|ǯ���Ǝ+'-:#�϶͔ƈ�·Ϫ�Ǎ϶u�Ǹ͢�˹Κu|��Ǝ+'-;#в

Ǹ͡�ł϶u|ǯ�Ǹ͢�ŚɌΐɁŵ�ɃƊty�ǔļŔ͗�β͸�˹ΚuаǔǸ

͇ë̷m�*(/�CC̅ǟϘď�2'*²â«̸ű Э̝<CG�D0'2*9,Э8A?lTCT'fX?fTAhflb(�

:b(	�CgW(	�KbAlb	�ATcTaЮЮ�Ĕˎu�ƈɯ̪��͸�|��Ǝ +'-<#вļŔ̪̥͗

ǯ�̪̥ϠϘď�Ǹ̔nαm�ˢͩ�ͩΠƣŖ�˹Κµ�±��аD#�ĒͿ�˹Κ

u|в.'*²â«̸ű̝ЭJbYf?BAKD�MJ'1*3Э:bi?W?Xa	�;hUB?a	�#eXBTaWЮЮ�ϵō

u��Ǝ +'-=#�ȏ͹�̧÷u|в�

� ͹ǯ�Щϣm��ƊǳnǱ�×��� -1y�ĜʦÉ½Á�Ĝʦ�̯̰u�n�

ǭɻu|вȕ̗���ɌϷ�аřŁ�Έϧu�ͥˡżŷnƵƶu�ĺ϶uа͹ǯ�

ǾǿɚʁûnǇ�i.ɌϷ�u|вȏ͹ɌϷ�+/Łа϶͔ɌϷ�/Łňǯ�h�|в

êΒéώ�ȏȑm�ǔļŔ̪̥͗͹�Ͻi|ħȏ͹�͸�|J[TC―�Γƶu|в�

�

Ǝ +'-вǸ̔ɭƛȏ͹�͹ñĻˮ�

�8#ʈ̗κЧ�Ћŀ��9#�†Ϸ̔�Ћŀ��:#�†Ϸ̔�ł϶�

�;#�϶͔ƈ���϶̎��<#�ļŔ͗�˹Κ��=#�ϵō�
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+(,(-(�ƸЦÏäÀ¯â�

�Ѕ+2Ϗз,*ϏЫ�:bagebBÖ¢´l��9:B;B'BFÖ¢´�ǁu�аD#ȏ͹�J[TC

ȏ͹�ɂ͸uа:bagebB%J[TC―Эa72Юа�:bagebB%D#―Эa7+,ЮаBF%J[TC―Эa72Юа

BF%D# ―Эa7+,Ю� . ―�ĒͿuа͹ǯ . Ϗ˪�Ηė�͸��|вɁʑ +(,(, �ˎ

i|-̆ʢűЩϣ�͛͝ĸȓíu�řŁ�Щϣʡǟ�Ǳ|ǯ�аëƦЎ͗m��ͷ

ʠȦũ�Ƶɳʁtyаό�m�Ǹ͢а͐ аë͌Чɬ Э̔ƉЙ̔�HhTWe?VXcf�YXCbe?f#а

͚̔͝�!TfgebVaXC?hf#аÊàÙ̔�JbBXhf#аϴεĎ̔�<kgXafbe�W?Z?gbehC�BbaZhf#Ю

�Ȧũu|вʨϩϫ�ʧƶuа̨̻�ǯ�͸�×�Όɤ�|��ĜƱu|в̨̻ϩ

ϫ�đϩ�;ɿu|в�

�

+(,(.(�ˌƱˈ�Ηė�

D#ȏ͹l��J[TCȏ͹ɂ͸Ʌ�*Ʌ˪а͹́Ʌ�͹ǯ+Ʌ˪�uа͹ǯ,2Ʌ˪

���ˌƱɅȹ�Ηėu|вТ͏®è³�ʄə˹Κuаʁûu|Ö¢´�§¢æÀ

u|в̩ Ʊˈ�аŰ―�li�ȏ͹�ɂu|Ķđȹ�ǁu�а͹ǯ,2Ʌ˪�ˌƱu

�i�ȹ�Ōű�̖ŀu|вˌƱɑ̵� !eTc[GTW�Ge?fC�1�fbYgjTeX��!eTc[cTW�

JbYgjTeX	�JTa�;?XZb	�:8	�LJ8#��ˎi�BTcBTa'DX?Xeʑ�ĒƎu|в�

�

+(,(/(�Ǹ¤¯èɱɧ�

� Ǹ¤¯èʑ�ЏĘ΁ˣ�ɱɧ�h�nаƸЦŔˀ�ƚű��ƵЎ�Ĝ�±�nЈ

ui|��ЩϣͲ�ˎi�±�nh�вumuаЩϣͲ����ǸȒņnˌv�ɿ

upǸɻ͕�Ηė�o�i±�nƙŹt×�l�аȏȑ�‘ʻu�i×�ʹЩϣë

��Ǹ¤¯èʑnȨƩt×�i���GTV[ba�Xg�TB(	�,*+/#вĀƊ�ʹЩϣë�Ǹ¤

¯èʑ�͸�|вɱɧŮ�ͣď�Ɖ͌�ǋ�¾èÏ�ƏƶuаϽʇ«áèØ�Ö¢

´�ň͔Ơ�Ͻʇu|вδБʒΕȿͽ̽Э8cB?b�-**��Kbf[?UT�DXW?VTB�JlfgXCf	�

FgTjTeT	�ATcTa#Юl��+,�D"máÃ�ÏäèÎ�ˎi�а,;͔ЧĨ˳μĬõЙ̔

ãÑâ�ɕϙ�Ĭ�ȩŀu|вD ÚèÁʑ�ł�ɔkаΒϱ̣´ÌèÁ�.*�CC)fXV

�Βϱ�êаǸȚȹаǔƹȜǥɝɚǬаǔƹŨ̹ɝɚǬаǔƹňƠŢаǔƹǯƠŢа

ǔƹĸǬ˳̹ˈ�ΐʧu|ЭƎ +'.Юв�

��

Ǝ +'.вǸ¤¯èɱɧ�Ļˮ
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+(,(0(�̨̻ƳˣΌɤ�

� Ǹ͢�̨̻ƳˣŁɤ�|� +*	ÓâÖáæʬʠЭ+*	ñǿ̶ͺÓâÖáæʠ

Э*0,'*+00+	�NTAb�:[XC?VTB	�KbAlb	�ATcTaЮЮ�ʳʙƏƶu|ǯ�ÉàÍ æŕƖ

u|вǸ͢łʽ�ǸƹñЂ�Ŷ�ǔƹ�ƘϠаñϠl��ǸǈϠ�-ɺȿА�ɸɞ

�ĒͿuаÐÖÀ©²áæç¤¦³æЭ"XCTgbklB?a�TaW�Xbf?aЭ"<ЮЮɦͩ�Ö½

¸æçÀá«äèØɦͩ�͸�|в�

�

ç� "< ɦͩ�

łʽ�͙ÉàÍ æǯ��¶ÀæЭNTAb�V[XC?VTBfаKbAlbаATcTaЮ�¤ºÆ

èâ�̓ϫʢűʬʠ�-ŁϷʞωty|в�

z�ǯаͮ ˕ʉ�-ŁϷʖʚuаÐÖÀ©²áæʬʠЭBTagb�:[XC?VTBаKbAlbаATcTaЮ

�,ŁϷʞωty|вͮ˕ʉ��,ŁϷʖʚuа*(/	�":BЭNTAb�V[XC?VTBfаKbAlbа

ATcTaЮ%�1*	¤ºÆèâʬʠ�ʞωty|вͮ˕ʉ�+ŁϷʖʚǯа*(/	�":B%�1*	

�â¯èâʬʠа¤¦³æʬʠЭBTagb�:[XC?VTBаKbAlbаATcTaЮа+**	¤ºÆèâа

©²ãæЭNTAb�V[XC?VTBfаKbAlbаATcTaЮ�Ж�ʞωtyаωǷu|в�

�

ç� Ö½¸æçÀá«äèØɦͩ�

łʽ�͙ÉàÍ æǯ�ͮ˕ʉ�ʖʚuа̒ + Ưɦʠ�+� +/ ŁϷʞωty|в

z�ǯаͮ˕ʉ�/ŁϷʖʚuаå¡®âÀ�ϮÐÖÀ©áæʠЭ,32',+1.+	�NTAb�

V[XC?VTBfаKbAlbаATcTaЮ�/ŁϷʞωty|вz�ǯаͮ ˕ʉ�νpʖʚuа*(/	�

":B�%�1*	�â¯èâʬʠ�ʞωty|вͮ˕ʉ� +* ŁϷʖʚuа̒ , Ưɦʠ�,�

./ ́Ϸʞωtyаͮ˕ʉ�ʖʚu|вÕæ¸è©²á³æϦÍ«²æʠЭNTAb�

V[XC?VTBfаKbAlbаATcTaЮ�./ŁϷʞωtyа+	ϤϦ,ŁϷz,(/	áæºæ¬´

¾æϦ+*ŁϷz+	ϤϦ,Łz�ÃáæЌʬʠ/ŁϷz+	ϤϦ,ŁϷ�Ж�ʞωty

|ǯа+**	¤ºÆèâа©²ãæ�Ж�ʞωtyаωǷu|в�

�
�+д+*	ϩ«äØϦ§á¢ØЭ1112'/*'3	�NTAb�V[XC?VTBfаKbAlbаATcTaЮ��

���+*	Àá«ääϤϦЭ10'*-'3	�NTAb�V[XC?VTBfаKbAlbаATcTaЮ�̓ϫ�

���ʢűʬʠ�
�,д,(/	áæºæ¬´¾æϦЭ+,/*+',-'.	�NTAb�V[XC?VTBfаKbAlbаATcTaЮ��

���,(/	áæÚáÎ¿æϦЭ+-+-'-*'*	�NTAb�V[XC?VTBfаKbAlbаATcTaЮ�̓�

���ϫʢűʬʠ�

�

�
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� ɸɞ�аͶĲНǵϳЭ9Q'O1**ЭBXlXaVX	�KbAlb	�ATcTaЮЮ�Ίǀ�êаĻˮȲǪ

�͸iаɭƛ°¡µаǸ̔Ϸί�̵̱Ŗˈа̔ ɺȿӒ�ʧƶ�u|�DTgfhf[?CT�Xg�

TB(	�,**3#в�

� ɭƛ°¡µ�ʧƶ�аÖ½¸æçÀá«äèØɦͩɸɞ�ˎi�аƘϠаñϠl

��ǸǈϠ�-ȿА�li�аǸĸ͡l��ǸƤ͡�ʎ��ʧƶu|ɭƛИƗ�ϴ

t�űΐ�ǙƓuаĶźƍϴ�ǁµ�ŌűЭ	Ю�ˎi|в�

� ЏɭƛϠ�Ϸί�̵̱Ŗˈ�ʧƶ�аÖ½¸æçÀá«äèØɦͩɸɞ�ˎi�а

ǁˀãæµ,*ğ�ȜƦȲǪ�͸iаŰɱđh|�1з2·Ϫ��àæ»Ø�ϜȖu

|в¿³ºâÉ½Á�ˎiÖÃÝ�â�Ű·Ϫ�ЏɭƛϠ�lq�̵̱ŖϠŁ�Ǹ

̔ϠŁ�ϜȖuаӒ�ʧƶu|в̵̱Ŗˈ�̵̱ŖӒ���̵̱ŖӒ�Ǹ̔

̦͓Ӓ�ž�ʆ�u�̖ŀu|вǸ̦͓̔ĸ�β͸µ�ͷ̗źƍ�ϽƤu|в�

̔ɺȿӒ�ʧƶ�а"<ɦͩɸɞ�ˎi�аǁˀãæµ.*ğ�ȜƦȲǪ�͸iа+

łʽh|�,*Ğ�Ǹ̦͓̔�ȲĬu|в+ɱđh|�1з2·ϪȲĬu|ê�¿³

ºâ¿èº�u�Όɤu|вɪnñƨ�ď̽uаɿĹǨ�Ίǀt×�Ǹ̦͓̔�Ϝ

Ȗu¯æÌÝèºèê�Àãè´�êа̔ ɺȿӒ�ʧƶu|вŰɱđh|�̠+**

Ğ�Ǹ̦͓̔Ӓ�ʧƶ�êǙƓĢ�u�̖ŀu|в�

��

+(,(1(�¢¤´ºæÎä½À�

ç� ºæÉ«ȗŀ�

+# Ö¢´m�ȱŀt×|Ǹ̔�ʠđ̤̍�ľ̪uб2*y�ĜƱu|вľ̪ĜƱu

|°æÏâ�ʊê�Όľu|вʊĽu|+*�p�:XBB�Clf?f�9hYYXeЭ32*-/	�:XBB�

J?ZaTB?aZ�KXV[abBbZl	�;TaiXef	�D8	�LJ8Ю�ͮ˕ʉ�+*ğǖϨuа:bCcBXgX�

cebgXTfX�?a[?U?gbe�VbVAgT?B�*.03-+,.**+	�IbV[X	�DTaa[X?C	�!XeCTal#а+�CD�

G[XalBCXg[lB'�fhBYbalB�YBhbe?WX�G10,0	�J?ZCT'8BWe?V[	�Jg(Cbh?f	�DF	�LJ8#а

G[bfc[TgTfX�#a[?U?gbe�:bVAgT?B���,�G,2/*	�J?ZCT'8BWe?V[	�J?ZCT'8BWe?V[	�

Jg(Cbh?f	�DF	�LJ8#	�G[bfc[TgTfX�#a[?U?gbe�:bVAgT?B�-�G/1,0	�J?ZCT'8BWe?V[	�

J?ZCT'8BWe?V[	�Jg(Cbh?f	�DF	�LJ8#�ʣŏu�+p:XBB�Clf?f�9hYYXe�ĒͿ

u|в�

,# +p:XBB�Clf?f�9hYYXe �̨̻°æÏâ�ĵ×а»¢æ´ƕÓÚ³Â¡±è

ЭE?cc?	�KbAlb	�ATcTaЮ�ÓÚ³Â¡µu|вÓÚ³Â¡µu|°æÏâ�

ǵϫШόĽšϘǸƈЭDO'-*1��KbCl�;?Z?gTB�9?bBbZl�:b(	�CgW(	�KbAlb	�ATcTa#Ю

�ϘǸŁЇuЭ+/	***��а+*Łа.yЮаÒã½À�ȟ��i�j�êʤ�ɀu

iÖ¡«ä¼ÝèÎ�̄u|вϴɚĜƱµ�ƚű�аб2*y�ĽľĜƱu|в�

�
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ç� ºæÉ«ʱǟʧƶ�

+# :<CCJK8I�30̉Ö¡«äÏãèÀЭ!eX?aXe�9?b'FaX�#agXeaTg?baTB	�DbaebX	�E:	�

LJ8Ю�G?XeVX�9:8ºæÉ«ί�½¶¡©½ÀЭK[XeCb�JV?Xag?Y?V	�DXe?W?Ta�

IW	�IbVAYbeW	�#C	�LJ8Ю�IXTZXag�8� IXTZXag�9� /*4+�Ōű�ʢűu|

jbeA?aZ�eXTZXag�ĒͿuаŰ¢£â�,**�sBx�Łʓu|в�

,# Îàæ«�u� + ¢£â̋ˢ�̽oа,�CZ)CB ��âÎ×æ´ºæ»èÁ�

�,-,*3	�K[XeCb�JV?Xag?Y?V	�NTBg[TC	�D8	�LJ8#� +	�,	�.	�2	�+,	�+0	�,*�sB

x�¢£â�ʢűu|в�

-# ʧƶµ�°æÏâ�Ű,�sBx�¢£â�ʓĵu|в�

.# -1y�-*ŁϷ¡æ©ÝÑèÀЭEF;'1**��KbAlb�I?ATA?AT?�:b(	�CgW(	�KbAlb	�

ATcTa#Юu|в�

/# Ö¡«äÏãèÀáè»èЭDbBXVhBTe�;Xi?VXf	�JTa�AbfX	�:TB?Ybea?T	�LJ8Ю

l�� DhBg?fATaKD�!F Ö¡«äÏãèÀ´Ò«ÀäÍ¥ÀÙèº��K[XeCb�

=?f[Xe�JV?Xag?Y?V	�NTBg[TC	�D8	�LJ8#�ˎi� /0,�aC ʒϴ�ŷĲǟ�ΐʧ

u|в�

0# ´ºæ»èÁ�ŷĲǟm�Ǳ�×�ɱϫ̵�į�u�°æÏâ�ºæÉ«ʱ

ǟ�̖ŀu|в�

1# êΒ�ºæÉ«ʱǟʧƶ�а´ºæ»èÁа°æÏâ��ųé°æÏâ�úϩ

�Ű¢£â�̽oа,��ǙƓĢ�Ȧˎu|в�

�

ç� °æÏâ�ΠͿ�

+# êΒ°æÏâ� +p:XB�Clf?f�9hYYXe �ˎi�а2�sZ)sB ����j�ΠͿ

u|в,'Ùâ§ÏÀÆèâ�ʣŏu| JbW?hC� WbWXVlB� fhBYTgX� '�

cbBlTVelBTC?WX�ZXB�XBXVgebc[beXf?fЭJ;J'G8!<Ю°æÏâ̶ͺʠдJ;J'G8!<

ˎÏã×½«´ºæÉ«ί°æÏâÈ½Í�è��+0+'*1-1	� 9?b'ITW�

CTUbeTgbe?Xf	�I?V[CbaW	�:8	�LJ8#�̓ϫŏkа.�sZ)sB �°æÏâʬʠ�

ĒͿв�

,# Ôâ¾½«´×©°èЭMFIK<O'!<E#<�,�D?kXe��JV?Xag?Y?V�#aWhfge?Xf	�

9b[XC?T	�EP�	�LJ8#Ю�ʬʠ�ȳβЭGbjXeDTf[Xe�##��E?cc?	�KbAlb	�ATcTa#Ю

u|вÊèÀÎä½«ЭDLCK#�"<8K<I�KPG<�D"'-0��N8B8DFI#�:F(	CK;	�KbAlb	�

ATcTa#Ю�ˎi�а+**y�/ŁϷŏʼu|в�

-# ˳ɌϷϘǸu�Ö¡«ä¼ÝèÎ�Ͱ�Ą˯u|ʉʭ�ͭ�uаÔâ¾½«´

×©°è�°æÏâʬʠ�ȳβu|в�

�
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ç� J;J'G8!<ЭÕá�«áâ�×Á®âЉʈʔŔЮ�

+# ЉʈʔŔˎ�ºæÉ«ί®â� :e?gXe?ba�K!O�Ïã©Û´À®â�9?b'ITW�

CTUbeTgbe?Xf	�I?V[CbaW	�:8	�LJ8#�Ĕˎu|вĔˎµ�®â�̆О�ʔŔµ

�°æÏâȹ�ɸˣºæÉ«����ϙƷϜȖuа,/'1/�A;T �ºæÉ«ί�

ɸˣ�µ�Ѓ�ò�8alB;�ʱǟ®â�а1/�A;TĆê�ШŁưϫºæÉ«ί�

ɸˣ�µ�Ѓ�ò�1(/	�ʱǟ®â�Ĕˎu|в�

,# ЉʈʔŔɷЭ:e?gXe?ba ¶â��9?b'ITW�CTUbeTgbe?Xf	�I?V[CbaW	�:8	�LJ8#Ю

�J;J'G8!<ʔŔ̶ͺʠЭ,/�CD�Ke?f	�+3,�CD�!BlV?aX	�*(+	�J;JЮ�ʓĵuа

ºæÉ«ί®â�¶½Àu|в°æÏâ�ɸˣºæÉ«�ǻv�Ű¢£â�

/'+*�sB��,*'.*�sZ#��ʓĵuа°æÏâãèæ�̑�ŁưϫÖè§è

��+0+'*-11	�9?b'ITW�CTUbeTgbe?Xf	�I?V[CbaW	�:8	�LJ8#�ʓĵu|в�

-# Éåè°Ïà¡ЭÉåèÉ½«-**��9?b'ITW�CTUbeTgbe?Xf	�I?V[CbaW	�:8	�LJ8#Ю

�ȧ̰uа0*�M �ƶЉƑ�-*ŁϷаǤo̰i�+,*�M �ƶЉƑ�l�z+Ɍ

Ϸ -* ŁʔŔuа°æÏân®â�ı̑��̄Ŕµ���˹Κu�ʔŔ�̧÷

u|в�

�

ç� λĻ�

� ¢£½ÀǣλĻ�ˎi|в�

+# GbBli?alB?WX�W?YBhbe?WXЭGM;=Ю͡ЭKeTaf'9Bbg�KheUbKD�GM;= λĻÉ½«�

�9?b'ITW�CTUbeTgbe?Xf	�I?V[CbaW	�:8	�LJ8#Ю�h�mv�ÙºÆèâ�+',

ŁϷʞu|ǯ�аλĻ̶ͺʠЭ,/�CD�Ke?f	�*(+3,�CD�!BlV?aX	�+*	�DXg[TabBЮ

�ʲ̣�ķ�ʞu|в�

,# ºæÉ«ί®â�ºæ«ǣÎä½¾ æ¬ͽ̽Э:e?gXe?baKD Îä½ºè�

�+1*.*1*A8	�9?b'ITW�CTUbeTgbe?Xf	�I?V[CbaW	�:8	�LJ8#Ю�Ѐɲm�Ж�а

´Õæ³zʲ̣zGM;=͡z®âzʲ̣z´Õæ³����j�ϩ�а,*M�ƶ

ЉƑ�+0ɌϷλĻu|в��

�

ç� Îä½©æ¬з+ ɽȔđŧǻз, ɽȔđŧǻ�

Îä½¾ æ¬ǯ�GM;=͡�+pge?f'UhYYXeW�fTB?aX�j?g[�cbBlbklXg[lBXaX��,*#�

fbeU?gTa�CbabBTheTgXЭK9JKЮ�+ �μ�ju|ǯаÎä½©æ¬ʬʠ�̄u�аƹ

ʦ� + ɌϷμ�ju|вÎä½©æ¬ʬʠ�� /	´©Ø×â«�,�up� /	�ʿͷ

ʤ�âÎ×æЭUbi?aX�fXehC�TBUhC?a�9J8#Ю�-�ˎi|в�

+# +pK9JK�μ�ju�n�ʖʚ��+*ŁϷp-Ɗ#�u|в�

�
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,# +ɽȔđǖϨʠ��Îä½©æ¬ʬʠ�ųvʬʠ�ǖϨ#��ʞuа.y�+ɍȔđ

ŧǻ�͸�|в�

-# +pK9JK�μ�ju�n�ʖʚ��+*ŁϷp-Ɗ#�u|в�

.# ,ɽȔđǖϨʠ��Îä½©æ¬ʬʠ�ųvʬʠ�ǖϨ#�ʞuаƹʦ�+ɌϷȔ

đŧǻ�͸�|в�

/# +pK9JK�μ�ju�n�ʖʚ��+*ŁϷp-Ɗ#�u|в�
������������

� � ������+4,*pK9J�̢ʉ�,*ğ�ǖϨuа*(*/	����j�KjXXa�,*�K[XeCb��

�������=?f[Xe�JV?Xag?Y?V	�NTBg[TC	�D8	�LJ8#�ŏk|в�

� ����,4/	´©Ø×â«�̨ȍд/Z�´©Ø×â«	+**�CB�+pK9JK(�
� ��-4/	9J8�̨ȍд/�Z�9J8ЭETVTBT?�KXfdhX	�KbAlb	�ATcTaЮ	�+**�CB�+pK9JK(�

�

� +ɽȔđа,ɽȔđŧǻ��Ćë�ˎi|в�

¢°ªȔ9:B;"8Õá«äèÂâȔđ��+4+***	��+-2.0*	�TUVTC	�:TCUe?WZX	LB#�

¢°ªȔ9:B;"8Эc[bfc[be�J,3-ЮÕá«äèÂâȔđ��+4+***	��,**/11	�TUVTC	�

:TCUe?WZX	LB#�

¢°ªȔ9:8K,Õá«äèÂâȔđ��+4+***	��3/310	�TUVTC	�:TCUe?WZX	LB#�

¢°ªȔ 9:B;"� A?aTfX Õá«äèÂâȔđ� �+4+***	� �+,23-/	� TUVTC	�

:TCUe?WZX	LB#�

¢°ªȔGGD+BÕá«äèÂâȔđ��+4+***	��+-/,20	�8UVTC	�:TCUe?WZX	LB#�

¢°ªȔCKFIÕá«äèÂâȔđ��+4+***	��,31,	�:XBB�J?ZaTB?aZ�KXV[abBbZl	�

;TaiXef	�D8	�LJ8#�

¢°ªȔ c[bfc[b�CKFI Õá«äèÂâȔđ��JXe,..2#��+4+***	��,31+	�:XBB�

J?ZaTB?aZ�KXV[abBbZl	�;TaiXef	�D8	�LJ8#�

¢°ªȔ c1*J0�A?aTfX Õá«äèÂâȔđ��+4+***	��3,*,	�:XBB�J?ZaTB?aZ�

KXV[abBbZl	�;TaiXef	�D8	�LJ8#�

¢°ªȔc[bfc[b�c1*�J0�A?aTfXÕá«äèÂâȔđ��K[e-23#�+4+***	��3,-.	�:XBB�

J?ZaTB?aZ�KXV[abBbZl	�;TaiXef	�D8	�LJ8#�

¢°ªȔ !8G;" ÚÆ«äèÂâȔđ��"IG�:ba]hZTgX#��+4/***	��-02-	�:XBB�

J?ZaTB?aZ�KXV[abBbZl	�;TaiXef	�D8	�LJ8#�

"IG ɸΤÜªȔ¢°ªɸΤ #Z!��"%C#�úɽȔđ��+4/***	�TU31*/+	�8UVTC	�

:TCUe?WZX	LB#�

�

�
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ç� ɱŀ�

+# GM;=͡�ĶА�΄j�j�ɱŀΘͲ�mqа-ŁϷƹʦ�Ў̽u|вɱŀΘͲ

�� <:C�Ge?CXЭIGE,,-,	�!<�"XTBg[VTeX	�C?ggBX�:[TBYbag	�LBЮ�up�

JhcXeJ?ZaTB�NXfg�;heTЭ-.*1/	�K[XeCb�=?f[Xe�JV?Xag?Y?V	�NTBg[TC	�D8	�LJ8Ю

�Ĕˎu|в¢£´ºæÎä½¾ æ¬ȲǪˎ¡Ùè³æ¬²´¾Ø

Э:[XC?;bV�OIJ%�JlfgXC��+1*2,0/A+EG:	�9?b'ITW�CTUbeTgbe?Xf	�I?V[CbaW	�:8	�

LJ8#Ю�ŭ·Ŗt×|ÈæÁ�ɱŀu|в�

,# ˒ĬΌɤ¸ÍÀ#CTZX�A��L(J(�ETg?baTB�#afg?ghgXf�bY�"XTBg[	�9Xg[XfWT	D;	�

LJ8#��ˎi�ЇĲʱǟ�ƶϫu�Όɤu|вáæϦŖȔđ��i��аЏ

áæϦŖȔđ�˪ˣºæÉ«�ˡˉϫ�ɸʫŖu|в�
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|�#AXWT�Xg�TB(	�,*+/5�DVDhBBXa�Xg�TB(	�,**.#в±�±��͍Ʀ²¬Ââ�h�

CKFI'J0�A?aTfX�Ȓņl��ºæÉ«űȍ�Ȓņnϸ���i|в�|аJ0�A?aTfX

�ϜȖˣϺƻ����аD#ǯ�Ǹ̔áÚ¿áæ¬nȒņt×�±�nƙŹt×�i

��;?�Xg�TB(	�,*+,#вĀƊ�Ȏc�˵̊�� 9:B;B �ɼȮ���аCKFI �áæϦ

ŖnȒņt×а̪ɥ�u�J0�A?aTfX�áæϦŖ�Ȓņt×|вu|n��аɞ˵

̊�lq�Ǹ̔áÚ¿áæ¬ȵƆ��±�ºæÉ«űȍ̩η�Ȓņnϸ���i�

�̈́k�×�вĀƊ�Ú¿â�lq�CKFI�Ȓņ�Ǹ̔áÚ¿áæ¬ȵƆ�Ϸ�Ƌ

ɥϸę�Ɉ�m��o�l�xаĀǯ�˵̊ΟЛ�h�в�|а9:B;B ɼȮ���

Ǹ̨̻̔ñ� 9:88 ͯ̈�ķų˵̊ͅ�h�ŴŬǌƦƳƦƳϼˌŽρƳ˵̊̀�ʧ

ƶ�ϐ��i�в�

�

+(.(-(�CKFI ²¬Ââ�¦èÀÍ�³è�

� CKFIʘǿŖ��jé��ϩ΃�ǫŌ�¦èÀÍ�³è�Ȓņµ�ʷ�h�в¦è

ÀÍ�³è�Ǹ̔�ĜΦµ�īon˲�×�i�в¦èÀÍ�³è�аǸ̦͓̔�

lq�̦͓ĸºæÉ«ί�ſί̗ˊ�̱Ƞ�Ǹ̦͓̔ĸ�ŠϿ²¬Ââ�ϽŤ�͸

��i��̈́k�×�i�вK8: ǯ�ìĶǸ�li�¦èÀÍ�³è̋˶nΊǀt

×а¦èÀÍ�³èʘǿnƟŏu�i���E?f[?WT�Xg�TB(	�,**3#вéɁаǸ̔˂˘

ˣ8hgbc[TZl�eXBTgXW�ZXaX�/Э8gZ/ЮɼȮÖ¢´��а¦èÀÍ�³ènȒņt×а

Ǹ̔áÚ¿áæ¬nϐǍu|��ETAT?�Xg�TB(	�,**1#вt��а¦èÀÍ�³è�Ȓ

ņµ� Dfg+ �ɼȮ����аD# ǯ�Ǹ̔áÚ¿áæ¬nȵƆu|��ƙŹnh��

�DTX]?CT�Xg�TB(	�,*+-#вu|n��аCKFI�ʘǿŖ�¦èÀÍ�³è�Ȓņµ�

±�����аǸ̔áÚ¿áæ¬�ȃŖty�ŭ͕ǿnh�вĀƊȎcnΊǀu|

9:B;BɼȮ���D#ǯǸ̔áÚ¿áæ¬�ȵƆ�аCKFIáæϦŖȒņ�¦èÀÍ�

³è�ʘǿ�ƣŖ�āu|ɻǞnϸ���i�m�u×�iвĀƊ�˵̊��±�

ʷ�Ɉ�m�µ�±�n�o�l�xаĀǯ�˵̊ΟЛ�h�в�

�

�

�
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+(.(.(�9:88 ąΣ�Чɬ̔�

� 9:B;B ɼȮ��� 9:88 ąΣ�üϐ�аЧɬ̔�lq� 9:88 �ʥǇ��|�uа

Чɬ̹̔ͫ�ţƋ���m�u×�iвǸ̔áÚ¿áæ¬�ɗˎ�9:B;BɼȮ��

� 9:88 ąΣ�üϐnаЧɬ̔��ìŅ˧��|�µŭ͕ǿn̈́k�×|вĀƊ�

Ȏc�ɱΑ��а9:B;BɼȮ����D#ǯǸìĶÖ¢´�Чɬ̹̔ͫ�ǅm×�m

�|вĀǯbЧɬ̹̔ͫnƱƒµ�ǸìĶÚ¿â�˹̏�bΙ̦�ŁưƳˣɻǞ�

ɱΑnǹ΃�̈́k�×�nbɞ˵̊�lq�Чɬ̹̔ͫ�ǁµ�9:88;İʍˠ�ɗ

Œǿ�ϸµ�ɱΑ�b�æ³¦¾æ²æΛˡǿЧɬ̹̔ͫÚ¿â�ˎi�̒,̐�

ɱΖu|в
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×ÆϦ�9:88#;İʍˠʑ�ϸµ�˵̊�

�

,(+(�̴Ύ�

� î˓ˣ�ШЫͅÿū�Ɵŏ����а°â¯ÒÃ��ǁµ�ϸǸnШ���i�в

°â¯ÒÃ��Чɬ̹̔ͫ����˂ǶĄq�×�˜Ȉ�аȍƋ�ŏЫ}q��pа

ιđʘŔϫ�ĐëЭìʘŔЮаĐɨФаȃǿ˛ȂаǸͷ̗˛Ȃ�ĸŁʐ˛Ȃ���ȉ

ǿ˛Ȃа͢ƈìĶ�͑Ɏ�ˌv�ЭƎ ,'+'+ЮвƸЃаǸìĶ��v��µ�Ǹͷ

̗˛Ȃ��а°â¯ÒÃ��ɗ˜ˈ�ƟŏĪŵ�h�±�nƙŹt×�l�аͤǝ

ˣ��Ʀo�ƅЛ����i���;bf�JTagbf�Xg�TB(	�,*+1#в�

�

�� �

� � � � � � � Ǝ ,'+'+(�°â¯ÒÃ��ȍƋ��i��

�

� éͧˣ�аЧɬ̹̔ͫ�ţƋ�аºæÉ«�űȍ�ŁΌ�ìƓͻ����ˌv�

±�nƙŹt×�i���B?ahZTjT�Xg�TB(	�,*+/#в±�ìƓͻ��ɶc�ΛƋnƱ

ƒµ�вȉǿʵ˝�Чɬ̹̔ͫ�ąͼˣ�ɻǞ�é��h�аKE='q	#C'+r ��

�ʵ˝ǿ°¡À§¡æ�ʘǿŖnÞË©¼æ'Ïä¾�¸èØ̞�āu�аºæÉ«

ŁΌ̞�üϐty���Pbf[?WT�Xg�TB(	�,*+-#в�|аI88̞�ϔŋ�ʘǿŖа˂�

�æ³¦¾æ²æ##Э8aZ�##Ю�ϔŋˡˉnаºæÉ«ŁΌ�üϐty�}q��

pаCKFI�áæϦŖȒņ�āu�аЧɬ̹̔ͫ�ϐ͸ty���9Tffb�Xg�TB(	�,**15�

;T?�Xg�TB(	�,*++5�=hAhf[?CT�Xg�TB(	�,*+.5�"TeTWT�Xg�TB(	�+3335�KTATWT�Xg�TB(	�

,*+-#в�

ƸЃ�Ȏc�аʞωƑÕæÏ�ˎi�аȠ̰ˣ�8aZ�##�˥ëȓíu|Ö¢´�l

i�аȓí.Ϗ˪�ɗȆ�đϩl��Чɬ̔ϩϫnĐëuа̔ɺȿӒn̹ǆµ�

����аϓŔ͕ŎnĐëµ�±��ƙŹu|��BTWbZhV[?�Xg�TB(	�,*+2#в±�Ɍ

8aZ�##����аЧɬ̔�CKFI�ϸώµ�ºæÉ«űȍ²¬Ââ�h�8Ag� J0�

A?aTfX �áæϦŖnȒņt×аºæÉ«ŁΌ²¬Ââ�h� 8gebZ?a'+ � DhI='+

サルコペニア 
-sarcopenia- 

不活動 
-inactivity- 

低栄養状態 
-poor nutrition- 神経変性疾患 

-degenerative neurological 
disorder- 

内分泌疾患 
-endocrine disease- 

悪性腫瘍 
-malignancy- 

臓器不全 
-organ disorder- 
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�i���ET?e�TaW�J[beg	�,**/#вϔŤ�˵̊��аŏЫà½À�1, ϏЫ#�ǁµ�
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ˌŽøǯ�ȵƆty�±�nƙŹt×�i���"TaT?�Xg�TB(	�,*+/#в�

� ɊĀаǴˋƈИƗ�li��а9:88ȓí���Чɬ̹̔ͫ�Ȓņ�ϓŔ͕Ŏ�ȵ

ƆŒɥnɚǭt×�i�nаǸìĶ��v��µ�Ǹͷ̗˛Ȃ�lq�9:88�ɗŒ

ǿ��i�řŁ�ɱΖ��t×�i�iв�

ɞ˵̊�ƸЦÚ¿â��а̒ +̐�lq�D#ǯǸìĶÚ¿â�ˎi�Чɬ̹̔ͫ�

Ηėuа9:88ȓí�ɗŒǿ��i�ɱΖ�͸j±�nɘ�um�|nа.ϏϷ�̩

ϔ��аЧɬ̹̔ͫnΊǀt×�m�|вĀǯаǸìĶЧɬ̹̔ͫÚ¿â�˹̏n

ǹ΃�h�nа̒,̐��Ǹͷ̗˛Ȃ�ąͼˣ�ɻǞ����Чɬ̹̔ͫn˹̏u

|8aZ�##ΛˡǿЧɬ̹̔ͫÚ¿â�ˎi�ɱΖ�͸�|в±�Ú¿â�аǸìĶ�

ţƋ�é��h�Ǹ͍Ʀ�˹̏u|Ú¿â��h�в�

� ɞ˵̊��аd9:88;İʍˠ�а8aZ�##ΛˡǿЧɬ̹̔ͫ�ǁu�ĜΦˣ�Ēˎ

uаϓŔ͕Ŏ�ȵƆty�e�ijćΞ�̏�ɱΖ�͸��|в�

�

�

,(,( ƸЦɁʑ�

� Ćë�ɞ˵̊�ˎi|ƸЦɟȽ�ːɡl��ΠȺʑ�˺u|в�

�

,(,(+(�ƸЦŔˀ�

� +*'+,ϏЫ�ЅÖ¢´��:/19C)0A#��Ó«Áèɩǣċ˻m�ΰĵu|в̒,̐�

Ɂʑ,(,(+�ųɶ�ˋƞ�Х�Т͏uаРХȰũϫ�Βϱu|в9:88ȓí―��а�

-	9:88ʉʬʠ�ͥːСʉ�Ȱũty|вɞ˵̊�ŗʝϕƦƳƦƳϼŘƳ˵̊ϼ�l

q�ĤˊƮƁċ�ȐΚ�Ǳ�͸iаĶ��ŔˀƸЦȏȑð��Т͏Ĝ̗�аdŗʝϕ

ƦƳŔˀƸЦ�ϸµ�Ά̅e�ϛƴu�Ƹɂu|в�

�

,(,(,(�-	9:88 ʉʬʠ�ΠȺ�

� ä¡²æа¡¸ä¡²æ�аÈáæ� ,4+4+ �ʆˈ�Πűuа-	Эi)jЮ�-Z �Π
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űu| 9:88 nʉ +**�CB ñ�ĵ��i�#�ʱǟ�ʬΌu�а-	9:88 ʉʬʠ�ĒͿ

u|в�

� C'ä¡²æЭ+,2'**2//	�NTAb�:[XC?VTB	�KbAlb	�ATcTaЮ�

� C�%#'¡¸ä¡²æЭ+,/'**20/аNTAb�:[XC?VTB	�KbAlb	�ATcTaЮ�

� C'ÈáæЭ,,,'***2/аNTAb�:[XC?VTB	�KbAlb	�ATcTaЮ�

�

,(,(-(�8aZ�## İƝÕæÏ�Ɩʌ͹�

ç� ÕæÏ�ʫĩ�

+# 8aZ�##Э8aZ?bgXaf?a�##�[hCTa�83/,/'+*D!аJ?ZCT'8BWe?V[	�Jg(Cbh?f	�DF	�LJ8Ю

�ˌˊРƜʉ�ʬΌuа+***�aZ)AZ)C?a�ʱǟ�ΠͿu|в�

,# ʬΌu|8aZ�##ʬʠ�+�CB²áæ³�Ąǎ�ϬЭĹ̕ƕЮ�ˎi�аʞωƑ

ÕæÏЭ8CQ<K�D#E#'FJDFK#:�GLDG�DF;<C�,**.а;LI<:K�:becbeTg?ba	�:hcXeg?ab	�

:8	�LJ8ЮЮ�,**�oBʓĵuͰ�u|в�8aZ�##ʬʠ�ą���ˌˊРƜʉ�ʓ

ĵu|ÕæÏ�MX[?VBXˎ�u|в�

-# ˌˊРƜʉ�ʩ|u|/�CB¯Ã§â¼ÝèÎЭ-/,*0-	�9XVgba�;?VA?afba	�

=eTaAB?a�CTAXf	�EA	�LJ8Юĸ�8aZ�##ʬʠh�i�ˌˊРƜʉ�ʓĵu|Õ

æÏ�ʞu	�-1yˋƞë��,.з.2ɌϷ¡æ©ÝÑèÀu|в�

�

ç� ÕæÏ�ƖʌɁʑ�

+# ̒,̐Ɂʑ,(,(,�ˎi|-̆ʢűЩϣ�ˎi�ЩϣǅĵǯаÖ¢´�ĉͣď

�Əƶu|в�

,# ǯКϠЭƎ ,'+',�α˱şЮ�Ç°×�ł϶�ŏkа͑ϠзǊǋ�˥ë�аϯ

ư�ˎi�ϭˣ�ŊЇ�͸iаÕæÏ�Ɩʌµ�´Òè´�ĒͿu|�Ǝ

,'+',�ʴͩϠŁ#в� �

-# ¯Ã§â¼ÝèÎm�ÕæÏ�ũ�ŀuаͰĦnЙĦ����j�Ìæ¶½À

�´Òè´�Ũ̡u|в.'*²â«̸ű̝�ǯКϠ�ł϶�̸űu|в�

� � � � ���� � �

������Ǝ ,'+',(�ʞωƑÕæÏƖʌɁʑ� �
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� +*'+,ϏЫ�:/19C)0AÖ¢´�ʞωƑÕæÏ�˥ë�ɰkς�а́ Ēʸ�,―�

Łqа8aZ�##Э+***aZ)AZ)C?aЮh�i�ųƼϫ�ˌˊРƜʉЭMX[?VBXЮ�.ϏϷ

ȓíuаz×{×8aZ�##―аMX[?VBX―�u|вt��аz×{×�Ö¢´�9:88

Эä¡²æд¡¸ä¡²æдÈáæ7,4+4+а-	ʉʬʠЮȓíh�i�Џȓí―�Ł

qаɰkς�͹ǧɅ��СʉȓíuаƸЦ�аMX[?VBX―Эa72ЮаMX[?VBX%9:88―

Эa72Юа8aZ�## ―Эa73Юа8aZ�##%9:88 ―Эa73Ю� . ―�ĒͿu|в. ϏϷǯ�а

ͷƑʧƶаǸ¤¯èɱɧаϓŔ͕ŎΗė�͸�|в�
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�
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Ċ��i�j�Àã½Á×âǯɁ�²ß½§èÏãèÀ�ЉʈŇʰ�ík|вz�
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´nd˚őƌȋe�ͦ�|�ƶ̀u�ʧƶ�̧÷u|вȡɸ�u�аβ͸ɌϷ�ό
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UbWl�jX?Z[g)WTl�h�|вđͼӒm�ÊÀ̓ėˎϫ�̖ŀu|̪ɥа*(-,'*(.2�

Z)AZ�UbWl�jX?Z[g�)WTlnÊÀ�ų̓�ˎϫ�̈́k�×��ET?e�TaW�ATVbU	�,*+0#в

͋˸ƣȂͅ�ǁΩ�u|ͤǝ˵̊¿èº��а9:88�*(,.�Z)AZ�UbWl�jX?Z[g�)WTl

nͤǝˎϫ�u�ˎi�×�i��DTeV[Xf?a?�Xg�TB(	�+33*#вЬʀО�ÊÀ�ʆξ

u�ϥ̤ʘǿnШpа9:88 ŁΌnʘˡ�h�±�m��JhelTjTa�Xg�TB(	�+332#а

ɞ˵̊�ˎi�×|9:88ͤǝˎϫ�аͤǝˣ�ǻˎ�o����̈́k�×�в



 
 

52 

,(.(/(�ɴ˖Ǝ�

�

�

� �

Skeletal muscle fibers�

Ang II�Ang II+BCAA�

BCAA supplementation�

Ang II�

Fast-twitch fiber�

Slow-twitch fiber�

Ang II : Angiotensin II�

mTOR  
(Fast > Slow)                �

BCAA 

Imbalance of Protein  
synthesis & degradation�

degradation�

synthesis�
synthesis �︎�

degradation�



 
 

53 

- ̐д ȝl��̪Ρ�

�

-(+(�Ǳ�×|ɀ˲΅�

l 9:B;B'BF���9:88ąΣ�ʘǿŖ�аD#ǯìĶǸ̔�li�9:88ąΣЄƻ�

ȵƆtyаCKFI�áæϦŖ�ȒņuаǸ̔áÚ¿áæ¬�Ȓņu|в�

l 9:88ąΣ�ʘǿŖ�аD#ǯǸìĶЧɬ̔�̹ͫ�ˌvty�m�|в�

l 9:88;İʍˠ�аCKFI�ʘǿŖ�āu�8aZ�##ΛˡǿЧɬ̹̔ͫ�νʥu|в�

l 8aZ�##ΛˡǿЧɬ̹̔ͫ�νʥnаϓŔ͕Ŏ�ȵƆ�ƽíu|в�

l 9:88;İʍˠ�аϒ̵̱̔��ό̵̱̔�ǁu�ɗŒ�h�|в�

l 9:88;İʍˠ�а8aZ�##���ƑΪͪΛˡǿ�Ǹ͍Ʀ�ȃŖty�m�|в�

�

-(,(�ɀ˲΅�Ȇ̀�Āǯ�˵̊Ǎ϶�

� 9:B;BɼȮ���9:B;:�ʘǿŖ�а9:88ąΣ�üϐ�ǅoаǸ̔áÚ¿áæ¬
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