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�Öŷ� 
� ƆÓê�&|', ŉŗ�2)�|d[c!&uŸåÓä��6�ħè%�5, ("�)�&Ua
fJÐ�65"Đ�$®ƜĪ�5. �&h�&~�œġ�!�5. œġ', �|&?TcBgõ£
"ĞŽ&UafJÐ6�ıè!�5"ñ
5�"!�, 2 ³ŇÏı1<Oeg^ä�śļ�9¿/
"�5Đ�$İæ%Êl� �5�"ľ�6 �5. �3%', ŝč¸1áńč¸$#9t� , 
ÿ%'s9Ĕ%�
Î�Əņ$İæ!�5. ê±%�� 0�s¥& 2��3 3�0&s��œġ
ő�!�5"ů86 �5ĩħ!�4$3, œġØ�ſ��65Ųŉ$�Á_@SK^%Ɠ� '
kþ$ƌ�¼�, ĦÅ&�Á9MgENP"��íœġťƒĳ0ƈ6 �5"ů8�59ß$�.  
� íœġť&h�&đĵ!�5řŔŊŎ' 2 ŀƞ%½��65"�86, ĴŠřŔŊŎ�?TcBg
żŤ�9n$ĸĵ"�5¯Ä!�5&%Í�, ŨŠřŔŊŎ'.�7�?TcBgĞŽ�9ï	¯Ä!
�5"Ő
36 �5. ŨŠřŔŉŗ', CbJOĳƊ��]PFfQb<9ŹË%ð�, Ucp1 "�
	Ŝ�ÜMfVC9t��ĥīĪ9Ķ:%Ŧ$� �5. ƂÕ, ěä&�5ŨŠřŔŊŎés%��
 Â²�5�"űþ�6, �&ěä"|řŔĨƄĹƓ�5�"¶¬�6�. �63&pÆ24, 
ŨŠřŔŊŎ%��5|ĥīĪň&��9���"%2� , ?TcBgĞŽ9rƇ��, íœġ�Č
9ĆÝ�5ĘĲëĮ%ĚĸƗ,� �5.  
� �6,!&¶¬�3, řŔ��1řžuŸ$#"���uŸňŋƀ%�� p38 1 JNK $#&JP
dJãŅäARgL&Ɠlľ�6 �5, �63&�Á&ěä�à&�/%iĜ!#&2	$I
DRcwƊŦ86 �5�%Ɠ� 'ćĺ$ģ¼�. p38�2)JNK', 3ĕƖ%24ďé�65J
PdJãŅäMitogen-Activated Protein Kinase (MAPK) ŋƀ&ājĜ%zŏ�5�Á!�4, �&
iĜ%'MAPK Kinase Kinase (MAPKKK) �2)MAPK Kinase (MAPKK) &Â²ĺ36 �5.  



� MAPKKK &h�!�5 ASK1 ', WP&řŔŊŎ%�� ĳĩĽų�6 �4, �uŸ�"�	
Ŭģ%�� '=fJbfîíä$#"&Ɠ84ľ�6 �50&&, �63&�Áµķ9«/, 
uŸňŋƀ%��5Ųŉ$ĒŘ%Ɠ� '��ŭċ$�6 �$�. ��!, řŔŊŎ9«.�uŸ�
%ğ�Ɠ85ŊŎ%��5 ASK1 &Ü�%Ěĸ�5�""��. ,�, ÚĻłÇ%��5�6,!&ĺ
Ū�3, ASKX;]bg9ďé�5ASK1, ASK2, ASK3'q�%Ĺq}Ĭ�¨�, �©ĵ%ĒŘ9ĳó
�5·ƙÂ²�5�"ľ�6 �5. �&2	$ŖĀ%µ��, �uŸ�%Ɠ85IDRcwƊŋ
ƀ%��5ASKX;]bg�Á&ĒŘŭþ9ĈĻł&ĸđ"��.  
 
�úę, ŌČ� 
1. ASK1ēô\>J&ŨŠřŔŊŎ%�� |ĥīĪ%Ɠ85ƋwÁ&ĳĩƑ{j� �5.  
� ,�ê�', ASK X;]bg�Á&ƋwÁĳĩ%Í�5Êl9ĎŰ�+�, �6�6&ēô\>J&
ŨŠřŔŊŎ, ĴŠřŔŊŎ, Œş9Ĭ� DNA \=Ce<d=ŭċ9Ŧ��. �63&ŌČ&m!, 
ASK1ēô\>J&ŨŠřŔŊŎ%�� , Pgc1a1Dio2$#"���ŧ÷&|ĥīĪňƋwÁ&ĳĩ
Ƒ{j� �5�"%Ěĸ��.  
 
2. ASK1ēô\>J&ŨŠřŔŊŎ%�� Ucp1&ĳĩƑ{j� �5.  
� \>J&ŨŠřŔŊŎ%�� ', 
Ucp1 "�	�Á]PFfQb<�
Ş&�»%Ûé�65ZePf�ƍ9

¾8� �,	�"%24, ĥīĪ9
0�3��"ĺ36 �5. ,�, 
ĈĻł& DNA \=Ce<d=ŭċ%
�� ĳĩƑ{j� �� Dio2 $
#&°Á Ucp1 &ĳĩ9ŴÎ�5�
"ĺ36 ��. ��!, ASK1ēô
\>J&ŨŠřŔŊŎ%��5 Ucp1
&ĳĩƑ9ÅƑ��"�7, mRNA�2)MfVCd[c%�� ĳĩƑ{j� �5�"þ3�
"$�� (Fig. 1).  
 
3. ASK1ēô\>JĭĊ&�u´ƢŨŠřŔŉŗ%�� ���Âĵ$Ucp1&ĳĩŴÎì��65.  
� �|d[c!Ľų�6� Ucp1 ĳĩd[c&{j�Ƙŉŗň%�� 0�ĩ!�5�, �u´Ƣŉ
ŗ9Ĭ� ĎŰ9Ŧ��. ùĪ�&ŨŠřŔŊŎ24ć��ŉŗ9ò£�, in vitro��ŴÎň% ŨŠ
řŔŉŗ*�����Þ, Ucp1&ĳĩƑ9>?JMfYeNPę%24Ď���. �&ŌČ, ASK1ē
ô\>JĭĊ&�u´ƢŨŠřŔŉŗ%�� Ucp1&ĳĩƑ{j� �5�"9Ľų��.  
 
4. ASK-p38ŋƀ'β<QdRbfä�Ģ%2� ěä��, Ucp1&ĳĩ9ŴÎ�5.  
� Ɖ¡&¶¬24, ŨŠřŔŉŗ%�� , β<QdRbfä�Ģ%2� PKA ŋƀěä��6, 
Ucp1&ĳĩŴÎ�65�"þ3�"$� �5. ��!, řŔŉŗ$#%Ħįĵ%ĳĩų/36
5β3<QdRbf¤É|&Ħįĵ<GSJP!�5 CL316,243 9��ŴÎƅm&ćéĤ$�u´ƢŨ
ŠřŔŉŗ%�ŏ��"�7, ASK1-p38ŋƀ&ƝŢ$ěä�"Ucp1&ĳĩŴÎĽų�6�. �3%
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***P < 0.001, unpaired t-test

***

Fig. 1 野生型およびASK1欠損マウスの褐色脂肪組織におけるUcp1 mRNA発現量 (A)!
およびタンパク発現量 (B)!

Means ± SEM, N=9!
***P < 0.001 (unpaired t-test)!
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', CL316,243�ŏ�Âĵ$ p38
&ěä� (Fig. 2A) �2) Ucp1
&ĳĩŴÎ (Fig. 2B) ', ASK1
ēô\>JĭĊ&ŉŗ%�� 

ì��65�"þ3�"$�

�. ,�, PKAƔÈ�!�5H89
&�ŏ%2� CL316,243 �Â
ĵ$ ASK-p38 ŋƀ&ěä�ì
��65�"0Ľų�6�. �6
3&ŌČ24, ��ƉĿ&ŨŠř
Ŕŉŗ%�� , PKA-ASK1-p38
ŋƀěä��6�ŌČ, Ucp1&ĳĩŴÎ9Î��"ľ�6�.  
 
5. PKA&ŮÀHY`SNP'ASK1"Ō¨�, ASK1&ěä�9Î�.  
� PKA " ASK1 &Ɠ�ä924Ų
ŉ%ŭċ�+�, HEK293A ŉŗ%
PKA &ŮÀHY`SNP (PKACA
�2) PKACB) " ASK19�ĳĩ
�5"ASK1&ěä�%âƚ$bf
Ǝ�ƌz&bfƎ�d[c9iý�

�� (Fig. 3A). �&�Č'ARg
Lkěä�³ PKA "&�ĳĩ%2
� 'Ū36$���. ,�, Ɖ�
ĳĩ�� PKA ŮÀHY`SNP"
�²äASK1"&Ō¨0Ľų�6� 
(Fig. 3B).  
 
6. ASK1ēô\>J'{Ġ�Ģ%Í� ŚÙ!�5.  
� āÞ% , |ĥīĪ%Í�5
ASK1&Ɠl9�|d[c!ĎŰ
�+�, ASK1 ēô\>J9Ĭ�
�ĎŰ9Ŧ��. �&ŌČ, Ơƣ
ĉvj%�� {Ġ�Ģ (4 ºC) 
9Żš�5", ƐĪ³\>J�
5Ŀ×|Ġ9�ð�5&%Í�

 , ASK1 ēô\>J'ƝŢ%|
Ġ9{j��5�"þ3�"

$�� (Fig. 4). $�, ASK1 ēô\>J&Ňž�2)řž&|�ţŁƑ%Ɠ� ', ƆÓơŕĉvj, 
�2)Ơƣĉvj��6%�� 0ƐĪ³"&Ñį'Ľų�6$���. �&�/, ?TcBgżŤŘ
&ÑįASK1ēô\>J%��5{Ġ�ĢŚÙä& °!'$�"Ő
365.  

Fig. 4 低温刺激依存的な体温変化!
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L-19

Fig. 2 CL316,243 (β3作動薬) 処置依存的なASK-p38経路の活性化 (A) およびUcp1の発現誘導 (B)!

L-167�

WT� ASK1KO�

vehicle� 0.1μM 
CL316243� vehicle� 0.1μM 

CL316243�

(–)� 15� 30� 15� 30� (–)� 15� 30� 15� 30�

ASK1�

p38�

p-p38�

p-ASK�

IB:!

����
	�����

[min]�

WT� ASK1KO�

0.5μM CL, 24hr�

(–)� (+)� (–)� (+)�

����
	�����

ASK1�

actin�

α-tubulin�

Ucp1�

IB:!

A� B�

Fig. 3 PKAによるASK1の活性化 (A) および PKAとASK1の結合 (B)!
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7. ASK1ēô\>J&ĴŠřŔŊŎ%�� 0Ucp1&ĳĩŴÎì��6 �5.  
� āƂ, ƤřŔƟŻš$#&�Ģ
%2� ĴŠřŔŊŎ�%Ucp1+

$�ŨŠřŔĐŉŗ�ŴÎ�6

5"�	ĩźĚĸ9ĝ) �

5. �&�ŨŠřŔĐŉŗ�'Ũ
ŠřŔŉŗ"©Đ%?TcBg

9ĞŽ�5ĒŘ9ð� �5"

Ő
36 �5. ƐĪ³\>J%
�� 'ƤřŔƟŻš�Âĵ%

Ucp1 &ĳĩƑ¹�ŬÌ�65
, ASK1 ēô\>J%�� '
ƝŢ%ì��6 �� (Fig. 5A). 
�3%, ƤřŔƟŻšÞ&ĴŠřŔŊŎƏƑĖ&�' ASK1 ēô\>J%�� ăç%iý� �� 
(Fig. 5B). �63&ŌČ', ƤřŔƟŻš�Âĵ$�ŨŠřŔĐŉŗ�&ŴÎ ASK1ēô\>J%�
� ì��6 �5ö%, �ŨŠřŔĐŉŗ��Âĵ$?TcBgĞŽì��6, řŔŊŎƏƑƤ
�$� �,��0&"Ő
365.  
 
�,"/� 
� ćéĤ$ŨŠřŔŉŗ�%�� , PKA-ASK1-p38IDRcěä��65�"%2� , ĥīĪ9
ï	 Ucp1 &ĳĩ9ŴÎ�, éĤ��ŨŠřŔŉŗ&ÛéÎ�65�"ĈĻł%24þ3�"$�
�. �6,!&¶¬%�� , Ucp1&ĳĩŴÎ%Í� PKA�2) p38Ɠl� �5�"'ľ�
6 ��, �& PKAŋƀ"MAPKŋƀ"&IDRcwƊŋƀ&�$49þ3�%��&', ĈĻ
ł�/ !�5. ,�, �&ŋƀ�Âĵ% Ucp1 ĳĩƕä (Ucp1+) $éĤŨŠřŔŉŗ}365�
", {Ġ�Ģ%Íí� |Ġ9ōð�5�"%Êl� �5�"ľ�6� (Fig. 6).  
� �ƛ%ƃ+�2	%, ěä&�5ŨŠřŔŉŗ&¹�íœġ�Č90�3�"�	ŵ%�5", ć
éĤ$ŨŠřŔŉŗ�&ASK19ěä���5�"%2� Ucp1&ĳĩ9x	ŨŠřŔŉŗ&éĤ�
9��, íœġ�Č0�3�65�"ĆÝ�65. ,�, ĴŠřŔŊŎ%��5 Ucp1+$ŉŗ&Ŵ

Î%Í� 0 ASK1Êl� �5�
"9ĈĻł%�� þ3�"�� 
(Fig. 6). �63&ŌČ�3, ŨŠřŔ
ŊŎ&-$3�ĴŠřŔŊŎ�&

Ucp1+$ŉŗ&éĤ%Í� 0ƞy�

� ASK1ŋƀÊl� �5¦Řä
�4, ¢ú&řŔŊŎ%�� ASK1
9ěä���5�"!Ĺoĵ$íœġ

�Č90�3�¦Řä�5"Ő
 

�5. �63&pÆ�30, ASK1ù
�$íœġť��&�/&Əũ$Mg

ENP%$5�"9ĆÝ� �5.  
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Fig. 6 モデル図!
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Means ± SEM, **P < 0.01, unpaired student's t-test,
high fat diet fed for 11weeks 

16 w.o. at the beginning, male mice
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Means ± SEM, N=4-5
****P < 0.0001, unpaired student's t-test 
normal or high fat diet fed for 11 weeks

Fig. 5 高脂肪食負荷依存的な白色脂肪組織内におけるUcp1発現誘導 (A) および高脂肪食負荷後の       !
白色脂肪組織重量比 (B)!
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Means ± SEM, N=4-5
****P < 0.0001, unpaired student's t-test 
normal or high fat diet fed for 11 weeks
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Means ± SEM, **P < 0.01, unpaired student's t-test,
high fat diet fed for 11weeks 

16 w.o. at the beginning, male mice


