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� Ŵ�'*�ƕƣŔ$ƕƣ¯Ʊ)arwR>ƿƒ�:�$#�ƖƟª)ƕƣĴ>yó'�ĩ�:�
Ɩ2� =�"	: 5��ƕƣĴ)ƿƒ�Āç�:$ž)7
&ŻƂ&ŭĠ>Ĉ�ǆ��ÉƤě
��: ƕƣ�Ŕ($�Ŕƕƣ*ƖƟê.Ĭǣ�;:$$5'�ƖƟª)ƕƣĴ>ƚĩ�:�4'�

�)ÏÙƕƣ>´Ť�"ƕƣ¯Ʊ>�� �)Ƙń�ì=;�ƕƣ)RhxR*ķ�'ƼŴ��ƕ
ƣ'Ơ�ı=9�ƖƟ��Ė�;: �)�Ɩ2*��¤ěæŖ�$Ñ+;"�9�40Ą�z5µ
'áÎ�;"	: �¤ěæŖ*ƖƟ)ƀŴ�«Ŵ�¸¡Řſ��7-ž)³ĕ'�	"Ć�²Ŷ
�;"	:  

� ƕƣŔ'7�"ì��ƕƣ>Ʋ
'*üĴ)ƕƣ¯Ʊ#¿¯#�: ���¯Ʊ�:ƕƣ>%
)7
'Ǣó�"	:)|Ļ#��� ŀƉƐ#*�ƖƟª#|Üy'ǆ�:�¤ěæŖ��

Yes-Associated ProteinǴYAPǵ>���mG`\rwRWIPqw)ƑǟƂ&|Üyě'ǆØ�"	
:�$>Ƶ®��ǴFig. 1ǵ �)mG`\rwRWIPqw)|Üyě*�ƖƟ�¦�ĩ ƕƣŇ
NBS)|Üy&¯Ă$�ƕƣŔ�ǆ�:ļ'ƀŴ�:ŎŉƂ&º)|Üy&�ĲbVxw'7�
"ƶó�;: ºñƂ&ƸŦ8)ŀƉƐ)ƀƵ*�űÛ1#)�¤ěæŖ'ø�:Ŵ¾ñƂ&Ų
ƹ>ƲǇ�  �ƖƟ)Ĝăě>őƊ'ƚĩ�:�4)mG_Sl'ķ�&ƷŦ>5�8�� ŀ
ƉƐ)ġń*ĺŀƀŴŴŪñ�ǴThe JSDB 53rd meeting, 2020/5/21ǵ�From Molecules to Organs: The 

Mechanobiology of MorphogenesisǴ2020/10/28-30ǵ'"áÎ�� 1�űÛ�ǀĵĤƏ�'�:  
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� Ŵ�ª'*�|ęƴ&ƕƣ6�œ>$��ƕƣ�WmxQ>È��ƕƣ&%>Ĭǣ�:@i\x
PR$Ñ+;:fvTR�ðÛ�: �)fvTR*ƖƟ6ƧÖ)ŎƤ>őă'ƚĩ�:�4'Ŏ
Ƥ�: ��+�zƃƖƟ*ªǖƖƟ>êŸ8�ǂ��ǏǒŪǅ)ÇīǕĥ>�:&%)as@
ŎƤ>ħ
ǴMarchiando et al., 2010ǵ �)ŎƤ>Ɗô'ƚĩ�:�4'�őă'ŎƤ�&	ƕƣ>
@i\xPR'79Ç9ǣ��ƙ	"�)Ïǋƕƣ)¯Ʊ>�� �;'79�|ęƴ'&��ƕ

ƣ*ķ�&ƕƣ.$Ơ�ı=9�ƖƟª)őă&ƕƣĴ$Ōǐ�×Ė�:�$#zƃƖƟ)as@
ŎƤ��ĩ�;:  

� @i\xPR)Ĕ'Ïǋƕƣ#ǆ�:ƕƣæŖ*�@i\xPRƽúě)��¤ěæŖ�$Ñ+
;ǴFan, Bergmann, 2008; Kondo et al., 2006; Perez-Garijo et al., 2004; Ryoo et al., 2004ǵ�Ľ±' Haynie

$ Bryant'7�"ƀƵ�;�ǴHaynie & Bryant, 1977ǵ đ8*PqCQqCaE)ġƭÂà� XƜ
)WmxQ'%)7
'ÅĚ�:ƿ/� ąƭ)ơÂà. XƜ>ũù��$�<�60%)ƕƣ�
Ŕ?�'5Ǡ=8���)Ĕ�ŕ��ơÂà*ƕƣĴ>×Ė��ơ*őă&Ď$NBS1#ġǜ�
� �;*�ì��ƕƣ>Ʋ
�4'�ƕƣæŖ>��mG_Sl�ðÛ�:�$>ƋÔ�"	: 
�;�ł��¤ěæŖ)mG_Sl�ū'@i\xPRƕƣ8)¯Śě)æŖPJ^t)Đ·'
Ǡ�"ƿŅ�;"��ǴFogarty & Bergmann, 2015ǵ ��+�)¯Ś¯î$�"�PqCQqCa

E#*Dpp6Wg ǴFan & Bergmann, 2008; Morata et al., 2011; Pérez-Garijo et al., 2004; Ryoo et al., 2004; 

Smith-Bolton et al., 2009ǵ�jCR6Ó�ǯ)ßǰƕƣ#* caspase-3ŝě'7�"Ŵŵ�;:ťżƽ
ƀě)�ǁŪ�ƀƵ�;ǴCastellone et al., 2009; Li et al, 2010ǵ��)%;5�ƕƣæŖ>ƽú��  

� ��&�8��¤ěæŖ.)Ŵ¾ñPJ^t)ö}'*|ĻƇ&Ŧ�ŕ�;"	: ƖƟª)
ƕƣĴ>yó'� �4'��¤ěæŖ*��üĴ)ƕƣ'�ǆ�&	��ŀǅƂ'Üy'�Ǔ
�;:Ŵ¾ñPJ^tǴJanmey & Miller, 2010ǵ#*�)ƑǟƂ'|Üy&ƕƣæŖ)�Ɩ2>ƾĻ
��;"	&	 Ŵ¾ñPJ^t'»�"�æŖ�:ƕƣĴ>Ǣó�:�4)�Ɩ2��'ðÛ�
:ÉƤě��: ŀƉƐ#*�@i\xPR)5
,$ )�Ǫ#�:ŎŉƂ&fvTR'ŨŦ>
č"�ƑǟƂ'|Üy&�¤ěæŖ)ǆŢ' 	"ƿŅ��  
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(1) @i\xPRĔ'ǆ�:Ïǋƕƣ.)ºñ´Ť)�Ĳ 
� @i\xPR*ƖƟ'º>ƀŴ��:@IZAe&fvTR#5�: 7�ūĘ��8;"	:

űǃ$�"�zƃƖƟ'7:@i\xPRƕƣ)ƖƟê.)Ħ�®��Ī�8;:ǴRosenblatt et al., 

2001; Teng et al., 2017ǵ �)ļ'�@i\xPR�Ïǋƕƣ.ºñƂ'%)7
&ďǫ>Ã0�)

ƿ/:�4'�MDCKƕƣņǴMadin-Darby Canine Kidney cellsǵ>ßǰ��Áÿzƃ>Ŷ	"ǴFig. 

2A, Bǵ�ŬĈºǮėǛĢư'79ƖƟ)ºñųå)é¾>óǚ�� ǌĄ�ƕƣ-ƕƣêj\sYI

R>���ŎŉƂPJ^t�Ǔ)ǘƴě�ƋÔ�;"�9ǴJanmey and Miller, 2010ǵ��)º>ƺš

�:ŬĈºǮėǛ�Ć�²Ŷ�;"	: ŀƉƐ#*�éĎÉƤ& polydimethylsiloxaneǴPDMSǵ

Lt#Ōġ�;:àǅ)z'Ʈ¨cxS>ãĂ���)z#MDCK)zƃƖƟ>ßǰ���Ğ)ƕ

ƣ' UVuxOx>č":�$#@i\xPRě)ƕƣ)Ħ�®�>ƽú��ǴFig. 2Aǵ @i\x

PRƽúĔ�àǅ)éĎ�cxS)é�$�"śŭ'�Ĳ�;:ōî�Ƹ÷�;� àǅz)cx

S)½�> Particle image velocimetryǴPIVǵ#ƹŃ��Ƙń� Ľ±�cxS)½�*Ŕƕƣ8ê

Ì�'Ì	ǴFig. 2C, t=5minǵ�Ŕƕƣ'Ľ5ǌ	ƕƣ*79ë�	cxS)é�>ƗǱ�:�$

�¯��ǴFig. 2Hǵ �)Ĕ�êÌ�)�Ĳ'»�"�Ŕƕƣ)�ǌ#ªÌ�)cxS)é��

ƀŴ�:  

� àǅ)éĎ>óǚƂ'Ųƹ�:�4'�ĳùĸÌ)cxS)é�>Ƌ�GBnJrd>fvY\
��ǴFig. 2Dǵ êÌ�$ªÌ�)½�)ǟ'yļƂ'ǨƂ&ǬÞ�ðÛ�ǴFig. 2D, Ɓƪǵ��)
ǬÞ*ļǟ)Ɨǒ$$5'@i\xPRƕƣ8Ǧ;: ǨƂǬÞ>àǅéĎ),$ )ūĘ$�
"ƶó��Ƿļǟ#ǨƂǬÞ�Ŕƕƣ8ÀĒƔ 20 µm�z5Ǒ3�$�¯��ǴFig. 2Gǵ  

� àǅ)éĎ)ÂØ>ĭ:�4'�ƖƟ> Rac1ǡõ¶) NSC23766#Ų�"�ƫŭ�Ǉ)Ivx
swJ>ǡõ�� @i\xPR�ǆ�:$�ǥĮƕƣ#ƫŭ�Ǉ�Ďġ�;�Ivxt>�
ƕ
ƣƌ½'79Ŕƕƣ)Ħ�®�>�Ǒ�: �)ļ�ƕƣƌ½$*ÅøĸÌ'àǅ>éĎ��:�
$�ƈ8;"	:ǴKocgozlu et al., 2016ǵ č±* NSC23766'79àǅ)éĎ�ģ�8;:$Ƣ�
����ĝ'Å�"�@i\xPRļ)àǅ)éĎ*æ»��ǨƂǬÞ* 1ļǟ#ÀĒƔ 40 μm'
Ǔ��ǴFig. 2E-Gǵ ĻƷǙŷ£8ƖƟ)éĎ>ƿ/�Ƙń�àǅ)éĎ$Ëō' NSC23766Ų
)ľŧ'Ǡ=8��Ïǋƕƣ*Ŕƕƣ8Ǧ;:ĸÌ.éĎ��ǴFig. 2I-Jǵ �;8)Ƙń8�
@i\xPRƕƣÏǋ)àǅ$ƖƟ)êÌ�)éĎ*�Ŕƕƣ)Ħ�®�)�4'ǆ�:Ïǋƕƣ
)ƌ½#*&��zƃƖƟ)fuZwPqw)ƹĳ'ǆØ�:$įš�� zƃƖƟª)ƕƣËè
*VB\'ĮƆ�"�9��	>Ĉ�Ċ9Ê
fuZwPqw�ă'ðÛ�: �;1#)ƉƐ#�
@i\xPRĔ)PqCQqCaEzƃǴTeng et al., 2017ǵ�7-MDCKƕƣǴThomas et al., 2020ǵ
#�GRbxU-3�ŝě¾�;�Ĕ�ƕƣǟƘÊ¯î) E-G]gsw�@i\xPRƕƣ$ǥĮƕ
ƣ)ǟ#Šü�:�$�áÎ�;"	:  �) E-G]gsw)Šü*�@i\xPRƕƣ$ǥĮ
ƕƣ$)ǟ)ĮÊǖ)ƹǦ��7-ƖƟ)fuZwPqw)ƹĳ>Ĉ�ǆ��ǴTeng et al., 2017ǵ  
� Ŕƕƣ)ÏǋƖƟ)ĉƝ*zƃƖƟ)fuZwPqw)ƹĳ'ǆØ�:)Ŋƻ�� NSC23766

Ų)ľŧ)Ł�{#�ƕƣǟ)ƘÊǖ>uxOx°Ķ��ƘÊǖ':fuZwPqw>ŗǊ
��ǴFig. 2Mǵ NSC23766#Ų��zƃƖƟ)ĸ��Ų�"	&	5)79ƖƟ)ĮÊǖ)Ċ
º�ǲ�� �)Ƙń*�NSC23766Ų#ś)�Ĳ�Ĩë���$$yƨ�"�9ǴFig. 2C-Jǵ�
79ë�&fuZwPqw>ĩ ƖƟ*79ë�&ƖƟéĎ>Ĉ�ǆ��iZwPot>ĩ �$
>ĞÐ�"	: 1��ś)ƀŴļ'�ƕƣĮƆŰ$àǅz)cxS)ƅø�Ơ�¹Ƃ'é¾�:
�*&	 �;*ƖƟ�àǅz>ţ8&	�$>ĞÐ�"	: �z79�@i\xPRļ'Ŕƕ
ƣ$ǌǥƕƣ)ƘÊǖ��Ǧ�"ƖƟª)fuZwPqw�ssxR�;:�$#�Ŕƕƣ8Ɩ
Ɵ�Ǧ;:ǴêÌ�)é�ǵ$Ƣ�8;:  

� ĳùĸÌ)cxS)é�>Ƌ�GBnJrd*�Ŕƕƣ.Ì
ªÌ�)½�5Ƌ��ǴFig. 2C-F, 

ǧƪǵ �)űǃ*�Ïǋƕƣ)@I\kFPwKxet)Æƞ$éĎ�yǖǠ}�:$�ĝ�;: 
@i\xPRļ'Ŕƕƣ'�	"�Æƞě)@I\kFPwKxet�ǥĮƕƣ$)åŸǪ'Ďġ
�;�ƕƣ�Æƞ��ǥĮƕƣ'Ċº��Ŷ�: �)Ĕ�ǥĮƕƣ'�	"Ŕƕƣ$)åŸǪ'
@I\kFPwKxet�Ďġ�;�āƆ�ǝ1:ƴǬ#@i\xPRƕƣ)Ħ�®��ǆ�:
ǴKuipers et al., 2014; Rosenblatt et al., 2001ǵ cxS)ªÌ�)½�*êÌ�)½��Ľ±'Ƹ÷�
;"8ƔǸ−ǷǶ¯ƓÙª#ƀŴ���)VBkwJ*@I\kFPwKxet)Ďġ$ÆƞǞ
í$yƨ�:ǴTeng et al., 2017ǵ Ŕƕƣ'ø�:cxS)ªÌ�$êÌ�)½�*ËļĿ'ðÛ�
:�4�Ïǋƕƣ*�)ÄĸÌ)º'79R\uYX�;"	:ÉƤě��: @i\xPR�ǆ
�"8 30¯Ĕ)ƕƣ)Œ2>ƺš�:$�Ŕƕƣ'Ľ5ǌ	ƕƣ*ǷǸǳ�zR\uYX�;"
�9�Ŕƕƣ8ǔ	ƕƣ$ŗǊ�"ǮƬ'ë�&é¾>Ƌ��ǴFig. 2K-Lǵ �z79�Ŕƕƣ)
Ïǋƕƣ*ƖƟ)ĉƝǴêÌ�ǵ$@i\xPRě)@I\kFPwKxet)ÆƞǴªÌ�ǵ'
79ĈĊR\uYX>È�:$Ƣ�8;:  

�  

(2) @i\xPRĔ'üĴ)Ïǋƕƣ� YAP)ŇƌƯ$ƕƣÏĿ)ǑƯ>Ƌ� 
� ǌĄ�ŎŉƂ&º>ğƈ��ƕƣ*Ŵ¾ñƂ&fvTR>��"ƕƣæŖ>ƽú�:�$�ƀƵ
�;"	: HippoƗǈ)EdDIVx#�: Yes-Associated ProteinǴYAPǵ*�)��Đ$&:Ø
î)y #�:ǴDupont et al., 2011ǵ Ŏŉ´Ť'79�ŝěÝ)ǩswǗ¾ YAP*ƕƣŇ.ƌƯ



��ƕƣæŖ>Í3{Ş)ǉ¬fvJrl>�Ǒ�:Ǵ Elosegui-Artola et al., 2017ǵ ŀƉƐ'�	
"�Ïǋƕƣ)R\uYX��8&:Ŵ¾ñPJ^t'ďǫ�:ƿ/:�4'�YAP-GFP>òó
Ƃ'ƀű�: MDCKƕƣ>Ŷ	" YAP)ýÛ>ƿ/� �)Ƙń�üĴ)Ïǋƕƣ'�	"�@
i\xPR8 1�2ļǟ�ª' YAP)ŇƌƯ�Ƹ÷�;�ǴFig. 3A-Bǵ �)Ƙń*�Ïǋƕƣ'
�	"ƕƣæŖ>��ÉƤě)�: YAP�@i\xPRĔ'ŝě¾�;��$$��)ŝě�ƖƟ
ª'�	"ƑǟƂ'|Üy#�:�$>Ƌ�"	:  

� @i\xPRě) YAP)ŝě¾>�8'Ųƹ�:�4'�MDCK-FUCCIƕƣ#Ōġ�;:zƃ
ƖƟ>Ŷ	"�Ïǋƕƣ)ƕƣÏĿ)ǑƯ>BmxQwJ�� ©")ƕƣ)ƕƣÏĿ> G1 Ŀ'
ËĿ���ŭĠ8ôǱ>Ǟí�� @i\xPR�Ƹ÷�;"8 6-7 ļǟ#üĴ)Ïǋƕƣ�
G1Ŀ8 SĿ.ƌƯ�ǴFig. 3C-Eǵ�16-18ļǟƗǒ�"ƕƣ¯Ʊ>ǆ���ǴFig. 3Hǵ 1��Ŕ
ƕƣ8Ľ5ǌǥ)ƕƣ$�)ŏ'ǌ	ƕƣ*ǲ	¯Ʊ)Ɗů>ĩ���;795ǔ�'�:ƕƣ
*�	Ɗů>Ƌ��ǴFig. 3C-Gǵ �;8)ūĘ*@i\xPR�ƀŴ�"	&	ǬÞ'��:ƕ
ƣ¯Ʊ)ūĘ$*Ź&:ǴFig. 3F-Hǵ  

 

(3) º)�Ĳ$Ň)NBS)ƑǟƂ&|Üyě�Ïǋƕƣ)ƕƣ¯Ʊ>Ǣó�: 
� ƕƣ¯Ʊ)ƑǟƂ&|Üyě>��ƶó�:)Ļ8'�:�4'�2  )ƴØ'ƆƄ�� 
Ƿ Ƅ*�cxSé�ǴàǅéĎǵ)ƑǟƂ&|Üyě#�:ǴFig. 2C, 4Aǵ cxS)é��ë�
��79R\uYX�;�ƕƣ*Ƙń$�"ƕƣ¯Ʊ>ǆ��ÉƤě�ǲ1:�$>ƀƵ��ǴFig. 

4A, 4Dǵ �)�$8�@i\xPRĔ)Ïǋƕƣ)ƕƣÏĿ)ǑƯ$�cxSé�)ƍć'ƅǠ
��:�$�ƋÔ�;: 2  Ƅ*�ƖƟª'ðÛ�:ƕƣŇ)NBS�ƑǟƂ'|Üy&�$#
�: @i\xPRǞíļ'�ë�&Ň>ĩ ƕƣ��)Ĕ'ƕƣ¯Ʊ>¥§�"ǆ��¢Ì'�
:�$>ƀƵ��ǴFig. 4Bǵ  

� |Üy'ƀŴ�:�¤ěæŖ'*�cxS)é�$Ň)NBS)|Üyě)~ĸ�Ǡ}�:)
Ļ8'�:�4'�cxSé�$ŇNBS$ YAP)¯Ă>Ëļ'Ƹ÷�� ë�&Ň>ĩ��ë
�&cxSé�>ƗǱ��ƕƣ)2� YAP)ŇƌƯ>Ƌ��ǴFig. 4C-Dǵ øũƂ'�ë�&Ň>
ĩ ƕƣ�û�&cxSé�>ƗǱ��âÊ6�cxS)é�'Ǡ�&�û�&Ň>ĩ ƕƣ)â
Ê* YAP )ŇƌƯ�Ƹ÷�;&�� �8'�ƕƣ)Œ2$ŇNBS$ƕƣÏĿǑƯ)Ǡ�>
MDCK-FUCCI ƕƣ>Ŷ	"ƺš��Ƙń�ë�&Ň>ĩ��ë�&Œ2>ƗǱ��ƕƣ�¥§�
"ƕƣ¯Ʊ>ǆ��¢Ì'�:�$>ƀƵ��ǴFig. 4Eǵ  

� ƕƣ)Œ2$Ň)NBS� YAP )ŇƌƯ$ƕƣæŖ'%)7
'Ǡ}�:)Ųƹ�:�4'�
ŇƦïƳÊ�ǴNPCǵ'ƆƄ�� NPC *Ċº�ðƂ' YAP >ƕƣǅ8Ň.ƌǍ�:ŌǐŪ$
�"ƈ8;"	:ǴElosegui-Artola et al., 2017ǵ Ź&:NBS)Ň'ø�" NPC)Ĵ>ƺš��$
�<ǴFig. 4F-Gǵ�Ň)NBS'��" NPC)Ĵ�æ»�:�$>ƀƵ�� Ň�ë�	�$#�
ŎŉƂ&R\uYX'7: YAP)ŇƌƯ>¼�"	:�$��ĝ�;: �z79�@i\xPR
ƕƣÏǋ)ƑǟƂ'|Üy&ƕƣæŖ*�ƑǟƂ'|Üy&fuZwPqw)ssxRǴ�;*ƕ
ƣ)Œ2>ƽú�:ǵ$�ƑǟƂ'|Üy&ŇNBS'79ƶó�;:$Ƙǀ!�8;:  

 

(4) �¤ěæŖ*àǅ>���ºñ�Ĳ>ƴ�: 
� �;1#'��¤ěæŖ'*@i\xPRƕƣ8)Ŵ¾ñPJ^t�ö}�:�$�Ƌ�;"
���ǴFogarty & Bergmann, 2015ǵ��;'»�"ŎŉƂ&º�%)ƍć)Đ·>ń��)Ųƹ
�:ęƴ��: @i\xPRƕƣ$Ïǋƕƣ$)ǟ)Ŵ¾ñƂ&ƅ��Ŷ>é¾��:�$&��
º)�Ĳ)ćÊ	>é¾��:�$#�ŎŉƂ&º)Đ·>Ŋƻ�� 1��ƖƟª)fuZwP
qw>Šü��:�4'�jBIvMwVI\fswZAwJĢư>²Ŷ�"k_ƖƟ>�ġ��
ǴFig. 5Aǵ ŲǀƂ'�ƖƟ)NBS�û��&:$�ƕƣËè�Ĉ�Ċ9�
º)ƛÒ�Šü��
ƖƟª)fuZwPqw*û��&: 100 µmĒ)k_ƖƟ#cxSé��ŋû'&9ǴFig. 5B-Cǵ�
�)ŭř{#�Ŕƕƣ)Ïǋƕƣ'�	"�Ň)NBS'Ǡ�&� YAP)ŇƌƯ*Ƹ÷�;&�
�ǴFig. 5D-Fǵ  

� �8'�Ŵ¾ñƂ&ƅ��Ŷ>é¾��&	Ł�{#�àǅ)éĎ>ŋû'�:�4'�àǅ�
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