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ϝȨˑ6ȯΆ 

ϝȨˑ7ͲÂ6 30~40%MēCIʏÂȑś6ˣ˶1.I�ϝȨˑ7�.6ϝ5ͬŦ"�
ί˕Mͯ�1õ6ϝ5ˢŦ"0�H�ϝȨˑ�ğ˳$I�21ί˕6ƈȏE½Ɖ�ŨĆ

6Ïǝ2�-*΍ąȵ̌�ȣ* JI�ϝȨˑMȯǍ$I67�ϝȨˑ6ğ˳Mǘ�Ś

ȧ6ˡά�ˡ̋1.Iˑ˯˪�ʾˤˡ̋�̵˔�F:˥ħˣ˶1.I�ˑ˯˪6�ȗ�

ȗ7ˑŏƢ̙2ˑæ̙5F-0Ł@J0�I�ˑ ˯˪7ν@-0ˑį̙5..@J*ˑ

țMÅI� G5ˑț�ν@-*D6�ϝȨˑ1.H�ϝȨˑ6âÂ7ˑř̙5F-0

ć@J0�I�ȹƛ4ϝȨˑ7>2N3ˑ˯˪5F-0ȯǍ J0�H�˥ ħˣ˶�ē

CIþħ7ϝȨˑâÂ6˛ 5ϣ5Ύ�4�ϤFig. 0-1AϥϤLieber and Ward, 2013ϥ� 
ˑ˯˪6śΘð7ğ˳–˸M4$ˑę˯˪5F-0ēCGJ0�I�ˑ ę˯˪7�ŝ

��Wa�{Q���o2ˡ�P\k�{Q���o1ȯǍ JI`�_�P�Śǽ

·˩"0.4�I�21ƪǍ JI�P\k�˯˪7μHħ-*`�_�Pĩŗ�ãȓ

$I Z ˯�G`�_�P6�ƺ5Ī�-0½:��Wa�{Q���o7`�_�P

6�ƺ5.IM˯�G Z˯5Ī�-0½:0�I��Wa�{Q���o�½:0�
IύŌMȎƚϤA ƚϥ�Z ˯MǠN1P\k�{Q���o��Wa�{Q���o2
Ρ4G4�ύŌMȉƚϤIƚϥ2ı;��Wa�7 �ȗ6�Wa�ΡΪϤmyosin heavy 

chainϪMHCϥ�2ȗ6�Wa�͚˕͵ΪϤregulatory myosin light chainϪregulatory 
MLCϥ�F: 2ȗ6�Wa�ƻό͵ΪϤessential myosin light chainϪessential MLCϥ
�GȯǍ JI�ϝȨˑˑ˯˪5��0ʣʋ�AGJIMHC7 6˄ϒ.H�ʣʋ$I

MHC5F-0ğ˳Ā�Ɋ@I�1ŉMHCϤ΋ˑŉMHCϥMʣʋ"*ˑ˯˪7ƧĀ�
ɃͶʥƦ��ğ˳Ȍή�ǝ˩$I΋ˑ˯˪24I�2A ŉ�2B ŉ�2X ŉ MHCϤ΅ˑ
ŉMHCϥMʣʋ"*ˑ˯˪7�ğ˳΅ƣ�΅��ğ˳Ȍή�ʳ�΅ˑ˯˪24I��

ȗ6ˑ˯˪7�ȗ6ʾˤ5ǸΚ JϤđʾˤǸΚϥ�ˑ˯˪�ʣʋ$I MHC 6ŉ7ˑ
˯˪MǸΚ$Iʾˤ6ŉ5Êŭ"0Ɋ@I�̉ àŉMHCϤembryonic MHCϪeMHCϥ�
ȂʏàŉMHC7ƱͿ$IˑʣʏEˑèʏȌ5ʣʋ�AGJI��
�
ϝȨˑ6ʣʏ�
ϝȨˑ6ʣʏ7�Â˕̈æÕ5ŭŅ$I paired box 3ϤPax3ϥMʣʋ$Iˑúϛˡ̋

1ˑðĈ÷ƵĿūmyogenic factor 5ϤMyf5ϥ�ʣʋ$I�21Ŧ@IϤOtt et al., 1991ϥ�
Myf5 Mʣʋ"*ˑ̢ˡ̋7˩�0 myogenic differentiationϤMyoDϥ�myogenin�
myogenic regulatory factor 4ϤMrf4ϥMϋ5ʣʋ$IF�54IϤBentzinger et al., 
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2012ϥ�myogenin �ʣʋ$I�21�đȧ6ˑ̢ˡ̋�¨�5̴ħ"�Śȧ6ˑ˔ˡ
̋�ƪǍ JIϤHasty et al., 1993ϪNabeshima et al., 1993ϪVenuti et al., 1995ϥ�
ȷ5 Pax3 ιǁ6ˑúϛˡ̋6�Θ� Pax3 6ʣʋMŠ��Pax7 Mʣʋ$IF�54

I�Pax7ιǁ6ˑúϛˡ̋D Pax3ιǁˡ̋2ĩȰ5ˑ˔ˡ̋ƪǍ5Ĝʖ$I�@*�
Pax7ιǁˡ̋6�Θ7ȷϊ5Ϳ=Iˑ̸Ȋˡ̋24H�ʏÂæ5ʘ@IϤGros et al., 
2005ϪKassar-Duchossoy et al., 2005ϥ��

ˑ˔ˡ̋�ƪǍ JI2@D4�ʾˤǸΚ�Ŧ@I�óC7�ȗ6ˑ˔ˡ̋5Ś�6

΍ąʾˤ�áĀ$IŚʾˤǸΚ1.I�ˑ ˔ˡ̋æ6ˑę˯˪ƪǍ�Ή̶"�ˑ ˔6�

ƺ5.-*ȧ�ˑˡ̙̋6ʫ�5˂ą"*ˑ˯˪@1ðĈ$I2�΍ąʾˤ�̧̒"đ

ʾˤǸΚ�Ǎˊ$I� 

 
ˑ̸Ȋˡ̋Ϥsatellite cellϥ2Ɵˡ̋rlk 

ˑ̸Ȋˡ̋7ȹƛ4ϝȨˑ17ˑ˯˪2ˑŏƢ̙6ή5ð̼DðĈD"4�¸ȸʄ

ǉ1ŭŅ$IˑƟˡ̋1.IϤMauro, 1961ϪSchultz et al., 1978ϥ�ˑ̸Ȋˡ̋6¸ȸ
ʄǉ6˪ǝ5ś��ίLI6��ˑ̸Ȋˡ̋įŁ6ƷƃʎŔ�rlk�1.I�rlk

7Ɵˡ̋�ŭŅ$IŒ1.I22D5�Ɵˡ̋�ˡ̋řa]q�Mġ�0(6ǟąMɊ

CIŒ1D.IϤFerraro and Celso, 2010ϥ�ˑ̸Ȋˡ̋6rlk7ˡ̋řŏͨ�̵˔
˫�ʾˤ˫�įŁ5ŭŅ$Iˡ̋�F:̃ˡ̋ŕȽĿūϤhepatocyte growth factorϪ

HGFϥ�œŏǁ˯˪̢ˡ̋ŕȽĿūϤbasic fibroblast growth factorϪbFGFϥ�R�c
��ȰǍάĿū 1Ϥinsulin-like growth factor-1ϪIGF-1ϥ436ǍάĿūMĬBǛǻǁ
6Ŀū5F-0ȯǍ JI�ˑ ̸Ȋˡ̜̋ͲDrlkȯǍ͂˞2"0ˡ̋ĩŗ6Ǩ͊E

̜ƖðɎ�×ðɎa]q�5F-0ƬψM�1I�ˑ ̸Ȋˡ̋6rlk5ŭŅ$IŚ�

6ǍάĿū7�̧ ȸʄǉ6ˑ̸Ȋˡ̋6ˡ̙̋�5ʣʋ$I}�mW]�X�5˥ħ"

*�ɗǁŉ2"0ŭŅ$IϤYin et al., 2013ϥ�ϝȨˑ6ǰØ5F-0�o�l\c�

i�}�mP�fϤmatrix metalloproteaseϪMMPϥ436}�mP�f�ɗǁĈ$I
2��ɗǁŉ6ǍάĿū�ɗǁŉ54I�ɗǁŉ6HGF5F-0¸ȸʄǉ6ˑ̸Ȋˡ
̋�ˡ̋įȔ5áH�ˑ̢ˡ̋6ŕȽ�ÍΉ JIϤTatsumi et al., 1998ϥ�ˑ̢ˡ̋

6ŕȽ7 bFGF5F-0DÍΉ JIϤYablonka-Reuveni and Rivera, 1997ϥ�IGF-
17ˑ̸Ȋˡ̋6ŕȽ2ðĈ6�ȃMÍΉ$IϤAllen and Boxhorn, 1989ϥ��JG6
ǍάĿū5F-0ˑ̸Ȋˡ̋6ŕȽ�ðĈ7÷Ƶ J0�I� 
ϝȨˑ6èʏ�
ϝȨˑ6èʏ7�ǰØMġ�*ϝȨˑ5��0ˑ̸Ȋˡ̋�ɗǁĈ$I�2�GŦ@

I�ˑ ̸Ȋˡ̋�G6ˑ˯˪6ðĈ7ϝȨˑ6ʣʏ2F�¾*ˤΎM*3I�ˑ ˯˪6
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ŖȻEǰØ5F-0ɗǁĈ"*ˑ̸Ȋˡ̋7�MyoD�F:Myf5Mʣʋ$Iˑ̢ˡ̋
<2ðĈ$IϤCornelison and Wold, 1997ϪCooper et al., 1999ϥ�ˑ̢ˡ̋7ŕȽ$
I�21(6ǽMŕE"�myogenin �F: Mrf4 6ʣʋ5FH¨�5̴ħ"0 MHC

Mʣʋ"*ˑ˔ˡ̋MƪǍ$IϤCornelison and Wold, 1997ϪChargé and Rudnicki, 
2004ϥ�óȔ6ˑ˔ˡ̋7�ƺ5ȧMǝ,�eMHC�F:ȂʏàŉMHCMʣʋ"0�
I�ˑ èʏ6Ή̶22D5ȧ�ˑ˯˪6ͺ˲5˂ą$I22D5�ʾ ˤǸΚ5F-0΅

ˑŉMHC@*7΋ˑŉMHCMʣʋ"*Ǎɼˑ˯˪24H�ϝȨˑ6èʏ7ű¥$I
ϤJerkovic et al., 1997ϥ��

 
ˑbco�{Q� 

��@1Ϳ=0�*F�5�ȹƛ4ϝȨˑ1.J8ǰØMġ�0Dèʏ$I�2�1

�I*C�΍ąȵ̌�À�$I�274��"�"�ϝȨˑ5ʣʋ$IΕºū6Řʚ�

ʣʋ͚˕ʚƛ�.IŒħ�(6Εºū�Gͳé JIi�w\ͨ6ļŠ@*7ȵ̌ʚƛ

�ʏ#�ˑ˯˪6Řǁ�ŖȻ�˷H; JI�21΍ąȵ̌�À�$I�ˑbco�{

Q�2ı8JI�6ʝǃ6ęĿ24IΕºūEi�w\ͨ6ĩŲ7ðūΕºŮ6ΉȺ

22D5ΉA�ʋŅ17 50µ�6ęĿΕºū�ȉG�54-0�I�ʞʍŮʥ57�
ŖȻˑ˯˪��ƺȧMǝ.èʏˑ˯˪�ˑ˯˪6śƃ�ĩ�çƪĈ�˥ħˣ˶6Ύý̫

˅Ϥ˯˪Ĉϥ�ήͨæ̍̅ˣ˶�”Ž JIϤFig. 0-1Bϥ� 

n�aT�±ŉˑbco�{Q�ʟϤDuchenne muscular dystrophyϪDMDϥ7�
Ȃʏʕà6˛ 3,500 ­5 1 ­6þħ1ʣʟ"�ˑbco�{Q�ǃ̀6 60%˃ƣMē
CI�DMD7 Xȥ̡Â�5ŭŅ$I DMDΕºū�Gͳé JIbco�{Q�i�
w\ͨ�ȶǰ$I�21ʏ#I�ˑ ˯˪5ʣʋ$Ibco�{Q�i�w\ͨ7ˑˡ̋

̙ʫ�5ŭŅ"�l ̋ϝȨ2ˑŏƢ̙M.4��21ˑˡ̙̋6ŰŲǁMϟCIȵ̌M

ȓ$I*CϤKoenig et al., 1988ϥ�bco�{Q�i�w\ͨ�ȶǰ$I2�ˑ˯˪6

ŰŲǁ�ŠLJ�ˑ ˯˪�ʶŖ JE$�4I2˿1GJI�(6˥ȣ�ˑ ˯˪6ǰØ�

ŖȻ2(J5˩�ˑèʏ�˷H; JI�ʞǉóȔ6ʞʍÛ17ˑ˯˪6ŖȻÛ2èʏ

ˑ˯˪�Ś�”Ž JI��ʞǉ6Ή̶5¼-0˯˪Ĉ�Ή̶"�ʞǉȖȔ57ήͨæ

5̍̅ˣ˶DAGJIF�54IϤGaeta et al., 2012ϥ��JG6½Ɖǁ5¡"�ˣ˶
�ϝȨˑæ5ïʋ$I�27ˑȵ̌6À�5.4�I�@*�̍ ̅ˡ̋7ˑ̢ˡ̋ĩŗ

6̴ħMǓ÷$I�2ϤTakegahara et al., 2014ϥE�Ύý4˯˪ˣ˶7ˑèʏ5ƻ͂

4̵ɞ6É˦Mť�I2˿1GJI�2ϤJärvinen et al., 2002ϥ�G��JG6ˣ˶
7ˑèʏ5ž"0DǓ÷ʥ5Åʑ$I�ʋŅ�ȹƛ4ˑèʏȌ57ˑðĈMÍΉ$Iϝ

ȨˑæŅǁή̨˚úϛˡ̋Ϥmesenchymal progenitor cellϪMPCϥ�̍̅ˡ̋5ðĈ
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$I�21ϝȨˑæ̍̅ˣ˶��ˑ ˯˪̢ˡ̋5ðĈ$I�21Ύý4ϝȨˑæ˯˪ˣ

˶�ƪǍ JI2˿1GJ0�I� 
DMD 6�n�ąʀ2"0�Dmd Εºū5ŘʚMȓ"bco�{Q�i�w\ͨ�
ȶǰ"*mdx�Sc�Ơ�ʑ�GJ0�I�mdx�Sc7ϝȨˑ6ǰØ�ŖȻ�èʏ
2ϝȨˑæ˯˪ˣ˶6ŕā�”Ž JID66�Ρƣ6˯˪Ĉ7 18�ȒϢµγ6˾Ϣ
54G4�2ʏ#%ϤPessina et al., 2014ϥ�ϝȨˑæ̍̅ˣ˶D>2N3ïʋ"4�

ϤBanks and Chamberlain, 2008ϥ�ƩʴˆŴ1Åï J* DmdΕºū5ŘʚMǝ,�
bco�{Q�i�w\ͨMȶǰ"*�lo7 mdx �Sc2ĩȰ5ϝȨˑ6ǰØ�è
ʏ�AGJI+�14��xo DMDǃ̀1AGJIF�4̩"�˯˪Ĉ2ϝȨˑæ̍

̅ˣ˶6̫˅�”Ž JIϤNakamura et al., 2014ϥ��6�2�G�DMDΕºūŘ
ʚ�loϤDMD �loϥ7�MPC �ðĈ$I�21ƪǍ JIϝȨˑæ˯˪ˣ˶�
F:̍̅ˣ˶6ïʋȵơMʏÂæ1͚=I�1ȓʑ4�n�ąʀ1.I2˿1GJI� 

 
ϝȨˑæŅǁή̨˚úϛˡ̋Ϥmesenchymal progenitor cellϪMPCϥ 

ˑèʏ�ϝȨˑ6˯˪Ĉ�F:̍̅ˣ˶6̫˅6â05ίLIMPC7ϝȨˑæŅǁ

6ˡ̋1.H�l ̻̋φ��X�Mʑ�0đο1�I�2�őĮ J0�I��Scϝ

Ȩˑ5��07�CD31/CD45/̵ƃȠʓȝǍάĿūġŸÂaϤplatelet-derived growth 
factor receptor aϪPDGFRαϥϤ
/
/Ϧϥˡ̋�@*7�CD31/CD45/Sca-1/CD34Ϥ
/
/

Ϧ/ϦϥϤD"�7 CD31/CD45/Integrin a7/Sca1Ϥ
/
/
/Ϧϥϥl ̋�MPC2 JIϤJoe 
et al., 2010ϪUezumi et al., 2010, 2011ϥ�xoϝȨˑ5��0D�PDGFRa5ιǁM
ʼ$ˡ̋�ˑ˯˪̢ˡ̋2̍̅ˡ̋6�ȃ<6ðĈ̌Mǝ.�2�őĮ J0�I

ϤUezumi et al., 2014ϥ��ȃ1�mdx�Sc�Gđο"* PDGFRaιǁˡ̋7˯˪
̢ˡ̋��X�Mƨ�ʣʋ"0�I�2�GϤUezumi et al., 2011ϥ�PDGFRaιǁˡ
̋57MPC+�14�˯˪̢ˡ̋DĬ@J0�I� 

ȹƛϝȨˑ6èʏΎ˃17ˑ̸Ȋˡ̋�ɗǁĈ"�ˑ ̢ˡ̋� G5ˑ˔ˡ̋<6ð

ĈMˤ0�Ȃ*4ˑ˯˪MƪǍ$I�27Ý5Ϳ=*��MPCDϝȨˑèʏȌ5�Ύ
ʥ5ŕȽ"ϤJoe et al., 2010ϪUezumi et al., 2010ϥ�ˑèʏMÍΉ$I�2�ʼ J

0�IϤJoe et al., 2010ϥ��Ύʥ5ŕā"*MPC7�ˑǰØ5¼-0ɜɯ"*�\
�{O�b�GðɎ JI̔ʠŖȻĿūaϤtissue necrosis factor aϪTNFaϥ͗Ƃǁ6
P�o�ac5F-0ζě J�ϝȨˑ6èʏű¥Ȍ57ǰØú6ʄǉ5ǎIϤLemos 

et al., 2015ϥ� 
MPC6ˑ˯˪̢ˡ̋<6ðĈ7�ǰØϝȨˑE DMDʄǉ6ϝȨˑ1ʣʋ��Ȉ$
I transforming growth factor bϤTGFbϥϤBernasconi et al., 1995ϪZhou et al., 2006Ϫ
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Șę�ĎȬ͛ǿϥ5F-0͗Ƃ JIϤFig. 0-2ϥϤUezumi et al., 2011ϥ�TGFb7ˡ̋
̙�5ʣʋ$I TGFbġŸÂ5˥ħ"�TGFbġŸÂM��ΞĈ$I���ΞĈ J*
TGFbġŸÂ7ġŸÂ͚˕ SMADϤSMAD1�2�3�5�8ϥM��ΞĈ"�ġŸÂ͚˕

SMAD7_�nQU�i�SMAD1.I SMAD42̀ħÂMƪǍ"�ȧæ5˂̶"*
Ʊ�ȱʥΕºū6ͳéMÍΉ@*7Ǔ÷$I�µ�6Ģåʥ4 TGFba]q�ˤͰ1.
I SMAD °Ņǁ6a]q�5ā10�SMAD 5Êŭ"4�υĢåʥ4a]q�2"

0�MAP kinaseϤMAPKϥʕ Ͱ�Rho-like GTPaseˤͰ�PI3K-AKTˤͰ�.IϤZhang 
2009ϥ� G5�Cdc422 RhoAM°$Ia]q�D.H��J7co�c{ORv�
6ƪǍ5ίLIϤEdlund et al., 2002ϥ�TGFba]q�6ɗǁĈ7 TNFa5F-0͗Ƃ

 JIMPC6P�o�acDβŶ$IϤLemos et al., 2015ϥ� 
MPC6̍̅ðĈ.�07�ϝȨˑǰØøɱ5F-0̍̅ðĈ̌�ªΉ"�(6ƱR
�c���nZ`�ih�ϤdexamethasoneϪDEXϥ�3-Rg|k�-1-�k�Z`�k

�Ϥ3-isobutyl-1-methylxanthineϪIBMXϥ�F: troglitazoneMĬBŎņϤ̍̅ðĈ
͗ƂŎņϥ1Ŏϙ$I�21̍̅ðĈ�͗Ƃ JI�2�ϝȨˑó´Ŏϙˡ̋Mʑ�*

ųϜ1ȉG�5 J0�IϤFig. 0-2ϥϤYamanouchi et al., 2013ϥ�MPC6̍̅ðĈȵ

ȯ7�3T3L1E 3T3-F442A2�-*̍̅úϛˡ̋\���Mʑ�*ʴˆ5F-0ȉG
�5 J0�*ȵȯ2ã΄$I2˿1GJ0�I�̍ ̅ðĈ͗Ƃøɱ6áĀMġ�*̍

̅úϛˡ̋17�̍̅ðĈͳéĿū1.I CCAAT/enhancer binding protein b

ϤC/EBPbϥ2C/EBPd6ʣʋΣ��Ȍʥ5ŕā$IϤCao et al., 1991ϥ�˩ �0�C/EBPa
2 peroxisome proliferator-activated receptor gϤPPARgϥ6ʣʋΣ�ŕā$IϤCao 
et al., 1991; Tontonoz et al., 1994ϥ�PPARg2 C/EBPa7¨�5ʣʋMÍΉ".�ϤWu 

et al., 1999ϥ�PPARg7o�Pa�]�e���6ĠHͻAE̬ͣ5ίLI̍̅ðĈί
·Εºū6ʣʋM͗Ƃ"ϤTontonoz and Spiegelman, 2008ϥ�ȑˢʥ5ˡ̋æ5̍̅ɮ
M̫˅"*̍̅ˡ̋<2ðĈ$I� 

 
ˑ˯˪̢ˡ̋2˯˪Ĉ 

ˑ˯˪̢ˡ̋7�ϝȨˑMĬBŚ�6ˣ˶1_��^�436ˡ̋řŏͨMΎýʐʏ

"˯˪Ĉ6ęĿ2˿1GJ0�Iˡ̋1.IϤZhang et al., 1994ϥ�ˑ˯˪̢ˡ̋7ˡ
̋řŏͨ6��n��]5ίLI}�mP�fϤSorrell and Caplan, 2009ϥE�TGFb�
connective tissue growth factorϤCTGFϥ2�-*˯˪̢ˡ̋ðĈ͗ƂĿūMʣʋ$I

�2�ȉG�54-0�IϤNeedleman et al., 1990ϪMasur et al., 1996ϪUezumi et 
al., 2011ϪBruno et al., 2015ϥ��̠ʥ57�ˑ˯˪̢ˡ̋7a-smooth muscle actin
Ϥa-SMAϥιǁ6co�c{ORv�MƪǍ"�ğ˳̌Mǝ.2 J0�IϤHonda et 
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al., 2013ϥ�ϝȨˑ5��07�a-SMA6ʣʋ�ˑ̢ˡ̋1D˯˪̢ˡ̋2ɃͶ$I2
Ƅ4�D66AGJI*C��6Ų˺5ŏ/�ˑ˯˪̢ˡ̋�ŭŅ$I�3��7͛͟

 J0�IϤMann et al., 2011ϥ� 

92*:ˑ˯˪̢ˡ̋5ðĈ"*ˡ̋7è:²6ˡ̋5ðĈ$I�264�ˢȖð

Ĉˡ̋2˿1GJ0�*�"�"�Ŏϙˡ̋Mʑ�*ųϜ5F-0�TGFb5F-0˯
˪̢ˡ̋�G͗Ƃ"*ˑ˯˪̢ˡ̋� prostaglandin E2ϤPGE2ϥE FGF-16Åʑ5

F-0a-SMA 6ʣʋ�À�"�ðĈú6˯˪̢ˡ̋5̒ðĈ$I�2�ʼ J0�I
ϤRamos et al., 2006ϪGarrison et al., 2013ϥ�ʏÂ5��0D�ƺ̛6˯˪̢ˡ̋�
̵˔æʧˡ̋5ͳǭ$I�2ϤUbil et al., 2014ϥEʧ̘6ˑ˯˪̢ˡ̋�̍̅ˡ̋5

ͳǭ$I�2ϤPlikus et al., 2017ϥ�őĮ J0�H�ˑ˯˪̢ˡ̋E˯˪̢ˡ̋�
²6ˡ̋5ðĈD"�7ͳǭ$I�2�ʼ J0�I��JG6�2�G�ϝȨˑMPC
�GðĈ$Iˑ˯˪̢ˡ̋D(6ðĈ6΃�EðĈű¥Ʊ5̍̅ˡ̋<2ðĈD"�

7ͳǭ$Iģ̌ǁ�˿1GJI� 
ˑ˯˪̢ˡ̋5F-0ħǍ JIˡ̋řŏͨ6�,�˯ ˪Ĉ1AGJI˥ħˣ˶6 

Ǎð7ϧŉ_��^�1.I�1ŉ_��^�7 3ȗ6_��^�ðū1ȯǍ J*}

�_��^�2"0ðɎ JI�}�_��^�7 Nˌ2 Cˌ�ñȁ J*6,�_
��^�ðūĩŗ�Ȥȴ JI�21_��^�˯˪MƪǍ$IϤCanty and Kadler, 
2005ϥ�(6�ȃ1�_��^�7MMP5FIð͉Mġ�I�$4L,�˯˪Ĉ27

_��^�6ʐʏ΅ƣ�ð͉΅ƣM�ľH�x ˶æ5̫˅$I_��^�Σ�ŕā"*

ʄǉ6�2MǞ$ϤWynn, 2008ϥ� 

 
ϝȨˑæ6̍̅ˣ˶6̫˅ 

ϝȨˑæ6̍̅ˣ˶7ˑbco�{Q�6ʞǉ+�14��ςγĤ2"0ʲGJI

ϝȨˑ6̍̅«ξ1DAGJI�ųϜʥ57�ϝȨˑæ̍̅ˣ˶7�ScϝȨˑæ5]

�e���Mɑƀ$I�21͗Ƃ JIϤArsic et al., 2004ϪUezumi et al., 2010ϥ�
ʏÂæ1ϝȨˑæ̍̅ˣ˶6ƪǍM͗Ƃ$IĿū7�ȉ1.I��ţΞʌ�GðɎ J

I IL-4 Eˑ˚͞ˡ̋�G6 Notch a]q��̍̅ˣ˶ƪǍ5ž"Ǔ÷ʥ5Ú��2

ϤHeredia et al., 2013ϪMarinkovic et al., 2017ϥ�ȉG�54-0�I� 

 
�loϝȨˑʓȝ̍̅úϛˡ̋\��� 2G11ˡ̋ 

ƩʴˆŴ17�ϝȨˑæ̍̅ˡ̋6ïʋȵȯM͚=I*C5�lox��ˑ�Gϟƣ

4̍̅ðĈ̌Mȓ$Iˡ̋\����2G11ˡ̋Mȳˊ"*ϤMurakami et al., 2011Ϫ
ʱʒ�Ēŗ͛ǿϥ� G5�2G11 ˡ̋7ŕȽȔ5 bFGF 6ÅʑMġ�I2̍̅ðĈ̌
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�̩"�ªΉ$I�2�ôȉ"��6ʋ͡M FGF 6}�R��]Ąȣ2ıN1�I
ϤNakano et al., 2016ϥ�bFGF� FGFġŸÂϤFGFRϥ2˥ħ$I�21ˡ̋æ5a
]q��ºΏ JI�2G11ˡ̋5ʣʋ$I FGFR7 FGFR-1�FGFR-1c�FGFR-2b�

FGFR-2c�FGFR-36 5.1.I��6�,�FGFR-1�F: FGFR-2c� FGF6}
�R��]Ąȣ5ί�"0�IϤNakano et al., 2016ϥ�FGFR12 FGFR2c6�ɘ5
7Ƅ4�2D Erk1/2-MAPKˤͰ�AktˤͰ�PLCg1ˤͰ�ŭŅ$I���%JD FGF

6}�R��]Ąȣ57ί�"4��2�ʼ J0�IϤ�΢�Ēŗ͛ǿϥ��ȃ1�

bFGF Mζě"0˪ǝ"* 2G11 ˡ̋6̍̅ðĈ̌7À�$I�2�̓ï J0�I
ϤȚ��ȕʣ̻ϥ� 

2G11ˡ̋7̍̅ðĈ̌Mʼ$+�14��ˑ̢ˡ̋6ðĈ̴ħMÍΉ$IɞǁĿū
MðɎ$IϤTakegahara et al., 2014ϥ�µ�6F�5�̍̅ðĈ̌2ˑðĈÍΉÅʑ
6�ȃMʼ$2��ʂƹ�ϝȨˑ MPC 6ʂƹ2ã΄$I*C�2G11 ˡ̋7ϝȨˑ

MPC\���1.Iģ̌ǁ�˿1GJI� 

 
2G11ˡ̋Mʂʚʥ5͖͝$I�u\��q�ǕÂϤ5C12ǕÂϥ 

ƩʴˆŴ17�ϝȨˑæ5ŭŅ$I̍̅úϛˡ̋6ǧˠ6*C5 2G11ˡ̋6ˡ̙̋
̻φðūM͖͝$I�Sc�u\��q�ǕÂϤ5C12ǕÂϥMÅ̿"*��J@15�
�6ǕÂ7ϝȨˑó´Ŏϙˡ̋5��0ˑ̸Ȋˡ̋27ʚ4Iˡ̋νŀM͖͝"��6

ǕÂ5ιǁMʼ$ˡ̋6>2N3�̍̅ˡ̋5ðĈ$I�2�ȉG�54-0�IϤ�

΢�Ēŗ͛ǿϥ�@*��6ǕÂ�͖͝$IǕę6ðūΣ7˛ 350 kDa1.I�2�ô
ȉ"0�IϤ�΢�Ēŗ͛ǿϥ� 

 
ȗʴˆ6ʪʥ 

�J@15Ϳ=0�*F�5�MPC7ϝȨˑæ6˯˪ˣ˶�F:̍̅ˣ˶6ͬɪ2

˿1GJ0�I�"�"�DMD6ʞǉ17˯˪Ĉ�̍̅ˣ˶6ïʋFHÝ5AGJI
�2ϤGaeta et al., 2012ϥE�DMD 6�n�ąʀ1.I mdx �Sc�Gđο"*
PDGFRaιǁˡ̋7˯˪̢ˡ̋��X�Mƨ�ʣʋ"0�I�2ϤUezumi et al., 2011ϥ

�G�DMD436ʞǉ1AGJIϝȨˑæ̍̅ˡ̋7MPC�GʫǨðĈ"*D61
74��MPC�Gˑ˯˪̢ˡ̋E˯˪̢ˡ̋<6ðĈM�ƣˤ0�G̍̅ˡ̋5ðĈ
"*D61.Iģ̌ǁ�˿1GJI��6F�5�MPC6ðĈȵȯE(6÷Ƶ5.�

07ȕ+�ȉ4ɷ�.I�ȕðĈʄǉ6MPC�ˑèʏMÍΉ$I�ȃ1�ðĈƱ6˯
˪̢ˡ̋E̍̅ˡ̋7ˑȵ̌EˑðĈ5ž"Ǔ÷ʥ5Ú��2Mͱ@1I2�MPC6
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ðĈ÷ƵȵȯMȉG�5$I�27�DMD6ʞǉƪǍȵȯMʍ͉"�(6Ɍʡɏέʣ
M"0���1ƻ͂1.I� 
úͿ6΄H�ƩʴˆŴ1ȳˊ"*̍̅úϛˡ̋\��� 2G11ˡ̋7̍̅ðĈ̌Mʼ

$22D5�ˑðĈMÍΉ$IÅʑMǝ.��6�2�G�2G11 ˡ̋�ϝȨˑ MPC
\���1.H�MPC6ðĈ÷ƵȵȯM͉ȉ$I�1ȓʑ4�n�54Iģ̌ǁ�˿
1GJI� 

µ�6�2�G�ȗʴˆ17ϝȨˑMPC6ðĈ÷Ƶȵȯ6͉ȉMʪʥ2"0�@%�
ˎ�ˋ1 2G11 ˡ̋�ϝȨˑ MPC \���1.Iģ̌ǁMȫ͍"*�1�MPC 6ð
Ĉȵȯ6ģ΁ǁMȫ͍"*�ˎ�ˋ5��0 2G11ˡ̋�ϝȨˑMPC\���1.I

�2�ʼ J*�2�G�ˎ§ˋ17 5C12ǕÂMʑ�0MPC6ϝȨˑ5��Iąǉ
M͚=I22D5�5C12ǕÂ�͖͝$I MPCˡ̙̻̋φ5ʣʋ$Iðū1.I_�
p�Rk�ʸΞ}�mW]�X� 4ϤCSPG4ϥ6MPCðĈ÷Ƶ5��Iȵ͉̌ȡM̶

-*�ˎ §ˋ1 CSPG4�̍̅ðĈ÷Ƶ2ˑ˯˪̢ˡ̋6ɗǁĈ5ίLIģ̌ǁ�ʼ 
J*�2�G�ˎ�ˋ17�6ģ̌ǁ5.�0 DMD�loMʑ�0ȫ͑M̶-*� 
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Fig. 0-1� ȹƛ�F:ˑbco�{Q�ǃ̀ϝȨˑˣ˶Û�
AⅡȹƛ4ϝȨˑ7>2N3ˑ˯˪�GȯǍ J0�H�˥ħˣ˶�ēCIþħ7
ϝȨˑâÂ6˛ 5%5Ύ�4���
BⅡˑbco�{Q�ǃ̀6ϝȨˑ17Ύý4˥ħˣ˶6̫˅ϤϡʱĔϥEήͨæ̍
̅ˣ˶Ϥϡʱώϥ�AGJI��
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Fig. 0-2� ϝȨˑMPC6ðĈ�
MPC6ˑ˯˪̢ˡ̋ðĈ7 TGFb5F-0͗Ƃ JI��
MPC6̍̅ðĈ̌7ˑǰØ5F-0ªΉ"�(6Ʊ6̍̅ðĈ͗Ƃøɱ5F-0̍
̅ˡ̋<2ðĈ$I��
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MPC6ϝȨˑ5��Iąǉ2MPCˡ̙̻̋φðū6ȵ̌6͉ȡ� �
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2010 ƞ5 Uezumi G6]��}2 Joe G6]��}�ϝȨˑæ6 PDGFRaιǁM

ʼ$ˡ̋νŀ�̍̅ðĈ̌�F:˯˪̢ˡ̋ðĈ̌Mȓ$I�2Mʼ"0µȝϤJoe et 
al., 2010ϪUezumi et al., 2010, 2011ϥ�PDGFRa�ϝȨˑæ6MPCˡ̋��X�2
"0Ơ�ÇLJ0�I�PDGFRaMˡ̋��X�2"0ʑ�I�21�PDGFRaιǁ

6ˡ̋ðʖ5̍̅ðĈ̌Mʼ$ˡ̋�PDGFRaηǁMʼ$ˡ̋ðʖ5ˑ̸Ȋˡ̋MĬ
BˑðĈ̌Mʼ$ˡ̋2��F�5ȉʺ5ð�I�2�ģ̌54-*ϤUezumi et al., 
2010, 2011ϥ�"�"4�G�˯˪Ĉ6AGJI mdx �ScϝȨˑ�Gđο"*

PDGFRaιǁˡ̋7˯˪̢ˡ̋��X�Mƨ�ʣʋ"0�I�2ϤUezumi et al., 2011ϥ
�G�PDGFRaιǁˡ̋57ȕðĈ MPC +�14�˯˪̢ˡ̋DĬ@JI2˿1G
JI�ȗʴˆ6ˎ�ˋ1D�PDGFRa6ʣʋ�ȕðĈ 2G11ˡ̋2ðĈƱ6ˑ˯˪̢ˡ

̋6�ȃ1AGJI�2�ʼ J*�Ğž5�˯ ˪̢ˡ̋��X�2"0ʲGJ0�I

ðū6�5DMPC5��0Dʣʋ�͖CGJID6�ŭŅ$I�ųλ�˯˪̢ˡ̋�
�X�6�,�Tcf4ϤMathew et al., 2011ϥE CTGFϤUezumi et al., 2011ϥ7 2G11

ˡ̋2ˑ˯˪̢ˡ̋6�ȃ1ʣʋ"0�I�2�ˎ�ˋ1ʺ͖ J*�a-SMA 5.�
0DȕðĈ 2G11 ˡ̋�ˑ˯˪̢ˡ̋6�̀2D5ßʜȥ̡17ιǁMʼ$�2�G�
MPC2ˑ˯˪̢ˡ̋MĊõ$Iˡ̋��X�2"06öʑ7π"�2˿1GJI�@

*��%JDˡ̋æi�w\ͨEðɎǁi�w\ͨ1.I�2�G��JG6i�w\

ͨ5ž$IǕÂMʑ�0ϝȨˑˣ˶�Gʏ�*ʄǉ6ˡ̋Mđο$I�271�4��

"*�-0�Ƴȝ6MPC��X�E˯˪̢ˡ̋��X�5´LIȂ*4ˡ̻̋φ��

X�M̓ï$�27�MPC 6đοE MPC 2˯˪̢ˡ̋�ˑ˯˪̢ˡ̋6ίÌ͉ȉ6
*C5ƻ͂1.I� 
ƩʴˆŴ17�ȕðĈMPC6ǧˠ�F:đο6*C�ȕðĈ 2G11ˡ̋6ˡ̙̻̋

φðūM͖͝$IǕÂ�5C12 ǕÂMÅ̿"0�IϤ�΢�Ēŗ͛ǿϥ��J@15�
5C12ǕÂ�͖͝$Iðū7ˑ̸Ȋˡ̋57ʣʋ"0�4��2�@*�ϝȨˑó´Ŏ
ϙˡ̋ʓȝ6 5C12 ǕÂιǁˡ̋7�>?â0̍̅ðĈ̌Mʼ$�2�L�-0�I�

"*�-0�5C12ǕÂ5F-0͖͝ JIðū7 MPC5ʂʚʥ5ʣʋ$Iðū1.
Iģ̌ǁ�˿1GJI��6ðūMĩŲ"�ϝȨˑ5��IƇŅEȵ̌MʲI�27�

ϝȨˑ6ǰØ�èʏ�F:˯˪Ĉ�̍̅ˣ˶̫˅ȵȯMȉG�5$I�1ƭ5ˊ.2˿

1GJI� 
(�1�ˎ§ˋ17�5C12ǕÂ�͖͝$IǕę6ĩŲM̶���6ðūMʣʋ$I
ˡ̋6ʂǁM͚=I�21�5C12ǕÂM MPC6ˡ̋��X�2"0öʑ1�I�3
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��Mȫ͍"*�@*�ϝȨˑæ6 5C12ǕÂιǁˡ̋6ƇŅEǰØϝȨˑ5��Ią
ǉM͚=I22D5�5C12ǕÂ�͖͝$Iðū6 MPC6ðĈ5��Iȵ̌M͚=I
�22"*� 
� �
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ąʀ2ϖ̆Ȝ· 

8�16ΈϢ6Wistar-Imamichi�lo6WcMʑ�*��JG7ąʀ˴ȽʴˆǏϤ̤
Ŋ�ȇȗϥ�Gͩá"*� 
n�aT�±ŉˑbco�{Q�ϤDMDϥ�n�Mʑ�*͉ȡ57�Ȟ¬śŮʈċ

ʏʍŮǺŴ5��0Åï J* DmdΕºūŘʚ�loϤDMD�loϥϤNakamura et 
al., 2014ϥ��F:(6ĩ̗6΢ʏŉ�loϤWTϥ6WcMʑ�*� 
ąʀ7�ɦƣ 23�1�C�ɨƣ 60%�ȉȎȜ·ⅡȉȔ 12Ȍή�ȎȔ 12ȌήϤȉȔⅡ

8:00-20:00ϥ6Ȝ·�1ϖ̆"�ŃƪϖȀϤ��MRci�j�pϪȇȗ͹ʐƓȬ�ʾ
šƑ�ȇȗϥ�F:Ɇ7̜ʓ5ǱĠ &*�â06ąʀųϜ7�Ȟ¬śŮąʀųϜųȄ

�r�P��5ŏ/�0̶��Ȟ¬śŮśŮε͹ŮʏĲˀŮʴˆˀ�͹ŮΘųϜąʀŧ

Ķ¹6Ǒ͖Mƴ*� 
�
2G11ˡ̋6˪ǝŎϙ�̍̅ðĈ͗Ƃ�˯˪̢ˡ̋ðĈ͗Ƃ 

ˎ�ˋ2ĩȰ6șȀ�ȃɏ1̶-*� 

 
�loϝȨˑ�G6ϝȨˑó´Ŏϙˡ̋6đο�F:Ŏϙ 

�͎6Ȝ·�1ϖ̆"*�loM CO2Yc50ŰȭȻ &�70%Uiu��5 5 ð
ήɜ��âͲMɝɂ"*�(6Ʊ�âͲ6ϝȨˑMǦĠ" PBS 5ɜ"*�³ʰ"0�
I̍̅�F:ʾˤ�˥ħˣ˶MĠHζ�*Ʊ�10 cma���5ϝȨˑM˂"�Φ1ˡ

ñ"*�ˡñ"*ϝȨˑΡΣMɧŲ"�}�mP�fϤ1.25 mg/mLϪSigma-Aldrichϥ
MĬB 40 mL6 PBS5.� 8�10 g24IF�5ā1�37�C1 1ȌήΝ˞îʍ"*�
Ν˞îʍˢ¥Ʊ�2,150 × g1 3ðήΑƺðο"��ɣMĠHζ�*�è: 37�C6 PBS

Mā1ǷǙ"�600 × g6ΑƺðοM̶��đȧˡ̋MĬB�ɣMľğ"*��6ǶÅ
MΑƺðο6ȌήM 10 ð�8 ð�5 ð2ʳ�"4�Għ͌ 3 ľ˷H;"�ľğ"*�
ɣM 2,150 × g1 3ðήΑƺðο"*�ɋɀ"*ˡ̋M΄ƛŎņ50ɛΌ &�ŬƯ 70 

µm6 cell strainerϤBD FalconϥMʑ�0ɴΎ"*��
ƴGJ*đȧˡ̋7�poly-L-lysine2 human plasma fibronectin1_�o"* 10 

cma���5�(6ˡ̋�ʓȝ$Iˑˣ˶6ΡΣ� 30�40 g24IF�5ǳ˄"*�

ˡ̋7΄ƛŎņ50 37�C�ɨƣϗĳ�5%CO2-95%ˇɅȜ·�1Ŏϙ"*�ŎϙέŦ 24
ȌήƱ5�΄ƛŎņ1 2 ľ�G 3 ľɕ��25FHυ³ʰǁ6ˡ̋E˥ħˣ˶43M
ĠHζ�*� 
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siRNAϤshort interference RNAϥ6Ƃá 

_�p�Rk�ʸΞ}�mW]�X�4Ϥchondroitin sulfate proteoglycan 4ϪCSPG4ϥ
5ž$I siRNA6ΚòMµ�5 senseΪ�antisenseΪ6ϋ5ʼ"*� 

 
#1 5’-gugauucagggccggaagatt-3’ 5’-ucuuccggcccugaaucactt-3’ 
#2 5’-gcaacauagucuauguccatt-3’ 5’-uggacauagacuauguugctt-3’ 
#3 5’-cauagaggaugauaucccatt-3’ 5’-ugggauaucauccucuaugtt-3’ 

 
ȑˢɳƣ 50 nM24IF�5͚̿"* CSPG45ž$I siRNA��F:tYmQ|

_�o���2"0MISSION siRNA Universal Negative ControlsϤSigma-Aldrichϥ
MƂá5ʑ�*�2G11ˡ̋M�24 well}��o5 1 well.*H 1 × 104Ñ24IF�

5��ra���co�}o�Ra��F:^�i�Ra�MĬ@4�΄ƛŎņ5ǌɲ

"�ǳ˄"*�siRNA ƂáέŦ�G 24 ȌήƱ5΄ƛŎņ5Ŏņ«ǭM̶��21
siRNA Mζ�*�siRNA Ƃá�G 48 ȌήƱ5 RNA ǗïM̶���P�iR� RT-
PCRMʑ�0 siRNAƂá5FIʣʋǓ÷M͒Ë"*��
�
_�p�Rkq�fîʍ 

_�p�Rk�ʸΞΪMζě$I*C�2G11ˡ̋M 0.1 U/mL6_�p�Rkq�

f ABCϤC36667�Sigma-AldrichϥMĬB΄ƛŎņ1�ȍŎϙ"*� 

 
e�g�mQ�] 

Ŏ ϙ έ Ŧ � G 5 ȇ ˤ Ύ " * ϝ Ȩ ˑ ó ´ Ŏ ϙ ˡ ̋ M 10 mM 6

ethylenediaminetetraacetic acidϤEDTAϥϤĩ®ˀŮʴˆǏ�ɻȗ�ȇȗϥ/PBS2e
�c\��w�ϤSARSTEDT AG. Co�Nümbrecht�GermanyϥMʑ�0ü�"*�

ü�"*ˡ̋Mľğ"�2.5% FBS/PBSMā1�2,150 × g1 3ðήΑƺðοM̶��
ɋɀ"*ˡ̋M 2.5% FBS/PBS1èǌɲ"*�15 mLΑɋ˔ϤCorningϥ1ȗ.*Hˡ
̋ǽ� 1×106Ñµ�54IF�5ðɑ"*�èƣ 2.5% FBS/PBSMā1�2,150 × g1

3ðήΑƺðοM̶���ȷǕÂM 2 µg/mL24IF�5áJ�ɇ�1 30ðήĞƽ 
&*��ȷǕÂ57ȱʥǕÂ2"0 5C12ǕÂMʑ��tYmQ|_�o���2"0
�Sc IgG1 PRgiR}_�o���Ϥclone no. G3A1�Cell Signaling Technologyϥ

Mʑ�*�2.5% FBS/PBS1ǷǙɕə"*6,�§ȷǕÂ2ɇ�1 30ðήĞƽ &*�
§ȷǕÂ57�Ǖ�Sc Alexa 488�[ǕÂϤInvitrogenϤLife Technologies�Carlsbad�
CA� USAϥϥM 500ÒƙΠ1ʑ�*� G5 2.5% FBS/PBS1ǷǙɕə"*6,�ȑ



�

	
�

ˢźƣ 1�5×106 Ñ24IF�5΄ƛŎņ1ǌɲ"*� G5Ȼˡ̋ζě6*C

propidium iodideϤSigma-AldrichϥMā1*� 
�͎6F�5͚̿"*`�}��G Beckman coulter MoFlo XDPϤBeckman 

Coulter�Brea�CA�USAϥ1ˡ̋MðĠ"*�ðĠ"*ˡ̋7΄ƛŎņ5ľğƱ�
2,150 × g1 6ðήΑƺ"�ɋɀ &*� 
�
ßʜɋγ 

2G11ˡ̋M 10 cma���1Ŏϙ"�Lysis BufferϤ20 mM Tris-HClϤpH 7.8ϥ�
150 mM NaCl�5 mM EDTA�100 mM NaF�10% glycerol�1 mM Na3VO4�1% p-

nitrophenyl phosphate�0.55% aprotinin�0.2% Protease Inhibitor Cocktail�1% Triton 
X-100ϥMáJ0i�w\ͨMǗï"*�i�w\ͨǗïɞM�31,200 × g1 5ðήΑ
ƺðο"*Ʊ5�ɣMľğ"�5C12ǕÂ1ßʜɋγM̶-*�tYmQ|_�o��

�2"0�Sc IgG1 PRgiR}_�o���Ϥclone no. G3A1�Cell Signaling 
TechnologyϪµ��PRgiR}_�o���2$IϥMÇʑ"*�25 µL6ʻɅy�
dϤProtein G Mag SepharoseϪGE Healthcare Life SciencesϥM TBS1Ɲ̺Ĉ"*

6,�i�w\ͨǗïɞM 1 mLā1�4�C1 1ȌήͳÓɡĳ"*�(6Ʊ�ɣMľğ
"�5C12 ǕÂ@*7PRgiR}_�o���M 10 µg/mL 54IF�5ā1�4�C
1�ȍͳÓɡĳ"*��ȷǕÂĞƽƱ�Ɲ̺Ĉ"*ʻɅy�d6á-*k��|5`�

}�Mľğ"*�ǌɲ"*Ʊ�è: 4�C 1 1 ȌήͳÓɡĳ"*�Ğƽˢ¥Ʊ��ɣM
k��|5ľğ"�ʻɅy�dM TBS 1 3 ľɕə"*�ȷ5 Laemmli `�}�vl
{O�ϤBIO-RADϥMā1�F�ǌɲƱ�100�C1 5ðήāɽ"*�ʻɅy�dMĠ

Hζ���JM`�}�2"0ʑ�*� 
�
Ŏϙˡ̋�G6i�w\ͨǗï 

CSPG4�a-SMA6i�w\ͨʣʋ͉ȡ5É$I`�}�6i�w\Ǘï5.�07
ˎ�ˋ2ĩȰ6șȀ�ȃɏ1̶-*� 
�
��P\��P�p^�Mʑ�*ρɅɓąϤSDS-PAGEϥ 

ßʜɋγ5FHƴGJ*`�}�7 4-20%6]�bU�o^�ϤBIO-RADϥM�
CSPG4 �F:a-SMA 6i�w\ͨʣʋ͉ȡ5É$I`�}�7(J)J 6%@*7

10%6^�Mʑ�0ρɅɓą5FHðο"*�̀ �}�MĦ���5P}�R"�ɓą

vl{O�Ϥ25mM Tris�192 mM glycine�0.1% SDS; BIO-RADϥ�1 100�200 V
6Ųρń�50ɓą"*� 
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STci�|�lmQ�] 

5C12ǕÂϤȑˢɳƣ 10 µg/mL1ÇʑϥM�ȷǕÂ5ʑ�IŒħ7 5% BSA/TBS-T
1|�lZ�]M̶��1% BSA/TBS-T1�ȷǕÂ6ƙΠM̶-*�Ǖa-SMA�Sc

�u\��q�ǕÂϤƙΠÒʊ 4,000ÒϪclone1A4�A254�SIGMAϥM�ȷǕÂ5ʑ
�IŒħ7�5%cZ���\/0.1% TBS-T 1|�lZ�]M̶��1%cZ���\
/0.1% TBS-T1�ȷǕÂ6ƙΠM̶-*���nQ�]_�o���2"0�Ǖb-actin

�Sc�u\��q�ǕÂϤƙΠÒʊ 4000ÒϪAC-15�A1978�Sigma-Aldrichϥ�Ǖ
vinculinS`[�u\��q�ǕÂϤƙΠÒʊ 50,000ÒϪEPR8185�ab129002�abcamϥ�
Ǖ Syp/SHPTP2 S`[�u\��q�ǕÂϤƙΠÒʊ 1000 ÒϪ06-118�Upstate 

Biotechnologyϥ�Ǖa-tubulinϤƙΠÒʊ 660ÒϪab4074�abcamϥǕÂMʑ�*� 
ͳé�§ȷǕÂĞƽ�ʣÞ�F:ʋÛ5.�07ˎ�ˋ2ĩȰ6șȀ2ȃɏ1̶-*� 
�
ͨΣðȡ 

SDS-PAGEˢ¥Ʊ�Silver questϤInvitrogenϤLife TechnologiesϥϥMʑ�0�̿Ά
Ü6ǩŢ$Iȃɏ5Ƴ-0Υȥ̡M̶-*�5C12ǕÂ1v�p�ȫï JIύŌ6^

�MñHï"�1 mmĽȃ˃ƣ5ˡñƱ�ÀĭʰUl��p�{k��|ϤLoBindk�
�|Ϫeppendorf�Hamburg�Germanyϥ5ľğ"*�30%Peoro��ϤacetonitrileϪ
ACNϥ�50 mMɶΞɆ˞P��rS�Ϥammonium bicarbonateϪAMBCϥɬɞϤ30% 

ACN-50 mM AMBCɬɞϥM1 mLɢā"�ȑÀ1ȌήǷǙ"*Ʊ�30% ACN-50 mM 
AMBCɬɞMζě"*�ȷ5�50% ACN-50 mM AMBCɬɞM1 mLɢā"�ȑÀ1Ȍ
ήǷǙ"*Ʊ�ɬɞMĩȰ5ζě"*� G5�100% ACNM100 µLɢā"�5ðήǷ

Ǚ"*Ʊ�ACNMζě"�5ðήϓ¤ &*�^�ɿ�$=0ɜ�IΣ6o�}a�ɬ
ɞϤ20 ng/µL trypsin�5% ACN�50 mM AMBCϥMɢā"�37�C112�15ȌήĞƽ
 &*���@16ǶÅ7�$=0\�����kæ1̶-*�˩�0�^�ɿ550% 

ACN�0.1% trifluoroacetic acidϤTFAϥɬɞM50 µLɢā"�1ȌήǷǙ"*Ʊ��ɣ
Mľğ"*� G5�^�ɿ570% ACN/0.1% TFAɬɞM50 µLɢā"�30ðήǷǙ"
*Ʊ��ɣMľğ"*�ľğ"*�ɣMɡħ"�Αƺɳ˳5FH9 µLµ�@1ɳ˳Ʊ�

ͭ˝Ɇ1ƙΠ"*�s ɳƣ0.1%24IF�1% TFAMɢā"*D6MͨΣðȡʑ6`�
}�2"*� 
ɞÂ\��o]�{Q�ϤEasy nLC 1000ϪThermo Fisher ScientificϥMQ Exactive 

MSϤThermo Fisher Scientificϥ5Ǩ˩"�quc}��ϤEASY-Spray SourcesϪThermo 
Fisher ScientificϥMʑ�*U�\o�c}��RW�Ĉɏ5FHRW�ĈM̶-*�
ɞÂ\��o]�{Q�6X��57C18 analytical columnϤReprosil-Pur 3 µm�75 
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µm id × 12 cm packed tip columnϪȇ¬m\uc�Ȟ¬�ȇȗϥMʑ��ɬŪ2"0
0.1%�Ξ2100% ACN/0.1%�Ξ62˄ϒMɘ΅300 nL/min1ʑ�*�RW�Ĉ71.8 
kV�250�C6Ȝ·1̶-*��}kp6έ̼7�ϟUt�[�̹ˈ͉ο5FH̶-*� 

�}kpɧŲ5Γ"*͏Ų1MS�F:MS/MSc�\o�6ɧŲM̶-*�äÂʥ5
7�–˸5RW��ϔN1�*λ5MSc�\o�MɧŲ$Io�Y�2"0�RW�
6ΣϤAGC targetϥM3 × 1065�ˤΎȌήϤMaximum ITϥM60 ms5͏Ų"*��J

5FH�–˸5RW��3 × 106*@I�.I�7�60 msˤΎ$I2MSc�\o�M
ɧŲ$IF�5"*�ð͉̌ϤResolutionϥM70,0002"�ɧŲ$IͨΣρ̥ɃϤScan 
rangeϥ7350�1,3002"*�@*�MS/MSc�\o�6ɧŲϤloop countϥ7�MS

6ɧŲ�25ŭŅΣ6ȑDŚ�10˄ϒ6RW�MMS/MS5É$I͏Ų5"*Ϥtop10ϥ� 
MS/MSc�\o�ɧŲ7�AGC targetM1 × 105�Maximum ITM60 ms5͏Ų"*�
@*��ƣMS/MSc�\o�MɧŲ"*}�X�`�RW�5ί"07�10ˁή

MS/MSc�\o�6ɧŲ7̶L4�F�5"*ϤDynamic exclusionϥ�ResolutionM
17,5002"�}�X�`�RW�Mđο$IͨΣƜϤIsolation windowϥM2.0 m/z�ρ
̥ϤCharge excl unassignedϥ�2�4�ͨΣρ̥ɃϤFixed first massϥ�100.0µ�6

RW�6AMɧŲ�έ̼ &Iλ6Ut�[�Ϥnormalized collision energyϪNCEϥ
M28.05͏Ų"*��JG6͏Ų5FH�ʍ͛��ȑÀ1D1ˁή5�ƣ�MSc�\o
�ɧŲ2(J5˩�10ľ6MS/MSc�\o�ɧŲ�̶1IF�5"*� 

MSc�\o�6ͨΣρ̥Ƀ2ρ̥M͏Ų"�(6͏Ų5ħ̝$IMSc�\o�6
A6MS/MSc�\o�MɧŲ"*�MS/MSc�\o�ɧŲ7�AGC targetM1 × 106�

Maximum ITM200 ms5͏Ų"*�ResolutionM70,0002"�Isolation windowM2.0 

m/z�Fixed first mass7120.0�NCEM275͏Ų"*� 
i�w\ͨ��}kp6ĩŲMʪʥ2"*ɧŲ6˥ȣ͉ȡ57�͉ȡg{o2"0

Protein Discoverer version 1.3ϤThermo Fisher ScientificϥM�n�i��c2"0

MascotMʑ�*��}kpĩŲ6λ6Öιǁʊ7 1%µ�2"*�@*��yZk�Ĉ
�}kp6ĩŲMʪʥ2"*˥ȣ͉ȡ57�Protein Discoverer5ā10�Protein Pilot
ϤAB SCIEX�Framingham�MA�USAϥDʑ�*��}kp6ŲΣMʪʥ2"*ɧ

Ų6˥ȣ͉ȡ57�͉ȡg{o2"0 Pinpoint version 1.1ϤThermo Fisher Scientific 
Framingham�Waltham�MA�USAϥMʑ�*� 
�
RNA6Ǘï�΁ͳéĞƽ 

TRIzol reagentϤInvitorogenϥM 24 well}��o1Ŏϙ"*ˡ̋5 500 µL�e�
g�mQ�]Ʊ 2,150 × g1 6ðήΑƺðο"�ɋɀ &*ˡ̋57 1 mLā1� Ƿ
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ǙƱ�Ŵɦ1 5ðήτ˸"*�µγ6ǐϋ5.�07ˎ�ˋ2ĩȰ6șȀ2ȃɏ1̶-
*� 
�
čŲΣʥ RT-PCR 

΁ͳéĞƽ5F-0ƴ* cDNAɬɞMʑ�0čŲΣʥ PCRM̶-*�µ�5ĦΕº
ū5ʑ�*}�R��M forward�reverse6ϋ5ʼ"*� 

 
CD34 5’-tgtgctcacacatcatcttctg-3’ 5’-tttgctggaaagttctgtgcta-3’ 
CD45 5’-caaatttacctgcgacattcaa-3’ 5’-tcacatttttctgaaggggtct-3’ 
Pax7 5’-acgatgaggaaggagacaaaaa-3’ 5’-ggttactgaaccagacctggac-3’ 
MyoD1 5’-aagtgaacgaggccttcgag-3’ 5’- gccgctgtaatccatcatgc-3’ 
Myogenin 5’- aagtctgtgtctgtggaccg-3’ 5’- caaatgatctcctgggttggga-3’ 
PDGFRa 5’- cttgcaatccgtcagtagca-3’ 5’- acgtcctcggctagggttat-3’ 
PDGFRb 5’- tggcctctaagaactgtgttca-3’ 5’- tgatggcattgtagaactggtc-3’ 
HPRT 5’- gctggtgaaaaggacctct-3’ 5’- cacaggactagaacryctgc-3’  

ϤyⅡc@*7 tϥ 
 
PCR5ʑ�*͓̮2ˣǍ7µ�5ʼ"*� 
�

ɭ̦ͭ˝Ɇ 9 µL 
2×PCR buffer 25 µL 
2 mM dNTP 10 µL 
Forward Primer 1.5 µL 
Reverse Primer 1.5 µL 
KOD FX 0.5 µL 
cDNA 1 µL 

Total Volume 48.5 µL 
�
µ�5ʼ$ĞƽȜ·1 PCR M̶-*�`R\�ǽ7 CD34�Pax7�MyoD1 5.�0
7 35ľ�(6²5.�07 30ľ2"*� 
�

PCRĞƽȜ· 
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95˚C 2ð  
95�C 1ð 

30~35ľ 60˚C 1ð 

72�C 1ð 
72�C 10ð  

�
ƴGJ* PCRʐʀ7 3%6PY��c^�ϤInvitrogenϤLife TechnologiesϥϥMʑ�
*ρɅɓą5FHðο"*�͓ȀMĦ���5P}�R"�Tris Acetate EDTA˱̹ɞ
ϤTAE˱̹ɞϪ40 mM Tris�20 mMΜΞ�1 mM EDTAϤpH 8.0ϥϥ�1ɓą"*�

ɓą�ˢ¥"*^�MUkbS�|��Rp1ȥ̡"�ǴƬM̶-*� 

 
ŲΣʥ RT-PCRϤ�P�iR� RT-PCRϥ 

ˎ�ˋ2ĩȰ6șȀ2ȃɏ1̶-*�chondroitin sulfate proteoglycan 4ϤCspg4ϥ�
a-actin 2ϤActa2ϥ�collagen 1a1ϤCol1a1ϥ�connective tissue growth factorϤCtgfϥ
�F:æΘȱɫΕºū1.I hypoxanthine-guanine phosphoribosyltransferase
ϤHPRTϥ6ŲΣ5ʑ�*}�R��7 forward�reverse6ϋ5µ�5ʼ"*� 
�

CSPG4 5’-cttggccttgttggtcagat-3’ 5’-cacctccaggtggttctcc-3’ 

Acta2 5’-tgccatgtatgtggctattca-3’ 5’-accagttgtacgtccagaagc-3’ 
Col1a1 5’-tgcttgaagacctatgtgggta-3’ 5’-aaaggcagcatttggggtat-3’ 
Ctgf 5’-ggtgacctagaggaaaacattaaga-3’ 5’-ccggtaggtcttcacactgg-3’ 

HPRT 5’-gaccggttctgtcatgtcg-3’ 5’-acctggttcatcatcactaatcac-3’ 
�
ϝȨˑ6ǰØ 

­Ɠʥ4�loϝȨˑ6ŖȻ2(J5˩�èʏ6͗Ƃ57�0.85%ʏʍϕœɆ50ɬ
͉"* 0.75%œΞ|zvXR�ϤSigma-AldrichϥMʑ�*�BPVC7{Q�i�ϤMillex 
GP25ϤŬƯ 0.22 µmϥϪMilliporeϥ1ɴΎɭ̦Ʊ�23^�b6ɑƀΤMʑ�0ɿÕ6

ú̑ϝˑ.*H 200 µL ɑá"*� 

 
ϝȨˑ6ǦĠ 

Dmd ΕºūŘʚ�lo�F:΢ʏŉ�loϤWTϥ7 13 ΈϢ1�BPVC ǔ�˹7
BPVCǔ��G 0�2�3�5�7�14ȇƱ5ϏȪ̞̒Ƌȿ"�ú̑ϝˑMǦĠ"*�Ǧ
Ġ"*ú̑ϝˑ7˥ħˣ˶MĠHζ�*Ʊ�ɞÂˉ˞1êĖ"*Rg��i�ϤĳÞ˝
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��

̮ƓȬϥ�1˚΅ì˥"*�(6Ʊp�RPRc�1τ˸"�ˣ˶įͺ6Rg��i�

M̪ʣ &�ÇʑȌ@1-80�C1Ïŭ"*� 
ǦĠ"*ú̑ϝˑM O.C.T _�wS�pϤTissue-TecϪSakura Finetek USA�

Torrance�CA�USAϥ1\�WciloϤMICROM International GmbH�Walldolf�
Germanyϥ5ŃŲ"�Ę 7 µm6ì˥ñɿMÅ̿"*�ñɿ7ˑ˯˪5ž"0ňʫ4
φ24IF�5Å̿"*�ñɿ7MAS_�o³�c�Rp]�cϤȟɚʷūƓȬ�ś

ΰ�ȇȗϥ�5ͥ³�*Ʊ5ϓ¤"�ÇʑȌ@1-80�C1Ïŭ"*� 

 
ϝȨˑ6ßʜȥ̡ 

̍̅ɮ6̙5ŭŅ$I perilipin6ßʜȥ̡57Ǖxo��Sc perilipinS`[�u
\��q�ǕÂϤƙΠÒʊ 500ÒⅡclone D1D8�#9349�Cell Signaling Technologyϥ
M�ˑŏƢ̙6��X�1.I laminin 6ßʜȥ̡57Ǖ�Sc laminin S`[��

\��q�ǕÂϤƙΠÒʊ 200ÒⅡL9393�SIGMAϥM�ˑˡ̙̋6��X�1.I
bco�{Q�6ßʜȥ̡57Ǖxobco�{Q�S`[��\��q�ǕÂϤƙΠ

Òʊ 100ÒⅡclone H-300�sc-15376�Santa Cruz BiotechnologyϥM�èʏˑ˯˪6

��X�1.Ỉàŉ�Wa�ΡΪϤembryonic myosin heavy chainϪeMHCϥ6ßʜ
ȥ̡57Ǖxo eMHC�Sc�u\��q�ǕÂϤƙΠÒʊ 100ÒⅡclone F1.652�
Developmental Studies Hybridoma Bank�Iowa City�IA�USAϥM�ήͨæ˯˪ˣ

˶6��X�1.I 1 ŉ_��^�6ßʜȥ̡57Ǖxo collagen I S`[��\�
�q�ǕÂϤƙΠÒʊ 200 ÒⅡab34710�abcamϥMʑ�*�5C12 ǕÂ7 50 ÒƙΠ
1Çʑ"*�5C12ǕÂMʑ�*ȥ̡2 perilipin�laminin6ȥ̡57�Ŵɦ5��0�

4% PFA/PBS 50 15 ðήŃŲ"*ñɿMʑ�*�bco�{Q�6ȥ̡57�4% 
PFA/PBSMʑ�0Ŵɦ1 15ðήŃŲ"*Ʊ��iu��Mʑ�0Ŵɦ1 20ðήèŃ
Ų"*ñɿMʑ�*�PBS5FH 3ľɕəƱ�5%ȹƛ�v̵ɣϤnormal donkey serumϪ

NDS�MERCK�Darmstadt�GermanyϥMĬB PBSϤ5% NDS/PBSϥ50 20ðή
|�lZ�]"*�Ħ�ȷǕÂ7 5% NDS/PBS5ƙΠ"�4˚C1�ȍĞƽ &*�5% 
NDS/PBS5ǕS`[ Alexa Fluor 488�vǕÂ2Ǖ�Sc Alexa Fluor 594�vǕÂ

ϤJackson ImmunoResearch LaboratoryϥM 500ÒƙΠ"�Ŵɦ50ϧȌή�§ȷǕ
ÂĞƽM̶-*�žɃȥ̡2"0ȧM Hoechst 33258 Dye Mʑ�0ȥ̡"*�Zenon 
Alexa Fluor 488 �Sc IgG1����]ZloϤMolecular probeϤLife Technologies�

Palo Alto�CA�USAϥϥMʑ�0�Ǖxo eMHC�Sc�u\��q�ǕÂ�ǕS`
[΅ˑŉMHC�Sc�u\��q�ǕÂϤclone MY-32�M 4276�SIGMAϥ�Ǖxo
΋ˑŉ MHC �Sc�u\��q�ǕÂϤNOQ7.5.4D�M 8421�SIGMAϥ5 Alexa 
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Fluor 488 Mȱ͝"�5C12 ǕÂ26§Ρȥ̡5Çʑ"*�ſá57Ɇɬǁ̲Þ΀̡α
ȸſáûϤFluoro Mount�Diagnostic BioSystems�Pleasanton�CA�USAϥMʑ��
̲ÞMȹˊ̲ÞϑƷΫϤBX53�W��wcϥ50”Ž�éʮǴƬM̶-*� 
�
ˡ̋6ßʜȥ̡ 

5C12ǕÂ7 50ÒƙΠ1Çʑ"*�̍̅ðĈ͗ƂͳéĿū1.I PPARg6ßʜȥ̡

57Ǖ PPARg�Sc�u\��q�ǕÂϤƙΠÒʊ 100ÒⅡclone E-8�sc-7273�Santa 
Cruz BiotechnologyϥM�a-SMA6ßʜȥ̡57Ǖa-SMA�Sc�u\��q�ǕÂ
ϤƙΠÒʊ 400ÒⅡclone1A4�A254�SIGMAϥMʑ�*� 

Ŵɦ5��0�4% PFA/PBS 50 15 ðή�ˡ̋MŃŲ"*�PBS 5FH 3 ľɕə
Ʊ�5% NGS/PBS50 20ðή|�lZ�]"*�PPARg�F:a-SMAMȥ̡$Iλ
7�ˡ̙̋6΂Ύîʍ6*C�Triton X-100Mȑˢɳƣ 0.1%24IF�5ā1*��

ȷǕÂ7 5% NGS/PBS 5ƙΠ"�4˚C 1�ȍĞƽ &*�5% NGS/PBS 5Ǖ�Sc
Alexa Fluor 488�[ǕÂ@*7Ǖ�Sc Alexa Fluor 594�[ǕÂϤLife Technologiesϥ
M 500ÒƙΠ"�Ŵɦ50ϧȌή�§ȷǕÂĞƽM̶-*�žɃȥ̡2"0ȧMHoechst 

33258 DyeMʑ�0ȥ̡"*�ǴƬ7̲ÞϑƷΫϤBX50�W��wcϥ6 10Òžʀ�
�dMʑ�0̶��Hoechstιǁˡ̋ǽ�PPARgιǁˡ̋ǽM˓ï"*� 
�
Oil Red Oȥ̡ 

ˎ�ˋ2ĩȰ6șȀ2ȃɏ1̶-*� 
�
CRISPR/Casɏ5FI CSPG4ȶǰŘʚMǝ. 2G11ˡ̋\���6Å̿ 

CRISPR/Cas ɏ5FI CSPG4 ȶǰŘʚMǝ. 2G11 ˡ̋\���6Å̿5.�0
7�Ȟ¬śŮśŮε͹ŮʏĲˀŮʴˆˀ�͹ŮΘΕºūˣǭ1ʏʀːŧĶ¹5FH�ˎ

§˄ÇʑːǛǻαȸǪ˸ϤĊð P1Aϥ6ȵίǑ͖Mƴ0̶-*� 

 
}�c�p6Å̿ 

AddgeneϤWatertown�MA�USAϥM°"0 Berlin Institute of Health6 Ralf 
KuehnɄFHð� J* pU6-ϤBbsIϥ_CBh-Cas9-T2A-mCherryϤAddgene plasmid 
# 64324ϥMʑ�0�Cas9 mRNA�F: CSPG4 gRNAMʣʋ$I}�c�p�\

i�MÅ̿"*�Bbs I1÷δΝ˞îʍ"*}�c�p�\i�2 U6}���i�
�ɘ5 rat CSPG4 exon15ŭŅ$Ii�^loΚò2 gRNA6 scaffold RNAΚò
M.4�+ 70 œŏ6�ȗΪ DNAϤΚò7µ�5ʼ$ϥM NEBuilder HiFi DNA 
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Assembly MasterMixϤNew England Biolabs�Ipswich�MA�USAϥMʑ��R^
�a��"*��

�
U6 promoter-CSPG4 target-gRNA scaffoldΚòⅡ 

5’-atcttgtggaaaggacgaaacaccggccagggctggagctgacaggttttagagctagaaatagcaagtt-3’ 
�

�R^�a��"*�\i�M�ś̖̦_�zm�oe�ϤDH5 a�rl��b�
��Żƍ�ȇȗϥ5Ƃá"�50 µg/mL 6P�za��qo�S�ϤĳÞ˝̮ƓȬϥ
MĬB LBżŜŎņϤLBŎņϤ1% bacto trypton�0.5% bacto yeast extract�1% 

NaClϥ5 bacto agarM 1.5%24IF�5ā1*D6ϥMʑ�0 37˚C1�ȍŎϙ"
*�˼ȇ5ƪǍ J*ś̖̦_�r�Mϧ\���.*H 1 mL6 50 µg/mL6P�
za��qo�S�MĬBLBŎņMʑ�037˚C1ǡʩŎϙ"*�˼ ȇ5�FastGene 

Plasmid Mini KitϤȇȗbTtmQ\c�Ȟ¬�ȇȗϥMʑ�0}�c�p6˘̿M
̶-*�˘̿"*}�c�p6ΚòM BigDye Terminator v3.1 Cycle Sequencing 
KitϤThermo Fisher ScientificϥMʑ�0a�\U�c"*�4��a�\U�c5

7 ABI3130xlϤApplied Biosystems�Foster City�CA�USAϥMʑ�*�a�\U
�c5ʑ�*}�R��Κò7µ�5ʼ"*� 

 

hU6 5’-gagggcctatttcccatgatt-3’ 
�

2G11ˡ̋<6}�c�p6Ƃá2ˡ̋6\��r�] 

CSPG4 6i�^loΚò�ȹ"�Ƃá J0�*}�c�pɬɞ6ɳƣM
GeneQuant	ϤGE Healthcare Life Sciencesϥ50ɧŲ"�2G11ˡ̋<6Ƃá5ʑ
�*�}�c�p6Ƃá7���{T\i�� 3000ϤThermo Fisher ScientificϥM

̿ΆÜ6ǩŢ$Iȃɏ1ʑ�0̶-*� 
}�c�p6Ƃá�G 3ȇƱ5ˡ̋M PBS1ɕə"�0.25% Trypsin/EDTAMʑ
�0ü�"*�˩�0�ˡ̋MĬB 0.25% Trypsin/EDTA ɬɞM¦CːΣ6΄ƛŎ

ņMáJ*Αɋ˔5˂"�2,150 × g1 3ðήΑƺ"*�Αƺˢ¥Ʊ��ɣMĭƥζ
ě"�1 mL6΄ƛŎņ1ǌɲ"*�l ̋ǌɲɞ7 Falcon® e�co��q�Z�l
}³ 12 × 75 mm k��|Ϥ352235�CORNINGϥ5³Ɗ6 35 µm6e�co��

q�5΄"�BD FACS AriaϤBecton, Dickinson and Company�Franklin Lakes�
NJ�USAϥ1ˡ̋MðĠ"*�ðĠ"*ˡ̋7΄ƛŎņ5ľğ"*� 
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�
ðĠ"*ˡ̋7 96 well}��o 2Ȣ5 1 well.*H 10Ñ24IF�5ǳ˄"�

bFGFM 10 ng/mL24IF�5ɢā"*΄ƛŎņ1Ŏϙ"*�_�{�U�o54

-* well6ˡ̋6�Θ7 48 well}��o5˨´"�5C12ǕÂ5FIßʜȥ̡M̶
-*�5C12ηǁ6ˡ̋�Ś�-* 3 well�G�(J)J 96Ñ6ˡ̋M 96 well}
��o5 1 well.*H 1-2Ñ24IF�5ǳ˄"*�˼ȇ5 1 well.*H 1Ñ6ˡ

̋MĬB wellMΔǖ"� G5 4ȇƱ5 1 well5 1_�r�6AĬB wellMΔǖ
"*�Δǖ J* well6�,�_�{�U�o54-*D67�1/3%. 2Ȣ6 48 
well }��o5˨´$I22D5�ȼH7a�\U�c6*C5^u�ǗïM̶-

*�l ̋M˨´" 2Ȣ6 48 well}��o6�, 1Ȣ7 5C12ǕÂ5FIßʜȥ̡M
̶-*�ȼH6ϧȢ7_�{�U�o54I*:5 12 well}��o�˩�0 6 well
}��o5˨´$I�21ˡ̋ǽMŕE"*� 
�
^u�a�\U�c 

ŎņMĭƥζě"*ˡ̋MPBS1ɕə"�180 µL6 50 mM NaOHMā1�95˚C�

10ðήɽîʍ"*Ʊ�20 µL6 1 M Tris-HClϤpH 8.0ϥMā1��ĳ"*��JM
1 µLʑ��KOD FXϤȞɔ˟ϥMʑ�0µ�6}�R��ΚòϤforward�reverse
6ϋ5ʼ"*ϥ�ɦƣ�Ȍή50 PCRĞƽM̶-*� 

�
CSPG4 5’-gacttgcgacttgacttgtgac-3’ 5’-ttcactcaccaggagctgtaga-3’ 

�
PCRĞƽȜ· 

94˚C 2ð  
98�C 10ˁ 

40ľ 60˚C 30ˁ 
68�C 1ð 

�
PCR ʐʀ7PY��c^�ρɅɓąM"*Ʊ�ʪʥ6ʐʀ6v�pMĬB^�Mñ
Hï"�FastGene Gel/PCR Extraction KitϤȇȗbTtmQ\cϥMʑ�0 PCRʐ
ʀMǗï"*��6 PCRʐʀM�ʫǨ BigDye Terminator v3.1 Cycle Sequencing 

KitϤThermo Fisher ScientificϥMʑ�0a�\U�c"*�4��a�\U�c5
7 ABI3130xlϤApplied BiosystemsϥMʑ�*� 
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ǽÔn�i7ƝŇÔ�ȱɫ͘ƕ1ʼ"*�ƝŇÔ6ɃͶM�Unpaired Student’s t-
testMʑ�0̶-*�3˹µ�6Œħ7 ANOVA1͉ȡ"*Ʊ�ȁH64�δH�Tukey-

Kramer’s test Mʑ�*ȫŲM̶-*�ĕθʊ 5%ȕɩMD-0ȓǇ4ƕ�.I2ôŲ
"*��
� �
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�

˥ȣ�
�
5C12ǕÂ�͖͝$IǕę6ĩŲ 

2G11 ˡ̋i�w\ͨǗïɞMʑ�0�5C12 ǕÂ�͖͝$IǕę6ßʜɋγM̶-
*�STci�|�lmQ�]1ʺ͖$I2�5C12ǕÂMʑ�*ßʜɋγʀ�56A�
ðūΣ˛ 310 kDa 6c�Pʄ6v�p�ȫï J*��6v�p7tYmQ|_�o

���6ßʜɋγʀ17ȫï J4�-*ϤFig. 2-1ϥ� 
ßʜɋγʀM SDS-PAGE5F-0ðο"�Υȥ̡M̶-*�STci�|�lmQ
�]1 5C12ǕÂ5F-0͖͝ JIv�p�ȫï JIύŌϤFig. 2-2A�BϥMñH

ï"�LC-MS/MS͉ȡM̶-*�(6˥ȣ�5C12ǕÂ6ßʜɋγʀ5ʂʚʥ5Ĭ@J
Ii�w\ͨ2"0_�p�Rk�ʸΞ}�mW]�X� 4Ϥchondroitin sulfate 
proteoglycan 4ϪCSPG4ϥ�ĩŲ J*ϤFig. 2-3�Table 2-1�2-2ϥ� 

CSPG4 � 5C12 ǕÂ5F-0͖͝ JIǕę1.I�2Mʺ͖$I*C�2G11 ˡ
̋5 CSPG4 5ž$I siRNAϤsiCSPG4ϥMƂá"�CSPG4 6ʣʋǓ÷M̶-*�
siCSPG4 6Ƃá5F-0 CSPG4 Εºū6ʣʋΣ�ȓǇ5À�$I�2M�P�iR

� PCR5FI CSPG46ʣʋ͉ȡ5F-0ʺ͖"*ϤFig. 2-4Aϥ�siCSPG4MƂá"
* 2G11ˡ̋�Gi�w\ͨMǗï"�5C12ǕÂMʑ�0STci�|�lmQ�]
M̶-*2�K�žɺ˹ϤsiControlϥ2ɃͶ"0�5C12ǕÂ5F-0͖͝ JIv�

pƨƣ�À�"0�*ϤFig. 2-4B�Cϥ�5C12ǕÂMʑ�*ßʜȥ̡1D siCSPG4M
Ƃá"* 2G11ˡ̋17>2N3a]q��AGJ4�-*ϤFig. 2-4Dϥ�µ�6˥ȣ
FH�5C12ǕÂ5F-0͖͝ JIðū� CSPG41.I�2�ʺ͖ J*�CSPG4

7�2225P�uΞ�G4Iˡ̋řp�R��25P�uΞ�G4Iˡ̙̋΄Ύp�R��
76 P�uΞ�G4Iˡ̋æp�R�6 3 .6p�R�5ð�GJIˡ̙̻̋φðū1
.IϤFig. 2-5ϪNishiyama et al., 1991; Tillet et al., 1997ϪPrice et al., 2011ϥ� G

5�CSPG46ˡ̋řp�R�7 2.6 laminin-Gp�R�Mǝ. D1p�R��15Ñ
6 CSPG �z�o�G4I D2 p�R���o�l\c�i�}�mP�f5FIñ
ȁMġ�I˒ǏM 2.ǝ. D3p�R�6 3.5ð�GJI�D2p�R�5¿˸$I

999ʙʪ6e��ȼŏ7_�p�Rk�ʸΞΪ5FIÐϘMġ�I*C�STci�|
�lmQ�]5��0 CSPG46v�p�c�Pʄ5ȫï JIϤStallcup, 2002ϥ��
6_�p�Rk�ʸΞΪ7_�p�kq�f ABCîʍ5F-0ζě$I�2�1�I�

(�1�5C12 ǕÂ�͖͝$IΘ¿�_�p�Rk�ʸΞΪ46��CSPG4 6_P}
�mR�46�M͚=I*C�_�p�Rkq�f ABCîʍ"* 2G11ˡ̋�Gi�
w\ͨMǗï"�5C12 ǕÂMʑ�0STci�|�lmQ�]M̶-*�(6˥ȣ�
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_�p�Rkq�f ABC îʍM̶-* 2G11 ˡ̋17��ȗ5í˳ J*v�p�
5C12ǕÂ1ȫï J*ϤFig. 2-4Eϥ��6�2�G�5C12ǕÂ�͖͝$I67 CSPG4
6ʸΞΪ174��_P}�mR�1.I�2�L�-*�µγ7 5C12ǕÂMǕ�l

o CSPG4ǕÂ2"0ʑ�I�22"*� 
�
bFGFîʍ@*7 TGFbîʍȌ6 2G11ˡ̋5��I CSPG4ʣʋ6ɃͶ 

CSPG4 6ʣʋ� FGF a]q�E TGFba]q�5F-0ŘĈ$I�3��M͚=
I*C�2G11 ˡ̋M bFGF @*7 TGFbMɢā"0Ŏϙ"�5C12 ǕÂMʑ�*ST
ci�|�lmQ�]5F-0 CSPG46i�w\ͨʣʋM͚=*�(6˥ȣ�36ˡ

̋5��0D CSPG46i�w\ͨʣʋ7͖CGJ*��bFGFMɢā"* 2G11ˡ̋
1ʣʋΣ�ŕā"0�*�@*�bFGF Mɢā"* 2G11 ˡ̋5��0˛ 120 kDa 6
¿˸5D 5C12 ǕÂ5F-0ȫï JIv�p�AGJ*ϤFig. 2-6A�Bϥ�ßʜȥ̡

5��0D�bFGFMɢā"* 2G11ˡ̋1 CSPG46ƨ�a]q��AGJ*ϤFig. 
2-6Cϥ��6�2�G�CSPG47 FGFa]q�5F-0ʣʋΣ�ŕā$IĿū1.I
�2�L�-*�@*�Ȃ*5 5C12 ǕÂ5F-0ȫï JI˛ 120 kDa 6ðū�ŭ

Ņ$I�2�ôȉ"*� 
�
ϝȨˑή̨˚ó´Ŏϙˡ̋5��I CSPG4ιǁˡ̋6ʂǁ͉ȡ 

CSPG4 7�Sc6ϝȨˑ5��07įʧˡ̋6��X�2"0ʑ�GJ0�H
ϤBirbrair et al., 2013a�bϥ�įʧˡ̋57̍̅ðĈ̌2˯˪̢ˡ̋ðĈ̌Mʼ$ 1ŉ
įʧˡ̋2ˑðĈ̌Mʼ$ 2ŉįʧˡ̋�Ĭ@JI�2ϤBirbrair et al., 2013a�bϥ

�G��loϝȨˑ6 CSPG4ιǁˡ̋5Dή̨˚ˡ̋2ˑ˚͞ˡ̋6�ȃ�Ĭ@JI
2˿1GJI� 
�loϝȨˑ5ŭŅ$I CSPG4ιǁˡ̋6ǁͨM͚=I*C�5C12ǕÂMʑ�*

e�g�mQ�]5FH�ϝȨˑó´Ŏϙˡ̋�G�5C12ǕÂιǁˡ̋6đοM̶-
*ϤFig. 2-7Aϥ�Ɵˡ̋��X�1.I CD34�̵ʌ˚ˡ̋��X�1.I CD45�ή
̨˚ˡ̋��X�1.I PDGFRa�F:b�ˑ ˚͞ˡ̋��X�1.I Pax7�MyoD�

myogenin 6Εºūʣʋ5.�0�2G11 ˡ̋�e�g�mQ�]ú6ϝȨˑó´Ŏϙ
ˡ̋�5C12ǕÂηǁˡ̋26ɃͶM̶-*ϤFig. 2-7Bϥ�CSPG46ʣʋ� 5C12ǕÂ
ιǁˡ̋1͖CGJ�5C12ǕÂηǁˡ̋1͖CGJ4�-*�2�G�e�g�mQ

�]�ȹʺ5̶LJ0�I�2�ʺ͖ J*�2G11 ˡ̋7 CD34�PDGFRa�F:b
Mʣʋ"0�*��Pax7�MyoD�myogenin7ʣʋ"0�4�-*�2�G�2G11ˡ
̋�ˑ˚͞174�ή̨˚ˡ̋1.I�2�ʺ͖ J*�CSPG4ιǁˡ̋57Ɵˡ̋
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��X��ή̨˚ˡ̋��X�5ā10�ˑ ˚͞ˡ̋��X�2̵ʌ˚ˡ̋��X�6

ʣʋ�AGJ*��6�27�CSPG4ιǁˡ̋57 2G11ˡ̋6F�4ή̨˚6ˡ̋
+�14��ˑ˚͞6ˡ̋E̵ʌ˚ˡ̋DĬ@J0�I�2Mʼ"0�I��ȃ�

CSPG4ηǁˡ̋Dή̨˚ˡ̋��X��ˑ˚͞ˡ̋��X��Ɵˡ̋��X�6ʣʋ
�AGJ*� CD45 6ʣʋ7>2N3AGJ4�-*ϤFig. 2-7Bϥ�µ�6˥ȣ�G�
ϝȨˑó´Ŏϙˡ̋6 CSPG4ιǁˡ̋57ή̨˚ˡ̋�ˑ˚͞ˡ̋�̵ʌ˚ˡ̋�Ĭ

@J0�I2˿1GJ*� 
�
ϝȨˑó´Ŏϙˡ̋5��I CSPG4 ιǁˡ̋6̍̅ðĈ̌�F:˯˪̢ˡ̋ðĈ̌

6͉ȡ 

CSPG4ιǁˡ̋5Ĭ@JI2˿1GJIή̨˚ˡ̋�ˑ˚͞ˡ̋�F:̵ʌ˚ˡ̋
6þħM͚=I*C5�ƩʴˆŴ1ϝȨˑó´Ŏϙˡ̋�Gȳˊ"* CSPG4ιǁˡ̋

\���Ϥ�΢�Ēŗ͛ǿϥMʑ�0�̍̅ðĈ̌�F:˯˪̢ˡ̋ðĈ̌M͚=*�

(6˥ȣ�2G11 ˡ̋MĬC0͚=* CSPG4 ιǁˡ̋\��� 19 \���6�,�
14\���Ϥ73.7%ϥ7 TGFbÊŭǁ5a-SMAMʣʋ"*�ȃ1�5\���Ϥ26.3%ϥ

7 TGFb�ȕɢā1Da-SMAMʣʋ"0�*��6�27�ú̀6 14\���7˯˪
̢ˡ̋6úϛˡ̋1.H�5 \���7ðĈ"*˯˪̢ˡ̋1.I�2Mʼ"0�I�
̍̅ðĈ̌M͚=I2�˯˪̢ˡ̋6úϛˡ̋1.I 14 \���6�, 13 \���

Ϥ92.9%ϪâÂ6 68.4%ϥ7̍̅ˡ̋5ðĈ$I�2�ôȉ"*�5.6˯˪̢ˡ̋\
���6�, 3\���7>2N3̍̅ˡ̋5ðĈ"4�-*��2\���7̍̅ˡ
̋5ðĈ"*ϤFig. 2-8�Table 2-3ϥ�ŎϙȔή�5ˑ˔ƪǍMʼ$\���7AGJ4

�-*�µ�6˥ȣ�G�CSPG4ιǁˡ̋57�ΘðĈ"*˯˪̢ˡ̋�Ĭ@J0�
ID66�śΘð6ˡ̋7˯˪̢ˡ̋2̍̅ˡ̋<6ðĈ̌Mȓ$IMPC1.I�2
�ȉG�54-*� 
�

DMD�lo2ȹƛ�lo5��I CSPG4ιǁˡ̋6ðƗ2ǽ6ɃͶ 
MPC7ˑŏƢ̙6řÕ6ήͨ5ŭŅ$IϤUezumi et al., 2010ϥ�CSPG4ιǁˡ̋

MȯǍ$Iˡ̋6Ś�� MPC 1.I4G8�CSPG4 ιǁˡ̋7ήͨ5ŭŅ$I2˿
1GJI�(�1�5C12ǕÂMʑ�0ϝȨˑˣ˶æ6 CSPG4ιǁˡ̋6ƇŅM͚=
*� 

@%�ȹƛϝȨˑˣ˶5��I CSPG4ιǁˡ̋6ƇŅ5.�0 5C12ǕÂMʑ�*
ßʜȥ̡5F-0͚=*�5C12ǕÂ6a]q�7�ήͨ5ŭŅ$I̵˔�ʾˤį̙1
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AGJI22D5ϤFig. 2-9Aϥ�lamininιǁ6ˑŏƢ̙1Ł@J*ˑ˯˪6řÕ�$
4L,ήͨ6đȧ6ˡ̋1AGJ*ϤFig. 2-9Bϥ� 
ƩʴˆŴ1Åï J* DmdΕºūŘʚ�loϤDMD�loϥ7ϝȨˑ6ŖȻ�è

ʏÛ�F:ϝȨˑ6˯˪Ĉ�̍̅Ĉ�AGJ�xo DMD 6ȓʑ4�n�ąʀ1.I
ϤNakamura et al., 2014ϥ��6�lo6ϝȨˑ5��I CSPG4ιǁˡ̋6ƇŅM͚
=I*C�5C12ǕÂ5FIßʜȥ̡M̶��΢ʏŉ�lo2ɃͶ"*ϤFig. 2-10A�

Bϥ�(6˥ȣ�DMD�lo17�ͅ΢.*H6 CSPG4ιǁˡ̋ǽ6ȓǇ4ŕā�̓
GJ*ϤFig. 2-10Cϥ�DMD�lo6ϝȨˑˣ˶17�ȹƛΘ¿��ƺȧMȓ$Iˑ˯
˪�AGJIèʏΘ¿�ɵʟˡ̋�ν˅"*ɵʟΘ¿�ĩȌ5”Ž JI�(J)J6

Θ¿5.�0 CSPG4ιǁˡ̋6ƇŅM͚=I2�ȹƛΘ¿2èʏΘ¿17ˑŏƢ̙6
řÕ6A5 CSPG4ιǁˡ̋�ŭŅ"*��ɵʟΘ¿17ˑŏƢ̙æÕ5D CSPG4ι
ǁˡ̋�AGJ*ϤFig. 2-10Bϥ�ˑ ŏƢ̙æÕ2řÕ(J)J6 CSPG4ιǁˡ̋ǽ5

.�0΢ʏŉ�lo2ɃͶ$I2�2D5ȓǇ5ŕā"0�*ϤFig. 2-10Cϥ�CSPG4
Mʣʋ$Iˡ̋6˄ϒM͚=I*C5̍̅ˡ̋��X�1.I perilipin 2§Ρȥ̡M
̶-*2�K�CSPG46a]q�� perilipin6a]q�2Ρ4-*�2�G�CSPG4

ιǁˡ̋6�Θ7̍̅ˡ̋1.I�2�ȉG�54-*ϤFig. 2-11A�Bϥ� G5�DMD
�lo17 CSPG46a]q��đȧ6ˡ̋+�14��èʏˑ˯˪įŁ5D”Ž J
*ϤFig. 2-12A�Bϥ�èʏˑ˯˪įŁ6 CSPG47ˑ˯˪įŁ6 1ŉ_��^�6ƇŅ

2�̝"0�*�@*�CSPG4ιǁˡ̋71ŉ_��^�Mʣʋ"0�*ϤFig. 2-13A�
Bϥ� 
ϝȨˑ6˄ϒ5F-0 CSPG4ιǁˡ̋ǽE CSPG4�ν˅"*èʏˑ˯˪ǽ5ΐ�

�.I�3��M͚=I*C�̈́ ˑ˯˪1ȯǍ JIú̑ϝˑ2΋ˑ˯˪1ȯǍ JI

x��ˑ1 CSPG4ιǁˡ̋ǽE CSPG4ν˅ˑ˯˪ǽM͚=*ϤFig. 2-14Aϥ�(6˥
ȣ�ú̑ϝˑ2x��ˑ63,G1D CSPG4 ιǁˡ̋�CSPG4 ιǁˑ˯˪7”Ž 

J�(6ǽ5ƕ7AGJ4�-*ϤFig. 2-14B�Cϥ� 
µ�6˥ȣ�G�ȹƛϝȨˑ17 CSPG4 ιǁˡ̋7ήͨ5ƇŅ$I�2�@*�

DMD6ʞǉ�17�ȹƛΘ¿2èʏΘ¿17ήͨ5�ɵʟΘ¿17ήͨ5ā10ˑŏ

Ƣ̙æÕ5 CSPG4ιǁˡ̋�AGJI�2�ôȉ"*� G5�DMD6ʞǉ�17
CSPG4ιǁˡ̋�ŕā"0�H�(6�Θ7̍̅ˡ̋Eϧŉ_��^�ιǁˡ̋1.
I�2�L�-*�@*�èʏˑ˯˪6įŁ5CSPG4�ν˅"0�I�2Dôȉ"*�

 G5�CSPG4 ιǁˡ̋ǽ2èʏˑ˯˪įŁ6 CSPG4 6ν˅57ˑ˯˪iR}5F
Iΐ�7AGJ4��2DȉG�54-*� 
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ȹƛ�loϝȨˑǰØ�èʏ͗ƂȌ6 CSPG4ʣʋ6ŘĈ 
DMD�lo1AGJ*CSPG4ιǁˡ̋6ŕāECSPG4ν˅ˑ˯˪6ïʋ�Dmd
Εºū6ȶǰ5¼�D6��@*7ϝȨˑ6ǰØ�èʏ5¼�D6�MȉG�5$I*

C�ȹƛ�loϝȨˑ5œΞ|zvXR�Mʑ�0ųϜʥ5ˑǰØ�èʏM͗Ƃ"�˨

Ȍʥ5 CSPG4ιǁˡ̋ǽ�F: CSPG4ν˅ˑ˯˪ǽ6ŘĈM͚=*�(6˥ȣ�đ
ȧ6 CSPG4 ιǁˡ̋ǽ7ǰØ�G 3 ȇʪ5z�\Mͼ1I��Ύʥ4ŕā�AGJ

*�ˑŏƢ̙æÕ6 CSPG4ιǁˡ̋7ǰØ 2ȇʪ�Gïʋ"�3ȇʪ5ȑś24-*
Ʊ�ǰØ 5ȇʪ57>2N3AGJ4�4-*��6F�4ˡ̋ąǉ2�Fig. 2-7B1
ʼ"*F�5 CSPG4ιǁˡ̋17̵ʌ˚ˡ̋��X�6ʣʋ�AGJI�2ϤFig. 2-

7BϥM˿1ħL&I2�ˑ ŏƢ̙æÕ6 CSPG4ιǁˡ̋7�\�{O�b436ɵʟ
ˡ̋1.I2˿1GJI�ˑ ŏƢ̙řÕ6 CSPG4ιǁˡ̋7ǰØ 5ȇʪ5ȑś24-
*Ʊ�èʏ6Ή̶22D5ɥƄ"*ϤFig. 2-15A�Bϥ�ǰØ 3ȇʪ7ˑ̢ˡ̋�̴ħ"

0̉àŉ�Wa�ΡΪϤeMHCϥMʣʋ$Ièʏˑ˯˪�ƪǍ JIȌȔ1.I�
CSPG4 2 eMHC 6§Ρßʜȥ̡M̶-*2�K�eMHC ιǁˑ˯˪57 CSPG4 6
a]q�7AGJ4�-*ϤFig. 2-16ϥ�CSPG4ν˅ˑ˯˪5.�07�ǰØ�G 3ȇ

ʪ@17”Ž J4�-*��ǰØ 5 ȇʪ2 7 ȇʪ5”Ž J�(6ǽ7ǰØ 5 ȇʪ
6ȃ�Ś�-*�ˑèʏ�>2N3ű¥"*ǰØ 14ȇʪ57 CSPG4ν˅ˑ˯˪7”
Ž J4�-*ϤFig. 2-17A�Bϥ��JG6�2�G�ϝȨˑ6ǰØ�èʏ6Ύ˃5�

�0�ˑŏƢ̙řÕ6 CSPG4ιǁˡ̋6ŕā�F:ˑ˯˪įŁ6 CSPG46ðƗ7�
Ύʥ5AGJI�2�ȉG�54-*� 
ˑ˯˪įŁ6 CSPG4 2ˑ˯˪ˡ̙̋6ʫ�5ŭŅ$Ibco�{Q�6ʣʋŘĈ

5ί·�.Iģ̌ǁM˿1�CSPG42bco�{Q�6§Ρȥ̡M̶-*�bco�
{Q�6ʣʋ7�ǰØ�G 2ȇƱ�3ȇƱ7ɝŠ"0�*� 5ȇƱ57èʏˑ˯˪1ʣ
ʋ�AGJIF�54-*��J7�ˑ˯˪įŁ5 CSPG4�ðƗ"ŦCIȌȔ2Ρ4

-0�*ϤFig. 2-18ϥ� 
èʏˑ˯˪7èʏ6Ή̶5ƽ#0ʣʋ$IMHC6iR}�ŘLI�èʏóȔ6ˑ˯
˪7 eMHC Mʣʋ"�˩�0΋ˑŉ MHC�ȑˢʥ57΅ˑŉ MHC Mʣʋ$I�è

ʏˑ˯˪įŁ6 CSPG46a]q�57ƨƦ�AGJ*ϤFig. 2-19ϥ��6 CSPG46
èʏˑ˯˪įŁ6a]q�ƨƣ2ʣʋ$IMHCiR}5ί·�.Iģ̌ǁM˿1�ǰ
Ø 5ȇʪ6ϝȨˑñɿ5.�0 CSPG42΅ˑŉMHC�΋ˑŉMHC�eMHC6ʣʋ

wi��M͚=*�ǰØ 5ȇʪ6èʏˑ˯˪7â0΅ˑŉMHCMʣʋ"0�*�΋ˑ
ŉMHCMʣʋ$Iˑ˯˪7AGJ4�-*���Θ6ˑ˯˪17 eMHC6ʣʋ�A
GJ*�"*�-0�èʏˑ˯˪įŁ5 CSPG46ν˅�ͬ�I67˯˪ŉiR}�ñ
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HȐLIȌȔ1.I�2�L�-*�@*�èʏˑ˯˪įŁ6 CSPG46a]q�ƨƣ
2ʣʋ"0�IMHC6iR}5ί·7AGJ4�-*��6�2�G�CSPG46è
ʏˑ˯˪įŁ<6ðƗ�ˑ˯˪ŉ6ɊŲ5ί�"0�Iģ̌ǁ7À�2˿1GJ*� 
�
�G11ˡ̋6ŕȽ5��I CSPG46Åʑ 

ϝȨˑ6ǰØ�èʏ6Ύ˃5��0�CSPG4ιǁˡ̋7�Ύʥ4ŕāMʼ$���

@1MPC6ˡ̋��X�2"0ʑ�0�* CSPG47(J̜Ͳ�ˡ̋ŕȽMÍΉ$I
ȵ̌Mǝ.ϤGrako and Stallcup, 1995ϪNishiyama et al., 1996ϪOzerdem and Stallcup, 
2004ϪCattaruzza et al., 2013ϪYou et al., 2014ϥ�2G11ˡ̋6ŕȽ̌7 bFGF5F-

0ªΉ$I�ϤȚ��ȕʣ̻ϥ�CSPG47 bFGF2˥ħ̌�.HϤGoretzki et al., 1999Ϫ
Cattaruzza et al., 2013ϥ�l ̙̋�5 bFGFMǣǢ"�FGFR5Ǭʼ$I�21 bFGF
6ŕȽÍΉÅʑM¶°$I�2�őĮ J0�IϤCattaruzza et al., 2013ϥ�(�1�

2G11 ˡ̋6ŕȽ5 CSPG4 �ίLI�3��M͚=*�bFGF Mɢā"0Ŏϙ"*
2G11ˡ̋5��I CSPG46ʣʋM siRNA5F-0Ǔ÷"�l ̋ǽ6ŘĈM˨Ȍʥ5

”Ž"*ϤFig. 2-20Aϥ�CSPG46ßʜȥ̡5F-0�siRNA5FI CSPG46ʣʋǓ

÷� siRNA6Ƃá�G 3ȇƱ1Dǝ˩"0�I�2�ʺ͖ J*ϤFig. 2-20Bϥ�ˡ̋
ǽ7�ʣʋǓ÷6έŦ�G 2ȇƱ@17 siControl˹2ƕ�4�-*��3ȇʪ57ȓ
Ǉ4À��̓GJ*ϤFig. 2-20B�Cϥ�ĩȰ6iR�_�c5ŏ/�0�bFGFɹɢā

ʄǉ1 2G11ˡ̋MŎϙ"�ˡ̋ǽ6ŘĈM˨Ȍʥ5͚=*2�K�CSPG46ʣʋ�
siRNA 6Ƃá�G 3 ȇƱ@1Ǔ÷ J0�*��ˡ̋ǽ57 siControl ˹26ƕ7A
GJ4�-*ϤFig. 2-21A�B�Cϥ�µ�6˥ȣ�G�2G11ˡ̋5��0�CSPG47

bFGF6ˡ̋ŕȽÍΉÅʑMªΉ &I�2�ȉG�54-*� 
�

2G11ˡ̋6̍̅ðĈ5��I CSPG46ȵ̌ 

bFGFÊŭǁ6ˡ̋ŕȽM CSPG4�ªΉ"0�*�2�G�CSPG4� FGFa]q
�M¶°D"�7ÐϘ$I�21 FGFa]q�6}�R��]ĄȣM÷Ƶ$Iģ̌ǁ
�˿1GJI�CSPG4 ʣʋǓ÷Ȍ6 FGF a]q�6}�R��]ĄȣMȫ͑$I6

5Ýˊ,��P�iR� PCR5F-0̍̅ðĈ͗Ƃ5¼� CSPG46ʣʋŘĈM˨Ȍ
ʥ5͚=*2�K�CSPG46ʣʋ7̍̅ðĈ6Ή̶5¼-0Ʋ
5À�"0���2
�ȉG�54-*ϤFig. 2-22Aϥ��6�27�CSPG46ʣʋΣ�ŕȽȔ6 bFGF5Ğ

ƽ"0ŕā$I�2ϤFig. 2-6ϥ2ħL&0�CSPG4�̍̅ðĈ͗ƂȔ174��ŕȽ
Ȕ5ȵ̌$Iģ̌ǁ�ϟ��2Mʼ$D61.I�(�1�Fig. 2-22B5ʼ"*iR�
_�c5ŏ/�0�ŕȽȔ6 CSPG46ʣʋǓ÷� 2G11ˡ̋5��I FGF6}�R
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��]Ąȣ5�1IƬψMȫ͍"*ϤFig. 2-22Bϥ�siControl ˹17 bFGF îʍ5F
H�Oil Red Oιǁφ˅�F: PPARgιǁˡ̋ǽ6þħ�ŕā"0�*�2�G�FGF
6}�R��]Ąȣ�ʺ͖ J*�CSPG46ʣʋMǓ÷"* siCSPG4˹17�bFGF

Ğƽǁ6 Oil Red Oιǁφ˅2 PPARgιǁˡ̋6þħ6ŕā�AGJ4�-*ϤFig. 
2-22C�E�Fϥ�ˡ̋ǽ7 bFGF Ğƽǁ5ŕā$ID66�CSPG4 6ʣʋǓ÷5¼�
ŘĈ7AGJ4�-*ϤFig. 2-22Dϥ�µ�6˥ȣ�G�CSPG4� FGF6}�R��

]Ąȣ5ίLI�2�L�-*�úͿ"*F�5 siRNA 5FIʣʋǓ÷7Ƃá�G 3
ȇƱ1D˨˩"0�I�(�1�̍̅ðĈ͗ƂȔ5 CSPG46ʣʋ�À�"0�I�2
5F-0̍̅ðĈ�Ǔ÷ J*ģ̌ǁM˿1�Fig. 2-23A6iR�_�c5ŏ/�0�

̍̅ðĈ͗ƂέŦ2ĩȌ5 CSPG46ʣʋǓ÷M̶��̍ ̅ðĈ<6ƬψM͚=*ϤFig. 
23Aϥ�(6˥ȣ�ˡ̋ǽ6ɥƄ7AGJ*D66ϤFig. 2-23B�Cϥ�Oil Red Oιǁφ
˅E PPARgιǁˡ̋6þħ5ƕ7AGJ4�-*ϤFig. 2-23B�D�Eϥ��JG6�2

�G�CSPG47 FGF6}�R��]Ąȣ5ƻ͂4Ŀū1.I2˿1GJ*� 
�
2G11ˡ̋6˯˪̢ˡ̋ðĈ5��I CSPG46ȵ̌ 

˩�0�˯˪̢ˡ̋ðĈ5��I CSPG4 6ȵ̌Mȫ͍$I*C�CSPG4 6ʣʋM
Ǔ÷"* 2G11 ˡ̋5 TGFb6ɢāM̶-*�TGFbɢā5F-0ʣʋ�͗Ƃ JI˯
˪̢ˡ̋��X�6�,�Col1a1�Ctgf 6ʣʋΣ7 CSPG4 ʣʋǓ÷6ƬψMġ�4

�-*�Acta2 6ʣʋΣD TGFbɢā5F-0ŕā"0�*��CSPG4 Ǔ÷5F-0
siControl˹2ɃͶ$I2ʣʋΣ�À�"0�*ϤFig. 2-24Aϥ�STci�|�lmQ
�]Mʑ�*a-SMA6ʣʋ͉ȡ6˥ȣ1D�CSPG4MǓ÷$I�21 TGFbɢā5F

Ia-SMA6ʣʋ�Ȉ�Ǔ÷ J0�*ϤFig. 2-24B�Cϥ�ˡ̋ƪǉM͚=I2�˯˪
̢ˡ̋1ƪǍ JIco�c{ORv�� CSPG4 ʣʋǓ÷5F-0AGJ4�4-
0�*ϤFig. 2-24D�Eϥ�µ�6˥ȣ�G�CSPG46ʣʋǓ÷7MPC�G˯˪̢ˡ

̋<6ðĈ57Ƭψ"4�D66�ˑ˯˪̢ˡ̋6ʂƹ1.Ia-SMA 6ʣʋEco�
c{ORv�ƪǍ�À�"*�2�G�CSPG47˯˪̢ˡ̋�Gˑ˯˪̢ˡ̋<6ð
Ĉ5ίLIĿū1.I2˿1GJ*� 
�
CSPG4Mȶǰ"* 2G11ˡ̋6Å̿ 

��@16 siRNA5FI CSPG46ʣʋǓ÷ųϜ5FH�CSPG4� FGF6}�R

��]Ąȣ2˯˪̢ˡ̋�Gˑ˯˪̢ˡ̋<6ɗǁĈMÍΉ$Iȵ̌Mǝ.ģ̌ǁ�

ʼ J*�"�"4�G�siRNA5FIʣʋǓ÷17 CSPG46ʣʋ��ΘȼH�˥ ȣ

5ƬψM�10�Iģ̌ǁ�īŲ1�4��(�1�CRISPR/CasɏMʑ�0 CSPG4
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ȶǰ 2G11ˡ̋MÅ̿"�ǹC0MPC6ðĈ5��I CSPG46ȵ̌Mȫ͍$I�2
2"*�CSPG45ž$Ißʜȥ̡1ηǁMʼ$\���MΔõ"�B2G9�C1B3�C1G9
6 3\���Mƴ*ϤFig. 2-25ϥ��JG6 3\���6 CSPG4^u�6i�^lo

ΚòMa�\U�c"*2�K�B2G9 2 C1B3 7Řʚwi����.+-*65ž
"�C1G97§.6Řʚwi���ȫï J*ϤFig. 2-26Aϥ�C1G957ʚ4IŘʚM
ǝ. 2˄ϒ6ˡ̋�ɡŅ"0�Iģ̌ǁ�˿1GJI*C��Jµγ��˄ϒ6Řʚw

i���AGJ* B2G9 2 C1B3 6 2 \���Mʑ�I�25"*�B2G9 2 C1B3
6^u�Κò�GŘʚ CSPG4i�w\ͨ6P�uΞΚòM¦ɧ"*2�K�B2G97
14P�uΞ�C1B37 92P�uΞ@1˽͐ J*2�K1ˢŦ_p��ʏ#I�2�

L�-*ϤFig. 2-26Bϥ�5C12ǕÂMʑ�*STci�|�lmQ�]5FH�Ħ\�
��6 CSPG4 6ʣʋM͚=*2�K�B2G9�C1B3 6�\���5��0 2G11 ˡ
̋1ȫï JI CSPG46v�p�ɝŠ"0�*ϤFig. 2-27ϥ��6Ȍ�5C12ǕÂ1͖

͝ JIȂ*4v�p7AGJ4�-*� 
µ�6˥ȣ�G�5C12ǕÂ1ȫï JI CSPG46ʣʋMȶǰ"* 2G11ˡ̋\�
�� B2G9�C1B3�ȳˊ1�*2ôȁ"*� 
�
CSPG4ȶǰ�̍̅ðĈ̌5�1IƬψ 

Å̿"* CSPG4 ȶǰ 2G11 ˡ̋\��� B2G9�C1B3 5��0 FGF 6}�R�

�]Ąȣ�ɥƦ"0�I�3��M͚=*�bFGFMɢā"0˪ǝ"* 2G11ˡ̋�F
: CSPG4ȶǰˡ̋\���Mǳ˄"�Fig. 2-28A5ʼ"*iR�_�c5ŏ/�0̍
̅ðĈ͗ƂM̶-*ϤFig. 2-28Aϥ�̍̅ðĈ͗ƂȔ5 bFGFMɢā"�bFGF6}�

R��]ĄȣM͗Ƃ"*ˡ̋17 2G11ˡ̋2Ƀ=0�\��� B2G917 Oil Red O
ιǁφ˅6ɥƄ�AGJ*�\��� C1B317 2G11ˡ̋26ή5ȓǇ4ƕ7AGJ
4�-*ϤFig. 2-28B�Dϥ�ˡ̋ǽ2 PPARgιǁˡ̋6þħ5ˡ̋ή6ƕ7AGJ4

�-*ϤFig. 2-28B�C�Eϥ�FGF6}�R��]ĄȣM͗Ƃ"4�-*ˡ̋17 2G11
ˡ̋2ɃͶ"0�\���B2G95��0PPARgιǁˡ̋6þħ6ŕā�AGJ*��
C1B317 2G11ˡ̋26ή5ƕ7AGJ4�-*ϤFig. 2-28B�Eϥ�ˡ̋ǽ7\��

� B2G9�C1B32D5 2G11ˡ̋FHŕā"0�*ϤFig. 2-28B�Cϥ�Oil Red Oι
ǁφ˅5.�07ˡ̋ή5ƕ7AGJ4�-*ϤFig. 2-28B�Dϥ�ˡ̋ǽ�Oil Red O
ιǁφ˅�PPARgιǁˡ̋6þħ5.�0�bFGF Mɢā"*ˡ̋6 bFGF ȕɢā6

ˡ̋5ž$IɃMĠI2�36\���1D 1FHś��ǽÔMʼ"*�2�G�bFGF
6ŕȽÍΉÅʑE bFGF 6}�R��]Ąȣ7 CSPG4 ȶǰ5ίÌ4�AGJI�2
�L�-*�"�"��%J6ǞȱD 2G11ˡ̋FH CSPG4ȶǰˡ̋\���1ƃ 
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�ÔMʼ"*ϤFig. 2-29ϥ�µ�6˥ȣ�G�CSPG4ȶǰ5F-0 FGF6}�R��
]Ąȣ�ɥƦ$I�2�ȉG�54-*� 

 
CSPG4ȶǰ�˯˪̢ˡ̋ðĈ5�1IƬψ 

˯˪̢ˡ̋�Gˑ˯˪̢ˡ̋<6ðĈ� CSPG4 Mȶǰ"*\��� B2G9 �F:
C1B35��0Ǔ÷ JI�3��M͚=I*C�TGFbîʍM̶��2G11ˡ̋�G͗

Ƃ"*ˑ˯˪̢ˡ̋2a-SMA ʣʋΣMɃͶ"*�(6˥ȣ�ʣʋǓ÷"*Œħ27Ğ
ž5�CSPG4 Mȶǰ"* 2 .6ˡ̋\���6�ȃ1a-SMA 6ʣʋΣ�ŕā"0�
*ϤFig. 2-30A�Bϥ��6�2�G�CSPG4Mȶǰ"* 2G11ˡ̋\���7�TGFb

5F-0ˑ˯˪̢ˡ̋<ðĈ"� G5(6ɗǁʄǉ�ϟ�4-0�I2˿1GJ*� 
� �



�

�	�

˿Ž�
�
ˎ§ˋ6˥ȣ�G�5C12 ǕÂ�͖͝$IǕęðū� CSPG4 1.I�2�@*�

CSPG4 6ʣʋ7 bFGF 5F-0ŕā$I�2�ȉG�54-*�@*�ϝȨˑʓȝ
CSPG4ιǁˡ̋6śΘð��̍ ̅ðĈ̌2˯˪̢ˡ̋ðĈ̌MÆ&ǝ.MPC1.H�
ˑǰØ�èʏ6Ύ˃5��0�Ύʥ5ŕā$I�2�ôȉ"*� G5�CSPG47 FGF

6}�R��]ĄȣM¶°D"�7ÐϘ$I�21̍̅ðĈ̌M÷Ƶ$Iģ̌ǁ�ʼ

 JI22D5�ˑèʏ5Dί�$Iģ̌ǁ�ʼ J*��ȃ�˯˪̢ˡ̋ðĈ5��

I CSPG46ƭþ5.�07 siRNA5FIʣʋǓ÷ųϜ2 CRISPR/Casɏ5FIʣʋ

ȶǰųϜ1˥ȣ5ΐ��AGJ*�ˎ §ˋ1ȉG�54-*MPC6ðĈȵȯ5��I
CSPG46ȵ̌5.�07 Fig. 2-315ʼ"*ϤFig. 2-31ϥ� 
�
ȗʴˆ5F-0 2G11 ˡ̋6ˡ̙̻̋φ5ʣʋ"0�I�2�ȉG�54-*

CSPG47��ScϝȨˑ5��07įʧˡ̋5ʣʋ"0�I�įʧˡ̋57̍̅ˡ̋
�F:˯˪̢ˡ̋5ðĈ$I 1 ŉįʧˡ̋2ˑðĈ$I 2 ŉįʧˡ̋6 2 ˄ϒ�Ĭ@

JIϤBirbrair et al., 2013 a, bϥ�ϝȨˑó´Ŏϙˡ̋�Gđο"* CSPG4ιǁˡ̋
17�ή̨˚ˡ̋��X��ˑ˚͞ˡ̋��X�6ʣʋ�AGJ*�2�G��Sc2

ĩȰ5�loϝȨˑʓȝ6 CSPG4 ιǁˡ̋5Dή̨˚ˡ̋2ˑ˚͞ˡ̋6�ȃ�Ĭ

@J0�I2˿1GJI�CSPG4ιǁˡ̋5ēCIˡ̋6˄ϒ7��loϝȨˑó´
Ŏϙˡ̋�Gȳˊ"* CSPG4ιǁˡ̋\���17MPC� 68%2śΘðMēC�@
*ˑ˔MƪǍ$Iˡ̋�AGJ4�-*65ž"��ScϝȨˑʓȝ6 CSPG4ιǁˡ

̋17MPCȰˡ̋2ˑ˚͞ˡ̋6þħ7>2N3ĩ#1.IϤBirbrair et al., 2013 a, 
bϥ��6ΐ��ʏ#*ʍʓ2"0��loϝȨˑó´Ŏϙˡ̋�Gˡ̋\���Mȳˊ
$IΎ˃16ˑ˚͞ˡ̋6̧̒EŎϙȜ·�ŎϙȔή6Ƭψ�˿1GJI�ϝȨˑMPC

6ʂƹ2"0�ǰØ5Ğƽ"0ήͨæ1ŕȽ$I�2�ǟ�GJIϤJoe et al., 2010Ϫ
Uezumi et al., 2010ϥ��loϝȨˑήͨæ6 CSPG4ιǁˡ̋DϝȨˑǰØƱ 3-5ȇ
ʪMz�\5�Ύʥ5ŕā"0�*�"*�-0��loϝȨˑήͨæ CSPG4ιǁˡ

̋5�Θˑ˚͞ˡ̋�Ĭ@JIģ̌ǁ7ȼID66�(6śΘð7MPC1.I2˿1
GJ�ˑèʏȌ6 CSPG4ιǁˡ̋6ąǉ7MPC6ąǉMĞȋ"*D61.I2˿1
GJI� 

˯˪̢ˡ̋6ðĈEȵ̌6ŚȰǁ5.�07�ʧ̘6˯˪̢ˡ̋Mʑ�*ʴˆ1Ś�

6�2�ȉG�54-0�I�ʧ̘6˯˪̢ˡ̋7ʏƱ 2ȇʪ@15�ã΄6úϛˡ̋
�Gʮʧ£ώƌ�ʮʧ˫ʄƌ�F:ʧ�ˣ˶5ŭŅ$I(J)Jȵ̌EðĈ̌�ʣʋ$
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Iˡ̋��X�6ʚ4I 3˚˧6˯˪̢ˡ̋5ðĈ$IϤLynch and Watt, 2018ϥ�ȗ
ʴˆ17�ȹƛϝȨˑ�Gȳˊ"* CSPG4ιǁ6˯˪̢ˡ̋\���57̍̅ðĈ̌
Mʼ$D62ʼ 4�D66�ȃ�Ĭ@JI�2�ȉG�54-*��6�27ʧ̘2

ĩȰ5�ȹƛϝȨˑæ6˯˪̢ˡ̋DȰ
4ǁͨMǝ.ˡ̋�Ĭ@J0�I�2Mʼ$

D61.I�ʧ̘6˯˪̢ˡ̋�(6ŭŅ$IŒǏ5F-0ǁͨ�ʚ4IF�5�ȹƛ

ϝȨˑæ6˯˪̢ˡ̋DŭŅΘ¿5F-0ʚ4IǁͨMʼ$�2�˿1GJI� 

CSPG4 6èʏˑ˯˪įŁ<6ν˅7�DMD��lX�ŉˑbco�{Q��g`�
_]�Xuwk��X�wRuwk�2�-*Ȱ
4ˑbco�{Q�ǃ̀6èʏˑ˯

˪1”Ž J0�I�ϤPetrini et al., 2003ϥ�¯ľ̶-*ųϜʥˑǰØ�èʏM͗Ƃ"

*ϝȨˑ5��0�èʏˑ˯˪įŁ<6 CSPG46ν˅�ǰØ 5�7ȇ1AGJ**C�
èʏˑ˯˪įŁ5ν˅"* CSPG47ˑbco�{Q�6ęĿΕºū5ίÌ4��ˑ è

ʏȌ54NG�6ȵ̌Mǘ�2˿1GJI�CSPG4�èʏˑ˯˪įŁ5ïʋ$IȌȔ

57ˑ˯˪ˡ̙̋6ʫ�5bco�{Q��ʣʋ"0�I�2�G�ˑ ˯˪ˡ̙̋6ȯ

Ά7èʏ�ű¥"0�ID62˿1GJI�"�"4�G��6ȌȔ6ˑ˯˪6æΘȯ

Ά5.�07�ȹƛ4ϝȨˑ17ǫ-*Κ˸M2Iˑę˯˪�¢J0�H�Ȳ˜ȯΆ7

¢J0�I��6¢J7ǰØ�G 10
15ȇˤΎ"*ω5ȹƛ4ȯΆ5ǎIϤJirmanová 
and Thesleff., 1972ϥ�µ�6ˑǰØƱ6ˑ˯˪6ǍɼΎ˃�G�ȗʴˆ1”Ž J*
èʏˑ˯˪įŁ5 CSPG46ν˅�AGJIȌȔ7�ˑę˯˪6Κ˸�Ǿò"�Ȳ˜ȯ

Ά�ƪǍ JIȌȔ1.I2˿1GJI�CSPG42ˑę˯˪ƪǍ5ί"07�a�S
b�SvU5��ICSPG46ʬĩðū1.I Perdido/Kontiki�ˑę˯˪6 Z˯5ɍ
-0ˑ˯˪ˡ̙̋�5ʣʋ"�ˑ ę˯˪ƪǍ2`�_�PȯΆ5ƻ͂1.I2��őĮ

�.IϤPerez-Moreno et al., 2014ϥ��6őĮ2 CSPG46ʣʋȌȔMħL&0˿1I
2�ķ£ϒ6èʏˑ˯˪įŁ6 CSPG4�ˑę˯˪6`�_�PȯΆƪǍ5ίLIģ̌
ǁ�˿1GJI� 

CSPG42 1ŉ_��^�6ίÌ5.�07�ȦĈ��u��ˡ̋5��0�CSPG4
�membrane type 3 ϤMT3ϥ-MMP�F: pro-MMP22̀ħÂMƪǍ"�pro-MMP2
MɗǁŉMMP25$I�21 1ŉ_��^�6ð͉MÍΉ"�ˡ̋ɜɯ"0���2

�ʼ J0�IϤIida et al., 2001ϪIida et al., 2007ϥ�MMP27ˑbco�{Q�6
ʞǉ1ʣʋEɗǁ6ŕā�͖CGJ0�IϤKherif et al., 1999ϪFukushima et al., 
2007ϥ�DMD�lo5��0�èʏˑ˯˪įŁ6 CSPG4� 1ŉ_��^�6ƇŅ2

�̝"0�*�2�G�èʏˑ˯˪įŁ6 CSPG4�MMP2MɗǁĈ$I�21 1ŉ
_��^�6ð͉MÍΉ"�Ύý4˯˪ĈMǓ÷"0�Iģ̌ǁ�˿1GJI� 
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ȗʴˆ1ʑ�* 5C12ǕÂ7 2G11ˡ̋M�Sc5ǔ�$I�21Å̿ J*�2�
G�CSPG4 6ˡ̋řp�R�M͖͝$IǕÂ1.I�27ȉG�1.I�CSPG4 7
ˡ̙̻̋φ5ʣʋ$Iðū1.I��MMP5FIñȁMġ�0ˡ̙̻̋φ�GΌο$

I�2DőĮ J0�IϤNishiyama et al., 1995ϪMuir et al., 2002ϪLarsen et al., 
20033Morgenstern et al., 2003ϪJoo et al., 2014ϪNishihara et al., 2014ϪSakry et 

al., 2014ϥ�bFGFMɢā"0Ŏϙ"* 2G11ˡ̋5��0�̨ 310 kDa6âά6CSPG4

ðū+�14��̨ 120 kDa6ðū� 5C12ǕÂ5F-0ȫï J*�27�bFGFĞ
ƽǁ5ɗǁĈ$IMMP5F-0 CSPG4ðū�ñȁ J�Όοŉ CSPG4�ʐʏ J
0�Iģ̌ǁMʼ$D61.I�CSPG46ñȁ5ίLIMMP2"0MMP-9EMMP-

13ϤLarsen et al., 20033Joo et al., 2014ϥ�őĮ J0�I��bFGF7�JG6ʣ
ʋΣMŕā &IϤTaraboletti et al., 2002ϪNummenmaa et al., 2015ϥ�@*�ˑǰ
Ø�èʏȌ57ϝȨˑήͨæ6 bFGF�ŕā$I�2ϤDimario et al., 1989ϪAnderson 

et al., 1991ϪDo et al., 2012ϥ�MMP-9�F:MMP-137ˑǰØ�èʏȌ5ɗǁĈ$
I�2ϤLei et al., 2013ϥ�őĮ J0�I��JG6�2�G�èʏˑ˯˪įŁ6
CSPG4 7�ˑǰØ�èʏȌ5ɗǁĈ$I FGF a]q�Êŭǁ5ɗǁĈ"* MMP 5

F-0ñȁ J�MPC ˡ̙̻̋φ�GΌο"* CSPG4 �ν˅"*D61.Iģ̌ǁ
�˿1GJI�@*�úͿ"* CSPG46ʬĩðū Perdido/Kontiki2ĩȰ�ˑ˯˪̜
Ͳ�âά6 CSPG4Mʣʋ"0�Iģ̌ǁD˿1GJIϤPerez-Moreno et al., 2014ϥ�

�6F�5�èʏˑ˯˪įŁ5ν˅"* CSPG46ʓȝ5F-0 CSPG46ȯΆ�ʚ4
I2˿1GJI*C�èʏˑ˯˪įŁ6 CSPG46ȵ̌M͚=0���17�(6ʓȝ
�F:ȯΆ5.�0D˿ǋ$Iƻ͂�.I� 

CSPG4� bFGF6ÅʑM¶°D"�7ÐϘ"�ˡ̋ŕȽEΌͫM͚˕$I�27µ
ú�GʲGJ0�IϤMakagiansar et al., 2007ϪCattaruzza et al., 2013ϥ�CSPG47
ˡ̙̋�5 bFGFMǣǢ"�FGFR<6 bFGF6a]q�áĀM¶°$IϤCattaruzza 

et al., 2013ϥ�@*�ˡ̋æ FGFa]q�2 CSPG46ίÌ5.�07�CSPG46ˡ
̋æp�R�5¿˸$I 2314 ʙʪ6c�Wr�ȼŏ7 FGF a]q�6�ɘ5.I
ERKˤͰ5F-0��ΞĈ JI�2�L�-0�IϤMakagiansar et al., 2007ϥ�

2G11ˡ̋57 FGFR1�FGFR1c�FGFR2b�FGFR2c�FGFR36 5˄ϒ�ʣʋ"0
�H��6�, bFGF 6}�R��]ĄȣMǘ�67 FGFR1 2 2c 1.IϤNakano 
et al., 2016ϥ�FGFR12 FGFR2c6�ɘ57Ƅ4�2D Erk1/2-MAPKˤͰ�Aktˤ

Ͱ�PLCg1 ˤͰ�ŭŅ$I���%JD bFGF 6}�R��]Ąȣ57ί�"4��
2�ʼ J0�IϤ�΢�Ēŗ͛ǿϥ��6�2�G�2G11 ˡ̋5��I bFGF 6}
�R��]Ąȣ5��I CSPG46ȵ̌2"0�l ̙̋�5 bFGFMǣǢ"�FGFR<
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6ǬʼM͚˕$I�2�˿1GJI�bFGF 6ˡ̋ŕȽÍΉÅʑ5.�07�ίLI
FGFa]q�ˤͰ��ȉ1.I��CSPG46 2314ʙʪ6c�Wr�ȼŏ6��ΞĈ
 JI�2D(6Åʑʣʋ5ίLIģ̌ǁD.I� 

TGFb͗Ƃǁ6˯˪̢ˡ̋ðĈ5��I CSPG4 6ƭþ5.�0ȫ͍M̶-*��
siRNA 5FI CSPG4 6ʣʋǓ÷ųϜ6˥ȣ2�CRISPR/Cas ɏ5F-0Å̿"*
CSPG4 ʣʋȶǰųϜ6˥ȣ5ʬΐ�AGJ*�CSPG4 6ʣʋ�űâ5ȶǰ"*\�

��17a-SMAʣʋ�ŕā"0�*�2�G�CSPG4ðū(6D67 TGFba]q�
5ž"0Ǔ÷ʥ5Ú��21ˑ˯˪̢ˡ̋6ɗǁʄǉMǓ÷$I2˿1GJI�

CSPG42 TGFb57“ĳǁ�4��ϤGoretzki et al., 1999ϥ�CSPG46ˡ̋æp�R

�5ŭŅ$I PDZ ˥ħύŌ5˥ħ$Ii�w\ͨ6�.1.Ia�mr�
ϤChatterjee et al., 2008ϥ7 1ŉ TGFbġŸÂϤTbR1ϥ2˥ħ"�TGFba]q�5
ž"ÍΉʥ5Ú��2�őĮ J0�IϤHwangbo et al., 2015ϥ�"*�-0�CSPG4

2a�mr�6˥ħ5F-0a�mr�2 TbR1 6˥ħ�βŶ Jˡ̋æ TGFba]
q�MǓ÷$Iģ̌ǁ�˿1GJI��CSPG4�a�mr�µř6˥ħi�w\ͨM
°"0 TGFba]q�M÷Ƶ$Iģ̌ǁD˿1GJI�CSPG4 6ʣʋǓ÷ųϜ17ȶ

ǰųϜ27Ğž5a-SMA 6ʣʋÀ�Eco�c{ORv�ƪǍ6À��AGJ*�2
DĬC0�CSPG4 5FI TGFba]q�6÷Ƶ�F:ˑ˯˪̢ˡ̋6ɗǁʄǉ6÷Ƶ
ȵȯ6͉ȉ7¯Ʊ6͙ϐ1.I� 

 
µ��ˎ§ˋ17 MPC 6ˡ̙̻̋φ5ʣʋ$Iðū2"0 CSPG4 M̓ï"*�

CSPG4 ιǁˡ̋6ąǉ7 MPC 6ąǉMĞȋ$I�2�L�-*�@*�CSPG4 7

MPC 5��I FGF a]q�M¶°D"�7ÐϘ$I�21̍̅ðĈM÷Ƶ$I+�
14��ˑèʏ5Dί�$Iģ̌ǁ�ʼ J*� G5�CSPG47ˑ˯˪̢ˡ̋6ɗ
ǁʄǉMǓ÷ʥ5÷Ƶ$Iģ̌ǁ�˿1GJ*�CSPG4 5FI FGF a]q�6¶°

D"�7ÐϘ5FI MPC 6̍̅ðĈ÷Ƶ6ģ̌ǁ2ˑ˯˪̢ˡ̋6ɗǁʄǉ÷Ƶ6
ģ̌ǁ5.�07ˎ�ˋ1 G5ȫ͍$I�22"*� 
� �
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Fig. 2-1� 2G11ˡ̋i�w\ͨǗïɞMʑ�* 5C12ǕÂǕę6ßʜɋγ�
2G11ˡ̋�Gi�w\ͨMǗï"�5C12ǕÂ�F:�Sc IgG1PRgiR}_�

o��� ϤControlϥ5FHßʜɋγ"*Ʊ�5C12ǕÂMʑ�0STci�|�l
mQ�]M̶-*�InputⅡ2G11ˡ̋i�w\ͨǗïɞ�IPⅡßʜɋγʀ�SupⅡß
ʜɋγƱ6�ɣ�
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Fig. 2-2 2G1167����;,"2�3��5C12+ 
+%&)
2G1167
����;,"2�5C12+ ������IgG1���������
���AControlB	�
!40>AIPB��*�?/1$���=.8�9���
MS:-	3��@'�A�B�5���MC#(<����
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Fig. 2-3� 5C12ǕÂßʜɋγʀ1ȫï J*�}kpȁɿ6RW�c�\o�6È�
ȫï J*RW�c�\o�2͔Ʃ$I�lo Chondroitin sulfate proteoglycan 4
ϤCSPG4ϥ6P�uΞΚòMʼ"*��
AⅡ312-320ʙ5ʬƩ$IΚòMʼ"*��
BⅡ869-878ʙ5ʬƩ$IΚòMʼ"*��
CⅡ1,030-1,035ʙ5ʬƩ$IΚòMʼ"*��
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Fig. 2-4� 5C12ǕÂ�͖͝$IǕę� CSPG41.I�26ʺ͖�
2G11 ˡ̋5��I CSPG4 ʣʋM siRNA 5F-0Ǔ÷"�STci�|�mQ�
]2ßʜȥ̡5��0 5C12ǕÂ1ȫï JIa]q�6ŘĈM͚=*��
AⅡ�P�iR� RT-PCR 5FI siRNA ƂáƱ6 CSPG4 6ʣʋ͉ȡ˥ȣMʼ"
*�n�i7ƝŇÔ�ȱɫ͘ƕ1ʼ"*Ϥn = 3ϥ�**Ϫp < 0.01Ϥt-testϥ�
BⅡ5C12 ǕÂMʑ�*STci�|�lmQ�]ÛMʼ"*���nQ�]_�o
���2"0b-actinMʑ�*��
CⅡBM]�{1ʼ"*�n�i7ƝŇÔ�ȱɫ͘ƕ1ʼ"*Ϥn=3ϥ�**Ϫp < 0.05
Ϥt-testϥ�
DⅡsiRNAƂáƱ6 2G11ˡ̋6 5C12ǕÂßʜȥ̡ÛMʼ"*�Scale bar, 100 µm�
EⅡ_�p�Rkq�f ABCϤchABCϥîʍ"*ˡ̋6 CSPG4 6STci�|�
lmQ�]ÛMʼ"*���nQ�]_�o���2"0b-actinMʑ�*��
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Fig. 2-5� CSPG46ȯΆ�
CSPG47 2225P�uΞ�G4Iˡ̋řp�R��25P�uΞ�G4Iˡ̙̋΄Ύ
p�R��76P�uΞ�G4Iˡ̋æp�R�6 3.6p�R�5ð�GJI�ˡ
̋řp�R�7 G5 2.6 laminin-Gp�R�ϤLGϥMǝ. D1p�R��15Ñ
6 CSPG�z�o�G4H�_�p�Rk�ʸΞΪ5F-0ÐϘ JI 999ʙʪ6
e��ȼŏ�ŭŅ$I D2p�R���o�l\c�i�}�mP�f5FIñȁM
ġ�I˒ǏM 2 .ǝ. D3 p�R�6 3 .5ð�GJI�ˡ̋æp�R�57 2 ˒
Ǐ6��ΞĈMġ�Ik�a�ȼŏ�ŭŅ"�CȖˌ57 PDZ˥ħi�w\ͨ�˥
ħ$IP�uΞΚòϤQYWVϪPDZ˥ħύŌϥ�.I��
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Fig. 2-6� bFGFîʍ@*7˯˪̢ˡ̋ðĈ͗ƂƱ6 CSPG46ʣʋŘĈ�
AⅡCSPG46STci�|�lmQ�]ÛMʼ"*��
BⅡAM]�{1ʼ"*�n�i7ƝŇÔ�ȱɫ͘ƕ1ʼ"*Ϥn=3ϥ�ʚ4IP�
{O�loή57ȓǇƕ�.I�2Mʼ$Ϥp < 0.05ϥ��
CⅡCSPG46ßʜȥ̡ÛMʼ"*�Scale bar, 100 µm�
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Fig. 2-7� 5C12ǕÂ5FHe�g�mQ�]"*ϝȨˑó´Ŏϙˡ̋6Εºūʣʋ
͉ȡ�
AⅡCSPG4ηǁ�F: CSPG4ιǁ6ˡ̋νŀM(J)J R6�R51ʼ"*�Ħð
ʖ5Ĭ@JIˡ̋Mľğ"*��
BⅡĦˡ̋˚͞��X�Εºū6ʣʋMčŲΣʥ RT-PCR1͚=*��
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Fig. 2-8� ϝȨˑó´Ŏϙˡ̋�GÅ̿"*\���ˡ̋5��I CSPG46ʣʋ�
̍̅ðĈ̌�˯˪̢ˡ̋ðĈ̌6͉ȡ�
19\���6�, 3\���5.�0�CSPG4ßʜȥ̡ÛϤƔϥ�̍̅ðĈ͗ƂƱ
6 Oil Red Oȥ̡ÛϤ�şϥ�a-SMASTci�|�lmQ�]ÛϤĥϥMʼ"*�
Scale bar = 200 µm�
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Fig. 2-9� ȹƛ�loϝȨˑˣ˶5��I CSPG4ßʜȥ̡Û�
AⅡʤʱĔⅡ̵˔� ϡʱĔⅡʾˤį̙� Scale bar, 100 µm�
BⅡA6Ľ͈6˖Ł6ǛśÛMʼ"*�ʤʱώⅡCSPG4ιǁˡ̋� �
Scale bar, 20 µm�
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Fig. 2-10� DMD�lo2ȹƛ�loϤWTϥϝȨˑˣ˶5��I CSPG4ιǁˡ̋ǽ6ɃͶ�
AⅡCSPG42��r�6ßʜȥ̡ÛMʼ"*�ʤʱώⅡŏƢ̙řÕ6CSPG4ιǁˡ̋� Scale 
bar, 100 µm�
BⅡA6Ľ͈6˖Ł6ǛśÛMʼ"*�ʤʱώⅡŏƢ̙řÕ6 CSPG4ιǁˡ̋� ϡʱώⅡŏ
Ƣ̙æÕ6 CSPG4ιǁˡ̋� Scale bar, 20 µm�
CⅡCSPG4ιǁˡ̋ǽM]�{1ʼ"*�n�i7ƝŇÔ�ȱɫ͘ƕ1ʼ"*�insideⅡŏ
Ƣ̙æÕ6 CSPG4ιǁˡ̋� outsideⅡŏƢ̙řÕ6 CSPG4ιǁˡ̋� **Ϫp < 0.01Ϥt-
testϥ�
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Fig. 2-11� DMD�lo6ϝȨˑˣ˶æ̍̅ˡ̋6 CSPG4ßʜȥ̡Û�
AⅡ̍̅ɜɯΘ¿6 CSPG4ßʜȥ̡ÛMʼ"*�Scale bar, 100 µm�
BⅡA6Ľ͈6˖Ł6ǛśÛMʼ"*�PCⅡ¿ʬƕÛϤȉͅ΢ϥScale bar, 25 µm�



�


��

� � �
Fig. 2-12� DMD�lo6èʏˑ˯˪6 CSPG42��r�6§Ρßʜȥ̡Û�
AⅡˑèʏΘ¿6 CSPG42��r�6ßʜȥ̡ÛMʼ"*�Scale bar, 100 µm�
BⅡA6Ľ͈6˖Ł6ǛśÛMʼ"*�Scale bar, 25 µm�
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Fig. 2-13� DMD�lo6èʏˑ˯˪6CSPG42 1ŉ_��^�6§Ρßʜȥ̡Û�
AⅡˑèʏΘ¿6 CSPG4 2 1 ŉ_��^�6ßʜȥ̡ÛMʼ"*� *Ⅱ˯˪ˣ˶�
Scale bar, 100 µm�
BⅡA6Ľ͈6˖Ł6ǛśÛMʼ"*�ʤʱώⅡCSPG4ιǁˡ̋� Scale bar, 25 µm�
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Fig. 2-14� DMD�loú̑ϝ Ϥˑtibialis anterior muscleϪTAϥ�x�� Ϥˑsoleusϥ
5��I CSPG4ιǁˡ̋ǽ�F: CSPG4ν˅ˑ˯˪ǽ6ɃͶ�
AⅡCSPG46ßʜȥ̡ÛMʼ"*� Scale bar, 100 µm�
BⅡCSPG4 ιǁˡ̋ǽM]�{1ʼ"*�n�i7ƝŇÔ�ȱɫ͘ƕ1ʼ"*Ϥn = 
5ϥ��
CⅡCSPG4 ν˅ˑ˯˪ǽM]�{1ʼ"*�n�i7ƝŇÔ�ȱɫ͘ƕ1ʼ"*Ϥn 
= 5ϥ��
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Fig. 2-15� ȹƛ�loϝȨˑǰØ�èʏ͗ƂȌ6 CSPG4ιǁˡ̋6ˤȌʥ4ŘĈ�
AⅡCSPG4 2��r�6ßʜȥ̡ÛMʼ"*�ʤʱώⅡŏƢ̙řÕ6 CSPG4 ιǁ
ˡ̋� ϡʱώⅡŏƢ̙æÕ6 CSPG4ιǁˡ̋� Scale bar, 100 µm�
BⅡCSPG4 ιǁˡ̋ǽ6ˤȌʥ4ŘĈM]�{1ʼ"*�n�i7ƝŇÔ�ȱɫ͘
ƕ1ʼ"*Ϥn = 4ϥ� insideⅡŏƢ̙æÕ6 CSPG4ιǁˡ̋� outsideⅡŏƢ̙ř
Õ6 CSPG4ιǁˡ̋�  *Ϫp < 0.05� **Ϫp < 0.01ϤDunnett testϥ�
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Fig. 2-16� ǰØ 3ȇʪ6ϝȨˑ5��I CSPG42 eMHC6§Ρßʜȥ̡Û�
Scale bar, 100 µm�
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Fig. 2-17� ȹƛ�loϝȨˑǰØ�èʏ͗ƂȌ6 CSPG4ν˅ˑ˯˪ǽ6ˤȌʥ4ŘĈ�
AⅡCSPG46ßʜȥ̡ÛMʼ"*�CSPG4ν˅ˑ˯˪Mʤʱώ1ʼ"*�Scale bar, 
100 µm�
BⅡCSPG4 ν˅ˑ˯˪ǽ6ˤȌʥ4ŘĈM]�{1ʼ"*�n�i7ƝŇÔ�ȱɫ͘
ƕ1ʼ"*Ϥn = 4ϥ�**Ϫp < 0.01ϤDunnett testϥ �
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� � �Fig. 2-18� ǰØ�èʏ͗Ƃ"*ȹƛ�loϝȨˑˣ˶6 CSPG4 2bco�{Q�
6§Ρßʜȥ̡Û�
Scale bar, 100 µm�
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Fig. 2-19� ǰØ�G 5 ȇʪ6ȹƛ�loϝȨˑˣ˶5��I CSPG4 2Ħ�Wa�
ΡΪϤMHCϥ6ßʜȥ̡Û�
CSPG4 6ν˅�ƨ�ˑ˯˪Mʤʱώ1�CSPG4 6ν˅�Ʀ�ˑ˯˪Mϡʱώ1ʼ
"*�Scale bar, 100 µm�
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Fig. 2-20� CSPG4ʣʋǓ÷� bFGFŭŅ�16 2G11ˡ̋6ŕȽ5�1IƬψ�
AⅡųϜ6iR�_�cMʼ"*��
BⅡCSPG46ßʜȥ̡ÛMʼ"*�Scale bar, 100 µm�
CⅡˡ̋ǽM]�{1ʼ"*�n�i7ƝŇÔ�ȱɫ͘ƕ1ʼ"*Ϥn=3ϥ�*Ϫp < 
0.05Ϥt-testϥ�
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Fig. 2-21� CSPG4ʣʋǓ÷� bFGFυŭŅ�16 2G11ˡ̋6ŕȽ5�1IƬψ�
AⅡųϜ6iR�_�cMʼ"*��
BⅡCSPG46ßʜȥ̡ÛMʼ"*� Scale bar, 100 µm�
CⅡˡ̋ǽM]�{1ʼ"*�n�i7ƝŇÔ�ȱɫ͘ƕ1ʼ"*Ϥn=3ϥ��
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Fig. 2-22� ŕȽȔ6 CSPG4ʣʋǓ÷� 2G11ˡ̋6̍̅ðĈ̌5�1IƬψ�
AⅡ�P�iR� RT-PCR 5FI̍̅ðĈ͗ƂȔ6˨Ȍʥ4 CSPG4 6ʣʋ͉ȡ˥
ȣM]�{1ʼ"*�*Ϫp < 0.05 (Dunnett test)�
BⅡųϜ6iR�_�cMʼ"*� ADMϪadipogenic differentiation mediumϤ̍
̅ðĈ͗ƂŎņϥ�
CⅡ̍̅ðĈ͗ƂƱ6 Oil Red Oȥ̡2 PPARg6ßʜȥ̡ÛMʼ"*� Scale bar, 
100 µm �
D−FⅡC5��Iˡ̋ǽϤDϥ�Oil Red Oιǁφ˅ϤEϥ�PPARgιǁˡ̋6þħ
ϤFϥM]�{1ʼ"*�n�i7ƝŇÔ�ȱɫ͘ƕ1ʼ"*Ϥn = 3ϥ�ʚ4IP�
{O�loή57ȓǇƕ�.I�2Mʼ$Ϥp < 0.05ϥ��
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Fig. 2-23� ̍̅ðĈ͗ƂȔ6CSPG4ʣʋǓ÷� 2G11ˡ̋6̍̅ðĈ̌5�1IƬψ�
AⅡųϜ6iR�_�cMʼ"*� ADMϪadipogenic differentiation mediumϤ̍̅
ðĈ͗ƂŎņϥ�
BⅡ̍̅ðĈ͗ƂƱ6 Oil Red Oȥ̡2 PPARg6ßʜȥ̡ÛMʼ"*� Scale bar, 100 
µm �
C−EⅡB5��Iˡ̋ǽϤCϥ�Oil Red Oιǁφ˅ϤDϥ�PPARgιǁˡ̋6þħϤEϥ
M]�{1ʼ"*�n�i7ƝŇÔ�ȱɫ͘ƕ1ʼ"*Ϥn = 3ϥ�**Ϫp < 0.01Ϥt-testϥ�
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Fig. 2-24� ˯˪̢ˡ̋ðĈ͗ƂȔ6 CSPG4 ʣʋǓ÷� 2G11 ˡ̋6˯˪̢ˡ̋ð
Ĉ5�1IƬψ�
AⅡ�P�iR� RT-PCR 5FI�˯˪̢ˡ̋��X�6ʣʋ͉ȡ˥ȣM]�{1
ʼ"*�n�i7ƝŇÔ�ȱɫ͘ƕ1ʼ"*Ϥn = 3ϥ�ʚ4IP�{O�loή5
7ȓǇƕ�.I�2Mʼ$Ϥp < 0.05ϥ��
BⅡa-SMA 6STci�|�lmQ�]ÛMʼ"*���nQ�]_�o���2
"0 SHPTP2Mʑ�*��
CⅡBM]�{1ʼ"*�n�i7ƝŇÔ�ȱɫ͘ƕ1ʼ"*Ϥn = 3ϥ�ʚ4IP�
{O�loή57ȓǇƕ�.I�2Mʼ$Ϥp < 0.05ϥ��
DⅡa-SMA6ßʜȥ̡ÛMʼ"*� Scale bar, 100 µm�
EⅡD6Ľ͈6˖ŁϤaϥ6ǛśÛMʼ"*�co�c{ORv�7ʤʱώ1ʼ"*��
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Fig. 2-25� Å̿"* CSPG4ȶǰ 2G11ˡ̋5��I CSPG46ʣʋ 
CSPG46ßʜȥ̡ÛMʼ"*� Scale bar, 100 µm 
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Fig. 2-26� Å̿"* CSPG4ȶǰ 2G11ˡ̋6 CSPG4Εºū6^u�Κò�F:¦ɧ JI
P�uΞΚò�
AⅡƴGJ*ˡ̋\���FHǗï"*^u�5��0i�^loύŌMa�\U�c"*˥
ȣMʼ"*�EⅡUZg��
BⅡA6˥ȣ�G¦ɧ JIŘʚi�w\ͨ6P�uΞΚòMʼ"*��
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Fig. 2-27� 2G11ˡ̋�\��� B2G9�F:\��� C1B35��I CSPG46ʣʋ�
2G11ˡ̋�\��� B2G9�\��� C1B35��I CSPG46STci�|�lm
Q�]ÛMʼ"*���nQ�]_�o���2"0 vinculinMʑ�*��
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Fig. 2-28� CSPG4ȶǰ 2G11ˡ̋\���6̍̅ðĈ̌Ϥ˩�ϥ�
AⅡųϜ6iR�_�cMʼ"*� ADMϪadipogenic differentiation mediumϤ̍̅ðĈ
͗ƂŎņϥ�
BⅡ̍̅ðĈ͗ƂƱ6 Oil Red Oȥ̡2 PPARg6ßʜȥ̡ÛMʼ"*� Scale bar, 100 µm �
C−EⅡB5��Iˡ̋ǽϤCϥ�Oil Red Oιǁφ˅ϤDϥ�PPARgιǁˡ̋6þħϤEϥ
M]�{1ʼ"*�n�i7ƝŇÔ�ȱɫ͘ƕ1ʼ"*Ϥn = 3ϥ� **Ϫp < 0.01ϤDunnett 
testϥ �
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Fig. 2-29� bFGFɢā5FIˡ̋ǽϤAϥ�Oil Red Oιǁφ Ϥ˅Bϥ�PPARgιǁˡ Ϥ̋Cϥ
6ŕāΣ6ɃͶ�
(J)J6Ǟȱ5.�0 bFGFMɢā"*ˡ̋6 bFGFȕɢā6ˡ̋5ž$IɃMĠH�
]�{1ʼ"*��
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Fig. 2-30� CSPG4ȶǰ 2G11ˡ̋\���6˯˪̢ˡ̋ðĈ̌�
AⅡ˯˪̢ˡ̋ðĈ͗ƂƱ6ˡ̋5��Ia-SMA 6STci�|�lmQ�]ÛM
ʼ"*���nQ�]_�o���2"0a-tubulinMʑ�*��
BⅡAM]�{1ʼ"*�n�i7ƝŇÔ�ȱɫ͘ƕ1ʼ"*Ϥn = 3ϥ�ʚ4IP�
{O�loή57ȓǇƕ�.I�2Mʼ$Ϥp < 0.05ϥ��
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Fig. 2-31� MPC6˯˪̢ˡ̋ðĈ2̍̅ðĈ5��I CSPG46ȵ̌�
CSPG47 FGFa]q�5FI̍̅ðĈ̌6ªΉ5ž"�ÍΉʥ5Ú��TGFba]
q�5FI˯˪̢ˡ̋ðĈ5.�07�CSPG47ˑ˯˪̢ˡ̋6ΎýɗǁĈMǓ÷
$IȃĪ5Ú���
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�
ȹƛ4ϝȨˑ7 2"0ˑ˯˪1ȯǍ J0�I�ȹƛ4ϝȨˑ�ǰØMġ�*Œħ

7�ϝȨˑæ5ŭŅ$Iˑ̸Ȋˡ̋�ɗǁĈ$I�21ˑ̢ˡ̋5ðĈ"� G5ˑ˔

ˡ̋<2ðĈ$I�ˑ˔ˡ̋7ʾˤǸΚMġ�I�21 G5Ǎɼ"*ˑ˯˪24H�

ϝȨˑ7ǰØú6ʄǉ5èʏ$I�2�1�I�n�aT�±ŉˑbco�{Q�ʟ

ϤDMDϥ17�ˑŏƢ̙ʫ�5ŭŅ$Ibco�{Q�i�w\ͨ6ȶǰ5FHˑ˯
˪ˡ̙̋2ˑŏƢ̙6˥ħ�̎Ʀ54I�21�ˑ˯˪6ǰØ�ŖȻ�˷H; J�Ύ

ý4˯˪ˣ˶6̫ Ϥ˅˯˪Ĉϥ�Ή̶"�ʞǉȖȔ57̍̅ˣ˶�ϝȨˑæ5AGJI�

�JG6ˣ˶7ˑèʏ̌�F:ˑȵ̌6À�Mǚ��2�G�(6ͬɪ24Iˡ̋Eί

�$Ia]q�ˤͰ5ί$Iʴˆ�Ơ�̶LJ0�*�2010 ƞ5ĩŲ J*ϝȨˑæ
Ņǁή̨˚úϛˡ Ϥ̋mesenchymal progenitor cellϪMPCϥϤJoe et al., 2010ϪUezumi 

et al., 2010, 2011ϥ7�˯˪̢ˡ̋2̍̅ˡ̋6�̀5ðĈ$I�2�1�I+�14
��ȕðĈʄǉ17ˑèʏÍΉÅʑMʼ$ϤJoe et al., 2010ϥ�ƩʴˆŴ1�lox�
�ˑFHȳˊ"*̍̅úϛˡ̋\��� 2G11ˡ̋ϤMurakami et al., 2011ϥ7�FGF

a]q�5FI}�R��]ĄȣMġ�0̩"�̍̅ðĈ̌�ªΉ$I̍̅úϛˡ̋

\���1.IϤNakano et al., 2016ϥ�ȗʴˆ17�ȕðĈʄǉ6 2G11ˡ̋DMPC
2ĩȰ5ˑðĈÍΉÅʑMǝ.�2�GϤTakegahara et al., 2014ϥ�2G11ˡ̋�MPC

\���1.Iģ̌ǁM˿1�˯ ˪̢ˡ̋ðĈ͗ƂĿū1.I TGFbMʑ�0 2G11ˡ
̋�˯˪̢ˡ̋5ðĈ$I�3��M͚=*�(6�1�DMD6ʞǉƪǍ5ś�4Ƭ
ψM�1I MPC 6ðĈ÷ƵȵȯMȉG�5$I*C�MPC 6ðĈȵȯ6ģ΁ǁ�F

: MPC 6ˡ̙̻̋φ5ʣʋ$Iðū5FI MPC 6ðĈ÷Ƶ5ʰʪ"0ʴˆM̶-
*�µ�5�ȗʴˆ1ƴGJ*ʲ̓�G˿1GJI�ϝȨˑMPC6ðĈ÷Ƶȵȯ�F
:(6÷Ƶ5ίLIĿū5ί$I˿ŽMͿ=*�� 

 
ϝȨˑMPC6ðĈȵȯ 

ϝȨˑMPC6ðĈ7ˑǰØ5¼�ˡ̋řʎŔ6ŘĈ5F-0÷Ƶ J0�I�ȹƛ

4ϝȨˑ17>2N3ŕȽ"4� MPC 7ˑǰØ5Ğƽ"0ŕȽ$IF�54IϤJoe 
et al., 2010ϪUezumi et al., 2010ϥ�ŕȽ"*MPC7ˑðĈMÍΉ$I�ȃ1ϤJoe et 
al., 2010ϥ�̍̅ðĈ̌�ªΉ"0�IϤYamanouchi et al., 2013ϥ�ˑèʏ�ȹƛ5Ή

̶"*Œħ�ˑ̢ˡ̋6̍̅ðĈǓ÷ÅʑϤUezumi et al., 2010ϪYamanouchi et al., 
ȕʣ̻ϥE IL-4a]q�5FI̍̅ðĈǓ÷ÅʑϤHeredia et al., 2013ϥ5F-0�
MPC7̍̅ˡ̋5ðĈ$I�24��P�o�ac5F-0ζěD"�7ǰØú6τ
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ȸʄǉ5ǎIϤLemos et al., 2015ϥ�ȗʴˆ17�MPC6̍̅ðĈ̌� FGF6ȓɹ5
F-0ģ΁ʥ5ŘĈ$I�2Mʼ"*��Ύʥ4ˑǰØ17�ϝȨˑήͨæ5̫˅ J

* bFGF��Ύʥ5ŕā"�ˑèʏ6Ή̶22D5ɥƄ$I�2ϤDo et al., 2012ϥ�

G�ˑ ǰØ5F-0�Ύʥ5ªΉ"*̍̅ðĈ̌7ˑèʏ6Ή̶22D5À�$I2˿

1GJIϤFig. 4ϥ� 
�ȃ�ˑǰØ�Ǌǁʥ5˷H; JI DMD6F�4ˑęǁʝǃ17�TGFba]q

��ɗǁĈ"0�I*C5P�o�ac5FI MPC 6ζě�ͬ�G%�ϝȨˑæ5
MPC�ŕā"*ʄǉ�˪ǝ JIϤLemos et al., 2015ϥ��J5ā10�TGFba]q
�5F-0ˑ˯˪̢ˡ̋<6ðĈ�͗Ƃ JIϤUezumi et al., 2011ϪLemos et al., 

2015ϥ�@*�ˑ èʏ6ʶˬE IL-4a]q�6À�5F-0�ϝȨˑæ5̍̅ˡ̋�ï
ʋ"E$�ʎŔ�ƪǍ J0�I�ȗʴˆ17�MPC \��� 2G11 ˡ̋�G TGFb
5F-0ðĈ͗Ƃ"*ˑ˯˪̢ˡ̋7̍̅ðĈ̌MŠ-0�I��bFGFɢā�F:À

źƣȜ·5���21�̍̅ðĈ̌Mľƶ$I�2�ʼ J*��6�2�G�˯˪Ĉ

"*ϝȨˑ5ïʋ$I̍̅ˡ̋7�MPC�GʫǨðĈ"*D6+�14���ƣðĈ
"*ˑ˯˪̢ˡ̋� FGFa]q�6ªΉEˑ˯˪̢ˡ̋ή6a]q�ɥƄ436Ȝ·

5F-0ȕðĈʄǉ5ǎH� G5̍̅ˡ̋5ðĈ"*D61.Iģ̌ǁ�˿1GJI

ϤFig. 4ϥ� 

DMD6F�5˯˪Ĉ"*ϝȨˑ5ŭŅ$Iˑ˯˪̢ˡ̋�ȕðĈMPCʄǉ5ǎH�

 G5̍̅ˡ̋5ðĈ$Iģ̌ǁ5.�07�¯Ʊ�in vivo 1ȫ͍$I�2�ɈCG
JI�(6*C57�ȕðĈ MPC�˯˪̢ˡ̋�F:ˑ˯˪̢ˡ̋Mȉʺ5Ċõ$I
ƻ͂�.I�MPC 6ˡ̋��X�2"0ʑ�GJ0�I PDGFRaϤUezumi et al., 

2011ϥEȗʴˆ1MPC5ʣʋ"0�I�2�ȉG�54-* CSPG47�ˑ˯˪̢ˡ
̋5Dʣʋ"0�H��̀MĊõ$Iʑ΃5ʑ�I�271�4��Εºūʣʋ}�{

OR�͉ȡ431�̀6ʂǁMȉG�5"Ȃ*4ˡ̋��X�M̓�+$�2E�Ȇʲ

6ˡ̋��X�MˣAħL&I2�-*�̀MĊõ$Iǐɏ6ʺˊ�ƻ͂1.I� 
ʋŅ�ϝȨˑ˯˪Ĉ6Ɍʡ7˯˪Ĉ6Ǔ÷2ˑèʏ6ÍΉ5 ʯ�˸�J0�I

ϤCholok et al., 2017ϥ�ȗʴˆ1̓ï"*�ϝȨˑMPC�G�ƣðĈ"*ˑ˯˪̢ˡ

̋�è:MPC5ǎI2��ǁͨ7��ƣΎý5̫˅ J*˯˪ˣ˶MɥƄ &�ˑè
ʏMÍΉ$I MPC MŕE$2��Ȃ*4ϝȨˑ˯˪ĈɌʡ6έʣ5.4�ID61
.I�ȗʴˆ17 FGFa]q�MªΉ &I�22ÀźƣȜ·5˸��21�ˑ˯˪

̢ˡ̋�MPCʄǉ5ǎI�2Mʼ"*��Ɍʡɏέʣ5.4�0��*C57FH͕
ˡ4ðūȵȯ6͉ȉ�ƻ͂1.I�ʂ5�l ̋źƣÊŭǁ5̍̅ðĈ̌�ľƶ$Iðū

ȵȯ5.�07�ȗʴˆ1͚=*ˑ˯˪̢ˡ̋�ðɎ$IɞǁĿū+�14��l ̋ź
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ƣ5ƽ#0ͳéɗǁĈ̾ĂĿū6ƇŅMŘĈ &IHippoa]q�ϤZhao et al., 2007ϥ
E�ˡ̋źƣŘĈ5FI_��^�ħǍΣEˣǍ6ŘĈϤAumailley et al., 1982ϥ2�
-*ˡ̋řŏͨ6ŘĈ43D˿ǋ5áJ0͉ȉ$=�͙ϐ1.I� 
�

CSPG45FIMPC6ðĈ÷Ƶ 

ȗʴˆ5��0ȕðĈMPC6ˡ̙̻̋φðū2"0ĩŲ J* CSPG47�ˡ̋6

ŕȽEΌͫ5ίLI�2�Ś�6ˡ̋1őĮ J0�Iðū1.IϤMakagiansar et 
al., 2007ϪCattaruzza et al., 2013ϥ�@*(6Ś�7 bFGFE PDGF6PRg{V�
�6�.1.I PDGF-AA 6ÅʑM¶°D"�7ÐϘ$ID61.IϤGrako and 

Stallcup, 1995; Nishiyama et al., 1996; Goretzki et al., 1999; Grako et al., 1999Ϫ
Stallcup 2002ϪBiname et al., 2013ϪCattaruzza et al., 2013ϥ�ȗʴˆ17�MPC\
���1.I 2G11ˡ̋5��I FGFa]q�5FIŕȽÍΉĄȣE}�R��]Ą

ȣ5��0D CSPG4 �ȵ̌$I�2�ʼ J*�@*�TGFb5F-0͗Ƃ JI˯
˪̢ˡ̋ðĈ5��07�CSPG47˯˪̢ˡ̋�Gˑ˯˪̢ˡ̋<6ɗǁĈ5ž"Ǔ
÷ʥ5Ú�ģ̌ǁ�ʼ J*ϤFig. 4ϥ�FGFa]q�5.�07 CSPG42 bFGF�

˥ħ$I�21 FGFR<6áĀ�ÍΉ JI�2ϤCattaruzza et al., 2013ϥE CSPG4
6ˡ̋æp�R�5 FGFa]q�5F-0��ΞĈ J�Ik�a�ȼŏ�.I�2
ϤMakagiansar et al., 2007ϥ�G�CSPG4� FGF6ÅʑʣʋMÐϘD"�7¶°$

Iģ̌ǁ�˿1GJI��ȃ1�TGFb5.�07�CSPG426“ĳǁ�4��2�ő
Į J0�IϤGoretzki et al., 1999ϥ�"*�-0�CSPG46 TGFba]q�5ž$
IǓ÷ʥ4ȵ̌7 5 CSPG4 6ˡ̋æp�R��ǘ-0�ID62˿1GJI�

CSPG46ˡ̋æp�R�7ˡ̋řp�R�2Ƀ=I2ʳ�D66�Ȗˌ6P�uΞΚ
òϤQYWVϥ� PDZ˥ħύŌ1.HϤFang et al., 1999ϥ�MUPP1Ea�mr�2�
-* PDZp�R�Mǝ.i�w\ͨ�˥ħ$IϤBarritt et al., 2000ϪChatterjee et 

al., 2008ϥ�a�mr�7 1ŉ TGFbġŸÂϤTbR1ϥ2˥ħ"�ˡ̙̋�6ġŸÂ6ʣ
ʋMŰŲĈ &I�21�SMAD6ɗǁĈMÍΉ$IϤHwangbo et al., 2015ϥ��6
�2�G�CSPG45FI TGFba]q�Ǔ÷ȵȯ2"0�CSPG42a�mr��˥ħ

$I�21a�mr�2 TbR1 6˥ħMƦCˡ̋æ TGFba]q�MƦC0�I�2
�˿1GJI��Jµř5D CSPG42˥ħ$Ii�w\ͨ�ˡ̋æ6 FGFa]q�
�F: TGFba]q�M÷Ƶ$Iģ̌ǁ�˿1GJI*C�FGF �F: TGFba]q

�áĀȌ6˥ħi�w\ͨ6ąǉ5Dʰʪ$Iƻ͂�.I+K�� 
DMD�n��lo5 CSPG4ȶǰMƂá$I�21�˯˪Ĉφ˅�ŕā"*�2�
G�CSPG4�˯˪Ĉ5ž"Ǔ÷ʥ5ȵ̌$I�2�ʼ J*�˯˪Ĉ6Ή̶7ˡ̋ř
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ŏͨ6ʹ 6ŕāM¼�D61.IϤGeorges et al., 2007ϪLiu et al., 2010ϥ�ϝϞʓ
ȝ6ή̨˚ήͨˡ̋5��0ˡ̋řŏͨ�ʹ�>3ˑ˯˪̢ˡ̋<6ðĈ�Ή̶"�̍

̅ðĈ̌�À�$I�2�ʼ J0�IF�5ϤTalele et al., 2011ϥ�ˡ̋řŏͨ6ʹ

 7ˡ̋6ðĈ̌M÷Ƶ$I͂˞6�.1.I�"*�-0�CSPG47ǍάĿū6Å
ʑM¶°D"�7ÐϘ$I+�14��˯ ˪ĈMǓ÷$I�21MPCįŁ6ˡ̋řŏ
ͨ6ʹ M÷Ƶ"�ήǨʥ5DMPC6ðĈ÷Ƶ5ίLI�2�˿1GJI� 
�
ˑðĈ�ˑèʏ5��I CSPG46ȵ̌ 

ˑ˚͞ˡ̋7MPC6̍̅ðĈ̌MǓ÷$IϤJoe et al., 2010ϪYamanouchi et al., 

ȕʣ̻ϥ�$4L,�ˑ˚͞ˡ̋6ąǉ7 MPC 6ðĈM÷Ƶ$I�.6͂˞1.I�
2�G�CSPG42ˑðĈ�ˑèʏ6ίÌ5.�0ȗʴˆ6˥ȣ�G˿1GJI�2M
µ�5Ϳ=I� 

a�Sb�SvU17 CSPG4 6ʬĩðū1.I Perdido/Kon-Tiki 6ʣʋ�̊ˑ̂
6ˑ̕ǨħΘ1”Ž JIϤEstrada et al., 2007ϥ�̳Ȕ6ˑ˯˪ƪǍȌ57ˑ̕Ǩħ
Θ5ā10�ˑ˯˪âÂ1ˑę˯˪6 Z ˯6¿˸5�̝$IF�5 Perdido/Kon-Tiki
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