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ʍƨ 

� ̎ǁɀ'Ǉ	$ĥ˔ÒǱ%Űɂ�̔�&ǋɭ3˝;Ĥá��7öğű;Ƴ�

7̕˓ Įțȅ;ʵÆŦ�p~!ƁÑ�7t@J� RNA̒miRNA̓
̎ǁɀ&

öğűÑŪ%˦��7�"
Ë	� ��̕miR-23−27−24J|TY�;Ţż�

7 miR-23 m̔iR-27 m̔iR-24'̎ǁɀöğű&�ʍ$ʣɅčĮ;ǈȝ"� �6̔

̎ǁɀ&öğűÑŪ%˛ʍ$ŤØ;Ɔ�öɭű
ɢ�587̕ƷȨȹ!'̔

miR-23−27−24J|TY�;ǌƕ��tAT;¨ʋ�̔̎ǁɀöğű%ŀ�7ţ

˻;ǃʖ��̕�&ɐƽ̔�85& miRNA'̎ǁɀ&țˎ3żˢ̔ˋß%ˑŰ

�7˰%ȉ�7òɚ��ʥǿű&Ĥá%'˦��$��"
ȫć�8� �̕ƣ̔

̎ǁɀ&˝ȝöğű%˦:6̔ǿ%̔ˊɀ&ɀɧħ;ƁÑ� �7öɭű
ȫ

ć�8�̕ 

 

 

 

 

 

 



7 

Ȓʟ�ʐ 

��  ����  

Acvr2a activin receptor type IIA 

Acvr2b activin receptor type IIB 

Ago Argonaute 

Alk4, 5 activin receptor-like kinase 4, 5 

ALS Amyotrophic lateral sclerosis 

Atrogin-1(MAFbx/Atrogin-1) muscle atrophy F box/atrophy gene-1 

BMP Bone morphogenetic protein 

BmprII BMP receptor type II 

CLIP Cross-linking Immuno-precipitation 

con control 

COX cytochrome c oxidase subunit 

DGCR8 DyGorge syndrome critical region gene 8 

DMEM Dulbecco’s Modified Eagle’s Medium 

dnv denervation 

EDL Extensor digitorum longus 

eIF3-f Eukaryotic translation initiation factor 3 subunit f 

ERK extracellular signal-regulated kinase 

ERR estrogen-related receptor 

ES cell Embryonic stem cell 

Exp5 Exportin 5 

Fboxj3 Forkhead box j3 

FDB Flexor digitorum brevis 

Fgfr1 fibroblast growth factor receptor 1 

Flox flanked by loxP sequences 

FLRG Follistatin-related gene protein  

FoxO Forkhead box O 

Gapdh Glyceraldehyde-3-phosphate dehydrogenase 

GASP1 Growth and differentiation factor-associated serum protein-1 

GATA2 GATA-binding factor 2 

GSK3 Glycogen synthase kinase 3 
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��  ����  

HDAC Histone deacetylase 

IGF-1 Insulin-like growth factor 

Mck Muscle creatinine kinase 

Mef Myocyte enhancer factor 

miRNA microRNA 

mTOR mechanistic (mammalian) target of rapamycin 

MuRF1 muscle RING finger 1 

MyBP-C Myosin-binding protein C 

MyHC Myosin heavy chain 

NRF nuclear respiratory factor 

ORF Open reading frame 

PAK4 Serine/threonin-protein kinase PAK 4 

PAN poly(A)-nuclease 

Pax Paired box  

Pecam-1 Platelet endothelia cell adhesion molecule 

PGC-1α Peroxisome proliferator-activated receptor gamma, coactivator 1 alpha 

PI3K phosphatidylinositol 3 kinase 

PKB Protein kinase B 

PL Plantaris 

Pola1 DNA polymerase α 

PP2AC protein phosphatase 2 A catalytic subunit 

pre-miRNA precursor miRNA 

pri-miRNA primary miRNA 

PTEN Phosphatase and tensin homolog 

Ran Ras-related nuclear protein 

RISC RNA-induced silencing complex 

SDH Succinate dehydrogenase 

SDS sodium dodecyl sulfate 

SDS-PAGE SDS-poly acrylamide gel electroporesis 

snRNA small nuclear RNA 

Sol soleus 

SRF Serum response factor 
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TGF-β Trnasforming growth factor-β 

TGFβRII TGF-β receptor type II 

TNRC6 Trinucleotide repeat-containing 6 

UTR untranslated region 

VEGF Vascular endothelial growth factor 
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1. ŘƠ 

1.1 ̎ǁɀ&öğű�  

� ̎ǁɀ'i_ȉ§Ä!Ʊ2ħ��ĊĴ!�6̔ʴ§&ǆˆɖƊ3ß�;ȉ/

Ê�&/$5�Cd~I��ʥ%2˛ʍ$ŤØ;ƽ���"
Ȧ58 �7̕

̎ǁɀ'Ǉ	$ĥ˔ÒǱ%Űɂ�̔�&ǋɭ3˝;Ĥá��7öğű;Ƴ�7̕

ª�(̔Ɗ�űˋß'ȖÝɤű
̏�ɀɘɖ;ĢÚ��̔˙áȝ$�ʥɭÙ;

�ˉ��7̕.�̔ʩɼ&̏��STY�Tˋß'̎ǁɀ;ɧħ��̔p\`

�T_3ImTĐĶ'̎ǁɀ;ɽɚ��7̕  

� ɀ˝&ɖƊ'̏̑ɣ3÷ȴŹűȗųųɣ& QOL%˛ʍ!�6̔̎ǁɀCd~

I��ʥɭ&ú�'Ǉ	$ȉǤɠźȘ&�˧�ƚĉ%�$
7�"	5̔ȅ�

Ȭ�&´ś&ɖƊ�Ģˉ%�� ̔̎ǁɀ&ǋɭȝ�˝ȝöğű&wFbUv

;ʓƫ�7�"
˛ʍ"$� ��̕ȅĒ.!%̎ǁɀöğűÑŪ%�� Ħ


&Ȩȹ
$�8 �6̔fm"$7�
�	&RKa~ɏʳ3˓ Į
ùĶ

�8 �7̕Ʒ˼!'̔̎ǁɀöğű&ÑŪ%�� ȅĒ.!%ũ58 �7

Ȧʎ;."17̕ 

�  
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1.1.1 ̎ǁɀ&ǋɭȝöğű&ÑŪ 

� ̎ǁɀ'òɚ��ʥǿű&Ȕ$7ɀɘɖ%4� ǆż�8�Ɏɛ!�7̕ò

ɚǿű'ɀɘɖ%țȅ�7òɚY�hJʬ!�7uER�˛ˠ̒Myosin heavy 

chain; MyHC̓&ȴ́%4� ǜĶ�87̒ď 1̓̕ ż§&��ǐ́%�� '�

%̔òɚ˅Ś
ˊ�ˊɀė&MyHC I"̔òɚ˅Ś
˅�˅ɀė&MyHC IIa̔

MyHC IId/x M̔yHC IIb
įĒ�7̕˅ ɀėMyHC&òɚ˅Ś' M̔yHC IIa I̔Id/x̔

IIb&˽!˅
$6̔i_ɀɘɖ%�� 'MyHC IIbY�hJ'țȅ� �$

�"ĝþ�8 �7 1̕�ɹȝ%ɀÙ'ɀơ˹ȷ%ǖª� 2̔ơ˹ȷ
ħ��˅

ɀɘɖ,#òɚƬ%ħ�$Ù;țƔ�7 M̕yHC Iɘɖ;ƙ˖�7ˋßȭɏ'ˊ

�țǳ˿Ś̒18-21 Hz̓!ˢƬ˥̒300-500ȱ̓@�h~T;ˀ6̔MyHC IIɘ

ɖ;ƙ˖�7ˋßȭɏ'˅�țǳ˿Ś̒MyHC IIa: 50-80  

Hz; MyHC IIb: 70-90 Hz̓!ȧƬ˥̒MyHC IIa: 60-140ȱ; MyHC IIb: 0.8-3.9ȱ̓

@�h~T;ˀ7 3̕ˋßȭɏ&țǳhY��
ɀɘɖY@n%ð-�ţ˻; 

ǃʖ�7�1%̔ˊɀ%˅ɀė&ȭɏțǳhY��;̔˅ɀ%ˊɀė&ȭɏț

ǳhY��;ÁÙ�7ķ̋
ʆ:8�ɐƽ̔˅ɀė&țǳhY��
ÁÙ�8

�ˊɀ'˅ɀá�̔ˊɀė
ÁÙ�8�˅ɀ'ˊɀá�7�"
ƫ5	%$�

� 4̕.�̔Ɗɕȝ$ɀòɚ;¡�Ɗ�űˋß
˅ɀ;ˊɀá�̔Ƃ˛Ùɀ* 
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&ȭɏÁÙ
¥��7ıĵ̂ʆ%4� ˊɀ
˅ɀá�7�"	52 5 ȭ̔ɏÁ

ÙhY��%46ɀɘɖ&òɚǿű
Ĥá�7�"
ȫć�8�̕ 

� ɀɘɖ&òɚǿű"Cd~I��ʥ%'Š�˦ˇű
įĒ�7̕ȖÝɤű


̏�MyHC Iɘɖ'̔u_N�`}>&˝3�85;ó6ő
ǗɌʅɄ
Ħ
̔

˙áȝ$�ʥ%»8 �7 6̕MyHC IIa ɘɖ'˅ɀɘɖ!�6$
5ȖÝɤű


̏
̔MyHC I "́£��˙áȝ�ʥǿű;Ƴ� �7 7̕ȖÝɤű
¥�

MyHC IId/x" IIb'ǗɌʅɄ3u_N�`}>&˝
Ņ$
 ʓ̔Ɇɇ�ʥ%»8

 �7 6̕Ɗ�űˋß'ưƤâɀ%�� ȖÝɤű&̏�ɀɘɖ;ĢÚ��̔̎

ǁɀÄu_N�`}>3ǗɌʅɄ&Ƣȉ;�ˉ�7 8̒ď 2̓̕ �8'̔̎ǁɀ


˙áȝ�ʥɭÙ3ɀȖÝɤű;ú��7�1%ǋɭȝöğű;ď��ɐƽ!�

7̕Ɗ�űˋß%46 Peroxisome proliferator-activated receptor gamma, coactivator 

� 1. Q/9[ĪĭľMyosin heavy chain; MyHCĿ=,K�#&ëôò�Ô­  

 
!�

I� IIa� IId/x� IIb�

�"������

).1*3��� ����

�"�

����

���
�  "� 	"�

/,+2-0(� �"� �&"�

MyHC	type�

������� 
$"� 	#"�

��%'�� 
$"� 	#"�
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1 alpha̒PGC-1ἀ&țȅ
�ˉ�̔̎ǁɀ&u_N�`}>Ƣȉ%˛ʍ!�7

�"
ĝþ�8 �� 9̕�&�1̔PGC-1α 'u_N�`}>Ƣȉ&tTY�

�Iy��Y�"� Ȧ58 �6̔estrogen-related receptor̒ERR̓̔nuclear 

respiratory factor̒ NRF ;̓û0Ǉ	$ʵÆčĮ"ÃŤ� u̔_N�`}>Ƣȉ;

�ˉ�7�"
ĝþ�8 �7 10-12̎̕ ǁɀǿȔȝ% PGC-1α;Šțȅ��tA

T%�� ̔u_N�`}>&ĢÚ
ʝ158 13̔ˋßƬ&ʮʆʲ˴3Ʊħ˙

ɊƖó˝
ĢÚ�7�"	5 14̔PGC-1α
̎ǁɀ&˙áȝ�ʥɭÙ;ú���

7�"
ȫć�8�̕�ƣ!̔̎ǁɀǿȔȝ$ PGC-1α ǌƕtAT%�� '̔

ɶțʮʆˋß%47u_N�`}>Ƣȉ3ʅɄƢȉ
˨Ĺ�8�2&&̔ʮʆ

ʲ˴3ˋß%47ɀɘɖɎż&Ĥá%'˜ȉėtAT"ƳŶ$ŏ
ʝ158$

	�� 15̕�ƣ̔PGC-1α&rx�K!�7 PGC-1β;ùƬ%̎ǁɀǿȔȝ%ǌ

ƕ���tAT%�� 2̔˙áȝ�ʥɭÙ'¥��7
̔MyHC Iɘɖ&Øø

'ˁ%ĢÚ�7�"
ĝþ�8 �7 16,17̕�85& gain of function" loss of 

function&ǃʖ	5̔̎ǁɀ%�� PGC-1α'�ʥǿű&ÑŪ%˛ʍ!�6̔

MyHC I&țȅ%˦�� �7
̔Ɗ�űˋß%47MyHC IIaɘɖ&ĢÚ%'

˦��$��"
ȫć�8�̕ 
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� ̎ǁɀɎɛ�&ʅɄƢȉ'̔ɔɕȝ$ɀòɚǤß%Ůʍ$˙Ɋ3Cd~I�

;«ɑ�7�1%˛ʍ$ˑŰñŰ!�7̕Vascular endothelial growth factor

̒VEGF '̓ʅɄƢȉ;ʞŃ�7˛ʍ$čĮ!�6̔̎ ǁɀǿȔȝ VEGFǌƕt

AT%�� Ɗ�űˋß%47ʅɄƢȉ
˨Ĺ�8̔ɀƊ�Ù&ú�
ʝ15

8$��"	5 18̔̎ǁɀȍƺ& VEGF RKa~
ˋß%47ʅɄƢȉ%˛ʍ

!�7"ɢ�58 �7̕�ˌűð)ˢƴ˥&Ɗ�űˋß'̔̎ǁɀ%�� 

VEGF mRNAțȅ;�ˉ� 19,20 ǿ̔%ȖÝɤű
¥�˅ɀɘɖ!Ħ
țȅ�7�

"
ĝþ�8 �7 20,21̕4ˈ˥&ɶțűʮʆˋß%�� ̔MyHC IIb" IId/x

ɘɖ%��7 VEGF &țȅ
ˋßÎƴ̒3 ƧȠ̓%�ˉ�̔ɕ� IIb " IId/x

ɘɖ!ʅɄƢȉ
ȉ��Ŧ̒ 7ƧȠ�˪̓̔̎ǁɀÂ§%��7MyHC IIa&Øø


ĢÚ�� 22�"	5̔Ɗ�űˋß%47ɀòɚǿű&Ĥá'ʅɄƢȉ	5ī

.7�"
ȫć�8 �7̕ 

 

� 2. ·c°ġ��#&ĺÅë�Ĥ¯�¯  

� ·c°ġ��ĺÅët�Þ�ù°�Ļ�ëôò(�~
�ŁPGC-1α" VEGF�ßÖ�#

%Q@6[AW*"Íîĉì�½×(fğ�&ł 

 

持久性運動

PGC-1α↑

VEGF↑

ミトコンドリア新生

血管新生

持久力向上疲労耐性の高い筋線維の増加
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1.1.2̎ǁɀ&˝ȝöğű&ÑŪ 

� ̎ǁɀ&˝ȝĤá'ɀɌɬÄ&Y�hJʬøż�Ëʓ&g|�T%46ʣɅ

�87̕Ǉ	$¾ʆȨȹ%46̎ǁɀ&ɧħ%�� ̔ɌɬÄY�hJʬøż

;�ˉ�7 Insulin-like growth factor (IGF) -1−phosphatidylinositol 3 kinase 

(PI3K)−Akt (Protein kinase B; PKB)−mechanistic (mammalian) target of rapamycin 

(mTOR) &RKa~ɏʳ
˛ʍ!�7�"
Ë	� ��8,23̒ď3̓̕IGF-1'

IGF-1ôĻ§̒IGF-1R̓%ɐø� P̔I3K;�� Akt;Ǥűá�724̕Ǥűá��

Akt'�ǥ&mTORð)p70S6K̒S6K̓;}�˙á�24,25̔.�Glycogen synthase 

kinase 3 ̒GSK3̓;ƁÑ�726�"%4� Y�hJøż;�ˉ�7�"
Ë

	� �7̕ɀǿȔȝ%IGF-1;Šțȅ��tAT83Akt;Ųœȝ%Ǥűá��

tAT27-29!'̎ǁɀ
ɧħ� I̔GF-1R;ɀǿȔȝ%ǌƕ��tAT!'ɀɘɖ

&Ɵ"ơ˹ȷ&¥�;¡��̎ǁɀ&żˢ�Â
ʝ158��"	530 ż̔ˢ%

¡�ɀɧħ%�� IGF-1�AktRKa~
˛ʍ!�7�"
ȫć�8�̕ 

� wFbF~T_�Tˌʩɼ&ķ̋x^~!�7ÃùɀÌ˭%47�ºűɀɧ

ħ%�� ̔ɀɧħ""2%̎ǁɀÄIGF-1 mRNA331̔Akt"S6K&}�˙á
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�ˉ�7�"
ʝ15832̔.�Rapamycin%46�ºűɀɧħ
ƁÑ�8732

�"	5̔ʩɼ&̏�ɀǤß%47ɀɧħ%�� 2IGF-1�AktRKa~
˛ʍ

!�7�"
ȫć�8�̕�	�̔IGF-1&mRNA3Y�hJ'ÃùɀÌ˭&1

ƧŦ%33̔Akt3GSK3-β&}�˙á'2-3ƧŦ%$� Î1 �ˉ�7&%ŀ�34̔

�ǥ&S6K&}�˙á'ÃùɀÌ˭Ŧ3Ƭ˥�Ä	5�ˉ�735�"	5̔�º

űɀɧħ%��7Y�hJøż'IGF-1-AktRKa~˸¬įȝ%ī.7�"
ȫ

ć�8� .̕� ɀ̔ǿȔȝ%dominant-negative IGF-1R;Šțȅ���tAT%�

� ̔ÃùɀÌ˭%47ɀɧħ%˜ȉėtAT"&ŏ
ʝ158$��"314̔

ÃùɀÌ˭34,36&/$5�ex vivo%��7̎ǁɀ&¢şűòɚ37%46 A̔kt˸¬

įȝ$S6K&}�˙á
�ˉ�7�"
ĝþ�8̔˶ ǘÒǱ%47ɀɧħx^~

� 3. ëü����& IGF-1	Akt 94BX  

� IGF-1� IGF-1��k�ñ��`Ï� PI3K(g�� Akt(W[ĩ��&łAkt�W[ĩ�

�`Ï� GSK3(³{ŁmTOR(Î°��&���#%=[E3�±(fğ�&ł 

IGF-1

IGF-1R

Akt

PI3K

mTOR

GSK3

S6K

eIF2B

タンパク合成↑筋肥大
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%�� 2Rapamycin%46Y�hJøż
˔Ëȝ%&/ƁÑ�8�38�"	5̔

wFbF~T_�TĢÚ%46ʞŃ�87ɀɧħ%'̔IGF-1�AktRKa~�ĥ

&ɏʳ
įĒ�7"ȫć�8�̒ď4̓̕ 

� �STY�Tˋß'̔̎ǁɀ%�� mitogen-activated protein kinase kinase

̒MEK̓/extracellular signal-regulated kinase̒ERK̓RKa~2�ˉ�7�"


Ȧ58 �639̔ÃùɀÌ˭&1ƧŦ%2�&RKa~
�ˉ�734̕MEK/ERK

RKa~'mTOR&}�˙á;˨Ĺ�7Tuberous sclerosis complex̒TSC̓2;Ɓ

Ñ�7�140̔�&RKa~%4� ÃùɀÌ˭&1ƧȠ%mTOR&}�˙á&

ƁÑ
ʓ˭�8̔Akt˸¬įȝ%Y�hJøż
�ˉ�87öɭű
ȫć�8�

� 4. ëü����& IGF-1	Akt 94BXķm�à�îÿt94BX  

� Y:;=[;ġ��#��ĺÅë���&ĢĔĆ�ŁMEK-ERK 94BX(Î°��&�

�ŁTSC2�³{�#�� mTOR�W[ĩ�
 Aktķm�à�×�&ł �Łë�õÎ��

#%_¾��îÿ� ATP�ë¢ÿkľSarcoplasmic reticulum; SRĿ	$0X9-R,/[

ľCa2+
Ŀ(îÿĕ�ºv
� mTOR(Î°��ŁAktķm�à�=[E3�±(fğ�&ł 

 

Muscle 
Overload

MEKERKTSC2

mTORS6Kタンパク 
合成↑

ATP↑

P2Y

Ca2+

PLC

IP3

SR

IP3R

筋肥大
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34̕�5%ʽŖ̔ɀòɚǤß%46�ƪ�7ɌɬĥATP%46Akt˸¬įȝ%

mTOR
Ǥűá�8̔ɀɧħ
ʞŃ�87�"
ĝþ�8�41̕ɌɬĥATP'ɀ

Ɍɬ%�� n}�ôĻ§!�7P2YôĻ§%ɐø�̔phospholipase C̒PLC̓

;�� inositol 1,4,5-triphosphate̒ IP3̓;ĢÚ��7�"
Ȧ58 �7
42 I̕P3

'ɀńɬ§%įĒ�7IP3ôĻ§%ɐø�7�"!̔ɀńɬ§Ä̒Sarcoplasmic 

reticulum; SR̓&F~RAv@E�̒Ca2+̓;Ɍɬʬ%ƜÊ�42,43̔ɌɬÄCa2+

ǲŚ&�ƪ'mTOR3�&�ǥ&S6K&}�˙á;�ˉ�7�"
Ë	� �

744̕�85&�"	5̔�STY�Tˋß%47ɀɧħ!'IGF-1�AktRKa

~&/$5� ɀ̔òɚǤß%46�ƪ��ɌɬĥATP
ɌɬÄCa2+ǲŚ;�ƪ�

� mTOR;ȡƏǤűá�7̔Akt%¬į�$�ɏʳ2įĒ�7öɭű
ȫć�

8�̕ 

� �ƣ̔ɀòɚǤß&¥�&/$5�̔ɓ̃%47ƿ̇�ʰ̔
<ŴǨʬ3Ɇ

ňȘ$#&ȘȇİȝĤá'̎ǁɀÄ&Y�hJËʓ;�ˉ��̔ɀɽɚ;Ş�

ʯ��45̕�&Y�hJËʓ'zjH[�}G�W�n�]>X�vRT]v


˛ʍ$ŤØ;Ɔ� �746 Ǉ̕	$ɀɽɚƹ�%��7˓ Įțȅn�l=@~

;ǃʖ��Ȩȹ%46̔ɀǿȔȝE3zjH[�}G�W!�7MAFbx/atrogin-1

̒Atrogin-1̓"Muscle RING-Finger Protein-1̒MuRF1̓&țȅ
̔ɀɽɚ%46
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Ʊ2Š
ʞŃ�87�"
ƫ5	%$��27,47̕Atrogin-1ǌƕtAT'˭ȭɏ%

47ɀĬɚ%ƄƂű;ȫ�6 s̔mall hairpin RNA̒ shRNA %̓47Atrogin-1&e\

JZA�
ɓ̃%47ɀĬɚ;ƁÑ�7�"
ĝþ�848 .̔�MuRF1ǌƕtA

T2˭ȭɏ̔ŦɦŻĖ̔K~NN~[N@`%47ɀĬɚ%ƄƂ;ȫ�49-51�"

	5̔Atrogin-1"MuRF1%47Y�hJËʓ
ɀĬɚ%�� ˛ʍ!�7�"


ƫ5	"$��̕Atrogin-1"MuRF1%46zjH[�á�87ǈȝËĮ"�

 ̔ɀɘɖ;ǆż�7ǆˆY�hJʬð)ɀËá3Y�hJʬ&țȅ;ÑŪ�

7ËĮ
ĝþ�8 �752-57̒ď5̓̕ɀɘɖÄ'uER�l?|w�_̒thick 

filament̓">J[�l?|w�_̒thin filament̓	5Ţż�8�P~Nw>ǆ

ˆ
˖Í�8 �6̔÷P~Nw>'desmin3vimentin$#&�˥ťl?|w�

_̒intermediate filament̓%46ɐø̔ĲĶá�8 �7̕Yeast two-hybridǟ%

4� MuRF1
Myosin light chain̒MyLC̓13Titin/Connectin;û0ʌƟ&ɀɘ

ɖǆˆY�hJʬ"Ȣ�¨ȋ�58 M̔uRF1&ǋɭǌĨėĤȔ̒ Ring-deletion mutant̓

tAT%�� ̔˭ȭɏ3ɓ̃%47ɀĬɚ&˰ t̔hick filament&ǆżY�hJ

ʬ!�7Myosin light chain̒MyLC̓"Myosin binding protein c̒MyBP-C̓&z

jH[�á
˨Ĺ�87�"
ƫ5	%$��57̕Atrogin-12intermediate  

filament&ǆżY�hJʬ!�7desmin3vimentin;zjH[�á�7�"
ĝ 
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þ�8 �753 �̕85&�"	5 ɀ̔ɽɚ%˰� MuRF1"Atrogin-1%46ɀ 

l?|w�_&ǆˆȝËʓ
¯ˉ�87�"
ȫć�8�̕�5%̔Atrogin-1

'ɀËáʣɅčĮ!�7MyoD3ɡʙˤīčĮ!�7eukaryotic translation 

initiation factor 3 subunit f̒eIF3-f̓;Y�M\_"�7�"
Ȧ58 �754-56̕

Ëá��C2C12ɀɄɌɬ%�� ̔̄ ̉3ˌ˙áǙɊÒǱ%46ɀɽɚ;ʞŃ�

7"Atrogin-1!zjH[�á�87MyoD&Ëʓ
¯ˉ�854,56̔Atrogin-1%4

6zjH[�á�8$�ĤȔėMyoD;țȅ���tAT!' ɓ̔̃%47ɀɽ

ɚ
ƁÑ�8756̕Atrogin-1%47MyoD&Ëʓ�ˉ%4� ̔ɀ˝ɖƊ%Ůʍ

� 5. ëÔÜàTG2>[W1]< MuRF1� Atrogin-1�#&Éà=[E3ĕ  

� MuRF1� Atrogin-1�7X6S*�ÈĜ(ª±�&=[E3ĕ(TG2>[��ŁĺÅë

ćõ¿�7X6S*�ÈĜàwĐ(Ē¡�&ł �ŁAtrogin-1�ëw�({¬�& MyoD�

øđĮ�����& eIF3-f(Éà��Łëćõ�ĳ�ëw�"=[E3�±(³{�&ł 

MuRF1 Atrogin-1

構造タンパク質

MyoD eIF3-f

Thick filament

Thin filament Intermediate  
filament

Ub

Ub Ub
Ub

Ub Ub
Ub

サルコメアの構造的分解

Ub
Ub

Ub
Ub

Ub
Ub

Ub Ub 制御性タンパク質 分解
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$ɀɻɌɬ&Ëá%47Ƣ��ɀǀ&ʄø
˨Ĺ�87�"!̔ɀĬɚ&�ˉ

%ļ��7öɭű
ȫć�8�̕.�̔Atrogin-1'mRNA&ɡʙˤī%˛ʍ$

eIF3-f;zjH[�á�7�"!̔Y�hJøż;ƁÑ�7�"2ĝþ�8 �

755̕ 

� ʽŖ I̔GF-1�AktRKa~"Atrogin-13MuRF1%47Y�hJøż"Ëʓ
̔

Transforming growth factor (TGF)-βT�h�l=u}�%4� ƉƂȝ%ʣɅ�

87�"
ƫ5	"$�� 59,60̒ď 6̓̕TGF-β l=u}�%Ŋ�7 Myostatin

'̎ǁɀǿȔȝ%țȅ� �6̔�&ǋɭǌĨėĤȔ
̎ǁɀ;̍Ȕȝ%ɧħ

��7�"
ĝþ�8� 61-64̕TGF-β l=u}�' type II �VnY�& activin 

receptor type IIA, IIB (Acvr2a, Acvr2b)3 TGF-β receptor type II ̒TGFβRII̓%ɐø

� t̔ype IV}�-T�Eb�Ha�W�VnY�!�7 activin receptor-like kinase 

4, 5̒Alk4, 5̓;ßĄ�7�"!̔�ǥ& Smad2/3;}�˙á� 65̔}�˙á�

8� Smad2/3' Smad4"ʌø§;Ţż�̔ǀ%Ȳʆ� Y�M\_˓ Į&ʵ

ÆʣɅ;ʆ�̕.�̔Smad2/3&Ųœȝ$Ǥűá' Atrogin-1&n�x�Y�Ǥ 

ű;�ˉ� 66̔ñŀ% Smad3&ǌƕ' MyostatinʞŃű& Atrogin-1&țȅ;Ɓ

Ñ�7�"
ĝþ�8 �7 52̕�5%̔Myostatin ʞŃű& smad2/3 RKa~


 IGF-1−AktRKa~;˨Ĺ�7�"
Ȧ58 �7 67̕ 
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�ƣ B̔one morphogenic protein̒ BMP l̓=u}�' BMP receptor type II (BmprII)

ð) Acvr2a, Acvr2b%ɐø� A̔lk3, 6;ßĄ�7�"!�ǥ& smad1/5/8;}�

˙á�7 68 s̕mad1/5/8' smad2/3"Ⱦøȝ% smad4"ʌø§;Ţż�7�"!̔

smad2/3%47ɀĬɚRKa~;ƁÑ� A̔kt−mTORRKa~;Ǥűá�7�"


ĝþ�8� 32,59,69̕.�̔smad1/5/8 'ɀǿȔȝ E3 zjH[�}G�W&

Atrogin-1̔MuRF13 F-box protein 30̒Fbxo30̓&țȅ;ƁÑ�7�"	5̔Y

�hJËʓ&ƁÑ%2˦��7�"
ƫ5	%$�� 59,69̕  

1.2 t@J� RNA̒microRNA; miRNA̓ 

� 6. =[E3�±\wĐ� �& TGF-�;]E]I)QW]�¶µà�ēí  

TGF-β I)QW]� Smad2/3 �#%îÿt94BX(jģ�&łSmad2/3 � Smad4 �Ď

�k(ª±��Ä�æĊ�ŁAtrogin-1" MuRF1�ęu(fğ�Ł=[E3wĐ(nğ�&ł

 �ŁSmad2/3 � Akt (³{�Ł=[E3�±(³{�&łBMP I)QW]� Smad1/5/8

�#%îÿt94BXjģ(Ċ�ŁSmad1/5/8� Smad2/3�é�à� Smad4�Ď�k(ª

±�&łSmad1/5/8� Smad4�Ď�k�ŁSmad2/3�� �ÊĀ(À�ŁAtrogin-1�MuRF1

�ęu(³{ŁAkt94BX(fğ�&ł 

 

Acvr2

Aktタンパク 
合成↑

Alk4/5

TGF-βファミリー

Smad2/3
Smad4

Smad1/5/8
Smad1/5/8

Smad4

Smad2/3

Smad4

S6K

Bmpr2 Alk3/6

タンパク 
分解↑ Atrogin-1, MuRF1

BMPファミリー
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� miRNA 'Ɉ 20 ĠĜˢ&ȧ�e�N�^?�K RNA !�6̔ǈȝ˓ Į&

mRNA%ŀø�ɡʙ;ƁÑ�7�'mRNA&Ëʓ;ʞŃ�7�"
Ȧ58 �

7 70,71 ȅ̕Ē.!i_%�� 2500ȴ��2& miRNA
ùĶ�8 72 i̔_Me

v�%N�`�8 �7Ɉ60%&˓ Į
miRNA&ǈȝ!�7"�ŵ�8 �

7 73̕.�̔miRNA'țȉ�țˎ 743Cd~I��ʥ 75,76̔ȗȘ 77$#Ǉ	$

ȉāȅʨ%˦��7�"
ĝþ�8 �7 .̕� m̔iRNA&ǈȝ mRNA*&Ñ

Ū'ˉáȝ%°į�8 �6 78̔miRNA%47˓ Įțȅ&ʣɅ
Ǉ	$ȉā

ȅʨ%˛ʍ!�7�"
ȫć�8 �7̕ 

 

1.2.1 miRNA&ȉżˌȳ 

� miRNA'Y�hJʬ;N�`�7mRNA"ùǇ%RNAs}w|�W̒pol̓II

%46ʵÆ�879̔�ˇ&n�VT;ɏ żǺėmiRNA"$7̒ď7̓̕miRNA

&ÎƴʵÆȊǾ̒primary miRNA; pri-miRNA̓'Ħ
&Ğø1kb��&ˢ�RNA

ˠ!̔ɶŐȢʊű;ȫ�˖Í
ŀø�T]v~�n̒stem-loop̓ǆˆ;Ţż�

7̕ǀÄ%įĒ�7RNase Y@nIIIC�`cJ�>�W&Drosha'ʊÛčĮ!

�7DGCR8̒DyGorge syndrome critical region gene 8̓"ʌø§;Ţż�̔ 
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pri-miRNA&�ƶȽ%�7T]vǆˆ&Ĝ˔;Ìơ�780̕�&n�VT%46

pri-miRNA'o>k�ǆˆ;Ƴ��Ɉ65ĠĜ&miRNA&Ô̊§̒precursor 

miRNA; pre-miRNA %̓Ìơ�87 P̕re-miRNA'ʺˀY�hJʬ!�7Exportin 

5̒ Exp5 %̓46ǀ	5Ɍɬʬ%Ȳʆ�781,82 E̕xp5%47Pre-miRNA&ʺˀ%̔

� 7. miRNA�×±Ģç  

� 5DR	$ RNA OWSV]< IIľRNA pol IIĿ�#%ęu
'� primary-miRNA

ľPri-miRNAĿ� Drosha�#��L*H[ÈĜ
x%v
'Łprecursor miRNAľpre-miRNAĿ

��&łExportin5 �#��îÿĕ�æĊ
'� pre-miRNA � Dicer �#%X]KÈĜ
x

¼
'ŁeÁĭ miRNA��% Argonaute� RISCľRNA-induced silencing complexĿ(ª±

�&łeÁĭ miRNA���ŃÁĭ
wĐ
'ŁÉà mRNA� ��Ā�±Ò� RISC��

&łľÂ Q[:U[ŁäÁ £dŁP,3Z RNA �ĺÅë�Ĥ¯ÊÈŁê 66¤ê 9�Łk

ý�å�Ł2016#%©ØĿ 
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Exp5"GTPɐøY�hJʬ!�7Ras-related nuclear protein̒ Ran /̓GTP"&ʌø

§Ţż
˛ʍ!�7"ĝþ�8 �782,83̕ʺˀ�8�pre-miRNA'RNase Y@

nIIIC�`cJ�>�W!�7Dicer1%4� ~�nǆˆ
Ìơ�884̔Ɉ22Ġ

Ĝŀ&̘ƷˠRNA%$7 2̕ƷˠRNA'RNAɐøY�hJ!�7Argonaute̒ Ago̓

%ó6ʼ.8̔RNA-induced silencing complex̒RISC̓&Ô̊§;Ţż�785̕

�&Ŧ2ƷˠRNA&��1Ʒ
˒ƃ�8̒guide strand; G@`ˠ̓̔ñŀˠ

̒passenger strand 
̓RISC	5˭î�87�"! ǈ̔ȝ&mRNA%ŀøöɭ$ż

ǺėRISC"$785 2̕ƷˠRNA&Ë˴%�� G@`ˠµ&12	515ȓȠ&ĠĜ

ŀ&uTt\[
˛ʍ!�686 5̔’ƶȽ&ǻÙİȝĲĶű&¥�RNAˠ
G@`

ˠ"� ˒ƃ�87�"
Ħ�"ĝþ�8 �787̕ 

 

1.2.2 miRNA&ǋɭ 

� miRNA'ǈȝ˓ Į&țȅ;ʵÆŦƁÑ�7 88 m̕iRNA"Ȣʊű&̏�ɐø

;ȫ� mRNA'Ëʓ
¯ˉ�8 89-91 Ȣ̔ʊű&¥� mRNA'ɡʙ
ƁÑ�87

"ĝþ�8 �� 92-95̕Ôɣ'̔�%ǂǾɌɬ& miRNA!ʎ58̔ǈȝ mRNA

" miRNA
 u̔Tt\[
 5ĠĜŀ��&Ȣʊű
˸œ%̏�ɐø;�7�"

! C̔�`cJ�>�Wǋɭ;Ƴ�7 Ago%46 mRNA
Ëʓ�87"�8 
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�7 91,96,97̕�ƣ̔Ŧɣ'ßǾɌɬ& miRNA !ʎ587ȅʨ!�6̔ßǾɌɬ

& miRNA' 5’ƶȽµ%�7 2	5 8ȓȠ&ĠĜ!ǆż�8�‘Seed’˖Í%¬į

� ǈȝ˓ Į;ʝʦ̔ƁÑ�7 88,98̒ď 8̓̕ ªĥȝ%̔Ć�́%2 miRNA"

̏�Ȣʊű;ȫ�ɐø%46mRNA
Ëʓ�87�"
ĝþ�8 �7
 90,99̔

,"<#&ßǾɌɬ& miRNA'ǈȝ mRNA" seed˖Í%47˔Ëȝ$ɐø%

4� ǋɭ�7"ɢ�58 �7 m̕iRNA%47ǈȝ mRNA&ɡʙƁÑ%��

 ̔Ago%ɐø�7 trinucleotide repeat-containing 6̒TNRC6̓
˛ʍ$ŤØ;ƽ

�� 100,101̕TNRC6 ' CCR4-NOT " PAN2-PAN3 ;û0ɯ>^b~á˘Ɋʌø

§"Ȣ�¨ȋ�̔ǈȝ mRNA&ɯ>^b~á;�ˉ� 102̔ɡʙˤī;˨Ĺ�7

�"! 103̔ǈȝ mRNA&ĲĶű;¥���̔ɡʙƁÑ%˦��7�"
ĝþ�

� 8. miRNA� SeedĨy  

� �Óîÿ� miRNA � 5’o� 2	$ 8Ûâ�C3Y/>A�È±
'� Seed Ĩy
Éà

mRNA� 3’ UTR�ñ��&���Éà mRNA�øđ(ı��&ł 

 

5’

AAAAA

3’ UTR

3’

5’

mRNA

miRNASeed

標的mRNAの翻訳を阻害
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8 �7̕ 

� miRNA&ɐø˔¤' ß̔ǾɌɬ%�� '�% mRNA& 3’ untranslated region

̒UTR̓%įĒ� �6̔�&˖Í'ˉáȝ%°į�8 �7 78̕�˔ªĥȝ

% 5’ UTR3 Open reading frame̒ORF̓% seedɐø˖Í;Ɗ� mRNA2įĒ�

7 104̕Cross-linking Immuno-precipitation̒CLIP̓%4� Ago" cross-link��

mRNA &˖Í;ËƼ��Ȩȹ%47"̔RISC ' mRNA "Ƕ¨ǵ%Ȣ�¨ȋ;

� �7
̔seed˖Í�ĥ!&ɐø' mRNA&ƁÑ;ʝ1$��"	5 105-107̔

ǈȝ& mRNAƁÑ%�� miRNA& seed˖Í%47ɐø
˛ʍ!�7�"


ȫć�8�̕ 

� :�	 7ĠĜ&ȧ� Seed˖Í%47ɐø'̔è�& miRNA
ƟȜ& mRNA

;ǈȝ"�̔è�& mRNA 
ʌƟ& miRNA %46Y�M\_�87�";ö

ɭ"�7 è̕�& miRNA
ƟȜ&ǈȝ˓ Į&țȅ�p~;ȸ3	%ÑŪ�7

"ķ̋ȝ%ǃʚ�8��"	52 108-110 m̔iRNA
K��g~$˓ Įțȅ;ʵ

ÆŦ�p~!ʣɅ�7l=@�[y�a�!�7�"
ȫć�8 �7̕ 

 

1.2.3 J|TY�;Ţż�7 miRNA 

� Ħ
& miRNA 'gJ]}>&Eq��&4�Mev�%J|TY�;Ţż
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� N�`�8 �7 110-112̕ȅĒùĶ�8 �7 miRNA &��̔Wm|l?

\Ry!'Ɉ 50%̔tAT!' 30%̔i_!' 20%& miRNA 
J|TY�;

Ţż� �7 110̕Mev�%N�`�8 �7 miRNA J|TY�%'̔

miR-34b−34c" miR-449c−449b−449a&4�%ù�$ Seed˖Í;Ɗ� miRNAl

=u}�%4� ǆż�87J|TY�̒ rxJ|TY� 3̓ m̔iR-23a−27a−24-2

"miR-206−133b&4�%Ȕ$7 Seed˖Í;Ɗ�miRNAl=u}�!ǆż�8

�J|TY�̒o]�J|TY�̓̔ �� ̔miR-17−18a−19a−20a−19b-1−92a-1

&4�%ù� miRNA"Ȕ$7 miRNAl=u}�
ǪĒ�7J|TY�̒ rx�

o]�J|TY� 
̓įĒ�7 Ħ̕
& miRNAJ|TY�' 2, 3ȴ́& miRNA

l=u}�!ǆż�8 �7
 113 i̔_̒ C19mcJ|TY� "̓tAT̒ sfmbt2

J|TY�̓%�� Ɵäȴ��& miRNA ˓ Į!ǆż�8�Ŏħ$ miRNA

J|TY�2įĒ�7 110,114,115̕ 

� J|TY�;Ţż�7ʌƟ& miRNA'̔è�& polycistronic$ʵÆǾ"� 

ʵÆ�87 84,116,117̕�&�1̔ù�J|TY�%Ŋ�7 miRNA 'Ɍɬ3Ɏɛ

%�� ́£��țȅhY��;ȫ� 110,118,119̔.�÷ miRNA %4� ǈȝ"

�87˓ Į
́£��RKa~ɏʳ%˦:� �7 109,110�"	5 ù̔�J|

TY�%Ŋ�7 miRNA 'ù�ȉāȅʨ;çʣ� ÑŪ�7�"
ȫć�8 
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�7̕�5%̔�ŚŢż�8� miRNAJ|TY�'ˉáȝ%°į�8 �7�

"	52 113,118̔ȉāȅʨ%�� miRNA J|TY�
��&ǋɭè¤"� 

˛ʍ!�7"ɢ�587̕ 

 

1.3 ̎ǁɀ" miRNA 

� miRNA%47ǈȝ˓ Į&ƁÑ' miRNA&țȅ˝%¬į�7 120,121�1 �̔

7Ɏɛ%�� ̏�țȅ˝;ȫ� miRNA 
�&ɎɛÄ&˓ ĮțȅʣɅ%ħ

�$ţ˻;ð-�öɭű
̏�"ɢ�587̎̕ǁɀ%�� ̔ǿȔȝ	�̏

�țȅ˝;ȫ� miRNA 
ʌƟùĶ�8 �6 122,123̔�&ǋɭ%�� �8.

!%Ħ
&Ȩȹ
$�8 ��̕.�̔ɀǿȔȝ miRNA�ĥ&zjHYT$ț

ȅ;ȫ� miRNA %2̎ǁɀ&ȉȇȅʨ;ÑŪ�7ȴ
�
�	ĝþ�8 �

7̕Ʒ˼!'̔̎ǁɀ%��7 miRNA&ǋɭ%�� ȅĒ.!&Ȧʎ;ǅʡ�

7̕ 

 

1.3.1 ɀǿȔȝ%țȅ�7 miRNA 

� � ɀǿȔȝ miRNA "� miR-1̔miR-133̔miR-206̔miR-208̔miR-499 


ĝþ�8 �7 122,123 m̕iR-1l=u}�̒ miR-1" miR-206 '̓ miR-133l=u
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}�" miR-1~133a̔miR-1~133a̔miR-206~133b̔miR&J|TY�;Ţż� 

Mev�%N�`�8 �7 ɀ̕ǿȔȝ miRNA'̎ǁɀ"ŭɀ;û<�ǉɉɀ

%țȅ�7
̔miR-206 " miR-133b '̎ǁɀ%ǿȔȝ%̔miR-208 l=u}�

̒miR-208" miR-499̓'ŭɀ"̎ǁɀ&ˊɀɘɖǿȔȝ%țȅ�7̕  

� ʽŖ ɀ̔ǿȔȝ miRNA&�� miR-1" miR-133l=u}�&ǋɭ;ʓƼ�7

Ȩȹ
Ħ
$�8 �7 Ǉ̕	$ loss-of-functionȨȹ%46 t̔ATÂʴ%��

7 miR-1 " miR-133 l=u}�&Zm~ǌƕ'ŭɵ&țȉ;·Ĺ�7�1ɪȉ

ɸǑ%ɷ7�"
ĝþ�8� 124-129 �̕ƣ m̔iR-133a-1" miR-133a-2̒ miR-133a̓

ǌƕtAT&Ɉ 20%'ż§.!ȉ�Ŝ)7
̔ƈşėŭɀș%46ȉŦɈ 6 �

Ʋ!ȺǷǑ%ɷ7�"
ĝþ�8 �7 125̕�85& miR-133a ǌƕtAT'̔

4ˈ̑	5̎ǁɀ%��7ȘȇȝȔœ
ȅ8 u̔_N�`}>ǋɭ�Â̔˅ ɀǿ

Ȕȝ$�ŭǀuEh[�̔glycolytic-to-oxidative$ɀɘɖɎż&Ĥá;ȫ��"


ĝþ�8 �7 126̕.�̔miR-133aǌƕtAT'Ɗ�űˋßɭÙ
¥�� 

�6 6̔ˈ˥&_�\`u~ʮʆˋß%47u_N�`}>Ƣȉ
˨Ĺ�87�

"	5̔miR-133a &ǌƕ
̎ǁɀ&ǋɭ%2ţ˻;ð-��"
ƫ5	%$�

� 126,130̎̕ǁɀǿȔȝ%țȅ�7 miR-206~133b &ǌƕ'̎ǁɀ&țȉ3żˢ

%ħ�$ţ˻;��$��"	5 131-134̔ù� Seed ˖Í;Ɗ� miR-1~133 J|
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TY�%46miR-206~miR-133bJ|TY�&ǋɭ
ʊº�8�öɭű
ɢ�5

87 �̕ƣ m̔iR-206&ǌƕ
ȭɏɀƏø˔&Åȉ3P]|@_Ɍɬ%47ɀÅ

ȉ;˨Ĺ�̔ɀɽɚűµɋȩáș̒Amyotrophic lateral sclerosis: ALS̓3Mdxt

AT%��7DuchenneėɀST_�l?�&șȀ;Ŵá�7�"
ƫ5	%$

6 131,132  ̔ miR-206%47˓ ĮțȅʣɅ&�Ē
̎ǁɀ&ȘŸ;ĢŴ��7�

"
ȫć�8�̕ 

� �5%̔ɀËá%��7 miR-1 " miR-133 l=u}�&ǋɭ%�� �
�

	&ĝþ
�7 135-142̒ď 9̓̕ miR-1" miR-206'ɀɻɌɬ&Ëá;¯ˉ�7"

ĝþ�8 �� 136-139,142 m̕iR-1'ɀËá;¯ˉ�7Myocyte enhancer factor̒ Mef̓

2143&ƁÑčĮ!�7 Histone deacetylase̒HDAC̓4;ǈȝ"�7�"!̔ɀË

á;¯ˉ�7"ĝþ�8� 136̕miR-206' DNA polymerase α̒Pola1̓;ƁÑ�

7�"!̔ɀɻɌɬ& DNAøż;˨Ĺ�̔Ɍɬÿƴ;³ǎ�7�"%4� ɀ

Ëá;¯ˉ�7"ĝþ�8� 137̕�&�%2̔miR-1 " miR-206 'ɀËá;Ɓ

Ñ�7ʵÆčĮ!�7 PAX3̔PAX7̔Twist-1;ǈȝ"�̔ɀËá;¯ˉ�7�

"
ĝþ�8 �7 138,139,142̕ 

� miR-133%˦� ' ɀ̔Ëá;ƁÑ�7"&ĝþ 136"̔̄ ˉ�7"&ĝþ 140,141 
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$�8 �7̕Chen 5&Ȩȹ!'̔miR-133 'ɌɬĢǓ;ƁÑ�7 Serum 

response factor̒ SRF̓;ǈȝ"�̔ɀËá;ƁÑ�̔ɀɻɌɬ&ĢǓ;¯ˉ�7

"ĝþ� �7 136̕>�[V�TE}O;ȋ�� miR-133&e\JZA�
̔

C2C12&ɌɬĢǓ;ƁÑ� ɀ̔Ëá;¯ˉ�7�ƣ m̔iR-1&e\JZA�'ɀ

Ëá;ƁÑ� Ɍ̔ɬĢǓ;¯ˉ�7�" 136	5 ù̔�J|TY�%Ŋ�7 miR-1

" miR-133 
Ȣñ��ǋɭ;Ƴ�7�"
ȫć�8� 136̕�ƣ̔Zhang 5&Ȩ

ȹ!' m̔iRNA mimic%46 miR-133;Šțȅ�� C2C12%�� 2ɌɬĢǓ


¯ˉ�8�̔ˁ %ƁÑ�87�"
ƫ5	%$�� 140 �̕5% m̔iR-1' Cyclin 

D1;̔miR-133' Cyclin D1&ʵÆčĮ!�7 Sp1;ǈȝ"�7�"!̔ɀɻ

� 9. ëw�\�Ì���& miR-1, miR-133I)QW]�ÊĀ  

� miR-1I)QW]ľmiR-1� miR-206Ŀ� miR-133I)QW]�Éàĥj��{¬�#%

ëw�(ēí�&łÂ Q[:U[ŁäÁ £dŁP,3Z RNA�ĺÅë�Ĥ¯ÊÈŁê 66

¤ê 9�Łký�å�Ł2016#%©ØĿ 
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Ɍɬ&Ɍɬÿƴ;³ǎ�̔ɌɬĢǓ;ƁÑ̔ɀËá;¯ˉ�7�"
ĝþ�8

 �7 140̕.�̔miR-133' fibroblast growth factor receptor 1̒Fgfr1̓" protein 

phosphatase 2 A catalytic subunit̒PP2AC̓;ǈȝ"�7�"! extracellular 

signal-regulated kinase̒ERK̓RKa~;˨Ĺ�̔ɀËá;¯ˉ�7�"2ĝþ

�8 �6 141  ̔ɀËá�Ţż%��7 miR-133&ǋɭ%�� '.�N�V�

PT
ũ58 �$�̕ 

� �ƣ m̔iR-208l=u}�'ˊɀǿȔȝ%țȅ� ŭ̔ɀ3̎ǁɀ&ɀɘɖY@

n&ÑŪ%˦��7�"
Ȧ58 �7 144,145̕miR-208 l=u}�%'

miR-208a m̔iR-208b m̔iR-499
įĒ� �̔8�8ˊɀėuER�!�7Myh6̔

Myh7̔Myh7b &@�_��%N�`�8 �7̕Myh6 'ŭɀǿȔȝ$țȅ;

ȫ�̔Myh7 " Myh7b 'ŭɀð)̎ǁɀ&ˊɀɘɖ%țȅ�7�1̔�8�8

&miR-208l=u}�miRNA2rT_˓ Į"ùǇ$țȅhY��;ȫ� 144,145̕

α-MHC' Myh6%N�`�8̔ż§&ŭɀ%țȅ�7�ʍ$uER�˛ˠ>@

XlD�v!�7̕ŭɀ%��7T_�T%Ű� ̔Myh7 %N�`�87

β-MHC&țȅ
�ˉ�7""2% miR-208l=u}�&țȅ˝2Ģħ�7�"


ƫ5	%$�� 169̕�ƣ̔miR-208a;ǌƕ���tAT%�� T_�T%

47 β-MHC &țȅ
ƁÑ�8̔pressure overload %47ɧħėŭɀș&șȀ
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əĂ�87�"
ĝþ�8� 169̕�8'̔miR-208 
 α-MHC &țȅ;¯ˉ3

β-MHC &țȅ&ƁÑ%˦��7ȎȀɲr~x� 146 &ôĻ§&Ǥű;ʣɅ�7

Thyroid hormone receptor associated protein 1̒THRAP1̓;ǈȝ"�7�"!̔Ȏ

Ȁɲr~x�%47 α-MHC&țȅ;ƁÑ� ���1!�7"ɢ�58� 169  ̕

� ̎ǁɀ&ˊɀɘɖ̒MyHC I̓!̏�țȅ;ȫ� miR-208b" miR-499;�ƣ

"2ǌƕ��tAT%�� 'ˊɀ&˅ɀá
ʝ158 m̔iR-499&/;ɀǿȔ

ȝ%Šțȅ��tAT!'˅ɀ&ˊɀá
ʝ158� 170̕�&4�$ɀɘɖY

@n&T@\['̔miR-208b" miR-499
rT_˓ Į&ʵÆƁÑčĮ!�7

Sox6̔Purβ̔Sp3;ǈȝ"� �6̔MyHC Iɘɖ&țȅ;¯ˉ�7�1!�7

"ɢ�58 �7 170̒ď 10̓̕  

 

� 10. miR-208I)QW]�#&Ġë�Q/9[�ßÖ{¬  

� ĺÅë�ßÖ�& miR-208 I)QW]ľmiR-208b� miR-499Ŀ�ęu³{��(Éà�

�ŁN;@ĥj���&Ġë�Q/9[�ßÖ(nğ�&łÂ Q[:U[ŁäÁ £dŁP

,3Z RNA�ĺÅë�Ĥ¯ÊÈŁê 66¤ê 9�Łký�å�Ł2016#%©ØĿ 

 

SOX6
PurB

MyHCI
MyHC7b

遅筋線維

miR-208b
miR-499
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1.3.2 ̎ǁɀ%��7 miR-23�27�24&ǋɭ 

� ɀǤß&Ĥá3
<̔ɆňȘ&4�$Âʴűȗų%47̎ǁɀ&˝ȝ�ǋɭ

ȝĤá
ȉ��˰̔̎ ǁɀ3ʅ�&Ǉ	$ miRNA
Ĥá�7�"
ƫ5	%$

6̔ɀǿȔȝ miRNA�ĥ& miRNA%47˓ Įțȅ&ÑŪ2̎ǁɀ&ȉȇȅ

ʨ%˦��7�"
ȫć�8 �� 76,147-151̕ 

� miR-23̔miR-27̔miR-24 'J|TY�;Ţż�7 miRNA !�6̔̎ǁɀ%

�� ʧľ%įĒ�7 152 m̕iR-23�27�24J|TY�'Mev�% m̔iR-23a�27a

�24-2̒a J|TY�̓" miR-23b�27b�24-1̒b J|TY�̓& 2 �&h|�K

!N�`�8 �7̕�8�8&J|TY�'̔i_Mev& 19ȓ" 9ȓ&ƾ

ɺ§% t̔ATMev& 8ȓ" 13ȓ&ƾɺ§%įĒ�7̎̕ ǁɀ%�� miR-23

�27�24 J|TY�miRNA 'öğűÑŪ%˛ʍ$˓ Į;ÑŪ�7�"
ĝþ

�8 ��̒ď 11̓̕  

� miR-23�27�24 J|TY�%Ŋ�7 miRNA �̔̎ǁɀ%��7ǋɭ%�� 

Ʊ2Ħ
ǃʖ�8 �7&' miR-23l=u}�!�7̕ɀɽɚƬ%țȅ
�ˉ

�7 Atrogin-1 " MuRF1 
 miR-23a &Y�M\_!�7�"
ƫ5	%$6̔

miR-23a&Šțȅ%4� in vivo3 in vitro%�� Dexamethasone%47ɀĬ

ɚ;ƁÑ�7�"
ĝþ�8� 152̕ùǇ%̎ǁɀɽɚ;ý�7 2ėɆňȘx^ 
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~tAT3 10Ƨ˥&p\`�T_Ŧ&i_!'̔̎ǁɀÄ miR-23a&țȅ
¥

�� 153-155̔miR-23a &ǈȝ˓ Į!�7 PTEN ð) Atrogin1 " MuRF1 &țȅ

˝
�ˉ�7"ĝþ�8� 184, 156̕�ƣ̔ʅ�!' miR-23a
̔tAT&ŦɦŻ

Ė3i_&Ï˃�T_%46ĢÚ� m̔iR-23a&ĢÚȃ"i|wɀ&ɀɽɚȃ%

'Ǐ&Ȣ˦˦®
�7�"
ȫ�8� 157 Ë̕á�� C2C12ɀɄɌɬ%�� 2

Dexamethasone%46ɀɄɌɬÄ& miR-23a
țȅ;¥��̔ˁ %ěē�&CJ

XX�v!' miR-23a
ĢÚ�7�" 154	52̔ɀɽɚ%4� miR-23a&Ɍ

ɬĥ*&ƜÊ
¯ˉ�87�"
ȫć�8�̕ 

� �5%̔miR-23 l=u}�'u_N�`}>Ƣȉ&tTY��Iy��Y�

� 11. miR-23	27	243V;=]miRNA�ĺÅë���°{¬�İa�&Éàĥj�  

 �	�

miR-23�

miR-27�

MAFbx-1/atrogin-1,	MuRF1�

PGC-1α�

Myostatin�

(Russell	et	al.,	2011)�

(Wada	et	al.,	2011)�

(Allen	et	al.,	2011)�

Myosin	heavy	chain� (Wang	et	al.,	2012)�

miR-24� Smad2/4� (Ma	et	al.,	2014;	Sun	et	al.,	2018)�

Alk4� (Wang	et	al.,	2008)�
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!�7 PGC-1α ;Y�M\_�7�"
ĝþ�8 �7 158̕u_N�`}>ǋ

ɭ�Â;ý�7̔ALS ųɣ 1593 ALS x^~̒ALS G93A̓tAT 158&̎ǁɀ

%�� ̔PGC-1α&¥�" miR-23&�ˉ
ʝ158� 131,158̕�5%̔in vivo

%��7 miR-23&Šțȅ'̎ǁɀ& PGC-1α"u_N�`}>Āüˠ˦ˇY�

hJ!�7Cytochrome c"COX IV;¥��7�"
ƫ5	%$�� 164 .̕�̔

miR-23 &țȅ˝
i_"tAT&̎ǁɀ%�� �ˌűƊ�űˋß%46ǬŅ

� 160,161 P̔GC-1α&țȅ˝"ʩ&Ȣ˦˦®;ȫ�� 160�"	5 m̔iR-23l=u

}�
 PGC-1α;ÑŪ�̎ǁɀ&Șȇ�ȉȇİȝ$Ĥá%˦��7�"
ȫć�

8�̕ 

� ̎ǁɀ&ǆˆY�hJʬ!�7uER�˛ˠ2miR-23l=u}�%4� Ñ

Ū�87"ĝþ�8 �7 162 m̕iR-23'˅ɀėuER�˛ˠ
N�`�8 �

7̔Myh1̒MyHC IId/x̓̔ Myh 2̒MyHC IIa̓̔ Myh 4̒MyHC IIb̓; 3’ UTR¬

įȝ%ƁÑ�7"ĝþ�8� 162̕C2C12 Ɍɬ%��7 miR-23 &ˌ×țȅ
̔

MyHC IId/x"MyHC IIa&țȅ;ƁÑ ɀ̔Ʉ&Ţż;˨Ĺ�7ñ˹ ɀ̔ɻɌɬ&

ĢǓ;�ˉ�7�"
ƫ5	%$�� 162̕� � �  

� �ƣ m̔iR-27'ɀɧħ&ƁÑčĮ!�7Myostatin;ÑŪ�7�"
ĝþ�8

 �7 163-165̕ˊɀ"˅ɀ%�� Myostatin & pre-mRNA &țȅ˝%ŏ
$�



38 

%2		:5� M̔yostatin& mRNA'˅ɀ!̏�țȅ˝;ȫ� 166 �̕& mRNA

țȅ˝&ŏ' M̔yostatin;Y�M\_�7 miR-27
ˊɀ%Ħ
țȅ� �7�

1!�6̔Myostatin mRNA 
ʵÆŦ�p~! miR-27 %46ƁÑ�87�"


ƫ5	%$�� 163̕�5%̔C2C12 Ɍɬ
ĢǓ�7˰%̔miR-27 &�ˉ"

Myostatin mRNA&ǬŅ
ʝ158 167̔miR-27&Šțȅ%46 C2C12&ɌɬĢ

Ǔ
¯ˉ�87�"	5̔miR-27 
ɀɻɌɬ&ĢǓ�Ëá&ʣɅ%˦��7ö

ɭű2ȫć�8� 167̕ 

� miR-24 %�� '̎ǁɀöğű&N�]JT_%��7ǃʖ
ʆ:8 �$

�
̔̎ǁɀ3Ǉ	$Ɍɬ%�� TGF-β l=u}�&RKa~ ˎ%˦ˇ�

7˓ Į;Y�M\_�7�"
ĝþ�8 �7 168-170̕miR-24 ' Smad2 ;Y

�M\_�7�"!TGF-βRKa~%47Ɍɬĥt_}\JT&Ţż 171;˨Ĺ

�̔ɀƕ·%47̎ǁɀ&ɘɖá;ƁÑ�7"ĝþ�8� 168̕.�̔ʭʅȆɇ

Ɍɬ%�� miR-24' TGF-βl=u}�&Y@n I�VnY�!�7 Alk4;

ǈȝ"�̔ʭʅȆɇɌɬ&Ëá;˨Ĺ�7�"
ĝþ�8� 169̕�5%̔ɫű

ŗɌɬ̒ Embryonic stem cell; ESɌɬ &̓Ëá""2% miR-24țȅ˝&ĢÚ
ʝ

158̔miR-24
 Smad4;û<� ESɌɬ&ËáĦɭű;ɖƊ�7˓ Į;ǈ

ȝ"�7�"!̔ES Ɍɬ&Ëá;¯ˉ�7�"
ĝþ�8� 170̕Smad2/4 "
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Alk4'̎ǁɀ%�� ɽɚ;¯ˉ�7 TGF-βl=u}�&ɌɬÄRKa~!�

7�1%̔�85&ɐƽ	5̔miR-24
 TGF-βl=u}�&RKa~ ˎ%4

7̎ǁɀ&˝ȝĤá̒ď 6̓%˦��7öɭű
�7"ɢ�587̕ 

 

1.4 ƷȨȹ&Ƞȝ�  

� ̎ǁɀ'ȈġʍǛ%Űɂ��˝ȝ�ʬȝ$Ĥá;ȫ�̔�&ˌȳ%�� 

miRNA %47˓ ĮțȅÑŪ
Ůʍ!�7�"
ȫć�8 �� 76,147̕ 

miR-23−27−24J|TY�%Ŋ�7 miRNA%46̔̎ǁɀ&ǋɭȝ̒MyHC162̔

PGC1-α158̓̔ ˝ȝ̒Atrogin-1"MuRF1152 M̔yostatin163 S̔mad2/4168,170 A̔lk4169̓

öğűÑŪ%˛ʍ$˓ Į
ǈȝ"�8 �7�"	5 �̔85& miRNA
̎

ǁɀ&öğűÑŪ%˦��7öɭű
ɢ�587̕�	�̔̎ǁɀ%��7

miR-23−27−24 J|TY�miRNA &ǋɭ%�� '.�äË$ǃʖ
ʆ:8 

�$�̕��!̔ƷȨȹ!' miR-23−27−24 J|TY�miRNA &ǌƕ
̎ǁɀ

&öğűÑŪ%ð-�ţ˻;ǃʖ�̔�&ǋɭ;ƫ5	%�7�";Ƞȝ"�

�̕ 
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2. ƣǟ 

2.1 ßǾķ̋ 

� Â &tAT' 12Ƭ˥ƫƴ̖12Ƭ˥Ưƴ%ʘĶ�8 �̔Ķ&ĸǭ̒ 22℃ 
̓

°�8�̆ɨĸ% ̔ɶȍƖó̔ɶȍ̅Ǚ&ƹ��!̆ɨ�8�̕tAT&§

˛ð)Ɩ̈˝'ˈ̗ČǮĶ�8�̕ɶțʮʆˋßķ̋̒ď 12̓;ʆ��1%̔

tAT̒˱ű, 18ˈ̑̓'|�b�Kr@�~̒ȡť 11 cm̓
ʘɝ�8�L�

S̒15 x 32 cm2̓! 4ˈ˥±Ï̆ɨ�8� 172̕|�b�Kr@�~'tAT


±ÏL�S%̆ɨ�8�̘Ƨ̒ n�̆ɨ Ŧ̓.!ĐĶ�8 �̔&ŦˤƜ�8�̕ 

 

|�b�Kr@�~&ČʵƟ'xbY�RT]v̒Melquest̔Toyama̔Japan̓

%46ʕǮ�8̔CIF3Win Acquisition Software̒Melquest̓%4� ʮʆʲ˴


ɃÊ�8� 4̕ˈ˥&ɶțʮʆˋß;ʆ��tAT%�� '�ˌűˋß&ţ˻

;˭
�1%̔ƱŦ&ɶțʮʆˋß	5 24Ƭ˥Ŧ%÷Ɏɛ
P�n}�K�8

� 12. 4Ğį�ăßėĊġ��Ĺ�KZ@6X  

 

���

2��
1
� 2
� 3
� 4
�

Start� Stop�

1��

��
�� 			

��	
��	
���	

��	
���	

��	
���	

��	
���	
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�̕ʓÕ'tAT; 5 Ƭ˥ɓ̃�� 	5ʆ:8�̕�ˌű&ɶțʮʆˋßɟ

'n�̆ɨŦ&Ưƴ 12Ƭ˥&ˋß;ʆ� Ʊ̔Ŧ&ɶțʮʆˋß	5 3Ƭ˥Ŧ̒ ɓ

̃̓%Ɏɛ
P�n}�K�8� 173-175̕�8�8&ķ̋!ŀǸɟ"$7N�_

��~tAT2ùǇ%̔ķ̋ƴ˥�'|�b�Kr@�~&$�L�S!±Ï

̆ɨ�8�̕ 

� ˭ȭɏx^~̒ď 13̓!'̔tAT̒˳ű̓&ĕ̎ȭɏÌ˭;ʆ��̕ȭɏ

Ì˭'Ǽɮ&ħɳ˔!ʆ�̔ǒ72��ƣ&ɮ̒Contralateral; CL̓'N�_�

�~"� ķ̋%ȋ��̕ȭɏÌ˭%46N�_��~ʰ*§˛ʩɼ
ĢÚ�

7�"
ɢ�58��1%̔žʇ;ʆ� �$�tAT2˸žʇN�_��~

"� ȋ��̕˭ ȭɏx^~%��7ʓÕ' ȭ̔ɏÌ˭	5 1 2̔ˈ˥Ŧ%ʆ�̔

tAT; 5Ƭ˥ɓ̃���Ŧ̒åÔ 9:00	5åŦ 14:00.!̓̔@Xl~|� 

 

üÁ̐˗�!P�n}�K��̎̕ǁɀP�n~"� i|wɀ"ʰřɀ;Ǝ

� 13.Ĳãð�#&ë�õ�KZ@6X  

 

1�� 2��


		
��
,���

��	
��	

��	���

dnv	
�denervation��

CL	
�Contralateral��

���	�


		
��
,���
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ó��̕Â &ßǾķ̋'ƻ�ħİħİˬãİɇȨȹȰßǾķ̋ĬĄ�"Ʃȵ

ȌħİßǾķ̋ĬĄ�&ſʝ;ũ ̔÷ħİ&ķ̋ķƥǟÓ%Ũ�ʆ��̕ 

 

2.2 miR-23a/bJ|TY�ǌƕtAT&¨ʋ 

� miR-23a/b J|TY�&ǌƕtAT&¨ʋ%' Cre-loxP RT]v;Ðȋ��̕

miR-23a−27a−24-2
N�`�8 �7Mev˾ę&�Ƚ% loxP˖Í
ƌÁ�8

� miR-23a J|TY� flox̒ flanked by loxP sequences̓tATð)

miR-23b−27b−24-1&�Ƚ% loxP˖Í
ƌÁ�8�miR-23bJ|TY�floxtA

T'̔ƻ�ħİħİˬãİɇȨȹȰ�ŊȗųȉāōİV�Y��ÅȉãȚōİ

˔ˣ!¨ʋ�8�̕�85&tAT&¨ʋˌȳ'��&˄6!�7̕

pDT-loxP-loxPFRT-PGKneo-loxPFRT̒ ɁǠħİħİˬãİȨȹȰ� ̏ǊƮ¾ȉ4

6«�̓;n|\_lD�vpJY�"� ȋ�̔miR-23a−27a−24-2 "

miR-23b−27b−24-1 &Y�M]?�KpJY�
^Q@��8�̒ď 14A̓̕Y

�M]?�KpJY�'Ñ˫˘Ɋ%46ɘŢá�8̔C�J_�s��R{�

%46 C576BL/JtATȍƺ& Embryonic stem (ES) cells%ŃÁ�8� G̕eneticin

̒G418̔GIBCO̓%46ʂÖ˒Ï�8� ESɌɬ	5Mev DNA;ƅÊ�̔P

Q�m�\_ʓƼ%4� Y�M\_˾ę&ȢùɎƓ�;Ȫʝ��̒ ď 14D̓̕
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ȢùɎƓ� ESɌɬ;¶ĩĭ&˳űtAT%Ȳǂ�̔Hw|tAT;ũ�̕Hw

|tAT' CAG-FLpE_|�TSBb\JtAT̒ Riken BRC "̓�˖� d̔E

t@R�ɤűFV\_;ȉǓɇÍɌɬ�p~!˭î��̕�&Ŧũ58�tA

T&�˖%46 Â̔ʴ%�� miR-23a/bJ|TY�
Ã% flox�8�tAT;

ũ�̕Ǎ%̔miR-23a/b J|TY�Zm~ flox tAT;̔ɀǿȔȝ% Cre 

recombinase
țȅ�7 Ckmm̒Mck; Muscle creatinine kinase promoter -̓CretA

T 176̒Stock# 006475̔Transgenic̔The Jackson Laboratory̓"�˖�̔ɀǿȔȝ

miR-23a/bJ|TY�ǌƕtAT;¨Ê��̕ 

 

2.3 SBeY@k�K" Ckmm-cre%47MevɎƓ�&Ȫʝ 

� tAT&SBeY@n;Ȫʝ�7�1%̔Mev DNA ;˞ė"� PCR ;

ʆ�� S̕BeY@k�Kȋ&Mev DNA&ƅÊ%'>~F}−DNAƅÊǟ;

ȋ�� 177 t̕AT&ņŇ; 1-2 mmȳŚÌơ� 7̔5 µl&>~F}g\l=�̒ 25 

mM NaOH 0̔.2 mM EDTA ;̓Á8 9̔5℃% 50Ë˥ǝ̌��� �̕&Ŧ 7̔5 µl

&�Ăg\l=�̒40 mM Tris HCl̔pH 5.5̓;ǫÚ�̔ƘƇ��̕ƅÊ�8�

Mev DNA& 2 µl; PCRñŰ%ȋ�� P̕CRñŰ' Ex Taq HS̒ Takara̓;ȋ

�̔Veriti 96 well Thermal Cycler̒Applied Biosystems̓% ʆ��̕PCR%©ȋ
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��n|@t�V\_̒Forward " Reverse n|@t�̓'ʈ̗%ȫ��̕

miR-23a/bJ|TY�& floxed>�~ PCR& Thermal protocol'��&˄6!�

7̛̒ 1̓95℃! 5Ë˥ǻĤű̔̒ 2̓95℃! 15ȱ˥ǻĤűŦ̔ˑÌ$>b�}�

KǭŚ! 15ȱ˥>b�}�K�̔72℃! 30ȱ˥¢ˢñŰ̔̒ 3̓72℃! 7Ë˥

¢ˢñŰ̒̕ 2 '̓ 25P@J~"�� ÷̕ PCR&>b�}�KǭŚ'ʈ 1%ȫ�

�̕Ckmm-cre>�~ PCR& Thermal protocol'��&˄6!�7̛̒ 1̓95℃!

5 Ë˥ǻĤű̔̒ 2̓95℃! 15 ȱ˥ǻĤűŦ̔62℃! 15 ȱ˥>b�}�K�̔

72℃! 45ȱ˥¢ˢñŰ̔̒ 3̓72℃! 7Ë˥¢ˢñŰ̒̕ 2̓' 25P@J~;ñ

ū��̕  

� Ckmm-cre%47Mev&ɎƓ�;Ȫʝ�7�1%̔̎ǁɀ̒ʰřɀ̔i|w

ɀ̔ˢʱ¢ɀ̓Ɏɛ̔̎ǁɀɎɛ	5è˴��ɀɘɖ"ɀɻɌɬ3ɘɖɻɌɬ

;û0�&�&Ɍɬ	5Mev DNA;ƅÊ� P̔CR;ʆ�� Ǝ̕ó��Ɏɛ"

Ɍɬ;�8�8 700 µl" 200 µl&MevDNAƅÊg\l=�̒ Tris-HCL 10 mM̔

EDTA 5 mM N̔aCl 200 mM 2̔% sodium dodecyl sulfate (SDS) "̓ �̔8�8 1/100

&˝& proteinase K̒ 20 mg/ml F̔ujiFlm Wako Pure Chemical Corporation %̓Á8̔

37℃!�ƭ˘ɊñŰ;ʆ��̕ǧá�8�Ɏɛ3Ɍɬ& lysate 	5

phenol-chloroform ǟ%4� Mev DNA ;ƅÊ��̕Nanodrop system
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̒Nano-Drop ND-100̔Thermo scientific̓%46 DNA&ǲŚ;ǮĶ�̔40 ng&

Mev DNA; PCRñŰ%ȋ�� C̕kmm-cre%47Mev&ɎƓ�;Ȫʝ�7

�1& PCR'miR-23a/bJ|TY�& floxed>�~ PCR"ù�n|@t�V\

_;ȋ�̔ùǇ$ˌȳ!ʆ��
̔Thermal protocol&̒2̓' 30P@J~"�

�̕  

� ũ58� PCR ȊǾ' 2%>G��TM~%ǫÚ�̔100V ! 40 Ë˥˶ǘǢß

��̕2%>G��TM~' 100 ml& Tris-acetate-EDTA̒TAE̓buffer% 2 g&

>G��T;ǫÚ� ǝ̔̌���Ŧ 5̔ µl& Ethidium bromide̒ FujiFlm Wako Pure 

Chemical Corporation̓;ǫÚ� ¨ʋ��̕PCR ȊǾ;˶ǘǢß��M~'̔

LAS-3000̒Fuji Film̓%46 UV light�!ʃ¿RKa~&ǃÊ;ʆ��̕ 

 

2.4 ɎɛáİȝËƼ 

� ̎ǁɀɎɛ'ʓÕƬ% O.C.T. Compound̒Sakura FineTek Japan̓%àĘ�̔Ǩ

§ȻɊ�!Çë��@Xq�Y��!Èɐ� ʓƼ.!-80℃% °į��̕È

ɐP�n~'̔ÈɐuJ�_�v̒CM1850 L̔eica̓%46 10 µmì%ʁÌ� 

T|@`G|T%�Ȥ��̔ʃ¿Àȕƾɺ" SDH̒Succinate dehydrogenase̜N

fJ˙ɯǙɊ˘Ɋ̓ƾɺ%ȋ��̕ 
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� ɎɛÌǼ' 4%h|r~v>~^i`/PBS %46ĐĶ�8̔0.3% Triton X / 

PBS ! 10 Ë˥ɴ˂ˌÉȇ;�8�Ŧ̔˸ǿȔȝ$Ƃ§ñŰ;˧��1% 5% 

normal goat serum̒NGS, Jackson ImmunoResearch laboratories̓/ PBS%46̗Ƭ

˥m�\H�K�8� �̕&Ŧ̗ǍƂ§;ǫÚ� 4̔℃!�ƭƂ§ñŰ;ʆ��̕

Myosin heavy chain̒MyHC̓%ŀ�7̗ǍƂ§' University of Iowa &

Developmental Studies Hybridoma Bank46Áž�� anti-MyHC IƂ§̒BA-F8, 

1:25̓̔ anti-MyHC IIaƂ§̒SC-71, 1:250̓̔ anti-MyHC IIbƂ§̒BF-F3, 1:25̓;

ȋ�̔ɀɘɖ&ʹ˕;öʏá�7�1% anti-dystrophin Ƃ§̒D8043, Sigma, 

1:100̓̔ʅɄ;öʏá�7�1% anti-CD31Ƃ§̒ MCA2388, AbD serotec, 1:100̓

;ȋ��̘̕ǍƂ§'̔Alexa-Fluor-405-conjugated goat anti-mouse IgG2b̔

Alexa-Fluor-488-conjugated goat anti-mouse IgG1̔Alexa-Fluor-549-conjugated goat 

anti-mouse IgM D̔y549-conjugated goat anti-mouse IgG1;�8�8 1/100%Œ˚�

 ȋ��̕�+ &Ƃ§&Œ˚%' 5%NGS/PBS;ȋ��̕ 

� SDH ƾɺ'¾ʆȨȹ;ïɢ%ʆ�� 178̕SDH ƾɺǨ̒PBS� pH 7.6 10 ml, 

Succinic acid 270 mg, Nitro blue tetrazolium 10 mg̓;ʣʋ�̔ÈɐÌǼ; SDHƾ

ɺǨ
Á��ĻĊ%Á8̔37℃! 30Ë@�Hyp�_��̕�&Ŧ̔ǙˍǙ!

̙ČǣǦ�̔̀Ŭˡ�!ʒĿ;ʆ��̕�+ &Ȑ¹' IX-70 ʃ¿̀Ŭˡ
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̒Olympus̓"^SY~Fw| DS-Ri1̒Nikon̓%4� Ɨţ��̕  

 

2.5 RT-PCR 

� ßǾɎɛ%��7 total RNA ' Isogen II̒FujiFilm Wako Pure Chemical 

Corporation̓;ȋ� ƅÊ��̕1 µg& total RNA; ReverTraAce qPCR RT kit

̒Toyobo̓" Veriti 96 well Thermal Cycler̒Applied Biosystems̓;ȋ� cDNA

%ˁʵÆ�̔Ƞȝ&˓ Į;Ķ˝�7�1%}>~Y@v PCR;ʆ��̕ˁʵ

Æ& Thermal protocol'��&˄6!�7̛̒ 1̓total RNA; 65℃! 5Ë˥@�

Hyp�_̔̒ 2̓total RNA ;ǚ�%Ž� ˁʵÆñŰǨ̒5X RT buffer̔RT 

Enzyme Mix P̔rimer Mix in ReverTraAce qPCR RT kit ;̓ǫÚ̔̒ 3 T̓hermal cycler

%Ž� 37℃% 15 Ë˥ˁʵÆñŰ̔̒ 4̓98℃! 5 Ë˥˘ɊĨǤñŰ̕ˁʵ

ÆñŰɍ�Ŧ̔ũ58� cDNA ' PCR .!%-20℃!°į�8�̕}>~Y@

v PCR' StepOne plus real-time PCR system̒ Applied Biosystems %̓4� ʆ�̔

PCRñŰǨ' Thunderbird SYBR qPCR Mix̒ Toyobo ;̓ȋ�� T̕hermal protocol

'��&˄6!�7̒̕ 1 9̓5℃! 60ȱ˥ÎƴĤű̔̒ 2 9̓5℃! 15ȱĤű 6̔0℃

! 60ȱ˥¢ˢñŰ̒̕ 2̓' 40P@J~;ɜ6ʾ��̕ΔΔCtǟ%46țȅ˝&

Ķ˝;ʆ��̕Glyceraldehyde-3-phosphate dehydrogenase̒Gapdh̓;Ä˔ǈǯ"
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� �+ &˓ Į&ʊǏ%ȋ��̕}>~Y@v PCR%ȋ��n|@t�V

\_;ʈ 1%ȫ��̕ 

� .�̔Ɏɛ%��7 Cre&țȅ&ŏ;Ȫʝ�7�1%̔Ex Taq HS̒Takara̓

;ȋ� æĶ˝ RT-PCRʆ��̎̕ǁɀ̔ɩ̔ɥɵɎɛ	5 Isogen II;ȋ� 

total RNA;ƅÊ� 1̔ µg& total RNA;ReverTraAce qPCR RT kit;ȋ� cDNA

%ˁʵÆ��̕ˁʵÆ& Thermal protocol'�ʗ"ùǇ!�7̕Cre&æĶ˝ȝ

PCR' Veriti 96 well Thermal Cycler!ʆ� ȋ̔��n|@t�V\_'ʈ 1%ȫ

�� Ä̕˔ǈǯ"� Gapdh;ȋ�� P̕CR& Thermal protocol'��&˄6!

�7̛̒ 1̓95℃! 5Ë˥ǻĤű̔̒ 2̓95℃! 15ȱ˥ǻĤűŦ̔60℃! 15ȱ˥

>b�}�K�̔72℃! 30ȱ˥¢ˢñŰ̔̒ 3̓72℃! 7Ë˥¢ˢñŰ̕Cre&

PCR ñŰ%'̒2̓; 25 P@J~ñū�̔Gapdh !' 20 P@J~ɜ6ʾ��  ̕

PCR ȊǾ;˶ǘǢß��M~	5̔LAS-3000 ;ȋ� ʃ¿RKa~ǃÊ��̕

ũ58�Ȑ¹	5 Image JXl_AB>̒NIH, Bethesda̓;ȋ� țȅ˝&Ķ˝

;ʆ��̕ 
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Gene 
 

Sequence etc. 

miR-23a 

cluster 

F 5′- GCT CCA ACC TTC CTA CGG ATC GAT GC -3′ genotyping 

Cre recombination check 

Annealing at 62℃ R 5′- CCT GAG GGG ACA TAA CTG GCT TT -3′ 

miR-23b 

cluster 

F 5′- TGC CCC CTG AGT GAG CAA ATC C -3′ genotyping 

Cre recombination check 

Annealing at 64℃ R 5′- TCT ACA GAC AAG GCC CTT CAG ACA G -3′ 

Ckmm-cre 
F 5′- ATC AGC TAC ACC AGA GAC GGA AA -3′ Genotyping 

Annealing at 62℃ R 5′- GAG GTT CAC AGG GGG AGA AC -3′ 

Myostatin 
F 5′- ACA GAG TCT GAC TTT CTA ATG CAA G -3′ 

realtime PCR 
R 5′- GGA GTC TTG ACG GGT CTG AG -3′ 

Murf1 
F 5′- CTT CCA AGG ACA GAA GAC TGA GC -3′ 

realtime PCR 
R 5′- AGT CCT CCA GCT GAG AGA TGA T -3′ 

Atrogin1 
F 5′- CTC AGA GAG GCA GAT TCG CAA -3′ 

realtime PCR 
R 5′- AGG GTG ACC CCA TAC TGC T -3′ 

Gapdh 
F 5′- AAA TGG TGA AGG TCG GTG TG -3′ 

realtime PCR 
R 5′- TGA AGG GGT CGT TGA TGG -3′ 

Cre 
F 5’-GCC TGC ATT ACC GGT CGA TGC-3’ 

semi-quantitative PCR 
R 5’-CAG GGT GTT ATA AGC AAT CCC-3’ 

Gapdh 
F 5′-GAC CCC TTC ATT GAC CTC AAC-3′ 

semi-quantitative PCR 
R 5’-TAA GCA GTT GGT GGT GCA GGA-3’ 

U6 
F 5′- CGC TTC GGC AGC ACA TAT AC -3′ 

realtime PCR 
R 5′- TGC GTG TCA TCC TTG CGC AG -3′ 

 

 

2.6 miRNA&Ķ˝�  

� miRNA ' TaqManTM MicroRNA Assays̒Applied Biosystems̓%�Ŋ�7 RT

n|@t�" TaqMan MicroRNA RT kit̒ Applied Biosystems̓;ȋ� total RNA 

Č 1. PCRKV,P]�Ĩy  
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10 ng	5miRNA�"%ˁʵÆ�� Ä̕˔ǈǯ"� small nuclear RNA̒ snRNA̓

& U6;ȋ� U̔6' Reversen|@t�̒ ʈ̗ ;̓ȋ� ˁʵÆ�� m̕iRNA

& RTȊǾ' TaqMan MicroRNA Assays%˩Ŋ�7÷ miRNAǿȔȝ$ TaqMan 

n��m;ȋ� }>~Y@v PCR;ʆ�� m̕iRNA& PCRñŰǨ' TaqMan 

Universal PCR Master Mix, No AmpErase UNG̒Applied Biosystems̓;ȋ�̔U6

' Thunderbird SYBR qPCR Mix̒Toyobo̓;ȋ��̕PCRñŰ' StepOne plus 

real-time PCR system%4� ʆ�̔ΔΔCtǟ%46țȅ˝&Ķ˝;ʆ��̕ 

 

2.7 ABTY�m�\_ 

� Ǝó��̎ǁɀɎɛ' 2X Sample buffer complete̒Tris-HCl, pH 6.8, 100mM, 

SDS 2%, glycerol 20%, dithiothetol (DTT) 80mM, 2-mercaptoethanol 285mM, 0.01% 

bromophenol blue, protease inhibitor cocktail tablets complete mini (Roche), 

phosphatase inhibitor cocktail 1 & 2 (Sigma-Aldrich, St. Louis, MO) ;̓Á8�G|T

rxSa@Q�!rxSa@U��̕Y�hJʬ&ǲŚ' RC DC Protein Assay 

kit̒Biorad, CA, USA̓;ȋ� ǮĶ��̕ƅÊ��Y�hJʬ' 95℃% 5Ë

˥ǹǝŦ 1̔00V! 1.5-2Ƭ˥ SDS-poly acrylamide gel electroporesis̒ SDS-PAGE̓

;ʆ��̕Ë˴M~&ǲŚ' 6%, 7.5%, 10%, 12%, 8-15%̒gradient̓;©ȋ�̔
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Y�hJʬ' 10-80 µg;ǫÚ��̕SDS-PAGEŦY�hJʬ' 100V! 1Ƭ˥

nitrocellulose membrane̒ Hybond, GE helthcare %̓ʵÆ�8�̕˸ ǿȔȝ$Ƃ§ñ

Ű;˧��1%5% skim milk/Tris-buffered saline containing 0.05% Tween 20̒ TBST̓

%46 1 Ƭ˥m�\H�K;ʆ��̕�ǍƂ§"� ̔anti-MyHC type I Ƃ§

̒BA-F8, 1:100̓̔ anti-MyHC IIaƂ§̒ SC-71, 1:100̓̔ anti-MyHC IIbƂ§̒ BF-F3, 

1:100̓̔ anti-PGC-1αƂ§̒AB3242, Millipore, 1:500̓̔ anti-cytochrome-c oxidase 

complex IVƂ§̒ anti-COX IV, #4844, Cell Signaling Technology, 1:1000̓̔anti-CD31

Ƃ § (anti-PECAM-1; sc-46694, Santa Cruz Biotechnology, INC., 1:400) ̔

anti-phospho-Akt Ƃ§(#4060, Cell signaling Technology, 1:1000)̔anti-Akt Ƃ§ 

(#9272, Cell signaling Technology, 1:1000)̔anti-phospho-S6K Ƃ§ (#9205, Cell 

signaling Technology, 1:500)̔anti-S6K Ƃ§ (#9202, Cell signaling Technology, 

1:1000) a̔nti-Atrogin-1Ƃ§̒EMC Bioscience, 1:1000̓ a̔nti-MuRF1Ƃ§̒EMC 

Bioscience, 1:1000 ̓ ̔ anti-glyceraldehyde 3-phosphate dehydrogenase Ƃ § 

(anti-GAPDH; MAB374, Millipore, 1:1000 "#2118, Cell Signaling Technology, 

1:1000);ȋ��̘̕ǍƂ§' Rabbit IgG, HRP-linked F(ab’)2 fragment Ƃ§

̒NA9340, GE healthcare, 1:5000̓̔ Goat Anti-Mouse IgG (H+L)–HRP Conjugate Ƃ

§̒ Biorad, 1:2000̓̔anti-mouse IgGκƂ§̒ sc-516102, Santacruz, 1:2000̓̔anti-mouse 
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IgG1Ƃ§̒sc-2060, Santacruz, 1:2000̓;ȋ��̕Amersham ECL Prime Western 

Blotting Detection Reagent (GE Healthcare);ȋ� ț¿RKa~; LAS 3000%4

6ǃÊ�� ũ̕58�Ȑ¹	5 Image JXl_AB>;ȋ� RKa~&Ķ˝;

ʆ��̕ 

 

2.8 ƢȉY�hJʬ&ǃÊ   

� tATȉ§Ä!&Y�hJʬ&øż˝;Ķ˝�7�1̔Surface sensing of 

translation (SUnset) Assay ;ȋ�� 179̐̕˗�!§˛š�6 0.04 µmol/g &

puromycin̒ FujiFlm Wako Pure Chemical Corporation 1̔66-23153̓;ȉȇ̃ĠǙ%

Œ˚� tAT&ɱɰÄ%ǡł�̔30 ËŦ%Ɏɛ&P�n}�K;ʆ�� 180̕

Ǝó��i|wɀ"ʰřɀ'Ǩ§ȻɊ%46Èɐ��̔ķ̋.!-80℃!°į�

� A̕BTY�m�\_&ƣǟ'�ʗ 2.7"ùǇ!�6 ʜ̔Ɍ%�� '��&

˄6!�7 2̕X Sample buffer complete ;ȋ� ̎ǁɀ	5Y�hJʬ;ƅÊ�̔

RC DC Protein Assay kit;ȋ� Y�hJʬ&ǲŚ;ǮĶ��̕8-15%&Ë˴M

~% 80 µg &Y�hJʬ;ǫÚ�̔100V ! 2 Ƭ˥ SDS-PAGE ;ʆ��̕

SDS-PAGEŦY�hJʬ' 100V! 1Ƭ˥ nitrocellulose membrane%ʵÆ�8̔

Ponceau-SǰǨ̒P7170̔Sigma̓%46ʵÆ&ȳŚ;Ȫʝ��̕�+ &P�n
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~
Ĕ�%ʵÆ�8�w�m��' 4℃!�ƭ� anti-puromycin Ƃ§̒3RH11, 

COSMO BIO CO., LTD., 1:1000̓Ƃ§ñŰ;ʆ��̕2ǍƂ§"� anti-mouse 

IgG1Ƃ§̒sc-2060, Santacruz, 1:2000̓;ȋ��̕Amersham ECL Prime Western 

Blotting Detection Reagent;ȋ� ț¿RKa~; LAS 3000%46ǃÊ�� ũ̕

58�Ȑ¹	5 Image JXl_AB>;ȋ� RKa~&Ķ˝;ʆ��̕ 

 

2.9 ɀɘɖ&è˴ 

� ¾ʆȨȹ;ïɢ%ɀɘɖ&è˴;ʆ�� 181,182̕tAT	5Ǝó��ˢʱ¢ɀ

̒Extensor digitorum longus ;EDL �̓4)ȧƋŉɀ̒ Flexor digitorum brevis; FDB̓

; 0.2% collagenase II̒47B9464̔Worthington̓in Dulbecco’s Modified Eagle’s 

Medium̒DMEM̓% 37℃̔40 Ë˥@�Hy�p�R{���̕ķ§̀Ŭˡ

�!G|Tkq\_%46kq\]?�K;ƟČɜ6ʾ�̔ɀɎɛ	5ɀɘɖ

;Ë˴���̕kq\]?�K&Ƭ˥' 3 Ë�Ä"�̔37℃% 5 Ë˥Ž� 	

5Ǎ&kq\]?�K;ʆ��̕ěē�%Ë˴�8�ɀɘɖ;G|Tkq\_

!˲1̔100 µm&V~T_��a�!9ˌ�̔�&Ɍɬ̒ɀɻɌɬ3ɘɖɻɌ

ɬ̓;˭î��̕ 
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2.10 ɀÙǮĶ 

� K}\n]T_̒grip test̓%46tAT&ċɦɀÙ;ǮĶ�� 183,184̕tAT

%ɀÙǮĶĊ̒DST-50N, Imada Co., Ltd̓%ʘɝ�8�T]��TʋK}\`;

Ƒ.�̔tAT&ņŇ;ŕʆ%Ş�ş6tAT
K}\`	5ɾ�7˰%țƔ

�7ƱħÙ;ɀÙ"� ʗ˟�� ɀ̕ÙǮĶ' 3Č; 1V\_"� 1̔Ƨ̗V\

_̔3 Ƨ˥ˇɕ!ʆ��̒øʕ 9 ČǮĶ̓̕ ŕĔɀÙ'tAT&§˛%46ʊǏ

�8�̕ 

 

2.11 ɒʕÉȇ 

� ^�Y'ŕĔ+ǈǯʠŏ!ȫ��̕2ɟ˥&ǖʶ!' Student’s t-test;ʆ��̕

4ɟ˥&ǖʶ!' 2¼˖ɝËƞËƼ;ʆ� 2̔ʍč˥!��¨ȋ
���Ğø%

ËƞËƼ%ɕ
 post hoc test̒ Tukey’s HSD test̓;ʆ��̕P² < 0.05;ɒʕȝ

ƳŶŏ"� ʛ­��̕ 
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3. ɐƽ 

3.1 ɀǿȔȝ miR-23a/bJ|TY�ǌƕ̒dKO̓tAT&¨ʋ 

� ƷȨȹ!'̔̎ǁɀ%��7 miR-23a/b J|TY�miRNA&ǋɭ;ʓƼ�7

�1%̔Ckmm-cre̒Muscle creatinine kinase; MCK-cre̓" miR-23a/b J|TY� 

floxtAT;�˖�ɀǿȔȝ miR-23a/b J|TY�ǌƕ̒ dKO t̓AT;¨ʋ�

�̒ď 14̓̕ dKOtAT" littermate!�7 miR-23a/bJ|TY�floxtAT;

� 14łmiR-23a/b3V;=]�Ë¹ľdKOĿP-;�lč  

ľAĿmiR-23a �ľBĿmiR-23b 3V;=]�=]5?+[4M3=]�ÇÚ�łľCĿë

ÔÜà� miR-23a/b3V;=]dKOP-;lč�ÇÚ�łľDĿmiR-23a/b3V;=]�ī

×�*YXľWT, ArrowĿ� flox*YXľMutŁArrow headĿ�78[JZ[@ł 

����	�����
�������

����������

������

DTA�

Neo�0.8 kb�4.2 kb� 2.1 kb�

���������
	����������

�������
�������

miR-23a cluster�

1.9 kb�

���
� ����
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FLPe-mediated 
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�����

Neo�
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1.5 kb�4.2 kb� 2.1 kb�1.9 kb�
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Cre-mediated 
Excision�

���������
������� ������

Homologous 
Recombination�

FLPe-mediated 
Excision�

Cre-mediated 
Excision�

3  probe 
!WT; 4.7 kb 
!Mut; 6.0 kb 
 

3  probe 
!WT; 3.6 kb 
!Mut; 5.0 kb 
 

A� B�

C� D�

z�
23a� 27a� 24-2�

23b� 27b� 24-1�

miR-23a/b clusters floxed mice�
MCK-cre mice 

(Cre is expressed in muscle tissues specifically)�

MCK  
promoter � Cre�

X�

MCK-dKO mice  
(miR-23a/b clusters are deleted in muscle tissue specifically)�

MCK� Cre�

Muscle tissues�

Wild-type	
Allele	

Targeting	
Vector	 DTA�

Neo�0.8 kb�4.2 kb� 2.1 kb�

Targeted	
Neo	Allele	

Floxed	
Allele	

miR-23a cluster�

1.9 kb�

LoxP	 FRT	

Homologous 
Recombination�

FLPe-mediated 
Excision�

A�

Exon	

Neo�

miR-23b cluster�

DTA�

Neo�

1.5 kb�4.2 kb� 2.1 kb�1.9 kb�

Neo�

Cre-mediated 
Excision�

Knockout	
Allele	 zzzzz�

B�

WT� Mut� WT� Mut�

miR-23a cluster� miR-23b cluster�

Homologous 
Recombination�

FLPe-mediated 
Excision�

Cre-mediated 
Excision�

3� probe 
	WT; 4.7 kb 
	Mut; 6.0 kb 
 

3� probe 
	WT; 3.6 kb 
	Mut; 5.0 kb 
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N�_��~̒ Con "̓� ȋ�� d̕KOtAT'w�^~&ǟÓ%Ǟ� ȉ.

8 §̔˛3ɀ˛˝ ŭ̔˛˝%�� ContAT"&˥%ƳŶ$ŏ
$
̒ ʈ 2̓̔

ContAT"ùǇ&żˢ;ȫ��̕  

 

� Ckmm-cre%47Mev&ɎƓ�;Ȫʝ�7�1%̔.�Ɏɛ%��7 Cre 

recombinase&țȅ; mRNA�p~!Ȫʝ��̕Cre mRNA' dKOtAT&̎

ǁɀ̒ʰřɀ, Plantaris; PL, i|wɀ, Soleus; sol̓%ǿȔȝ%țȅ� �6̔ɩ

3ɥɵɎɛ!'țȅ
ʎ58$	��̒ď 15B̓̕ Muscle creatinine kinasen�x

�Y�'Ëá
ɍ���ɀɘɖ%�� Ǥűá�7�1% 185̔Ǎ%̎ǁɀ	5

ɀɘɖ̒Muscle fiber̔M.fiber̓3ɀɘɖ�ĥ&Ɍɬ̒ƵËá$ɀɻɌɬ3ɘɖ

ɻɌɬ;û<�ËȐ̔Others̓;ËȐ� Ckmm-cre%47Mev&ɎƓ�;ǃʖ

��̕�&ɐƽ̔dKOtAT%�� Mev&ɎƓ�'ɀɘɖǿȔȝ%ʝ15

8̔�&Ɍɬ!'ʝ158$	��̒ď 15C̔D̓̕ ƱŦ%̔̎ǁɀ%��7

miR-23a/b J|TY�&żǺė miRNA&țȅ˝;ǃʖ��"�9 d̔KOtAT

&ʰřɀ"i|wɀ%�� miR-23a̔miR-23b̔miR-24̔miR-27a̔miR-27b
 

�2. ��-��-�������

genotype� body weight (g) heart (%) PL (%) sol (%) 

Con 26.01±0.47 0.430±0.008 0.062±0.001 0.032±0.001 

dKO 26.89±0.52 0.428±0.007 0.064±0.001 0.032±0.001 

Con-�)"(*'$��.dKO-���
��miR-23a/b�&� *	�$��.������Heart+��,-
plantaris+���,-soleus+#&%�,���percentage values�
��.!* ��	±SEM�
��+n = 
6-8,. 
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ƳŶ%ǬŅ� ��̒ď 16A, B̓̕ .�̔�85& miRNA'̎ǁɀ�!'ɀɘ

ɖ%�� ̀ɿ%ǬŅ� �6̒ď 16C, D̓̔ ɥɵ%�� 'Ĥá
$	���

"	5̒ď 16E̓̔ Ckmm-cre%47 miR-23a/b J|TY�&ɎƓ�'̎ǁɀ%

�� ɀɘɖǿȔȝ%ʯ�� �7�"
Ȫʝ�8�̕�ƣ̔Ckmm-cre'ŭɀ

%2țȅ� �6 186̔dKOtAT&ŭɵ%�� 2 miR-23a/bJ|TY�&ż

Ǻė miRNA&țȅ˝
ƳŶ$¥�;ȫ��̒ď 16F̓̕  

� 15. Ckmm-cre�#&5DR�ï¸�  

ľAĿP-; tail DNA���& miR-23a/b3V;=]� WTŁflox*YX� Ckmm-cre�:

.D=,H[4łľBĿúĂŁþŁĘ§ëŁFVSë���& Cre� GAPDH� mRNAßÖł

ľCĿĺÅë�ĺÅë	$�Ĵ��ëôò�#�ĺÅëb���h�îÿľëąîÿŁôò

ąîÿ��Ŀ�5DRDNA���&miR-23a3V;=]�miR-23b3V;=]�Ckmm-cre

�#&5DR�ï¸�łFlox, Flox*YX; WT,ī×�*YX; Others, ëąîÿ�ôòąîÿ

(�!��h�îÿ; M.fiber, �Ĵ��ëôò; Whole Muscle, EDLł  

miR-23a cluster�

miR-23b cluster 

Ckmm-cre 

Flox�
WT�

Flox�
WT�

A�

Flox�

KO�

Flox�

KO�

Cre 

GAPDH 

B�

C�

C
on
�

dK
O
�

C
on
�

dK
O
�

C
on
�

dK
O
�

C
on
�

dK
O
�

miR-23a cluster� miR-23b cluster�

Liver PL Lung sol 

C
on
�

dK
O
�

C
on
�

dK
O
�

C
on
�

dK
O
�

Others M.fiber 
Whole 
Muscle 

C
on
�

dK
O
�

C
on
�

dK
O
�

C
on
�

dK
O
�

Muscle tissue 

M.fiber 
Whole 
Muscle 

Muscle tissue 

Others 

D�
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3.2 ɀǿȔȝ miR-23a/b dKOtAT&̎ǁɀʈȅė 

� .� miR-23a/bJ|TY�ǌƕtAT%��7MyHC>@XlD�v&țȅ

3˙áȝ�ʥt�F�%�� ǃʖ��̕ǃʖ%'̔˅ɀɘɖ
»¤$ʰřɀ

̒PL̓"ˊɀɘɖ
»¤$i|wɀ̒sol̓;ȋ��. 

� 16. Con� dKOP-;���& miR-23a/b3V;=]�±Ò� miRNAs�ßÖĬ  

 ľAĿĘ§ëľPLĿŁľBĿFVSëľsolĿŁľCĿ�Ĵ��ëôòľmyofiberĿŁľDĿĺÅ

ëb�ëôòi��îÿľOther cellsĿŁľEĿúĂïöľLiverĿŁľFĿ®ĂľHeartĿ� miR-23aŁ

miR-23bŁmiR-24ŁmiR-27aŁmiR-27b�ßÖĬłn= 5-6ŁMeanŀSEMł##P < 0.01 vs ConŁ
#P < 0.05 vs Conł 
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� ʰřɀ%��7MyHC IIa" IIbY�hJțȅ˝%�� ̔miR-23a/b J|T

Y�&ǌƕ%47Ĥá'ʝ158$	��̒ď 17A,B̓̕ u_N�`}>Ƣȉ& 

tTY��Iy��Y�!�7 Peroxisome proliferator-acticated receptor gamma 

coactivator 1–alpha̒PGC-1ἀ"u_N�`}>˶Į ˎɇ&˘Ɋʌø§;ǆż 

�7Pmzb\_!�7 COX IV2 Con%ǖ+ dKOtAT!'ƳŶ$Ĥß;ʝ

1$	��̒ ď 17A,B̓̕ i|wɀ%�� 2 M̔yHC I" IIa P̔GC-1a3 COX IV

&țȅ˝%ƳŶ$Ĥß'ʝ158$	��̒ď 17C,D̓̕   

� Ǎ%̔ʃ¿Àȕƾɺ%46̎ǁɀ%��7ɀɘɖɎż̒ď 18̓3ɀɘɖơ˹

ȷ̒ď 19̓&ǃʖ;ʆ��̕dKOtAT%�� ʰřɀ;ǆż�7Âɘɖ%ŀ 

sol�

MyHC I�

MyHC IIa�
PGC-1α 
COX IV 
GAPDH 

PL 
Con� dKO�
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� 17. Con � dKOP-;�ěë�Ġë���& MyHC� PGC1αŁQ@6[AW*

��ĭ=[E3ĕ�ßÖ��  

 ľA, BĿĘ§ëľPL, ěëĿ���& MyHC IIa, MyHC IIb, PGC-1α, COX IV�ßÖĬł

ľC, DĿFVSëľsol, ĠëĿ���& MyHC I, MyHC IIa, PGC-1α, COX IV�ßÖĬł

GAPDH�tĦÉÑ���Ø�$'�łn= 5-6ŁMeanŀSEMł 
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� 18. Con� dKOP-;���&ëôòï±  

� ľAĿ22ĞĽ� Con� dKOP-;�Ę§ëľPLĿ�FVSëľsolĿ�ëôò=,Kz

�ĈqÃĄ��ÙpłMyHC IIbľĖĿŁMyHC IId/xľļĿŁMyHC IIaľóĿŁMyHC IľĵĿł

Ę§ë�FVSë���&ľBĿëôòï±�ľCĿëôò�»łn= 4-5ŁMeanŀSEMł 

 #P < 0.05 vs Conłscale barŁ50 µm. 
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�7 MyHC IIaɘɖ&Øø&ǬŅ
ʝ158�̒ď 18B̓̕ �ƣ̔ʰřɀ%��

 ' M̔yHC IIb" IId/x&Øø%ƳŶ$Ĥá
ʝ158$	�� i̕|wɀ%�

� 2̔MyHC I̔IIa̔IId/x&Øø% dKO%47ƳŶ$Ĥá'ʝ158$	�

�̒ď 18B̓̕ .�̔ʰřɀ"i|wɀ%��7ɀɘɖƟ2 dKOtAT" CON

tAT!ùȳŚ!���̒ď 18C̓̕ Ǎ%̔ʰřɀ;ǆż�7÷ɘɖ&ơ˹ȷ;

ǖʶ��"�9̔dKOtAT%�� IIa" IId/x&ɀɘɖơ˹ȷ
ƳŶ%ĢÚ

� I̔Ib'ƳŶ$Ĥá;ȫ�$	��̒ ď 19A̓̕ i|wɀ;ǆż�7�+ &ɀ

ɘɖY@n̒ I, IIa, IId/x %̓�� 2ɀơ˹ȷ&ƳŶ$ĢÚ
ʝ158�̒ ď 19B̓̕

�85&^�Y	5̔miR-23a/b J|TY�miRNA 
̎ǁɀ˝&ʣɅ%˦:7

�"
ɢ�58��1 ɀ̔˝&ʣɅ%˦:7˓ Į&țȅ;ǃʖ�� m̕iR-23a/b 

J|TY�miRNA&Y�M\_"� ĝþ�8 �7ËĮ&��̔ɀǿȔȝz

jH[�}G�W!�7 Murf1 " Atrogin-1152̔ɀɧħƁÑčĮ!�7

Myostatin163& mRNAțȅ˝' dKO%47Ĥß;ȫ�$	��̒ď 20A̓̕ Ú�

 ̔Y�hJʬ&øż%˛ʍ!�7 AktRKa~2 dKO%47ƳŶ$Ĥß;ȫ

�$	��̒ď 20B̓̕ �5% d̔KOtAT&ɀÙ' Con"ǖ+ ƳŶ$ŏ
ʝ

158$	���"	5̒ʈ 3̓̔ dKOtAT!ʎ58�ɀɘɖơ˹ȷ&:�	

$ĢÚ'̎ǁɀ&ǋɭ%ţ˻�$��"
ȫć�8�̕ 
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� 19. Ę§ëľPLĿ�FVSëľSolĿ���&ëôò¼ĸè  

� 22 ĞĽ� Con � dKO P-;�Ę§ëľAĿ�FVSëľBĿ���&ëôò=,Kz

¼ĸè�w¥łn= 4-5ŁMeanŀSEMł##P < 0.01 vs ConŁ#P < 0.05 vs Conł 
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3.3ɶțűʮʆˋß%��7 miR-23a/b dKOtAT&̎ǁɀˑŰ 

� ̎ǁɀ'öğű%ľ0Ɏɛ!�6̔Ǉ	$ȈġÒǱ%Ű� ȉȇİȝ$ˑŰ

;ʯ���"
Ȧ58 �7̕miR-23a/b J|TY�miRNA &̎ǁɀˑŰ%�

�7ǋɭ;ƫ5	%�7�1̔dKO tAT;ȋ� Ɗ�űˋß%47̎ǁɀˑ

� 3. �	���
�

genotype� strength (N/g) 

Con 0.06 ± 0.007 

dKO 0.07 ± 0.003 
�	�grip test� / �	�N/g� 
������±SEM
����n = 3�� 

� 20. Ę§ë�FVSë���&ëćõ\ü�İĝ���ßÖĬ  

ľAĿRealtime PCR �#& Con � dKO P-;�Ę§ëľPLĿ�FVSëľsolĿ���&

Myostatin, MuRF1, Atrogin-1�ßÖĬŁn=6łľBĿWB�#&Ę§ë�FVSë���& Akt

�W[ĩ�Łn=5łMeanŀSEMł 
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Ű%�� ǃʖ��̕  

 

3.3.1 ɶțűʮʆˋß%47̎ǁɀ&˝ȝĤá 

� Con" dKOtAT&ɶțʮʆˋß!&ʮʆʲ˴̒ʈ 4̓3§˛̒ď 7A̓%'

ƳŶ$ŏ
ʝ158$	��̕ķ̋ƴ˥�̔ˋßɟ%�� Ɩ̈˝&ƳŶ$Ģ

Ú
ʝ158�
 m̔iR-23a/bJ|TY�ǌƕ%47ţ˻'ʝ158$	��̒ ʈ

5̓̕ ɶțʮʆˋß%46 Con" dKO%�� ŭɵ3ʰřɀ̔i|wɀ&˛˝&

ĢÚ
ʝ158�̒ď 21B, C, D̓̕ ǿ%̔i|wɀ!' Con%ǖ+ dKO&ɀ

˛˝
ˋß%46ƳŶ%ĢÚ��̒ď 21D̓̕  

 

 

 

� 4. ��	
 

genotype distance (km) 

Con 11.07 ± 0.87 
dKO 10.12 ± 0.63 

����������	
�Con�n=7��dKO�n=10�� 
������±SEM
���� 

� 5. 4� '��	����
 �'�!�# 

genotype� 1��� 2��� 3��� 4���

Sedentary 
Con 34.7±1.5 32.4±0.72 37.7±1.08 33.3±1.45 

dKO 34.2±1.58 31.6±1.08 37.0±1.16 33.5±2.09 

Exercised 
Con 37.7±1.92 41.0±2.48** 47.6±1.02** 43.7±1.36** 

dKO 37.6±1.97 39.4±2.22** 46.2±1.40** 40.4±2.05** 
Con, ���.)+3dKO, "�����miR-23a/b*/+,0�
.)+3-0,(��±SEM&�$%1n = 5-723
**; P < 0.01 ��'	��3 
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3.3.2 ɶțűʮʆˋß%47̎ǁɀòɚǿű"�ʥǿű&Ĥá 

� �ɹ%̔ˢƴ˥&Ɗ�űˋß'̎ǁɀ%�� u_N�`}>˝̔SDH Ǥű

&ĢÚ$#˙áȝ$�ʥ;�ˉ�7ȉȇȝˑŰ;2�5� 13,187-189̕ƷȨȹ%�

� 2̚ˈ˥&ɶțʮʆˋß%46Con"dKOtAT&˅ɀ%�� MyHC IIa̔

PGC-1ἁCOX IV&Y�hJțȅ˝
ĢÚ��̒ď 22A, B, C, D̓̕ ˋß%47

̎ǁɀ SDH Ǥű&�ˉ%�� 2 dKO %47Ĥá'ʝ158$	��̒ď

� 21. 4Ğį�ăßėĊġ��#&kĪŁ®ĂŁĺÅë�ĪĬ���  
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23A̓̕ �5%̔ˋßʞțűǗɌʅɄƢȉ̒ď 23B, C, D̓%�� 2ǃʖ��"

�9̔ʅɄÄȟɌɬ&t�F�!�7 CD31̒Pecam-1̓Y�hJʬțȅ˝3ɀ

ɘɖš�6&ǗɌʅɄĽŚ
̔ʰřɀ%�� 4 ˈ˥&ɶțʮʆˋß%46Ƴ

Ŷ%ĢÚ� �̔&Ĥá% Con" dKOtAT&˥!ƳŶ$ŏ'ʝ158$	��

̒ď 23B, C, D̓̕  

� ɶțʮʆˋß%46ʰřɀ%�� MyHC IIa &ɀɘɖơ˹ȷ
ĢÚ�̒ď

24A B̔̓̔MyHC IIa" IId/xɘɖ&Øø
ĢÚ I̔Ibɘɖ'ǬŅ;ȫ��̒ ď 24C̓̕  

� ǿ%̔MyHC IIa ɘɖ&ɀơ˹ȷ' dKO tAT!ƳŶ%ħ�
̒ď 24B̓̔
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� Con� dKOP-;�ľAŁBĿĘ§ë� MyHC IIa, MyHC IIb, PGC-1α, COX IV�ßÖĬ�
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ʰřɀÂ§%ŀ�7 IIaɘɖ&Øø' dKO%46ǬŅ��̒ď 24C̓̕ �ƣ̔i

|wɀ%�� '̔ɶțʮʆˋß%47MyHCY@n I I̔Ia  ̔ IId/x&ơ˹ȷ&

ǬŅ
ʝ158̒ď 24D̔E̓̔ i|wɀÂ§%ŀ�7MyHC Iɘɖ&Øø'Ģ

Ú�̔MyHC IId/x&Øø'ǬŅ��̒ď 24F̓̕ ʰřɀ"ùǇ%i|wɀ%��

 2 M̔yHC I " IIa&ơ˹ȷ
 dKOtAT%�� ƳŶ%ħ�	��̒ ď 24E̓̕

� 23. 4Ğį�ăßėĊġ��#& SDHÎ°�ĉì½× 

� ľAĿCon� dKOP-;�Ę§ë���& SDHÎ°łľBĿĘ§ë���&Íîĉì�r

ÝÃĄÙpłëôò�Ěħ� anti-dystrophin �#%�ď��ľĖĿŁĉìtáîÿ( CD31

�#%ÃĄ��ľóĿłľCĿëôòŃÁ��%�Íîĉì»ľÍîĉì�¨ĿłľDĿWB�#

&Ę§ë� CD31 =[E3ĕßÖĬ��ĬłGAPDH �tĦÉÑ���Ø�$'�łn=6Ł

Means ŀ SEMłsed, sedentaryľ�Ķ÷Ŀ; ex, exercisedľġ�÷Ŀł**P < 0.01 vs sedł
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3.3.3 ˋß%47Äčű miR-23a/bJ|TY�miRNAțȅ&Ĥß 
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� dKOtAT&ˋßˑŰˌȳ%��7 miR-23a/bJ|TY�miRNA&ʊº;Ȫ

ʝ�7�1%̔ɀɎɛÄ& miR-23a/b J|TY�miRNA &țȅ˝
ˋß%4�

 #&4�$Ĥß;ȫ�	;ǃʖ��̕4 ˈ˥&ɶțʮʆˋßŦ̔Con " dKO

tAT&ʰřɀ%�� m̔iR-23a" miR-27a
ˋß%46ƳŶ$ĢÚ;ȫ��

̒ď 25A̓̕ i|wɀ%�� ' 4ˈ˥&ɶțʮʆˋß%46 Con" dKOtA

T�ƣ! miR-24&ƳŶ$ĢÚ
ʝ158 m̔iR-27a !' ContAT&/!ƳŶ

%ĢÚ��̒ď 25B̓̕   

� ̎ǁɀ&ˋßˑŰ'̔ɜ6ʾ�87�ˌűˋß&ʀȷ%47ˑŰŰɂ"ɢ�

587�1̔�ˌűˋß
 miR-23a/b J|TY�&țȅĤß%��7ţ˻%�

� 2ǃʖ��̕ƷȨȹ!ʆ��ˋßŢŝ'̔r@�~;ȋ��ɶțʮʆˋß

!�7�1±§˥&ʮ7ʲ˴;�Ķ%�7�"
˵�
̔Ǥß
Ǥț%$7Ư

ƴ& 12Ƭ˥%��7ɶțʮʆˋß;�ˌűˋß"�� 173-175 m̕iR-23a m̔iR-23b̔

miR-24̔miR-27a&țȅ˝' Con&ʰřɀ%�� �ˌűˋßŦ%ƳŶ%ǬŅ

� m̔iR-23b"miR-27a' dKO&ʰřɀ!2ƳŶ$ǬŅ
ʝ158�̒ ď 25C̓̕

miR-27b' Con̔dKO "2�ˌűˋß%47Ĥß;ȫ�$	��̕i|wɀ!

'̔�ˌűˋß%47 miR-23a/b J|TY�miRNA&ƳŶ$țȅĤß'ʝ15
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8$	��̒ď 25D̓̕  

 

3.4 ˭ȭɏ%47 miR-23a/b dKOtAT&ɀɽɚ 

� 25. 4 Ğį�#�^Ģ°�ăßėĊġ��#&ĺÅëïöt miR-23a/b 3V;=]

miRNAs�ßÖ��  
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miRNAs�ßÖ��łn=5-6ŁMeansŀSEMł##P < 0.01 vs ConŁ*P < 0.05 vs sedł^Ģ
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�ßÖ��łn=3ŁMeansŀSEMł#P < 0.05 vs ConŁ##P < 0.01 vs ConŁ*P < 0.05 vs sedŁ

**P < 0.01 vs sedłsed, sedentaryľ�Ķ÷Ŀ; ex, exerciseľġ�÷Ŀł 
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� ɀɽɚ%��7 miR-23a/b J|TY�miRNA&ǋɭ;ǃʖ�7�1%̔˭ȭ

ɏ%47ɀĬɚx^~;ȋ� ķ̋;ʆ��̕ 

 

3.4.1 ˭ȭɏ%47̎ǁɀ&˝ȝĤá� �  

� Conð) dKOtAT&Ǽɮ&ĕ̎ȭɏ;Ìơ�̔�ɦ&̎ǁɀ*&ȭɏÁÙ

;˭î��̒ď 26A̓̕ ù�±§%�� ̔žʇɮ̒denervation̔dnv̓"žʇ;

ʆ� �$�ɮ̒˸žʇɮ̔Contralateral̔CL̓;ǖʶ��̕Con" dKOtAT

&§˛%�� ƳŶ$ŏ'ʝ158$	��̒ď 26B̓̕ ȭɏÌ˭%46 CLɮ

*§˛ʩɼ
ĢÚ�7ţ˻;ǃʖ�7�1%̔.�˭ȭɏ&žʇ;ʆ� �$

�˸žʇN�_��~̒normal control̓tAT&ɀ˛˝;ǖʶ��̕˸žʇN

�_��~tAT!'i|wɀ3ʰřɀ&˛˝% miR-23a/bJ|TY�ǌƕ%

47ƳŶ$ŏ'ʝ158$	��̒ď 26C̓̕ ɀÙ%�� 2 Con" dKOtA

T&˥!ƳŶ$ŏ'ʝ158$	��̒ď 26D̓̕  

� ˭ȭɏžʇ̗ˈ˥Ŧ̒1W̓̔ Con" dKO"2%ʰřɀ̔i|wɀ%�� ˭

ȭɏ%47ƳŶ$ɀ˛˝&ǬŅ
ʝ158�̒ď 26E̓̕ �ƣ̔žʇɮ̒dnv̓"

˸žʇɮ̒ CL "̓2% Con%ǖ+ dKOtAT&ʰřɀ"i|wɀ&ɀ˛˝


ƳŶ%ħ�	��̒ď 26E̓̕ ̎ǁɀ&ɀɽɚȃ%�� ' Con " dKO %ƳŶ
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$ŏ
ʝ158$	��̒ď 26F̓̕  

� ˭ȭɏ	5̘ˈ˥Ŧ̒2W̓&ʰřɀ"i|wɀ!' C̔on" dKO"2%ɀ˛ 

˝&ƳŶ$ǬŅ
ʝ158�̒ď 26G̓̕ �ƣ̔i|wɀ%�� 'žʇɮ"˸

žʇɮ"2% C̔on%ǖ+ dKOtAT&i|wɀ˛˝
ƳŶ%ħ�	��̒ ď

26G̓̕ ʰřɀ!' Con" dKO&ɽɚȃ%ƳŶ$ŏ
ʝ158$	��
 i̔|

wɀ%�� ' dKO%46ɽɚȃ
ƁÑ�8�̒ď 26H̓̕  

� 26.Ĳãð�#&Ę§ëľPLĿ�FVSëľsolĿ�ĪĬ��  

� ľAĿP-;�`û���&Ĳãð²ċ�ÇÚ�łľBĿCon� dKOP-;�kĪłľCĿ

²ċ(Ċ���� ConT� dKOP-;�ĺÅë�ĪĬłľDĿCon� dKOP-;�ë}ł

Ĳãð²ċŃĞį«�Ę§ë�FVSë�ľEĿĪĬ���ľFĿćõÕłĲãð²ċ 2

Ğį«�Ę§ë�FVSë�ľGĿĪĬ���ľHĿćõÕł**P < 0.01 vs CLŁ#P < 0.05 

vs ConŁ ##P < 0.01 vs Conłn=4-5ŁMeans ŀ SEMłCL, contralateralľķ²ċāĿ; 

dnv, denervationľĲãð²ċāĿł 
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� Ǎ%̔˭ȭɏ̘ˈ˥Ŧ&i|wɀð)ʰřɀ&ɀɘɖơ˹ȷ;ǃʖ��̒ď

27, 28̓̕ i|wɀ;ǆż�7MyHC I̔IIa̔IId/xɘɖ&ơ˹ȷ'SBeY@n

%˦®$
˭ȭɏ%46ƳŶ%ǬŅ��̒ ď 27̓̕ ʰřɀ%�� 'Ʊ2̏�Ø

ø;ê17MyHC IIbɘɖ
Con" dKO"2%˭ȭɏ%46ƳŶ%ǬŅ��̒ ď

28̓̕ .�̔˸žʇɮ%�� ʰřɀ;ǆż�7�+ &ɀɘɖ&ŕĔơ˹ȷ


dKO%46ƳŶ%ǬŅ��̒ď 28̓̕  

 

3.4.2 ˭ȭɏ%47Y�hJʬøż"Ëʓ&Ĥá 

� ̎ǁɀ˝'ɀɘɖ�&Y�hJʬ&øż"Ëʓ&g|�T%4� ʣɅ�8

7�1% m̔iR-23a/bJ|TY�miRNAǌƕ%47̎ǁɀÄ&Y�hJʬøż�

Ëʓ%˦:7ËĮ&Ĥß;ǃʖ��̕ 

� ¾ʆȨȹ%�� ̔miR-23&Y�M\_"� ùĶ�8 �6 152̔̎ǁɀ&

ɽɚ%˛ʍ$ɀǿȔȝzjH[�}G�W!�7 Atrogin-1"Murf1'˭ȭɏŦ

1ˈ˥&i|wɀ%�� 'ƳŶ$țȅĤß;ȫ�$	��̒ď 29A, B̓̕ ʰř

ɀ%�� '̔˭ȭɏ%47 Atrogin-1&țȅĢÚ
ʝ158�
̔Con" dKO

&˥%'ƳŶŏ
ʝ158$	��̒ď 29C̓̕ Murf1&țȅ˝%�� '˭ȭ 
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� 27. 2Ğį�Ĳãð�#&FVSëľsolĿ�ëôò¼ĸè���  

� ľAĿFVSë¼ĸ�rÝÃĄÙpłMyHC Iôò�¦�¼ĸèľBĿ�¼ĸè�w¥ľCĿł

MyHC IIaôò�¦�¼ĸèľDĿ�¼ĸè�w¥ľEĿłMyHC IId/xôò�¦�¼ĸèľFĿ

�¼ĸè�w¥ľGĿłn=5Ł**P < 0.01 vs CLŁMeanŀSEMłCL, contralateralľķ²ċāĿ; 

dnv, denervationľĲãð²ċāĿłScale barŁ500 µmł 
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� 28. 2Ğį�Ĳãð�#&Ę§ëľPLĿ�ëôò¼ĸè���  

� ľAĿĘ§ë¼ĸ�rÝÃĄÙpłMyHC IIaôò�¦�¼ĸèľBĿ�¼ĸè�w¥ľCĿł

MyHC IId/xôò�¦�¼ĸèľDĿ�¼ĸè�w¥ľEĿłMyHC IIbôò�¦�¼ĸèľFĿ

�¼ĸè�w¥ľGĿłn=5Ł**P < 0.01 vs CLŁ##P < 0.01 vs ConŁMeanŀSEMłCL, 

contralateralľķ²ċāĿ; dnv, denervationľĲãð²ċāĿłScale barŁ500 µmł 
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ɏ%47Ĥß;ȫ�$	��̒ ď 29D̓̕ Atrogin-1"Murf1'ɀɽɚ&Îƴ%ț

ȅ�7�"
ĝþ�8 �6 190̔ƷȨȹ!2˭ȭɏ&žʇ̘ˈ˥Ŧ&̎ǁɀP

�n~!'ǃÊ�8$	��̕ 

� Ǎ% m̔iR-23a/b J|TY�ǌƕ%47Y�hJʬøż*&ţ˻;ǃʖ�7�

1̔Y�hJʬøż%˛ʍ$RKa~ ˎɏʳ!�7 Akt" S6K&}�˙á%

�� ǃʖ��̕˭ ȭɏ 1ˈ˥Ŧ A̔kt'ƳŶ$Ĥß;ȫ�$	��
̒ ď 30A̔

C̓̔ S6K&}�˙á
 Con" dKO"2%i|wɀ̒ ď 30B "̓ʰřɀ̒ ď 30D̓

%�� �ˉ� ��̕ 

� ˭ȭɏ 2ˈ˥Ŧ%2̔Con" dKO"2%i|wɀ̒ď 31A, B̓"ʰřɀ̒ď

31C, D̓%�� Akt" S6K&ƳŶ$}�˙á&�ˉ
ʝ158̔ǿ%̔i|

� 29. Ĳãð²ċ 1Ğį«�FVSë�Ę§ë���&ëÔÜàTG2>[W1]<

�ßÖ��  

� WB �#&FVSë�ľAĿAtrogin-1ŁľBĿMurf1 �ßÖ���Ę§ë�ľCĿAtrogin-1

�ľDĿMurf1=[E3ßÖ���łGAPDH�tĦÉÑ���Ø�$'�łn=5-6Ł**P < 0.01 

vs CLŁMeanŀSEMłCL, contralateralľķ²ċāĿ; dnv, denervationľĲãð²ċāĿł 
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wɀ%�� ̔Akt&}�˙á
 dKO%46ƳŶ%�ˉ� ��̒ď 31A̓̕  

� Y�hJøż˝;Ķ˝�7�1%̔˭ȭɏ̘ˈ˥Ŧ&tAT%�� in vivo 

Surface sensing of translation (SUnset) Assay;ʆ�� i̕|wɀ%��7Y�hJ 

� 30. Ĳãð²ċ 1Ğį«�FVSë�Ę§ë���&=[E3ĕ�±94BX��

�  

� WB �#&FVSë�ľAĿAktŁľBĿS6K �W[ĩ��Ę§ë�ľCĿAktŁľDĿS6K �

W[ĩ��Ð�łn=5-6Ł*P < 0.05 vs CLŁ**P < 0.01 vs CLŁMeanŀSEMłCL, contralateral

ľķ²ċāĿ; dnv, denervationľĲãð²ċāĿł 

� 31. Ĳãð²ċ 2Ğį«�FVSë�Ę§ë���&=[E3ĕ�±94BX��

�  

� WB �#&FVSë�ľAĿAktŁľBĿS6K �W[ĩ��Ę§ë�ľCĿAktŁľDĿS6K �

W[ĩ��Ð�łn=5-6Ł#P < 0.05 vs ConŁ*P < 0.05 vs CLŁ**P < 0.01 vs CLŁMean

ŀSEMłCL, contralateralľķ²ċāĿ; dnv, denervationľĲãð²ċāĿł 
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ʬƢȉ'˭ȭɏ3SBeY@n%47ŏ
ʝ158$	��̒ď 32A, B̓̕ ʰř 

ɀ%�� '̔˭ȭɏ%46Y�hJʬ&Ƣȉ&�ˉ
ʝ158�
̔SBe

Y@n%47ŏ'ʝ158$	��̒ď 32C, D̓̕  

 

 

 

 

 

 

 

 

� 32. Ĳãð²ċ 2Ğį«�FVSë�Ę§ë���&½×=[E3ĕ���  

� in vivo Sunset assay�#%P-;�ĤĬ� puromycin(´a�ŁľA, BĿFVSë�ľC, DĿ

Ę§ë�½×=[E3ĕ( WB�#% anti-puromycinµk(Ø��Æv��łGAPDH�t

ĦÉÑ���Ø�$'�łn=5-6Ł*P < 0.05 vs CLŁMeanŀSEMłCL, contralateralľķ²

ċāĿ; dnv, denervationľĲãð²ċāĿł 
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4. ɢĿ 

4.1 ɀǿȔȝ miR-23a/bJ|TY�miRNAǌƕ%47筋線維組成の微細なĤ化 

� ƷȨȹ!'̔˄œȀŸ%�� dKOtAT&̎ǁɀ&ʈȅė%ɿ��Ĥá'

ʝ158$	��̕dKO tAT%��7Ĉ�&Ĥá'˙áȝ�ʥ%»8�ɀɘ

ɖ& CSA 
ĢÚ���"!�7̒ď 18̔19̔24̓̕ ˅ɀɘɖ»¤%ǆż�8�

ʰřɀ%�� ̔dKO%46MyHC IIaɘɖ& CSA
Ģħ�̔ˊɀɘɖ»¤%

ǆż�8�i|wɀ%�� ' dKO%46MyHC I" IIaɘɖ& CSA&Ģħ


ʝ158�̕�ƣ̔ʰřɀ;�%ǆż�7˅ɀɘɖ!�7MyHC IIb& CSA'

dKO%47Ĥá;ȫ�$	�� �̕85&ɐƽ' m̔iR-23a/bJ|TY�
˅ɀ

46ˊɀ%�� Ħ
țȅ� �7�1% 152,163̔�&ǌƕ%47ţ˻
ˊɀɘ

ɖ%�� 46̀ɿ%ȅ87�";ȫć� �7&	2�8$�̕ 

� dKOtAT%�� ɀɘɖ& CSA
ĢÚ��2&&̔̎ ǁɀ&˛˝%'Ĥá


ʝ158$	��̒ ʈ 2̓̕ ʰřɀ;�%ǆż�7ɘɖ' d̔KO%47 CSA&

Ĥá;ȫ�$	��MyHC IIbɘɖ̒50-60%̓!�7̕dKO%46 CSA
ĢÚ

�� MyHC IIa ɘɖ&Øø'ʰřɀ%�� Ɉ 20-30%%ˌ��̔.�ɀɘɖ 1

Ʒ��6&ơ˹ȷ2MyHC IIbɘɖ%ǖ+ń���1̒ď 18B 1̔9A̓̔ ʰřɀÂ

§&˛˝%ţ˻�$	��"ɢ�587 .̕� d̔KO%46 IIaɘɖ&Øø
Ǭ
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Ņ�7�1̒ď 18B̓̔ ʰřɀÄ& IIaɘɖ& CSAĢÚ
ȢǕ�8�öɭű2ɢ

�587 �̕ƣ! i̔|wɀ!' dKO%46ɀɘɖ& CSA
ĢÚ��%2˦:

5�̔ɀ˛˝̔ɀɘɖɎż̔ɀɘɖƟ%ƳŶ$Ĥá
ʝ158$	��̒ʈ 2̔

ď 18B̔19B̓̕ i|wɀ;�%ǆż�7MyHC IIaɘɖ&Øø
 dKO%46Ǭ

Ņ¸ú;ȫ�̒ď 18B̔P = 0.244̓�""̔i|wɀ&ɀɘɖƟ
 dKO%46

ǬŅ¸ú;ȫ�̒ď 18C̔P = 0.28̓�"!̔CSA&ĢÚ%47ɀ˛˝&ĢÚ


ȢǕ�8�öɭű
ɢ�587̕CSA 'óũ��Ȑ¹;2"%tby>~!ɀ

ɘɖ&ʹ˕;ƒ� ơ˹ȷ;ɃÊ�̔ɀɘɖƟ2Ȑ¹	5Ɵ� �7�1%̔

ŬɌ$ŏ;ʎ����"
!�$	��öɭű
ɢ�587̕.�̔dKO tA

T&ɀÙ%�� ƳŶ$Ĥá
ʝ158$	���"	5̒ ʈ 3̓̔ miR-23a/bJ

|TY�ǌƕ%47ɀɘɖ&ŬɌ$Ĥá'̎ǁɀ%ǋɭȝ$ţ˻;ð-�$�

�"
ȫć�8�̕ 

 

4.2 ̎ǁɀˋßˑŰ%��7 miR-23a/bJ|TY�miRNA&ǋɭ 

� 4ˈ˥&ɶțűʮʆˋß%46 Con" dKOtAT%�� ʰřɀ"i|wɀ

&ɧħ
ʝ158�̒ď 21C 2̔1D̓̕ ʰřɀ' Con" dKOtAT!ùǇ$ɧħ

;ȫ��
̔i|wɀ%�� ' dKO%46ƳŶ$ɀɧħ&�ˉ
ʝ158�
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̒ď 21D̓�"	5̔miR-23a/b J|TY�miRNA 
ˊɀ&ɧħ%˦��7�

"
ȫć�8�̕4ˈ˥&ɶțűʮʆˋß' Con" dKOtAT&˅ɀ%�� 

IIa ɘɖ&ơ˹ȷ;ĢÚ���
̔dKO %47 IIa ɘɖ&ɧħ'ˋßŦ%2ɖƊ

�8 �� .̕� i̔|wɀ%�� 2 dKO%47 I" IIaɘɖ&ɧħ
ˋßŦ

%2ɖƊ�8 �6̔̀ ß%47ȖÝɤű&̏�ɀɘɖ&ɧħ% miR-23a/bJ|

TY�miRNA&ǌƕ
ţ˻�$��"
ȫć�8� �̕ƣ i̔|wɀ& CSA'

SBeY@n%˦®$
ˋß%4� ƳŶ%ǬŅ��̒ď 24D̔E̓̕ i|wɀ

;ǆż�7ɀɘɖ&Ɵ
ˋß%46ĢÚ�7¸ú;ȫ���"	5̒ Con sedɟ̔

952±34.16; Con ex ɟ̔1012.2±23.6; dKO sed ɟ̔925.8±25.16; dKO ex ɟ̔

956.6±18.12̔vs ex; P = 0.11̓̔ ˋß%47ɀɘɖƟ&ĢÚ%46i|wɀ&˛˝


ĢÚ��"ɢ�58�̕ 

� ̎ǁɀ%��7miR-23a/bJ|TY�&ǌƕ'̔̎ ǁɀÄ& PGC-1α M̔yHC IIa̔

COX IV&țȅ˝̒ ď 22 3̓ SDHǤű%ƳŶ$Ĥá;ȫ�$	��
̒ ď 23A̓̔

miR-23a ;Šțȅ��_|�TSBb\J̒Tg̓tAT!'̔ˊɀ%��7

PGC-1ἁCOX IV̔Cytochrome c&Y�hJʬțȅ
ƁÑ�87�"
ĝþ�8

 �7 191̕�	�̔ɀǿȔȝ miR-23a/b J|TY�ǌƕtAT&/$5�̒ď

21-24̓miR-23a TgtAT%�� 2̔̎ǁɀ&ˋßˑŰ%ƳŶ$Ĥá
ʝ15
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8$	�� 191̕�85&ɐƽ'̔Ôʿ��¾ʆȨȹ 160"ȥȣ� �7
̔ķƥ

��ˋßŢŝ&ˏ�%47ŏ!�7öɭű
ɢ�587̕¾ʆȨȹ!ʆ��ˋ

ßŢŝ'�ˌű&_�\`u~ʮʆˋß!�6 Ʒ̔Ȩȹ"Wada5&Ȩȹ!ʆ�

�ˋßŢŝ' 4ˈ˥&ɶțʮʆˋß!�7 �̕�
� ̔̎ ǁɀȍƺ&miR-23a/b

J|TY�miRNA '�ˌű_�\`u~ʮʆˋß!' miR-23 &țȅĤß;�

� PGC-1α&ÑŪ%˦��7öɭű
�7
̔s ƴ˥&ɶțʮʆˋß%¡�ˋ

ßˑŰ%'ţ˻�$��"
ȫć�8�̕ 

� ƷȨȹ!' u̔_N�`}>&˝ȝĤá;ʛ­�7 PGC-1α3 COX IV&țȅ

˝;ǃʖ��̕�ƣ̔Ɗ�űˋß'u_N�`}>&˝&/$5�ǋɭ2�ˉ

�7�"
Ȧ58 �7 192̕.�̔u_N�`}>'Z@au\J%ʄø�Ë

ʉ�̔ǋɭ�Â$u_N�`}>;E�_l=S�̒Autophagy̓%46˒ƃȝ

%˭î�7�"̒mitophagy; t@_l=S�̓!ăʬɄȇ;ʆ��"
Ȧ58

 �7 193̎̕ǁɀ&˙áȝ�ʥ%�� u_N�`}>ǋɭ&ÑŪ'˛ʍ!�

6̔u_N�`}>&˝ȝĤá&/$5�̔˶Į ˎɇ"˙áȝ}�˙áÃŤ

%47˙Ɋǧʫ˝3u_N�`}>&ŢŸĤá"t@_l=S�;ʛ­�̔

miR-23a/b J|TY�miRNA &ǌƕ%47u_N�`}>&ʜɌ$ǋɭĤá;

ǃʖ�7Ůʍ
�7"ɢ�587̕ 
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4.3 ˋßʞțű& miR-23a/bJ|TY�miRNAțȅĤß 

� ƷȨȹ%46̔4 ˈ˥&ɶțʮʆˋß%47tAT&̎ǁɀˑŰ%�� ̔ 

miR-23a/bJ|TY�&ǌƕ%47ƳŶ$ŏ'ʝ158$	��̎̕ǁɀ'ˋß

_��b�Kƴ˥�%ʆ��ˌűˋß&ñū%4� ̔ŧ	%ˋßȈġ%ˑŰ

� �
"ɢ�58 �7̀̕ ßˑŰˌȳ%�� ɀ̔ɎɛÄ& miR-23a/bJ|

TY�miRNA 
#&4�$țȅĤá;ȫ�	;ǃʖ�7�1̔4 ˈ˥&ɶțʮ

ʆˋßð)�ˌűˋßŦ&̎ǁɀ%��7 miR-23a/b J|TY�miRNA &țȅ

;ǃʖ��̕ɶțʮʆˋß'ŠÑˋß%47T_�T
$�ñ˹ 194̔tAT&

ʮʆʆß;ÑŪ�7�"
˵���1%̔ƷȨȹ!'tAT
Ǥț%Ǥß�7

ƯƴƬ̒ 12Ƭ˥ &̓ɶțˋß;�ˌűˋß"/$�� 173-175 �̕ˌűˋßŦ C̔on

&ʰřɀ%�� miR-23a/b J|TY�&÷ miRNA �̔miR-23a̔ miR-23b̔

miR-24̔miR-27a &țȅ˝
ƳŶ$ǬŅ;ȫ��̒ď 25C̓̕ �	�̔ dKO t

AT!'ƳŶ$țȅ&Ĥß
ʝ158$	�� �̕ƣ 4̔ˈ˥&ɶțʮʆˋßŦ̔

ʰřɀ%�� miR-23a" miR-27a i̔|wɀ%�� miR-24" miR-27a̒ Con

&/̓&țȅ&�ˉ
ȫ�8�̒ď 25A, B̓̕ ǿ%ʰřɀ&Ğø d̔KOtAT%

�� ˋßŦ& miR-23a" miR-27a&țȅ˝
Ĳ˷Ƭ& Con&țȅ˝&�p~

.!�ƪ��̒ď 25A̓�"	5̔miR-23a/b J|TY�& dKO %47̎ǁɀ
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&ˋßˑŰñŰ
ʊº�8�öɭű
ɢ�587 �̕	� �̔8'ˋßŦ& Con

tAT& miR-23a " miR-27a &țȅ�p~.!%'ˎ� �5�̒ď 25A̓̔ 4

ˈ˥&ˋß%47miR-23a"miR-27a&țȅ�ˉ
 Ckmm-Cre%47miR-23a/b

J|TY�&ǌƕ;ĳÂ%ʊº��öɭű'¥�&!'$�	"ɢ�587̕ 

 

4.4 ˋßʞțűʅɄƢȉ%��7 miR-23a/bJ|TY�miRNA&ǋɭ�  

� ˋß%47ʅɄƢȉ'̎ǁɀ%Ůʍ$Cd~I�3˙Ɋ«ɑ&�1%˛ʍ$

ˑŰñŰ!�6̕¾ʆȨȹ%46 miR-23a/bJ|TY�&÷ miRNA
ʅɄƢȉ

%˦:7�"
ĝþ�8 �� m̕iR-23"miR-27'ʅɄƢȉ;˨Ĺ�7Sprouty 

2" Semaphorin 6A;ƁÑ�ʅɄƢȉ;¯ˉ�7ñ˹ 195̔miR-24'ʅɄÄȟɌ

ɬ&Ëá%˛ʍ!�7 GATA-binding factor̒ GATA 2̓" Serine-threonine-protein 

kinase PAK 4̒PAK4̓;ƁÑ�̔ʅɄÄȟɌɬ&>s_�RT;¯ˉ̔ʅɄƢ

ȉ;ƁÑ�7�"
ĝþ�8 �7 196̕ƷȨȹ%46̔dKOtAT'Ɗ�űˋ

ß%47̎ǁɀǗɌʅɄƢȉ%ƳŶ$Ĥá;ȫ�$��"
ƫ5	%$6̒ď

23B, C, D̓̔ɀɘɖȍƺ& miR-23a/bJ|TY�miRNA'ˋßʞțűʅɄƢȉ%

ţ˻�$��"
ȫć�8� ʅ̕ɄÄȟɌɬǿȔȝ$ miR-23a/bJ|TY�&ǌ

ƕtAT%�� 2 2̔ˈ˥&ɶțʮʆˋß%47ʰřɀ&ʅɄƢȉ%ƳŶ$Ĥ
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á
ʝ158�̔ʅɄÄȟɌɬȍƺ& miR-23a/b J|TY�miRNA 
ʅɄƢȉ

%˛ʍ!$��"
ȫć�8 �7 197̕�	�̔Ôʿ&4�% miR-23a/b J|

TY�&÷ miRNA
�% in vitro%�� ʅɄƢȉ&�ˉ"ƁÑǋɭ;Ƴ�7

"ĝþ�8 �7�1 195, 196 m̔iR-23a/bJ|TY�miRNA;Â ǌƕ��7�

"%46ʅɄƢȉ*&ţ˻
ȢǕ�8�öɭű2ɢ�587̕��
� ̔

miR-23a/b J|TY�miRNA &ʅɄƢȉ%��7ǋɭ;46ǩ
ǃʖ�7�1

%'̔�Ŧ miR-23a/bJ|TY�&÷ miRNA;±Ï%ǌƕ�7�'ŃÁ�7x

^~!ʅɄƢȉ%ð-�ţ˻;ǃʖ�7Ůʍ
�7"ɢ�587̕ 

 

4.5 ɀ˝&ʣɅ%˦�7 miR-23a/bJ|TY�miRNA&ǋɭ 

� miR-23a/bJ|TY�;ǆż�7 miRNA�̔miR-23'ɀǿȔȝzjH[�}

G�W!�7 Atrogin-1"MuRF1&mRNA; 3’UTR¬įȝ%ƁÑ� 152 m̔iR-27

'̎ǁɀżˢ&˨ĹčĮ!�7 Myostatin &țȅ;ƁÑ�7 163̕miR-24 2ɀɽ

ɚ;¯ˉ�7 TGF-βl=u}�RKa~& Alk4169" Smad2/4168, 170;ǈȝ"�

7̕��
� ̔̎ǁɀ%��7 miR-23a/bJ|TY�&ǌƕ'̔�85&ǈȝ

˓ Į%47̎ǁɀɽɚ&ƁÑ;ʓ˭�7�1%̔̎ǁɀ&ɽɚ;�ˉ�7"

�ŵ��̕�	�̔ƷȨȹ!' dKOtAT&̎ǁɀ%�� ˭ȭɏ%47ɀɽ
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ɚ
ƁÑ�8�̒ď 26̓̕ ǿ%̔ˊɀɘɖ
»¤%įĒ�7i|wɀ%�� 

miR-23a/b J|TY�&ǌƕ%46ɽɚȃ
ƳŶ%ǬŅ��̒ď 26H̓̕ i|w

ɀ%�� Atrogin-1 " Murf1 &țȅ˝
 dKO %47Ĥá;ȫ�$	���"

	5̒ď 29̓̔ dKO tAT&ˊɀ%��7ɀɽɚƄƂű%ɀǿȔȝzjH[�

}G�W%47Y�hJʬ&Ëʓ'ƁÑ�8 �$��"
ȫć�8�̕�	

� A̔trogin-13MuRF1ǌƕtAT%�� ̄̉%47E�_l=S�
Ǐœ%

�ˉ�7�"	5 198̔E�_l=S�
zjH[��n�]>X�vRT]v

"'ȁȼ� ɀɽɚ;ÑŪ�7�"
ƫ5	%$��̕E�_l=S�&ƁÑ

'ǴșűP@_F@�3˙áT_�T%47ɀɽɚ;˨Ĺ�7�"
ĝþ�8

 �7
 199-202̔˭ȭɏ%47̎ǁɀ&ɽɚ!'̄̉3 Rapamycin%47E�_

l=S�&�ˉ
ɀɽɚ&ȳŚ%ţ˻�$��"
ĝþ�8 �7 203̕ɀɽɚ

Ƭ%��7Y�hJËʓ'zjH[��n�]>X�vRT]v&/$5�E

�_l=S�%4� ʣɅ�8 �6̔Ǉ	$ɀɽɚx^~%�� �&¨ȋ

ǋŘ
Ȕ$7̕��
� ̔miR-23a/b J|TY�miRNA &ǌƕ%47ɀɽɚ

&ţ˻;ƫ5	%�7�1%'̔�Ŧ dKOtAT%��7E�_l=S�&Ĥ

á3̔̄̉̔ŦɦŻĖ̔IvTĐĶ$#�&ɀɽɚx^~;ȋ��46ʜɌ$

ǃʖ
Ůʍ!�7"ɢ�587̕ 
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� �ƣ̔˭ȭɏ%47ɀĬɚ&˰̔̎ǁɀ!'Y�hJʬ&Ëʓ&/$5�̔

ɀɽɚ%ŀ�7ˑŰñŰ"� Y�hJʬ&øż2�ˉ�7�"
ĝþ�8 

�7 204̕ǿ%̔˭ȭɏ&ƴ˥
ˢ
$7,#Y�hJʬ&øżRKa~
46

�ˉ� �
�"
ĝþ�8 �7 204̕dKOtAT%�� ˭ȭɏžʇ 2ˈ˥

Ŧ%i|wɀ&ɽɚƁÑ
ʝ158 A̔kt&}�˙á
ƳŶ%�ˉ�7�"	5

̒ď 31A̓̔ ˭ȭɏ&Ŧƴ%�ˉ�7Y�hJʬ&øżRKa~
 dKO %4�

 ĢŔ�8�öɭű
ɢ�58�̕Akt RKa~&�ǥ!�7 S6K &}�˙á

2̔ɒʕȝ$ƳŶŏ'ʝ1$	��
̔i|wɀ%�� dKO%46�ˉ�7

¸ú;ȫ��̒ď 31B̓̕ �85&�"	5̔dKOtAT&i|wɀ%�� Y

�hJʬ&Ëʓ'Ĥß��̔Y�hJʬøż
�ˉ�7�"!̔˭ȭɏ%47

ɀĬɚ
ƁÑ�8�öɭű
�7"ɢ�58�̕  

� ˭ȭɏx^~;ȋ� ɀɽɚ;Ȩȹ�7˰̔Ħ
&Ȩȹ!'ɀɽɚ&ǖʶŀ

ʨ"� žʇ;ô��tAT&˭ȭɏ� �$�ɮ̒ ˸žʇɮ;Contralateral C̔L̔

ď 26A̓&̎ǁɀ;ȋ� �7̕�	�̔Ǽɮ&˭ȭɏžʇ%46Ȳß&˰&

§˛ʩɼ
˸žʇɮ%˲��7&!̔íĽ%'˸žʇɮ%˄œ46ħ��ʩɼ


		� �7ȀŸ"$7̕˭ȭɏ&žʇ;ʆ� �$�̒normal control̓t

AT&̎ǁɀ%�� ' dKO%47ɀ˛˝&Ĥá
ʝ158�̒ď 26C̓̔ Akt
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&}�˙á%2ƳŶ$Ĥá
ʝ158$	��̒ď 20B̓̕ �ƣ̔˸žʇɮ%�

� dKO%46i|wɀ˛˝
ƳŶ%ĢÚ�̒ ď 26E, G̓̔ 4ˈ˥&ɶțʮʆˋ

ß%4� i|wɀ˛˝&ĢÚ
 dKO!ƳŶ%ħ�
̒ď 21D̓̔ AktRKa~

&ƳŶ$�ˉ2ʝ158�̒ď 31A̓̕ �85&ɐƽ' d̔KOtAT&ˊɀ!'

wFbF~T_�TĢÚ%47ɀɧħ%ŀ� ̔ŷôű
̏.� �7�";

ȫć�7&	2�8$�̕ɀɧħ%��7 miR-23a/b J|TY�miRNA &ǋɭ

;ƫ5	%�7�1%̔�Ŧɀɧħx^~;ȋ��ǃʖ
Ůʍ!�7"ɢ�5

87̕ 

 

4.6 Ckmm-cre%47ɀǿȔȝ miR-23a/bJ|TY�ǌƕx^~%��  

� ƷȨȹ!'̔̎ǁɀ%��7 miR-23a/b J|TY�miRNA &ǋɭ;ʓƼ�7

�1%̔�8.!%Ħ
&Ȩȹ!ȋ�58 �7 cre-driver !�7 Ckmm-cre

̒Mck-cre̓;ȋ� ɀǿȔȝ miR-23a/b J|TY�ǌƕtAT;¨ʋ��̕

Muscle creatinine kinase̒Mck̓n�x�Y�'țȉǔˮ%�� primaryɀɘɖ


Ţż�87ɪȉ 13.5Ƨ%Î1 Ǥűá� 205-207 Ƶ̔Ëá&ɀɻɌɬ!'$
Ë

á
ĳ���Ħǀ&ɀɘɖ!&/Ǥűá�7�"
ĝþ�8 �7 185̕ƷȨȹ

!2 Cre%47Mev�p~!&ɎƓ�3 m̔iR-23a/bJ|TY�miRNAțȅ˝
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&ǬŅ
̔è˴��ɀɘɖǿȔȝ%ʝ158�̒ď 15̔16̓̕  

� dKO tAT&̎ǁɀ%�� Ckmm-cre %47 miR-23a/b J|TY�miRNA

&ƳŶ$ǬŅ
ʝ158�2&& 2̔0%��& miRNA
ǒį� ��̒ ď 16̓̕

̎ǁɀɎɛ%'ʅɄ3ȭɏ ɘ̔ɖɻɌɬ$# Ckmm-cre%ţ˻�8$�Ħ
&Ɍ

ɬ
įĒ�7�"%Ú�̔ɀɘɖ&Ĝřɴ"Ţʬɴ&˥%P]|@_Ɍɬ"Ā

(87èǀ&̎ǁɀɎɛŗɌɬ2įĒ�7̕ɀɘɖ	5P]|@_Ɍɬ;˭�

�ɀɘɖ&ɀǀ&/;ƅÊ�7�"'ƀʇȝ%Ď˵!�6̔ƷȨȹ!2è˴�

� dKOtAT&ɀɘɖ%�� miR-23a/bJ|TY�miRNA&țȅ
ǃÊ�8

�̒ď 16C̓̕ P]|@_Ɍɬ3ɀɻɌɬ̔ɘɖɻɌɬ;û<�ɌɬËȐ%��

 Ckmm-cre%47Mev&ɎƓ�
ʯ� �5�̒ď 15C̔D̓̔ miR-23a/bJ

|TY�miRNA &țȅ˝&¥�
ʝ158$��"	5̒ď 16D̓̔ dKO tA

T&̎ǁɀ!ǒį�� miR-23a/b J|TY�miRNA '̔�85&Ɍɬȍƺ!�

7öɭű
̏�"ɢ�58�̕�ƣ!̔Ckmm-cre&�äË$Mev&ɎƓ�%

46miR-23a/bJ|TY�miRNA
 dKOtAT&̎ǁɀ!ǒį��öɭű2ɢ

�587̕ƷȨȹ"ù�$ Ckmm-cre tAT̒Transgenic̔Stock# 006475̔The 

Jackson laboratory̓;ȋ��¾ʆȨȹ%46̔tAT̎ǁɀ&ɀǀ&�Ú
ĳ�

�� 1.5�Ʋ̑&ɀɘɖ%�� ̔Ckmm-cre
ɀɘɖ&�+ &ɀǀ!Ǥűá
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�7�"
ĝþ�8� 185�"	5̔ƷȨȹ!2 Ckmm-cre & mosaicism %47

ţ˻'¥�&!'$�	"ɢ�58�̕�	�̔Transgenic tAT' transgene

&țȅ&ȳŚ
��%4� Ȕ$7öɭű
�7�1%̔dKO tAT&

Ckmm-cre%47Mev&ɎƓ�Þȃ;46ʜɌ%ǃʖ�7Ůʍ
�7"ɢ�5

87̕  

� dKOtAT%�� miR-23aJ|TY�miRNA
miR-23bJ|TY�miRNA

462̎ǁɀ%Ħ
ǒį� ��̒ď 16̓̕ �ƣ̔ʅɄÄȟɌɬǿȔȝ$

miR-23a/bJ|TY�ǌƕtAT&ɩɎɛ%�� 'miR-23bJ|TY�miRNA


Ħ
ǒį� �7�"
ĝþ�8 �7 197 m̕iR-23a/bJ|TY�&ʵÆʣɅ

ǋǆ'.�ƫ5	%$� �$�
 m̔iR-23aJ|TY�" miR-23bJ|TY�

%�� Mef-2C" PGC-1α%47n�x�Y�ǤűáǇŝ
Ȕ$7�"
ĝþ

�8 �7 163̕.�̔ɀɻɌɬ"ɘɖɻɌɬ%�� 2 miR-23a J|TY�&

n�x�Y�ǤűáǇŝ
Ȕ$7�"2ĝþ�8 �6 208̔÷Ɍɬ%��7

miR-23a/b J|TY�&ʵÆʣɅ&ˏ�
 dKO tAT&̎ǁɀɎɛ%�� Ȕ

$7țȅhY��;ʞŃ��öɭű
ɢ�587̕ 

� Ckmm-cre'ŭɀ%2țȅ� �6 186 m̔iR-23a/bJ|TY�&żǺė miRNA

&țȅ˝
 dKO tAT&ŭɵ%�� ǬŅ� ��̒ď 16F̓̕ �ƣ̔dKO "
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ContAT&˥!ŭ˛˝̒ʈ 2̓3̔Ɗ�űˋß%47ŭ˛˝̒ď 21B̓&ĢÚ

"ʮʆʲ˴̒ʈ 3̓%ƳŶ$ŏ'ʝ158$	��̕.�̔1 Ŗ̑��& dKO

tAT;ʒĿ��ɐƽ̔ŭȗų%47ȺǷǑ$#żˢˌȳ%Ȕœ
ʒĿ�8 

�$��"	5̔tAT&ŭɵ% dKO%47ǋɭ�Â'ȉ� �$�"ɢ�5

8�̕�	�̔dKO tAT&ʈȅė%�� ̔ŭɀ%��7 miR-23a/b J|T

Y�miRNA&ǬŅ
ð-�ţ˻;Ȫʝ�7�1%'̔dKO%47ŭɵ&ǆˆ�
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�7"ɢ�587̕ 

� ȅĒ.! Ǉ̔	$ miRNA&ǌƕtAT&Ħ
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þ�8 �� 209̕miRNA&ǋɭ' 7ĠĜ& Seed˖Í%¬į� �6̔è�&

mRNA
ʌƟ& miRNA%46ǈȝ"$6ũ7�1%̔�7ȴ& miRNA&ǌƕ


�& miRNA%4� �º�87öɭű
̏�"ɢ�587 �̕5% m̔iRNA


Ɍɬ	5CJXX�v%46ʅ�%ƜÊ�8 210̔ː˯&Ɍɬ%��7˓ Į

țȅʣɅ%˦��7öɭű2ɢ�58 �7̕�85&�"	5̔ɀǿȔȝ$

miR-23a/bJ|TY�miRNA&ǌƕ%46ȉ�7̎ǁɀÄ&miRNAțȅhY�

�&Ĥá3̔�Ɏɛ	5&CJXX�v miRNA %46 dKO tAT&ʈȅė


ţ˻�87öɭű
ɢ�587 .̕� m̔iRNA&/$5�Ǉ	$ mRNA2țȅ
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5. ɐʤ 
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