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─ ⌐ ↑╢Ⱬ♇☺ⱱ♇◓ Gli1 ◦◓♫ꜟ─ ⌐ ∆╢  

 

  

   

  

 

 

─ ⌐ ⌂ ╩ √∆↓≤≢ ╠╣╢Ⱬ♇☺ⱱ♇◓ Hh ◦

◓♫ꜟ│⁸ ─ ⌐ ∆╢ ↄ─ ⌐ ⇔≡⁸ ⌐ ↑╢ ⌐≈™

≡│ ⅜ ≢№╢⁹ ⌐ Hh ◦◓♫ꜟ─ ─ ≈≢№╢ Gli1 ─

⌐≈™≡│ ⌂ ⅜ ™⁹∕↓≢⁸ ≢│⁸Gli1 ⌐ ⇔⁸ ─

⌐ ↑╢ Hh -Gli1 ◦◓♫ꜟ─ ╩ ⌐∆╢↓≤╩ ≤⇔√⁹∕─ ⁸

┘ ⌐ Hh -Gli1 │ ─ ⌐ ⅝⌂ ╩ √⇔≡™

╢↓≤╩ ⇔√⁹↕╠⌐⁸Hh -Gli1 │ ─ ╩ ⇔⁸ ┼─

╩ ∆╢ ⅜№╡⁸ ≤ ─◌♇ⱪꜞfi◓ ⌐╙ ⇔≡

™╢↓≤╩ ╠⅛⌐⇔√⁹ ≢ ╠╣√ │⁸ ─ ─ ╛

─ ≤⌂╢╙─≢№╢⁹ 
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                                p5~ 

1  ⌐ ↑╢ⱴ►☻─ ─ ⌐ ∆╢ Gli1 ─

⌐ ∆╢                         p12~ 

1-1 ≤  

1-1-1  

1-1-2  

1-1-3  

1-1-4  

1-1-5  

1-2  

1-2-1 Gli1 ⱴ►☻─  

1-2-2 ─ ─  

1-2-3 ─ ─  

1-3  

 

2  ⸗♦ꜟ ⌐ ↑╢ⱴ►☻─ ─ ⌐ ∆╢ Gli1

─ ⌐ ∆╢                    p24~ 

2-1 ≤  

2-1-1 ⱴ►☻ ⸗♦ꜟ─  

2-1-2  

   2-1-2-1 ◦☻♥ⱶ 

   2-1-2-2 ⱴ▬◒꜡ CT ◦☻♥ⱶ 

2-1-3  

2-2  

2-2-1 ─ ─  

2-2-2 ─ ─  

2-3  

 

3  ─ ה ⌐ ∆╢ Gli1 ─ ⌐ ∆╢   p37~ 

3-1 ≤  

3-1-1  

3-1-2 Real time RT -PCR 

3-1-3  

3-1-4 ▪♦ⱡ►▬ꜟ☻ⱬ◒♃כ─  
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3-1-5 ꜠ⱳכ♃כ▪♇☿▬ 

3-1-6 Western blotting  

3-2  

3-2-1 ─ ⌐ ∆╢ Gli1 ─  

3-2-2 ─ ⁸ ⌐ ∆╢ Gli1  

3-3  

 

4  ─ ה ⌐ ∆╢ Gli1 ─ ⌐ ∆╢   p52~ 

4-1 ≤  

4-1-1  

4-1-2 Real time RT -PCR 

4-1-3  

4-2  

4-2-1 ─ ⌐ ∆╢Ⱬ♇☺ⱱ♇◓◦◓♫ꜟ─  

4-2-2 ─ ⁸ ⌐ ∆╢ Gli1 ─   

4-2-3 ⌐ ↑╢ ⌐ ∆╢ Gli1 ─  

4-2-4 ─ ⌐ ∆╢ Gli1 ─  

4-3  

 

5  ▪♦ⱡ►▬ꜟ☻ⱬ◒♃כ╩ ™√ Gli1 ─ ⌐╟╢ ⸗♦ꜟ─

⌐ ∆╢ ⌐ ∆╢               p65~ 

5-1 ≤  

5-1-1 ⸗♦ꜟ⌐ ↑╢▪♦ⱡ►▬ꜟ☻ⱬ◒♃כ  

5-1-2  

5-1-3  

5-2  

5-2-1 ⸗♦ꜟ─ ⌐ ∆╢ Gli1 ─  

5-2-2 ⸗♦ꜟ─ ⌐ ∆╢ Gli1 ─  

5-3  
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Ⱬ♇☺ⱱ♇◓◦◓♫ꜟ Hedgehog, Hh │⁸◦ꜛ►☺ꜛ►Ᵽ◄─

segment-polarity gene ≤⇔≡ ↕╣√⅜[1]⁸ ∞↑≢⌂ↄ⁸ ⁸►

♬⅛╠ ⌐ ╢╕≢⁸ ╩ ⅎ≡ ⌐ ↕╣≡⅔╡⁸ ─

╛ ⌐ ⌂ ╩ √∆ ⌐ ─Ɽꜝ◒ꜝ▬fi ≢№╢⁹ 

↓─ ⌂ ─ │⁸Hh ⌐ ╩ ∂√◦ꜛ►☺ꜛ►Ᵽ◄─ ─ ⅜

⌐ ∆╟℮⌐ⱢꜞⱠ☼Ⱶ╩ ↕∑╢↓≤⌐ ∆╢⁹◦ꜛ►☺ꜛ►Ᵽ◄─Ⱬ♇

☺ⱱ♇◓│ 1 ⇔⅛ ⇔⌂™⅜⁸ ◓♇Ⱬ♇☺ⱱ♩כ◙♦⁸│≢ Dhh ⁸

♁♬♇◒Ⱬ♇☺ⱱ♇◓ Shh ⁸▬fi♦▫▪fiⱫ♇☺ⱱ♇◓ Ihh ─ 3 ─ꜞ●fi

♪⅜ ∆╢[2]⁹Dhh │ ╛ ─ ⌐ ⇔⁸Shh │ ⁸ ─

Ɽ♃כfi♬fi◓⁸ ⁸ ⁸ ⁸ ⌂≥─ ⌐ ╢ ⌐ ∆╢⁹Ihh │

⌐ ⌂ ╩ ∆↓≤⅜ ╠╣≡™╢[3]⁹ Ihh │

⌐ ⇔⁸ ╛ ⌐ ∆╢ ─ ⌐ ⇔⁸ ┼

─ ╩ ∆╢[4-8]⁹Ihh ─ ╛⁸Hh ◦◓♫ꜟ─ ⌐ ╦╢ ♃fiⱤ◒

smoothend Smo ─ ⌐╟╢ ╛ ─ ⅜ ↕╣≡™╢ 

[5,7]⁹ 

╕√ 2014 7 ⌐♩ꜟ◖≢ ↕╣≡ ≤⌂∫√ ─ⱥ♠☺

2 ╙ Hh ─ ⌐ ∆╢⁹ ─ │⁸ ⱥ♄ ⌐ ⌐ ⇔√ Pax6
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⅜ ╩ ⇔⁸∕─ ⌐ ⅛∫≡⁸ ⅛╠ ⇔√ Shh ⌐╟∫

≡ Pax2⅜ ⇔⁸ ╩ ⌐ ∆╢↓≤⌐╟∫≡ ≈─ ⅜ ↕

╣╢[9]⁹ ─ⱥ♠☺│⁸ ⌐ Hh ◦◓♫ꜟ╩ ∆╢ ⁸◦◒꜡ⱤⱵfi

≤™℮▪ꜟ◌꜡▬♪╩ ╗Ᵽfi◔▬♁►≤™℮ ╩ ⱥ♠☺⅜ ⇔√√╘⁸

⌐ Hh ◦◓♫ꜟ⅜ ↕╣⁸ ≤⇔≡ ⇔√≤ ⅎ╠╣╢⁹ ─ ≢

│⁸Hh ⅜ ↕╣√ ⁸∕─ ⅜ ⅝ↄ ≢ ∆╢⅜⁸ꜘ◑╛ⱥ♠

☺─ ⁸ ⌂ ╩ ∟⌂⅜╠╙ ∆╢↓≤⅜№╢√╘ ⅝⌂ ≤⌂

∫√≤ ⅎ╠╣╢⁹ ─♩ꜟ◖≢ ↕╣√ ─ⱥ♠☺─ │⁸ ─ ↄ

∞↑⌐ ╕╠∏⁸ ─ ╛⁸ ⁸ ⌂≥ ⌐ ╢⁹ 

  ─╟℮⌐Ⱬ♇☺ⱱ♇◓ⱨ□Ⱶꜞכ│ ─ ≢ ⁸ ⌐ ─

╩ ∫≡™╢⅜⁸∕─ Hh ◦◓♫ꜟ │⁸Hh ꜞ●fi♪⅜ 12 ─

♃fiⱤ◒ ⁸Patched Ptch ⌐ ∆╢↓≤⌐╟╡ ∆╢⁹ 

⌐ ™≡│⁸ ≢│⁸Ptch ⅜ ─ 7 ♃fiⱤ◒≢№╢ G♃fiⱤ◒

⌐ ∆╢ Smo─ ╩ ⇔≡™╢√╘⁸Hh ◦◓♫ꜟ─ ≢№

╢ Gli │ PKA protein kinase A GSK3ɗ glicogen synthase kinase 3 ɗ ⁸

┘ CK1 casein kinase 1 ⌐╟∫≡ꜞfi ↕╣╢⁹↓─ ⁸ɗ-TrCP

beta-transducin repeat containing protein ≤ ⇔⁸SCFꜚⱦ◐♅fi

⌐╟∫≡ⱪ꜡☿◦fi◓╩ ↑≡ C ⅜ ⇔√ ≤⌂╡⁸ ⁸
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─ ╩ ∆╢⁹ ↓─╟℮⌂ Gli ─ⱪ꜡☿◦fi◓⌐╟╢ │

Gli3 ⌐⅔™≡ ╠⅛⌐⌂∫≡™╢⁹ ⁸Hh ꜞ●fi♪⅜ Ptch ⌐ ∆╢≤⁸Smo

│C ⅜ꜞfi ↕╣≡ ⌐ ⇔⁸↓─ ⁸SuFu Supressor of Fused

≤ ╩ ⇔≡ ⌐ ⇔≡™√ Gli │⁸ꜞfi ↕╣√ SuFu ⅛╠

⇔≡ⱪ꜡☿◦fi◓╩ ↑∏⌐ ─╕╕ ≤⇔≡ ⌐ ⇔⁸

─ ╩ ↕∑╢ ⁹↓↓≢⁸Hh ◦◓♫ꜟ─ Gli ⱨ□Ⱶꜞכ⌐│

Gli1⁸Gli2⁸Gli3 ─ 3 ⅜№╡⁸Gli1 │ Hh ◦◓♫ꜟ─ ─ ≈≢№╡⁸

ⱪ꜡☿◦fi◓│ ↑∏⁸ ≤⇔≡─╖ ∆╢≤ ⅎ╠╣≡™╢⁹ ⁸Gli2

≤ Gli3 │ ≤ ⅜№╢≤ ⅎ╠╣≡™╢[2]⁹ 

↕╠⌐⁸Gli ⱨ□Ⱶꜞכ─ ≢╙⁸Gli2 ─ ≤⇔≡─ ╛ Gli3 ─ ≤

⇔≡─ ⅜ ─ ⌐ ≢№╢↓≤⅜ Long ⌐╟∫≡ ↕╣≡™╢

[10,11]⁹ ⁸Gli1 ⌐≈™≡│ 2000 ⌐ ⁸ ⁸ ⌐ ≢│⌂™≤™

℮ [12]⅜№∫√↓≤⅛╠⁸Gli ⱨ□Ⱶꜞכ─ ≢╙ ⅜ ╣≡™√⁹⇔⅛⇔⁸

⌐╟╡⁸Gli1 ╙ Gli2 ⅔╟┘ Gli3 ≤ ≢ ─ ⌐ ⇔≡™╢↓

≤⅜ ↕╣√[13,14]⁹ 

↕╠⌐⁸ ⌐╟╢ Ptch ─Ⱬ♥꜡ KO ⱴ►☻─ [15]⌐╟╡⁸ ─

⌐╙ Hh ◦◓♫ꜟ⅜ ⅝ↄ ⇔⁸ ≢─ ─ ⌐ ╩ ∂╢∞↑≢⌂

ↄ⁸ⱥ♩⌐⅔↑╢ ⌐⌂╢↓≤⅜ ╠⅛⌐⌂∫≡™╢⁹⇔⅛⇔⁸ ≤⇔≡ Hh
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◦◓♫ꜟ─ ⌐≈™≡│⁸ ─ ⌐ ⇔≡│╟ↄ ═╠╣≡™╢─⌐

⇔≡⁸ ⌐ ↑╢ ⌐≈™≡│ ∞ ⅜ ≢№╢⁹ ⌐ ─

⌐ ↑╢ Gli1 ─ ⌐≈™≡│ ⌂ ⅜ ™⁹ 

∕↓≢⁸ ≢│⁸Gli1 ⌐ ⇔⁸ ─ ⌐ ↑╢ Hh -Gli1 ◦

◓♫ꜟ─ ╩ ⌐∆╢↓≤╩ ⌐ ∆╢↓≤≤⇔√⁹ 

1 ≢│⁸Gli1 ⱴ►☻╩ ⇔≡ ≢─ ⱴ►☻─ ─

╩ ⇔√⁹↕╠⌐⁸ 2 ≢│⁸ⱴ►☻ ⸗♦ꜟ╩ ™≡∕─

╩ ∆╢↓≤⌐╟∫≡⁸ ⌐ ↑╢⁸Hh -Gli1 ◦◓♫ꜟ─ ╩ ⇔

√⁹ 3 ≢│⁸ 1 ⁸ ┘ 2 ≢ ╠╣√ in vivo ≢─ ─

╩ ≤⇔≡ ⇔√⁹ 3 ≢│⁸ ─ ─ ≢⁸ ─

⌂ ≢№╢ ─ ⁸ ⌐≈™≡ ⇔⁸ 4 ≢│⁸ ─

⌂ ≢№╢ ─ ⁸ ⌐≈™≡ ⇔√⁹ 5 ≢│⁸ 1 4

─ ╩ ⌐⁸▪♦ⱡ►▬ꜟ☻ⱬ◒♃כ╩ ™√ Gli1 ─ ⌐╟╢

┼─ ╩⁸ⱴ►☻ ⸗♦ꜟ╩ ™≡ ⇔√⁹ 

 

 

 

 



 

9 

 

 
 

1 Ⱬ♇☺ⱱ♇◓─ ≤⌂∫√◦ꜛ►☺ꜛ►Ᵽ◄─ ─  

◦ꜛ►☺ꜛ►Ᵽ◄─ 1 ─ ─ ╩ ⇔≡™╢⁹№╢ ⅜ 

⇔√◦ꜛ►☺ꜛ►Ᵽ◄≢│⁸WT ≤ ═≡ ⌐╟╡ ⅜ ↄ⁸

↓─√╘ ─ ⅜ ╕∫√ ≤⌂∫≡™╢⁹↓─ ⅜ⱢꜞⱠ☼Ⱶ 

─Ɫꜞ─ ⌐ ≡™╢↓≤⅛╠⁸ ╩Ⱬ♇☺ⱱ♇◓≤ ↕╣√⁹ 
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 2 Ⱬ♇☺ⱱ♇◓ ⌐╟╢ ┼─ ─  

 A │ 2014 7 ⌐♩ꜟ◖≢ ↕╣√ ─ⱥ♠☺╩ ⇔√ ⁹

ⱥ♠☺⅜ ⌐◦◒꜡ⱤⱵfi≤™℮▪ꜟ◌꜡▬♪╩ ╗ꜚꜞ ─ Ᵽfi

◔▬♁►╩ ⇔√ ⁸ ≤⌂∫≡ ⇔√≤ ⅎ╠╣╢⁹ 

 B │♁♬♇◒Ⱬ♇☺ⱱ♇◓─ ⌐╟╢ ⌂ ╩ ∆⁹Ⱬ♇☺

ⱱ♇◓⅜ ↕╣╢≤⁸ ⅛╠ ⱥ♄⌐ ⇔≡ Shh ⅜ ∑∏⁸↓

─ ⁸Pax6─ ⌐ Pax2⅜ ≢⅝⌂™⁹Pax6│ ─ ╩ ⇔≡

™╢√╘⁸Pax2⌐╟∫≡ 2 ↕╣⌂™ ⁸ A ─╟℮⌂ ⌐ ╢

⅝⌂ ⅜ ↕╣╢⁹ 
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 3 Hh ◦◓♫ꜟ ─⸗♦ꜟ  

A ≢│⁸ ─ Ptch │ Smo─ ╩ ⇔≡™╢⁹ 

↓─ ⁸SuFu ⅜ Gli ╩ ⇔⁸ꜚⱦ♅◐fi ─ ≤⌂╢⁹↓─ ⁸ 

ⱪ꜡☿◦fi◓╩ ↑≡ ≤⌂∫√ Gli │ ⌐ ⇔⁸ ─ 

╩ ∆╢⁹ 

B Hh ꜞ●fi♪⅜ Ptch ⌐ ⇔⁸Hh ◦◓♫ꜟ⅜ ON ⌐⌂╢≤⁸Smo│ 

ꜞfi ↕╣≡ ⌐ ⇔⁸SuFu ╩ꜞfi ∆╢⁹ꜞfi ↕╣√ 

SuFu │ Gli ≤─ ⅜ ⇔⁸Gli │ ─╕╕ ⌐ 

⇔⁸ ─ ╩ ∆╢⁹ 
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⌐ ↑╢ⱴ►☻─ ─ ⌐ ∆╢ 

Gli1 ─ ⌐ ∆╢  

 

 ≤  

  

 ∆═≡─ │₈ ─ ┘ ⌐ ∆╢ ₉⁸₈ ─ ┘

⌐ ∆╢ ₉⁸₈ ₉⌐ ∫≡

⇔√ⱪ꜡♩◖כꜟ╩ ─  H14 060

╩ ≡ ∫√⁹C57BL/6 ⱴ►☻│ ╡╟כⱣꜞ☼ꜟכꜗ♅ ⇔√⁹Gli1
+/īⱴ►

☻│ ─ ╟╡ ™√⁹ 

 

 ⱴ►☻─ ☺▼ⱡ♃▬Ⱨfi◓  

☺▼ⱡ♃▬Ⱨfi◓─ ⌐⁸ⱴ►☻─ ─ ─ ╩ ⇔⁸50 mM KCl ⁸10 

mM Tris -HCl pH 8.3 ⁸2.5 mM MgCl2 ⁸0.45% NP-40⁸0.45% Tween-20⁸200 

µg/mL Proteinase K Wako ╩ ╗Ᵽ♇ⱨ□כ ≢ ⇔√ ╩ 56ϴ≢ 16

⇔√⁹∕─ 85ϴ≢ 10 ─ ⌐╟╡ ╩ ↕∑√⁹ ⌐⁸15,000 

rpm⁸20 ⇔⁸ ⅛╠ⱨ▼ⱡכꜟ◒꜡꜡ⱱꜟⱶ ⁸◄♃ⱡכꜟ
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╩ ™◕ⱡⱶ╩ ⇔√⁹ ╠╣√ DNA ╩ ™≡ PCR ≢ ⇔√ ⁸

⌐╟╡ ╩ ⇔√⁹ ⌐ ™√ⱪꜝ▬ⱴכ─ ╩ 1⌐ ∆⁹ 

 

  

ⱴ▬◒꜡ CT ◦☻♥ⱶ SMX-90CT ╩ ™≡ ⇔√

─ⱴ▬◒꜡ CT ╩ ∫√⁹ │⁸ 90 kV⁸ 110 µA⁸ⱦꜙ

כ 1200⁸▪ⱬ꜠כ☺ 4⁸☻◐ꜗfi 1⁸ ◘▬☼ 512×512 pixels⁸☻◔

◓fiꜞכ 50⁸☻ꜝ▬☻  1 µm⁹ ⇔√ⱴ▬◒꜡ CT ╩♃כ♦ 3

♁ⱨ♩ TRI/3D -BON ꜝ♩♇◒◦☻♥ⱶ◄fi☺♬▪ꜞfi◓ ╩ ™≡ ⇔√⁹ 

│⁸ ≤ ↕∑╢√╘⁸8 ○☻ⱴ►☻─ ─

⅛╠ 0.6 mm ─ ╩ ⇔√ ╩ ⌐⁸ ⌐ 1.5 

mm ╕≢─ ≤⇔√⁹ 

⌐ ™≡⁸ bone mineral density BMD ⁸ bone 

volume/tissue volume BV/TV ⁸ trabecular thickness Tb.Th ⁸

trabecular number Tb.N ╩ ⌐ ⇔√⁹ 

⌐ ⇔≡│⁸ⱴ▬◒꜡ CT ⌐╟╢ ⌐⁸7 ─ ─ ⌂╢Ɫ▬♪꜡

◐◦▪Ɽ♃▬♩ ⱨ□fi♩ⱶ ┘▪ꜟⱵ ─ BMD 200 1550 ╩

™⁸ ╠╣√ CT ⅛╠ ≢ ⇔√ ⌐ ≠™≡ ⇔√⁹
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╛⁸ ╛⁸ ╙⁸ ⌐ ≠™≡ ≤ ╩ ⇔⁸

∕─ ≢⁸ ⌐ ↑╢ ≤⇔≡ ⇔√⁹ ⇔√◘fiⱪꜟ │⁸

⌐╟╢ ┼─ ╩ ↑╢√╘⁸8 ≢ ≈ ⅜ 27g 28g ─ⱴ►☻╩

⇔⁸WT ⱴ►☻⁸Gli1 Ⱬ♥꜡ⱴ►☻ ⌐ 8≢№╢⁹ 

 

  

 WT ≤ Gli1
+/ī

 ─ 8 ─○☻ⱴ►☻─ 5 10 ╩ ↕∑╢ 4

≤ ─ 2 ⁸◌ꜟ☿▬fi Sigma ╩ 0.16 mg/10 g ─ ≢ ⇔√⁹

│Ɑfi♩Ᵽꜟⱦ♃כꜟ─ ⌐╟╡ ⇔⁸ ╩ ⇔

⇔√⁹ ⇔√ ╩ 4%Ɽꜝⱱꜟⱶ▪ꜟ♦ⱥ♪ PBS ≢ ⇔√⁹ 

A. von Kossa  

5% ≢ 1 ⁸ ╩ ⁸ ⇔√⁹ ה │

5%♅○ ♫♩ꜞ►ⱶ ╩ ™≡ 5 ⇔√ ⁸ ⇔√⁹ 

B. toluidine blue  

0.05%♩ꜟ▬☺fiⱩꜟכ pH 4.1 ≢ 30 ⇔√⁹ 

C. TRAP  

N, N -dimethyl formamide ─ naphtol AS -MX phosphate Sigma

╩ ≤⇔≡ ™≡⁸ pH5 ≢ ∫√⁹ 
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│ Axio Imager A1 Carl Zeiss, Jena ≢ ⁸Axio Vision Carl Zeiss

≢ ╩ ⇔√⁹ │ HistometryRT CAMERA ◦☻♥ⱶ◘ⱪꜝ▬

╩ ™≡ ⇔√⁹ 

 

  

 │ ± ≤⇔≡ ⇔√⁹Factorial analysis of variance

ANOVA ≢ ⇔⁸ ⌐Tukey ╩ ™√post-hoc♥☻♩⌐≡ ∫√⁹ 

 

  

 Gli1 ⱴ►☻─  

╕∏ Gli1
ī/ī ⱴ►☻ ╩ ⌐ Gli1

+/ī
 ○☻ⱴ►☻≤ Gli1

+/ī
 ⱷ☻ⱴ►☻╩

↕∑√ ╩ 2⌐ ∆⁹ 1 ─ⱴ►☻─ ─ │⁸╒╓ⱷfi♦ꜟ─

⌐ ∫≡™╢⅜⁸Gli1
ī/ī ⱴ►☻│ 1 10 ─ ─ ⅜ ↄ⁸

10 ─ ≢ ⇔≡™╢ⱴ►☻─ ─ │ Gli1
ī/ī ⱴ►☻⅜ ⅝ↄ

⇔≡ 10% ≤⌂∫√⁹ 

4A ⌐ 8 ⌐ ⇔√ wild -type WT ≤ Gli1
+/ī

 ≤ Gli1
ī/ī ─ ╩ ∆⁹ 

Gli1
+/ī

 ⱴ►☻│ WT ≤ ─ ⁸ ╩ ∫≡™╢⅜⁸Gli1
ī/ī ⱴ►☻│ ⌐
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═≡⅛⌂╡ ↕™↓≤⅜ ⅛╢⁹↕╠⌐⁸ 4B ⌐ ⱴ►☻─

╩ ∆⅜⁸Gli1
+/ī

 ⅜WT ≤ ─ ╩ ∆─⌐ ⇔≡⁸Gli1
ī/ī ≢│ ⅜ 20%

↕™↓≤⅜ ⅛∫√⁹ 

 ─ │⁸Gli1
ī/ī ≢│ Gli1 ─ ⌐╟╢ ⅜ ⅝™↓≤╩

⇔≡™╢↓≤⅛╠⁸ ─ ⌐ ∆╢ Gli1 ─ │⁸ ╛

⅜ WT ≤╒╓ ─ Gli1
+/ī

 ⱴ►☻╩ ∆╢↓≤⌐⇔√⁹ ∫≡⁸ כ♦─

♃│ ≡ Gli1
+/ī

 ⱴ►☻≤WT ⱴ►☻≤─ ⌐╟╢╙─≢№╢⁹ 

 

 ─ ─  

5A⌐ⱴ▬◒꜡CT ⌐╟╢ 8 ─WT≤Gli1
+/ī

 ─○☻ⱴ►☻─ ─

⁸ ⁸ ─ 3 ─ ╩ ∆⁹WT ⌐ ═≡⁸Gli1
+/ī

 ⱴ►

☻│ ╠⅛⌐ ⅜ ⇔≡™╢↓≤⅜ ⅛╢⁹ 

↓─ │ⱴ▬◒꜡ CT ╩♃כ♦ ™√ ≢⁸╟╡ ⌐ ↕╣√⁹

5B ⁹WT ┘Gli1
+/ī

 ⱴ►☻ 8 ─ ⌐╟╣┌⁸BMD⁸BV/TV⁸

Tb.Th⁸Tb.N ≤™℮ ╩ ∆ ≡─ ⌂ ⌐⅔™≡⁸Gli1
+/ī

 ⱴ►☻│

WT ≤ ═≡ ─№╢ ╩ ⇔√⁹ 

 

 ─ ─  
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6A⌐ 8 ─ⱴ►☻─ ─ ╩ ∆⅜⁸von Kossa

─ ⅛╠⁸Gli1
+/ī

 ⱴ►☻≢│ WT ≤ ═≡ ╠⅛⌐ ⅜ ⇔≡™

╢↓≤⅜ ⅛╢⁹⇔⅛⇔⁸ 6A ─ toluidine blue ─ ⅛╠⁸

⌐│ ⌐ │ ╘╠╣⌂™⁹ 

╕√⁸ ⅛╠ ╠╣√ ⌐ ∆╢ ╙ⱴ▬◒꜡ CT ⌐╟╢

≤ ⁸BV/TV⁸Tb.Th⁸Tb.N ≡≢ Gli1
+/ī

 ⱴ►☻│ ╩ ⇔⁸BV/TV⁸

Tb.Th ⌐ ™≡│ ⅜ ╠╣√⁹ 

↕╠⌐⁸ ╩ ∆Ɽꜝⱷכ♃≢№╢ osteoid surface/bone surface OS/BS ⁸

bone formation rate /bone surface BFR ⁸double-labeled surface/bone surface

dLS/BS ⁸single -labeled surface/bone surface sLS/BS ─ ≡⌐ ™≡ Gli1
+/ī

 

ⱴ►☻│WT ⌐ ═≡ ╩ ⇔⁸OS/BS ┘ sLS/BS ⌐ ™≡│

╩ ⇔√⁹ 

⁸ ⌐ ⇔≡│⁸ 6C⌐ ∆╟℮⌐ TRAP │ Gli1
+/ī

 ⱴ

►☻─ ⅜ ™ ⅜ ↕╣⁸ ⌐ ™≡╙⁸ ╩ ∆Ɽꜝⱷכ

♃≢№╢ eroded surface/bone surface ES/BS ⁸number of osteoclasts/100 mm of 

bone perimeter N.Oc/B.Pm ⁸soteoclast surface/bone surface Oc.S/BS ─

≡─ ≢ Gli1 Ⱬ♥꜡─ ⅜ ™ ╩ ⇔⁸N.Oc/B.Pm ≢│ ⅜

╠╣√⁹ 
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⌐ ↑╢ⱴ►☻─ ─ ⌐ ∆╢ Gli1 ─ ╩

∆╢√╘⌐⁸WT ┘ Gli1
+/ī

 ─ 8 ─○☻ⱴ►☻╩∕╣∙╣ 8 ∏≈⁸

╩ⱴ▬◒꜡ CT ≢ ⁸ ⁸3 ┘ ⌐ ∆╢

╩ ∫√⁹↓─ ⁸ ⱴ►☻─ ≢⁸Gli1
+/ī

 ⱴ►☻≢│

⌂ ╩ ∂╢↓≤⅜ ⅛∫√⁹ 

 ↕╠⌐⁸ ─ ╩ ∫√ ⁸Gli1
+/ī

 ⱴ►☻⌐ ↑╢ ─

│⁸ ─ ≤ ─ ≤™℮ ─ ⌐╟╢↓≤⅜ ⅛∫√⁹

─ ≢│⁸ ≤ │ ™⌐ ⇔√◌♇ⱪꜞfi◓ ≢Ᵽꜝfi☻↕

╣≡™╢⅜⁸Gli1
+/ī

 ⱴ►☻≢│⁸▪fi◌♇ⱪꜞfi◓⌂ ⅜כⱣכ○fiכ♃─ ∂≡

⅜ ⇔≡™╢↓≤⅜ ↕╣√⁹ 
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1 ≢ ⇔√ⱪꜝ▬ⱴכ  

 

 

 

 

 

2 10 ⌐ ↑╢ Gli1KO ⱴ►☻─  

 

 

 

Forward(5' 3' Reverse(5' 3' size bp

Gli1 WT AGCTGGATATGATGGTTGGC TGCACTTGTGTGGCTTCTCG 800

Gli1 Mutant ACGACGGGCGTTCCTTGCGCAGCTGTG TCAGAAGAACTCGTCAAGAAGGCGATA 582

mouse
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4 Gli1 ⱴ►☻─ ≤  

A 8 ─ Gli1 ⱱ⸗ -/- ⁸Gli1 Ⱬ♥꜡ +/- ≤WT +/+ ≤─ ─  

⌐│ ⅝⌂ │⌂™⅜⁸Gli1
ī/ī ⱴ►☻│ ╠⅛⌐ ≢ ⅜ 

20% ™⁹Gli1
+/ī

 │WT ≤╒╓ ─ ⁸ ╩ ∆╢⁹ 

B ⱴ►☻─ ─  

Gli1
ī/ī ⱴ►☻│ 10 ─ ⅜ ™⅜⁸∕─ ─ ╙ ↄ⁸ ⌐ 

─ ⅜ ≤⌂╡⁸ │WT ≤ ═≡ 20% ⌂ↄ⁸  

╩ ∆⁹ ⇔≡⁸Gli1
+/ī

 ⱴ►☻─ │WT ≤╒╓ ≢№╢⁹ 

P 0.05 vs. WT and Gli1
+/ī

  

 

 

 

*  
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5 WT ≤ Gli1
+/ī

 ⱴ►☻─ ─ⱴ▬◒꜡ CT  

A 8 ─○☻ⱴ►☻─ ─ ≤ ─ 3  

Bar 1 mm 

B ⱴ▬◒꜡ CT ╢╟⌐♃כ♦ ─  

BMD : bone mineral density ⁸BV/TV : bone volume/tissue volume ⁸ 

Tb.Th : trabecular thickness ⁸Tb.N : trabecular number parameters  

P 0.05 vs. WT  *  
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6 WT ≤ Gli1
+/ī

 ⱴ►☻─ ─  

A 8 ─○☻ⱴ►☻─ ─ von Kossa ≤ toluidine blue

Bar : 100µm  

B ⌐╟╢ ≤ ─      P 0.05 vs. WT 

C 8 ─○☻ⱴ►☻─ ─ TRAP   Bar : 100  µm 

D ⌐╟╢ ─         P 0.05 vs. WT 

─◘fiⱪꜟ │ WT⁸Gli1 Ⱬ♥꜡ ⌐ n=5⁸ │ ─

╩ ⇔≡™╢⁹ 

 

 

 

 

*  

*  
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⸗♦ꜟ ⌐ ↑╢ⱴ►☻─ ─  

⌐ ∆╢ Gli1 ─ ⌐ ∆╢  

 

 ≤  

 ⱴ►☻ ⸗♦ꜟ─  

─ ⸗♦ꜟ⌐ ∆╢ [16]╩ ⌐⁸╟╡ ─ ™ⱴ►☻

⸗♦ꜟ╩ ⌐ ⇔√⁹ 

▬♁ⱨꜟ꜠fi ⌐⅔™≡ ╩ ⁸ ⌐ ⌐ 15 mm ─

╩ ╣⁸ ╩ ∆╢⁹ ─ ╩ ⇔⁸ ─ ≢

⅛╠ ╩ ⁸∕─ ⁸ ╩ ≤ ─ ⌐ ⇔≡ ╩

∆╢⁹ ↓─ ⁸ ⁸ ╩ ≈↑⌂™╟℮⌐ ∆╢  

⌐ ─ ⅛╠ 23 G ╩ ⌐ ⌐ ⌐ ⇔⁸

╩ ∆╢⁹ ⅜ ≢⅝√╠ 23 G ╩ ⇔⁸ ⌐

≤⇔≡ 23 G☻Ɽ▬♫ꜟ ─ ╩ ∆╢⁹ C57BL/6 ─ 8

⁸○☻─ ⁸ ⅛╠ 7 mm ⅜ ╩ ╡∆╢√╘⁸

≤⇔≡ ⇔≡™╢ 23 G☻Ɽ▬♫ꜟ ─ │⁸∕╣╟╡ ⌐ ⇔≡

⅔ↄ⁹ 
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╡│ ◄fi☺fi≢ ⇔√ ♄▬ꜘ⸗fi♪♦▫☻◒ ɋ16×0.3⁸

130⁸NAKANISHI ≢ ∫√⁹ ╡ ⌐ ╩ ⇔⌂™╟℮⌐⁸ ⌐

≤ ─ ⌐ ⇔√ │♄▬ꜘ⸗fi♪♦▫☻◒─☻♩♇Ɽכ≤⇔≡

∆╢⁹ 

╡ ⁸ ⌐ ∆╢ ╩ ↕╣√ ╕≢ ⇔⁸

╩ ∆╢⁹ ─ ⅜ ≢№╢↓≤╩ ⇔⁸ ─ ≢

─ ⌂ ╩◌♇♩∆╢⁹ 

⌐ 4-0♫▬꜡fi ≢ ⇔≡ ╩ ⇔√⁹ 

7A ⌐ ⸗♦ꜟ ╩⁸ 7B ⌐ ╩⁸ 7C⌐ ─ ⱨ꜡

╩כ ∆⁹ 

⁸4 ⁸7 ⁸10 ⁸14 ⁸21 ⁸28 ⌐Ɑfi♩Ᵽꜟⱦ♃כꜟ─

⌐╟╡ ↕∑⁸ ╩ ⇔ ⇔√⁹ 

 

  

 ◦☻♥ⱶ 

◦☻♥ⱶ M-60⁸ ♁ⱨ♥♇◒☻ ╩ ™≡ ⇔√ ╩ ⇔

√⁹ │ 10 kVp⁸ 1 mA⁸ 2 ≢ ∫√⁹

⌐╟∫≡⁸ ⸗♦ꜟ─┌╠≈⅝╩ ⇔⁸◘fiⱪꜟ ─ ╩ ⇔√⁹ 
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 ⱴ▬◒꜡ CT ◦☻♥ⱶ 

⌐ ⇔√ ⱴ▬◒꜡ CT ◦☻♥ⱶ SMX-90CT

╩ ™≡ ⇔√ ─ⱴ▬◒꜡ CT ╩ ∫√⁹ │⁸ ⌐

⇔√ ╡≢№╢⁹ ╙ ─ 3 ♁ⱨ♩ TRI/3D -BON

ꜝ♩♇◒◦☻♥ⱶ◄fi☺♬▪ꜞfi◓ ╩ ™≡ ⇔√⅜⁸ │ 8B, C

⌐ ⇔√╟℮⌐⁸ ╩ ⌐ 1.5 mm ꜟ♃כ♩ 3.0 mm ╩

≤⇔≡⁸ ─ CT BMD ≢ 400 ─ ╩ ↕╣√ ≤⇔

≡ ⇔√⁹↕╠⌐⁸ ↕╣√ ─ ─ ╩ ∆√╘⌐⁸ ↕╣√

─ ⅛╠⁸ ─ ─ ─ ╩ ⇔ ™√ ╩ ≤⇔≡

⇔√⁹╕√⁸ ⌐ ↑╢ ╙ ─ ⌐╟╡⁸ ⌐ ↑╢

⅛╠ ╩ ™√ ╩ ≤⇔≡ ⇔√⁹ 

 

  

14 ─ ╩ ∆╢√╘⌐⁸ ≤ ⌐⁸

│Ɑfi♩Ᵽꜟⱦ♃כꜟ─ ⌐╟╡ ⇔⁸ ╩ ⇔ ⇔√⁹

⇔√ ╩ 4%Ɽꜝⱱꜟⱶ▪ꜟ♦ⱥ♪ PBS ≢ ⇔√⁹ ◦☻

♥ⱶ ┘ⱴ▬◒꜡CT◦☻♥ⱶ⌐╟╢ ─ ⁸EDTA -4Na 20% pH7.4

⌐ ⇔ ⇔√⁹◄♃ⱡכꜟ Ɽꜝⱨ▫fi ╩ ™⁸ ≢
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6 µm ─ ╩ ⇔√⁹ 

Ɽꜝⱨ▫fi ╩ Ɽꜝⱨ▫fi⇔√ ⁸0.3%▪ꜟ◦▪fiⱩꜟכ ⌐ 5

⇔⁸ ⱴ▬ꜘכ─Ⱬⱴ♩◐◦ꜞfi ⌐ 2 ⁸↕╠⌐ 1%◄○☺fi

⌐ꜟכ◖ꜟ▪ 1 ⇔√⁹◄♃ⱡכꜟ ⁸ ⇔√⁹ ⁸ ┘

│ ≤ ⌐ ∫√⁹ 

 

  

 ─ ─  

 8A ⌐ 8 ─ WT ⱴ►☻─ ⸗♦ꜟ─ ⁸4 ⁸7 ⁸10 ⁸14 ⁸

21 ⁸28 ─ ─ⱴ▬◒꜡ CT ╩ ∆⁹ ⌐ ─ ⌐

⅔™≡│⁸ ⁸ ⁸ ⁸ ⌐ ∆╢ ⅜ ⌐ ⇔⌂

⅜╠ ⇔⁸ ⅝ↄ ↑≡ 4≈─ ⁸з ⁸и ⁸й

⁸кꜞ⸗♦ꜞfi◓ ⁸⅜ ⁸ ⌐ ⌂╡ ™⌂⅜╠ ⇔≡™ↄ[17]⁹

╙ ⌐⁸↓─ ╩ ⇔≡⅔╡⁸ 14 ≢ ≤⌂╡⁸

∕─ ⁸ꜞ⸗♦ꜞfi◓⌐╟╡ ₁⌐ ⇔≡™╢⁹ⱴ▬◒꜡ CT ⌐╟╢

╙ 14 │ ⌐ ⇔≡⅔╡⁸ ⅜ ≢№╢↓≤⅛╠⁸

⌐╟╢ ⸗♦ꜟ─ ─ │ 14 ─ ╩ ∆╢↓≤≤⇔√⁹ 

9A⌐WT ┘Gli1
+/ī

 ⱴ►☻ 8 ─ ⸗♦ꜟ─ 14 ─
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╩ ∆⁹ ⸗♦ꜟ≤⇔≡─ ⅜ ⌂ ⁸ ⸗♦ꜟ ─Ᵽꜝ♠◐⅜

⅝ↄ⁸ ─ ╛ ─ ⅜╡╩ ∂⁸ ⌐╟╢

─ ⅜ ⇔ ↄ⌂╢⁹⇔⅛⇔⁸ 9A ─ ⅛╠⁸ ─ ⁸

─ │⁸╒╓ ≢№╡⁸ ⸗♦ꜟ ─ │ ≢№╢≤

⇔√⁹ 

9B│ 9A─ ⌐ ≠⅝⁸ ─ ╩↕╠⌐ ⌐ ∆╢√╘⁸

ⱴ▬◒꜡ CT ╩ ∫√⌐╟╢ ─ ╩ ∆⁹WT ⌐ ═≡ Gli1
+/ī

 ⱴ►

☻─ │ ↕™ ⅜ ╠╣╢⁹↓─ ╩ ⌐ ⇔

√ ⌐╟∫≡⁸ ─ ─ ┘ ╩ ⇔√ ╩

9C ⌐ ∆⁹ⱴ▬◒꜡ CT ⌐╟╢ ─ ⁸Gli1
+/ī─ │⁸

╙ ╙WT ⌐ ═≡ ─№╢ ╩ ∂≡™╢↓≤⅜ ≤⌂∫√⁹ 

 

 ─ ─  

 ─ ⌐ ™≡⁸ ◘fiⱪꜟ╩ ⇔⁸ ─

╩ ∫√ ╩ 9D ⌐ ∆⁹ │ ⌐ ⇔√Ⱬⱴ♩◐◦ꜞ

fiה◄○☺fi≤▪ꜟ◦▪fiⱩꜟכ─♄Ⱪꜟ ≢№╢⁹Ⱬⱴ♩◐◦ꜞfiה◄○☺fi

⌐╟∫≡⁸ ≤ ─ ⅜ ╩ ⅝ↄ ╗ Ɫכ♪ ≤

⇔≡ ↕╣⁸▪ꜟ◦▪fiⱩꜟכ ⌐╟∫≡⁸ ⌐│ ♁ⱨ♩
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⅜ ↕╣≡™╢↓≤⅜ ↕╣√⁹ⱴ▬◒꜡ CT ≤ ⁸WT ⱴ►☻≢

│Ɫכ♪ ⌐ ╕╣√ ⅝⌂♁ⱨ♩ ⅜ ╠╣╢─⌐ ⇔≡⁸Gli1
+/īⱴ►

☻─ ≢│⁸Ɫכ♪ ⁸♁ⱨ♩ ⌐ ⅜ ⇔≡™╢↓≤⅜ ╠⅛

≤⌂∫√⁹ 

 

  

⌐ ↑╢ ─ ⌐ ∆╢Gli1 ─ ╩ ∆╢√╘⌐⁸

─ ™ⱴ►☻ ⸗♦ꜟ╩ ⇔⁸∕─ ─ ╩ ─

≢ ⇔√⁹ │⁸ⱴ▬◒꜡ CT ─♃כ♦ ⌐╟╢ ─

┘ 1.5 mm 3.0 mm ─ ─ 2 ─ ⌐╟

∫≡ ⇔√⁹∕─ ⁸ ╙ ╙ ╩ ∫≡⁸Gli1
+/ī

 ⱴ►☻─

│ ↕™↓≤⅜ ╠⅛≤⌂∫√⁹ 

↕╠⌐⁸ ─ ⁸Gli1
+/ī

 ⱴ►☻≢│⁸Ɫכ♪ ⁸♁ⱨ♩ ⌐

⅜ ⇔≡™╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

─ │⁸ ≤™℮ ⌐ ™≡╙ Gli1 ─ │ ⅝ↄ⁸Gli1

⌐╟╡⁸∕─ ⌐⅔↑╢ ⁸ ┘ ─ ⅜ ∆

╢↓≤⅜ ↕╣√⁹ 
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