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ȓɒ 

� ȗƣ2, 7-G.1ȇȥ�Ɓ�+�BňĬǼF�Ŋ-�&ɭȃFȗƣȱ�êAþG'Ɣ

ɸF=*ȇȥĬùĞ,�A, ɾÙŏ1ȗƣ-ʞɾÙŏ1ȗƣ��B. ɾÙŏ1ȗƣ2, ȂĚ

ȇȥ1?�0ȇȥ1ŦɺÖFǇ:É!, =��2Ȣ�@ȁƮ>ȇȥƾFʗæ!B?�/ȇ

ȥĒƮFÙ�!-�)&ƗȧFƁ�+�B. �C0Ĩ�+, ʞɾÙŏ1ȗƣ2, �ƙȗƣ-

=ö3C, à©,2ǮÙ!B�-�/�, ȇȥõþ1ĒʄǆĎ=��2ȇȥ�@1]Vl

�F¦ʀ!BI�hl-�+1ƗȧFƊ&�+�B (Pedersen, et al., 2016, Spasic and Jacobs, 

2017). �ƙȗƣ1ŀŘ2, ȇȥõƂ0��BG0/G1Ƃ51ǮɃ0?A2 <+ʎė!B-�

)&ȇȥõƂ-1ʐɹŏ�ɿæ0ċô�C+�B (Sanchez and Dynlacht, 2016). �ƙȗƣ1

ƛĲ/ŀŘ>Ɨȧ2, ƛĲ/ùĞǖǇ>$C@1ŐĲŏ1ȏŠ0ŋɋ�íƘ,�B-�C, 

�ƙȗƣ1ŀŘ�?4ƗȧǐĲ2, ēšǕ, ēǖŏúȥȫ, Ãȳɶ§>Ȑȱđŏ/.ĶǾþ

0E&BǓŒ-ʐɹ�+�A, �C@1ǓŒ2ȑ + “ciliopathies”, *9A�ȗƣǔ�-ǭ

�C+�B (Reiter and Leroux, 2017).  

  ʯƏ0ʐɹ�&ȗƣǔ1ǔŖ-�+, Ȧʅ¨ŀŘ, ûȠǣȖ�?4ēšǕ�Ţ�@C, ʐ

ɹ!BǓŒ-�+2, ǣȞʯēšǕµȚ (short-rib polydactyly syndromes), ǵőŏȦʅ^_

j�vJ� (asphyxiating thoracic dystrophy), Ellis-van CreveldǕµȚ, ʤȿĒȤȻǐŀŘǕ 

(cranioectodermal dysplasia) -�)&ʯȄȌǓŒ�Ǣ@C+�B (Zhang, et al., 2018). �ƙ
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ȗƣ1ŀŘǐĲ,2, ¦ʀ!B×ɋ/]Vl��ȇȥǰ0?Aǐ/B�->, ¦ʀ�CB

]Vl�1q��_/.�đÜ!B�-�@, ³
1ǓŒ1ɅǄą2ʮ�7.q�NhJ

�0ĥG,�B. ɿæ0ċô�C&ʯƏ0ʐɹ�&ȗƣǔʐɹʃ¦Ě1ē�2, �ƙȗƣ

1ŀŘ>ƗȧȏŠ0��BĊǛFŞ�, ȗƣÃ5ëģ©>ȗƣ1ƔŘd�rUǺFɯɵ!

BȗƣÃɯɵ (Intraflagellar transport: IFT) ]_h�0ʐɹ�&d�rUɧFY�k!Bʃ

¦Ě,�B . 9& , ĊĸĬ©  (Basal body) d�rUɧFY�k!Bʃ¦Ě  (Reiter and 

Leroux, 2017) >, ȗƣ1ʯƏ-�+¹�f��w��FŀŘ!B�ŊĬ©�â<Bǀƞ/

ȇȥɧ~j�U_1ŀŘǐĲ,ʯƏŀŘ0ǐĲ�ÉB­/.=ċô�C+�A (Reiter and 

Leroux, 2017, Watanabe, et al., 2019), �Ń�@0ȗƣ�ʐɹ!BʯȄȌǓŒ�ď�+��=

1-ōECB. 

  �ƙȗƣ2��vOX�/.1]Vl�F, ȗƣȱ0Įā!BǀǐǗ/ëģ©F��+, 

ȇȥÃ0¦ʀ�+�B. $1�,ſ=¡ɅǗ/=1�, ƛĲ/ʯŀŘ0�íƘ,�B-�

CByg^|gV]Vl�,�B (Bangs and Anderson, 2017, He, et al., 2017, Yang, et al., 

2015). yg^|gV]Vl�2, $1�R�k� Patched (Ptch) -ö3CBȇȥɅʟ1ëģ

©0ȋð!B-�D�@ʎė�C, PtchF�ā�+śÑ�C+�& Smoothened (SMO) 1Ɨ

ȧFƪŏÜ�#B. $1ȋƊ, ȗƣ1ȱ�0�)& Ptch2, yg^|gV]Vl�1nRh

Jw�T���d�-�+Ɨȧ!BP�vH�ëģ©,�B Gpr161 =ó<+, ȗƣĒ5Ǯ
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Ù!B. ƪŏÜ�& SMO2ȗƣÃ5ǮÙ�, Suppressor of Fused (Sufu) d�rU1«ǉFś

Ñ!B�-,, yg^|gV]Vl�1�ƫýĚ,�B glioma-associated oncogene homolog 

(GLI) d�rUFƪŏÜ�#B. �ŷ, yg^|gV�R�k�/�Ž2, GLI d�rU2

ȗƣÃ1Sl�b0?B��ʈÜ1²ʪFë�B�-,ʄÊǗ0Ëŵ�C, ɬÄƪŏÜʄ

§FƘȺ�&ǁŖ,ƎÃ0ǮɃ�, ]Vl�¦ʀFǱƓǗ0śÑ�+�B (Kong, et al., 

2019). *9A, �ƙȗƣ2yg^|gV]Vl�1¦ʀFʎė!BČ,=�A, ɶ0�R

�k�/�Ž2]Vl�FĿ�śÑ!BČ,=�B.  

� Krüppel-Like Factor 4 (KLF4) 2, zinc fingerdKx1ɬÄýĚ,, ©Ʌ�Ǚ>ƭÜǼ�Ǚ

ʳÃǙʴ1ǖǇ0ŋɋ�íƘ,�B (Shields, et al., 1996, Ton-That, et al., 1997). KLF42�Ǚ

>ÃǙ1ÊÜ1ɺG'ȇȥ0ē�ǖǄ�+�A, �C@1ȇȥ1ȇȥõƂFƚ<B-ñŽ

0ſȈÊÜ0ŋʢ1łÕFŞ�. KLF4 ʃ¦ĚƘũ~L_2ǙȰ1q�IƗȧŀŘ�ƃƻ,

�B&<, ǇŃ!�0ƓĹ1ȪƤǁŖ-/A, 24Žʏ¢Ã0ȵƝ-/B (Segre, et al., 1999). 

9&, ȯǼ,2ƈȇȥ1ŀŘ�ɍ@C/� (Katz, et al., 2002). �ŷ,, KLF42 iPSȇȥFɜ

ī!B&<1 4ýĚ1�*-�+=Ǣ@C+�A (Takahashi and Yamanaka, 2006), �1Č

ð2©ȇȥFÍƂÜ, !/E(ƃÊÜ/ǁŖ5ɜī!BýĚ-�+«ǉ!B. KLF4 �ȇȥ

FÊÜ�#Bŷò0¹��, 9&2ƃÊÜ/ǁŖ0ī��2, ƎÃ,«ǉ!Bʛ1U�~

f�1ǁŖ>ÂǖǄ!B 1ɬÄýĚ, ɬÄÂłýĚ-1ȉ:ðE#,ƥ9B-ōECB 
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(He, et al., 2015). KLF42ƛĲ/ʯƏ1ǖʀ0=ʐ��+�A, ʯȸȇȥ1ÊÜFśÑ�+

�B�-�Ǫ�C+�B (Michikami, et al., 2012, Kim, et al., 2014). ʯȸȇȥ0��+ǀǐ

Ǘ0 KLF4 FɿÔǖǄ!Bj��_^MmgU~L_ (Col1a1-Klf4 j��_^MmgU~

L_; Michikami, et al., 2012) ,2, ʤȿÅ0��BǥƹÜ�ȶ, ʍǼʯ0��BǥƹÜʣĈ

1ǣȖ>ɂǼ¯À1Ĕĳ/ɼļ-�)&, ȱŏʯÜ-ɫʯÃʯÜ1ǐĲ0ɩý�&ʯƏǖ

ǇǐĲ�ɍ@C, ʯȸȇȥ0��BKLF41ǖǄ1Ʋľ�ƛĲ/ʯƏ1ǖʀ0Ɠ<+ʉɋ,

�B�-�Ǫø�CB. ���/�@, $1ɚȇ/Ɨķ2�ż,�B. ĉʫȇȥ,2, ȇȥ

1ďƟF·ƚ�#B- KLF41ǈǇ�ɜī�C (Shields, et al., 1996), 9& KLF41ǖǄFȇ

ȥ0±!-, ȇȥ1Êɇ2·ƚ!B (Shie, et al., 2000) �-�Ǫ�C+�B. �@0, KLF4

1ȇȥõƂFśÑ!BƗȧ2, Ȕȏȸȇȥ>ȯ�Ǚȇȥ-�)&ēİ0E&Bȇȥ0��

+:@CB (Chen, et al., 2001, Dang, et al., 2003). $1&<, �ƙȗƣ-ȇȥõƂ-1ʐɹŏ

�@, KLF4��ƙȗƣ1ŀŘ>ŀŖ0ʐ��+�B�-, �@02KLF4-yg^|gV]

Vl�1ʯŀŘ51ʐɹŏ�@, KLF4 ��ƙȗƣ1]Vl�0ŁʠF��+�B�-�ț

�@CB. $�,, ƄǦǲ,2ʯȸȇȥ0��+, KLF4 ��ƙȗƣ1ŀŘ>ŀŖ/@40

ȇȥõƂ, 9&�ƙȗƣ0��B]Vl�F��&ʯŀŘ0Łʠ�+�B-1£ɞFǶ+, 

$C@0*�+ƒɗFɃ)&. �@0, ɬÄýĚ,�B KLF4 1ØƊF¦�, ʯȸȇȥ1Ê

Ü0ʐ°�+�Bíȧŏ��Bʃ¦Ě1ñğFə:&. 
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ƅŴ/@40ŷƧ 

  ƄĠʭ2, ĔʒĔĜĔĜʖƜĜǦǲǬÙƿĠʭĘ÷¥1ħƌ�Śɛ (ŚɛǏîʶÙƜ

-27-001-0, ÙƜ-27-007-0), ĔʒĔĜʃ¦Ěȉŧ�ĠʭĝÁĘ÷¥1ħƌ�Śɛ (ŚɛǏîʶ

#4080)1=-0Ƀ)&. 

 

KLF41�ƙȗƣ1ŀŘ-ȏŠ0Ĩ!BŁʠ 

� ʯȸȇȥ1ɟɉ 

� ʤȿÅǊƇ1Í¡ʯȸȇȥ2, ǇŃǝŃ1 ICRȄ~L_�@Ťê�&. Ġ©ʧňʌ�,Ť

ê�&ʤȿÅF, 1 mg/ml Y�Xl�b (Wako Pure Chemical Industries, Osaka, Japan), 2 

mg/ml iJ_r�b (Thermo Fisher Scientific, MA, USA) Fó;Ʒȹ��ʈȕɄʩčƤ 

(PBS) Fǉ�+ 37� 20Ê, 5üÈǅ�&. 1üǜ1Èǅ,Ņ@C&ƶƮ�@1ȇȥ2ǧƐ

�, $1Ń1Èǅ,Ņ@C&ƶƮ�@ȇȥFüé�&. üé�&ȇȥ2, 10% L]ȣ�ɂƱ 

(FBS, Thermo Fisher Scientific) �?4 10 mg/ml {m]�� /_j�xj~K]� 

(Sigma-Aldrich, St. Louis, MO, USA)Fư×�&�-MEM (Thermo Fisher Scientific) 0+, 37�

,K�S�z�j, [wY�v�N�j9,ĉʫFɃ)&. ĉʫ�&ȇȥ2, ȇȥŰFƴğ

�, Banbanker freezing solution (Wako Pure Chemical Industries) 0+Æȋ�#B�, ǝťĠʭ

0¬ǉ�&. !6+1ĉʫĠʭ2, ȍ¡ 2¡ǜ1ʯȸȇȥFǉ�+Ƀ)&.  
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� �j�LK�_1«ɉ-ʯȸȇȥ51īÀ 

� ȒȷɁ¾d�rU (green fluorescent protein: GFP) �?4 KLF4d�rUFǖǄ!B�j

�LK�_2, pMX-GFP, pMX-KLF4 (Addgene, Cambridge, MA, USA) F¬ǉ�&. LK�_

Ʈ1ɟɉ, ʯȸȇȥ51ŕƋ2 Takahashi@1ŷƧ (2007) 0ń�Ƀ)&. 6 well1ȇȥĉʫ

ǉiJg]� (Thermo Fisher Scientific) 0 1	106 cells1rgW�^�Vȇȥ (plat-Eȇȥ) 

Fu���~K]��w�_j]^�Fư×�+ūǰ�, 37�,�žĉʫ�&. ScreenFect A 

(Wako Pure Chemical Industries) Fǉ�+, pMX-GFP, pMx-KLF4F plat-Eȇȥ0ʃ¦ĚīÀ

�, 6 ŽʏK�S�z�]���&. $1Ń, ĉĂF 10% FBS ư× DMEM ĉĂ0�ŧ�, 

37�,ȅ 36Žʏĉʫ�&=1FvJ�d�Èǅ�, }�w��ƶƮ (4 µg/ml)Fư×�&=

1F�j�LK�_Ʈ-�+¬ǉ�&. [wY�v�N�j0ʀ�&ʯȸȇȥ0, ɟű�

&�j�LK�_ƮFư×�, 37�, 4 ŽʏĉʫFɃ)&. $1Ń, �1ĉʫƮ0LK�_

Ʈ-Ǻʋ1ĉĂF×�, 37�,�žĉʫ�, Ŷ��ĉĂ0�ŧ, Y�v�N�j0ʀ!B9

,ĉʫ�&. ŕƋØǃ2 GFP 1Ɂ¾0?)+Ǩɛ�, 9&LN_d�w�ghJ�V0?

)+KLF4d�rU1ǈǇFǨɛ�&. LK�_Ʈ1ɟű0ǉ�&ĉʫǚ>fgx2P�j

U��wƷȹŃ0ĻƐ�&. 
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� �ƙȗƣ1¿ǒȇȥƋȷ�?4ğʋÜ 

� Òɳ1řƧ,ĉʫFɃ)& GFP, KLF4 FǖǄ!BʯȸȇȥFǉ�+, �ƙȗƣŀŘ51

ŁʠFƒɔ!B�-FǜǗ-�+, ƙ1 3*1Ɔ¤,ĉʫFɃ)&.  

1) 72hrs; 72ŽʏĉʫƮF�ŧ#"0ʯȸȇȥFĉʫ.  

2) FBS starved; ʯȸȇȥF 48ŽʏĉʫŃ, 24ŽʏɂƱFʗæ�+ĉʫ (�ƙȗƣ�ŀŘ�

CB?�0±�&Ɔ¤).  

3) FBS recovered; ʯȸȇȥF 48ŽʏĉʫŃ, 21ŽʏɂƱFʗæ�, $1Ń 3ŽʏɂƱóƁĉ

Ă,ĉʫ (�ƙȗƣ1ɴȖ�Ǉ B?�0±�&Ɔ¤). 

� Òɳ1ĉʫƆ¤,, ĉʫFɃ)&ȇȥF PBS ,ƩƬ�,� 4% r�|��I�i±kFǉ

�+ġƳ0+ 15 Êʏÿğ�&. ÿğ�&ȇȥ2 PBS 0+ƩƬ�, ¿ǒɁ¾ƋȷFɃ)&. 

¿ǒɁ¾ƋȷFɃ�ʛ02, PBS�0+ 0.3% Triton X-100Fǉ�+, 10ÊʏÈǅ�, 5% ƛĲ

�TɂƱ (Vector Laboratories, Burlingame, CA, USA) Fǉ�+ 1Žʏw�gS�VFɃ)&. 

�ƙȗƣ1Ǩɛ02ŜIaf�Ü�f��w��~L_�oU��l�Ŝ©  (Abcam, 

Cambridge, MA, USA, ab24610; 1:750) F�ƙŜ©-�+¬ǉ�, �ƙŜ©-�+ Cy3Ɩɣ�

TŜ~L_¿ǒV�w�� G (Abcam, ab97035; 1:500) 0+èŌ�#&. Ǝ2 1 µg/ml 4’, 

6-diamidino-2-phenylindole (DAPI; Sigma-Aldrich) 0+ 15 ÊʏèŌ�#&. əŴFɁ¾ʧň

ʌ (Axioskop 2 plus microscope, Carl Zeiss, CA, USA) 0+ɏĦ�, Axio VisioncvjLMI 
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(Release 4.6.3) F¬ǉ�+ǌºFêŅ�&. Ņ@C&Ɂ¾ƋȷǌºFǉ�+, ȇȥƎ0ɲť

�kgjǁ0Ƌȷ�C&=1F�ƙȗƣ-Îŵ�, ȗƣFŀŘ!BʤȿÅǊƇ1ʯȸȇȥ

1ÕðFƴğ�&.  

 

	 ɨƌąʝĚʧňʌ (Scanning electron microscope; SEM) 0?B�ƙȗƣ1ʍ�1ƴğ 

� ʯȸȇȥF, 24 well1ȇȥĉʫx��j�1 Cell Desk LF1 (Wako Pure Chemical Industries) 

�,Òɳ1Ɔ¤,ĉʫ�, 2% |��I�i±k�?4 2.5% V�d�I�i±kFǉ�+

ÿğFɃ)&. Ȏ�+, 1% ûʈÜP_�L�,Ńÿğ�, $1Ń 1% d�m�ʈ- 1% û

ʈÜP_�L�ƶƮFǉ�+Ƌȷ�&. əŴF, Ndo��Fǉ�&ȴǍƺ�ƽƧ0?)

+�ƽ�#, ǟǳȽǠƧ0?AûʈÜP_�L�,ɆɌ�, S-4800 ʝǍɨƌąʝĚʧňʌ 

(Hitachi High-Technologies, Tokyo, Japan) ,ɏĦ�&. �ƙȗƣ1ʍ�F, Ņ@C& SEMǌ

º�@ Image J software (version 2.3.77) Fǉ�ƴğ�&. �ƙȗƣ1ʍ�1ƴğ0ǉ�&=

12íȧ/ʕAƤĴ0ɲ�Ȕǁ1=1,�A, $1Ċĸʄ�@½Ƿʄ9,1ȗƣ1�ĕʄ

1ʍ�Fƴğ�&. 

 


 KLF41ʯȸȇȥ0��BȇȥõƂ51Łʠ 

  GFP=��2KLF4FǖǄ�#&ʯȸȇȥFüé�, 70% Ndo��0+I�Y��ÿğ
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FɃ)&. $1Ń, RNaseÈǅFɃ�, propodium iodide0?B DNAƋȷFɃ)&. ȅ 2�³

1ʯȸȇȥ0Ĩ�, BD FACSAria IIIʳBD bioscience, NJ, USAʴFǉ�+, ȇȥõƂɑƉFɃ

)&. 

 

� Ǉ©0��B KLF41�ƙȗƣŀŘ0Ĩ!BŁʠ1ɑƉ 

  Col1a1-Klf4j��_^MmgU~L_ (Michikami, et al., 2012) 1�ȭʯËƾFɑƉ0¬

ǉ�&. ʊǇą�?4 TG~L_ï 3³©�@ȉαFŤê, r�vJ�ÛĆ�&Ń, ã�

7µm1ȉαËƾF«Ř�, �ȭʯɲ§ʄ1�ɐǻȀʟäĊFó;ɫʯȱ�@ʯȱ0ǮɃ!

Bʄ§0¿ǒȉαƋȷFŸ�&. ŜäɦƪÜ2UN�ʈlj�L�ȕɄƮ (pH 6.0) =��

2 1mM EDTAFó; 10mM Tris (pH8.0) 1�,ËƾF, 100�, 10Êʏ×ƼÈǅ�+Ƀ)&. 

Ȏ�+, j�_ȕɄƤƶƮ (TBS) 0+ƩƬŃ, 5% ƛĲ�TɂƱ (Vector Laboratories) 0+

1Žʏw�gS�VFɃ)&. �ƙŜ©-�+ŜIaf�Ü�f��w��L[T�oU�

�l�Ŝ© (Abcam, ab179484; 1:1000), Ŝ KLF4L[T}�U��l�Ŝ© (GeneTex, LA, 

USA GTX101509; 1:1000) F¬ǉ�, ġƳ0+ 16ŽʏK�S�z�]��FɃ)&. $1Ń, 

ŜKLF4Ŝ©FèŌ�#&Ëƾ2 0.3% ɿʈÜƤȆ0+Ãāŏ{�PS]e�bF�ƪÜ�, 

2ƙŜ©-�+ HRP-conjugated streptavidin (Thermo Fisher Scientific) -èŌ�#, ƒÉǉĊ

ɧ-�+ 3,3`-diamino- benzidine (DAB) F¬ǉ�, íɎÜ�&. ǖȷŃ, ƋȷËƾFNP^
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�0+ĨƢƋȷ�#, ȪƤÈǅFɃ�ĩÀ�&. ¿ǒɁ¾Ƨ1ʛ02, Ɂ¾Ɩɣ�ƙŜ©-

�+ FITCƖɣ�TŜL[T¿ǒV�w�� G (Abcam, ab6717; 1:500) FèŌ�#&Ń, Ǝ

F DAPI0+Ƌȷ�, Qq�R�_,ĩÀ�, Ɂ¾ʧňʌ0+ɏĦ�&. 

 

KLF40?Byg^|gV]Vl�51Łʠ1ɑƉ 

� ĉʫʯȸȇȥ0��B�I�dK� PCRFǉ�& Gli1, Ptch11 mRNAʋ1ƴğ 

� GFP, KLF4FǖǄ!Bʯȸȇȥ0��+, Gli1, Ptch11 mRNAʋ2�I�dK� PCRƧ

Fǉ�+ƴğ�&. �I�dK� PCR 2, Mini Opticon Real-Time PCR System (BIO-RAD 

Laboratories, Hercules, CA, USA) F¬ǉ�, əɀ2 THUNDERBIRD SYBR qPCR mixr Toyobo, 

Osaka, Japan  ɹFǉ�+Ƀ)& (Abe et al., 2010). ɑƉ2ΔΔCtƧFǉ�+Ƀ)&. �@0, �

ƙȗƣ1ŀŘ0ŋʢ-�CB Ift88d�rU (Boehlke, et al., 2015) F siRNAFǉ�+ogU

eL��#, LM_d�w�ghJ�V0+d�rU1ǖǄFǨɛ�&. �@0, �ƙȗƣ

1ŀŘFʓĢ�&ʛ1 Gli1, Ptch11 mRNA1ǖǄʋ, 9& SMOIZm_j (SAG) ư×Ž

1 Gli11ǖǄʋ=ñƕ1řƧ,ƴğ�&. 9&, ƄǦǲ,¬ǉ�&x�K~�2 Table 10

Ǫ!. 
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� ĉʫʯȸȇȥ1ǥƹÜƋȷ, ʃ¦ĚǖǄɑƉ 

� KLF4 0?Bʯȸȇȥ1ǥƹÜ1śÑØƊ51 SAG 1ŁʠFɟ6B&<, I�\���

gkƋȷFɃ)&. GFP, KLF4F$C%CǖǄ�#&ʯȸȇȥF, DMSO (SAG1ƶę-�+

¬ǉ) �?4 SAGFĉĂ0ư×�&ǁŖ,ĉʫ�, 10% �ŏȕɄ|�~��Fǉ�+ÿğ

Ń, 2üȽǎƤ0+ÝÊ0ƩƬFɃ)&. 2% Alizarin Red S (Wako Pure Chemical Industries) F

30ÊʏèŌ�#, 2üȽǎƤ0+ÝÊ0ƩƬFɃ�, 70% Ndo��0+ȪƤŃ�ƽ�#&

Ń0_S�l�,ǌº1êAɱ:FɃ)&. ʯȸȇȥʃ¦Ě1ǖǄɑƉ2Òɳ1�I�d

K� PCRƧFǉ�+Ƀ)&. 

 

KLF40?Bʯȸȇȥ0��Bʃ¦ĚǖǄɑƉ 

� ~KU�I�KɑƉ1&<1Á RNAɟɉ�?4ʃ¦ĚǖǄɑƉ 

  ĉʫŃY�v�N�j0ʀ�& 2 źŃ0~L_ʤȿÅǊƇ1Í¡ʯȸȇȥFǉ�+~K

U�I�KÊƉFɃ)&. Cy3-labelled cRNAFŵƾÜ�, SurePrint G3 Mouse GE 8	 60 K 

V.2~KU�I�K (Agilent Technologies, Santa Clara, CA, USA) 0pKw�eK`�#&. 

_�Kk2 1 ȷ_S��ɖğF¬ǉ�+, Agilent SureScan ~KU�I�K_S�l�

(G2600D) ,Ƀ)&. ǀǐǗ0ǖǄ�ď×=��2Ʋĭ�&ʃ¦ĚF DAVID P��K��

c�_ (https://david-d.ncifcrf.gov) 0Igx��k�+ʃ¦ĚP�j�^� (GO) ƸȖÊƉ
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FɃ� , ȊɪƸȖF Kyoto Encyclopedia for Genes and Genomes (KEGG) i�dz�_

(https://www.kegg.jp) Fǉ�+ɘ®�&. 

 

� ~KU�I�KÊƉ0?)+ɍÉ�C&ʃ¦Ě0?Bʯȸȇȥ1ǥƹÜ, yg^|gV

]Vl�51Łʠ1ɑƉ 

� � ~KU�I�KÊƉ1ȋƊ�@, ȗƣ1ŀŘ>yg^|gV]Vl�, ʯȸȇȥ1Ê

Ü0ʐ°�+�Bíȧŏ��Bʃ¦ĚFʂŝ�&. ʂŝ�&ʃ¦ĚFǖǄ!B�j�LK

�_F«ɉ, ĉʫʯȸȇȥ0īÀ�, �ɕ-ñƕ1řƧ,, ʯȸȇȥ1ǥƹÜ0Ĩ!B«ǉ, 

yg^|gV]Vl�51ŁʠFɟ6&. 

 

ȌɓÊƉ 

� ĠʭȋƊ2ĴĄ¶�ƖƵɝı-�+Ʌɕ�&. 2Țʏ0Ĩ�+ȌɓĜǗƒğFɃ�Čð2, 

Student’s tƒğFǉ�+ƢɮFɃ)&. 3Țʏ¢�1ƒğ02, Rǉ1V�vJgU��\�

K�d�vM�_,�B EZRF¬ǉ�, �¼ʆșÊŮÊƉ (ANOVA) FɃ)&Ń, Tukey’s 

post-hoc testFɃ)& (Kanda, 2013). ƁŔƤƵ2 P<0.05-�&.  
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ȋƊ 

KLF41�ƙȗƣ1ŀŘ-ȏŠ0Ĩ!BŁʠ 

� �j�LK�_]_h�Fǉ�+, GFP=��2 KLF4FǖǄ�#&Í¡ʯȸȇȥF 72

ŽʏĉʫƮ1�ŧFɃE"0ĉʫ� (Fig.1 a-c, Fig.2 a), ŜIaf�Ü�f��w��Ŝ©

0?B¿ǒƋȷFɃ)&. ȗƣFŀŘ�&ʯȸȇȥ1Õð2, Y�j���1ʯȸȇȥ 

(Fig.1  a, c; GFP 40.2�10.2ʲ) -Ƣɮ�+ KLF4FǖǄ�#&ʯȸȇȥ (Fig.1 b, c; KLF4 

67.3�2.5%, P < 0.005) 0��+ƁŔ0ʰ�)&. KLF4Fʯȸȇȥ0ǖǄ�#&-�1�ƙ

ȗƣ1ʍ� (Fig.2 a; KLF4 1.10�0.63µm) 2, Y�j���1ʯȸȇȥ0��B�ƙȗƣ1

ʍ�-Ƣɮ�+ƁŔ0ǣ�)& (Fig. 2 a; GFP 2.03�0.84µm, p < 0.005). Ȏ�+, ɂƱFʗæ

�&ǁŖ,ſŃ1 24ŽʏĉʫFɃ�, �ƙȗƣ1ŀŘ�±�CBƆ¤-�&Čð02, ȗ

ƣFƁ!Bʯȸȇȥ1Õð2, Y�j��� (Fig.1 d, f; GFP 79.5�6.8%) - KLF4FǖǄ�

#&ʯȸȇȥ (Fig.1 e, f; KLF4 77.6�1.8%) -,ñǯĹ,�)&. 9&, �1ĉʫƆ¤0�

�BȗƣFŀŘ!Bȇȥ1Õð2, ĉʫƮF�ŧ#"0 72Žʏĉʫ�&Čð-Ƣɮ�+, 

Y�j���- KLF41ǈǇF±�&ʯȸȇȥ1�ŷ0��+, �Ż�ɍ@C& (Fig.1 f). 

���/�@, ĉʫʯȸȇȥ1Ʌʟ0ɛ<@C&ȗƣ2, Y�j���1ʯȸȇȥ (Fig. 2 

b; 2.11�0.79µm) -Ƣɮ�+ KLF4FǖǄ�#&ʯȸȇȥ (Fig. 2 b; 1.18�0.50µm, P<0.005) 

0��+ƁŔ0ǣ�)&. ɂƱʗæŽʏF 21Žʏ-�, 10% FBSFóƁ!BĉĂF 3Žʏ×
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�, �ƙȗƣ1ɴȖ�Ǉ >!�Ɔ¤,ĉʫ!B-, ȗƣFŀŘ!Bȇȥ1Õð2, Y�j

��� (Fig. 1 g, i) 0��+ 59.8�6.0%,�)&�, KLF41ǖǄF±�&ȇȥ (Fig. 1 h, i) 

,2 67.4%�1.2%,�)&. ȗƣ1ʍ�2, Y�j���1ȇȥ (Fig. 2 c; 1.80�0.70µm) -

Ƣɮ�+, KLF4FǖǄ!Bȇȥ (Fig. 2 c; 1.21�0.40µm) ,2?Aǣ�)&. �"C1ĉʫ

ŷƧ0��+=, GFP�?4 KLF41ǖǄF±�&ʯȸȇȥ0��B�ƙȗƣ1ŀŖ278

ǝȔǗ,�A, ½Ƿ�Ȳ@G'?�/ƔɸǐĲ2ɍ@C/�)& (Fig.2 a-c). 

 

KLF41ʯȸȇȥ0��BȇȥõƂ51Łʠ 

  GFP=��2 KLF4FǖǄ�#&ʯȸȇȥFüé�, ȇȥõƂɑƉFɃ)&. X�hJ�

V0?)+ʂÏ�C&ʯȸȇȥ�0��BïõƂơ1ȇȥ1ÕðFɟ6&-�D, KLF42

ʯȸȇȥ1ȇȥõƂ0Ĕ�/ŁʠF��/�)& (Fig. 3). 

 

Ǉ©0��B KLF41�ƙȗƣŀŘ0Ĩ!BŁʠ 

  ʯȸȇȥ, KLF4FǖǄ�#& Col1a1-Klf4j��_^MmgU~L_1�ȭʯËƾFǉ

�+, Ǉ©0��B KLF41ȗƣŀŘ0Ĩ!BŁʠFɟ6&. KLF42ȣǇ 16.5źʱ1ʊǇ

ą~L_1ʯȱ�?4ɫʯȱ0��+ľ�ƒÉ�C& (Fig. 4a). �ŷ, Col1a1-Klf4j��_

^MmgU~L_0��Bʯȱ1ʯȸȇȥ0��+ KLF41Ŀ�ƋȷèŌ��)& (Fig. 
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4b). Iaf�Ü�f��w��1¿ǒƋȷ0?)+�ƙȗƣFƒÉ!B-, Col1a1-Klf4j

��_^MmgU~L_0��+ȗƣFŀŘ!Bȇȥ1Õð�ʧȼ0ď×�& (Fig. 4c; ʊ

Ǉą~L_ 20.7�0.03%, 4d; j��_^MmgU~L_ 36.9�0.06%, P < 0.05). 

 

ʯȸȇȥ0��B KLF41yg^|gV]Vl�0Ĩ!BŁʠ 

� yg^|gV]Vl�2�ƙȗƣ0Įā!Bëģ©0�R�k�ȋð!B�-,¦ʀ�

CB. KLF42ǀ0ȗƣ1ʍ�51«ǉ�ɍ@C&&<, Gli1, Ptch11mRNAǖǄʋF�I�

dK� PCRƧ0+ƴğ�&. ʯȸȇȥ0��+, Gli11ǖǄ2 KLF40?)+śÑ�C& 

(Fig. 5a). �ŷ, Ptch11ǖǄ2ď×¸òFǪ�& (Fig. 5b). ȗƣ1ŀŘF Ift88d�rU1o

gUeL�0?AśÑ!B-, KLF40?BGli11ǖǄ1¨�2ď×0ɬ & (Fig. 6). ƙ0, 

GFP- KLF4FǖǄ�#&ʯȸȇȥ0��+, SMOIZm_j (SAG) ư×Ž0yg^|g

V]Vl��ɜī�CB�.��0*�+ɟ6&-�D, Gli1- Ptch12�"C1ʯȸȇȥ

0��+=, ǖǄ1�Ż�ɛ<@C& (Fig. 7). �@0, ƄǦǲ,2 GliF�ā�&ɬÄFƪ

ŏÜ�#B�-,, ʯȸȇȥ1ǥƹÜ0Ĩ!BKLF41śÑØƊFüŇ!B�-�,�B�

.��Fɟ6&. KLF4FǖǄ�#&ʯȸȇȥ0��+ɛ<@C&ǥƹÜ1śÑ2, SAGF

ư×!B�-,ǥƹÜ1üŇ�ɍ@C& (Fig. 8a). 9&, ʯȸȇȥʐɹʃ¦Ě1ǖǄ0Ĩ!

B SAG1ŁʠFɟ6&-�D, Alp�?4 Sp71ǖǄ2-=0, KLF40?AśÑ�C&�, 
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SAGư×Ž02, ǥƹÜ1üŇ-Ǟʐ�+, �C@1ʃ¦ĚǖǄ�ď×�& (Fig. 8b).  

 

KLF40?Bʯȸȇȥ0��Bʃ¦ĚǖǄɑƉ 

� ʯȸȇȥ0��+, ɬÄýĚ,�BKLF4��ƙȗƣ1ŀŘ0«ǉ�+�Bíȧŏ1�B

µɈÊĚFñğ!B&<0, KLF4FǖǄ�#&ʯȸȇȥ1ÛşǗ/ʃ¦ĚǖǄɑƉFɃ)

&-�D, ǖǄ1đÜ!Bʃ¦Ě� 1400¢�ɍÉ�C& (Fig. 9a). KLF40?A 809ǰʨ1

ʃ¦Ě� 2´¢�ď×�, $�+ 676³1ʃ¦Ě�ÞÊ¢�0śÑ�C&. GOɑƉ0?A

KLF40?)+ǖǄđÜ!Bʃ¦Ě02, ȇȥĒʣĈ>ȇȥȱ, $�+ȇȥťǠ0ʐɹ�+

�B=1�ē�ɍ@C, $1�ʄ0ȗƣŀŘ-ʐɹ!BýĚ�ó9C+�B-ț�@C& 

(Fig. 9b).  

 

KLF40?)+ɜī�C&ƎÃëģ©,�B Pregnane X receptor (Pxr) 1ʯȸȇȥ1ǥƹÜ

0Ĩ!BŁʠ 

  KLF40?)+ɜī�C, ʯȸȇȥÊÜ0Ĩ�+ KLF4-ñƕ1ØƊFǖŨ!Bíȧŏ1

�Bʃ¦Ě1ñğFə:&. ~L_Ȥ0��Bj��_U�xj��i�dz�_,�B

EurexpressFÐǉ�, µɈʃ¦Ě�Ǉ©,ʯȇȥ0ǖǄ�+�B�.��Fɟ6&

(http://www.eurexpress.org/ee/). �1��@ȗƣ1ŀŘ>yg^|gV]Vl�, ʯȸȇȥ1
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ÊÜ0ʐ°�+�Bíȧŏ��Bʃ¦ĚFʂŝ�, ʯȸȇȥ1ǥƹÜ0Ĩ!B«ǉFɟ6

&. ʂŝ�&ʃ¦ĚFǖǄ!B�j�LK�_F«ɉ�, ĉʫʯȸȇȥ0īÀ�&. ĉʫʎ

ė 9źŃ, KLF42Y�j���-Ƣɮ�+ǥƹÜFśÑ�&�, Pxr0��+= KLF4¢�

1Ŀ�ǥƹÜ1śÑ�ɍ@C& (Fig. 10). �üƒɗFɃ)&ʃ¦Ě1�,, KLF4�?4 Pxr

¢Ē1ʃ¦Ě,2, ǥƹÜ1śÑ2ɍ@C/�)&. Gli11ǖǄ0*�+=ɟ6&-�D, 

Pxr2KLF4-ñƕ0ǖǄFśÑ�& (Fig. 11a). 9&, Pxr0?AśÑ�C&ʯȸȇȥ1ǥƹ

Ü2, SAGư×0?AüŇ�& (Fig. 11b). 
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țĦ 

KLF42�ƙȗƣ1ŀŘ>ʍ�0Łʠ!B 

� �ƙȗƣ2, 78Á+1ǰʨ1ȇȥ�@ǴÉ�&ȇȥĬùĞ,�A, ʯƏ1ƛĲ/ǖʀ

�?4ŐĲŏ1ȏŠ0��+ʉɋ/łÕFƊ&�+�B (Yuan, et al., 2015). �ƙȗƣ1Ǉ

ðŘ>Ɨȧ1ǐĲ2ȗƣǔ-ö3CBǓŒFĽ�ɩ�!. ċô�C+�Bȗƣǔ1Ű2, 

ȗƣǔʐɹʃ¦Ě1Ű-ñƕ0, Ǆā=ď×�+�B (Reiter and Leroux, 2017).  

� �ƙȗƣ1ŀŘ2, ȇȥõƂ� G0/G1Ƃ0ǮɃ�&Ń0ʎė�C, G1Ƃ�@ SƂ5-ɺ

Ƀ!B0*C+Ŏɷ0ǣ�/A, ƁȃÊɇŽ02ɏĦ,�/�/B (Sanchez and Dynlacht, 

2016). G1Ƃ1ʍ��ȇȥÊÜ0ʐɹ�+�Bċô (Ruijtenberg and Heuvel, 2016) ��B�

-�@, KLF4�ʯȸȇȥ1ÊÜFśÑ!Bʛ02, ȇȥõƂ0ŁʠF��+�Bíȧŏ�

ț�@C&�, Ġʛ KLF42ʯȸȇȥ1ȇȥõƂ078ŁʠF��/�)&. ���, KLF4

0?BȗƣFƁ!Bʯȸȇȥ1Õð2, ƄǦǲ,Ƀ)&ĉʫƆ¤0?)+2ƁŔ0ʰ�)

&�-�@, ȇȥõƂ0Ĩ!B«ǉ0*�+�@/Bɚȇ/ƒɔ�ŋɋ-ōECB. �ŷ, 

KLF4FǖǄ!Bʯȸȇȥ0��B�ƙȗƣ1ʍ��, ƄĠʭ,Ƀ)&ĉʫƆ¤,!6+ǣ

�/)&�-�@, KLF42ȗƣ1ʍ�Fɟǽ!BýĚFÑņ�+�Bíȧŏ�ț�@C&. 

ȗƣ1ʍ�Fɟǽ!BýĚ2, Òɳ�&ȗƣǔ-ʐɹ�+�B=1�ó9C, $1�,=

IFT]_h�0ʐ°!Bd�rUɧ�ē�. ȗƣÃ,1ʡɃŏɯɵ2 IFT-BɊð©-Sn]
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�-2��d�Fǉ�+ɃECB (Scholey, 2008, Taschner, et al., 2012) �, IFT88Fó<, �C

@1ǐĲ2ȗƣ1ƘĖ=��2ǣȖ�Ǉ B-�CB (Hou et al., 2007, Matsuura et al.,2002, 

Pazour, et al., 2000). $�+, IFT-AɊð©�?4eKm�-2��d�,ɃECBɶɃŏɯɵ 

(Taschner, et al., 2012) 0��+, �C@1d�rUɧ1ǐĲ2, ȗƣ1½Ƿʄ0 IFTǿĚ�

ȾǱ�CB&<, ½Ƿ�Ȳ@G'ƔɸǐĲ�Ǉ B-�CBʳIomini, et al., 2009, Merrill, et 

al., 2009ʴ. ƄǦǲ,Ņ@C& SEMǌº0?B KLF40?Bȗƣ1ŀŖ2, ½Ƿ�Ȳ@G'

ŀ-2/)+�@", ȗƣÃɯɵ,ǀ0ʡɃŏɯɵ0Łʠ�Ŀ�É+�B-ț�@C&. 

Nek1 (NIMA-related kinase 1) =9& KLF40?)+ǖǄ�ɜī�C, �ƙȗƣ1ʍ�-1ʐ

ɹŏ�ǑEC&ýĚ,�B. Nek12, �ƙȗƣ1ĊĸĬ©0Įā�+�A, ȗƣ1ĝğŏ1

ɟǽ0ʐ��+�B-�CB (Shalom, et al., 2008, Wang, et al., 2014). Nek11ǐĲ2, in vivo

0��+, ēúȥŏúȥȫ>ǣȞʯ-�)&ȗƣǔ-ʐɹ�&ɅǄą�ɛ<@C (Thiel, et 

al., 2011), 9&�ƙȗƣ1ʍ��ǣ�/B�-�ċô�C+�B. ���/�@, ȗƣFŀ

Ř!Bȇȥ1Õð=Ʋĭ!B-�C+�B&<, ƄǦǲ,Ņ@C&Ǣɍ-2ɶ1ȋƊ,�

)&. �1�-Fó<, �ü1ʃ¦ĚǖǄɑƉ,2, ʡɃŏɯɵ0ʐ�!B IFTd�rUF

Y�k!Bʃ¦Ě/.1żǡ/ǖǄ¨�2ɍ�'#/�)&&<, �ƙȗƣ1ʍ�0Łʠ

�&ýĚ0*�+, �Ńd�rU�z�,1ȗƣÃĮā1ɑƉ�ŋɋ-ōEC&. 
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KLF40?Byg^|gV]Vl�1ɟǽ�Qm`� 

  yg^|gV]Vl�2ƛĲ/ʯŀŘ0�íƘ,�B�-�, in vivo- in vitro1�ŷ0

��+Ǫ�C+�B (Yang, et al., 2015). ſɲ1ċô,2, ʯÒʬȇȥ�Řƻ!B02Žʏ

Ǘ0Ñņ�C&ÙǗ/yg^|gV]Vl�1¦ʀ�ŋɋ,�B-šŪ�C+�B (Li, et 

al, 2017). ƃÊÜʏȻȇȥ2, ēŰ1ʯȸȇȥǀǐǗd�rUɧFǈǇ!BÒ0ɽɨ, ďƟ, 

Çʜ!B. �1ÍƂƠʚ,2, yg^|gV]Vl�2 GLI1ɤ1ɟűýĚ,�B Sufu0

?)+�E<+¨��z�,ȏŠ�CBŋɋ��B (Li, et al., 2017). ƙ1Ơʚ,2, ʰ�

z�1yg^|gV]Vl��ʯȸȇȥÒʬȇȥ0Ĩ!BǀǐÜ0ŋɋ-/B. �&�)

+, ʁË/dK��V,yg^|gV]Vl�1ŠȎƂʏ>Ŀ��Ñņ�CB�-�ƛĲ

/ʯƏ1ǖʀ0ʉɋ-/B. *9A, �R�kƸĹ�¨�-�02ĊǩƪŏFĿ�śÑ�

/�@, yg^|gV�R�k0èŌ!BȧÖ�ȏŠ�CB�-�ʉɋ,�B. KLF42ƃ

ƻ/ʯȸȇȥ,ʰǖǄ�, $1ǖǄ�ʯȸȇȥ1Řƻ�0Ʋľ!B�-�Ǣ@C+�B 

(Garrett-Shinha, et al., 1996). ƄǦǲ,2, KLF41ǖǄFɜī�&ʯȸȇȥ2, yg^|gV

]Vl�0Ĩ!BèŌFȏŠ�/�@, ?Aǣ�ȗƣFŀŘ�&. �1ȋƊ2, KLF4��

ƙȗƣ1ǀŉFđÜ�#B�-,, yg^|gV]Vl�1Ċĸ�z�,1ƪŏFśÑ�, 

ʁË/dK��V,�1]Vl�1Ŀ�Fňɟǽ!B�-0?)+ʯŀŘFɟǽ�+�B

-ț�@CB. 
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yg^|gV]Vl�-�ƙȗƣ-1ʐ°ŏ 

� ûȠǖǇŽ0, yg^|gV]Vl�1Á+��ƙȗƣ�1 PtchFȊǊ�+ɃEC+�

B�, åĤ02�9'�żǡ/ƺ��B. �ƙȗƣ�/�]�L^�LqN0��+, pN

1 GLI|��V (HHʵCi) 1]Vl�¦ʀƗƔ� PtchFȊǊ�+ɃECB (Davenport and 

Yoder, 2005, Yang, et al., 2015) �-�@=, ȗƣ'��@1]Vl�ëģ0ʐ�+2ƨŔƯ

�ƒɔ�ŋɋ,�B. ȩƑÙƿ1ȠǖǇ,2, ƓŏÜƪŏ©-?3CBʣĈ1ȇȥ�@Ê

Ʀ�CBcmgUyg^|gV (Shh) 1ƸĹÚʆ0?)+, ÒŃɭ1Ɠŏ�ƥğ!B-�

CB�, Gli1Xo�ʆÌ0 Cre�Y�tl�bFȉ:ɱG'~L_- Cre�}�d�~L_

-1�ʆ0?)+Ǉ9CBew� TG~L_,2, ShhFǈǇ!BʣĈõþ1ȇȥ�!6+

�}�d�ʘŏ-/)+�/� (Ahn and Joyner, 2004). �1�-2Ǉ©Ã,1ûȠǖǇŽ

02, ȇȥ0��+ Shh1]Vl�Fëģ!B&<1ª@�1Ɔ¤��B�-�Ǫø�+

�A (Wong, et al., 2009), �1ŋɋƆ¤1�*��ƙȗƣ1ěā1íȧŏ��B. ƄǦǲ,

2, �ƙȗƣ1ŀŘF Ift88d�rU1ogUeL�0?AśÑ�&ʛ0, KLF40?B Gli1

1ǖǄ1¨��ɍ@C/�/)&�-�@, KLF42ʯȸȇȥ0��Byg^|gV]Vl

�1�(, ȗƣF�ā�&�ʄ1]Vl�0Łʠ�+�B�-�Ǫø�CB.  
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Pxr2ʯȸȇȥ1ǥƹÜ, yg^|gV]Vl�FśÑ!B 

  ƄǦǲ,Ƀ)&~KU�I�KÊƉ0?)+ɍÉ�C& Pxr2, ×0ȟȳ>ȯ0Ŀ�ǖǄ

�+�BƎÃëģ©,�B�, ʯȸȇȥ0��+=¨�z�,ǖǄ!B�-�Ǣ@C+�

B (Tabb, et al.,2003). ƄǦǲ0��+, Pxr1ǖǄFʯȸȇȥ0ɜī!B-, KLF4-ñƕ0

ʯȸȇȥ1ǥƹÜFĿ�śÑ�, 9& Gli11ǖǄ=śÑ!B�-�ɍÉ�C&. ���/

�@, Ź0ċô1�B PxrogUILj~L_1ɅǄą2ʯĤĹ�ƁŔ0Ʋĭ�&ʯƲĭǕ

FǪ� (Azuma, et al., 2010), ƄǦǲ,Ǫ�C&Ǣɍ-2ɶ1ȋƊ,�)&. �1�-0ʐ

�+, ʯȝȮȇȥƍ,2, Pxr1�R�k1�*-�+td�� K�ț�@C+�A, ʯǀ

ǐǗʃ¦Ě1ɬÄFÑņ�+�B�-�ċô�C+�B�-> (Tabb, et al.,2003, Ichikawa, 

et al., 2006), 9&ȟȳ>ȯ,2, Pxr0?A CYP3A4> Cyp24/.1¡ɢʇȆ�ɜī�CB

�-0?)+td�� Dëģ©1Ɨȧ>td�� D$1=11ƪŏ0ŁʠF��+�B�

-�ċô�C+�B�-�@ (Pascussi, et al., 2005, Zhou, et al., 2006), ³©�z�0��+, 

Pxr2ʯȉαĒ,Q�]L�>��ʈ1ŐĲŏ1ɟǽF��+ʏťǗ0ʯ¡ɢ0ŁʠFç

8�+�B&<, in vivo- in vitro0��+ɶ1Ǣɍ�Ņ@C&íȧŏ�ț�@C&.  
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ȋɠ 

  ƄǦǲ,2, KLF4FǖǄ�#&ʯȸȇȥ0��+, KLF4�ç8!�ƙȗƣ1ŀŘ>ŀŖ, 

/@40�ƙȗƣ0��B]Vl�F��&ʯŀŘ51Łʠ0*�+ƒɔ�, �@0ɬÄ

ýĚ,�BKLF41ØƊF¦�, ʯȸȇȥ1ÊÜ0ʐ°�+�Bíȧŏ��Bʃ¦Ě1ñğ

Fə:&-�D, ¢�1ȋƊFŅ&. 

(1)  KLF42, �ƙȗƣ1ŀŘ>ȏŠ, $�+ʍ�0ŁʠFç8!.  

(2)  KLF42ʯȸȇȥ1ȇȥõƂ078ŁʠF��/�)&. 

(3)  KLF42, yg^|gV]Vl�FśÑ�+�B. $�+, $1]Vl�1�ʄ2�ƙ

ȗƣF�ā�+�B. 

(4)  KLF40?Bʯȸȇȥ0��Bʃ¦ĚǖǄɑƉ0?)+ɍÉ�C& Pxr2, KLF41�ƫ

,yg^|gV]Vl�FśÑ!B. 

� ¢�1ȋƊ�@, KLF42�ʄ1�ƙȗƣF�ā!Byg^|gV]Vl�FśÑ!B�-

,, ʯȸȇȥ1ÊÜFśÑ�+�A, 9& Pxr� KLF41�ƫ,yg^|gV]Vl�FśÑ

�+�Bíȧŏ�Ǫø�C& (Fig. 12). 

 

 

 



 24 

ɢɰ 

  ƄǦǲFɃ�0�&A, ȈėņŗŔ/B�šīFɥA9�&  ĔʒĔĜĔĜʖƜĜǦǲ

Ǭ� ìȬÊÜǖȡœċĜɡĺ (ʥʦʟìȬǤƛĜŭġ) įć  ʙ� ŭţ0Ŋ�@ůŔFɅ

�9!. 9&, ƄǦǲFɻɃ!B0�&A, Ȉėƕ
/ņšī-ņƒʑF�&'�9�&Ĕ

ʒĔĜĔĜʖƜĜǦǲǬ� ìȬÊÜǖȡœċĜɡĺ (ìȬɑÓĜǹ�ŭġ) Ȩă  Ȝ� ŭ

ţ, �?4ʔʄ� ǟĀ� áĐ0ã�ņǫǋ���9!. ſŃ0/A9!�, ȈėǦǲ0Ĩ�

ņǅɑ-ņßÖF�&'�&, ʥʦʟìȬǤƛĜŭġ/@40ìȬɑÓĜǹ�ŭġ1ŭġ

÷1ǘƕ0ã�ņǫǋ���9!. 
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Table 1; U)V>+O PCR�iÃ
�KT+NZ 

Alp 
5´-TTGTGCCAGAGAAAGAGAGAGA-3´ 

5´-GTTTCAGGGCATTTTTCAAGGT-3´ 

Gli1 
5´-CACCAAGCCAACTTTATGTCAGG-3´ 

5´-GGGAATCCTAAAGAAGGGCTCAT-3´ 

Hprt1 
5´-GCAGTACAGCCCCAAAATGG-3´ 

5´-AACAAAGTCTGGCCTGTATCCAA-3´ 

Ift88 
5´-AATGAGGGAACAGCGCATAAAAT-3´ 

5´-TTCATCAGCAAAATCATCCTCGT-3´ 

KLF4 
5´-GCGGGAAGGGAGAAGACACT-3´ 

5´-GGTCGTTGAACTCCTCGGGTCT-3´ 

Ptch1 
5´-AGCCCCTAACAAAAATTCAACCA-3´ 

5´-CCCTGTCTTCATTCCAGTTGATG-3´ 

Sp7 
5´-CCACTGGCTCCTCGGTTCT-3´ 

5´-GTCCCGCAGAGGGCTAGAG-3´ 

Ubiquitin 
5´-CGGTCTTTCTGTGAGGGTGT-3´ 

5´-TCACTGGGCTCCACCTCTA-3´ 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1; KLF4�ÿÞÏÙ��
%[³Õ¶�����%hÃ 

(a, b, d, e, g, h) rbÿÞÏÙ� GFPāa, d, gĂ!
	� KLF4āb, e, hĂ'ÆÁ��, ��'���� 72§

ø�þ'ã��lÅ®Ýj (a, b; 72hrs), 24§ø¿â¼����þ
�lÅ®Ýj (d, e; FBS starved), 21

§ø¿â¼����þ�, 3§øâ¼»w�������þ
�lÅ®Ýj (g, h; FBS recovered). �)<

?Vy?RZJUY�g�"%[³Õ¶�®Ý (íÝák), DAPI�"%¯®Ý (úÝák). Êü�bä

Ç�[³Õ¶�®Ýj'Î�. ;3ZVFZ; 200µm. 

(c, f, i) |�þªc��
% GFP !
	� KLF4 'ÆÁ���ÿÞÏÙ�[³Õ¶'¨�%ÏÙ�v}. 

*P<0.05, n.s.; ¨���
.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2; KLF4�ÿÞÏÙ��
%[³Õ¶�÷����%hÃ 

(a, b, c\�) |�þªc��
% GFP!
	� KLF4'ÆÁ���ÿÞÏÙ� SEMÄj.  

(a, b, c]�) |�þªc��
% SEMÄj�#è½
�[³Õ¶�÷�.  

KLF4 ����&��þªc����![³Õ¶�÷��¨��Ë	����%. *P<0.05. ;3ZVF

Z; 0.5µm. 

 

 

 



 

Fig. 3; KLF4�ÿÞÏÙ��
%ÏÙ�©��hÃ 

GFP (a) !
	� KLF4 (b) 'ÆÁ
�ÿÞÏÙ�ÏÙ�©'z¦
�H;B2TO. ²ð�ák��, 

Ôð�ák��µ�ÏÙ¤'ä�.  �, P3, P4, P5��&�& G0/G1©, S©, G2/M©'Î
��$, H;

B2TO^�|GZ<YAZ:�4ZA*Y2�"��ós�&�ÿÞÏÙ^��
%|�©µ�ÏÙ

�v}'Î�. KLF4�"%ÿÞÏÙ�ÏÙ�©������û�æ#&��. 

 

a 

b 

P3 (G0/G1©)  
P4 (S©)      
P5 (G2/M©)  

; 78.1% 
; 2.8% 
; 13.9% 

P3 (G0/G1©)  
P4 (S©)      
P5 (G2/M©)  

; 72.9% 
; 3.1% 
; 13.2% 



 

 

 

Fig. 4; Col1a1-Klf4BTY;:-E@1N,;�\ÛÿÿÜ��
%[³Õ¶�lÅ®Ýj 

ØÂ 16.5¥ĀöÂ�N,; (a, c) �BTY;:-E@1N,; (b, d) �\ÛÿÿÜ���KLF4�g (a, 

b; ßåÝ), �)<?Vy?RZJUY�g (c, d; ÒÝák)�"%lÅ®ÝÄj. (c, d) �(a, b) �ñ¢

�%qÀ�, í­añ'�¡�
�!���%. DAPI �"%¯®Ý (úÝák). Êü�bäÇ�[³Õ

¶�®Ýj'Î�. [³Õ¶'���%ÿÞÏÙ�v}�¨���w
��%. pc; �´îÿÏÙ�, ph; 

u×�îÿÏÙ�, hc; ×�îÿÏÙ�, cb; ¹Ñÿ. ;3ZVFZ; 200µm (a), 100µm (b) 

 

 

 



 

 

 

 

 

 

 

 

 

 

Fig. 5; KLF4�"%ÿÞÏÙ��
% Gli1�"� Ptch1�ôd�ÆÁ���%hÃ 

GFP !
	� KLF4 'ÆÁ���ÿÞÏÙ��
%5YIV.YB 3 ¥È�7YKV�# RNA ' o, 

òïn�, Gli1 (a) �"� Ptch1 (b) �ôd�ÆÁ'U)V>+O PCR��½�
�. KLF4�"$, Gli1

�ÆÁ�¨��f]
, Ptch1�ÆÁ�Ó���¨���w
��%. *P<0.05. 
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Fig. 6; ÿÞÏÙ�[³Õ¶���'ù�
���� KLF4�"% Gli1�ôd�ÆÁ���%hÃ 

ÿÞÏÙ� KLF4'ÆÁ��, 5YBXZV�
� GFP���% siRNA!
	� siIft88'BTY;I-

19SY
�.  

(a) \é�ÿÞÏÙ�#>YG1' o
, � Ift88 �g'Ã��,-;>YJX@A*Y2�"%>Y

G1�ÆÁ'Íê
�. (b, c) \é�ÏÙ�lÅ®ÝÄj. �)<?Vy?RZJUY�g�"%[³Õ

¶�®Ý (íÝák), DAPI�"%¯®Ý (úÝák). Êü�bäÇ�[³Õ¶�®Ýj'Î�. *P<0.05. 

(d) \é�ÏÙ'Ã��, Gli1�É�Çôd�ÆÁ'U)V>+O PCR��½�
�. [³Õ¶�º��

e�, Gli1�ôd�ÆÁ���% KLF4�hÃ���º�&��%. ;3ZVFZ; 200µm. 
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Fig. 7; KLF4�"%ÿÞÏÙ��
% SMO)6E;B (SAG) � Gli1�"� Ptch1�ôd�ÆÁ���

%hÃ 

GFP!
	� KLF4'ÆÁ����þÿÞÏÙ�5YBXZV�
�:P?V;VM09C (DMSO) !


	� SAG'»w
���, Gli1 (a) �"� Ptch1 (b) �É�Çôd�ÆÁ'U)V>+O PCR��½�


�. GFP �"� KLF4 'ÆÁ���ÿÞÏÙ�!�, SAG �"% Gli1, Ptch1 �ÆÁë��æ#&%. 

*P<0.05. 
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Fig. 8; KLF4'ÆÁ���ÿÞÏÙ���% SAG�hÃ 

ÿÞÏÙ� GFP!
	� KLF4'ÆÁ�����, DMSO!
	� 100nM, 250nM SAG'��_£�§

�~§�»w
�. (a) |ÿÞÏÙ�5YIV.YB� 9¥È�)U8UYW@C®Ýj. (b) ~°��þ


�ÿÞÏÙ (SAG� 250nM��%"��»w) �# RNA' o, òïn�, )V/UM;I(>Z=

āAlpĂ�"� Sp7 �ôd�ÆÁ'U)V>+O PCR ��½�
�. KLF4 �ÆÁ�"%ÿÞÏÙ�Ì¾

y��t� SAG»w�"$��
��%. ÿÞÏÙôd�ÆÁ��
�!, KLF4�"���t�&��

�ôd�ÆÁ� SAG»w�"$�w
��%. *P<0.05. 

a 

b 

DMSO 



 

 

 

 

 

 

 

 

 

 

 

Fig. 9; KLF4'ÆÁ���ÿÞÏÙ��
%ôd�ÆÁ�y�ç« 

GFP !
	� KLF4 'ÆÁ���ÿÞÏÙ�#5YIV.YB 2 ¥�� RNA ' o, ák±ì�&�

cRNA'}��, N+1X)W+�"%ôd�ÆÁç«'ã��. (a) GFP'ÆÁ���ÿÞÏÙ��
�, 

KLF4 'ÆÁ���ÿÞÏÙ�ÆÁ�x'Î
�;0Q@>ZKX@B. (b) ÆÁ�x'Î�ôd�Ö�

KEGG'Ã��G;,-+ç«Ð¬.  

PXR; Pregnane X receptor, Slurp1; Secreted Ly-6/uPAR-related protein1, Mal; Myelin and lymphocyte protein, 

Efhd1; EF-hand domain-containing protein D1, Krt14; Keratin14, Lypd2; LY6/PLAUR domain containing 2, Msin; 

Mesothelin, Lbp; Lipopolysaccharide binding protein, Cldn11; Claudin 11, Unc13a; Unc-13 homolog A, Lama2; 

Laminin subunit alpha 2, Apol10b; Apolipoprotein L 10B, Hbb-bh1; Hemoglobin Z, beta-like embryonic chain, 

Dlc1; Deleted in liver cancer 1 
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Fig. 10; N+1X)W+�"$æo�&����ÿÞÏÙ�Ì¾y��hÃ 

N+1X)W+�"��æo�&���'ÆÁ���|ÿÞÏÙ�5YIV.YB� 9 ¥È�)U8U

YW@C®Ýj. \]�Î
����m�~°��·���þ'ã��. KLF4 �ÆÁ�"%hÃ�~°

�, Pxr�ÆÁ�"$ÿÞÏÙ�Ì¾y�ýà��t�&��%. Tcam1; testicular cell adhesion molecule1, 

Syt10; Synaptotagmin 10, Extl1; Exostosin Like Glycosyltransferase 1, Pxr; Pregnane X receptor, Mcpt1; Mast cell 

protease 1, Pomt1; Protein O-mannosyltransferase 1, Mal; Myelin and lymphocyte protein 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11; Pxr'ÆÁ���ÿÞÏÙ���% SAG�hÃ 

(a) GFP, KLF4!
	� Pxr'ÆÁ���ÿÞÏÙ'Ã��, Gli1�ôd�ÆÁ'U)V>+O PCR��

½�
�. *P<0.05. (b) GFP!
	� Pxr'ÆÁ���ÿÞÏÙ�5YIV.YB� 9¥È�)U8UY

W@C®Ýj. SAG»w�e�, Pxr�"%ÿÞÏÙÌ¾y��t���
��%. 
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Fig. 12; KLF4�"%ÿÞÏÙpy��hÃ 

KLF4�[õ�[³Õ¶'`��%L@:M@292DV'�t�%���, ÿÞÏÙ�py'�t
�

�%.  �, Pxr�, KLF4�]¸�L@:M@292DV'�t
��%{Ú���%. 

 

 

 

 

 


