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 #$%&'(Neural crest cell, ()NCC*+,)-./012345678

9:;<3=>#$?@AB,:&'@CD.EFG3HIJ&'K@LMN

,ONCC-PLQR78S<.TUV3WXYZ#$?*[:#$\*]#$

\^_`abc:Od3e.#$f3ghij^_iklmIno@p<qN

r.NCCsX3HItuBbc:vw36x7y^z<.U4{@|}~7�

���1,:OPLeR7[:*.NCC-�����#$�����&'.�

�&'[�K�3&'p��rb_7���|.�����uB.���B[

�3u���@p<B�7S�:(�1, Knecht and Bronner-Fraser, 2002; 

Sauka-Spengler and Bronner-Fraser, 2008; Dupin et al., 2007)O�c ¡.PLQR7

89:NCC3`a��1¢A-.£¤7���¥¦t[bc<§�Or^r[

t_.PLeR78S<.�3¨©7NCC-B�ª«@$:3^-¬­®[¯

°t±:O 

 ²�³�U-.U´µ3¶·¸^_¹º7NCC3¥¦7»S_c<§�

¼»[½¾¿12¡À:O²�³�-ÁÂÃÄÅÃ�Æ7¨:�ÇÈÉ­Ê@Ë

D.HIÌÍÎÏ7¨�NCC7sX,:DRG3uB7#$ftÐÑ¡À:�*.

À:S-ÒÓp3��#$3��ÔÕ7Ö1#$t×Ø,:[�.NCC-PL

ª«78S<r�r�YZ#$?*ÙÚµ»,:�*tÛbc<§� (Le 

Douarin, 1999; Landmesser and Honig, 1986; Tosney and Hageman, 1989; Oakley and 

Karpinski, 2002; Gallarda et al., 2008; Ma and Tessier-Lavigne, 2007; Hippenmeyer et 

al., 2005; Bhattacharyya et al., 1994; Riethmacher et al., 1997)O�©r�HIlÙÚ

µ»¢A-.NCCsXHI¡vÜÝ7Þßà´µ,:�*7¨�­®bc:O

áâ.ãÁä¡-NCCsXHIvÜÝ7Þßà´µ@å©FE3Ãæ�tµ_

c<S: (Yamauchi et al., 1999; Pietri et al., 2003; Stine et al., 2009; Aldskogius et 

al., 2009; Danielian et al., 1998; Hsu et al., 2010)Oçè.²�³�¡-&'��.é

êÈ�uB[�3�à¢A3­Ê@ëìí7å©îï[ðñ*r<in ovo�ò

ó³ôõòÈ�ö�÷tøùbc<S:O�3è÷-.CAGGS (Niwa et al., 1991)

[�úûü¸ý��þ�ÿÈ!ô½ÈêÈ3)"7Þßà@#$r�!Ãä�

%@.&'Ý7²�³�U3&'pa$,:ðñ¡À: (Funahashi et al., 1999; 

Momose et al., 1999; Yasuda et al., 2000)O�c ¡.NCC78S<Þßà´µ@å

©7-.NCCtqN,:(3QR#$f7Þßà@a$,:)÷t*�c<§

�(�2A)Or^r[t_.+,i.ÞßàP--úûÝ¡À�. �&'�.7

*/[©a$!Ãä�%03127¨�çªÝ¡Àz��D(a$e^_23^
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_33¡Þßà3P--4_c[G[:).NCCsXHI3M7Þßà@P-b5

69:�*-78¡Àz�(�2B, �3B)O�3�D.²�³�78S<NCCsX

HIvÜÝ7Þßà@P-b5:ðñ3øùt9tc:O 

 PL:;¡-.<ç3Þßàt.r�r�Ü[z�=>78S<?�@

r*�c:O�3AB-NCC3PL78S</¨GC<- :ONCC3(D&

'^_NCCvÜÝ7P-,:nEFà3Sox10-.NCC3`a7ÐÑ[Fà3G

H7IG (Hong and Saint-Jeannet, 2005; Honore et al., 2003; Aoki et al., 2003)OJK

[�*7.Sox10-NCC3F��LGH���7S�: ¡3LMFà*r</

®wÝ[NO@P�, (Hong and Saint-Jeannet, 2005; Southard-Smith et al., 1998; 

Kapur, 1999; Sonnenberg-Riethmacher et al., 2001)OQz<Sox10-.2[G*/NCC

3`a^_�� ¡3l7?�@r*�c<S:OR �.d3¨©[Þßà

3NO@NCCPL3dcScÜ[::;¡TU:�*tJK¡À:Or^r[

t_.çVÝ7.W�-QRPL:;¡3Þßà´µ^_.XYÀ:S-Zu

[�3[\7¨�.d3e3PL789:Þßà3NO@4ª],�*7[:O

�©r�¯°-.NCCPL3^:;vÜÝ7Þßà´µ@å©�*¡­®bc

:O 

 _-.�c_3ðñÝ[¯°@­®,:�D.áâ.C¥¦`¡øù

bc� Tol2³Ã�äõa�÷ (Sato et al., 2007)@b»r.NCC|RÝ7Þßà

@P-b5�Ob_7.4563 NCCvÜÝ[ü¸@HR Sox10��þ�ÿÈ

@²�³�cde^_fg7h~r.�c* Tol2÷dr< Cre/loxP÷@i»r.

NCC?jvÜÝ7Þßà@P-b5:�*7Bkr�O �.tet-on÷ (Watanabe 

et al., 2007)@i»,:�*¡.E6^_ NCC?jvÜÝ7ÞßàP-@`a,:

�*tlL*[z�Om7øùr�fgðñ@»S<.PLQR3#$��7

no,:����&'31�@pqr�OQz<.�3ðñ-.PLQR NCC

7[\@Ø�:lL¸3À:Þßà3I§@rsr<.PLeRNCC789:.

Þßà3vÜÝ[NO@­Ê,:¥¦7f�[tu@vGwx©O(i3yP

-.z"{3|}ç6~NCCsX3HI/&'K789:��lvÜÝ[Þßà

P-÷3øù�*r< *D�O  

 

 çè¡.NCCsXHI3�R*r<.4�7/�_bc���@�9�:

��#$tÀ:O_-.4�789:��#$3éêÈ�uB3­�@��r.

d3­Ê?@øùr�3¡.|}�6~k�¸��#$3��uB@­Ê,:

Þßà´µè÷3øù�*r<�U:O  

 

�³@ËD*,:/0127-.�ï���[�3TÝ��@��,
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:k���t��z<8�.4�7���z���#$(().k�¸��#$

*p�,:)td3¢L@��<S:O���S�*7.k���-��3¼r

w9¡[G.4�3��7��@�9�3^@��,:�*t¡§:O/01

23B478S<.k�¸��#$3&'4-./�3��7uBbc�e 

#$¡(Dorsal root ganglia, () DRG*+,)7M¢,:(� 1)OdcSc3 DRG

7sX,:k�¸��#$£-.4�78S<¤¼3¥¦@�§r<8�.ç

63¥¦@ÌS<ÚS7¨*©�J[���ª.��@uB,: (� 12A, Lee et 

al., 2008; Scott, 1982; Hari et al., 2004)OÎ«7¬­¡-.�3��@/*7.®¯

@�9� DRG@vw,:°±)÷tÀ: (Lee et al., 2008; Kost and Straus, 1996)O

dr<.k�¸��#$3��t²c�³´Ãµ¶·��¡-.TÝ��7¸

r<zX*-Ü[:¹º@45: (Sagasti et al., 2005)O�3¨©7.k�¸��

#$3��-.k���3»¼7JK*½�_c<S:O 

k�¸��#$3ç¾3PLª«@()7�U:O#$f3gh^_

qNr� NCC -.¿À�7Áz<#$f3��7�¡=7ÂÃr DRG @uB

,: (Marmigere and Ernfors, 2007) Odc_3 DRG^_ÄE3��tÅ7[�.

k�7y^z<�|,: (Tosney and Hageman, 1989; Pietri et al., 2003; Inoue and 

Mihara, 2004) Ok�7ÆÇr�#$Å-.È�^cr[t_.��#$£@u

B,:(� 12B, Scott, 1982)OÉÊÝ7-.dcSc3 DRG7sX,:��#$

£-¤¼3k�¥¦@�§,: (� 12A, Takahashi et al., 2003; Wang and Scott, 

2002; Scott, 1982)O 

�c ¡.k�¸��#$PL3�à¢A3¥¦¡-.DRG3uB.

��#$3Å�*�|.8¨Ë��#$£3uB7ÌÍtC<_c<§�O#

$f3�7ÂÃr� NCC -.DRG @uB,:ª«¡.K�3ÞßàÎäÏÈ

%3I§7¨�.k�¸��#$t`abc: (Marmigere and Ernfors, 2007)O

��#$3Å�7-.�Ð¸ÑPFà3 Semaphorin tÐÑ*Ò�c<S:O

Semaphorind·óÓÁ³ãÁä¡-.��#$Å3ÔÅ�t4_c: (Haupt et 

al., 2010)Od3e3.��#$£3uB7-.Nerve growth factor (NGF)*.d3

òÕ!êÈ3 neurotrophic tyrosine kinase receptor type 1 (TrkA)7¨: NGF/TrkA

�Ö×¿tÐÑ*bc<S:ONGF@�9�: TrkA-��#$7P-r.d3

ØÝ*[:k�7- NGFtP-,:OdcSc3d·óÓÁ³ãÁä¡-.�

�#$£-.)Ù3ÓÚ78S<Û;7.À:S-ç6@±r<4_c[G[

: (Marmigere and Ernfors, 2007) O�3¨©7.DRGuB^_#$£uB7^

9<3¥¦-Ptr<§�Or^r[t_.��#$3���3¥¦-.v7

�àòÜ¿78S<-.¬w7;G,­bc<S[SO 

�|ÝY7À:k�¸��#$3Þ�t.��#$3��uB7IG
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*Sz�ßà-.8¨d�áâ/ �^_.HIãÝ[äå7¨�.æçbc

<S� (Cajal, 1919)OÎ«7.Î�¿U3 DRG@ç6�w9TèÝ7ÌÍ,:

*.d3 DRG7sX,:��#$3��7.éêr� DRGsX3��#$-

ë$,: (Davis and Constantine-Paton, 1983a; Kitson and Roberts, 1983)O �.²

�³�U78S</.TèÝ7ì6 DRG3ç6�@ÌÍ,:ÎÏt[bc<S

:OÎ�¿U*<í7.uBî;7[z� DRGsX3��#$tzXïD:¡

Àx©��7.éêr� DRGsX3��#$-ë$,: (Scott, 1984)O�3¨

©7.k�¸��#$3��uB7-.éêr� DRG7sX,:��#$<ð

3Þ�t.JK¡À:*½�_c<§�O 

¡-.�3¨©[�à¢At��#$3Þ�7IG3^ñ�3ò¯7

¸r<.��#$<ð3ÑP7ó�r�­Êt[bc<§�O²�³�U^_

ôNr� DRG@õÃÈc�c¿7ö÷r.çwlø@ùz< 2R3 DRG@ú

ûüýþ,:O,:*.dcSc3 DRG^_�|r���#$-.ÚS7êÿ

,:(7 U!À:S- L!ý7"#,:O�c¨�Þ�7-.��#$^_�

Ðbc:[©_^3ÑPFàtIG*$%bc<S:  (Montazeri and Skutella, 

2003) O�c ¡.ÑPFà�`&�à[�#$'æ(�ä�à3I§-.&'

Tã³�óä7T¡bc:)�t*+bc<S: (Hopker et al., 1999)O&'Tã

³�óät.��#$<ð3ÑP7×Ø,:3^@,-,:�D.K�3&'

Tã³�óä@õÈ³r�ýþ.7.çwlø@�9� 2R3 DRG@ 2ûüý

þr�ÎÏt[bc<S:Od3yP.dcSc3 DRG ^_�|r�#$-.

Ã�²�/MÝ7.DRG3ná¡-êÿ@0�ª"#r.DRG31è¡-êÿ

r02,:íàt4_c�O�c¨�.��#$<ð3ÑP-.Ã�²�vÜ

Ý73_^3`a@�9:*$%bc<S: (Hari et al., 2004)O�c_3L4T

789:¥¦^_.k�¸��#$3Þ�7-.éêl3��#$<ðt/�

_,�Ð¸ÑPFà*.��#$453&'Tã³�óä3I§t.JK*½

�_c<S:Or^r[t_.L4{789:.k�¸��#$���3�à

¢A-./6*r<�_^¡-[SO 

z¥¦¡_-.k�¸��#$���3�à¢A@­�,:�D.L

4{789:ÎÏ?3øù@7M�O�c7À��.²�³�U8463gh

3k�¸��#$79�r�Ok�¸��#$3�|éêÈ�-.k�@ 2 û

ü7tv,:�*¡.ë­:�7;�:�*t¡§: (Pays et al., 1997)Ogh3

k�-.<=�7/.²�³�U^_r>7-?�:�*tðñÝ7¶·¡À

:(� 13)Oz"¡-.²�³�U3gh78S</.k�¸��#$-��@

uB,:3^.��@uB,:[_#$3Þ�µ»-×Ø,:3^@,-r�O

b_7.vw3��@ïD:k�¸��#$@Þßà´µJÃÜ¿,:)÷@
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øùr�3¡.��7*+,:O ª.SRk�¸��#$tgh3k�@@

©3^@AB,:�D.CDHI�ãÝ)÷@»S<��#$3uBª«@ä

år�OûS¡ DiI* DiO7¨�.éêr� DRG7sX,:k�¸��#$@

Ø�r�O�c_3�*^_.E978S<.846gh3k�¸��#$-.

��@uB,:�*tÛbc�OûS¡.��uB3�à¢A@E:�D.¿

À7FG DRG 3©H.vwòÜ¿3 DRG @Þßà´µ,:ðñ(Oil �òó³

ôõòÈ�ö�÷)@øùr�Ob_7.�àÝÀ:S-TèÝ7.ç6�38

46DRG3uB@IJ:�*¡.gh3k�¸��#$3��uB78S</.

��#$<ð3Þ�tIG�*@Ûr�OKe-.²�³�U3gh3k�¸

��#$@½¾¿*r�.d3��uB¢A3­�7RLt^^:O 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 8 

MN*è÷  

 

ÎÏ12  

 ²�³��OP-.QRST¨�U$r�O�OP-.{6@VWr38.5X

7Ywr�æ�Ä�ÜÈêÈ¡ZPr.^ÎÏ7[r�:; ¡PL@\åb5

�Oz"{Y7p,PL:;-.Hamburger and Hamilton  (Hamburger, V., and 

Hamilton, H., 1951)3PL:;�7Qz�O 

 

#$f3ÌÍ  

 �OP-.]50-55�lZPr.st15 ¡PLb5�e.P^7_@À9.

óÕ`¡Pa@1.5mlbS�Odr<.P^iè7cè»þÿ�¡de@v9.

U@ls�,:�D7fæ�ó@Hanks’ gh (140mM NaCl, 5.4mM KCl, 

5.6mM glucose, 0.34mM Na2HPO4, 10mM Hepes, 1mM MgCl2, 1mM CaCl2, pH7)@

»S<1:53O�¡ijr.Î4klm)¡.'ÃäÄnoÃ�È@»S<U*

Pp3l7ó$r�O��qD7¥Swê�Öär�²È%¿¡sr��t@

u�.v&7¥Swê�Öär�²È%¿¡20^_254¡òÜ¿3#$f@w

hw9xÌr�OU´µ7»S�ê�Öär�²È%¿-yzbc<S:{

0.5mm3ê�Öär�²È%¿@2| NaOHgh¡&'�­7¨�¥SwOd3

e.P^7�9�de7Õôþ�rÈ!@-�.�Ý3PL:;7}: ¡~

ËZPb5�O 

 

DiI*DiO7¨:k�¸��#$3ÃÜ¿  

 �Ý3PL:;7}z���´��-.PBS (2.73M NaCl, 53.7mM KCl, 

166mM Na2HPO4, 35.3mM KH2PO4)@óSw��õ��³e¾¶·��7�r�o

�¡¤wr�OÎ4klm)¡cè»þÿ�*ãæóôo�Õ·³¡�h6*�

`@;<��ÌS�Odr<.�h3/0�@��Ì§.DRG70.05%DiI/�êd

È¿8¨Ë0.05%DiO/�êdÈ¿@'ÃäÄnoÃ�È¡ó$r.0.03%ÓÉ�×

³�Áe/PBSghY7<.û�¡45�l��b5�O��´��^_-?�z�

�k-äÃæ%óÃä7�5<.Î�ÈÖÃä@�5<Î4klm(Leica MZ 

FLIII)¡äår�O 

 

!Ãä�%  

pT2K-CAGGS-EGFP, pCAGGS-T2TP, pT2K-BI-TRE-EGFP: (i3R3!Ãä�%-

Sato et al., 20077��bc<S:O 
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pCAGGS-mCherry , pT2K-CAGGS-mCherry: pCAGGS�mCherry@µ�,:�D.

mChery (Clontech) cDNA@pCAGGS (Momose et al., 1999) 3XhoIÿæ³7ÿ´óô

È²�Ör�OpT2K-CAGGS-mCherry@µ:�D.mCherry@pCAGGS-mCherry!

Ãä�%^_EcoRI-EcoRVÿæ³¡Î·³r�e.pT2K-CAGGS (Sato et al., 2007)

3<çÿæ³7ÿ´óôÈ²�Ör�O 

 

pT2K-CAGGS-tdTomato: pRSET-B tdTomato (Shaner et al., 2004)¨�BamHI-EcoRIÿ

æ³¡x�Nr.���r�e7.pT2K-CAGGS3EcoRVÿæ³p#$r�O 

 

pT2K-enhacer4-1-tk-EGFP: pEnhancer4-1-tk-EGFP@KpnI-SpeI¡Î·³r.���b5

<¼_c�Enhancer4-1-tk-EGFP@.pT2K-BI-TRE-EGFP (Sato et al., 2007)@

ApaI-BglII¡Î·³r���b5�ÿæ³7#$r�O 

 

pEnhancer4-1-tk-Cre: ptk-EGFP (Uchikawa et al., 2003)3EGFP-polyA@MCS7�o,

:�D.�B���7<µ�r�MCS (5'-StyI-ApaI-EcoRV-NdeI-PvuII-StuI-SpeI-3')

@StyI-SpeI¡Î·³r.ptk-EGFP 3<çÿæ³7#$r�(ptk-M)Optk-EGFP¨�

PCR¡��r�SV40pA@SpeI-SphI¡Î·³r.ptk-M3<çÿæ³7#$r�

(ptk-MpA)OpxCANCre (Kanegae et al., 1996) ^_PCR¡��r�NLS-Cre@

StyI-NdeI¡Î·³r.ptk-MpA3<çÿæ³7#$r�(ptk-Cre)Ob_7.Sox10 �

�þ�ÿÈ-ptk-EGFP^_PCR¡��r�Sox10 ��þ�ÿÈ@SalI¡Î·³r.

ptk-Cre3<çÿæ³7#$r�O 

 

pT2K-CAGGS-loxP-DsRed2-loxP-EGFP: �B���7¨�µ�r�

MCS(5'-XhoI-ClaI-HpaI-SacI-EcoRI-EcoRV-NheI-KpnI-NotI-SmaI-3') @XhoI-SmaI¡

Î·³r.pCALNL5 (Kanegae et al., 1996)3<çÿæ³7#$r�(pCALM)O�B

���^_µ�r�loxP@HpaI-SacI¡Î·³r.pCALM 3<çÿæ³7#$r

�(pCALLM)OpCALLM32R3LoxPl7DsRed2-SV40 polyA @#$,:�D()

3)�@�©wODsRed2/pCAGGS (Watanabe et al., 2007)3DsRed*polyA3l7À

:MCS@�Ì,:�D.EcoRI-BglII¡Î·³rDsRed2*pCAGGS@�~b5�O

dcSc@��=j�,r.~�ÃæcÈ�ö�b5� (DsRed2/pCAGGS-delM)O

DsRed2/pCAGGS-delM ^_PCR¡��r�DsRed2-SV40 polyA@Xho�-HpaI¡Î

·³r.pCALLM3<çÿæ³7#$r�(pCALRLM)Od3e.ptk-EGFP^_PCR

¡��r�EGFP@SmaI¡Î·³r.pCALRLM3<çÿæ³7EGFP@#$r�
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(pCALRLE)OpCALRLE^_PCR¡��r�CAGGS-loxP-DsRed2-loxP-EGFP@MulI

¡Î·³r���,@�r�e7.pT2K-CAGGS3EcoRVÿæ³7#$r�O 

 

pT2K-CAGGS-loxP-DsRed2-loxP-rtTA2S-M2:ip3¨©7µ�r�

pT2K-CAGGS-loxP-DsRed2-loxP-EGFP3EGFP3���7rtTA2S-M2@#$b5

�O 

 

pCAGGS-Noggin: C¥¦`3������tµ�r�O³� Noggin-.GenBank 

#NM_204123 @ ¡r�¢ORF 672bp£O²�³�33�U3456^_O�r

� cDNA @r�!òÈ³*r.()3!ÃæãÈÕ·³@*z<.KOD Plus 

ver2 (TOYOBO)@»S< PCR Ñ¹@åS.pCAGGS3XhoI-EcoRV ÿæ³7#

$r�O  

Forward primer; 5'-cgcCTCGACatggatcattcccagtgccttgtg-3' 

Reverse primer; 5'-cgcGATATCctagcaggagcacttgcactccgcg-3' 

  

¤¥cde­Ê  

 ë�7ùMbc�cde¥¦@4R9:�D.VISTA (Mayor et al., 2000) @

»S�O100pbY60%(itçXr�¥¦@ùM¥¦*r�O 

 

Sox10Þßs¦áé¥¦3h~*§§­Ê  

 Sox10áé3cde¥¦-BAC DNA Clone (CH261-72C6, BACPAC 

Resources; Tam33-18P11, GENEfinder Genomic Resources, Texas A¨M University)@

©ý7.KOD Plus ver2@»S<��r�O��r�dcSc0.6kb^_10kb3cd

e±w-.ptk-EGFPÜóêÈ3SalI, SalI, Bglª, XhoI, SmaIÿæ³7#$r�O

ptk-EGFPÜóêÈ-.EGFP35’i"7«¿¬ä��!ò·óäÁæ¿ä3­�É

�Ä×È³3®znEÿæ³@C©¡8�.�¯�ã3á�°±�² (Uchikawa 

et al., 2004) ¨�³ØS�wS�OóôÈ²�Ör�;<3cde±w-�=j3

ç6@§§ø�r�Ocde±w3óôÈ²�Ö7»S�!ÃæãÈ@()7p

�,:O#1_ 5'-CGCGTCGACAATCTGCCCCCCTGTCCTTG-3' (Forward primer), 

5'-GACGTCGACTCCAGCCTGAACAACCCCAG-3' (Reverse primer); 

#2_5'-CGCGTCGACTTTAGGGGCAAACTGGCAGG-3' (Forward primer), 

5'-GACGTCGACAATGAAGATGTGAGGCACGGG-3' (Reverse primer); 

#3_5'-GGAAGATCTAATCTGCCCCCCTGTCCTTG-3' (Forward primer), 

5'-GGAAGATCTGGGAATGCTGATCCAGACATG-3'Reverse primer); 

#4_5'-CGCGTCGACATGAGAGCTGGTGAGCACGG-3' (Forward primer),  
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5'-GACGTCGACAGAAAAATGCAGCCCCTTGC-3' (Reverse primer); 

#5_5'-CGCGTCGACTGCAGGACGAACCTGGGTATG-3' (Forward primer), 

5'-GACGTCGACGCGCGAAGCAAGAAAATGC-3' (Reverse primer); 

#6_5'-CGCGTCGACACCAAAACCTCCCAGTGGAC-3' (Forward primer), 

5'-GACGTCGACCTTGCCATTTTTCCGCC-3' (Reverse primer); 

#7_5'-CGCGTCGACAAGACTCGGAGGCGGATGAC-3' (Forward primer),  

5'-GACGTCGACGGAGGTGCTGACAGATTGCG-3' (Reverse primer); 

#8_5'-CCTCGAGGACAAGAAAACGACCCCCG-3' (Forward primer), 

5'-CCTCGAGTGAGCATTTGCAGCAGGCG-3' (Reverse primer); 

#1-5_5'-CCCGATATCGAGGTTGGGCTTAGCCTGAG-3' (Forward primer), 

5'-CCCGATATCACCCTGGCCAGTGAAGCACTC-3' (Reverse primer); 

#4-2_5'-CCCGATATCTCATCGTCTGAACCAGAGC-3' (Forward primer), 

5'-CCCGATATCCATCACCTCCCTGTGCAG-3' (Reverse primer); 

#4-5_5'-CCCGATATCTCATCGTCTGAACCAGAGC-3' (Forward primer), 

5'-CCCGATATCGAGCCCATAAGCACATCTGAG-3' (Reverse primer).()3cde

±w-´µ¶�@»S<óôÈ²�Ör�O#1-1-#13MulI-EcoRVÿæ³.#1-2

-#13BamHIÿæ³.#1-3 -#13BglIÿæ³.#1-4-#13MulI-EcoRVÿæ³.#4-1

-#43BamHI-NaeI.#4-3-#4-13XhoI-ApaLI.#4-4-#4-13EcoT14I-PstIÿæ³@

dcScÎ·³r�O 

 

DF1³Ã�äµ·ó�ö�  

 ®z*[:)�-Sato et al., 20077p�bc<S:OATCC^_U$r�²

�³�sX3¸&'¡À:DF1&' (Himly et al., 1998)-.10% fetal bovin serum

@C¹Dulbecco's Modified Eagle's Medium¡GHr�O5 ! 105 DF1&'7dcS

c500 ng 3pT2K-CAGGS-loxP-DsRed2-loxP-EGFP, 

pT2K-CAGGS-loxP-DsRed2-loxP-rtTA-M2, pT2K-BI-TRE-EGFP, pCAGGS-T2TP* 

0.1ng^_50ng3pCAGGS-Cre@Tonegawa et al., 19977p�bc�)�@/*7

Lipofectamine 2000 (Invitrogen)@»S<co-³Ã�äµ·ó�ö�r�Oº»3ä

å-Apotome system @¼qr�AxioPlanII microscope (Carl Zeiss) À:S-LSM 

5 PASCAL confocal laser scanning microscope (Carl Zeiss)@»S�O 

 

in ovo�òó³ôõòÈ�ö�÷.Oil in ovo �òó³ôõòÈ�ö�÷*

��´��p3%Ä½ÿæ ó��3ÔØ  

 in ovo�òó³ôõòÈ�ö�÷-.Funahashi et al., 1999; Momose et al., 

1999; Yasuda et al., 2000; Sato et al., 20023p�@ ½7åz�O!Ãä�%3¾�
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gh-.st123²�³�U3#$f7ó$r�Oó$r�^K3!Ãä�%3¿�

-.;<1Àg/Àl7TÁr�O[8.Oil �òó³ôõòÈ�ö�÷¡-.!Ãä

�%3¾�gh@²�³�U3#$f7ó$,:(7.�ÇÃ¿�æ¿ (suitable 

for mouse embryo cell culture, light oil, Sigma)@#$fpó$,:Od3e.Âv3

!Ã­×3Âv*ê�Öär�3Ãv¡��´��@ÄM.&'é¿ä@12V, 

25ms@975ms3l@8S<5Å.Ø��O�òó³ôõòÈ�ö�^_3.53lZP

r�st26 (53�U)3��´��7.500Àl3%Ä½ÿæó��(Dox)gh (0.1 

mg/ml in HANKS: 140 mM NaCl, 5.4 mM KCl, 5.6 mM Glucose, 0.34 mM Na2HPO4, 10 

mM HEPES, 1 mM MgCl2, 1 mM CaCl2 pH 7.0)@.��´��*Pp3l7ó$r�O

Doxgh7¨:Þßà`a3Æ&-.Sato et al., 2007; Watanabe et al., 20077p�b

c<S:O 

 

DF�&'789: Dox7/Mr� EGFP3`a  

 ÞßàtHMÇM c�&'¸-.24_¾¶·��75!106/_3&'@È

S�Od3É37.1Àg/ml *[:¨©Dox@ýþÅ¾¶Áe7V��ODox@

V��&'-.4x sodium dodecyl sulfate (SDS) sample buffer (200mM Tris-HCl, (pH 

6.8), 8% SDS, 400 mM dithiothreitol, 0.2% bromophenol blue, 40% glycerol)@ÊêV

�<TÁr�Od3gN2-.SDS-PAGE7b_r�e.ËGFPãÁä½dóô

È×¿Ë4(GFP (B2), sc-9996, Santa cruz, 1/1000ij) .Ë�È³õ�óôÈ×¿

ÌÓó­�Ë4¢ab8229, abcam, 1/1000ij£.HRPê�ýËãÁäIgGË4 

(NA931V, Amersham, 1/1000ij).HRPê�ýË�È³IgG (sc-2350, Santa cruz, 

1/1000ij)@»S<CD´ô·³r�OEGFPê�éóÍ*ÌÓó­�ê�éó

Í3�Ö×¿-.ECL Avance Western Blotting Detection kit (Amersham)7¨�,

Nr�O¿�­Ê-.luminous image analyzer LAS-3000mini (Fuji Film)7¨�å

z�O 

 

CDÎ�  

Ï  xw3µB  

 Ðyxw3µB¡-. ª��´��@4%éÃÑ¿eÓ¿¾�% (PFA)

JPBSgh7¨�.4X¡çÒ¤wr�O6S<10%.20%.30%��óôÈäJ

PBS¡:;Ý7ÔÓr.O. C. T Compound (Tissu-TekR)¡ö÷r.h4Ô�7¨�

Ðyr�OÐyxw-.óÃæ�äê·³(Cryo-Star HM560, MICROM)7¨�12

Õ16Àm3Öb7äÃæär�O�16*�173xw-.Ö�ÕôÈ¿¡×$r.

Î4klm(Leica MZ FLIII)¡äår�O 
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Ï  xw3Î�  

 Ðyxw-.2%äÄe�¿óJPBSgh7¨�.`�¡1�l´ô·Ä�

Ör.1/5007ijr�HNK1Ë4(BioLad)7¨�.4X¡çÒÑ¹b5�O1ûË

4-.PBS¡úÅØz�e.1/5007ijr�Alexa 568 -mouse IgM (Invitrogen)7

¨�.`�¡1�lÑ¹b5�O2ûË4Ñ¹-.PBS¡3ÅØz<ÙÚb5.x

w-0.05%Dapi*0.04g/ml DABCO@Fluoromount (Diagnostic BioSystems)7V��

×$h¡×$r�O 

 

Ï  ²�³�U�k3Î�  

 53�^_93�U¨�-?�z��k-.äÃæ%ÖÃä7�5<Î�È

ÖÃä@^G5.d3Ûl74% PFA/PBSgh@ó$r.Üi¡15�l¤wr�O

´ô·Ä�Ö-2%äÄe�¿ó/PBSgh7¨�.̀ �¡1�låz�O��#$

*ÅÃdÿæ³3,N7-.¤wr��k@2%äÄe�¿ó/PBS¡û�.ç�

l��r.´ô·Ä�Ögh¡ijr�1ûË4¡4X7<çÒæ�Ä�ÜÈ³

b5�O1ûË43ijí-.ËTuj1Ë4 (R¨D Systems)t1/300.ËMITF Ë4

(Invitrogen)t1/100¡À:Od3e.PBS¡3ÅØÝr.´ô·Ä�Ögh¡1/500

7ijb5�Alexa 568 goat anti-mouse IgG (Molecular Probes) 7<.û�¡1�l

Ñ¹b5�O2ûË4Ñ¹-.PBS¡3ÅØÝ,:�*¡ÙÚb5.äÃæ%óÃ

äi7��Gq5<.Fluoromount (Diagnostic BioSystems)7¨�×$r�O��

��&'3,N7-. ª¤wr��k@TNB (0.1 M TRIS-HCl pH7.5, 0.15 M 

NaCl, 0.05% Tween 20, Blocking Reagent (Roche)) ¡1�l.û�7<��b5�O

TNB¡1/3007ijr�ËP0Ë4 (1E8, Developmental Studies Hybridoma Bank)¡.

4X7<çÒæ�Ä�ÜÈ³b5�Od3e.TNT(0.1 M TRIS-HCl pH7.5, 0.15 M 

NaCl, 0.05% Tween 20)¡3ÅØÝr.TNB¡1/5007ijr�Alexa 568 goat 

anti-mouse IgG (Molecular Probes) 7<.û�¡��lÑ¹b5�O2ûË4Ñ¹

-TNT¡3ÅØÝ,:�*¡ÙÚb5�OEGFP�Ö×¿*CDº»-Apotome 

systemt¼qbc�AxioPlanII microscope (Carl Zeiss)¡,Nr�O 

 

º»�Ö×¿3äå*,N  

 �k3º»EÞ-.Apotome system@¼qr�AxioPlanII microscope (Carl 

Zeiss).fluorescent dissecting microscope (Leica).À:S-ãóôõ�µßÈÎ¿

@»S<à[r�Oxw3º»�:-.Apotome system@¼qr�Axioskop 2 Plus 

microscope (Carl Zeiss) À:S- LSM 5 PASCAL confocal laser scanning 

microscope (Carl Zeiss)¡à[r�ODF1&'3º»�:-.LSM 5 PASCAL 

confocal laser scanning microscope (Carl Zeiss)¡à[r�O 
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xwin situ þæ´�(æ³È�ö�  

 ²�³�Sox103cDNA-.()3!ÃæãÈ@»S�RT-PCR7¨��¼

r�O5'-AATTCTCGAGATGGCTGATGACCAAGATCT-3' ((è) and 5'- 

AATTGATATCCTATGGTCTGGAGAGAGTCG-3' (eè). ¾¶Ö�Ä�É·�¡

ÃÜ¿bc�Sox10!ôÈ´-Tonegawa et al., 20037pqbc�)�7Qz<á

�r�Oxwin situþæ´�(æ³È�ö�-.Nakaya et al., 20047p�bc�

)�7áâ<åz�OCDÎ�3ã�*<í3)�¡µ�r�Ðyxw-.PBST  

(0.1% Tween/PBS)¡3ÅØÝr�À*.65X7äD�þæ´��·µåÈ 

(ULTRAhybTM, AmbionR)¡.��l!òþæ´�(æ³È�ö�@åz�O65X

7äD�þæ´��·µåÈ7Sox10!ôÈ´@V��Ñ¹gh@»S<.65X

¡çÒþæ´�(æÂr�OÉ3.ØÝh1 (5!SSC/50% Ñ¿eÓ�%/1% SDS)

7¨�.65X¡30�lØÝr.ØÝh2 (5!SSC/50% Ñ¿eÓ�%)7¨�65X¡

30�l3ØÝ@2ÅåS.ØÝh2/TBST(æ0)7¨�.65X¡5�l.û�¡10

�l."Ó7çr<10�l*:;Ý7è r�OTBST¡3ÅØÝr�e.´ô

·Ä�Ögh (2% BBR (Boehringer Blocking Reagent, Roche)/MABT(0.1M! ãò

æ�é(pH7.4), 0.15M NaCl, 1% Tween)7¨�`�¡.1�l´ô·Ä�Ör�O

d3e.alkaline phosphatase-conjugated ËDIGË4 (Roche)@´ô·Ä�Ögh

¡1/10007ijr�Ñ¹h7¨�.4X¡çÒË4Ñ¹b5�OTBST¡��är.

3Å¨�2mM Levamisole/TBST7¨�`�¡5�lØÝr.b_7NTMT (50mM 

MgCl2, 0.1M NaCl, 0.1M Tris-HCl (pH9.5), 0.1% Tween)7¨�`�¡5�lØÝr

�OÓ¿Î�µßäµåêÈ³ü¸-.P�'Í30.45mg/ml 

NBT(nitroblue-tetrazolium chloride, Roche)*0.175mg/ml BCIP 

(5-bromo-4-chloro-3-indolyl phosphatase, Roche)@NTMT7V��P�h¡,Nr

�OP�Ñ¹ÙÚe.4%PFA/PBS7¨�`�¡30�l~¤wr.Ö�ÕôÈ¿

¡×$r�O 

 

 

 

 

 

 

 

 



 15 

yP  

 

}ç6  

NCCsX3HI /&'K789:  

��lvÜÝ[ÞßàP-÷3øù  

 

Tol2÷7¨�Þßà- NCC7êwÝ7P-bc�  

áâ.C¥¦`^_.�òó³ôõòÈ�ö�÷¡²�³�U7a$

r�!Ãä�%@.cde7HMÇ¹�*¡êwÝ7Þßà@P-b5: Tol2

÷t*+bc� (Sato et al., 2007) OTol2÷@»S<²�³�U3 NCC7.Þß

à@êwÝ7P-b5:�D. pT2K-CAGGS-EGFP. pCAGGS-T2TP.

pCAGGS-mCherry dcSc3!Ãä�%@ E2 3#$f7 co-�òó³ôõòÈ

�ö�r�(� 3A)O� 3B, C 3i:*):3éÇ¿-.Ü[:PL�R7¸,

:.<çU.4563ë±xw@Ûr<S:OE3 ¡-.EGFP * mCherry 3�

Ö×¿t DRG7äåbc�(n=26)Or^r[t_.E7¡-.EGFP�Ö×¿-

DRG 7-z§�*�D_c�çè¡.mCherry 3�Ö×¿-¨*©��D_c

[^z�(n=11). b_7.ìíÝ7 E3* E73 DRG789:.mCherryÂ¸&

'7¸,: EGFPÂ¸&'3O�@aN,:*.E3¡-.1.1 ± 0.2¡À:37

¸r<.E7¡- 5.7 ± 2¡Àz�(� 3D)O 

NCC sX3HItFG�î,: E7 3U43�káï@äår�O

EGFP�Ö×¿-.��#$*d3��7no,:����&'.dr<FE3

ßÙ@3�r���&'74_c�(� 3E-G, �3&'K/ n=7)OdcSc3&

'K-.E73²�³�U^_-?����Gr��kHI@.Ë Tuj1, Ë P0, Ë

MITFË4@»S�CDÎ�7¨�ø�r�Or�tz<.Tol2÷7¨�.Þß

àt NCC|RÝ7P-bc:�*tÛbc�O 

 

456¡ NCCvÜÝ7ü¸�,: Sox10 ��þ�ÿÈ3<w  

! � 37p�r�)÷¡-.Ö1#$@C¹/�7/.EGFP�Ö×¿

-4_c� (� 3C)O�c¨�.NCCvÜÝ7Þßà@P-b5:ðñtu c

�O4563 NCCvÜÝ7Þßà@P-b5:�D.NCCvÜÝ7Þßà3P

-@`a,:��þ�ÿÈ@»S�è÷t½�_c�O SRY-�·óänEFà
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3çR¡À: Sox10 -.NCC vÜÝ7P-,:Þßà*r<*+bc<S:   

(Betters et al., 2010; Cheng et al., 2000; Southard-Smith et al., 1998)O¾6xw7<d

3P-@~ø�,:*.E2.5¡- Sox10 mRNA3P-éêÈ�t.NCC3ãÈ

ÎÈ¡À: HNK-13Î�éêÈ�*çXr<S�(� 4A)O 

Sox103��þ�ÿÈ@ìí¨Gh~,:�D.¤¥cde­Ê7¨�.

]õÈ%ùM¥¦(Conserved non-coding element,  CNE*+,)3,�@åz�O

²�³� Sox10 3ðñ§§@C¹] 43kb *.�³cde@ VISTA 

(http://pipeline.lbl.gov/cgi-bin/gateway2)¡¤¥r�O�Ø*r< 100bp Y 60%(i

3§§tçX,:¥¦@ùM¥¦*r�ã�7.CNE -.Sox10 Þßà¦3 5’

h7 5R(ò�3oÈó, óô).3’h7 2R(�:Sõ�3oÈó, ó¿, UTR)4

Swbc�(� 4B; � 1)O²�³�3 Sox10@C¹ BACóôÈ�@»S<.d

cSc 7R3 CNE@C¹cde±w@h~r¢Sox103ðñvË§§@®á7

-24.8kb ^_ 14.4kb 3¥¦£EGFP òõÈêÈÜóêÈ(ptk-EGFP ÜóêÈ)3

thymidine kinase (tk) basal promoter3i"7#$r�O�3òõÈêÈ!Ãä�

%*.!Ãä�%ta$bc�&'@Û, pCAGGS-mCherry @ E2 3#$f7

co-�òó³ôõòÈ�ö�r.E2.578S<ÑÈ¿ãÁ�³3²�³�U45

63gh*.d3ë±xw@äår�¢� 4C£Od3yP.ptk-EGFP ÜóêÈ

7#$r�«7.EGFP �Ö×¿t.NCC 3M74_c�cde±w¢õ�3

�·óä£*.NCC *#$f74_c�cde±w¢ö�3�·óä£t¼_

c�(� 4B ; � 2)O�3À*.dcSc3ü¸éêÈ�@/Rcde±w3©H.

É/÷S#1-4 *#4-1(CNS3 @C¹)78S<Æ&[­Ê@åz�O¾6xw@µ

�r EGFP�Ö×¿* Sox10 mRNA3P-éêÈ�@¤¥,:*.EGFP�Ö×

¿-.#4-1¡- Sox10 mRNAP-¥¦*JÄr�t.#1-4- Sox10 mRNAP-

¥¦7V�.]P-¥¦3#$f7/4_c�(� 4D, #1-4.#4-1*/ n=10)Ob

_7.#$f78S<.mCherryÂ¸&'7J[:.EGFPÂ¸&'3O�@a

N,:*.#4-1¡- 0.054 ± 0.037.#1-4- 0.76 ± 0.161¡Àz�(� 4E)O�c¨

�.#4-1cde±w(3,571bp, Sox103ðñvË§§3-10,762^_-7,1927x�

,:)-.4563 NCCvÜÝ7ü¸�,: Sox103��þ�ÿÈ¥¦¡À:�

*tÛbc�O(e.�3��þ�ÿÈ@ enhancer4-1*p�,:O 

 

Enhancer4-1-PLt\¹70z<ü¸t12,:  

h~r� Sox10 enhancer4-1@»S<.NCCvÜÝ^R|RÝ7Þßà@

P-b5_c:3^@,-r�O�3�D. pEnhancer4-1-tk-EGFP @

pT2K-CAGGS-EGFP 3 CAGGS-EGFP Î Õ · ³*�or�. pT2K- 

enhancer4-1-tk-EGFP !Ãä�%@µ�r� (� 5A)O�3!Ãä�%*
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pCAGGS-T2TP@.� 38¨Ë� 4*<í7 E23#$f7 co-�òó³ôõòÈ

�ö�r�OÜ[z�PL:;3²�³�U3 DRG78S<.EGFP�Ö×¿

*{¢¸3 Sox10 mRNA@¤¥,:�D.¾6xw@µ�r�O{¢¸3 Sox10!

m RNA 3P-òÜ¿-.E4 ^_PL:;@$:]*7ø)r<8�(� 5D).

EGFPÂ¸&'3E/12r<S�¢� 5B, �3PL:;/<ç3ù»�l¡ä

år�OE3, E4, E5-�c/ n=6; E6* E7- n=3£OCo-�òó³ôõòÈ�ö�

r�õ�³ôÈ¿ÜóêÈ3 pT2K-CAGGS-mCherry-.E7 ¡ DRG¡3P-

t4_c�(� 5C)�*^_.EGFP�Ö×¿312-.a$Þßà3úû7¨_

[S�*tÛbc�OEGFP �Ö×¿312-.DRG 78S<.mCherry Â¸

&'7J[: EGFPÂ¸&'3w0­Ê¡/Ûr�O (� 5E, E3, 0.46± 0.08; E4, 

0.22 ± 0.05; E5, 0.16 ± 0.08; E6, 0.12 ± 0.05; E7, 0.01 ± 0.01)O�c_3�*-.h

~r� enhancer4-1-.DRG 78S<.PL70Sü¸t12,:�*@Ûr<

8�.üûPL789:.Sox103P-0@Ñý,:�*tÛþbc�O 

 

Tol2÷* Cre/loxP÷3i»  

� 5 ¡ enhancer4-1 3��þ�ÿÈü¸t1ÿr��*^_.ç�

enhancer4-1tü¸�r�NCC¡.!6Ý7Þßà@P-b5:)÷tu c�O

�3�D.ipr�)÷*.ãÁä3Þßã¡r�r�»S_c: Cre/loxP @

/HS�ÞßàHMo�÷@i»r�O Cre/loxP ÷-.çªÝ7ü¸�r��

�þ�ÿÈ-Cre¡/.Cre@�r�HMo�7¨�.úûü¸!ô½ÈêÈ¡Þ

ßà(��� EGFP)@P-b5:�*¡.EGFP @!6Ý7P-b5:�*tl

L¡À:O�3�D.&'KvÜÝ[�ÇÈÉ­Ê*.d3Þßà´µ7b»

bc:(Abremski and Hoess, 1984; Hamilton and Abremski, 1984; Nagy, 2000)OQz

<.Tol2 ÷* Cre/loxP ÷@i»r�ðñ¢(e.Tol2-Cre/loxP ÷*p�,:£

¡.CretP-bc�&'3M7.!6Ý7ÞßàtP-bc:*RLr�O 

Tol2-Cre/loxP ÷t.²�³�3&'¡IG3^@,-,:�D.²�

³�&'¸3 DF1&'("G#&')@/HS�O�3�D.3R3!Ãä�%@

á�r� (� 6A)O pCAGGS-T2TP. pxCANCre (pCAGGS-Cre).dr<

pT2K-loxP-DsRed2-loxP-EGFP-.CAGGS)"7 loxP¡Ä c�DsRed2*EGFP

@C¹OCre3ü¸tÀ:ã�-.Cre7¨� loxP-DsRed2-loxP (ä³·!ÎÕ·

³)-ÌÍbc.CAGGS 7¨�úûP-bc<S� DsRed2 7^�z<.EGFP

3P-tvËbc:(� 6A)O 

�c_Þßà3I§tLâ�&'@¼:�D.3R3!Ãä�%@ DF1

&'7 co-³Ã�äµ·ó�ö�b5�ORL�8�.EGFP3P-- 33^_

­Ê@Ê$r� 253� ¡4_c�(� 6B, F)Oõ�³ôÈ¿ÎÏ*r<.Cre
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t[S%&(� 6C)*.³Ã�äõ³Èät[S%&(� 6D)3 2K'@åz�O

Cret[Sã�-.DsRed23P-têwÝ74_c.EGFP3P--4_c[^

z�(� 6C)O³Ã�äõ³Èät[Sã�-.HMo�tBùr��*@Û,

EGFP�Ö×¿-4_c�/33.d3P--çªÝ¡Àz�(� 6D)Oõ�³ô

È¿ÎÏ7¨:¾Èê-.|RÝ7P-bc� EGFP -.³Ã�äõ³Èä*

Cre(� 6B)7¨�.cdep3HMÇM* Cre@�r�HMo�t.<ç3&'

¡Lâ��*@Û,O 

DF1&'789:.Cre@�r�HMo�*.!Ãä�%3cdep3

HMÇM-.1,000&'7¸,: EGFPÂ¸&'3O�@aN,:�*¡.w0

­Êr�O³Ã�äµ·ó�ö�^_ 43e¡-.3R3!Ãä�%@a$r�

EGFPÂ¸&'3O�(305 ± 14)*.³Ã�äõ³Èä@(G [Sõ�³ôÈ

¿ýþ3O�(285 ± 21)78S<<í¡Àz�(� 6F)Or^r[t_.73e(

)¡-.dc_3ýþ78S<k*[+tM_c�O3R3!Ãä�%@a$r

�ã�- 175 ± 33 ¡Àz�37¸r<.õ�³ôÈ¿¡- 102 ± 3¡Àz�O15

3�7-.õ�³ôÈ¿¡- EGFPÂ¸&'-4_c[G[�.3R3!Ãä�

%3ýþ¡-.98±3 3 EGFP Â¸&'t4_c�OCre @C [S/©çR3

õ�³ôÈ¿ýþ¡- (� 6C).cdep3HMÇMtBùr��*@Û,

DsRed23P--4_c�/33.EGFP3P--4_c[^z�(� 6C, F)O�

c_¨�.ipr� 3 R3!Ãä�%@»S:�*¡.Tol2 7¨�cdepH

MÇ c�TXÞßàt.Cre@�r<HMo�_c:�*t.²�³�3&'

¡QD<Ûbc�O 

b_7.DsRed2-loxP ä³·!ÎÕ·³3HMo�t. pxCANCre 3

ÔØ07/M,:3^@TU�O³Ã�äµ·ó�ö�b5: pxCANCre 30

@ 0.1ng^_ 50ng ¡,�7�Vb5�(� 6E)O³Ã�äµ·ó�ö�^_ 16

3e.!Ãä�%a$&' 300-7¸r<.EGFP(HMo�À�)3M.DsRed2(H

Mo�[r)3M.EGFP* DsRed2t�èÂ¸¡Àz�&'3O�@.dcSc

aNr�OEGFPÂ¸&'3O�-.5ngná¡9�7�Vr.d3e[w_^

7i.,:/yt4_c.ÙÑ,:¨©7 DsRedÂ¸&'3O�-12r�(�

6G)OQz<.DsRed2-loxP ä³·!ÎÕ·³3HMo�-.Cre 3ê�éóÍ

07/M,:�*tÛbc�O 

 

Tol2÷.Cre/loxP÷.enhancer4-13i»7¨:. NCC?j7vÜÝ[Þßà

´µJÃÜ¿  

Tol2-Cre/loxP÷7¨�.Þßà- NCCvÜÝ^R|RÝ7P-b5_

c:3^@,0,:�D.ipr� pT2K-loxP-DsRed2-loxP-EGFP *
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pCAGGS-T2TP.dr< Cre P-%Ãæ�È7 enhancer4-1@»S� pEnhancer4-1 

-tk-CreP-!Ãä�%@.�c ¡*<í7 E23#$f7 co-�òó³ôõò

È�ö�r�Oõ�³ôÈ¿ÎÏ*r<.úûÝ7 CretP-bc: pxCANCre

À:S-.Cre tP-bc[S ptk-Cre @a$r�OE7 3²�³�U78S<.

ë±xw@äår�O� 7A-C 3123éÇ¿-<çxw789: EGFP *

DsRed23�Ö×¿@Û,OpEnhancer4-1-tk-CreP-!Ãä�%@»S�ã�7-.

EGFP�Ö×¿-.NCCsX3 DRG3M74_c�(� 7A , n=15)O�c7¸r

<.EGFP�Ö×¿-.pCAGGS-Cre¡-./�* DRG3�è74_c(� 7B , 

n=10).ptk-Cre¡-.��7/4_cª.DsRed2�Ö×¿t/�* NCC74_

c�O(� 7C, n=10)Ob_7.pEnhancer4-1-tk-CreP-!Ãä�%@»S�ã�7

8S<.� 3*<í7.U43�k@-S¡��Gr�7N@äå,:*.EGFP

�Ö×¿-.��#$ (� 7D, n=7).����&'(� 7E, n=6).��&'(� 7F, 

n=7)7vÜÝ74_c�O�c_-.Tol2-Cre/loxP ÷3 Cre P-%Ãæ�È7

enhancer4-1@»S:*.Þßà- NCC vÜÝ^R|RÝ7P-bc:�*@Û

,O 

 

Tol2÷.Cle/loxP÷.tet-on÷3i»  

áâ.C¥¦`¡-.²�³�U78S<�òó³ôõòÈ�ö�÷

¡a$r�Þßà3P-@.r³Ãÿæó��/MÝ7`a,: tet-on÷tvP

bc� (Watanabe et al., 2007) Od�¡.NCC��lvÜÝ7ÞßàP-@´µ

,:�D. tet-on ÷@ipr� Tol2-Cre/loxP ÷*i»r� ((e.

Tol2-Cre/loxP-tet-on÷*p�,:)O 

�3ðñ@²�³�U7[»,:(7.Tol2-Cre/loxP-tet-on ÷)týþ

&'3 DF1 &'¡.I§©:3^@,-r�O�3�D.4 R3!Ãä�%@

á�r� (� 8A)O�3©H.2 R-� 6 ¡Ûr�!Ãä�%*<â¡À:

(pxCANCre, pCAGGS-T2TP)OpT2K-BI-TRE-EGFP-.tet-responsive element (TRE)

7´3bc:4èynE5²·³*.EGFPt#$bc<S: (Sato et al., 2007)O

EGFP 3P--.Dox M¢)7¨�ü¸�r� rtTA2S-M2(reverse tet-controlled 

transcriptional activator)7¨�`abc:OrtTA2S-M2-.Tol2-loxP-DsRed2Üó

êÈp#$r.pT2K-CAGGS-loxP-DsRed2-loxP-rtTA2S-M2@A6r�OrtTA2S-M2

-.Cre 7/Mr<ä³·!ÎÕ·³ (loxP-DsRed2-loxP)txÌbc:*P-b

c:OrtTA2S-M2 * EGFP @C¹ÎÕ·³-.(pT2K ÜóêÈ7¨�)cdep

HMÇ c:¨©7Yíbc<S:O 

�c_Þßà3I§tLâ�&'@¼:�D.ip3 4 R3!Ãä�

%@.DF1&'7 co-³Ã�äµ·ó�ö�b5.DoxÀ:S- PBS@V��(�
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8B, C)ODox @7V,:*.EGFP Â¸3&'tSGR^4_c�37¸r(�

8B).õ�³ôÈ¿3 PBS@7V,:*.EGFPÂ¸3&'-4_c[^z�(�

8C)O�c7'8r�ÎÏ*r<.Cre]M¢)¡ Dox@V�:*.DsRed2Â¸

&'t4_c:�^�¡.EGFP Â¸&'-4_c[^z�(� 8D)OQz<.

EGFPÂ¸&'¡-.Cre@�r�ä³·!ÎÕ·³3xÌ*.Dox7/Mr�

rtTA2S-M23ü¸�t<�7Lâ<S:O 

³Ã�äµ·ó�ö�e^_$�Ý7äå,:*.Cre M¢)¡ Dox

@V��ã�7-.dc^_ÎÏ@Ê�� 21 3e ¡.EGFP Â¸&'t4_

c�(� 8E)Or^r[t_.&' 1,000 7¸,: EGFP Â¸&'3O�-.21

3¡- 2.4%*.� 6¡Ûr� Tol2-Cre/loxPt] 10%¡Àz�37¤U<ø^z

�O� 8 ¡-.2 K'3ÎÕ·³@<ç3&'7HMÇ 5:ÐKtÀ:�D.

1K'3HMÇM7¤U<ìít)tz�3wx©O 

b_7.Dox @V��e.Þßà3P-tSR^_vËbc:3^@

TU:�D.4R3!Ãä�%@³Ã�äµ·ó�ö�b5.Dox@V�<4_

c� EGFPÂ¸&'^_.3R39ùr�&'¸@:ùr�O�3&'¸@/H

S<.Dox ÔØe3 EGFP�Ö×¿3��@äår�ODox@7V,:*.EGFP

Â¸&'-.6�le74_cËD.&§6S<d3E-�Vr<S� (� 8F)O

EGFP 3ê�éóÍ0-.Á·äê�´ô·r¶�Ö7¨�w0­Êr�¢ �

8G£O�c_3­Ê-.TRE7%Ãæ´bc� EGFP3P-t.Dox@ÔØr<

^_.2[G*/ 6�le7-c:�*@Ûr<S:O 

 

Dox37V7¨:. NCC?j7vÜÝ[ÞßàP-`a  

Tol2-Cre/loxP-tet-on÷7¨�.Þßà- NCCvÜÝ^R Dox/MÝ7

P-b5_c:3^@,0,:�D.ipr� pT2K-loxP-DsRed2-loxP- 

rtTA2S-M2 . pT2K-BI-TRE-EGFP . pCAGGS-T2TP * � c 7 V�<

pEnhancer4-1-tk-CreP-!Ãä�%@.�c ¡*<í7 E23#$f7 co-�ò

ó³ôõòÈ�ö�r� (� 9A)O� 9B-F- E578S<.DoxÀ:S-õ�³

ôÈ¿*r< PBS @7Vr.$�Ý7²�³�U3ë±xw@äår�ÎÏ¡

À�.i):3éÇ¿-.<çU3ë±xw789:.EGFP�Ö×¿* DsRed2

�Ö×¿3EÞ@Ûr<S:OE578S<��7/4_c[^z� EGFP�Ö

×¿-(� 9B, n=16).Dox@7Vr�ã�7.E6(n=11)* E7(n=14)78S< DRG

3M74_c�(� 9C, D)Oçè¡.PBS@7Vr�ã�7-.EGFP�Ö×¿

- E6(n=15)* E7(n=12)*/.��7/4_c[^z�(� 9E, F)Ob_7.Dox

@7Vr�ã�78S<.� 3.� 7*<í7.U43�k@-S¡��Gr�

7N@äå,:*.EGFP �Ö×¿-u�Ýv;^_��#$.����&'.
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��&'7vÜÝ74_c� (� 9G-I, dcSc n=3)O�c_3�*-.

Tol2-Cre/loxP-tet-on÷3 CreP-%Ãæ�È7 enhancer4-1@»S:�*¡.Þß

à- Dox37V7/Mr.NCCvÜÝ^R|RÝ7P-bc:�*@Û,O 

 

fgðñ7¨�.=>#$Å7no,:����&'@ ex vivo ¡;�:

�*tlL7[z�  

fg7øùr�ðñ-.in vivo789: NCCPLeR3<å@¼:�

*tlL[=È¿¡À:�*@ù-,:�D.=>HIpÔÕbc:#$7n

or�����&'79�r�Ov7.in vivo3 3ûü)789:�&'¡3

­Ê@lL*,:.fgðñ3bÍ@ü»r�O�3�D. � 7 ¡p�r�

Sox10-enhancer4-1.Tol2÷.Cre/loxP÷@i»r�ðñ@»S�Oip3ÎÏ¡.

Sox10-enhancer4-13ü¸t.loxP-DsRed2-loxP(ä³·!ÎÕ·³)@x±,:�*

7î>�¡Àz��D. NCC sX3HIJ&'Kt EGFP(Cre tIS� )*

DsRed2(Cre tI^[^z�)7¨�½?æó7ÃÜ¿bc��*7'@S� (� 

7A, � 9C, D)OQz<.����&'*��@øí"Ý7Ü[:º»�¡ÃÜ

¿,:�D(����&'@ EGFP ¡.��@ DsRed2 ¡ÃÜ¿,:Od3A/

r^�O) .�3BC[ enhancer4-1@b»r�O�òó³ôõòÈ�ö�r�²

�³�U@äÃæär.����&'*��tC c:äÃæä@.DÌÍò

È?Èklm7b_r�Odr<.DsRed2 À:S-.EGFP ¡ÃÜ¿bc��

�#$��*.dc*-Ü[:º»�¡ÃÜ¿bc�����&'7.óE@

Fz�O 

 E3.5 ¡-.�FE3����&'-.��Å3áé74_c�Odc

_3&'-.îgG[u�@r<8�.H=ßÙ�V=ßÙ@C¹üP[&'

IJtäåbc�Odc_3IJ-.Ã�(e[èy7��bc<S�(� 10A, 

n=5, 1� 1)OE4.578S<.º»ÃÜ¿bc�����&'3K:LS3FG

-.E3.5 74_c�/3*�6�t'8r<S�O�M.&'3IJ@��7

�år<�|b5:/3t4_c�(� 10B, n=7, 1� 2)OE7¡-.dc_7¤

U<-z§�*&'3íàtÜ[z<8�.����&'-.NG|S&'I

J@�ÅpOêb5<S�O�c_3&'-.�ª^7IJ@1^r<-S�

t.PÝ¡Àz�(� 10C, n=6, 1� 3)O 

 

 

 

 

 



 22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 23 
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�3QTol2÷@»S�NCC|RÝ[ÞßàP- 

 

(A)i7�Ûr�3K'3!Ãä�%@E23²�³�U3#$f7in ovo �òó

³ôõòÈ�ö�÷¡a$r�O(B, C)i:*):*/7^PLärÈÉ789

:<çU4563ë±xwEÞ@Ûr<S:OE3¡-.mCherry3�Ö×¿¢c

de7HMÇ c<S[S£*EGFP¢cde7HMÇ c�£3�Ö×¿-NCC

7sX,:DRG (óô)*/�74_c�(B)Or^r[t_.E7¡-.EGFP�

Ö×¿-DRG74_c�37¸r(óô).mCherry�Ö×¿-¨*©�4_c[

^z�OäÏÈ¿�È: 100ÀmO(C) DRG78S<.mCherry Â¸&'7¸,:

EGFPÂ¸&'3O�@ìíÝ7­Êr�O�3ìí­Ê-.Ü[:U3456

3ë±xw(E3, n=11; E7, n=9) @/*7RSr�O�ÃÈ�È-±3ØáT+@

Û,O(D)�òó³ôõòÈ�ö�r�E73456^_.UV�7rDr�¨©

7�k@C¹HI@-?�z<.��Gr�Øz@á�r�O��#$-Ë

Tuj1(E).����&'-ËP0 (F).��&'-ËMITF(G)Ë47¨�Î�r�O

NT: Neural tube #$f, Sp: spinal cord /�OäÏÈ¿�È: 50ÀmO 
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�4QSox10��þ�ÿÈ@»S�NCCvÜÝ[ÞßàP- 

 

(A) 123éÇ¿-.E2.5789:¾6xw@Û,O1-Sox10 in situ 

hybridization.2-NCCãÈÎÈ3HNK-1Ë4¡CDÎ�@åz�yP¡À:O

Sox10 mRNA-HNK-13�Ö×¿t4_c�.WXDRG(ab§ó¿).SG(óô).

74_c�OäÏÈ¿�È: 100ÀmOWX-ó¿¡Ûr�.�kÊ)@�1,:

��&'3(D&'36�@M�Y�EÞ¡À:OäÏÈ¿�È: 20ÀmO (B) 

VISTA@»S<.Sox10@C¹43kb3²�³�cde§§*.�³cde@¤¥

r�O100bpY60bp(i3Ù<§§t4_c�¥¦@.]õÈ%ùM¥¦(ò3o

Èó, CNE).õÈ%ùM¥¦¢Ó�3oÈó£*r<Û,O5R3]õÈ%ùM

¥¦(CNE1Õ5.ò�3oÈó.óô)tSox10 ORF35’h74_c.2R3UTR(�

:Sõ3oÈó.óô)td33’h74_c�OùMbc�õÈ%¥¦-�:S

Z3oÈó¡Ûr�O8R3¤¥Ý|Scde±w(#1-#8)*,123÷Scde±w

(#1-1Õ#1-7, #4-1Õ#4-5)@.-�7òõÈêÈ!Ãä�%3ptkEGFP7#$r(C).

dcSc3��þ�ÿÈü¸@,-r�Oõ�3�·óä-NCCvÜÝ7EGFP

t4_c�±w.ö�3�·óä-#$f*NCC3�H_7/4_c�±w.

a�3�·óä-��þ�ÿÈü¸t4_c[^z�±w¡À:(�2 ¡)O¢C£

�c_cde±w@ptk-EGFP7#$r�òõÈêÈ!Ãä�%-.E23²�³

�U3#$f7.pCAGGS-mCherry*ç[7co-�òó³ôõòÈ�ö�r�O

(D)#1-4(NCC)*#4-1(NCC*#$f)3cde±w789:��þ�ÿÈü¸@

Û,O133\3EÞ-.E2.53<ç-43456@gh^_äår�íà@Û

,Oó¿-#$f@Ûr<8�.enhancer1-4¡-EGFP+/mCherry+.enhancer4-1¡

-EGFP-/mCherry+¡Àz�OdbSóô-�¡Ý7uBbc�

DRG(EGFP+/mCherry+)¡À:O²�³�U3ë±xwEÞ@234\7Ûr�O

ó¿-.#$f¡3EGFP�Ö×¿@.óô-PLÝY3DRG@Û,OEnhancer4-1

-DRGvÜÝ7ü¸�r<S�OäÏÈ¿�È: 100ÀmO(E) #$f*DRG78

9:.mCherry Â¸&'7¸,:EGFPÂ¸&'3O�@ìíÝ7­Êr�O�

3ìí­Ê-Ü[:U34563ë±xw(#1-4, #4-1*/n=12)@/*7RSr

�O�ÃÈ�È-±3ØáT+@Û,ONT: neural tube #$fO 
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�5Q²�³�U3PLª«789:enhancer4-13ü¸éêÈ�3�� 

 

 (A)7Ûr�3R3!Ãä�%@PLQR3#$f7co-�òó³ôõòÈ�ö

�r�O(B, C)�3PL:;/.<çs]789:EGFP*mCherry3P-@Û,O

pT2K-CAGGS-mCherry3cdep3HMÇMtBkr<S:7/×�_ª.

EGFP�Ö×¿-.E4¨��^_12r<S�O(D) (B, C)3éêxw78S<.

Sox10 mRNA3in situ hybridization@åz�O{¢¸3Sox10 mRNA/ �.E4¨

��^_12r<S�OäÏÈ¿�È: 75ÀmO(E) DRG789:EGFP�Ö×¿

31ÿ-ìí­Ê7¨�Ûr�O�3PL:;/n=10¡À:O�ÃÈ�È-±3

ØáT+@Û,ONT: neural tube #$f, Sp: spinal cord /�O 
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� 6QTol2÷.Cre/loxP÷@i»r�ÞßàP-�äre3 DF1&'@»S�R

S 

 

(A)d3)÷3+,@UV�7Ûr�O loxP-DsRed2-loxP(ä³·!ÎÕ·³)-.

Cre3ü¸7¨�ÌÍbc.EGFP3P-túûÝ7`abc:O(B-D) DF1&

'7 pT2K-CAGGS-loxP-DsRed2-loxP-EGFP.pCAGGS-T2TP.pCAGGS-Cre @ co-

³Ã�äµ·ó³b5�OEGFPÂ¸* DsRed2Â¸&'-.Ü[:�Í¡RS

r�O(�c/ n=3)O(C, D)-õ�³ôÈ¿ÎÏ¡À:OäÏÈ¿�È: 50ÀmO

(E) DF1 &'7(B)*<í[!Ãä�%3Õ·³@ co-³Ã�äµ·ó³b5�O

pxCANCre (pCAGGS-Cre)3ÔØ0@(z<.163e7RSr�(�c/ n=3)O(F) 

(B-D)3ÎÏ789:.EGFPÂ¸&'À:S-.DsRed2Â¸&'3w0­Ê@

Ûr�O(E)789:.EGFPÂ¸&'.DsRed2Â¸&'.EGFPÂ¸&'JDsRed2

Â¸&'3w0­Ê@Ûr�(G)O 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 32 
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� 7QTol2÷.Cre/loxP÷.enhancer4-13i»7¨�.Þßà- NCC|RÝ^R

vÜÝ7P-bc: 

 

(A) pT2K-CAGGS-loxP-DsRed2-loxP-EGFP.pCAGGS-T2TP.pEnhancer4-1-tk-Cre

@QR²�³�U3#$f7co-�òó³ôõòÈ�ö�r�O123éÇ¿-

E73<çxw789:EÞ@Û,OEGFP�Ö×¿-DRG3M74_c¢óô£.

DsRed2�Ö×¿-DRG*/�74_c�O(B, C)! (A)3õ�³ôÈ¿ÎÏO

(B)pCAGGS-Cre¡-.EGFP�Ö×¿-DRG(óô)*/�(ó¿)3&'74_c

DsRed2-.¨*©�4_c[^z�O(C) ptk-Cre@»S�ã�7-.EGFP�Ö

×¿-¨*©�4_cª.DsRed2�Ö×¿tDRG*/�74_c�O�c/n=15O

äÏÈ¿�È: 100ÀmO (A)*<í[ÎÏ78S<.E73²�³�U@äå,:

*.EGFP�Ö×¿-NCCsX3&'K74_c�(D-F)O��#$(D).���

�&'(E).��&'(F)O�kHI@��Gr�7N-.�3E-G*<í7E73²

�³�U^_á�r�OäÏÈ¿�È: 50ÀmOSp: spinal cord /�O 
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� 8QTol2÷.Cre/loxP÷.tet-on÷@i»r�ÞßàP-�äre3 DF1&'

@»S�RS 

 

� 6 ¡øùr�)÷7.%&Ý7P-`ab5:�äre@HM��5�)÷

¡À:O(A)��¡-.Cre@�r�HMo�7¨�.EGFP3���7 rtTA2S-M2

tP-bc:ODoxM¢)78S<.�3nE`aFà-.pT2K-BI-TRE-EGFP

3 TRE 7y�r.EGFP 3P-t`abc:OrtTA2S-M2 @C¹ÎÕ·³*.

TRE-EGFP @C¹ÎÕ·³t�è*/.Tol2 7¨�cde7HM� c:*.

tet-on÷7¨:´µ(Dox37V7¨:)t.PLeR¡b»lL*[:O(B-D) 3

R3!Ãä�%(i)*.17Ûr�!Ãä�%@ DF1&'7 co-³Ã�äµ·ó

�ö�b5.EGFP * DsRed2 �Ö×¿@Ü[z��Í¡RSr�OCre * Dox

M¢)78S<.EGFP-P-`abc�OäÏÈ¿�È: 50ÀmO(E) (B-D)3

ÎÏ789:.EGFPÂ¸&'E3w0­Ê@Ûr�O(F) EGFP3 Dox`aP

-3�l$ªO(B)¡Ûr�ã�*<âÕ·³3!Ãä�%@³Ã�äµ·ó�

ö�b5�À*.3R3&'¸@:ùr.Dox7/Mr� EGFP3P-@RSr

�ODox @V�<^_(0h).EGFP Â¸&'-Ü[:�^7äår�OEGFP �

Ö×¿- 6 �l()¡�Vr�O(F)3 EGFP �Ö×¿3�V@Á·äê�´ô

·r¶�Ö7¨:w0­Ê¡ø�r�(G)O 
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� 9QTol2 ÷.Cre/loxP ÷.enhancer4-1.tet-on ÷3i»7¨�.Þßà- NCC

��lvÜÝ7P-bc: 

 

 (A) ÎÏíV-�8¡Ûr��*7'8,:OpCAGGS-Cre(�8)3���7

pEnhancer4-1-tk-Cre»S�O(B-F) 4R3!Ãä�%@((3�¡Ûr�¨©7#

$fp�òó³ôõòÈ�ö�r.E6*E778S<RSr�ODox@7V,:

((¡-.DRG7EGFP3P-t4_cª.DsRed2Â¸3&'t/�*DRG74

_c�(B)O�c7¸r<.Dox@V��e-.P-`a7Bkr�EGFP�Ö×

¿täåbc�(C, D)OPBS@V��ã�-.EGFP�Ö×¿-äåbc[^z�

(E, F)OäÏÈ¿�È: 100ÀmO(G-I) (D)7Ûr�E778S<.Dox7`abc�

EGFP-._3NCCsX&'7/4_c�O��#$(G).����&'(H).�

�&'(I)O�k@��Gr�7N-.�3E-G, �7D-F7p�r�`�E73²�

³�U^_á�r�OdcSc.n=10OSp: spinal cord /�OäÏÈ¿�È-50

ÀmO 
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�10QEGFP¡ÃÜ¿bc�����&'*DsRed2¡ÃÜ¿bc���#$��

@<�7;�:.DÌÍklm@»S�Ãæ´äå 

 

3R3Ü[:PL:;@(A) E3.5.(B) E4.5.(C) E77Ûr�O;<3aN78S

<.ex vivoýþxw-.pCAGGS-T2TP, pEnhancer4-1-tk-Cre, 

pT2K-CAGGS-loxP-DsRed2-loxP-EGFP@co-�òó³ôõòÈ�ö�b5�²�

³�U^_á�r�ODsRed2Â¸3��#$7nor�EGFPÂ¸3����&

'-.40b3¸2ò�Â@»S<Ãæ´äår�OdcSc3EÞ-.1�1-3

3ç6¡À:O(A) E3.53����&'-Ã�(e[èyp.H=ßÙ*V=ß

Ùí3IJ@.üP7�cb5<S�O(B) E4.5¡-.EGFPÂ¸3����&'

-.¹º7V=ßÙí3Ad2@��7�år<��r<8�.�M.��7

�Sr<eÊèy7IJ@�|b5<S�(óô)O(C) E7¡-.EGFPÂ¸3��

��&'-.DsRed2Â¸3��#$��7Oêr<8�.^[�&|G&'3

IJ-PÝ¡Àz�Oäår�aN36x*èy-.��¢1£7Û,`�¡

À:OäÏÈ¿�È:20Àm 
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�11Qz¥¦3}ç6@K]r�UV� 

 

�òó³ôõòÈ�ö�r�²�³�U3QR.YR.eRPL:;@�r�O

QR3NCC^_PLeR3NCCsXHIJ&'K@Ûr�ONCC-enhancer@*

�[S*.NCC7sXr[SÖ1#$/EGFP¡ÃÜ¿bc�(A)O(A)^_(D)

 ¡.)÷@Ä�b5<fG*.TXÞßà3P--.]vÜÝ¡À:têw

Ý(A).NCCvÜÝ¡À:tH6Ý¡-[S(B).NCCvÜÝ¡À�H6Ý¡À:

(C).NCCvÜÝ.H6Ý¡À�.�RtT¡lL (D)*[:Oz"7d3Æ&

@à�r�OMN: motor neurons Ö1#$, M: melanocytes ��&', Scw: 

Schwann cells ����&'O 
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1�1QE3.5789:����&'3êæeÃ!äæÅÈÉ 

 pCAGGS-T2TP, pEnhancer4-1-tk-Cre, pT2K-CAGGS-loxP-DsRed2-loxP-EGFP

@co-�òó³ôõòÈ�ö�b5�²�³�U^_á�r�Nw@.ex vivoý

þb5�OSGR^3EGFPÂ¸3����&'(Cre7¨:HMo�tLâ�)-

DsRed2Â¸3��#$��(Cre7¨:HMo�tLâ<S[S)3ág74_c

�Od3����&'-.rµh[èypH=ßÙ*V=ßÙí3IJ3üP

[�c@Ûr�O40b3¸2ò�Â¡i�]*7à[r�O1�3j��l-

88�¡À:O 

 

1�2QE4.5789:����&'3êæeÃ!äæÅÈÉ 

 ÎÏ)�-1��*<í¡À:OEGFPÂ¸3����&'-DsRed2Â¸

3��#$7��nor<S�Od3����&'-.��*�år�èyp

V=ßÙí3IJ@�Ë�Ë�cb5<S�O�M.��3eÊèypIJ@

�|b5<S�O40b3¸2ò�Â¡i�]*7à[r�O1�3j��l-

280�¡À:O 

 

1�3QE7789:����&'3êæeÃ!äæÅÈÉ 

 ÎÏ)�-1��.1�2*<í¡À:OEGFPÂ¸3����&'-

DsRed2Â¸3��#$7Oê7nor<S�OE3.5*E4.5*-Ü[�.E73�

���&'-.��7Áz<*</&|G�|r<8�.dc¨�/kSPL

:;7¤U<¨�PÝ¡.&'IJ3ü1-�ª^¡Àz�O40b3¸2ò�

Â¡2�]*7à[r�O1�3j��l-160�¡À:O 
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}�6  

k�¸��#$3��uB@­Ê,: Þßà´µè÷3øù  

 

²�³�U3gh789:k�¸��#$3PL  

²�³�U3gh789:k�¸��#$��3�î@.$�Ý7ä

å,:�D.E5 ^_ E9 3²�³�U¨�8463gh3�k@-?��.k

�¸��#$3��@#$��ãÈÎÈ3Ë Tuj1Ë4@»S�CDÎ�7¨�

ls�r�(� 13A)OE5¡-.�k7k�¸��#$3��-4_c[^z�(�

13B, n=4)OE6¡-.ghüYl3�h7km3��tM_c.E7¡-8463

gh;4@@z<S�(� 13C, D, n=4)Ob_7PLt\©w E8^_ E97^9

<.��- E7*<í7gh;4@@z<8�.�Å3�È- E77¤U¨�F

G[z<S�(� 13E, F, n=8)Ogh@�§,:��#$3��-.DRG^_Å

*[z<�kpÆÇ,: ((e.�kp3��Å3ÆÇÍ-.��³�Èõæ�

³*nGO)(� 12B, Pietri et al., 2003)O���S�*7.E6^_ E93�k7-.

d�7ÆÇr���Å3��³�Èõæ�³t.ghüYl@Ä©¡123¨

o<ç3¿À�òÜ¿7¸@[r<S�(� 13C-F, n=4)O�c_3�*^_.²

�³�U3gh78S<.k�¸��#$-.E5 ^_ E6 7^9</�3��

7uBbc� DRG^_#$Å@�|b5.12<ç3¿À�òÜ¿3k�p*

ÆÇr�e7.2[G*/ 2 3l3{79p7#$£@£Jk�;4@@©�

*tÛþbc�Ob_7.d3e/#$£-GHbcRR.��Å3�qtF

G[:�*tÛbc�O 

 

gh3k�¸��#$-��@uB,:  

-�3 DRG7sXr�k�¸��#$��3�î*.d3éêl<ð

3JÄ@äå,:�D.E93²�³�U38463 DRG7.DiI* DiO@ó$

r.�åÝ7k�¸��#$@ÃÜ¿r�(� 14A-C n=5)OdcSc DiI* DiO

¡ÃÜ¿bc���#$��-.g�7|G¿À7÷S|èu=3�ît4_

c.¿À�7Áz<�¡=7F©¡S�O �.ghüYl@�§Gr�<�

|,:��-4_c[^z�(� 14D, E)O���S�*7.dcSc3ïD:¥

¦7-.ÚS7¨*©�ë$5ª.�ª^7J[z<S:w9¡Àz�(� 14F)O

�c_3�*^_.E9 7-.^¿ÀòÜ¿3 DRG 7sX,:gh3k�¸�

�#$-.vw3éêÈ�¡�îr.ÚS7¨*©�J[_ª.��@uB,

:�*tÛbc�O 
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Oil �òó³ôõòÈ�ö�÷-vwòÜ¿3 DRG 7sXr�k�¸�

�#$3Þßà´µ/ÃÜ¿@lL7,:  

��uB3�à¢A@­Ê,:7-.Þßà´µr� DRG7sX,:

��#$��3¿À�À:S-g��7Áz��î@.�ø7äå,:�*t

u c:O�3�D.vwòÜ¿3k�¸��#$@Þßà´µ /ÃÜ¿,:)

÷3øù@åz�Ok�¸��#$@Þßà´µ/ÃÜ¿,:ã�.Tol2÷¡NCC

7|RÝ7Þßà@P-b5:)÷@z"¡��r�(� 3)O��r�)÷¡-.

�òó³ôõòÈ�ö�3«7 .Óg¸3!Ãä�% DNA (PT2K- 

CAGGS-EGFP !Ãä�%* CAGGS-T2TP !Ãä�%)@ E2 3²�³�U3#

$f7ó$,:O*�xt.Óg¸3!Ãä�% DNA-.#$f7ó$r�Ê

e7Ys,:�D.&'é¿ä@Ø��«7.¿À�7Áz�;<3#$f7

!Ãä�%ta$bc:O�3�D.vwòÜ¿3 DRG7sX,:k�¸��

#$@Þßà´µ,:�*-78¡Àz�Od�¡.Óg¸3!Ãä�% DNA

3Ys@tu�D.#$f7�ÇÃ¿�æ¿@ó$r�((e.Oil�òó³ôõ

òÈ�ö�÷*nGO)(� 15A)OE93v±xw@äå,:*.¿À�7Áz<

/�3�7FG DRG3©H.EGFPtM_c: DRG*d©¡-[S DRGt�

ø7�wbc�(� 15B, n=6)Ogh3�k@4:*.��#$��Å3��³�

Èõæ�³^_.ghüYl*�h7y^z<�|,: EGFP Â¸3��tä

åbc�O�3«.EGFP ¡ÃÜ¿bc���#$��78S</.DiI * DiO

¡��@ÃÜ¿r�ã�*<í7.ghüYl@�§Gr�<�|r���-

4_c[^z�(� 15C)O�c¨�.Oil �òó³ôõòÈ�ö�÷-.vwò

Ü¿3DRG7sX,:��#$3Þßà´µ8¨ËÃÜ¿@lL7,:�*t

Ûbc�O 

DiI8¨Ë DiO@»S���3�åÝ[ÃÜ¿*<í7.º»ê�éó

Í7¨:��3ÃÜ��Ö¡.��#$��éêÈ�@­Êr�O�3�D.

Oil �òó³ôõòÈ�ö�÷7¨� 1 ^_ 3 4¡�@ø<:¨©7.

PT2K-CAGGS-tdTomato !Ãä�%* pCAGGS-T2TP !Ãä�%@ E2 3²�³

�U3#$fpa$r�(� 15D)Od3yP.E9 78S<.tdTomato Â¸3�

�#$��3l7.tdTomatoÃ¸3¥¦t4_c�(� 15E, n=3)Om7PL@\

D� E1578S</.tdTomatoÂ¸3#$��3l7.tdTomatoÃ¸3¥¦t

4_c.d�7 tdTomatoÂ¸3#$��t�Ë:íà-4_c[^z�(� 15F, 

n=2)O�c_-.DiI * DiO 3ÃÜ¿¡Ûbc�¨©7.E9 7-.��#$3

��t.uBbc:�*@�H,:Ob_7.E9¡uBbc���-d3e/

GHbc:�*tÛþbc�O 
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áêr� DRGsX3k���#$-.gh3��uB7ÐÑ¡À:  

�c ¡.²�³�U3x6*Ù6¡-.d�@�§,:k�¸��

#$3��t.éêr���#$<ð3Þ�µ»7¨�uBbc:*Ò�c<

S:O�3y4-.TèÝ7ì6#$%3ç6�@ÌÍ,:�*¡.x6*Ù

78S<.zXuBbc:-ª3 DRG7sX,:��#$tïD:¡Àx©¥

¦7.éêr� DRGsX3��#$të$r��*^_Ûbc� (Scott, 1984) O

�c¨�.8463gh3��#$78S</.éêl3k�¸��#$3Þ

�t.d3���7IG3^@,-,:�D.8463 DRG3uBz¯@7M

�ONCC3PL7-.�Ð¸�Ö×¿�à3 BMPtÐÑ¡À: (LaBonne and 

Bronner-Fraser, 1999; Sela-Donenfeld and Kalcheim, 1999)OBMPÓ�ê�²ä³3

�R*r<y_c: Noggin (Allan M. Goldstein and Nandor Nagy, 2005; Balemans 

and Van Hul, 2002; Smith and Harland, 1992)@»S<.NCC3PL@z¯r.DRG

3uB@IJ�ONogginP-!Ãä�%(pCAGGS-Noggin)@ E23 3^_ 54¡

�3#$fp Oil �òó³ôõòÈ�ö�÷7¨�a$r�O�c*<�7.

pCAGGS-Noggin ta$bc�¿À3òÜ¿@Û,�D pT2K-CAGGS-EGFP *

pCAGGS-T2TP@Da$r�(� 16A)OE93²�³�U78S<v±xw@µB

r.äå,:*.EGFP 3P-t4_c:/�áé3¥¦¡-.DRG 3uBt

4_c[^z�(� 16B, n=5)O�k78S<.Ë Tuj1 Ë4@»S�CDÎ�7

¨�k�¸����3�î@4:*.õ�³ôÈ¿h3��#$��Å3��

³�Èõæ�³7¸¹,:.Noggin a$h3��³�Èõæ�³-.4_c[

^z�Odc7éê,:��³�Èõæ�³^_�|r�#$��-.zXu

Bbc:-ª3��#$tïD:¥¦7 ¡ë$r<8�.<çòÜ¿7ÙC

,:õ�³ôÈ¿h3��#$¨�/.¿hpY�r<S�(� 16C, n=5)Om7.

ghüYl3ná@äå,:*.õ�³ôÈ¿h3��#$��-.ghüY

l@�§Gr�< Noggina$hp*�|r<S�(� 16D, n=5)O 

TèÝ[)÷7¨�#$f@ÌÍr DRG 3uB@z¯,:�*¡/.

Noggin@»S�ÎÏyP*<í[yPt¼_c:3^@,-r� (� 17A)OE2

3#$f3wh@88¨d 5 4¡�7{�ÌÍ,:*.dc@ÌÍr�h3

DRG3uBt4_c[G[z�(� 17B, n=5)O�k78S<.Ë Tuj1Ë4@»

S�CDÎ�7¨�k�¸����3�î@4:*.õ�³ôÈ¿h3��#

$��Å7ÙC,:.#$f@ÌÍr�h3��Åt4_c[^z�Odc7

éêr���#$3��-.Noggin @a$r�ã�*<í7.zXuBbc:

-ª3��#$tïD:¥¦7 ¡ë$r<8�.<çòÜ¿7ÙC,:õ�

³ôÈ¿h3��#$¨�¿hpY�r<S�(� 17C, n=5)Om7ghüYl3

ná¡-.õ�³ôÈ¿h3��#$��t.ghüYl@�§Gr�<.#
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$fÌÍhp*�|r<S�(� 17D, n=5)OQz<.²�³�Ugh3k�¸�

�#$3��uB7-.éêl3��#$tÐÑ¡À:�*tÛbc�O 
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�13Q²�³�U3gh789:k�¸��#$3PL 

 

E5^_E9 ¡.13|7²�³�U8463gh^_k�@-?��.ËTuj1Ë

47¨�CDÎ�@åz�(A)O(B-F)Sªc3EÞ/.(A)3UV�32j7Û

,�7Áz<�Ûr�Oul-ghüYl@Û,OÉi:3EÞ-.846;

43EÞ@Û,O2:�-.dc_3a�3WX(a)¡5z�6�3Y��@Û,O

3:�-.gh�k74_c���3�î@Û,UV�¡À:O4:�-.Éi

:3EÞ3©Hp�3WX(b)¡5z�6�3Y��@Û,Oóô-.DRG^_

gh3�kp*ÆÇr�.��#$Å3��³�Èõæ�³@Û,O(B, a) E5¡

-.gh3�k7��t4_c[^z�O(C, a) E6¡-.#$3��³�Èõæ

�³^_km3È�^cr���ÅtM_c�O(D, a) E7¡-.��3�j-.

ghüYl*��3ná ¡ÆÇr.gh;4@@z<S�O(E-F, a) E8*E97

^9<.#$£-gh;4@@z�  .E7¨�/��Å3�qtFG[z<

S�O(C-F, b) gh�k7ÆÇr���#$�Å3��³�Èõæ�³t.gh

üYl@Ä©¡¨o<â¿À�òÜ¿7.¸@[r<4_c�O 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 52 

 

 

 

 

 

 

 

 

 



 53 

�14Qéêl3DRG7sX,:k�¸��#$3�î 

 

¿À7F©wDRG@.DiI*DiO@»S<�Ú7Ø�r�(A)O(B) DiI*DiO¡Ø

�r�DRG@.�h^_äår�EÞ@Û,O¿À�7dz<�¡=7uBb

c�DRGt.DiI*DiO7¨��Ú7Ø�bc<S�O (C) gh3�k@-?�

�.k�¸��#$��3�î@äår�OEÞ-.}~7y^z<iht¿

h¡À�.ul-ghüYl@Û,ODiI*DiO7¨�.�¡=7ÃÜ¿bc�

��#$3��t4_c�O (C)3a�¡5z�6�3Y�EÞ@(D-F)7Ûr

�O(D-F)):3éÇ¿-.��3³òÈä@Û,ODiI*DiO¡Ø�bc���

-.Sªc/g�7|G¿À7÷Sv;Ý[�î@[r<8�.�¡=3�î

t4_c�(D, E)Odc_@J��EÞ@4:*.DiI*DiO¡Ø�bc�#$�

�-.ÚS3¥¦7¨*©�ë$,:�*[G.kmJ[z<S:w9¡Àz

�(F)O 
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�15QOil �òó³ôõòÈ�ö�÷@»S<.vwòÜ¿3k�¸��#$@

Þßà´µJÃÜ¿r� 

 

Oil �òó³ôõòÈ�ö�÷3UV�@(A)7Û,OE23#$f3Àhj^_.

õS�¡Ûr�¨©7ÄnoÃ�¡#$f7Oil@ó$r.û7Z�¡Ûr�¨

©7.!Ãä�%gh(pT2K-CAGGS-EGFP, pCAGGS-T2TP)@ó$r�Od3e.

²�³�U3�h7.!Ãä&v(ò�3�È)*ãæ×ä&v(ö�3�È)@x

�b5.&'é¿ä@Ø��O13UV�7-.Oil �òó³ôõòÈ�ö�÷

7¨�.#$fpa$bc�!Ãä�%3¥¦@Z�¡Ûr�O!Ãä�%-.

Oil¨�Àh7.^R#$f31h7a$bc:O(B) E9 ¡PLb5�²�³

�U@./�7Áz<(UV�3Îl¡Ûr�x�)v±xw@µBr.EGFP3

�Ö×¿@äår�O/�3�7FGDRG(ó¿*óô)3©H.EGFPÂ¸3

DRG(ó¿)*.;GEGFP34_c[SDRG(óô)t.äåbc�O(C) (B)*<

í3ÎÏ¡E978S<.UV�¡Ûr�ghüYl3ná@äå,:*.EGFP

Â¸3��#$täåbc�O23éÇ¿-EGFP3³òÈä@Û,OÉ/¿6

h3��³�Èõæ�³(óô)^_�Ë�EGFPÂ¸3��#$��3�|-.

g��7|G.¿À�7÷^z�O �.ghüYl(ul)@�§Gr�<¸~

p�|r�EGFPÂ¸3��#$��-.4_c[^z�O(D) Oil �òó³ôõ

òÈ�ö�÷7¨�.1^_34¡�@ø<�E23#$f7.

pT2K-CAGGS-tdTomato*pCAGGS-T2TP@Da$b5�O(E, F) E9.E15*/

tdTomatotÃ¸3¥¦(a3ul¡5z�¥¦)7.tdTomatoÂ¸3��-ë$r

<S[^z�OEÞ13éÇ¿-.tdTomatoÂ¸3��3³òÈä@Û,O>!

ý3�èy3óô-¿À12�3y§@Û,OSp: spinal cord /�O 

 

 

 

 

 

 

 

 

 

 

 

 



 56 

 

 

 

 

 

 

 

 

 

 

 



 57 

�16QNoggin@»S<vwòÜ¿3DRG7sX,:k�¸��#$3uB@z

¯r� 

 

Oil �òó³ôõòÈ�ö�÷7¨�.E233^_54¡�3#$fp.

pCAGGS-Noggin, pT2K-CAGGS-EGFP, pCAGGS-T2TP@Da$b5�(A)O(B) E9

 ¡PLb5�²�³�U@./�7Áz<(UV�3Îl¡Ûr�x�)v±x

w@µBr.EGFP3�Ö×¿@äår�OEGFPÂ¸3/�3ná¡-.ç6

DRG3uBt4_c[^z�(ó¿)OuBt4_c�DRG@óô¡Ûr�O(C, 

D) ËTuj1Ë4@»S�CDÎ�7¨�.k�¸��#$3��@ls�r�O

UV�7-.äår�²�³�U36x@Ûr�OEÞ3123éÇ¿-��

#$3³òÈä¡À:Oóô3��³�Èõæ�³7sX,:��@ò¡Ûr

�O (C)3Nogginî´P-h*õ�³ôÈ¿h-.�H_/ghüYl@ �S

w.<ç3¿À�òÜ¿3s]@Û,O�è3s]*/.<ç~�3EÞ¡À

:Oõ�³ôÈ¿h3s]¡-.3R3��³�Èõæ�³t4_c�37¸r

<.Nogginî´P-h¡-.1R3��³�Èõæ�³r^4_c[^z�O

Nogginî´P-h74_c:��³�Èõæ�³^_�|r���#$��-.

zXéêr���#$tï¼,:¡Àx©¿h3¥¦(³òÈä3a�¡5z�

6�)7 ¡ë$r<S�Oçè.dc7¸¹,:õ�³ôÈ¿h3��#$-.

¿h7éêr���#$3¥¦(³òÈä3a�¡5z�6�)7-ë$r<S

[^z�O (D) õ�³ôÈ¿h3��#$t.��³�Èõæ�³(óô)^_

ghüYl(ul)@�§Gr�<.1h3zX¸~3��#$tïD:¥¦(³

òÈä3a�¡5z�6�)7ë$r<S�OSp: spinal cord /�O 
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�17Q#$f3ÌÍ7¨�vwòÜ¿3DRG7sX,:k�¸��#$3uB

@z¯r� 

 

E23#$f31h@.8¨d54¡�7���.TèÝ7ÌÍr� (A)O(B)d3

e.E9 ¡PLb5�²�³�U3v±xwÀ:S-ë±xw@Û,O�H_

/.UV�¡Ûr�Îl36x¡x±r�Oul¡5z�HI-.DRG(óô)

@Û,O#$f@ÌÍr�/�31h¡-.ç63DRG3uBt4_c[^z

�(ó¿)O (C, D) ËTuj1Ë4@»S�CDÎ�7¨�.k�¸��#$3��

@ls�b5�OUV�7-.äår�²�³�U36x@Ûr�OEÞ31

23éÇ¿-��#$3³òÈä¡À:Oóô3��³�Èõæ�³7sX,

:��@ò¡Ûr�O (C)3#$fÌÍh*õ�³ôÈ¿h-.�H_/ghü

Yl@ �Sw.<ç3¿À�òÜ¿3s]@Û,O�è3s]*/.<ç~

�¡À:Oõ�³ôÈ¿h3s]¡-.3R3��³�Èõæ�³t4_c:3

7¸r<.#$fÌÍh¡-.1R3��³�Èõæ�³r^4_c[^z�O

#$fÌÍh74_c:��³�Èõæ�³^_�|r���#$��-.z

Xéêr���#$tï¼r�¡Àx©¿h3¥¦(³òÈä3a�¡5z�6

�)7.ë$r<S�Oçè.dc7¸*[:õ�³ôÈ¿h3��#$-.¿

h7éêr���#$3¥¦(³òÈä3a�¡5z�6�)7-.ë$r<S[

^z�O (D) õ�³ôÈ¿h3��#$t.��³�Èõæ�³(óô)^_.

ghüYl(ul)@�§Gr�<.1h3zX¸~3��#$tïD:¥¦(³

òÈä3a�¡5z�¥¦)7.ë$r<S�OSp: spinal cord /�O 
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½å  

 

}ç6  

 

z¥¦¡_-.PLª«3 NCC7sX,:HIJ&'K78S<.c

de7HMÇ 5�Þßà@.!6Ý7À:-��/MÝ7´µ,:)÷@ø

ùr�(� 11)O�c_3)÷3¼»¸-.3 ûü��)78S<.DsRed2 ¡Ã

Ü¿r���.EGFP¡ÃÜ¿r�����&'3<�äå7¨�ù-r�O�

3(�3[SÓ!ôÈ­7¨�.=>HI78S<�Å7nor�����&

'3(: S*ü13f�[íà@pqr�O 

z¥¦¡.4K'3)÷@øùr�O1R�3 Tol27/Mr�cdep

3Þßàa$÷-.NCC sX3HIJ&'K@C¹&'78S<.�òó³ô

õòÈ�ö�bc�Þßà3P-@.!6Ý7`ab5:�*@lL*r�(�

11A)O�3!6Ý[ÞßàP--.YZ#$?3&'*-Ü[�.NCC3¨©

7&'�.t�©¡.cde7#$bc[SÞßà-9p7ú�<fG&'K

7.v7¼ì¡À:O2 R�-.Tol2 ÷*cde7HMÇ c�Þßà@ NCC

vÜÝ7`a,:.z¥¦¡<wr� NCC-enhancer (enhancer4-1)@��5�)÷

¡À:O�3)÷-.���Ö1#$3¨©7.��#$À:S-����&

'[�.NCC sX&'K*�wr<Þßà´µ,:ÐKtÀ:ã�7.v7¼

ì¡À:(� 11B)O3R�7-.Cre/loxP@�r� DNA3HM��7¨�.PL

eR ¡.Sox10 ��þ�ÿÈ3ü¸3ø)7¨_ª.NCC sXHIJ&'K

¡vÜÝ7!6Ý7Þßà´µ,:.m[:bÍtV�z�(� 11C)O4R�.

�3)÷7.m7 tet-on ÷@HM��5:�*¡.NCC PLª«3�E3�R

7.cde7HMÇ 5�Þßà3P-`a@lL*r�(� 11D)O�c¨�.

TXÞßà@PLeR3 NCC7sX,:HIJ&'K78S<.%&Ý7Þß

à´µ,:�*tlL*[z�OÉe7.�3)÷@ü»,:�*¡.in vivo/ex 

vivo 78S<.��7no,:����&'@.�&'òÜ¿¡ls�,:�

*7Bkr�O�c¨�.�c ¡*+7[^z�.PL:;7/Mr�d3

K:LS@Ûr�Oz¥¦7¨�.�c ¡|_G¬­®¡Àz�.�3¨©

7 NCC3PL-´3bc<S:3^*S©ò¯7.&'À:S-�àòÜ¿¡

­Ê,:fg3)÷tøùbc�Oz¥¦¡p�r�)÷3+,- �.HI

vÜÝ[��þ�ÿÈ@b»,:�*¡.UPL74_c:_3&'78S<

/[»bc©:wx©O 
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Tol2-Cre/loxP÷3Ó%��rÈÉ  

Tol2 7¨���bc�cdep3ÞßàHMÇM-.b � [½¾

¿`�uB78S<.îï[Þßàäó�È²�Öðñ*r<b»bc<§�O

v7³´Ãµ¶·��¡-.ÞßàÀ:S-��þ�ÿÈ³Ã·o�Ö7»S

_c<8�.�3_ Tol2 ÷-.Î�¿À:S-ãÁä78S</¼ì¡À:  

(Kawakami, 2005)Oáâ.C¥¦`3��æ7¨�.²�³�U¡/.Tol2÷*

CAGGS@»S<.PLeR3HI¢���.4¡sXHI.£t[�£7.Þ

ßà@P-b5:�*tlL7[z� (Sato et al., 2007)Oçè.Cre/loxP÷- loxP

§§vÜÝ[Ù<HMo�-�@b»,:.HIJ&'KvÜÝ[ÞßàP-

´3÷*r<øùbc<8� (Nagy, 2000).²�³�sX3ýþ&'À:S-.

²�³�U3L4{&'78S<¢L,:�*tÛbc<S� (Ma et al., 2004; 

Buelow and Scharenberg, 2008; Lu et al., 2009; Avraham et al., 2009)O�c_3ðñ

@ì�r�.z¥¦3²�³�U Tol2-Cre/loxP ÷-.�ÇÈÉ³òÈä.ó�

r�HI(T¡3Þßà´µ7¨:UXY�Zu3Å�.À:S-&'KvÜ

Ý[Þßà¢L3­Ê[�3Ó%��rÈÉ@�����.�t'789:ë

ìíÞßàäó�È²�Öðñ*Ò�:O 

 

Tol2-Cre/loxP-tet-on÷3Ó%��rÈÉ  

�c ¡.²�³�U¡-.PggyBac ³Ã�äõa�* Cre/loxP ÷@

i»r.CAGGS7P-bc:ê½Ä�µ·�`aý Cre @»S�.�RvÜÝ

Þßà´µ÷tøùbc<S: (Lu et al., 2009)O�c¨�/m7Ptr�ðñ

*r<.z¥¦3 Tol2-Cre/loxP-tet-on ÷-.³Ã�äõa�@»S�&'Kv

ÜÝ^R�RvÜÝ[ÞßàP-´µ÷*x�@9_c:O�3è÷-.tet-on

÷@i»r��*¡.m[:bÍ@L©¡S:O��À:Þßà3 �RvÜÝ

[[\@­ÊlL¡À:�*7V�<.d3[\tÀz�&'@ øÎ7Ø�,

:�*tlL¡À:Otet-on÷¡-.�èy7nEü¸@HR TRE-BI!ô½È

êÈt*�c<S:O�c-.��3À:Þßà*<�7º»ê�éóÍ(EGFP

[�)@P-b5:�èy¸3!ô½ÈêÈ¡À: (Watanabe et al., 2007; Sato et 

al., 2002; Ohata et al., 2009)ODox`a7¨�­Ê¸�3Þßà*º»ê�éóÍ

-.<ç3&'7P-bc:�D.d3[\@�9�L§�  3&'3(:

 S.���&'3�1.u���.&'Y.&'�.[�t.Þßà´µ@

rRR­ÊlL¡À:O 

 

Sox10Þßà¦áé74Swbc���þ�ÿÈ¥¦  

�c ¡.²�³�¡-.z¥¦*<í7 ptk-EGFPÜóêÈ*�òó
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³ôõòÈ�ö�÷@»S�òõÈêÈ­Ê^_.Sox103��þ�ÿÈ3,�

t[bc<§�O¿6¥¦7òõÈêÈ!Ãä�%@a$r�«7.CNS3@C

¹ 5kb3¥¦- E23qN(3 NCC78S<km3��þ�ÿÈü¸@HR�

*tÛbc<S� (Betancur et al., 2010)Oz¥¦¡-.f�7 CNS3@C¹ 3.6kb

3 enhancer4-1¥¦t E2.578S<.4563 NCCvÜÝ7ü¸�,:�*@Û

r(� 4B, D, E; � 2)Ob_7.d3ü¸-PL3$ª70z<1ÿ,:�*@

Ûr�(� 5)O 

in silico7¨:­Ê^_.�³*²�³�3cde78S<4Swbc

� CNS3 -.ãÁä78S</ùMbc<S:OãÁä¡-.òõÈêÈÞß

à*®znE§§i"7 CNS3 @x�b5�.³Ã�äÉ·²·óãÁä7¨

:­Ê^_.dch9¡>�7456¥¦3 NCC7ü¸�,:�*tÛbc<

S� (Deal et al., 2006; Werner et al., 2007; Antonellis et al., 2008)Or^r[t_.

z¥¦3*8�.enhancer4-1@÷Gr� CNS3@C¹#4-5cde±w¡-.45

6¥¦3 NCC789:.��þ�ÿÈü¸täåbc[^z�O �.#4-1@

÷Gr� CNS3 @C [S#4-2 cde±w¡/.��þ�ÿÈü¸-.,Nb

c[^z�O(� 4B; � 2)O�c¨�.²�³�¡-.456¡3 NCC vÜÝ

[��þ�ÿÈü¸-.CNS3*#4-2cde±w7C c:]ùM¥¦*3�T

µ»7¨�.Lâ<S:*��bc:O 

 

4-1¥¦(T3��þ�ÿÈü¸t4_c�¥¦  

ùM¥¦@C [S#1-4 cde±w-.#4-1 7¸r<¤¥ÝîSü¸

t NCC¡4_c�O �.#$f¡.ë¹�7ü¸@Û,¥¦¡Àz�(� 4B, 

D and E; � 2)Or^r[t_.Sox10 mRNA-��r�`� E2.53#$f¡-

P-r[S(� 4A)OQz<.#�-4¥¦@Û;7CMdc*<í[��þ�ÿÈ

ü¸t4_c�#1¥¦¢8kb£3T67.#$f¡ Sox103ÞßàP-@�´,

:�!ò·ÿÈ¥¦t.M¢,:*��bc:OÎ«7.�3¨©[�*r<.

nEFà3 Sox2 mRNA3P-@.#$\3M7gw,:�!ò·ÿÈ¥¦t.

M¢,:�*t*+bc<S: (Takemoto et al., 2006)O �.#8cde±w-

�å"{¡Ûbc�.4563 NCC78S<��þ�ÿÈü¸@/R Sox10E1

¥¦(z¥¦3 UTR17ÙC,:¥¦)@C¹.7.5kb3¥¦¡À:(Betancur et al., 

2010)Or^r[t_.z¥¦¡-#8cde±w7-.��þ�ÿÈü¸t4S

wbc[^z�(� 2)OQz<.#8 cde±w7-.Sox10E1 3456 NCC 3

��þ�ÿÈü¸@�´,:�!ò·ÿÈ¥¦t.M¢,:*��bc:O 

 

fgðñ@»S� NCCPLÅÎ²Âe3Pt  
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NCC -.PLª«78S<r�r�4ïHI*ÙÚµ»,:  (Le 

Douarin, 1999; Goldstein et al., 2005)Ov7.NCC7sX,:=>#$?*.#$

f7sX,:YZ#$?3ÙÚµ»-.#$f@ÌÍ,:[�3U´µ7¨�.

�G^_y_c<§� (Teillet and Le Douarin, 1983; Kalcheim and Le Douarin, 

1986; Landmesser and Honig, 1986; Tosney and Hageman, 1989)O�3¨©[ÙÚµ

»7IG�àÅÎ²Âe-.=>#$*YZ#$@-w7Þßà´µ,:�*

¡.QD<�:M7[:OQX`�3 CAGGS!ô½ÈêÈ@»S� Tol2÷¡

-.Tol2-CAGGS-Gene !Ãä�%@#$f7a$b5:�D.�©r</YZ

#$¡3ÞßàP-@ÌT,:�*-.78¡Àz�(� 3B)O�c7¸r<.

enhancer4-1@»S� Tol2-Cre/loxP÷¡-.!Ãä�%@#$fa$b5</.Þ

ßà-=>#$?vÜÝ7P-bc:OQz<.�3frSðñ7¨�.PL

ª«789:=>#$?*YZ#$?3HIlÙÚµ»t.�_^7[:*R

Lbc:O�3ðñ7 tet-on÷@HM��5:*.b_7­Ê3�-£ :OP

Lª«7IG�à-.r�r�Ü[:PL:;78S<.�z�NO@-�,  

(Knecht and Bronner-Fraser, 2002; Sauka-Spengler and Barembaum, 2008; Dorsky et 

al., 1998; Lee et al., 2004; Shah et al., 1996; Kos et al., 2001; Sasai et al., 2001; Thomas 

and Erickson, 2009; Hong and Saint-Jeannet, 2005)O�����À:Þßàt.QR

NCC3PL7îG[\@Ø�:�à¡Àz�ã�-.NCC3PL7Üût§�

bc.d3e3=>#$?789:NOt­ÊîL*[:Oenhancer4-1@»S�

Tol2-Cre/loxP-tet-on ÷[_�.d3¨©[Þßà-.NCC t=>#$?p��

r�:;¡P-b5_c:OQz<.=>#$?3PL:;7��5�.YZ

#$?*3HIlÙÚµ»ÅÎ²Âet.�_^7[:*RLbc:O 

 

UPL7*/[©����&'3(: S  

 �c ¡.��7no,:����&'3(: S@*+r�;<3

¥¦¡-.in vitro3ýþ&'t*�c<S�O�c_-.øO�7��7êr

�����&'3äå¡À�.in vivo*-.�§GÜ[:=>¡Àz� (Yu et al., 

2009)OkS����&'^_INr�SGR^3µ¶ôõ¾¶Óí3IJ-.

äåbc<-S�t.dc_3ü¸3ÙÚÀ:S-.&'�|3�l$ª7-.

óEtF�c<S[^z�O`û��´��3��¡-.kS����&'3

ü1-.&'3IJ-.îwu[&'*'8r<8�.B�,:7Rc<.O

ê7��r��Å3�~@��,����&'t�V,:Od3yP.&'I

J3IN-ÙÚ,:�*t.z¥¦3P4^_½�_c:O1&'òÜ¿3��

��&'@ ex vivo¡ls�,:�*t.z¥¦¡�U�ðñ3|�7¨�.Q

D<lL*[z�O�c¨�.in vivo 78S<.��7áêr�����&'
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3PL7frS<å@Ø��O �.z¥¦3P4^_.Î«34{789:

NCC3¥¦t.JK¡À:�*@îT,:O 

 

_3HIPL­Êp3¹»  

 Tol2-Cre/loxP÷¡-.Cre3P-7/Mr<ä³·!ÎÕ·³-ÌÍbc.

�ÝÞßàtP-bc:(�6B)Oz¥¦¡-.NCCvÜÝ7Þßà@P-b5:

�D.CreP-%Ãæ�È7NCC-enhancer@»S�O�3)÷3+,-._3H

IPL3­Ê7¹»,:�*tlLwx©Optk-Cre ÜóêÈ3tk!ô½ÈêÈ

3i"7#$r�enhancer4-13���7.�Ý*,:HIvÜÝ7ü¸�,:�

�þ�ÿÈ@#$,:�*¡.¶·7NCC(T3HIJ&'KvÜÝ7Þßà

@P-b5_c:O�Ý3HI7vÜÝ[��þ�ÿÈ7-.��þ�ÿÈ3

ü¸éêÈ�tr�r�Kl@r�<ùMbc<S:�*^_(Uemura et al., 

2005).ãÁä�³´Ãµ¶·��[�²�³�(T3L2K¡*+bc���

þ�ÿÈtb»lL*½�_c:O �.HIvÜÝ[��þ�ÿÈ3*+t

[bc<S[G</.²�³�¡-.z¥¦¡/ù-r�¨©7.{�æ 

(Uchikawa et al., 2003)3)÷7¨�.²�³�*¨�'3cde¤¥7¨:]õ

È%ùM¥¦3�w*.�òó³ôõòÈ�ö�÷@»S:)÷¡.��7�

�þ�ÿÈäó�È²�Ö@åS.HIvÜÝ[Þßà´µ7b»,:�*t

lL¡Àx©O 

 

}�6  

 

NCCsXHI3çR¡À:.k�¸��#$3���-.���ï[�

3TÝ��t4�3��7Ø�_c�3^@��,:k���3»¼7vD

<JK[NO@-�,(Sagasti et al., 2005)O�3¨©[��3uB-.Î�¿.

²�³�.æ½�À:S-Ã·³[�3½¾¿/012@»S<TèÝ7DRG

@ÌÍ,:ÎÏ^_.éêr�DRGsX3��#$3Þ�tJK¡À:*½�

_c<§�O�c ¡Þ�µ»3�à¢A3­�7y9<.L4T¡3­Êt

å�c<8�.�Ð¸ÑP�à*&'Tã³�óä3 Øt$%bc<S:O

r^r[t_.L4{789:d3�à¢Ap3Ó!ôÈ­-.¬w[bc<

S[SOz¥¦-.��#$���3�à¢A3­�@�74¡�<.L4{

789:ÎÏ?3øù@7M�O�3�D.2ûüÝ7k�¸��#$@;�

:�*tðñÝ7¶·[²�³�U384679�r.()33Í@�_^7

r�O1) ��#$-.E778S<gh;4@@©O2) E97-.gh34�7.

k�¸��#$3��tuBbc<S:O3) gh3��uB7/k�¸��
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#$3Þ�tIGO�c_34­@¼:ª«¡._-vwòÜ¿3DRG7sX

,:��#$7µ¢r<.Þßà´µJÃÜ¿,:Oil�òó³ôõòÈ�ö�

÷@øùr�(�18)O�c¨�.L4{78S<.��#$3��uB@­Ê

,:ÎÏ?tøùbc�OKe-.L4{789:��#$3��uB¢A3

­�tRLbc:O 

 

²�³�U8463gh-k�¸��#$3���3­Ê7¼ì¡À:  

 �c ¡²�³�U@/HS�k�¸��#$3��uB3¥¦¡

-.W£3��@½¾¿7.&'L,ã[)÷@*z�­Êt[bc<§�O

r^r[t_.��#$��3�î@;�:�D.d3�k@r>3  2û

ü7tv,:�*-.WÙtÄ¤7¥#r<S:�D.78¡Àz� (Wang 

and Scott, 2002; Scott, 1984; Scott, 1982)Od�¡_-.k�¸��#$3��u

B3­�7y9<.²�³�U38463gh79�r�O²�³�U846

3gh-¨o�¦¡À:�D.-?�z��k@2ûü7tv,:�*t¶·

¡À:OÎ«7.8463k�@2ûü7tv,:�*¡.r>3  k�¸

��#$3�î@.��1z3òÜ¿ ¡ë­:�7;�:�*tlL*[z

�(�13)O 

 846gh3k�¸��#$-.vD<h§[��@uB,:ODiI

*DiO@¿À7FGDRGp�Ú7ó$,:*.g��7£G¿À�75 G�

îr�DiIÀ:S-DiOÂ¸3��#$t.¿À�7dz<¢À�^/.|èu

3êæ¿tFG¨©7£�¡=74_c�(�14)O �.-?�z�k�7-.

��#$��3ÅtDRG^_k�p*ÆÇr���³�Èõæ�³t4_c.

d�^_��Å-È�^cr#$£@uBr<S�O�3��³�Èõæ�³

@®Í7,:*.Þßà´µ3[\¡²c���t.¿ÀÀ:S-g�p�c

¨�Y�Jcdr�3^@.w0,:�*tlL*$%bc:O 

 V�<z"¡-.gh3��uB7/WÙ*<í7.��#$3Þ�

tIG�*@Ûr�ONoggin3î´P-À:S-TèÝ7¨63#$f@ÌÍ

,:�*¡.WÙ6*<í7zXuBbc:-ª3��#$t�§r�¡Àx

©��7.éêr���#$të$r� (�16, �17)O³´Ãµ¶·��3¿

6¥¦@�§,:©ª#$7sX,:k�¸��#$3��uB7/.éêl

3#$<ð3Þ�tIG (Sagasti et al., 2005)O�c¨�./012789:;

«3k�¸��#$3��uB7-.Þ�@-âD*r�D`3�à¢AtI

G*��bc:O(i3�*^_.²�³�U3gh-.�t'3k�¸��

#$3��uB@­Ê,:©�¡.vD<¼ì[½¾¿*Ò�:O 
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Oil�òó³ôõòÈ�ö�÷-��uB¢A3 ­Ê7¼ì¡À:  

��#$3��uB-.�G^_¥¦t[bc<§�  (Cajal, 1919; 

Scott, 1984)Or^r[t_.d3�à¢A-./6*r<�_^7bc<�[^

z�O�3¬[+F-.vw3��@Þßà´µ,:ðñt.øùbc<S[

^z��*7À:O��uB3�à¢A@­Ê,:7-.Þßà´µr� DRG

7sX,:��#$��3¿À�8¨Ë.g��7Áz��î@�ø7äå,

:�*tu c:Odc7-.Þßà´µJÃÜ¿r� DRG7sX,:��#

$��*.d©¡[S��7�­[�®@Y9:ÐKtÀ:OOil�òó³ôõ

òÈ�ö�÷-.¿À�7�¡Ý7uBbc: DRG3©H.vwòÜ¿3 DRG

7Þßà´µJÃÜ¿,:�*@lL*r�(� 15B,C, � 18)OQz<.Oil �

òó³ôõòÈ�ö�÷-.��#$3��uB3,­7¯°,:�RÝ[Þ

ßà´µ÷*Ò�:O 

z"¡-.vwòÜ¿¨�Àh3��#$@´µ,:yP@�15 B,C

¡Ûr�O­Ê7-.dc_3©HÉ/¿h3��#$@äår.�c¨�¿

À127�c,:3^@w0�,:O,%Ý[­Ê-.<�7Þßà´µbc

�Àh3��#$7¨:2ûÝ[[\*.<�¡ÃÜ¿bc�dc_3�î@

l�z<w0�,:±c@²Ì,:�*¡À:OQz<. 1��3��#$@

vÜÝ7Þßà´µJÃÜ¿,:�*tu c:OOil�òó³ôõòÈ�ö�

÷-.�16¡Ûr�¨©7.Oil@2R»S:�*¡.�15B,C¨�m7µ¢r

�¿À�òÜ¿3��#$7Þßà@a$b5:�*tlL¡À:O�3�D.

14¡�3#$f7µ¢r<Þßà@a$b5:7M@åz<S:O-¢.14

¡�3#$fpÞßà@a$b5:�*¡.23DRG7µ¢r<Þßà´µJ

ÃÜ¿b5:�*7Bkr<S:O14¡�#$f7sX,:NCC33O-éê

r�4¡p*�1rDRG@uB,: (Le Douarin, 1999)OQz<.1R3DRG7

µ¢r<Þßà´µ,:7-.0.74¡�()3#$fpÞßà@a$b5:�

*¡lL7[:*RLr<S:O 

 

��#$���3�à¢A  

8¨d�áâ/(7.Cajal, (1919)-HIãÝ[­Ê^_.�|ÝY7

À:k�¸��#$3Þ�t.��#$3��uB7IG*Sz�ßà@æç

r�Oe7�3à-.Î�¿�æ½�3TèÝ´µ7¨�.ÌÍr���#$

3¥¦7.éêr� ��#$të$r��*^_³n9bc�  (Davis and 

Constantine-Paton, 1983b; Kitson and Roberts, 1983)O²�³�U78S</.T

èÝ7ì63DRG@ÌÍ,:�*¡.ì^_Ù�789:k�¸��#$3�

�uB7Þ�tIG�*tÛþbc�  (Scott, 1984)OV�<.z¥¦¡-.²
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�³�U¨63gh789:k�¸��#$78S</.��#$<ð3Þ�

tIG�*@.Noggin3î´P-.8¨ËTèÝ78463#$f@ÌÍ,:

�*¡Ûr�(�16, �17)O�c_34­-.4�3�36x78S</.Cajal, 

(1919)tæçr���#$3Þ�t.��uB7IG�*@Ûþ,:O 

 ¡-.��#$3Þ�7-�3¨©[�àÅÎ²ÂetIG3^ñd

3º�3çR*r<.ÑP¸3�ÐFàt$%bc:OÎ«.õÃÈc�ã³

�c¿@»S<2R3DRG@3ûüýþ,:*.DRG^_�|r���-êÿ@

0�ªÑP,: (Montazeri and Skutella, 2003)Oçè.�Ð¸FàtYsr�,

S.2ûüýþ)78S<-.dcSc3DRG^_�|r�#$��-.DRG

3ná¡-êÿ@0�ª"#r.DRG31è¡-êÿr02,:íàt4_c

�O�c¨�.�Ð¸ÑPFà3¿�´§7/Mr<��#$3Þ�-Lâ:

¡Àx©*$%bc<S: (Hari et al., 2004)OL4{¡-.DiI*DiO¡ÃÜ¿

r�éêl3k�¸��#$3�®6@óE�Gäå,:*.DiI*DiO¡Ø�

bc���#$3��<ð-êÿr<ç$µ@F2,:íàt4_c�(�

14D-F)O�c_34­^_.L4{¡/�Ð¸ÑPFà3I§7¨�.��#

$-Þ�,:*$%bc:Oçè¡.�Ð¸ÑPFà*<�7.&'t7¢¢

,:ê9¸3ÑP�àtIGlL¸/½�_c:Oê9¸ÑP�àEphrin/Eph

@dcScP-,:DRG*Ö1#$@Dýþ,:*.ÚS3#$-êÿr�e

702,: (Gallarda et al., 2008)O(i3�*^_.��#$3Þ�7-.�Ð

¸*ê9¸3ÑP�àt.îTÝ7IG*$%bc:O()7.��uB7I

GÑP¸�ÐFà*ê9¸�ÐFà3¶4Ý[�à7RS<½å,:O 

 

�Ð¸ÑP¸Fà  

#$?7IG¬K[�Ð¸ÑPFà¢()7�'�%JòÕ!êÈ@

�p,:£*r<Roundabout (Robo)JSlit, Neuropilin-PlexinJSemaphorin (Sema), 

Deleted in colorectal cancer (DCC)- UNC5JNetrinty_c<S: (Guan and Rao, 

2003; Bashaw and Klein, 2010)!Ã·³3DRG¡-.ÄEK3�'�%(Slit-2, 

Netrin-1, Sema3A, Sema3C[�)*òÕ!êÈ¢ Robo, DCC, neuropilin1*2, 

PlexinA1-3[�£3P-t4_c: (Montazeri and Skutella, 2003)O*�xt.

Neuropilin1*Neuropilin27¸,:z¯Ë4@¾$b5�õÃÈc�ã³�c¿

@»S<·R3DRG@ýþr</.#$��t��:�*-[S�D.dc_

3Fà-��#$<ð3ÑP7îÐK¡À:�*tÛbc�O �. Netrin-1

*Slit-2@<�7³Ã�äµ·ó�ö�b5� HEK293&'@DRG*Dýþb

5</. DRG^_�|r���tHEK293&'7ÑPbc[S�*^ _.

Netrin-1*Slit-2-#$��3ÑP7î>�¡À:�*tÛbc�O�c¨�.
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��#$<ð3ÑP7-.ÄE3�Ð¸ÑP�Ö×¿tîTÝ7IGÐKtÀ

:3¡-[Swx©^ (Montazeri and Skutella, 2003)OÀ:S-.�c ¡#$

?7-*+bc<S[S.�Ð¸ÑPFàtI§©:3^/rc[SO 

 

t¢¢ýÑP�à  

ephrin/Eph 

�'�%3ephrin*d3òÕ!êÈ3Eph-.��#$3�|ÑP7I

Gt¢¢ý�à*r<y_c<S:OÃ·³3fL¸3DRG7-.Eph-A3P

-t4_c:Od3�R7.�k¡-.ephrin-A4tP-r<8�.��#$3

�kp3ë$-4_c[SOr^r.T>tØ�_c�e7¹ºr��k¡-.

ephrin-A43P-t12,:O�3*§.��#$-¹ºr��k7ë$,:   

(Moss et al., 2005)O �.²�³�U¡-.H»©�gh3�k7��#$t

�|,:�x.Eph-A3P-tDRG74_c:O�3�R7.ephrinA5@eÙ

3�k7î´P-b5:*.d3�k789:��#$3�ttz¯bc:   

(Munoz et al., 2005)O�c_3�*^_.ephrin/Eph�Ö×¿-��#$3�|

@z¯,:*$%bc:O²�³�U3DRG¡-.EphrinA*EphA-*/7P

-t4_c:�*^_ (Munoz et al., 2005; Marquardt et al., 2005).ephrin/Eph�

Ö×¿t��#$3Þ�7IGlL¸-.>�7À:*RLbc:O 

 

DSCAM 

CDÖô´��äÈéÈµå��È7¼,:DSCAM-.þ�¡-.

·½@r�:ä!Ãæ��Ö��Ó�³tM¢,:O�c_-.<ç3��Ó

�³<ð7µz<îS<Kl3y�t4_c:  (Schmucker and Chen, 2009; 

Schmucker, 2007; Wojtowicz et al., 2004) DSCAM3¢Ltû�c:*.¾�3:

iIJtïD:¥¦-12,:�*^_.DSCAM-:iIJ3ÑP7IG*

$%bc<S: (Zipursky et al., 2006; Zhu et al., 2006)Oþ�3��#$-.SG

R^3ÿ´êæ!7�^c<8�.<çêæ!3��#$¡-.ÚS7J[�

��ª.¤¼3#$�§¥¦@¼,:Oçè.ÜKêæ!3��#$-.J�

À©O<ç��Ó�³3DSCAM@ÜKêæ!3��#$7î´P-b5:*.

ÜKêæ!3��#$3JÄ-�1,: (Soba et al., 2007)O�c¨�.DSCAM

-��#$3#$�§¥¦@®D:ÑPFà*r<.JK[NO@-�,*½

�_c:O 

çè./0127-.DSCAM3ä!Ãæ��Ö��Ó�³-[S  

(Schmucker and Chen, 2009)Od3¢L-.£t78S<*+t[bc<S:O

þ�3��#$*<í7£t#$/SGR^3ÿ´êæ!tM¢,:O<çÿ
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´êæ!3£t#$&'@4:*.d3&'4-çw3}~@8S<Á6*§

�r<8�.d�^_�Õ=7È�^cr�#$IJtuBbc:O DSCAM

�ÜãÁä¡-.#$IJ3|b*IJ3E-]Lý*<í¡Àz�t.È�

^cr�IJ3E-12,:(¿À3IJ<ðtÅ7[z<S�)O �.£t

#$&'3§�t²c��*^_.DSCAM-.£t#$&'3§�*#$I

J3È�^c7.ÐÑ¡À:�*tÛbc�O�c_3�*^_. DSCAM3

ÑPµ»7¨�.£t#$&'3IJ-�Õ=7£t�.éêr�&'-}~

@���©�*¡.dc_-Á6*§�,:*��bc<S:  (Fuerst et al., 

2008)O�3¨©7.#$tvw¥¦@�§,:�*7 Ø,:DSCAM-.DRG

7/mRNA3P-t4Swbc<8� (Yamakawa et al., 1998).k�¸��#$

3��uB7IGlL¸tÀ:O 

 

���789:��#$34ïHI3NO  

��#$-lmI¡M�bc�Þk�®63ná@�t,:  (Inoue 

and Mihara, 2004)O�©r���#$34ïHI-.��uB7�3¨©[N

O@P�,3wx©^ñçR3lL¸*r<.&'Tã³�óät��#$3

ÑP�à3¢L@T¡,:�*t½�_c:Olaminin@ËD*,:K�3&'

Tã³�óä¡õÈ³r�¾¶·��i78S<.2R3DRG@ýþ,:*.

dcSc^_�|r�#$-.lamininõÈ³3¾¶·��3M78S<.ÑP

,:  (Hari et al., 2004)Olaminin-.£t#$&'78S<netrin-17¸,:¹

º@T¡,:�*ty_c<8�.£t#$-laminin]M¢)¡-netrin-17`

&bc.lamininM¢)¡-A7ÑPbc:O�3¨©[.£t#$3Netrin7

¸,:¹º-.laminint&'{3cAMP3¿�@T¡,:�*7¨�.x��

�:�*tÛþbc<S: (Hopker et al., 1999)OÎ«7.£t#$&'-.&

'{3cAMP30tFS*Netrin-17`&bc.2[S*ÑPbc:Olaminin-

d3òÕ!êÈ3integrin@�r<&'{7�Ö×¿@ß�:OÌ1-integrin@�

r�fibronectin3�Ö×¿-.cAMP3¿�@ø)b5:�*t.T-Cell@»S

�­Ê7¨�Ûbc<S: (Hauzenberger et al., 1994)O(i3�*^_.laminin

Jintegrin�Ö×¿-.#$&'78S< cAMP0@TÁ,:�*¡.d3

Netrin-17¸,:`&ÑP¹º@x���<S:3¡-[Swx©^O�3¨

©7.&'Tã³�óä@ËD*r�4ïHI-.ÑP¸�ÐFà3I§@x

���:NOtÀ:*��bc:O 

  

���7×¾,:Fà3äó�È²�Ö  
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²�³�U¡-.8¨dE5^_E67^9<.DRG^_��#$Åt

Þk7ÆÇ,:Od3e.#$Å34ï7��#$��t#$£@uB,:O

��uB7IGFà3äó�È²�Ö¡-.DRG^_#$ÅtÆÇ,:�R 

¡3Þßà´µ3[\@�9:�D. Dox/MÝ7ÞßàtP-bc:

Tol2-tet-on÷@»S:OE6()3Þßà´µ7¨�.Þßà´µr�#$7Ü

û[�|À:S-�îtM_c:Þßà@vw,:Ob_7.äåbc�µ·

dêæ!tÖ1#$�/�tÞßà´µbc��D7Lâ� 2ûÝ[[\7¨

:/3^@,-,:�D.enhancer4-1@»S�Tol2-Cre-tet-on÷@»S:O�3

¨©7.çûÝ[äó�È²�Ö¡-.Þßà3P-ìítëSTol2-tet-on÷

¡.��#$3��uB7IGFà7�Á@R9:Odr<. Tol2-Cre-tet-on

÷¡YZ#$^_32ûÝ[[\@²Ì,:�*¡.k�¸��#$3��u

B7IGFà@vw,:Or^r[t_.enhancer4-1»S�Tol2-Cre-tet-on÷¡

-��#$3M7Ø�_c�Þßà3[\@4:7-î>�*½�:O[Â[

_.enhancer4-1@»S�Tol2-Cre-tet-on÷¡-.NCC7sX,:HI-��#$

3_.dc7no,:����&'��k7M¢,:��&'7ÞßàtP-

bc:^_¡À:(�10A)O�3�D.WXÝ7-.��#$vÜÝ7ü¸�

,:��þ�ÿÈ@b»r.��#$3M7Ø�_c�Þßà3[\@,0r

�SO 
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ÃÄ  
 

 ptk-EGFPÜóêÈ-á�°±�²(�¯�ã)¨�³ØS�w§ r�O

pxCANCre*pCALNL5-Å�Æ�²(ÇÈ�ã)¨�³ØS�w§ r�O

pRSET-B tdTomato-Roger Y. TsienÉð(-~UCSD)¨�³ØS�w§ r�O

pCAGGS-Noggin-������(<¥¦`)¨�³ØS�w§ r�OY�ÞçÉ

ð¢-~,¥£*ÊzËLÉð(-~�¯�æ�ÿæ��ä¥¦�)7-.¥¦{

¶7×,:Ó%�æä�ÿæ��ä7RS<]û7ÌÍ[]�a@Î§ r�O 

 zã3�àPLL2ãÏ¦3M[b 7-.F�[ÿõÈ³@S�w§.

K3 ¡3¥¦Lü@69<G:�*t¡§ r�O������7-.�ò

ó³ôõòÈ�ö�ÎÏ.��þ�ÿÈ3h~[�¥¦;V7RS<3ró²

Î¿[�a*¾¶äÎ·�ö�@.Ð�Ñ���7-.êæeÃ!ääå@.

��¼âÉð¢-~Òz�ãÓ�²£7-.Tol2-³Ã�äõa��äre7×

r<.{ÔÕsÉð¢-~UCSF£7- Tet-on system @.dcSc]�a~]

�ÒS�w§ r�OÖ×�Ø¥¦Ù.�ÚÛÜÉð(-~ÃæÎãæóô�ä

reÂ).Ý]Þßb©7-�Gb©3¾¶äÎ·�ö�*]�Ò@S�w§ 

r�Oêàá¹b©7-.&'ýþ@]�aS�w§ r�Oâ×ãçb©7

-Á·äê�´ô·r¶�Ö@]�aS�w§ r�O{RäÜb©7-.õ

�o�ÈêÈ´µ@ÿõÈ³r<S�w§ r�O 

 wåæ�Ó�².[Rç�Éð¢-~®èL2ã¥¦�£.é]êÓ�².

rëÂQ��7-.b � []�Ò@S�wG**/7.zã¡3ãLLü

@ÿõÈ³r<S�w§ r�O  

! ! _-.zã COE~�ÿÈ­Ó½��æ³7ì»bc.¥¦Lü@�·óÓ

·!r<S�w§ r�O! Ée7.ëíîà�²7-.zã7$ãr<^_ 6

â3l.¥¦;V*ãLLü7×r<.�Gb©3]�a*b � [ïJ[

¢�@Ø�<S�w§ r�O  

! (i3�Gb©3è�7.�3ã@ð�<8ñòriJ ,O 
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