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 ���
'�!��-�3�&  ��  �,�!�� �	45 	- �!�� 	 ��3�#  -�3�&  �� ���5�6&  -�3�&  ���� 7���"435. .�!�� 9�4%
��  -�3�&  ��

����5�6&�!��   -�3�&  �� �
3�",6�.�%�� .�!���!�� �
3�",6�  �������& ���"!:43; 	 $,!'4�  <3�"�%� 	 ��,�!"-!: �3�&�= 

�� >�&  6��
'.���&. �!�� 9�,�� ���& 4��� 	 $,!?%�,6+� �-."�,- -!#	 �%�@�,  �� .�!�� $,!?%�,6+� 7��� �, �
3�",6�  ��

�-�= ."�!�� �&0&!A%�,  �� ��3�!A%�, �����&4���	4B;  C�,4� �- �D3��� 	 $	."�' �in vivo 	 in vitro .�&�� 6��
' . 6��
'

�%�0&!A%�,�-   ��2�����1�' ��,  -.E%� <�,!� .����3" �F�,4� .�"�
�.��G -���,  $,!?%�, ���& C3H�	4@3�  . 4I, J3KH' 9�, �-

 �%��& �����L!� 93�# 15��	� �!�� 6��
' �- ��!�� �& $,!?%�,6+� �
3�",6�  -�3�&  ���45 �,4= �EO�F� -�!� �%�0&!A%�,  �� .

�!���
3�",6�  -�3�&  ��  �,L!� $,!?%�, 6+� ,.# �.�	 P�0� �- C3H�  	�/  ��DMEM-F12  �µg/mL100 

�93����!%�4%�,IU/mL  100 ��� 	 93�3�10 %FBS.".� ��G  .�!��& �
3�",6�  -�3�&  ���  <
� (��", S���� TO�:�.�-45 �

���& ����� 43I7' �H' UV�93�# ��	4B; L!�  15 ��	� .�%�45 �,4= . ��G $���� �, U�21 ���	� �!�� T3?�'  ,4& �� 

�%�0&!A%�,�,   6�4= 9��,63O1 W"�.� �-�X%�, .������ 43I7' �, U��!��  �
3�",6�  -�3�&  �� <@� �G	-.Y,	� 	 �-,- <@� 433+' 

.�-45 �.���� �!�� 4� �- �",	,4� .W"� 9��,63O1  63�16�4=!�� 6��
' ��%�0&!A%�, �& �
3�",6�  -�3�&  ���� $��" ,� .�- .93�D
� 

�!�� �%�0&!A%�, 6��
'�
3�",6�  -�3�&  ���  L!� 93�# ��	4B; ���& ����� 6"S!A%�, 	 �"S!��!�  ���!%G��15 ��	�  .3�7' ,�

���G.. ,�!�� �%�0&!A%�, 6��
' Z��%" 9��� $�3& ,� �
3�",6�  -�3�&  ��.�G 	4��, �, ��� �- $,!'�.� �%�0&!A%�, 6��
'  ��

 ��
3& $���- 	 ���2�����1  ��-4G �-�X%�, �",	,4� �& $,!?%�, �@3%"S .  

$'��* +�	�* :���!���& ����� ��
3�",6�  -�3�& ��L!� 93�# , ��O!�� 6��
' �0&!A%��

 #',#  

 ���
'�!����\!" 	- �, $.& �- -!#!�    -�3�& �!�� 

�� ]7�"-435.  -�3�& �!�� 	 ��3�#  -�3�& �!�� 

���5�6& .�!���!�� �& �^�" ��3�#  -�3�&  ��  ��

 6��
' �3�&�= ���5�6&  -�3�& �&  4%�3& �-�  ��

�O!�� _�%?�.�%�� ,�,- ,�  .,	,4� -4&��G ��	4�, $

�!�� ��
3& $���- �- ���5�6&  -�3�&  �� �%:��� ��

��, �%�,- ���,6�, �%�4�3� 	 �.� .�!�� ��
# �,  ��

�� ���5�6&  -�3�& ����, �
3�",6�  -�3�& �!�� �& $,!'

-4G. 	� 4& `�	
� �& $�KKH�  �!��  -�3�&  ��

�-� �& ��"1 6��
' �3�&�= ��
3�",6� ��%3�!A%�,  ��

3�	�.�G� 	 �%3�!V�-1 ��%�!��D3���  ��.�%����- ,�  , 

]15� 18� 25[ .93�D
�6��
' ���& �&  �, �G 42�-  ��

�^�� 	 �^�= 43b" .�%�3" ��"1 ]�K�%���, �.� �%:���  

]22[. �!�� �]�EO�F� �c �- 93�D
�  -�3�&  ��

 -!: �, ��>�& �
3�4' 	 6��
' �43d@' <3�"�%� �
3�",6�

�-,- $��",." ]1� 2� 8[ . 	4��, �, $,42��	
��!�� �,  ��

 �
3�",6�  -�3�&�- ��
3& $���-  �� ,",!?%�� 	 

�	4B;��� �-�X%�, �",	,4� �& .��G . ��
3& $���- 	 ��

e3�1  ��	�,- $���- �& 	  -!?&-!: �!F& �",!?%�,  ��

�� �?� ��3�&�.��& ."!3� �, ��45, �� �� ��,45!O1-
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      �!�� 6��
' 4& ��3�# ��	4B; ���& ����� 43I7' ��... 
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-�X%�, $,!'�!�� ��, -4G � <3�"�%� �-�X%�, -�!�  ��

  ,4& �^���� ���65 	 .",�,- �
G ��3�&  6��
' 	  43d@'

�
" f!�H� �",!?%�,  ��
3& $���-."!� ]10� 19� 

27[.  �@3O�/ �-$��1 	 .�.# ��,� �"���- �!�� �- ,� 4'

 ��
3& �"!2��, $���- �-�	1 ��,4�  -!^�& `�,6�, �& ��

��,. � 9�.&e^	 $�KKH�   ��
3& $���- $�@�6� ��

C�!'�!��  ,� �"���-�.��1 �- P�-6"  �-,- �.�	.",  .  

�!���� 	 ,�!G,4%� C�!' ��& 93O	, �
3�",6�  -�3�&  

 ��� �- 9��%�, 9�.�4�1966 ]� $,!?%�, 6+� �, 

.".�-45 ,.# 	 ������� ]14[ .�!��  -�3�&  ��

 �
3�",6� $,!'4�9�!@' �!c �-�!�� �, ��3�#  �& ����

���7�� J%�� �
3�",6� ."!� .�!�� 9�, �� �-���& �� 

�� �,4= �X�%?�."435   435 �,4= <H� �& �#!' �& 	

�� �j��%:,."!� .� 9�, ��%��& e3�1 (�2�� �-�!� ��

�� �G4� �.�- e3�1 <H�  �����& 	 �3�4' �-.��G .

�!�� ��,�!" $,!' ��5
�	 9�,�3�&  �� ,� �
3�",6�  -

�� $�3&
3�K' (��", �& �">!c ].� �& 	 .�G]�  �!%3� 

�� kX/ ,� -!: $,!'.��G .���2�����1 C�,4� �-�!�� -

 �
3�",6�  -�3�&  ��	 �.�1 $	43& L!��: �O�/ �, 

�� 4� �, ,� -!: �O!�� �:4�."435 ] 12 �20[ .  43d@'

 ��;1 ,� �%�!3�	���G �G,4%� 	 P�!G  ��� �%�0&	4^3 

�� -���, ,�.��G ]11 �13[. ���G4� �, �.� J%�� -4X�� 

�6��
' <3�"�%� m�HO �, ��!�� P  $S	4%� ��.��&. P� 

$!�G (!� �-!& $,!' .��  6��
' 4b" �, �3O	, ��G  ��

 6��
' �&4� 	 ��	4B; � �",!?%�, �-� �� �& ."�-�= 	

",!?%�, �-� 	- <3�"�%� ���' �K&�� 	 .�&���� ��	4B; 	 � 

."�,- ,� �-� P� .���G ���
' ��, $,!?%�, �& 6��
' $,!' ��

.�%�� ,�,- ,� ]3[. 7' �&43I �j��%:,  ���!%G��  4&

�!�� �
3�",6�  �� �]�X��	4�3�5�%& .�"�
�$	��%�,65- 

 ]�&�!@�1 	 6��
' � �O!�� �-� �
� �&�",!?%�, 

$�@�, 4�n���, ]9� 16� 26[. !�5 �!B/�!G.3�!@3' 	 ��

]�X��42"��" $�3& e#!� C3H� �- �� �HF�  ��

$,!?%�, �
3b�' $S $�3& 	 $,!?%�,��,� Cbfa1 ��-

."!� ]6� 7� 24[ . ��45,�!%G���j��%:,  ��  �!F&

 <��G�!�� 6��
'�
3�",6�  �� �O!�� �-� �& �
�	 ,  ,�

�� 9@
�-��� ��, �� �&@��, �,4
� �'0 . �F: ��
# �,

�-�,.K� $S!��!�  ��3" -�!�  ,4& -���,63" 	 6��
' ���6�  

�3�& �O��>�& � �-,�	� ]�K3KH'  �& $	4K� ���2�����1 �"

�
" ��4j.��&.  	� 9�, �,9�62��# �, �-�X%�, �& �& ����

 -4@�
� $�
������ .�"�
� ���&  ����3�#��  $,!'

$���� �, �-�X%�,  ���!%G�4^# ,� �j��%:,  �� $, -4G 	

6��
' 9�, ��# �.� o4j ���6� ,� ."��� <=,./ �& .

 9%�,- 4& �	0� �%��& ������!%G��  ,4& ��3" -�!�  ��

93A'	4�  ,�,- �O!�� 6��
' $�
� �& p!&4� $,	,4�  ��

��  6��
' �3E=!��&��� C�,4� �G �.��& .�"��  ,in 

vivo�� �3^E' ,� .�G .$1 �-�X%�, 	 �3�' 93�D
�$��1  4'

 �,q�KO,�.��G  ����, -!#!�. J3KH' �- 4I, 4r�/ 

 ��	4B; ���& ����� 93�#15 -,
" L!� ��	� Balb/c 

 6��
' �-�!�� ���
3�",6�  -�3�& $,!?%�,6+�  �& 

�!��  ����45 �,4= ���4& -�!� �",!?%�,.  

   

-�� � %��#��*   

 ������.(
 � $/���'�
	�!"��# $%���� $�& :�- 

 �, 4r�/ �EO�F�15 L!� 4�-,
"  Balb/c �^�4K' 9� �& 

6-8�%X� .� �-�X%�,  .L!����# �& �4�� ����&  ��

$,� $,!?%�, 	 �.� �%�G �"-45��"1  t��: .�-45 .

$,!?%�,6+�$,� $,!?%�, �,   <
� �&flushing �O!O �- 

 C3H�  	�/ S!X�4%"��DMEM �FBS	  

Penicillin-Streptomycin4?%�,  t,.�-45 .UV� 

�!�� ].� �& �.�1 ��.&  ��15 �& �K3=-  �	-g350 

.".� S!X�4%"��.���	� C3H�  �3�?' �, U�  �3���O!��  

,� S!X�4%"�� �O!O  ��%", �- -!#!���3� P� �&  C3H� 4%3O

DMEM  �O�/ �&$!3�"�V�!� �, 	 �-�	1�- 

$!3�"�V�!��O!�� �.� -���,  �b�; �& 105 × 1�!��  

� �-��3� 44%3O .�-45 �3�' .UV� �- P�0� 25�%"��  -

 4%� 5��3� 4%3O DMEM-F12  	�/ 10.j�-(4�  

#93�  	�5 � µg/mL100�93����!%�4%�,  IU/mL 
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100 93�3� ���) Sigma, USA (��G �-,-.� ." .

 �!'�&!@", �& ��G o4xco2 5 %  ��- 	37 �#�- 

�%"�� -,45 4� 	 <K%��72- 48� y�!E' ����  C3H

 (��",.�-45 . �c �-14 �O!�� �G,4' �.���� �& �	� 95 %

 �O!�� S���� �P�0� _G �-P
G �& Trypsin-

EDTA 025/0TO�: .j�-   �����45 ]�!j . U�

�!�� �%X� S���� �,��,	 4x -� ��G o96 	 .".� �"�: 

 ���& ����� 43I�' �H' ��3�# ��	4B;15 �,4= ��	� 

.�%�45.  

��������� $��1���� 
 :�%��& ����� �3�'  ,4& �, 

 L	�Tetsuro $,��@
� 	 .� �-�X%�, 433+' �G.", �&. 

93�#  ��5 -,
" �,-��& L!� 4� Balb/c C�,4� �- 

 �, UV� 	 �@� �, ,.%&, <�4%�, {��
/�� t��: .�-45. 

93�#|� 	 �X# �, 	 �-�	1 $	43& �"!��!G ��3G �, ��-

.� 63
' 0��G o,4c, �"!:  ��." . 93�# �� C3H� �-

DMEM-F12  	�/ 1 .j�- ���93�3�- 

 93����!%�4%�,�,4=.�%�45  . UV�93�# �� C3H� �, ,�

 ��^= �&  	�/ o4xKCL 2% ].� �& 20 ��# �K3=- 

 �O!�� (�!'.".� �-,- ��K%", .93�# ��3�& ]�EF= �& ��

  6�� S!X�4%"�� �O!O �- 	 �3�K' ].� �&40 �	- �& �K3=- 

g1200.� S!X�4%"��  .}
# f!3'	4@3� �- ��	� }���-

- �- 	  �	1  ��18 - .�  �,.�2" .�3�# ���& ����� �

15�b�; �& ��	�   ��10 �20 	 30  	40 %.".� �3�'.  

��2���  � 
3��� $���	
 4��
 
����4 :��!� �, U� ��

	 �X� S���� ��G o4x -�,96.".� �"�:  . �, U�48 

�!�� ����",6�  ����"�: _G �
3�&  	 �-4G 4� ,� �� 

.� (��", 63" ��3�# ����� ��-4I, �C3H� y�!E' �,4
� .

 �4%�G �	45H�  	�/C3 DMEM-F12 �FBS �

Penicillin-Streptomycin 	 �-!& 4�	45  42�- 

43I7' �H'  ��3�# �����15 �& ��	� 4 �b�; 10 �20 �

30 	40 %.�%�45 �,4= . 6��
' 	 ��G].� �& �O!�� 21 

 ��3�# ����� 	 C3H� y�!E' 	 ��	� 4�48 -72 

 ������45 (��",.� 6��
' ��	- $���� �, U� �!�  ��

W"� �& ��
3�",6�  63�1,63O1�!B/ 6�4= 9���!��   ��

 �",!?%�, -�!� .3�7'��45 �,4=.  

5"��#�6 7�����38 $��#8 :W"��!�� �j��%:,  63�1-

 �",!?%�,  ��C�!' 9��,63O1 W"� 6�4=��45 ]�!j  .

�!�� ,.%&, !�%�� �63"!�- f1 �& ��	 <@O, �& 70 % �&

  ��- �- ���� P� ].�4�%"�� �#�-  -,45 �,4=

.�%�45 .�!�� UV�9��,63O1 W"� �& 	 !�%�� ��6�4=  

2 %  ��- �- ���� P� ].� �&37 �,4= -,423%"�� �#�- 

,  ��- �- 	 !�%�� �63"!�- f1 �& $1 �, U� 	 �%�45 ~�'

.� P�: ]5[. �!�� T3?�' �& �",!?%�,  ��

��45 �,4= ���4& -�!� �!@E� �!@�	4@3� . �&

(4" �, �-�X%�, �,6�,Image analysisW"�  	  4�n�

�!�� -,.E'�",!?%�,  ��  -�!� �EO�F���45 �,4=.  

  

9���"  

43d@' �3Er	 �4%�G�!��  �
3�",6�  �� �,  ���	�

��G 9���;1 �!@�	4@3� �&  �,4= ���4& -�!� �!@E�

��45. �!��  ,.%&, �- ��%3E
#92
��" �<3@�' ,�  	 

 �%�0&	4^3�  4��x$��"."-,-  ) <@�1 	 2(� ��, �- 

�!�� (	- �%X�.".� <@� �G	- 	 �-,- <@� 43+' �� 

)<@�3(.
# �O!�� S���� ]�E�- `�,6�, �&  �3E

�!�� �, �%:,!�@�  ��.�1 ��.& �
3�",6� )<@�4.( 

S���� <
� 4& �	0�!�� �� (.� <3O- �& �
3�,6� 43;  ��

TO�: `�,6�, �& o4x _G �& �5.�^�� P
G  ���

��.��G.
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' 4& ��3�# ��	4B; ���& ����� 43I7' ��... 
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<@�1��!�� �3E
# t,4?%�, �, U� �
3�",6�  -�3�&  ��   

  
 <@�2��!�� �%X� �- �
3�",6�  �� (	-    

  
<@�3��!��  �	, S���� �, U� �
3�",6�  ��  

 
 <@�4��� �!�
3�",6�  �� �, U�  S����7 
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 ].� �& �O!�� �3��21 C3H� �4E� �- �	� 

 4� 	 .� �-,- �,4= ��3�# ����� <��� �@3"S!A%�,3- 4 

.� (��", ����� 	 ��G C3H� y�!E' �	� . ��n5 �&

�	� �"�3�  ���!�����G �",!?%�,  ���%�!3� ��&  ��-

�"!5 �& �."-,- <3@�'  ,-6" �&  �G  , $���� �& $.� P�

�B� ��G ��	-,	� �& �O!�� 93&  ���!�� .Y  ��

.".� �.3�!� �",!?%�, )<@�5 	 6( .W"�  63�1

�!�� �j��%:, 9��,63O1 C�!' �",!?%�,  ��6�4= 

.� (��", .U@�V
G <3@�'�3��G 	 9��,63O1 $,	,4�  �� 

�!�� �- �.� .3O!'���!�� 6��
'  �& �
3�",6�  ��

0&!A%�,�� .3��' ,� ��.�G ]25[.  �b�; `�,6�, �&

������!�� 6��
' � 63" �%�0&!A%�, �& �
3�,6�  ��

��, �%��� `�,6�, .�"!5 �&W"� ].� `�,6�, �G  ,-

�b�; �-  4�n��� .3�7' ,� \!r!� 9�, >�&  ��-

.�G) <@�7 �8 �9 	 10( . (.� <3O- �& �4%�G �	45 ��45,

�!�� -!#	W"� .=�� �",!?%�,  �� 	 ��, �-!&  4�n�

��, �.�" 4G�  4�	��'.   

W"� �, U� �b�; 4� �O!�� �3E
# ��j��%:,  63�1

W"� ���, 4&�!�� -,.E'  4�n�(4" C�!'  �,6�,image 

analysis.�%�45 �,4= ���4& -�!�  ]6 	 17[ )<@�11( 

) �,-!
"1( .�� �.�- �,-!
" �- �!F"�
� �b�; �- -!�

40 %W"� $,63��b�; 42�- �& �^�"  4�n�  ,�,- ��

 4& ��3�# ���& �����  �,n54I, 	 ��, �-!& `�,6�,

�!�� 6��
'�� $��" ,� �
3�",6�  ��.�-.  

  

  
 <@�5��!�� P3"S!A%�, ��G C3H� �- �",!?%�,  ��  

  
<@�6� �!��3�",6�  -�3�&  ��W"� �, U� $,!?%�, �& �%��� 6��
' �
6�4= 9��,63O1  63�1  
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 <@�7�W"� �!�� 6�4= 9��,63O1  63�1 ��3�# ����� �& ��0&!A%�, �& �%��� 6��
' �
3�",6�  -�3�&  ��15 �b�; ��	� 10%  

  
 <@�8 �W"��!�� 6�4= 9��,63O1  63�1��0&!A%�, �& �%��� 6��
' �
3�",6�  -�3�&  �� ��3�# ����� �& 15 �b�; ��	� 20%  

  
 <@�9�W"� �!�� 6�4= 9��,63O1  63�1 ��3�# ����� �& ��0&!A%�, �& �%��� 6��
' �
3�",6�  -�3�&  ��15 �b�; ��	� 30%  

  
 <@�10�W"� �!�� 6�4= 9��,63O1  63�1 ��3�# ����� �& ��0&!A%�, �& �%��� 6��
' �
3�",6�  -�3�&  ��15	�  �b�; ��40%  
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 <@�11�W"� 4�	��' �!�� 6�4= 9��,63O1  63�1�",!?%�,  ��.�	 4�	��'  �& �.� 9@�,  ��Photoshop  	 �& �.� 63O�"1Image 

analysis   
  

  
�,-!
"1 � �,n54I, $,63� ����� %��&� 93�# 15 ��	�4&�!�� 6��
'  �� -�3�& �%�0&!A%�, �& �
3�",6�  )0 	 .3X� W"� 150  W"�

 ��3�()p≤0/05*(.   

  

:;�  

�!��  -�3�&  ����!�� �	45 �, �
3�",6  -�3�&  ��

 ��� �- ��& 93O	, �G .�%�� $,!?%�,6+� ���5�6&1966 

.� _�G 9��%�, 9�.�4� C�!' .�!�� 9�,$,!'.��  �� 

�5.�^�� (.� ��� �& 93�D
� �P�0� _G �& $��

 �-� 9�.�� �& $��1 6��
' 	 43d@'��!�� 42�- �, �O!�-

�.� 6��
%�  -�3�&  ��.", .�!�� �& �
3�",6�  -�3�&  ��

 �"���- �!�� ��# �>�& ��,�!"-!: �5
�	 9%�,- ���

$S 	��, �.� �.�654& �"���- .�!�� 9�, 6��
' �3�&�= ��

� �&�!��3�!V�-1 ��3�	�.�G ��3�!A%�, �-�  �� �

�!�� C�,4� �- ,� �"0B� 	 �^��  �� ���2�����1

.�%�� ,�,-]5� 15� 18� 22 [ . .�"�
� �~!� -�,!� 4& �	0�

�!���� ��3�#  -�3�&  ���!�� �& .�",!' 	 �^��  ��

.�&�� 6��
' ���-	.", 	 ���-!%G, 7��� �& �%3�!'�V� ]25[ .

�!�� .� T?�� �EO�F� 9�, �- �!F"�
�  -�3�&  ��

�!�� �& 6��
' ���",!' �
3�",6��,  �� �-�X%�, �& �",!?%

.�%�� ,�,- ,� ��3�# ���& �����  6��
' �!%G�� �, .

 ��"!��!� <�,!� 43I�' �H' �%�0&!A%�, 6��
' .��14�

43��(�3�  ���!%G�� ��"����!%G�� 	 .��  ��  ��
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�?�"�� ]�!j �j��%:,  �,-4&-435 ]1� 2� 7� 24[ .

�!��, 	 ��0&!A%�, <��� �O�& �",!?%�,  �� �3�!A%�

��.��& .��0&!A%�,`3� ���!�� ��� �%3�!A%�,  ��

$!��!� 	 .��  ���!%G�� 43I7' �H' 	 �-!& 9�, ��

�� �3b�' .��14�-!� ]1� 2� 3[.  

L!� ��3�# ��	- �c �-�  ���	�  12�' 17�!%G��   ��

$,!?%�, �- 4I!��� }��!' 	 .3O!' ��,�."!� .��45,�-  

 ���	�12 �' 17KO, �q�.��G!A%�,  ��S 6" �3O�E� ��/ �-

���.���& �	� �.� (��", ]�EO�F� J^c ��, 15��3�#  �& 

 4%�3& 6��
' �3�&�=  �%�� ��@& .j�- �,.K� 9%�45 4b" �-

�� ,�,- ,� 4%
G $��� �-.��&.  	� 9�, �,�� $,42��	
�-

 ,� $1 .�",!'��62��# .�"�
� e���� ��.��G q�KO, �� 

-�!� �!
E� 6��
' �- �-�X%�, in vitro 6"S!A%�, �- ,� 

."432& ��3%:, . $S!��!� 93A'	4� C�!' 6"S!A%�,

$,!?%�,,�-2 )BMP2( �<�.^' .�� �!%G���.��G β 

)TGFβ((�3� 43�� � $���WNT5a $!��!� �

.3Y	43',��� �� �"�^3%�� �%�0&	4^3� .�� �!%G�� 	-!� 

]4� 15[ ., ���!"	� �!%G�� 9�4%
�� 6"S!A%�

Runx2/Cbfa1��  �������  ,4&  4G��� 	 .��&

�!��-�,- -4&��G  6��
' .��14� �- �%�0&!A%�,  �� ]6� 

7[ .�� �%�0&!A%�,  ��4G��� 42�- �, �93A'	4�!O�3� $,!'

 (�" ��'�X�� 93O�@O1 	 93��G!A%�, ���"S0G �93%"!�!A%�,

-4& ]1 �2[ .- 93��G!A%�, 	 ��'�X�� 93O�@O1 �63O,4�3� �

��0&!A%�, $.�."�,- �O>- �� . 	 $.� �63O,4�3� �&

W"� ��3��G �!B/��0&!A%�,  4�n� 6�4= 9��,63O1 �& ��

$�@�,��, 4�n� ]3 �24[ .W"� 6�4= 9��,63O1  63�1

�!�� �- �3��G .3O!' ���",!'�� .3�7' ,� �� -!#	 	 .�G

�!��3H� �- �.� �3X3��G �%�0&!A%�,  �� $��" ,� C

��.�- .W"� 4G��� $,!�� �& 6�4= 9��,63O1  63�1

 93�3� ]�K3KH' �- �%�0&!A%�, 6��
' .3�7' -�,."�%�,

��, �.� �%:��� ]1 �2[.   

  

  

 <��"$��1  

4& ���4& ���,�.� (��",  ��� ��3�# ����� 15 ��	� 

 �.��G q�KO, $,!�� �& 4b" �, -�,!� 42�- �& �^�" 6"S!A%�,

�n�4I,  4 6��
' 	��'!G �].��3^� ��� C�,4� in vivo 

�!��  ,4&�
3�",6�  ��	    ,�,- �O!�� |4� `��G

��,  4'4& .9�, �, �� 	��!�� .3O!' �3X3G $,!'  ��

-,- `�,6�, ,� �%�0&!A%�,� 	  �!3� 9�, �& -4&��G

��  4'4I �-�!�� �"���- ��
3&�",!?%�,  ��-�,- .   

  


"�%�'6 � �(!
  

 9�.&  �, ��3�	�O!�� �.@��	
� $�������G �O!@O!�

 -,�1 ��2�",- ��0�, ,.3/	 �"�: ��G4� 4��
Y�= ./,	

3� �.3V� �"�: ��G4� 	  	.��,�4  9�, �c �- �G -,
"

� ��	- ��� ,�2��V� ."-4G  �6�,��.  

  

=���#  

1 -  ��0�, $�^;�&( �-,
".��K' � ����.�, � ���=  .

1385 .<3�"�%� �EO�F��!�� o	4B; �& 6��
'   ��

 L!� $,!?%�, 6+� �, �.�,.# �%�0&	4^3�NMRI .

�
�� ���� - �(���� ��� �$,4�, ��4�' (!�� ���	
�

 ���
�2 $�%�&�' �1385 �HXj �119-130.  

2 -  �E3�4'�~ .� -!
H� �3" �.�
3�( .� �	�!" �3"( �. 

1388 .�!�� 6��
' �- �.��G q�KO,  ���!%G�� 4I,���3�&    -

��0&!A%�, �� �
3�",6� .����(!� ��,6� �- P3%"S  �

 ���
� ��%X� ���4 $�%��� �1388 �HXj1864-1870.  

3 -  ( ��"�B��.�o �����43� .�o ���3� .�( ���!Y� �0�  .

1388 .�!�� 6��
' 	 43d@' � ���,.#  -�3�&  ��

�!�� �& �#!# $,!?%�,6+� �
3�",6� �$,!?%�, �-�  ��

�&4� �o	4B;. -,�1 ��2�",- �%��� (!�� ������� 

�, ���
� �$��"� ./,	 ��04 63��� �88 �HXj �35-44 . 
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