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��� /��0 �123�� � +4��  52� 6+7� 8  /  6+7� ��  9� ��+� 8�� :1; /�, 6+7� 9� �$	 5����� <17��) �, /�,

��  � �  � =3�� 6�17��$&  $>	��.9�6+7� ��  �,�6+7� :1; /�, 6�17��$&  8��(EPC) 9�@A ���+	 .B3�C�9/�, 

9� �+D>� 9� �>13�� 6+7� /�1A��� /�,EPC <EF ��A�  �� $�$F G��* $13+� �$	 H��	 I1�J�  /�, <�  .

6+7� :,�%; ��  �� /�,EPC �KJ�+L13 M�� 8  ���@��  �� � �$	 /8�� $F ��&  �C1�� �+( 8  

$&$	 <J@& �� .

+�� � ,
�� 	�
�+� ���N� H+& 8  �$	 '�N&  9B3�C� . $��  6+7� O� I� /�, 9�, �$	 /8�� $F �C1�� �+( 8  /  �� PL� 

6+7� 9��; <K� Q1�� :�� � 6�17��$&  /�, �1�J&��!1� �� �$	 �$1	+; /�,�$&$	 �� � <K� .R�@, 8�� ���
6+7� :�� S� 9� 6�T�  U��V 8  9�  � ���, � �1WJ� � $	� 9� ���) �,$&�+�� 8  � ���� �51>1L��� 8���� /�,

�3+J3+� � ��1	+�1�+&+�� �7��$&  <1,�� $1�X� <EF �- �3�1 $	 ���@��  �, .� �K��+;���J3  M�� �� PL�

& �� <EF �KJ�+L13@�- �KJ 9� �, ��� 9���A $	.

$()	% 	�
9� Y���& 6+7� 9� � � ��K& :,�%; ��  8  �$�- <�� �Z� �$Z	 �$1Z	+; [+CZ� /�� �Z� �$	 /8�� $F /�,

�� $	� �1�J&��!1� ���) 9� ��  �� ���* R�@, 8�� �� � $>>� \]ZF 9� AC-DIL (Acetylated low density 

lipoproteins) $>�, ��^/�,CD31�CD34�KDR �VECAM-1 �Tie-1 _Z��; � ��+Z�& ��1�  � 9Z� ��Z	

��&- ��&- 917* �� /��� �^/�,CD31 �CD34 �KDR <�  <!W� �1�J3 �.6+7� �1>`�, M�� 8  ���@��  �� �,

$&$	 <J@& �� �KJ�+L13 .
(� ���. $/� 

9���� 8  �� :,�%; ��  /�, 6+7� 9� <��A 9N1�& � +� /�,EPCR�@, 8�� �� �&�&  ��^ � 9B3�C� ��+� /�,

�� ��1� 6+7� ��  � $>>� �� <J@& �� �1��; �� ��� �� $>a �, �KJ�+L13 M�� 8  ���@��  �� �, $&+	 .

0	1�2����2 :6+7� 6�17��$&  8�� :1; /�, �8��  $F b/+L13 �1�J���K��+;���J3  

������ ����	 :�/�/��
����� ����	 :�//��

������ ���� :PhD ���	� !"�#$��% �&'(� )�*+ ,�-. /� ���&��� � ���*$ �	�0102	 ,�-.���3! 44�#�� 5�678 ���9�99:: 
;�PhD ���	� !"���� ,6&.<�=� 4
���/ >�7'��%�$�7' ?- / 6' 4"�#$��% �&'(� )�*+ ,�-. /� �&'(� ,6&. /� 
��PhD ���	� !4�#1#� / Riken @�/A4�*��&	 BA���1C (%�� (COB) 
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D1� �E12� "�F ��1*	�6 / B�<3�$"! @.&G� /�	 H���0� ��<"/��&I< � �2#� @���� �#%� 

���

���	� 
�C ���*$ ,�� B��J "K��L�(C �E12� "�F 3/ B�1M 

��*$ �� "/�N#$/ (O� 3/ P#.� B�< �4L=�� H4% 6'�C B�4<

"! �44$QC��= ! �44C HC�.44� �44< �44< �44717R B(Embryonal 

angioblasts (�$/).(��*$ @�/ � �41V&	 �1*C�W B/�/� �<

 ��*4$ H4C (��I	 ��*4$ � ,��4C X��4C ��1*	�64 / B�4< B�4<

 D14� ��1*	�64 / 3�4$(EPC:Endotelial progenitor cells) 

�� ,61��  6 �' )��;.(Y��E� Z��# H���< B�� �4C [/�1F/ H%

 /�41J � � ��4 / B�< H �I  ,64' )�4\ / ���]7.41� �4$/

�44� H44% 6447%��*44$ ��1*	�644 / 3�44$ D144� B�44< ���44 /�	

 �$� 3/ �1��Y� "6 /��L3�C "�L�/ HC H#�� /� ^1I&�4�/ B�<

 �� /�/� @�/ H% 67'�C ?I+ ?�64Y	 � �40�/ P4��_ 3/ [K�I#J/

���&$/�`�( A ��= ! �A�( `@1��4� "=1�4%/ �C �J/�  �� 

*	�6 / ^4��2	 P��_ 3/ �� �5��4+ �� �64\� "�14$/(1��1

 �� )�\ / ,6�� a1$! ��').(��*$ B�< D1� ��1*	�6 / 3�$ 

b4$�	 ��4C @14��/ B/�4C �4E12� "�F ���L �� ��R��

 ��4$ �� "/��&I< � /��<�$!cc: �148�	 � B3�4$/6R 

6 6')�.(��*4$ 67#�4 /�	 @1002� @�/ B�4<CD34+3/ /�

 3/ ,��G#$/ �C "�� / �E12� "�F�1641C��& ��41_�7O� B�<

 677% B3�$/6R .��*$ @�/ ,�/� D4'�� d�E4$ B�� �C �<

 ��*4$ HC � ,��% 6'� @1#& ��e1� �C ,6' �4L=�� �4C ���4<

��*$ 6 6' ?�6e	 ��1*	�6 / B�<)�.(6YC ��$ 67f��_ �� 

Y��E�HB�< H �L/6R �H4C ���4W H4% 64' �.4% �%��4� H4$ 

��*44$ ���44$�7' D144� B�44< B��44&*I+ ��1*	�644 / 3�44$

��67'�C)c�9(.EPC �4E12� "�F ���L �� ��R�� B�<

 �4� "�1C �*#N� g6' �C /� �<�%��� 3/ �G*#N� h/� / 6477%

 �� ���1*	�6 / ���*$ ,�� i#N� �<�%��� @�/ H%674'�C�3/

"! H44*IR �44� �44< H44C "/�44	(CD31) PECAM-1 �VE-

cadherin �Von-Willbrand factor �eNOS 

(Endothelial nitric oxide synthase) �E-selectin�

Tie-1 ��% ,��'/)�j�j.(@1k	����l1� @17mI< n4% B�4<

 ,6' H*1#$/ ��-f g�����&7�/ /� (Incorporation) � ,��% 

���1*	�64 / ��*4$ ,=4�� @14#&� HC)H4C ��4V� "/�47+Ulex 

europaeus agglutinin-1(�44� ?o44#� 6 �44');j.(

6R �]R ��� �� 3/ [K�IY���*$ B3�$/ B�4< D14� 3�4$

��1*	�6 / O� 3/ 4N#$/ (4"/��F44E12� "�4647C "�4F � �

,��G#$/ p�  4����4'.��*4$ B3�4$/6R ��/ ��� �4C �4<

 �# ! 3/ ,��G#$/ C44C B��441*+ �44&� H44# ! 3/ �4�"A4<4B�

CD133�CD34 �KDR �4444��' )�� ���444441V&	 ?4�

�3!4-.��4�<�(Ex vivo expansion)��*$ ?% ^4	 B�4<

H#�< B/��6'�C)�.(

���44-7< �<�-.44���3! �441V&	 ��� 3/ ,��G#44$/ �44C H44%

��*$ D1� B�< �� B3�$/6R ��1*	�6 / 3�$ 6 �4'j3�� �4	 

��*$ )�I	 [�e��0	 n#G< D14� B�< P4��_ 3/ ��1*	�64 / 3�4$

 D�� �% HC ��o	/ ���$ 3/ @1#& ��e1� �C ,6' ,61'�� B�<

��*$ �4� /64R �4< 64 ��L ./�4� �41<�� 641�q	 ��4M7� H4C 

��*$ @�/ ���1*	�6 / �<�"! ���&��� � ���*$ �C��3�/ �� �<

 HC B���r n#G< 3�� �4��M  64$� .H4C H4R�	 �4C @147mI<

 ��*$ @�/ H% ��K�C �71��C �1I</ � � ���� ��*$ ��/ �� �<

 6 �/� � ���� "A��	��8 �� ��� �C "/�#C H%��4IY� B�<

@.&G� /�	���*$ @�/ �<"A �C /� �41M  �4I]� � ���� B�<

VEGF ��% ,/�I< �"! �71��C �1I</ �C 64</�F ,��(4�/ �4< 

6')�j�(.67#� /�	 "/��&I< � ���L/��/ �#$/� @1I< ��

��*44$ @.44&G� /�	 3/ `44� B�44<D144� ��1*	�644 / 3�44$ �44C 

"A ?��J >����� �!VEGF-164 ��*4$ @�/ P��(	 ��4<

 4 / �I&��/ �<�-.���3! �6� HC ��4� �� )/6�641��	 n4< 

/� "�F "���R D�/(�/ n< � 6�6R 5��+ HY��4r ?2� ��

 67.NeC ��e]C)9.(4Y��E� �C B���� �C HB�4< ,64' )�4\ / 

�� ?��% H��0� ^� 6J �� �'�/(L "�7%�	 H% 6' iN.�

 HC ���� ��� ���$ B�1L��% �41M  @.&G� /�	 ��IY� B�<

 "A ��0# / �]R @.&��l1� � @.������#&�/ ��*4$ HC B�4<

D1� ��1*	�6 / 3�$ �4$/ ,6.  �.#7� .@14I< �� H471�3 �� 

��*$ /6#C/ �r�J D<�=� D1� B�< "��4 / ��1*	�64 / 3�4$

(hEPC)3/ `4� � ,��4I  B3�4$ /64R �E12� "�F 3/ /� 

"�1C 61�q	�� "A ��# ! ��*$ �8�o#F/ "A ��1*	�6 / B�<

 n#G< 3�� ���4]R a$�7� �'�� @#��� ��M7� HC��40# / �

��*44$ @44�/ H44C "A �44<���� ���44 /�	 � @.44&��l1� B�44<

 "! @.4&G� /�	 �� @.������#&�/ �/�4W �C�4�3�/ ���4� �4<

���L.


�� � ��� ��
��C �C�\	 h�  3/ ,6' )�\ / HY��E� .
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,��� �j,��I' ;j"�#�C�	��

���

��*$ B3�$/6R D1� B�< $�4E12� "�4F 3/ ��1*	�64 / 3�

"�� /:

��*44$ B3�44$/6R �44]R �44<��*44$ BD144� B�44< 3�44$

 "�� / ��1*	�6 / �#C/4% /64��*$ ?B�< ^	H#�< "�4F 3/ B/

 /6R �E12�B3�$ 6' .@�/ HC ��M7���� "�4F �4#1� �*1� 

 �F ��IY� ��� HC-H41J�  ��4#1C�% @�64� 64��� 3/ B�1

 s �$ ^� 3/ ,��G#$/ �C Z �!G;� H��� �"�&��4� B�<��

�*1� tIR B�#1� K ��4< ��3 HC H*8��QC � ,6' B��! ��471�

6 6' ?0#7� .

H444C �444C �4447#e� A�G��# �444$ 3/ ��444%^��#�4441< B�1L 

�::/)Density-gradient centrifugation with 

histopag) ��*$ B3�$/6R �]R ^	 B�< H#�< ,��G#$/ B/ 

6' .`l$��*$ �.% b12� �� �<(Cambrex)EGM2 �4C 

�M*u�:*H �F �� ��D�� H4 �F D4' �.% B�< B/

� �C H% ,�/� D'�� @1#& ��e1 ,6' 6 ��C(Falcon) ,�/� �.%

6 644')�.(H44C B3�44$/6R 3�� �44M  �� �G448 3�� "/�447+

H#��L )��]f B�<3�� �� � 6'�n<� � n#G< ���*$ A�$�� �<

,�/� 6 6' .

�C��3�/ ��*$ �I1'�#1$� �I�/ � ^�A������� B�< �<:

�&44$��&1� 3/ D��44�3! ��44_ ��w�44]R >�44&Y� 

�� �C�44�3�/��*44$ ^44�A����� 644' ,��G#44$/ �44< .Dil-Ac-

(Biomedical Technologi Inc.) LDL �M*u �C µg/ml� 

�44# ! �@144#&� H441*+ �44C B��44C(Fluorescein Griffonia 

simplicifolia Lectin I, Vector laboratory) �4M*u �4C 

g/mlx�HC HL�= �% H%FITC 64' ,��G#$/ ��C .��4M7� H4C

 1'�#1$� �I�/ �C��3�/ ��*$ �I �<���*4$ n#4G< 3�� �� �4<

 g6� HC:B�4�� �C �� �#� 3/ ,��G#$/ �C 5�	/ B��� �� H01W� 

;��(Merck) 6 6' `&1� .�4# ! `l4$ B��4C H41��/ B�4<

(Dako,mouse anti human) CD31 �44M*u �44C 
40
1�

(Dako,mouse anti human) CD34 �44M*u �44C 
50
1

H44C 

g6�;�# ! � �+�$ H41*+ �4C H41��/ B��C(Dako,mouse 

KDR anti human) �M*u �C 
100
1

g��48 HC �4��  ��!

(Overnight) ��*$ HC6 6' ��I+/ �< .�# ! B��C H4�� �y B�<

 H4C ?o4#�(Chemicon, Donkey anti mouse)cy3 �4]R 

�# ! HC ��o	/ H1*+ �C B��CCD31 �KDR �M*u �C 
100
1

�# ! �H4C ?o4#� H�� �y B��CJackson, Goat anti FITC  

(mouse) �4# ! H4C ��o	/ �]R H41*+ �4C B��4CCD34 �4C 

�M*u
100
1

�*$ HC 5�	/ B��� �� �+�$ ^� g6� HC ��<

6 6' ��I+/ .B/�4C �I14'�#1$� �I�/ H% �$/ �%z HC )3K

!�#  B��C B�<CD31 �CD34HC n< g��8 B�� �4C "�4�3

��*$ s � ?&' HC �]C�.� B�< H4 �L�� B(41�!(Double 

Staining) 6' )�\ / �HCB��_ �# ! /6#C/ H% 64r H41��/ B��C

CD34 ��44# ! `l44$ 3/ `44� � "! H441*+ �44C H44�� �y B��44C

 ��*$ B�.#�' �# ! 3/ �< 64r H1��/ B��CCD31 `l4$ �

�# ! B��C 6' ,��G#$/ "! H1*+ �C H�� �y .B�.4#�' 3/ `4�

��*$ g�G�� ���C �C �<�3/Vector hard set "! ,/�4I< H%

��/� s �(Dapi) ��4C ��R�� n< �"��4% �4 ��� �4]R 

��*44$ ��*44$ [�44#��]  � 644' ,��G#44$/ �44< ^44I% H44C �44<

6 6' B�/��e�&+ � HY��E� �7$��*� w�&$��&1� .

�$��CRT-PCR:

3/RT-PCR "A "�41C 641�q	 �]R H4Y��E� ���4� B�4<

 6' ,��G#$/)��6R.(3/ ,��G#4$/ �4C /6#C/ H% a1	�	 @�/ HC

"A�(4�/ ��*2��RNA ?4% /���*4$ 3/ 3�� �� H4% ���4<

 ,��I  {/�N#$/ 67#'/� �/�W D���3! n#G< n�( ! 3/ jDNase 

B/�C 64' ,��G#4$/ ���4 A �L���! ���I#J/ p�J .�4]R 

?�644e	mRNA ���44� H44C �44McDNA j�44-���� �441% 3/ 

�L3�44u! oligodT n�(44 ! �AMV reverse transcriptase 

64' ,��G#$/ .D74%/�RT ���4]  n4\J �� ;��4#1���&1� 

���L )�\ / .���C ?��' D7%/� )�\ / �]R )3K �/�� ���$

 �1V&	x� |�*N� jdNTP j �K�� �*1� ,� MgCl2��41C

 ,677% �Y �I� j �K�� �*1� Z7� �n�(4 !(RNasin)RNase 

��C 3�k*%�  3/ B��+ }! �.H41]	 3/ `�cDNA D74%/� j

PCR �4��L )�4\ / �M  ���� HYEW �1V&	 �]R .�41% 3/

 6��L ^	 �*l�!(Ampli Taq Gold) D74%/� )�4\ / �]R

PCR 644' ,��G#44$/ .D744%/�PCR ���44]  n44\J �� ��

��%�4� n\J H1]	 �]R � 6' )�\ / �#1���&1� �4C ,�Q4+

DNA �-�/ )D74%/� ��o2�RT (��41V&	 ���4C 3/ x��
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D1� �E12� "�F ��1*	�6 / B�<3�$"! @.&G� /�	 H���0� ��<"/��&I< � �2#� @���� �#%� 

���

|�4*N�dNTP �K�4� �4*1� Z744� � ��41C �n�(44 ! DNA 

�*� 3/��(Ampli Taq Gold) �MgCl2�4*1� Z74� � ��1C

�K���!�+ }�� 3�k*%�  3/ B�L3�u! �$� K�C (Forward) 

�$� @1��� �(Reverse) ���6R g�oN.� �C ,��G#4$/ 

6' .�! 3/ `� )�4\ / �4]R �4M  ���4� n4\J @#F�$ ,��

D7%/��/�4%D7PCR ^4� �4C �41% ?IY�/��#4$� PC�4E� 

g6� HC "�1$�C�& / ,�� H*J���B��� �� H01W� c�H4R�� 

6' h��' .b�/�4' �C�"�14$/��	� ��B�4�� �� H41 �y c�

�# �$ HR�� �/�L�Annealing ��h�  HC H#�C H1 �y �L3�4u! 

B�<��� ��9���9$ HR�� �# � � �/�LExtention H401W� 

B��� ��:;�# �$ HR�� �4��L )�\ / �/�L .?&14$ �/64Y	

����C�?&1$ ^� Extention H401W� Z74� g��8 HC ���]  

��:;�# �$ HR�� H#��L �M  �� �/�L 6'.

D7%/� )�I	/ 3/ 6YC��D74%/� ��o42� 3/ �4#1���&1� 

PCR 3��L! �A 3�����#&�/ b$�	 �/C 68�� 6' �$�� .

"A "! "�1C H% ���< ,/�I< HC 6' HY��E� �< B�4<�L3�u! 

,��I4' ��64R �� D<�=4� @4�/ �� ,��G#$/ ����,���! 

,6' �$/ ."AGAPDH H4C ���4$ � �4*F/� ��4#7% "/�47+

"A "A g��8 HC �< ��*4$ �8�o#F/ B�< B�4< D14� 3�4$

��1*	�6 /67#��L �/�W HY��E� ���� .

6�$F�:�^ ����  ,9� d+��� �3 +� � ��,�A8�"- <��e�� /(F) 

���� �1��; �(R)$&$	 ���@��  :,�%; ��  �� 9� 

�3 +��A8�"- '�&�A8�"- �^ '�& 
5'GCCCCAGCAAGAGCACAAGA 3' humanGAPDH-F GAPDH 
5'TAGGCCCCTCCCCTCTTCAA 3' humanGAPDH-R 

5'AGGACATCCATGTTCCGAGA3' h CD31-F CD31 
5'TGAACCGTGTCTTCAGGTTG3' h CD31-R 
5'TGAGCCTCTCACCTGTACTC3' h CD34-F CD34 
5'AGGAGCTGATCTGGGCTATG3' h CD34-R 
5'CCCTGCCGTGTTGAAGAGTT3' h KDR/fik-1-F KDR/fik-1 
5'GGACAGGGGGAAGAACAAAA3' h KDR/fik-1-R 
5'AGAAATGCCCATCTATGTCC3' VCAM1-F VCAM1 
5'CGGCATCTTTACAAAACCTG3' VCAM1-R 
5'GCAAACTCTGCTGTCTAACC3' Tie1-F Tie1 
5'GGATGCCCAGGATAGCTATG3' Tie1-R  

�#W�44� "��444% �&G�44 /�	(Transient transfection) 

��*$ �.% B�< ,�/� B61I$Q� ��#%� �C ,6':

� @.4&��l1� ��� �� 3/ n#G< 3�� �� D<�=� @�/ ��

 ��*4$ @.4&G� /�	 �]R @.������#&�/ ,��G#4$/ �4< 64' .

��*4$ @.4������#&�/ �]R �4<�,�-#4$� Gene pulser II 

HC �/��1C � �lI% H4#��L ��% 64' .�� ,�-#4$� B�4<�#�/����

H44C ��/�44#� D��44�3! g��448)µF����V���(�)µF����
V���(�)µF����V���(�)µF;�� �V���()µF;��j

V;�� (n1M7	 6' )�\ / @.������#&�/ � ,6' .�� @17mI<

D���3! H4C /� �4<�#�/��� B�-�� H �L/6R B�< g��48)µF

��� �V���(�)µF;���V;�� (n1M7	 H*48��QC � ,��4I  

@.������#&�/ 3/ ?eW���*$ ?��J g��1% � �4<DNA H4C 

g6��� B�� �C H01W� 6' HC�& / .D���3! H1*% �� �< �<

 �/6440� ��44C��61I44$Q� 3/ )�44L��&1� pCAG-IRES2-
VENUSnucmem no NotI 262)3/ 61I444$Q� @444�/

,�-.���3! n#4$/ BA�4��1C ?4$ �� t4W/� CDB H4C H#�4C/� 

44$�� H�Riken644' H441]	 @44�/A (@1k	��44� "A ?44��J H44% 

��3 �7444$��*�(Yellow Flurescent protein) ��444C 

,��G#$/ @.4������#&�/ 3/ `� � 6'���*4$ b142� H4C �4<

 )�4$ �.% B�4�� �4C �/��:6 64' ?40#7� H4R�� .3/ 64YC

 �44'�L;��44�/ :;�44W�� "�441C �+�44$ YFPH44C H*144$�

�&1��7$��*� >�&Y� w�&$�)`�/3(C6' �$�� .

@.44&��l1� ��� ����F�44$ � �1	�44% B�<6441l1� 3/ 

,��G#$/ "A�1% �%�' 6'.;�?4&	��� �4C PC�E� @.&��l1� 

,/�I<Superfect transfection reagent6' )�\ / .HC��4_

H448QF�;�@.44&G� /�	 3/ ?44eW �+�44$ )n.44' 3�� (

6' H1]	 ���*$ "�1� �l$�$,6' )�\ / ���*$ ���I' �

�/6Y	��*;B�<6�Q4$/ 3/ H4 �F �4< H4C ��*$ �H4 �F 

644' ?440#7� @1#& ��44e1� �44C ,644' ,�/� D44'�� .3�� ��

 @.44&G� /�	)n#44G< 3�� (�e�44  �44C @.44&��l1� 3/ B�44<

:�9��������HC 6' ,��G#$/ �#1���&1� B��_ "/(1� H%DNA 

D���3! �< �� B61I$Q�gf��C .;��	:;64YC �+�4$ 

@.&��l1� )�\ / 3/��*$ �w�&4$��&1� 3/ ,��G#4$/ �4C �4<

6 6' HY��E� >�&Y� �7$��*� .

����� ��
H44C Z��44#  �44$� ,644�! �� �/� "�.44  D<�=44� @44�/ 3/

�	��448 ��*44$ H44% H#�44< ^44	 B�44< "�44F �� ��44R�� B/

�E12��p�4~ �� "�F 3/ B3�$/6R 3/ `� D4'�� B�4<

 �.% b12� � @1#& ��e1� �C ,6' ,�/�EGM2 ,�/� �.4% 
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,��� �j,��I' ;j"�#�C�	��

���

6 �'�HC�6	 ��*$ @�/ 3/ �.NC Z� ��*$ "�I< H% �< B�4<

D1� �� �E12� "�F �� ��R�� ��1*	�6 / 3�$ h��' 67'�C

 �� 6'� � ,��I  p�~ �% HC "61e�f HCHC 677% B��_ H%

C4��*$ Z��6	 HD1� B�< ��*$ ���$ 3/ ��1*	�6 / 3�$ B�< 

^	 H#�< /6R B/���' 6)?&'.(

OJ	�:/�+& g+J���J1� ����T�6+7� <K� O0 �� 8  /�,

hEPC)h�5� ����&x
ii(

A:6+7� O� 8  /��+T� �j7�+&+>� /�,�8 �KZ4� b'��Ea 8�� �� 

6+7� T�  U��V 8  �,��� �$	 �$1	+; [+C� 9� 6$Z	� �1�J&��!1�

 6+7� ���� � ���� �j7�+&+>� /�,�8 PZ; b�$	 �� � <K� .8�� 

�$&�� �)�� <K� Q1�� �� U7B� OJ	 9� 8+>, $&  .

B:6+7� ��+T� /�,hEPC 6+7Z� ��  � $B� �� bR�K, 8�� �� �Z,

<�  �$	 ���5�  '��Ea 8�� 9� <!&.

44CH�C�44�3�/ � ���1*	�644 / �441	�7� 6441�q	 ��44M7� 

I�/ ��*$ �I1'�#1$� � 3�� �� ,64' B3�4$/6R B�<:�3/

,���Dil-Ac-LDL �4# ! (1  �B��4C B�4< @14#&� �CD31�
CD34 �KDR644' ,��G#44$/ .��� 3/ �44&� ���44� B�44<

 ��*$ i1N.	 �]R ,��G#$/ ���1*	�64 / �4L=�� �4C ���<�
��*4$ ��� /�	 �C��3�/ }�4R �� �4<Dil-Ac-LDL �4$/ .

l1� h�  ^� ��%�� ,��� �74$��*� ,��� �C H% �$/ @1k	����

Dil [�8�o#F/ � ,6' HL�= �% HC��*$ ,�� H*1$� �4C ���4<

 �� }�R ���1*	�6 / �1<�� ��' .��*4$ ���I	 [�e��0	 ���4<

 }�4R ��� /�	 B/�/� 6 6' ,��G#$/ �C��3�/ �]R H%Dil-

Ac-LDL 6 ��C .��*4$ )�4I	 @147mI< H4C H4% ���4< ��4_

n< "! B�� �C "��3 / �< � @14#&� ^4I% HC �C��3�Dil-Ac-

LDL ���L g��8 ��$�� ��4#7% ,��4L �C H���0� �� "�'

 ��C �eV� �G7�)?&';.(HCB��_ ��*$ H% H4% ���4<Dil-

Ac-LDL% }�R /� 446 ��C ,���C4H�J ?1��4��Dil �� 

OJ	
:6+7Z� 9Z� d+��� ����T� /�Z,hEPC R�Z@, 8�� �� 

)h�5� ����&x
ii(bA:��KZ& �Z� k�Z!��l� 9Z� $Z,��ii $Zm�� 

6+7� �$Z	 /8�� $F /�,Ac-dil ���Z� <Z��+;�+J>�   � $Z&  .B:

6+7� ���, �� ��K&  � �, ��&- 9� ��KK>� � 9� $,� 9Z17* �Z� /���

 �$	 <!W� �1�J3 <�  .C:6+7� 9�, �� ��K&  � �, �� 9� $,�Dapi 

�$	 n&� $&  .D:6+7� ��+T� J1� �Z� 9� <�  �7!) /�, g+JZ���

�$	 �$,�K� <� ��>� 8�� <� .

"! �4$/ (4��W s � �C �7$��*� ,��� ^� H% �<��4#*1� �4C 

Texaz-red ��*$ � (��W s � HC"! H4C @1#&� H% ���< �4<

 ,6' ?o#� ��C�"�f ��4C (e$ �7$��*� s � HC HL�= �% 

�#*1� �CFITC 6 ��C ,6<�.� ?C�W."�I< B��_ ?&4' �� H%

B�;�� ,6�� ��'���*$ ���I	 �$�� �4eV� @14#&� H4C �<

 }�4R HC ���W � ��CDil-Ac-LDL 64 ��C n4< .,��4L ��

 3/ �G7� ��#7%Dil-Ac-LDL "! �C��3�/ �]R @1#&� ��4<

 .� ��/ ��C ,6.  ,��G#$/ ��*$ H10C HC� D��4�3! ,��4L B�<�
"! B�� �C ?J/�� ���$ 64' )�4\ / �<��14< ��7-14$ H4 �L

 "! �� B(e$ �� (��W �7$��*� 6.4  ,6<�.4� �< .@147mI<

��*$ HC H% ���< �# ! H*1$� B��CKDR HC �� ���_n<"��3

 �444# ! �44C B��444C B�44<CD31 �CD34 �C�444�3�/ �4442	 
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D1� �E12� "�F ��1*	�6 / B�<3�$"! @.&G� /�	 H���0� ��<"/��&I< � �2#� @���� �#%� 

���

#�44� �441u ��� H44C �I144'�#1$� �I�/n10 j6447#��L �/�44W

�$�� �4# ! H4C "�4' B��4C ��4C �4eV� H4�� �y � H41��/ B�4<

HC B��_ �4# ! h�  HC H#�C H%�4#*1� �4C j H4�� �y B��4C 	
��
Texaz-red 
 FITC 64 ��C ,6<�.� ?C�W .���4J �� �� H4%

 "! �� H% �G7� ��#7% ,��L �4# ! 3/ �< ,��G#4$/ H41��/ B��4C 

6'��1<  �L47-1$ H4�*� �� 6.  ,6<�.� �#7$�)?&'B�4<

���.(

OJ	�:6+7� ��1	+�1�+&+��  /�,hEPC)�Zh�5 ���Z�&x
ii (

A:6+7� ��+T� �Z� ��KZ&  � �+Z�1&^��; 6�17��$Z&  /�, 9Z� $Z,�

:>� � ��&- 9� ��	 917* �� /���CD31 �$	 <!W� <�  .B:��+TZ�

6+7� �� ��K&  � �+�1&^��; 6�17��$&  /�, >Z� � 9� $,�:9Z� ��Z	

��&- 917* �� /���CD34 �$	 <!W� <�  .C:6+7� 9�, ��KZ&  � �,

�� �� 9� $,� �; � �$	 n&� $&  .D:����T� �$	 PJ1� 9N1�&A�

B�� ��K&  � $Z,� .E:6+7Z� ��+TZ� �Z� 9Z� <Z�  �Z7!) /�Z,

�$	 �$,�K� <� ��>� 8�� g+J���J1� <�  .

OJ	.:6+7� ��1	+�1�+&+��  /�,hEPC)h�5� ���Z�&x
ii .(

A:6+7� ��+T� �Z� ��KZ&  � �+Z�1&^��; 6�17��$Z&  /�, 9Z� $Z,�

:>� � ��&- 9� ��	 917* �� /���KDR �� FLK-1 �$	 <!W� � <�  

�- 9�, �� �, �; � �$	 n&� <Z�  .B:6+7Z� ��Z�, ��KZ&  � �Z,

�Z�,�Z� $Z� 9Z�$Z	 �$,�K� <� ��>� 8�� g+J���J1� �<Z�  .

C:6+7� ��+T� �Z@>� 6�Z�>� ���A ��  � �+�1&^��; 6�17��$&  /�,

 �� ��K& :>� � 9� $,� ��&- 9� ��	 9�Z, � ��+� �@>� 9�+&�o /���

�- �� �, �; � �$	 n&� <�  .D:6+7� ��+T� �Z� 9� <�  �7!) /�,

�$	 �$,�K� <� ��>� 8�� g+J���J1� <�  .

�C��3�/ �C ,�Q+ �I14'�#1$� �I�/ � ^�A������� B�<���

"�441C n#44G< 3��9��*44$ �8�o44#F/ "A B�44<EPC �� 

��*$ HY��E� ���� B�<���� HCRT-PCR �C�4�3�/ ���4� 

"! "�441C � �4��L �/�W 61��44	 �4< 644' .B�<64 �C ,3/64 /

 HC |�C���a41	�	 HC HY��E� ���� "A )bp�:� =CD31 (�
)bp;c=CD34()bp��� =KDR(�)bp��� =VECAM-1(

�)bp��� =Tie-1("A 6 �C ,3/6 /� GAPDH HC H%g��48

6' ,��G#$/ �*F/� ��#7%�bp�� ��C )?&'�.(

OJ	�:6+7� ��+T� �Z&  �+�1&^��; 6�17��$&  /�, �&(hEPC) �Z� 

<Z� ��>� 8�� � <>��+7� p+JB� g+J���J1�)h�5Z� ���Z�&x


ii(bA:6+7� ��71� �� ����� �� <>��+7� /�,YFP ��8 n&� 9� 

�� �$�� $&+	 .B:<Z� ��>� 8�Z� g+JZ���J1� �� 9� � $1� ���,

 �$	 �$,�K� <�  .6+7� 9� ��J1; �Z� �$Z	 <J@Z& �� /�Z,YFP 

�� ���	  +7� ���� $>�6�Z� �$,�K� '�q>,  ]3 � �$K& <J@& �� �,

��& �$�� <>��+7� p+JB� g+J���J1� $&+	 .
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,��� �j,��I' ;j"�#�C�	��

���

HC Z��#  ��� B�1L��% @.4&��l1� � @.������#&�/ B�<

 ��*$ @.&G� /�	 �� B�< D1� ��1*	�6 / 3�$ 3/ ,��G#4$/ �4C 

6' �C��3�/ �7$��*� w�&$��&1� .3/ ,��G#4$/ )�4-7< ��

@.44������#&�/�3/ �#.441C ��/�44� )�44I	 �� c�3/ 6448�� 

��*$ �1< �� � H#�� @1C 3/ �< ��*$ 3/ )/6% �W�C B�< ,64 ��

 "�41C n4<YGFP 3/ ,��G#44$/ )�4-7< �� �4�/ 6.4  ,6<�.4�

 �4M*u �� H4f �L/ @.&��l1� 3/ �#.41C B�4<��4#1���&1� 

�444� D�/(444�/ ���*444$ ��444� 3�� �� �444�/ �444���9

� @1��#&��l1��#1���&1��&1� 61I$Q� )�L��^4� ��6J 

��*$ 3/ 68�� ��/(4L "A "�41C � ,64' �&G� /�	 �< �4L

"! �� ��3 �7$��*� @1k	��� 6' ,6<�.� �<)?&'9(.

OJ	r:��1� ������6+7� s�4� �^ 6+7� � 6�17��$&  /�, /�,

 M�� 9� �&+(RT-PCR 

M:�� ��K&  � �$	 9���A ��� 9� ����� /�,$Z&�� �8 $&  9� $,� �- 

' $��,100bp �� $	�� .S��� ��Z1� 9� d+��� t1��� 9� /$B� /�,

�^ /�,(GAPDH=139bp) b(CD 34 = 219 bp) b(CD31 = 578 bp) b

(KDR = 180 bp)b(VECAM-1=375bp)�(Tie-1=173bp) 9ZZ� 

$	 ���@��  .

��� 
D<�=� @�/ Z��#  ���4$�7' �4M  H4E0  3/ ��*4$ B�4<

��*$ D1� B�< 3�$ ��1*	�6 /�J�,=4�� H4C � ,��C �1I</ (

���-7< ��*$ H% B�< ��1*	�64 / 3�$ D1� �41V&	 ��� H4C 

�� B3�$/6R �<�-.���3! 	 �4]R 6 �4'�� �41	�7� 641�

 �1	� A @�/��*$ �� ,��G#$/ ?C�W �< 6'�C .��4$ 3/ ?4eW �	

cc: � ��3 ��C @1��/ B/�C H%/��<�$! 67#� /�	 "/��&I< �

��*$ B�<EPC 6477% B3�$/6R "�� / �E12� "�F 3/ /� j

��*$ 61��	 6��	 3/ 6YC H% ��C @�/ �C ���C ��1*	�64 / B�4<

 �441V&	 P44��_ 3/ b440� 644�6R�?&44' �4411O	 � g�R�44]� 

��*44$ ��44R�� D144� 3/ � �44F 5��44+ ��1*	�644 / B�44<

"�&�/ �$/ �����,641��  `�( A��= ! [�JQE8/ H% B67�/�� 

�� ��')�.(���J �� � H%H4% 64 �/� "�.4  ��%�4� @14002

 6��	 3/ 6YC `�( A���&$/� 67�/��j5�4G	/ n< �4� 64#�/ .��

��&	 �4_ �� �#.41C H4% 647�/�� @4�/ �_ 444 417R ?4@��

�4� 64<�j��*44$ 3/ @147R � �4F 5��44+ D14� B�4< 3�44$

 �$QC��= ! �� ��1*	�6 / �4� ?48�J �< 6 �4')�.(�4M  3/

�44$QC��= ! �44 A "�441C ��*44$ � �44< < B�44< ^441#����	�I

(HSCs) ��� �< ��# ! "A�� "�1C /� �]C�.� B�< H4% 677%

 "! H*IR 3/ �� �< �4# ! H4C "/�	 "AB�4<CD34 �FLK-1 �

Tie-2 ��% ,��'/ .�� �#J/� HC /�� @4�/ H4% �3 >6J "/�	

��*$ 674'�C �/���4F�C ��#.4� ��.7� ^� 3/ �<):j�.(

"A �# !CD34 ��*$ )�I	 �� �	�I< B�< ,64' "�1C ^1#���

 ��*$ �� "! "�1C ��/ [Q��% ^1#����	�I< B�< 3/ H4#��� (��I	 

�� �$� �����# ! @�/ H4C ��*C @$ �� @17mI< "A H*14$�

 ��*$ 3/ B��1�C ,6' ��Y� ��1*	�6 / B�< �� "�1C ��4')�.(

FLK-1 ,6 �1L 6'� ��#%�� B/�C B/VEGF �< �� H% �$/

��*44$ H#44$� �� 441#����	�I< B�44<��*44$ � H441��/ ^B�44<

 �44� "�441C ��1*	�644 / ��*44$ �� "! "�441C �44�/ ��44' B�44<

^1#����	�I< �� �$� 3/ H#��� (��I	 ���.FLK-1 @17mI< 

)�  �C ��� ��VEGFR-2 � �� / ����I< � ,6' H#F�7' 

"!KDR �$/ )�.(/��<�4$! @4�/ �4C H41&	 �4C "/��4&I< �

12� "�4F H4% H14r�� @4�/ g�ey/ �]R �� � �1YW/� �4E

 ��*$ B��J �� H% �$/ ���< ��*$ HC 67 /�	 ��1*	�6 / B�<

 677% /61� (��I	j��*4$ B3�4$/6R HC )/6W/ B�4<CD34+3/

 � "��4 / �4E12� "�FFLK-1+��4� �4E12� "�4F 3/

 "! �.% 3/ `� � ,��I  �<�-.4���3! ��F b�/�' �� �<

 "! 67#� /�	 ��*$ HC /� �< 647<� (��I	 ��1*	�6 / B�< ."!�4< 

��*4$ �1	�7� 61�q	 B/�C 3/ ?48�J ��1*	�64 / He4' B�4<

��*$ B�<CD34+��*4$ ���4 /�	 �C�4�3�/ �C ,�Q+ �� �4<

 }�RAcl-Dil @1#&� HC ��o	/ ��"A "�1C B�4<ecNOS �
FIK-1/KDR �CD31 "A @�/ "�1C � ,��% �$��C /� /� �4<

 ��*$ �� �4� B�< 64 ��% ,6<�.4� ��% ."!3/ @147mI< �4<

 P��_ 6 �1���*$ B�< D14� ��1*	�64 / 3�4$ �64� H4C B�4<

^1I&��/j��*$ B��&*I+ �1<�� 	 /� �<�64 ��% 641�)�.(

/��<�$! g�0102	 H�/�/ �� "/��&I< ���4$ �� "�4';��� 

$/6R HC )/6W/4*$ B3�4��4<4B�D14� ��1*	�64 / 3�4$ H4C 

2� "�444F 3/ �<�-.444���3! �4441V&	 ���1"��444 / �444E
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D1� �E12� "�F ��1*	�6 / B�<3�$"! @.&G� /�	 H���0� ��<"/��&I< � �2#� @���� �#%� 

���

6 ��I )�(."!+ �< @�/ �C ,�Q ��*$ 6 �1� P��_ 3/ H%B�<
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Abstract  
 
Background and Objectives  
Bone marrow of adults contains a subtype of progenitor cells that has the capacity to 
differentiate into mature endothelial cells and has therefore been termed as endothelial 
progenitor cells (EPCs). Clinical studies employing EPCs for revascularization of 
ischemicorgans have just started to be conducted. In the present research, endothelial 
progenitor cells were isolated from peripheral blood and transfected by lipofection method.  
 
Materials and Methods 
All mononuclear cells were isolated from peripheral blood by vivo expansion method and 
cultured in fibronectin coated dishes and basal EC medium. In day 7, the cells were tripsinized 
and examined by immunocytochemical and molecular evaluation methods; then, 
electroporation and lipofection methods were used for transfection of EPCs. 
 
Results 
Observations showed isolated cells were proliferated on fibronectin coated surfaces. The cells 
were able to incorporate Acl-Dil and express CD31, CD34, KDR, VECAM-1, Tie-1 genes, 
CD31, CD34, Lectin and KDR antigens. The cells were also transfected by lipofection method.  
 
Conclusions 
It can be concluded that hEPCs express specific endothelial genes in day 7 and are transfected 
by lipofection method with low efficiency. 
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