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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>1
L��� 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�<

EPC <�-.44���3! �441V&	 ��� H44C ,644' B3�44$/6R 4��
1<��4&*I+ �4"! B�� <4	 /� ��44 % 61�46 ��j"A "�41C B�4<

VEGFR-2(KDR)�VE-cadherin�CD31 �# ! �"AB�4<

CD34�Integrin αvβ3�CD14��*$ �� /� B�< D14� 3�4$

 ��1*	�6 /6 ��% ,6<�.�)
�.(

��� @44�/ �� �44C �447#e� H44% �44*eW ��� H44C �e�44 

 ��*$ B3�$/6R B�<CD34+��Cj��*4$ �/64Y	 n4< B�4<

D144� ��1*	�644 / 3�44$ "�44F 3/ B���44� n44\J 3/ B�#.441C

 �E12�)
��*�/�?C�0� �� 
��*�/��#1� �*1� �� ��*$ (

�� B3�$/6R "�1$/(��K�&$/��k  "/(1� n< � 6'�3/ 64YC 

��*$ 6 �1� B�< D1� ��1*	�6 / 3�$ ^1I&�4�/ �J/�4  H4C 

�#.1C��C)
�(.D<�=� H�/�/ �� H% D<�=� @�/ Z��#  B�4<

�*eW /��<�$! HC "/��&I< ���*$ �#.1C ���$�7' ��M7� B�<

EPC �44]R (441  � �<�-.44���3! �441V&	 ��� 3/ ?448�J 

�$� ��*4$ @.4&G� /�	 B/�4C a4$�7� �'�� HC �C�� �4<

d�_ �4M  H4E0  3/ 64' B(�� "A "�41C 641�q	 B�4<CD31�

CD34�KDR HC ��o	/ ��� /�	 �@1#&� }�R �Acl-Dilj

��*$ ���1*	�6 / �1<�� H4Y��E� HC�.4� ,6' B3�$/6R B�<

 /��<�$! ��$ �� "/��&I< �
cc:"A "�1C �M  HE0  3/ ��<

�# ! �� B�] A EGFR-2(KDR) �VE-cadherin �CD31 �

CD34 H4Y��E� Z��4#  HC�.� !/��<�4$ ��4$ �� "/��4&I< �

;��� @44�/ @I4r j��4C H4% �44-�� �8�o4#F/ "A �� "�441C 

��*$ ��1*	�6 / B�<VECAM-1�Tie-1 ��*$ �� n< B�4<

 6' 61�q	 ,6' B3�$/6R)
�j�(.HY��E� B�< n4< B�4-�� 

��*$ B3�$/6R H71�3 �� D14� B�< )�4\ / ��1*	�64 / 3�4$

 "! H*IR 3/ H% H#��L �� �< 4Y��E� H4C "/�4	H�	����4	�� �

��$ �� "/��&I<;��� '/ 4��% ,��)
�.("!3/ ,��G#$/ �C �<

��� B�4444<CFC(Colony forming assay) �LTC-

IC(Long term culture initiating cells) B3�44$/6R �

��*$ B�<AC133+CD34+��*$ �B�4<AC133-CD34+

��*$ B3�$/6R �� H% 6 61$� H\1#  @�/ HC3��4 �F B�4<

�/ �%��� �$/ �#]C �E12� "�F 3/ H1�AC133 ?I+ �Q� 

��1L �/�W .��$ ��;���s71*]R 3/ 67#�4 /�	 "/��4&I< �

��*44$ B3�44$/6R P44��_ B�44<AC133+j��*44$ ,��44L ��

 HC 677% /6R ,67e�f �1u � ,67e�f B��4_ ��*4$ H4% B�4<

 @.������&7�/ �� }�R HC ���W ,67e�fAcl-Dil ����4 /�	 

#&� HC ��o	/ @1��4# ! "�1C "AB�4<KDR �VWF �Tie-2 

�$��C �� ��4 ��#&�/ w�&4$��&1� �4C ,64' )�4\ / B�<

 �K�44� ?44e�/� )��44R/ B��44J (Wieble plade bodies) 

6 ��C)
c.("A "�1C �M  3/ D<�=� @�/ Z��#  B�<CD34 �

KDR ��*$ ��o	/ ��� /�	 �}�R � @1#&� HC �<Acl-Dil 

�C �1F/ HY��E� HC�.��.��4$ �� ;��� @4I�� "/��4&I< �

��*4$ ��.47� H4% 64 ��% ��/(L 4<�"/�47+ �42	 H4% ��

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

�� 6 �'j�1$�7� �� � �F B�<A����%�� �� �< 6'�C);�.(

Z��# HY��E� B�< "�1$/(��K�&$/��k  H71�3 �� H% �*eW 

,6' )�\ / �717R 4� ��]7.41� 6 /�n4< "�41C H4% 647% "�4�3

"A B�<FIK-1 �VE-cadherinj��*4$ ��/6R HE0  B�4<

 ��*$ 3/ ��1*	�6 / ,�� B�< }��42� 3��4 �F ���*$ B�<

�� ��4');
.(�4# ! 3/ �4e1%�	 @4�/ �4C ,�Q4+ B��4C B�4<

 "! D7%/� H% ���k*%� �7� H41*+ �4C �<FIK-1/KDR �VE-

cadherin�CD31 �Tie-1 �Tie-244$/ �44eV� "�441C ��44L

 ��*$ (��I	 b$/� 6J ?J/�� ��*4$ 3/ ��1*	�6 / B�< B�4<

 ��*$ ��� /�	 � ,��C �717R B��17C }�4R �� �<Acl-Dil �

��*$ �#.1C ���$�7' �+�C @1#&� HC ��o	/ ��1*	�64 / B�<

�� ��');��;;.(�C B���� HC HR�	 �CHY��E� B�4< )�4\ / 

H���0� � ,6' E� @�/ Z��#  @1C�� H% B/ HY�� "! �C �4< )�4\ /

6'jHC_4F ��4�� H8Q Z��4#  H4% �GL "/�	 ��/ D4NC

 ��*4$ �#.441C ���4$�7' H44C D<�=4� @4�/ B�44< D14� 3�44$

 ��1*	�6 / �� ^I% 647% .H4C Z��4#  �4$� �I�4W �� ,64�!

HC @.4������#&�/ B�1L��%�b44�/�4' @44#��L �4M  �� �4C 

H*IR 3/ @4.&G� /�	 � ,�-#$�4G#$/ ���4,�� ���B�4<�#�/�

 ' }�N# /4HC 61I$Q� � ,6 ��4eW ?4C�W �41u [Q��% H#�� ��%

 �� /�� � ,��C ��� @�/ H% �/� ��I#J/ "/�	j�e4$�7� ��� 

��*$ @.&G� /�	 �]R B�< D1� ��1*	�6 / 3�$ �I  64'�C�
4Y� @.4������#&�/ )�4-7< �� K�4C ���*$ ��� H#e�/4[K�I

44J4��6c�448�� 4 H44E0  @44�/ 3/ H44% ,��44C 6Z��44#  �44M

HC �$� 7� �1u ,6�!#�M,"! 3/ ��/ ��e  ���R �14< H%)/64% 3/

��*$ HC �< "! �� ,64' �&G�4 /�	 "A "�41C H% �	��8 �4<

 6'�C ,6<�.� ?C�W��� 6 6.  �&G� /�	 ��� �4GL "/�	

 ��*$ HC "A ��0# / �]R ��%�� B�4< D14� ��1*	�64 / 3�4$

www.SID.ir



Arc
hi

ve
 o

f S
ID

,��� �j,��I' ;j"�#�C�	��

���

�4M  H4C a$�7� �4I 64$�);�(.,��G#4$/ )�4-7< ��� 3/

@.&��l1����*4$ 3/ 648�� ^4� ��6J 3/ ,��G#4$/ �4C �4<

 b�/�444' �444C @.444&��l1�9� @1��444#&��l1� �444#1���&1� 


�4� /�4� � 6 6' �&G� /�	 �#1���&1� �� H4% �4GL "/�4	

 @.4&G� /�	 �4]R �C�4F ��� @.������#&�/ �C H���0�

��*$ B�< D1� ��1*	�64 / 3�$ �4� n#4G< 3�� �� 64'�C .��

G#44$/ )�44-7< 3/ �	K�44C 3�� 3/ ,��9@1��44#&��l1� �44#1���&1� 

(Qiagen superfect)��*44$ 3/ B��44�3 6448�� @144C 3/ �44<

�� ��*$ �1$��J �- �1C @�/ H% 67#�� @1��4#&��l1� H4C �4<

 ��*$ 3/ ��YC ���� �� H% �$/ ��*$ 67 �� �< B��17C B�<

�$/ ,6' ��/(L [QeW (1  �717R);9.(

���� ����� 
�C B����HY��E� B�< "�7%�4	 H4% �/� "�.4  ,6' )�\ / 

b0� ^�@.4&G� /�	 �4]R @.&��l1� 3/ ,��G#$/ Z��#  ��C 

$��* ���$ �� ��#1 A��� ��1*	�6 / B�<Pubmed ��/(4L

,6' H% �$/ �*+ HC"��4e  >�#4$� �� � "��e  ��1*- /

 H��0� ?8/jH4Y��E� Z��4#  �4C D<�=4� @�/ g�1�(R H���0� 

"�&�/ ��%�� ��� �I  �6'�C.H��0� H8QF DNC �� Hf �L/ 

3/ ,��G#$/ /� @.&��l1� b�/�' @��#]C
)�4L��&1� DNA 

HC B61I$Q� ,/�4I<�,��4% �4%z @1��4#&��l1� �4#1���&1� 

�$/);:(.H4Y��E� @4�/ �4C ��%�� HY��E� Z��#  �M  @�/ 3/

 "! 3/ ��/ �$/ g��G#� ���R ��/��% H% @.4&G� /�	 ,�Q4+

 Q� �/60� �C ?�/�+ �1yq	 �2	 @1��#&��l1� � 61I$ �4G*#N�

 61I$Q� h�  67 ���@1��#&��l1� h�  ),6 3�4$ �%�4' �(�

��*4$ 3/ ��4YC ���4� �� ���*$ �1��I�� 3��C (41  �4<

�� 6'�CjHC Z��#  �$� �4I  /� ,6�! H4Y��E� Z��4#  �4C "/�4	

 �/� �/�W �2C ���� �6#�� ?&' HC ��%��) .�
�;�j;9(.

�� ��/�	��8 H4C Z��4#  �4C /� Z��4#  @4�/ H%�4$� 3/ ,64�!

HC B�1L��% >����� �! ��64J H% n17% H���0���648�� 

�4$/ ,64' ��/(Lj@.4&G� /�	 H4% �4GL "/�4#C 6��4' 

��*$ [�8�o#F/ � @.&��l1� ��� �C �<Qiagen superfect 

�$/ �/���F�C �I% ��1�C @.&G� /�	 ��/��% 3/ .

���
��� � ���  
�� g6+��4� � �4< ^I% 3/ D<�=� @�/ ?74$�� B�4<

 )�444#2�Stem cell and translational research 

department �*��44&	 BA�44��1C (44%�� �� t44W/� ��#1#�44 / 

Riken ,�]C @�/A ��.% @�6C H% n�6' 67� "�.4�/ 3/ H*14$�

�� � /��6W ��'.

www.SID.ir



Arc
hi

ve
 o

f S
ID

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

���

References:  

1- Histov M, Erl W,  Weber  PC.  Endothelial    
Progenitor cells, isolation and characterization. TCM 
2003; 3(5):  

2- Walter DH, Rittig K, Bahlmann FH, Kirchmair R, 
Silver M, Murayama T, et al. Statin therapy accelerates 
reendow- thelialization: a novel effect involving 
mobilization and incorporation of bone marrow-
derived endothelial progenitor cells. Circulation 2002; 
105: 3017-3024. 

3- Kocher AA, Schuster MD, Szabolcs MJ, Takuma S, 
Burkhoff D, Wang J, et al. Neovascularization of 
ischemic myocardium by human bone- marrow-derived 
angioblasts prevents cardiomyocyte apoptosis, reduces 
remodeling and improves cardiac function. Nat Med 
2001;7:430-436. 

4- Assmus B, Schachinger V, Yeupe C, Britten M, 
Lehmann R, Dobert N, et al. Transplantation of 
progenitor cellsand regeneration enhancement in acute 
myocardial infarction (TOPCARE-AMI).Circulation 
2002;106:3009-3017. 

5- Asahara T,  Murohara T,  Sullivan A,  Silver M, van 
der Zee R, et al. Isolation of putative progenitor 
endothelial cells for angiogenesis. Science 1997; 
275:964-967. 

6- Gehling UM, Ergun S, Schumacher U, Wagener C, 
Pantel K, Otte M, et al. In vitro differentiation of 
endothelial cells from AC133. positive progenitor cells. 
Blood 2000; 95:3106-3112. 

7- Pcichev M, Naiyer AJ, Pereira D, Zhu Z, Lane WJ, 
Williams M, et al. Expression of VEGFR-2 and AC133 
by circulation human CD34-cells identifies a 
population of functional endothelial precursors. Blood 
2000; 95:952-958. 

8- Yin AH, Miraglia S, Zanjani ED, Almeida-Porada G, 
Ogawa M, Leary AG, et al. AC133m a novel marker 
for human hematopoietic stem and progenitor cells. 
Blood 1997; 90: 5002-5012. 

9- Reyes M, Dudek A, Jahagirdar B, Koodie L, Marker 
PH, Verfaillie CM. Origin of endothelial progenitors in 
human postnatal bone marrow.J Clin Invest 2002; 109: 
337-346. 

10- Kaushal S, Amicl GE, Gulescrian KJ, Shapira OM, 
Perry T, Sutherland FW, et al. Functional small-
diameter neovesscls crcated using endothelial 
progenitor cells expanded ex vivo. Nat Med 2001; 
7:1035-1040. 

11- Murohara T. Therapeutic vasculogenesis using human 
cord blood-derived endothelial progenitiors. Trends 
Cardiovasc Mod 2001; 11: 303-307. 

12- Murohara T, Ikeda H, Duan J, Shintani S, Sasaki K, 
Eguchi H, et al. Transplanted cord blood-derived 
endothelial proccursor cells augment postnatal  
neovascularization. J Clin Invest 2000; 105: 1527-
1536. 

13- Kalka C, Masuda H, Takabashi T, Kalka-Moll WM, 
Silver M, Kearney M, et al. Transplantation of ex vivo 
expanded endothelial progenitor cells for therapeutic 
neovascularization. Proc Natl Acad Sci USA 2000; 97: 
3422-3427. 

14- Kawamuoto A, Asahara T, Losordo DW. 
Transplantation of endothelial cells for therapeutic 
neovascularization.Cardiovascular Radiation Medicine 
2002; 3(3-4): 221-225. 

15- Kalka C, Masuda H, Takahashi T, Gordon R, Tepper 
O, Asahara T, et al. Vascular endothelial growth factor 
(165) gene transfer augments circulating endothelial 
progenitor cells in human subjects. Cire Res  2000;  86:  
1198-1202. 

16- Waguro  H,  Yamaguchi  J,  Kalka  C,  Murasawa S, 
Masuda  H,  Hayashi S, et al. Endothelial  progenitor  
cell  vascular endothelial growth factor gene transfer 
for vascular regeneration. Circulation, 2002; 12: 732-
738. 

17- Flamme I, Risau W. Induction of vasculogenesis and 
hematopoiesis in vitro. Development 1992; 116(2): 
435-9. 

18- Matsumoto K, Yasui K, Yamashita N,Horie Y, 
Yamada T, et al. In vitro Proliferation Potential of AC 
133 Positive Cells. In Peripheral Blood. Stem cells 
2000; 18: 196-203. 

19- Gehling U M, Ergun S, Schumacher U,Wagner C, 
Pantel K, Otte M, et al. In vitro differentiation of 
endothelial cells from AC 133-posivive progenitor 
cells. Blood 2000; 95 (10)L 3106-3112. 

20- Rehman J, Li J, Orschell CM, March KL. Peripheral 
blood "endothelial progenitor cells" are derived from 
monocyte/macrophages and scoretc angiogenic growth 
factors. Circulation 2003; 107: 1164-1169. 

21- Choi K, Kennedy M, Kazarov A, Papadimitriou 
JC,Keller G. A common precursor for hematopoietic 
and endothelial cells.. Development  1998; 125: 725-
732. 

22- Nishikawa S, Hirashima M, Matsuyoshi N, et al. A
common precursor for hematopoictic and endothelial 
cells. Development 1998; 125: 1747-1757. 

23- Vitter D, Prandini MH, Berthier R, et al. Embryonic 
stem cells differentiate in vitro to endothelial cells 
through successive maturation steps. Blood 1996; 88: 
3424-3431. 

24- Yamaguchi  TP ,  Dumont  DJ ,  Conlon   RA, 
Breitman ML,Rossant J, et al. flk-l, an flt-related 
receptor tyrosine kinase is an early marker fr 
endothelial cell precursors. Development 1993; 118: 
489-498. 

25- Doctschman T, Maeda N, Smithice O. Targeted 
mutation of the hprt gene in mouse embryonic stem 
cells. Proc Natl Acad Sci U S A 1988; 85 (22): 8583-7. 

26- Watanabe M, Shirayoshi Y, Koshimizu U, Hashimoto 
S, Yonehara S, Eguchi Y, et al. Gene transfection of 
mouse primordial germ cells in vitro and analysis of 
their survival and growth control. Exp Cell Res 1997; 
10; 230(1): 76-83. 

27- Zaric V, Weltin D, Stephen D. Theraputic anglogenesls 
using genetic transfections. An in vitro quantitative and 
functional study after gene code transfer for vascular 
endothelial growth factor. Arch Mal Coeur vaiss 2000; 
93(8): 987-91. 

28- Ma H,  Liu  Q ,  Diamond SL ,  Pierce  EA .  Mouse 
embryonic stem cells efficiently lipofected with 
nuclear   localization  peptidc  result  in  a  high     yield 
of  chimeric  mice  and  retain     germline  
transmission   potency .    Methods  2004 ; 33 (2) :  
113-20. 

29- Ma H, Diamond SL. Nonviral gene therapy and its 
delivery systems. Curr Pharm Biotechnol 2001; 2(1): 
1-17. 

www.SID.ir



Arc
hi

ve
 o

f S
ID

,��� �j,��I' ;j"�#�C�	��

���

30- Chung S, Andersson T, Sonntag KC, Bjorklud L, 
Isacson O,Kim KS. Analysis of different promoter 
systems for efficient transgene expression in mouse 
embryonic stem cell lines. Stem Cells 2002; 20(2): 
139-45. 

31- Ward CM, Stern PL. The human cytornegalovirus 
immediatc-early promoter is transcriptionally active in 
undifferentiated mouse embryonic stem cells. Stem 
Cells 2002; 20(5): 472-5. 

 

www.SID.ir



Arc
hi

ve
 o

f S
ID

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

���

Cellular and molecular evaluation of endothelial progenitor cells 
after selective isolation from peripheral blood and comparison of 
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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. 
 
Key words: Endothelial progenitor cells (EPCs), Isolation, Lipofectin, Electroporation 
SJIBTO 2006; 3(2 ): 121-131 
 

Received: 24 Dec 2005  
Accepted:25 Mar 2006 

Correspondence: Fathi F. PhD of Anatomy. Cellular and Molecular Research Lab, Kurdistan University of 
Medical Sciences 
P.O.Box: 66177-13446,Tehran, Iran.Tel: (+98871) 6661830 ;  Fax : (+98871) 6660051 
E-mail: farfath@yahoo.com 
 

www.SID.ir


