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��8
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�=�� @$��A � 4���� � 4��0	 � 4��$� (�2.-$/� � � !%& 5!%6 :B�BB�����C 
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'!%& �-*�,+��*���3!G)HSCs(����!3 �!G 4�!	 JK

)S.R = Self Renewal ( ��3�=� $+L��, M����N	 ���J�, M
'!%& �-*3!G�O $+�3!G��3�K J%?1 �� F�3��� ���-�*

��, P&��#*�, 4�#��+��*, ��+��?*��-*3!�G�4!�Q
?&! �?&L�	 F�3!G RK F���-*�������#*S�83 F��-*

&+& $ ���3!G R=�+� R=���?�*��?+, FO *��- �+ 3!�G ��
�: D 4!Q�&D F�?+P�-*:T#*�6�U3��& $�, �+��?*�-

#�����,)�(.��'!%& W9# 4!G F4�!U=&� :T# �� �-+X�F
�1 �NK+��Y�3 ��, 4!G $��# ������3!��)�.(# �� �+ 4�

#�?	�(�� �KZ [,��#F4!G ���, Y��3  � J�, �+ � !0�& M
[?1 �$D*��, �XG �!1$ 5�6 F*�� \-��K F(���-� ���

��?!3>!3 �+]$GVHD )Graft Versus Host Disease (��
) ���+(�3� $)�! D 5�6�$ J,��$� ��-*CMV $EBV 

��& J�, �N�3���&� ��=0, [,���# �)C��.(� ��, �� �!�1$ W
�$�9#�� (�?6 ��F4!G WRK ���^	 '!%& J�K ��&� ��-
_L!?^# !2U&��*3+3 ` �, ����� ��+��)aF�.(�,J	���N6�

��,*P&��# 4�#��FMb���c ����^	 �Ea*���'!%�& ��
J=�- ������ J,*�-K+4��, 4�$ !% 3 ��!�# �+ ��&� ��)e.(

(�$�#�(��f=&� �$� �� �-��� 4!Q+�3! ���, 4!G �c�$ 
$ Y�3���� ��'!%& �� �, �-�$� ��-*gh	�+ !%�& ��)Ex 

vivo Expansion (� �,�(��K JN%O Mh.# W�3�)�EF�.(
�$�9# J%?1 �����-*�.K 	�=�&�+]�#�J�, 4�!�	 

5�6�=G�!�h��!	 ������O ��!�# [����# �� ��-��) $�[
F�.K�$�9#�'�=�K �� �O2FpH  !,�=# $+����, $ ��-

��� 4�!,��!?3 (���� �.K i)��.(�� (��f=�&� ��, (�$�#�
,+# �-�!=K��!�J, 4�!	 ��� ����(��� '��=�K '!%�& ��, ��-

�=?K��&� W��$*�!?3 5��b� .
, ��h%?6+'!%& j!3 J, J1!	 �, �-�!=K��! ��- $Mh�� 

,+R- $ �!=K��! # 4D 4� ��&� 7$�f= $��� �!�k�# J�, �� ��
'!%& �-*O+(��N�Q �)J�%?1 ��HSC ��-(F��,+�!�=K��!

�3�l&!&+3!�R-4���� j!3 ��.G�Q�)Stirrer((��f=�&�
#��!�)��.(� ���, j!3 W+- F�-�!=K��!R4����mX& ]

8���.G�Q �K�c����1 $ J=��4�3��$����9# ��+i
���.K����# ����n��?3��� J��K ��:���� J��, ���n�#���=��&� \

��,�)Shear Stress (#��!�)�C���.(

� ���J, J^ �X# W'!%& �, ��=&� \-�K �!k�# �� F��-
�, ]+�!=K��! �3�l&!&+3!�R- J, :0n# o��T# 4�+����,

=.)�, $ ��� �K�c���) (��f=&���T	 �p� �	 �++ R�- �4�
���:���'!%& ���^	 \�-�3�=� F+Mh.	+�%K M�3 $+:,+4�
4> �-*�,+���2��3+:&��, ��!#�) ����b �+��.R�- ��Q+W

'!%& �.K �� �- 	�=�&�+, $ ]+��, �!�=K��!���h��23�+:
�8#��3�� J�.


 ����
� ��
����&��1*'!%& �.K $�-*J=�- ]	 �*���, 4!�G 

Y�3:
�!, *��,��� j!3 �� (�� 5�n3� J^ �X# .�-�c�$*4!G 

��, #!?6 ]3�, �� Y�3���, 4!G $� Y�3�0	 4�+��) J��.
����, 4!��G 4�)�����K��-� FY���3 R ���& 4������#)����&� ���,

h�:� J#��.&���, �b��+��?*�-*#�+J��*=3> $+h��, $
��#�D ��&��\*��- >! $��&*F���6*, ��+���?*��-*

$����&$� �CMV FHTLV I/II FHBV FHCV FHIV $
q+%f+&(2%#�c (�$� �,�M#�K �3�!, .Y��c �!�k�# J�,

'!N%) �-*F:#�b �-C#+%� +�=�, M#�K 4!G �#+%� +��=
-+�K$���	�+r��=&� M)4��? D�GmbH(s!�%U# $J�,

 7�#��#� �� �6�&*�� J,!h3� @�	�.ql& '!%& �-*
J=�- ]	 �*Y��3 ��, 4!G )UCB-MNC(�� (��f=�&� ��,

�+qK�!�f�  �k%O P)�"+=�&!�)���(��) ���1 ���)��.(
'!%& �-*9# i&!	 (�� ��1+i$�c*�E%��1 5�&+W

$�))Fetal Bovin Serum)( !�"N+)(!�.=�� $ �3��� (���
 $ ���^	#+'!%& 4�: �-*(�3�)Viability ( 5L �� (��f=&� �,

�	 $ ��,!u3�!%, 4�lB/E%^	++��) W��.
�����^	 �E�×�# �� '!%��&+��%� +���=J��, F��9#+���.K i

IMDM M#������FBS )�E%('� F#�����	!%)+W)F4�����? D
!��"N+)()mM �(���� $���&+%+W/�#!=��=&�����+W)F4���? D

!"N+)()U/mL �EE/ng/mL �EE(��) J��w���.J�, ql&
9#+�.K iFlt3L $SCF # J, 5��K �- �+4�: ng/mL �CE

G-CSF $GM-CSF 4�:+# J,ng/mL �CW+�! �=��� F�$
TPO +# J,�4�:ng/mL �E$EPO ,�J4�:��+#ng/mL �E

)�� J�?- ����R&D �"��#D (J��w� 7��# J�, ��.K $
�B �$� ���) 5�n3�.
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�!%+3 4���"?- $ MA� 4���� �

�'�I6$6 &'$�

��%� Jx���	$:�� 4�!��6 J�, 4�+=�&�
�=3D �� �=+ $�"+#*���, *��- Mouse 

Anti Human CD)W+#����� 4>(FMouse Anti 

Human CD)����&!+,�q�($Mouse Anti 

)!���� (�� '!%�& ����^	 4��?- J�,
\��#�D�� J��w� y3� J&.J� !  ��

�J�, :�ECF'!%�&�E#+ $�h+�� ��=
Mouse IgG1 Isotype Control-PE-C
Mouse IgG1 Isotype Control-PE (e

$ y�E #+ $�h+=3D �� �=����,*��-*
Mouse Anti Human CD 34-FITC Human 

CD 133-PE (ebioscience � J��,��� �����^	 W
4�!�6 \��#�D R�- �!o J, y3� $�
9z	 +# m+R- 4�: 3��!��y3� ��-*

���&!%� �=3 �=#!��+ :�E#+ $�h+�� ���=
CD38FCD133-PE FCD90-RPE $

J��, J��3�)��1 J�� !  ����0Q �� '!%��&
�� J.�� q��Eb�+�&�,!h3� J�8+4!

����) ��	 @�	� $�F]�#+�%� +�� ��=
J !  J, !.=�� �-��) J��w� �� q�� $ �

��CEE b� �, �$�+J8F$� '!%9# ��� 
 �M�A�c�EE #+ $�h+'!�%9# ��= 

J��3!?3���-*(�2=��&� �� (���� (����#D
"��#D�F�=",���+"�� 4!�4!(FACS  

B

Y�3 ��, 4!G *

��� 

��:A:@��.fish tail � �� �#� ��= ��&�$= �$ .B:�&$6 �$= �$

��-�� R�nc�#+�%� +��= J�,
�, �!	��,!h3� ���#�*ºC �a$C%

��$�F�!�^	 ��,��9# |+i
, �� (+'!%�& F�!�=K��! �� ��-

�3�l&!& �!=K��!+3!���} ��, �+ �
'pH FO2(��� ��.K ��#� $

~!& F��N#L �K��+q.(� �� �� W
fish tail disc($ L��, ��K�c �,

��) ��)Mh� �.($ �#� '�=�K 
=3�& J1������) $�/a)��, ��b� 

�9# �� (�� M+�!���& ��, i
p$O2�o �� �� 4���K ���$ �

���) 7�!A .!�^	��9# |+i
2��� 5�n3� $���,* ��3D+:

��-�$� *EF�Fa$�B5��n3�

�	!��!3!?�l+y��� '!%��& ���-*
���^	�E�'!%& (��f=�&� ��!#

=3D����,*��-*Mouse IgG1 

W4>(FMouse IgG1 Isotype 

Mouse IgG1 Isotype Control

J��, 4���#��EC �� '!%��&�EE 

�=+ $�"+#PBS J� !  ��
$ y3� J& '�=���E+#

Human CD34-FITC

uman CD38-PE-Cy5

Human CD 90-RPE

J !  �*��4�!�6 J, �2�D
%��=�&�+� 4����2*3�+

�=3D����,*��-*Cy5 ,
eBioscience 12-4015)

 $� '�=�K 4�!�6 J,y3�
Mouse Anti FHuman 

oscience 12-1338-73)

�^, J !  �� '!%&*J,
�� J��w� 4�#�.�01

(�2=��&� �� q���&�!%�
=3D���,*�-*-PE.Cy5

CD34-FITC J��, �EC&
J��w� y3� ]	 7�!A

�#� ��*BJ1�� �=3�&
'!%9#PBS �� �01

��Cb�+�=3�& J8��� >!f
 !%�& {!&� J, $ ��1

PBS ���� J����w�.!?3
�&!%��=�=#!��*BD )#D

A

'!%& :��?	 $ �+g"	 �	 *�- J=�- *�

�E


	�=&� �.K ��+]F'!%& �-
%�+��J3�G,!h3� �� $ M8=�#

CO2�3�� �.K.'!o ���B
�� 5�n3�.(��f=�&� �, �.K ��

Rnc�EE #+%� +�=��,+!=K��!
CEE �%+# �=+ %,�b �, F+'��=�K �

�3��)(�2=&�MINIFORFK��
&+R- �� R=� J9fA 4� �*)disc

��+��6�& �, WHz �(��f=&�
pH 	�	 J,+$� �, P*�aJ1��

�/E(k�	+�� R.'�=�K O2Mc
���2*��) 5�n3���.k�	+RpH

��) CO2$O29# ��+�!A i
, ($�) $� �- �� J2=f- 7�!A

'!%& J�3!?3 F��- �����,*$� ��
���) .

?�� �&��,!x+	!��!3'!%& �-:
�!��k�# J��,��&��,���!?

�.K �J=��F�$� $� �- �� ^	
���) ���b.�E#+ $�h+�=��3D

Isotype Control-FITC )W+#���
Control-RPE )!����� ($ntrol-

PE-Cy5 )���&!+,�q�(R��- ��#�
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Calibur �!# '!o ��BeeF�=#!3��3 � ��,+��-�=%*BP nm 
�E/C�E*��,FITC Fnm BP B�/CeC*���,PE $nm LP 

�aE *��,PE-Cy5 5�3 J%+&$ J, ��:���BD Cell Quest Pro 
��!#M+%9	 $ J�:n	 ��=��) ���b.

���%K \n��& �$� �� (��f=&� �, *:��?	 M+�3�=� \n�&
�#�1 J?+3 i+9# ��:

�8# �!k�# J,��3�=� J�+gh	 M+�*'!%& �-*(�� �.K
	�=&� ($�) $� ��+, $ ]+���^	 F�!=K��! �EB*��� '!%&

�$��-*J3!?3 )+�*���?� $����%+# �=+  9#+�.K i
� �K!=#)Stem Cell FBB��Methocult F�$!�"3$ F����3�� F

���>! !�"	(%� �� �+���-*�J�3�G �*��.K ��� (��� .
�=3���%K ��� ���� q�� ��-�B��%K ���?�� ��, �$��$

U.	+��� ��!# 4D j!3 S�,�����) ���b .U�.	+j!�3 S
3!%K��?�-�� �� (��f=&� �,*�K�� M& R=&� �� 5�n3�.

4> 4�+, �&��, �2����+�, *�- i&!	 RT-PCR :
,��+ 4�C�, J��, s!��,�# 4>��+���2��)Thy-1 FAC133 F

CD34 Fc-kit $ABCG2 ( ���,\����#�D RT-PCR ��&��,�
�3��� J, ���%6 Wb�, JK�'!%& 4�3�# �-*�,�+��*4$��,

�?	�T	 $ :++�.K �� �F��,+��c ���?-� :�+��&� �.���=,�
RNA '!%& �� �-*J=�- ]	 �*��, 4!G �-�$� �� Y�3*

�FaF�$�B(����# �� (��f=��&� ���,RNX )��&+4>��(���No
M?^ ��!=&� �+��0�.*�� ���U=&� F(�3��& �K�� .���,*

�G�& cDNA K ��+���=�#��)4�? D (��) (��f=&���.5�n3�
RT-PCR �� (��f=&� �, *�-�)��ODc��o���(�,��J�#�3�, 

�C J1�� =3�&����) Bb�+ql& J8�B=3�& J1�������) �
b�+FJ8 �EJ1�� =3�&����)BC3�p+$ Ja�=3�& J1������)
�b�+J8)�E&+Mh($ Fa�=3�& J1���7��# J�, ����)�E

b�+3� J8�� 5�n .� '!z9#�$� \�K�$ W*'>�%�$���)D
y3� �, $ �� (��, #D+:*	�+���#$�, 5!�&��, $ (�-�.# ��

��)��.

*��#D :+ �3D:
�!k�# J,M+%9	 $ J�:n	 (��� 5�3 �� �- ��:��SPSS JU�3

�� ��) (��f=&���=3 $ ����#�D J�& ����, \�$� ���&�
student t-test  # �,+4�: EC/Ep≤�^#����:) ��� ��.

����� ��
�.� '!%& J=�- �	 *�- 4!G *� ��, �$� $� J�, Y��3

�!=���!+, $ �+	�=&�:
,��*�8#����^	 J�, �� '!%&+	�=&� �.K $ �!=K��!+]

�$� ��*���- �Fa$�BF=��&� ���?�������� 5���n3� .
"&$�"+# 7��-�.#!��� 4��.3 � !%& ���?� ���=3 $ ��

5!& �$� �	 J�F'!%�& ����^	 \-��� �� ��- $� ��- �$�
 �.K# @�f	���=�� , �� J, s!,�# �&� Wh?# JK+W=��� W

'!%& �-*�?	�:�����, 4!�G �� �!�1!# J�=�� .�� ql�&
 *�-�$�a$�B'!%�& ���^	 \��:��� ��-�� J�K ���� �� W

�:���	�=&� �.K �� \+2?.Q ]+�!�, �)EC/Ep≤()Mh�� 
A�.(

#+�%& 4�:�'!-��*3�����!?3 �No (� BMh� �� ���
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�E
 �:5$%6 ?��	
 � �'$&�'�I6$6 @�&6 �� "� �� �8
 V�= 7�� O&��<6 )A(5$%<6 8<��� [!�<	' (V<�= V<��0 �� �8<'. 7�<�
O&��6  � �'$&�'�I6$6)B(5$%6 8
� V>�' �7��.�� �� ��S��15�  .�� ��)C(�8
 �� � ���' 8'  .5$%6 � 8:� �= � � ���' f!�' �� �<�

 �X O&��6  ��"U�183
 � 7� ��3:� [! P#  V�= .��)�,/�p≤(�\� �� �= ���0 �� �� �'$&<�'�I6$6 V<�= (5�  �<\� �<� V>�' J��
� ��3:� 5$%6 [! P#  O&��6  V��0 �� ��!��� �$�)��/�p≤.( 

�3�l&!& �.K+3!��$� ���B'!%�& ��^, J�, ��-*(��3�
��=��� \-�K)Mh��B�(.�^,����B�$� ����^	 F��.K

'!%& �-*CD34+, ��+J�, �N�3 �!=K��! ��.K 	�=�&�+]
�:���, \+�=.*�	�	 J, JK ���+Pe�/�, �� �,��,+�!=K��!
 $Ea/�	�=&� �� �,��,+�!�, ].� ��, �� �!�1$ WM�K ����^	

'!%& �-*J=�- 	�=�&� ��.K �� R-����0Q �$� ��	 ���+]
�C/C, �� $ �,��,+�!=K��! �/B�!, (�� �,��, .��=3�4��.3 �

^	 �N�3 JK ������� '!%& �-���=f- ����.K 5$� J��� F�
,+��!=K��!)�e/��,��,(�8# ���.K �, J���	�=&�+])��/�

�,��,(�:����^# \����*����)E�/Ep≤()Mh�C�(.

��P!�<<	� �<<6�"� 5$%<<6 � O&��<<6  V<<�= �� �<<�
�$= �$&�:

��%� M+�3�=� �&��, '!%& ���� J=��- ��	 *�- ��.� *�
�!=���!+, i&!	 (��:

,�k�# J�<%=U# *�-�$� �� ��%� ��n�� 4�!	 �&��, �!
 �� F�.���#�D�\�, ���%� \n��&��$�*J�?+3 i+�9#
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�E
 ,:�'![K36 f3%=�V
ZU .  ]� �1.��  ����' ��8�� 
]Eg �= A3%=�h�#�"=��7(CFU-GM) ]Eg �B3%=��&]E

(CFU- GEMM) 83��.

5�8/�:�� ���' 5�8/ -!  �3%L �&�'�� �L 8�� V<�L �� �! .
�� � 7"�&� � P&� (N&��6  V��0 �� ��!��� �� �'$&�'�I6$6 .

�3%L -&H'�&�±��&:� ; "D' 
p value N&��6 �$&�'�I6$6

CFU-GM BC/�±���B/�±���E/E
CFU-GMM E�/E±�C/B±�EE�/E

CFC �C/�±�a�/�±�EEE�B/E

'!%��& , �!��=���!+, M��G�� *���-+	�=��&� ���.K �� �=��.+]
�&�)E�/Ep≤(.%K � �c ����:�� �,�J�, ��.K 7�# \

�B �$�F��3�=� ($�) $� �- ��+��%K M������ '!%�& ��-*
\-�K �.K �9	 �����$R�- ��Q+��.K $� ��- �� WF

3!%K����$�=+��*�.3 (�-�.#)E�/Ep≤)( '$�1�.(

�<5$%6 i&�$3# �6�"� ��� N� 7�� �� �8
 V�L 7 
�$L �$&� � N&��6  ?�� ��:

��,*����,���?	�:'!%�& (�� J�, ��- ��-*#+~!% �+�*$
~!f� +�*F'!%& �A�� �-*38+F90-FCD34+$CD133+F

CD34+	�	 J,+SG��� 4�!�6 J, P��-*~!f�  (�� �+�*$
#+~!%��+�*��&!%� (�2=��&� ���,+�=#!=*��� ��!��#���,�������b

����=��) .���=3�J��K ��� 4���.3 �,+�:���� PN��& �!��=K��!�\
'!%& �-*38+F90-FCD34+�N��3 J,�/��$�/�C��,��,

���-�$� ��*�B$����)����� �� ���c����.K �� J��K
	�=&�+]F���:�� W�\e/B$B/��!, �,��, .� Y��G �, �� W
($�)F^?1+~!f�  �+�*� \-�K+� ��3$� J�K �3��K �� �� W

, �� \-�K+, �!=K��!+�!, �=.)M"�B(.
^?1+�CD133+FCD34+F38+F90-FCD34+�� �^, 
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�E
4:�&�h �� ��.�� ��  � ��7� ���' l%m��8�� .� �F k>X "�&�h �� ��7CD34 �C-kit �'�I6$6 V�= �� @����+n .�� ��&'$��&��
�&"�7��6  V�= �� V>�'&8'� � ���' O.

4�+,'!%& �� 4> J=�- ]	 *�- (�� �.K *�:
�� '!%& �-*J=�- ]	 �*�$� $� ��- J, (�� �.K

,+	�=&� $ �!=K��!+, F]+4�B5�3 J, 4> �-*CD34  FC-kit  F
ABCG2 $CD133 �, J�, s!�,�# JK �+���2��'!%�& ��-*

3!G��#��$� ��, F�����,RT-PCR �&��, ��!�#�����b
��=��) .

&��, �,���W4>�-Fp�	+'!%�& ��, ��.K 7�# ���-*
�,+��*��� ��!#�,�����b ���) .�=3�, �� MA�c �+4> 4� �-

�-�$� �� *aF�FE$�B, JK ��� 4�.3 F�.K �� �+� 4� �� W
4> �� q� �-�B	�=&� �.K �� F�$�+\-�K ]���#� F����

, ��+, ���0�	 �!��=K��!��+ 4> 4�ABCG2 ��� 4���.3 \-���K .
��,��,�J�1!	 �, W��=3 J�,��� M�A�c �RT-PCR ��!�G F

�,+���2��'!%& �-*, �, �.K �� ���3!G+=0, �!=K��!��� �
	�=&� � �c+# �fc ]��3!�)Mh�C(.

��� 
�, '!%& R� ���^	 J, J1!	 ��� �� ���3!G *��+�, *�-

 ���, 4!G �c�$ '!%�& W��� ��+g"	 $ ��.� FY��3 ��- ��
,+�!=K��! &$ 7�!A J,+��8# �� $ [������ W��=0, �� �"�

Mc (�� �# �- ���,^ �X# $ �J���- � �� R�- �� �!�1$ (���, W
����)�e���.(R���- ����Q+W�� (��f=���&� j�!���3� <���%=U#

�!=���!+, '!%�& j�!�3� ��.� *��, �- �^ �X# �� ��-J*��- 
*��+�,�&� (�� ���:) .4D J�%?1 �� 4���, ���K J�, ��-

,+�!�=K��!Rotating wall vessel FPerfusion chamber  F
Perfusion   fixed bed $Stirred    tank  bioreactor ,��(�!

�&�)�����(.K�, �� J+�4D W-��,�1!	 ���)/�$ J, J*�- 

'!%& 4D �+&��c $ �3!G *��+�, *�- ��# �k3 J, �- ��&�
 '!%�& W��� ��.� *��, J���-F�3!+��3�l&!& �!�=���!+,

���, P&��#)�B(.JK ��Q� ���, j!3 W+��-�!=K��!F'��=�K 
�K�+$ 4/ pH # 7�!A�)�+���� $ ��*���K�$��X+9#

 �G�!�"���,*# R-��� '!%&��!�)�a��C(.
R- , 4� J���K , �� J�=��+��-�!=K��!*��3�l&!&+3!�F

o��T#+��# ��$� �K�c �,�� �� �#� ���,�R�- J^ �X# W4�
=.)�, $ ��� �K�c �,�)��� $ L��,+�W(�6��& ��, Hz �

J�^ �X# 4!�K��	 J�K �&� (�� {�U=3� �*� ��, �� ���� W�i
�&� (�.3 ���:).

'!%& �-*MNC  � J�, �+ '!%�& W=���� M��-*3!�G�
�+\�?	 $ ��&�:�9# FJ=��+N� �� i+Jin vivo �#����&3$ �

� J,�	�	 W+�-�!=K�� P*�3$�� �����9# �� ��+��.K i
-�!G+!8	 PN& JK ���� R�gh	 ��+�'!%�& ��-*�,�+��*

�k3 ��!# #����))�e.(� �,�'!%& ��� W�-*CD34+JK
?0# \83�� �� ��+� �3!�# �f�gh	 4�!�	 F���K �+, �+�=�.*

��-�!G����.o ����.K�B(�$�F����^	 J�K ���Q �-
'!%& �-*	�=&�+, ]+�3�=� �#� �!, �=.+�%K M��������^	 $
'!%& �-*�,+��*3!G�, $+4> 4� �-*�,+���2����.K ��

	�=&�+�� ]+�W�!, �	 .^ �X# ��J*�- %Nb�'!%& ���^	 ��-*
, MA�c+� �� �=.��&��, �� �#� (�!, J^ �X# W���-*K+�f�

�%K \n�& ��3�#�FK+f+�� �+���?	 �� 4��.3 J�K (�!�, W�:
�'!%& W=�� # �.K �� �-�����,)��(.���� 5$� J�=f- ��

'!%& , �� �-+�:��� �!=K��!�\�	�!�A �� ������ J�K �� W
�:���	�=�&� �.K �� \+�� $ ���=�� @��f	� '$� J�=f- �� ]

AC133 

CD34

C-kit 

ABCG2 

Day 0 Day 7 Day 14

514 bP 
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�� \-�K ��Q� J#��� .����ipH $O2$shear $ ��=&�
R- �Q+R- j!3 W# (�� {�U=3� 4��gh	 �3$� �� �3�!	+$ �
�?	�p�	 :+���, ���)� .R-��� $ L��, �K�c �, 4�+�(��3$� W

��.� -+�$���#��+h�'!%& J, # ���$ �-�JK ��K �#���3�!	
'!%& ��# �%6 ��-*��?	�:���K� mX�& �����, J�=��+4/

9# �� '!%9#+3 �.K i+ !%�& ���# PN& �&� ���b :�
���� ��0# ���?	 ��(�� �?& J, :�-*����) {!%X#�3.��

�03�# ��� �, ��K �KZ 4�!	�W# JK+gh	 4�:+, �� �+�!�=K��!
��K�'!%�& ��#� �!N3 ��-*CD34+90+38-� �� ��& W+R=��

�:���\��%K \n�& $ ����3+��=3 :���=0, �*J�, �N��3
	�=&� �.K+��� 4�.3 ].

����� ���� 
�� ���^ �X# W�.� J�'!%& �J=�- ]	 *�- �*4!G �� 

��, R�- �3!+��3�l&!& �!=���!+, �� Y�3 4��!��c �� ���
W���!=��& ���) 5�n3� <%=U# *�-.���k=3� �$� W��� ��,

�# '!%& J� �$� \+� *�- 5$��8# J� �3!G ��& ��3�	F�b��,
(�3�# $�3!� �+g"	F'!%�& W��� 4!Q J�, ��3!+� *���, ��-

 ��+8�!# �� �� �%A� \83 $ ��=�- *�$�w ��+�, 4���?+,
���� ��-�!G �3!+�.

������� 
 ���  
�,�&$ W+�bD 7�?c� �� J%��=K� 4� �?c� @!�p$ 4$��^# 

=.�+3�N��zzU	 �!#� $$� (�2.-$/� �� ��=K� F4� W+��c
�# �3$��0,�'!%& ($�) ��-*�,�+��*$��=K� W+��9 ��N6

��!-��*.-$/� 4$�^#����!#D $$� (�2.-$/��4�J�K
#�+� 5�n3� J��$� (�2.-$/� �� �� (>$�� W�F�3��K R-��� 4�

 �� �h.	 '�?KR���� .R�- ��Q+��bD �� W*3�#��& M�w���
(�2��.��#�D ��������K ��&!%�+�=#!=*F4���?��A R3���G

 4�������� $ � !��" !# (�2��.��#�D ��������� '!%��& \��U,
3�#���$�����1� �� J�K 4�*�� ��# (>$��� ����*F��3�!?3

2&�l&R���:.
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Abstract 
Background and Objectives 
Umblical cord blood (UCB) hematopoietic stem cells having high cell counts are suitable 
candidates for benign and malignant disease transplantation but often UCBs have low counts. 
In this study, ex vivo expansion of these cells was performed using suspension bioreactor with 
vertical agitation.  
 
Materials and Methods 
UCB Mononuclear cells were cultured with 1.07 × 106 cells/ml density in total 206 ml of 
culture medium in the suspension bioreactor with vertical agitator; and the static group with 
same density was cultured in T-flasks for 14 days. At the days 0, 3, 7 and 14 of culture, 
sampling was performed for further analysis. 
 
Results 
During the 3 days of culture, differentiated cells were lost and then the number of cells 
increased again from 0.42 × 106 cells/ml up to 1.2 × 106 cells/ml and from 0.6 × 106 up to 2.9 × 
106 in bioreactor and static culture, respectively. The percentage of CD34+ cells and colony 
forming potential significantly increased in bioreactor. 
 
Conclusions   
Hematopoietic stem cells in the bioreactor while retaining their self-potential are expanded. 
However, due to the increasing shear stress in the environment, the total number of cells did 
not increase. Therefore, further studies are required. 
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