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( '�1>(��+ ��!( ,U!Pl	 �� 8���	1���>. ��#5:;�1��5

M�C� mAf $1�8�;� �!��)�� �# ���&�jin vitro k���
(/�n58&�; ,�&��V(!��. '� ?��A��.� ,; ���	��U���_$ ��#
S���>. ,�#5�($��.�!�2( ��1� ��"U j����>�. _��#

����U ?����&�)I.(S�����>��. ,���#5�($����.�!�V����  ,��;
�13�6�*��l!*�	 ,; ���e �1 ����( 8�' �����5��#���U�� '�!�

8:���-# '���.��� �� ,��U5��M�C� m��Af $1��8���;�!�
��>. 2( �� �#18����� k��� �"U j.X�# �:o1_���C	�
*�>.!;1_��>. �#5�($��.�!���>. $�#5:;1��5�1�� 3
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��;��5Pl	 ��1���>. ��#5$ 8:&�; ,�&�� ?8& ?��� �"U 
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3b( ?�1u.) ,��7� 8�& �8] ���D�.�8�'� t�� $V��"�-& 
��8^	 ��I×�?���7# ,�; ��>. mL Ij1�2( '� DMEM  
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)�7@1. V�<��() (5$�f ��%FBS )V�<��() ��<�8(�1; (,�;

N��.W� �$�� cm2�I 8��& ,���D��.'� t��� H��+���.
��1.�;�<��V��>. x���� ��"�-& ��; ?8:Q�-o ��1y 5��#
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��>. 08�( ,�; $ ?8�& ,:1-u��	 �#���$� ��; ,��1e� rpm 
�I�� 8�8& 6�A�����..�1>� �� !*�>.�(1>!*1��>2( ��
PBS )Phosphate Buffered Saline ( 8����h ��1�-��u.�..

tu��. ���(1*$�l1��>��. '� ���� ���; ���#��(1*$�l1'� ����
!��) 5��; �#5CD40 VCD166 VCD90 VCD105 VCD45 $

CD34 ?�@��.� ,�; 31*���) 5��; ����� �� $ 8���h z�>D(
8& ?��� .
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 ��>��. $ ?����4 !*���� �� N��#�o ���# _1�<�$�����$ ���#5
; !71"��3( ,?��7#�!>1( �"4 j12( ��1*DMEM  5$�f

N#�o ,; =�. <�� �� �1>� $ 8& ?�$3�� �# 5��(� ��; ��	�;� 
ºC FO��"� $CO2I%8�& ?��� ���e.!(��@:# ,�4 ��3�1(

 �"4 d�� �� 8&���>. ,; �#��� %.�18V�"4 j12(
 $ 8�& !*���!�>1( 3���7	 j1�2( ���1* $��f5��%FBS 

)Fetal Bovine Serum (�) ,;8�& ?�$3��.N�#�o �� ��#5
�"4 j12( ��:	 V���:4 DMEM $��f5��%FBS ,���R�

8&.t�'��OJ�H'$� ��>�. 3��7	 !.��; ��g:( ,;V��#
 $���� !�M�C��� 531() *)�1��3�'�	�A�-� _*��l*) $ �� _

=�G�� ���h.

��>. 5'�.�8] 5�# CD34+:
����Q>h �8���;� 8��:; ,����7� �� 3��(�e 5���# j��.�	 d����

����.� `1	� !-4$�81# Heta sep)Stem cell technology (
 ��>�. $ 8�& ?��� ��.� ,��-# N�	 5��# �� ���]�( 5�

\��( 8�& �8�] ��<��� N74 ,; !�$� .��>�. 5��#CD34+

_1��; �� ����]�(MNC )Mononuclear Cells(N��74 ,��;
!��) !��) ,1>+ �; ����>4���( 5��; �6CD34 )V��7*) !�:�>1( 

N	�1; (0��� ,; `C�(microbead $��; $� ���. '� ��Q+ 
LS $MACS )Magnetic Cell Sorting()V����7*) !��:�>1(

N	�1;(��>. ���. '� 8& �8] �#.

_��4����. ?��A�.� ���( 5�#:
_��4����. '� ,^*�c( _�� �� �; !���-�� ��14�	�� 5��# ,

'� !�Q14�	 0��M )Stem cell technology V���<�$ (SCF 
)Stem Cell Factor(VFL )Flt3 Ligand ($TPO 
)Thrombopoietin (!���� �g>y �;ng/mL ���j1�2( ��

8& ?��A�.�.

��>. �"4 5�#CD34+:
�($��.� 8e�� j12( �� �"4)�$� j1�2(: (��F��>�.

CD34+��1>� N�#�o �� ?8& �8]�H,���� 5�)V��<��() 
���.�4(5$�f �!>1( ��1*j12( '� stemspan )Stem cell 

technology (_��4����. ���f �� $�4� 5�# ��"4 ?8�&
8& ?���.

��>. �; !�"4 X# ���& �� !71"��3( 5�#�^; $� j�58
)=$� j12(:(��8^	 ��H×�N#�o �$�� !71"��3( ��>.

 �1>��H8& ?��� 6�.�� !��	8�V,�; �81�.� '� t� ��3�1(
 ���^( �"4 d�� �� 8&���%��>. $ ,1>D	 j12( V��#

8& ?��� �"�-& .�1P<	 '� 5�1h�>] 5��;��>. ��"1; 5�#
 _1�-��(��1( '� !71"��3(C)�7@1�. V��<��() (��g>y ��; 

µg/mL �8& ?��A�.�.��;5( d��f1�(����-1�2( '� _1j
�"UV��>. ��; ���; ,�. �#PBS ��"�-& 8�8�& ?��� .��
����� ��F��>.CD34+?���7# ,;�!�>1( ���1* j1�2( '�

stemspan _��4����. $,��R� N#�o ,; ?8& �4� 5�#8&.
��>��. ���; !���"4 X��# ,��. j�����& �� !71��"��3( 5���#

58^;)=�. j12( :(�-;��� X1->4 t:] '� 58^; ,. 5�#
0�A-�)V��<��() t:���.�1;BD ( ��1>� N�#�o �$���H

; $ 8& ?��� ���e !��	 ,,>1.$ ��H×�!71�"��3( ��>�.V
�) ��c��. ��>��. ���1P<	 '� t��� $ 8��& ?8����&�� ���# ���#V
_1-��(��1( C8�& ,���R� `�Qe �$� ,�;V������ ����F

��>.CD34+?��7# ,;�!�>1( ���1* j1�2( '�stemspan $
_��4����. �-;��� 5$� ?8& �4� 5�# 8& ,�D�� �#.

�"4 =�7	 ; �# ,8�& =�G�� !��	 ,. 0��M.��� �� �� �
�O �2(1��	���;�<�� �� `��M�f ���"U jºC FO$I%CO2

8�8�& 5��8�@�._��4�����. ��# �� ?'��	 ��"4 j1�2( $
5�#'$�F$O8& ,��R� j12( ,; �"4 '� t�.

��>. �8��( ?8�' 8M�� $ !*�>. ���7& �#:
��>. 5��#'$� �� ?8�& ?��� ��1P<	 5��#FVO$��'�

��� '� t� $ 8& �8] j12( ���u��	 ��; 531() ��>;)V���7*)
���( (��(��1.�7# =S N74 ,;V��>�. ��8^	 8�M�� $ ��#
?8�' �) �8��( ���h ���e !;��'�� ���( �#.

��>. 8M�� _11^	 5�#CD34+:
��>. `Qe �#)�AM '$� (��1P<	 '� 8^; $j1�2( �� 5��#

5�#'$� �� L>�D( FVO$��$ 8�8�& ,�&���; j12( '�
���"�-& '� t��� V!����) ( 5����;�8��R ���; ������>4��CD34 
�; ?8& ��8��"� PE )Phyco Erythrin()��4�� V����7��� (,�;
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��>. ��>. �1P<	 $ ��($��.� !71"��3( 5��1:; 5�# 5�#CD34+����<7# $ ���QG�� �R�

��� 

��>. �; $ 8�& ,���R� �# ,08�(min �I��ºC H,�;�<��
8&8�.!��) '� 5��;IgG !&�()��4�� V���7���(�;,����:+

8��& ?��A���.� �����:4 �����	$3�� .������ �����; ��,��>1.$�,
@�.��?�5��(��1.�>�)7*)�V�� N	���(V��>�. 8M�� 5��#

CD34+8& !;��'��.

!��>4 kG:.:
��F��>��. '� ��>��. 5���# CD34+$ ���1P<	 '� `��Qe
��>. j12( �� ,���� �1P<	 5�# 5�#'$� �� L>�D( 5�# FV

O$�����Q `7^*������.� ���; �����4 z���>D( '� t��� �
!��>1( ����1*j1��2( '�)Stem cell technology(methocult 

H4435 ���(� ��5���1>� �$�� ,��; E���	� 5���# mm2FI 
)V���7��� t���(8�8�& ,��D��.�; ,�>f�( _��� ,0���M

 08( ,; $ 8& =�G�� !��	$��H5��(� �� ��1�.�;�<�� '$�
ºC FO$I%CO20����M $ �����h 08��( _���� '� t���V

!��>4 ,>1�.$ ,�; ��# ���* ��<�.$�<1()V_���6 ���<1� (
8�8& !.��; $ ���7& .

5��() 31*��):
3G	�>2	 $ ,1��() `5=��� '� ?��A��.� ��; ���() ��3���5

�KSPSS  8& =�G�� .��( ��g:( ,;�( $ ��8^	 ,-�18�:o ��3
��>. `U �8& �;��;�#5,�-# ���,��8^	,( $ 8�M�� �1 ��3
��>. �8& �;��; 8:o ��#5CD34+X�# $�:o1$ ��8�^	 _

(1��>. `U �8& �;��; 8:o ��3 �#5��>U!�� �'�O�2(1j
�"U),^*�c( ���( ?$�h ,.(V'�k��(') ��(�����TAnova 

 ?��A�.� dW��� $ 8&�I/�p< 8& !�>	 ����:^( .

����� ��
*����) '� ?��A���.� ���;135��(��1��.�>�V;��1���#�U��( ��5

��M�C���!��>��. ���#5:;��1��5��"��3(17!`(���& CD90 V
CD166 VCD105 $CD44 ; =8��+ $��1���#�U��( ��5$��� ?%
��>��. ���#5�s���	�7#��1 ,��>7] '� TCD45$CD34 ��
��>. �#5�	 ���D��.� 3�b( '� ?8�& �8] �1� 8�& 8.���]

k:��4�$ d���f !��M�C��� ���1y 5���#V!����) '� 5����; 5���#
���:4 �1	$3�� 8& ?��A�.� ..��; ��g:( ,;!����	!�3���7	

��>��. !71��"��3( 5���#V���7	 '���) 3��>��. ,��; ���# 5���#
8��& ?��A���.� ���.W;�{�.�.��� ������ ������>��. _���#5

.W;�{�.��; ��A�.� ��'� ?������()1�35#��5!�M�C���
 �� _���31*)�	 '�	�A-� _*�l*) $1�8�8& 8.

(1@��1( _1�;��; 8:o ��3 ��>. `4 �8& ,��-# 5��# �� ���
��� ��"� k��3�� �"4 ?�$� !  �� j12( ,. �#._1@��1(

 ���Q���	 �$� j1�2( �� ��"4 !����� '$� �� ��8^	 _�� K±
�O �;��; ,=$� j12( ���±��F=��. j1�2( �� $ �;��;
�� ±��O��>. ��8^	 ,; �Q-� �;��; ?��� �"4 ,1*$� 5�#
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Abstract 
Background and Objectives 
Stem cell transplantation has achieved high success for treatment but the use of this source has 
some limitation. Cord blood transplantation is clinically limited by its low progenitor cell 
contents such as CD34+. The aim of this study was to evaluate the effect of  mesenchymal stem 
cells (MSCs) on replication of CD34+ in cord blood. 
 
Materials and Methods 
In this experimental study MSCs were isolated and cultured from BM mononuclear cells. 
MSCs were used for co-culture in two systems of 2D and 3D cultures. After isolation, 
umbilical cord blood CD34+ cells were cultured in two different systems. The level of 
expansion in these systems was evaluated by cell count, analysis of   CD34+ expression  by 
flowcytometery, and CFU assay . 
 
Results 
Expansion of cord blood HSCs was evaluated at three different culture systems at three 
different times (day3, day 7 and day 10): the medium with cytokine, 2D medium with cytokine 
+ MSCs, and 3D medium with cytokine + MSCs on scaffold. The fold increase of TNC, CFU, 
and CD34+ cells at day 10 for the former medium was 87 ± 6, 84 ± 8, 11 ± 3, for the second 
103 ± 8, 111 ± 9, 14 ± 3, and for the latter  127 ± 10, 170 ± 14, 20 ± 4, respectively. The 
highest expansion was observed in the 3D co-culture with MSCs after 10 days.  
 
Conclusions 
The results have demonstrated that the co-culture of CB HSCs with mesenchymal cells could 
increase the rate of expansion especially in the 3D system. 
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