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� �� ��]�(�( \Q:( _!8&�;.?�� ��45`�f 5��; ?'$�(� ,U
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vivo ��>. ��8^	 k��3�� ��g:( ,; �g� ���( 5�#�.�)H.(
( '�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	�
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M�C���!2( ,; �Q-�1�"U j8^; $�5!(n��	 8:���	1�
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�3���k8:#�)O.(!.��; ��] ,^*�c( _�� �� ��g:( _�8;
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X�.� �1P<	 ��31( �; 58^; `.'� ?8�() �.� ,; 5�# ����

8:; ��>. Vd�� 5�#CD34+j����& �� �� ?8�() ��.� ,�;
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X1������ ,>M�f.
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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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 '� !71"��3( ?8:Q-o��; �&���; `;�e j12(.
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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�#

 ?8&��;)����7��.(��"1; =�. j12( �� ��8^	 _�� _1@��1(
 �$� j1�2( '� ���"1; =$� j1�2( �� $ =$� $ �$� j12( '�

��;)�I/�p<.( 

�*�����:��N�H=���� Z�7.� ��� ;� �� �*� )�3� �� �� $7%=
���� $��%�*�
 ������ ��� 

��>. `U ��8^	 �#5CD34+Pl	 '� t�1,�; ,�]�	 ��; �
��>. 8M�� �#5CD34+V��>�. `U ��8^	 '� ��#5Pl	 �1 �

�,��� ����!�( $ ,Q�.�2( �1@��1�8�& ��;��; 8�:o ��3�1( _
��>��. ���# 5CD34+���; ��-�	1�) X( ���; ���#��1@��1��8��^	 _
��>. ��#5CD34+*$� �1,)KO�(��h ,Q�.�2( ��8,_��� ,�4
�����( ����&�� k��3�� X#� '$� �	 j12( ,. �#)`<�&

�(.(1@��1��>�. �8�& �;��; 8:o ��31( _5��# CD34+��
 �� ��"4 !������ '$� ���Q���	 �$� j1�2( F±����;��; ,��

=$� j1��2(F±�H=���. j1��2( �� $ ���;��; H±�����;��;
��>. ��8^	 ,; �Q-� ?��� �"4 ,1*$� 5�# ?8�& ���;._���

 �� $ ���; =$� $ �$� j1�2( '� ��"1; =�. j12( �� �����(
 ����; ����"1; �$� j1��2( ,��; �Q��-� =$� j1��2()�I/�

p<()����7��(.
1@��1(�( _1�:o ��3���>. �8& �;��; 8�#5��>U!�� �' 

�

��

��

��

��

���

���

���

���

� Day ��Day ���Day

Cyto

Cyto+MSC

Cyto+MSC+�D

'$���'$�O'$�F

�K�
�H� 
��� 
��� 
�� 
K� 
H� 
�� 
�

��
��

Z=
�*3

GH\
�*�A

*
��

�
�7.

�
�*�

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

?�$�|?��7& V}��<( 31��� V|~V?%�$ ��>. ,(�� 5��1:; 5�# 

��� 

Z�	�:)��� 3>�� �.��'
CD34+���� )��
 �� V�D
 �� ��N�H 4* 3G� � Z+] P�7����H��� ��� ^�7U
 ��� .���� ��J�CD34+�� M�J� 3J��
V�D
 ;7.�� 4* ���87�* �� ^�7U
 ��� 3�3	 ��*� B%= ^�7U
 B%= ��� .A(���J� 3>�� ��J�CD34+4�� ��* V�JD
 ���b0B(3J>��
���� ���CD34+0��* 4�� �� C(���� 3>�� ���CD34+4�� h�� V�D
 ���b0D(���� 3>�� ���CD34+4�� h�� V�D
 ���b.

ZX	1:���F$���X%H ^�7U
�D
 �� �3	 Z�VMethocult H4435 .
A(Z��%H0$���= B($���= ���J� �*�*� i��U
 ��� B�J�����=�_
 � 3J�j��7��* 03J�j���
 ��J�)Colony Forming Unite-Granolocyte 

Erytroid Monocyte Megakaryocyte 0C($��J�= ���J� �*�*� ��J� B�J��&��*�9 ��J�)Colony Forming Unite-Granolocyte (0
D($���= ���� �*�*� ��� 
 � B���&��*�9 ���B�����)Colony Forming Unite-Granolocyte Monocyte 0F(�E(Burst Forming 

Unite-Erythroid 

1 10 100 1000
1

10

100

1000

FL1  -

FL
2

-

250

Gate: R1

1 10 100 1000
1

10

100

1000

FL1  -

FL
2

-

Q1: 1.64% Q2: 1.43%

Q3: 90.18% Q4: 6.75%

250

1 10 100 1000
1

10

100

1000

FL1  -

FL
2

-

Gate: R1

1 10 100 1000
1

10

100

1000

FL1  -

FL
2

-

Q1: 3.30% Q2: 0.55%

Q3: 87.91% Q4: 8.24%

AB

CD

BA

DC

CFU-G CFU-GM 

Colony formation CFU-GEMM 

BFU-E BFU-E

B

D

F

A

C

E

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

��>. ��>. �1P<	 $ ��($��.� !71"��3( 5��1:; 5�# 5�#CD34+����<7# $ ���QG�� �R�

��� 

�*����1:���� ��N�H ���CD34+;� �� )�3� �� �� $7%=
���� $��%�*�
 ������ ��� 

�$� j12( �� �"4 !����� '$��±�HV=$� j1�2( ���
±��� =�. j12( �� $�H±�O���;.

��>. `4 ��8^	 !���>4 5�# `�M�f '� V�' ��8�^	 ���R
!��>4 5�'� ,�; �#���� ��>�. `�4 ��8�^	 �� ��>�. 5��#
,�-# j12( �� ��]�( ���V�; X1-�	����$ 8�() �.� ,;

�) �8& �;��; 8:o ��31( ��>. `4 ��8^	 X1-�	 '� V�# 5��#
!��>4 �; �'FI)��>. ��8^	 _1@��1( 5�# !���>4 5�'� ,�; �'
���� �1P<	 '� `Qe ��>. (8() �.� ,; �� ������( _��� ,4

��&�� k��3�� X#����o '$� �	 j12( ,. �#.�� _���;��:;
!����� '$�V$ �$� j12( '� ��"1; =�. j12( �� �����( _��

 ����"1; �$� j1��2( ,��; �Q��-� =$� j1��2( �� $ ����; =$�
��;)�I/�()����7�F`l& $�(.

�*����
:���� )3	 ��*�� 3�Q )*��
 -�_���
 $���= ��� �� *4
;� ���� )�3� �� �� $7%= $��%�*�
 ������ ��� 

��� 
<� \;�:( '� !��>. 8��1� 5��; ?��A�.� ���( 5��1:; 5�# 

����71; ,; '�-���V!( d��8:; ��� 8&�; ._��� ,�; ,]�	 �; 
_�� ��8^	 ,4 ��>. �#�-1� !��4 �S�-h�3; ,; 8��1� 5��;

 ��>�. _��� ��1P<	 5��; !#�� 5�G�-] �� _1��2( $ ��#
?�� 81*�	 `1-���� mAf ��>. L>�D( 5�# �� !���� 5��#

��>. _�� �#!(8:&�;.^*�c(,�#��"� (!'� ?��A�.� ,4 8#�
��>. �� !��($���.� 5�#in vitro V!�( $ ��1P<	 �� 8����	

��>. 5��8�@� ,��&�� k�� !��8�;� �*�f �� '�-��� 5�#
8��&�;)�V�.('��)���D���.� 3��b( �� 5'���-��� ,��4 ���]

'�-���V,b1	 ��:4 �� ��"1; !( 0��M !���D�.� 5�# ��1h
X# $^*�c( q���� _1:o,5��# ?��� ���"� L�>�D( ,�4 8���

 �� V���� ���]$ ���D�.� �����. $ 5'�-��� _1; ! �Q	��
,^*�c( _�� ��>. 5�#CD34+����f �� d��� 8�:; ����

��>��. $� j1��2( �� ��71��"��3( 5����1:; 5���# �� $ 58��^;
�-;��� 5�# ?8���&�� 0�A�-� X1�->4 t:] '� 58^; ,.

��>. j.�	 ?8& �#5"��3(17!$ ?8�& ?��� �"4 q�����
 ,�; �Q�-� 58�^; ,. j12( �� �1P<	 ��31( k��3�� �@��1;

��>. �$8; j12( $ 58^; $� j12( ��; ��71"��3( 5�#)�V
�(.

��>. �"4 5��; d�� 8:; '�-��� 5�#V��>. �#5T	
,�-# �5��>�. $ 8�& �8�] d�� 8:; ��� �� ��]�( ��#5

CD34+����]�( ���. '�����>��. ���#5,���-# T��	 �5�8��]
8���h.

��>. �g>y j.��( �#5CD34+8:; ��� '� ?8& �8]
d�� VFO±�I��'� ,; ��>.5( �#1>!���; �^l( ��(.��;

���3��h 9���.� 5���# ����]�(Vb	��11 ��8��^	 �Q��-� �� 0��
��>. �#5CD34+�'� ,;5��>. �#5,��-# T�	 �5����

 @>(��f _. 9�.� �; d�� 8:;!�' �$� V�^e�( $ ���7 �1 �
�' '� t� ��'���( 0$�A�( ��7!8&�;)��(.
'�� ��]�;�!(1��>. ��>� ��3 ��#5?8�& �8�]V'�
5��(��1.�>� 8& ?��A�.� .��>. ��>� 8M�� ���  ,�; �#

j.��( ��±KK8M�� ��; .?8�() �.� ,; ��>� ,]��
^*�c( ��,5�# !( 0$�A�( VL>�D( 8&�;.���3�h 9�.� �;

����?8& ,j.�	 ��4 ��. �� ����<7# $���O V0�Q14�	
���; �� ,��� ��4 ,; L>�D(5��>. 5'�.�8] 5��; ,45�#

CD34+!�( ����e ?��A�.� ���( ���1hV!�( ��3�1( �� 8����	
��>. ��>� 8�&�; ,��&�� !�7�( k�� ?8& �8] 5�# .��

C
D

34
+

C
el

lf
ol

d
in

cr
ea

se

�
��
��
��
��

���
���
���
���
���
���

� Day ��Day ���Day

Cyto

Cyto+MSC+�D�

Cyto+MSC+�D

'$���'$�O'$�F

���
��� 
�K� 
�H� 
��� 
��� 
�� 
K� 
H� 
�� 
�

C
FC

fp
;d

om
cr

ea
se

�

�

��

��

��

��

��

� Day ��Day ���Day

Cyto

Cyto+MSC

Cyto+MSC+�D

'$���'$�O'$�F

F�
�I 
�� 
�I 
�� 
I
�

��
��

\
�*�A

*
��

�
C

D
34

+

)3
	�

�*��
3�Q

)*�
�


C
FC

��

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

?�$�|?��7& V}��<( 31��� V|~V?%�$ ��>. ,(�� 5��1:; 5�# 

��� 

?$�h _�� j.�	 ?8& =�G�� ,^*�c(V'��%FBS 5�7�.W� V
���g>y ���; 5�����(�%$I/�%HSA )Human Serum 

Albumin(��>�. 5'��.�8] ��] V,�4 8�& ?��A��.� ��#
�; 5'�.�8] '� t� �� ��>� 8M�� _���"1; I/�%HSA 

_1@����1( ���;�/�H%'� t��� �� ��8���( _�����74 $ ����>�
����; 5'����.�8] �%FBS _1@�����1( ����;K/I�%�����>� 

8:��&��)��.(����; ,�^*�c( _���� '� 5'��.�8] 5�� ����>2(
 5$�fPBS VEDTA 5$�h =�. _1(�Q*) $8& ?��A�.�.

��>��. ���"U �� ��2( �� ���#18��^; $� j5$� ���;5
��>. �#5"��3(17!V(�1@��1_(�1��3TNC '$� �� ��# ��

Pl	 '� t�����1�V�±��F*����)$ ����; ?8��& ���;��;18��M�� 3
��>. �#5CD34+V��"� ( !Q-� 0�Qn ?8:#�1@��1_,�]��

� ��>����>. _$ �#�H�) ��8�^	 �8& �;��; '$� �� ��#
�� �"U X#!��; .q����� _�� ���� ��;�'� ?8�() ��.� ,�; q

,^*�c( 5'��. �� ����l7# $���K X#����!�&��)��(.
� �����>�. ��; !��"4 X�# X��-1. N�� '� ,^*�c( _5��#

�.� !71"��3( _��4�����. ,�4 ?8�& !�<1��6 5���4 5��# 
Flt3L $TPO !( p&�	 8���h ?��A�.� 8���4 .
X# :o1��� _���>U q!G:.!$� ��; ,U5������>�.

Pl	 '� `M�f18& =�G�� �V;1�3�� �@���`U ��8^	 _1@��1( k
CFC?'�8�� ,; �# ���'� t� �;��;�����; '$�.,�^*�c( ��
�� ��. �� ����l7# $���K `U ��8^	 VCFC '� t�� �# ��

"U '$� �$� �;5"��3(1�2( �� X18�^; $� j5�±�F�
��; ?8& �;��; ��� �; ,U�q,^*�c( _��X#�����!��&��)�(.

�����2( �� ?8�() ��.� ,�; q1U��f �($���.� 8�e�� j!'�
�3���k(1@��1( _1�8�& ��;��; 8:o ��3 ��8�^	TNC ��	 ��#
���'$� ����2c�. ��!���1�_�$� '� ��	 X�# ��; !��"4

��>. !��($��.� 5�# ( �;1@��1_K±�OV��; �8& �;��; ,U
��� �;�^*�c( q,5�# 5'��. �����K �&�� ��;�c()��.(
�� ?��A�.� =�. 8e�� j12( '� ,^*�c( _��?8& !�^; �� �(�

^*�c( '�,�#V��.� ?8���h ?��A�.� �"4 j12( �� =�. '�
��  ,;5,U��4 ��. �� ����<7# $���O8����� ���"�

 !74 ��8�( ���f ,4�"4 j12( �� _1(�Q*) '�V!(8���	
�$8-( N� ���:+ ,;4�1n�	 ?8:: �� ���]�( ?8����'�; `(��+

 !�( _���;��:; V8:4 `7+ �"4 j12( �( ���  ,�; 8����	/�n
���1P<	 ���1���HPC 8��#� k��3���� �� ���#)��(.���.��

�.� _<7( =�. �� �7.W� �� ��]�( ,���:&�� 5�#���4��
,; mAf �1P<	 !�����	HPC :4 N74 �#:8��7�f� �c� �(�

 k:�4�$ $ �6�	�� `(��+ ������ �Q-� T��6�*) 5��#��; ��,
=�.V�) '� ?��A�.� ,; `��7	 �#�.� ?��� k#�4 ��.

��. �����F V����<7# $ �:��� V58�^; ,�. �"4 '�
��4 ?��A�.� _1�<�$�Q1� '� !"&�� �;8�.=�. 8e�� j12( ��

_��4����. $V��>. 5�#UCB-HSC ,�4 8�8�& ?��� �"4
;,_��4�����. $ =��. ���]$ =8+ �>+V��>�. ��1P<	 ��#

8�8���@�._��4����. '� ,^*�c( _�� �� ��* $ ��1P<	 5��; �#
��>. ��>�. ����7f ��] !��($��.� 5�# '��-��� 5��#

8& ?��A�.�)�F(.��& ���8^; ,. j5V(1@��1_(18�:o ��3
�8& �;��; ��8^	TNC '� t� �#���"U '$�V��±��O 

��( �� ,U ��; ?8& �;��;��3��� `Qe �$� $� �; ,-�k�,����
��;._1@��1( (1�8�& ��;��; 8:o ��3 ��>�. ��#5CD34+$

��>. �#5���>U!� �' �13� �� ��Pl	 �$� _�1�V'$� ����
�3�����k���&��.$ ���� j��.�	 ?8��& =���G�� 0����1�2	 ��

 ��. �� ����<7#���K08( ������>�. �"4 '$� ��#
 �; ?8& ?8��&�� 58^; ,. j12( ��MSC ��8^	 k��3�� 31�

��>. 8M�� $5�#CD34+`�4 ��8�^	 $CFC '$� �� ��#
�.� ?8& ���3h �"4 !�����)�.($ !>h��; ,^*�c( �� �(�

 ��. �� ����<7#���� �� ��-; ���:+ ,; _1�<�$�Q1� '� ,4
 ��>�. 8�M�� k#��4 ��; ?8& ?��A�.� !*�>. j12( 5��#

CD34+8���h ?8#�"()�H.(

����� ���� 
.��; q����!( ��"�!,U 8#� �(!����	 ��>�. '� 5��#

!71"��3( ��& �� ��C� ,;�jF8�^;5k��3��� ���]
 ��>��. ��8��^	 `1��-���� m��Af $ '���-��� 5����1:; 5���# 

!��>4 �) !��' ; �# ,�S��  �� !j1�2( �� 08�( ��"U 
��4 ?��A�.� .

������� 
 ���  
������ `M�f ,*��( _�� ���C( 8�&�� !�.�:&��4 ,�(��

 ��  !�"#$%� $ !�&'�() !*��+ ,�-./( 0��1�2	 34�(
 !�( ������ ��� ������ ��('�. ,; ,�-;�$ ��� ������ 8�&�; .

_�8; =��2( `:.�� 0�7f' '� ,>1.$ k�D; 5��(��1�.�>� 
����� ��� ������ ��('�.!( !����8e ��& .

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

��>. ��>. �1P<	 $ ��($��.� !71"��3( 5��1:; 5�# 5�#CD34+����<7# $ ���QG�� �R�

��� 

References : 
1- Conrad PD, Emerson SG. Ex vivo expansion of 

hematopoietic cells from umbilical cord blood for 
clinical transplantation. J Leukoc Biol 1998; 64(2): 
147-55. 

2- Herve P. Donor-derived hematopoietic stem cells in 
organ transplantation: technical aspects and hurdles yet 
to be cleared.  Transplantation 2003; 75(9 Suppl): 55S-
57S. 

3- Mallon BS, Park  KY, Chen  KG, Hamilton RS, 
McKay RD. Toward xeno-free culture of human 
embryonic stem cells. Int J Biochem Cell Biol 2006; 
38(7): 1063-75.  

4- Weiss MJ, Orkin SH. In vitro differentiation of murine 
embryonic stem cells. New approaches to old 
problems. J Clin Invest 1996; 97(3): 591-5. 

5- Dexter TM, Allen TD, Lajtha LG. Conditions 
controlling the proliferation of haematopoietic stem 
cells in vitro. J Cell Physiol 1977; 91(3); 335-44. 

6- Cabrita GJ, Ferreira BS, da Silva CL, Gonçalves R, 
Almeida-Porada G, Cabral JM. Hematopoietic stem 
cells: from the bone to the bioreactor. Trends 
Biothechnol 2003; 21(5): 233-40 . 

7- Chertkov JL. Early hematopoietic and stromal 
precursor cells. Int Rev Cytol 1986; 102: 271-313. 

8- Yue Z, Chou C, Xue S. Coculture of umbilical cord 
blood CD34+ cells with human mesenchymal stem 
cells. Tissue Eng 2006; 12(8): 1261-70. 

9- Li N, Feugier P, Serrurrier B, Latger-Cannard V, 

 
Lesesve JF, Stoltz JF, et al. Human mesenchymal stem 
cells improve ex vivo expansion of adult human CD34+

peripheral blood progenitor cells and decrease their 
allostimulatory capacity. Exp Hematol 2007; 35(3): 
507-15. 

10- Pranke P, Hendrikx J, Debnath G, Alespeiti G, 
Rubinstein P, Nardi N, et al. Immunophenotype of 
hematopoietic stem cells from placental/ umbilical cord 
blood after culture. Braz J Biol Res 2005; 38(12): 
1775-89. 

11- Kwok YK, Tang MH, Law HK, Ngai CS, Lau YL, Lau 
ET. Maternal plasma or human serum albumin in wash 
buffer enhances enrichment and ex vivo expansion of 
human umbilical cord blood CD34+ cells. Br J Hematol 
2007; 137(5): 468-74. 

12- Xie CG, Wang JF, Xiang Y, Qiu LY, Jia BB, Wang LJ, 
et al. Cocultivation of umbilical cord blood CD34+

cells with retro-transduced hMSCs leads to effective 
amplification of long-term culture-initiating cells. 
World J Gastroenterol 2006; 12(3): 393-402. 

13- Ehring B, Biber K, Upton TM, Plosky D, Pykett M, 
Rosenzweig M. Expansion of HSCs from cord blood in 
an novel 3D matrix. Cytotherapy 2003; 5(6): 490-9. 

14- Bagley J, Rosenzweig M, Marks DF, Pykett MJ. 
Extended culture of multipotent hematopoietic 
progenitor without cytokine augmentation in a novel 
three-dimensional device. Exp Hematol 1999; 27(3): 
496-504. 
 

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

?�$�|?��7& V}��<( 31��� V|~V?%�$ ��>. ,(�� 5��1:; 5�# 

��	 

Expansion of CD34+ umbilical cord blood 
 in 3 dimentional culture media on mesenchymal  

stem cell coated scaffold 
 

Ranjbaran R.1, Abolghasemi H.2,3, Nasiri N.4, Oodi A.1, Nikougoftar M.1, Amani M.1,
Hashemi A.1, Amirizadeh N.1

1Blood Transfusion Research Center, High Institute for Research and Education in Transfusion Medicine, Tehran, 
Iran 
2Shahid Beheshti University of Medical Sciences, Tehran, Iran 
3Baqiyatallah University of Medical Sciences, Tehran, Iran 
4Tehran University of Medical Sciences, Tehran, Iran 
 

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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