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�

���	� 
��0 -"G J�4Q/�  ����RR �'3 S'T�% -�"'�9 F0�5)�E

0 -�%�� �� -�"U@ � 5V%1��<.�+.G�'01W & X'1G�'0 �1X
<'' "! �''�4�%��''+�"%"	 Q8"''Y�! QE%5''% & ��''Z.Q��"''	

[''64 �''+.��''�<�:\]@''G� Q������''%.!"0�@%1& X''�
01��<.�+.@4?1$�� � F@��; ���^ (��Y@ � ��"%)�Q�.(��

�5%��.(��Y@ � ����0 -"G % J�4�0 F0 -�"	�-D -�"0 �bG
��0.F'0 �'4"Y9 /�'<@Z� c+�'� �"'d�% F'0 ���"4 & ���%

�  e"OG�& "!�)%"@��&� :��^ & -�"0 ��@ � �� Q�+
 f0�b	HLA \�0 &X+�g1Ec+�� 0 �&�'0 /�'<@Z�1��'<.
� ��Z1#9 �4"1% F1-�05(GVHD) �"<4 (����)�Q
(.F'3"	 �0
�5% F0��.�� F@Y;(-D F0 F3"	 �0 &�'�0 -"G F�F'0 J�'4

�� 8�)�+�(��Y@ � h0�^ -D �� M� & -�< .��0�31& (�"'T4 E
� �&��% F@U�i4�0 Q�"� �+.Gj1(��� .�� J�4��0 -"G

4� � �� 1F0 ����2)4 �"d�%.Gj &'1(���' .�'�F'!�0� E
��@��0F(�%D �"3& Gj �0 �	 �4�1(��� .�+�'Z�&.-"'G

��0 0 J�41 �@ � h0�^ ST�% Q�@*���0 ��.41� -���%��1�'4"
/"#''  �''+.�0''1��.�''4�&D X+��''� ��''�4"G .''�g X''+1E
�&� �+.�3�4�%�� ��Q�� (��Y@ ���-"'G �'Z�& ��g �
��0 ��0 J�4.�%��V!�0 -14 E1+�� 5���'0.� �� (��Y@' � '� E

& k!�'0 ���'�� -�%�� �� -"G '� (��&D X+��'� \�'0 -�& �'0 �
� �)�(.0 (�&�%�1�� c�llll �1-"'G �� (��Y@' � �0 �4"

J�4 ��0)CB(��0.G�'0 -�'%��1<�5'V% :\]@'G� & �'+
-�"U@ � � � (�� 8�L4�)C(.� F0�	�	 E1i4�0 m�+.-"G

��0 �� J�44� � �� 1�QGj �"d�% F0 '1(���' .-"'G �'�0 
 �	 J�41(�� M4�&��� S0��% �	 �4��/"#'  �� �'+.�0'1��.

0 ��@ � �� ���4"G1��+� ���^ -���< .�0��'��� F'3"	 �
F� nYZ (�4� �B�� 4�'%�/"#'  �'+.�0'1��.& ��'�4"G

�+ -&�0 -����$#<9  D F4";1m�V	 �11M� F@ �"G�4 :��
�� ��D���Gj & ��<L4�1(��� .Q<+� ��1\�0 �������"G�0
� � .��0��0�Gj QE1(��� .���'2)4 &.�'�/"#'  E�'0 �'+

�1Y1��'0 (��Y@' � �"'d�% F'0 \�0 �.01'�0 -���'<1X'2% ��
� �)H(.��! i4�0 Gj 5���% & �+1(��� .�'�0 -"G J�'4Q
�� F0�(�; cF0�+�Z�& (�;.��0 -"G Gj J�41& (�'� (�

�&� o]B� �+.���2)4 & ��<L4�.'% 8��'^���<4��'�.��
���'%�D 8�L4� e"OG E�c���'+ p-"'g ���'P	 FT' �7%

/"#  �+.F@�+ ���)TNC =total nucleated cell(QFT �7%
/"#  ���P	 �+.CD34+Q-"#� -�"	 �� .)colony forming 

unit(&(�4� �B�� 4�%� /"# �+r�D���-"G ������ ��
 ��0 �"d�% F0 J�4 ��0��1Y1-"G ��+.��0 Gj J�4 '1 (�

Q(�� �&�s.� �.� �0��"3& E� E@'��� �0 '� �'+�@%���� E
4<�6�"% -�"	1�%D1� -�"0 51� �� �4"1c01���"<4 .0F�'d4
''%��'' � ''0 F''�1E/"#'' ���''P	 �''+.F@''�+ ���''P	 & ���
�1c�� �+.�'�0 -"'G �'Z�& �� �"3"% ���4"G J�'4 &

6�"%''1� �1�''4"���� �"''3& t�''T	��)R(.��-D�''3��F''�
���5; .�+ ���4.!�P� ��1i4�0 ��+.�'�0 -"G �� J�'4

��� �� ��'! ���� �"3& -�� '�67	 E'1'���5; f�� ��1Y'1�
�+�Z�&.��0 -"G Gj J�41�4�@� & (�� (�1(�4� h4�'%�&

�01���)��-D�� M� �+���� ��<L4� /� ��' � (�'� F.F'0
���"d�% E/"#'  ���'P	 & -�"'0 (�'4� �B�� :��'^ Q�'+

$''*	14"''#� h�/"#''  ���''P	 &�''+.+CD34 4 &''1 �''v� 5
[G�� c�$<+�0 �+.(�% �� (�� ��j �9�'  & �'+ �'+.

>#@U%Q ��0 ��"%�� � F@��; ���^.


 ��
��
� ��
��0�L	 w"4 �� FP!�b% E��"0.

��S<3 ��0 -"G ������ & .�&D J�4:
���P	�l��0 -"G �Z�& �^�� X!�  -����% �� J�4

01��<.%�1F��.4 &1��9 5.�4"Y9 �� �+.&� &� �Ab 
�/�HTLV QHCV Ab QHBc Ab QAb�/�HIV &
 1QM1#Y�s� �G� �� M�������4�@ � �&� f0�b% & F%�4

S<3 ��0 -"G .�&D ��0 -"G I4�0 �� J�4 -��&� J�4
S<3 �&D.��;��.)4"G1�.� x "	1F��+.XLZ �0
��l %1#�!1&�Z & �@.
�%1#�!1�s (��% �� �@ ��6P4� 

CPDA )�yP0 ����(BS9012051 & ���; :�"B
F4"<4 �+��� ����%�  x���%�D F0���; h6@�% (�)*��.

/"#  ���P	 �+)!&� ���<�1F(/"#  �B�� &�+.(�4� 
F@�+ �)���<� (�)@ � x "	��@4��"z#�"4 �)Chemo 

metic (/"#  {" � �23 Q�� FT �7% -"G 5%�^ .�+
P%'� /��'L�� I'LZ X'G X''|��@ � h1	� ��}&��1+ -" 
)freeflex , 14D17301 (:�% F0 & �� F��s� -"G F�1} F0 
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�l ^�1F6���%�.�R@4�  F3������; &�0�&� g�R 
�@4� �Y1?"��..&�Z .�< ]� /"#  F@�+ I	 .�+ .�
��3 &/"#  ���P	 �+&�B�� /"#  �+.(�4� ~���L% 

��; FT �7%��)"4�v ���<��F.(

��(�1Gj & ��<L4� /"#  .��  �+.�01��.��0 -"G J�4:
�4�� " 1&�Z -"./"#  �+.F@�+ i	 �.�'�0 -"'G 
XLZ �� J�4 �l%1#�!12	 �<' ]� �'@ '1��; F'��M�'  &

���6% F0 ��<L4� �s /"#7%.F��s���24 /"O7% F� ���
&�Z.�l%DMSO &�%�'��T4��@���)WAK-CHEMIC(.
�5���F'�%�� �� & �L���'	 �"'r F'0 ��'<L4� �'s (��'% c

	���Z����; :�"B ��  .0 hB�Z t"#U% M�  F�"r
&��%.& F0�/��+.��'<L4���'#1% �'@1! x' "	 & h'6@�%

(�)@ � Planer )KRyo560 ( F%�4�0 �� � �0 &A"�0F�"r
��	�L��4�� �<L�%)/&�3�.(

<�1g�:<�+5 �Q;�18 ��	Q�$ ����!� C�� 10� ?�/ ��� 
)?��A F1�
X��#-�(

�+&!�����!�

I� )F%�4�0 w&��(�	 x17% .�%� �� �%� c+�}���
�@4�  F3�����;)���@4�  F3��F61^� �� ���;(

&� �%� c+�}������@4�  F3���	 ���;�l�F3��
�@4� ���;)����@4�  F3��F61^� �� ���;(

F  �� �%� c��5���l��@4�  F3���	 ���;
��F3��
�@4� ���;)C+�@4�  F3��F61^� �� ���;(

��2g �� �%� c��5��
���@4�  F3���	 ���;
��F3��
�@4� ���;)�+�@4�  F3��61^� �� ���;F(

��� �� �%� c+�}
���@4�  F3���	 ���;�l�F3��
�@4� ���;)���@4�  F3��F61^� �� ���;(

c� 
)F%�4�0 .�2@4�(�� �%� c+�}�l��@4�  F3���	 ���;

��l ��@4�  F3�� ���;)�l��@4�  F3�� �� ���;
F61^�(

#�1F4"<4 F4 ��U0 ��� �� ��@0� �+1b4�^ -?&�@1F�& �4�'�
�'<r� �� M1�'%]  �� -�'F4"<4 �+'d4 �� �'�%�D ��c�+.
%'!"$!"'�0'�% ��� F���0 & h6@�% S.Gj1(� '��.4\"r�

���2)4 :�%.�4��.


��+�Z�& {&j.(�� �<L�% J�4 ��0 -"G:
-�''%� �� �''+.CQ��&����''<L4� �� M''� (�''%Q��''@0�

&�/��% ��� �� �+�4 S1F0 -?&�@ ��; h6@�% ��U0 ��� '� �� �'	 �
�%� ��@ � �&�0��;"#31�.�"� .�� M�
^�1& F6�/��+

�%� F0.��'% E'0 -&�� M�'  & h'6@�% A�	�.
HF'3��
@4� ��� & ��@��; ���^ ���;�D4�%� �	 {&j ���F��+�"#0.

ig"��� F%��� �4"� (�+�*% F4"<4 �� �1��'� ��.���� F'0
 �+�i�#1% �@1! -"G��{&j /�Z Q&��#1% �'@1! /"'#7%

 h%�''� ��''  ��''<L4� �''s�l%%"''T!D1E)�''%����@}��(Q�l%
)Citrate-phosphate-dextrose-adenine(CPDA Q�l%���0

$<4 :�Y���)���� E1#} M'N% (&�l%)freeflex HES Q
Hydroxy ethyl starch (& F0�/��@4�'  & F��'s� �+�Y1�� ?"

 �&� gCCl :�% F0�l^�1�%� �� F6.�@4�  F3���Q���';
���; :�"B ./"#'  �� M'� �'+��'d4 �� "'*@�� ��'0

(�4� 4�%��4�@� Q�@4�}"z#}"4 (�)@ � x "	1$*	 h14"#� h�
/"#  ���P	 &�+.CD34+��� ��"%�0����@��; ���^.

���4"#� cL� :
�l�×�# '	 /"'@�+ i'F�.�4"G'�2@4� �� ��.-�'%�

�'& ������'D�� �� M��'��<L4� �����'�Q�4�� "  ��1-"
!"# ��� & F@����0��#1% �@1! 7%1@% x15!"#  h

)X@ � Q.?"!"�N	 h methocult (&�Z. 1��"@�E�+.
CSF ng/mL �lQG-CSF QGM Qng/mL �l
�IL &
mL/�ll SCF µ/mL 
ng/mlEpo �l�� & t"#U%

I+�g c� .�+ F4�G .�:�% F0���4�� �*� �&� .
4"#� ���P	��+.����&�@1�.)erythrocyte QCFU-E: 

colony-forming unit(Q "!"4��;1�'?��&���% )CFU-

GM: Colony-forming unit granulocyte-macrophage ( &
����&�@1�' "!"4��;1�'?��&���%.(CFU - Mix) �� M�
�� % x "	 �*� �&�1�"$ &�$ ���<� �4����;.

�:/"#  ���P	 � ��0 .�+CD34+��0 -"G .�+�Z�& �� 
��<L4� �� M� & hT^ J�4:

0'��.0' ��'�<�'�# '/"+'�.CD34+1} �� Q''�
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/"#  ���P	 �0 J�4 �+.F@�+ i	 �.
J�4 ��0 -"G �Z�& �+ �:

0�U@4� �0F���O	 �"r�F'� ��� -�'*4
J�'4 ��/��±HC/H�%1'#�!1& �'@

/�+.F@'�+ i'	 �.�lR*��/�±

/"#  �+ .CD34+�+�Z�& ��.-"'G
��<L4� �lC*l
/l±�lC*
�"'0 .

��@%���� &� E��%'0 F� �"0 F�"'r 
6@�% Fb0�� 1'0 X1�5'�� E�& X'LZ c

F@�+ �.� �)h$� A�()l�/lp<(.
/"#'  h� ���P	 �'+.F@'�+ �'0 ���

C01�)4��P% t�T	�� �"3& -��6����� 
/"#  ���P	 &�+ .CD34 �P0 & hT^ 

�"0 �)h$� .�+ B�&C�.(
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BD (Q�� (��Y@ � &�Z F�.
CD45-PerCPQCD34-PE Q

��0.& /�@�� F4"<4�%�D�c
� (�4��  ���� x "	1�Q

F!"! F0 & /�@���l%1&�$ 
c��%�D&� �+ F�&�Z.:��j

Cat No: 340334QBD (BD 

Q�� F��s��� M� -�� t"#U%
�l %1!&�$1-"G F4"<4 �� �@

��	 h7% &�M�  & F0"$4� i
/"T#; (���}51!5%�^ .�+ �� �0�F

��; F��&:�% F0�l^�1F6
�4�� .�24 ����� fTr1�Q

� "#� (�)@ � ��@%"@.)M14� "10
! F0 52L%1/"r �0 -";�D �5

BP 
l/�
l QBP ��/�R� &
BD Cell Quest Pro ��0 ��"%����^

8�''4 �� (��Y@'' � ��5''�� �CSPSS &
B1Y��� 8�L4� . ��0�%1-�5

�''�0 -"''G X''LZQJ�''4 ���''P	
��'<L4� &-�"'0 (�'4� �'B�� �'0

D�� 8�'L4� -�%� :�% ����'�
�'+.CD34+(�'% �� �'+.CQ

' ��0 Q��'<L4� F'd7! �'0 ��
/"#  �+.(�'% �� (�4� �'+.CQ

�� & ��''<L4� F''d7! �''0 ��''<L4�
X+ & {�g1' ��0 E��'+.

CQCFU-GM QCFU-MIX &
bG ���"<4 Qc����� �&� F'3�� &

MQANOVA &t-test ��"'''%

����� ��
4 ��0 -"G XLZ t�T	��

/"#  &�+.CD34+��
 ��0��lU@4� F4"<4

%1)4�1��0 -"G XLZ E
%1)4�1/"#  h� ���P	 E

�lR*C/H&"#  ���P	
���2)4.4� �� M� (��

�s�)@�T<+ m�01� E
�P%����Q.-�*4 � (��+�

/"#  ���P	 �+.�+ i	
X+ �g1 ��0 E�t�T	��

/"#  ���P	 �+.CD34+

01/"#  h� ���P	 E& �+
�� 8�L4� ���D������ ��

R² = �.�٢٩٣

� �
�� �
���ل ه

R² = �.���

١٠ ١�
�
�اد �������

C�
<�+5� j8 ���

���
/lR2 =

���l
�$1�8<�+5���

ll�/lR2 =

/"#  �+.�01��.��0 -"G J�4K� 

)� "10��MCat No: 340498 Q
J�P% �+.�P	�(�� >)CP

Nucleic Acid Dye-Green (�0
%����0.�4&� fTr ����F(��

�l %1!&�$1�@��J�P% /�@��
!1J�P% �@CD34 F!"! F0%�D

(Bead) [U*% ���P	 �0)34

Trucount Tubes �4�"0Q��s�
J�P% & :��j �+QF!"! �+ F0

��0 �"<4 F��s� J�4�X.
F4"<4 .�%� �� �+�F3�� &

��l %1!&�$1���0 �� �@ ��}51!
�#��4"%D �18"F!"! F0 F��s� �+
���)���%�.A�	�� F0"$4�

Cllll �1 "N!)@ � x "	
�N��%D '(BD FACS Calibur

�"%�RR � & �@%"4�41�+�@#.
LP CHl 8�4 &��5��Quest Pro

���;.

C:.��%D � ��0:
'' ��0���''%D.�Y@'' � �''0
EXCEL ��0.�+���"<4.B"	
)@''�T<+�)Correlation (''LZ

/"#  �+.hT^ &�'P0 '<L4� ��
/"#  �+)Count & Viability(

 ��0 Q-"G �������/"#  '+
�� &���� �� M�D���<L4� ��

/"#  h� ���P	 "#  ���P	 & �+
�� &���� �� M''�D��''� <L4�

�9�  �+.{&j �� M� >#@U%
4"''#� cL�'' �ph%�''�)CFC

CFU-E (�0c����� ���"<4 X �
!�4D &1�'''+5.Mixed Model

����0�����; ���^.

 [
 D

ow
nl

oa
de

d 
fr

om
 b

lo
od

jo
ur

na
l.i

r 
on

 2
02

5-
12

-0
8 

] 

                             4 / 12

https://bloodjournal.ir/article-1-758-fa.html


�&�(��Q(��<��Q��20��

�1�A 14�� ����A�� �;<�+5 :U� ����I%� P8 $�
WA$�!� (A) : �1�A 14�� ����<�+5 ����I%� P8 $�

(B)A�� 14��;<�+5 :U� ����I%� P8 $�A$ B�

/"#  h�+.F@�+ /"#  & ��� �+.+CD34 �0
.y$	1�+�Z�& �� (�4"��.��0 -"G J�4:

 ��0 ��4�"	��4"#������/"#  �+.��0 -"G
���<L4� ��Q�%�D�#0�^ c14"'#� �����'� �'0

�� 8.-�<+ h$� �� F� �"rA
(��� -�*4
bG t�T	�� �01/"#'  h'� ���'P	 E�'+.i'	

��0 J�4 % &1$*	 -�514"#� h�(�+�*% h0�^
p(. ��0�A"'� �@%���� &� Q&� F3�� Fb0��
��)@�T<+ m�& (�"'0 �	\�0
�%V	'11 :��

R² 

��%

��%

��%

��%

���%

�� ���

"#

$
%�#
ز

)د*()�(ز$
ن

�

�

�

�

�

�

�

�

�

�

� ��� ���

�,
�#

-
�ل
��

�اد
��

/
�)�
او
�ل
��

�اد
��

(%
)

) د*()�(ز$
ن

R2

��l�l
?��A)��#-�(

�1�
A

���
�

A� �ll%

��%

�R%

�H%

�C%

�ll�lll
?��A)��#-�(

B�

�$1
�8

�;�
��a
<�
+5

/
�#��
$<
�+5

�$1
�8

(%)

�l%
Rl%
Hl%
Cl%
�l%
�l%

l%
�l%
�l%
l

�

[I%S	���#(RO �$1�8 � ?�/ JQ&
A$ RG!U;10WA$�!�)��$ W��	
#�()X3/X
<�+5����I%� P8 $��$1�8 �<�+5 ���

WA$�!� )��$ W��	
#�(�)C(n�Q�$ A$ 1��
���a ;�(.

r �+���' ��3 & �����'� -�'%�.
.:

%� �'(�4� & (���0 �0 ������ -� 4�'%�
/"%�� �+.����; (��Y@ � ���.

������=

r �+������� =

�6	 QF� ��� �~�T -�%���l^�1D�� F6��'�
!"#  �/"#  ���P	 [G�� &� �0 F� �+
/"# % FT �7% �+��v� Q�"�.�P%����.
&A�.(

RV
�:� l�S8�$
�!� ?��A <�E ��
WA$�!� A$ B� )

G!U;WA$�!� 10 .

h� ���P	 t�T	��
-"#� ���P	 �+.

��0 �"d�% F0
D�� �� hT^ J�4�

&�.-D8�L4� �+
�T	�� Q� � (��

F@�+ �.0 -"G
� �)ll
/lp≤

�s F� ��� -�*4

٠

١

٢

٣

�

�

�

٧

٠ �
ش 

داز
��
از
/
�"
ا,
��	

ه
�
��


��
���

�اد
��

×
��

�

x����CD�� �
����� 

= �.����

���

R² = �.����

� ���

/"#  ������ ���D�� .�2@4� �� �+
/"#  ������ ���D�� �� hT^ �+ 

������ ���D�� .�2@4� �� *�ll
/"#  F1!&� (�4� .�+ 

l�
�/l2 =

��l

�l
�CD34*�X6

H
C
�
�


�
�
l

<�
+5
Rk
�$1
�8

�I%
�j

8�
��

W
A$�
!�
A$B

��
$

*
�X

]

C�

lll
/lR2 =


ll

RV
 �:(A) 5�!� ��
<�+5 ����I%� P8 $�RS-

p<("(B) �$1�8 RO�+5
CD34+A$ RS- G!U;�!� 10
G!U;WA$�!� 10)a W��	


(�4� t�T	�� 4�%�/"# +
/"#  �+.F@�+ i	 �.
0'��.0' ���v�'�
/"#  �+.��3 (�� ��

��0�/"#  ��� r �+���

�B�� (�4� 4�%�/"#  +

�@4�-�*4 hB�Z �
��0 �0 �������#  ���
(�4� �B�� &4�%�"# 

����4)hN� .�+ B�&

R² = �.����

١٠ ١�
 
�اد �������

#  F�"4�v ���<�
 F1!&� ���<�

/"#  ���P	(�4� .�+
 ���P	

l�l�/lR2 =

���l
�$1�8<�+5���

 [
 D

ow
nl

oa
de

d 
fr

om
 b

lo
od

jo
ur

na
l.i

r 
on

 2
02

5-
12

-0
8 

] 

                             5 / 12

https://bloodjournal.ir/article-1-758-fa.html


-���N<+ & .�"4 F%"OP% 

D�(�4� �4�'%�/"#'  :�'d7! �� �'+
1V	 511% ���(�4� Q�0� 4�%�/"#'  �'+

�����''<L4� �� M''� �9�'' �� ��"''%
�'@4�'0 �FF'� ��� -�'*4 (�'%D �' �

0 �+F�P% �"r����.Q{&j F'd7! ��
'% c+�'� {&j �� �'P0 ��F'� �'0�

�'  E@�� �/"#'  ��'+.i'	 k!�'0
hr �+���D������0 ��<L4�)hN�A

�P% :&�Y	 �"3& ����.(�4� �� 4�%�&
�CQ��&����'<L4� �� M'� (�'%
B�(.

�1�A 1����<�+5 ���10� ?�/ �� C��
$�A��	Q�$ A$ B�;)X3/Xp< .()B(c8##!

�10� ?�/ �� C�� 6"�����B� ���

"#

$
%�#
ز
�0
در

%

٠
١٠
٢٠
٣٠
�٠
�٠
�٠
٧٠
٨٠
٩٠
١٠٠

"#

$
%�#
ز
�0
در

%

A

�1�
A1
4�
�

���
�

���
��� 
�� 
�� 
�� 
�� 
�� 
	� 

� 
�� 
�� 
�

�� hT^ F#B��]0 F#B��]0 
��<L4� �� �P0 �� �P0 

������<L4� "*@�� 

B

�1�
A1
4�
�

���
�

���
�� 
�� 
�� 
�� 
�� 
	� 

� 
�� 
�� 
�

C(�%�� hT^
�� �P0 ������<L4� 
��<L4�

/� ��<L4� �� M�

�

� � F@�0�& )ll�/lp≤.( ��
 ��0 �"d�% �-"#� :��^ ����

/"#'  ���'P	 �0 -D t�T	�� �'+.
��; �4"'#� :��'^ F� �����'� 

'�P% :�"'B ����.�5'�� �'0�c
�% c���0�)l�/lp≤()h$� 

��+O�<�+5 RO �$1�8 � �� ���
l�#(�$1�8 ��+O��$1�8 � ��

��1&$� �10� ?�/ C��.

��&��(�% M���& ��<L4� 

�/"#  P	 �� �+11��"4�  E
i4�0 ��'+.�'�0 -"'G J�'4

/�+.�� M'� (�4�CQ��&
���; ���^.� �0 (&]9���0 QE.

� F0 � ��� E=D F� /�
4 {&j �� M� :&�Y@%1

���& �9�'' ��'' 
����0����@��; ���^ .'@4

(�4� �B�� 4�%�/"#  +
�& �9� ���9�' 
%�!� F0 �4�"	10 �� h1E

F@�+ �.�&�	"4 ��4�%1h
�)(l�/lp<(.� �0�3& E

/"#'  h'� ���P	 � �'+
��)4 (�+�*%��)h$�B

R=
�:)A(c8##14�� !
���A R4$�U�B� ?�Y���Y
�1�A 14�� ����<�+5 ���

/@ A$#�!A�5�.

٠
١٠
٢٠
٣٠
�٠
�٠
�٠
٧٠
٨٠

٠ ١٠٠

 

��
���

�اد
��

×
��

^�

C

٠

�٠

١٠٠

١�٠

٢٠٠

٢�٠

٠ �

C
D

34
x

10
6

CFC 

� month�
���month
���month

6���
�� ��� 
�����

���9� �]0 �9�  I�
P0 �� �P0 �� �P0
�� ������<L4� ������<L4�

��(�%��(�%
�� �P0 �� �P0
��<L4���<L4�

�lll

Rl
Hl 
Cl 
�l 
�l

l 
�l
�l 
l

A*

<�
+5
�$1
�8

��] ∧
�X*

�l

B*

�X
6

*
C

D
34

��l
�ll 
��l 
�ll 
�l 
l

/"#  �+.�01��.��0 -"G J�4K� 

4"#� ���P	�/"#  ���P	 F0 �+
��%D -"%�D.���).d�% F0 F�

/"#  �+.��0 -"G T	�� & J�4
CD34 �; [U*% Q�� 8�L4�
/"#  �+.-"G0��'B F0 J�4

P	'/"#  ��� +'�.CD34+�5��
3B.( 

RV
 *:)A(� l�S8�$#�$1�8 (O
�I%� �$�)XX*/Xp≤(�(B) �S8�$
<�+5 ���CD34+)X�/Xp≤(� ��

 ��0�(�4� 4�%�/"#  �+CQ�
Gj1(��� .:

�� -D% F� �31(�4� -�5 4�%�
�+�Z�&.Gj -"G1�� (�� (�
�&�s./"#  �B�� ��! Q� �
��  ��0 ��"% ��<L4� (�%��^

R² = �.����

R² = �.����

٢٠٠ ٣٠٠
CFC�× ��^�

R² = 0.068

R² = 0.١٣�

١٠ ١�
× 10^4

�H�H/l


HC/l


ll�lll
�X�*CFC

lCR/l

�
C/l

���l
�X�*CFC

 [
 D

ow
nl

oa
de

d 
fr

om
 b

lo
od

jo
ur

na
l.i

r 
on

 2
02

5-
12

-0
8 

] 

                             6 / 12

https://bloodjournal.ir/article-1-758-fa.html


�&�(��Q(��<��Q��20��

�

 ��0�/"#  ���P	 �0 ��<L4� �v� �+.+CD34 :
��0.� F0 � �� '� '  E=D F'� /� '� �'%� �.��l�F'3��
@4� �(�4� �0 ���; 4�%�/"#  �+.�01��.��0 -"G �'0 J�'4

[G�� CD34 r�% �v� -�%������;Q� ���P	�/"#  E�'+
r & ��<L4� �� �P0 & hT^�C&��(�%Gj1(���' .��"'%

 ��0����; ���^)hN'��.(�'@4����'P	 F'� ��� -�'*4 �
/"#  f#b% �+.+CD34 C& (�'%����'<L4� �� M'� (�'%

�P% �11V	����4 -�*4 .���.

RV
3:<�+5 �$1�8 ���0�#���10� ?�/ �� C�� o/�
 CD34 
A$ B� G!U;$�A��	Q�$ 10�;�����A R4$�U�6���A$ B� ���

 ��	Q�$ 

 ��0��4�@� �0 ��<L4� �v�1$*	 h14"#� h�:
� F0 F3"	 �0�EFP!�b% F��'s�Z �'B�� F'� ��� -�'*4

/"#  �+.CD34+/"#  h� �T�4 F0-�'%� �� �+ �'+.CQ
�� &���5''�� ��''<L4� �� M''� (�''%�''% c���''0�Q''�4�@�1h
4"#��������/"#  E4 & �+1-"'#� w"4 5�'+.��(�'� ��'L

 ��0 ��"%����; ���^ .
�@4�4"'#� h'� ���'P	 F� ��� -�*4 ���'+ -�'%� �� �'+.

0 ��<L4� �� M� >#@U% F�"r '�P%����.'% c+�'����'0� 
)l�/lp<)( hN�C.(

 ��0�4"#� w�"4��4 �+14"#� ���P	 F� ��� -�*4 5��'+.
 "!"4��;1��?��&���% )CFU-GM('�P% c+�'�����.��

Fd7!���5&���� �� �P0 (�%�5F'0 �T'�4 F'd7! �� h'T^
���5����)l�/lp<(Q�0��E�"3&60 ��1-�%� FJ]@'G� �+ 
�P%����.���*4 (�.4"#� ���P	 e"OG����'+.x#@'U%

)CFU-MIX (''�P% c+�''�����.(�+�''*% ��''<L4� �� M''�
��;��)lll�/lp≤.( ��0����'P	 F� ��� -�*4 �+CFU-E 
�� �� F''d7!''� & 5CQ��&���� �� �''P0 (�''%''� :&�''Y	 5
�P%����.����)l�/lp<(.X+�g1�� Fd7! �� J]@G� E�5
�0���� �� �P0 (�%�5)ll�/lp≤(&C�� �� �P0 (�%�& 5��

�� �� �P0 (�%�4 51�P% 5��"0 ���)l�H/lp≤)( hN�C)(/&�3
�.(

RV
6:%��I�#R�	8;d<�+5 ���0�#���?�/ 10� C�� �� �#\��A�5�p+I)� A�%��/ ��R4$�U 6"��� ����� ������ B� A$ �	� �� �O ��	Q�$
��$�� $;C.I/$ (?��A �� �� ���0�� p+I)��:5$ ���� �$�)X3/Xp≤(dg �� q� F��H8#�$1�8 (CFU-GM "6� ������O ��	Q�$ A$ B� ���

0�� F��H8��$���![� �1����;1.

٠

٢

�

�

٨

١٠

١٢

x�
��

CD
��

�ل
��

�

��

��

��

��

��

��

��

��

��

"#
���

�اد
�� CFU-GM

CFU-E

CFU-MIX

CFC

 ����

��(�%�� M�C(�%�� M���<L4� -�%�
�������<L4� �������<L4�

<�
+5

C
D

34
�X

6
*

��
�l 
R
C
�
�
l

���
+k
�$1
�8

��
�� 
�� 
�� 
�� 
	� 

� 
�� 
�� 
�

���� M� (�%���� M� (�%C��<L4� -�%� �� M� (�%
��<L4���<L4� ��<L4�

 [
 D

ow
nl

oa
de

d 
fr

om
 b

lo
od

jo
ur

na
l.i

r 
on

 2
02

5-
12

-0
8 

] 

                             7 / 12

https://bloodjournal.ir/article-1-758-fa.html


/"#  �+.�01��.��0 -"G J�4K/� ��<L4� �� M� -���N<+ & .�"4 F%"OP% 

�

<�1g�:�1�A 14�� �%;��� ?�+k R#%��I� � ���� <�+5 �;$A \#� �� C�� 10� ?�/ ���#0� ��� R4$�U �� A�%��/ p+I)� ���A�56"��������
 �����	Q�$ A$ B� ��� 

��	Q�$ A$ RS- 6��	Q�$ A$ B� ��� 
�� A$ B� ���

��	Q�$ 
�� A$ B� ���

��	Q�$ 
��$��0�� 

�B��(�4�/"#  �4�%�+��%*
�/RR%*�/R�%�/RH%l�/l≤p*

CFU-GM �R�/�H*R/�
��*�/��l�/l≤p*

CFU-E �R�/�HHR/��
RHHC/�
RH/��
8�<	 E10 J]@G�

(&�; �+.�����P% 
)l�/lp≤(

CFU-MIX �R�/�HR�/�
��/���C/��
8�<	 E10 J]@G�

(&�; �+.�����P% 
)l�/lp≤(

CFC 
RR/H�C/�RC�/
���/


8�<	 E10 J]@G�
(&�; �+.�����P% 
)l�/lp≤(

*-�*4 (&�; (��+� �����P% J]@G� �0 .�+)l�/lp≤(�%���0 .

�P%����.% c+�����0�)l�/lp<)( hN�C.( ��0�w�"'4�
4"#��4 �+14"#� ���P	 F� ��� -�*4 5��'+.' "!"4��;1��

?��&���% )CFU-GM(�P% c+������.Fd7! �����5&��
�� �� �P0 (�%�5F0 �T�4 Fd7!�� �� hT^�5����)l�/lp<(Q

�0 ��E�"3&60 ��1-�%� FJ]@G� �+ �P%����.�'��'*4 (�.
4"#� ���P	 e"OG����+.x#@U%)CFU-MIX ( c+�'�

''�P%����.��; (�+�''*% ��''<L4� �� M''�''��)lll�/lp≤(.
 ��0����P	 F� ��� -�*4 �+CFU-E ���� F'd7! '� & 5CQ
�� &���� �� �P0 (�%�'�P% :&�Y	 5����.����)l�/lp<(.
X''+ ''�g1�� F''d7! �� J]@''G� E''� �''0 5���� �''P0 (�''%
���5)ll�/lp≤(QC�� �� �P0 (�%�5&���� �� �'P0 (�% '� 5
41�P% 5��"0 ���)l�H/lp≤)( hN�C)(/&�3�.(

��� 
�;� ���*1� Fg�N�5� X#9 �� �1G� .�+Q�� ���+&���

.��<10 �"T20 �23 �+.G�'01 X14"'G X@'�� &1X@'�

���<��5�� &���� �<9 /"r c�� � (�"<4 FQ�"'3& E'�� �0
(�� -���<10 w"4 E�� -�%�� �Pb^ ��} /"#'  �� (��Y@ � �'+.
�01��.�% ���4"G ���0 .X+�g1-D F0 F3"	 �0 E���'P	 F�

@P�'B & �+�"*� FP "	 �0 (��"4�G �+ �� -��4����-�'�
-D )<*g c+�� �+1�.�Gj ��! Q� � F@��1(��� .P0��%�

��;��  �0.01X+ �@* ��0 -"G -"g % J�4�(�� �'4�"	 ��'�
T ��%���0.� -�%���0 E1��� -���<��<4 F��.�� J�+ h� ��

���'�0 -"G i4�0 ��L Gj QJ�'4 '1(���' .4\"'r�:�'%
�+�Z�&.��0 -"G J�4UCB �@<� �0� D E1F'0 (�'<9 m
/"#  �+.CD34+� �)����(.� ���FP!�b% EQ��� F0'�0��

�+�''Z�&.�''�0 -"''G Gj J�''4''1''r (�''� (��&�/�'' 
Gj1(���' .@G���'�1X.��-D�'3 F'} ���'P	 /"#'  �'+.

F@''�+ ��� F''0 -"''G ���.� �''+1-�''0 -�& �� 8�;"''#Q�''0
�T�4)%1-�5 (/"#  �+.%1�"# '1�.� &�[G�'� �') �'+.

�1/"#'  �'�4�% �4" �'+.CD34+'� �CFU-GM t�'T	�� ��
� � Q��0 ��!�20 ���1/"#  F��+.F@�+ i	 �.�'�0 -"'G 

 [
 D

ow
nl

oa
de

d 
fr

om
 b

lo
od

jo
ur

na
l.i

r 
on

 2
02

5-
12

-0
8 

] 

                             8 / 12

https://bloodjournal.ir/article-1-758-fa.html


�&�(��Q(��<��Q��20��

	

<+� �� J�41\�0 �������"G�0�%���0)
.(#%�"'9�-"'g
)4")g�S<3 �&D.��0 -"G (���'0 �0 -D ������ & J�4

��0�!"#  ����% �v������;)�
(. ��0��'@4�-�'*4 �'% �
% ���1��0 -"G XLZ -� /"#'  ���P	 �0 J�4 �'+.��0��'��

 )@'�T<+ Q(���'@Ty%�� :��'T9 F'0 ���� �"'3&��'0 �')
�5���/"#  ���P	 Q-"G XLZ c4 �+10 51% �@*��"'� .X'+
g�1D�� 8�L4� -�%� E���0 -"G ������ �� J�4)�6	�~�T ��l
^�1F6(�v�./"#  -�"0 (�4� �B�� �0 ����4 �+ .' ��0 ���

'' ��0 �"''d�% F''0�/"#'' t�''T	�� �''+.CD34+���''P	 �''0
/"#  �+.F@�+ Gj ���1$'*	 :��'^ (��'<+ F'0 (�� (�1h
4"#��)CFC (�+�Z�& ��.���"'<4 X' � �'0 J�4 ��0 -"G
bG�Q�� F3"@%�'�P% t�T	�� F� X����.'01�'+�@%���� E.

� (�� ��j�<4 (��� F0 Q�"���P% E�B�G t�T	�� F��01E
/"#  ���P	 �+.CD34 /"#  ���P	 �0 & �+ CFC �'�0 -"G 

����4 �"3& J�4 .X+�g1/"#'  h'� ���'P	 Fb0�� QE �'+.
F@�+ $*	 :��^ �0 ���14"#� h�)CFC ( ���"<4 X � �� M�
bG�F3�� &B�P% t�T	�� F� �"0 -D (�"; Q����.01� E�E

0 Q� � ���^�0 �@%���� &� F�"r.� F�����"'<4 �� t�T	�� E
bG��R%&� F3�� ���"<4 �� & (�"0
�%0F�'%D �' �

)V	114"#� ���P	 :���/"#  ���P	 F0� � F@�0�& �+ .(X'+
�g1��0 E�!"#  ����� �� '� �����'� 8�')�+ F'0 F'P!�b% E

/"#  �+RH%�"0 . ��0�P!�b%F.�+ ����� -�'*4 514 -��)
�� .��3� �&� F0 ��0 ������0 E�� F}DQ-"'G �����'� ���

�&� �� (��Y@ � �� & (�"'0 �'1V@% �@ � �� & I1	�%"	� .�+
(�&�''7% �ll��R�''B�� ''P!�b% ���''  �� �''�F�''+ �H-Rl 
�B���%���0 .514 ��FP!�b% ������ (�)@ � �0 F} .� (���}
Sepax �� 8�L4�QH/H±
/Rl�B�� �'���; ���5;)�H�

��(.G�''1~��F''b0�� �.W''1''bG ��''01�+�''Z�& X''LZ E.
F''4"<4 �''+.�&�& -"''G.��''� &D�������''� h''Z��%

)��0���� (�� ��3 ��./"#  �+.F@'�+ i'	 �.���5';
 (��&� F0 �L�%�� E1��; ��2�*��+�Z�& F� �.4"'G��'0

�	\�0 XLZQXLZ �� �+.4"G������'� ��"'% �@$g"'�
; ���^1��)�R(.�<+1% c+�� �1/"#'  -��� �' � �� -�5

�Z F0 �	.F� � ���&� E@�� �+.m ��% �'@<� �'0 �	�E
v�	1��0 �B�� �0 ��/"#  ��� �+.F@�+ i	 �.)��"% h%��

�� �� (��Y@'' � ��"''%''�h''y% 5DMSO -D �''d#W &�''+(��

4��)4��'+.'% -���<'*4����'��0)��(.��'0.h^��'Z F'0
% -�4� �1/"#  -��� � � �� -�5 �+.F@�+ {"' � & ���

 /"#'  �@20 �'+.��0 �'4&� �� F'� 5'%�^ '�0��/"#'  �'+.
F@�+ � /]@G� ����% ��L�����Q^�1!&� -"'G -��� f'1�'0 F

�''0��0 X''LZPBS &�5	 M�'' ''� fC%+1''��&���	�''1 h
|��@ �Q��0 �B�� F@�4�"	�� �'�� '� /"#'  E�'	 �� �'+��%

�5����0 F� �+� c1� � F3"	 m!�3 ��)�l(.�g X+1�� E
����; [U*% FP!�b% E�/"#  F� ��+.CD34 F'0 �T�4

8&�6% �%� c+�� ��� & (�"0�4\"r �� �� ��<L4� x�:�%
0"G F0�% h<7	��<4���.6�"% 8�9 ��%D '1� �1-"'G �'4"
�''�0 �&�''Z �� F''� J�''4�l�� �''B�� �1�+�''4".W''1 �
"G�(�� ���5; �4&�*QX'2% F'� (��� -�'*4 �'	�h'%�9 EQ

�4�@� E@���41��� h�/"#  �+.�'�0 -"G �Z�& �� �"3"% 
J�4� �)��(.��0.�Fb0�� E@�� �.'6b�%�'016�"% E'1�

�1�4�"	 & �4"��/"#'  �'+.'2)4���.(�'�Q'P!�b%F.�'+ 
(��@�; �.G�0 ���i4�0 �+.��0 -"G J�4 F'� �� 8�L4�
�24 ���% ��'�g -�"'	1@4 E1� �� h'T^ �'��; F'L '� F'� E
F4"<4 �.�4�� '�� �1�"'� �'4"Q�'@4 F'0 F'3"	��� h'B�Z �
$*	14"#� h�%��4�"	 '� '� i1c01'���'B�� �� m' ��%
6�"%1� �1'	 F0 �4"1� X1��� �'4" '� �'+� F.F'0 F'%��� �� ��'!
 ��0�[G�� �+.(�% �� �"��% �9�  & �+ �+.>'#@U%
@G����1� �	 X�V	 E11-�%� �� �� :�� �+.�� �� �P0 & hT^ '� 5

��� ��"''%''�0��''+� ���''^1X.'' ��0 �� M''��%''1�''60 -�5.
/"#  �+.F@�+ �����<L4� Fd7! �� �����Q�& �9�' ��

(�% �� Q�9�  �+.C&���� �� M���'� F3"@% Q5�F'� X
V	11(�4� �B�� :�� 4�%�c+�� (�% &� �+ ����� �2�	 QF@��

 �9� �����5��F+�%Q�5����P% c����.-�'<+ F0 �T�4
 �� �9� C% (�+�*% (�%��"�.�@4�-�*4 (�%D � � F0 �

�P% c+�� F� (����(�4� �B�� ��� 4�%���C� /&� (�'% '� (�
%�(�'4� �'B�� c+�'� �%� �"� 4�'%�'�P% -D �� M'�����
<4�� :��T9 F0 ���0�� �)�@�0�& c+�� E4 -�%� F0 F1�'�

4��)4 ��!�(�'4� c+�� �� 4�'%�/"#'  :�'% �'�#0 �� �'+
% c+�����0� .X+�g1d4 QE '1 '<+ �1' ��0 E���"'% �� ��

/"#  ���P	 �+.F@�+ ��� 8�L4� ����� �� F� X�4 /�'% E'15
/"#  ���P	 c+�� -�%� �� �� �+ �'+.(�+�'*% (�'� �'�j

����0 QX F��� Fd7! �� Q53�5CQF+�% F}F'd7! F'0 �T�4

 [
 D

ow
nl

oa
de

d 
fr

om
 b

lo
od

jo
ur

na
l.i

r 
on

 2
02

5-
12

-0
8 

] 

                             9 / 12

https://bloodjournal.ir/article-1-758-fa.html


/"#  �+.�01��.��0 -"G J�4K/� ��<L4� �� M� -���N<+ & .�"4 F%"OP% 

�
 

����5�� Q5��P% c���� �"0 .� �#9��5'�� E�'% c�'0 �'4�"	 F
+�% �r�G1	�j ��self renewal /"#  �+.�0'1��.Gj'1(�

!& Q���0 (���� �#9��5�� E�[U'*% h'%�� �"'r F0 c
41��.0F�% �d4 8�\ .�'+�"@}�� �"'�Z 8�'9 F'} �' �

8�1� 514 & �60 .��0 Q8�\ �b17% .�+�% �9�0 �"�/"#  �+
�r �� ��% �4&� <+� F0 F3"	 �0 & ���}1� �1Y'1�'Z�& �

4"G�&<+�1� �1c01��6�"%1� �1�'4"Q�� (��Y@' � 8&5'!
�&� �+.�3�% & �=��'0 �v.� �"'T201Y'1�� c+�'� & �

/"#'  -��� � � v�'	 c+�'� & �'+1�� {�'U% �D��+�'�.
&� �0 ��<L4�.�+�Z�&.% ���Z� -"G����;)��.(

� F0��"d�% EQ/"#  f#b% ���P	 .�++CD34 h1�4�@� &
-D �4"#} h1N*	 & �1yN	 ��0 -"G i4�0 �� �+ &� J�'4 '� -�
���; ���^ �0����� ��"% .�'@4�F'� ��� -�'*4 �'�/�'  i

��<L4�Q�P% �v�����./"#'  ���'P	 c+�'� �0 �'+..��'1�0
CD34+����4 .��!�Z�� E��4�@� F� � �1:��^ h$*	1h

4"#��� (��'<+ F'0 '� F'9"<L% ��'+�c)CFU-GM QCFU-

MIX QCFU-E ( ��C&��&��Gj (�% '1(���' .c+�'� Q
�P%����.��� -�*4 �� .F'0 F3"	 �0D-'�4�@� F'�1:��'^ h
$*	14"#� h�'�g X+ &14"'#� ���'P	 E��'+CFU-GM ��
X2% �'	��'+�"@��� E.6�"% �'0 xT	�'% '1� �1Q��@'�+ �'4"
#9�c+�� XW� �'@4 �� (�� (�+�*%��� (�'%D �' � F'0 �

�%�D�c�+ ��0��4�@�1$'*	 :��'^ h14"'#� h�QE@'���
��{�'U@4� 8�')�+ :�'9]r� �� � � E'�-"'G �'Z�& i

�4�����0 �.�1'0 �� �4"1�'�g E����� �'0 -"'G �'Z�& E

�"0 �+�"G)�
(.FP!�b% �� �.����; -�"�9 �)�'0 F'� (�1E
/"#  �B�� �+.CD45+/CD34+% �0 (�4�1'�#� -�5����'� 
(�� (�+�*%Q�����P% t�T	��.� 8�'L4� ��'! ���� �"'3& '� E

�%�D�c�+�%�D -�"�9 F0�c.�'+ � /�'@��1'Y���'0 8�\.
�+�Z�&.B"	 -"G1% F��'@4 F'� �"��<+� F#'B�Z �'1�
/"#  �+.CD34+��0 -"G �� �� ���@% J�4�%���;)��.(

����� ���� 
�@4 F0 F3"	 �0�� �� (�%D � � F0 ��'% FP!�b% E�-�"'	

���''2)4 F''� �''��� 8]''9�.4\"''r�� �''0 :�''%1Y''1 �
/"#  �+.��0 -"G v�'	 J�41'% ��F'4"; F'0 ����'; �.F'�

�<	 :��^�/"#  5�+.�01��.% c+�����g X+ �0�1'0 EF
% �d4��D/"#  F� ��'+.CD34+0 �'%&�6% ��1�@'*.��

c�	 �0��0 �+.�%� ���"G�0 �'4��� .� �'0 '� ��'0 �"'3& E.
�'<	 -�"'	 nYZ�5.�'�/"#'  E'r �'+���'<L4�Q41�'�%��

201F''� ��'' .�&� �''+.��''� & ��''<L4��Gj x''1(���'' .
4\"r�%���01X.

������� 
 ���  
(�)'*+&,� {"'O% �	�6167	 o�r hOZ�% FP!�b% E��

&��-�<� �"L% �01(��<� F0 A]G� F@�C�%����0 .%=-�Y!
 4����'''^ m'''	��%��%�D :�'''<Z� �� �� �"'''G�(�)'''*

� "#���@%"@.0F&��^D (,�-�3 -� %�14�%�'  & E�c'U0 &
��1%�1?"!".&� (�)*+&,����0 -�.!�4D 8�L4�1�+5.��'%D.

% 8]9���<4��.

References:  
1- Gluckman E, Broxmeyer HA, Auerbach AD, Friedman 

HS, Douglas GW, Devergie A, et al. Hematopoietic 
reconstitution in a patient with Fanconi's anemia by 
means of umbilical-cord blood from an HLA-identical 
sibling. N Engl J Med 1989; 321(17): 1174-8. 

2- Kögler G, Sensken S, Airey JA, Trapp T, Müschen M, 
Feldhahn N, et al. A new human somatic stem cell 
from placental cord blood with intrinsic pluripotent 
differentiation potential. J Exp Med 2004; 200(2): 123-
35. 

3- Kurtzberg J, Laughlin M, Graham ML, Smith C, Olson 
JF, Halperin EC, et al. Placental blood as a source of 
hematopoietic stem cells for transplantation into 
unrelated recipients. N Engl J Med 1996; 335(3): 157-
66.  

 

4- Gluckman E, Rocha V, Boyer-Chammard A, Locatelli 
F, Arcese W, Pasquini R, et al. Outcome of cord-blood 
transplantation from related and unrelated donors. 
Eurocord Transplant Group and the European Blood 
and Marrow Transplantation Group. N Engl J Med 
1997; 337(6): 373-81. 

5- Wagner JE, Rosenthal J, Sweetman R, Shu XO, Davies 
SM, Ramsay NK, et al. Successful transplantation of 
HLA-matched and HLA-mismatched umbilical cord 
blood from unrelated donors: analysis of engraftment 
and acute graft-versus-host disease. Blood 1996; 88(3): 
795-802. 

6- Shahrokhi S, Menaa F, Alimoghaddam K, McGuckin 
C, Ebtekar M. Insights and hopes inumbilical cord 
blood stem cell transplantations. J Biomed Biotechnol  

 [
 D

ow
nl

oa
de

d 
fr

om
 b

lo
od

jo
ur

na
l.i

r 
on

 2
02

5-
12

-0
8 

] 

                            10 / 12

https://bloodjournal.ir/article-1-758-fa.html


�&�(��Q(��<��Q��20��

�� 

2012; 2012: 572821. 
7- Chotinantakul K, Leeanansaksiri W. Hematopoietic 

stem cell development, niches, and signaling pathways. 
Bone Marrow Res 2012; 2012: 270425. 

8- Kudo Y, Minegishi M, Seki O, Takahashi H, Suzuki A, 
Narita A, et al. Quality assessment of umbilical cord 
blood units at the time of transplantation. Int J Hematol 
2011; 93(5): 645-51. 

9- Rubinstein P, Dobrila L, Rosenfield RE, Adamson JW, 
Migliaccio G, Migliaccio AR, et al. Processing and 
cryopreservation of placental/umbilical cord blood for 
unrelated bone marrow reconstitution. Proc Natl Acad 
Sci U S A 1995; 92(22): 10119-22. 

10- Broxmeyer HE, Douglas GW, Hangoc G, Cooper S, 
Bard J, English D, et al. Human umbilical cord blood 
as a potential source of transplantable hematopoietic 
stem/progenitor cells. Proc Natl Acad Sci U S A 1989; 
86(10): 3828-32. 

11- Pahwa RN, Fleischer A, Than S, Good RA. Successful 
hematopoietic reconstitution with transplantation of 
erythrocyte-depleted allogeneic human umbilical cord 
blood cells in a child with leukemia. ProcNatl Acad Sci 
U S A 1994; 91(10): 4485-8. 

12- Arrojo IP, Lamas Mdel C, Verdugo LP, Alfaro PR, 
Pena RR, Gordo FS, et al. Trends in cord blood 
banking. Blood Transfus 2012; 10(1): 95-100. 

13- Harris DT, Schumacher MJ, Rychlik S, Booth A, 
Acevedo A, Rubinstein P, et al. Collection, separation 
and cryopreservation of umbilical cord blood for use in 
transplantation. Bone Marrow Transplant 1994; 13(2): 
135-43. 

14- Rosenau EH, Sugrue MW, Haller M, Fisk D, Kelly SS, 
Chang M, et al. Characteristics of thawed autologous 
umbilical cord blood. Transfusion 2012; 52(10): 2234-
42. 

15- Yang H, Loutfy MR, Mayerhofer S, Shuen P. Factors 
affecting banking quality of umbilical cord blood for 
transplantation. Transfusion 2011; 51(2): 284-92. 

16- Lecchi L, Perego L, Garcea F, Ratti I, Brasca M, Dotti 

D, et al. Ten-year quality control of a semiautomated 
procedure of cord blood unit volume reduction. 
Transfusion 2009; 49(3): 563-9. 

17- Lapierre V, Pellegrini N, Bardey I, Malugani C, Saas P, 
Garnache F, et al. Cord blood volume reduction using 
an automated system (Sepax) vs. a semi-automated 
system (Optipress II) and a manual method 
(hydroxyethyl starch sedimentation) for routine cord 
blood banking: a comparative study. Cytotherapy 2007; 
9(2): 165-9. 

18- Meyer-Monard S, Tichelli A, Troeger C, Arber C, de 
Faveri GN, Gratwohl A, et al. Initial cord blood unit 
volume affects mononuclear cell and CD34+ cell-
processing efficiency in a non-linear fashion. 
Cytotherapy 2012; 14(2): 215-22. 

19- Son JH, Heo YJ, Park MY, Kim HH, Lee KS. 
Optimization of cryopreservation condition for 
hematopoietic stem cells from umbilical cord blood. 
Cryobiology 2010; 60(3): 287-92. 

20- Madkaikar M, Gupta M, Ghosh K, Swaminathan S, 
Sonawane L, Mohanty D. Optimising methods of red 
cell sedimentation from cord blood to maximise 
nucleated cell recovery  prior to cryopreservation. Br J 
Biomed Sci 2007; 64(4): 157-9. 

21- Page KM, Zhang L, Mendizabal A, Wease S, Carter S, 
Gentry T, et al. Total colony-forming units are a 
strong, independent predictor of neutrophil and platelet 
engraftment after unrelated umbilical cord blood 
transplantation: a single-center analysis of 435 cord 
blood transplants. Biol Blood Marrow Transplant 2011; 
17(9): 1362-74. 

22- Regan DM, Wofford JD, Wall DA. Comparison of 
cord blood thawing methods on cell recovery, potency, 
and infusion. Transfusion 2010; 50(12): 2670-5. 

23- Wu JY, Liao C, Chen JS, Xu ZP, Li Y, Sun X, et al.
Analysis of post-thaw infused cell dose for predicting 
engraftment after unrelated cord blood transplantation. 
Zhongguo Shi Yan Xue Ye Xue Za Zh 2011; 19(3): 
754-8. [Article in Chinese] 

 [
 D

ow
nl

oa
de

d 
fr

om
 b

lo
od

jo
ur

na
l.i

r 
on

 2
02

5-
12

-0
8 

] 

                            11 / 12

https://bloodjournal.ir/article-1-758-fa.html


/"#  �+.�01��.��0 -"G J�4K/� ��<L4� �� M� -���N<+ & .�"4 F%"OP% 

�� 

The evaluation of hematopoietic stem cells potential  
after 2 years of cryopreservation 
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for Stem Cell Biology and Technology, ACECR, Tehran, Iran 
2Royan Institute for Stem Cell Biology and Technology, Tehran, Iran  
3Royan Stem Cell Technology Company, Tehran, Iran 
 

Abstract 
Background and Objectives 
The evaluation of the number, potential, and functional capacity of cord blood stem cells after 
long term storage is essential for their therapeutic uses in hematological malignancies and non-
malignancies. Therefore, this study was aimed to assess the quality of cord blood units stored 
in Royan public cord blood bank, before and after cryopreservation. 
 
Materials and Methods 
To check the quality of cryopreserverd cord blood units, the total number of cells, percentage 
of viable cells, colony-forming ability, the number of CD34+ cells before and after freezing 
were examined on 50 samples  
 
Results 
Our results determined that the mean value of the total nucleated cells in 50 cord blood 
samples was 7.6 × 108 ± 1.12 × 108. The number and viability of mononuclear cells as well as 
colony forming potential significantly decreased after cryopreservation; however, the count of 
viable CD34+ cells did not significant changes post thawing. There was no significant 
correlation between the numbers of nucleated cells and CD34+ cells.  
 
Conclusions   
Increasing the storage time significantly reduces the number of nucleated cells and 
differentiation potential of hematopoietic stem cells rather than the number of CD34+ cells. 
Improved cryopreservation techniques are necessary to maintain the function of cord blood 
stem cells.  
 
Key words: Hematopoietic Stem Cells, Cryopreservation, Colony-Forming Units Assay 
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