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(MIP1-α)���� ����� �
 ��� ��
  �! "�#��! $%�� &�' 

�������� ��� � �������!�"  ��!� #
#�����$��!�% �&'
� �(�$�) #�%�* +�,�!- ./�� #�#�0�1�  �2�!�� 3#

45'� 6!73#�8� �$ �$�� 9/�7 :#����� &* �!	��  �� ;�

�����
���' � $(
� 
"<0� �&<$ �<=�(UCB) /<>&�% ;  �0? @A0� B;�
$&" (/�) 4�C(HSCs) �� � D%  5E� �$&!) 4�1 (� �$ &�

 ��!F � �* ���G�%  ��&� � &H�%  .�� �$&!) @/�
� 4 �� =�$ �0� �&" D%  �;J #>&�% ;�
<$&" (</�) 4�<C �� 

K!8�ex vivo�$&	 �!LM� .��) �N  ('7�O� 9/  ��  P7 Q�R����� ���S�7  9!T�(MIP1-α)U��H� DV� K/ �	 �� 

5/��� ;  D'$��� � �!LM� ��>&�% 4�C;�
$&"DR�F � �* ���/;�  ��&� =�$ �0� �&" .

)��� *��� �'
�&� ���W� X&$ ;  ��	 ��W$  ('7�O� .>&�% (�
C B� 4�C 4 (MNCs) K!8� �� � 4;�% �1 =�$ �0� �&" ;  

DV�RPMI 1640� ��C ���Y4��F 9!01 ��% �Z�� (FCS) �/ ��Y=�$ �0� �&" 4��%6) �Z�� (CBP) 

��% �*�R K!8� �(SF) �� � ��C ng/ml �Y9!�&7��0/  �0/��&�/�% [!��� ;  3(IL-6) 9!�&<7��0/  #�(IL-3) #

9!T�&)&A���(TPO) >&�% �	� �&���R #(/�) 4�C(SCF) �<0!01 �<A� ;�<0!� 9/;��<!� �$�\!7 �(FLt3-L) �� 

�&]- ��� �/ �&]-ng/ml �Y�&���R ;  MIP1-α�$�	 �� � DV� (�GC �� ,�� (� .

$���% �'
>&�% �Z�� ^/ 5R  9!\$�!� ��� �&_ (� 4�CCD34+/CD38-�CD34+K!8� ����� �� 4��<- 4�CMIP1-α

K!8� (� DA
$ �&� ��J�� �+ �*�R >��0� 4�C.

+��, $-��� 
�� �`$ (�  (� �%� �NMIP1-α� �� � �\�
<� K!8� �� ��% �&]- ��� �/ �&]- � �0/��&�/�% 4 &�8� (� 

�&]-MIP1-α>&�% 9/  � �'� ^/ 5R  a��� ��	 ��b �0/��&�/�% [!��� �� � ��C �� �C �&	.

.��&���� /�:Q�R����� ���S�7  9!T���)(MIP1-α)>&�% �!LM� #;�
$&" (/�) 4�C#=�$ �0� �&" 

��� ������ 	�:��/��/��
����� 	����:��/�/��

���������� �  �! "#$� %�� � ��&� '�()� *�+, -�./��� ��0/��� �1�2023� )4�5 � ������� � 6 �������78 ��$9:� );5 <��0� 
��=��>5 ?��5 :'�����5 � '��+: �����0@ <(�� A�B(��4� ��&� '�()� *�+, -�./����023� )4�5 1�2 � �������� 6 �������78 ��$9:� );5 <��0�� �9:��70@ 

'9C��(�'9>�<4 :����� 
D�PhD �������78 �A�<5 �0@�� -�./��� 
�������0@ A�B(��4� ��&� '�()� *�+, -�./��� �1�2023� )4�5 � �������� 6 �������78 ��$9:� );5 <��0� 
����95�9��:�+� A�B(��4 �+, -�./���  ���� '�()� *� 
E��������78 <(�� A�B(��4 � ��&� '�()� *�+, -�./��� � ��$9:� );5 <��0� � �������� 6 �������78 1�2023� )4�5 
���������7�� <(�� A�B(��4 � ��&� '�()� *�+, -�./��� �1�2023� )4�5 � �������� 6 �������78 ��$9:� );5 <��0� 
��������� �  �! "#$� %�� �� ��&� '�()� *�+, -�./��� ��9:� �1�2023� )4�5 � �������� 6 �������78 ��$9:� );5 <��0� 
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=�+: �0F�� �@ �����4�5 '@�&9�� G0H���� �I� J�>��! K��� ��8 �94� ����78 � *<25 '+,  ��5�4 

���

���	� 
���65 LMB5 �&B� 'N035  �! �  ��$9:� );5 K9(�O �� 

=�+666: <666��0� �666&P -��Q9666:� J�>666��! K666��� ��6668

Hematopoietic Stem Cells) (HSCs: <6���@  ���670@ K@.

(�O K8� �� �5� S�� <B@  �! K9(UCB: Umbilical Cord 

Blood) J� ��.�� LMB5  ��B, K@ =�+: J�>6��! K��� ��8 

�@ -<B8� <T��  ���70@ �� U0����V <��0� �&PHLA K@�/5 

-<( W�N5 �:�)�.(J� -��Q9:� �� S�6� <6B@  �6!  �6�5� 

 �6@)05 K60+, <��0� ���70@ J��@(GVHD: Graft Versus 

Host Diseases) � �6974  ��$96:� );5 <��0� �@ K>��25 �� 

�:� ��Z�@ <��0� �02��5 [��( .�0F�� \0>��9� =�+: ��68

J�>��! �� S�� <B@  �! J� ��Z�@  ��$96:� );5 '65 <6(�@

)�66� �660F�� �660+@�TD��66@��@ �� K669Q8 ���� K669Q8 )66;5 

 ��$9:�)(�.(

J� -��Q9:� �� -<7, \�/5 �5� S�� <B@  �! �� ]^_ `<

 �!)���'+05 �90�(=�+6: ]64 ��<C� �K9>68 ��68 � ���

J�>��! '65 a��6@ ��6� �� <6��0� ���@ *JZ <6(�@ .\T�<6_

=�+66: K9>668 ��668 ���a��66@ ��66� ���66@ J�660� ���665 ���*�

NC/Kg �kg/+CD34��E*�/�'5<(�@ .'��_ �� ��<C� K4

=�+: \4 K��7� �� -<( ���7( ��8 ��8 S�6� <6B@  �6! 

��d K@e:�95 ���*���6:�)D.(<6��0� �6&P G���@�6B@

=�+: ��8 J�>��! �:� *JZ a��@  ���70@ K@ S�� <B@  �! 

=�+: G�� K4 e035 �� �8in vitro G��4�9��6: e6:�� ��68

 G6��  �<@ f<��( �0F�� ?+9$5 <6Bg � <6��0� �60+@�T K64

-�T ��)\0>��9� '9��5 ( V  ��@ <6B4 �600;� �68 .�6@ -�h6,

�8��94�� i62� )60� -<6����J�@ ��8��94�� f<(� -<BB4�2�� �

=�+: <(� ]0jB� �� '7&5 <���� J�>��! K��� ��8 .J� '��

�6Q�V ������4�5 '@�&9�� G0H���� �8��94�� G��(MIP1-α)J� 

�4�74 -�����! k�l,�G��8'5<(�@)�.(��! G�� 6m�)@ -���

 <6���� '@�6&9�� �0��C� � ]4 '�����5  J�)D��.(MIP1-α

=�6C� 1��I� 6@ U094���0706( � -<6BB4��06:�B5 ��� f�68

 =�+: � �8�����4�5 ��8T���� .n60��� G�<@ K64MIP1-α

�066:��� 1�P�66&5 ]066jB� o66,�@ =�#66�� i��)66�� f�668

=�+: ��8T=�+6: K@�60��C� i��)6�� � =�0+��<6�� ��68

=�+: -<B/4 ��8(NK)'5 ��()E��.(MIP1-α�60F�� J� 

i0� ! ��8J�: '5 �C��75 K0��� J�>�� �62�� o6,�@ �65� <B4 

0F��6�60�6i8J�6:6@ ��6��6a�<C@ ��)K+7P J�CFU-Gf

CFU-E �CFU-M ('5���O)���.(

G0H���66�  �660@ G0H���66� G66�� ��668p16 �p27 �� �� 

=�+: J�>��! ��8 '65 i��)�� G6�� n60��� G�<6@ � <68�

=�+: J�� �� �� �8G0 '65 K6.� � ���� � �6j��35 o6,�@

 =�+: G�� �5��25 '��0706( \65��, � �68���� �6@��@ �� �8

 '65 ��670@ '��65�� '70( 'd �� p�q�#! ��6()E��.(��

��l_ K4 �:� -<( ��6&B/0� 1�C��N5 '!�@MIP1-α�� 

=�+: )��7� J� L��5 �/4 e035 ��68 J�>6��! �76: K6@ 

-�� '5 ?+9$5 ��8 ��()�.(

 V J� ��� '��P S<8 K4=�+: <��0� �5 ��8J�>��! K6@ 

=�+: G�� )��7� *<, f�:�  ���70@ �/64 1<65 'd �� �8

 ��in vitro '65 �����!�@ ����J �078� J� <6(�@ .G���@�6B@

 �I� KC��N5 G�� ��MIPl-α=�+6: )��7� J� �C��75 �@ ��68

CD34+/CD38-e0635 K@ �M>� f*�: <T�� e035 �� ��68

 S�6� <6B@  �! ��7:h� ���_ �� ���6O G06BP *�6: �

G��4�9��66: ��l66_ G04�66��9B�� ��668EG04�66��9B�� fDf

=�+6: <6(� ��94�� fG09r���M5�� � K6��� ��68FLt3 <6��.0� 

���O ���T ':��@ ���5.


 ��
� �
���
=�+: �J�:�<P � S�� <B@  �! K0&� K9>8 U� ��8 ��:

��6@ '@�^� s�� J� -<( *�^�� KC��N5 .�6����� J� [6�

 S�6� <B@  �! f �7��J i$@  ���70@ J� t023� ���u� *��

 K0&� -<( <��95 -J�� ��J��)e:�95 ��d K@vw'+05 �690� (�

K>04 �� ��68��� '6+05 �690� ��62C�� <6u -��65 ���6_ �

CPDA)�FC@ '9CBq L79^5 ]T (L67P <6( ���V . �6!

 S�� <B@ �M>� �@�K@�x��9:� \0�� �@ )�7.0:(� y�6+$5 

K@ 1<5���=�M+O �� <��5 'T�@ �,�: z�6:� )65�T ��8

<B��7� .[{:�'+05 ��� '65��V K@ '��� =�+35 J� �90�D

'+05 =����� �90�)��M0P(1<5 K@ � ���O ���T ��K620T� 

��� �@rpm ���� <( ��Q��9��: ��=�M+O z�:� )5�T ��8

<BB4.

=�+: [{: K9>68 U6� ��68 ��(MNCs) e6:� K6�Z J� 

<P �/64 e0635 �@ ��@�� � �J�:�RPMI 1640 )O�6�M0(

<( -��� �/9>( .+: �0+�6�@ '���056'+�/4 e035 �90� 
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RPMI 1640\6q�_ '��+6: �0C7P � <6( [��{6:�: 

|�� � ��@�H� *Z e:��  �{��� �)05V <���O ���7( �+@.

e035 s���� G��4�9��6: y�6+$5 � �/64 ��8 ���65 ��68

-��Q9:�:

�� J� KC��N5 G�� ��/4 e035 RPMI 1640 )O�6�M0(

�6@ -��78���6� � ���6O G06BP *�6: <6q�� ��<6q�� 

=�+: ���@ *�: <T�� e035 � S�� <B@  �! ��7:h� ��68

J�>��!(Stem spanTM, Stem cell)  ��4�9��6: J� �G��68 

FLt3 <��.0� fTPO fSCF fIL-6 �(R&D)IL-3 ��<625 K@

ng/ml ���: �8 J� <( -��Q9:� G��4�9�.

=�+: �0F�� � �/4 ��8J�>��!:

��<6C� ���*�=�+66: MNC '66+05 U6� �� e06635 �690�

 �0+� J� =� �8 K@ �/4��<( -��)�� K��! .=�+6: �� �68

 e035 s���� G��4�9��: ���_ ��J �/4 ��8 ?6+9$5 ��68

-<66( �664} <66���@ �66@ -��6678 1��66q �� K66@ ng/ml ��J�

(R&D)MIP1-α�����l_  �<@ MIPI-α1<65 K6@ ��

�� K9Q8Co2�@ ����@�������<�<( K@���� �@�d� <q�� .

• RPMI 1640 + FCS ��<q�� (FCS) 

• RPMI 1640 + FCS ��<66q�� + MIP1-α
(FCM) 

• RPMI 1640 + CBP ��<q�� + (CBP) 

• RPMI 1640 + CBP �� <6q�� + MIP1-α
(CBM) 

• Serum Free (SF) 
• Serum Free + MIP1-α(SFM) 

 

K6��7� �68 ���@�U68�g )=�� (<6( -��� ~�#69!� .��

��94�6� ���_ e035 �@ '+MT e035 J� '70� =�� K9Q8  ����

 =�+6: � <6( ���6C� -<( K0&� -J�� J�� f=�� J�� �� �68

<�<( ���7( ]8���&g J�� � ]9Q8 .

��95�9��:�+� 

��<C� ���*�f=�� ��8J�� �� K��7� �8 J� =�+: ]96Q8 

'9�V �@ ]8���&g ����@ <u ��8CD34 �6@ KO����4 FITC 

<u �CD38 �@ KO����4 PE )�4��('9�V ����@ ��8IgG1 

�@ KO����4 '(�5FITC �PE =�69B4 i��5JV *�^�� �&P 

@665 K61<D�60T� 66����� �� K2665� � '6��°C�K6@���� 

�6@ �/69>( J� [� � <�<(PBS ���6_ �<6q�� BSA f

=�+66: �668 �CD34+/38-��95�9��66:�+� -�.966:� e66:�� 

(Partec, PASIII) K�)^�<(.

-��� )0���V �8:

e035 K>��25 ���@ i��)6�� �.�<6�� �6@ ?6+9$5 ��68

 =�+6: <q�� ��68CD34+/38-=�+6: ���68CD34+�� 

��8J������-��� [{6: � <6( KM6:�35 \6q�_ ��68

:��6� e6*���6��)�/��SPSS 3� � K�)^�\0+ fG0.��605 �

7�)4�56��05 � ]6��)�� K6q�� i6<=�+: ��68CD34+/38-

=�+: ���8CD34+��68J�� �� ����<65V �6:� K6@ .

e06635 K>66��25 �66&P J� �.�<66�� �66@ ?66+9$5 ��668one-

sample T test �paired-sample T test<( -��Q9:� .

�� ����� 
��<C� KC��N5 G�� �� ��K6��7� <6B@  �6! S�6� ���65 

�6��O ���6T -��Q9:� .=�+6: ��<6C� G0.��605 ��68MNC f

CD34+�CD34+/38-n660��� K66@ =�� J�� �� ���*D/�f

��D*��/�����D*��/��660F��  �)6605 � <665V �66:� K66@ 

=�+: ��8CD34+/38-�CD34+e035 �� ?6+9$5 ��68

 ��l_ *<, � ��l_ ��MIP1-α<( K>��25 �.�<�� �@ .

�� e035 ���9� *�: <T(SF) :

K��05 � G0.��05 f]7�)4�5 ]8���&g � ]9Q8 ��8J�� �� 

=�+: <q�� i��)�� ��8CD34+/38-)=�<6P�\�6( �

�(=�+: ���8CD34+)=�<P�\�6( �D(e0635 ��

SFM e035 J� ��Z�@ SF ��@ .e0635 �� �65� ��68SFM �

SF <6q�� i��)6�� G0.��05 ]8���&g � ]9Q8 ��8J�� �� 

66:=�+ ��668CD34+/38-)n660��� K66@�/�=p��/�=p(�

<6q�� i��)6�� G0.��05 =�+6: ��68CD34+)n60��� K6@

�/�=p���/�=p('BC5 1��Q� ����<B9(�<� �.�<�� �@ .

e035 ���9�RPMI -��78 ��*�: <q�� (FCS )FCS :

e035 ��FCM ��68J�� �� ����i��)6�� G0.��605 

=�+: <q�� ��68CD34+/38-n60��� K6@ �/DD��/E��
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=�+: �0F�� �@ �����4�5 '@�&9�� G0H���� �I� J�>��! K��� ��8 �94� ����78 � *<25 '+,  ��5�4 

���

>��1�:>&�% � �'� ($�!� � .�/5��� #9!\$�!� 4�C CD34+/38-.C���Sd � .�GC 4�C;�� �� 

.C���Sd ;�� .�GC ;�� 

($�!� 
Median 

.�/5��� 
Maximum 

9!\$�!� 
Mean (±SD) 

($�!� 
Median 

.�/5��� 
Maximum 

9!\$�!� 
Mean (±SD) 

DV� K!8� X &$  

D/E��)E/�D±(D/����E)�/��±(�/�SF 

D/���E )E/D�±(�/���/E�E)�/��±(�/��SFM 

�/���� )�/�D±(�/����ED )�/��±(�/��FCS 

�/��DD� )�/��±(�/E��/�D�� )��� ±(�/DDFCM 

�/���)D/�±(�/�D/D��� )�/D�±(�/�DCBP 

��/��)�/E±(�/��/��D� )�/D�±(�/��CBM 

�:� -<( -���V )9���� \!�� G0.��05 � ��0C5 S��3��.SF : *�: <T�� e035Stem spanTM fFCS : � ���O G0BP *�: ���_ e035CBP : ���6_ e035

S�� <B@  �! *�: .SFM fFCSM �CBMe035 n0��� K@ ��8SF fFCS �CBP ���_ MIP1-α<B9>8 .

>��1
:�'� ^/ 5R  ($�!� � .�/5��� #9!\$�!�>&�% �  4�CCD34+.C���Sd � .�GC 4�C;�� �� 

.C���Sd ;�� .�GC ;�� 

($�!� 
Median 

.�/5��� 
Maximum 

9!\$�!� 
Mean (±SD) 

($�!� 
Median 

.�/5��� 
Maximum 

9!\$�!� 
Mean (±SD) 

DV� K!8� X &$  

�/D�/��)�/�±(E/��/��/�E)��/�±(�/�SF 

D/��/��)�/�E±(�/��D�/��)�/�±(�/�SFM 

�/��/��)�/�E±(�/���/��/��)D/��±(�/��FCS 

�� �/E�)�/��±(D/���/�D�)�/��±(E/��FCM 

�/�E�)�/��±(��D/��/D�)��±(�/ECBP 

�/��/ED)D/��±(���/��/��)D/��±(�/�CBM 

�:� -<( -���V )9���� \!�� G0.��05 ��0C5 S��3�� .SF : *�: <T�� e035Stem spanTM FCS : � ���O G0BP *�: ���_ e035CBP : ���_ e035 

S�� <B@  �! *�: .SFM fFCSM �CBMe035 n0��� K@ ��8SF fFCS �CBP ���_ MIP1-α<B9>8 .

A

B

eM	�:>&�% 4 �� 4���&�/�%&�R 4�CCD34+/38-K!8� �� SF 4��- MIP1-α

A(=�� J�� �� �>� � =�9B4B(]9Q8 J�� �� �>� � =�9B4 
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���

eM	
:>&�% �Z�� ^/ 5R  (
/��� 4�C CD34+/38-K!8� �� 4�C)FCS (FCS �Y+ %RPMI #Serum free (SF) �CBP(CBP) �Y+%RPMI 

C���Sd � .�GC 4�C;�� ��.

SF : *�: <T�� e035Stem span TM fFCS : � ���O G0BP *�: ���_ e035CBP :S�� <B@  �! *�: ���_ e035 .SFMfFCSM �CBM n60��� K6@ 

e035 ��8SF fFCS �CBP ���_ MIP1-α<B9>8 .'5 K��05 �.����7� [4�@ �8 \!�� �� -<( -��� i��7� e! � <(�@��K��7� <q�� -��<635 �� �8
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Abstract 
Background and Objectives 
Umbilical cord blood (CB) has been identified both as a rich source for hematopoietic stem 
cells (HSCs) and as an alternative to bone marrow transplantation. To accelerate the pace of 
engraftment in cord blood (CB) transplantation, HSCs should be ex vivo expanded. So the aim 
of this study was to evaluate the effects of macrophage inflammatory protein-1 alpha (MIP1-α)
on ex vivo expansion of HSCs and its role in prevention of HSCs differentiation in different 
conditions. 
 
Materials and Methods 
Mononuclear cells (MNCs) were seperated from cord blood and cultured in RPMI 1640 with 
10% fetal calf serum (FCS) or 10% cord blood plasma (CBP) or serum free media (SF). 
Culture media contained 50 ng/ml of interlukin 6 (IL-6), interlukin 3 (IL-3), 
thrombopoietin (TPO), stem cell factor (SCF), and flt3-ligand. MNCs were cultured for 2 
weeks in the presence or absence of MIP1-α in CO2 incubator; expansion potential was then 
studied by MNCs counting and flowcytometry for CD34+/CD38- cells in 7 and 14 days.  
 
Results 
In all MIP1-α contained media, more increase in expansion of CD34+/CD38- and CD34+ cells 
was observed.  
 
Conclusions 
These results suggest that the effect of MIP1-α depends on type of medium and the cytokines 
present in the culture; it also shows that addition of MIP1-α is useful for clinically ex vivo 
expansion of cord blood-derived progenitor cells.  
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