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� � 5�:P�/@.-N � V H7:��" �� o�K# H7 H1�7 �� L� c
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l1U��%�� H7��7 S4���!$_� �# � v �@5 �� {��( Q3 D:
6N��$���� � �5� D� +N)�D<(.� -��" �4 �2 �4JIJ�2
��7$����4� �� ���7 S�����2 %��������4�l$��2�@A:�
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:��� @47 -M !" � Q3 �� � 5 � :#���� $�"��I��� �":
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:� %P �	�+4� L� $�4M -5 � $��!47 /�#L���� .��" /�@i
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 �...�:� A .� L��S� L� )��'1�2� �� �� #����� ��� S:��
l1U����!��2j�� H��7 %�:�������D#4 ��?� /��@�L�����"���� 6$

p���_ ���2� S��"P )/��@@N .��3�7:� L���� /��@#�� ���"���� S
���N��	�4S)Deferoxamine(D�V L��N�� 3 ]:`4���X	

1# �� � )/��A4�6� u��2 � H��?����� J��3�� ]���/$ ��?��6
�:/# A .���N��	� � 34# S4. ��2� SI!� 6�m�� :��
�:7 D/A�7 H1A�� H��#�N� N �� )G:�	 HN�14%P ,�2 S��"
��4��2� S.3�7:p�_ L� )/@@N�"$�	� /@#�� S"P�%��~ 
)Deferiprone(� ��:N�� 3 k� ( H7 %� �:#�4 �?� 6�6

��N .@"P:���N��	� u2 � HN4�	� � S�)/A p�_ %��~
�V L� )/!. � V H7 �2��� b	� ����� ]:� A ./5���/�S

N�� 3 )/@@N p�_:S"PD��L��'�95 � HN �2� tN��
�V L� uK	 S"P p�_�� Y 	/� ]:����M)�(.��7 )�l�.
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��7 S4��2� )/�A ,��?#� %���!)��=>(.% �3 L� )��'1�2�
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R+�4!2j�� o:�4/��� �� � @�H��#�7 DS�"$�4*�+4�$
!2j�� L�:!"�4L ����$��2� H1	� .��H��#�7 S�@1U� ��":
�*��7�` �7$�4��7 z���L� L� a$β=!�2j��:��2�.��

���� ���&5 D��� ��� So3���A L� H1��2� %P v���R1#����"$
� ��U-M ���"$Uf L� 6����f��4JMCH )Mean Corpuscular 

Hemoglobin ( �MCV )Mean Corpuscular Volume(D
R�+� �� HN4L��1" /���� o�X� �L�� k �* 4�4S)/�@@N
Ke� D/#���4L k�K���$� � H1	�M ,�?#�4��&@�+:��" ���7$

 K��!I� � �4�*��7�` ��V J$!2j��:����H�2� )/A
 L� /�@���U. HN :�( K� �� H���#�7 ���"$��@� � )����+�4h

!��2j�� 6��N��� �� )�� #���3:D�(���7 ,��/��� k�����#
��LP�)�*��+���"$R��+�4Dz���L� L� J��Uf o�(L� )��'1��2�

��I!"$QQR1�4��7 %�#L S$/"� �A ��7 %������ Y�5��
�42��I4�*���7�` ,/. k� ( �� L 1$� z���L� L� J�Uf
<(y���44��V �� ��4*��+4�$!��2j�� L�:H��7 »�4*��+4�$L�

7 -M !"4��� @:�"$�A�b«)��D�(.%�@i f HN /�A �N� {lU
Xqf %����:!2j�� ��:� D4� %� R12� 6y� /# :H�N /A�7
�!�f ���"$/X7$74� H13���� %P H7 �1+:� A.

JIA :2�� :# 3 hN %����:
,�M )L�����"$/@-7$� � ��1@N �&5 ��4*+4�$��S

74��!$��2� )/�A H1A���7 .!"� �4 I�A6� �:�#��� �:=
.�!15�:�!_�7 L� �4%���!@i �747 S4��!$@�6�:��74��

L��2� �� .Ke�4�� ��7 k�K$��4a74�@:7 )���4���!$�
X� 4�4 *# ��*i � %���L S:h��" D%����� ���� H������ %��@i .

�2�@A:�7 �����L Hi�"4�� %����!:�2P L� /�#� �49��"$
/A�,�/#� H7 /�"$_4��:M -54�$/@N .��m�_ ���_ ��
h&� ���%���� S�":��� H�N:L� /�#� � ��"���$� ,��/��
2P4,�/#� H7 9��"$74M �-5 ���!4�$� /�@N ��%P ��� ��"

" J��A D/"� a"�N4�N��/:)��� )Hydroxyurea ( �� �
��3�7:�6� b��f� ������� % ��3 ]:/��A�7 ."4���N��/:)���

�:nq2 /#� �7 -M !"4SF7 �� ��4�6�	� %���!�D/�"� a
*-��_ ,�*@" �� H1U��:!#:�7�)��'1�2� %P L� ��� ����M .

%�����"$���*$#4" /�@#�!" HN ���� � 5� 64��N��/:

nq2 )���7 -M !"4SF�6	� ����� a:� /�"� �� r�.�7 �
�l_47 �-M !" �4SS��:� �7 H�-!5 L� D� �A4k�� D��"
2�47�14S)Decitabine(2� �4�"/$?#L )��� N v��i �4)�.

3�7 D)/A �N� ��� � �7 )�l.:%���� L� ��"$/5��# /�46
u2 �2��7 ��_ �� %�/@!+#��:�"$74��� H�N )� �7 �1�+

2�4�&# J_��� H7 %/:�#4H���#�7 � ��N /@�L����6$f��4]
�:�� H-!5 %P L� � /A�7:��1�2� H�7 %� ��4S��" )Statin(D

����1#P:�����#j MP N�����" )Anticoagulant(������� -M D4S
)Glutamine()/��@@N��&� D���"$pan-selectin # �4�1��� c

�N�4)��A� /�A�� .����_ �� S:#���� %� HN �2�:#�46
L�	 ����I��LP�+:�2� )/A � 3)}(.

� -2 /# 4� L��# 3 $��4@7 $�")HSCT =Hematopoietic 

Stem Cell Transplantation (:
-.:� h`�4�	�+ �"$# @N:7 D4!2j�� H7 l1U� %���!:

# 3 hN �:2��:JIAh"%��@i �A�# ��#� J�!e1�:L�
�� )L��U��� �7 h�Skjl13� �� S�6�:/@�A�7 .���S����� H

�:�� �� /#� ��7 �!. %�4H���� ��!�L D/�7� �� �" ��4���L� c
#���� ��� �:!# )/A )��A�:� U&7 95 � /#� �$�Xqf:
7 J��N �4��&@� � ���M ��! �� %P x�� �. L�:/�"�N .h�" 

��@i4SHX��2 � � ��5� ���7 ���Uf��� ���"$���!_�1:��
7 -M !"4��� @:�"$D� 	 h"�� %�@i4M/#L H7 /:� ���S

74�2� hN %���! .�7HN )�l�.4'�4M/�#L �:#�4� �� 6��S
74{j !X� %���! QR+� � V H7:Xm4�2� �.H5 � �7 H7

� )/�A ��N� k�I# �2��7:��"$H�1	�M k� �( u�2 �
� D%�/@!+#��:%� � �4/�#  � -�2 ��"$@7�4��$)HSCT(��
#���� )�� �&@�:���d��7 -M !"4���� @:��" ���#��)�}=

��(.
���4S�� ��7 ����2 �4a]�	 � a#���I!" � B�� � 

H7 �4� -2 /#  �"$@74��$L��# 3 ����� N c����1 �4�:�
/A/#.7 �"/�( t� %P L�4!�2j�� H�7 l1�U� ���!:h�N �
# 3:2��:� -2 L� DJIA�"$)/�@@N�/"� %� R1�2� 6�y� 
 3�/#����+ ���7 HLA D��ML���2 �4�"/��# $1	��M ���P:��
���/#��N �	�)��(.7 -M !" %����� )L����4���� @:L� ��"

!��2j�� H��-!5:��!#P �:��2��:u��2 � JI��AHSCT D
�4�	�+ "��$L����$H1A�����% "���� $�" /5�/$
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� -2 :��� @47 -M !" � $��4@7 $�" 0!" � ��*"� l4&2 �"%��� 

��� 

��58�:72�X1�2 �O 5���� U�K�2 RV2� 

j���RV2�k�d�<

�:7��L��/# 4� L� JUf $�")�>D�;D��(
=�# '. :2��7�"$��2��:Uf L�4�4��~" B���� H7 l17� JBDC�CMV

=S"P $��U#��M %�64� a?@2 �&5 ��!47 /U8 :�� 47 
=q� :2��7]7�HLA)/@@8�/"� � ��!47

�h���)���P $�"$L�2)��D�}D��(=��!47 :@!�� h1�42 v 8�2
=��!47 $L��# 3 v 8�2

�H# !#$�4M6y� L�%� R12�)��(=��4-�� %� R12� z�� L� {j !X�)Iliac crest(:� H1	�M� A

<h���L� $�4*+4� $�"GVHD)��D
�}D��(

= ?��6S�� ~2 -042 % i :��"����AJ41� � k��8�� 1� D���% ��64#�7
)��� � �"L��$�"Y @1�

}�Uf��� :1��!_ $�")��(=��/3� k� (�� :@!�� $�"�*7 8�2GVHD

=:M� �P $��7 $�*��7�`H7CMV

�H?41# :7��L�� /# 4�)��(

=���!AJ4	��� # ]-q� ��/X��")ANC=Absolute Neutrophil Count(�8l� D
S47 -M !" �)S47 -M !" L� 	��10�� :"�M �($/4w -4� ����� k�Ud� $��7

/# 4� 
=,�?#�P��L�a$�"�N��!�2��7 � h�:� �P7 � S"4�� :/UN

N H��N ���2�4'��4X� �4��4 SHLA )HLA Typing ( ���K��� ��
+R74�2� )/ .� ��7 )�l. �� ��"���� DS$/5��/$�� H�N

2 v N�24� h1��@!:� L� t�4M �-5 ��&5 /�# 4�$L�
7 %P %�L t� H� ��N:h" D/#�� �@i4&��� S4L��2L�7 J$

24� h1��@!:%����� ���"$��!_�1:���7$M �-54�$L�
�# '.�"$�(�	 G���12� D9-V$�"$!�2 a"�N4� �

�L��B�12� �� b7�@� ��-R� �&54� -2 o�"$@7�4��$D
� L��-�� . �*:/U� �� HN /@1�"�JHSCT H7�6M c�H�@
#����:7 -M !" �� SO!q�4��� @:/�#��� aK# �")��(.��

��I# H����:� �� /@i4� % ���4�" �� %� R12� 6y� /# �c
!2j�� kjl13� L�:�SCA �:#� 34/)��/5�(.

�� %� R12� 6y� /# 4�:!2j��:
���4� L� ]	 � ���6M S4�� %� ��P %� R1�2� 6�y� /# 
 ��2��>�DH7 g 7���7 c4!�2j�� H�7 l1�U� %� 5 ��!:
�2� .� �����147 �4L� a}�� 74!2j�� H7 l1U� ��!:��e�

�4/��#   3 )/��@@N�/"� L� %� R1��2� 6��y�������f D/#����+ 
H1	�M /#�)��(.��2 ����>> 2��7:��":����7$L�� ��7�:

d��4Xm� �4� L� JUf �47 /# 4!�2j�� H�7 l1�U� %���!:��7

1#4� H?4�	�M k� ( /#  .%/�A s�6�7 HN /A oR+�
/UN)��*� ��~":(	 �4�K7 ��!1_� a"�N r.�7 ���� � L��U
�:/# A .7H%�KKe� )�l.���7 HN /@1	�4�� S��� S�"P h

�K7 H�q7�� D���� � �5�)��(.H�7 �!"4�� S�4��7 JB��2�
����*� ��~":	 � ��5� D4/��UN L����U$%������ ����7 h�@���
)/@@8��&�DS"P $�" 74��# L� %���! �4%�6 H2 H7 �q3)��M 

�K�4� h:/# A)��D��D�}(Z�=74#����!:H�N ��" /�f�	 
�� L� c��"� 1N�	 S$/@1�" � 	D�=74#���!:HN�c���

�� �� � 1N�	 ��� ��:� /@A�7�=���	�$HN/5�� H�2 ��"
 1N�	�/#)��(.R+�4� o�S� L� J�Uf H�N4/�# D74�� ���!
,�/N �)��M L� c�"$���� ���f � 	D� )�L�7 � U&7 ��4/# 

���2� �d)�}(.�1#�� �47 �� %� R12� 6y� /# 4l1U� %���!
!2j�� H7:7 ��4�A %�12��!�1X:D�K7 ��#$J�N)overall 

survival(H-(�	 �� ����� L� t� ��24/# D</;�/�(��
���K7 �$7 %�/��74����!$)disease free survival(��</�>

���6M /(��)��8 �2�)�<(.

:2�� :# 3 hN �� %� R12� 6y� /# 4� JIA:
���4� S4��2 �� ]	 � /# ��>� ���H7 l1U� �13� c
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)���C)��!A DE��0� 64��� DCF)G�� D� -2 H��# $�"$��4@7 

��� 

# 3 hN:2��:� JIAAML 1# � �	�M k� (4?�%P H
# �3 hN %����:�2��:� �7 JI�A .#��N� N:H�NHLA 

)/@@N�/"� �7 ��ML�2 ��"$ 3�/�#��� � �3 /#���+D��1#��
�74�� ��4)/@@N���/�$�7 %���� �� ��HSCT )��� %�+# /�#�
)%���� ��!1_�>�%�����(%� L� D��� ���N� �� S4�"/�# $

� -2�"$@74��$#� �2���2 �� % @N�� HN4)/�A ���6M �
#�N� N �� �2�: 3 )/�@@N�/"� HN )� 7���7 /#���+HLA 
H1��A�� ��ML���2/��#� .����� S4�� /��#  )/��@@N�/"����"$`��4 �

 3�7 D/#��+ H��7 �� )G4S��� %����! K	 � D��� �4 �!N �:
�2� H1A��)��(.
� %��L�)/� �� �P4� -2 /# �"$@74��$D@24#� 5 S:�

JUf � L�47 ��1�M � �	�+4��!$�"$f��.:`�4�J�7�f
� �7 uU��� �+M�7�7 S4��!$�:/�A�7 .�-N � �V H�7:��

X�4�"��$� v�R1#�4��7 /# $# 3 hN H7 l1U� ��	:2��:
JIAD!N S21L� ���)/�@@N�/"� S1A�� D��2 L� ��ML��2
 ��#HLA Jf�/_ S1A�� ��I:H#�+# L� �"$L��� �� ���S

��6�� Hq7��:�2� .��L� /@���U. �" H#�+# S:H1I2�H-!_ �
24UQ. h1�:6N��$7 HN4L� a�<�� �.�2�D/�A�7 ��/

H�'f ��_ ,��/@2 24�� DH@4��� @:�I�4)/# A ���DH	�V
��������'#:���2��:� J���(�'� L��I# O1���2� DJI���A

� �P�# !4�2�64% %����� � �V �� ��"$�6���K:#j �V:
k/�)��D�}(.

� 5� �7 S�� j�7 /(�� HN:�7 L�4H�7 l1�U� %����! β=
!2j��:hN �# 3:�2��:�� �� JI�A:� ��7 %� ��4/�# 
#� �P4L� %� R12� 6y� c� 3 )/@"� c���7 /#���+HLA 

��ML�2�� D� !# %����:� L� )��'12��#���� ��� S:#�46
9-`� /@#�!"��� $��" #�����:� D��)/��q3 � )� �U# �P

 %���� ��IA� #�d x�� . H7 l17� ��` DH4�J7�f v�@15�
�:/A�7)�}(.2��7:�"$���P$� %�+#:���!1_� HN /"�

� � s��4� H7 H1�7�� �4/# ��TRM )Treatment-Related 

Mortality (7 ��4H7 l1U� %� 5 %���!β=!2j��:�74S>%
���}%�l1U� ���hN H7 %�# 3:2��:JIA�%�����%

�2�)�;D��(.h�" �@i4�A S4Y GVHD # S�6�� �4 �� 6
M4)/#��"$�4L� /# �l1U� �� ��ML�2 )/@"� c�H�7 %�β=

!2j��:�;%7 �� �4h�N %����! # �3:�2��:JI�A��%
�2�)�>(.�4l1U� �� /# �%�H7β=!�2j��:S��� ��7 ���

��7 %��M$7 DS"P H��7 )G4#���!:��?@"�# HN$�"$/�UN$
�1# D/#����Xm �4���$�2� )��� %�+#)��(.

���2 � -2 b7�@� L��# 3 $��4@7 $�":
/A )��A� HN � V %�!"�I:��/e� L����"$)/�!.

� ��4%� R1�2� 6y� /# D9�2�@� )/�@@N�/"� � �5� ,/�.
�2�D7H� V$��&@� H�N�}%���� %�M/�#�4D/�#  /�5��

 3 )/@@N�/"�����# L� ��ML�2 /#��+HLA ��:/@�A�7 .��
� bU@���*$� �� HN4� -2 /# �"$@74��$��q� L��# 3
/@1�" L� /@���U. :p��# /�@7 % �3)UCB(D�� H�N:/�#� �

 H��7 ]��-X1�` ����	��4 3 ��/#����+��� 3 ��/��A�7 /#����+ �
� -2 �"$@74��$P -��" ��1#/4��I)��()��/�5�.(%��!" 

��/�5 �� HN � V�D��2� )/�A oR�+� )/�!. S���� 
6���UCB �7�2�� -2 b7�@� ��"$@74��$D�#� �:�� U. 

��58�:Z�� 5�� 7�@ 5���� S��N � ��2�)
�!
l+�l+��(

��2�S��N
�=H7 b��2 � S!�� :2�12�HSC �=/# 4� %�L t� �q3
�=k/A a"�8 � Y f� a"�8GVHD �=/# 4� ����� �.�2 %� 7 H1�"P

�=/#��+� 3 �4` )/@@8�/"� L� )��'12� %�0�� �=L� t� $L��# 3 :7����L�7 �� �43��
/# 4�)�# '. �+@�(

<=/# 4� )/@@8�/"� $��7 %� 7 �q3 h8<=��/X�� -2 ��/e�B�12� �� $�"

}=%� 7 $��.UCB %� ��� L� :2���� $�" 
}=/# 4� �7 H���K� �� �1!8 :@4��7 k�47�?�

%� R12� 6y� 
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� -2 :��� @47 -M !" � $��4@7 $�" 0!" � ��*"� l4&2 �"%��� 

��	 

�"/2 L�$HLA ��2� �� H�N�4p��# /�@7 % �3 /�#  L�
` )/@@N�/"�4 3���7 /#��+4!"� ��4���� �.X��q�H�"%�+#

)���/#� � �� HN�� Y # S4h�&� /�#  ������ S4a74�@:)/�@@N
K	 �4�D� -2 ��/X� �"$6���� )/A ]pl1�3� H5�� H#

HLA �:/A�7)��(.��7�@7�S�� oR+� � V H7:L� %� ��
�4/�# UCB 7 ��4#�����!:)/��@@N�/"� ���	 H��N �$���7 HLA 

��7 ��ML�2$�4%� R12� 6y� /#  /#��/#D��N )��'12�)��(.
� �7 �� � -�2 ��/�X� � �5� S��"$�4/�# $� �� �� ��� S

� ��/e�:� � /A�7��� S�K	 � %��I�� H� �4� �4��� �� /�# 
L /_���$� a"�N:/"�)�<D��(.
���4� -2 /#  �"$� -��"�1#/4��I:�/�#� � )/�@@N�/"�

�� � �����/�A�7 /�#L�	 )/#�)��(.�6� L� ���$����A S4) D
��7 j�7 t#�A S1A��$)/@@N �/"� %� 7 B�12� �� �4/�# 

�2� H-!5 L� �)/!.���b#� � S%�L t�� r�.�7 H�N %P
�4/#  �:/# A DGVHD �N�# D�/�P$j V#:k/�24h1�
��@!:A�#:A L�4!:#����:��� ������� :/�A�L� J�Uf /
�4D/# �6	����# '. Y �f� ���!1_� a��" 7 �4���!$��"$

 '@�����4���'4 � L� t�4/�# )PTLPD =Post-transplant 

Lymphoproliferative Disease(���:H��7 ���?@� H��N /��A�7
��/e���� ���5�$���A S4) #�����:)/�A ��2�)��D

�}(.

��� ���"$/5������5 /�6*�� S4� -��2 /��#  ���"$@7��4��$
L��# 3:

� H7 JUf aR7 ��4� -�2 /#  ��"$@7�4��$L���# 3 �
� 	��X� � /�%P 9�"kjl1�3� %����� )�� ��&@� %� �@. H7

7 -M !"4/A H13���� S.L� ��# p�( ��/�e��Db7��@� �
2�2� JI+�:� L� )��'12� ���� �� ���!1_� Db7��@� S4/�# 

�:/A�7)��(.�!" H�74�� S�4/�X� � HX�2 � ���@N �� J�J
��� �"$� �5 �D��� ��"$��# ��* �4 6%����� ��&5

7 -M !" kjl13�4S2��7 �� �:���f H�1	�M /�#� H�N��
%P H7 H���� )/A )��A� �" �2�.

%� #����::
p/" L��4� -2 /#  �"$@74��$L��# 3��kjl13�
7 -M !"4�SDeQ�4�K# n�1#� o4I:7H2�4�5 H-�6*�@:

%� ���"$�����m$����7$L����# 3$UV4��X:�V L���� ]
� -2 �"$@74��$�2� %� �P .� ���H�q7�� SD� -�2 ��"$

@74��$�"� 1N� /@#�� H7:��� J�!.:%� J���_ H�N /�@@N
/@1�" h��2 .��7�@7�� S4� -2 /# �"$@74��$�:H�7 /�#� � 
%� %� @. #����:� -2�"$@74��$H�1	�M ���# �� %� ��P

� A)��(.�l� ��7 �"$� -�2 H�7 %� ��K1#� HX2 � ��"$
@7 �4��$7 ���	 � �3 L���# 34�7 � ���� H����� ���! H� ��V

oR+� k� ( ��%P ]Ke�D��2 x�� .���� �L� ��"
 H-!5GVHD � �� �4/# 7 L�4S/"� 3 �	�)�}(.
h&����HX�2 � �� ��Q@. S%�#�����:kjl1�3� ��

# 3:D�4%��N �/�� 1N� c���7 9�2�@�$H�7 %� ���K1#�
� -2 �"$��2� L���# 3 .��� �� �� H�"� J��>�DMLV 

)Murine Leukemia Virus ( %� @. H7�9�2�@� � �1N� c
��7$� -2 , #� H7 %� ��K1#� �"$�/�� �� L���# 3 ��"$

A �:	�X�:��M ��/.�-.:K	 � h�`� �4���"$DJ�(�_
%�KKe� ���6M HN /#��� ��X	 ���� %� %/A$Hq2�� H7 
� 1N�D95 � �e���� c��%� I#�  �"H�7 ��?@� � )/�A 
HX2 � �� % 3 %�V�2}74��!$7 HN H��4?#L oK# J4)�

/�#� 7 %����� ��e� ���M��M D��/.�����/�3� SL� %��+# 
!"�4��� 1N �_��V:%P 92�@� ��hN�q3 � %� �!# 
@����4���+R74H��7 %/%�#������:���� .� H��-!5 L�����*

"� 1N��$HX��q� �� �D�"� 1N�$1@�:��2��:/@1��" .
�"� 1N�$1@�:��2��:�2 c4�� h1��� %� ���K1#� �� �d

74j�7 %�$%��"$7 -M4� S:/@A�7 .H"� u2��� �� ����D
� �1N� J��I� ��"$�1@�:���2��:�� ��7 ��HHIV D%��I��

HX2 � ��S� 1N� �"���K1#� �� �� 7 �-M4���N h"���	 S.��
K_4� �+N �K4�L �� h&� �	�+4%� H@#����:7 �-M4SD

��2 �������� �7 ��H�"� 1N�$1@�:���2��:7 �-M4S
���	�M k� ��()�}(.S4�����2" �!����� a#�����I4����7 S

�"� 1N�$1@�:���2��:)/�@@N/N β=7 �-M4S#���#�:��
��7$%�����β=!�2j��:���/�� ��"$�A �:���N H�7

/#��7)��(.�X��q�H$��" /�X7$)�� �3�@�A r�.�7 ��"$
/X��� �l�(� � J����� S��M ��/.���7$����� ��&5 

` ,��`�� L� �X#�!�4�(�Q13��:)/�A ���� %� , �#� ��7
� � -24%�76D�:�7�����@� �Q@. c4!:��3 %��/#�

B N � �� β=7 -M4H1A�� � 5� S/A�7��74%P ]�	 � %�
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)���C)��!A DE��0� 64��� DCF)G�� D� -2 H��# $�"$��4@7 

��� 

��!��4/@N S.X��q�H�"�� %��+#:7 nq�2 H�N /�"� �4 %�
O����47 �-M S4�1� S�H�. !?� L� �d �$�4|�4)/��(�@. L�
�@�4!:%��/#� %� �� β=7 -M4�2� S.7H�5 )�l.�)��*
� #�:# ,�`��4� �7 647 %�64%�%P���2� �d)�}(.���2 ��

���� /@1�#� � a#���0!" � �#�L���8�l1�U� W��7 ��!47 c
����� :!2j�� H7 L� )��'1�2� ��7 �� % �3 ]��6� H7 H1�7��

 :�1@� ��K1#� %� :�2����β=7 �-M4SDL� t����L� D)���
:7 % 3 ]��6�/@@8 L�4#)�;(.

� %�����)/# 3 hN �P:2��:JIA#����� %� u2 �:D
�5�6*�@:�~N c:UV %� L�4X:)βA(H7�5$7 �-M %�4S
2��:JIA)βS(��2� .3��4{��H�# !# ��":�L�h�N %����� 
# 3:2��:JIA%� u2 � #����:�/� �� ��"$_�4#� :

�� H��N H�1	�M ,��?#�:� �� %� ��� �� � H�7 � ��Q3 S�����? 
� ��� ���"$%� t#����� LCR-gβS� ��!# )����A�)�>(.��
� -2 �"$@74��$@54@:��� � S�"D�J�P cβSX� �4 v 

UV J���P ���74��X:βA���5�6*�� -��2 t~��2 � S�� ���"
2 12l74/#/A )��� ���f �.� -2 ��"$@7�4��$L���# 3
� L� ]1+��� -2 S�"D��A ���uin vivo � U-M �"$6���f

eQ�4n� � )/A4� )��N /1# ��4%P H?h�N # �3:%�����
��M�/)�>(.

�" %��#� �� D/@i � -2 ��"$@7�4��$@54�@:)hESCs (
�7 )�l. %P�/e��# bU@� HN�$���7$� � �4 � -�2 /��"$

�!��6�)��M � �2� H1	��"$�/X1�$��#�1�4L���# 3 J$
%PJN ���� L� )��'12� �7 �� �"�"$�4|42��7 )/:)��N D/#�

 �@5 ���4��/�e� S����":�� ��7 H�q7�� ���)�� ���? ��"$
� -2�"$@74��$V �7 %� ���4�2� �4X:���7 ]7��q� L�$
�6���� �7 %���� � ���� ]��HhESC H�7 ��"���4� �� J4/�# 

� ]7�q� ,/. H7 g 7���� � # !�I:747 � )/@"� S4D���! L�
K	 �4j�7 �:�!# ���� 3�7:/A�7)<�D��(.

� -2�"$@74��$���K�� %� � )/A)iPSCs(:
������@	$H�����#�7�����6$)�����7��)Reprogramming(

� -2 �"$��� 24��7 c$� �4� -2 /�"$@74��$%� ����
���K�� )/��A)iPSCs =Induced Pluripotent Stem Cells(D
A4) �$/5����7 /$%�����β=!�2j��:7 �4���!$h�N

# 3:2��:)���N h"��	 JIA �/5 /�X7 ��/$� � H�7 �4 /

���	�7���":���ML���2 H��N$��� � # !���D/��#��� c)��6��	�
�2�)<�D<�(.)��M L���� H7 �� ��"$L����$H1��#� � /�#�
� -2 �"$��� 24�K�� �7 �� c$74�"� 1N�	 %�$ #�����:

H�-!5 L� Y @1�Oct-4 DSox2 DKlf4 Dc-Myc DNanog �
Lin28 H7 DiPSC /�U� �"�/�@@N J.���� -�2 S���# L� ��"

1#�4I:�� D:1#�4I:X� �4�"��$-��I�:�7 D4H7 ��hESC �"
UA4H/@1�" .H7���U.:� 3 H7 ���f �L �#:��7 ��/�e��# H

k� ��(in vitro ���!� ��H��7 6���"j H��2���@5 H4��@:
:� /@�A�7)<�D��(.iPSC ��/�e��# ) K���7 b�U@� ��"$L�

� -2�"$@74��$��7 ��$� �4� /4a�"L��2$� -�2 ��"$
# 3:�� H-!5 L��w��14�� h"��	 D�"/:� /�#��P ��:%� ��
%P �A H�7 �� ��"4) �$H7��+� hESC ��!� �!�2 H�7 ��"�6

L��# 3$��� � 2)J0A�()<�D��(.

R�	�:A2 ���Y1�2 ���� =H���8 ������ m��)ESC(����H� m�H�
�&%2 72�<�� ������ �5	)iPSC(��M�; 5�%�< �� ��/ ��� :���� ���

= 2� A�4��@ ������ ���� ���� `��9 A2 72�< � =���8 ������ ���
 ������� 5��D�: ���� ���� �H� � ���D IH�� �H� n�<��H� ���

��HHM�; HH�HHH/ ��H�2� ���HH�< �� .HSCs :���HH�HH�HHH��� m�H���
@HA�4�� 

���I:��A L�4) ���"$������ � D���4 /iPSC ���"$����3
74��!)patient-specific iPSC (1#� �l(� t~2 �4I:��S

� -2H7 �" 2�4H-p/"M4�$#�:�2� .�� ���� %� @. H7
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� -2 :��� @47 -M !" � $��4@7 $�" 0!" � ��*"� l4&2 �"%��� 

��� 

� -2 �"$	4# �3 h�N H�7 l1�U� ���	 �2 � �2l7��U:
2��:JIADJ�P βSX�4J�P �7 v βA X��t�� � )/A �

/U� L��� J�� -2 S� -�2 H7 �" ��"$iPS �� D4a�"L��2$
���2��141:%P L� ]1+� � �"4� )�L /# :/# A)�>(.:�� S4� 

	 a#�����I!" �4���2l7��U���"$���2 ����7 c4����! β=
!2j��:k *�L !" H7 ��2�4H-��"� 1N�$�������2��:
��_$%��"$< #�� � 1N�	���:Oct-4 DSox2 DKlf4 �

c-Myc H12� �� ��$�����_ �*$�!"4%� S��&@� ��"$c-

Myc � � �!2 H7 D4� -2 /�"$iPS /�#��� � 2)<�(.��7
w��~��� � �_4c2�4�e� �� /4u�6�	� ��&5 D��+N�a
H����#�7 )�L���7����6$)����7�� L� t��� D� -��2�=�H��1'"

# -N:�"$# -N H7�+�:�"$hESC /#/�A �"�� D)<<(.��
H-_�� �V L� /X7�� � ]4h�5 /@54�@:)EB(� -�2 D��"$

iPS � -2 H7�"$�!� L��# 3�6�� �� � /@1	� �� L� H�-_�� S
e� ��4�!� u�H7 6� k� (:���:/�A )��'1�2� .�e�4u
���!����� 6��4HD��e� L�4,���2 /��f�	 u)SFM =Serum-Free 

Media(��@`:���7 )/��ABMP-4 )Bone Morphogenic 

Protein-4 (N�� #�����4#�������#� 9:DVEGF )Vascular 

Endothelial Growth Factor (N�� #49#���#�:)hrVEGF(D
TPO )Thrombopoietin(DSCF )Stem Cell Factor(
#����#�:� D�N ����1@4S=�)IL-3(#����#�:�IGF-II )Insulin-

like Growth Factor II (#��#�:I+� D4J)/�A � �7 .�e�4u
 #�d�� -2 HN H�"$@5 h�54@:H�7 %P �� ���'@� k� �(

�!� �&5 D/#/A �+N�H�7 6� -�2 �!�2 ��"$L���# 3
��_$SFM @`:�7 )/AVEGF #��#�:DSCF #���#�:DFLt-

3). #:� � 1~�2� �4L���SN4L��@$(#���#�:� D�N ���1@4S�
#��#�:�� �� ���1�14#��#� S:� 7 .� � k�Ud�4# �-N /:��"$
� �47 -M !" )/@@N/4��#� ��7 S�P�46$���# �-N S:��7 ��"
1#P:��7$7 -M !"4SF)@54@:(D/A ,�?#� .���� -�2 S��" 
H7 ��4J%P7 � 3 L� HN4� ��2�� D/@1��" ���!��@!:�����?
!#:/@@N)<�(.� )��M��*$��7$� �4/iPSC ��"$���3
74�����! β=!���2j��:	 D4����2l7��U����"$H���7 )� ����P

������B�� �"$���7 �� J��_$� -2 ��"$MEF-feeder 
�4��! � �7 )/A4�� 1��42 S:��� �+N D/#L� t�� ��L��

e�4e� �7 �� u4u� !X� �+NhESC @`:� 1N��	 ��7 )/A
A��	 /4U�12l7��:)FGF( X� D��� )��N ��L� t� H1'" 

��� �+N4/@1�#� � HiPSC �"$β=!2j��:�7 �� H�2���
/#��P)<<(.

iPSC �"�7 ,�*@" ��L %���� %�I�4���!$��"$1#�4�I:
� h"��	 �� �R2:/@@N .��*@":R�+� � ��@� H�7 H�N4o

�47 /�� � L� a4���!$��"D����@�P b�4# :���H�# !# �L���
� N�# :)CVS =Chorionic Villus Sample(@54H�1	�M S
�:� D� A:� %� ��� -2 SXU@� �� �":��7$� �4/iPS ���f

%P L� � ��� ��7 �"$��L %���� 7 ,�*@"4���!$��"$1#�4�I:
��N )��'12� .6��� ,�*@"��L %���� ���SH�N � �7 /�"� 3
� �7 )�l.�S� -2 ��/X� H7 HN�"$�1!N$%���� H7 �U�#

y��74# S4D��2� L� ��:%� �� �2P L�4,�/�#� 9��"$�� ���	
74��!$�":�2P HN4h_� L� 9��@�2 �� �4�/�17� S:�L��`P
�:M -5 D� A4�$� !#)<�(.

� �4/� U-M�"$� -�2 L� % �3 6��f ��"$@7�4��$��
��A�uex vivo D2�4H-�$��7 ) K��7$����4� S����	 SP)��� 
# 3:7H� k� (�	�N � S!:�2�)��(.�!��� -2 6��"$
@74��$H7 %� ���RBC �/17� �� D�"L� )��'12� �7ESC ,��?#�

/A .H�# !# %� �@. H7  �� L� /@1��#� � a#����I!" �ESC 
#����#�:D���M Y� ��#�)����"$# ��3:ADBDOB�L� �D+ 

)Rh:+1 (�B�L� �D- )Rh:-1 (� � ��4/�@@N /)<}(.)L����� 
�4�	�+�"$2�2�:� � 95 �4/RBC�"$���I-!.$L�

iPSC ��A �� �"�uin vitro �2� )/A .��i � HN���A S4) 
a����i ���7 ���"$��fl3�:��+@� H��7 g ��7���H��5� � � -��2

!#:/A�7 .7H6�M %��I�� )�l.�� @	 a@ �4���"$v �-q�
� � ���� � 5�:/�#� �RBC ��"$�(�3 )���M:��� �� �� H

/"�)<�(.L� )��'12�RBC�"$)/A �+ND�1&7�2 S4�2�
#j V:��7 k/�$74#���!:�6� HN �2� �� /�#��� ,��/�� ]

)/@#�� β=!�2j��:�{��"�M �SCA ( L� ��� % 4�2�64# !�� �P 
%P M -5 �"4�$� A .%P L� � DHN �5��4]Uq@� {l��N % 3 S
�����7 ]Uq@� Jf�/_ �$# �3 )���M:Rh �Kell �� �A�

 D�2���� iPSC ��7 J��N ��Uq#� �"$)��M ��"$# �3:
Rh DKell DDuffy �Kidd � h"��	 ��:/@N)��(.

2�2� Y m �:k�Ud� D�#� �:�iPSC ���7 �"$��!��H�7 6
� -2�"$��I-!. � W��7 {l��N$�2� � � �� �� �� HN�4/

���2��14�)��M�"$N/#�:K	 � H74�)/42� /#� .���4��7 S
:�j % �� ���2 �� a#����I!" ����� ��4�l$/@1��#� �
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)���C)��!A DE��0� 64��� DCF)G�� D� -2 H��# $�"$��4@7 

��
 

�!��J��N 6iPSC�"$#��#�:� -2 H7 ���"$���w��1 �4 ��7 /
�#� �:�H7 � -7RBC �"$��_ � H1�" %�/7$7 -M !"4S
@54���@:�����I-!. � �������1�$/���@"� %����+# .%PL� ����"
1@�:��B�� �"$��_$%��"$��"� 1N�	$Oct-4 DSox2 D

Nanog �Lin28 ��7$	 %��N )� �P4�2l7��U � � � ��" �4 /
iPSC /#��N )��'12� .� D/X7 H-_�� ���� -2 S�+N �� �"

�����_ b$l��!�2$� %���#�SCF DTPO � D4/�#�*FLt-

3)FL(DhrVEGF � D�N ����1@4S����� �� �����1�14�����f S
/@1	�M @5 h�5 ��4@:� �4� A /.� -2 t~2 ��"$���'@�

@5 h�54@:��_ �+N �� )��� H2 ��$� �#� D�!2l�4DS
��~"�DSEPO �SCF ���f/@1	�M .74�"L�� S$����t�

� -2 �+N L��"$@5 h�54@:� D�� -�2 S��"�N��� ��"$
������2��7 �� �������:L��������# 3$)CD45 �CD34 ( �

���w��1��4/)CD71 :M4)/��#� �'���#����S(��7 �� H� ��V J��7�f
H���_l��$7��4/��#��N %� .�� � ��-7���2��14���7 �B���2�
� � 	� �$7H2�4H-. #:�#� �P46$)��!4M (B��2��7 �

741#P %�:%��"$�+`$���w��14�7 /H�2�4H-�2 -	4�1� 1$
/A k�Ud� .�7H� �V$L�� �� H�N74?@�� � ��� Dh��=<

� -2 L� /(���"$e�4uD�+NRBC �"$� H1�" %�/7
��=���� D/(���2��14���"�:��#� ��7 �����$UV4�X:

7 -M !" � /#� 747 �-M !" D9���` S4Sγ� �7)��(.7�4%�
7 ��-M !"4S���"$γ@5 �4��@:�� ����#�:D%���+# )/��@"� 

H��#�7 ��6$7 -M B N � �� J��N )��7��4��2� S)<�(.H�7
����� S4/� 9�)/� �4/RBC L� �"iPSC ��2� )/A k�Ud�

��� ����"$7H��N ��7 H1	�$�/�"���7���N �!�2 H�7 �
��74@:�6� ���% 3 ]D�7�1�:&74/# A H@)<�(.

� V H7 -N:A4) �":�� �� HN�a"�G� S��7 �"$k�Ud�
12�47�:� -�2 H�7 ��"$iPS D��K�+#� k��Ud�iPSC L� ��"

� -2�"$��� bU@�4� H#� ��� k�Ud�:� -2�"$iPS ��in 

vivo �in vitro � )��'12�:D� A �2� :8�1+� ��� � $����
:� ���f :2��7 �� � H���� �� H8 ��4M .

��d�U�1��2� k�47�:H��7iPSC ��2��7 ���7 ���":���"� 1N�	$
#� ���:�1#P H7��+�:%���"$eq�2:ESC #���#�:J���A

Nanog DSSEA4 DTra-1-60 �Tra-1-81 # ����4�����I�P 64S
7 L���'�	�� c!N H�" # !4�A 1�4!:DReal-Time PCR �

2 -	4�1� 1$� k� (:M4��)<<D<�D��(.

��7$��K+#� k�Ud�iPSC �"� -2 L��"$��� b�U@� �4 H�# � H
M� ���P:���"$� -��2:��e� �� � ��5 �4����#P D���+N u46

�� �:�7�:DNA � #�:�V � H�1	�M k� �(:a�&5 %P
�5 �� H7���+��)���*����" �� %����I k���Ud� � -��2 Y ��# ��

�:� A.7H��" *�� )�l.$��#� %���I:��iPS � -�2 �
+@���:7 /#� �L� )��'12� ����#P4�� 6�� :��"$)/# �A���I� 

�+� �2D)�� N h"2��7:� A)<<(.
#� ���:��in vitro I+� �74@5 h�5 J4@:#� ��� �:��
in vivo I+� �74� � �� �� ���� J����$� oK#�@!:k�Ud�

�:� A .Real-Time PCR !N:D�:7 /#� �4%� %� ��"$��"
j H��2���H,�� ��1N�)PAX6 DMAP2(,���6��� D)SMA(D

T)Brachyury(DMSX1 �,���/�������#�)AFP(DCK8,18 D
FOX2 V HN ��:�!���6	� H1	� H1	� 6�� a:�D/�@7� �2��7:

/@N)<<D<�D��(.
��X��q� ����N� % @N����H���" 	 L�4���2l7��U��7 ���" H%� ��@.

X!54��7 p/" �$H��#�7��6$)��7�� )��N )��'12�/#� .����
2��7:�"$h48 � a#���I!" ��$��A � �/� c:%��+#

 HN ����1#�� �� H-(�_ ���� D� Q3 S)��'1�2� k� �(
L� iPSC �"$% 3 L� ]1+�7H��5$iPSC ��"$L� ]1�+�
	4�2l7��U�"�� ��1&7 9����� H7 D:/�A�7)<;(.�7H)�l�.

 �7 % 3 �	�7 L� )��'12� H:�2�12� Dh5��&� Jf�/�_ J�4��
�@� :#����	 64# � %�2P� -2 92 L� )��'12� �7 H���K� �� �"

�2l7��U4	)��� � �2 � :�� 47 H7 H8 �" ��+8 :#j V
��� L�4# ��1�M $��7#�2� n5�� D/ .%��*�+"�G� )L����

� -2 o4-R� �7�� $�" H1�":q4e� % 3 $�)PBMNCs 
=Peripheral Blood Mononuclear Cells (%P ��1�M ��"

u4e� ��2�@� �+8 $�"� -2 9�8 H7 ]	 � D9 $�"iPS 
:MG�� �7 H7��+� $�"ESC )/�A ��" /�#�)}�=<>(.%��4� L�

� -2 $�"PBMN DT2 '@�4��"$6��!� :� �� H1	�� %� ��
 u4e� �� :M��2 H7in vitro :. �@1� J��� . L� )��'1�2� �7

 % iIL-2 D948�� #IL-7 �G-CSF ��� ��1��M � �+8
) 4A �7 �D:2���� $�"� 18� L� )��'12� /@#�� �-1R� $�"

%P H���#�7 �� �" � �!# �/�?� $6���)}�=<>(.��7 )�l�. T

2 '@�4�� -2 D�"7 64# $/4w -4� $�" HH7 :7 3iPS J�/U�
:�/# A .:�1_ H�8 ��2�.�� S��� ��7 $/"��A )/�/� S��

� -2"���8 $��6��!� {l 1	���HH��#�7 /X1�� 64# %��#� $6�� 
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� -2 :��� @47 -M !" � $��4@7 $�" 0!" � ��*"� l4&2 �"%��� 

��� 

/@1�" :#� ��� $��7 )��7��)<>(.
�� %�/@!��+#�������4S��� $���" ����7 )/��A )��'1��2�$
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Application of stem cells for the treatment  
of hemoglobinopathies 

 

Rahgozar S.1, Entezar-e-Ghaem M.1, Abedi M.1, Montazeri F.1

1Faculty of Sciences,University of Isfahan, Isfahan, Iran 

Abstract 
Background and Objectives 
Hemoglobinopathies are heterogenic hereditary disorders in which mutations lead to abnormal 
production of hemoglobin chains, or change in the normal sequence of the hemoglobin amino 
acids. Thalassemia and sickle cell anemia (SCA) are the most prevalent hemoglobinopathies. 
Patients with the above mentioned disorders often require hypertransfusion regimens. 
However, continued blood transfusion may contribute to iron overload and consequent organ 
deterioration, in addition to viral infections. The aim of this review article is to evaluate recent 
treatment programs regarding these disorders. 
 
Materials and Methods 
This paper is evaluating the newest protocols applied for the treatment of thalassemia and SCA 
by reviewing 51 references using  Ebsco, Elsevier, Pubmed and OVID databases.   
 
Results 
Blood transfusion and medical treatments may improve the lifestyle or increase the lifespan of 
patients with hemoglobinopathies. However, hematopoietic stem cell transplantation (HSCT) 
is presented as the only curative therapy for thalassemia and SCA. On the other hand, HSCT 
may contribute to complications such as infertility and gonadal failure, especially in women, 
chronic graft-versus-host disease (GVHD), and potential secondary malignancies. 
 
Conclusions 
In spite of the limitations and complications attributed to HSCT, this method is proved to be 
the most effective way for treatment of hemoglobinopathies. Different cells and novel 
strategies used to modify transplantation are introduced in this article. 
 
Key words: Hemoglobinopathies, Thalassemia, Anemia, Sickle Cell Disorders, Hematopoietic 
Stem Cells 
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