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:����� 	
�
 ����
 ����� )CML �� Chronic myeloid leukemia (����� ������ ����� � � �! "�� .$�% �&'�(��) *+�,� *�)  �%-��� -+ �)

CML  �,��� $�)%+-%+ ���� �� �(�' ./! -+ *0&/� 1-+ 2� 3 ) *%-%+ ����� *�)9:22(t  ����
 .�,�  5% 6�) 7�8�%9)3:' 	�%; ����(�
 "�< ��-0� �)* 

BCR-ABL � �! ��%3%0! 	=( 3 �)*  �  ��>���>BCR-ABL ?&@
 �%-��� -+ 2� CML A3- �� Reverse transcription polymerase chain reaction 

)RT-PCR( +��.  

��� :�� % ��,�B% CD� �� 3 �%-��� �+�� ?&@
 5C�E $��F- ;��G�% 2� �&H�I A3-; 8 -5 ��
 L%0M&�% N' .�< 2&!0> �%-��� 5% ��� 0&�   

RNA 2���� 5% ��� *�); ���� *5��%�E *%0� 2&D) �( *�) ) *%MNCs  ��Mononuclear cells  �O�0&��� (7�8�%  3RNA  9,�%3 .�< L%0M&�% 7�(

Multiplex RT-PCR -+ 35 2�0P �< 7�8�%. 

����� :��  5%40  �! 0R� 5% ��-0� +-�
 -����  *�)BCR-ABL  2� ��+�� $@S
 2�)21 ) 0O�5/52  � �! *%-%+ (�T-+b3a2  316 ) 0O�8/38  *%-%+ (�T-+

 � �!b2a2 3 3 0O� )5/5 � �! *%-%+ (�T-+ ela2 ��+��. 

����� :���� �� V��&� 3 9,�%3 -+ WX�YZ
 �&�%�,[ 22=��\
 	�% -+ ]�
I $�+;  A3- 2� +%+ ��G�RT-PCR  *%0� 	^�\
 3 _�D` ;a�0� �<3- �%�,b 2�

 "�< ��-0��!�  *�) �  BCR-ABL 2���� -+ 	,c�) .$�% 7�8�% d��e ����I 2� �\Z
 ��� 5% *-%+0�; � �! "�< �%�
 -+ W3�O( �
 �)  d�+ 2� ��%�(

2=
�E -+ *+%:� W3�O( * �<�� ��-0� +-�
.  

:����� ������ ]08�5 9,�%3 ;	
�
 ����
 ����� * � �! ;_�[=
 5%0��'  *�)BCR-ABL  ;�%0�%  

  

: �!�� ��b� ]+%5  +0O
;+%50! -+��/
 ���[*; )�G&�3+� 0!�;� ��Z
 0O=E* ;��-�' ��Z
�eI* 0��T. "��#$ %� & ����& ���  ��BCR-ABL # �	�����' 

'"&( �# )�*�$ ��&�+���  ��� �# ,�-�Multiplex Reverse Transcription Polymerase Chain Reaction   
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�����  

   ����� ����	
�� ���	� )CML   ���Chronic myeloid leukemia (

��	
 ���	
� ������ �       ����� ��� ��� �����	 ��! "#���$� "�!

%#& '���(�    )	�� &# ���	�&���*� + ���	
�� ,���+-��&� ��	
 "�!

�� )�	.�� �/� &# "01�-2��! + �3�4� #	5 )2-1  ���	� ���� .(, 

&# 95  �� ��+0	�+-� "&�<$!�� �� �� #&�	� 0� �=&# �   ���>�#1�( ?���

)PH  ��Philadelphia�<��� &# �� �� %�-�! ( " �@��   A���B�� ���@

 ?+0	�+-� 0� ���CD9    ?+0	��+-� 0� ����CD +22   ��� #��<��   .#	�5

���*$! %�5 ��@ ��CD �� "  ?+0	�+-�9  ?0	�+-� ��22 ��  �ECF

)5-3(, )H #�����<�� �������� BCR-ABL  )H ������ �����<��� &# +  

��-E�!" ��  .#	5  

 )HBCR-ABL  �� ��I +-�� DK210   ��� ���@-      ��� ��� #	�5

)�	$� BCR-ABL )P210�� ����$5 (   .#	�5P210 ,  �����J( "�&�#

�� 0�$�� ��0+-�  ?+��� ��	� �� + �5�� "  #	��,     ��5& '����(� �����

�K &���L� + ��	
��	���� 0	���� .#	��5 Messenger RNA )mRNA( 

 �.���C� 0� A���=�M  )H ������ "&�#-����,   &	���N ��������E�-B �  &#  

95  �=&#0�  )��1�E� ��CML    #��M ���1�	>$� ��	� &# �!�O +

�#��$% ���&� 
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)ALL  ����Acute lymphoblastic leukemia ���� %����# (  #	��5  

)9-6 ,3()H	���( .  "���!BCR-ABL  ���� )����1�E� &#CML  A����5

b3a2, b2a2 + ela2 ��    -��Q�� ����+�-( + ����!� "�&�# �� �$5��" 

)H	�( �� �EC� �! "e19a2, b2a3  +b3a3 �� �$5�� )11-10.(  

)H )��� �&-� �!" )H	�( S	�5 )���� + -�O&#  ��!"   &# T�
�.�

 �� )��1�E�CML  %	B���� &	N ��  ��� "�     ��� -�<$� ����	  "��!#-E!�& 

   .#	�5 )�&����� 0� ��# ��� "�-� "���@ ����&# + �U�.Q   ���� 0�

 ,+& 0� V�! ?�<��'!+W� ���,  )	��� 	� �&-�  ��!" BCR-ABL 

+  )H	����( ������+�-( ������J  ����!"  )H )	O�����	OBCR-ABL  &#  

1�E����������� ����������� )�CML X+& ����������� ������������+&� &#   
Multiplex reverse transcription polymerase chain reaction 

)Multiplex RT-PCR( #	�.  

  

��� 	
  

�J��3� "  -Y�M�>�=	  S	� 0� - � �
�
4 	  ��J��3� ���� .#,  ��QLE�#&� 0� 

%�� 1393  %�� -�  � 1394  ���+&� &# "+& -�40    ��� 1��E� &����CML   ���

��#	� )��&# �4 ,  0� [� .�5 ?�<�� \C�   + )�&����� )#	�� 1�E� )�$��N�

\
@ ���Y& ,)��K X+& �� ���2K ,8 -5 �
��   ���(-O )�&���� 0� )	� -���

�	
 [2 .�5   ��E$@ 0� ��	�� "�! "  ��.�&     %�*��# ^�	  ���$5

 &��#	�Cell counter ���5 X&��5.  

�����#� &# ,RNA ����	�� 0�  )	��� "���! #�-��(� "�-��� + _�-.����

 �	
���� "0�������@   ������C! �����  "�����! ) "�MNCs ������   

Mononuclear cells(    + ��(-O &�-�D H	�>�-��� #&	�106   �	
�

����  �����C! "�, ����#�>����� � % 0��	���
4� LOZIRT ) ��-���5  

Invitrogen Gibco (    "0����@ "�-�� .����5 ��@RNA  �	�
4� ,

 �� )H	�!3/0 �
��  -���     a��� ��� + ��5 [�b &+ ?+-(+-
�3 �D# �B �

 .���5 ?���<�� H	�>�-���������CD  "+���M ���� ��c����RNA #	���,  ����  

5/0 ���
��  -�����  &# + \����-  �	�����+-�+���15   ���� ���B�D#d����5   

13000   ��B�D# &# &+#  ��<��� &# .���(-O ?��<�� H	�>�-�����,  d	��&

RNA      ��
M-� 0� [�� + ��(-O &�-�D ���	� � &# "  ���C5 RNA  +

 ,d	& )#-� �Q�RNA  �� �   &# %���K ��#100   -����-b��  -(���

EBT )Tris-borate-ethylenediaminetetraacetic acid   ������  

Tris-borate-EDTA ( &�-D�(-O.  

 �.������C� '$��������+ 0� '�������� e	������bJ� "&�#-�������   

)Reverse transcriptase,(  &����B�RNA  �����J  X+& ���������*F 

) "&	�OD �� Optical density0���� + (%  ��>�� "-�ORNA  ^	 

 "�!���� + �(-O &�-D ����0&� #&	� 0&	(+-�b�� �H28S  +16S  "+&

    &���B� + ���>�� 0� )��$��N� \C� 0� [� .���5 %�!�Q� ����RNA, 

��� complementary DNA )cDNA(   f�<M ��1   -����+-b�� 0�

RNA .�5 ?�<�� %�5 _�-.�� ?�  "�-� ��� cDNA    \��$  ���

����	�� #����J  ���! ,Master mix A����5 ���� µl2/1 M-MLV RT   

)Moloney murine leukemia virus reverse transcriptase( ,  

µl5 Buffer, µl5/0 dNTP )Deoxynucleotide triphosphate ,(  

µl1RNase inhibitor  ,ml1 MgCl2 ,µl1 DDT 

)Dichlorodiphenyltrichloroethane ,(µl1 Random primer ,

Aµl )µg1 (RNA Total, Aµl 3/8 treated H2O DEPC 

)Diethylpyrocarbonate (#f<M & µl20  -���+-b��#	�, �5 f!�-( 

�	
4� ?�� )  "�!Master mix  ��-5 ���Merck   .(#	� )���K  

	� +-b�� &# g	
.�d  "�!5/0 �
��  "-���    0� [�� .��5 f��CB 

12 ��	� �� �B�D# ��#	� h� � "��# &# �!,  a�� ��45   "���# &# ��B�D# 

42 �@&# ���� "  #�-O[2 .���5 ��	b��, �� "�-�     f����K )#-�� -�i�

��	� )+&# &#  �� �! a��10 "��# &# �B�D# 73  ��@&#  ����� "   #�-�O

�	b��)	��  .�(-O ?�<��cDNA ?�<�� )��0 �  %�5 ���� PCR  &#

"��# 4 �@&# ���� "  #�-O�5 "&��L*�  ��$ "�-�)cDNA  ��� 0�

(�5 %#�>�� �C�0	��b  ��-5.  

)H	�( &# �Cb5 kN�$� �� �@	  �� "�! )H BCR-ABL   &# ���

�-D �>
�.� kN�$��# &�5�$, ��	O �� �!-���-�     ��� ��� ����5 �M�-N "�

�
M-� �� ?�<�� " PCR, ��
� " )H	�(  ��<��� &# .��	5 -�lb  �!,  )H

BCR-ABL V�! "�!-���-� [��b )�	$� �� �+�@)   "��!1  +2( 

�.C� +  "�!BCR  )�	$� ���El� �!�5   )�	�$� �� -3B� dK +  �!��5

�>$� .�5 %#-� &�� ��  

  

���� 1 .�	
�� 
������ �
�� ��� 
�� ���
�   

Multiplex reverse transcription polymerase chain 
reaction )Multiplex RT-PCR( 

����� ���   �	�

�����  

5' ACCGCATGTTCCGGGACAAAAG 3' BCR-C 
5' ACAGAATTCCGCTGACCATCAATAAG 3' B2B 
5'GTTGACTGGCGTGATGTAGTTGCTTGG 3' CA3- 
5' ATAGGATCCTTTGCAACCGGGTCTGAA 3' C5e 

  

 X+&Multiplex PCR  "����# "-�O&���� ���� ����100 ���@&#  "

����  #�-O  a��� ��15  ,�����i 96  ��@&#  ����� "   #�-�O &#3  ,��B�D#   

60 ���@&# ������ "  #�-��O &#5 ,���B�D# 72 ���@&# ������ "  #�-��O &#  

5 ,�B�D# 100 �@&# ���� "  #�-O &#15 ,����i 97 �@&# ���� "   #�-�O

&# 30 ,������i 57 ���@&# ������ "  #�-��O&# 45 ,������i 60 ���@&#  "

������  #�-��O&# 30 ,������i 78 ���@&# ������ "  #�-��O&# 25 ,������i   

73 �@&# ���� "  #�-O&# 45 ,����i 31  ���-F -� 0�� A�M 10-5  &# +
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)���� ,7 &# �B�D# 73 �@&# ���� "  #�-O  -�� 0&	(+-�b�� .�(-O ?�<��

 0&�OK �H "+&2  ?�<�� �=&#�5.  

  

���� 2 .��
� 
 � �
� � !"�# ��� � $�%
 
������ �
�� ��� 


�� &'(  �� �BCR-ABL 

����� ������ � ���	� � ��� ����  )bp( ����� �	�  

ela2 181  BCR-C/CA3 

b3a2  385  B2B/CA3 

b2a2 310  

BCR 808 B2B/C5e 

  

�#$	 	
  

'!+W� ��� &#,  �� ���&���� ����   ���CML    ���#	� %��5 &��F#,  &#

UU.  h	( %�*Q���0K�  ?�<�� 0� [� .�$�(-O &�-D �&-� #&	� )	�

 '$��+RCP Multiplex, ��	�� �!"  �H "+& ���	O  ����!  �&  &# ���

 )�&���� �� 1�E�CML ��#	� \��m �5	�+&,   ���#�# )�Q� Ab�5) 1 .(

��$n�!,       )H )	O���	O S�	��� ��  ��5 f!�-�( �3��-�5    ��E��-  "��!  

BCR-ABL %W�+ &	N ��  ���	�� "+& -� "� " cDNA   )�&�����  1��E�

 ��CML # o�.Q #�% ��	5)H	�( .   ��
�@ 0� )	O���	O "�! P320 ,

P210  +P190 �(-O &�-��D ���&-� #&	������$ '��L@ S	���5 +  "���!

�5 A�
4  + ���<  )	O��	O.  

  

 
 )"�1 .*�+% 1:  - �. bp 1000 -100 1*�+%  ���8 -2 :&'(  �   

bp 808 BCR .*�+%  ���4-2 :4��5 &� �#*
6��  &� 7+85  

Chronic myeloid leukemia )LMC( �� 6
��9 � bp 310 

b2a2 .*�+%  ���8-5 :6
��9 � bp 385 b3a2 .*�+% 9���� : =�5� 

)>? �@ 6�� AB�# ��� (� *�+% 10 ���� :98!5 )BCR(. �%� �#*
6�� 

�
 C  D���5�� Philadelphia =�5� � @��.  

 0�40 �&-� #&	� &����,  H	��( -p� 0�)   "��!BCR-ABL   ���!

�� ��#	� �El� 21  ) -�>�5/52   )H	��( "�&�# (��=&# b3a2 ,16   -�>�

)8/38 )H	�( "�&�# (�=&# b2a2 + 3 ->� )5/5 (�=&#  )H	�( "�&�#

ela2    )������ + �����#	� f���! )������0 b3a2  +ela2 )P210/P190 (  

.�Q� %�!�Q�  

�$��� "  )�&���� �16 ��, �$�Q�� )K " 63  ��+  ��*����� )K 

57/16 ± 00/45 #	�. 22  ->�)�&����  + #-�18  )��� &# .��#	� )0 ->�

)��0, 55/55  )H	�( "�&�# �=&#b3a2 + 88/38 )H	�( "�&�# �=&#  

b2a2 + 50/5  )H	���( "�&�# ���=&#ela2  .����#	�)�#-��� %+-��O &# ,

00/50 )H	�( "�&�# �=&# b3a2 ,09/40   )H	��( "�&�# �=&#b2a2 

 +10/9  )H	�( "�&�# �=&#ela2 ��#	�.  

  

%�&  

@�& ����� a�J��3� q ���    )H	��( ���C��# ����!�   "��!BCR-ABL 

��� ,�� %�5 ?�<�� ��(�� �� )�Q� ���@ "�!  S	� �� �!#)H	�(  &# �!

)�&����, ��  �$���� ���!� ���	  �5�� ��5�#    f�L( &# "-��L� r&# ��� +

�	
 ��H	 �� ����	� "�! )Leukemic cells( ) "�&�#9:22(t  ���

��	�� "�-� .�$�,  �� 1�E� )�&���� &#CML      )H	��( S	��5 )����� ���

b3a2 )��K &# �� -�Q��, - c�� -�#�B� ) ��1�13-12 ���$n�! + (, 

 )H	�( "�&�# )�&���� �� �EC� "-�Q�� "�B�b2a2 �� %��# #	5 )14.(  

�J��3� &#  "����/�  )�&�b�! + -� "+&75 &����  �� 1�E�CML, 

.Q �-� o  e����(�� �!"  �����$�  0� ���	��  ��!"     ��� )�	.��� ��/�


� X+& 0� %#�>����-� e	bJ� 0�-�" �.C�  ��!" BCR-ABL  #	�� .

 X+& &#RT-PCR ,���+�-( )H	�(   A���5 )	O���	O "�! 62   ��=&#

b3a2 ,20  �=&#b2a2  +16  ��=&#ela2  #	�� )12.(  &#� ��(��  "��! 

���J��3� " Hassan )�&���b�! +,  o�.��Q  "�-��� BCR-ABL  &#

)�&���� �� 1�E� CML, 8/68 0�� #&�	� �=&#K ���&��M�� &# " b3a2 

+ 4/31 ��M�� &# �=&#  "b2a2 �5 �(�� )15 .(  

 &#�J��3�  ,-Y�M "  )H	��( S	��5 0� A=�M t����  ��! "b3a2  +

b2a2  \� -  ��5/52  +8/38 #	� �=&#    a��J��3� &# ��� ����M &# u

�J��3� -�p� "-*�#  "� ���/��   )�&��b�! +)12 ,(  )H	��( S	��5   "��!

b3a2  #+�M3 ��+�-( -��-�� (�	H) �! "b2a2 1�E� &# ��  ��� )�CML 

 )�	$� �� %�5)12(u )H	�( S	�5 )���� &# a+�>  ��� �!�� ,  ����	  

�J��@ &# "#�W� a+�>  A��# �� "  �&-� #&	��5��.  

Mino )H	�( S	�5 &+#�	�� &# )�&�b�! +  "�!b3a2  +b2a2  �&

 \� -  ��5  + �=&#95  ) ��=&#16 + (  ����Osman   &# )�&��b�! +

 )�#	 ��� �� \� -  �� �& S	�542  + �=&#54 �=&# )17(   )�	�$�

��#-�f! ��� a�J��3� ��� .  ��J��3� �� ���&  ,-�Y�M "    a+��>�� t�����

�� )��1�E� &# "#�W� S	$  A��# �� �& �J��3� CML .�$�C��#  
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����$n�!,  )H	���( �����+�-( )������ "���! ela2 ���J��3� ����� &#,   

5/5   #	�� ��=&#.  &	�vM P190      A����# ��� "&����� �(-�Q�� -�� ��#

�1�E� &# ��+&�# ��+�B� �� )�CML ��  ) ��5��18    -�� a&��p� ��� (

1�E� )�&���� &# ��+&�# ��+�B�,  �(-Q�� 0� "-�O	
@ "�-�  "&�����

��$n�! .�� ������, f! )��� )��0 ela2  +b3a2 �!�Q�   ��
� .�Q�

%�!�Q� ?�� "  -*�#O	��  �!" BCR-ABL,  -�� )#	� d������	O   �!
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Prevelance of BCR-ABL Gene Fusions in Patients with Chronic Myeloid Leukemia 

with Multiplex Reverse Transcription Polymerase Chain Reaction 
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Parsa Mohammad-Jafari1, Saber Agha-Mohammadi1 

 
Abstract 
Background: Chronic myeloid leukemia (CML) is a clonal malignancy of hematopoietic stem cells. Type of 
fusion in these patients can be clinically significant and help to better understand the pathogenesis of leukemic 
cells with t (9:22). The aim of this study is to check BCR-ABL mutations and determine the prevelance of 
various gene fusions using reverse transcription polymerase chain reaction (RT-PCR) method in patients with 
CML.  

Methods: After making sure of having the disease and signing the written consent, 5-8 ml blood was taken from 
patients with aseptic technique. After RNA extraction, blood samples were centrifuged to separate mononuclear 
cells (MNCs) and complete RNA was extracted. Multiplex reaction PCR was carried out in 35 cycles. 

Findings: All 40 patients were positive in terms of BCR-ABL fusions. Of them 21 persons (52.5%) had b3a2 
fusion and 16 persons (38.88%) with b2a2 fusion and finally 3 persons with ela2 fusion. 

Conclusion: Uniformity of reaction products and the results obtained in this study showed that RT-PCR method is 
feasible as a fast, sensitive and safe method to determine the prevelance of BCR-ABL genes in the sampling of 
peripheral blood. Also, the difference in the rate of fusion due to racial differences in the population can be studied. 

Keywords: Chronic myeloid Leukemia (CML), Reverse transcription polymerase chain reaction (RT-PCR), 
BCR-ABL  fusion, Iran 
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