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������ �	 
����� 	�� ������������ �� )MPN   	��

Myeloproliferative neoplasms � MPD  	������

Myeloproliferative disease( ������������  ��

� !�"� 	��   #��� #	���$  	��� %! ��&	�  '��   �	��

 ��! (��$  %���)� ((*����� � +��,��-� ����./� 0& 1&0 � 

� �2���  	!�3 10�& � �	!�%� ��4� 	�	%5 � ��� 

������� ������� . ������5� 	�������"�� �0� )PV  	������  

Polycythemia vera( ��7���� 8�"�� ������( )ET  	���

Essential thrombocythemia( � ��-�������7 ������( 

)PMF  	�Primary myelofibrosis �� 
9� :; (� (

1&��	� � MPN    (�$  %��)�BCR/AB   %��)� �  	�! 

�������   <�0�"� 8��7����  %�	��8  �	=�%�>����  �

  �7� �*��?   "��� (�!�  � &	�@�2� �� � )AML   	��

Acute myeloid leukemia� 1��"� (�   %5	!)3-1(.  

D��0	 	�� EF�� �G�  ���!� ET 8PMF  �PV   (�$

 H�����WHO )World Health Organization (

I��(�-� 1 5  ��8  D� ?�	�5 ���J  �	���$���  J��%K"� � 

���0�!� ���	���' F617V2Jak  %���)����	�� .�' 

F617V2Jak ! �.$� 0&�'�0	"    ��� (�! ���7��  ���"��  �0�

)95  Q0&� &� @ 0& � (�"� � &0�� ��� -������7 ��� ��( 

�7���� ���� ��� ��(  &0�& &�R� )5 -4( .� ��J   �� +�9R

�4�T U���� G   (�!T ���$� 0& ��  1849  ,��� 0&'� 12 

 '<2JAK �0 �! WX���  Y����$9   �� ZE�F��   &�5

	R (! �[%� ($�,=�%� %- ��?  �����J   	�R (�!�  �����J  0&

DX��\ 617 ����� ���J 2JAK �� .&&��  

������J 	�� 1&��	� � 2JAK (*��� (! �   ����]�

	����	$��J 	���� ���	"����3   (��! ���[%� +��9R �

#	D- �	��  Y� �2JAK ^ 0&�_	 	��	$��J �� 5� . 

��!	%!�J  +9RF617V2Jak �3 ?�	;   1 �%%$  D�)�

��!� ��\-�F MPN � _)`�� .&&��  

	���a � '	F� b��E� �	D�	*��  E�F� ($  �&�Z 

 +9RF617V2Jak �0�& 	9%� (�� "�� ��\  E�F��Z 

  ! '	���0& 0& (��/�! 8\�����0	��"� 
������� 	���� 

��������������� ) J�,���MPNs�4 �� (���T 	����0�&� 

9�0	 1 %%$ � )��� STAT/JAK ��, &0�& +c� )6(.  ��

d' 	R�� 1 "; +E! ($ �� ! ���'�0	"   (�! ��7�ET  �

PMF ����!� ���	���' F617V2Jak ���%��  ���&!8 

����0�! �����! b��F$ �<������ '�0	��"�! PV 8ET  �

PMF 	! Y�����$ 	���&��- ��%�  �F617V2Jak  (�! 

3��"$ J����D� e�	/��� 1 ������ �	��� EPO 8TPO  �

GMCSFR �[%� (!  ��	��	%5  f����  '���	��   �	��

�%����F�	R  \����DX� 0& '	���-�>���515 )515W(  0&

�/�&,� +E! ��	F^ 1 ���� � J����7����   �5.   J���

'��	��  	�! ((*��� � #	D- �	�� ?��; E)�(  0�&��! �

STAT/2JAK ./� (! �[%��� ����  ���  �5�  #	�G�� . 

TPO )Temporo parieto occipital( ��& (!�  h0	�� J

���� MPL8 �& i;	!��"   ���& ' �5�J  	���   ?���&

������ ���� 1 ������ j&��5 ��! (�0��Q�  i��;	! (��$

��)-������'  ?��!	c��2JAK ���� &����.& 2JAK  (��!

(!� � ��)- &��(�   #	�D- � ���  �5& � 0� (�F  	��� 

������J  ���& 0& �0�� J�� "����� MPL  ���)-� (�

��  �%$   � ��3 Docking sites  ���!�  #�/��  	��� 

���	%=� 	���J  \�& �0� 
���-�  . %$ T�74  �	�D�	*� 

Y	����[�� 81 ����5 '������	��  '< �	�����c-MPL  �

F617V2Jak 0& �	�0F$ k���� (! �!�^ 0& 10-5 

 Q0& '0	"�! �� �"�� &� @ � PMF � ET   m0�,��

) \�� 1 59-7.(  

D���J '��	�� J��  	�  ���   0&  ����  � ��=�	�!�^
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81 5 (D�	*� � �p	@ 0o%� (!  ��0�!� � ��'�,  �5�f 

�	���' 	��  '<c-MPL  �F617JakV ! 0&� '�0	�" 

������������� J�,� )  1���� ����   �	��ET  �PMF( 

 5 Y	[��.  

  

��� 	
  

(D�	*�  ��0 �! �p	@ �60  (����� Z�EF� 	! 0	"�!  �

 1����� ����� 	��! J�,��� ��������������� ��������ET 

�PMF ($ ��%� 	���&��- � (! ,$��  �	�c�c`�  8'�� 

�<�/�� �  ��� ,U�  '�E����  '	���0	"�!  ��D���5 

(DR��� 1&�$  �  �&!25  �� 8 �	5 '�%; (! 
�	� &�-

'< '��	�� �o�  �	�c-MPL  �F617V2Jak   &0��

. %�-�� 0��X ��0�!  

� ��	=��F�	��d �	��;�4� '�0	��"�! �%��	��! ?�	��5 

m0	"5 #7��  �	��  8 ����   8\�$�� m0	"�5  8J�� 

\o�^ J�!��"� � 8#	`4 \�Dp� ��  1 �����  �	�� 

�/5,� '�0	"�!   �5 h��E��� .    &0�� &���-� ��	�"� ��

e��� (��D�	*� �� k��)$ \�	��p0  0� ��c� 8(���	�ml 10 

(�"� � '� (�� 0& �*�`�    &	�cD��  �p ��	@ �	�

EDTA )Ethylenediaminetetraacetic acid(�-�� ( 

. 5 e>� DNA  	�! m�0  &0� �	����  3�"�  f	7�5�  �

RNA  ) #�,������� �� 1&	������� 	���!Sigma ,USA (

 �� � h��E��������RNA   1 �����5 � �����RcDNA 

)Complementary DNA���! ( q	���� ?"D��0����& 

\$����5 1 ��	���� )Fermentas(  �� 1&	������� 	���! �

Random hexamer ,�%� . 5  

 '��	�� ��0�! ���!F617V2Jak  3�%/� ��AS-

PCR )Allele specific- polymerase chain reaction( 

'�����	�� �����0�! ������! �  '< �	����c-MPL �� 

3�%/�   J���D� �	��  ����� )Sequencing(  �ARMS 

)Amplification refractory mutation system 

H�����5 . ��5 1&	������ +%��$�� PCR �����! ����0�! 

'��	�� 	� � ,�� ���� �	�  ��"����  1&	�����  1 �5  ��

    �5 (��-�� ���7X �	D�	*�.   3��%/� 0&AS-PCR  ��  

3  ����"����Forward 8Reverse  �Mutant  1&	�������  

  5)10(.  

 �	��"���� �� 1&	���� 	! m�0 J�� 0&Forward  �

Reverse   �	! 3�bp 488 ) �D�74 ?�d ��wt(   ���./�

��     '���	�� &�R� �0�Q 0& \�	�� ?�d � &5

  �	! 3�bp 295  ?/5) &�$  ��� &	[�� �01.(  

  

      
 ���1 .AS-PCR )Allele specific-Polymerase chain reaction(  	
���
� ������� ���F617V2Jak�� �� ���  !� " 

 	
#�1  	
#� "$%&� '(�2  	
#� "�)*� '(�3 ,!�'-� 	
#� "��-.- �  �(4 "9  110  	
#� 1 	
���
� �� �3  4��8  "	
���
� '67  4��

	
#�  �(5 "6  17 $� 	.- �  9�� '(� '&(3  

bp 488 

bp 295 
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 ���2 .ARMS-PCR )Amplification refractory mutation system-Polymerase chain reaction ������� ��� (

	
���
�  �(c-MPL 	
#� ���  �� �� !� "1 	
#� "$%&� '(�  �(2 "3  14  	
#� "9�� '(�5 ,!�'-� 	
#� "��-.- �  �(6 "7 "8  19 

 	
#� 1 	
���
� '67  4��10  	
���
� �� �3  4��c-MPL $� 	.- �  '&(3  

  

'�����	�� �����0�! \���9R  '< �	����c-MPL 8

(�"�       J���D� \�7.�  �	�5 J�-	�� \�9R '�0	"�! �	�

(�"� . � 5 ����      8����� J���D� m�0 (�! (�$ ��	�

'd 0& '��	�� &R� 1�0 \9R 8 5 \!	] 	�   ��� ���

 +�	����dARMS-PCR   3���%/� 0& . � ��5 1&	������

ARMS-PCR  ��6 �� ?�	�5 ($  5 1&	���� �"�� FO 8

RO 8Riwt 8FiK 8FiL8 FiR   �&!)11( .  �	���"����

FO  �RO  '< ��c-MPL    �	��5  ���	! 3���bp 246 

��  �	��"���� . %�&Riwt  �FO  ?�d 3�Wild-type 

���� ����./� �0   ���	! 3���  ����� i��;	! �  ��%%$bp 98 

��  �	��"���� �  �5RO   �FiL/FiK/FiR    ��	! 3�

bp 188  ������ &	����[�� \�����	�� ?�����d ��  ����%%$   

 ?/5)2.(  

 #< ��0 �! +%$�� ��G`� �0	�d3  &0�  Q0&

  �����! . ��%�-�� 0����X �!	����0� ����0�! r	��7�0� J���! 

'��	�� 	� 	! (�-	� � ��	=F�	��d �	� �%��	!  '�0	�"�! �� 

'��d (-�4 �& �	� � Fisher’s exact  �2
χ 1&	����  5 .

("� � 1&�& �	� W"R �0�d 1 5 H��  Y���  0�,�-� SPSS 

 (E�)� � 16 )version 16 ,SPSS Inc., Chicago, IL( 

,��	�d � 050/0  <P ��  ��o�  �0	��d  ��%D� 0�& 0&  ��o� 

(�-��  5.  

���	 	
  

 f���"[� ��60 8(���D�	*� &0���� 0	���"�! 46  0	���"�!  

)7/76 ( ���Q0& �"������7���� � (������� 14  0	���"�!  

)3/23 ( ��Q0& ���7�-����� ) (������PMF(  . %���5�&

 8���)%R �o� �� J�%K"�30 0	"�! &�� � 30 0	"�! '� 

 ���&! .J�=�	���� �%��� ?��$  '�0	��"�!9/61  	��! #	���

1&� `� � �%� 83-30  s��� .&! #	�  (���  r	�7�0� 

�%D� �0�&  '��	�� J�!F617V2Jak  �	������0	� 	! 

�-����& '�0	"�!  ?�	�5  8e%�R  J��  1 �	�F�    �F�

)100/0  =P.(  

 0&f"[� �� 860    8(�D�	*� &0�� 0	"�!34   0	�"�!

)0/57 �� ( Q0& �o�  '��	��F617V2Jak   ?�	�5)

31 ) 0	"�!0/67   �� ( �Q0&46   0	�"�!ET  �3   0	�"�!

)0/22  ��Q0& ( ��14  0	��"�!PMF  8?��$ 0& ,���� � (  

1 ) 0	"�!7/1  '��	�� �o� �� ( Q0&c-MPL   \�7.�

 #� R)  �&!1.(  

�%D� r	7�0�  ���� J�! �0�&  1����  �	��   � �0	�"�!

  '�����	�� &���R�F617V2Jak    ���5 1 �	���F�  

)002/0  =P  #�7�� m0	"�5 J�=�	�� � (�	�� .(   �	��

   '����	�� ��0�& '�0	��"�! 0& J�!����"� �  �����

F617V2Jak  k����� (! 85/12    � �������/�� 0& 0�,��

 246 bp  

188 bp  

98 bp  
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� ���  
c-MPL  �F617JakV 	 ����������������  ������� ��	
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g/dl 18/13   ���	�! '��	�� '� ! &��-� (! \7)� ($

) &!005/0  =P  �003/0  =P.(  

     J���  �R�� '�0	�"�! 0& ���$�� m0	"5 J�%K"�

�	��(�	�� ��0�& '�     �X	- &���-� (! \7)� ����	! �

    ��� ��o� (�! (�$ &! '��	��     �0	��d ��o� ��  ��0

�%D� )  5	! 0�&030/0  =P    k���p (�! (�R� 	! 	�� j(

 �=�)7"�2/64 1��� ��� J�!  m0	"5 � �0	"�! �	�

�� &0 #	"�@� J�� ��$��     \��; 8\�c�c@ 0& � &�5

���%D�    �� 	��! ����$�� m0	"��5 ' ��5 0�& '����	

F617V2Jak  0& '�0	��"�! k���	%��	� � &	���� W����� 8

 1���ET  ��$�� m0	"5 J�=�	�� ($ �04 (! j\��

 0&31  0	"�!ET    '���	��  �R��12/263 ± 5/945 

) ������/�� 0& 0�,�500/0  =P   m0	"�5 J�=�	��� � (

 0& ������$��3  0	����"�!PMF  '������	��  ����R��  

5/363 ± 32/382 )900/0  =P�� .&���! ( 34  0	���"�!

 8'�������	�� ��0�&20 ) &0������5/58  ( �����Q0&

�%D� r	7�0� s�� . %�5�& ��	=�%�>��  &R� J�! �0�&

  )  �F� 1 �	�F� ��	=�%�>�� � '��	��300/0  =P (

 #� R)1.(  

   '����	��  ��R�� 0	��"�! 	��9%�c-MPL ���o� �� 8

 '��	��F617V2Jak   ��0�& 8�$I�� 8��%�60   #	��

 (! ��7� � J�ET    ���$�� m0	"�5 	!897   0& 0�,��
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Abstract 
Background: Myeloproliferative disorders are a group of diseases characterized by increased 
proliferation of myeloid lineage. In addition to JAK2V617F mutation, Several mutations in the c-MPL 
gene was described in patients With Philadelphia-negative Chronic Myeloproliferative disorders that 
could be important in the pathogenesis of diseases. The aim of present study was to investigate the 
Frequency of c-MPL and JAK2V617F mutations in Iranian patients with Philadelphia-negative 
Myeloproliferative disorders.  

Methods: Peripheral blood samples from 60 patients with Philadelphia-negative MPD ( Subgroup ET 
and PMF) and 25 healthy subjects as control in order to investigate the mutation status of c-MPL and 
Jak2 V617F by using sequencing , Amplification-refractory mutation system (ARMS) and AS-PCR 
were studied. 

Findings: Of the total 60 patients, 34 (56.6%) and 1(1.7%) had Jak2 V617F and c-MPL mutation, 
respectively. Patients with Jak2 V617F mutation than those without the mutation had higher WBC 
counts and hemoglobin concentration (P = 0.005, P = 0.003). In addition, for all healthy subjects in 
control group, mutation were negative. 

Conclusion: The present study revealed that the c-MPL mutations unlike the Jak2V617F mutations 
are rare in Iranian patients with Ph-negative MPNs and the low mutation rate should be considered in 
the design of screening strategies of MPD patients. 

Keywords: ARMS –PCR, c- MPL mutation, JAK2V617F, Myeloproliferative disorders 
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