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NPM1 /6��7(89,%82/B23 *:8,; �� <�= .��= .&��� �= 6�90�$�8>7( ?
 # �� @�� AB;& $B�CD0 :� ..&��B��=

AML �=NPM1 �= FD	/GH @&�&� �I
�	 @��FLT3 ITD�� "J	�= .�2&�&$( .&��� �;�$= K��L0 6
& M"�

/GH @��NPM1�FLT3 ITD .&����= �� AML/GH 6
& N�O0�& � �2&$
& ��$BP $B
3 �= �� @�B�AML �� 

��OQ @"J=FAB �8= .

� ��!� &�� ��
3& �"	 +�R2& �I��S�T82 �IS�� �>�U80 �8= .�28�2 �BS�L� .8V �
 .&8W);& �X� @���
� ��B��= AML �B= 

Y�� Z�H �(��[0 � @��1DNA .1 &$W);& �� \"	.$B]2 ��8� �IS^ _`; .! 3& NPM1 @�B�$P3�a1 �B= 

�U�[)V&PCR "	 �b<8[L� PCR Y�� �= CSGE "2"	 3�8(�$)D�& .�28�2 "B�
�0 @&$= �"	 :�=$a @��

 H �8c#/G@��NAPM1 "2"	 ��&80 6��I0 ./BGH .�B�3 d� T8^� �� �e)7O�� .&��� �;�$= @&$= @�B�

NPM1 �FLT3 ITD"	 ���>);& $��( K�^� .8�31 3& *.

��
�' ��
�
 3& ��8� �
� ����= )ff/��%*�44/�–���/�=�f%CI ( /GH @&�&�NPM1 "2"B	 �)V�J	 .6
$)�B�=

 /GH 6
& T8^� .&��� �; �� �� j
�0 k@��M4)4/
�(%*M3)�/��(%�M5)�4/�
(%"	 �"
� .6�Jl d�

���28�2 )�
/��%*���/�–���/�=�f%CI ( /GH @&�&�FLT3 ITD *�&"BI0 6
& 3& �% "2�8= ��B28�2 

/GH @&�&�NPM1 ��
/GH "^�( $e
� �28�2 NPM1"2�8= .

	�( �)��� �
/GH .! @��NPM1 �� �
<�= �2&�&$( ��$P $
3 �)�;8J� @��)M5 *M4 ("2�&� ./GH 6
& �8(� $B
3 �� ��

 ��$PM3 �)(�
 /GH F�1 @<�= �2&�&$( 6�Jl d� *D��$P $
3 ��� �� T8B^� �� <�B= ��&$�� .&��� ��2 � ��

/GH .��3 d� @��NPM1 �FLT3 ITD *�I��S� 6
& �H80 m��H b�D2 3& "2&)���/�p=.( 

�"*���"* +�:��;8� *��# @"�n8,�� PCR3�8(�$)D�& :! *

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

������ ����� ���� �� !"�� # ��$ %"�& ' ()�*�	�+, -��� .�/���0 #
�1'234 5*24 #:PhD ��6!"�� # ()�*�	�+, 7�8689	 �0�4 ' ����� ����� ���� �� !"���*��*�4 �*��:�4 '()�*�	����"� �0�;3� <'-/= #:>��?@���AA 
?@# ()�*��"� ' ��$ BCD	 <�� �;E��� ��;:��+6& ���D;:� �F4 -"�6� ' ()�*��"� G��$ 7�8689	 �0�4 ��6!"�� 
�@����� ����� ���� �� !"�� # ��$ %"�& ' ()�*�	�+, -��� .�/���0 
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HIJ (�,NPM1 'FLT3 ITD��K (-6L��64 �+:�* ����+6& �� �����+, ' �0�M ��,�� �;0� 

���

���	� 
1�##: �� ##,�($�##6*�"N ��;3##O �6�##,�(�4*�##P*�G

B$�� �#,(�#" �-/+#�Q�� ' R(��#& (D!#	 6BAML 

���'N S,��� -"� .	U��5�,(*��;4 ��$�� �)ITD : Internal 

tandem duplication(�) �� FLT3 )fms–like tyrosine 

kinase-3(GPTD)Parital tandem duplication(�) �� 

MLL (Mixed Lineage Leukemia)'"6�&6���� ���H�X;��

 XD3#" ��;Y�#� ����#&()Ectopic virus integration site1(G

 +,�&6� � "�6HION�EZ6-/;3, 5)A@�(.�84 �� #� GX3

 XD3#####" ��;Y�#####� �� H#####IJ ����#####&(CEBPA 

(CCAAT/enhancer banding protein α)G[�#�\4 �:�� �& 

�:� ���& ���+, ��4�� X&)�G>(.

�'� �##& �##,(��Y 1'�-##;4 ��	��]6^##/G##, 6_1`;##$� 

4'Q�4'�Y���Aa%@�a%Q�&6����+AML �-,�!#4 c#&�d 

"6�+	 ' �3�& �6Q R��, �'�O �(;:�/O'�� 5�;D4 6�� e

�#�& Q� �'�##O R6����##+G'� X##& X##J�	 �##& ��##,��P(;") ##6 e

*�P*�4�+,� Q� 6& �X��:���#:� �����$�& )fG�G�(��

� �gY� �Z�K 1�K #� ����#4 R��X#8hi -#/&(WHO �#9	 

���###/�AML not otherwise characterized###��E4 �

4�-"��O)��(.

$� X##E*�\4 ��##6��/6*�##� H##IJ G�##,(�'�##O� ���)

j	'�� �-//Y-Y6RNPM1 Ed�4 �� #64'Q�#4'�Y ��5q35 G

���/?A%����4 Q� Primary AML c#Y �� ���;3O Q'�& �& 

Q��'�#O ��#,()�*����4 #�eAML)&#6�;!�#"�'��� R���

+:�*��,(:�/46;6e(�,�Y��4 ��-8� G(1��: �,(/&6��(

c##g4 Q�3##"�$CD34 'CD133��Y G��	�##� k�##E6hi '

�:�� ,��� X&6+�"�4������#:� �-#� �-)�a(.-#/l �R

89	 XE*�\46	�8����� ��!#" H#IJ X#Y -#"� �#,(NPM1 G

m�E4 #� #� �Y��#4 e6H#ION�& �� c8;3#4 �-#/,�6����#+

���###J �###n/,�" �'-###& o�C###$ X###& G�###	�(�###,(

:6;")�;6e-"�)��(.

NPM1 /+3��j�Y�"6R/B23 G�j	'���p3� e64 �& R6���

&61��: �� q�& �� �,(gP	 1�K �� 6�U#� ' �(����"�#$ Q� 

j	'��6/�+:`��j�Y�" 6R(NPM) :� ��*�K �� XY�#E6hi 

rs�	-+� ;3, �� e*�Y�* 64 ������)�?G��(."�'��� �q�#& (

HIJ �,(NPM1 ����4 �� AML ��Y �& �	��#�k�#E6hi '

��8K R6XY �8NPM1 :6+#:`��;6e(NPM1c) X#& ���#d 

��P�+� ��n"� �E6hiG��$ �/E�j	'�#� X#& 1�C#	�6R' �#,

 �N 1�8;"� " �,6cP� X& �n/4 G�3 O6�(��� R#�X#Y �-#� �-

 �� HIJNPM1 #4 �-#"��	 #� *'� ��-#$� e#6-� �� X#��-

-��& �")�+Y�*)��(.-/l ���& ��P�+� R(	'�#�6RjNPM1 

c4�� #:� X& 1�C	�6�,-(j�Y�" #6#t/	 Ge6� S'��6#:�P6��

�'Q'�;/: " '6� ��P�+� ��1�4'Q�h �-#� 56=�	 -#"�)��@

��(.�& �'`� ��RGNPM1 -/l X&�j	'�� R6c4�� Rp53 '

S, /l6j	'�� R6R�,���#& X#Y p53 �� �N ' X;#��� H/#Y�' 

t/	64 S�-//Y]c#g4Rb )	�6�4�;#:`&�/(GP19ARF '[HDM2

4 cC;4����)�a@��(.#4 �#t" X& ��*�H#IJ -#:� �#,(

NPM1 F	 u3#Y X#& �n/4 #66 ;") 7��6#P���#Z� �v#:�	 

1��: �,(+:�* 6eAML-"��O )��(.

��i Q��FLT3 �O e6	 �-"�6Q'��Y R6Q�/(X#Y �#:� 

+I4 H8"�K �� 6gP	 ' 7�61��: ��#,(/&#6��(Q�3#"�$ 

����.���� �& H6:�	�4 ' ��6���,(1�E� �-//Y�#�O R6�-#"�G

��	�##� ��6��)�*�(-##/l �1��##: Q� w�##" R�##,("�i�##: �

-"��� �*�$� .5��U	 �,(�$�� �*��#;4 ��) �� FLT3 �� 

�'-K�a%����4AML 'A%��-/: Q� �,(�#�;:`]36e

��4 �-�-"��)��(.E*�\4 X(�, �#6!6� �� R#�Y�#K ����Q�

"�'������%��HIJ R& �� �#,6���#+ �AML ��#"���#& 'X

Q o�C$��'�O�M3�:� )�?(.

� m-,��89	 R6xG:��& �46H#IJ w�#d' ��� �#,(�)

NPM1 & �� 6����+AML��"���4 G6,��+, ����HIJ �#,(

�)FLT3 ITDH##IJ �##& �##,(�)NPM1� y�##h	�� G##� R

HIJ Q �& �,��'�O� �,(AML X#8hi �� -#/&(FAB " '#6�

:��&�*��	 �c*N �,(HIJ ��) X;��NPM14�-��&.


 ��
� �
���
w�" Q� �-� ��n"� XE*�\4 �E\84 �p6=�	 ��& .��t/4 X&

Q���&��HIJ �,(�)NPM1 GX"�+" �,(��$ 946#\�'

���D;:� �F4 �?�&6+:�* ��+�46L�� #6-(��#K )AML ( �#&

Q��'�O ��,(���C#	 7��= X& ' 5�;D4 �O-#/Y��� �#& �

hi6E��� �Y�4 Q� ��;��:�;4(��#$ 1�#8;"� ��4Q�: �#�G���

�4QN�&�	�� �� !6)�*�(.''�#i �D	 & '6��;#:��+ �#;Y�

���;E����I	I	6z��D;:� �IJ �	 -� XDNA '�:��#& 
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�'� �>G���+� ?G�6�����

���

-E&(O ���d ���p;:� ���4 6��.

X"�+" �,(rs�	-+� ��Y�4 ���D;:� �F4 )BM ( ��-E	 �� '

�'-94(94 ��$ ����4 Q� 6\�)PB (&6����+ X#Y ��& `;h4

�6� Q�{N Q� H6+�"�4���G& Q� 6|+J ����+ �'N(-�.

D!##	6����##4 BAML )�##*����4 X##& X##J�	 �##& (G

:6###��;6+�" '###6###:��& �����	�/��"�+�]6v###:�	 ^###/

�:����;�;4�(Q .�:� �& ' ��n"� ��'�O� �#,(X#8hi -#/&(

�'�OFAB -"-� ����O .z��D;#:� ��#t/4 X&DNA �#�R

&6����+GQ�;:� �'��c/� #��O ���p;:� ���'��Y �-.

�'�O� }]:���)NPM1 Q� ���p;#:� �#& �OQ�{N �#,(
NPM1–F (5'- TTA ACT CTC TGG TGG TAG AAT  

(GAA -3' 'NPM1–R (5'- CAA GAC TAT TTG CCA 

TTC CTA AC -3')�� X~"�/l GE*�\4 X(�,�hd �&6�-� ��

��##& GPCR-##� )�a(.##�Y S##nK�H/##Y�' PCR GAa

46*'�P6�;�'-K c4�� '�aa ��O�"�" DNA G�a�61�4�P 

�##, Q��OQ�##{N GdNTPs ��-##Y �##, �/a461�##4'�P GA/�

46��1�4MgCl2GA/�-#K�' Prime Taq polymerase '

Reaction buffer )��#0 # ���& �") ('ddH2OE	 6#6 -#� R.

X"�+" Q X4�"�& x&�\4 �,��PCR-"-� GAd�6X#8 °CfA G�a

:6cP)?a"�� #6X°Cf� G�d�6X#8 °CAA G�d�6X#8 °C��(.

��n"� Q� }�PCR��& G(+i� 6gP	 Q� ��/6����4 XE\d �-�

 q�C94 G�t"7PCR '� �#& (Q��#ON 1) �%���#+, X#& G

-� Q���'�;P*� u:�/4 �Y��4-")��(.

dgP	 XE\6��+, �-� �7�#�`i� X#& w�#J� �#& XY ��i

 "�IJ e"�&���t;"� 4����G*�i �1��#E4 bp A>a�#��� .

}]:"X"�+ X4�"�& �� �,CSGE Q cP� X&�-/;��O ���d �:A

d�6X8°CfA)#���l�"�!R(G?ad�6X#8 °C>A)^#/6�6"N(.

S, /l6�#:�/� ��t/4 X& R��X#"�+" �#,(*�#+;K� �c#4�K 

�+, HIJQ��� 7� CSGE X"�+" GX#& '� 7��#= X& �,

 " '�6X4�"�& �� ' y��D4 �CSGE -#/;��O ���d .X#�K�4 ��

 '� 7q�C#94 X#+, -E&(1)�a%CSGE )�#;*' �� ?Aa

7-#4 X& �*' ��#Il -"-#� Q��#�'�;P*� ���#: )�A(.��

�I"�1) �CSGE 	� �& 6-��4'�& ���^"� -4N6�(Q '���#" �

UV X"�+" �,(���� (HIJ P!	 XY6���� }P��'�'�#;, c

;" �� '6#"�& Xn##;P*� -#	���'�6�#+;4 e�-/;#��� �G1�#&�{ 

-"-� )cP��(.

Fo	�:@�B� �28�2AML .! @&�&� NPM1 :! �� �B)(�
 /BGH 

CSGE)@�� �28�2 ��4*���._o,����$B)� �B= N8=$� @��"2�= 

�� �"���� �8	(

C94#7q�PCR X"�+" ,##�(�{&##� 1�##�� �- �'�

CSGE #�D	 Q� }� 6���-"�;#:� �'� X#& B)AccuPrep®

PCR Purification Kit6"���& G���0 G(���+, X&(�,�OQ�{N 

�-"�& ��J)forward ('.��E4 )reverse(E	 ��#t/4 X& 6#6 R

*��	��Y�� X& X3"��� # �&q -"-#� 1�#:�� .E	 �'� 6#6 R

*��	�dideoxy chain termination 'X#i�&�4 �� ;#:� 1-4

730XL DNA analyzer ��&.

S, /l64�#+	 R�X#"�+" Q� ���p;#:� �#& �#,N�OQ�{ �#,(
FLT3 ITD- F (5'- GCA ATT TAG GTA TGA AAG 

CCA GC- 3') 'FLT3 ITD- R (5'-CTT TCA GCA TTT 

TGA CGG CAA  CC-3') K�" �� G##6 �) XFLT3 GPCR 

�' �-#C94#7q�PCR�N �,HIJ 1�&�{ ��t/4 X&�,(

Fo	�:�28�2 @��AML /BGH @&�&� FLT3 ITD 3��BP1 :! �� 

f/�%

XE\d X& y�&�4 ���I;"� -"�&329bp)c*Nwild type ( �� �"�#d�� -#"�& '

X"�+" (�,�G>'?���& XE\d X& y�&�4 Q� �	329bp X;3#& X#Y �:� 

�#�$�� �*��#;4 ���#P	 ���64 X&(internal tandem duplications) �) �� 

FLT3�:� �6F;4 -6	�j�Y�" �, -= �	 X: Q� .
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HIJ (�,NPM1 'FLT3 ITD��K (-6L��64 �+:�* ����+6& �� �����+, ' �0�M ��,�� �;0� 

���

FLT3 ITD'� (Q��#ON 1) A/�%)�##;*' ���aa�#*' X##& 

47-����: e-"-� Q���'�;P*�)�>(.�I" �� #� �#& 1) �

	�##6-��4'�& ��##�^##"� -4N##6�(Q '##���##" �UV �N Q� 

}P� ����&(-�)cP��(.

��##&(##:��& �4##6;3##h+, ��� �S##, w�##d' �� ��##4Q

H##IJ �##,(NPM1 'FLT3 ITDG��##4N ��##4QN Q� (

Fisher’s Exact Test-� ���p;:� .

�� ����� 
��-E	�?Q� ���4�?�&6��#+)AA/��(%)���/a@�a�/a

=fA%CI(����(HIJ �) �� NPM1 ��U#K ' X;$�/#� 

HIJ �,�;" ���E	 �66*��	 R��	6�-"-� -.�;"�� ��89	 R6x

�HIJ w�d' Q�,(NPM1 Q �#gY� �� #��'�#O ��#,(FAB 

�PK����� �.Q��?H#IJ ���4 ��-#� �#�� & �� 6����#+

AML G##� ���##4 eM0)?�/�(%G##� ���##4 eM2)?�/�(%G

���4 ��IlM3)�/��(%G#����#4 eM3v)?�/�(%�#p, G

���##4M4)�/?a(%���##4 X##: GM5)a�/�?(%G##� ���##4 e

M6)?�/�(%� X& �/& S, ���4 �/� '�-#4N �:� X& 7��`i

Non M3 AMLs)�/��(%����O -"-�.Q �� ��'�O� �#,(

M1 'M7 ,6!IJ _��-!#" ���)1'-#J�(.4 �� #6���?

&6���� ��+(�)NPM1 H#IJ �GX#;�������� ���#4 (c#*N 

HIJ �X;��A)�/>a(%���� ���4 �/� G(H#IJ c*N �X#;��D

)�/��(%& ��Il '6���� ��+(H#IJ c#*N �X#;��B)�/��(%

-"��&)cP�?1'-J '�(.

S, #/l6Q� R�?� GX#"�+" ���-#� )a?/�>(%)��f/a–

af�/a=fA%CI (����(HIJ FLT3 ITD  Q� X#Y -#"��& 

����-#E	 R����#4 M1)�>/�(%G����#4 M2)A�/f(%G>

���##4M3)A�/��(%G����##4 M3v)�>/�(%GA���##4 M4 

)�/�?(%G����4 M6)�>/�(%'A���4 Non M3 )�/�?(%

-"��& �-� ����O .Q��?X#"�+" ����(�)NPM1 H#IJ 

�GX;������#4 )��/?�(%����(H#IJ FLT3 ITD G-#"��& 

*�K���Q� XY�a��) �� H#IJ �'-& X"�+" NPM1 �#I/	 

�?���###4 )a?/��(%����(H###IJ FLT3 ITD-###"��& 

)1'-J�(.

FD	
:= �� ��&8B0 6��I0 q
�)2 .&��B��AML @&�&� �"B	 :�B=$a 

/GHNPM1 

A:�)(�
 /GH F�1 �= @����= ��&80A

B:�)(�
 /GH F�1 �= @����= ��&80B

D:�)(�
 /GH F�1 �= @����= ��&80D

:�"H�:/GH ��&8� �� �)(�
 $��X0 @��"�089,%82 .��P& @����.!NPM1 

�E6hi c*N TGCCAGAGATCTTGAA

X;��� HIJ c*NATGCCAGACAGAGATCT

X;��� HIJ c*NBTGCCATGCAGAGATCT

X;��� HIJ c*NDTGCCAGGCAGAGATCT
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�'� �>G���+� ?G�6�����

���

:�"H�:.&����= Z
380AML��OQ r�;& $= @"J=FAB/GH �2&�$( �@��NPM1 �FLT3 ITD.1 �� ��

��OQ @"J=FAB 
"I0�28�2 �& ��

(%) 

�28�2 /GH �= @��NPM1 

(%) 
�28�2 /GH �= @��FLT3 ITD 

(%) 
NPM1 + / FLT3 + ITD 

(%) 

M0 ?)�/�(�)?�/�(aa

M1 f)��/>(a�)�>/�(a

M2 �>)��/�f(�)?�/�(�)A�/f(a

M3 ?a)f/��(�)�/��(>)A�/��(�)�A(

M3v �)�>/a(�)?�/�(�)�>/�(a

M4 �f)�?/��(�)�/?a(A)�/�?(?)A/?�(

M5 �)�/>(?)a�/�?(a�)A/��(

M6 �)�>/a(�)?�/�(�)�>/�(a

M7 �)�>/a(aaa

Non M3 �?)AA/��(A)�/��(A)�/�?(�)�A(

Total �?� �?���

��� 
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Detection and assessment of the frequency of NPM1 and FLT3 
ITD mutations in acute myeloid leukemia patients 

Pazhakh V.1(MS), Zaker F.1(PhD), Ali Moghaddam K.2(MD), Atashrazm F.1(MS) 
 

1Cellular and Molecular Research Center, Iran University of Medical Sciences, Tehran, Iran 
2Hematology,Oncology and BMT Research Center, Shariati Hospital, Tehran, Iran 
 

Abstract 
Background and Objectives 
NPM1/Nucleophismin/B23 is a phosphoprotein with high expression in the proliferating cells. 
NPM1+AMLs are also frequently associated with FLT3 ITD mutations. The purposes of this 
study were to assess the frequency of NPM1 and FLT3 ITD mutations among Iranian AML 
patients and their correlation with FAB subtypes of AML. 
 
Materials and Methods 
Bone marrow and peripheral blood samples of 131 AML patients were randomly collected, 
and their DNA was then extracted. Afterwards, PCR was applied to the fragment of NPM1 
gene with specific primers. PCR products were electrophoresed using CSGE method. In the 
end, the positive samples were sequenced to confirm the presence of NPM1 mutations. 
Furthermore, FLT3 ITD positive cases were screened using PCR and 2.5% agarose gel 
electrophoresis.  
 
Results 
Out of 131 patients, 23 (17.55%) (CI 95% = 0.107-0.244) were known to have NPM1 gene 
mutations. The highest frequency was among the subtypes of M4 (30.4%), M3 (21.7%), and 
M5 (13%). Also, 21 samples (16.03%) (CI 95% = 0.092-0.229) had FLT3 ITD mutations with 
8 cases being NPM1 positive and other 13 NPM1 negative. 
Conclusions 
NPM1 mutations are more frequent in monocytic subtypes (M4, M5). High frequency rates of 
NPM1 in M3 subtypes and allele D mutations in all subtypes together with the high degree of 
association between occurrence of NPM1 and FLT3 ITD mutations could be considered as 
interesting findings of the study (p=0.012). 
 
Key words: Leukemia, Myeloid, Acute, PCR, Electrophoresis, Agar Gel 
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