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�+���("APL ,#3 5(:��& �" �'	 ����� '?�
2+(As2O3)� ".
� �"�� &�� ��

��	FB �)��=� 5? �� *#G! � H �! �!%%� ���("APL I�J �'�! ����� � ,��&DNA 5C�! K�� �" �� !L
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 � (��3 � �� #�Y	+� � J� � (��3 � �02 �!+�+#A >?+#"�:" ,��FLT3 *�/�-%"�'C�& Y��.�+��C�(" ��
 � (��3 � ,+�+�FLT3-ITD [ 70B K���	 *#3\�" '(8� ,��)���/�p=(.#A�P?+ �bcr3 I?�	 � C" #3)�
/�

p=(.� (��3 � >(" ,�+��:)� ]�73�+FLT3-D835 �B�?� �+ .+'2 ^(� ����:	 �+���(" �E(:(02 ,��?'C�! �.
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Y�+ ,��#9 `?��! >?+ '(?�3 ,+#".
����$��� *�:� 0(��#� ��� �(�L *��4 �� �!�
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���	� 
����I �*1*��2�6*)!�� -$��2�#)Acute Promylocytic 

Leukemia = APL(7����H -$��2�# H� -��F�� +!���L ����% 
� �M N�; �2� ��I �(*O�6*)N��M�-)!H��)!�P-)��Q��

;q��q)(�RS�B(t-) �T H��  N=>�) (/� )�.(
 �M V��N�M-��" ?�:#� N  ��3) -)!H�)!�;PML �� 

 @!H�)!�; �!��B�" N RARA @!H��)!�; �!� �� �R
/��" ! +( -W�:#� ��%PML/RARA @!H��)!�; �!� �� 

�B !RARA/PML @!H����)!�; �!� ���� �RX*.����	
-) ��/)�.(

�*�"� �����Y6$A �� 5Z1�� [A�  +(/ ���RARA ��
�$	�2�#����L 0*1-)-��/7\%3]*��] VPML �> -H�

N1��D% @���DM� �����2�7PML/RARA �� 5Z1���� [��A� 
N1D% @�DM� ��)-� N ! ��/�	�	 V*^�P�2 8��_� `��L

(/��PML  H�*) V-�!� .a#�b)N��% -#�.#�) ! -#�62
 ��/ @�������+(7��AZc�����H 8����) �� ����'���2� ���

��c N �2� +��$� \%��� ���$*  V�� �"�#�* �	����� NP
�*�� N%�7APL ���3A N  N1��3�/ ���)�� X �W ���$*  ��

��)-����/)�.((��3]���� ��1P���� V*�����3A N��  ����)�� H� d
�%��1P����*&LT d- ��*����$APL +(/ e�b) (���)4.(

 H�*� V���%��1P�� V75��f6L ���$�/ ��%�g�2*(7�����
 *�1��_�	 V*� �� �* ()�*�2� ����$)GQB.(�$%*V�� ���c 

ha -a#�b)N�%7 *�� ��*�VPML/RARA i!��/ ���)H ��
 *��$�� � *aj ()�*E �	*�2� +��  +��$% ����$ �L� N�]

���(� ��M! �k� ?�g	� �T ���) ��)��Q�.(
�%��1P�� N6$M H����*d�&LT-����,� N�P*�� �1��

H�+!�L� �%�$2�#-)*12Z �6*���I l(AML) m N�  �* H� �
APL 2��  ���)-n	 7N1��L ���W �**1�" 8��*�Y-#��Y#�)-
�2� .��n	 V**� H� 8����� N�P +(/ oW�! NM�	 ���) �k� V

�!(IB� H� (F��*����$AML 2��  ��-��2�1�"�1*l7
�������P��	���) 5�)�� p-#��I �� (3�/� -n	 N�P �** 8��

#�Y#�) qb2 �� E61>)-� ��� V*��2�3/ X� �W �����$�-
�2� .�Y-\&) H� �	�� V�n	 V�** �" N�  r�� �) 8��FLT3 

)-(/� )��7��.(
�"FLT3  !� � �!H�� �@!H��)!�P (�36 ��(13q12) 

W�1��L ����I ! N�!���4L���!0�2� .FLT3 8��F N  

$%*,�-� ��*d�%H�2�1O���	�$%*n) �� l�>12� 0���� 
 *) ��-��/)�4.(5�=	�FLT3 # N *(��,FLT3(FL) [�A� 

���$���2�0*��gD��	� 7��1s��2� �����2Z*��  ! �� N�T 5���f��
��gD����2Z*�%��1��D �2 ���2*$��2Z��1-L����* �� �

��D)*�%����2*5�3, ��%�-�&� �� N��P +(��/��� [��A�  �
#!��*��2��g*���$	 ! ���05�6��2 ���%�1O���	�$% t#��� ����* l

)-��/)�4.(��3P��	!��2�	�) H� E�61>) i���*����%�
FLT3  ��*����$AML �2�3/�-�2� +(/:2�	�)*���%�

ITD I�� ��*�2�	�) ! ���m �!���) N*����%�N�b9� ����
��8�	��s���2T N����G�B (Asp835 or D835) ��N���*I�� 
P*H�3�)�B(.2 ��*\1D �%� ��	-7�2�	�) i��� !� �%*��

5�a� [A�  #�a� @!�(�) �(�/ �*	 ��*H!��P V*H��3�FLT3 
��)-(����/ .��2�	�)*�����%�FLT3-ITD �!0��L� ���4!
�B)uZfW �!0�L� ��%���!���) +(�����-(�/(�"FLT3 

��D��-+(/ oW�! (�� .��V�!0L� ��%7���m �!���) V�)!��
FLT3 ) (P ��-(33P .��n	 V**�9#� [A�  8����(�/ 5��a�

v	!�� @!�()*V5��Y#�) �T �_� �� ! +(/ ��%��2*#�3,*3w
���*(�3��) ��2� VSTATs 7RAS !MAP P*5��a� ��%H�3
)-(��/ .�2�	�)*�!(�P ��G�B7��9#� [�A� �n	�** 8��

�h��-x�# �� A)-��/ 1� �� NP*#�	�P �P�� �T N�*1*l
#�a� ! +(��/ H��� ��*P �*H���3�5���a� @!�(��) 8����F N�� 

)-��/)��.(
��M! � �� �H�� NP*d&LT-�2�	�)*����%�FLT3-

ITD  ��*����$AML ������2�1�"�1*5�)�� l ��� N� -
2��  ���)-$%� ����) �� 7��2� N�1��L ����W �* �� �T �

 *����$APL ���� ���M! ��k� yZ1��� .�!(�:) ��(�a	�
� �� Na#�b)�)H V*#� N  NP +(/ @���� N3*N��$� \P \�I X7

2�� -W�*� �_� z�2�	�) V*��� �� �%* (�)�*XY��) �����$
���2�.� y(��%���d%!{��� Va	 ���  +!Z��A*��*����!��� V-

	�)2�*����%�FLT3-ITD !FLT3-D835  *�����$APL 7
�9)�N��D  *���� ������$���� (��W�� ������2�	�) V*�����% H����k�

!�L{-�%�6P*3*Y-�,#� !���)�� N  �2���� .


 ��
��
� ��
��VNa#�b) N 8��F N1/�L �,� !��  !����B ���$*  

Z1f) N $2�#-)!��*2�6*1-��INP�*32�T -��9#� ��)�� 
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��*2�	�) ��%FLT3 !��I -1*2�6*)!�� -$2�# ����.$% ! -$12� ��� �&/

��� 

[�'J%:f$J ,+#" ,#(gE3 �(4�! ��+'!+ � ���8��+ �� � ,��#B��h& ,��FLT3 

,#(gE3 �)=/ ��+'!+f$J �" ] "#� ,��#B��h&ITD 

bp ��� 5′-GCAATTTAGGTATGAAAGCCAGC-3′ITD-F
5′-CTTTCAGCATTTTGACGGCAACC-3′ITD-R

d&M N  r� �) ��%�LH�mTD835

bp ��B 5′-CCAGGAACGTGCTTGTCA-3′D835-F
5′-TCAAAAATGCACCACAGTGAG-3D835-R

��	 (��D;�)As2O3(! +���; ������� N�  0�;�) 8��9*9:	 
7�"�#�	�$% �"�#�.�� !(��*� ���>12�0n) ��12��$*  �1P� 

-1a��/ NaM��) +���P (���� 7����L 8���F .>��	*<
 *N�9fc '��2� ��  ����$ (�3 �FAB )French-American-

British (��  ���  !��	�*� >��	 (*<7d���)HT RT-PCR 
�&M �2�3/�-�*�"�PML/RARA 6P ��* N*@����� ����$ 

(/ .! 8�AZc��N1�� �%��)HT�%�,��- *+(��!�� H� �����$
Y/0�-�T(/ |��>12� �% .32 +�!(:)- *����$���	R�

) ! 5�2*,��*32 V-�T�%�����  5�2 .� H� �� ��(�a	 V7B�
! ��) �� �g���Y�	 �H �� �g�*) X-(����.

�2� +(/ +��g12� ��H E���a	 H� Na#�b) V�� ��:
f& ����)�P�"�#�	�$% X�Y-:� �1$P �2Z  HB(F�� 

�!�	�� ���$/ 7 ���>12� 0n) �� �* }��  X����*B/���
#*}��  ��PZ� ���$�/ 7�1����*���# ��*@(�A ! ��1

(%��/ ��M!�$2�# �  5��-�2 ����(  r�9� �.
��@����!0PML/RARA :�� �M ��N���M�-)!H���)!�; -

)15;17 (t�" �� �D./ N9b3)RARA @!H�)!�; �!� � 
�R �!�13�� ���N�abW �� !H� ��DNA 5��c N� Kb �B

���� ������W .�" H� N���*I�� N���2 X��� �9) ��PML V����� ��
 �MN�M��2� �*L�� -!E�61>) @���!0�� N2 ����� [A� 
-) ��/X)�/ :@��!0��bcr1 )�� ��@��!0Long ( �!�13�� NP

��"PML @��!0�� 7�2� �*L��bcr3 )����@���!0Short(
L�� � *���!�13����"PML @��!0�� !bcr2 )�� ��@���!0

Variant(�!0L� NP��"PML �2� �*L��)��.(��@���!0
 *� ����$��!� N Na#�b) VRT-PCR �a#�b) �� NPN���% 

6fW-(/ <>�) +(/ �P�)�B.(
2�(M�H��5�62 %���	�1D% l�N�� �H� (a  N6F��Z

��� L*���1��2 �!� H� +��g12� �  !����L "�g���k6m ��
���L 8��F .>12��|��DNA )��"�-5�62 H� �%�l	

N1D% ��(/ @���� i�f/� l$� ���(��12� �!� N .
���� ����2�3/�-��2�	�)*�����%�FLT3 7d3��P�! H�

��H*+���6�*1#�) H��$*�Y6s)Multiplex-PCR ((/ +��g12� 
)5!(M�.(� N �V	�	*NP `��%�LH�mT � ����) �* ���  H��

�Y	*2�	�) i�� !� �% �*��ITD !D835 \�% 8���F N�  
(/ +��g12� d3P�! �� ��)H)5!(M�.(6P*� ���) ���) N*H�

�� �PCR 2 �P�/ H�*! �"�3�%�LH�mT �P��/ H�MWG 
&	 ��$#T*(/ N(�.

[�'J�:Y_0h � #?���� iE(� �($3 �� �'	 ���8��+ ,�� 

[ 0R����(��+ Y_0h�! �! 5?�?�$! Y_0h
Bufferx��µLBx�
MgCl2mMB�µLB/�mMB/�

Primer-ITD-FµM��µL�µM�/�
Primer-ITD-RµM��µL�µM�/�

D835-FµM��µL�µM�/�
D835-RµM��µL�µM�/�
dNTPµM��µL�µM���

Taq PolymeraseU/µlBµL�/�Unit�
dH2OµL�/��
o$M4G

&	 H� ��*) N*��9) �  �Y�5!(�M �� +(/ �P� ��7N� 
+H�(�� µL4G ) H�*) �� +(/ +��)T �Y*	!�Y*^���%�B/�

)*6-#*�1�D9	*�s2 7(/ \DNA  *N��j� ����$ +(�/ N� 
��c��&� \�I NP-�N d3P�!B�)*#!�Y*2� �1*(.�� �

g3) 5�13P-�M N �DNA  *�����$7dH2O(�/ N���j� .H�
 N��$�*����$-a	 �!� N  NP*�* #���	 V-(Sequencing) ��

�T 7��% M!�) ���2�	�*����%�FLT3-ITD !FLT3-D835 
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�	*���  +(/ (7(�/ +��g1�2� �f�) 5�13P ���3A N )5!(�M
�(.

[�'J-:���!#"PCR � (��3 � �� #� #(gE3 ,+#"FLT3-ITD �
FLT3-D835 

Q4+#����)ºC(����QE(� �+')3
N*#!� �/�2�!�44)N9*W�(�

�/�2�!�44B)N*��_(�B
�%�LH�mT 5�=	�B�4B)N*��_(�B

���2R�4B)N*��_(�B
-��&� ���2R��)N9*W�(�

H� ��PCR 7NabW +H�(�� �Y	*����� �FLT3-ITD ��
 *2�	�) (W�� ����$*��bp��� ��  .	��F ��- NP*���$�

�����2�	�)*��  ��7#�=:)-��0  +H�(�� �  H� �	 bp��� 
�*) +(%��) 0-� +H�(��� 7(�/ ��  �� (���  V*E�61>) �����$

 ���  8!�g1) .I�� +H�(��� �*�Y	 N�*����� �FLT3-D835 7
bp��B ��  .

H� �T���M�-N��P��2�	�)*��FLT3-D835 8����F N�� 
Nb9� d&M ��)-(/� 7� PCR ��2�3/ X �W�-�*��D .N� 

����H� ����k3) VRFLP )Restriction Fragment Length 

Polymorphism(�� ��2�3/�-��2�	�) V*(�/ +��g12� ��.
�� �3 �5�=:) VPCR �2�3/ ��k3) N �-2�	�)*��FLT3-

D835 70�T \h% �:	�$-���L ���W)5!(M4(.� N ��V
&	 H� �� NP 8��F*�) N*�Y7N�#�# ��%�BW�*�� N�9�R

1��2 NM��-(�(/ N �Y�� ���L.�&� �� �� \�h% 5��=:) �
0�T�$-!� � �H��LT 5"���L H���!�1Y#� (F���(.

�Y	 NabW ��*+(/ �7�M�+�, �_����� �0��T�\EcoRV 
2�	�) �_� �� NP ���� ��M!*� ���V�M�+��,7� H� ��� *V

)-�!�.�� �3 �d3P�! H� �� VRFLP 	��F ��- NP*���$
� (W���2�	�) V*5��=:) ��  ��PCR !� ! +(�/ N1�DY/
 NabWbp�B !bp �����) ���-(/.	��F ��- N�P*���$

H!�1% 8��F N ����� 8�,�2�	�)*��  ��7��%�N�abW 
bp ��B 7bp ���!bp �B����M! �! �� 0��*����/�� .��

	��F-H�$% 8��F N NP����� 8�,�2�	�)*� ������7
NabW �&3	 bp ��B 0�T \h% H� (a �$-) +(%��)-(/.

[�'J
:��?P!& jk� .�S!+ ,+#" iE(� �($3 

f:2+� 5? .�S!+ ,+#" ��(! �� � �+ �
5�=:)PCRµL��

��� 10 X digestionµL�
Fast Digest EcoRV (Fermentase) )U��(µL�

+0*���� �b9) ^TµLR
i�$�)µL��

6P*Nd��)HT �%H� +��g12� � �GSPSS 0*#���T (�/ .��� �
��2�� -) �� 8!���g	��*,��*n1) V**���%�����$��/ 7V��2
5�f6L �%�g2*���  ���)�� ���)H 8(�) ! (��2�*N�  �(

����f& �"�#�	���$% X��)�P�Y- ��*! ���� ������$ (��W��
2�	�)*���%�FLT3 7d���)HT Mann-Whitney U test N� 

(/ +��  ��P .H����)HT ���; ! ���*� ���% !���� �#���T*0
��!���-(/ +��g12�.

����� ��
����B *+(�/ N�a#�b) ��$7FLT3-ITD ������g�)�4

(�F��(!FLT3-D835 �������g�)��(�F�� ( H�*������$
�2�3/�-(/.H��T�M�- H� ��g� !� �� NP*!� ��% �����$
2�	�)*\% 8��F N �� �2�3/ ��)H�-(/7���!���-�6P-
2�	�)*���%�FLT3  ��*����$B/�� (F�� N()T �2�.
� H� �g�*���� ���$�2�	�)*��FLT3-ITD )�! ����

(����  �H �g� .�$%*VH� ���c�� *���� ���$��2�	�)*��
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Abstract 
Background and Objectives 
FLT3 mutations are associated with poor outcome in acute myeloblastic leukemia(AML) 
patients. Only limited information is available about effects of FLT3 mutation on Acute 
Promyelocytic Leukemia (APL). We investigated the prevalence and impact of FLT3 
mutations on the clinical characteristics and the response to treatment  in APL patients treated 
with arsenic trioxide (As2O3). 
 
Materials and Methods 
Blood samples were collected from 115 untreated APL patients and genomic DNA was 
extracted by the salting-out method. FLT3-ITD and FLT3-D835 mutations were investigated 
by PCR-RFLP. Mann-Whitney U test and Chi-square were used for data analysis. 
 
Results 
FLT3-ITD and FLT3-D835 mutations were detected in 16 (14%) and 13(11%) of the patients, 
respectively. Both mutations were identified in two patients, so overall frequency of FLT3 
mutations was estimated to be 23.5%. Patients positive for FLT3–ITD mutation had a higher 
rate of white cell counts (p= 0.005) and more frequent bcr3 type of PML/RARA fusion 
(p=0.04). We have not found any significant association between FLT3-D835 mutation and the 
clinical characteristics of patients. Between the group with FLT3 Mutations and the group 
without, there was no significant difference in response to therapy. 
 
Conclusions 
Complete remission induction with As2O3 may be independent of FLT3 mutation status, so 
As2O3 may be the first choice of APL especially in patients with FLT3 mutations. However, 
further studies on a large group of patients are necessary to confirm our findings. 
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