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���	 � !�� ��"#�$��	�� �"��%�&$�'�(�  �)�
* �� �+, -"���. $�*"/0 ��	��" $��"#12���3 ��" ��4 $5

�����
$�� � %&��� 
��� ��./�/+�� 4 �6�7�8��)APL($9 : �;�<�=/� >/? @��2A�B� CB,�: �7��  'D E�, �� �= F8" ��4 

���� 4 � �/	�1��G H��>"/?"��./� 2����4 �6�7�8/+�� � I��	 "� ��/	 .'8�K��B< L2MB="� �B:
 -"/',?���� I��, L��N�: -���� $���'� "�: � 2APL �B��" -K �BO" � B�, �B= F8" � 	 �79�'	 2A�B� 
�/+8��P #" F8" #/7�/�K Q$?�R� ��" ��M����" C,�: -K �: �= 2� #/7�/�K ��, � �/	�S�� :�-T -� FU< "� ��
O�<�� �"�0 �� ��$78�� �: #/'� ��8�'	 �F8" � �? ." #"8��: �� @�O�< �-K ��::�-T -� �B�2N�� B��� �

���V -�P�82�� 	�:.
� ��� '�	 ��

>/? #" � 	 *�)?" �W��X�+U<�+��/: ."�:2?�R� ;%Y �;M��2N�� ����" �� �2�/+8 A�� �'8�K Z8/< ���� $L
�/+8�NB4 F[+3 �: ��2µM1/]$µM ^�µM_'8�K ��< L2MB="�<  �<�< �B: �  ? B	 ��B� B� #" `B� a
��# -��2�&$&�$���b_F,�8 $RNA -K  B	 c"�d7B8" �� .�7'B8 #" `B�cDNA � $B�: -"� B�-T -� �B�2

/7�/�K#2M� �� �� ��� '=/7��#�e8�= I��	 
$Mcl-1 �Bcl-2 �B: f�� Real-Time PCR �BW��X� ��/B� 
FY�N �"�0.-/�#K #" t*�? $�"�Y"Excel ��"� I�+U< 2"�: `?��"� ����?K � 	 ����78" �� .

%�(�� ��
�7Y���2���" �= �"� -��? �� 2'8�K Z8/< A�� �L$: g��= �: �-�mRNA7?K �</7�/�K�LBcl-2 F8" �"��� 

: ��"�-T -� ��2#�e8�=
�Mcl-1< #" `� �'8�K �: ����h< L���2�?� '=.
��) %*��+ �

"�7? @� -��? i�h< �=  ����: �� ��-T -� Bcl-2 �� ?"/<R�?�R� #" �;M��2'8�K I�, ��P #" L�B��" Q2
��  	�: #/7�/�K ��4�-T �= ��2#�e8�= 
�Mcl-1 ��?� ?�" ? -K �� .

! ���� � ,�:2�< j�'8�K $��4 �6�7�8/+����� 2���./� #�e8�. $#/7�/�K $ �M."
$-T2��bcl-2 

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

����� ������� ����� � �����!	 "�#$#%	 & '()* �+�& �,- � ���. /�012�� � �3(43(, & �3()  5
�6PhD 5��!	 �4�7� �+�& �,- � ���. /�012�� �4�7� /�412�� �����8 � � �3(43(, 9$82: 
��2($� & ;:(3(42� <5(= "�#$#%	 7��, � 9$82: ���� ������� �>()  ;��$�? ;�@�8A��� �8�� 5�8 ��B$? 5��!	 �4�7� '()* /�012�� �
�6$#%	 7��, ��$12�� � ;:(3(42� & 5(= CDE	 F(� �2($� & ;:(3(42� <5(= "�#>()  ;��$�? ;�@�8A��� �8�� 5�8 ��B$? 5��!	 �4�7� '()* /�012�� �
G#%	 7��, ��8 � � ;:(3(42� & 5(= CDE	 F(� �#$�2($� & ;:(3(42� <5(= "�>()  ;��$�? ;�@�8A��� �8�� 5�8 ��B$? 5��!	 �4�7� '()* /�012�� �
H>&I�, J3I, �:PhD$82: �3(, 9= "�#$#%	 7��, ��$12�� � �3(4�2($� & ;:(3(42� <5(��>()  $�? ;�@�;�� �8A��� �8�� 5�8 ��B$? � 5��!	 �4�7� '()* /�012�� 

�3�B� �K��� _�8���� :����� 
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Acute Promyelocytic Leukemia >(�BA, �(�N O�? O�P 

APL �, O8QK �(�<5�N�  �� �R� �� O�P � � �2(= ;�@
�>(�S)K T()? �� C#2 �U O�? ;��$V()$, /�� �� �$Q�  ;��@

 �, �(W& >()�  X�BY	 Z�*�? & ��. '��2 O�? �[3��?�2 ;��@
 �, �$ ()$,&�� �(� .�?O�#SN �� � ;���?FBA (French-

American-British) <APL ]�(�2� �� ��R� AML)](�2M3  (
 >�  �� ��? `$3&� & ���? �,��GM a (	 Leif Hillestad <

. �$@�, ��� ��� ��� b#8�, ;��B$? c� 5�(�* O? 5.APL 
�&���+�G6�d���e�� ]�(��2�AML���, b,���� �� & �(���

 `$�  �� fg(BA,Gd6�d�, h� �03�  �@�)�<�.(
X������ ����)*ALP <)�� i$���?�G����e�����(���, (

'&�(�,&�P `$�? O�P � � �2($ �P()�2��	�G&�MF��Q	� 
����, ����8�� .'&�(���,&�P �� �08����R��G: �� 5PML 

(Promyelocytic Leukemia) �����(2&� �(8P���� c��� O��P 
j(P�  �, �P �� ��� /���P '&�(,&�P �� & ��P�M5: �� 

RARα(Retinoic Acid Receptor Alpha) /�� 7����B	 O��P 
���, >���8�P �� ;���$V()$, ����P<���, h� ���@� .`���� b��e�+

<5($ �P()�2��	 5:(�$� 5: ���Y�� PML-RARαO�P �� � 
k	&�� c� �, �$3(	 c��B��P `$ ���P .Z�*�? `$k	&��� `���

 >()�  T()? ��!, �8$� ()$,&�� O�)+�, �� ;��$V()$, ;��@
�, �, b8E, �� >()  ���!2 7��B	 & �(� ��P)�<�.(

APL �� � �2�!K�2 ](l& �? �BW�!	 ;��B$? c� .��m= 
;���B$? ��U� �� '��0�@ �&� n�, ;g�?)�d6�d��e�� (&

5��,�� b?�l b$�2�8� g��? 5�7�$, O�? 5. 5�(�?)�� i$�?�d
�e��(<�� 5��,�� X���  ���o. & Xl(, O? ��� ��� �$B@� 
�, �2� �)G.(���A	 �� bP ��H ��(, 5�N�  /�08 � ���2(= 

�SU /�� �� `$? 5�2� �� >��  ���� <��2�&���APL  ��? ��
<��Q2��/���e�� �(�? .`��� 5�N��  �� `$�? ]�(�2� ��0�� 

5�N�  ;�@ /�08 � (= ����2 �� 5��2� �� p81�@ O�S	� ����l 
���K.�� ���A	 bP �G�� ��(�, 5�N��  /�08� � ����2(= 

���7K /�� �� >�  ���� �� `$? ��2�&��� <5���,APL ��? 
�� ���, <-8�S,�H/���e�� �� O�P �(�? O�S	� p�@� ����l 

�, ���K)M<H.(
APL F(� �8$Al(, O���� '(�)* `8=�  aS	�, ;��? /��A3�

 , �R�7� &�O��� �� & ���? 5�,�� ;���K b�q, ;���W ;�@

Differentiation Therapy���� �$B@� ��$�? .5�,��APL �? 
]�(2� ��� AML � � "&�Q8, .5���B$? �qP� /�&�,�APL �? 

ATRA (All-Trans Retinoic Acid) ��, 5��,�� O�P �2(��
 7����B	 & �$�� � c��$V(�$	� �(8r�� � 5����P >���A� Z��*�?

�$ ()$,&�� @�, ��(� .�(�* ��s�+ >��+ �� �(W& `�� �?
;��B$? 5�,�� O? �,&�#, &<n�7�? ��(�, �� bR1�, `���	

APL � � )�.(O�$)* ����W ;�@&��� � ��? `���?��?APL 
�, ;�&�s ���? .;��	 c$�� �. �$��P�(ATO) 5�(��* O�? 

;���? /��7K�? 5�,��APL �� � /��� O8=���� .ATO O�? 
��Q�, �2�,�� b,�* c� 5�(�*)O? ��$2 5&�? ATRA &���� 

 �2�,�� �B$� ;�@&��� (��, ;��#3� Z�*�? ��2�(	 5($��$,� 
b��,�� (Complete Remission = CR) 5�����B$? �� APL 
�(�)�(.O@� b��&� �� c$� �. �� /��Q8 � ���d�� ��2�(	 

5���B$? 5�,�� �(* �(�� X�l�& ��$Q, �?(�= O? O8���)�d.(
;�	 c$� �. �t)o �� �$�P� �� ;�@`$��)µM G/d6�/d(��

5:(�$� `$k	&��� 5���P O��7Y	 u��NPML-RAR <Z�*�?
 �$ ()$,&�� �� 7��B	 ;�#3� �, �2�N�  ;�@ �3��+ �� <�(� 

��t)o �� OPg��? ;��@)µM �6G/d(<�(�8�(�. ;�@�$��, 
�$ ()$,&�� >()�  ����  & ��@ u���N �� �� �2�N��  ;��@

p�$2�R, �, ���l v�@ J)8E, ;�@ �@� .�(8�(�. O�Y$82 �� 
�, h� >()  �� �R$82: O,�2�? c� w�Q+ Z�*�? O�P ��@�

 �, ��8 (B@ �, 5. �� >-8=� & �(� ;��$��? O? �Y�, �2�(	
�B$=�? �� O)BW �� �@APL�(� )��<��.(
p�$2�R, �, ;�@Ic$�� �. a� (	 �(8�(�. ;�#3� �� >&

 ��U� /��B* ��,� �� � /�1�2 ���� ��� b�,�P �(N O? �(�@
�. ��2&�� �$��, `8���K v��@ <�(�8�(�. ;�#3� ;��? c$� 

 ��, �������P(8$, �$�, �� �(8�(�. ����?)��.(�� &� `��� ��
 b�B* p��$2�R, �02(�0x �81$? p!� �(t�, O? u$#%	 `��

 8��K p$BD	 <c$� �. �� O�$�, �� ;�$)P 5: `���x 5�$? 
>()�  5��,�� �� y�� & bSl �������P(8$, c$�� �. ��? ��@

 �� ��? �(�� .5: `��� ���	��S* ��@ ��:Bcl-2 , Mcl-1  &
.Caspase3 


 ��� �
���
�3()  �1P:

A3�m,�Y2� O�� '���� �� /��� `�2 �� i@&z��(? �)$)%	 ]( .
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;�	 9$� �. �$���&5: 5�$? �(8�(�. ��������(8$, ;�@ �Q��� /�V�, 5���4B@ & /��� 

���

�3()  /��NB4 5($ �P()��2��	 ;���� t (15,17) c�2�? ��
3() �8$8�2� ��8 �� (���� O�$!	 >���& "�(e O? 5���� �( .

>()�  `�� ��@ �1�P a$�%, �� -1640 RPMI );���� ��L

`$,�	()K(;&�+�d;&��K `$��W '�  �e�� )FBS(&�
���82. ���e�� c��$	($?)����� `$�����,(8��8 � & `$)$��  (�� &

�(	�?(R2� ºC �M&G��8��� ��� `?�P �$�P� ;� �e�� .

��&��� ��B$	:
;��? >()  ��&��� ��B$	 >(r,. �� <�@ c$� �. ;�@)��$� 

��� 5��!	 <& (5. �t)o OP �@µM Gddd ��� /��Q8� � � � .
<&��� O��$!? "��U� `$$A	 �(t�, O?{�� 5��,� & �&� ��$[8, 
��� O�8��K ��t2 �� u$#%	 `�� .>()�  ��? <�2�N��  ;��@

�t)o ;�@ µM G/d<µM |&µM {;��	 c$� �. �$��P�
 5�,� �� y� }$	�	 O? & �2�� ��B$	 ;��@ ��<��<��&M�

�*���� <RNA5. ����� ~��E8��� � ����@.���� ��? ;����@
 ��t)o `��� O�P /��� 5�12 �R$8�$P(P�,��� 5�& >���A, ��@

 �,�W mg/kg�G/du��7	 ��B$? O? O2��&� OP � � c$� �. 
�, c�$� c�� <u���7	 �� y�� O)�e��-? & �(� ATO µM 
G/M6G/G�, be�+ �B -� �� �m�  O�? �*�  O? OP ��P

�	������ µM �6��, i@�P �?�� �2��,�� /�&��%, &ATO 
�,���?)��<��.(

~��E8 �RNA 78�  &cDNA:
~��E8� �RNA ;���Y	 ��$P �� /��Q8� � ��? RNeasy  

)5:�$� <5�B3.(Mini Kit  '��Y2� ���.RNA �? '��	 OO)$� &
 ����,&�? '(���$	� ;&��+ O�� �&���K. >: ;&� ��(�&�843�

CE1, �2�? &� /�@�1, & � � s�� &s�����$Al(, ;�@ 

�dd &�Gdd�QW ��? �(�?�, O�?RNA ;��@ �,&�(�S��
 �� >�8�� .�t)o & ���#,RNA O8$��2�� `$$A	 �&� �? 7$2 
;�(��2)OD ( ~(��, >(��N �� ;���@ nm�Hd&nm ��d 

/���2� �� ;�$K.
�=�  �(t�, O?cDNA <5��R� �t)o �? ���@ µg ���

O�2(B2 �@RNA ��$P �� /��Q8� � ��? PrimeScript™ RT 

reagent O��? �����P�	 �P���� �=���  cDNA <�����(2&�
�� �(RA,.

Real-Time PCR :
'���Y2� ;����?Real-time PCR ���$P �� u��$#%	 `���� �� 

SYBR® Green Premix Ex Taq ™���P�	 �P�� �=�  
/�08 � &light cycler )�&��(��� /��Q8 �.i��P�& O�? ��@
 "�(�eHot start PCR O�P ��� '��Y2� 2��, ��$o ��$qR	 X

b$R1	 & �e�D8=��K��o. ]&��� �� bSl �B��� bR$�  ��@
 ��, �(�� .Real-Time PCR�� ](�2 �S��2 ��B�(Relative 

quantification) "�(e ���K O� 5.�� 5: 5�$? v��@ �� 

O���#, ��? 9�� 5: O�2�= ���(Housekeeping gene) �� O�P
 �Y���HPRTO? <�(? 5�(�* >�8�� �)=�� O���#, ��)>&��W

�(.>��A� O�)+�, c� "�(e O? ���,� O=�x O�$3&� ;��� 
 "�, O? p�72. �dO$2�U ;�,� ��°C �G�? OP �(? �GbR$  

5($�� ��(	�2� O��)+�, b,����)GO��$2�U ��°C �G(O��)+�, &
���S$P�	����$)$2./`1���8���)�dO��$2�U ��°C Hd(O��,���

�, ���� .O�)+�, 5. �� y�� j&� ;��,� ���%�, )melting 

curve(O8�� �e�D8=� �$qR	 �� �	 �� '�Y2� DNA  v��@<
�(� be�+ 5��$BN� .

i��,�. O$)P �s�+ i@&z� �� �@�?���@ ;���? O�2(B2 
OS� �%, & `$02��$, `8���K ��? O�P ��� '�Y2� 5�,� & �&�

%2��$A, v���$, <���$$[	 5�7��S �%, "����� O.>(�,�� ��
2 -∆∆Ct ;��? OS �%, 5�$? �S�2 v�@ 5: y2����� 5: O?&

5(��,�. ��t'���2 <��7����Excel ��$3�2. &���2����& 7���? y�;��
 /��� b�$)%	 ��� /��Q8� � ��@ .dG/d<p���A, ��t2 �� ���
�� O8��K.

k� l�:�"/<�</n+=/? � 2���N#�3K 2�� ����78" ��/� Real-time PCR 

o/6W� �N#�3K � ?�:/+l �N#�3K Gene Symbol 

CCAGCAGGTCAGCAAAGAATTTA TGGACAGGACTGAACGTCTTG HPRT 
CAGGGCGATGTTGTCCACC GGGGAGGATTGTGGCCTTC Bcl-2 

CTGTACCAGACCGAGATGTCA ATGGAAGCGAATCAATGGACT Casp3 
AGTCCCGTTTTGTCCTTACGA GTGCCTTTGTGGCTAAACACT Mcl-1 
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�&� /M</��B� �<7$�����

���

�� ����� 
5: 5�$? �� "��$$[	Bcl-2:

? ���82 O: ��(, �� /�,. � � 5Bcl-2 �� b�e�+ Real-

time PCR �? cDNA >()  ;�@ 5�,� �� /�� ��B$	 ;�@��
"�(e O? �*� dose-dependent ��? &cDNA �&� ;��@ 

µM �"�(e O?Time-dependent �,���? .O��7Y	 �� y�
����#, b$)%	 &Cp (Crossing point) a� (	 /��� /��2�(= 

/�08 �Light cycler  �, bR� O? ���82 <�? ��� ��% O�� �
�,.)���(B2 ;�@�&�.(��, /�@�1, O�2��x 5: 5��$? <�(��

Bcl-2 >()  ��B$	 �� y� ;�	 c$� �. �? �@ O�? p�@ �$�P�
 "�(���edose-dependent "�(���e O���? p���@ &time-

dependent O�2(B2 O? �S�2 ;�$0B1x i@�P ���B$	 ;��@
/�12)�Qe O2(B2 (� � O8���.

�"�/BB�?�:/BB�?h< �"�BB��: �� �BB� -T -�Bcl-2p�/BBH �BB: dose-

dependent k/+8 �� ��2NB4 <��B�#�� �B: � B	 ��B�2qB+7d� 
'8�K�#" `� L��F,�8 

�"�/BB�?&:h< �"�/BB�?BB��: �� �BB� -T -�Bcl-2 p�/BBH �BB: time-

dependentk/+BB8 �� �BB�2<�#�� �BB: � BB	 ��BB�µM &'BB8�K �L
�<2M="���� ��  �B?/�? �: �M �B�2<�:/B9 �B: �B= � �B? ��B��

-��? : g��= � '���� -T -�� 	�:.

5: 5�$? �� "��$$[	Caspase 3:
��r� �P 5��$? � ��? ;��?��&� ��? Real-time PCR  <

��? ��8?�cDNA 5��,� ;��@��"�(�e O�? �*��  dose-

dependent b��+��, <Real-time PCR '���Y2� ���� .�� y���
 ����#, b$)%	 & O�7Y	Cp <���%�, bR� O? ���82 O�? ���� 

�,. � �)���(B2�.(�? yr cDNA �&� ;��@ µM �O�? 
"�(eTime-dependent b�+��, <Real-time PCR '��Y2� 

�� �� be�+ ��� ���82 &)���(�B2 �.(5��B@ �� O�P O�2(K
����#, 7$3�2. & ��%�, &� `��cp �, �? ��r� �P 5: 5�$? <��.

�>()  ��B$	 �� y� ;��	 c$�� �. ��? �@ O�x �$��P� O�?
 "�(���edose-dependent "�(���e O���? O���x &time-

dependent O2(B2 O? �S�2 /�1�2 ���B$	 ;�@)�Q�e O�2(B2 (
�B2 ;�$$[	 ��P.

�"�/�?
:'U'��:�rM? -��#�e8�= -T 
."'U'� @�-��B? � B'��
h<��: �� ��" -�-T @��'8�K s�t� #" `� F,�8 ��< L2MB="� 

�BB�#�� �BB:2p��BB�7� )(dose-dependentBB� �g��BB= �BB=  BB	�:
 �?/�? �: FrM? 2��u��D � �B? ����< 2��)��BH �B?/�? (�7B	" ?

F8".

�"�/�?�:: �"�/�?�rMB? -��#�eB8�= -T 
k/+B8 �� �B�2NB4 
<�#�� �: � 	 ���µM &'8�K �-��# �� L��2��? �= q+7d� B�u?�

h< * ,��: ���" -� -T @� 	�:.

Bcl-2

Bcl-2
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;�	 9$� �. �$���&5: 5�$? �(8�(�. ��������(8$, ;�@ �Q��� /�V�, 5���4B@ & /��� 

���

5: 5�$? �� "��$$[	Mcl-1:
���Y2. �� A3�m, �qP� 5(�P�	 OPO����@ i@��P ;&� O�P 

Mcl-1 �� `$k	&���� �m��  <O��8��K "�(��e �(��8�(�. `B��s 
i@���P O�P /�1��2 CE1�, �(���@ & �� � /����P �� ��?

 `$k	&��Mcl-1 �m�  i@��P ��)* O�? mRNA u���N �� 
��� �m�  i@��P b�$3� O�? ��� ���(2&� �?(P��  & `$k	&

 �, OBW�	 ���?<��"���$$[	 <���? `$�3&� ;���? u$#%	 `��
Mcl-1 �&� a��� (	 5: 5����$? �m���  �� Real-time �� 
>()  ;�@APL � ��? ��.5�B@ F(�� ���%�, �� OP �(N

�? ��, 5: 5��$? <���.Mcl-1 "&��Q	 &��� v�D�, �� y�� 
2���x�����2 /�12 ��B$	 OP >�8�P O2(B2 �? )���(B2G(.

�"�/�?1:: �"�/�?�rM? -��-TMcl-1 k/+8 �� ��2NB4 �BO" �B: 
<���"� ����-�B�# �� ��p�/BH �B: F,�B8 -dependent  dose 
��h< �=  	�:���?/�? �: FrM? 2��u��D �� �? ����< 2��)�B?/�?

��H (F8" �7	" ?.

��� 
�	�#$#%	 /:&�� `�� ��<5�12 �� /��� ��U� �� OP���B$	

>()  ;�@NB4 ;�	 c$� �. �? 5: 5��$? <�$�P�Bcl-2 p�@ 
O? 5�,� O? O8�?�& "�(e O? p@ & �&� O? O8�?�& "�(e O?

�, i@�P "����?� .p��$2�R, �� ��R� `���?��? p�!, ;��@
 c$�� �. ;&��� bB* ;��	 �$��, `8=���2� /�� O�? <�$��P�

 �, �(8�(�. �������P(8$,���? ./�@�1�, >�+ `�� �? �����K 
5: �2�$? ;(03� OP��r� �P ;�@ �&Mcl-1 5��,�� �� y�� 

>()  &��� �? �2�N�  ;�@<Ot+-, b?�l �$$[	 �B2 ;���P.
�� (� 5�N��  & c$� �. Om?�� /�@�1, `$3&� 5�,� ��

 O��@� ��|�{� 5�(���* O��? f���,(B* �R$��� �. "���S$P�	 <
5:(�$ ��P p@ & �m$%, /(#3�? ;�@ , 5�(��* O? 5�,� 5:��	(

 �2��� O8����� O�� & � (� ;��?)�H<�G(.�(�W& `��� ��?

 c$��� �. "���S$P�	 ����A? }�� ��, ���t)o)c$��� �.
;�	 �$��P�((�(	��B@ c���%	 O�)BW �� ;����(� <7V;���? 

5��2� 5�? ;:(3(�7$� ������ .c$�� �. "�S$P�	 �� /��Q8 �
 �B��l <&��� 5�(�* O?`$�x �8�  }N �� �� O�E���	 `��	

����)��<�M.(;�	 c$� �. ��$o }$P�	 c� �$�P� ��3.�
5����B$? 5��,�� ;���? /�� �?�U �?(= O? OP � � �8$���

APL � � �$Q, )��.(APL ��+ ;�$BP(3 `$3&� � � `RB, 
/�� OA (	 �? OP ���? /����2� ��	 <���&��� & �2��,�� ;�@��P
�, 5�,�� b?�l ;���� ���?)�d.(

5:($� PML-RARα>()  ��;�@APL  ;��@�(8P�� ��? <
p$t�	 ���(2&� 5: 5��$? /����P ��, i��RB@ ��? ��@ & ���P

 "��$U�	Post-Transcriptional ��, �� �(�= �����K)��.(��
5�12 u$#%	 `�� �� /��� ;&��� OP ATO `��� �� � ����l 

5: 5���$? & /���2���K�? �� �����(2&� ����!, >()��  �� �� ���@
 �@� �$$[	 �2�N� .`�� �� ��, �W �	O�P ����K O�Y$82 5�(

ATO <5:(��$�PML-RARα���, v���@ �� ;&� & ����$K
 p$t�	 ���(2&� ;�@�(8P�� ��, �$U�	 /���P �����K .p�o� O�?

 i@&z� �,�B	 ��Kz�& ��(�, �� /�� '�Y2� ;�@ ��s ;��@
 ;�	 c$� �. �2�N�  p�$2�R, <�$�P� �3(�R3(, u�$l� ;�@

 �� � /�1�2 ���� ��� �,��P �(�@ �B��l ;&��� `�� .�?O
;��#3� p��$2�R, ��	 ��� �-�	 /:&�� `�� �� �(t�, `$B@

��$K ���l � ��? ��(, 5. �(8�(�..
>�  ��{��{ <�3OP ��8����� i2���RB@ &ATO Z*�? 

5(8$���@ 5($ -$8 �(Q���� H3`$	���,&�P ��<�(��P(3 �� 
��r ���d�,�(� .5��� >��A� & 5��$? Z�*�? /����� `���

 ��r�� �P|�>()��  �� ;���@APLf���Sl�A8, &>���A� ;���� 
 ;�@��r �P�&��,�, �(8�(�. O? OP �(� ��,�Y2�)��.(��

>� {��|<�&& �2�W O�P ��2��P ���7K i2���RB@ &
ATO ;��  >�A� �� 5�$? �� �$$[	 �? �� ���� ��!, "��U� <

/���P p$t�	 ;�$)P `$k	&�� `���xG2/M ��, >��B*� ���� .
i��7�� Z*�? c$� �.CyclinB1<>�A� ;��� cdc2/cyclin 

B1 kinase  &5($ -��Q�� Bcl-2�, >��A� �? OP �(� 5���
 ;�@��r �P�&�>()  �� �� � /���B@ ;�(�8$, ;�@ .`���

 �(�8�(�. ;��#3� p��$2�R, c� OP ��8��K OY$82 5��01@&z�
 J�l(	 O�Y$82 �� �� � `RB, c$� �. a (	Cell Cycle  

���?)��.(���7K `�� � ���  & �@i@&z /��� '��Y2� ;��@

Mcl-1
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�&� /M</��B� �<7$�����

���

��r� �P 5�� >�A� �� �P�+���U� �� ATO ��, O�P �����?
 /���P OA3�m, 5: `�� `$k	&�� ;&� �0B@ ��2�)��<�H.(��

��r �P 5�$? <�s�+ i@&z��� ��? 5: �m  �� ����K &
/�@�1,��OPATO ��r �P 5: 5�$? ;&� ;�U� �����2 .��

5. ���W ��r� �P OP��&��s ��e��* �� �(�8�(�. '��Y2� ;
� �<�,OP ���K OY$82 5�(	ATO �� y�� �m�  c� �� 

OBW�	;�<�, �U� �@��r �P ;&� y�� p$�t�	 `$�x & ����K
 OBW�	 �� �� ��2�(8? �@��r �P OP � � `�� /���P `$B�	 <;�

 /�� O�? �� �(�8�(�. & �2(�� >��A� �*��  O? '&73 "�(e
�2���2�.

`$k	&�� i#2 Mcl-11$� �� a� (	 �(8�(�. ��SATO �� 
>()  �2�N�  ;�@APL ���$2 CE1, �(�@ .Mcl-1 7�$2 

/��(2�= ;��*� ���  ��2�B@Bcl-2 ��? i�RB@��? u��N �� 
`$k	&�� ��, ���!, �� �(�8�(�. <�0�� ;�@ ���P)�G.(`��� ��

 5: 5��$? �� ;��$$[	 <u$#%	Mcl-1 �(�8�(�. ;��#3� `B�s 
/�@�1, �����02 .��, 5. ��)* c�� ��2�(	 O�P ����? `��� 
`$k	&�� /��(2��= ;�@Bcl-2 O�)+�, �� p$�t�	 ��? /&-�* <

��8�@ >�8�P �%	 7$2 5. �� y� b+��, �� <;����? OE�2 .
`$k	&�� ��Mcl-1 <� `$? O�$,. �$ � ��x&`$, ;�@BH3 &

BH4v���@ <O��BW�	 �� y��� "����$$[	 ;���@ �?(��� & ;�
O�$8$V(P 5�� ��, �����? .�� y�� "���$$[	 `��� O�BW�	 <;�

 ;������Mcl-1�, `$$A	 �� ���P)�H.(
�$2 5�&�@ >�  �� i2���RB@ &�dd�<��2��P ���7�K

 OPMcl-1 & �� � `$k	&��� 78��  ��!, �� p!, �(��  c� 
;�&��s �(�8�(�. ;�#3� ;��? 5. `$k	&�� i@�P ��, ����? .

5. v�+ OP ��8����� �@Mcl-1 a� (	 �(�8�(�. ;��#3� �N 
UV <)* O? i@��P O�2 � � 5. `$k	&�� 78�  �� 5�D#2 �

5. 5: 5���$? )��.(>���  `$��B@ �� ��$���)0�� "���  �&
`$k	&�� OP �2��� 5�12 i2���RB@Mcl-1 �� y� �*�  O?

>()���  �����B$	 ;����@Jurkat <>(���BA, �����%, &� ����?
�(8�(�.)& `��$r . ̀ ��(r ��8 � (�, b$)%	 �<yR*�? & �?�
Bcl-2 �� �N.�3()  n�, ��� f-B* �, �?�U ��2�,)�M.(��
�3�+ /�@�1, u$#%	 `�� �� OP����K 5: 5��$? O�P Mcl-1 

�B2 ;�$$[	 & ��PBcl-2 �, i@�P f����� ��?� .`$��x b$3�
 �, �	&�Q	 �� �3()�  n��, ;��@(03� 5�(�? "&�Q8, �2�(	

>()  , ;�@&��� �? J)8E, ;�@"&�Q8���? .

`$k	&�� ;�@ �82. OB$2 �? c$	(8�(�. b�q, /�	(P �B* Mcl-1 <
Om �& �, ��t82� ���� ��8�@ �(8�(�. p!, ;�@ �*�  O? �&�

 OBW�	 ��!, a (	 ���?�� i@�P ;�)��.(`B�s ����82 `���
 �m  wQ+ �$��	mRNA Mcl-1 �(�8�(�. �N <��$B@� O�? 

OBW�	 >�8�P �, /���� `$k	&�� `�� ;� ��, 5�12 & ��P ��@�
 � c� <���(2&� �m  �� ��!, OP �(�8�(�. �� �,(B* ���=

��$2 .�m�  �� O1�$B@ "���$$[	 <�(8�(�. `Bs Xl�& ��
�B2 h� 5: 5�$? �, & �@� OBW�	 �m  �� �2�(	 ���? ;�.

��$3��0$�  �$��, 5�� >�A�NF-kB a� (	 ATRA &
>�A� ��!, OY$82 �� ;��� JNK >��0$�  /��2����? �� O�P 

� � n�,<�$ (3(2��K 7��B	 ;��? &��s ��@ & ���$2 ;�
>()��  X��BY	 Z��*�? �3���?�2 ;���@APL '�����  OA�� (	 &

ATRA �, �(��)��.(($	��, >��  �� i2����RB@ &�ddH 
� �. OP �2��� 5�12$9�,;�(�8�(�. ��s ��U� `�� �? �2�(	

 X��BY	 O��? �(��?�, �S2���W "����U� i@���� �� & ����� O��S)o
>()  �(� Xl�& �$Q, �3�? ;�@ .ATO /����� ��!, O�7Y	 �� 

NF-kB )(I-kB a (	ATRA?Ob�B* p��$2(K�82. 5�(��*
�, f�Sl�A8, & ��� >�A� i@�� Z*�? ;�� NF-kB i@��� &

5: 5�$? ��, ����(2&� �(8��� `�� � �&�� ;�@ �(��)�d.(
p@ �x$=� `$f��OA3�m, ��,(, >��  �� i2����RB@ &�dd�

O�P /��� 5�12ATO �N �� �����!, uNF-kB <���!, Z�*�?
 �$qR	�#3� & �3();, �(8�(�. ��(�)��.(

>()  �� 5: <�2�N��  ;�@ ��82. ;��@ 5��$? c�$	(8�(�.
�, 5. 5�$? �m  & �2(� ��, g��? ;��B$? ���1$� �? �@�&� .
p@ >()  `�� �� `$�x ;��@�(8P�� <��@NF-kB<c-myb&

STAT5 �, OP �2��� �$3�A� O8 ($� �(N O?���(2&� ��2�(	
/���P��!,�@;�(8�(�. ;Bcl-2&CIAP2 ����P c���%	 ��

)��<��.(�� �$3�A� `���?��?���BNF-kB <>()�  �� �� ��@
 �, �t��%, �(8�(�. F(�  5��� �2�N��  �B  O? & ��P

�, ��$3�A� O�P �),�(�* & ��@�NF-kB 5��$? ��� Bcl-2 �� 
�, j(P�  ���P<��8��@ 5��,�� ;���? �?(�= ;�@����2�P 

�. ;�#3� O? ���l 5(x�, �(8�( ����?.
�� 5(	 >�  �� i2���RB@ &�dd��&� �? �7�g� 5�12

 >()  ��B$	 �� y� OP �2��� �(,(	 ;�@ �$V(02(� y��(�(, 
�&� ���?µM �;���	 c$��� �. ���$3�A� <�$���P� binding 

������(2&� ;����@�(8P��NF-kB &STAT5 �3�(���	 O���? 
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;�	 9$� �. �$���&5: 5�$? �(8�(�. ��������(8$, ;�@ �Q��� /�V�, 5���4B@ & /��� 

���

�� 5�1$3�D	�DNA ����� i@��P "�� O?)��.(NF-kB <
>()  ���(2&� �(8P�� �3�(�	 O�? O�P �� � �	(��P(� ;�@
 �e(DE, c��,�P�(GGG ACT TTC C) ;&� ��? DNA 

��, �2�? �(��)��.(�(D�= O�?STAT p$�t�	 ;���? ��@ 
5: ;�@Bcl-2 &BCL-XL 5�R, c� ���� ��8�@ p!, ��$�? 

;��? �3�D	�STAT5 5: ��B$t�	 O$+�2 �� Bcl-2 ���� ���
� � /��)��.(

��5.�82. 5: OP �W c�$	(8�(�.Bcl-2 5: �� p�!, ;��@
 ����(2&� ;��@�(8P�� � �&�� NF-kB &STAT5 �� �<

p�@ `$�##%, `�� ���82 �? �?(= O? �, i@&z� ���82 �2�(�=
p!, Xl�& �� & ���� 5: 5��$? i@��P ��)* `���	 Bcl-2 ��

 a� (	 /��� �#3� �(8�(�.ATO >�D�	� i@��P <NF-kB &
STAT5 �	(��,&�� O��? ����!, & c$��� �. ���U� �� 5: `���� 
OE�2 5: 5�$? & ;����?Bcl-2�, ���?.

����� ���� 
5�B@ � ](BY, �� OP O2(K����7K `i@&z�� & �@ ��@;

p�@ & /�� '�Y2� ��x$��82 `�#%	 ��$�,�? ��s�+ u�.���<
� �.$�	 c;�P�$2�R, �$p���@;���A8, b�B* ;�� & ���� 
�,$�@�;, bB* 5(K�2(K ���P.,�$�;� �� OP �O�A3�m, `

 ��?���, <��� $, �$����P(8������#3� ;O�P �(�? �(�8�(�.
 ��� �. ���� /�@�1��,$? �� ���A2�B, ���? c��$5: 5����@;

82.�	(8�(�.$c<, �(8�(�. `8=��2� /�� O? Z*�? ��(�.

�� 5.��r �P 5�� >�A� '7)8�, �(8�(�. ](l& OP �W�&
i@�PMcl-1 ,�� �� & ���?�OA3�m, `�� /��Q8� � �?�&� 

Real-time PCR[	 $$�;? �� �$5. 5� /�@�1�, ��@ �����02 �
,�82 5�(	$�&� OP ���K OYReal-time ��!�	 O?�����? ;

 ��?����5: `�N ��@����P �(�8�(�. �2�$� & �� �$ ��!�1
,�/:&�� �� �(��@;�A? ;�? /&-* <Real-time �&� �? <

2 "-? 5�8 &$[	 7�$$ k	&��� "��$5. `��@ 7Y	 ��(�, ��& O
)%	$K ���l b$��.� �� ��5�� &�=�? ����@�(1�P ;��<��0

ATO��? O3&� 5���,�� 5�(���*��$? �� O$5�����BAPL (newly 

diagnosed) , /��Q8 � �� �? �(��, �(W& `�$.���P 5�7��&
Uf�	$&� 5. �;?$5����BAPL �� O�P $�@ 5. �� i$2��,�� ��
���/��R2 ��� � � CE1,�2 <�2�)�H<�G<��.(� �� ��&� `
#%	$	. "�#�2�R, /��?�� $p��@;l�$� u�a� (	 OP &��� `

3()��  O��=�x �� 5.�(2&� &����������Q;��, i��#2 �����P<
�, >��+ `$�* �� & �2�,�� "��U� 5��� O�$!? �� �� �, �2�(	

��� ;��� 5. �S2�W "��U� & �8$�$��(	 �� `8 �� . 

������� 
 ���  
�B+ �? �s�+ i@&z����@;3��, �!Y	 &$�	�7�7�P�, 

#%	$:(3(R2� <5(= "�#;� &$? 5�(E8 � 7[, �2($5�8� ��B
 �� �8P��8A�'�Y2� 5��!	 � � /�� �? OP� & `$)P �� O)$O
3&I���,$B��e b��� �� & `$B�2������l & �R1��	 7��P�, 5. �

,��(� .
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The effect of arsenic trioxide treatment  
on mitochondrial apoptotic gene expression in acute 

promyelocytic leukemia cell line 
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Abstract 
Background and Objectives 
Acute promyelocytic leukemia (APL) is one of the most malignant forms of acute leukemia 
with a fatal course of only weeks which represents 10-15% of AML in adults. Arsenic trioxide 
as a single agent factor (without chemotherapy) is the treatment of choice for APL patients; it 
induces cell death through apoptosis but the mechanism by which arsenic targets apoptosis and 
dramatically affects gene expression remains poorly understood. Since arsenic is used as first 
line treatment in Iran, it is worth investigating its effect on expression of genes involved in 
APL. 
 
Materials and Methods 
In this descriptive study, to understand the underlying mechanisms of cell death induction by 
arsenic, we treated NB4 cell line in a dose and time dependent manner. Extracting RNA and 
synthesis of cDNA, gene expression of apoptotic genes in mitochondrial pathway including 
caspase3, Mcl-1 and Bcl-2 was analyzed through Real-Time PCR. 
 
Results 
Our findings showed that As2O3-induced cell death was paralleled by reduced expression of 
the antiapoptotic protein Bcl-2 but the expression of Caspase3 and Mcl-1 did not change after 
arsenic treatment.  
 
Conclusions 
These results suggest that changes in Bcl-2 gene expression may be one of the mechanisms of 
action of arsenic in induction of apoptosis, while Caspase3 and Mcl-1 gene expression are not 
affected by arsenic at the transcriptional level. 
 
Key words: Promyelocytic Leukemia, Acute, arsenic trioxide, Apoptosis, Caspase 3, bcl-2 
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