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�� ����Survivin ���	
 ���� � ��� ������������ ����� ������ � 
��� ���� �� ��� �

����� ���� ��� �!�
�"#�� �$%  &'� ()� ���* +&�, (-��.,� ����/�	 (0�/,�� � �� (12 �� �34 56/��$ (7(
26�8 /&	��6 ��69:���;< ��6 &�=  &, (�

�����
��  � !"��� 

Survivin (SVV)5�>/, /?$6 �� 5@ 5�&� �$ A,6 9�.���@ � BB$ ���� C� D�� ���.E� ��&F	 �� A����� �� �
A,6 �6/�� ���&� ���� G��$ � ����&� ��4 G�6#E6 (������ .G���� I�6 �� J �(,�/� �5K 5�&� SVV �� 

� L3.M� N=6/�&����56���&� �� APL )Acute Promyelocytic Leukemia (���.
� ���� #� � 

� ��	 F ���� �O��P� C� ��(5�* ����� 1����&�APL � �K���Q�6 (5�* R��&�!S #$/� �� � BB$ �O"6/�
  ��&�T�3, ���&B� ��� �.O�/	 5�.,���&� ��U�� (V&M�S 5��9 �, ��� ��/W ���@ X�" ��4 �.5�&� YZ,

 5KSVV[,�S Real time PCR [,�S \��.� � �,�/� 
:SPSS�� 5��9@ T�QF,�/$ ��� Y&F�6� �Tukey 
 	 N&3!S.

!�$�% � 
�6� 5��� ��� I&��6 �6/� G���� I�6 5K 5�F&� �$SVV 56��F�&� �� APL (�FBO� ��F> �F� ��6� AU]F� �F� 

T/.B$)7 ±1/
� _Mean ± SD (�� D�� ���.V&M�S 5��9 �� `� 5�&� G�6#E6 I�6 ))/0

) ±0/0�
(�
�4 5��9 �� `��)7/1
-- ±)/01�0 (� ��  	)�
/�p<(.� ��&56��� a�E C&BF,�@ ���6� 96 ���;.,6 96  O�

 ��]$6 �/S(�BO� ��> �� 5�&� I&��� V&M�S ��/W �� AU]� ��6�  �@)�
/�p<(.
��& !'��( )

�.E�� ��5����6� �$ SVV ���>/, T�3, b;= �� APL ��$�9�F, 96 �Q� � ��6� G�� ��F�.=6 ��F� ��F��6 �
 ��]$6 �/S C&B,�@ [,�S 9�.���@(�� 	�� 5K I�6 5�&� G��$  �6�S .I&Bc `���5K 96 56�SSVV 56�B4 �� 

/$����/&d&� �/$ ���;.,6 .
��*)���* +�:�/S C&B,�@ (��= C&.&,�3&��/� ��,�� ( ��]$6���U�� ����6 ��4 (

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

��PhD����	 ����� �� ! "�#$%�� ����� "&�$%�� ��'(� � )*'%+ 
�����	 ����� �� ! "�#$%�� ����� "&�$%�� � ����� )*'%+ &��� �(�,���- .�/$%�� �
01���2	 �34(� ��56 "�#$%�� ����� �� ! "&�$%�� � ����� .�/$%�� 
�1.�/$%�� PhD�7*78	 �-�3 � ��9 )%�: ; .+�<�	�=> ��9 ?@&%�*� ; .+�<��%� A� ( .��*,: .�>����	 ����� �� ! "�#$%�� 
B.�/$%�� �PhD � �	�*C ��36 ����	 ����� �� ! "�#$%�� ���&�: "&�$%�� 
D��9 ?�7*78	 �-�3 ��*$%�� � .+�<��%� ; ��9 EFG	 H�� �A� ( &%�*� ; .+�<��%� @.��*,: .�>����	 ����� �� ! "�#$%�� 
�FG	 H�� ���9 ?�7*78	 �-�3 ��'(� � .+�<��%� ; ��9 E@&%�*� ; .+�<��%� A� ( .��*,: .�>����	 ����� �� ! "�#$%�� 
��A;IJ3 K<I3 :PhDA� ( &�%�*� ; .+�<��%� @���9 ?�7*78	 �-�3 ��*$%�� � �<��<�3 )�*'%+ �<�=� �L��- � ����	 ����� �� ! "�#$%�� .��*,: .�> _�'J�&- :

����� 
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����	 
�=��(�<;�� � *3)*'*��(����C )Acute Promyelocytic 

Leukemia(@�=��(�< Q����%� 5� ����� ����C .&��*R� *3 .���>
)Acute Myeloid Leukemia (�3&��: .�=�(�< T��� 5;��:

 �����L U2V .��> K� 'G3 �� @0�%1�/�%�����=*:AML 
�3 "&�� ��� �3��X Y,*$�*� Y�: Y'J�: YZ@�6 5;��: ����*3 

�(� ?;�['3)�(.Y%\��( 5;��: ���*3 AML ]��2��7	 A���^3 
D/0�> �� �NNNNN �[% �(�)�(.5;��: 5� ������ ��APL 

�J*% �(� �� � 3�Z ?�!4V�@��$�% ?�7*78	 �3� "&�,>�
 .\�: 5;�:�3 �6 &��:)0(.

����C )*'*��(� *3;�� �=��(�<@����5 5� ���_� �%���35 
";�L YZ ��: �=(�< "&,$Z .�> : �'$�*: �� "5;��3� �����=*

 �(� ��3�� `:�X)D1�.(��*7��3 T��� �� !@a�'�(� �� 
&,%�3 ���>;��� ���: A61b%��	 c*R�,*	� &*(�)ATRA(@

.���	 c*,��(�6 &��J��Z�)ATO ( T* _*��(��'%6 ?���2*Z�	 ;
�3 &��:)�(.�:���d; ��>;��� T���@���3�� .���: `*J�%�'� 

��C )*'*(� *3;�� �=(�< 5� e*�: Y�: �B%��(� "&*�(�.
: ";4! @�>;��� T�� �2%�d f��! ��N%1�N%Y�: �����=*:

 �%��L�% 5;�: �V�9 .��=*: �C��3 �� ���3 Y�*<;� `�%�*3&;
*#=$g ��3�� A�V �� .��=*: ��!��3 ���&���:)�@�@B@

�.(T��� � ! Y: Y�Z ���C )*'*�(� *3;�� �=�(�< �'$�*: 
���3 �%����d ���;� �=��(�< &����:@�����3 �� ?���!4V� 

�J�5 �<�_<�3 �(�,� �T��=�(�<@h��9 "���� i�d�3 
; ����=*: �3 Y*<;� j�3 e>�Z �7: &k�� ; ���)survival (
�3 \�: �� ��:.

Y3�%�: j�3 �� 5�'���6 �<� ( "&� .���@5�( )� ;��-
 �3 ���: .5�'(�=> A�',- �� .&* - &���: .5��6��d Y�-

���� .�;�l e7% A� ( m[C �� �<� ( j�3@T*�=> Y�:
�V�9 ���� �55�'���6@YFG$3 5� ��� ��V��( � �k� .�>
�(� .Y3�%�: j�3 i(�,3 n*o,	 .��� "&� �<� �( @�'$�*: 

eG: �� &�%��� ��\��: �	�p n*J7	 `*J%�'� Y- �<� ( .�>
 ���� .���5 �*=>� )*'����	�=> n'J*( &,%�3 .�	���k Y:

Y- �&� n-5�'���6 @�<� ( =*9&: �<�C ��/�� �: "���=> �
���(�T���=3 Y��- �=��(�< ����/�� i��d�3 ���(� ;����[,<
���L)��@�N.(T*q	;�� .�>5�'���6 "&,,-���3 )Inhibitor of 

Apoptosis proteins, IAP (n�3 T*q	;��� T���	 `�9�� .��>

 r(�- �&�� A�^� 5� .�*L� d �: Y- &,'J> �<� (��>5��.�
=!�`,,-�"&)effector(3 5� @�<� ( j���<� �( ��-�3 �� �

T�� "&,,- n*o,	�3 �^%�=3 @�*J3 &,,-)�01��.(
(SVV) Survivin @��*: Y- �(� 5�'���6 "&,,- ���3 )�
��V���( ���s-� �� �6 ���3 \���: ���> Y��: ���3;�73 ���: ; �;�

�=*� ���=*: .��7: e>��- ; .���=*: ��! e����� @�%�3��
 �(� "��=>)�B@��(.; ���*'%+ �L&�*t*� u49�: &�,g

 �3 �o% Y: @���: � 3�! &(�SVV ��V�( `- �� ;� �� ��>
��6&,� A� ( �=! A�V n*o,	 ; �<� ( ����5� A�',- �*L�� 

�(�)�D(.v,*<�,#*( �;� 5� "��['(�SVV ��(� T�=3 
e*� .��: e*� ; �,*: *G$	 �� ��L6E"���: n�3 ��V�( 

���,$�*� ��V��( ��3�� .��: �� �%�3�� &�&d �;� )� ;
&,-..\��: ���*:SVV ��V��( �� > .��> ��*% )��+�<�	�= 

�(� "&� "&>�$3)��.(T�� ��e>;w� �+ ���*: SVV �� 
��35 .�> ;��� u�F3 5� &^: ; E*G$	 �� 4'�23 ����=*: 

��V�( Y:APL &� �(��:.


 ����
� ��
���3 ?��k Y: Y^<�x3 T�� �����L ?���k .&>�� .

A;� 5� ��3 ���	T���;�� ��@Y�: Y�- �%����=*: 5� ��-�3
*78	 &��%�*� ; .+���<��%� @����9 ?���7A� ��( .����*,: .���> 

�3 Y^d��3 �'^��� ��'(��=*: &%��-@Y%�=% .�*L &� ��/%� .
��35 ?&3 T�� ��@Y%�=% 5� ��> BN���=*: )�D@���3 ��@�5 

T( y(�'3��/0��,�( "�;&�83 @A�( B�1��A��( (��
@E*G$	 ��35 Y( ��2�: z�=d ���! ;&����L .�;6 .T���

Y%�=% Y: .�*L?��k .�*#*� ��2% ����=*: Y�( �����=*: ;
";�L@?;�['3 ��: &%.n>T*,g �D5� ��x*83 ���9 Y%�=% 

&�� "��['(� A�',Z ���,! Y: ; Y'��L n<�( �����)A;&�d�.(
`2X 5�Y%�L�> Y%�=% .�*L 5������ ��=*: ;";�L @A�',Z c	

c��	 ������� ��������d u�&��>� Y��^<�x3 �����X &��,'��L ;
���l� Y3�% Z�2' 5���$�� Y'��L &�.

A� ( .5�(�&d Y'J> )	 .�> .�)MNCs : Mononuclear 

Cells: (
�;&C �� B� *3 ��: "&�� ��=*	 �x*83 ��9 Y%�=% �'*<

EDTA > 5��� ���� 5� )�<�( ����z=d ��=*: ; n&� .�;6 .
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�+ ��*:Survivin�� APL �����=> ; ���<� .��% �l�&=83 

��

A� ( .�> Y'J> )	 .�@.;� �: �<�#g �%�����L )=- Y: 
%&� .5�(�&d A�����&.

T� "
:����� �6 OS (T��/� T/.B$ ��/W���c �� 5�* ���
(V&M�S��U�� ��4 �

��/W ����� �6 OS 
A�3�% A�',- �D
E*G$	 �N

��2�: �B
��! �B

{��G'(�RNA A� ( 5� ��	 Y'J�> c�	 .��> ; .� �9��(
cDNA :

RNA {��G'�(� A�� 83 5� "��['�(� ��: ���	 RNX plus 
)�+�,*((&�� .5��(�&d "&%5�( �Z�� `=^<���'(� �: ;.

.�����:�9����( cDNA e>;w���� T����� �� @����*Z 5� 
RevertAid™ First Strand cDNA Synthesis Kit �9��( 

&� "��['(� 5�',3�� �Z�� .�5� ���L;�_*3 RNA Y�: ���	 
.��: �#<� ���,!�9�( cDNA &�� "��['(� .���/%� .���:

 ,�Z�; |�� G3 @a��_^3 �J��%;� e,Z�; ?&�3 Y�: eB
�� Y�7*X��B�'%��( Y�d�� ����L@DN�� Y�7*X� ��Y��d�� 

�'%�( ; ���LB�� Y7*X� �B�'%�( Yd�� &� Y:�_%� ���L.

�L5�}6h;�� ;:
.���>�L5�}6v��,*%� Z @n��> h;���� T*��,gTaqMan ;

.�>�L5�}6 ���/%� .��: 5�*% ���3 Real-Time PCR y�(�	 
�Z�� *%���: �Y'9�( &%&� .h;�� >.�TaqMan Y: |�:�3 

SVV ;GAPDH (Glyceraldehyde – 3 – phosphate 

dehydrogenase) .��'%� �� 'B��: D1T*�(�� � �J�Z�:�Z 
)FAM ( .���'%� �� ; �#�����L v�%� ����,! Y:'0��: D1

T*�36�;� `*'3 ��'	 �JZ�:�Z)TAMRA ( v�%� ����,! Y�:
��3�9 "&,,Z@��$% &%&� ���)A;&d�.(

"�� .5�&%�;��Absolute quantitative Real-Time PCR  :
�1�%+ ?�^xX .;�C &*=(4� �9�(SVV ;GAPDH :

:�/%� .�����Absolute quantitative Real-Time PCR @

��: ���&%�'(� �,8,3 c� Y: 5�*% .�� YZ � C��3 5� .��*J: 
�3 "��� ~�� ��5 ���&%�'�(� ��,8,3 ���/�� ���o,3 Y: @���

%� &� ��/.5� "��['(� �: ��o,3 T�&: .��>�L5�}6 @v�,*%� Z 
cDNA Y'9���( �<� ��( "�� 5� "&��� NB4)�<� ��( "��

 ��C )*'*(� *3;�� �=(�< ("&� �*s_	 ?�^xX ; &� �*s_	
 �+ Y��: |���:�3SVV)bp 0B� (�+ ;GAPDH)bp B0B (

5��L6 A+ 5� {��G'(� 5� b�@c�=Z Y�: Y�%�L�&d ���V Y: 
���*ZT/A v��,*%� Z )Cloning Ins T/A cloneTMPCR 

Product 5�',3�� @(`�9�� Y�: ; "&�� �� Z ��'Z; `9�� Y:
Y��( .�'Z�:DH5α���[J%��	&%&� .

.�'Z���: �����(�,� 5� b��� �;� ���: i��*Z�	�% .���>
 �:6 .�#<�:�}/�%�� Z c�=Z Y�: �6 &�*��	 ; &*[(PCR @

&*=(4� {��G'(� 5�&� ��/%� i*Z�	�% .�'Z�: .c� �> 5�
 ��\��;&�83 n���%6 ;� c�=Z Y�: "&� �� Z ?�^xXKpnI 

;BamHI)5�',3�� (n��%6 c=Z Y: ; &� "&��: ��'Z; 5�T4 

Ligase)5�',3�� (`�9�� Y�: "���:;� ; `F�'3 �#�&�_� Y�:
��'Z;pTZ57R/T br( ; "&� �� Z ���[J%��	 &�� .b��

 ��: &�*��	 ; i�*Z�	�% .�'Z��: �&�/3 .�#<�:�} 5�PCR @
� &*=(4� ��: &*=(4� Y: "&� ���; Y^xX `Z ; &� {��G'(

.�>�L5�}6 �3�=! M13 �<��	 T**^	 &����L �6 �8�k ;
&*��	�&.

�1���&%�'(� �,8,3 n(�:
��\��;&�83 n��%6 c=Z Y: @i*Z�	�% &*=(4�Hind III 

Y�: ; &�� "&���: ���� &*=�(4� .;� ��: "�#��d c� YZ
&36 �� �x9 `_� .

&*=��(4� 5� b��� ; &��� "����: A+ .;� "&��� "&����: 
A+ 5� {��G'����(�@�;� ;� �����: &*=����(4� �����o } 

5��L6 A+ ; .�'3�'�;�'_r(�)��o } ��: ���>&%�: �: YJ��73
EG$3 (&36 �(� Y:.&*=(4� 5� br(@�X� �<��'3 .�>

�ND1�N��> �� �+ �rZ �N.���: ; &�� Y�*�	 �'*<;�_*3 
��� ��Z Y: ���&%�'(� ����=% Y*�	 .

�6 5� b� ��/%� y���� YZReal-Time PCR @&�� Y,*�: 
�X� Y=> .;� @&*=(4� .�>Real-Time PCR &�� ���/%� 

��: ���&%�'�(� ����=% ;a��(� Y%�'�(6 `�*�( ��&�73 )Ct 

value(�X� &� n(� K 'G3 .�>)`_��.(
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T� "):� fB&��3$ ���/W9�<@ � &S�g3$�� ��6�SReal-Time PCR 

2�� S��6� Amplicon size 
fB&��3$ ���/W9�<@ 

SVV Clone-F 5´- CACCGCATCTCTACATTCAA - 3´ 
SVV Clone-R 5´- CACTTTCTCCGCAGTTTCCT -3´ 

bp 0�B 
GAPDH Clone-F 5´ - GGTCATCCCTGAGCTGAAC- 3´ 
GAPDH Clone-R 5´ - TTGATGGTACATGACAAGGTG-3´ 

bp B0� 

h�/� � /W9�<@ ���Real-Time PCR 
GAPDH-F 3'-CCCACTCCTCCACCTTTG -5'
GAPDH-R 3'-TCATACCAGGAAATGAGCTTGAC-5'

GAPDH-Probe 3'-CTGGCATTGCCCTCAACGACCA-5'
bp �D

Probe labeled with FAM and TAMR 
SVV-F 5'-CCAGATGACGACCCCATAGAG-3' 
SVV-R 5'-TTGTTGGTTTCCTTTGCAATTTT-3' 

SVV-Probe 5'-CATTCGTCCGGTTGCGCTTTCC-3' 
bp �B� 

Probe labeled with FAM and TAMR 

NQ	
:L�6 (�B!B� 2�'�6 �� i��/� ���Real-Time PCRA8� ���  &�,+� ��6�.� ���SVV- GAPDH .h(��6 ��.,6 �B!B�SVV 
)�P* �"�� =

7/��6���� k&	 �=7--/-�(

L�6

h

�D�����N0�0D0�0�0N���D�����N���D�����N�D��N
Cycle Number 

B/�
N/�
B/0
N/0
B/�
N/�
B/�
N/�
B/N
N/N
B/N1

Fl
uo

re
sc

en
ce

(F
1/

F2
)

N/��/DD/D�/D�/DN/D�/BD/B�/B�/BN/B�/�D/��/��/�N/��/0D/0�/0�/0N/0�/�D/��/��/�N/�
Log Concentration 

��
�N 
0� 
0� 
0� 
0D 
0B 
0� 
00 
0� 
0� 
0N 
�� 
�� 
�� 
�D 
�B 

C
yc

le
N

um
be

r
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��

NQ	):5K h�% �B!B�SVV .A&l�m.*6 �B!B� 5��� #&S � ����� CS��/W9�<@�� 5��� 6�  �� .

/%� e,Z�; ��Quantitative Real-Time PCR :  
e,��Z�;Real-Time PCR"�#'��(� �� Roche Light  

Cycler (version3.5) �:Y%�=% .;� ��5 y���� ��/%� �>&�:
e,��Z�; |��� G3)�N���'*<;�_*3 (`3����Taq DNA 

polymerase buffer)1X(@MgCl2)B� *3 �\��3(@dNTP 
)�BN�\���3;�_*3(@BNN���> 5� A�3�%���% �L5���}6 @�NN

h;���� A�3�%���%Taq-Man @�n����%6 &��C�; Taq DNA 

polymerase ;��'*<;�_*3 cDNA �#<� ��: .����3� y���� 
���: ���5 ~�� Y: :�`�*�( 0.��3� �� Y�7*X� �BY�d�� 

�'%�( @���L�B`3�� `_*( 0�&�� ����(�; Y C�3 )0N
�� Y*%���BYd�� (A�F	� @�>�L5�}6)�B��� Y*%�DNYd�� (

;extension)�B�� Y���*%�� ��Y���d�� .(`_*���( ��&���73
Y%�'(6)Ct ( "�#'(� y(�	 ��Z��9 ��V Y: ����=% �>@.;� 

�3 "��: ���&%�'(� ����=% �� ���d�3 �+ ��rZ ��&�^	 ; &�
�3 "�5 T*=G	 Y%�=% ���L&.

"��� .��36 �*<�%6 �>:
'G3 `C��3 5� ���% .�x9 u�C ��o,3 Y:Y�: ���Z K 

 �*[*Z ��F9RNA "&�36 �(� Y: ��X�� @"&36 �(� Y:
�rZ ��&^	 Y: |�:�3 �+ ���%;�SVV &� "�*<�3�% ..���:

 �+ ����%;� ��rZ ��&�^	 �2J�% 5� @��o,3 T��SVV Y�: 
�+ ���%;� �rZ ��&^	GAPDH &�� "��['(� Y%�=% ��=> .

�6 5� Y�: .��: @��: cg�Z ��*J: "&36 �(� Y: �&! YZ �d
��&�! �� @n*J�7	 5� `k�C �&! @�*8k �&! ���;6 �(

�ND&� h�l .
�6 5� 8%� K%�*=(� � u;�#= - ��356 Y- ���d ��u�� 

"��� ";�L YJ��73 .��: @��� ��$% �� A�3�% z�5�	 5� �> 5� ��> 
�� ; &�� "��['�(� b*�<�; � A���(;�- .�'3������% ��356

 �,^3 ?;�[	 ��356 T�� Y- �	��k �� .��� ";��L ���*3 ��>
�3 ��$% YJ��73 �� �3��- � �-�	 �*8F	 �;� 5� @��� .�>

 ";�L ��*3 ;� Y: ;� YJ��73 .��: Y%�L&,g &���L "��['(� �> .
���3�� )� 5� ��o,3 T�� Y:)Syntax ( "&�� Y'���%)http:// 

giyp.nl.marata/ ( ����SPSS &�� "��['(� .p value ��'=- 
5�NB/N�,^3 ��&73 ���,! Y:&� Y'��L �o% �� ��� .

����� ��
"�� �;� .5�&�%�Absolute Quantitative Real-Time PCR 

�Z��3 �=Z �(��: .��:SVV:
�+ ���	 ;� v,*%� Z ��/%� �: .��>SVV ;GAPDH �� 

����'Z; `��9��pTZ57R/T .;���C i��*Z�	�% &*=��(4� @
�%+ ?�^xXSVV ;GAPDH &�� Y'9��( .5� "��['�(� ��:

X���<��'3 .�>)�N��	�ND&*=�(4� YGJ�% n�/C ���N
�'*<;�_*3 (��,8,3 @&*=(4� T�� �+ Y�: |��:�3 ���&%�'�(�

SVV &�� n(� )`_���.(e,�Z�;Real-Time PCR .;� 
Y%�=% L �x*83 ��9 .�>�";� ���/%� ���=*: ; A��',Z .��>

&�.

T**^	�*k�F'9� ;�*(�JC �L5�}6 SVV:
���,8,3 5� `��k�C h;pPCR �+ .����: Survivin Y��: 

)��*� )��	 ?����k)peak (���*	 ;)sharp (&��36 ���(� Y��: 
)`�����.(&��%�: ��C�'�<� 5� `k�����;��A+ �� 5���%;
%��v*36����'% �: &��3;�: ���&*	� .�Real-Time n> �%��9 

���� .

B/0
N/0
B/�
N/�
B/�
N/�
B/N
N/N
B/N1

N/��N/��N/�NN/��N/�DN/��N/��N/�NN/��N/�DN/��N/��N/�NN/D�N/DD

���(ºC) 
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T� "-:��6� #&���@ 96 Nl�= \��.� ��.5�&�SVV�4 � V&M�S ��/W �� AU]� T/.B$ �� �BO� ��� �6�  	��)�
/�p< ( ��/W �� �]���� �� ��6
mM�� R��;S ��U������ � �� ��	.

Absolute quantification ��/W 
Mean ± SD Median (IQR) 

A�3�% D�� ±B/��N �/�B�)�/�0BB @�/0N� (
E*G$	 �/���� ±�/���� �/0D��)0/DNB� @�/�0��(

��2�: �/��D� ±�/��D0 �/D�N )�/���B @�/���(
��! D/B�00 ±�/�B�� �/0B0�)�/B0�� @�/����(

A�3�% `:�73 �� ��2�: �,^3 �;&: 
��! `:�73 �� ��2�: N�/N<

E*G$	 `:�73 �� ��2�: N�/N<

��! `:�73 �� A�3�% N�/N<

E*G$	 `:�73 �� A�3�% N�/N<

E*G$	 `:�73 �� ��! �,^3 �;&: 

NQ	-:S5K �Z$ �6 OSVV (V&M�S (T��/� T/.B$ ��/W ���c �� 
��4 � ��U��)Mean ± SD .( � �� ���., �6���� �� �$ ���> 5���

�� (��	SVV �BO� ��> �� ��4 (V&M�S ��/W �� �� ��6�)�� /�
�
/�p< (A,6 �.E� D�� .

��:���: .�� Y���(����X�&C ���;6 ��: �*(�J��C `���� .��
qRT-PCR @��	�NB×�A� ( 5�NB4 Y:B� *3 ����'*< 5�

9�&� Y��l� n<�( ��� �x*83 �� .
�X� 5� A� ( �<���( .�> .�>NB4 ��x*83 ��9 �� @
{��G'��(�RNA ;RT-PCR&��� ����/%� .n'J��*( T���� ��

 *G$	 �*(�JC T��	\�:F"&�� "&>�$3 �@��� A� �( B
� *3 ��: ��9 �'*< .

�+ ���%;� ��*: �(��:SVV Y%�=% �� ��x*83 ��9 .�>
n<�( ; ��=*: �����:

5� �,*���� ���*: A��',- ����� ��SVV �� @&�� "&>�$�3 
��: \�: ��! ; E*G$	 ";�L ;� �� �+ T�� ��*: Y- �<�C .

b*��<�; A����(;�- e����356)Kruskal Wallis(�#'J��2=> 
�,^3 ���*: ��&73 T*: �� .���SVV @A��',- ";��L ����g ;

E*G$	@��2�: ;��! ��� ��$�% .e���356 .���36 Tukey 

multiple comparisons correction �+ ���*: ?;�[	 @SVV 
�";�L ;� �� �E*G$�	 ;���! A��',- ";��L Y�: �2J�% 

�,^3 ��� ��$% ��� );� �> N�/Np< .( ���*:SVV ";��L �� 
��2�: ��,^3 ���V Y�: E*G$	 ";�L Y: �2J% T*���� .���

��: "&36)N�/Np<)(`�� ; A;&d 0.(

��� 
SVV "���%�9 ��! T��'�g�- IAP �3 �> e7% Y- &��:

 ��3 EG$3 ���&	 Y: ��V�( �� �6 n�3 ���� .�+SVV 
���(��: ��transcriptome ��V���( �� ��J��%� ����%+ .���>

�%�J��%�)n*��% �� ��j����: ~�x��( �� ���%+ (@T*3�����g 
transcriptome ��V�( T*: z��� &� Y'9�,� �> �(� ")��(.

��V�( �'$*: �� \�: ��*: u49�: "&�� "&��� @�>SVV �� 
���: �<�: A�3�% .�>@@���� E*G$�	 `�:�X ��*} �� n- ��*: 

Y'��� T�� �3 ��$% �> Y- &>�SVV �%�V��( A� ( ���$*� 
*9&: Y:�=���3 `*�J	 &,- .

.\�: ��*:SVV V�( �� ���@�� �+ T��� .�;�l e7% 
�&�%�3 "&%5 �*% ; ����5�)viability ( �%�V��( A� �( n�> ;

&�l .��>;��� Y�: ��3;�73 ���/�� �� �+ T�� e7% T*,g
��V�( @!�: ��� Y- "&� ��: �+ T�,! Y��&%�- ����: &�.�� 

��!A�3�% E*G$	 .��2�: .�7<� 
��/W��

��NNN
�NNNN 
�NNN 
DNNN 
�NNN 
�NNN 

N

�Z$
�6 

OS
)

sv
v/

1.
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�+ ��*:Survivin�� APL �����=> ; ���<� .��% �l�&=83 

��

��� ~�x3 �%�3�� ;���)�01��@�B@��.(
�=(�< �� ����L �> �%�L�%�L .�>@.\�: ��*: SVV �� 
���3 ��$��% &��,>�)��@��@��(.e>;w��� T���� �� 5� ���>

�;� ��'��(; @�=*��'J��*>�%�=�� &��,%�3 �%�L���%�L .���>
 @.�'3�'*(� � @?4: �����% @?4:RT-PCR ;qRT-PCR 

�(� "&� "��['(� .����L a��(� �: Y- ���>RT-PCR Y�: 
"&36 �(� &%�@]��s-� �=(�< ; A�3�% ���� ��9 �� T3�3 .�>

 ��*: �o% 5�SVV "��- ����L �[,3 &%�)�B@��.(�<��C �� 
e>;w� �� Y-5� Y- .�>qRT-PCR ��(� "&�� "��['�(� @

��� ��9��=(�< ; A�3�% ����*: ��o% 5� T3��3 .��>SVV 
��(� "&�� ����L �2s3)�D.(��8: T��� �� ;� T��� 5� @

�73 5� �'$*:<Y���> U���V 5� Y�- ��(� "&� "��['(� qRT-

PCR @��*:SVV "��- �(��: �� &�%� .n�> �+ T*�,gSVV 
)birc5 (B�����;��� T���� ����*: Y��- ���� �����;��� ���> �� 

��V�( �3 ?;�['3 ��L�%�L .�> ���;��� T��96 ; &��: �� 
A�(�NNB ��(� "&� Y'9�,� .5� ��9�: i�*	�	 T��� Y�: 
Y<�73 ���> 5� `2X Y-�NNB "&� �$',3 ��(��: .��d Y: &%�

 ���;��� ��*:SVV @�+ `- ��*:SVV &�,g 5� ��2*-�	 ��� 
"��- ����L �� ���;��� %�&)��@��@��(.

������L U:���x3 ����*: Y��- �%�L���%�L .���>SVV �� �� 
��V�( �,^3 ��L�%�L .�> "��- ����L ��� &%��: @T��� �� 

��$% ��: T*<;� .��: �*% Y^<�x3��� &� "���*: Y�- SVV Y�: 
�,^3 ?��k ����=*: �� .���APL ��3 \��: �;�)`���0(

)��(.����L �9�: �: ����L T�� �� �� 2X .�>AML ��� 
APL �(� ?;�['3 .�����L T�� �� Y- ?��k T�� Y: ��>
 ��*:SVV �� AML ;APL ��,^3 �;&�: ��� T*��� �� )not 

significant ( "��- ����L &%�)0N1��@��(.���� ?;��[	 T
����L &���: ��5 `3��! �V�9 Y: �(� T�=3 �>:�(��&�73

Y%�=% :����L ]���s-� � 2X .�> .;� AML "&�� ���/%� Y�% 
APL Y%�=% ��&73 ;APL �*%��*J: �� ��3� ��(� "���: n- 

��*: e>;w� T��SVV ����=*: .;� y7� APL ��&�^	 �� ;
&� �(��: ���5 Y%�=% .�(�;� �(��: :�����L �s-� .��>

 a�(� �: � 2X�;� ���> 5� �*} qRT-PCR �(� "��: Y�- 
�;� T�� �*k�F'9� ; �*(�JC �3 ?;�['3 �> &���: .0(

��*: �(��:SVV ; T*q	;�� ��L�%�L ~�x( �� RNA n> 
�3 ?;�[	 T�� id�3 &%��	 ��� �>.

e>;w� ��^: �� Y%�=% .;� �> .�>AML @��*:SVV 
�,^3 A�3�% ��9 Y: �2J% �; ��(� "&� ����L �� ��$�%

 "&� "��� ��*: Y- SVV �3&%��	 ��[,3 ��'-�� )� ���,! Y:
.��: e*� ��L6 ����=*: .�>)prognosis survival(&��: )0�@

0�@�B.(
��Y<�73 ���> ������ ���G'�(� ���3 Y%�=% �� ��9 5� Y-

�(� "&� "��['(� A�',- ���,! Y: n<�(@.�����3 �� ���,	 
5� Y-qRT-PCR "��['(� n�- �3� �2s3 ��*: "&� ;Y�*7: �� 

��*: ���s-� ����3SVV ��[,3 ��(� "&�� �����L)0N1��@
�B.(Y�- &�� "��['�(� n<��( ����� ��9 5� e>;w� T�� �� 

T*��� ��*:SVV "&>�$3 ����� T�� �� &���L.
Y%�$% 5� ��� 5�'���6 5� ���� �3 ��V�( � k� .�> &��:

 T*q	;�� 5� ;.�>IAP @SVV 5� ���T*q	;�� .�> �� n��3 
�%�V�( A� ( .�7: m[C ; 5�'���6 ���3�(� ��s-� �� Y-

��V�( �>�6 ��*: �3 \�: �;�)00@��@��(.��(��: T�� ��
 �+ ��*:SVV ��d��	 `�:�X ?��k Y: E*G$	 ";�L �� 

";�L �� ; ��: \�: ��2�: b�)*,�(�6 .;��� 5� "��['(� 5� 
&��J�-� .�	 @��,^3 ���V Y�: ���*: ";��L Y�: �2J�% .���

&36 T*��� E*G$	)N�/Np <.(Y'��� T�� �>��3 ��$% &�>�
 Y-SVV �%�V�( A� ( m[C �� APL ���� ; ���� e�7% 

��-;5�( 5� .�	 )*,(�6 y(�	 5�'���6 .�7<� �<�='C� .�>
-��3 &��J &��: �+ T�� ��*: e>�- &%��	.

SVVT*q	;���� 5� ����� �����,! Y��: .���>IAPs @e��7%
 �� �� .��� Y: �F8,3 3��� ��[�� �<� �( n*J�7	 ; 5�'���6 

�3 ; &,- ��^: �� ��V�( .\�: ��*: "&� "&�� �>SVV ��: 
��! .��=*: ��(� "���=>)��10�(.�$�>;w��������=*: 

CML 5�� ;� �� chronic phase ;blast crisis Y- ��� ��$% 
����*:SVV ���,^3 ����V Y��: �� .���blast crisis \���: 

�3 �;�)��(.5� �*% e>;w� T�� �� `-��(��: .���: ��9
 �: "&� "��['(� ��*:�.��&3�d .�>��3�	 Y- "&� "&�� n> 

��V�( ��^: �� �>@��*: SVV �:Yd�� ;Y� C�3 ��V��( 
���� �#,>�=>)�D1�0.(���*: T*�: �	;�[	 e>;w� T�� �� 

SVV �� E*G$	 ;��! &$% "&��@Y'2<� Y�%�=% ��35 ��*L .
�3 ����#: �*��	 Y/*'% �� &%��	.�6 �: ";4! ^<�x3 �� Y.��> 

�� ��� 2X��3�	&��3�d .���>�=��(�< ���� ���> &��,%�3 CML @
Y��� C�3 .&���,:)staging ( T����� ; ���� �����d; �F���G$3
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��

Y C�3 �3 ��V�( ���$*� a�(� �: .&,: �&��: �3� ��APL 
Y C�3 ��3 ��! ; ���&% ��d; .&,: ����:;� �$�L�: &�%��	
 ��=>APL � 2X )��*'%+ ?�*k�F9 �o% 5�(&���: Y�- ��

?��k T�� ��=% : ����� ���o'%� ����	 ���*SVV .��**�	 
&��: Y'���.

T�� �: y(�'3 ��*: Y-SVV �� ��! ;E*G$	 .��=*: 
�,^3 ?;�[	 e�7% Y/*'% T�� ��d; T�� �: @��&% ��$% .���

SVV ��! �� �� APL ���=% ��'�: ��(��: .��: ���5 &,-
 ;��� Y: �3;�73@A� ( �*^=d &��: ���9 5� �%�V�( .�>

 &� �&d ���G'(� ��3 �� A� ( T�� .;� ; "��*: �> SVV �� 
��=% �(��: .���*: ��(��: ��'X;@���3 ��� ���9 `�- �� 

��/%� ���G'(� �3��*L@�%�V��( A� ( ��&^	 �(� T�=3 
���[,3 �%�V�( A� ( ��*: Y% ����#: �*��	 ��*: ��&73 .;�.

Y%�=% ��35 �<�C T�� �� ��(� ����L �*���	 ��*% .�*L@Y�: 
% �(� T�=3 Y- �	��k Y%�=E*G$	 ��� Y*<;� `C��3 �� 

Y'��$*�APL &(�: �3 Y:.n>Y%�=% T*,g��! T��=3 ��*% 
&��: "&*(� �3 �(� Y: ��! 5� Y C�3 �> �� �(� .T�� ��

 ��*^3 e>;w� ���! �&�� ��2s3 @RT-PCR .���: PML-

RARα��9 �� ���G'(� ��3 Y%�=% �� )���=*: Y�- �%�35 ��
 �3 Y^d��3 &,- (�(� "��: .	 T�� Y%�=% ��35 �� ?;�[ .�*L 
�3 id�3 A� �( ��&^	 Y- ��� .��> ��(4:)A� �( .��> 

�%�V�(APL ( Y%�=% �� .��> E*G$�	 ; n�> Y�: �2J�% 

Y%�=% .�>��!�2J% &,��: Y'��� ?;�[	 n> Y:.

����� ���� 
�L� 5�( Yg;�+ ���� U�*X� ��-SVV Y�: ��3;�73 �� 

�=*� ; 5�'���6 �3� @�J�*% EG$�3 �%�3�� T��� �Y�^<�x3 
Y�- ��� ��$%SVV .+�<���*��	��� �� ��(� T��=3 APL 

��-;5��( 5� ���� ; &���: Y'��� e7% )*,�(�6 ���� .��>
.�	 ��V�( .;� &��J-� APL�3 ���*: e>��- &%��	SVV 
&��: .�(��: �+ T��� U*X� e7% �	 �(� 5�*% .�'$*: .�>

 ��V�( ��APL ���� EG$3 .n�> e>;w�� T��� T*�,g
 ��� ��$% �3 Y- �+ 5� ���	SVV �-��3 ���,! Y:��� .��*L 

��- "��['(�.�����V ?�!4V� e�Y^<�x3 "&,�6 .�> "���:�� 
%�_3*nJ�>.X�*U.�	 )*,(�6 �-&��J@�3�� �� ��3 &%��	

Y��,*�: .5���( 5� T'��(�- A���C T*��! �� ; �%���3�� ?������ 
&,- .��� �6 �2%�d ?���� ; �'*J*J-�	 .

����� 
 ���� �
~���V 5� ���R�d e>;w��� T����h�F��3 @����9 ���-�3 

&%�*� ; .+�<�	�=>A� ( .���*,: .�> �'^���� ��'�(��=*: 
��: .�=C5 `,(�� 5� 5�J<� ; e- : �-�3 T�� "�#$��356 Y

n%�9 "w�; �>@���* ! T��J% ; ��*3�9 ��>5 h�:� ��=*>��:�
 z=d �� Y-&%��=% .���=> ����=*: Y%�=% .�;6@��$�	 ;

�&X�3 �%�� ���L.
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Abstract 
Background and Objectives 
Survivin (SVV) is an inhibitor of apoptosis. Its expression rises in most cancer types and is 
associated with resistance to chemotherapy, increased recurrence, and decreased patient 
survival. In this study, the expression of SVV gene was analyzed in APL(Acute Promyelocytic 
Leukemia) patients.  
 
Materials and Methods 
In this case-control study, the blood samples of 50 patients were collected in three groups; 
diagnosis, remission, and recurrence.  Then, SVV gene expression was studied using absolute 
quantitative real time PCR. The data were analysed with SPSS version 17, Kruskal-Wallis and 
Tukey tests. 
 
Results 
For the first time, this study demonstrated that SVV overexpressed significantly in APL 
patients compared with the control (Mean ± SD; 910.5 ± 699) (p <0.01). This overexpression 
was seen both in diagnosis (4981.4 ± 4112.2) and recurrence groups (4584.2 ± 5133.6) (both 
p<0.01). After arsenic trioxide therapy (ATO) the SVV expression declined significantly as 
compared to the diagnosis group (p<0.01).  
 
Conclusions 
Findings indicate that SVV may have a role in survival of APL cells and induction of apoptosis 
by decreasing SVV expression can be a probable mechanism of ATO. This study indicates that 
the SVV may be used as a biomarker in APL patients during the course of the disease. 
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