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 3(  �� +(=$�" 0��"� �.%�$ !"%=� �� 9(��$%K��%� !L !�(� !" �.%�$ �(M</ N �� +2#�I.�J  � �$��� ��%  

�"�'4��O .

(��� ���� �%
�I.�J  ��	 ��P�" Q%� )" ��(�R/ �%� .S%�$ )" �I.�J  92" ��NB4 +(�(8$%�( ��, ��8- ��8$%. ��� +2 �� 

4T�U �� +(=$�" 0��"� � �	 ���V�$" 4$"W/Y#
��� �� S% ��<(  )" Z8, � �	 ��"� �C" ![ 0�W)�� 

��"� �(C�/#032��/ ����  )" ���V�$" �� �.%�$ 32��/ �T� �J�� )" CD11b )" ���V�8$" �� �.%<.%  �T� �J�� )" �

)" ���V�$" �� 9(��$%K��%� !L !�(� �$���Real Time – PCR4��O �"�' �$��� ��%  .)" ���V�$" �� ![ \2��� 

9  !% )[ �=�2�����	 N(�R/ � �$ .

&�)�! �%
�� [ 4$� �� \2��� ]�$" ��#4T�U W/Y��H� �.%�$ 32��/ ��P2" ^��� ��=/ �� +(=$�" 0��"� )" S% ��<(  

Z8, ��"� S%8 ��<(  +2 4T�U �.� �2��O 4H� S�" )�� �� �� �.%�$ �(M</ _2"3�" ^��� �<�� )"W)�� 

032��/ ����  �`�� _2"3�" ^���CD11b )" �/W���/
&�`�� �=I  a��V/ 92" �� �	 � �"� �8	�� .B8D

 � �2��O �b%/ N��' a�%` �� 9(��$%K��%� !L !�(� _D�� ^��� +(=$�" 0��"� S% ��<(  +2 4T�U 9(=c

 )" !L �d� �"�I/
&Y �� eY�=I  ![ fg�>" �� �($� � �"� �	�� .
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�� [ 4$� �� \2��� ]�$" ��#��<(  +2 4T�U a�  �� +(=$�" 0��"� )" S% W_2"38�" 4$" ��A�"%/ )�� 

3b1�`�� �� �CD11b ]�8�/ a�  _2"3�" a�%` �� � ��	 �23b 32��/ +2 ^��� h'"� �� � �=� ��P2" 

S%�$ �� ��"�#���2 _2"3�" !�(� �`�� 4$" 9<�  .!�(� �`�� _2"3�" 9(=c BDCD11b �.%�$ 32��/ ��P2" �

!�(� _D�� �� �"��D� �.%�$ �(M</ N �� +2 �� 9(��$%K��%� !L 4$" ��%� �"��D �	�� .
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����� ����	:�/�/��

������ ���� �:PhD�  !�"#$%� &'()� !*'#$%� �����+,% � -./ 0$�1 � 23.�.	�45 � -�678% &'()� 9.� :��; �%)5 -�1�</ &+��*= ��>?����� 
�-./ @�A<AB	 )=�� ��<#$%� � 23.�.'$% � -./ CDE	 F.� �G*$.<� � 23.�.'$% �.�, 2��<H1 2�5 � &+I��( �+=� -�+,��4<1 -%�6	 &'()� 9.�  !�"#$%� 
�?2.J#$%� PhD-./ @�A<AB	 )=�� � -./ 0$�1 � 23.�.	�45 G23.�.'$% *$.<� ��.�, 2��<H1 2�5 � &+I��( �+=� -�+,��4<1 -%�6	 &'()� 9.�  !�"#$%� 
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,.�<���� ��K &4,.� �� L<4+,.M�=.$ -3 -�<10<+< -%��'45 � &� ��$ N4O�� �+=� 

��

���	� 
0<+<��,.�<���� ����K &4��,.�)APL(G���R 0��� !����S �

���1 N��= ���,% 0<+��,T1.�<� &4��,.�)��U�
(tCE#��� 

&� -����� N1 � �.( N��4; R% !*�H5� )���4	 2��5)ATRA (

ALL Trans Retinoic Acid&� �,�� *5� .2��%� R% WX%��</%

 0<H,�%2�	 N+/�H�( -3.H<�,��= -%.�H  N1 WXTYZ N= *<�=% 

&� !��7+,% -[ -���� �� �.1 !*( �.�()�.(N�I��\� �� ��5 2

N= !*( !*�� ��+E�ATRA ��Z.	 � &��6+$% )��4	 ] �1 

!�� �� &�.���, *��(� ����K &4��,.� &�.���, ����+E� 2���5

 N�4; R% 0<+<,.�<����HL60 GNB4 CE#�� ^�<$�'� �1 

&� &�.��, ��,�� ^��<$�'� N�= �,% &��K �� L�% � �.(

 ��<$ CE#� _̀T��= 0<H,�% N1 �Y�$)�?�.(NI��\� �1 �5

 &�.���, !�� 2��NB4 2a���1 ���b�c �� N��= !�%� -�#��$ 

0<H��,�%)
?��.�����'<� (G^��= ���b�c �� � R.��+�.�[ 

-[)
/d?�/d�.���'<� (G&�� ��J�% &��6+$% )��4	 �.�()
.(

�.�, �� &��6+$% )��4	 L�%HL60 � !�.1 &�); @�.8 N1

-3 N��1C-MYC���,% !*��( !�%� �Y���$ .�.���, �� 2���5

!*��( )����4+� &+<��,.�.$%�SG�=����� -���<1 CD11b e�%)���% 

�,% !�.1 *8�� !� R% �+4= e�%)�% L�% � N+(%�)>.(

��.�� �� &'�()� e�$%� G@��A<AB	 N�H�%� ��+�S �1 

-3 �.�, )��4	 � �<f'	 �� g</� 2�5 e�%)�% &$�O�, 2�5

 �,% N+(%� 2�<"4#h .L<M	��� _̀%�</% N+�5 2�5 0�� %� 2%

 &� &�.�, �<f'	 � *(� !*HH= ��+H= g��  �H$%� R% &�'� � *

L<M	��� L�% &�� L<4+�,.M�=.$ 9��$ N�1 ��5 *�(�1 .L<M	����

 �.�, �� L<4+,.M�=.$ &H<H; 2��<H1 2�5GL�*�Hh � L<i��1 

-%)<� R% &�.�, )��4	 &O �� � �,% !*( !*�� &�.�, !��

&� N+,�= -[ �.()�.(

� ��,% )=�4+� �.�, 0+�5 �� L<4+,.M�=.$ L<M	���

 .������= 2�� ����1 -[ -3 !��4���( 9�R���%� �%����Z .R%

�.��, �<f'	 g��  -%.H  N1 L<4+,.M�=.$ &�����+�,% 2��5

 ��,% !*�( !��1 9�$ �.� � j��1 �%��% -%.E+,% )i�)kG�.(

� N�<�= ^</*1 �<c � &I<YO ���1 �� L<4+,.M�=.$ -3 -�<1

 -�O�, l%.$% L<Hh ^5 �<,.7H� � N<�= 2�5 2��5T&�I<YO 

���,T1��Y<� �!*5�#��� ���5 ���,% !*��( )�d.(-3 -���<1

 �.��, �.�;� g<�� N1 �7; �� L<4+,.M�=.$ 2���<H1 2��5

 R% !��7+�,% �1 � !*( !*��SiRNA L<4+�,.M�=.$ N�<�  ��1 

N+�$%.	 �.�, �<f'	 @�*Z *$%Hela *�H5� e5��= %� )��.(

���1 �� ���1 � *Y= � !*I� -�O�, 2�5 ^<�/ �.�/ 2�5

0<+��,T��m<5Ga���1 L<4+��,.M�=.$ -3 -���<1 �� � !�.��1 

���1 !�.1 )��4	 &��6$ R�� �� N= -%�%*$�+�� 2�*c 2�5 *�$%

 �,% N+(%� e5�= -[ -%)<�)��.(NI��\� R% -.H=�	 N= &��5

 &� CE#� !*( 9�J$% g�</� g���  L<4+,.M�=.$ N= �.(

 ^</ �./ �<f'	 R% ^ % &�.�, �<f'	 �� &� ^</*1 �*(�1

 &� %*<� e5�= -[ )��4	 �1 �*H= .R%��.�� �� N�= &��; -[

 �.�, �� L<4+,.M�=.$ &�4�  n1��H� �� 0�<+�.�.	�45 2�5

 �(%*$ �.;� &(�%)SG�� %� -[ -��<1 N�= ^�*( -[ �1 %�� 

����� )���4	 &4�,.� 0�� N�= 0<+<,.�<���� ��K &4,.�

�,%G&�.�, !�� R% !��7+,% �1 NB4 !*H5� )��4	 2��%� �

^<��4$ &,��1 0<H,�% .��%� �.�bH� L�*�1 ��1 0<H�,�% 2

&�.�, !�� 2��NB4 ��o% � *�( !�%� ��o% �#= p<B� �� 

q\�, �� � 2�+�.+<�,.�� N�<�,� N�1 &�.��, q\, �� -[

 N�<�,� N�1 &�.'�.�Real Time-PCR �%��Z &�,��1 ��.�� 

���S .


 ��
� �
���
�.1 &�<�B	 l.$ R% !*( 9�J$% NI��\� .

�.�, �#=:

,.�<���� ��K &4,.� &�.�, !�� 9��$ N�1 0<+<NB4 R% 

�#�= p<�B� �� � *�( 2�%*���/ -%���% �.+�,�� .+<+�$%

 &�.�,RPMI 1640)-�+��"$% G.'Y<;(�1rs%FBS �#= 

�.	�1.'$% �� � !*( !�%�°C�����S �%�Z .

!���[ 0<H,�% 2��%� 2R�,2�	 � *<�=% ATRA:

�.m�[ �d&�<� 0<H,�% &��S2�	 *<�=% )G-�4�[ u��� (

N<6	 �Z� -[ R% � !*( ��,� N1 �\A� v[ �� ��+E� 2�5

*�[ .�.�m= L<Hh ^5�d&�<� 9�S)w� G��'���[��(ATRA 

�Y�$ N1 � N<6	 � �.$�	% �1DMSO �.�B� @�.8 N1

*���S �+�<� xm, � *�[ �� .

&�.�, )��4	 ��J�%:

���, ��.NB4 &�.���, *��(� &4+�����"� R���� �� G��

�<�� 2�5>�� N$�/ ^JK�&�<� �%*�I	 N�1 ��+<��d
×


�
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��� !>G!��4( �G��61��

��

&�<� �5 �� �.�, *�( !�%� �#�= G�#�= p<�B� R% ��+<� .

�b�c xm, 2�5
/dG���R% �.���'<� 0<H�,�% 2��	 

R% �.���'<� 0� �b�c � *<�=%ATRA �.�, 2�� �1 �5

*( !�%� �o% .�.�, R�� 0� N�8�� N1 �5 !�%� 3��,�� -�<� ��

*���(.� *���( 9����J$% p<���B� z�.���I	 9a p���,.	 

<,.45+��1.M$�+�.G-[ �%*I	 {$� p,.	 � ���4( �5 2)<�[

-�m��	 -[ -�.1 !*$R *8�� .�1 *( L<<I	 �5 .&�,��1 �6;

 &�,��1 G&�.��, )���4	 ��J�% � �5��%� �o%CD11b p�,.	 

*( 9�J$% 2�+�.+<,.�� .L<4+�,.M�=.$ -3 -��<1 L<�Hh ^5

 p�,.	 ��%� �1 -���� R% *I1 � gYZReal Time-PCR ��.�� 

����S �%��Z &,��1.e����R[ G��%� R% ��b�c ��5 2%��1 

gZ%*K�*�[ �,� N1 �%* % L<"$�<� � *( �%�'	 ��1 .

2�+�.+<,.��:

R% x� �
�.�, -�%� �<o�	 R�� � 0<H�,�% 2��%� �1 �5


2��%� R�� ATRAG�.���, ��.��� ����R ��� N��1 ���5

 *H+��S �%�Z 2�+�.+<,.�� .%*�+1%�d
×�^�JK �� �.��, 

�dd R% �+<� ��'<� PBS )G�'���[ �4"<, (�1
R% ��+<���'<� 

&+$[ *| &(.� 2��1CD11b &$��$% )Gu��4$%� .=%� (��1 N=

)��Z {$�RPE �.�1 !*( !�%� -�#$ G^<�$ @*�� � ����J� 

*�( !�%� �%��Z &'����	 � ��}E� @�%�K �� � �, .^�5

 ��+H= ~<	�)�% N�.� �� L<Hh)&�7H� ���+H= (&�+$[ R% 2���1

&(.�)Gu��4$%� .=%� (GIgG1 9��=��.�� �1 N= RPE -�#�$ 

N��.� � *( !��7+,% �.1 !*( !�%� @�%��K �� ��5 °C��� �

*( !�%� �%�Z � �, ^<$ @*� N1 &'���	*$.�.�, xm, �5

�1PBS @*� N1�d��� �1 NA<Z� rpm �ddd � N+�( ��1 �� 

.7��+$�,3*(*$!��7+�,% ��1 ����+$ �R%�*�� �+$��= �+�.�= 

Epics*�[ �,� N1 �'���[ �/�, .

Real Time-PCR:

�.�, 2�5NB4 0<H�,�% 2�5��%� �<o�	 �B	 N=2��	 

� *<�=%ATRA *�$�.1 N�+��S �%��ZG&�m= �%*�I	 ��b$ R% 

+,.M�=.$4*H+��S �%�Z &,��1 ��.� L< .+�,.M�=.$ 2%�14L<

n1�H� ��GR% �$���%� N, cDNA !��4�( ��1 ��5 &���,�H( 2

�d>��> ��d>��
 �
���>> %*��+1% N��= ���(%� �.��;� 

9�$ p,.	 �%)�%Alignement GN�, L��% L<1 u�+#� �O�H�

 *�H�[�� �=��( p�,.	 xm�, � *��[ ��,� N�1 �$���%�

e$%�)-%��% � -%�6	 (p�,.	 � *( &K%�O �SR�c[ -[ 2%�1

$�m4=�&MWG 4�[ �+H, -��*( ).-3 R%GAPDH -%.H  N1 

%� ��+H=*( !��7+,% &�/ .

�.��B� R% !��7+�,% �1 %*+1% ��)���	 G�.��, R% ��5RNA 

��1 xm�, � *�( &�,��1 &�7<= � &4= �b$ R% � �%�E+,%

 ^�)$[ R% !��7+,%MMLV ���%)"5 9�*$%� 2�� R% RNA G

)+H���,cDNA������S @�.���8 .-3 R% &#���E1 xm���, 

�.O N1 L<4+,.M�=.$bp �k�-3 R% e�E1 �GAPDH N�1 

�.Obp ��> p,.	 PCR !��7+�,% �1 � *( �<f'	 R%��� 

{H<$.�= T/A G-3*$*�( -.��= �b$ ��.� 2�5.��1 xm�, 

G-3 �� L��% 2%��1 ��%*$�+,% &HBH� ^,�Real Time-PCR 

�.�, ��.� �� � 0<H,�% 2��%� �1 !*( -���� 2�5ATRA 

*( 9�J$%G-����� R% *I1 � gYZ L<4+,.M�=.$ -3 &m= �%*I	 

*�[ �,� N1�%�Z &,��1 ��.� &�.�, )��4	 �1 ��Y	�% �� �

���S)2�5�%�.4$���(.v���� � ��5�SR�c[ &�%.	 2��5

R% *H	��Y  !��7+,% ��.�:

GAPDH Forward 5-AAGGTGAAGGTCGGATCAA-3 
GAPDH Reverse5-GAAGATGGTGATGGGATTTC-3 
GAPDH Probe 5-CAAGCTTCCCGTTCTCAGCC-3 
NS Forward 5-AGTTCCAAAcaGTGCTCCC-3 
Ns Reverse 5-AAAGCCCAAACTCCTTTCC-3 
NS Probe 5-CTA AAA CAG CAG CAG AAA CTT 
GAC AGG C-3' 
 

v����� 2���6+$% �� ���5'
N�<��,� N��1 )FAM (6-carboxy-

fluorescein phosphoramidite 2���6+$% �� �'�N�<��,� N��1 

)TAMRA (5-carboxytetramethyl- rhodamine �%*$�#��$ 

*$*��( .eH��=%�Real Time-PCR !�"+��,� R% !��7+��,% ���1 

Lightcycler ^��JK �� �
2����� ���1 � ���+<���'<� {��H<�<$[ 

�1 �1%�1°C
� ��
*( 9�J$% g'<, .eH=%� @�.�8 N1 �5

 -%)<� �S% � *( 9�J$% &��	��NS/GAPDH eH�=%� �� �� 

R% e<1��(%� �T+/% �1%�1 G&� �%�'	 e���R[ *(.2%�1

!R%*$% �<,���K 2�<SG&�.��, !�� R% &�+Z� �����, NB4 

N= &$��R � *( N<6	cDNA R% �9�S��'<� RNA *( N<6	 

�Z� �	
?�d�.1 &��,�H( g1�Z .

!R%*$% @�.8 N1 ��� L�% �� &��6$ NJ<+$ &�4= 2��<S

 ��\�(Absolute Quantitative) �%*�I	 NY�,�B� ����O R% G

=*�[ �,� N1 N$.4$ �� &m .
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,.�<���� ��K &4,.� �� L<4+,.M�=.$ -3 -�<10<+< -%��'45 � &� ��$ N4O�� �+=� 

��

&4= �.bH� N12R�,Gg�1�A� �� L<4+�,.M�=.$ GAPDH 

��<����$�*��( !) .!�"+��,� �� @��� TO% )<����$[ 2%���1Light 

Cycler G9���$ N����$�1 R% 9���$ N��1 !�"+��,� 2�%)���%Second  

Derivative Maximum Method*( !��7+,% .��� L��% ��

 g'<��, �%*��I	 ����=�./ �.��O N��1Cross Point N��$.4$ ���5 

*���S CE#�.)Cross point �5 N\A$ N$.4$ �� N= �,% 2%

 !R%*$% � !*( &4+���"� R�� ��%� g'<, -[ &��6$ &4= 2�<S

N���A� �1 N\A$ L�% ���1Cross pointN$.4$ 2�5 �Y��$ ��5

 &�� �,� N1 ��%*$�+,% &HBH� N1*��[(.@�.�8 N�1 ����+$

 *�( ��%)�S &m= �%*I	.N�+��� g�<�B	 -.��R[ p�,.	 ��5 

L� *( 9�J$% &H+�� .

�������
�.�, NB4 @*� N1 �
�<o�	 �B	 R�� 
/d�.���'<� 

�.O �� N= ���S �%�Z 0<H,�% 2��%��d�%*I	 ��% R�� 

�.�, 0<H�,�% � N+�(%� e�%)��% �5 &�.��, ��<f'	 ]� �1

*���S)��*;�(.��Z.+� &�.��, ��<f'	 ^5� R�� R% &�� 

&��); ��<��1 e�%)��% N��4; R% )��4	 ��o[ � *(CD11b 

� *( !*�� 0<H�,�% �.���'<� 0� �b�c �"�� ��O R%

 @*� N1 ��$%.	
&�HI� )��4	 R�� � *�H= ���J�% %� 2�%�

 �(%� e5�= )<$ L<4+,.M�=.$ -3 -�<1 .�.��, L<�Hh ^5

NB4 @*��� N��1 
2��%� �<o���	 ���B	 R�� ATRA �%���Z 

�.�  �� *#�$ !*5�#�� &�.��, �<f'	 R% 2��o[ � ���S

 �=����� N��;.	 g��1�Z e�%)���%CD11b��= �-3 -���<1 e5�
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Abstract 
Background and Objectives 
Acute Promyelocytic Leukemia (APL) is one subtype of acute myeloblastic leukemia; it 
responds to differentiation using All-Trans Retinoic Acid (ATRA). Recently, arsenic trioxide 
(As2O3) has been added to this method. The cellular mechanism of differentiation therapy by 
arsenic is not yet clear. We decided to study the relationship between cell differentiation using 
arsenic trioxide and nucleostemin gene as a proliferation marker.  
 
Materials and Methods 
In this descriptive study, we treated NB4 cell (a cell line in APL) with 0.5, 1, and 2 µM of 
arsenic trioxide in 6 well plates for five days. Then, cellular differentiation was assessed by 
flowcytometry for CD11b. Nucleostemin gene expression was also assessed by Real Time 
PCR. 
 
Results 
According to the results, cell proliferation has occurred by 0.5 µM arsenic trioxide and no 
differentiation was observed during 10 days of culture. With 1 µM concentration of arsenic, 
CD11b has raised from 5.2% to 13.6% during five days of culture (p < 0.001). Morever, 1 µM
of arsenic caused decrease in nucleostemin gene copy number from 130 to 70. 
 
Conclusions 
According to the results, 1 µM of arsenic has increased CD11b in the cells and caused a partial 
differentiation during five days of culture. Increase in CD11b marker has also been associated 
with decrease in nucleostemin gene expression as a proliferation marker.                 
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