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��� ��������������������������	
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��
����!"��#��#$%�#�����	
�� ���&$'��


������
��#�
�����������(�)�����������#$�*��+� ,-)�������������#����
��#�����	
�� �. 2551 

/$�/(������������/(��������*��+��-&�����(���(	��	� 
����	��0��!"������
����������������/��!��

�	-������������ 3��4--��)��6���6$�-��$���0�	$ K562 4��������������*��+�3�(������� �����!'�����!�


(��8��9-����$-�����9"�����"� �(���(	��	����-&���"��&�3������
�������,�$�����������	-���������-

����������/��!���	-������������ 4������&�"�����������0�$�
��"��(���(	��	������8��
��������"���;;��3�

�)$�
���0��/��-�#-���/��!���	-������������3� pathway 3$ ���
�������������8
��8�� pathway ���

���(�;3����(�
(#����,
"��4--�����)��6���6$�-��$��� /$���/��!���	-����������������/��!��������(�;

3����(�
(#�$'�� ����$-�����&$'30'�4--� K562 4������� erythrocytic leukemia ���&$'��
��9�'�<�� chronic 

myelocytic leukemia ����!'�,

3����*��+��-&�����(���(	��	�3������
��������"���;;��=��3�

�4--������	$����3��4--��)��6���6$�-��$��� 4�������	
����������8���30'&��'���	� ,-)����,��������%��


����	
��0	������>!"�&�3����(! 4���9�'�	
��%���������"���	���"� ����������	
���
�
���
)������)/�0��!"�

����	
���"������ �����������������
���$'����#�&��,-)�)��6� �������9�'�����3
����&�&$'������"��$� 

 9�'�	
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(#� �#��#$%�#�����	
��
�����������(�)�����������#$�*��+� ,-)���������

����#����
��#�����	
�� �. 2551 ���&$'��
��	����
��#����*��+����
���)�
(��������6
!����?�%���
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�� ,-)(�����' ��������(�������� %���
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������6
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'���,��
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3����

�������	
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��
��)(#���
���� ��)�	�C	D 0�)��!�� 9*. �E� �E�C���+� ��
������)
��,���

�	0�
#-���*�*��!��(-	�	� =�(�	0���(�	(���,���� (�)��(�	(���,���� ���&$'3%'������
��#�3����

�	
�����������"��$��	�� ��'������3%'���-��3
3����������
������6
-#-"�� �����
��
��)(#� Assoc. Prof. Dr. 

Colleen Sweeney �����������	
�� ����8�
�� Biochemistry & Molecular Medicine, UC Davis School of 

Medicine, UC Davis Medical Center, Sacramento, California, USA �����#�(��)%��(��������,-)����(��


���"��3����*��+��	�(��)%�����$-��3�
���"�� ����
(#� $�. ����#���� *#=�	&- ���&$'��#�(��)%�

�4--��)��6�0�	$ K562 �����30'3����*��+�3�(������� ����
(#��
'�%�'�������,����	0�
#-���*�*��!��

(-	�	��#��"�����3%'(���0"���%-�� �����8�����,-)�(��������������"��$��	�� ����
(#� ����	�%�(�� C	�� 

�������#����� ���*�� ���&$'0"���%-������	
�����������"��$� �����
��
��)(#� *��!��
���������!	(#� 

��. �O;
) ,-)��
���� �"���� �#-��*� ������"��������3%'(������ (�����!!� ���3
0"�� �������-��3
,-)

���
��#��������	
�� ����
(#��������������#��"�� ���&$'3%'(���0"���%-��,-)�������-��3
���$�,�"

�'���
'� ����
��)(#�
	$� ���$�����'���
'������'�3
 ,-)����,�����
��#�3�����������	
��������  

 �#$�'���������
��)(#��#��#$%�#�����	
�� �
��)����#�/(������	
���������Q������	
���#"�

3%�" �.�
��)��� 2551 ���&$'��
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(��������6
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���!���"��
)�����,�$�������/��!���	-���������1 (WT1) 3��)$�
��� $�������	-������������ 
�������8

30'����!��
"�0�����0��=��3����!��
��
�)��6���6$�-��$����������30'��)��	�(����#�,�����/�(&$' 


�����*��+����9"�����
�"��(���(	��	������8-$�)$�
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�������,�$�����������������������&�"0�$�
�3�

��)��� $��������!8#��)��(�������*��+�3�(������� �����*��+�9-���������$�(���(	��	�
�	�#�C	D!"��	-����-

��������&�/4\�������� 4 0�	$ 3��4--� U937 ����������	-������������&�/4\������'���"�4--� ,-)�����*��+�

9-����(���(	��	�!"�����"���;;��3������)!#'��������������	-������������ 3��4--��)��6���6$�-��$

���0�	$ K562 
�����*��+��
�"� ������$�(���(	��	������8��
����������� ,-)/��!���	-������������&�-

/4\���� +/+ &$'$�����#$ 3��4--��)��6���6$�-��$���0�	$ U937 ��������/(-�����	-���������������� 4 0�	$��'�

&� (exogenous Wilms’ tumor 1) /$�9"���-&�������-��/��!���	-������������ 
�����*��+��-&����

������$�(���(	��	�!"����-$-�������,-)/��!���	-������������0�	$ endogenous 3��4--��)��6���6$

�-��$���0�	$ K562 /$��-&�������(�;(��������$�(���(	��	�
�	�#�C	D-$������������ PKC� 4������"3� 

PKC signaling pathway /$�9-���&$'��$(-'����
9-���*��+���� PKC� inhibitor (GF109203x ���(���

��'��'� 0.0084 zM) !"����,�$�������,-)/��!���	-������������ (���������
���������������� PKC� ���

3%'�"�9-��
�������,�$����������,-)/��!���	-������������$'�� ���
��������*��+�!"�8���-&�!"�������

3��)$�
-��-�&� (downstream) ��� PKC pathway �
�"�/��!�� JNK ����/��!�����!�������'����������'�� 
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������
��9-���*��+����������$�(���(	��	�!"�/��!�� phospho kinase �
�"�������$�(���(	��	�

�����8-$���,�$������� phosphorylation JNK pan (T183/Y185, T221/Y223) &$' ,-)�����30' JNK 

inhibitor (SP600125 ���(�����'��'� 0.040 zM) 3%'9-���*��+������$(-'����
9-���*��+�������

���$�(���(	��	� (�������8-$���,�$�������/��!���	-������������&$' $�������-&�������(�;������

�������'��3����-$�)$�
������,-)/��!���	-������������/$�������$�(���(	��	� 
)9"���-&�����"�

��;;����� PKC ,-)�"�9"�������/��!�� JNK /$�/��!�� JNK 
)����!����)!#'����������!"�&����

/��!���	-������������ 4���(������(�;����-&���������830'����(�����'����E����������8���&�30'�����

�C	
���-&����������$�(���(	��	�
�	�#�C	D 3�������&���)�#�!�30'3�9�'�<���)��6���6$�-��$���&$'3�

���(! 
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Abstract: 

Leukemias commonly occur world-wide. The Wilms’tumor1 (WT1) protein is highly expressed 

in leukemic blast cells of myeloid and lymphoid origin. Thus, WT1 mRNA serves as a tumor marker for 

leukemias detection and monitoring disease progression. In previous studies, we found that curcumin 

could inhibit WT1 mRNA and WT1 protein levels in leukemic cell lines. However, the inhibitory 

mechanism of curcumin’s action is at present unclear. The aims of this study were to investigate the effect 

of curcumin on WT1 isoforms in U937 transfected cells and to study the inhibitory mechanism of 

curcumin on the WT1 protein signaling pathway in a K562 cell model. The WT1 (+/+) isoform showed 

the greatest inhibitory response after curcumin treatment. The inhibitory mechanism of this exogenous 

WT1 protein was related to the protein degradation mechanism. In addition, the inhibitory effect of 

curcumin in endogenous WT1 in K562 cells involved the PKC� signaling pathway. This result was in 

accordance with the results using PKC� inhibitor (0.0084 zM GF109203x) treatment. GF109203x 

decreased WT1 gene and WT1 protein expression. The downstream of PKC� pathway was determined. 

Curcumin decreased the level of phosphorylation of JNK pan (T183/Y185, T221/Y223). Thus, JNK was 

the protein signal in the endogenous inhibitory pathway. JNK inhibitor (0.040 zM SP600125) was used 
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for confirmation. The WT1 gene and WT1 protein were inhibited after SP600125 treatment. In summary, 

the PKC and JNK signaling pathway was the major inhibitory pathway of curcumin on WT1 gene and 

WT1 protein expression. Thus, this mechanism increases our basic knowledge concerning curcumin’s 

effect on leukemic cells, and then may facilitate clinical use in the future. 

 

Key words: curcumin, Wilms’ tumor 1, leukemia, K562 
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���
��0��1������ 1 
Executive Summary 

 

1. ����
#��
40�("%7�����$841� 
-���'��/�,�������)���$0"$4�*�	�6��&	#����	7��
��!�$�'��� �7�+*��%(�%��	���	�����(��!�$�'��%�)
'

	(8"�$
9!����+������+"%���
%�����:�
�$0"�7�"�"��%����"
8" )��-���'��/��
��$0"$4�*�	�6��&	#��!�-
%���� 

%�����(�)
'%��)���%�'��� (metastasis) �!�-���'��/��"	#������7�+*��	�����(�"
8" �$0"�
����%�$
���")$
����

	

:=
:=�!"+"�'�
:-��
%#
����%(��>8"+"�=

��'��/��!� =>���"?>�:
�"�8%/�
�,���$0"�������+���%"
% )���:���%��

�$
���")$
��*
��"�8�'����%�
8"��9�!�'�'�!�-���#")���>8" $4��#:
""�8%��+������:7�:
� (chemotherapy) ��:�:��

	7��
���%+"%���
%��-���'��/�*
���"(� -���@��'+"$4��#:
",����%���
A"������"�'��/�+*���$�'	(�6(���+"%��

�
%��-���'��/�,�����(���>8" )��$4�*����	7��
�����7�+*�%���
%����������:7�:
�,��$�'	:����	7���/� )
',����

$�'	(�6(����9!�=

��'��/��%(�%���98!�� (drug resistance) *

���%���,���
:�����"�'��/�!������!�"9�!� �=

��'��/����

�98!���'��

%�&'���	7��
��9! ��%��)	��!!%�!���" MDR1 )
'��-%

�-�-$���"���	�� -�������-%

�-�-$���"�'�7�

*"�����+"%���
:��!!%��%�=

��7�+*��������"�'��/�	'	�+"�=

�"�!�
� 	���
+*��=

��'��/���!
���%�������(�	�� 

�
8�C���,���
:�����"�'��/� =>��	����?�:,��+"�=

��'��/�*
��C�"(�����%
" ���" �'��/�����"� �'��/�$!� )
'�'��/�

��/��
9!���� �$0"��"  

 �'��/���/��
9!����*�9!
(������� (leukemia) �$0"%
#���!��'��/�����::�!����	#� ($�'��& 30% �!��'��/����

�:)-���@��'+"��/% $�'%!:�����'��/���/��
9!�����"(��@��:�

" (acute leukemia) )
'�'��/���/��
9!�����"(�

��98!�
� (chronic leukemia) -���@��' �'��/���/��
9!�����"(��@��:�

"��!#:
�(%��&�	��-���@��'!�����(�� ALL =>��

�%(��>8"$�'��& 3-4 �����!��/% 100,000 �" *�9!����%
: 1/3 �!��'��/�����%(�+"��/%+"$4��#:
"�:���$4�*����$J�� 

Leukemia +"�
�*�
������+*����!#:
�(%��&�+"%���%(�-��	�����	#�+"$�'���,�� )
'�:��������$J������%(����'�98!��

�
%���'��/���/��
9!�����%(��>8"�����"9�!���%�����%���
%����������:7�:
��$0"�'�'��
�������"�" �
�"
8"��9�!%��

�
%�����$J��-���'��/���/��
9!��������98!������:7�:
� )
'�������"�!����$J���'��/���/��
9!���� (leukemia) ����:���

�%������!�%
:%��)	��!!%�!���" MDR1 -�����$!���=/"���!�%��)	��!!%�
8�)�� 19-75% �!����$J�����,��,���7�����

:7�:
� (untreated AML)  �
�"
8"�7�+*����:������$J��)��
'�"�'��%��)	��!!%�!���" MDR1 ���)�%����%
")
'�7�+*�

���
��!%���
%����������:7�:
����"������')�%����%
"!!%,$���� "!%��%"�8�7�+*����:���%��)	��!!%�!���" MDR1 

	����?:!%?>�!
����	������!%���%(�%���98!��+"���$J��,��  

 ��%%���>%�� cell proliferation +"�'��/���/��
9!�����:���-$���" WT1 "
8"���
��!%���%(�%��):���=

�

�>��7�+*���%��)	��!!%�!� -$���" WT1 ���	����%)
'	����?+���$0" tumor maker +"���$J���'��/���/��
9!����,��

)
':��:!%?>������#")���!��'��/�-��-$���"����7�*"�����+"%��%�'�#�"%���7���"�!�-$���" WT1 =>���7�*"������$0" 

transcription factor +"%��,$�
:%
: DNA (DNA-binding) -��$%�()
��   WT1 +"�'��/��"(�!9�"�'��*"������$0" 

tumor suppressor -��-$���" WT1 ��%��)	��!!%���	���>8"��9�!�7�*"�����+"%����:�#�,��+*��=

�����������(�$%�(

)	��!!% +"�'�'*

��
��:��� WT1 "���'�$0" oncogene ���� +"���$J������$0"
(��������:�����%��)	��!!%�!� 

WT1 $�'��& 1,000-10,000 ���� ��9�!����:%
: normal bone marrow )
' normal peripheral blood  

��%%���>%����(��)�%�!� �
�!���!���(��("��!�����$0"�(���!�'��/���/��
9!�����
8��"(� K562 

(erythrocytic leukemia), U937 (monocytic leukemia), HL60 (myeloblastic leukemia), )
' Molt4 (lymphoblastic 
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leukemia) �:���	����?�7�
���=

��'��/���/��
9!�����
8� 4 �"(�,������% �
�"
8"�>�,���7�%���>%���

�!�	��

	%
���!���(��(" =>��,��+������������"���,���$0"�(���!�=

���9�!�>%���
�!���!���(��("��!��"�$V�*��� (��"�(
������!��

�
") ��%%����
!��:�����!���(��("�������������"���,���$0"�(���!�=

� "
8"���
+"%���
:�
8�%��)	��!!%�!���"

�(
������!���
",��+"�=

��'��/���/��
9!�����"(� K562 ,���
8��'�
: WT1mRNA )
' -$���"�(
������!���
" =>��%��


�
��!�%��)	��!!%�!���"�(
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�


/��!�� WT1 &$'����3���),��-��$,-)&���)$��,!"��	����'�� 3���)���
)�
��	��������	������3�

9�'�<����������)��6���6$�-��$��� ���
���������
�"�/��!�� WT1 ���"���������'����
���,�$����������

����������'����
�����	$ cell proliferation, cell differentiation ������������	$ cell apoptosis ����3�

�4--��)��6���6$�-��$��� (11, 12) $'���%!#�������	
��
��&$'*��+�8�����,�$���������� WT1 ,-)/��!�� 

WT1 3�/�(�)��6���6$�-��$������������� ,-)�
�"������8������,�$���������30'���� biological 

marker 3����������(����#�,�����/�(�)��6���6$�-��$���0�	$!"�� > ���&�8��3�/�( minimal 

residual disease (MRD) ���$'�� (9,13)  

�O

#
��������+�/�(�)��6���6$�-��$��������	�����
)���+�$'�����3%'���(��
��
�$ 4���3%'9-$�

���3��)�),�����������+� ,!"��������+�&�&$'�)�)%����
)�
�"����(��
��
�$������3%'��	$9-�'���(���

��
9�'�<��,-)3�
��(�����"�9-3%'��	$���$�����3�9�'�<���)��6�$'�� ���3%'������+�$'���(��
��
�$&�"&$'9-

!�����,����9�'���+�!'����� /$��
�"��4--��)��6��������	����	������/��!��0�	$%�������9	��4--���	��

������� ���%�'����3������
���������4--� 4������������"���-�-��/(/��!�� (P-glycoprotein) 4����-&�

3������'����-�-��/(/��!���������9-
���(��
��
�$���3%'��
9�'�<�������)�)��-������� ���3%'�4--��)��6�

��'���-&����
)�?�����!����� �����(������"��$����4--��)��6� 

$����������	���*��!��
��&$'������('�%�������&$'��
��C���0�!	 ����������30'�������!'��

�)��6� ,-)��������%�'����3�������
��-����\./�&���������$�����3%'�����!�
����!"���������� 4�����

���!'��������!'����(#���
�!	��������8����������!'���)��6�,-)�����8-$���,�$���������� MDR1 

&$' ,-)������$���!'����9-�'���(����'����"����(��
��
�$ /$�����$-�����3%'(�����3
��
������&$'��


����%�����
�	/=(���������)
�� �0"� ��	�� ��	� �	� ��	�&�� ,-)��)����� ����!'� /$�����)��"���	��

��	��0����������������C	D�����0����"� �(���(	��	���$� (curcuminoids) �������C	D�����������!'����#��-�	��), 

!'����������
, !'������-�����C#� (anti-mutagen) ,-)���!'���)��6� (anti-tumor) ���
��������

�����8��
�������,�$�����������)��6�&$'$'�� $������
����������"���3
���
)����������(���(	��	���$����

&$'
����	��0����30'�����0"��3�����?����� ,-)���+��)��6�%-��0�	$&$' 
�����*��+��
�"��(���(	��	

���$���)��
$'�������)��
 3 0�	$ (�� �(���(	��	� (curcumin)   $���!���4��(���(	��	� 

(demethoxycurcumin) ,-)
��$���!���4��(���(	��	� (bisdemethoxycurcumin) 4�����/(����'�����

,!�!"����� (14-17) /$��������(���(	��	�������(#���
�!	�������!'���)��6� (antitumor-promoting) ,-)

���!'�����,
"�!������4--��)��6� (antiproliferative activities) (18-21) ����������� MDR modulator 
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$'�� 
�����*��+����9"����&$'�
,-'��"��(���(	��	������8��
�������,�$����������� WT1 mRNA 

,-) WT1 protein 3��4--��)��6���6$�-��$��� ����	
������������*��+�%��-&�����(���(	��	� !"����

��
�������,�$���������� WT1 �����)$�
 WT1 mRNA ,-) WT1 protein /$�30'�	C� ���*��+�%��)$�


���,�$������� protein kinase !"��>����(����������"��(���(	��	���9-3������
�������������$'�� 

������
���"� WT1 protein !'�������8����)!#'�3%'������/$�����!	�\���\! ���*��+��"������
��������

�������
�"����������
���� isoform 3$ 4�������%-"�������&�"�����*��+� ���
�����
�����*��+�������&$'$�

&�
�8�� protein-DNA binding ���
�	���/��/��!��������� WT1 promoter $������3�����$-��3�(����

������3%'&$'��(�(�����'3%�"�"� WT1 protein ����8��(�
(#�$'�� protein kinase 0�	$3$ ,-)�(���(	��	�

��
�������,�$���������� WT1 �����)$�
 WT1 mRNA ,-) WT1 protein &$'��"��&� 

 

�!�
�,����	���	 

/�(�)��6�&�"�����,!"�����O;%���C����#�������(�;�����)��*���3%'��	$�����;����0��	!���

��)0���,-)�	����-���("�30'
"��3�������+����
�-����
����������"����� ,!"/�(�)��6���������O;%�

��C����#����/-�$'�� ����
�	;,-)���,��"��)
�� (metastasis) ���/�(�)��6�
��#$�'�����3%'

����0��	!���� ����9-��
����-����,�-�����-�
4�
4'��3��)$�
/��-�#-�����	$����3��4--��)��6���� 4���


�8��
�$����6���&�"���������'�3
������ ,!"�
�"������-����,�-��%-"����
)���������������)�)���/�(

�#�,������ �O

#
��������30'�(��
��
�$ (chemotherapy) ��
�
�����(�;���3�������+�/�(�)��6�%-��

0�	$/$�����)3��O

#
��&$'�������Q����!'���)��6�3%'����)�	�C	=��3�������+�/�(�)��6�&$'$�

�	������ ,!"�O;%�������(�;������3%'������+�$'���(��
��
�$&�"��)�
(��������6
 ,-)&�"����)�	�C	=��(��

�4--��)��6���	$���$����� (drug resistance) %-��
�����&$'��
��!'���)��6���"��!"������� �4--��)��6����$�����


)��-��+�)������(�;(�� �����,�$���������� MDR1 ,-)��-�-��/(/��!�������� /$������-�-��/(

/��!��
)���%�'����3������
�����
���4--����3%'����!'���)��6��)��3��4--��'��-� �"�9-3%'

�4--��)��6�����!�������0��	!��� ����>���&$'��
��!'���)��6� 4��������8�
&$'3��4--��)��6�%-��>0�	$

$'����� �0"� �)��6��!'��� �)��6���$ ,-)�)��6���6$�-��$��� ����!'�  

 �)��6���6$�-��$���%���-	�(����� (leukemia) �����-#"�����)��6�����

"������#$ (��)��� 30% 

����)��6�����
)/$�����)3��$6� ��)��
$'���)��6���6$�-��$���0�	$����
�-�� (acute leukemia) ,-)

�)��6���6$�-��$���0�	$�������� (chronic leukemia) /$�����) �)��6���6$�-��$���0�	$����
�-����

�#
�!	��������/$�����)��"���	�� ALL 4�����	$������)��� 3-4 ���!"��$6� 100,000 (� %�����"���
 1/3 

����)��6������	$3��$6�3��O

#
���
�"��O;%�9�'�<�� Leukemia 3�
��%��$�0���3%�"���#
�!	�����3����

��	$/�(�������#$3���)��*&�� ,-)�
�"���9�'�<�������	$=��)$��������+��)��6���6$�-��$�����	$����$'��

������
���"���������+�$'���(��
��
�$�����)�)��-���������� $�����������������+�9�'�<��/�(�)��6���6$
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�-��$������$������(��
��
�$ ,-)�����������9�'�<���)��6���6$�-��$��� (leukemia) ����
�"��������'����


���,�$���������� MDR1 /$���������46�!�������,�$����!���,!" 19-75% ���9�'�<�����&�"&$'����(��


��
�$ (untreated AML)  $���������3%'���
�"�9�'�<��,!"-)(�
)�����,�$���������� MDR1 ���,!�!"��

���,-)���3%'��9-!"�������+�$'���(��
��
�$����"����
),!�!"��������&�$'�� ���
��������3%'���
�"�

���,�$���������� MDR1 �����8
��8����!��������!"������	$���$�����3�9�'�<��&$'  

 
�����*��+� cell proliferation 3��)��6���6$�-��$����
�"�/��!�� WT1 ������9-!"������	$

���,
"��4--�
�����3%'�����,�$������� /��!�� WT1 ���������,-)�����830'���� tumor maker 3�

9�'�<���)��6���6$�-��$���&$',-)
"�
��8��(����#�,������)��6�/$�/��!��������%�'����3������)!#'�

������������/��!�� WT1 4������%�'�������� transcription factor 3����&�
�
��
 DNA (DNA-binding) 

/$���!	,-'�   WT1 3��)��6�0�	$����
)��%�'�������� tumor suppressor /$�/��!�� WT1 �����

,�$����������������������%�'����3����(�
(#�&�"3%'�4--������(���9	$��!	,�$���� 3��)�)%-�����

�
�"� WT1 �"�
)���� oncogene $'�� 3�9�'�<���������-	�(������
�"������,�$������� WT1 ��)��� 

1,000-10,000 ��"� ���������
��
 normal bone marrow ,-) normal peripheral blood  


�����*��+���	��,����� 9-����(���(	��	�!"�(��������	+!"��)��6���6$�-��$�������0�	$ 

K562 (erythrocytic leukemia), U937 (monocytic leukemia), HL60 (myeloblastic leukemia), ,-) Molt4 

(lymphoblastic leukemia) �
�"������8���-���4--��)��6���6$�-��$������� 4 0�	$&$'$���� $������
��&$'

������*��+�9--���������$�(���(	��	� 4���&$'30'(�����'��'����&�"�����	+!"��4--������*��+�9-���

�(���(	��	�!"������?�%��� (����	-������������) 
������$-���
�"��(���(	��	����(�����'��'����&�"����

�	+!"��4--� ������9-3������
�������,�$�����������	-������������&$'3��4--��)��6���6$�-��$���0�	$ 

K562 &$'�����)$�
 WT1mRNA ,-) /��!���	-������������ 4������-$-�������,�$�����������	-����

����������� �"�9-!"������
�������,
"�!������4--��)��6���6$�-��$���3%'�'��-� ��"��&��6!��������

����	
������%�$ �
�"����*��+�3��"������-&�3������)!#'���������� %����-&������
�������

���������/��!���	-������������ $'���(���(	��	� ���&�"�����*��+�3��4--��)��6���6$�-��$��� %-�����

�$-��,-)���*��+����
,!"������"� /��!���	-������������ ���� transcription factor ����������/(��� 

���
�����
������$-������
����"��(���(	��	���$������8��
�������,�$�����������	-������������ 

����3��)$�
��6�������6��� ,-)/��!��&$'������"��$� 4���
��(���������C�3������
����/$��(���(	��	

���$���
����"���;;��=��3��4--� �
�"��(���(	��	���$����� �����8��
����������������/��!��

&(��� (protein kinase) &$'%-��0�	$ /$�����) protein kinase C (PKC), protein kinase A (PKA) %��� 

protein p38 MAPK $������
�������8����&�&$'�"� protein kinase 0�	$3$0�	$%������
�
�����(�;3�

��)
�����3������)!#'�������������/��!���	-������������ 3��4--��)��6���6$�-��$��� ���
�����

���*��+�3�(������� ��������8!�
(��8��&$'������"��$��"�  �(���(	��	������8��
����������������
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/��!���	-������������ &$'��"��&� ,-)�������'����
/��!��&(���0�	$3$  ���*��+�(������� �������*��+�

����#"���'�8��9-����(���(	��	�!"�����"���;;���������)!#'�����������������	-������������ 3��)$�
 

intracellular signal transduction pathway ����������'���-3�������+�9�'�<���)��6� /$�30'������$�(���(	�

�	����9-	!3�-��+�)������������
�������,�$�����������	-������������!"�&�3����(! 4���
)��

��)/�0�����3�������
)9-��$��3%'�(���(	��	������8�����
$�	�C	
�!������30'������!'���)��6���6$

�-��$���3����(! 

 

�$����	 �/)0! #��3�$ '$��

3��4�� 

�)��6� (�� �-#"�/�(�����	$
���4--�����"�������(���9	$��!	���$������ (DNA) %������

���C#���� �"�9-3%'�4--�������
�	;�!	
/! ,
"�!���������	��
������4--���"����$��6� ,-)�����"���!	 


����
���3%'��	$�'�������9	$��!	 ,-)3�����#$�6
)���3%'��	$���!������4--�3��'����������� ������
��

��$�-��$&��-���� 8'��4--��)��6��%-"���� ��	$���"3������)3$�6
) �����0��� �)��6�!�������)�����0"� �)��6�

��$, �)��6�����, �)��6��!'���, �)��6�����$-��, �)��6���6$�-��$���, �)��6�!"�������%-��� ,-)�)��6��

9	�%��� ����!'� /�(�)��6������O;%������C����#����/-� �������%!#���!����)��� 13% ���(�

!�� ����%�$ 4�����
����������"� 6 -'��(� 3��. �.*. 2537 ��
�����9�'�<��/�(�)��6������"� 18 -'��(�

,-)��9�'�<��3%�"��)��� 9 -'��(� 3��#�> �. 4����������%!#����������0��	!�������$�
 1 ���9�'�<�����

����0��	!����%�$������)��* 
���8	!	���9"����/�(�)��6� ��,��/�'���	��������������"��'��-) 50 (22) 

���������(����������/-�&$'(�$�����&�'�"�3��. 2563 ����/-� 
)��(�!��$'��/�(�)��6������"� 11 -'��

(� ,-)
)��	$����3���)��*��� ���-����Q�� (���������)��*&��) �����"� 7 -'��(� ������
�����O

��

%-����"������������'����
�����	$/�(�)��6� 

���%!#,-)�O

������"����	�3%'��	$/�(�)��6������"$'�����%-����)��� (�� ��	$
���	��,�$-'��

%���=������"����� 4����O

#
������0�������"��)��6��"��3%;" ��	$
�����%!#&$',�" ����"��)��6����

��������3���%��,-)�(�����$��� �0"� ����	+
�� �0����������0��� ��-\����4	� (alfatoxin) ����"��)��6����

��	$
��������� �"�� ���&�/$(���
�� (Hydrocarbon) ����(�����30'3���)
�����8�����%�� 0���&�

/!�4��	� (nitosamine) ��9����%�������
�����'��9'� �������6�4���� �#-!��&�/��-!
��,��,$$ �0���

&���� &����!�
�����

� &�����	�,��,�
�	-/-�� (human papilloma virus) ���!	$�0������C	3
&�'3�

!�
 
����!	����
����"�� �0"� �����

#%���,-)$����#�� ����!'� ���
����������	$
��(���9	$��!	

=��3��"�����%���(���9	$��!	���$'�����C#����4����������"���'�� �0"� �$6������(����	�����,!"

�����	$��/���������)��6���6$�-��$��� ����!'� �����=��	(#'�������
���"��,-)=��)�#�/=0����� �0"� 

�����$&�!��	�
��0�	$ �0"� &�!��	��� ,-)  4� ����!'� 
)�%6��"� �)��6��"��3%;"�����%!#��
��

�	��,�$-'�� $������ �)��6��6�"�
)����/�(��������8 �?����� &$'�0"��$�����
/�(!	$�0�������> (Hill 
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R.P,Tannock IF,1987)  4������%!#,-)�O

���%-"����
)�"�9-3%'��	$(���9	$��!	����)

���(�
(#�

����
�	;,-),
"�!������4--� (cell growth) /$���

)��	$
�������;������������������������%�'����

0)-�,-)(�
(#����,
"�!������4--� (tumor suppressor gene) %�����

)��	$
�������������������"�

��!	�����������)!#'����,
"�!������4--� (oncogene) ���������%-"����&$'��
��;;��
���	��,�$-'��
)

9-	!/��!������� 5 0�	$ �����������
���(�
(#�����
�	;�!	
/!����4--� (�� /��!��������%�'��������

�����)!#'�����
�	;�!	
/! %��� growth factor   /��!��������%�'��������!����
�����)!#'����

�
�	;�!	
/!���"���9	��4--�%��� receptor    /��!��������%�'�������� GTP-binding protein (G-protein) ���"3!'

9����4--�$'��3�(����
��;;��
�� receptor   /��!��������%�'����������6�&4�� kinase ���"=��3�&4

/!�-��� ,
"�������6�&4�� tyrosine kinase ,-)��6�&4�� serine/threonine kinase  /��!��������"3�

�	��(-���%��� nuclear protein ���%�'����(�
(#���������������� �0"� ����transcription factor 

/$�(���9	$��!	�������%-"����
)���������������)�)���/�(�#�,������  ,-)
�����*��+����

9"�����
�"�3���)
�����,
"�!������4--� (cell proliferation)  /$�����)�4--��)��6�����
�#�0�	$
)

�
���,�$�����������	-������������ (Wilms’ tumor 1 gene %��� WT1 gene) 4����������������"
�,��

�'���������/(�/�/4�(�"��� 11 !��,%�"� 11p13  (6, 23-25) /$�
)��'��/��!�����������"��	-������������ 

%��� Wilms’ tumor 1 (WT1) 4�����-��+�)���/��!������ zinc finger motif protein ��)��
$'����$�)

�	/�  ����%�$ 429  !�� ,-)���"�����(�;���" 2 �"��&$',�" �"����� 4 zinc fingers ����-��$'�� carboxyl 

terminal !���,!"��$�)�	/���� 307 8�� 429 4��������"��������%�'����3����
�
��
 DNA (DNA binding 

domain) ,-)����"��%����&$',�"�"���-��$'�� amino terminal 4�����)��
$'����$�)�	/� proline ,-) 

glutamine ���"��� �����"�����������"� transreguratory domain ���%�'����(�
(#���)
����� transcription 

����4--� ���
�����3�
���"�����
�	����)%�"����$�)�	/���� 226 8�� 254 
)����$�)�	/� leucine 

4��� > ���������"� leucine zipper  ��
���%�'��������!���-��3������	������C�����)%�"��/��!����


/��!�� (protein-protein interaction) ,-)����
�"������%-��!��,%�"�������%�'����3����
�
��
/��!��!��

����     3��)�),���
�"�,-'���� WT1 ��(������(�;���3����(�
(#������	$�)��6� ������"� �������4��

�����4��� (tumor suppressor gene)  (7,8)  (���������(���9	$��!	����4--�������
��������9	$��!	&� 

/��!���	-��������������,�$�������������� ��������%�'����3����(�
(#�&�"3%'�4--������(���9	$��!	

,�$���� ,-)����	-������������������������"��������'����
�����	$�	-��������� (Wilms’ tumor) $'�� 4���

�
3��$6� ��0���������"� childhood kidney tumor ������
���	-������������
)���%�'�3������
����&�"3%'��	$

�4--��)��6� /$���
��������
�	;����4--�3���E
����4--� (cell cycle) $���������������	-��������������	$���

�-�����C#� %���������9	$��!	&� ���3%'&�"����8(�
(#���E
����4--�&$' 
�����3%'��	$�	-���������3�����#$ 

,!"3��)�)%-���
�"��	-����-������������/��!�������������)��6�%������/(��� (oncogene) �����"� /$� 

Prof. Dr. Sugiyama 3������/�4��� ��)��*;���#<� (9, 26-28) 4����
�"�����	-�������������������'����
���
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��	$�)��6���6$�-��$��� %������������"�-	�(����� (leukemia) ,-)���� tumor marker 3�-	�(��������$'�� 3�

9�'�<���������-	�(����� �
�"������,�$�������/��!���	-������������ ��)��� 1,000-10,000 ��"� �����

����
��
�4--�3�&���)$����!	 (normal bone marrow) ,-)3��4--���6$�-��$��!	 (normal peripheral 

blood) (10, 13, 29-31) /$���!	,-'�/��!���	-������������ ��
�
�����(�;3����(�
(#���)
�����

,�"!��/$���!	3���)
�������'����6$�-��$ (hematopoiesis) �
�"������8!��
�
��	�����!	&$'3�

&���)$�� ,-)3�!"�������%-��� (lymph node) 
���'���-%-��>�'���-�
�"�/��!���	-��������������


�
��3����(�
(#������Q���������4--�����3�����	�	����$� (erythroid cells), ����	-��$� 

(myeloid cells) ,-) -	�\��$� (lymphoid cells) ���*��+���������
�)��6���6$�-��$����
�"�3��"�� 

downstream ��� signal transduction 3��4--��)��6���6$�-��$��� ����	
���
�"�/��!���	-��������������

�"���������'����
�����	$���,�$��������������������'����
���,
"��4--� (cell proliferation) ,-)���

��Q���������4--� (cell differentiation) ������������	$���!������4--� (cell apoptosis) ����3�

�4--��)��6���6$�-��$��� /$���������	$�����-����,�-�����=��3��4--�����
)�
�"������,�$�������

/��!���	-���������������������=��3��4--� ,-)/��!���	-���������������,�$������"��������=��3�

�4--�&�"&$'��	$
��(���9	$��!	���/��!���	-������������ (non mutation gene) ,!"��"��3$ ����/��!��

�	-���� �������� ���������"����!	  ��������������!	$'��     !"���&$'�����*��+�/$�30'  antisense 

oligonucleotide �������	-������������ �������$��
��
�4--��)��6���6$�-��$��� �
�"�����	-���������

��������,�$��������'��-� ,-)-$�����	$���,
"�!������4--����3�9�'�<��-	�(����� (32,33) ���
�����

����
�"�/��!���	-���������������%�'�����������/(��� &�"30" tumor suppressor (34-40) 
���'���-

$���-"�����3%'����	
��,-)����	���*��!����3
���
)*��+�8�����,�$�����������	-������������  ,-)

/��!���	-������������3��)��6���6$�-��$������������� /$��
�"������830'���,�$�������������$�0��


"�0�� (marker) ���%��
���������(����#�,������)��6���6$�-��$���0�	$!"��> ���&�8�����!��
%�

�=��) minimal residual disease (MRD) 3�9�'�<���)��6���6$�-��$������$'�� (10-12, 13, 41,42) 

������+�3�9�'�<��,-)�)��6�,!"-)0�	$
)&�"�%������� /$�%-�����������+�(���)�),��
)

(�
(#�/�(3%'��
 (remission) %-��
������
)�?���������-�
����4��� (relapse) /$�3�������+�
)30'��

�(��
��
�$ (chemotherapeutic drug)  ��������+� (radiotherapy)  ����-��8"��&���)$�� (bone marrow 

transplantation) /$����3%'�(��
��
�$���$����"����
����� %��������'��=��	(#'���� biological therapy 

/$����30' interferon ��
�4--��)��6�&$'
��0�	$ 4�����9-�'���(������������+�(�� %-�����3%'�(��
��
�$ 

(chemotherapy) �������-���4--��4--��)��6�4��������,
"�!����6�,!"3���)�$�������(��
��
�$�6���-��

�4--���!	$'��    �"��������+�$'����������+� (radiotherapy) ��9-�'���(������3%'��%���9�
)�"�� 9	�


�	���$���-"��
),%'� (�� �"������-��8"��&���)$�� (bone marrow transplantation) 9�'�<��
)������!"�

���!	$�0���&$'�"��   $����������	���*��!��
���#"�('�%�,-)*��+�������$
��C���0�!	%�����0��#�&��
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����������30'������!'���)��6����������� ������
����,��(���(	$�"���0��#�&�� %���������$���&$'
��

��0�����"�
)��(��������	+�'�� ������
������������
�	/=(���3�0��	!��)
�����������",-'�/$�����)

��0��#�&������
'���������%��������-������8�������30'3�������+�/�(�)��6� �������������
��������$


����0��#�&����9-3�������+�/�(�������)�	�C	=������
��"���
������(��)%�������������9-�'���(������

�'����"�$'�� $������
������0��#�&��%-��0�	$���8�������30'������!'���)��6� &$',�" ��0��#�&�����

�����30'
�	/=(������%�� �0"�  ��	� ��	�&�� �	� �"� !)&(�' 3
�)���$ ��	�� ,-)��)����� ����!'� 

Anuchapreeda ,-)(�) (43) &$'*��+�9-����(���(	��	� !"� P-glycoprotein (Pgp) 
�9	����

�4--��)��6�����$-��0�	$ KB-V1 �
�"��(���(	��	����(�����'��'���� 1 8�� 10 &�/(�/�-��� �����8-$

�)$�
���,�$������� Pgp ,-) MDR1 mRNA  /$��	C� Western blot ,-) reverse transcription-

polymerase chain reaction (RT-PCR)  ,-)
�����*��+�����	�%�(�� (44) �
�"��(���(	��	������8-$

���,�$���������� WT1 ����3��)$�
������8�$�%��,-)���,�-�%�� (translation)    Duvoix ,-)

(�) (45) �
�"��(���(	��	������80�����3%'��	$���!��,

 apoptosis pathway 3��4--��)��6�0�	$ 

K562 ,-) Jurkat /$��)$�
��� procaspase 8 ,-) procaspase 9 -$-�   Anuchapreeda ,-)(�) (46) 

&$'*��+�9-���(��������	+����(���(	��	�!"��4--��)��6�0�	$ K562 ,-)���,�$�����������	-����

�������� �
�"�����)$�
(�����'��'�����(���(	��	���� 5-15 zM &�"�����	+!"��4--��)��6� K562 /$��	C� 

MTT ,-)��������8-$���,�$������� �	-������������ ��6���������� ,-)/��!���	-������������ /$�

�	C� RT-PCR ,-) Western blot !��-��$�
 ���
��������&$'*��+�3��4--��)��6���6$�-��$������9�'�<��

�)��6���6$�-��$���0�	$!"��> (47) �
�"��(���(	��	�(�����'��'� 10 zM �����8-$���,�$�������

����	-������������ /$������$ �	-������������ ��6���������� $'���	C� RT-PCR 


�����*��+�����%�$���
)�%6�&$'�"����*��+�3��"������-&�3������)!#'�������������

/��!���	-���������������&�"0�$�
���� 3��4--��)��6���6$�-��$��� %-������$-��,-)���*��+����


,!"������"� /��!���	-������������ ���� transcription factor ����������/(��� ���
�����
������$-�����

�
����"��(���(	��	���$������8��
�������,�$�����������	-������������ ����3��)$�
��6�������6��� 

,-)/��!��&$'������"��$� 4���
��(���������C�3������
����/$��(���(	��	���$���
����"���;;��=��3�

�4--� �
�"��(���(	��	���$����� �����8��
����������������/��!��&(��� (protein kinase) &$'%-��

0�	$ /$�����) protein kinase C (PKC), protein kinase A (PKA) %��� protein p38 MAPK $������
��

�����8����&�&$'�"� protein kinase 0�	$3$0�	$%������
�
�����(�;3���)
�����3������)!#'����

���������/��!���	-������������ 3��4--��)��6���6$�-��$��� ���
��������*��+�3�(������� ��������8

!�
(��8��&$'������"��$��"�  �(���(	��	� �����8��
����������������/��!���	-������������ &$'��"��&� 

,-)�������'����
 /��!��&(���0�	$3$  ���*��+�(������� �������*��+�����#"���'�8��9-����(���(	��	�!"�

����"���;;���������)!#'�����������������	-������������ 3��)$�
 intracellular signal transduction 
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pathway �����!�
(��8��8���-&���������
���� ,-)�����'���-3�������+�9�'�<���)��6� /$�30'���

���$�(���(	��	����9-	!3�-��+�)������������
�������,�$�����������	-������������!"�&�3����(! 

4���
)����)/�0�����3�������
)9-��$��3%'�(���(	��	���$������8�����
$�	�C	
�!������30'������!'��

�)��6���6$�-��$���3����(! 

 

�%���#����	 

 �)��6���6$�-��$��� %���-	�(����� (Leukemia) (48, 49) (��/�(�)��6���6$�-��$ �������	��
�����

���������"��9	$��!	����4--���6$�-��$!���"�� ���&�"�����8�
�	;&�����!��,�"&$' 3�&���)$��
)�
 

neoplastic %��� leukemic cells 
����������'�&��
��$
���4--���!	 (normal cells) ���3%'�������'���4--�

��!	�����30'���&$'�'����"���!	 
��&�"�������!"����$�����=��)��$#- ����-��$ (hemostasis) &$' 

�
�"��)��6���6$�-��$��������-#"�3%;"���/�(�����(����#�,���������� ,-)�4--�!'������	$�������

�)��6�,-)���!�
����!"�������+�
),!�!"��&�,-'�,!"0�	$����)��6���6$�-��$���$'�� 

 

��	'%�����",��
�#	5�#
5"#$��",�� 

 �����8,
"��)��6���6$�-��$��� &$'���� 2 �-#"�3%;" (50) (�� 

  Acute leukemias %����-#"�������������$��6� �#�,�� 3�&���)$���
�����	���������

�4--��)��6���"��!"������� (progressive proliferation) ,-)������)������4--�!���"��������� immature 

precursor cells (blasts) ,-)���4--���!	�'��3���),��-��$ (peripheral blood) �
��	��������	��


�������6$�-��$������������� (leukocytosis) ,!"
������6&�"�
 ,!"
)���4--����&�"�������Q�����&�

�����4--�!��,�" (undifferencial) 
�������� ,-)��
�
=��)/-%	!
�� ,-)4�$&$' (anemia) ��
�����

���6$�-��$ (platelet count) ��
!���%�����!	�6&$' &�"("���
 �����)���/!9	$��!	 (organomegaly)  

 Chronic leukemias %����-#"���������$����	�/�(0'� ���3%'��"�
)!��
�
���
)30'��-���� 

3�&���)$��
)�
�4--���6$�-��$���!���"��,-) �4--�����������Q�����&������4--�!��,�" ,-'� 

(differentiated cells) 
�������� 3���),��-��$ ,-)�
�4--�&$'�#��)$�
���# !���,!"�4--�!���"�� 

(blasts) 
�8���4--�!��,�" (mature cells) ��
�������6$�-��$��� (WBC count) ���8�������� ��
&�"�
 

�4--�!���"���6&$' �
=��)/-%	!
���-6��'�� 
��������6$�-��$�"�������!	 �
���,��"��)
��!�����

�4--��)��6�&$' 3������)����&$'
"�� �0"� !�
 �'�� ,-)!"�������%-��� ���3%'��	$ organomegaly ������
��

�����)���������9	$��!	 

���
�������������8,
"�0�	$����)��6���6$�-��$��� 
���4--�!'������	$��6$�-��$��������)��6�

&$'���� 2 0�	$3%;" (�� myelogenous (non-lymphoid) leukemia ��
0�	$ lymphoid leukemia ��������

���,
"����� 2 ,

��'�$'�����
)&$'�-#"�3%;"��� leukaemia $����� 
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1. Acute myeloblastic leukemias (AML) �� leukemic cells �����4--�3���� myeloid �����

$����	�/�(��6� 

 

           
 

           	���!� 1.  ,�$� blood picture ���9�'�<���������/�(�)��6���6$�-��$���0�	$ AML 

 

2. Acute lymphoblastic leukemias (ALL) �� leukemic cells �����4--�3���� lymphoid �����

$����	�/�(�����6� 

 

                        
 

            	���!� 2.  ,�$� blood picture ���9�'�<���������/�(�)��6���6$�-��$���0�	$ ALL 
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3. Chronic myelocytic leukemia (CML) �� leukemic cells �����4--�3���� myeloid �����

$����	�/�(0'� 

 

 

 

 

 

 

 

 

 

 

   

 

            	���!� 3.  ,�$� blood picture ���9�'�<���������/�(�)��6���6$�-��$���0�	$ CML 

 

 

4. Chronic lymphocytic leukemia (CLL) �� leukemic cells �����4--�3���� lymphoid �����

$����	�/�(0'� 

 

 

 

 

 

 

 

 

 

         

 	���!� 4.  ,�$� blood picture ���9�'�<���������/�(�)��6���6$�-��$���0�	$ CLL 
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��		�%�"����� 

 
�����*��+��)
�$�	�������)��6���6$�-��$����
�)��6���6$�-��$���3�9�'3%;"�����"��$6�

��)��� 10 ��"� ,-)�
3�0�������"�3�%;	���)��� 2 ��"� �
&$'3��#��-#"����# ,!" ALL �
���

3��$6� �"�� AML �
���3�9�'3%;" CML ,-) CLL �
���3�9�'3%;"����-��(�8�����������# ���&�"�


3��$6� /$� CLL 
)�
�'�����3�(�&�� �
9�'�<�����3%�"��)��� 8-10 ���!"��. 3���)0��� 

100,000 (� ,-)���� acute ,-) chronic ��"�>��� 

  

��#��3��	#��"�	� 

 ���%!#���,�'
�	����&�"���
,�"0�$ ,!"��
,
"����&$'���� 2 ���%!#$����� 

�O

��=����� (Environmental factor) &$',�" 

1. ���&$'��
�������� /$�����) ionizing radiation 
)���3%'��/������������)��6���6$�-��$&$'

�����"�(���!	/$�����&�  

2. ���&$'��
����(��
��0�	$ �0"� benzene, organic solvent 0�	$!"��> %����� �0"� 

chroramphenecal, phenylbutazone, cytotoxic drugs 
����� alkylating agents ����!'� 

3. ���!	$�0���&����
��0�	$ �0"� human lymphotropic virus type 1 (HTLV-I) ��
�"�/�( T-cell 

leukemia/lymphoma !����, HTLV-II ��
�"�/�( Hairy-cell leukemia !���� ,-) Epstein-

Barr virus ��
�"�/�( Burkitt’s lymphoma !���� 

�O

��=��3� (host factor) &$',�" 

1. �0���0�!	 (race) 3�0��0���0�!	!"����� ���
)��/������������)��6�!"��0�	$��� ,-)��!�����

!"�����$'�� �
�"�0�9	���� (caucasian) ����!��������� �)��6���6$�-��$��������"�0�9	��� 

2. ���C#���� (genetic) �
�"�;�!	����'�����3�-'0	$3�����-��$�$������ �����/������������)��6�

��6$�-��$&$'3�-'�(������ �������/�(����	&$'�����8"����$������C#���� 

3. �����/(�/�/4�9	$��!	 �0"� ����-�
��� (translocation), �����$%��&� (deletion), ����-�
%��

�'�� (inversion), �����	��
����� (extra chromosome) �-� �%-"�������3%'��/������������)��6�

&$'�����"�(���!	����&� 

4. �����=��	(#'����������%���
���"�� (immunodeficiency) �6��/������������)��6���6$�-��$&$'

�����"�(���!	����&� ������
���-&�������
�$ leukemic cells 
���"�� 

5. �����&���)$���������������� (chronic marrow dysfunction) �0"� myelodysplastic syndrome 

(MDS), myeloproriferiferative disorder (MPD), aplastic anemia (AA), paroxymal nocturnal 

hemoglobinuria (PNH) �-� ��
���&���"��������)��6���6$�-��$&$'3����(!  
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��	'%�����",��
�#	5�#
5"#$��",����
 FAB classification (50) 

 ������
�� acute leukemia ���� ,
"�����0�	$�"��> %-��%-��0�	$!��0�	$��� leukemic cells 

��� predominate 
�����3%'��(����#"����3����,
"�0�	$ 3��.  1976 FAB classification ����-#"�,����0��

������*� ����	��� ,-)�����+ ������� �������
��,��0�	$,-)�����0������ acute leukemia /$���*��

����E��
��-��+�)������E���	��� (cell morphology) ��� leukemic cells 3���������-��$,-)&�

��)$�� ����'��$'���� Romanosky ��)��
��
����'�� cytochemistry ,-) immunophenotyping ,!"!'��

����9�'�<��������&�"&$'��
������+� ������
��������+�
)���3%'-��+�)��� morphology ��-����,�-�&�  

 

1. Acute myeloblastic leukemias (AML) 

 M0 Acute myeloblastic leukemia without differentiation  

 M1 Acute myeloblastic leukemia with minimal differentiation 

 M2 Acute myeloblastic leukemia with maturation 

 M3 Promyelocytic leukemia, hypergranular 

 M3v Pormyelocytic leukemia, hypogranular (microgranular) variant 

 M4 Acute myelocytic leukemia 

 M4 eo Acute myelocytic leukemia 

 M5a Acute monoblastic leukemia without differentiation  

 M5b Acute monoblastic leukemia with differentiation 

 M6 Acute erythroleukemia 

 M7 Megakeryocytic leukemia 

 

2. Acute lymphoblastic leukemias (ALL) 

 L1 Lymphoblastic leukemia with homogeneity 

 L2 Lymphoblastic leukemia with heterogeneity 

 L3 Burkitt’s type lymphoblastic leukemia 

Cytochemistry stains 

 Cytochemistry stains (�� ����'����%������3%'��	$��
�	������������(��0�	$3$0�	$%����������

��3

)!��
%��)�����"3��4--� ������"� specific stain ,-'�
���'���	��,�$-'����
> ���&�"������(��

0�	$�������"$'�������!������'�� ������"� counter stain 4���
)���3%'���!��
��
����(��0�	$����>�"������ 

������
����	$��������
����
���3%'�%6�0�$�
����� ������
�� leukemic cells ,!"-) stage ,!"-) lineages ��

����(��%������&4��=��3��4--����!"����� !����"����� cytochemistry stain ��$��!"�&���� 
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  Myeloperoxidase (MPO) 

 �������&4������
3� primary granule ��� myeloid cells !���,!" myeloblasts %��� promyelocyte 


�8�� PMN /$��� activity �����������-��$�
 ������� maturity ������� 3� monocytic cells ��
!	$��
��> 

3� lymphocytic cells 
)&�"!	$���-� 
��30',�� AML ���
�� ALL &$'   

%-����� (�� MPO �����	�	�	�� oxidation ��
 hydrogen peroxide ����� di-amino benzedine 

(DAB) 3� solution &$'!)���������!�-,$� ���&�"-)-������ ����� counter stain $'�� methyl green 
)���3%'

����%6�0�$�
����� �'�(���)��� (�� MPO �-��!���"�� (��30'!����"������$3%�" 

 Sudan black B (SBB) 

 ���������30'�'�� phospholipid ��������"
� primary  (azulophilic) ,-)  secondary (specific) 

granules ��� granulocytic cells �"��3� monocytic cells ��
!	$����� lysosomal granules &$'�-6��'�� 

SBB �'��!	$��$��3� late myeloblasts ,-) early promyelocytes �%6�&$'0�$�
������ counter stain $'�� 

neutral red 30'������ AML ���!	$�� ,�����
�� ALL ����!	$��  

 %-����� ��������'����/$�!��!"� phospholipid ������� passive biochemical ,-)(�!�����"&$'

��� 

 Oil red O (ORO) 

 ���������30'�'�� neutral fat �����
� lymphoid cells /$� lymphoblasts 
)!	$��,$���'�3� 

cytoplasm �%6�&$'0�$����� counter stain $'�� methyl green 8'��'�������	�&���
���3%' myeloblasts !	$��

&$'�-6��'�� 30'������ ALL ���!	$�� ,�����
�� AML ���&�"!	$��  

 %-����� ��������'����/$�!��!"� neutral fat ������� passive biochemical ���!�!�����"&$'��� 

 Specific esterase (SE) �	�� chloroacetate esterase 

 �������&4��3��-#"� lysosomal enzyme ����
3� azuophilic granules ��� myeloblasts ���

("���'��
),�",-'� ����&� ,-)��
�
&$'3� erythroblasts ���/�( erythroleukemia %��� erythremic-

myelosis %��� Di Guglielmo’s syndrome (M6) �
�"� SE (�� isoenzyme ��� 1, 2, 7, 8 ,-) 9 ��� 

esterases 4���3� myeloblasts 
)�
����� isoenzymes ��� 2, 7 ,-) 9 ��"����� 30',�� myeloblasts ���!	$�� 

���
�� monoblasts ���&�"!	$�� 3�M4 ,-) M5  

 %-����� (�� ES  �����	�	�	����
 napthol AS-D chloroacetate (NASDCA) ��� pH 7.4-7.6 &$' 

halogenated naphthol ester ,-'������	�	�	����
 diazonium salt &$'!)�����,$��$ 8'� 30' pararosaniline 

���� chromogen �%6�0�$�
������ couner stain $'�� methyl green 8'�30'  fast blue BB ,�� 
)&$'!)�����

������	� �%6�0�$�
������ counter stain $'��  neutral red %��� safranin �'�(���)��� (�� SE 8�� inhibit $'�� 

���� ��$ (����'�� ,-) &�/�$�� 
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 Non-specific esterase (NSE) 

 &$',�" esterase isoenzyme ��� 3, 4, 5 ,-) 6 ��������	�	�	��&$'��
 substrate %-��0�	$ ������"3� 

azulophilic granules ��� myeloblast ���("���'��
),�",-'� ����&� 30',�� monoblast ���
�� myelblast 

3� M4 ,-) M5 

 %-����� (�� NSE �����	�	�	����
 alpha-naphthyl acetate &$'����  alpha-naphthyl ��
 acetate 

,-'� alpha-napphthyl �����	�	������
 diazonium salt &$' azo dye ��,$��$  

 Periodic acid shiff (PAS)  

 ��������'����/$�!����
 glycogen, mucoprotein, glycoprotein, glycolipid ,-) polysaccharide  

 %-����� periodic acid 
) oxidized 3%' glycol ��-�������� aldehyde ,-'�&�
�
��
 shiff reagent 

&$'�� magenta (0������"��) ���!	$���� 3 ,

 (�� diffuse (!	$������
���� cytoplasm) , granular (!	$������


#$�-6�> ���� cytoplasm) ,-) block (!	$��������6$3%;"���� cytoplasm) �
�"� lymphocytes, granulocyte, 

monocytes ,-) megakaryocytes 3%'9-
�������"��3%;" PAS 
��&�"("������)/�0��3� acute leukemia 

���
����� sideroblastic anemia, iron deficiency anemia, thalassemia, severe haemolytic anemia ,-)


�������� myelodysplastic syndrome  ���3%'9-
��&$'$'�� 

 Pussian blue stain (PB) 

 ����������'�� hemosiderin %��� iron granule ��������"3� erythrocytic cells !���,!"�)�) monoblast 

����&�
�8�� orthochromatic normoblast 30'������ erythroblast 3� erythroleukkemia (M6) ,-)���

�����8 30'�'��!)����4--�3��O����) �����!��
 hemosiderinuria &$'$'��  

 %-����� (�� hemosiderin �����	�	�	����
 ferocyanide &$' ferric-ferocyanide ��������	��%6�0�$�
�

����� counter stain $'�� neutral red %��� safranin �
�"� hemosiderin ���� passive biochemical ���(�!�����"

&$'��� 

 Acid phosphatise (ACP) 

 �������&4������
3� lysosome ��� hematopoitic cells �#�0�	$
)�� AP !"��
�� isoenzyme dye 

��� !���,!" 0, 1, 2, 3, 3b, 4  ,-) 5 !���)�)����	��3�����&\\?�
�������� electrophoresis  

 %-����� (�� AP �����	�	�	�� hydrolysis ��
 naphthol AS-BI phosphate &$' naphthol AS-BI ,-'�

&������
 fast garnet GCB salt (chromogen) &$'!)�����,$� �%6�&$'0�$����� counter stain $'�� methyl 

green �
�"� lymphocyte ,-) lymphoblatst 
)!	$��,$� �����'���-6�> �'���$���%���%-���'�� 

��)/�0����� AP (�� 3� hairy cell leukemia 
)&�"8�� inhibit $'�� tartaric acid ������"� tartrate resistant 

3���)��� lymphoblast 3� leukemia 0�	$����
)8�� inhibit &$' ������"� tartrate sensitive   
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 Leukocyte alkaline phosphatase (LAP) 

 �������&4������
3� granule ��� PMN ��
�
&$'!���,!"�)�) promyelocyte ������
�8�� PMN 

,!"
)&�"�
3��4--� ��� series ����>  

 %-����� (�� LAP �����8!�$ naphthol ���
�� naphthol-phosphate ���30'���� substrate ,-'�

���&������
 diazonium salt  &$' azo dye ��������	�$�� ���&�"-)-������ ,-)����%6�0�$����� counter stain 

$'�� neutral red %��� safranin ����"��9-3%'$� PMN 
����� 100 !�� $��"�,!"-)!��!	$������'�������3$ 

3%'(),��
�� 0 (&�"!	$��) ,-) 1+, 2+ , 3+ 8�� 4+ !��(�����'������������	� ,-'����(),������%�$ 

LAP score ���!�����"� 20 30'������ CML ,�����
�� leukemoid reaction (infection) ���
)�� LAP score ���

��"�������� (�� �����"� 150 /$�3�(���!	
)�� LAP score ��)��� 50-150 (),�� 

 

Immunophenotyping  

 (�����!��
%� surface ,-) intracellular marker ���
�����)��� cells %��� leukemic cells $'���	C�

��� immunology /$����30' monoclonal antibody ���!	$�-����������,��%��� fluorescent dyes 3����

!��
!	$!�� ������"� immunofluorescence ,-'�
��30'�	C���� fluorescence microscopy %��� flow 

cytometry 3����!��
,��0�	$����4--� 4����	C������������8�������)�#�!�30'3����!��
�	�	
���,-)

!	$!��������+�/�( hematologic malignancy /$�����) leukemia &$'������"��$� 

 %-�������� immunophenotyping (�� �4--�3�,!"-) lineage ,-) ,!"-) stage of 

differenciation %��� maturation 
)�� specific marker ����0�	$ surface ,-) intracellular marker ���

,!�!"�����&� ���3%'�����830'�����%���&�"�� �����������'����� marker �%-"����3����
"�
�� 

lineage %��� stage of maturation &$' 4������&���"���������0�	$��� leukemia &$' $����������'���������

,����� surface ,-) intracellular marker $'�� monoclonal antibody 
)0"���	�	
���,-),��0�	$��� 

leukemia &$' /$�
)���%-��
�����30'��(�	(�	C������!	���/-%	!�	�������&� �0"� ����'�� 

Romanosky stain �����!��
$� morphology ��� leukemic cell ,-)���30'��(�	(�	C�����	�*+���/-%	!

�	��� �0"� cytochemistry stain �����!��
$�����(��=��3��4--��"�� /$�����&�
)&�"!��
 

immunophenotyping �"�����!��
��� morphology $������ immunophenotyping 
���������!��
������

9- ���&$'
�����!��
��� morphology ��,-'�  

 

��		��)�  

 1. ���30'���(��
��
�$ (��������+�$'�������
�$�)��6� 4���,
"�������� 3 0�	$ &$',�" 

 - Anti-metabolite �"��3%;"���� purine %��� pyrimidine antaginists ��� inhibit DNA synthesis 


�������8-$�)$�
���,
"�!����� leukemic cells &$' 
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 - Alkylating ����������� alkyl group ��������8�"��4--�&$'���� resting ,-) proliferation stage ���

���� leukemic cells ,-) normal cells  

 - Nucleotide analogue ������������)��
 DNA %��� RNA &$' ,-)������
����������(��)%� ���

3%'��
�������,
"�!��&$' 

,-)3��O

#
���	�����30'��%-��0�	$�"��������������"� multi-drug combination  

 2. ������,������� �������30',���������'�&����-���4--��)��6� /$�����)3�&���)$�� �	��30'

�"����
������+�$'�����(��
��
�$  

 3. ����-��8"��&���)$�� ��������&$'����,

 autologous transplantation (�� ������ stem cell 

���9�'�<�����3���)����� complete remission ��������������
�$ leukemic cell 3%'�%-���'������#$ 

(minimal residual disease; MRD) ,-'�
������-�
��'�&��!	�3%'9�'�<�� ���9"�����&$'��
�(��
��
�$,-)�����


��
�$��"���#,����,-'� ��������
�$ leukemic cell 3%'&$'�������#$ %�����
���,

 allergic transplantation 

(�������� stem cells ���9�'
�	
�(����� histocompatibility %��� human leukocyte antigen (HLA) 

�%���������
9�'�<���������#$ ��������
)&$'�� graft rejection %��� graft versus host �'������#$ ,%-"����
)��6
 

stem cell &$',�" bone marrow, peripheral blood %��� cord blood �6&$' 

 4. Suportive treatment (��������+�!�������,

��)(�
��)(������� 3%'9�'�<����

(#�=��0��	!���$�����#$��"����
)���&$' /$�����)3��)�)�'��> ����������/�(&�"("��$�,-'� 

 

��	��0�� (turmeric) ��0����	���*��!��(�� Curcuma longa Linn ��0����'�� Curcuma domestica 

Valeton 0�������;(�� turmeric 
�$���"3���*� Zingiberaceae ��0����'��8	�����,!�!"��������&�(�� ��	�� 

(����&�) ��	���<� ��	��,�� ��	��$� ��	����� ��	��%��� ��	��%�� (�0���3%�") ���%�	�� %�	�� (=�(3!') !��� 

(�)�%�����-���,����0�) �)�� (�)�%�����-,�"�"�����)  ��	��0��������0���(�������-���������&� ��

-��+�)�����%�'����&�" ��,�"�,�����������)
��,!������������'��!���'����� ����-��������3�

��)��*,8
���4��!)�����������3!' !���,!"�	��$�� &�� 
��(-���* *��-���� �	�/$���4�� &!'%��� ���)
�

&��'� ,-)
���"�������)��*
�� /$���)��*�	��$��������)��*9�'9-	!���3%;"����#$���/-� �"�����

30'������&$',�" �%�'��$,-),%'� /$�0"�����#����	����6
����������&$',�"0"�����# 9 8�� 10 �$��� ���%��


��)��*&�� ��	��0��������#�&������	�������30'3������)��
��%��,-)�����+�/�(!"��> ������

�)�)��-����,-'� �0"� /�(��������
�)

����"����%�� C�!#�	��� �'���"�� ��
-�3���)���)��%��  

/�(9	�%��� ��\��/-%	!���%��
�!��   /�(��$�� (51, 52)  /�(�)��6�0�	$!"��> (21) ������
����

�����%��,-)����(��������(�;(�� ����������)�%� ,-)�%�'�������(���(	��	� 4�������C	D��
������������
 

(anti-inflammatory effect) ��
����,
(������ (antibacterial agent) ��
�����0����� (antifungal agent) ��
�������

�"��-�����C#� (antimutagen) ��
������)
��������4	�$0��� (antioxidation) 4����-&�3����!'���)��6�
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,-)!'�����,
"�!������4--��)��6����&�"���
,�"�0�$ ,!"�����������*��+��"������)��
�����

(#���
�!	�������!'����	�	�	�� oxidation ,-)!'����������

)�����8��
������)
����� ��	$�)��6�

,-)���,
"�!������4--��)��6�&$' 

��������C	D (active ingredients) ������(�;3���	��0��&$',�" �(���(	��	���$� (curcuminoids) 4���

��)��
$'��������(�; 3 0�	$&$',�"�(���(	��	� (curcumin), $���!���4��(���(	��	� 

(demethoxycurcumin) ,-) 
��$���!���4��(���(	��	� (bisdemethoxycurcumin) 4�����/(����'�����,!�-

!"����� (������ 5) ������� 3 0�	$�����(#���
�!	3����$�$�-��,��3�0"��(������(-�����������8����%6�

&$'!���,!" 420-425 ��/���!� (nm) ������(�;���� 3 0�	$�����(#���
�!	����#�&$'$����� 

1.  Bis-(feruloyl)methane %��� 1,7-bis(4hydroxyphenyl)-1,6-heptadiene-3,5-dione %��� �(���

(	��	� ����)��� 49% �����(��!8#����%�$ ������%���/��-�#- 368.39  ��!�/��-�#-(�� C21H20O6 ����9�

���%-����'� &�"-)-������ -)-��&$'
'���-6��'��3�������� ,-)-)-��&$'$�3�,�-����-� �)4	/!� /����

-	�&�-(�- (propylene glycol) ��$�����'���'��'� ,-)�
�4��  ��������!�-,$�3����-)-��$"�� ���%-���

3����-)-����$ 4���0"�������	$�����-������
)���"��� pH ��)��� 8-9 ,-)��
#$%-���%-����"��� 183�C 

$��,�$�3������� 5 

2.  Feruloyl-(p-hydroxycinnamoyl)methane %���$���!���4��(���(	��	� ����9����%-��� ��
#$

%-���%-������)��� 168 �C �
��)��� 28.7% �����(��!8#����%�$ ,-)����!�/��-�#-(�� C20H18O5 

$��,�$�3������� 2 

3.  Bis (p-hydroxycinnzmoyl)methane %���
��$���!���4��(���(	��	� ����������%-����'� ��
#$

%-���%-���� 224�C �
&$'��)��� 22.3% �����(��!8#����%�$ ,-)����!�/��-�#-(�� C19H16O4 $��

,�$�3������� 2 


��(#���
�!	���������$�(���(	��	���$�
����	��0�� /$�����)����(���(	��	�������

(#���
�!	�������!'���)��6� ,-)���!'�����,
"�!������4--��)��6� (18, 19, 21) 4���
�����*��+�

�
����!'�����
�"�������$
����	��0�������(���(	��	� $���!���4��(���(	��	� ,-)
��$���!���4��(���(	�-

�	� ��9-!"������
�������,�$�����������	-������������ ����3� leukemic cell line ,-)�4--��)��6���6$

�-��$��� 

����	-������������ (Wilms’ tumor 1 gene %��� WT1) ����������8��('��
(����,��3��. (*. 1899 

/$� Max Wilms 4���3�0"��,��&$'������*��+�3�9�'�<��/�(�)��6����&!3��$6����������"� Wilms’ tumor 

%��� nephroblastoma  !"��� Call ,-)(�) (6) ������� Gessler ,-)(�) (53) &$'������*��+�,-)�
�"�

����	-������������������!��,%�"����"
�,���'���������/(�/�/4�(�"��� 11 ,-)��(��������)��� 50 kb 

4�����������)��
&�$'���"�� exon ����%�$ 10 exons �������	$��)
����� transcription 
)&$' mRNA ���

�����$��)��� 3 kb ,-)�������	$��)
����� translation 
)&$'/��!�����������"��	-������������ (Wilms’ 
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tumor 1;WT1) 4��������$!���,!" 48 8�� 55 kDa �������"��
��)
����� RNA alternative splicing (24, 25, 

54, 55), RNA editing (56) ,-) translation initiation (57) �����	$���� 4���
����)
������%-"����
)�"�9-

3%'��	$�����%���&�"���"����� exon ��� 5 4��� �����"�����8�$�%�� 3%'&$'��$�)�	/�  17  !��   (± 17 amino 

acids)   ,-)��$�)�	/�  3  !��&$',�"   lysine, threonine ,-) serine (± KTS) !��
�	��� exon ��� 9 

�)%�"�� zinc fingers ��� 3 ,-) 4  (������ 6 ,-) 7) 
����)
������'��!'��"�9-3%'&$'/��!������%�$  4 

0�	$ (isoforms) &$',�" /��!�� �	-������������ �������$�)�	/�(�
����%�$���� WT1(+/+) isoform %��� 

wild type, �	-������������ ����������$%��&������$�)�	/� 3 !�� (KTS) ���� WT1 (+/-) isoform, �	-����

�������� ���&�"����$�)�	/� 17 !������ WT1 (-/+) isoform ,-) �	-������������ ����������$%��&����

��$�)�	/����� 17 !��,-) KTS ���� WT1 (-/-) isoform /$�
�����*��+����,�$�������/��!���	-����

�������� $'���	C� Western blot 
)�
,8
���/��!�� 2 ,8
$'����� ,8
$'��
�
)����,8
��� WT1 

(+/+) ,-) WT1 (+/-) ������%���/��-�#-��)��� 54 8�� 55 kDa �"��,8
$'��-"������,8
��� WT1 (-/+) 

,-) WT1 (-/-) 4���������%���/��-�#-��)��� 48 8�� 49 kDa 

 

 

 

 

 

 

 

 

 

 

 

������ 5 ,�$�/(����'����� curcumin, demethoxycurcumin ,-) bisdemethoxycurcumin 

 


�����*��+���������
���,�$�����������	-������������ 3�9�'�<��/�(�)��6�0�	$!"��> �
�"�

���������%�'���������������4�
�����4������ (tumor suppressor gene) ,!"��"��&��6!�����*��+�3�9�'�<��

�)��6���6$�-��$��������
�"������,�$�����������	-������������ (wild type) ���������3��4--��)��6�

��6$�-��$���!���"������3��-#"���� myeloid ,-) lymphoid cells (10,31, 35, 58, 59) ,-)
�����*��+�

����
����"��)$�
���,�$�����������	-������������ ����,��9�9����
�������������� (prognosis) 

���9�'�<��/�(�)��6���6$�-��$��� (60, 61) ��������
���,�$�����������	-�����������������	������3�
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9�'�<������-�
������/�(���(���� (relapse) (62) ���
�����
�����*��+���� Yamagami ,-)(�) (35) ���

�
�"����30' WT1 anti-sense �����8���
)-$����
�	;�!	
/!����4--��)��6���6$�-��$���&$' ���
�����

3����*��+���� Menssen ,-)(�) (12) &$'�-"��8��8��������46�!����,�$�����������	-������������ 

,-)/��!���	-������������ 3��4--��)��6���6$�-��$������9�'�<���)��6���6$�-��$����-#"�!"��> �
�"���

�)$�
���,�$�����������	-������������ ,-)/��!���	-������������ 3��)��6���6$�-��$���0�	$ acute 

myeloblastic leukemia (AML), pre B-cell acute lymphoblastic leukemia, acute lymphoblastic leukemia 

(ALL) ,-) T-cell acute lymphoblastic leukemia (�� 93%, 86%, 80% ,-) 74% !��-��$�
 4���
��

(�����'����%�$���&$'�-"����������3%'�����8��#�&$'�"�����	-������������ 3�9�'�<���)��6���6$�-��$�������

���%�'�����������/(��� (oncogene) �����"��������4�
��-��4������ /$����*��+����,�$����������

�	-������������ �������&$'%-���	C�$'������0"� ���30' Western blot analysis (34, 59), Quantitative reverse 

transcriptase-polymerase chain reaction (RT-PCR) (10, 63-66) ����!'� /$����*��+�����%�$ �
�"����

,�$�����������	-������������ ��	��������"��0�$�
�3�9�'�<��/�(�)��6���6$�-��$��� ����������
����
��


(���!	 3���)�$���������*��+�����������'����
������������/��!���	-������������ �
�"�/��!���	-��

���������� �������%�'�������� transcription factor 3%'��
���!"��> ����������'����
 ��)
�����,
"�!�����

�4--��)��6��0"� Egr-1, PDGF-A, Bcl-2 ,-) c-Myc ����!'� (67) 4����"�9-3%'�-&�3����(�
(#������	$

�4--��)��6�����&�  $������
��9-���*��+�����%�$����-"����,-'����3%'�����830'���,�$����������

�	-������������ ,-)/��!���	-������������ ����$�0��
"�0�� (marker) ���%��
!��
%�(����#�,�� (severity) 

,-)�������/�( (prognosis) 3�9�'�<���)��6���6$�-��$������&�8���=��)����������'���0"� minimal 

residual disease (MRD) &$' (35, 68-70) 

Ye ,-)(�) (71) �
�"������	$ phosphorylation ���/��!���	-������������ ��� PKC ,-) PKA 
�	��� 

C-terminal domain �������	-������������ ��9-��
���������������� protein-DNA binding 3�������

%�'�������� tumor suppressor    Bentov ,-)(�) (72) �
�"� insulin-like growth factor I %��� IGF-I 

�����8-$���,�$���������� WT1 3���)
�����8�$�%��  (transcription)  /$�����"���;;��

9"�����$'��  MAPK pathway     Ito ,-)(�) (73) &$'������*��+�%�'�����������	-������������ 0�	$ 

17AA (+) WT1 3������
�������!��,

 apoptosis ����4--��)��6�0�	$ K562 �
�"�3�������������

��� !'����*���"����� DNA-binding zinc-finger 3�������%�'����$���-"��$'�� ���
���������
�"����

�	-������������ 0�	$ 17AA (+)KTS(-) �����8��
���������������� proapoptotic Bax 3��"�� upstream 

mitrochondria �����)
����� intrinsic pathway  
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������ 6 ,�$�/(����'���������	-������������ 3��)$�
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���>3�	����?,����	�"$�� 

1. �����*��+�9-����(���(	��	�!"��	-������������&�/4\�������� 4 0�	$ 3��4--��)��6���6$�-��$���

���)�-����0�	$ K562 /$���*����(�!��� 17AA (+) WT1 ,-) 17AA (-)WT1 

2. �����*��+�9-����(���(	��	�!"�����"���;;��=��3��4--�3������)!#'��������������	-����-

��������3��4--��)��6���6$�-��$������)�-����0�	$ K562 
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��@!��	�"$�� 

 

1. ��	#+��#$!D��#G$$?
�#	5�#
5"#$��",�����" K562 '$� U937 

���)�-�����4--��)��6� 4�������	
��30'�4--��)��6�0�	$ K562 ,-) U937 
)8�����)�-����3���%���-����

�4--� RPMI1640 (GIBCO-BRL) ����� pyruvate 110 mg/ mL, 10% fetal calf serum ,-) HEPES 10 mM ��� pH 

7.2 – 7.4 ���������)�-����3�!�'�����(���
��&$���&4$� 5 % ,-)���#�%=��	 37°C 

 

2. ��	
Q�)��$,��#��	?���
�������$?
��#
�	?���V��GW�	?
 

 ������
��/$���!	,-'�3��4--� U937 �����,�$����������� WT1 mRNA ,-)/��!���	-���������

������",-'��)$�
%���� ,!"�)$�
�	-������������/��!�����)$�
���!������ ,-)����������� transfected WT1 

isoforms ,!"-)�����'�&� 
)�
�"��)$�
���,�$����������� WT1 mRNA ,-)/��!���	-������������ 
)��

��	��������������"���!	%-����"� ����������
����
��
�4--�(�
(#� (cell control) ,-) mock control ,-)�����

�������$��
$'���(���(	��	�(�$�"��)$�
���,�$����������� WT1 mRNA ,-)/��!���	-������������ 

�"�
)-$-���"���%6�&$'0�$
��&�/4\��������������'����
�����
�������������$�(���(	��	�
�	�#�C	D 

 

3. ��	��$��!� 

������ transfect �4--� U937 4��������4--���������,�$�������/��!���	-�������������'�� $'��

��(�!�������� WT1 isoforms 4 0�	$(�� WT1 17AA (+) KTS (+), WT1 17AA (+) KTS (-), WT1 17AA (-) 

KTS (+),WT1 17AA (-) KTS (-) /$�30' Lipofectin $������!��$��!"�&���� 

���0	���"��$���6������ WT1 ,!"-)0�	$ (WT1 +/+, WT1 +/-, WT1 -/+ %��� WT1 -/-) �0����!"���
�

-���	$0�	$ pcDNA 3.1(+) (&$'��
(�����#�(��)%�
�� Osaka University Graduate School of Medicine, 

Suita, Osaka, Japan) 
����������-���	$���9��,!"-)0�	$��'���"�4--��
'�
'�� (Escherichia coli ������C#� 

DH5-�) $'���	C� heat shock %-��
������!��
��
/(/-�����(�$�"�
)&$'��
�-���	$���9�� /$�(�$�-���

/(/-�������4���(�$�"�&$'��
�-���	$���9���������
���%���-�����0���0�	$ LB agar ���9��,���	4	-	� 100 

zg/ml ����	��0	��$���6��� $'���	C� PCR ,-)!��
��
9-9-	!$'���	C��	�-(/!�/\��4��
� 1% agarose gel 

�����
����
��
 �-���	$���&�"&$'�0����!"�$���6��� %-��
�����&$'/(/-�������&$'��
�-���	$���9�����/(/-��

��������	����	���
���%�� LB agar ���9��,���	4	-	� 50 zg/ml ,-'���� /(/-��4����� �-���	$���&$'��
���

9������	����	���3� LB broth ���9��,���	4	-	� 100 zg/ml ,-)���$�-���	$
���4--��
'�
'��$'���	C� 

Plasmid midipreparation: Alkaline lysis  
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4. ��	�	����%+$��
�"�!���$�V"�"��� restriction enzyme  

����-���	$��9����
 Buffer R ,-)���&4��!�$
�����) (HindIII, 
�	+�� Fermentas, USA) 
"����

�#�%=��	 37°C ��� 16 0���/�� %�#$��	�	�	��/$����,0"3�����,�6� ��� 10 ���� ���&�!��
��
$'���	C��	�-(

/!�/\��4��
� 1% agarose gel �����
����
��
 1 Kb DNA ladder marker (
�	+�� Fermentas, USA) 

 

5. ��	����!�#,�����#G$$?#���%����!�#�X� mammalian cell 

����-���	$���9��������$&$'��9����
 K buffer, 0.1% BSA ,-)���&4��!�$
�����) (PvuI, 
�	+�� 

Takara Bio Inc. ;���#�) 
"�����#�%=��	 37°C ��� 4 0���/�� %�#$��	�	�	��/$����,0"3�����,�6� ��� 10 ���� 

���&�!��
��
$'���	C��	�-(/!�/\��4��
� 1% agarose gel �����
����
��
 1 Kb DNA ladder marker 

%-��
���������0	���-���	$���!�$$'�����&4��,-'�
����� 5 ng 9����
��%��0�	$ incomplete medium 1640 


����� 150 zl ,-) superfect transfection reagent (
�	+�� Qiagne, USA) �!	�-�3�
���-�����4--�������4--� 

U937 
����� 5 x 104 cells/ml 
"�����#�%=��	 37°C ����� 5 % (���
��&$���&4$� ��� 48 0���/�� %-��
������

��6
�4--�,-)�O��-'���4--�$'�� PBS 
����� 4 (���� ,-'����
�4--�3%'&$' 1 x 104 cells/ml $'����%�� 

RPMI1640 ����� 10% FBS ��!'��,
(������ ,-)�� G418 %-��
�������-����3� 
�� 96 %-#� /$��!	�%-#�-) 

100 zg ��� 14 ��� 4����4--� U937 ���&�"&$'��
����-���	$��'�&�
)&�"�����8�
�	;3���%������� G418 &$' 

,!"/(-�����4--� U937 ���&$'��
���  �-���	$��'�&�
)�����8�
�	;&$' %-��
������������(�$�-���/(-�

,-)!��
��
�)$�
���,�$�����������	-������������ ,!"-)0�	$ ,-) mock �����
����
��
�4--� U937 

���&�"&$'������8"�������'�&� $'���	C� �	C� PCR ,-)!��
��
9-9-	!$'���	C��	�-(/!�/\��4��
� 2% agarose 

gel /$�30' primer (�� 

WT1 primer 

WT1 primer forward (�� 5’-GACCTGGAATCAGATGAACTTAG-3’ 

WT1 primer reverses (�� 5’-TTCTGACAACTTGGCCACCG-3’ 

GAPDH primer 

GAPDH primer forward (�� 5’-CGAAGTCAACGGATTTGGTCGTAT-3’ 

GAPDH primer reverses (�� 5’-AGCCTTCTCGGTGGTGAAGAC-3’ 

���
�����&$'!��
��
���,�$�������/��!��$'���	C� Western blot /$�3��������-���/(-���30'!'����

���,�$������� WT1 �����"� 3 ��"�����������
����
��
�4--� U937 ���&�"&$'��
���8"�������'�&� �"�� 

mock !'�������,�$������� WT1 ��"���
 U937 ���&�"&$'��
���8"�������'�&� %-��
�����(�$�-���/(-�&$'

,-'���������*��+���
������$�(���(	��	�
�	�#�C	D  
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6. ��	
Q�)��$,����	���"#��	?���
��%	��3�@�Y�����	��	'�"����,����	�!���$?
��#
�	?���V��GW�	?
 

���/(-����(�$�-���&$'��*��+��)$�
�������
�	; (growth curve) ,-)(��������	+������

���$�(���(	��	�
�	�#�C	D ��
�4--� U937 ���&$'��
������8"�������'�&� $'���	C� MTT assay 

%-��
������������!��
��
9-������ transfect $'��������$����"����� nuclear extract ��

!��
��
$�9-������,�$�������/��!���	-������������ $'���	C� Western Blot 4��������8�!����/$� ��� 

nuclear protein ���,��&$'��,��/$�30' SDS-PAGE ,-)�(-�����'��/��!��&����,9"� nitrocellulose %-��
��

����,9"� nitrocellulose 
)8�� block nonspecific binding site $'�� 5% nonfat dry milk %-��
�������!	� mouse 

anti-WT1 4��������8
�
&$'��"��
�����)��
/��!���	-������������ ,-'�
���!	� goat anti-rabbit ���!	$�-��$'�� 

horseradish peroxidase ������!��
��
9-/$�30'  SuperSignal
�

 Enhance Chemilumines- cence (Pierce) 

,-'����&���)�
��
\�-�� X-ray (Amersharm) 4���9-���&$'�����8���&���$(�����'����,8
���&$'/$�30' 

�(����� scanning densitometry 

  �����!��
��
����
�'��,-'��������$��
�4--���������� transfect $'���	-������������&�/4\�������� 

4 &�/4\���� ���������$��
$'��������$�(���(	��	�����)$�
(�����'��'���� 10 zM �����)�)��-� 2 ��� 

%-��
�������������	�(��)%���	���/��!���	-������������/$� Western blotting �����!'�����*��+��"����

���$�(���(	��	�3%'9-3������
�������,�$�������/��!���	-������������3�&�/4\����0�	$3$�������#$ 

�����
���
��
0#$(�
(#����&�"&$'�$��
$'���(���(	��	� ,-)�����
����
��
�4--� K562 ��������,�$����

���/��!���	-������������������ (30'��������� positive control)  

 

7. ��	
Q�)��$,����	���"#��	?���
��������
�����,����	�!���$?
����� (WT1 protein stability) [�

#G$$?
�#	5�#
5"#$��",�����" U937 �!�>�� transfect "����!���$?��#
�	?������" +/+ 

  
������
�"�������$�(���(	��	������8-$���,�$�������/��!���	-���������������� ��

)��	$


��������������$/��!��&���9-���-��/��!���	-�������%������3%'(����0��	! (half life) ���/��!���	-�������

����-�$���������*��+����
���������*��+�������	��
���"�������/��!���	-�������3��4--���6$�-��$���0�	$ K562 

-$-������8���-�����"����
������$�(���(	��	�
�	�#�C	D /$������#!	E�� (��������������$�(���(	��	������8

-$���,�$����/��!���	-������������&$'���� ������$�(���(	��	�
�	�#�C	D��
&�-$(����0��	!���/��!���	-��

����������/$��������'����
��)
��������-��/��!��/$������*����6�&4�� ubiqutin    /$�3����*��+����
)

30' cycloheximide ��
������)
���������(��)%�/��!��3%�" /$�������!�����*��+� (������4--����!'�����

*��+��-����3���%���-�����4--���� 50 zM ��� cycloheximide �����%���&�"�� 15 zM ���������$�(���(	��	� 

������-���� 0, 3, 6, 12 ,-) 24 0���/�� %-��
����������4--�$���-"�������$/��!�� ,-)������,��/��!��
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���&$'/$�30' SDS-PAGE ,-)�������	�(��)%�/��!��$'���	C� Western blot /$��(-�����'��/��!��&����,9"� 

nitrocellulose %-��
������,9"� nitrocellulose 
)8�� block nonspecific binding site $'�� 5% nonfat dry milk 


�������������'��/��!��$'�� antibody WT1 (C-19) %��� anti �-actin (AC15) /$�/��!��,�(!	�8��30'����

!��(�
(#���	��!� (loading control) %-��
�������!	� goat anti-rabbit %��� goat anti mouse ���!	$�-��$'�� 

horseradish peroxidase ������!��
��
9-/$�30'  SuperSignal
�

 Enhance Chemiluminescence (Pierce) 

%-��
��������$(�����'����,8
$'���(����� %-��
������������������9-���*��+����������$�(���(	��	�!"�

(���(�!�����/��!���	-������������/$����30' cycloheximide $'�����30' MG132 4������������
���� 

proteasome (proteasome inhibitor) /$�-$��������� ubuqintin /$�������!�� (������4--����!'�����*��+�

�-�����"����
��%���-�����4--������ 5 zM ��� MG132 �����,-)&�"�� 15 zM ���������$�(���(	��	�
�	�#�C	D 

��� 12 0���/�� %-��
����������4--������$/��!�� ,-)/��!��8��,��$'��/$�30' SDS-PAGE ,-)������

!��
��
/��!��$'���	C� Western blot 

 

8. ��	
Q�)��$,����	���"#��	?���
��������
�����,����	�!���$?
��#
�	?��� (WT1 protein stability) 

[�#G$$? K562 


�����*��+����9"�����
�"�������$�(���(	��	������8-$���,�$�����������	-������������ 

mRNA 3��4--��)��6���6$�-��$���0�	$ K562 &$'���� 3���)������&�"�����
8���-&����������$�(���(	�

�	��"������-$���,�$�����������	-������������ mRNA &$'��"��&� $�������-&�������(�;���!'��

������*��+� (��9-���������$�(���(	��	�!"�(���(�!���������	-������������ mRNA /$�30' Actinomycin 

D &���
������)
����� transcription ���3%'&�"���������(��)%� ����	-������������ mRNA 3%�" /$�3�

���*��+���������#!	E�� (��������$�(���(	��	������8-$���,�$��������	-������������ mRNA &$'���� 

��

)�������'����
�-&����������-��(���(�!���������	-������������ mRNA /$�������!�����*��+� (��

�4--� K562 8���-�����"����
 actinomycin D ��� 1 0���/�� %-��
�������-�����"����
��%���-�����4--������

%���&�"��������$�(���(	��	� ,!"���(��� actinomycin D ���" /$��-����!"���� 0, 6 ,-) 12 0���/�� %-��
������

����4--�$���-"�������$ RNA $'��0#$���$�����6
��� RNeasy ���
�	+�� Qiagen %-��
��������� RNA ������$

&$'����������-����3%'���� cDNA /$�30'0#$�����6
��� High-Capacity cDNA Reverse Transcription Kit ,-)

%-��
��������6
 cDNA &�'��� -20ºC 
���"�
)�����30' 

/��,��������-���� total RNA ���� cDNA (�� 

����!����� 1 .�#�%=��	 25°C ��� 10 ���� 

����!����� 2 �#�%=��	 37°C ��� 120 ���� 
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����!����� 3 �#�%=��	 85°C ��� 5 ���� 

����!����� 4 �#�%=��	 4°C 

���!��
��
���,�$���������� WT1 /$� Real Time PCR ���/$����30' 0#$ WT1 TaqMan 

probe ���
�	+�� Applied Biosystems (Hs01103754_m1)  

3�����	�(��)%� relative WT1 expression levels ���/$���� cDNA ���&$'�������
��
��$����� 

1:6.25, 1:25, 1:100, 1:400 ,-) 1:1600 %-��
��������� 9 zl ���,!"-)����
��
���!	�3� 11 zl ��� master 

mix (1zl ��� WT1 probe ,-) 10 zl ��� 2x master mix) 
������������ activate WT1 Taqman probe Gold 

polymerase ��� 95ºC �����)�)��-� 10 ���� !"�
����������!�� PCR ���/$�30'/��,��� 95ºC �����)�)��-� 

30 �	���� ,-) 63ºC �����)�)��-� 60 �	���� 
����� 40 ��
 /$� standard cure ������� WT1 ,-) GAPDH 

&$'��
������������
��
����� mRNA ����4--� K562 leukemic cells ����	�(��)%�9-��� Real Time PCR 

���/$����30'/��,���3����(�����
�� I cycle� iQ Bio-Rad ������ normalization ��������
��	��!�

������ load �����

)&�"��"���� /$�30'��� GAPDH ����!�����
��	��!�3�!����"���$������ �������$-�� 2 

4��� 3���-��$������ ,-) 3 (����3��)�)��-����,!�!"����� 

 

9. ��	
Q�)��$,����	���"#��	?���
�������	��%��D���	'�"����,����	�!�V�#�� (protein kinase) [�

#G$$? K562  

������
���(����������"��(���(	��	���9-!"������
����������������/��!��&(��� /$�����) PKC, 

PKA, ,-) P38 MAPK  ,!"3��4--��)��6���6$�-��$���0�	$ K562 ���&�"���
�"�/��!��&(���0�	$3$�����9-

!"�������������/��!���	-������������ 4����"�9-���3%'�4--�,
"�!�� (cell proliferation) ����$-��
)

������*��+�9-����(���(	��	�!"�����"���;;��=��3��4--� /$����*��+�$'���	C� Protein Microarray �"��

�����!'�����*��+�$��"�%-��
������$��
$'���(���(	��	�,-'� ��/��!��&(���0�	$3$����������'����
���

-$-����/��!���	-������������ %-��
��������������
,-'�3%'�������$-�� /$�����4--� K562 ��*��+����

,�$�������/��!��&(������(�$�"��"�
)�������'�� /$�$��"���"�3��4--� K562 ����	�������'����"�3$ 

%-��
����������4--����&$'�����$����"�����/��!�����&4/!�-��� (cytoplasm) /$�30'0#$���$ NE-PER
�

 

(Pierce) %-��
���������/��!�����,��&$'��,��/$�30' SDS-PAGE ,-)�(-�����'��/��!��&����,9"� 

nitrocellulose %-��
������,9"� nitrocellulose 
)8�� block nonspecific binding site $'�� 5% nonfat dry milk 

%-��
�������������'��$'�� antibody !"�/��!��&(���0�	$����> 30'�	C���� reprobe /$�30'������ Restore� 

Western Blot Stripping ,-)�'��$'�� anti-GAPDH �����30'����!��(�
(#���	��!� (house keeping gene) 4���

�����8
�
&$'��"��
�����)��
/��!�� GAPDH ,-'�
���!	� goat anti-rabbit ���!	$�-��$'�� horseradish 
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peroxidase ������!��
��
9-/$�30'  SuperSignal
�

 Enhance Chemiluminescence (Pierce) ,-'����&�

��)�
��
\�-�� X-ray (Amersharm) 4���9-���&$'�����8���&���$(�����'����,8
���&$'/$�30' �(����� 

scanning densitometry �����������*��+���	���/��!��&(������,�$����3��4--� K562 ����
�'��,-'� 

%-��
�������������$��
$'�� �(���(	��	����(�����'��'� 5, 10, ,-) 15 zM 4�������(�����'��'����&�"�����	+

!"��4--� �����)�)��-� 48 0���/�� �����$�9-����(���(	��	�!"������
����/��!��&(��� �������/��!���	-����

�������� �����
����
��
0#$(�
(#� ,-)30' protein kinase inhibitor ���/��!��&(���0�	$������������� 

positive control ,-)������������������9-����$-�� �"�/��!��&(��� ��9-!"�������������/��!���	-����

��������
�	� ��� /$�����$-�����30' protein kinase inhibitor �����(���
�����)!"�/��!��&(���0�	$����> &�"

�"�9-!"�/��!��&(���!������> (specific protein kinase inhibitor �0"� 88 zM hydroxytamoxifen %��� 660 

nM chelerythrine chloride  %��� 590 nM hexadecyl phosphoholine ���
�����)!"� PKC �������"���$���, 11 zM 

adenosine 3',5'-cyclic-monophosphothioate, RP-Isomer ���
�����)!"� PKA �������"���$��� ����!'� �'���-
�� 

http://www.sigmaaldrich.com/Area_of_Interest/Biochemicals/Enzyme_Explorer/Key_esources/Protein_Kin

ase_Explorer/PK_Inhibitor_Specificity.html) 

 

10. ��	
Q�)��$,����	���"#��	?���
��%	��3�@�Y '$� protein kinase inhibitor ���	�"�%��	'�"����,��

�!���$?
��#
�	?��� �"���@! reverse transcriptase polymerase chain reaction (RT-PCR) '$� real time 

PCR 

�����*��+��-&����/��!��&(��� !"�������������/��!���	-������������,-'� ������������������

9-����$-���"� /��!��&(���0�	$������9-!"����,�$�����������	-������������$'�� $������
��&$'

������*��+�9-��������(���(	��	� ,-) protein kinase inhibitor !"����,�$�����������	-������������ /$�

����$-�����30' protein kinase inhibitor �����(���
�����)!"�/��!��&(���0�	$����> (specific protein kinase 

inhibitor $�����&$'�-"����,-'��'��!'�) ��30'�����*��+��"������/��!��&(���8����
�������������,-'� �"�9-���

3%'���,�$�����������	-������������-$-�$'��%���&�" ,-)9-����$-������&�3�����$�����
���

�$��
$'���(���(	��	�%���&�" ����$-�����/$��������4--���6$�-��$���0�	$ K562 ���������$��
$'��

�(���(	��	����(�����'��'� 5, 10 ,-) 15 zM ������� protein kinase inhibitor 3���%�� RPMI1640 ����� 10% 

fetal calf serum ,-) HEPES 10 mM ��� pH 7.3 �����)�)��-� 2 ���3� 25 cm2 culture flask /$���0#$(�
(#�

����!�������
����
 %-��
��������������$ total RNA !������!��!"�&����  
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����!���� total RNA  

���������$��� total RNA $'��������$ TRIZOL® reagent 4������� mono-plastic solution ��� 

phenol ,-) guanidine isothiocyanate ���� single step RNA solution %-��
������!����"�������6
&$'�����%�

��	������ total RNA /$������$("����$�$�-��,����� 260 ,-) 280 /$� total RNA ����!����&$'(��

���*
�� DNA ,-)/��!�� ��!���"�����("����$�$�-��,����� 260/280 (��
)��("���"���
 1.6-1.8 �����

-)-��$'�������-��� ,-)(�������	������ total RNA ���&$'���� zg/ml /$�30'��!� 1 OD = 40 zg/ml 

%-��
������3%'�����������*��+����,�$����/$�30' PCR 0�	$ RT-PCR 

 

����!�������� RT-PCR  

��� total RNA ���&$'����	��� 10 pg 8�� 1 zg ����������	����	���/$� 30' SUPERSCRIPT™ One-

step RT-PCR (Invitrogen) /$�30' primers ,-) condition ���%��
*��+�$����� 

WT1 primers ��)��
$'�� 

 Sense primer ���%��
 exon7 (�� 5’-GGCATCTGAGACCAGTGAGAA-3’ 

 Antisense primer ���%��
 exon10 (�� 5’-GAGAGTCAGACTTGAAAGCAGT-3’ 

�-actin primer ��)��
$'�� 

 Sense primer (�� 5’-GTGGGGCGCCCCAGGCAC-3’ 

 Antisense primer (�� 5’-GTCCTTAATGTCACGCACGATTTC-3’ 

/$�/��,��������-���� mRNA ���� cDNA 30'�#�%=��	 60°C �����)�)��-� 30 ���� �"��

/��,������30'3������� amplification (�� denature ��� 94°C �����)�)��-� 1 ����, annealing ��� 64°C ����

�)�)��-� 1 ���� ,-) primer extension ��� 72°C �����)�)��-� 1.5 ���� ����
����� 30 ��
 ,-'� hold &�'��� 

4°C %-��
��������� DNA �������&$'
���	C������� PCR ����	��� 10 zl ����� gel electrophoresis /$�30' 

1% agarose gel ,-) loading dye (6X) ��	��� 2 zl (Bromphenol blue 0.25%, glycerol 30%) ,-)30'

��),�&\\?� 100 volts ������-� 45 ���� ,-)30' standard marker (�� 1 Kd ladder marker %-��
�������"��$�

$'�� UV light ,-)��$(�����'����,8
���&$'/$�30'�(����� scanning densitometry 
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11. ,�D������	�����`���$,����	���"#��	?���
��%	��3�@�Y ���	�"�%��	'�"����,���!� WT1 �"���@! real 

time PCR  

��� RNA ������$&$'����������-����3%'���� cDNA /$�30' Moloney murine leukemia virus reverse 

transcriptase (Promega, Madison, WI) ,-)��6
&�'��� -20ºC 
���"�
)�����30' 

���!��
��
���,�$���������� WT1 /$� Real Time PCR ���/$����30' 0#$��� primers ,-) 

probe $�����(�� 

WT1 primers ,-) probe 

WT1 forward primer (F1): 5’GATAACCACACAACGCCCATC3’ 

WT1 reverse primer (R1): 5’CACACGTCGCACATCCTGAAT3’ 

WT1 probe: 5’FAM-ACACCGTGCGTGTGTATTCTGTATTGG-TAMRA3’ 

�-actin primers ,-) probe 

�-actin forward primer: 5’CCCAGCACAATGAAGATCAAGATCAT3’ 

�-actin reverse primer: 5’ATCTGCTGGAAGGTGGACAGCGA3’ 

�-actin probe: 5’FAM-TGAGCGCAAGTACTCCGTGTGGATCGGCG-TAMRA3’ 

3�����	�(��)%� relative WT1 expression levels ���/$���� cDNA ���&$' (3.0 zl ���%��
 WT1 ,-)     

2 zl ���%��
 �-actin) �������!	� PCR buffer (100 mM Tris-HCl, pH 8.3; 500 mM KCl; 3 mM MgCl2) ����� 

200 zM dNTP, 1.25 U AmpliTaq Gold (PE Applied Biosystems, Foster City, CA, USA), 0.5 zM forward 

,-) reverse primers ������� 200 nM TagMan probes $�����,�$���,-'��'��!'� %-��
������������ activate 

AmpliTaq Gold polymerase ��� 95ºC �����)�)��-� 10 ���� !"�
����������!�� PCR ���/$�30'/��,��� 

95ºC �����)�)��-� 30 �	���� ,-) 63ºC �����)�)��-� 60 �	���� 
����� 50 ��
 /$� standard cure ������� 

WT1 ,-) �-actin &$'��
�������� serial dilution ��� mRNA ����4--���?�%��� $'���(����� Chromo4 Real-

Time PCR ,-)�	�(��)%�9-$'��/��,��� Optical monitor 3 ������ normalization ��������
��	��!������� 

load �����

)&�"��"���� ���/$�30' �-actin gene expression ����!�����
3�!����"���$������ ����$-��������� 

2 4��� ,-)(�����("����,�$�����������	-������������
��("� 2-		CT (normalized fold difference)  

 

12. ��	'�$�$��	�"$����D��
" 

1. 9-
�����*��+�9-����(���(	��	�
�	�#�C	D3�������-���4--��)��6���6$�-��$��� U937 ���8�� 

transfect $'���	-���������������� 4 &�/4\����/$���)��	�
��("� IC50 �����
����
��� ���
�����&$'������

�����
����
��
 wild type U937 ,-) mock control 
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2. �����)��	�9-����(���(	��	�
�	�#�C	D3������
�������,�$���������� WT1 ������������8

��)��	�/$�$���	��������� WT1 ����������
����
��
0#$(�
(#� 
�����*��+�$'�� real time PCR  

3. ��������)��	�9-����(���(	��	�
�	�#�C	D!"������
�������,�$���������� WT1 ����,

����&�

!��(�����'��'� ,-)�)�)��-������	���������%���&�" 

4. ��������)��	�9-����(���(	��	�
�	�#�C	D�"���9-!"����-$��!�����,
"��4--�%���&�" 

5. �������	�(��)%��'���-���&$'�����
"�
��(���,!�!"������'���- 
�����*��+�9-����$-�� ������

����$-������%�$ 3 (����3��)�)��-����,!�!"����� (3 time independent study) /$�("� mean ± SD ���&$'

������	�(��)%�(���,!�!"������8	!	,

 One-Way ANOVA $'��/��,��� SPSS ,-'����("����&$'��

�����
����
(���,!�!"����"����������(�;����8	!	 ���("�(����0��������'��-) 95, p<0.05 

 

13. ��	���" total RNA ,��#G$$?
�#	5�#
5"#$��",�����" U937 �!�>�� transfect "�����$?
��#
�	?���V��G

W�	?
 ����	�% real time PCR 

3�������$ total RNA ����4--��)��6�!"��>���� 
)30'�����������6
��� High pure Isolation RNA Kit 

(Roche, Germany) ,-)�!	� RNaseOUT™ (RNase inhibitor) 0.5 8�� 1 zl ������?��������������������&4�� 

RNase 
��������������6
 RNA ������$&$'��� -70°C 
���"�
)�������$-�� /$�,
"��"��%������������%�

��	���,-)(���
�	�#�C	D��� RNA ������$&$'$'�������$("����$�$�-��,�� (OD) ���(������(-��� 260 ,-) 

280 ��/���!� $'���(����� UV spectrophotometer /$����: 

(�����'��'� RNA (zg/ml)  = ("� OD ��� 260 nm x (�����'��'���� RNA ��� 1 OD 

    (40 zg/ml) x dilution factor 

 

(���
�	�#�C	D��� RNA  =   ("� OD ��� 260 nm 

          ("� OD ��� 280 nm 

 

 /$�("�(���
�	�#�C	D��� RNA ������$&$'����
)!'����("����"�)%�"�� 1.6 8�� 2.0 
��
)8���"����$ RNA 

&$'(���
�	�#�C	D��� 

 

14. ��	���	�
��,�� total RNA 

 ���%���	���(�����'��'���� total RNA ���&$'/$������$("����$�$�-��,�����(������(-��� 260 

,-) 280 nm $'���(����� UV spectrophotometer /$� total RNA ����!����&$'(�����*
�� DNAase, RNAase 
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,-) Proteinase ��!���"��("����$�$�-��,����� 260 nm/ 280 nm (��
)��("���)��� 1.6-2.0 /$�(�����


���	C����$����� 

1. �!	������-�����	��!� 198 zl ,-) total RNA 2 zl (�
��
�� 100 ��"�) -�3� microcentrifuge tube 

9��3%'��'���� 

2. ���&���$("����$�$�-��,����� 260 ,-) 280 nm $'���(����� UV spectrophotometer  /$�30'����

�-������
*���� 

3. �����(�����%�(�����'��'���� Total RNA /$�30'��!� 1 OD ��("���"���
 40 zg/ml ,-'�(��

$'�� dilution factor (X100) 
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�$��	�"$�� 

 

�$��	�"$���!� 1. �$��	��$��!� 

������ transfect �4--� U937 4��������4--���������,�$�������/��!���	-�������������'�� $'��

��(�!�������� WT1 isoform 4 0�	$(�� WT1 17AA (+) KTS (+), WT1 17AA (+) KTS (-), WT1 17AA (-) 

KTS (+),WT1 17AA (-) KTS (-) /$�30' Lipofectin $������!��$��!"�&�������0	���"��$���6������ WT1 ,!"-)

0�	$ (WT1 +/+, WT1 +/-, WT1 -/+ %��� WT1 -/-) �0����!"���
�-���	$0�	$ pcDNA 3.1(+) (&$'��
(���

��#�(��)%�
�� Osaka University Graduate School of Medicine, Suita, Osaka, Japan) 
����������-���	$

���9��,!"-)0�	$��'���"�4--��
'�
'�� (Escherichia coli ������C#� DH5-�) $'���	C� heat shock %-��
������

!��
��
/(/-�����(�$�"�
)&$'��
�-���	$���9�� /$�(�$�-���/(/-�������4���(�$�"�&$'��
�-���	$���

9���������
���%���-�����0���0�	$ LB agar ���9��,���	4	-	� 100 zg/ml ����	��0	��$���6��� $'���	C� PCR ,-)

!��
��
9-9-	!$'���	C��	�-(/!�/\��4��
� 1% agarose gel �����
����
��
 �-���	$���&�"&$'�0����!"�$���6�

�� %-��
�����&$'/(/-�������&$'��
�-���	$���9�����/(/-����������	����	���
���%�� LB agar ���9��

,���	4	-	� 100 zg/ml ,-'���� /(/-��4����� �-���	$���&$'��
���9������	����	���3� LB broth ���9��,���	

4	-	� 100 zg/ml ,-)���$�-���	$
���4--��
'�
'��$'���	C� Plasmid midipreparation: Alkaline lysis ($��,�$�

3���� 8-12) 

 

 

 

 

 

 

 

 

 

 

	���!� 8. ,�$����!��
��
/(-���� Escherichia coli ������C#� DH5-� �����
�-���	$��-"� 

Marker (M)   C1   C2   C3     C4    C5   C6   C7    C8   C9   C10 Vec 
      1kb 

750 bp 
500 bp 
250 bp
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	���!� 9. ,�$����!��
��
/(-���� Escherichia coli ������C#� DH5-� �����
�-���	$$���6������

9�� 0�	$ WT1 +/+  

 

 

 

 

 

 

 

 

 

 

 

 

 

	���!� 10. ,�$����!��
��
/(-���� Escherichia coli ������C#� DH5-� �����
�-���	$$���6������

9�� 0�	$ WT1 +/-  

 

 

750 bp 

500 bp 

250 bp 

WT1 +/+ (474 + 60 = 534 bp) 

      M            C1     C2     C3   C4  C5   C6   C7    C8   C9    C10   Vec 

WT1 +/- (474 + 51 = 525 bp)

            M           C1   C2    C3    C4    C5   C6    C7   C8    C9   C10  Vec 

 
 

750 bp 

500 bp 

250 bp 
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	���!� 11. ,�$����!��
��
/(-���� Escherichia coli ������C#� DH5-� �����
�-���	$$���6������

9�� 0�	$ WT1 -/+  

 

 

 

 

 

 

 

 

 

 

 

	���!� 12. ,�$����!��
��
/(-���� Escherichia coli ������C#� DH5-� �����
�-���	$$���6������

9�� 0�	$ WT1 -/- 

 

WT1 -/+ (474 + 9 = 483 bp) 

            M           C1   C2    C3    C4    C5   C6    C7   C8    C9   C10  Vec 

WT1 (474 bp) 

M           C1    C2    C3   C4   C5   C6   C7   C8    C9   C10  Vec 

 
 

750 bp 

500 bp 

250 bp 

 
 

750 bp 

500 bp 

250 bp 
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��	�	����%+$��
�"�!���$�V"�"��� restriction enzyme  

����-���	$��9����
 Buffer R ,-)���&4��!�$
�����) (HindIII, 
�	+�� Fermentas, USA) 
"����

�#�%=��	 37ºC ��� 16 0���/�� %�#$��	�	�	��/$����,0"3�����,�6� ��� 10 ���� ���&�!��
��
$'���	C��	�-(-

/!�/\��4��
� 1% agarose gel �����
����
��
 1 Kb DNA ladder marker (
�	+�� Fermentas, USA) ($��

,�$�3���� 13) 

 

 

 

 

 

 

 

 

 

 

 

 

 

	���!� 13. ,�$����!��
��
�-���	$���/(-�&$'$'�����&4��!�$
�����)0�	$ HindIII ,-)!��
��
$'���	C�

�	�-(/!�/\��4��
� 1% agarose gel 

 

��	����!�#,��#G$$?#���%����!�#�X�#G$$?���" mammalian cell 

����-���	$���9��������$&$'��9����
 K buffer, 0.1% BSA ,-)���&4��!�$
�����) (PvuI, 
�	+�� 

Takara Bio Inc. Japan) 
"�����#�%=��	 37ºC ��� 4 0���/�� %�#$��	�	�	��/$����,0"3�����,�6� ��� 10 ���� 

���&�!��
��
$'���	C��	�-(/!�/\��4��
� 1% agarose gel �����
����
��
 1 Kb DNA ladder marker ($��

,�$�3������� 14) %-��
���������0	���-���	$���!�$$'�����&4��,-'�
����� 5 ng 9����
��%��0�	$ 

incomplete medium 1640 
����� 150 zl ,-) superfect transfection reagent (
�	+�� Qiagne, USA) �!	�-�

3�
���-�����4--�������4--� U937 
����� 5 x 104 cells/ml 
"�����#�%=��	 37ºC ����� 5 % (���
��&$���&4$� 

10000
8000
6000
5000
4000
3500
3000
2500
2000
1500
1000

750
500
250

WT1 +/+     WT1 -/+       WT1 -/-       Mock         WT1 +/-  
Marker      uncut   cut    uncut  cut   uncut   cut  uncut  cut   uncut  cut 
1 kb 
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��� 48 0���/�� %-��
��������6
�4--�,-)�O��-'���4--�$'�� PBS 
����� 4 (���� ,-'����
�4--�3%'&$' 1 x 104 

cells/ml $'����%�� RPMI1640 ����� 10%FBS ��!'��,
(������ ,-)�� G418 %-��
�������-����3� 
�� 96 

%-#� /$��!	�%-#�-) 100 zl ��� 14 ��� 4����4--� U937 ���&�"&$'��
����-���	$��'�&�
)&�"�����8�
�	;3�

��%������� G418 &$' ,!"/(-�����4--� U937 ���&$'��
����-���	$ ��'�&�
)�����8�
�	;&$' %-��
������������

(�$�-���/(-�,-)!��
��
�)$�
���,�$���������� WT1 ,!"-)0�	$ ,-) mock �����
����
��
�4--� 

U937 ���&�"&$'������8"�������'�&� $'���	C� RT-PCR ,-)!��
��
9-9-	!$'���	C��	�-(/!�/\��4��
� 2% 

agarose gel ($��,�$�3������� 15) ,-)�	C� Real time PCR ($��,�$�3������� 16) ���
�����&$'!��
��
���

,�$�������/��!��$'���	C� Western blot ($��,�$�3������� 17) 4����
�"�������� WT1 (+/+) isoform ��"�����

��������8������!��
��$���,�$������	���������$'���	C� Western blot &$' $������
��&$'������!��
���,�$�

���/��!�� WT1 3� WT1 isoform �����"���������� transfect ��'�&����������89-	!/��!�� WT1 (exogenous 

protein) &$'��	��������� ����������
����
��
 wild type U937 ,-) mock control /$���*��%-����� 

immunopercipitation ,-) Western blot �
�"� WT1 (+/-), (-/+) ,-) (-/-) isoform �����89-	!/��!�� WT1 

��	������ ($��,�$�3������� 18) ����������
����
��
 wild type U937 ,-) mock control ,-)���������
����
("�

��
 �-actin (loading control) %-��
������&$'������(�$�-���/(-���*��+�3�����$-��!"�&�/$�(�$�-���


�� ���,�$������� WT1 �����"� 3 ��"�����������
����
��
�4--� U937 ���&�"&$'��
���8"�������'�&� �"�� 

mock !'�������,�$������� WT1 ��"���
 U937 ���&�"&$'��
���8"�������'�&� %-��
�����(�$�-���/(-�&$'

,-'���������*��+���
������$�(���(	��	�
�	�#�C	D 
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	���!� 14. ,�$����!��
��
�-���	$���/(-�&$'$'�����&4��!�$
�����)0�	$ PvI ,-)!��
��
$'���	C��	�-(

/!�/\��4��
� 1% agarose gel 

 

 

	���!� 15. !��
��
�)$�
���,�$���������� WT1 ,!"-)0�	$ ��������'�&�3��4--��
'��)��6���6$�-��$���

0�	$ U937 ����������
����
��
 wild type U937 ,-) mock /$��	C� RT-PCR ,-)!��
��
$'���	C��	�-(/!�

/\��4��
� 2% agarose gel 
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Marker       WT1 +/+     WT1 -/+    WT1 -/-        mock  
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	���!� 16. !��
��
�)$�
���,�$���������� WT1 ,!"-)0�	$ ��������'�&�3��4--��
'��)��6���6$�-��$���

0�	$ U937 ����������
����
��
 wild type U937 ,-) mock /$��	C� real time PCR 

 

 

 

 

 

 

 

 

 

 

	���!� 17. !��
��
�)$�
���,�$�������/��!�� WT1 ,!"-)0�	$ ��������'�&�3��4--��)��6���6$�-��$���

0�	$ U937 ����������
����
��
 wild type U937 ,-) mock control /$��	C� Western blot 
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	���!� 18. !��
��
�)$�
���,�$�������/��!�� WT1 ,!"-)0�	$ ��������'�&�3��4--��)��6���6$�-��$���

0�	$ U937 ����������
����
��
 wild type U937 ,-) mock control /$��	C� Immunoprecipitation ,-) 

Western blot 

 

 

�$��	�"$���!� 2.  ��	
Q�)���	#�	�(#��%��,��#G$$?
�#	5�#
5"#$��",�� wild type U937 '$� U937 �!�>�� 

transfect "��� WT1 isoform 

���*��+�����
�	;����4--��)��6���6$�-��$��� wild type U937 ,-) U937 ���8�� transfect $'���	-��

����������&�/4\���� 4 0�	$ (�� WT1 (+/+), WT1 (+/-), WT1 (-/+), WT1 (-/-) ������� mock control /$����

������)�-����3���%���-�����4--������)�)��-� 1-10 ��� /$�,!"-)��������

������4--�$'���	C� Trypan blue 

exclusion �

���������4--�3�,!"-)���!�����,�$�$��!������� 1, 2, 3, 4, 5 ,-) 6 ,-)������ 19, 20, 21, 22, 

23, 24 ,-) 25 !��-��$�
 /$�("�
�����*��+�����
�	;�!	
/!����4--���� �����30'�����%�
#$��	��!'�������

�!�����4--�������$��
������$ ��"���%��)�� 
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��	���!� 1. ,�$�
������4--� wild type U937 �����
&$'3� 10 ��� 

 

����!� ������#G$$? (x 105 cells/ml) 

0 0.1 

1 0.2 

2 0.34 

3 0.8 

4 1.62 

5 3.16 

6 5.5 

7 13.3 

8 14.9 

9 14.4 

10 9.06 

 

 

 

 

 

 

 

 

 

 

 

 

	���!� 19. ���\,�$�9-����
�	;�!	
/!����4--��)��6���6$�-��$��� wild type U937 
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��	���!� 2. ,�$�
������4--� U937 ���8�� transfect $'�� vector ��-"� (mock) �����
3� 10 ��� 

 

����!� ������#G$$? (x 105 cells/ml) 

 Mock 5D8 Mock 3B3 Mock 3C9 

0 0.1 0.1 0.1 

1 0.18 0.18 0.19 

2 0.31 0.3 0.31 

3 0.77 0.78 0.78 

4 1.47 1.46 1.48 

5 2.73 2.78 2.75 

6 4.92 5 4.82 

7 10.8 10.6 10.4 

8 13.1 13.2 13 

9 13.5 13.8 13.9 

10 11.7 11.8 11.8 

 

 

 

 

 

 

 

 

 

 

 

	���!� 20. ���\,�$�9-����
�	;�!	
/!����4--��)��6���6$�-��$��� U937 ���8�� transfect $'�� vector ��-"� 

(mock control) 

Mock control U937
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��	���!� 3. ,�$�
������4--� U937 ���8�� transfect $'�� WT1 (+/+) �����
3� 10 ��� 

 

����!� ������#G$$? ( x105 cell/ml) 

 WT1 (+/+)/1C7 WT1 (+/+)/2E10 

0 0.1 0.1 

1 0.187 0.2 

2 0.35 0.355 

3 0.8 0.78 

4 1.49 1.5 

5 2.97 2.91 

6 5.1 5.2 

7 11.6 11.3 

8 13.7 13.4 

9 13.9 13.8 

10 11.7 11.8 

 

 

 

 

 

 

 

 

 

 

 

	���!� 21. ���\,�$�9-����
�	;�!	
/!����4--��)��6���6$�-��$��� U937 ���8�� transfect $'�� WT1 (+/+) 
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��	���!� 4. ,�$�
������4--� U937 ���8�� transfect $'�� WT1 (+/-) �����
3� 10 ��� 

 

����!� ������#G$$? (x 105 cells/ml) 

0 0.1 

1 0.19 

2 0.32 

3 0.74 

4 1.65 

5 3.15 

6 5.06 

7 11 

8 14 

9 8.6 

10 5.3 

 

 

 

 

 

 

 

 

 

 

 

 

	���!� 22 ���\,�$�9-����
�	;�!	
/!����4--��)��6���6$�-��$��� U937 ���8�� transfect $'�� WT1 (+/-) 

 

WT1 (+/-) 1G9
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��	���!� 5. ,�$�
������4--� U937 ���8�� transfect $'�� WT1 (-/+) �����
3� 10 ��� 

 

����!� ������#G$$? (x 105 cells/ml) 

0 0.1 

1 0.2 

2 0.36 

3 0.81 

4 1.75 

5 3.5 

6 5.5 

7 14 

8 15 

9 8.1 

10 5.4 

 

 

 

 

 

 

 

 

 

 

 

 

	���!� 23. ���\,�$�9-����
�	;�!	
/!����4--��)��6���6$�-��$��� U937 ���8�� transfect $'�� WT1 (-/+) 

 

WT1 (-/+) 1D6
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��	���!� 6. ,�$�
������4--� U937 ���8�� transfect $'�� WT1 (-/-) �����
3� 10 ��� 

 

����!� ������#G$$? (x 105 cells/ml) 

0 0.1 

1 0.2 

2 0.36 

3 0.81 

4 1.75 

5 3.5 

6 5.5 

7 14 

8 15 

9 8.1 

10 5.4 

 

 

 

 

 

 

 

 

 

 

 

 

	���!� 24. ���\,�$�9-����
�	;�!	
/!����4--��)��6���6$�-��$��� U937 ���8�� transfect $'�� WT1 (-/-) 

 

WT1 (-/-) 1D6
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	���!� 25. ���\��#����9-����
�	;�!	
/!����4--��)��6���6$�-��$��� U937 ���8�� transfect $'���	-������������

���� 4 &�/4\���� ������� mock control ,-) wild type U937 

 

�$��	�"$���!� 3.  ��	
Q�)��$,����	���"#��	?���
��%	��3�@�Y�����	���$��#G$$? U937 �!�>�� transfect 

"�����$?
��#
�	?���V��GW�	?
  

 ���*��+���C	D���������$�(���(	��	�
�	�#�C	D!"�������-���4--� U937 ���8�� transfect $'�� 4 &�/4

\����4�����)��
$'�� WT1 (+/+), (+/-), (-/+) ,-) (-/-) ��� WT1, mock control ,-) wild U937 
��9-���

�$-���
�"� �(���(	��	�
�	�#�C	D 3%'9-3�������-���4--��)��6���6$�-��$������� U937 ���8�� transfect $'��

�	-���������������� 4 &�/4\���� ������� mock control ,-) wild type U937 &$' 
����������
����
9-���

�$-��/$�30'("�(�����'��'�����(���(	��	�
�	�#�C	D3�������-���4--��)��6���6$�-��$��� U937 ���8�� 

transfect $'���	-���������������� 4 &�/4\���� ������� mock control ,-) wild type &� 50% %������������"� 

“IC50” /$��4--��)��6���6$�-��$��� U937 ���8�� transfect $'���	-���������������� 4 &�/4\������� 30'(���

��'��'�����(���(	��	�
�	�#�C	D3����������3%'�4--�$���-"��-$-�(����%���� (�����(�����'��'� 21 zM ���%��


�4--��)��6���6$�-��$��� U937 ���8�� transfect $'�� WT1 (+/+) isoform /(-� 1C7 ,-), WT1 (+/-) isoform 

/(-� 1G9 ���(�����'��'� 19 zM, WT1 (-/+) isoform /(-� 1D6 ���(�����'��'� 24 zM, WT1 (-/-) isoform 

/(-� 1E9 ���(�����'��'� 23 zM (,�$�$��!������� 7 ,-)������ 26) 
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��	���!� 7. ���*��+���C	D���������$�(���(	��	�
�	�#�C	D!"�(��������	+!"��	-������������&�/4\�������8�� 

transfect ��'�&��4--��)��6���6$�-��$���0�	$ U937 ,-) wild type U937 

 

���
#,�
,��,��#��	?���
��%	��3�@�Y  ({M)  

���",�� U937 transfected cells 
IC20 IC50 

Wild type U937 cell 9 ± 0.6 15 ± 1.0 

Mock control cell 8 ± 1.7 17 ± 2.2 

WT1 (+/+)/1C7 16 ± 0.8 21* ± 1.0 

WT1 (+/-)/1G9 11 ± 1.2 19 ± 0.2 

WT1 (-/+)/1D6 13 ± 0.3 24* ± 0.6 

WT1 (-/-)/1E9 13 ± 0.5 23* ± 0.4 
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	���!� 26. 9- cytotoxicity ���&$'
������$��
������$�(���(	��	�
�	�#�C	D!"� WT1 isoform ��������'���"

�4--��)��6���6$�-��$��� U937 
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�$��	�"$���!� 4. ��	
Q�)��$,����	���"#��	?���
��%	��3�@�Y�����	'�"����,���!���$?
��#
�	?��� 

(Wilms’ tumor1; WT1) [�#G$$?
�#	5�#
5"#$��",�� U937 �!�>�� transfect "�����$?
��#
�	?���V��GW�	?
 

"�����@! real time PCR 


�����*��+�9-���������$�(���(	��	�
�	�#�C	D�����8����C	D���-���4--��)��6���6$�-��$��� 

U937 ���8�� transfect $'���	-������������&�/4\����, mock control ,-) wild type U937 
������
��&$'

������*��+�9-����(���(	��	�
�	�#�C	D!"��)$�
���,�$���������6�������6����������	-������������ (WT1 

mRNA) /$�30'(�����'��'����&�"�����	+!"��4--� �����)�)��-� 2 ��� ���������$-�� 3 (���� (3 time 

independent study) 3��)�)��-����,!�!"����� /$��-���30'(�����'��'����������$���&�"�����	+!"��4--� ���

("� IC20 $��,�$�3�!������� 8 ��30'3�����$��
 �����!'�����$���C	D����(���(	��	�
�	�#�C	D/$�!��!"����

-$���,�$�����������	-������������ ,-)������������%-���-����&�"3%'9-����$-��&��������'����
����"�

��;;�������������
���!������4--����� �)���/!4�� (apoptosis) ,-)��6(/(�4�� (necrosis) /$�30'�	C� Real 

time PCR 
��9-����$-���
�"��(���(	��	�
�	�#�C	D�����8-$���,�$�����������	-������������ 0�	$ 

WT1 (+/+) isoform ��������'���"�4--��)��6���6$�-��$��� U937 &$'�'��-) 57 ± 0.03 %��������8��
�������

,�$����&$'�'��-) 43 ���������
��
0#$(�
(#� (vehicle control) ��"����������(�;����8	!���("�(����0����������

�'��-) 95, p<0.05 ����������
����
��
0#$(�
(#�  �"���4--���� ���� WT1 (+/-), WT1 (-/+) ,-) WT1 (-/-) 

�
�"�&�"�����8-$�)$�
���,�$�����������	-������������&$' $��,�$�9-����$-��3�!������� 8 ,-)

������ 27 

 

��	���!� 8. 9-��������
����
����������46�!����,�$��������	-������������3�&�/4\����!"��> �����������

�$��
$'��������$�(���(	��	�
�	�#�C	D /$��	C� real time PCR 

 

	�"�%��	'�"����,����$?
��#
�	?���#�5
��	?#�5�#� (	���$�)  

��	�"$�� 
Wild type U937 Mock control WT1 (+/+) WT1 (+/-) WT1(-/+) WT1 (-/-) 

0#$(�
(#� 

(vehicle control) 

100 ± 0 100 ± 0 100 ± 0 100 ± 0 100 ± 0 100 ± 0 

0#$*��+� 

(treatment) 

85 ± 0.06 81 ± 0.01 57* ± 0.03 82 ± 0.01 110 ± 0.07 123 ± 0.01 

 

%����%!#: �(�����%��� * ,�$�("�(���,!�!"����"����������(�;����8	!	 ���("�(����0��������'��-) 95, p<0.05 
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	���!�  27. 9-���������$�(���(	��	�
�	�#�C	D!"��)$�
���,�$�����������	-������������&�/4\���� ���

����$-�� 3 (��������)�)��-�,!�!"����� (3 time independent study) 

%����%!#: �(�����%��� * ,�$�("�(���,!�!"����"����������(�;����8	!	 ���("�(����0��������'��-) 95, p<0.05 

 

�$��	�"$���!� 5. ��	
Q�)��$,����	���"#��	?���
��%	��3�@�Y�!����
#,�
,��V
�#�X�+�)���#G$$? �����	

'�"����,���!���$?
��#
�	?��� ���" +/+ �!����#,�����#G$$?
�#	5�#
5"#$��",�� U937 

 
�����*��+�9-���������$�(���(	��	�
�	�#�C	D!"����,�$�����������	-������������ (WT1) 3�

,!"-)&�/4\�������� �
�"��(���(	��	�
�	�#�C	D�����8-$���,�$��������	-������������ 0�	$ WT1 (+/+) 

isoform $��9-����$-����� 4 $������
��&$'������(�$�-��� WT1 (+/+) isoform ��������*��+�9-���(���

��'��'�����(���(	��	�
�	�#�C	D!"��)$�
���,�$�����������	-������������ /$�30'(�����'��'� (�� 10, 15 

,-) 20 zM �����)�)��-� 2 ��� $'���	C� real time PCR 
��9-���*��+��
�"�%-��
������$��
$'��(���

(	��	�
�	�#�C	D �4--������,�$��������)$�
�	-��������������6�������6��� ��"���
�'��-) 83 ± 0.05, 59 ± 

0.02 ,-) 38 ± 0.05 !��-��$�
 %����)$�
���,�$�����������	-������������-$-�!��(�����'��'����

��	������ (���'��-) 17, 41 ,-) 62 !��-��$�
 ����������
����
��
0#$(�
(#� /$����� 3 (�����'��'�����(���

��'��'����3%'9-3����-$�)$�
���,�$�����������	-���������������,!�!"����"����������(�;����8	!	 ���("�

(����0��������'��-) 95, p<0.05 ����������
����
��
0#$(�
(#� $��,�$�3�!������� 9 ,-)������ 28 
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��	���!� 9. 9-���������$�(���(	��	�
�	�#�C	D ���(�����'��'���� 10, 15 ,-) 20 zM !"��)$�
���,�$����

�������	-������������ (%) (mean + SD) 3��4--��)��6���6$�-����� U937 ���8�� transfect $'�� WT1 (+/+) 

isoform  

 

	�"�%��	'�"����,����$?
��#
�	?��� #�5
��	?#�5�#� (	���$�) 
 

�3"��	�"$�� 
�	�D��!� 1 �	�D��!� 2 �	�D��!� 3 Mean + SD 

0#$(�
(#� 100 100 100 100 ± 0 

(�����'��'� 10 zM 87 78 83 83* ± 0.05 

(�����'��'� 15 zM 60 57 59 59* ± 0.02 

(�����'��'� 20 zM 42 33 38 38* ± 0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

	���!�  28. 9-���������$�(���(	��	�
�	�#�C	D ���(�����'��'���� 10, 15 ,-) 20 zM !"��)$�
���,�$����

�������	-������������3��)$�
��6�������6��� /$��	C� real time PCR /$��������$-������%�$ 3 (���� ���

�)�)��-�,!�!"����� (3 times independent study) 

%����%!#:  Vehicle control = 0#$(�
(#� �(�����%��� * ,�$�("�(���,!�!"����"����������(�;����8	!	 ���("�(����0�������

�'��-)95, p<0.05 
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�$��	�"$���!� 6. ��	
Q�)��$,����	���"#��	?���
��%	��3�@�Y�!����
#,�
,�� 15 {M [�	���#�$��!�

'��������� �����	'�"����,���!���$?
��#
�	?��� ���" +/+ �!����#,�����#G$$?
�#	5�#
5"#$��",�� U937 

 
�����*��+�9-������,�$�����������	-������������-$-�!�����(�����'��'�����(���(	�-    

�	�
�	�#�C	D�����	��������� !"���&$'������*��+�9-����)�)��-�3����
"�!"����,�$�����������	-����

�������� /$�30'(�����'��'���� 15 zM �����)�)��-� 1, 2 ,-) 3 ��� 
�����*��+��
�"����,�$�������

����	-������������%-��
���$��
$'���(���(	��	�
�	�#�C	D��"���
�'��-) 61 ± 0.06, 36 ± 0.05 ,-) 25 ± 0.03 

!��-��$�
 %��������8-$���,�$����&$'�'��-) 39, 64 ,-) 75 !��-��$�
 ����������
����
��
0#$(�
(#� 

/$��)�)��-����� 3 �)�)3%'9-3����-$�)$�
���,�$�����������	-������������ ���,!�!"����"����

������(�;����8	!	 ���("�(����0��������'��-) 95, p<0.05 ����������
����
��
0#$(�
(#� $��,�$�3�!������� 10 

,-)������ 29 

 

��	���!� 10. 9-���������$�(���(	��	�
�	�#�C	D �)�)��-� 1, 2 ,-) 3 ���(�����'��'� 15 zM !"��)$�
���

,�$���������� WT1 (%) (mean + SD) 3��4--��)��6���6$�-����� U937 ���8�� transfect $'�� WT1 (+/+) 

isoform 

 

	�"�%��	'�"����,����$?
��#
�	?��� #�5
��	?#�5�#� (	���$�) 
 

�3"��	�"$�� 
�	�D��!� 1 �	�D��!� 2 �	�D��!� 3 Mean + SD 

0#$(�
(#� 100 100 100 100 ± 0 

������ 1  66 55 61 61* ± 0.06 

������ 2 40 31 36 36* ±0.05 

������ 3 22 27 25 25* ± 0.03 
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	���!�  29. 9-���������$�(���(	��	�
�	�#�C	D �)�)��-� 1, 2 ,-) 3 ��� ���(�����'��'� 15 zM !"��)$�
���

,�$�����������	-������������ /$��	C� real time PCR �������$-�� 3 (��������)�)��-�,!�!"����� (3 times 

independent study) 

%����%!#:  Vehicle control = 0#$(�
(#� �(�����%��� * ,�$�("�(���,!�!"����"����������(�;����8	!	 ���("�(����0�������

�'��-)95, p<0.05 

 

�$��	�"$���!� 7. ��	
Q�)��$,����	���"#��	?���
��%	��3�@�Y�!����
#,�
,��	�"�%����~ �����	'�"����

,����	�!���$?
��#
�	?��� (Wilms’ tumor1 protein; WT1 protein) ���" +/+ �!����#,�����#G$$?
�#	5�#
5"

#$��",�� U937 

 
�����*��+����,�$�������/��!���	-������������ 
���4--��)��6���6$�-��$��� U937 ���8�� 

transfect $'�� 4 isoform ��� WT1 �
�"� WT1 (+/+) isoform �����,�$�������/��!���	-������������ /$�

�	C� Western blot ���
��������������*��+����,�$����/��!���	-���������������&�/4\��������4���

��)��
$'�� WT1 (+/-), (-/+) ,-) (-/-) ���&�"�����8!��
��$$'���	C� Western blot &$' $������
����*��

%-�������� immunoprecipitation ��������!��
��$���,�$�������/��!���	-���������������&�/4\���� 

$���-"���'��!'� �
�"��4--��)��6���6$�-��$��� U937 ���8�� transfect $'���	-������������&�/4\���� �����

,�$�������/��!���	-�����������������	�������������������
����
��
 wild type U937 ,-) mock control $��

,�$�3������� 13 ,-)
��9-���*��+�����(���(	��	�
�	�#�C	D!"����,�$�����������	-������������ �
�"�
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�����8��
�������,�$�����������	-������������ 0�	$ WT1 (+/+) &$'$�����#$ $������
��&$'�����*��+�9-���

�(���(	��	�
�	�#�C	D!"��)$�
���,�$����/��!���	-������������ /$�30'(�����'��'����&�"�����	+!"��4--� (�� 

10, 15 ,-) 20 zM �����)�)��-� 2 ��� ,-'�������!��
��$�)$�
���,�$�������/��!���	-������������

/$��	C� Western blot �
�"����(�����'��'� 3 �)$�
 �����,�$�������/��!���	-������������ ��"���
�'��-) 

70 ± 2.3, 58 ± 6.3 ,-) 33 ± 4.7 !��-��$�
 %��� �����8-$���,�$����/��!���	-������������ &$'!��

(�����'��'������	������ %-�����������
��	��!�����
("���
/��!�� �-actin (��-$-��'��-) 30, 42 ,-) 67 

!��-��$�
 ����������
����
��
0#$(�
(#� /$����� 3 (�����'��'�����(�����'��'�3%'9-3����-$�)$�
���

,�$�������/��!���	-������������ ���,!�!"����"����������(�;����8	!	 ���("�(����0��������'��-) 95, p<0.05 

����������
����
��
0#$(�
(#� $��,�$�3�!������� 11 ,-)������ 30 

 

��	���!� 11. 9-���������$�(���(	��	�
�	�#�C	D ���(�����'��'���� 10, 15 ,-) 20 zM !"��)$�
���,�$����

���/��!���	-������������ (%) (mean + SD) 3��4--��)��6���6$�-����� U937 ���8�� transfect $'�� WT1 (+/+) 

isoform 

 

	�"�%��	'�"����,����	�!���$?
��#
�	?��� (	���$�) 
 

��	�"$�� 
�	�D��!� 1 �	�D��!� 2 �	�D��!� 3 Mean + SD 

0#$(�
(#� 100 100 100 100 ± 0 

(�����'��'� 10 zM 72 68 68 70* ± 2.3 

(�����'��'� 15 zM 64 58 57 58* ± 6.3 

(�����'��'� 20 zM 36 35 27 33* ± 4.7 
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	���!�  30. 9-���������$�(���(	��	�
�	�#�C	D ���(�����'��'���� 10, 15 ,-) 20 zM !"��)$�
���,�$����

���/��!���	-������������ /$��	C� Western blot �������$-�� 3 (��������)�)��-�,!�!"����� (3 times 

independent study) 

%����%!#:  Vehicle control = 0#$(�
(#� �(�����%��� * ,�$�("�(���,!�!"����"����������(�;����8	!	 ���("�(����0�������

�'��-)95, p<0.05 
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�$��	�"$���!� 8. ��	
Q�)��$,����	���"#��	?���
���!����
#,�
,�� 15 {M [�	���#�$��!�'��������� ���

��	'�"����,����	�!���$?
��#
�	?��� ���" +/+ �!����#,�����#G$$?
�#	5�#
5"#$��",�� U937 


�����*��+�9-������,�$�������/��!���	-������������ -$-�!�����(�����'��'�����(���

(	��	�
�	�#�C	D�����	��������� !"���&$'������*��+�9-����)�)��-�3����
"�!"����,�$�������/��!��

�	-������������ /$�30'(�����'��'���� 15 zM �����)�)��-� 1, 2 ,-) 3 ��� 
������$-���
�"�����)�)��-� 

1- 3 ��� �����,�$�������/��!���	-������������%-�����������
����
("���
 �-actin ��"���
�'��-) 61 ± 

5.5, 36 ± 4.8 ,-) 22 ± 5.8 !��-��$�
 %��������,�$�������/��!���	-������������ -$-�!���)�)��-����

��	��������"���
�'��-) 20, 48 ,-) 68 !��-��$�
 ����������
����
��
0#$(�
(#� /$��)�)��-����� 3 3%'9-3�

���-$�)$�
���,�$�������/��!���	-������������ ���,!�!"����"����������(�;����8	!	 ���("�(����0�������

�'��-) 95, p<0.05 ����������
����
��
0#$(�
(#� $��,�$�3�!������� 12 ,-)������ 31 

 

��	���!� 12. 9-���������$�(���(	��	�
�	�#�C	D ���(�����'��'� 15 zM 3��)�)��-� 1, 2 ,-) 3 ��� !"��'��

-)����)$�
���,�$�������/��!���	-������������ (mean ± SD) 3��4--��)��6���6$�-����� U937 ���8�� 

transfect $'�� WT1 (+/+) isoform 

 

	�"�%��	'�"����,����	�!���$?
��#
�	?��� (	���$�) 
 

��	�"$�� 
�	�D��!� 1 �	�D��!� 2 �	�D��!� 3 Mean + SD 

Vehicle control 100 100 100 100 ± 0 

������ 1  74 83 84 61* ± 5.5 

������ 2 47 56 54 36* ± 4.8 

������ 3 15 24 26 22* ± 5.8 
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	���!�  31. 9-���������$�(���(	��	�
�	�#�C	D �)�)��-� 1, 2 ,-) 3 ��� ���(�����'��'� 15 zM !"��)$�
���

,�$�������/��!���	-������������ /$��	C� Western blot �������$-�� 3 (��������)�)��-�,!�!"����� (3 

times independent study) 

%����%!#:  Vehicle control = 0#$(�
(#� �(�����%��� * ,�$�("�(���,!�!"����"����������(�;����8	!	 ���("�(����0��������'��

-) 95, p<0.05 
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�$��	�"$���!� 9. ��	
Q�)��$,����	���"#��	?���
��%	��3�@�Y�!��*���#�
���
������	���	'%�����,�� 

#G$$?
�#	5�#
5"#$��",�� U937 �!�>�� transfect "��� WT1 +/+  

 
��9-���*��+�9-����(���(	��	�
�	�#�C	D ���(�����'��'� 10, 15 ,-) 20 zM 3��4--��)��6���6$

�-��$��� U937 ���8�� transfect $'�� WT1 (+/+) isoform �����)�)��-� 2 ��� �
�"�������$�(���(	��	�
�	-

�#�C	D �����8-$��!�����,
"�!������4--�&$' 
�� 8.6 X 105 cells/��� �%-�� 2 X 105 cells/��� ���(�����'��'� 

20 zM 4�����!�����,
"�!��
)-$-�!��(�����'��'������	��������� ����������
����
��
0#$(�
(#� $��,�$�3�

������ 32 

 

 

 

 

 

 

 

 

 

 

 

 

	���!� 32. 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'��%��)��,-)�=��)����%��)��!"���!�����

,
"�!������4--��)��6���6$�-��$��� U937 ���8�� transfect $'�� WT1 (+/+) isoform 
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�$��	�"$���!� 10 ��	
Q�)��$V�,����	���"#��	?���
��%	��3�@�Y�����	$"$�,����	�!���$?
����� (+/+) 

���" exogenous [�G$$?
�#	5�#
5"#$��",�����" K562 

  ���*��+�����������*��+��-&����-$-����/��!���	-������������0�	$ +/+ 4�������/��!���	-����

��������0�	$ exogenous ����$-��&$'������*��+�9-���������$�(���(	��	�
�	�#�C	D!"������������� 

pCMV promoter ������
��/��!���	-������������0�	$ exogenous ��	$
�������)!#'����������������/��

/��!��� pCMV 3���(�!������ pcDNA 3.1(+) 4���&�"&$'��	$
�������)!#'�������������/��!���	-����

�������� $������
��&$'������*��+�8���-&����������$�(���(	��	�
�	�#�C	D!"�/��/��!��� pCMV �"������8

�"�9-!"����-$���,�$�������/��!���	-������������0�	$ +/+ &$'��"��&� ���*��+����/$�30' pcDNA3.1 

(+) ���8�����
,!"�/$����,������ GFP, epidermal growth factor receptor 2 (ErbB2), ErbB3 %��� leucine-

rich repeats and immuglobulin-like domains protein 1 (Lrig1) ���!"����"��
��� c-myc ������������,

!����"��

3����*��+� %-��
�����������'���"�4--� K562 /$��	C� transfection �����3%'�4--��������'��/��!��$���-"��

����� ,-)30'3����*��+��"��(���(	��	���9-!"�/��/��!��� pCMV ����"�9-!"������'��/��!��%���&�" ���

�$-�����/$����)�-�����4--�3���%�����)�-�����4--������,-)&�"��������$�(���(	��	�
�	�#�C	D���(�����'��'� 

15 zM %-��
��������������$�)$�
���,�$�������/��!��$'���	C� Western blot 
�����*��+��
�"� 

%-��
����� treat �4--�$'���(���(	��	�
�	�#�C	D ���,�$�������/��!�� GFP ���"3�0"�� 100 ± 0.5 8�� 104 

± 5 
������$-��3� 2 clones ,-)�����"��-) 2 4��� $��,�$�3��!������� 13 ������ 33 ���,�$�������

/��!�� ErbB2 (676) ���"3�0"�� 96.5 ± 1.5 8�� 104 ± 5 
������$-��3� 2 clones ,-)�����"��-) 2 4��� $��

,�$�3��!������� 14 ������ 34 ���,�$�������/��!�� ErbB3 ���"3�0"�� 101.5 ± 0.5 8�� 103 ± 4 
�����

�$-��3� 2 clones ,-)�����"��-) 2 4��� $��,�$�3��!������� 15 ������ 35 ,-)���,�$�������/��!�� 

Lrig1 ���"3�0"�� 99 ± 1 8�� 99 ± 2 
������$-��3� 2 clones ,-)�����"��-) 2 4��� $��,�$�3��!������� 16 

������ 36 $������������$�(���(	��	�
�	�#�C	D
��&�"��9-!"������������� pCMV promoter ������
��&�"

�����8-$���,�$�������/��!�� GFP, ErbB2, ErbB3 ,-) Lrig1 ����������
����
��
0#$(�
(#� ��"����

������(�;����8	!	 ���("�(����0��������'��-) 95, p>0.05  $��,�$�3�!������� 13-16 ,-)������ 33-36 
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��	���!� 13. 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM !"��)$�
���,�$�������/��!�� 

GFP (%) (mean ± SD) ��� insert �����'�&�3� pcDNA 3.1 (+) ,-'������'���"�4--��)��6���6$�-��$���0�	$ K562  

 

Clone A1  Clone A2 ��	�"$�� 

�	�D��!� 1 �	�D��!� 2 Mean + SD �	�D��!� 1 �	�D��!� 2 Mean + SD 

0#$(�
(#� 100 100 100 100 100 100 

15 zM curcumin (4������ 1) 99 101 104 ± 5 101 100 100  ± 0.5 

15 zM curcumin (4������ 2) 102 100 101 ± 1 103 100 101.5 ± 1.5 

 

 

 

 

 

 

 

 

 

 

	���!� 33. 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM !"��)$�
���,�$�������/��!�� GFP 

���8����'��/$� pCMV promoter ��������'���"�4--��)��6���6$�-��$���0�	$ K562  
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��	���!� 14. 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM !"��'��-)����)$�
���,�$�������

/��!�� ErbB2 (676) (mean ± SD) ��� insert �����'�&�3� pcDNA 3.1 (+) ,-'������'���"�4--��)��6���6$�-��$���

0�	$ K562 

 

Clone A1  Clone A2 ��	�"$�� 

�	�D��!� 1 �	�D��!� 2 Mean + SD �	�D��!� 1 �	�D��!� 2 Mean + SD 

Vehicle control 100 100 100 100 100 100 

15 uM curcumin 99 109 104 ±5 95 98 96.5 ± 1.5 

 

 

 

 

 

 

 

 

	���!� 34. 9-����(���(	��	�
�	�#�C	D���(�����'��'� 15 zM !"��)$�
���,�$�������/��!�� ErbB2 (676) ���

8����'��/$� pCMV promoter ��������'���"�4--��)��6���6$�-��$���0�	$ K562 

 

 

 

 

 

 

 

 

 



64 

��	���!� 15. 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM !"��'��-)����)$�
���,�$�������

/��!�� ErbB3 (mean ± SD) ��� insert �����'�&�3� pcDNA 3.1 (+) ,-'������'���"�4--��)��6���6$�-��$���0�	$ 

K562 

 

Clone A1  Clone A2 ��	�"$�� 

�	�D��!� 1 �	�D��!� 2 Mean + SD �	�D��!� 1 �	�D��!� 2 Mean + SD 

Vehicle control 100 100 100 100 100 100 

15 uM curcumin 99 107 103 ± 4 99 104 101.5 ± 0.5 

 

 

 

 

 

 

 

 

 

	���!� 35. 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM !"��)$�
���,�$�������/��!�� 

ErbB3 ���8����'��/$� pCMV promoter ��������'���"�4--��)��6���6$�-��$���0�	$ K562 
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��	���!� 16. 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM !"��'��-)����)$�
���,�$�������

/��!�� Lrig1 (mean ± SD) 4��� taq $'�� c-myc ���,�����'�&�3� pcDNA 3.1 (+) ,-'������'���"�4--��)��6���6$

�-��$���0�	$ K562 

 

Clone A1  Clone A2 ��	�"$�� 

�	�D��!� 1 �	�D��!� 2 Mean + SD �	�D��!� 1 �	�D��!� 2 Mean + SD 

Vehicle control 100 100 100 100 100 100 

15 zM curcumin 100 98 99 ± 1 97 101 99 ± 2 

 

 

 

 

 

 

 

 

	���!� 36. 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM !"��)$�
���,�$�������/��!�� Lrig1 

���!"���
��� c-myc ���8����'��/$� pCMV promoter ��������'���"�4--��)��6���6$�-��$���0�	$ K562
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�$��	�"$���!� 11 ��	
Q�)��$,����	���"#��	?���
��%	��3�@�Y������
�����,����	�!���$?
��������" 

+/+ (protein stability) �!����#,�����#G$$?
�#	5�#
5"#$��",�� U937 


�����*��+��"���
�"�������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM �����8���-$-����

/��!���	-�������0�	$ +/+ ��������'���"�4--� U937 ,-)���*��+��"��%�'��������
����"�������������$�(���(	�    

�	�
�	�#�C	D�����8-$���,�$�������/��!���	-������������0�	$ +/+ &$'����&�"�������'����
���������

���$�(���(	��	�&���9-!"������������� pCMV promoter (������ 28-36) $������
��&$'������*��+�8��9-���

������$�(���(	��	�
�	�#�C	D!"�(���(�!�����/��!���	-������������0�	$ +/+ ��������'���"�4--� U937 /$����

�4--� U937 ���8�� transfect $'�� WT1 0�	$ +/+ �-�����"����
 cyclohexamide (������������(#���
�!	3����

��
���� ���&4�� peptidyl transferase ��� 80S 3� eukaryotic ribosomes ,!"&�"��
���� 70S 3�,
(������) 3�

�=��)�����,-)&�"��������$ �(���(	��	�
�	�#�C	D���(�����'��'� 15 zM 
�����*��+��
�"����-$-����

/��!���	-������������0�	$ +/+ 3��4--� U937 ���8�� transfect $'�� WT1 0�	$ +/+ ��(����������'����


��)
��������-��/��!���	-������������������
��("�(����0��	!����4--����8���-����3� cycloheximide ���(���

��'��'� 50 zM  �"����
 ������$�(���(	��	�
�	�#�C	D ���(�����'��'� 15 zM ��("�,!�!"��
���4--�0#$(#�(�
 

(�4--�����-����3���%���-�����4--����������) cycloheximide ���(�����'��'� 50 zM ,!"&�"�� ������$�(���(	��	

�
�	�#�C	D ���(�����'��'� 15 zM) /$�("�(����0��	!����4--�0#$(�
(#���("���"���
 15.1 0���/�� �"���4--����8��

�-����3� cycloheximide ���(�����'��'� 50 zM �"����
 ������$�(���(	��	�
�	�#�C	D ���(�����'��'� 15 zM ��("�

��"���
 3.6 0���/�� $��!������� 17 ,-)������ 37 4���,!�!"�������"����������(�;����	8	! ���("�(����0�����������'��

-) 95, p<0.05  

 

��	���!� 17 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM !"�(���(�!��%���("�(����0��	!���

/��!���	-������������0�	$ +/+ 3��4--� U937 ���8�� transfect $'�� WT1 0�	$ +/+ 

�3"��%�3
 (vehicle control) �3"��	�"$�� (treatment) 	���#�$� 

(0���/��) �	�D��!� 1 �	�D��!� 2 �	�D��!� 3 Mean ± SD �	�D��!� 1 �	�D��!� 2 �	�D��!� 3 Mean ± SD 

0 100 100 100 100 ± 0 100 100 100 100 ± 0 

3 44 88 85 72 ± 14 21 39 53 38 ±9 

6 32 68 63 54 ± 11 9 43 45 32 ± 11 

12 30 73 54 52 ± 12 3 1 6 2 ± 1 

24 21 47 48 39 ± 9 1 1 3 1 ± 0.5 

("�(����0��	! (half life) = 15.1 0���/�� ("�(����0��	! (half life) = 3.6 0���/�� 
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	���!� 37. 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM �"����
 cyclohexamide ���(�����'��'� 50 

zM !"�(���(�!�����/��!���	-������������0�	$ +/+ 3��4--� U937 ���8�� transfect $'�� WT1 0�	$ +/+ ,-)

��$�)$�
���,�$�������/��!���	-������������/$��	C� Western blot 
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�$��	�"$���!� 12 ��	
Q�)��$,����	���"#��	?���
��%	��3�@�Y������
�����,����	�!���$?
����� (WT1 

protein stability) [�#G$$? K562  


�����*��+��
�"����-$-����/��!���	-������������3��4--� K562 /$��-�����"����
 

cyclohexamide �����,-)&�"��������$�(���(	��	�
�	�#�C	D 4���30'(�����'��'��$�����
����������$-��3��4--� 

U937 
��9-����$-���
�"����-$-����/��!���	-������������&�"�������'����
��)
��������-��/��!��

�	-������������������
��("�(����0��	!����4--� K562 ���8���-�����"����
������$�(���(	��	���("�&�",!�!"����


�4--� K562 &�"&$'�-�����"����
������$�(���(	��	�
�	�#�C	D /$�("�(����0��	!����4--� K562 ����-�����"����
 

cyclohexamide ,-)&�"��������$�(���(	��	�$'����("���"���
 12.6 0���/�� �"���4--� K562 ����-�����"����
 

cyclohexamide ,-)��������$�(���(	��	�
�	�#�C	D�"��$'����("���"���
 14.4 0���/�� $��,�$�3�!������� 18 ���

��� 38 ���
��������&$'������*��+������������9-��� cyclohexamide /$�30' MG132 4������� proteasome 

inhibitor �����*��+�������-��/��!��/$�9"����)
�������� proetasome 
�����*��+��
�"����-$-����

/��!���	-������������������-�����"����
 MG132 �����,-)&�"��������$�(���(	��	�
�	�#�C	D,�$�9-���-$-�

���/��!���	-���������������&�",!�!"����� $��,�$�3�!������� 19 ,-)������ 39 

 

��	���!� 18 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM !"�(���(�!��%���("�(����0��	!���

/��!���	-������������0�	$3��4--� K562 

 

�3"��%�3
 (vehicle control) �3"��	�"$�� (treatment) 	���#�$� 

�	�D��!� 1 �	�D��!� 2 �	�D��!� 3 Mean ± SD �	�D��!� 1 �	�D��!� 2 �	�D��!� 3 Mean ± SD 

0 100 100 100 100 ± 0 100 100 100 100 ± 0 

3 70 62 88 73 ± 10 60 55 80 65 ±8 

6 72 46 74 64 ± 7 67 53 50 57 ± 9 

12 44 64 30 46 ± 9 39 30 68 46 ± 10 

24 37 39 16 30 ± 5 43 42 34 39 ± 6 

("�(����0��	! (half life) = 12.6 0���/�� ("�(����0��	! (half life) = 14.4 0���/�� 
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	���!� 38. 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM !"�(���(�!�����/��!���	-������������

/$�30' cyclohexamide ,-)��$�)$�
���,�$�������/��!���	-������������/$��	C� Western blot 
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��	���!� 19 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM !"���)
��������-��/��!��/$�9"�� 

proteasome pathway /$�30' MG 132 3��4--� K562 

 

��	�"$�� �	�D��!� 1 �	�D��!� 2 �	�D��!� 3 Mean ± SD 

0#$(�
(#�                  &�"�� MG 132 100 100 100 100 ± 0 

15 uM curcumin 32 22 15 23 ± 5 

0#$(�
(#�                  �� MG 132 100 100 100 100 ± 0 

15 uM curcumin 24 16 10 17 ± 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

	���!� 39. 9-���������$�(���(	��	�
�	�#�C	D ���(�����'��'� 15 zM ������������)�-�����"����
 MG 132 3�

�4--� K562 !"���)
��������-��/��!��/$�9"�� proteasome pathway ��$�)$�
���,�$�������/��!��

�	-������������/$��	C� Western blot 
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�$��	�"$���!� 13 ��	
Q�)��$,����	���"#��	?���
���%	��3�@�Y������
�����,����$?
��#
�	?���#�5
��	?

#�5�#� (WT1 mRNA stability) [�#G$$? K562 �!�>�� transfect "��� WT1 ���" +/+ �"���@! real time PCR 

 
��9-���*��+��
�"����-$-�����)$�
�	-��������������6�������6��� (WT1 mRNA) �����8���-����

3�������$�(���(	��	��
�	�#�C	D���(�����'� 15 zM ����&�"�������'����
��)
��������-���	-��������������6�

������6��� /$�9-���*��+���C	D���������$�(���(	��	�
�	�#�C	D!"�(���(�!����� WT1 mRNA �
�"�("�

(����0��	!����	-��������������6�������6�������4--� K562 3��=��)�����%���&�"������$�(���(	��	�
�	�#�C	D 

�
�"�("�(����0��	!��� WT1 mRNA ��("����&�",!�!"����� /$�("�(����0��	!����4--� K562 ����-����3��=��)���

&�"��������$�(���(	��	�
�	�#�C	D ��("���"���
 6.03 0���/�� 3���)����4--� K562 ����-����3��=��)��������

���$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM ��("���"���
 6.66 0���/�� $��,�$�3�!������� 20 ,-)������ 40 

 

��	���!� 20 9-���������$�(���(	��	�
�	�#�C	D���(�����'� 15 zM !"�(���(�!��%���("�(����0��	!����	-����

����������6�������6���0�	$ +/+ 3��4--� K562 ���8�� transfect $'�� WT1 0�	$ +/+ 

 

�3"��%�3
 vehicle control �3"��	�"$�� (treatment) 	���#�$� 

�	�D��!� 1 �	�D��!� 2 �	�D��!� 3 Mean ± SD �	�D��!� 1 �	�D��!� 2 �	�D��!� 3 Mean ± SD 

0 100 100 100 100 ± 0 100 100 100 100 

6 24 48 51 41 ± 9 55 76 83 71 ± 8 

12 11 22 50 28 ± 12 12 28 35 25 ± 7 

("�(����0��	! (half life) = 6.03 0���/�� ("�(����0��	! (half life) = 6.66 0���/�� 

 

 

 

 

 

 

 

	���!� 40. 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM �"����
 actinomycin D !"�(���(�!������	-����

�����������6�������6��� ������*��+�/$�30'�	C� real time PCR 
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�$��	�"$���!� 14 ��	
Q�)��$,����	���"#��	?���
�������	��%��D���	'�"����,����	�!�V�#��  

 
�����*��+��'��!'�,�$�9-����$-����"��0�$�
��"����-$-�������,-)/��!���	-������������


�����$��
$'��������$�(���(	��	�
�	�#�C	D3��4--��)��6���6$�-��$���0�	$ K562 ����&�"�������'����


��)
��������-�� mRNA ,-)/��!���	-������������ $�������-&�������-$-�������,-)/��!���	-����

���������"�
)�������'����
�����
�������������������
�� ����"���;;��=��3��4--����/��!���	-���������

��� 3��4--��)��6���6$�-��$���0�	$ K562 ����"�9-���3%'�4--��)��6������,
"�!�� 4������&�"������������	
�����

0�$�
� 3��
����!'�&$'�(���9�'������������
�'��,-'��"��(���(	��	������8��
�������,�$�������/��!��

&(���&$'%-��0�	$ /$�����)/��!��&(���4� (Protein kinase C; PKC) ,-)����(���9�'�������"� /��!�� 

WT1 ��
 PKC �"�
)��(����������'�����%���&�"? ,-)��"��&�? $������3�����$-�����&$'�$-��������*��+�

9-���������$�(���(	��	� !"������
�������,�$�������/��!��&(��� /$�30'�	C� Western blot ,-)*��+�

9-���������$�(���(	��	�!"�/��!��������%�'����3�����"���;;�� (Signaling proteins) ����> /$���*��

�	C������� protein microarray 
������$-���
�"�������������$��
$'��������$�(���(	��	�
�	�#�C	D ���

(�����'��'� 15 zM �����)�)��-� 48 0���/�� �
�"��(���(	��	������8-$�)$�
���,�$�������/��!��

&(���4�0�	$,�-\� (protein kinase C�) &$'3��4--��)��6���6$�-��$���0�	$ K562 ���������
��
0#$(�
(#� 

����$-��&$'���������$/��!��
���"������4--���,
�� (membrane) 4�������
�	�������� activated protein 

kinase C ���)�����"
�	������ ������4--�8����)!#'�%����4--������ active ,-)����$-�����&$'30' �-actin ����

!�����
��	��!� (loading control) 
������$-���
�"� PKC� ���)$�
���,�$�������-$-� 38% ����� treat 

$'�� �(���(	��	� (������ 41) �"�����*��+�3�/��!��&(���4� 4�!'� (protein kinase C�) ,-)/��!��&(���4� 

,$-!'� (protein kinase C�) �
�"�%-��
������$��
$'���(���(	��	� &�"�
�����-����,�-������	���

/��!��&(���4����� 2 0�	$ (������ 42 ,-) 43 !��-��$�
) ,-)�����������*��+�9-���������$�(���(	��	�
�	

�#�C	D!"����,�$�������/��!��&(���&(���
� (protein kinase B) ����3������� phosphorylated PKB 

form (p-Akt) ,-) non-phosphorylated PKB form (Akt) �
�"�&�"�������-����,�-����,�$�������

/��!��&(���&(���
� (protein kinase B) ����3������� phosphorylated PKB (p-Akt) ,-) non-

phosphorylated PKB form (Akt) (������ 44 ,-) 45) $������
�������8��#��
����!'�&$'�"�/��!��&(���4�

,�-\� �"�
)��(����������'����
���-$-�����)$�
���,�$����������,-)/��!���	-������������3�

�4--��)��6���6$�-��$���0�	$ K562 �"�� ��!��&(���4� 4�!'�, ,$-!'�, /��!��&(���
� &�"�"�
)�������'����


���-$-����/��!���	-������������ ������������$��
$'��������$�(���(	��	�
�	�#�C	D 
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	���!� 41 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM �����)�)��-� 48 0���/�� !"����,�$����

���/��!��&(���4� 0�	$,�-\� (protein kinase C�) 3��4--� K562 /$��	C� Western blot 

 

          
	���!� 42 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM �����)�)��-� 48 0���/�� !"����,�$����

���/��!��&(���4� 0�	$4�!'� (protein kinase C�) 3��4--� K562 /$��	C� Western blot 
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	���!� 43 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM �����)�)��-� 48 0���/�� !"����,�$����

���/��!��&(���4� 0�	$,$-!'� (protein kinase C�) 3��4--� K562 /$��	C� Western blot 

 

           
 

	���!� 44 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM �����)�)��-� 48 0���/�� !"����,�$����

���/��!��&(���
� (protein kinase B) 0�	$ non-Phosphorylated form 3��4--� K562 /$��	C� Western blot 
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	���!� 45 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM �����)�)��-� 48 0���/�� !"����,�$����

���/��!��&(���
� (protein kinase B) 0�	$ Phosphorylated form 3��4--� K562 /$��	C� Western blot 

 

 ���
��/��!��&(���4�,-)/��!��&(���
�,-'� ���&$'-��������*��+�9-���������$�(���(	��	

�
�	�#�C	D ���(�����'��'� 15 zM �����)�)��-� 48 0���/�� !"����,�$�������/��!��3� pathway ����> ���

$'�� �0"�3� pathway ��� tyrosine kinase /$�������*��+�9-���������$�(���(	��	�
�	�#�C	D!"����

,�$�������/��!�� Src 3����������� non-phosphorylated form (Tyr 416 ,-) 527) 9-����$-���
�"�

�(���(	��	������8-$���,�$�������/��!�� Src ������"3������� non-Phosphorylated form (Tyr 416) -� 

23% ���������
��
0#$(�
(#� ,-)���
��	��!�$'�� �-actin (������ 46) �"�� non-phosphorylated form (Tyr 

527) ����&�"�
�����-����,�-�%-��
����� treat $'��������$�(���(	��	�
�	�#�C	D (������ 47) 

 

         
	���!� 46 9-���������$�(���(	��	�
�	�#�C	D���(�����'��'� 15 zM �����)�)��-� 48 0���/�� !"����,�$����

���/��!�� Src 0�	$ non-Phosphorylated form (Tyr 416) 3��4--� K562 /$��	C� Western blot 
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������ 47 �������	�
��
��	��������	��������������
������ 15 �M 
���	�!�
��� 48 "���#�� $%�
�	&�����


���#�	$�� Src "��� non-Phosphorylated form (Tyr 527) '�
*��� K562 #�!���� Western blot 

 

 
�+���,�
�	./
0��������	�
��
��	��������	�������$%� STAT Pathway '�
*��� K562 3��%�

9���:�

�	��������!��	�
��
��	��������	��������������
������ 15 �M 
���	�!�
��� 48 "���#�� 3��%�

;�%3�
�	
����!�&���
�	&�����
��� STAT 1, STAT 3, STAT 5 &�� STAT 6 */������	>�	��
�+?��$��

;���%�
�	�������#�	$��������@
��	���� ;�%�%�:�

��!�����
��
�;
'�
�	�%���BB�C���#�	$�� STAT 

(	@���� 48-51) 
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������ 48 �������	�
��
��	��������	��������������
������ 15 �M 
���	�!�
��� 48 "���#�� $%�
�	&�����


���#�	$�� STAT 1 '�
*��� K562 #�!���� Western blot 

 

 
������ 49 �������	�
��
��	��������	��������������
������ 15 �M 
���	�!�
��� 48 "���#�� $%�
�	&�����


���#�	$�� STAT 3 '�
*��� K562 #�!���� Western blot 
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������ 50 �������	�
��
��	��������	��������������
������ 15 �M 
���	�!�
��� 48 "���#�� $%�
�	&�����


���#�	$�� STAT5 '�
*��� K562 #�!���� Western blot 

  

 
 

������ 51 �������	�
��
��	��������	��������������
������ 15 �M 
���	�!�
��� 48 "���#�� $%�
�	&�����


���#�	$�� STAT6 '�
*��� K562 #�!���� Western blot 
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�+���,�
�	./
0��������	�
��
��	��������	��������������
������ 15 �M 
���	�!�
��� 48 "���#�� 

$%�	����
�	&�����
��� Phosphorylated protein kinases "���$%��E #�!���� protein microarray ��
�	

����� 3��%���#�	$�� phosphorylated kinase 9��!"��������
�	&�����
9���:�
�,�
�	��������!


��	��������	������� #�!#�	$��������	���C����;��&
% #�	$�� CREB (S2448), HSP27 (S78/S82), JNK pan 

(T183/Y185, T221/Y223), P38� (T180/Y182) &�� c-Jun (S63) ���&���'�	@���� 52 (
 &�� �) &�� 53 (
 

&�� �) 

 

 

       

(�) 

$%�9���>��;� 
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������ 52 Profile &����������	�
��
��	��������	��������������
������ 15 �M 
���	�!�
��� 48 "���#�� $%�


�	&�����
��� phosphorylated protein kinases "���$%��E #�!���� protein microarray 

 

 

 

 

 

 

 

 

 

 

 

 

 

($%�9���>��;�) 

(�) 

(�) 
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������ 53 �������	�
��
��	��������	��������������
������ 15 �M 
���	�!�
��� 48 "���#�� $%�
�	&�����


��� phosphorylated protein kinases "���$%��E #�!���� protein microarray 

 

 :�

�	./
0����!���� protein microarray ��?�3��%���#�	$������%���':�!@%9��!$�����!
�� ������� 


�+���:�

�	��������!��	�
��
��	��������	������� #�!'�
�+���$�����;���,�
�	./
0��������	�
��
��	�

�������	�������$%�#�	$��;�
���� (protein kinase B; PKB) 3��%�;�%����'�
*�����
	U�
�U�
�+�����"��� 

K562 �����?� CREB "/�����	���C������� ��?�:/�;�%�%�:�

��!�����
�+���:�
 CREB 
��� transcription factor $��

9�/������%��'9B%��
:�>@

	�$������!#�	$��;�
���� &�� CREB �������
U;�%�%�:�

��!�����
��
�	!��!�?�
�	

�,�������#�	$�� WT1 &$%�!%��'� */��
�	������� CREB ��::�;�

��!�����
�� pathway �+�����;�%'"% 

#�	$��;�
����
U
���;�� ��
:�
��?!��
�������%���':'�
�	./
0�>/� pathway ��� p38 MAPK �%��%�:�



��!�����
��
�	�������#�	$�� WT1 ���>@
��������!
��	������� �������
������ 15 �M 
���	�!�
��� 48 

"���#�����!9	+�;�% :�
��
�	�����#�! Western blot 3��%�
�	&�����
��� p38 MAPK ��?���
�	


����!�&������!��
 
3�!� 7% 
�+��
��!�
��"�������� &��9���:�
�	���	���$	���! �-actin 
	�!�	��!&��� 

(	@���� 54) �����?� p38 MAPK ��?�;�%�%�
��� pathway 9��
���

��!�����
��
�	�������#�	$�� WT1 */��:�


(�) 
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�	3�:�	C�:�
��
�	�������� protein microarray 
U3��%�
�	&�����
���#�	$�� p38 MAPK ��?�

����
3�!�
�U
���! 
9�+��
��
�	./
0����!���� Western blot 

 

 
 

������ 54 �������	�
��
��	��������	��������������
������ 15 �M 
���	�!�
��� 48 "���#�� $%�
�	&�����


���#�	$�� p38 MAPK '�
*��� K562 #�!���� Western blot 

 

�	
����	
���� 15 �	�
�����
����
����������������� �	� protein kinase C� inhibitor �!
�����
��

����


 �
�"�������	������
�����#��$		� K562 

 :�

�	./
0�����$��3��%�#�	$��;�
��*� "���&��X� �%�:�������

��!�����
��
�	�������

#�	$�� WT1 ��
������ �����?�:/�;���,�
�	���#�!'"� PKC inhibitor */��'�
�	�������?'"� GF109203x ���

����
������ 0.0084 �M 
���#�
��'�
�	./
0� */������
���������'"�
�������
��������� IC50 ��� PKC� ��

������@��'�
�	!��!�?�
�	&�����
���#�	$��������@
��	���� */����
�	�����3��%� GF109203x 

����	>!��!�?�
�	&�����
���#�	$��������@
��	����;�� #�!����	��!�� 16 
�+��
��!�
��"�������� 9���

�,�
�	�	��
��!��	���$	���! GAPDH 
�+��
�	�!�
��!�
��
�	��������!
��	��������	������� �������


������ 15 �M ����	>!��!�?�
�	&�����
���#�	$��������@
��	����;�� #�!���� 36% 
�+��
��!�
��"��

������ 9����,�
�	�	��
��!��	���$	���! GAPDH ���&���'�$�	����� 21 &��	@���� 55 
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�������� 21. �������	�
��
��	��������	��������������
������ 15 �M &�� GF 109203x (PKC inhibitor) ���

����
������ 0.0084 �M $%�	����
�	&�����
���#�	$��������@
��	����'�
*��� K562 

 


����	
� ���%����1 ���%���� 2 ���%���� 3 Mean ± SD 

"�������� 100 100 100 100 ± 0 

15 �M curcumin 62 66 64 64 ± 1.3 

"�������� 100 100 100 100 ± 0 

0.0084 �M GF 109203x 70 88 77 84 ± 9.4 
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(
) 

 

 

 (�) 

 

 

 

 

 

 

 

 

 

������ 55 �������	�
��
��	��������	��������������
������ 15 �M &�� PKC� inhibitor (GF109203x) ���

����
������ 0.0084 �M $%�
�	&�����
���#�	$��������@
��	����'�
*��� K562 #�!���� Western blot (
) 

&��� Western blot analysis ���#�	$��������@
��	���� &�� GAPDH '�
*��� K562 (�) 
	�X	����
�	

&������#�	$��������@
��	����'�
*��� K562 9����	��
��!��	���$	���! GAPDH 



85 

�	
����	
���� 16 
��&'
*��	�
�+���$��
	,� (PKC�) #�����
����-�

����/� (active form) �!

��

����


�
�"�������	������
����� "�:
���;������
�����-�
����!
�/�::��+���$��
	,� ��/���!�$		� K562 

 
���
�	./
0������3�
�*�&��X�����!@%'�	@����>@

	�$��� (Myr. PKC�) $%�
�	
�	&�����
���

#�	$��������@
��	���� */��
���
�	./
0�'��_������
��� in vitro #�!
�	�,�
��
$�	����>@
$��$%����!��3�
�*�

&��X� &��>@
 taq ���! FLAG :�
�	�0�� Addgene �,�
����@%
*��� K562 :�
��
�	./
0�3��%���
�	

&�����
���#�	$��������@
��	����
3����/?�
�+����
�	&�����
���3�
�*�&��X� '�	@����>@

	�$���
3�����


�/?� #�!��
�	&�����
��� #�	$��������@���
3���
��� 1.51 
�%� ���&���'�$�	����� 22 &��	@���� 56 
�+��


�	�!�
��!�
��
��
*��������� (
*��� K562 ���>@
�,�
������! 3.1 DNA) �����?�'�
�	./
0���?
���
�	

����������
�	./
0���� PKC inhibitor $%�
�		����
�	&�����
���#�	$��������@
��	�����%�
�	����

���#�	$��������@
��	�

��!�����
��
�	�,�������3�
�*�&��X� 

 

�������� 22 &���	�������#�	$��������@
��	����'�
*��� K562 ���>@
 transfect ���! Myr. PKC� taq FLAG 

vector 

 


����	
� ���%���� 1 ���%���� 2 ���%���� 3 Mean ± SD 

3.1 DNA  100 100 100 100 ± 0 

Myr.PKCalpha taq FLAG 148 164 141 151 ± 12 
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������ 56 �����3�
�*�&��X� (PKC�) $%�	����
�	&�����
���#�	$��������@
��	����'�
*��� K562 ���>@
 

transfect ���! Myr. PKC� plasmid #�!���	����
�	&�����
���#�	$��������@
��	�������!���� Western 

blot 

 

�	
����	
���� 17 �	�
� protein kinase inhibitor �����:���	������
�!��
���!
�����
������


�
�

:����	������
����� "�:���� real time PCR 

  
�	./
0��������3������� PKC� '� PKC pathway $%�	�������������@
��	����
�U���	�
�U�
�'�


*��� K562 #�!�,�
�	
3��
��?!�
*��� K562 '���9�	
��?!������ 0.0084 �M (
����%� IC50 ��� PKC�) ��� 

GF109203x (PKC inhibitor) #�!�����
���	�!�
������ 0, 1, 3, 5 &�� 7 "���#�� 9���:�
��?��,�
�	�
��

��	�
�U�
� &���$	�:	����������@
��	����
�U���	�
�U�
� #�!���� real time PCR :�

�	�����3��%�
�+���,�


�	!��!�?�
�	�,������� PKC� #�!'"����	��������
��������� 0.0084 ��� GF109203x 
���	�!�
��� 0, 1, 3, 

5 &�� 7 "���#�� ��
�	�����3��%�������@
��	�
�U���	�
�U�
���	�����������'�"���#����� 3 &�� 5 */�����%�


�%�
�� 82 ± 11 &�� 54 ± 17 $���,���� ���&���'�$�	����� 23 &��	@���� 57  
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�������� 23 ����� GF109203x �������
������ 0.0084 �M (IC50 ��� PKC�) $%�	����
�	&�����
���!��

������@
��	����'�
*��� K562 '�"%��	�!�
���$%��E 

 

��	� (<���"��) ���%���� 1 ���%���� 2 Mean ± SD 

0 100 100 100 ± 0 

1 110 104 107 ± 5 

3 74 90 82 ± 11 

5 42 66 54 ± 17 

7 106 116 111 ± 7 

 

 

 

 

 

 

 

 

 

 

 

 

������ 57 ����� GF109203x (PKC inhibitor) �������
������ 0.0084 �M (IC50 ��� PKC�) $%�	����������@-


��	����
�U���	�
�U�
�'�
*��� K562 '�"%��	�!�
��� 1, 3, 5 &�� 7 "���#�� �,�
�	�����#�!���� real time 

PCR 
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��=��>��	
����	
� 

 

 !��������@
��	���� (Wilms’ tumor 1 gene 9	+� WT1) 
���!�����>@
���3��	�?�&	
'��j �.. 1899 

#�! Max Wilms */��'�"%��&	
;���,�
�	./
0�'��@��z�!#	���
	U����;$'�
�U
���
	�!
�%� Wilms’ tumor 

9	+� nephroblastoma  $%��� Call &���C� (6) 	����?� Gessler &���C� (53) ;���,�
�	./
0�&��3��%�

!��������@
��	������?���$,�&9�%��!@%��&��������?����#�	#�#*��@%��� 11 &��������!���	���C 50 kb 

*/��!����?�	�
��;����!�%�� exon ��?�9�� 10 exons 
�+��

��
	����
�	 transcription :�;�� mRNA ���

�������	���C 3 kb &��
�+����
�	&��	�9�� (translation) :�;��#�	$�����
	�!
�%�������@
��	���� 

(Wilms’ tumor 1 protein; WT1 protein) */��������$�?�&$% 48 >/� 55 kDa �/?��!@%
��
	����
�	$��&$%�

�����	�
�U�
����
	�!
"+���%� RNA alternative splicing (24, 25, 54, 55), RNA editing (56) &�� translation 

initiation (57) ���

���/?� */��:�

	����
�	
9�%���?:��%���'9�

������9��
9��!'��%����� exon ��� 5 

*/�� 
����%�����>��	9�� '9�;��
	�����#�  17  $��   (± 17 amino acids)   &��
	�����#�  3  $��;��&
%   

lysine, threonine &�� serine (± KTS) $	��	�
�C exon ��� 9 	�9�%�� zinc fingers ��� 3 &�� 4  (	@���� 3) 

:�

	����
�	$��&$%�����$���%���'9�;��#�	$����?�9��  4 "��� (isoforms) ���!
��;��&
% #�	$�� 

������@
��	���� �����
	�����#��	���?�9��
��� WT1(+/+) isoform 9	+� wild type, ������@
��	���� �����


�	���9�!;����
	�����#� 3 $�� (KTS) 
��� WT1 (+/-) isoform, ������@
��	���� ���;�%��
	�����#� 17 

$�� 
��� WT1 (-/+) isoform &�� ������@
��	���� �����
�	���9�!;����
	�����#���?� 17 $��&�� KTS 


��� WT1 (-/-) isoform :�

�	./
0�
�	&�����
���#�	$��������@
��	���� ���!���� Western blot :�3�

&>����#�	$�� 2 &>����!
�� &>�������:�
���&>���� WT1 (+/+) &�� WT1 (+/-) ���?,�9��
#�
�
��

�	���C 54 >/� 55 kDa �%��&>������%��
���&>���� WT1 (-/+) &�� WT1 (-/-) */�����?,�9��
#�
�
��

�	���C 48 >/� 49 kDa  '�	�!�&	
���
�	./
0�������@
��	����#�	$��'�
*�����
	U�
�U�
�+����� 
"+��

�%�#�	$��"�����?����
0C�
��� tumor suppressor 
9�+��
����
	U�"����+��E (7, 8) &$%
�+���,�
�	./
0��/


�/?� 3��%�#�	$��������@
��	����'���
	U�
�U�
�+����� 	����?�'�
*���$���%�����
�U�
�+�����&��&�� ��

��
0C�
��� */��#�!�
$�&��� tumor suppressor ���3�'�
*�����
	U� ��
3��%�

��
�	
��!3����� &���;�%

����	>������
�	
:	�B���
*���;�� �,�'9�

��
���
*�����
	U�'������� &$%��
0C����
�%��;�%;��3�'�


*�����
	U�
�U�
�+�����&$%�!%��'� �����?�'�
*���
�U�
�+�� #�	$��������@
��	����:/��,�9������
��� 

transcription factor $��9�/������������'�
�	
	�$���
�	&�%�$��'���?�
*���$���%��&����
	U�
�U�
�+��

��� (9) 
�	&�����
���
3�����
�/?����#�	$��������@
��	���� �,�'9��	���%�
*�����
�	3�}��
���


*�����
	U�&��� 
3	��#�!�
$� 9���:�
���
*���
�U�
�+����
�	3�}��
�	
���
*���$��&
%&��� #�	$�������

�@
��	����:����	���C���!�� :�&��;�%3�
�	&�����

�! ��
:�
��?#�	$��������@
��	����'���
	U�
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�U�
�+�����!��3��%�����	>'"�
���$���%�"�? (biological marker) &��'"�./
0�
�	�,�
������#	�;����


���!  

 :�

�	./
0�����%����;��
	�����
�	./
0���	�
���		�"�$� 
3+���,���'"�
3+��./
0�
�	!��!�?�
�	

&�����
�����?�!��&��#�	$��������@
��	���� �!���"�	���&���C� (46, 47, 74) ;��	�!����%���	

�
��
��	��������	������� ����	>��
�	&�����
���!��&��#�	$��������@
��	����;�� &$%�!%��;	
U$��

'��%�����
�;
&��
�	./
0�'�
"���/
!��$�����
�	./
0�
3���
$�� 
3+��'9���
�	./
0�������"��
:�

��
�/?�  #�!
�	./
0�
	���$��
���
�	./
0�>/�;�#*X�	�� (isoforms) ���#�	$��������@
��	�������>@


!��!�?�#�!
��	��������	������� :�

�	�����'"���	�
��
��	��������	�������'�
*��� U937 ����,�
�	 

transfect !��������@
��	������?� 4 ;�#*X�	�� 
�+���:�

*��� U937 ��#�	$��������@
��	�������&�����
���

�%���������! �,�'9�����	>./
0������
��	��������	������� $%�	����
�	&�����
���#�	$��������@


��	����'���
	U�
�U�
�+�����;���%�!��
�/?� &$%�!%��;	
U$��
�	./
0���?;�%����	>./
0�>/�	����
�	


	�$������!��#�	#�
$�	����!��������@
��	����;�� 
�+���:�

��
$�	����!��������@
��	��������,���'"����

#�	#�
$�	����
��� pCMV */������	>
	�$���
�	&�����
���!��;��#�! pCMV 
�� :�

�	./
0���

�����	�
��
��	��������	�������$%�������@
��	����;�#*X�	�� 3��%�����	>��
�	&�����
;����?�!��

&��#�	$��������@
��	����"��� +/+ $��	��������
������&��	�!�
������
3����/?� */��
�;
�����	

�
��
��	��������	�������$%�
�	�������#�	$��������@
��	����"��� +/+ ���>@
�,�
���
*�����
	U�
�U�
�+��

���"��� U937 ��?��%�:�

��!�����
��
	����
�	�,���!#�	$��������@
��	���� #�!��
�	./
0�&���

'9�
9U��!%��"��
:��%�
�	�������#�	$��������@
��	����"��� +/+ ����,�
����@%
*�����
	U�
�U�
�+�����

"��� U937 :�
�	��������!��	�
��
��	��������	������� ��.�!
�;
���
�	�,���!#�	$�� #�!


�	./
0���?;���,�
�	./
0�
�	
����!�&������	����������$��9	+��%��	/��"���$����#�	$��������@
��	�

���"��� +/+ 9���
�	��������!
��	��������	������� ��
�	�����3��%���	�
��
��	��������	���������

��$%�������$�����#�	$��������@
��	����"��� +/+ #�!�,�'9��%��	/��"���$���#�	$��������@
��	����

"��� +/+ �����	���C 4 
�%�
�+��
��!�
���%��	/��"���$���#�	$��������@
��	����"��� +/+ ���;�%;��>@


�����	%��
����	�
��
��	��������	������� ��?���?��:
�+���:�
#�	$��������@
��	����"��� +/+ ����	�����

:�

*�����
	U�
�U�
�+�����"��� U937 ��?���
	����
�	�	��&$%�#�	$��9���:�

�	�	���*/��
	�!
�%� 

post translation modification 
"%�
�	
$��9�@% functional group 
3+��'9�#�	$��
9�%���?�����	>�,����;�� 

����
"%� acetate, phosphate , lipid &�� carbohydrate ��
:�
��?!����
	����
�	
�	����3�� (folding) 

�����!����#�
3+��'9�;��#�	$��������	@C�&��	@�	%�����
9������������	>�,����;�� �����?�����	���

#�	$��������@
��	����'�
*�����
	U�
�U�
�+�����"��� U937 ��:

��;�%���	@C�&��
�+���:�



*�����
	U�
�U�
�+�����"��� U937 ��
�	�	���#�	$��������@
��	����'�	����������!��
 &$%
�+��>@
 

transfect ���! pcDNA 3.1(+) */���� pCMV promoter �!@% >@
&�	
���!!��������@
��	����"���$%��E �,�'9���
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�	�	�����?�!��&��#�	$��������@
��	������

�%�
���9��!
�%�:/���:�,�'9�
	����
�	

���	��&$%�!��

&��#�	$��������@
��	����

���/?�;�%���	@C� :/���:
�����
9$��,�'9�#�	$��������@
��	�������
�%����!����

��?���&��
�+���!@%'��_��������	�
��
��	��������	�������*/����::�
���_���
���� (stress) �,�9	��
�	



��
	����
�	���
�	�	��&$%�#�	$��������@
��	����9���:�

�	:�

�	�	���#�	$�����
�%�� 

�!%��;	
U$��
�;
���"��
:�!��:�$����,�
�	./
0�	�������
�	 post translation modification $%�;�  

 
�	./
0�>/�
�;
�����	�
��
��	��������	�������$%�
�	�������!��&��#�	$��������@
��	�

���'�
*�����
	U�
�U�
�+�����"��� K562 */��
���
�	���
�	�9�!��&��#�	$��������@
��	����#�!#�	#�


$�	����!��������@
��	����9	+����
	�!
�%� 
��#�	:����������@
��	���� (endogenous Wilms’ tumor 1) #�! 

���"�	���&���C� (46, 47, 74) ;���,�
�	./
0�&��	�!����%���	�
��
��	��������	�����������	>��


�	&�����
���!��&��#�	$��������@
��	����'�
*���
�U�
�+�����"��� K562 ;�� &$%!��;�%;��

�,�
�	./
0�>/�
�;
�����	�
��
��	�������-�	��������%�����$%�
�	�%���BB�C_�!'�
*����!%��;	:/�

�,�'9���
�	����	����
�	&�����
��?�!��&��#�	$��������@
��	���� �����?�'�
�	./
0���?;��

�,�
�	./
0�
�;
'�	�����C@"��#�
�
�������	�
��
��	��������	������� $%�
�	�������!��&��

#�	$��������@
��	����'�
*�����
	U�
�U�
�+�����"��� K562 #�!
�	./
0�
	���$�� ;���,�
�	./
0���

�����	�
��
��	��������	��������%�����$%�#�	$��������@
��	����#�!$	�9	+�����#�!
���;�

��!�����
��

#�	$��9	+���::�!�+���������$%�
�	�%���BB��_�!'�
*���&����%���'9�
�	&�����
�����?�!��&��

#�	$��������@
��	�������� �,�'9�����$	�
�	&�%�$�����
*�����
	U�
�U�
�+���������;����! '�


�	./
0��������	�
��
��	�������$%�
�	�,�������#�	$��������@
��	����#�!$	���?��,�
�	./
0�

#�!
�	���	����������$�����#�	$��������@
��	����#�!
�	
��?!�'���	 cyclohexiamide */���,�9������

!��!�?�
�	���
�	��9�#�	$��'9�% �����?�
	�����	>���	����������$�����#�	$��#�!�,���C9��%��	/��

"���$���#�	$��������@
��	����'�
*��� K562 
�+���,�
�	��������!��	�
��
��	��������	��������������


������ 15 �M 
���	�!�
������&$
$%��
�� &����,�
�	
�	�!�
��!�
���_������;�%;��>@

��?!�'���	

�
��
��	��������	��������������
������ 15 �M #�!:�

�	./
0�&���'9�
9U��!%��"��
:��%�
�	����

���#�	$��������@
��	����
�+��>@
��������!��	�
��
��	��������	�������;�%

��!�����
��
	����
�	


�	�,���!#�	$��#�!��?���?
�+���:�
�%��	/��"���$���#�	$��������@
��	�������>@
��������!��	�
��
��	�

�������	������� ���%�
�%�
�� 14.4 "���#�� */��;�%&$
$%��:�
���;�%;��>@
��������!��	�
��
��	��������	�

������ �+� 12.6 "���#�� ��
:�
��?!���,�
�	./
0�
3+��!+�!������� cycloheximide #�!
�	'"���	 MG132 

*/���,�9������
��� proteosome inhibitor 3��%���	�
��
��	��������	�������!��������	>��	����
�	

&�����
���#�	$��������@
��	����;�� &���'9�
9U��%�
�	�������#�	$��������@
��	����#�!��	

�
��
��	��������	���������?�;�%

��!�����&��;�%$�����.�!
	����
�	
�	�,������� proteasome 

pathway �����?�����	>�	��;���!%��"��
:��%�
�	�������#�	$��������@
��	����#�!��	�
��
��	����-
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����	�������;�%;������#�!$	�$%�
�	�,���!#�	$��������@
��	���� */����
�	�����������&$
$%��:�


��
�	�����'�
*��� U937 ���
���
�U
#�:����������@
��	���� ���!��������@
��	����;�#*X�	�� +/+ ���

3��%�#�	$������	����/?���'9�% :�>@
�,���!#�!
	����
�	�,���!_�!'�
*���
�� ��::�
�+���:�


����;�%���@	C����
	����
�	9������
�	��9�#�	$��'�
*��� U937 
�� 

 '�
�	./
0�
�;
�����	�
��
��	��������	������� $%�
�	�������������@
��	����
�U���	�
�U�


� #�!'"� actinomycin D $%�
�	!�?�!�?�
�	���
�	��9�
�U���	�
�U�
�'9�% 
�	�����
9U��!%��"��
:��%�


�	�������	����������@
��	����
�U���	�
�U�
� #�!��	�
��
��	��������	���������?�;�%

��!�����
��
�	

�,���!9	+�������$�����������@
��	����
�U���	�
�U�
� #�!�%��	/��"���$���������@
��	����
�U���	�
�U�
����

>@
��������!��	�
��
��	��������	�������;�%&$
$%��
���%��	/��"���$���;�%>@
��������!��	�
��
��	�

�������	������� */�����%�
�%�
�� 6.66 &�� 6.03 "���#�� $���,���� �����?�
�	�������������@
��	����
�U�

��	�
�U�
�&��#�	$��������@
��	����'�
*�����
	U�
�U�
�+�������� K562 �	��;���%�;�%

��!�����
��


	����
�	�,���!9	+�������$�����
�U���	�
�U�
�&��#�	$��������@
��	���� 

 :�

�	./
0�����$�����3��%�
�	���������?�!��&��#�	$��������@
��	����;�%

��!�����
��


	����
�	�,���!
�U���	�
�U�
� &��#�	$��������@
��	����#�!$	� :/�;���,�
�	./
0�$%�;��%���	

�
��
��	��������	�����������$%�
�	
	����
�	�%���BB�C_�!'�
*���9	+�;�% �!%��;	 :�

�	./
0�

;��
�!��	�!����������3�������
��	��������!��
��
�;

�	�%���BB�C_�!'�
*�����
%��&��� 3��%�


��	��������!������	>!��!�?�
�	�,�������#�	$��;�
�� (protein kinase) ;��9��!"��� #�!
�3�� 

protein kinase C (PKC), protein kinase A (PKA) 9	+� protein p38 MAPK (75,76) :/�
���;�;���%� 

protein kinase "���'�"���9�/���%�:���������,���B'�
	����
�	'�
�	
	�$���
�	�,�������

#�	$��������@
��	����'�
*�����
	U�
�U�
�+�����
U
���;�� �����?�
�	./
0���? ;���,�
�	����������


��	�������$%�
�	�%���BB�C
3+��
	�$���
�	�,�������!��������@
��	���� '�	����
�	�%���BB��_�!

'�
*��� (intracellular signal transduction pathway) #�!'"�����
�	$	�:���
�+?��$��&�� protein 

microarray (protein assay kit) :�
��
�	�����3��%���	�
��
��	��������	�����������	>��
�	

&�����
���#�	$��'�	@���� phosphorylation ��� JNK pan (T183/Y185, T221/Y223), c-Jun (S63), 

CREB (S2448), HSP27 (S78/S82), &�� P38� (T180/Y182) ��
:�
��?!��3��%���	�
��
��	��������	�-

������!�����	>��
�	&�����
��� active PKC� ;�����! #�!���� Western blot 9���:�
��?��,�
�	!+�!��

�����
�%��#�!
�	'"� GF109203x */��
��� selective PKC inhibitor �������
��������� 0.0084 �M */��
���

����
����������%� IC50 ��� PKC� &��'"� SP600125 */��
��� JNK inhibitor �,�
�	�����
��
*�����
	U�


�U�
�+�����"��� K562 9���:�
��?��,�
�	���	����
�	&�����
���!��&��#�	$��������@
��	����'�

	@���� phoshorylation form ��
�	�����3��%� GF109203x �������
������ 0.0084 �M (IC50 ��� 

PKC� inihibitor) 3��%�'�"%��
��� 3 "���#�����
�	����� GF109203x �������
������ 0.0084 �M 
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��
*��� K562 ����	>��
�	&�����
���!��������@
��	���� ;�� 17% &��'�"%��
������ 5 "���#�� 

����	>��
�	&�����
!��������@
��	����;����
������>/� 46% &��:�

�	./
0��������	�
��
��	�

�������	�������$%�
�	&�����
��� phosphorylation kinase #�! protein array kit 3��%���	�
��
��	����

����	�����������	>��
�	&�����
��� phosphorylation JNK pan (T183/Y185, T221/Y223) &�� c-

Jun (S63) �����?�:/��,�
�	./
0������ JNK inhibitor �������
������ 0.040 �M (�%� IC50) �,�
�	�����


��
*��� K562 &�����	����
�	&�����
���!��������@
��	����3��%�"%��
������ 5 ����	>��
�	

&�����
���!��������@
��	�;�� 37% �����?�:�
��
�	./
0���� PKC inhibitor &�� JNK inhibitor 

'9���
�	!��!�?�
�	&�����
���#�	$��������@
��	���� �����������
����	�
��
��	��������	����������

����	>!��!�?�
�	&�����
���!��������@
��	���� �����?�
�;
'�
�	!��!�?������	�
��
��	��������	�

������$%�
�	�������#�	$��������@
��	���� �%�:�

��!�����
��
�;

�	!��!�?�
�	�%���BB�C_�!'�


*������ PKC &�� JNK */��
�	�%���BB�C_�!'�
*�������� PKC 
�����

��!����� :�
���
�	�%���BB�C

'�	����$���� (upstream) ���#�	$�� JNK #�!
�;

�	!��!�?����

���%�:�

���/?�:�
 PKC� isoform 

>@
!��!�?�
�	
$�� X��
X$ '9�
��#�	$�� JNK �,�'9�
�	&�����
���!��&��#�	$��������@
��	����

���� �����?� JNK �%�:�
���#�	$��
	�$���$%�:�
 PKC �������$%�
�	
	�$���
�	�,�������#�	$�������

�@
��	���� �����?�:�

�	��./
0���?����	>�	��
�;

�	!��!�?�#�!��	�
��
��	��������	�������$%�
�	

��
�	&�����
�����?�!��&��#�	$��������@
��	���� �%�:�

��:�
��	�
��
��	��������	�������;�!��!�?�


�	&�����
��� PKC� �,�'9� PKC� ;�%����	>�,�9������
$��X��
X$'9�
��#�	$�� JNK ;�� �,�'9� 

JNK ;�%�,���� �,�'9�;�%����	>
$��X��
X$'9�
��#�	$��������@
��	����;�� �,�'9�#�	$��������@
��	�

���*/���,�9������
��� transcription factor ;�%����	>;�:��
��#�	#�
$�	����!��������@
��	����;�� �%���

�,�'9�;�%

��
�	
	�$���
�	&�����
���!��������@
��	����;�� 
������,�'9�;�%
�	�	��� mRNA 

(transcription) &��
�	���
�	��9�#�	$�� (translation) �,�'9���
�	��
�	&�����
���!��&��#�	$��

������@
��	���� */��
�;
'�
�	!��!�?�#�!
��	��������	�����������	>�	��;�����	@���� 58 
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��!����������	�
��
��	��������	�������$%�
�	��
�	&�����
���!��&��

#�	$��������@
��	����'�
*�����
	U�
�U�
�+�����"��� K562  

WT1 protein 
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 :�

�	./
0�
�	./
0�
�;
����	�
���
��	��������	�������:�
���?�"��$%�
�	!��!�?�
�	

�,�������#�	$��������@
��	����'�
*�����
	U�
�U�
�+�����"��� K562 ����	>�	��;�������? 

 1. ��	�
��
��	�����������	>!��!�?���?�!��&��#�	$��������@
��	����"��� exdogeous ���������@


��	������?� 4 ;�#*X�	�� #�!
�	$��$%�
���;�'� pcDNA 3.1(+) &����,�
����@%
*�����
	U�
�U�
�+�����

"��� U937 ��	�
��
��	�����������	>��
�	&�����
���#�	$��������@
��	�"��� +/+ ;���������� #�!

�%��
�;

�	�,���!#�	$��������@
��	���� 
�+���:�

�	�	���#�	$��������@
��	����'�
*�����
	U�
�U�


�+����� U937 ��?� ��:�	���;��;�%���	@C�
3	��
*�����
	U�
�U�
�+����� U937 #�!�
$���
�	�	���

#�	$��������@
��	����'�	����$�,���
 
�+��>@

	�$���'9���
�	�	���#�	$�����
�%����
�/?���:�,�'9�


	����
�	���
	�!
�%� post trandslation modification ���#�	$��������@
��	�������
3�����
�/?�;�%�
$� */��


�	
$��X��
X$'9�
��#�	$��������@
��	����9���
�	�	���#�	$�� �%�:�
���
9$���9�/������,�'9�#�	$��

������@
��	����;�%�
>�!	 
�+���:�
#�	$��;�
��*�>@
!��!�?�
�	�,����#�!
��	������� 

 2. 
�	./
0�
�;
�����	�
��
��	�������$%�
�	�������!��&��#�	$��������@
��	����"��� 

endogenous '�
*�����
	U�
�U�
�+�����"��� K562 #�!
�;
����,���B�+���	�
��
��	��������	���������


�	�,������� PKC� */���!@%'� PKC signaling pathway #�!�����;����������
����
�	./
0���� 

PKC� inhibitor (GF109203x �������
������ 0.0084 �M) $%�
�	&�����
!��&��#�	$��������@
��	���� 

�+�
�+��!��!�?�
�	�,������� PKC� �,�'9��%���!��!�?�
�	&�����
���!��&��#�	$��������@
��	�������! 

��
:�
��?!��./
0�$%�>/�
�;
$%�
�+���'�	�����/
��;� (downstream) ��� PKC pathway 3��%�#�	$�� 

JNK 
���#�	$����
$�����
�����

��!����� 
�+���:�
��
�	./
0������	�
��
��	�������$%�#�	$�� 

phospho kinase #�!'"�"��$	�:��� phospho kinase array kit 3��%���	�
��
��	�����������	>��
�	

&�����
��� phosphorylation JNK pan (T183/Y185, T221/Y223) ;�� &��
�+��'"� JNK inhibitor 

(SP600125 �������
������ 0.040 �M) '9���
�	./
0������������
����
�	./
0������	�
��
��	����

��� �+�����	>��
�	&�����
���#�	$��������@
��	����;�� �����?�
�;
����,���B������

��!�����'�
�	

�������!��&��#�	$��������@
��	����#�!��	�
��
��	������� �+��%��
�;

�	�%���BB�C��� PKC 

*/��
���
�	�%���BB�C��������� &���%��%�������#�	$�� JNK &��#�	$�� JNK �%�:�
���$��
	�$���


�	�,�������#�	$��������@
��	���� */�������,���B���
�;
����	@�3+?�������;��:�

�	�������?

����	>�,�;�'"�
3+�������!
�;
�����	�
��
��	��������	������� '�
�	�,�;�'"��	�#!"��'�


*�����
	U�
�U�
�+�����'�����$$%�;�;�� 
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This study examined the antileukemic activity of non edible parts of 13 common Thai tropical fruits. 
Their ethanolic extracts were tested for cytotoxic effects on U937, K562, HL60, Molt 4 and normal 
human peripheral blood mononuclear cells (PBMCs). Three of 20 crude plant extracts (kaffir lime 
leaves, mangosteen peels, and wampee�leaves) had strong cytotoxic effects on K562, U937, and Molt4 
cells. The IC50 values of kaffir lime leaves on those cells were 26.1, 9.0 and 11.9 μg/ml respectively, 
whereas those of mangosteen peel were 23.6, 4.5 and 10.1 μg/ml, and those of wampee leaves were 
71.9, 13 and 70.4 μg/ml. Furthermore, pomegranate peel extract had a potent cytotoxic effect on HL60 
cells (IC50 of 8.0 μg/ml), but was non-toxic to normal PBMCs, indicating that as a potential source of 
antileukemic agents. 
 
Key words: Fruit plants, cytotoxicity, leukemic cell line. 

 
 
INTRODUCTION 
 
Leukemia was first recognized by the German pathologist 
Rudolf Virchow and John Bennett in 1845 (Virchow, 
1845; Craigie, 1845). Leukemia refers to a group of acute 
or chronic malignant diseases that involve the blood-
forming organs, characterized by an abnormal prolifera-
tion, differentiation, and excessive production of white 
blood cells and their precursors in the bone marrow, with 
or without a corresponding increase of those in the 
circulating blood. This results in decreased production 
and function of normal blood cells. Leukemia can spread 
to the lymph nodes, spleen, liver, central nervous system, 
and other organs. To date, the rapid growth of advanced 
technologies and new discoveries in the diagnosis and 
treatment of leukemia have made surviving from leuke-
mia more likely than in the past. Chemotherapy is one of 
the methods used most frequently in the treatment of 
leukemia. It works by restraining leukemic cells from 
growing or multiplying and then causing their disruption. 
Many varieties of fruits and vegetables have been   
evaluated for their protective activity against cancer. 
Significant alteration of the incidence of  collrectal  cancer 
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has been reported as resulting from the comsumption of 
a diet high in fruits and vegetables. The antioxidative 
activity of major substances in this diet group has genera-
ted interest in fruit and vegetable species as potential 
sources of chemotherapeutic compounds (McCann et al., 
2007). Recently, we investigated antioxidative and cytoto-
xic activities against Caco-2 and PBMCs cells of several 
fruit peel extracts. Pomegranate peel had the highest 
antioxidative activity, followed by the extracts of 
rambutan, mangosteen, and banana peels. Interestingly, 
mangosteen peel extract exhibited cytotoxicities against 
Caco-2 and PBMCs cells. These results were of interest 
for investigaing the cytotoxicity of these plants against 
other cancer cells (Okonogi et al., 2007). 

Natural antioxidant compounds such as curcumin pos-
sess the ability to induce cell death in two leukemic cell 
lines: K562 and Jurkat cells (Duvoix et al., 2003). 
Curcumin I and III exhibited in vitro cytotoxicity against 
human chronic myeloid leukemia (Nagabhushan and 
Bhide, 1992). Kuo et al. (1996) have shown that the 
dietary component pure curcumin induced apoptosis in 
human leukemia HL60 cells at a concentration of 3.5 
μg/ml. In the course of searching for new chemical 
entities or remedies from ethnomedicine, the extracts de-
rived from plants, especially fruits or  related  waste  parts 



  

014   Afr. J. Pharm. Pharmacol. 
 
 
 
are of interest as sources of chemotherapeutic agents. 
Approximately 25% of the drugs prescribed worldwide 
come from plants, 121 such active compounds being in 
current use. About 60% of anti-tumor and anti-infectious 
drugs launched on the market or under clinical trial are of 
natural origin (Shup, 1998). 

In Thailand, tropical fruits are widely grown for domes-
tic consumption and for export. However, their waste 
products, such as leaves, peels or seeds, are often 
discarded as garbage. Several types of fruit were selec-
ted for this study, based on high levels of consumption in 
Thailand, ethnomedical use, and their various pharmaco-
logical properties. Screening for antileukemic agents from 
the edible and non edible portions of several fruit plants 
was conducted on four representative leukemic cell lines 
(K562, U937, Molt4, and HL60 as well as the normal 
peripheral blood mononuclear cells (PBMCs)).  
 
 
MATERIALS AND METHODS 
 
Fruit�plants 
 
Thirteen species of fruits, grown in Thailand and either are com-
monly consumed or possess phytopharmaceutical properties were 
purchased from local grocery stores in Chiang Mai, Thailand. The 
species examined were: star fruit (Averrhoa carambola L.), wampee 
leaves (Clausena lansium (Lour.) Skeels), kaffir lime (Citrus hystrix 
DC.), coconut (Cocos nucifera L.), longan (Euphoria longan Lam. or 
Dimocarpus longan Lour.), banana (Musa sapientum L.), 
mangosteen (Garcinia mangostana L.), dragon fruit (Hylocereus 
undatus), long-gong (Lansium domesticum Correa), rambutan 
(Nephelium lappaceum L.), passion fruit (Passiflora foetida L.), 
Guava (Psidium guajava L.) and pomegranate (Punica granatum 
L.). 
 
 
Chemicals 
 
Dimethyl sulfoxide (DMSO), 3-(4, 5-dimethylthiazolyl-2)-2, 5-
diphenyl tetrazolium bromide (MTT), and Histopaque®-1077 were 
purchased from Sigma-Aldrich (St Louis, MO, USA). RPMI 1640 
and penicillin-streptomycin from GIBCO™ Invitrogen (Grand Island, 
NY, USA). Fetal bovine serum (FBS) was obtained from Biochrom 
AG (Berlin, Germany). Ethanol was purchased from Fluka Che-
micals (Buchs, Switzerland). All other chemicals were of the highest 
grade available. 
 
 
Ethanolic extracts 
 
The dried and ground parts of each fruit were extracted with 95% 
ethanol for three days at room temperature, filtered and concen-
trated using a rotary evaporator (Eyela N-100, Tokyo, Japan) at 
45°C.  

The extract was dissolved in dimethyl sulfoxide (DMSO) and dilu-
ted with complete RPMI 1640 medium to give final concentrations 
of total extract ranging from 3.13 - 100 μg/ml.   
 
 
Cell culture and cytotoxicity 
 
The erythroid leukemic cell line (K562), human promyeloid leukemia  

 
 
 
 
 
(HL60), human monocytic leukemia (U937), and human lympho-
blastic cell line (Molt4) were cultured in RPMI 1640 medium supple-
mented with 1 mM L-glutamine, 100 Units/ml penicillin and 0.1 
mg/ml streptomycin, 10% inactivated FCS, and adjusted to pH 7.2 
by the addition of 15 mM HEPES. All cell lines were maintained in a 
humidified incubator with an atmosphere of 95% air and 5% CO2 at 
37°C.  

Cell viability was determined by the MTT (3-(4,5 dimethylthiazol-
2-yl)-2,5 diphenyltetrazolium bromide) test method. MTT (5 mg/ml) 
was dissolved in PBS. The solution was filtered through a 0.2 �m 
filter and stored at 2 - 8°C. Cells were cultured in 96-well plates (3.0 
x 104 cells/ well) containing 100 μl medium, prior to the treatment 
with plant extract or vincristine (a chemotherapy drug used for some 
types of cancer) at 37°C for 24 hrs. After that, 100 μl fresh medium 
containing various concentrations of plant extracts or vincristine 
were added to each well, and incubated for another 48 hrs. Diluted 
plant extract or vincristine solutions were freshly prepared in DMSO 
prior to each experiment. The metabolic activity of each well was 
determined by the (MTT) assay and compared to those of untreated 
cells. After removal of 100 μl medium, MTT dye solution was added 
(15 μl / 100 μl medium) and the plates were incubated at 37°C for 4 
hrs in a humidified 5% CO2 atmosphere. After that, 100 μl of DMSO 
were added to each well, and mixed thoroughly to dissolve the dye 
crystals. The absorbance was measured using an ELISA plate 
reader (Biotek EL 311) at 570 nm with a reference wavelength of 
630 nm. High optical density readings corresponded to a high 
intensity of dye color, that is, to a high number of viable cells able to 
metabolize MTT salts. The fractional absorbance was calculated by 
the following formula: 
 

% Cell survival = Mean absorbance in test wells      x   100 

                               Mean absorbance in control wells 
 

 
The average cell survival obtained from triplicate determinations at 
each concentration was plotted as a dose response curve. The 
50% inhibition concentration (IC50) of the active substances was 
determined as the lowest concentration which reduced cell growth 
by 50% in treated compared to untreated culture. The IC50s were 
compared for their activities. An IC50 less than 20 μg/ml of crude 
extract was considered as an active compound against cancer 
cells, following the standard National Cancer Institute (NCI) criteria 
(Chen et al., 1988; Geran et al., 1972). 
 
 
Preparation of Peripheral Blood Mononuclear Cells (PBMCs) 
 
Blood samples from healthy volunteers were collected by vene-
puncture and transferred into 15 ml heparin coated test tubes. It 
was diluted at 1:1 ratio with PBS, layered onto Histopaque®-1077 at 
a volume ratio of 3:1 and centrifuged at 1,000 xg for 30 min. During 
the centrifugation the PBMCs moved from the plasma and were 
suspended in the density gradient, isolating them from erythrocytes 
and granulocytes. The PBMCs layer was removed and then 
washed twice with PBS. The supernatant was then removed and 
the cells were resuspended in RPMI 1640 medium supplemented 
with 1 mM L-glutamine, 100 Units/ml penicillin and 0.1 mg/ml 
streptomycin, 10% inactivated FCS, and adjusted to pH 7.2 by the 
addition of 15 mM HEPES. Cell viability was determined by the 
trypan-blue dye exclusion method. The PBMC cell density used in 
the cytotoxicity study was 1 x 105 cells/ well of the 96-well tissue 
culture plate. Dose-response curves between percentage of cell 
viability and concentrations of the extracts were constructed. The 
IC50 was determined from the plotted curve. 
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Table 1. Percent yield of extracts from different parts of non edible fruit products. 
 

No. Common name Scientific name Family Parts % yield 
1 Raw banana Musa sapientum�L. Musaceae Peels 7.66 
2 Ripe banana Musa sapientum L. Musaceae Peels 14.44 
3 Coconut Cocos nucifera L. Palmae Peels (inside) 5.80 
4 Dragon fruit Hylocereus undatus (Haw) Britt. & Rose Cactaceae Peels 1.40 
5 Guava Psidium guajava L. Myrtaceae Leaves 8.70 
6 Guava Psidium guajava L. Myrtaceae Stems 1.12 
7 Raw guava Psidium guajava L. Myrtaceae Raw Fruit 4.65 
8 Kaffir lime Citrus hystrix DC. Rutaceae Peels 17.52 
9 Kaffir lime Citrus hystrix DC. Rutaceae Leaves 7.42 

10 Kaffir lime Citrus hystrix DC. Rutaceae Stems 1.97 
11 Longan Euphoria longan Lam. 

Dimocarpus longan Lour. 
Sapindaceae Seeds 9.59 

12 Long-gong Lansium domesticum Correa Meliaceae Peels 5.71 
13 Mangosteen Garcinia mangostana L. Guttiferae Peels 7.21 
14 Passion fruit Passiflora foetida L. Plasifloraceae Peels 2.60 
15 Raw Pomegranate Punica granatum L. Punicaceae Peels 6.21 
16 Pomegranate Punica granatum L. Punicaceae Leaves 11.27 
17 Pomegranate Punica granatum L. Punicaceae Seeds 4.46 
18 Rambutan Nephelium lappaceum L. Sapindaceae Peels 10.68 
19 Raw star fruit Averrhoa carambola L. Oxalidaceae Raw Fruit 11.66 
20 Wampee Clausena lansium (Lour.) Skeels Rutaceae Leaves 8.66 

 
 
 
Microscopic Analysis 
 
Cell morphology of HL60 was examined after being treated with 8 
and 50 μg/ml pomegranate extract at 37°C for 48 hrs under the 
inverted microscope (Olympus, IX71, Japan). 
 
 
RESULTS AND DISCUSSION 
 
Yield of extracts 
 
Table 1 shows the percent yield of extracts obtained from 
different parts of fruit waste products. The yields 
expressed are based on the dried weight of sample raw 
materials.� Among these extracts, the highest (17.52%) 
and the lowest (1.12%) yields of extraction were 
observed from the kaffir lime peels and guava stems, 
respectively.� Sultana et al. (2008) reported that the 
percent yield of dry matter banana and pomegranate 
peels after extracting with 80% methanol was 16.4 and 
29.9%, respectively. Our result showed that the percent 
yield of banana peel extract is similar to the ripe banana 
peel extract (14.4%), whereas the pomegranate peel 
extract was different in percent yield (6.21%). In contrast, 
Akamine et al., 2009 found that the percent yield of fresh 
banana peel extract was 2.3%. In addition, the percent 
yield of extractable components using ethanol from Kaffir 
lime leaves as 2.56% (Hiran et al., 2009) and mango-
steen peel 29.46% (Bullangpoti et al., 2004). Variation in 
the percent yield of extracts might be because of different  

plant materials themselves for example the chemical 
composition of plant, nature of the soil and agro-climatic 
condition. The other factors could be the effectiveness of 
the extracting solvent to dissolve endogenous�
compounds. 
 
 
Cytotoxicity test 
 
Four human-origin cancerous cell lines (K562, U937, 
Molt4, and HL60) and a normal human cell type (PBMC) 
were used for the cytotoxicity test. The cancerous cell 
lines possess differences in their origin, morphology and 
genomes, resulting in susceptibility differences to the 
chemotherapeutic agents. In 1971, the hematopoietic cell 
line Molt4 was established from the peripheral blood of a 
patient in relapse from ALL by Minowada et al. (1972). 
These cells lacked surface and cytoplasmic immunoglo-
bulins. This cell line contains several copies of the 
Epstein Bar virus (EBV) genome. The most distinctive 
characteristic of the Molt4 cells was their rosette-forming 
ability with sheep, goat, horse, and pig erythrocytes. 

Furthermore, K562, the first myeloid-erythroid cell line, 
was established from a Ph’ chromosome positive CML 
blast crisis patient (Lozzio and Lozzio, 1975; Lozzio and 
Lozzio, 1979; Andersson et al., 1979). More than fifty 
leukemic cell lines have been generated in order to make 
cell available for leukemia studies, including U937 and 
HL60 cells. U937, a monocytic cell line,  was  established 
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Table 2. IC50 values (μg/ml) of fruit extracts on four leukemic cell lines and PBMCs. 
 

IC50 (μg/ml)ΔΔΔΔ (Mean + SD) 
No. Common name Parts 

PBMC K562 U937 Molt4 HL60 
1 Raw banana  Peels >100 >100 >100 >100 >100 
2 Ripe banana  Peels >100 >100 >100 >100 >100 
3 Coconut Peels (inside) >100 >100 >100 >100 77.3 ± 0.2 
4 Dragon fruit Peels >100 >100 >100 >100 >100 
5 Guava Leaves >100 >100 >100 >100 >100 
6 Guava Stems >100 >100 >100 >100 >100 
7 Raw guava  Fruit >100 >100 >100 >100 31.8 ± 2.5 
8 Kaffir lime Peels 47.5 ± 0.9 >100 70 38.6 ± 0.9 >100 
9 Kaffir lime Leaves 12.5 ± 0.6** 26.1 ± 1.2 9 ± 0.5** 11.9 ± 0.6** 17.1 ± 0.4** 

10 Kaffir lime Stems >50 >100 >100 70.4 ± 2.2 36.4 ± 0.8 
11 Longan Seeds >100# 84 ± 0.7 >100 >100 44.3 ± 1.1 
12 Long-gong Peels >100 >100 97 ± 0.2 >100 >100 
13 Mangosteen Peels 4.9 ± 0.2** 23.6 ± 0.7 4.5 ± 1.6** 10.1 ± 1.4** 77.3 ± 0.8 
14 Passion fruit Peels >100 >100 >100 >100 >100 
15 Raw pomegranate Peels >100# >100 >100 >100 7.9 ± 1.9** 
16 Pomegranate Leaves >100 >100 >100 >100 86.4 ± 1.7 
17 Pomegranate Seeds >100 >100 >100 >100 43.2 ± 1.6 
18 Rambutan Peels >100 >100 >100 >100 >100 
19 Raw star fruit Fruit >100 >100 >100 >100 >100 
20 Wampee Leaves 25 ± 1.8 71.9 ± 1.6 13 ± 2.1** 70.5 ± 1.9 59.1 ± 1.5 

 
Δ Asterisks denote mean of three independent experiment (n = 3). 
** Asterisks denote IC50 less than 20 μg/ml which are considered as an active compound against cancer cells. 
# Asterisks denote effective dose for cell stimulation (ED50): ED50 of longan seed extract = 50 + 1.2 μg/ml, ED50 of raw pomegranate peel extract = 44.4 
+ 0.4 μg/ml. 
 
 
 
from histiocytic lymphoma. HL60, a promyelocytic cell 
line, was established from AML-M3, M2 (Epatein et al., 
1976; Schneider et al., 1977; Gillis and Watson, 1980; 
Collins et al., 1977). These selected cell lines are repre-
sentative of four human leukemias, M3 (promyelocytic 
leukemia; HL60), M4 (monocytic leukemia; U937), 
erythrocytic leukemic cells derived from chronic myelo-
genous leukemia (CML; K562), and acute lymphoblasttic 
leukemia (ALL; Molt4). 

The cytotoxicity and selectivity of the fruit extracts 
against the selected cancerous cell lines are summarized 
in Table 2. According to the standard National Cancer 
Institute criteria (Chen et al., 1988; Geran et al., 1972), 
crude extracts possessing an IC50 less than 20 μg/ml are 
considered active against the tested cancer cells. The 
extracts with the IC50 less than 20 μg/ml against the 
cancer cell lines were kaffir lime leaves (9 μg/ml for 
U937; 11.9 μg/ml for Molt4; 17.1 μg/ml for HL60), 
mangosteen peels (4.5 μg/ml for U937; 10.1 μg/ml for 
Molt4), wampee leaves (13 μg/ml for U937) and raw 
pomegranate peels (8 μg/ml for HL60) (Table 2 and 
Figure 1). PBMC cells are frequently used as the model 
for the cytotoxicity test in normal cells. Many studies have 
utilized PBMCs to assess the effects of chemicals or 
extracts on the proliferation  of  normal  cells  (Anazetti  et  

al., 2003; Liu et al., 2004). In this study, the highly 
cytotoxic activity of the extracts against PBMCs was a 
generally observed range (4.9 - 25 g/ml), except the 
extract from raw pomegranate peels, which exhibited cell 
stimulatory activity (Table 2 and Figure 2). In addition, 
pomegranate peel extract had no inhibitory effect on cell 
proliferation in K562, U937, and Molt4 cell lines. In this 
regard, the cytotoxicity of the active extracts was highly 
selective against the HL60 leukemic cell type (Table 2 
and Figure 1). Various parts of Punica granatum 
(pomegranate), especially the fruits, have been reported 
for their pharmacological activities. There have been a 
long ethnomedical history for the pomegranate fruits, and 
thus have been of interest to the pharmacological resear-
chers. Juice and peels of pomegranate fruits possess 
potent antioxidant, anticancer, and antiinflammatory 
activities (Okonogi et al., 2007; Lansky and Newman, 
2007). The stimulatory activity of pomegranate extract on 
PBMC proliferation indicates selectivity   of   the   extract   
against   specific leukemic cells (HL60) and nontoxicity to 
normal cells. In order to improve the immune response, 
such stimulation of PBMC proliferation might be bene-
ficial for patients with immunodeficiency. Longan seeds 
and pomegranate peels appear to be the best candidates 
for stimulating PBMCs  (Figure  2).  Most  of  the  extracts 
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Figure 1. Effect of the active extracts on leukemic cells; (a) K562, (b) U937, (c) Molt4, and (d) HL60. 
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Figure 2. Effect of the active extracts on normal PBMC cells. 

 
 
 
had no cytotoxic activity (IC50 values higher than 100 
μg/ml) against the studied cell types. The extract from 
kaffir lime leaves, mangosteen peels, and wampee 
leaves contained potential cytotoxic agent (s), as 
observed from both cancerous and normal cells. 
Matsumoto et al. (2004) had reported antiproliferative 
activity of �-mangostin, an active compound from mango-
steen pericarp, on several human leukemic cell lines. The 
compound demonstrated induction of apoptosis through 
mitochondria as the target site. However, the cytotoxicity 
on normal cells was not measured in that study. Essential 
oil from kaffir lime leaves, an essential spice in Thai food, 
displayed cytotoxic activity against KB and P388 cell lines 
(Manosroi et al., 2006). The IC50 values for KB and P388 
were 99.7 μg/ml and 74.6 μg/ml respectively, whereas 
lower IC50 values were observed for the extracts in our 
study (9 μg/ml for U937 and 11.93 μg/ml for Molt4). Lime 
oil possessed components those can induce apoptosis-
mediated cells death in human colon adenocarcinoma 
cells (Patil et al., 2009). Moreover, kaffir lime leave extract 

was known to exert strong anti-promoting activity in a test 
of promoter-induced Epstein - Barr virus (EBV) activation 
(Tiwawech et al., 2000). No antiproliferative activity on 
cancer cells has been reported for wampee leaves. 
However, the anticancer activity of wampee peel extract 
had been reported that 50 μg/ml of ethyl acetate fraction 
exhibited strong anticancer activities against SGC-7901, 
HepG-2 and A-549 cell lines with the corresponding 
inhibitory activities of 78.5, 72.4 and 69.2%, respectively 
(Prasad et al., 2009). 

Vincristine, a chemotherapy drug used as a treatment 
for some cancer types, had cytotoxic effects on K562, 
U937, Molt4, and HL60 cell lines with  the  IC50  values  8, 
0.09, 0.63, and 0.39 ng/ml, respectively. However, 
PBMCs were not affected by vincristine (IC50 value higher 
than 100 μg/ml) (Table 3 and Figure 3). Most of the fruit 
extracts which exhibited cell inhibition to leukemic cell 
lines, also expressed cytotoxicity to the PBMCs. Interes-
tingly, the extracts from pomegranate, raw guava and 
coconut peels inhibited the proliferation of  HL60,  but  no 
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Table 3. IC50 values (ng/ml) of Vincristine on PBMC, K562, U937, Molt4, and HL60. 
 

IC50 (ng/ml)* 
Chemotherapeutic agent 

PBMC K562 U937 Molt4 HL60 

Vincristine >100 8 0.09 0.63 0.39 
 

* Asterisks denote mean of three independent experiment (n = 3). 
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Figure 3. Effect of vincristine on normal PBMC, K562, U937, Molt4, and HL60. 

 
 
 
toxicity to the PBMCs.  

Regarding the mechanism of cytotoxicity of pomegra-
nate extract in HL60 cells, microscopic analysis showed 
the blebbing pattern of cell apoptosis at concentrations of 
8.0 μg/ml (IC50) and 50 μg/ml as compared to the vehicle 
control (Figure 4). This suggested that cytotoxicity of 
pomegranate might involve the apoptosis pathway. 
Future work will be designed to identify the possible 
signalling cascade. 

The cytotoxicity test is required for future work regar-
ding the target inhibitory protein in order to gain insight 
into the mechanism of inhibitory effect on the proliferation 
of the leukemia cells. The noncytotoxic doses in terms of 
IC20  can  be  used  for  gene  expression   determination,  

especially Wilms’ tumor 1 (WT1) mRNA and protein level. 
The WT1 gene is one promising biological marker for 
measuring cell proliferation (Anuchapreeda et al., 2006). 
In addition, further purification to eliminate toxic agent (s) 
against normal cells is necessary. Testing purified com-
pounds will help to determine the specific cytotoxic 
chemicals responsible for the observed inhibitory effects 
on leukemia cell lines. 
 
 

Conclusion 
 

We tested the cytotoxicity to leukemic cells for various 
fruit extracts. Pomegranate peel extract strongly inhibited 
HL60 cells, and was  non-toxic  to  normal  cells.  Interes- 
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Figure 4. HL60 cell morphology after pomegranate extracts treatment for 2 days. Cell morphology of 
HL60 was examined after treatment with (a) vehicle control, (b) 8 μg/ml, and (c) 50 μg/ml pomegranate 
extract. 

 
 
 
tingly, we observed a stimulating activity of this extract on 
PBMC proliferation, indicating the selectivity of the extract 
against only specific leukemic cells (HL60). The peel of 
this plant is a promising source of antioxidant or antican-
cer agents, since the fruits are widely cultivated in 
different parts of the world. Mangosteen peels, kaffir lime 
leaves, and wampee leaves also inhibited of K562, U937, 
and Molt4 cell lines. Even though they were toxic to 
PBMCs, noncytotoxic doses can be analyzed for their 
effects on leukemia biological markers, such as the WT1 
gene. However, further study of the activity associated 
with the different species, cultivation conditions, and 
investigation the active constituents of these plants may 
provide useful comparative information in the future. 
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1. Introduction 

 

Cancer is a major cause of mortality worldwide and cancer incidents rapidly increase 

from year to year. In 2000, there were�10.4 million new cancer cases and it is expected that 

this number will be doubled in 2030 (Global cancer control, 2008). Recent studies have 
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shown strong evidence that biological reactive oxygen species (ROS) such as hydroxyl 

radicals (OH°) and the superoxide anion (O2
-°) are involved in the development of cancer. 

Aerobic organisms possess mechanisms of ROS scavenging exploiting antioxidant systems 

including enzyme-based antioxidants such as superoxide dismutase, glutathione peroxidase, 

catalase, and glutathione reductase. However, tissue damage can be developed from an 

imbalance between ROS-generating and these in vivo defense systems, resulting in 

pathogenesis of a variety of degenerative disorders. The role of ROS in the pathogenesis of 

cancer is that these species react with DNA resulting in cell malfunction. Ultimately it can 

lead to malignancies by accumulation of somatic mutations (Hursting et al., 1999). 

As ROS are involved in cancer development, compounds with high ROS reduction 

activity are likely able to prevent cancer incidence. It has been shown that both synthetic and 

natural antioxidants play an important role in ROS reduction, resulting in prevention and 

treatment of ROS-induced tissue degenerations (Shukla and Pal, 2004). Natural antioxidants 

have received much attention in recent years because they are relative safe as compared to 

their synthetic counterparts. Fruits and vegetables are the major source of natural antioxidants 

and contain various kinds of antioxidant compounds such as vitamin C, vitamin E, 

carotenoids, lutein, lycopene, etc. (Cai et al., 2004). Among these compounds, polyphenolic 

compounds display antioxidant activity through different mechanisms, in particular by free 

radical scavenging and by chelating of metal ions (Du et al., 2009; Jacob et al., 2008). 

Recently, many studies reported that plant extracts with high levels of polyphenolic 

compounds have anticancer activity due to neutralization of ROS (Moongkarndi et al., 2004; 

Russo et al., 2005). 

The extracts of rambutan, mangosteen, and coconut peels were reported to possess 

high antioxidant potential (Esquenazi et al., 2002; Pallanisamy et al., 2008; Yu et al., 2007). 

The aim of the present study was to evaluate the antioxidant activity and cytotoxicity of 
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these plant extracts toward both cancer and normal cells. The total phenolic content of the 

extracts was determined in order to investigate the relationship between the observed 

activities and the phenolic content of the extracts. For cytotoxicity tests, KB (human oral 

squamous carcinoma cell), and Caco-2 (human colon adenocarcinoma cell) cancer cell lines 

were used as cancer cell models. Moreover, peripheral blood mononuclear cells (PBMC) 

were also used as human normal cells for cytotoxic evaluation of the plant extracts. 

 

2. Materials and Methods 

 

2.1. Chemicals 

 

 Ethanol, hexane, ethyl acetate, acetone, methanol, and hydrochloric acid were 

purchased from Merck (Darmstadt, Germany). Folin−Ciocalteu reagent, 2,2�-azinobis-(3-

ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), 2,4,6-tri(2-pyridyl)-S-

triazine (TPTZ), sodium carbonate, potassium persulfate, ferrous sulfate (FeSO4·7H2O), ferric 

chloride (FeCl3·6H2O), gallic acid, butylated hydroxytoluene (BHT), vitamin E, dimethyl 

sulfoxide (DMSO), Histopaque®-1077, and 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyl 

tetrazolium bromide (MTT) were purchased from Sigma–Aldrich (St. Louis, MO, USA). 

Trolox was obtained from Aldrich Chemical Company (Steinheim, Germany). Fetal bovine 

serum (FBS) was obtained from Biochrom AG (Berlin, Germany). Eagle's minimal essential 

medium (EMEM), RPMI 1640, trypsin–EDTA, and penicillin–streptomycin were purchased 

from GIBCO™ Invitrogen (Grand Island, NY, USA). All other chemicals were of the highest 

purity available. 

 

2.2. Plant materials  
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 Ripe fruits of rambutan (Nephelium lappaceum), mangosteen (Garcinia mangostana), 

and coconut (Cocos nucifera) were purchased fresh from markets in Chiang Mai, Thailand.  

 

2.3. Preparation of plant extracts 

 

 Fruit peels of rambutan, mangosteen, and coconut were washed with clean water and 

subsequently cut into small pieces and placed in a circulating oven at 45 °C until complete 

dryness. The stalk of mangosteen peels was removed and only the mesocarp part of the 

coconut peel were used in the study. The dried plant materials were ground into fine powders. 

 

2.3.1. Crude extracts  

 The dried powders of each plant material (~100 grams) were macerated with 95% 

ethanol (~500 mL, 48 h × 3) at room temperature. The extracts were combined, filtered and 

the solvent was removed under vacuum using a rotary evaporator at 45 °C. The obtained 

crude extracts were kept in a vacuum desiccator at 4 °C until further use. 

 

2.3.2. Fractionated extracts 

 Four solvents of different polarity (hexane, ethyl acetate, butanol, and methanol) were 

used to consecutively extract the powders of the selected plants. Firstly, the dried powder 

(~100 grams) was extracted with hexane through maceration (~500 mL, 48 h × 3) at room 

temperature. The residue after the third extraction was dried for 24 h at room temperature in 

order to remove hexane. Next, the dried residue was further extracted by maceration in ethyl 

acetate, butanol, and methanol, respectively, in the same way as described for hexane. 

Extracts of the same solvent were pooled and filtered. The solvent was removed under 
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reduced pressure using a rotary evaporator at 45 °C. The extracts obtained were stored in a 

desiccator at 4 °C for further studies. 

 

2.4. Determination of total phenolic content 

 

 The total content of phenolic compounds of the different extracts was determined by 

the colorimetric Folin–Ciocalteu method with slight adaptation as described by Sato et al. 

(1996). Briefly, samples of the obtained extracts were diluted in ethanol and pipetted into 96-

well plates. Next, Folin−Ciocalteu reagent and sodium carbonate were added to each well. 

The mixture was incubated for 2 h at room temperature in the dark. The blue color that 

developed was measured using a microtitre plate reader. Gallic acid was used for calibration. 

The phenolic content of the extracts is expressed in gallic acid equivalent (GAE) 

concentration (mg/mL).  

 

2.5. Antioxidant activity assays 

 

2.5.1. ABTS assay 

 This assay measures the free radical scavenging activity of agents based on the 

decolorization of ABTS free radicals. The assay was done in the same manner as described 

previously (Tachakittirungrod et al., 2007). Briefly, ABTS radical cations were generated by 

reaction of ABTS and potassium persulfate (K2S2O8) in water. The ABTS free radical 

solution was diluted to an absorbance of 0.7±0.2 at 750 nm and stored in the dark for 12 h. 

Next, extracts in ethanol were added to the ABTS free radical solution. The absorbance of the 

mixture was measured for 5 min using a microtitre plate reader. Vitamin E and BHT were 
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used as positive controls and trolox was used for calibration. The antioxidant potential is 

expressed as trolox equivalent antioxidant capacity (TEAC) value. 

 

2.5.2. FRAP assay 

 This assay measures the reducing properties of antioxidants based on the reduction of 

the ferric ion. The measurements were done in the same manner as described previously 

(Okonogi et al., 2007). In short, FRAP reagent was prepared by mixing TPTZ and FeCl3 

solution in acetate buffer. The extracts dissolved in ethanol were mixed with the FRAP 

reagent in 96-well plates and allowed to react for 5 min at room temperature. Vitamin E and 

BHT were used as positive controls and ferrous sulfate was used for calibration. A microtitre 

plate reader was used to measure the absorbance of the resulting mixture. The antioxidant 

activity of the extracts is expressed as equivalent capacity (EC) using ferrous sulfate for 

calibration. A higher value of EC implies a higher reducing activity of the extracts.  

 

2.6. Cytotoxicity assays 

 

 KB (human epidermal carcinoma of the mouth with HeLa contaminant) and Caco-2 

(human colorectal adenocarcinoma) cells were purchased from the American Type Culture 

Collection (ATCC) and cultured in Eagle's minimal essential medium (EMEM) 

supplemented with 10% fetal bovine serum (FBS), 100 U/mL of penicillin and 0.1 mg/mL of 

streptomycin. Cells were cultured in a humidified atmosphere at 37 °C in 5% CO2. The 

culture medium was renewed on alternate days. When the cells had reached confluency, they 

were subcultured at a split ratio of one to four by trypsinizing with 0.25% trypsin-EDTA in 

phosphate-buffered saline (PBS). The cytotoxicity study was performed when the cells 
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reached 80–90% confluence. Caco-2 and KB cells were seeded into the 96-well plates at a 

density of 8×103 cells/well and 3×103 cells/well, respectively.  

Blood samples from healthy volunteers were collected by venipuncture and 

transferred into heparin-coated, 15 mL test tubes . Blood was diluted at 1:1 ratio with PBS,  

layered onto Histopaque®-1077 at a volume ratio of 3:1 and centrifuged at 1000 xg for 30 

min. With this procedure, the PBMCs were separated from the erythrocytes, granulocytes, 

and platelets. The PBMC layer was removed and then washed twice with PBS. Subsequently, 

the cells were resuspended in RPMI 1640 culture medium supplemented with 10% FBS, 100 

U/mL of penicillin, 0.1 mg/mL of streptomycin. Cell viability was determined by using the 

trypan-blue dye exclusion method (Tennant, 1964). The cell density of PBMCs used in the 

cytotoxicity study was 1×105 cells/well of the 96-well tissue culture plates. 

 The cytotoxicity of the different extracts was tested by using a standard MTT assay 

described by Alley et al., (1988) with a minor modification. Briefly, KB cells suspended in 

100 μl of medium were plated into 96 well tissue culture plates. After 24 h incubation, 100 

�L fresh medium containing various concentrations of plant extracts (5–100 �g/mL) were 

added to each well, and incubated for another 48 h. Next, 100 �L of the medium was 

removed and 15 �L of 5 mg/mL MTT dye in PBS was added to the wells. Plates were 

incubated at 37 ºC for 4 h in humidified 5% CO2 atmosphere. Subsequently, the MTT 

solution was removed, 200 �L of DMSO was added and mixed thoroughly to dissolve the 

dye crystals. The absorbance at 570 nm was measured using a microtitre plate reader at 570 

nm with a reference wavelength of 630 nm. The cell viability was determined by the 

following formula:  

 

% Cell viability = Mean absorbance in test wells  x  100 
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Mean absorbance in control wells 

 

 Dose–response curves of percentages of cell viability plotted against concentrations of 

the extracts were constructed. The 50% inhibitory concentration (IC50) in case of cell 

inhibition, or effective dose (ED50) in case of cell stimulation was determined from the 

obtained plots. 

 

2.7. Statistical analysis 

  

 The experiments were done in the triplicate and the results are expressed as mean ± 

S.D. Statistical analysis was done using one-way ANOVA and P value at a level of 95% 

confidence limit.  

 

3. Results and discussion 

 

3.1. Extraction yields and total phenolic contents 

 

Table 1 shows the results of the extraction of the three plants (Cocos nucifer, 

Garcinia mangostana, and Nephelium lappaceum) with ethanol. The highest yield (10.7 %) 

was obtained from rambutan fruit peels while the lowest yield (5.8 %) was from coconut fruit 

peels. The total phenolic contents as measured using Folin-Ciocalteu assay ranged from 0.63-

0.72 mg/mL. It is noted that the fruit peels of rambutan and mangosteen demonstrated 

significantly higher total phenolic content than that of coconut peels. <Insert Table 1 here> 

The plant powders were consecutively fractionated with organic solvents with 

increasing polarity. The yields of these extractions and the total phenolic contents are 
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reported in Table 2. <Insert Table 2 here> It was found that extraction of the different plants 

with methanol gave the highest yields (16-26 %), whereas the yields obtained after extraction 

with hexane were the lowest (0.6-0.9 %). This is in line with the findings of Singh et al. 

(2002) who reported that extraction of pomegranates with methanol gave the highest yield. 

Extraction of the different plants with ethyl acetate and butanol gave intermediate yields 

(ranging from 3-12 %). The hexane extracts not only gave low yields, but also contained 

the lowest levels of phenolic compounds (0.1-0.3 mg/mL). The extracts of the more polar 

solvents (ethyl acetate, butanol, and methanol) contained substantially higher levels of 

phenolic compounds (ranging from 0.7-2.3 mg/mL) and comparable with those found in the 

ethanolic extracts (Table 1). Also in other studies, extracts obtained with relatively polar 

solvents (methanol or aqueous methanol mixtures) had the highest content of polyphenolic 

compounds (Dufour et al., 2007). 

 

3.2. Antioxidant activities of the different plant extracts 

 

Many methods have been used to determine the antioxidant activity of natural 

products (Antolovich et al., 2002). No single assay however can establish the full antioxidant 

potential of compounds, because multiple reactions and mechanisms are involved in 

antioxidative processes (Chu et al., 2000). Therefore, at least two different methods should be 

applied in order to evaluate the antioxidant capacity of extracts of fruits, vegetables, and other 

plant products (Du et al., 2009). In the present study, the antioxidant potency of our extracts 

was evaluated using the ABTS assay, which determines the free radical scavenging activity, 

and the FRAP assay, which measures the ferric ion reducing ability. Fig. 1 shows the results 

obtained with the ethanolic extracts. <Insert Fig. 1 here> 
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Fig. 1A shows that the TEAC values of the ethanolic extracts of the different plants 

were between 13.8 to 15.6 mM/mg. The antioxidant activity of the extracts was around the 

same as that of BHT but significantly higher than that of vitamin E. The crude coconut peel 

extract had higher TEAC activity than vitamin E but lower than that of BHT. Fig. 1B 

demonstrates that the antioxidant activities of the ethanolic extracts were about the same as 

that of vitamin E but around 3-fold higher than that of BHT. It is important to mention that 

the extracts of the plant peels have both excellent radical scavenging (Fig. 1A) and ferric ion 

reducing capacities (Fig. 1B).  Because of the high antioxidant activity and polyphenolic 

content of the crude ethanolic extracts, we fractionated the plants using solvents of increasing 

polarity (hexane, ethyl acetate, butanol, and methanol) in order to investigate whether 

fraction(s) with higher antioxidant levels could be obtained. The results are shown in Fig. 2 

(ABTS assay) and Fig. 3 (FRAP assay). Fig. 2 shows that by far the lowest antioxidant 

activity, as determined by the ABTS assay, was found in the hexane fractions (TEAC values 

ranging from 0.6-2.1 mM/mg) which can be ascribed to their very low polyphenolic contents 

(Table 2). The extracts of the more polar solvents had substantially higher activity (ranging 

from 6-23 mM/mg) which is corresponding to their high polyphenolic levels (Table 2). The 

ERP fraction even had 1.5 and 2.5 higher activity than that of BHT and vitamin E, 

respectively. <Insert Fig. 2 here> 

Fig. 3 indicates in line with the data of Fig. 2 that the hexane fractions had low 

antioxidant activity as determined by the FRAP assay (EC values ranging from 0.6-1.0 

mM/mg). The extracts obtained with the more polar solvents had higher activities (EC values 

from 2.1 to 20.2 mM/mg). The highest activity found in the MRP fraction exceeded the 

activity of vitamin E and BHT by a factor of ~2 and 7, respectively. These results show that 

by using solvents with different polarity, fractions were obtained with higher antioxidant 

activity than that of the crude ethanolic extracts. Taken together, it should be emphasized that 
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the ERP and MRP fractions had significantly better antioxidant activity in both assays than 

the controls, BHT and vitamin E (p < 0.05). <Insert Fig. 3 here> 

The correlation of TEAC and EC values is reported in Fig. 4 which shows that there is 

a linear relationship (R2 = 0.979) between the values obtained with both assays. It can not be 

concluded, yet, whether one or more compounds in the same extracts has both radical 

scavenging activity and ferric ion reduction capacity, or that different compounds are 

responsible for the different activities. Therefore, further fractionation of the extracts is 

necessary. <Insert Fig. 4 here> 

  

3.3. The relationship between the total phenol contents and antioxidant activities 

 

Fig. 5 and Fig. 6 show the relationship between the total phenolic contents and the 

TEAC (R2 = 0.897), and the EC (R2 = 0.886) values, respectively. This good linear 

relationship indicates that the antioxidant activity in the different fractionated extracts is, as 

anticipated, due to polyphenolic compounds. <Insert Fig. 5 and Fig. 6 here> 

 

3.4. Cytotoxicity test 

 

 Fig. 7, Fig. 8, and Fig. 9 show the dose-response curve of the tested fractions against 

KB, Caco-2, and PBMCs, respectively. Table 3 summarizes the IC50 and EC50 values as 

derived from these figures. It was found that the ECP and BCP extracts stimulate the 

proliferation of these cells (ED50 values ranging from ∼13 - 82 μg/mL). This suggests that the 

application of this extract, as a natural antioxidant in food or drug products for humans, 

should be done with caution. Interestingly, the HCP extract shows a potent antiproliferative 

effect on the KB tumor cell line (IC50 = 7.7 �g/mL), but has no antiproliferative effect on 
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normal cells (PBMCs). Therefore this fraction is an interesting natural source for a potential 

novel antiproliferative agent inhibitory to cancer cell growth, but that is nontoxic to healthy 

human cells. Combined with the results of Fig. 2 and Fig. 3 it can be concluded that the 

antiproliferative activity of the HCP extract is not related to its antioxidant activity, which 

suggests that the responsible compounds are not polyphenolic. The fractions obtained by 

extractions with the more polar solvent (ECP, BCP, MCP) did not have antiproliferative 

activities. Neither did the fractions of rambutan peel show strong cell growth inhibition 

nor stimulation except BRP and MRP which showed some stimulation on KB cell (ED50 

values of 15.7 and 9.8 μg/mL, respectively). Although ERP and MRP showed high 

antioxidant activity, ERP is preferred as antioxidant because MRP may induce cancer cell 

growth. <Insert Fig. 7, Fig. 8, Fig. 9  and Table 3 here> 

 The HMP, EMP, and BMP extracts showed potent antiproliferative activity on KB 

and Caco-2 cell line (IC50 values ranging from ∼8 - 97 μg/mL). This is in line with the results 

reported by Moongkarndi et al. (2004) who found that the crude methanolic extract from the 

pericarp of mangosteen showed strong antiproliferation and induction of apoptosis on 

SKBR3 human breast cancer cells. Moreover, the ethanolic extract from mangosteen peels 

had strong cytotoxic effects on K562, U937, and Molt4 cell lines with the IC50 values of 23.6, 

4.5, and 10.1�μg/mL (Ampasavate et. al., 2010). Mangosteen fruit is a rich source of phenolic 

compounds such as xanthone, α-mangostin, and tannin (Zadernowski et al., 2009). It has 

been reported that six xanthones from pericarps of mangosteen had potent cytotoxic activity 

against human leukemia HL60 cells (Matsumoto et al., 2003) and α-mangostin induced cell 

cycle arrest and apoptosis in human colon cancer DLD-1 cells (Nakagawa et al., 2007). Table 

4 shows that all mangosteen peel fractionated extracts had cytotoxic action on PBMCs with 

IC50 values ranging from ∼6 - 24 μg/mL. This limits the application of this fraction as a 

source of novel anticancer agents. In this respect the HCP extract has the highest potential.  
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4. Conclusion 

 

In this study we have shown that rambutan peel extracts, particularly the ERP and 

MRP fractions possess strong radical scavenging activity and ferric ion reduction capacity. It 

was shown that polyphenolic compounds in extracts are most likely responsible for the 

observed antioxidant action. Interestingly, HCP showed a high cytotoxic effect towards KB 

cells, but possessed no detectable cytotoxicity towards PBMCs. In future studies, it is our aim 

to establish the chemical structures and biological activities of the compounds present in ERP 

responsible for the antioxidant activity and present in HCP responsible for the 

antiproliferative activity. 
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Fig. captions 

 

Fig. 1.  Antioxidant activity of the ethanolic extracts (Table 1) from the fruit peels of three 

plants using ABTS (A) and FRAP (B) assays. Vitamin E and BHT were used as 

standards. Calibration was done with trolox (ABTS assay) and ferrous sulfate 

(FRAP assay). 

Fig. 2. Antioxidant activity of fractionated extracts (Table 2) using ABTS assay. Vitamin 

E and BHT were used as standards. 

Fig. 3. Antioxidant activity of extract fractions (Table 2) using FRAP assay. Vitamin E 

and BHT were used as standards. 

Fig. 4. Correlation between TEAC and EC values of the different fractionated extracts of 

three fruit peels 

Fig. 5. Correlation between TEAC values and total phenolic contents of the different 

extracts 

Fig. 6. Correlation of EC values and total phenolic contents of the different extracts 

Fig. 7. Dose-response curves of viability of KB cell line (A), Caco-2 cell line (B), and 

PBMC cells (C) and concentration of fractionated peel extracts of coconut 

Fig. 8. Dose-response curves of viability of KB cell line (A), Caco-2 cell line (B), and 

PBMC cells (C) and concentration of fractionated peel extracts of rambutan 

Fig. 9. Dose-response curves of viability of KB cell line (A), Caco-2 cell line (B), and 

PBMC cells (C) and concentration of fractionated peel extracts of 

mangosteen  
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Table 1 

Yields of the ethanolic extracts (% w/w) and total phenolic content from the fruit peels of 

three plants 

 

Plant names 
Sample 

Code 

Yield 

(%, w/w) 

GAE 

(mg/mL) 

Common name Scientific name    

Coconut Cocos nucifera CP 5.8 0.63 + 0.03 

Rambutan Nephelium lappaceum RP 10.7 0.72 + 0.05 

Mangosteen Garcinia mangostana MP 7.2  0.68 + 0.06 
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Table 2  

Yields and total phenolic content of fractionated plant peel extracts 

 

Plant Solvent Sample code 
Yield 

(%, w/w) 

GAE 

(mg/mL) 

Coconut hexane HCP 0.6  0.30 + 0.01 

  ethyl acetate ECP 3.7  1.31 + 0.01 

  butanol BCP 4.1  1.06 + 0.04 

  methanol MCP 15.9  0.67 + 0.07 

Rambutan hexane HRP 0.6  0.29 + 0.01 

  ethyl acetate ERP 3.0 2.28 + 0.02 

  butanol BRP 7.4 1.73 + 0.03 

  methanol MRP 25.5  2.05 + 0.11 

Mangosteen hexane HMP 0.9  0.09 + 0.01 

  ethyl acetate EMP 5.5  1.16 + 0.17 

  butanol BMP 11.6  0.49 + 0.05 

  methanol MMP 18.8  1.64 + 0.06 
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Table 3  

IC50 and ED50 values of the fractionated peel extracts for KB cell line, Caco 2 cell line and 

PBMC normal cells 

 

KB Caco-2 PBMC 

Fractionated 

Extracts  

IC50
  

(μg/ml) 

ED50
  

(μg/ml) 

IC50
  

(μg/ml) 

ED50
  

(μg/ml) 

IC50
  

(μg/ml) 

ED50
  

(μg/ml) 

HCP 7.7 ± 0.5 ND ND >100 >100 ND 

ECP ND 13.4 ± 5.6 ND 48.3±2.7 ND >100 

BCP ND 33.5 ± 1.3 ND >100 ND >100 

MCP >100 ND ND >100 ND >100 

HRP ND >100 >100 ND ND >100. 

ERP >100 ND >100 ND ND >100 

BRP ND 15.7±6.9 >100 ND ND >100 

MRP ND 9.8±3.4 >100 ND ND >100 

HMP 97.4±17.7 ND 13.0±3.8 ND 13.4±1.8 ND 

EMP 24.3±0.3 ND 8.1±0.1 ND 5.9±0.2 ND 

BMP 8.2±1.6 ND 33.7±2.8 ND 24.2±1.2 ND 

MMP ND >100 98.8±2.8 ND 11.3±0.2 ND 

Tamoxifen ND ND 4.0±0.4 ND 4.0±0.7 ND 

ND = Not detectable 
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Introduction
Metastatic invasion is the primary cause of patient mortal-
ity during breast cancer progression.  For a transformed cell 
to metastasize to a distant site in the body, it must first lose 
adhesion, penetrate and invade the surrounding extracellular 
matrix (ECM), enter the vascular system, and adhere to distant 
organs[1].  The inhibition of invasion of cancer cells has been 
an important strategy in cancer treatment[2].  A crucial step 
in the invasive processes is the proteolytic degradation of the 
ECM and basal membranes[3].  Several studies have shown 
that among the enzymes responsible for ECM degradation, 
the matrix metalloproteinases (MMPs) appear to play a criti-
cal role[4–6].  MMPs are zinc-dependent endopeptidases, which 

collectively can degrade all constituents of the ECM.  Based on 
their structure and substrate specificity, they can be divided 
into subgroups of collagenases, stromelysins, gelatinases, 
membrane-type MMPs and other MMPs[7].

Breast cancer is the major cause of malignancy-related 
deaths of women worldwide.  In Thailand, breast cancer is the 
second most common cancer among women and its incidence 
is increasing[8].  Cancer invasion and metastasis are leading 
causes of morbidity and mortality in patients with breast can-
cer.  Several studies have demonstrated that upregulation of 
MMP-1, -2, -3, -7, -9, -13, and -14is associated with breast can-
cer cell invasion[9–11].  

MMP-3, also designated stromelysin 1, is a member of the 
matrixin family, which plays a pivotal role in the degradation 
and remodeling of the ECM.  MMP-3 degrades several compo-
nents of the ECM, such as fibronectin, laminin, collagen type 
IV[12–14] and proteoglycans, and is thought to play an important 
role in rheumatoid arthritis, osteoarthritis[15, 16], tumor cell inva-
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sion and metastasis[17].  Previous studies have demonstrated 
that the most invasive breast cancers exhibit the highest levels 
of MMP-3, while cells with an intermediate level of invasive-
ness have lower expression levels of MMP-3; noninvasive 
human breast cancer cells have undetectable levels of MMP-
3.  Recently, experimental evidence has shown that specific 
down-regulation of MMP-3 by anti-sense gene transfer leads 
to a loss of breast cancer invasion[18].  In addition, inhibition 
of MMP-3 activity with synthetic inhibitors reduces the inva-
sion and migration of various human malignant cell lines[19,20].  
Therefore, every level of regulation of MMP-3 expression and 
activity has been considered as a possible target for therapeu-
tic intervention[21].

Flavonoids, 2-phenyl-benzo-α-pyrones, are polyphenolic 
compounds that occur ubiquitously in fruits, vegetables, and 
plant-derived beverages[22].  These compounds possess a com-
mon phenylbenzopyrone structure (C6-C3-C6), with one or 
more hydroxyl substituents (Figure 1).  They are categorized 
(according to the saturation level and opening of the central 
pyran ring) primarily into flavonols, flavones, flavanols, isofla-
vones, flavonones, and flavanonols.  These polyphenolic com-
pounds have several biological activities, which include anti-
mutagenic, antiproliferative and antioxidant effects, as well as 
involvement in cell signaling, cell cycle regulation and angio-

genesis[23].  Furthermore, an increasing number of in vitro and 
in vivo studies have been conducted on the potential antime-
tastasis activity of flavonoids in various tumor cells including 
human breast cancer.  For example, quercetin and genistein 
have been shown to reduce human breast cancer cell invasion 
via down-regulation of MMP-1, -2, and -9 expression[24–26].  In 
an in vivo study, intraperitoneal administration of quercetin 
into syngeneic mice resulted in significant inhibition of lung 
colonization in a dose-dependent manner[27].  Moreover, kae-
mpferol, genistin and daidzein inhibited MDA-MB-231 cell 
invasion, with a concomitant reduction in the expression of 
ECM degradation enzymes[28].

However, the correlation between MMP-3 and flavonoids 
in vitro remains unclear.  In the present study we designed 
experiments to compare the effect of flavonoids in the form 
of flavonols (quercetin and kaempferol) and isoflavones 
(genistein, genistin and daidzein) on MMP-3 secretion, MMP-3 
activity and invasive activity in MDA-MB-231 human invasive 
breast cancer cells.  Our results demonstrate that the flavonols 
quercetin and kaempferol show higher anti-invasion potency 
and better MMP-3 inhibitory activity than isoflavones.  

Materials and methods
Materials
Dulbecco’s Modified Eagle’s Medium (DMEM) with or with-
out phenol red, penicillin-streptomycin, and trypsin-EDTA 
was purchased from GIBCO-BRL (Grand island, NY, USA).  
Fetal bovine serum was purchased from Hyclone (Logan, 
Utah, USA).  The antibody against MMP-3 was purchased 
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).  
Matrigel was purchased from Becton Dickinson (Bedford, MA, 
USA).  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT), β-casein, quercetin, kaempferol, genistein, 
genistin and daidzein were purchased from Sigma-Aldrich (St.  
Louis, MO, USA).  

Cell lines and culture conditions
MDA-MB-231, a highly invasive breast carcinoma cell, was 
grown in Leibovitz L-15 medium with 100 U/mL penicillin, 
100 μg/mL streptomycin, and 10% heat-inactivated FBS.  The 
cells were grown as a monolayer at 37 oC in a humidified 
atmosphere without CO2.  MCF-7, a non- invasive breast carci-
noma cell, and NIH3T3 fibroblasts cells were grown in DMEM 
supplemented with 100 U/mL penicillin, 100 μg/mL strepto-
mycin, and 10% heat-inactivated FBS.  Cultures were grown as 
a monolayer at 37 oC in a 5% CO2 /95% air atmosphere.

MTT assay for cell viability
Cell viability was measured by the conventional MTT reduc-
tion assay as previously described[29].  Briefly, MDA-MB-231 
cells were inoculated at a density of 5×103 cells/well in 96 well 
plates for 24 h in 100 μL of DMEM with 10% FCS.  Following 
seeding, the culture supernatant was removed and serum-free 
DMEM medium containing various concentrations of querce-
tin, kaempferol, genistein, genistin and daidzein was added 
and the cells were incubated for 24 and 48 h.  MTT dye (10 

Figure 1.  Nuclear structure of flavonoids (A).  Structure of the different 
flavonoids tested in this study (B).
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μL, 5 mg/mL) was added to each well and the plate was incu-
bated for an additional 4 h.  The absorbance of MTT-formazan 
was measured using a microplate reader at 540 nm with a ref-
erence wavelength of 630 nm.

Cell invasion assay
The invasive behavior of MDA-MB-231 cells was tested using 
the modified Boyden chamber assay[30].  Polyvinylpyrrolidone-
free polycarbonate filters (Millipore, Co Cork, Ireland) (8 μm 
pore sized) were coated with Matrigel (10 μg/filter).  The 
lower chamber contained serum-free conditioned medium 
from NIH 3T3 fibroblast cells, which acts as a chemoattractant.  
MDA-MB-231 cells (1.25×105 cells/chamber) were plated onto 
the upper chamber with or without various concentrations of 
flavonoids and incubated for 6 h at 37 oC, 5% CO2.  After incu-
bation, the noninvading cells were removed from the upper 
surface of the membrane.  The invading cells on the lower 
surface of the membrane were fixed with methanol for 1 min 
and stained with toluidine blue for 5 min.  The cells that had 
actively migrated to the underside surface of the filter were 
dissolved with 20% acetic acid and indirectly quantified by 
measuring the absorbance at 570 nm.  A control experiment 
was performed in the absence of chemoattractant.  The results 
of duplicate independent experiments were averaged after 
background subtraction.

Preparation of conditioned media 
MDA-MB-231 cells (1×106 cells) were seeded into a 75-mm3 T 
flask and maintained for 24 h in DMEM with 10% FBS.  Sub-
confluent cell cultures were incubated for 48 h with various 
non-toxic concentrations of flavonoids in serum-free DMEM 
without phenol red.  After treatment, the culture supernatant 
was collected and concentrated with Amicon-Ultra4 (Milli-
pore, Co  Cork, Ireland) for further studies.

Casein zymography
To determine MMP-3 activity in conditioned culture medium, 
MDA-MB-231 cells were incubated in serum-free DMEM 
without phenol red for 24 h at 37 oC in a 5% CO2 /95% air 
atmosphere.  The culture supernatant was collected and con-
centrated with Amicon-Ultra4 (Millipore, Co Cork, Ireland).  
Ten micrograms of unheated protein from concentrated 
culture supernatants underwent electrophoresis under non-
reducing conditions in 0.2% w/v casein-containing 10% poly-
acrylamide gels (PAGE) in the presence of SDS.  Gels were 
washed twice for 60 min in 2.5% Triton X 100 to remove SDS 
and subsequently incubated in Tris buffer (50 mmol/L Tris-
HCl, 200 mmol/L NaCl, 10 mmol/L CaCl2, pH 7.4) in the 
presence of various concentrations of flavonoids (0, 5, 25, and 
50 μmol/L) and phenantroline 50 μmol/L (positive control) 
for 48 h at 37 oC.  Gels were stained with Coomassie Brilliant 
Blue R (0.1% w/v) and destained in 30% methanol, 10% acetic 
acid.  Caseinolytic activity appeared as a clear band on a blue 
background.  Digestion bands were quantified by Bio 1 D soft-
ware (Viber Lourmat, Marne-la-Vallée, France).

To evaluate MMP-3 secretion by casein zymography, MDA-

MB-231 cells were incubated in serum-free DMEM without 
phenol red containing various concentrations of flavonoids (0, 
10, 20, or 30 μmol/L).  Ten micrograms of unheated protein 
from concentrated culture supernatants were subjected to elec-
trophoresis under non-reducing conditions in 0.2% w/v casein-
containing/10% polyacrylamide gels in the presence of SDS.  
Gels were washed, stained and destained as described above.

Western blot analysis of MMP-3
To investigate the effect of flavonoids on the secretion of 
MMP-3, western blot analysis was performed.  Equal amounts 
of concentrated conditioned media proteins from control and 
treated cells were resuspended in sample buffer and separated 
by SDS-PAGE, using 10% acrylamide gels.  After electrophore-
sis, proteins were electroblotted to a Hybond–C Extra nitrocel-
lulose membrane (Amersham).  The membrane was blocked 
at room temperature (RT) with 4% BSA in TBST (20 mmol/L 
Tris pH 7.5, 150 mmol/L NaCl, 0.3% Tween 20) for 2 h.  Mem-
branes were further probed with mouse monoclonal antibody 
against MMP-3 in 4% BSA in TBST (1:200; Santa Cruz Bio-
technology, USA) at 4 oC overnight.  The blots were washed 
in TBST and probed with horseradish peroxidase conjugated 
anti-mouse IgG (1:5,000; Chemicon, France).  After incubation, 
the immunoreactive material was visualized by enhanced 
chemiluminescence and exposed to X-ray film (Kodak, Wind-
sor, Colorado, USA) for 30−60 min.

MMP-3 ELISA
To further confirm the effect of flavonoids on MMP-3 secre-
tion, human MMP-3 double-sandwiched ELISA was per-
formed using commercial ELISA kits according to the manu-
facturer’s protocol (Calbiochem).  Briefly, 50 μL standard 
dilutions of recombinant human MMP-3 or experimental 
conditioned media and biotinylated detector monoclonal 
antibody were aliquoted into a 96-well microtiter plate coated 
with mouse anti- MMP-3 monoclonal antibody.  The plate was 
sealed, incubated at RT for 2 h, and washed three times with 
1×washing buffer; 100 μL diluted horseradish peroxidase con-
jugated to streptavidin was added and incubated for 30 min at 
RT and subsequently washed three times.  Aliquots of 100 μL 
of the color reagent 3,3’,5,5’-tetramethylbenzidine (TMB) were 
then applied for 30 min to develop a blue color, and the reac-
tion was stopped by adding 100 μL of 2.5 mol/L sulfuric acid.  
Absorbance was read at 450 nm by a spectrophotometric plate 
reader with a reference wavelength of 595 nm.  

Statistical analysis
Statistical analyses were performed using one-way ANOVA.  
P<0.05 or P<0.01 were considered statistically significant.  All 
statistical analyses were performed using SPSS 13.0 software 
(SPSS, Chicago, IL, USA).

Results
In vitro cytotoxicity assay
The effect of flavonoids on cell viability was measured by the 
MTT assay.  As shown in Figure 3, MDA-MB-231 cells treated 
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with the indicated amounts of quercetin, kaempferol and daid-
zein (0−100 μmol/L) for 48 h showed a concentration-depen-
dent inhibition of cell proliferation.  Genistein and genistin 
did not show pronounced effects on cell viability.  After a 24 h 
incubation, MDA-MB-231 cells showed eighty percent viabil-
ity when treated with bioflavonoids at concentrations below 
60 μmol/L.  The IC50 values at 48 h incubation calculated from 
the dose effect curve were 44.3±21.7, 60.0±16.3, >100, >100, and 
65±15 μmol/L for quercetin, kaempferol, genistein, genistin 
and daidzein, respectively (Figure 2).  

Effect of flavonoids on invasion activity
Cell invasion assays were performed with non-cytotoxic con-
centrations (10, 20, and 30 μmol/L) of bioflavonoids.  The 
invasive behavior of MDA-MB-231 was tested using the modi-
fied Boyden chamber assay.  MDA-MB-231 cells have the 
ability to invade through Matrigel.  MDA-MB-231 cells were 
treated with quercetin, kaempferol, genistein, genistin and 
daidzein (0, 10, 20, and 30 μmol/L) for 6 h.  Quercetin and kae-
mpferol significantly inhibited the ability of the MDA-MB-231 
cells to penetrate the reconstituted basement membrane, with 
an inhibitory concentration at 50% of control (IC50) values of 27 
and 30 μmol/L, respectively.  In contrast, genistein, genistin 
and daidzein had minimal effects on cell invasion even at high 
concentrations (Figure 3).
  
Effect of flavonoids on activity of MMP-3 in MDA-MB-231 cell 
lines
Matrix metalloproteinases are key enzymes involved in the 
process of cancer cell invasion.  Concentrated serum-free 

media revealed digested bands at 57 and 45 kDa, correspond-
ing to proMMP-3 and active MMP-3, respectively (Figure 4).  
The activity of MMP-3 was reduced by quercetin and kaemp-
ferol with IC50 values of 30 and 45 μmol/L, respectively.  In 
contrast, the activity of MMP-3 was unaffected by genistein, 
genistin and daidzein treatment.

Effect of flavonoids on secretion of MMP-3 in MDA-MB-231 cell 
lines
To elucidate the effect of flavonoids on MMP-3 secretion, west-
ern blot analysis and casein zymography were carried out.  
MDA-MB-231 cells (1×106 cells) were incubated with querce-
tin, kaempferol, genistein, genistin and daidzein at 10, 20, 30 
μmol/L for 48 h.  The secretion of MMP-3 was unaffected by 
treatment with flavonoids (Figure 5).  To confirm these results 
the experiment was repeated using ELISA (data not shown).  
For the three methods, all tested flavonoids had no effect on 
MMP-3 secretion.  

Discussion
Invasiveness or migration through the extracellular matrix 
(ECM) is a fundamental property of malignant cancer cells.  It 
has been shown that elevated expression of different MMPs 
is associated with different metastatic stages in the progres-
sion of various types of tumors[31].  We found that the level of 
MMP3 in MDA-MB-231 (highly invasive breast cancer cells) 
was four-fold higher than that in MCF-7 (poorly invasive 
breast cancer cells), suggesting that the expression levels of 
MMP3 correlate with the metastatic potential of cancer cells.  
Elevated levels of MMPs are generally thought to contribute 

Figure 2.  Effect of flavonoids on cell viability in MDA-MB-231 cells.  Cells were exposed to the indicated amounts of each flavonoids (0, 6.25, 12.5, 
25, 50, and 100 μmol/L) for 24 and 48 h.  The number of viable cells was determined by MTT assay.   Viable cells were expressed as a percentage of 
untreated control cultures for each line.  Results represent the mean±SD of three different experiments performed in triplicates.  Statistical analyses 
were performed using one-way ANOVA.  bP<0.05, cP<0.01 was considered statistically significant.
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to tumor progression.  More recently it has become clear that a 
complex dual role in tumor progression exists for some MMPs, 
such as MMP-3[32].  Conflicting results have been published 

regarding the role of MMP-3 in tumorigenesis and metasta-
sis.  A recent study showed an acceleration of the growth of 
lymphoma cells that constitutively express MMP-3 when the 

Figure 3.  Effect of  flavonoids on MDA-MB-231 cells invasion.  MDA-MB-231 cells were seeded onto a Matrigel-coated filter containing quercetin, 
kaempferol, genistein, genistin and daidzein as various indicated concentrations (0, 10, 20, and 30 μmol/L), incubated for 6 h in 37 °C.  The cells that 
active migrated to lower surface of filters were quantitated as described in material and methods.  Invasion was expressed as a percentage of control. 
The data represent the mean±SD of three-independent experiments. Statistical analyses were performed using one-way ANOVA.  bP<0.05, cP<0.01 were 
considered statistically significant.

Figure 4.  Effect of flavonoids on the caseinolytic activity of MMP-3 as determined by the casein zymography assay.  Condition media of MDA-MB-231 
were collected and concentrated and subjected to electrophoresis.  The gels were washed, incubated with various concentrations of flavonoids (0, 5, 
25, 50 μmol/L) and phenantroline 50 μmol/L (positive control) for 48 h at 37 oC, stained and destained as described in Methods.  Caseinolytic activity 
appeared as a clear band on a blue background. 1: Negative control; 2: 5 μmol/L; 3: 25 μmol/L; 4: 50 μmol/L; 5: phenantroline 50 μmol/L (positive 
control). The relative caseinolytic activity of  MMP-3 were quantified by Bio 1D software (Viber Lourmat, Marne-la-Vallée,France), where the untreated 
group represented 100%.  The data represent the mean±SD of three-independent experi-ments. Statistical analyses were performed using one-way 
ANOVA. bP<0.05, cP<0.01 were considered statistically significant.
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cells were injected intrathymically into mice[33].  In contrast, 
other studies have shown that genetic ablation of MMP-3 does 
not significantly affect tumor growth and metastasis in the 
MMTV-PyMT model[34].  The transcriptional changes of other 
MMPs and their specific inhibitors in the MMTV-PyMT model 
may complicate the metastatic outcome.  Overall, these results 
suggest that the expression of a single metalloproteinase, 
stromelysin 1, is insufficient for the progression of mammary 
adenocarcinomas to an invasive and metastatic phenotype.  
However, matrix degradation by MMPs can alter the basic 
processes of cell proliferation and apoptosis.

The chemopreventive effect of the flavonoids, flavonols 
(quercetin and kaempferol) and isoflavones (genistein, genis-
tin and daidzein) has been observed through the suppression 
of cell proliferation[35], inhibition of angiogenesis[36], inhibition 
of invasion[37] and stimulation of apoptosis in breast carcinoma 
cells[38].  The inhibition of invasion of cancer cells is of great 

significance in cancer treatment.  Little is known about the 
interaction of MMP-3 and flavonoids in human breast carci-
noma cells.  Therefore, we examined the effects of flavonoids 
on MMP-3 secretion, MMP-3 activity and invasive activity 
using MDA-MB-231 cells in our experiments.  

This study examined the effect of flavonoids on the invasive 
behavior of MDA-MB-231 using the modified Boyden cham-
ber assay.  As shown in Figure 3, quercetin and kaempferol 
significantly inhibited the ability of the MDA-MB-231 cells to 
penetrate the reconstituted basement membrane.  In contrast, 
genistein, genistin and daidzein did not significantly affect cell 
invasion at high concentrations, suggesting that the flavonols 
(quercetin and kaempferol) have higher anti-invasion potency 
than the isoflavones (genistein, genistin and daidzein).  As 
MMP-3 has been reported to play a role during the migratory 
and invasive processes of cancer, it is necessary to determine 
whether flavonoids can inhibit the invasiveness of tumor cells.  

Figure 5.  Effect of flavonoids on MMP-3 secretion in MDA-MB-231 cell as determined by Western blot analysis (A) MDA-MB-231 cells were treated with 
0, 10, 20, and 30 μmol/L of quercetin, kaempferol, genistein, genistin and daidzein for 48 h, conditioned medium was collected and concentrated for 
MMP-3 determination.  Equal amount of proteins was loaded (80 μg/lane).  1: Negative control; 2: 10 μmol/L; 3: 20 μmol/L; 4: 30 μmol/L and casein 
zymography (B) Condition media of MDA-MB-231 were collected and concentrated and subjected to electrophoresis.  The gels were washed, incubated 
with various concentrations of flavonoids (0, 10, 20, and 30 μmol/L) for 48 h at 37oC, stained and destained as described in Methods.  Caseinolytic 
activity appeared as a clear band on a blue background. 1: Negative control; 2: 10 μmol/L; 3: 20 μmol/L; 4: 30 μmol/L; Curcuminoids treatment at 
0-15 μmol/L were used as a positive control.  The band intensity of MMP-3 secretion by both assays was quantitated by Bio 1 D (Viber Lourmat, Marne-
la-Vallée,France, where the untreated group represented 100%.  The data represent the mean±SD of three-independent experiments.  Statistical 
analyses were performed using one-way ANOVA. 
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Our results help clarify whether flavonoids can inhibit MMP-3 
enzyme activity in MDA-MB-231 cells.  Flavonols (quercetin 
and kaempferol) inhibited the activity of MMP-3.  In contrast, 
the activity of MMP-3 was unaffected by genistein, genistin 
and daidzein treatment (Figure 4).  In addition, we found that 
genistein could inhibit MDA-MB-231 cell invasion, but to a 
lesser extent than quercetin or kaempferol (Figure 3).  How-
ever, it seemed to have no effect on the activity of MMP-3 
(Figure 4).  Possible mechanisms of genistein-mediated inhi-
bition of MDA-MB-231 invasion include down-regulation of 
the transcription of MMP-2, MMP-9, and MT1-MMP, and up-
regulation of tissue inhibitor of metalloproteinase-1 (TIMP-1)
[39,40].  Furthermore, Magee and coworkers[41] demonstrated 
that other phytoestrogens, including genistein, inhibit MDA-
MB-231 cell invasion without affecting cell viability.  Consis-
tent with our findings, bioflavonoids used at the concentra-
tions in the cell invasion assay (up to 30 μmol/L) had no effect 
on cell viability.  

MMP proteolytic activity is regulated at three levels: tran-
scription, proenzyme activation, and inhibition.  We found that 
flavonoids (both flavonols and isoflavones) had no effect on 
MMP-3 secretion (Figure 5).  In accordance with these results, 
quercetin and kaempferol markedly inhibited the caseinolytic 
activity of MMP-3 and inhibited breast cancer cell invasion, 
suggesting a relationship between the metastatic potential and 
MMP-3 activity.  Indeed, batimastat (BB-94) and marimastat 
(BB-2516), two specific inhibitors of MMPs in clinical trials, 
have been found to reduce tumor metastasis[42].  Inostamycin, 
an inhibitor of cytidine 5’-diphosphate 1,2-diacyl-sn-glycerol 
(CDP-DG, inositol transferase), has been found to suppress 
the invasion of HSC-4 tongue carcinoma cells by reducing the 
gelatinolytic activities of pro-MMP-9 and pro-MMP-2[43].  Con-
sidering that the dietary flavonols like quercetin and kaemp-
ferol are very safe and exhibit anticancer activities against a 
wide variety of tumors, we suggest that they can also be used 
to suppress the progression of the metastatic process in breast 
carcinoma cells by reducing MMP-3 activity.  
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