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1 Localised tumour with complete gross
excision, with or without microscopic
residual disease; representative ipsilat-
eral lymph nodes negative for tumour
microscopically

2A Localised tumour with incomplete gross
excision; representative ipsilateral non-
adherent lymph nodes negative for
tumour microscopically

2B Localised tumour with or without com-
plete gross excision, with ipsilateral
non-adherent lymph nodes positive for
tumour. Enlarged contralateral lymph
nodes should be negative microscopi-
cally

3 Unresectable unilateral tumour infiltrat-
ing across the midline, with or without
regional lymph node involvement; or
localised unilateral tumour with contra-
lateral regional lymph node involve-
ment; or midline tumour with bilateral
extension by infiltration (unresectable)
or by lymph node involvement

4 Any primary tumour with dissemination
to distant lymph nodes, bone, bone
marrow, liver, skin, or other organs
(except as defined by stage 4S)

4S Localised primary tumour in infants
younger than 1 year (as defined for
stage 1, 2A, or 2B), with dissemination
limited to skin, liver, or bone marrow
(<10% malignant cells)

Table 1. The INSS staging system.
Adapted from (209).
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Primary tumor

T1a Tumor 4 cm or less in greatest
dimension, limited to the kidney

T1b Tumor more than 4 cm but not
more than 7 cm in greatest di-
mension, limited to the kidney

T2 Tumor more than 7 cm in greatest
dimension, limited to the kidney

T3a Tumor directly invades adrenal
gland or perirenal and/or renal
sinus fat but not beyond Gerota•s
fascia

T3b Tumor grossly extends into the
renal vein or its segmental (mus-
cle-containing) branches, or vena
cava below the diaphragm

T3c Tumor grossly extends into vena
cava above diaphragm or invades
the wall of the vena cava

T4 Tumor invades beyond Gerota•s
fascia

Regional lymph nodes (N)

N0
No regional lymph node metasta-
ses

N1
Metastases in a single regional
lymph node

N2
Metastasis in more than one re-
gional lymph node

Distant metastasis (M)

M0
No distant metastasis

M1
Distant metastasis

Stage grouping

Stage I
T1N0M0

Stage II
T2N0M0

Stage III
T1-2N1 or T3N0-1

Stage IV
T4 (any N or M) or
N2 (any T or M) or M1

Table 2. The TNM/AJCC staging system and stage
grouping for RCC. Adapted From (277).

 - 33  -



�

������
�������A�9'�����������	�����������6���9
�	!�� ���� ����	�����
�� ��6	�� ���������� ��9
������� P'<<Q+� A��9α� ������������� ���������
������ ������� &9%&V�� ���� �����	��� 	�� ����

��

	�	�����������"��������P'<<Q+�
7����!�
!	�
�����������	�
���� ������
���9


��� ���� ������ �	�
�
	��
� �������� � ���	��� ����
��!�
����������..8..����!�� 
��� ��� ������9
!�
������������!���
���"��6�	�	�
����������	��
�����������������"	

�����	����������
�"+�
�
"�����
�������#
�
������	��������������
��
���
���������������
�������������
�	��
7��� E$�� �	������� ������� ������ ���� /������
������
��
�
	��� 0�
���� !���$	���
� ���� ����
�"��	��������
�
	���-�!	���	������	�����	����9
	���� �	������� ��������	������ 	�� ������ �����9
�	���	����
�	�
����
����P'*(Q+�#��	�����"	�������
E$���	������������� 	����������	�1������!�
��9
	�
� ..8..��� �����
	��
��������� ��������9
���������� ���� ��������	�� 	�
��� ��

� �������
P')@�� ')&�� '*(Q+� E$�� �	������ �������� %� 	��
@&(((� 	��	!	���
�� 	�� ���� �	���� ������� ���� 	��
������	�����	�������������
����	������������
P')@Q+� ����	��� 	�� ���� 
���� %*)(��� 	��
	������
����������
��������	����	�!�
!	�
���������9
���	�����������	�����8..��P'*%��'*'Q+A��%**@��
����5�"�
����"���	����	�	�����������������
@�'&� ��� ���	�	���
� �
��	�
� P'*@Q+� A�� �����9
������ "	��� ?������X�� �"�9�	�� ��������	���
E$�����	�������!��
���
	��������	�����������
�

�
��	������
��%((�V�������������������������
��!�
��� 	�����������	�
����

�"	��� ���������	��

���� ��� ����������
��	��� ��� ���� ������� �

�
��
P')&��'*HQ+�..8..����������
��������	��������
��

�� 
	�	�
����9����
���	�� ����
� �����+���������
������I�
��	��� ����	��� ���� 	������	���9
����	��
� ���
����� ��� E$�� ���	����� ��!��
���"����������������9����
���	����

����!��
����
���������	��������������	�	�
��

�
��P')H��'*&Q+�
�	���"	�������	�	���
�	����	!��	������5�"�	��
����
����6	��
�����
����
�����!�
�������
�������
P'*RQ+�A�������	�

����������	������������!�
���
..8..��� "�	��� �	
��� 	��
�� ����� ���	�	���
�
����
��	���!��������������������������!�
��9
����� ���..8..+�-����6	����
�� R(V���� ����
E$�����	�������!�
�����
�	�
����
	���������9
�	������
�
��	�����"�	�����!��������1����������
�
���� ���!�	

����� ���� �������9����	�
� ���9

���� ���� ����� ��� ������
� ���� �	�1� ��� �	������
���
����	���P')@Q+��$�"�!������
�������

������

���..8..��������������	�������	
	����������
�9
���� ��� ������	�� ..8..�� ��!�� ���"�� �����
5�"�
���� 	�������	��

���������� 	�������6	9
����
��&(V����..8..����������������
�����
	�� �������� %(9'(V� P')&Q+� 7����� ���� ��

���1�
���..8..�	�� 	����	!��	����������5�"�������
�����������
���+�
� 7���5�"�
��������������E$��PE$�����9
��	�Q�"������"���"��������������������������
���	!	���� �	���� ��	��������	��� ��� "	
�9�����
5�"�	����5�"9���	�	����..8..���

��	��	�9
	�������������	��������������

�����������������
	��������6���
������������P'*<Q+�-�����������
����	��������
��������������!�����"�����������
��������������������	!	�������E$��
��
�
������
��� ����	������ ��� 	��� ��
�� 	�� ��� ��	C�	�	�� 
	
����
����
�6���������
��������$�$9#��>-���>�	��
����6	��	����	�
���������	��	����������9%α�����
9'α P$A�9α) ����������������������
���
����9
�	���P'*)��'**Q+�
7��� $A�9α� �������	��	��� �������� ���� 	�9

���������
� ���������
� ��

�����	�
��������	���
��� ������ ��� �����	�� ����6	�� ��� ��
�
��	�
�

�����	�!�
!���	��

����������1������������9

	���� ��
	�
����	�� ���� ���������	��	�� P')&Q+�
 ����� �����6	���$A�9α� �����	��� ���� �����	9
���	!�
���������	�������������
�������������	�
��
��
������ �����
�� �	����� 	�������	��� "	��� ���
0@���	C�	�	��
	
���������	�	�
��E$����
��
	�9
��� �
��
	�9.�� ��69%� ���� ��

	�9'� P�	
���� HQ+�
7����E$�9����
�6���
������
�	I�������$A�9
α� �����	��� ������ ��� �6�
��9���������� ��9
���6�
��	��� ��� ���� $A�9α� �����	��� ��� ���
�
�
�����6�
����� P@((�� @(%Q+�7���$A�9α� �����	���
���� �
��� ��
�
����� ��� ��� �6�
��9����������
�����6�
��	��� ��� ���	�� 7-,9����	�� ��� ���
������
	��
������6�
������

����������	��	�	�	�
�
$A��P�A$9%Q�P@('Q+�7�	�������6�
��	���������9
����� ���� �����	������ ��� ���� �@((>.�#� ��9
C�	���� ���� $A�9 α� ���	����� �������	��	��+�
 ����� ����6	��� �������6�
����� $A�9 α� ��9
����� ����	
	I��� ���� �����
������� ��� ���� ��9
�
����"�����	���	���	I���"	���	��������	���	!�
��
�6�������� �������� $A�9%β� P�
��� ��

��� ���
�
����������������������-8�7Q+�7�	���������	�9
�	��� ������� ����
�6� �	���� �� ����	�	�� ,�-�
��C������ P����6	�9��������� �
�����Q� ����
�����	��������	!������������
�
��������
���
�����
P')&Q+� A�� ..8..��"	��� ������	!�� �E$��� ��9
����
��	��� ��� $A�9α� �����	��� ������� 	���9

 - 34  -



�

�����	!�� ��� �6�
��� ����	��� ����
�	�
� 	�� �!��9
�������	������E0/����
���
������	!���
��"���
�������β� P#,/�9βQ��7/�9α�� �
��
�"	��� ���	��
���������� P@(@9@(&Q+�7����	
�
��!����
������9
������� ��� ..8..�� 
	1�
�� ���
����� ���� �!��9
�������	��� ��� ��
	�
��	�� ��������� ����� ���
E0/�� ���� #,/�9β�� 	�� ���	�	��� ��� ������
�����	!�� $A�9 α� ���
���� ����� ��� 7/�9β� ����
,��9H�P'(H��')&Q+�G	�����
�������7/�9β��	
9
��
	�
�	��..8..����������������
	��	�
���������
��
���	�
� ���� �����	���
	������ ��������"���� ���
"�

� ��� ��"� ���� �6�����	��� ��� ������ �����	���
��
�����������
����	�����������	������P@(R9@()Q+�
2����� �����
�� ���
���� ����� ���� ����
�
�����
����� �E$�� 
���� 	��
���� ���
	�� ,%� ���� ����
	�!��	���������������	�����������������1	���
�������9H� ���� 	��� 
	
���� ������
� ���	!��� ���9
���9%�P')&Q+�8�����
���	��"������"��������E$��

����"��������	�����"	���09������	���������	���
"�	����	
�����������������������0�7���������

���	�
��	���������
����	��� P@(*��@%(Q+�2�� ����
�"�� $A�9α� 	��������� $A�9'α� �������� ��� ���
���� ����� ����
��	�� 	�� ..8..� P')&Q+� ���9
�����	��� ��� $A�9'α� ��������� ���� 
��"��� ���
6���������
������..8..���

���"��������!��9
�6�����	��� ��������� ���� 
��"��� ��� ������ ��9
����� P@%%�� @%'Q+� #�	����� ..8..�� �6������
�����$A�9%α� ����$A�9'α�� ���$A�9'α� �6�
�9
�	!�
��P@%@��@%HQ+�A�����	�	����	��1	�����������
���	�����"	���E$���	������� 	���������$A�9%α�
	�����������	���������
	�������9����
���	���������
"��������
�!�����$A�9'α��6�����	���	�������	9
�����"	�������� ��!������ 
��	���� P')HQ+�-
��9

������� ������ 	�� �����

	�
� �!	������ ���"	�
�
����� �E$�� 
���� 	�� 	����������
� ���� ..8..�
�����
����	�+��

+�,������	�
�������/���
��!���
� ��"� ���������� ���	���� ��� ��!������
8..����	���	
���	������� ���
��	�
� ������

�
���

 - 35  -



�

�����C������� ��� E$�� 
����� ��!�� ����� ��9
���!������	�
�������������+�
� ���	�	�	��P� %%'H)��������Q�	��������
���
�	9
���
����� 1	����� 	��	�	����� "����� ���
���� 	�9
�
����E0/������������PE0/�89%��9'�����9@Q��
#,/�� ���������� P#,/�89α� ���� 9βQ� ����
����� ��

� ������� ��������� P�9?A7Q� P@%&Q+� A�� ��
������	I��� ������ AA� ������� ���� ���	��� ���9

����	��� ����� ���!	!�
�"��� �	
�	�	����
�� 
��
���
"	������	�	�	��P%%�������Q�������������A��9
α�P&�������Q�P@%RQ+�A�����	�	�������	�	�	��"���
�
������������������"�

���
������+��
� �������	�� P�-J� H@9*((R�� ��6�!��Q� 	�� �
���
��� ���
� ��
�	���
����� 1	����� 	��	�	����� "�����
���
���� 	��
���� 8-�9%� 1	������ P�98-�� ����
8-�9%Q�� E0/�89%� ��� 9@�� #,/�89β� ���� �9
?	��P@%&Q+�A����������	I���������AA������������
���	��� ���
����	��9����� ���!	!�
� "��� �	
�	�	9
����
�� 
��
��� 	�� ���� �������	�� 
����� P&+&�
������Q� ��������� ��� �����
������
����� P'+)�
������Q�P@%<Q+��������	��"����
���������������
���"�

���
������+�
� 7���	��
	���� P..A9<<*��7����
Q� 	�� ��1	�����
	��	�	���� ��� �728�� "�	��� 	�� ���	�	�������
	����!�����
�� P@%&Q+� A�� �� ������ AAA� ��	�
�� ��9
�	����� ��������"	���7���	��
	���� ����� �	
�	�	9
����
��	����!����!���

����!	!�
�P%(+*�������Q�
��������� ��� ������ �������� "	��� A��9α� P<+@�
������Q� P@%)Q+������!����7���	��
�����"���
������������������������
������������A��9α+�

+��������
���
���
�)��
����������	�
���
06�����	��� ���
����� ��������� ����"��� ���9
�������� ��!�� ��!��
��� ����� ��
�	�
�� 
	
������
���������� ���� ��"�������� ���
���� ���� �69
�������� ���	�
� ������ 1	����� ��!�
�������
P@%*9@''Q+� -����������� ��� ������ �����	����
��!�� ��!��
��� ������	�
� ��
��� ���	�
� ��������
�������	�
�� "���� 

�����
��� ��	���
	�
� ��

��
P���������Q�� ���6	��
� ����
���� ���� �	���
� ��9
��
���� ���� ������� P@'@Q+� ��.�	
��� ��� �
� ��9
������� �������� 	�� 

�����
�
����	�� 	�� �	���
����I�
���� ���� �� ���������	��	��
��#���9
���	��� P@'HQ+� 6�� ������ �6���	������ "	��� 1	�����
��
��� ��
������ �������� "	��� �� /�A�� ��

������
����� ������ �	
��
	�
� "��� ��C�	���� ���� ����
������	�����������������������6	��
� ����
���
P@'&Q+� �	1�"	���� 	�� �	��� "	��� 
����	��

�� ��9
������γ9�������������	!	���	��"��������!��������
���������������������6	��
� ����
���"���� 
����

P@'RQ+�8�����
���?�����������

��
�������"���
���������	�	���
���
��	������	��
��#�	������1	�9
���� ����
���� 	�� ����
���� 
���� ��� ����������
�������6	��
�����
���P)&Q+�A���	
�	�

���A.�9%�
"�����������	���������
�	���������	!�����6	��
�
���
��	����� ���� ���
�� ���� ����������� ����
	��
��#����	�	����+��

 - 36  -



�

�

"��������
���
����������


������ &� ?��� �� �
�������
����
��������#
��	�������� ������ ���+����#-� ��������� ����#
�����
�

������:
�,�������
7������	��	���
� �������	��� ��� .��� ���� ����
$0������$0J��������	��	������������������	9
��������$,-.����	!	���P@)��<RQ+�E�
���	����	��
PE#-Q� 	�� ��"�

� ��
����������
������ ���� �����9
����������	
�����P'&)Q+�E#-�������������"��
�����������$,-.�	��	�	������������	����������
	�������	�������	��	��������������	����������9
�
�������P��Q���

��P'&*��'R<��'<(Q+�

/�������
A�� ����� ��� ��

� 
	���� �������� E#-� 	�������
������
�
	��
� �	�������	��	��� ��� 	��	������ ���
����	��9
	1�� �6����	���+� � A�� ���	�	���� �������9
����
��	�������	��	������1����	+'� ����,!+�
1-� "���� ����
�
����� ����� E#-� �����������
	��	���	!�� ��� �������
� �	�������	��	��+� E#-�
�
��� 	������� ��

� ������ 	�� �� ����9����������
������+���������������������	
��
	�
����	!	���
"��� ��
������� ��� E#-�� ��� 	��	������ ��� ��9
������� A.�%� �6�����	���� ������ ���������
���	!	���� $0�9%� �6�����	��� ���� ����	�
��
$-�$9%� ��"���
�
��	��+� �	��

��� E#-� 	�9
�������	�������	��	�������?9�9�0P'Q������

��
"��� ����	�

�� ���������� ��� ���������� "	��� ��
������	��	�	���+�

��
��1���
����������
7��� �������� ��� �	�������	��	��� ���� �������	��
���E#-�"����	��
	���"	������!	��������	������
E#-� ���� ��� P'<(�� '<%Q+� ����� 	���	
�	�

���
"��� ���� �����!��	��� ����� E#-� ��	��
�����
������ �	
��
	�
� ���	!	��� ���� ����� ���� E#-�
	������� �	�������	��	��� ��� �?9�9�0P'Q� ��

��
"��� ����	�

�� ����������� ��� ������ 	��	�	�	��+�
�	����"����!����������������������	
��
	�
�	��
	�!�
!��� 	�� ��	��������� ��� ��� ��

�� 	�� ���
���	�������	����� ������� ��	�� ����
�� ���� �����
������6	��
+� $�"�!���� ���	�
� 	������� �	����9
���	��	��� ��� ������ �� �����	���� 	�������� 	�� �����
�����9%� ���� $��9%� 
�!�
�� ���� ��� �����!����
��

�"���������	����"�9��
�
��	������$-�$9
%� P'H&Q+� 7���� ���	!��	��� ��� ������ ��� E#-�

���
���������������
���	����������	�	�	�
����������
�	�������	��	��+��������������������������������
������ ��

���� ����� ���� �������� ���
�� ��� ��

9
����� ����	�	�+� �	��� ��� �
� ���"��� ����� /�A�
���������� ��� �$9�J9&J� ��

�� ����
���� 	�� 	�9
������ �	�������	��	��� ��� ������ ��

�� ��� ���	9
������ ��� ��� 	�����	��� ���,!+1-� ���� ��� 	�9
������� 	�� ����	��� 
��
��� P@'<Q+� A�� ���	�	����
�������� 
����� ��������� �������������� ��

��
������������ "	��� �	8�-� �
�	���� 	��
���� ��9
��
����	������	����6����	���P@')Q+�7������������
�����

��"	��� ��� �
������	!��$,-.� 	��	�	����
P��%&'%Q��
�������
����	����������������	
��
9
	�
����	!	����������
������	����������6�����	���
������������'���������'�"�P@'*Q+�
0!�������
��������
������������	
��
	�
�	��

��� 	�� ��	
���	��� 	�� 	�� ��"���	�
� ��� ����� �����
���������!��	������������������"	���E#-����	9
!����������� �	
��
	�
� 	����� ��

��� 	���	
�����
����	���
���	�
�����
	�	��
���	�
����	�
�E#-�����
���������� ��� �����������	��� ����	��	�� ��9
����+� #��!	���� ����	��� ��!�� ���"�� �����
������ �	
��
	�
� 	�� 
��"��� 	��	�	�	�
� 	�� ��	��
��������

� �����P%''Q+�A������������������E#-�
"��� ���"�� ��� ���	!���� �����9%� 	�� ����	��	��
������ ��

�� ���� ��� 	�������� 	�� ��

9
��
���
�����9%��6�����	���"����
���������P@@(Q+����9
������������	�����	!��	���"�����������	������
��������	�������!����� �������������������

��"��� 	��	�	�	��+� ������ ��� ������ ����
��� ��
������ AA� �
	�	��
� ������ ���������� ����������	!�9
����� ��� E#-� ���� ���������� ��� ���	����� "	���
����	��	������������������	�	�	�����P@@(Q+�
�
������&&�?�+������
����
��
���45#-�
���������
����4/:#-��
��#2��
�
��������#
��	���������

������:
�,�������
����������8-�>�-#?�����"���	�������	����
��!�� ����� �����!��� ����� 	�� ���� �����6�� ���
��!�
������� ���"�

� ������	�
� �����	
����	�+�
7���0/�8�
	
�����7/�9α��������������"�����
��	��
���������

����
	�����	���P@@%Q+�A�����	9
�	�������
��	�����	��
����������"���������	���
��!��
��� ��� ����
�� 	�� $0�9%� �6�����	��� ���
���
�� ���
��� ��� ��!�
������� P'')Q�� ��

���	�
�
�����$0�9%���
�
��	���������������������
�
��

 - 37  -



�

��������>.��� �	
��
	�
� 	�� ��	�� ����	�	�� ���9
��6�+��
�
/�������

7/�9α� ��	��
��	��� 	������� $0�9%� ��� �����
���� �8�-� ���� �����	�� 
�!�
� 	�� �� ����9
���������� ������+� .�����	����
�� "	��� ����
$0�9%� 	�����	���� ������ "��� �� ��������� 	��
$-�$9%� 
�!�
�� ����� 7/�9α� ���������+� 7���
����
�
��	��� ��� $0�9%� ��� 7/�9α� ���
�� ���
���
	��������	��	�	�	�
�0/�8�������	��	�	�	�
�
�0?� �������� ��"�������� 	�� ���� 0/�8� �	
9
��
	�
� ����"��+� ������������� ����
� $0�9%�
�6�����	��� "��� ���������� ��� 08?9%� ���� 9'�
���	!	��� ���� ���� ���0/�8� ���	!��	��+�08?9%�
����9'���	������������$0�9%��6�����	���"���
�����
	1�
��.�������������������������	
��
9
	�
�	����������+����

��
��1���
����������
7���������
������!	������������!	��������������
���	��� ����� $0�9%� �6�����	��� 	�� ���� ��
��
��
�
���������������	
��
	�
����	!	��+�7�	������
����������!��� 	������������������	�������� 	��
�
����	��������	�����
	�������	���������	������	�+�
���� �6���
��� 	�� ���� ����� ���"�� ����� ��?�
�	
��
	�
� ��
�
����������� �6�����	��� �����
��
�������� 	�����������������	��� 	���������9

	�
� ��

�� P@@'Q+� ������������� ���� 7/�9β� �	
9
��
	�
�����"���	���
�����
������	����
����
�
����
���������
���
�����P%%'Q+�A��������AE��"���
���
���	���� ����� $0�9%� ���
�� ��� 	������� �����
7/�9β���	��
��	��� 	��..8..���

��� ��������9
�������������	��	�
�����
�����
�����
��	��������
�	
��
	�
� ����"���� �����9��
�
���� ����� ������
�������������
	���������"��1�+�7���������	���
�
��� ����	
� ����� ������ �	
��
	�
� ������ �����
�	������������ ������� 	���������� ��
��
�� ���9
�����	�������6�����

�
�����!	������������������
���� ��
�� ��� �����9
	
����� ��� ��������� ��

�+�
G�� �	�� ���� �������� ���� �����	���
� �����9
C������� ��� ���� 	������� $0�9%� 
�!�
�� �����
7/�9α���	��
��	��������"�����	���������$0�9
%� ������
�� ����	��� 	��� �����	��� ��� �������� ����
����������
� �������	��	��� ������� �!����+�
�	���� ��

9���
�� �6	�� ���������� �� ����������
�
����������	

����	�������	��	����	��	�������	�
����
�����
���� �����7/�9α� ��	��
��	�������
�
�����
$0�9%� 	�� ������ ��� ��	���	�� ��� ���	�������	9
������������������������	��������������
	����9

�	��+�7�������������������	
������
�08?9%�����
9'����	!	��� 	�� ��������

�� ������1��"��������	9
������������� 	���������������������

����	�����
����� 1	��� ��� ���	!��	�
� �����	��� 	�� ����
8-�>�-#?�����"������
���������	�
���6�
�9
���	���+�-�������������������
������"�������%)�
��� %)� ��	����� ���� ���� ���� �����	��� ��� ��

�

	���� ������� �6�������� ���� 0/�8� ���������
P@@@Q�� "�	��� 	��	������ ����� 0/�8� �	
��
	�
�
����������	���������
��"���������	�
�����9
"���	��������������+�
�
������ &&&� ?� +����� ���
���
�� ��� �� 
�����
���,��� ���	���
�� ����,��� �
� ������ �����
��
�������������
�	��
�
������:
�,������
�����	���
� 
���� ��� ���� !��� $	���
9�	�����
P5�"Q������������������
�����"�	���
��������
����
�
����� �6�����	��� ���� ���	!��	��� ��� ����
����6	��	����	�
����������P$A��Q��	������

���1�
�������� ��� �
���� ��

� ����
� ��

� ����	�����
P..8..Q� P')(Q+�$���6	�� ���� ����� ���"�� ���
������	���� ������ �	
��
	�
� 	�� �������
� ����
���
��	�� ���
��	������ ��� "�

� ��� 	����� ��

��
P)<�� ''(�� '&%Q+� A�� ���	�	���� ���������� �	
��
9
	�
�����"����
����������	�������
�����	�
�����
��!�
�������������������
	���1	�����P)&Q+�
�
/�������
7����������	
��
	�
�����"���"���������������
���	!�
�� �	
��
	�
� 	�� ..8..� ��

��� ����	�

��
	������������������E$�>$A������"��+�A��	9
�	�	��� ��� ������ �	
��
	�
� ����������� ����

��"��� ��� ..8..� ��

�� ���� "��� �����	�����
"	��� �
�!��	��� ��� .,?� 	��	�	����� �'%�	�%�
���>��� �'<1	�%+� A�� ���	�	���� �	8�-� �6���	9
������ ���"��� ����� ���� 
��"��� ������	�
�
������� ���
�� ��� ����	������ ��� ���������9%� ��9
������+�G�� �
��� ������ ����������� 	��	�	�	���
������	���� ���� 
��"��� ��� �����
�� 	��
�����
..8..� ��

�+� � -��
��	�� ��� ��	����� ������
����
��� ��!��
��� ����� �����9%� ���� ��

��9%�
"���� �6�������� ��� �	
�	�	����
�� �
�!����� 
�!�
��
��������� ��� �����
� 1	����� �	����� ����
��+�
7��������� ��� ����� �	��� ����	�
� ..8..�
6���
������� "	��� ��	
�� 	�����	���� ��� �� γ9
����������	��	�	����	�����
������@��������

�"���
��� H� ����� "	������ ����������� ��������� ������

��"��+� 7�	�� ���������� ������
�� 	������� ���

 - 38  -



�

�	��� �������� ��� ������������ ��	��
�"�	
��� ����
�	���
�
	��
��6��	���	����������	�����	���+�

��
��1���
����������
#��!	���� ����	��� ��!�� 	����	�	��� �
�!����� �69
�����	��� ���	��
��-� ���� 2�������� 	�� ..8..��
P@@H��@@&Q������"����"��	�	�	�������	��"��1�����
�	�
�
	��
� �	
�	�	������ ��� ���������� �	
��
	�
�
����"��� 	�� ..8..� ��

�� "��� ��1��"�+�
�	���
��� "�� "���� ������� �����	���� ����� ����
������ �	
��
	�
� ���	!	��� "��� ���� �� �����9
C������ ��� ���� ����������6	�� ���������� ���
..8..���

��� �	�������!	���� ����	��� ��!�� 	�9
�	������ ����� �������� �6�
����	��� 	�������
���	!��	��� ��� ���������� ����"��+�/����������
��� �
�� ���!	���� ����� ���"	�
� ����� ���������
�6�����	�������A$9%�P�������	��	�	�	�
�$A�Q����
"�

91��"�� ��
��	!�� 	��	�	���� ��� $A�� ����9
���	��	���
� ���	!	���� �	
�	�	����
�� ��������
�������	
��
	�
����	!	����������������6	������
����6	�� P)<Q+� $�"�!���� �� ����� ������� ������
���"��� ����� �A$9%� 	������ �����6�
����� ����
�����9%� ���������� ���� ��	�� �	�� ���� ������� ����
�����9%��	
��
	�
����	!	���P@@RQ+���������
	�	9
��
���������	!�������
��1���������9��
1����"����
�E$�>$A�� ����"��� ���� ������ ����"��� 	��
..8..� ��

�� ���� �
��� ��� ���������	��

��
�����	�	�
�� �	���� ���� ��!�
� ��
�	9���
�����
1	����� 	��	�	����� ����� ���� �����	�
� ..8..�
���	����� ���� ������ 	��	�	����� ����� ������� 	�9
��������������"���+��
7��� ��
���
��� ������	���� ���	��� ����


��"��� 	��	�	�	�
� �������� ��������� 	��	�	�	���
����	��� 	�� ����� �
��	!��� �	���� "�� ���
�� ����
�	���	��� ���� ��
���
��� �������	��� ���"����
�
�!��	��� ��� �'%�	�%� ���>��� �'<1	�%� ���� �����9
����� "	��� γ9���������� 	��	�	����+ -�� ��	�����
������!���
��	����	���	������	��������	
�
�����9
��6�9���������� ������� ��� ������ ���
��� 
����
���	!��	��� ����
	������ ���� ����������	�
� ���
���� ����
��	�� �������	��� ��� ��	�� �	
��
	�
�
����"��+� G�� ���
�� ���� �6���
�� �6�
���� 	�9
�����������������
���
�����	��79-������������

��$
� ���� �8�#� ��� ���	������ ��� ���� 
��"���
	��	�	�	�
�������� 	��..8..������������������9
	��� ���� "	��� ��� ������� ��C�	���� ���� �
��	�	��9
�	������������������+�A��������AE�"�������	���
�6���	�������	�����������
!	�
���	��	����+�7���
���������6���	��������	�
�����������6���
�����
���������"����������
�
��"���	��	�	�	�
��������
��� ,-#7� ���������� ����� "��� ���� �6�������

���������������
��	!�
���������
��"��� 	��	�	9
�	��� ������ ��� �����+ �	���� ������ 	��	�	�	��� 	��
����
	�
����������	�	�
���!�
����	9��
	�
��	��
����������P����	�����������
	���	����	������	�Q��	��
	�� �����	!��
�� ����� ���� ����������� 
��"���
	��	�	���������������..8..�6���
�����
��"���
	�� �� �����C������ ��� �� ����	���� ������� ���
����� ������ ��

� 
��"��� ���� ��
	�
����	�+�
���������	
������
��	����� ����..8..��������
�����������	������,-#7����������	���	�������9
�������C�	���+�

������&>�?�+��������
���
�����	�����	�#
������
� ��� ��/��� ������ ��� ��@��)�
�� ����

"8!#ββββ�����,���
�
������:
�,������
A��������AAA�"�����!	����!	��������������	�
�
���� 	���� ����� �����
�
����� ������ ���	!	���
�	
����
����������
��	�� ��
�� 	��..8..+�7���
��

���������������"�����������
�����������9
���������
�
��������������	����	�������������
	�� ��1��"�+� �	��������� ����	��� 	�� ..8..�
��!�� ��	�
�� ����� �������� ��� ���	�	�
� ���
9
����	�� �	
�������� ��� 	����	��	�
� 
����� �����	9
����� "	��� 	����	!��	��� ��� ���� 5�"� ������
�����������
���+��

/�������
/���� �6�����	��� ���
��	�� ��� �����9	��	�	����
..8..���

�� 	��	����������� �����������	
��
9
	�
������������	�������
�
��	������������������

����� ���!	���
�� �����	����� "	��� ���� 7/�9β�
�	
��
	�
� ����"��+� 7/�9β� ��	��
��	��� ���
..8..���

��
���������������������������
�9
�	������������"�������������������-,9'�����
	��������� ���� ���	!	��� ��� �� 
��	������� ���������
"	��� 7/�9β� ��
�
������ ��C�������� "�������
������ 	��	�	�	��� �������� ���������
��	��� ���
��-,9'� ���� ���������� ���� ���	!	��� ��� ����
7/�9β� �������	!�� ��������+�-�����	
��� ���
�9
�	���������
�����6�����	�������	
������"��������
������������������	��	�
������������
�
��	���
���7/�9β����
���
����������	�����"	����	
��9
�	�������	�!��	����"�	
��7/�9β����
���������	9
�����"	��� ��������	�� "����� 
��
�
�� ����������+�
�	
���	�
� ��������9%� �6�����	��� 
��� ��� �� �	
9
�	�	����� ��������� 	�� ..8..� ��

� �	
���	����
���� ���!����
�� 7/�9β� ���	!��	��� ���������
..8..���

��	
���	��+�

 - 39  -



�

��
��1���
����������
-�������	����	�����!	��������	���������	������	��

	�1�� ���"���� ������ ���� 7/�9β� �	
��
	�
�
��!�����!	���
����������������P%(*��%%'��%%HQ+�
$�"�!��������� �������� ��� ���� ��!�� 	��	������
����� ������������������ 	����"����������� ����
7/�9β �	
��
	�
� ����"���� 	+�+� ����� ��
�
��	���
����������	
��
	�
�	�����	���
��
���������7/�9
β ������

��� ���������+� 2��� �����!��	��� �����
	��	�	�	��� ��� ������ �	
��
	�
� ����������� ����
7/�9β�����"���	��	����������������	�����������
���� �"�� ����"����� ��� 
����� ��� ����� �6������ 	��
��!������ 	�� ..8..� ��

�+� -
������	!�
��� ��	��
���������������>7/�9β������9��
1��	
�����!��
����� �!��
��1��� 	�� ���!	���� ����	��� ��	�
�
������ ��

� �������+� -������� 	��������� �������
�����	����������
�����������������	���
	����������
7/�9β� ����"��� 	�� ..8..� ��

�+� #��!	����
����	�����!�� 	��
	����������� ����7/�9β�����9
"��� 	�� ���� �����	���
� 	�� ..8..� ��

�� P@(@��
@@<Q+� 7�	�� 	������� 
	1�
�� �� !���� 	��������� 	�9
������	����	��	��1��"��������6�����	������7/�9
β�	���	
�
���
�!�����	��..8..���

�����������9
�	���
� �����C������ ��� ���� ������9����6	��
���������� ��� ���� ..8..� ��

�� P@@)�� @@*Q+�
7��������	���	
�	�
�C����	��������������"�����
..8..���

���	����!����������������	����������
��� 7/�9β� �	
��
	�
+� � �	���� ���� �	���������
�6���	������ ��� ,-#7� �������� ..8..� ��

��
���� ��
�� �
���
�� 	��	������ ����� ��	�� ����������

��� ��� �� ��"���
�
��	��� ���� 7/�9β� ���
���

�����	
�������������
���	��	�������������������
�������
�7/�9β��	
��
	�
��"���	�����������������
�����	���
	��� ��� ���� 7/�9β� ����"��� ��	�
� ��
!��	���� ��� �����	C���+� 7����� �6���	������
�
���
������	�����������
��	
��
	�
����	!	��������
���
�� ��� ������	����� ��� �6�
������ 7/�9β�
��	��
��	��+� 7����� ����
��� ���� ����	��
��
�� 	�9
��	
�	�
�"	�����
�����������"	��
�������<)R92�
��

� 
	���� �	���� 	�� ���� ����� ��������� ����� ����
<)R92���

��
��1�������������7/�9β�����������
P7/�β8AAQ� ���� ���������� ��� ���� ��� ��������
��� 7/�9β P@(@Q+� �������� ����	��� ���� ��C�	����
���� �
��	�	���	��� ��� ������ ��������� 	��
��	�
�
���
����� ��� 7/�9β� ��������� �6�����	���� 	��
..8..+� ��!�����
����� ���� �6���	������
�
���
�� ���"� ����� ����7/�9β� ����"��� 	�� ��

��
�����	���
�	���"��..8..���

�
	����P	��
��	�
�

����<)R92���

�
	��Q+�G�������������
���������9
	�
� ����������� ��� ���� �6�����	��� ��� 7/�9β�
����"����������������	�
����	������	���������
�
������� �����	�	�
� ����� ����� @((� ��	�����
..8..�����
��+�7�	���
�������"	

��
����	��	��
�
��	��	�
�������	���	�	������������"�����������
7/�β8AA� ��������� ������� ���� ��� 	������ ���
���
���	��P@(R9@()Q+�
A�������	�

��� M�!��	

� ��� �
� ���"��� �����

7/�9β� ������������������������	�
� ��	���9

	�
9��9����������
9�����	�	��� 	�� �����
� ��	9
���
	�
���

�����������������	�������	��
��������9
	�
� �����
�
	��
� ������� ����� ��� �	����	�� ����
������� P%%'Q+� A�� ���� �
��� ����� ���"�� �����
7/�9β%� ��	��
��	��� ��������� 8..� �����
��������	����������P@H(Q+�A�����������!��	��������
������ 	��	�	����� ���� ��� ����� ���� ��
�� ���
�
��1� ������ �	
��
	�
�� ���� �
��� ��� �������
�	
���	��>��������	�� �����	����� 7/�9β� �	
9
��
	�
�� ��	�� ���������� ����
	��� ���	�	��
��
������ ��� ������� ����� ������ ������	�
� ���9
����� �����"�� 	�	�	�

�� �6������+� A��"	

� �����9
��������	������������������	������"�����6�����
���� �������� ������ ������	�
� �������	��� ���
7/�9β� ���� ������ �!��
��� ��� ���� 	������9
��������	��..8..+��

��
������
��

7��� $,-.� 	��	�	����� E#-�� ���	!����� ����
������ �	
��
	�
� ����"��� 	�� ������
�������
��

��
�
7������������
���$��9%�	����	���	
����
�
�����
���08?9%�����9'��	
��
	�
�	����������
�������
��

�
	���
�
�������	
��
	�
����������
��"�������
������

�
����
� ��

� ����	����� ��

�� ����� ��� ������ ���� ���
�����
�
������ �	
��
	�
� ��������� �	
���	��� ���
..8..���

��������
	1�
����������	�
�	���������
7/�9β��	
��
	�
�����"���

 - 40  -



�

�����A�����
�)������
��		�
����
�
��
.������ 4�� ������������ ��� �	

� ������ ��
��� �!5�9
������ ���1��������� ����1�	�
����5����5����

��� ��
�� �	���� ����4�1���� ���� 
����� �	

� ���
�4����� ������
	�
+�E	� ���� ��������� �!5� !4
�	
��
�
	1�� ������������� ������
������ ���� ����9
������������!	���������1����5������������	��	�
�5��� ��������������+� ������
������ 4�� ���
�!��
	
���������������������5�� 	����������9
�	�1�����!���������������5�����+�,��������9
�	�1�� ���!��������� �1�	!����� �4�� �4��	�1���
�
	����������������1	�1��

������	�1�������+�����9
������� �4������ �������� ������� 4
���� �4��	9
�1��� P&(� �	

� <(� 5�Q��������������5�� ��5�� ���9
�	�
	������� ��

��� 	� ������� ���� �����
�� �����
��4
�����	

������1����1��������!4��1�9�������
�9
��
���+���
,��� �����	�� !	� ���� ��������� 4�� ��� �5� 1�

���

�������������������������������	������5������
�5� ��

����+� ,��� ���� ����� 	�������	��� ��5��
	��	

	

����� ��

��� ���� ������1��� �����	����
P
	
�����Q� ���� 1��� �1�	!���� ���������+� �4��
���������� �1�	!����� �1	�1��� ��� �	
��
� 	�� 	� ��
9

��+�,������	
��
���
������������

����1�

������
�	
� ���� ���� �!��� �5� ���� ��
	!�	�
� ��� 
	!���
��

� ���� !	�� ��� 
	!��� �	����1�+� �����9
�	
��
��	�
� ���� ���� �
����
� ������
�� ���1�	�����
������ ��!��1
	�
��� �!� �
	1�� !4!������ ������
�������	����� �5� ���� ��
��� ��� ���� ��

����� �4��
����4����
��������
�����������
������
���5��	
+�
A� ������� �5� %**(9��
��� 1��� ��� ������� 	��	1�9
�	��������5� ���������9������������1�5� 1�����
!���� 	��
������ 	� ������+� ����	����� �!������9
�	
��
��	�
���� ��

�� �5��� ������ ��������!��19

	�
�����	��������1���
	�������!�������1��������
���� 	����������	���������!��	�������!�����������
P�����%9HQ��������1�5������
	1��
	
�����+�,���
4�� ��1�5� ���1��� ���
	
�� �
	1�� ��

������ �!�����
�5� �
	1�� �4��� �4�� �����9���������� �1�	!������
!	
1��� �
���� ������ ������ �5� ���� ���� �	����
�5�
���
	1���	
��
!4
���	��	���

��������������9
����5!��1���!���������5�������������1���
	������
�4��+� 0�� ���� ����������� ���� ��
	��� ����� ����
�	������ �����9�	
��
��	�
�� !	
1��� 
��� ���� ����
�	����
�������
	
����������
5���5��
��������	���
�	

� 1
	�	�1� !��1
	
����� ������ ������4���	�
� ����
��
�1�	
�� ��

����� �����9�	
��
��	�
� �5� �5
���
�4����	������	

���������1����+��
�

������
������4��������
��!����������������
�������� !4
�	
�� ��5� ����� ���� ����!4���� 1���
���1������ ���� �5�
�� ���	������ !���� !4
�	
�
�!5������+� ,��� �	���� �4����� ���� ���1��� ������
����!� �!� ���� ������
	�
��������+� ���� ����
1�����
�����������5�������������5�!������ ��9
������ ���� ���1���	�� 	� ����
��� �+!+�+� !	
1��

����� ���� �	����� �	

� �������

������ ����5
��
���� �!��
�!�� ���� ��
�� �	
+� 0�������� ��������
���1���������������4������ ���
	
�� ������� ��9
����� ���� ����� �	
������� �!� ���� ������	�1��
���!��������� �5� �5
��� �4��� ���� ��5���� ��+�
�5�
�� ����	��� ���� !	���� ���������9�	
��
��	�
�
4��!	1�	
�������������������������!5�������	���
���� 	��	1����� �5� ���� �����5� ��� ������ �	
��
�9
�	�
�!4
� �5� �5
��� �4��� 4�� ������ 	� ������
��9
�����

����������������1�������	����������9
��

��������
�	�
�����5
��
���������1���	
����
�����������	�
+� A����� ��������������� ��������!	�
��� ��� ���������� !�
������ ����� PE#-Q�� ����
������
4�
����!4��������������
	�
��!���	
��9
�	�� ��1�5��5!��1��������9�	
��
��	�
������4�9
���� ��1�5� ��

������ ����5
�� ���� 
5� ��5�� ����
���
�������	���������
���

��
�	�
��������
��������	���	

�����������
��������4�������1�5�
���� 
5�
�������
���������	��+�E	� ��������� �5�
!��� ��

���� ������
	�
�����E#-� 
����� �	

� ����
��

������
�!�������
��������������4���	�
��!�
�����9�	
��
��	�
� 1��� ���
�� ��� ��

� 	� ������
�������+�0��������E#-�4��������
�����������
��!4���� ���� ������ ���1������ �	���� ���� ���
���
	
���� ���� ���� 1��� ��!4���� ����� �	

���9
����� ���� ������� ���� 1������

�� ������������
����������
	�
��!�������
��������	�����+�A�����
������ ������� ��1�������� !	� ���� �����9
�	
��
��	�
� ���!��1��� ���� ��� ������ !	1�	
�
�	
��
!4
�� ���� ����� ��

���� ��
�	�
�����	
���+�
,���
������ 1���1��� ��� ���� �
	1�� �	
��
!4
���
�5!��1���!��������4�����������4���	�
���������!	�
�1�� 1����� ��!4���� 1���	���	����� �!� �
	1��
������������5������5�����1�	!���4����������
	
�+��
A� ����	����� �!� ����������� ������
���� !	�

������ ��5
���4

�	�
��� ���� 	� ����	����� �!�
������
������� �+!+�+� �	����� ��
�1�	
�� ��

�����
�����9�	
��
��	�
��	

���������1���������1���
���� �	����� �������

������ ��
�	�
�����5
��

�����������4�
���!��������	
��
�	��	���

��+��A�
���� ������� ������� !	���� !	� ���� 1�����

��� �!�

 - 41  -



�

�����9�	
��
��	�
� ���1�� ��� 
5��� ���
����� 	�
������������

��+�E	� ��������� ��1�5� ���� ��

��9
������
�	�
����5
���	��1�����5�!	��4������
�	
��
��	�
�!4
��+� ,����� ����
���� ����������
���1� ������� �5� ����	��� �!� ��
���� ����������9
��

��� ���� ���� !��� �4����� !	1�	
�� ���� ������
�����9�4������� �5� ����� ���� ���� �5� ��5�
�����������������+�,����� ����	���
��������

�9
�5� ���� ����1�����!	����5�������
	�
�����1���� 	�
��� ����

� ���� �1�

� �����1�� �����
	1��� �	���9
�	����� ���� ��� ���������	���+� �4�� ���� ����
������� �����4�� ������������5��5����4��	�1���
���������������������4�1����������
����	!��19
�	�
���	�������!���
����
��+�,���������������
�����9����������� ���� !	� �����1��� �
��1����
�����4����������1�5��������!	1�	
����1�	���	�
���������
�� ������������5�������������4�9
�	�1�+� �
��1����� ���� �	
��
!4
��� ������ 
5�
�
�	�� �5� �����5�� ������ ��
����
��� ��
�� ��1�
�+�
E	����������4���������
�������������	�������
���
���� ���� ������ 
���� ���� �����5

� �5� ����� ��
��+�
7���	����1��������� 	�;���

����5��������� 4��
�����������4���	�
��5���

�����	������������5�!	�
���1�
������ 	� ���� ��������	����� 5����4���� �	
�
�5��������
��� 	���������4����
�������4�������+�
E	� �	�1� ���1��� 
���� ����1���� 	� ������ �����1��
!	
1��� 
��� ���� !	� ����� ���� �����9�4��	�
� 1���
�
	� �������
	
�� 1���
������ �	

� ������������9

	�
������	�����������������+��
A������	����������������������!	� 	�����
��!	
1��

����1���� ��� �!��4�
�	�
� �!� �����91��1�����
���� 	�������������

��+� A������� �������1�����!	�
!	�����������������	
��
!4
�P7/�9βQ�������
+�+�
�5!��1�����

��������5
������������	
�������4�9
������1�5� ���
��� ��� !	1�	
� ��

� �5������������
P���������������������	����	
��	

�������!4!��9
���Q� �	
����� �5!��1��� �!� �����91��1����+� A�
�6���	����� �4�� ��

������ ����5
�� ���� ����� �	
�
�4����1�����!	�!	�����������
������5
�����
!	��
!��� ��������� �!� ���� �1�	!������ �����9
�	
��
��	�
��� 	� �������

������ ���� ���� !	� 
�9
���� ���� ������
�� ������������

����� ���� ���
�����9�4������ 1����	
�� �	��1���� ����
��9
����5
���������

����+�Y!����������������
����
���� ���5

	��� 
�������� �5� ����	��� �!� ��
����
�������

���� !	
1��� ������� �	

5���� 
���1�� ����9
�	
�� ���
����� �!� �������

������ ����
������59

��� 
��� ��� ��� ������� 	��	1��	��� �5� ���������9
�4��	�
�1���1����1�5�1����5!��1�� �������
9

������ ����5
�� ���� ���	��� �	
+� ,����� �
�������
�5�������1�
	!��!	���������	�����

�����������

�5� ���� �4����� �4��� 5������

��� ���� 1���
�6��
�	����	��� ���� �����5�� �5� �������� ��!��1
���
�������	���	����
�!�������
��	��+�
�

 - 42  -



 - 43  -



 - 44  -



�

/�����
���� �
�
1. Morgan, T.H. 1917. The theory of the gene. Am Nat 51:513-544.

2. Mohr, O.L. 1919. Character Changes Caused by Mutation of an Entire Region of a Chromosome in

Drosophila. Genetics 4:275-282.
3. Bray, S.J. 2006. Notch signalling: a simple pathway becomes complex. Nat Rev Mol Cell Biol 7:678-

689.

4. Doroquez, D.B., and Rebay, I. 2006. Signal integration during development: mechanisms of EGFR

and Notch pathway function and cross-talk. Crit Rev Biochem Mol Biol 41:339-385.

5. Fiuza, U.M., and Arias, A.M. 2007. Cell and molecular biology of Notch. J Endocrinol 194:459-474.

6. del Amo, F.F., Gendron-Maguire, M., Swiatek, P.J., Jenkins, N.A., Copeland, N.G., and Gridley, T.

1993. Cloning, analysis, and chromosomal localization of Notch-1, a mouse homolog of Drosophila

Notch. Genomics 15:259-264.
7. Uyttendaele, H., Marazzi, G., Wu, G., Yan, Q., Sassoon, D., and Kitajewski, J. 1996. Notch4/int-3, a

mammary proto-oncogene, is an endothelial cell-specific mammalian Notch gene. Development

122:2251-2259.

8. Weinmaster, G., Roberts, V.J., and Lemke, G. 1991. A homolog of Drosophila Notch expressed dur-

ing mammalian development. Development 113:199-205.

9. Weinmaster, G., Roberts, V.J., and Lemke, G. 1992. Notch2: a second mammalian Notch gene. De-
velopment 116:931-941.

10. Ehebauer, M., Hayward, P., and Martinez-Arias, A. 2006. Notch signaling pathway. Sci STKE

2006:cm7.

11. Radtke, F., and Raj, K. 2003. The role of Notch in tumorigenesis: oncogene or tumour suppressor?

Nat Rev Cancer 3:756-767.

12. Ilagan, M.X., and Kopan, R. 2007. SnapShot: notch signaling pathway. Cell 128:1246.
13. Nichols, J.T., Miyamoto, A., and Weinmaster, G. 2007. Notch signaling--constantly on the move.

Traffic 8:959-969.

14. Dunwoodie, S.L., Henrique, D., Harrison, S.M., and Beddington, R.S. 1997. Mouse Dll3: a novel

divergent Delta gene which may complement the function of other Delta homologues during early pat-

tern formation in the mouse embryo. Development 124:3065-3076.

15. Bettenhausen, B., Hrabe de Angelis, M., Simon, D., Guenet, J.L., and Gossler, A. 1995. Transient and

restricted expression during mouse embryogenesis of Dll1, a murine gene closely related to Droso-

phila Delta. Development 121:2407-2418.
16. Lindsell, C.E., Shawber, C.J., Boulter, J., and Weinmaster, G. 1995. Jagged: a mammalian ligand that

activates Notch1. Cell 80:909-917.

17. Shutter, J.R., Scully, S., Fan, W., Richards, W.G., Kitajewski, J., Deblandre, G.A., Kintner, C.R., and

Stark, K.L. 2000. Dll4, a novel Notch ligand expressed in arterial endothelium. Genes Dev 14:1313-

1318.

18. Shawber, C., Boulter, J., Lindsell, C.E., and Weinmaster, G. 1996. Jagged2: a serrate-like gene ex-

pressed during rat embryogenesis. Dev Biol 180:370-376.

19. Cui, X.Y., Hu, Q.D., Tekaya, M., Shimoda, Y., Ang, B.T., Nie, D.Y., Sun, L., Hu, W.P., Karsak, M.,

Duka, T., et al. 2004. NB-3/Notch1 pathway via Deltex1 promotes neural progenitor cell differentia-

tion into oligodendrocytes. J Biol Chem 279:25858-25865.

20. Eiraku, M., Tohgo, A., Ono, K., Kaneko, M., Fujishima, K., Hirano, T., and Kengaku, M. 2005.

DNER acts as a neuron-specific Notch ligand during Bergmann glial development. Nat Neurosci
8:873-880.

21. Hu, Q.D., Ang, B.T., Karsak, M., Hu, W.P., Cui, X.Y., Duka, T., Takeda, Y., Chia, W., Sankar, N.,

Ng, Y.K., et al. 2003. F3/contactin acts as a functional ligand for Notch during oligodendrocyte matu-

ration. Cell 115:163-175.

22. Laborda, J., Sausville, E.A., Hoffman, T., and Notario, V. 1993. dlk, a putative mammalian homeotic

gene differentially expressed in small cell lung carcinoma and neuroendocrine tumor cell line. J Biol
Chem 268:3817-3820.

23. Miyamoto, A., Lau, R., Hein, P.W., Shipley, J.M., and Weinmaster, G. 2006. Microfibrillar proteins

MAGP-1 and MAGP-2 induce Notch1 extracellular domain dissociation and receptor activation. J
Biol Chem 281:10089-10097.

24. Smas, C.M., and Sul, H.S. 1993. Pref-1, a protein containing EGF-like repeats, inhibits adipocyte

differentiation. Cell 73:725-734.

 - 45  -



�

25. Koo, B.K., Yoon, M.J., Yoon, K.J., Im, S.K., Kim, Y.Y., Kim, C.H., Suh, P.G., Jan, Y.N., and Kong,

Y.Y. 2007. An obligatory role of mind bomb-1 in notch signaling of Mammalian development. PLoS

ONE 2:e1221.

26. Gordon, W.R., Vardar-Ulu, D., Histen, G., Sanchez-Irizarry, C., Aster, J.C., and Blacklow, S.C. 2007.

Structural basis for autoinhibition of Notch. Nat Struct Mol Biol 14:295-300.

27. Gupta-Rossi, N., Six, E., LeBail, O., Logeat, F., Chastagner, P., Olry, A., Israel, A., and Brou, C.

2004. Monoubiquitination and endocytosis direct gamma-secretase cleavage of activated Notch recep-

tor. J Cell Biol 166:73-83.

28. Ikeuchi, T., and Sisodia, S.S. 2003. The Notch ligands, Delta1 and Jagged2, are substrates for preseni-

lin-dependent "gamma-secretase" cleavage. J Biol Chem 278:7751-7754.
29. LaVoie, M.J., and Selkoe, D.J. 2003. The Notch ligands, Jagged and Delta, are sequentially processed

by alpha-secretase and presenilin/gamma-secretase and release signaling fragments. J Biol Chem

278:34427-34437.

30. Selkoe, D.J., and Wolfe, M.S. 2007. Presenilin: running with scissors in the membrane. Cell 131:215-

221.

31. De Strooper, B., Annaert, W., Cupers, P., Saftig, P., Craessaerts, K., Mumm, J.S., Schroeter, E.H.,

Schrijvers, V., Wolfe, M.S., Ray, W.J., et al. 1999. A presenilin-1-dependent gamma-secretase-like

protease mediates release of Notch intracellular domain. Nature 398:518-522.

32. Schroeter, E.H., Kisslinger, J.A., and Kopan, R. 1998. Notch-1 signalling requires ligand-induced

proteolytic release of intracellular domain. Nature 393:382-386.

33. Jarriault, S., Brou, C., Logeat, F., Schroeter, E.H., Kopan, R., and Israel, A. 1995. Signalling down-

stream of activated mammalian Notch. Nature 377:355-358.

34. Fortini, M.E., and Artavanis-Tsakonas, S. 1994. The suppressor of hairless protein participates in

notch receptor signaling. Cell 79:273-282.
35. Wu, L., Aster, J.C., Blacklow, S.C., Lake, R., Artavanis-Tsakonas, S., and Griffin, J.D. 2000.

MAML1, a human homologue of Drosophila mastermind, is a transcriptional co-activator for NOTCH

receptors. Nat Genet 26:484-489.
36. Hsieh, J.J., Zhou, S., Chen, L., Young, D.B., and Hayward, S.D. 1999. CIR, a corepressor linking the

DNA binding factor CBF1 to the histone deacetylase complex. Proc Natl Acad Sci U S A 96:23-28.

37. Kao, H.Y., Ordentlich, P., Koyano-Nakagawa, N., Tang, Z., Downes, M., Kintner, C.R., Evans, R.M.,

and Kadesch, T. 1998. A histone deacetylase corepressor complex regulates the Notch signal transduc-

tion pathway. Genes Dev 12:2269-2277.

38. Kovall, R.A. 2007. Structures of CSL, Notch and Mastermind proteins: piecing together an active

transcription complex. Curr Opin Struct Biol 17:117-127.

39. Lubman, O.Y., Ilagan, M.X., Kopan, R., and Barrick, D. 2007. Quantitative dissection of the

Notch:CSL interaction: insights into the Notch-mediated transcriptional switch. J Mol Biol 365:577-
589.

40. Nam, Y., Sliz, P., Song, L., Aster, J.C., and Blacklow, S.C. 2006. Structural basis for cooperativity in

recruitment of MAML coactivators to Notch transcription complexes. Cell 124:973-983.
41. Wilson, J.J., and Kovall, R.A. 2006. Crystal structure of the CSL-Notch-Mastermind ternary complex

bound to DNA. Cell 124:985-996.

42. Zhou, S., Fujimuro, M., Hsieh, J.J., Chen, L., Miyamoto, A., Weinmaster, G., and Hayward, S.D.

2000. SKIP, a CBF1-associated protein, interacts with the ankyrin repeat domain of NotchIC To facili-

tate NotchIC function. Mol Cell Biol 20:2400-2410.
43. Fryer, C.J., White, J.B., and Jones, K.A. 2004. Mastermind recruits CycC:CDK8 to phosphorylate the

Notch ICD and coordinate activation with turnover. Mol Cell 16:509-520.

44. Foltz, D.R., Santiago, M.C., Berechid, B.E., and Nye, J.S. 2002. Glycogen synthase kinase-3beta

modulates notch signaling and stability. Curr Biol 12:1006-1011.

45. Wilson, A., and Radtke, F. 2006. Multiple functions of Notch signaling in self-renewing organs and

cancer. FEBS Lett 580:2860-2868.
46. Furukawa, T., Mukherjee, S., Bao, Z.Z., Morrow, E.M., and Cepko, C.L. 2000. rax, Hes1, and notch1

promote the formation of Muller glia by postnatal retinal progenitor cells. Neuron 26:383-394.

47. Hojo, M., Ohtsuka, T., Hashimoto, N., Gradwohl, G., Guillemot, F., and Kageyama, R. 2000. Glial

cell fate specification modulated by the bHLH gene Hes5 in mouse retina. Development 127:2515-

2522.

48. Bolos, V., Grego-Bessa, J., and de la Pompa, J.L. 2007. Notch signaling in development and cancer.

Endocr Rev 28:339-363.

49. Fan, X., Mikolaenko, I., Elhassan, I., Ni, X., Wang, Y., Ball, D., Brat, D.J., Perry, A., and Eberhart,

C.G. 2004. Notch1 and notch2 have opposite effects on embryonal brain tumor growth. Cancer Res
64:7787-7793.

 - 46  -



�

50. Kraman, M., and McCright, B. 2005. Functional conservation of Notch1 and Notch2 intracellular

domains. Faseb J 19:1311-1313.

51. Krebs, L.T., Xue, Y., Norton, C.R., Shutter, J.R., Maguire, M., Sundberg, J.P., Gallahan, D., Closson,

V., Kitajewski, J., Callahan, R., et al. 2000. Notch signaling is essential for vascular morphogenesis in

mice. Genes Dev 14:1343-1352.

52. Parr, C., Watkins, G., and Jiang, W.G. 2004. The possible correlation of Notch-1 and Notch-2 with

clinical outcome and tumour clinicopathological parameters in human breast cancer. Int J Mol Med
14:779-786.

53. Ong, C.T., Cheng, H.T., Chang, L.W., Ohtsuka, T., Kageyama, R., Stormo, G.D., and Kopan, R. 2006.

Target selectivity of vertebrate notch proteins. Collaboration between discrete domains and CSL-

binding site architecture determines activation probability. J Biol Chem 281:5106-5119.

54. Hodkinson, P.S., Elliott, P.A., Lad, Y., McHugh, B.J., MacKinnon, A.C., Haslett, C., and Sethi, T.

2007. Mammalian NOTCH-1 activates beta1 integrins via the small GTPase R-Ras. J Biol Chem
282:28991-29001.

55. Veeraraghavalu, K., Subbaiah, V.K., Srivastava, S., Chakrabarti, O., Syal, R., and Krishna, S. 2005.

Complementation of human papillomavirus type 16 E6 and E7 by Jagged1-specific Notch1-

phosphatidylinositol 3-kinase signaling involves pleiotropic oncogenic functions independent of

CBF1;Su(H);Lag-1 activation. J Virol 79:7889-7898.

56. Hayward, S.D., Liu, J., and Fujimuro, M. 2006. Notch and Wnt signaling: mimicry and manipulation

by gamma herpesviruses. Sci STKE 2006:re4.

57. Zhou, S., Fujimuro, M., Hsieh, J.J., Chen, L., and Hayward, S.D. 2000. A role for SKIP in EBNA2

activation of CBF1-repressed promoters. J Virol 74:1939-1947.

58. Carroll, K.D., Bu, W., Palmeri, D., Spadavecchia, S., Lynch, S.J., Marras, S.A., Tyagi, S., and Lukac,

D.M. 2006. Kaposi's Sarcoma-associated herpesvirus lytic switch protein stimulates DNA binding of

RBP-Jk/CSL to activate the Notch pathway. J Virol 80:9697-9709.

59. Liang, Y., and Ganem, D. 2004. RBP-J (CSL) is essential for activation of the K14/vGPCR promoter

of Kaposi's sarcoma-associated herpesvirus by the lytic switch protein RTA. J Virol 78:6818-6826.
60. Zhao, Y., Katzman, R.B., Delmolino, L.M., Bhat, I., Zhang, Y., Gurumurthy, C.B., Germaniuk-

Kurowska, A., Reddi, H.V., Solomon, A., Zeng, M.S., et al. 2007. The notch regulator MAML1 inter-

acts with p53 and functions as a coactivator. J Biol Chem 282:11969-11981.
61. Alves-Guerra, M.C., Ronchini, C., and Capobianco, A.J. 2007. Mastermind-like 1 Is a specific coacti-

vator of beta-catenin transcription activation and is essential for colon carcinoma cell survival. Cancer

Res 67:8690-8698.
62. Shen, H., McElhinny, A.S., Cao, Y., Gao, P., Liu, J., Bronson, R., Griffin, J.D., and Wu, L. 2006. The

Notch coactivator, MAML1, functions as a novel coactivator for MEF2C-mediated transcription and

is required for normal myogenesis. Genes Dev 20:675-688.
63. Wu, L., Sun, T., Kobayashi, K., Gao, P., and Griffin, J.D. 2002. Identification of a family of master-

mind-like transcriptional coactivators for mammalian notch receptors.Mol Cell Biol 22:7688-7700.

64. Stenman, G. 2005. Fusion oncogenes and tumor type specificity--insights from salivary gland tumors.

Semin Cancer Biol 15:224-235.

65. Enlund, F., Behboudi, A., Andren, Y., Oberg, C., Lendahl, U., Mark, J., and Stenman, G. 2004. Al-

tered Notch signaling resulting from expression of a WAMTP1-MAML2 gene fusion in mucoepider-

moid carcinomas and benign Warthin's tumors. Exp Cell Res 292:21-28.

66. Tonon, G., Modi, S., Wu, L., Kubo, A., Coxon, A.B., Komiya, T., O'Neil, K., Stover, K., El-Naggar,

A., Griffin, J.D., et al. 2003. t(11;19)(q21;p13) translocation in mucoepidermoid carcinoma creates a

novel fusion product that disrupts a Notch signaling pathway. Nat Genet 33:208-213.

67. Coxon, A., Rozenblum, E., Park, Y.S., Joshi, N., Tsurutani, J., Dennis, P.A., Kirsch, I.R., and Kaye,

F.J. 2005. Mect1-Maml2 fusion oncogene linked to the aberrant activation of cyclic AMP/CREB regu-

lated genes. Cancer Res 65:7137-7144.

68. Herzig, S., Long, F., Jhala, U.S., Hedrick, S., Quinn, R., Bauer, A., Rudolph, D., Schutz, G., Yoon, C.,

Puigserver, P., et al. 2001. CREB regulates hepatic gluconeogenesis through the coactivator PGC-1.

Nature 413:179-183.

69. Wu, L., Liu, J., Gao, P., Nakamura, M., Cao, Y., Shen, H., and Griffin, J.D. 2005. Transforming activ-

ity of MECT1-MAML2 fusion oncoprotein is mediated by constitutive CREB activation. Embo J

24:2391-2402.

70. Behboudi, A., Winnes, M., Gorunova, L., van den Oord, J.J., Mertens, F., Enlund, F., and Stenman, G.

2005. Clear cell hidradenoma of the skin-a third tumor type with a t(11;19)--associated TORC1-

MAML2 gene fusion. Genes Chromosomes Cancer 43:202-205.

71. Fehr, A., Roser, K., Heidorn, K., Hallas, C., Loning, T., and Bullerdiek, J. 2008. A new type of

MAML2 fusion in mucoepidermoid carcinoma. Genes Chromosomes Cancer 47:203-206.

 - 47  -



�

72. Tirado, Y., Williams, M.D., Hanna, E.Y., Kaye, F.J., Batsakis, J.G., and El-Naggar, A.K. 2007.

CRTC1/MAML2 fusion transcript in high grade mucoepidermoid carcinomas of salivary and thyroid

glands and Warthin's tumors: implications for histogenesis and biologic behavior. Genes Chromo-

somes Cancer 46:708-715.
73. Winnes, M., Enlund, F., Mark, J., and Stenman, G. 2006. The MECT1-MAML2 gene fusion and be-

nign Warthin's tumor: is the MECT1-MAML2 gene fusion specific to mucuepidermoid carcinoma? J

Mol Diagn 8:394-395; author reply 395-396.
74. Winnes, M., Molne, L., Suurkula, M., Andren, Y., Persson, F., Enlund, F., and Stenman, G. 2007.

Frequent fusion of the CRTC1 and MAML2 genes in clear cell variants of cutaneous hidradenomas.

Genes Chromosomes Cancer 46:559-563.
75. Nemoto, N., Suzukawa, K., Shimizu, S., Shinagawa, A., Takei, N., Taki, T., Hayashi, Y., Kojima, H.,

Kawakami, Y., and Nagasawa, T. 2007. Identification of a novel fusion gene MLL-MAML2 in secon-

dary acute myelogenous leukemia and myelodysplastic syndrome with inv(11)(q21q23). Genes
Chromosomes Cancer 46:813-819.

76. Fischer, A., and Gessler, M. 2007. Delta-Notch--and then? Protein interactions and proposed modes of

repression by Hes and Hey bHLH factors. Nucleic Acids Res 35:4583-4596.
77. Kageyama, R., Ohtsuka, T., and Kobayashi, T. 2007. The Hes gene family: repressors and oscillators

that orchestrate embryogenesis. Development 134:1243-1251.

78. Aster, J.C., Pear, W.S., and Blacklow, S.C. 2007. Notch Signaling in Leukemia. Annu Rev Pathol.
79. Kubo, M. 2007. Notch: filling a hole in T helper 2 cell differentiation. Immunity 27:3-5.

80. Miele, L. 2006. Notch signaling. Clin Cancer Res 12:1074-1079.
81. Chen, H., Thiagalingam, A., Chopra, H., Borges, M.W., Feder, J.N., Nelkin, B.D., Baylin, S.B., and

Ball, D.W. 1997. Conservation of the Drosophila lateral inhibition pathway in human lung cancer: a

hairy-related protein (HES-1) directly represses achaete-scute homolog-1 expression. Proc Natl Acad
Sci U S A 94:5355-5360.

82. Takata, T., and Ishikawa, F. 2003. Human Sir2-related protein SIRT1 associates with the bHLH rep-

ressors HES1 and HEY2 and is involved in HES1- and HEY2-mediated transcriptional repression.

Biochem Biophys Res Commun 301:250-257.

83. Johnson, J.E., Birren, S.J., Saito, T., and Anderson, D.J. 1992. DNA binding and transcriptional regu-

latory activity of mammalian achaete-scute homologous (MASH) proteins revealed by interaction with

a muscle-specific enhancer. Proc Natl Acad Sci U S A 89:3596-3600.

84. Ju, B.G., Solum, D., Song, E.J., Lee, K.J., Rose, D.W., Glass, C.K., and Rosenfeld, M.G. 2004. Acti-

vating the PARP-1 sensor component of the groucho/ TLE1 corepressor complex mediates a CaM-

Kinase IIdelta-dependent neurogenic gene activation pathway. Cell 119:815-829.

85. Cheng, H.T., Kim, M., Valerius, M.T., Surendran, K., Schuster-Gossler, K., Gossler, A., McMahon,

A.P., and Kopan, R. 2007. Notch2, but not Notch1, is required for proximal fate acquisition in the

mammalian nephron. Development 134:801-811.

86. Vooijs, M., Ong, C.T., Hadland, B., Huppert, S., Liu, Z., Korving, J., van den Born, M., Stappenbeck,

T., Wu, Y., Clevers, H., et al. 2007. Mapping the consequence of Notch1 proteolysis in vivo with NIP-

CRE. Development 134:535-544.

87. Gustafsson, M.V., Zheng, X., Pereira, T., Gradin, K., Jin, S., Lundkvist, J., Ruas, J.L., Poellinger, L.,

Lendahl, U., and Bondesson, M. 2005. Hypoxia requires notch signaling to maintain the undifferenti-

ated cell state. Dev Cell 9:617-628.

88. Hurlbut, G.D., Kankel, M.W., Lake, R.J., and Artavanis-Tsakonas, S. 2007. Crossing paths with

Notch in the hyper-network. Curr Opin Cell Biol 19:166-175.

89. Osipo, C., Golde, T.E., Osborne, B.A., and Miele, L.A. 2008. Off the beaten pathway: the complex

cross talk between Notch and NF-kappaB. Lab Invest 88:11-17.
90. Hynes, N.E., and Lane, H.A. 2005. ERBB receptors and cancer: the complexity of targeted inhibitors.

Nat Rev Cancer 5:341-354.

91. Johnson, G.L., and Lapadat, R. 2002. Mitogen-activated protein kinase pathways mediated by ERK,

JNK, and p38 protein kinases. Science 298:1911-1912.

92. Sebolt-Leopold, J.S., and Herrera, R. 2004. Targeting the mitogen-activated protein kinase cascade to

treat cancer. Nat Rev Cancer 4:937-947.
93. Roux, P.P., and Blenis, J. 2004. ERK and p38 MAPK-activated protein kinases: a family of protein

kinases with diverse biological functions.Microbiol Mol Biol Rev 68:320-344.

94. Roberts, P.J., and Der, C.J. 2007. Targeting the Raf-MEK-ERK mitogen-activated protein kinase

cascade for the treatment of cancer. Oncogene 26:3291-3310.

95. Liu, Z.J., Xiao, M., Balint, K., Smalley, K.S., Brafford, P., Qiu, R., Pinnix, C.C., Li, X., and Herlyn,

M. 2006. Notch1 signaling promotes primary melanoma progression by activating mitogen-activated

 - 48  -



�

protein kinase/phosphatidylinositol 3-kinase-Akt pathways and up-regulating N-cadherin expression.

Cancer Res 66:4182-4190.

96. Liu, Z.J., Xiao, M., Balint, K., Soma, A., Pinnix, C.C., Capobianco, A.J., Velazquez, O.C., and Her-

lyn, M. 2006. Inhibition of endothelial cell proliferation by Notch1 signaling is mediated by repressing

MAPK and PI3K/Akt pathways and requires MAML1. Faseb J 20:1009-1011.

97. Sriuranpong, V., Borges, M.W., Ravi, R.K., Arnold, D.R., Nelkin, B.D., Baylin, S.B., and Ball, D.W.

2001. Notch signaling induces cell cycle arrest in small cell lung cancer cells. Cancer Res 61:3200-
3205.

98. Leong, K.G., and Karsan, A. 2006. Recent insights into the role of Notch signaling in tumorigenesis.

Blood 107:2223-2233.
99. Miyamoto, Y., Maitra, A., Ghosh, B., Zechner, U., Argani, P., Iacobuzio-Donahue, C.A., Sriuranpong,

V., Iso, T., Meszoely, I.M., Wolfe, M.S., et al. 2003. Notch mediates TGF alpha-induced changes in

epithelial differentiation during pancreatic tumorigenesis. Cancer Cell 3:565-576.
100. Sansone, P., Storci, G., Tavolari, S., Guarnieri, T., Giovannini, C., Taffurelli, M., Ceccarelli, C., San-

tini, D., Paterini, P., Marcu, K.B., et al. 2007. IL-6 triggers malignant features in mammospheres from

human ductal breast carcinoma and normal mammary gland. J Clin Invest 117:3988-4002.
101. Zeng, Q., Li, S., Chepeha, D.B., Giordano, T.J., Li, J., Zhang, H., Polverini, P.J., Nor, J., Kitajewski,

J., and Wang, C.Y. 2005. Crosstalk between tumor and endothelial cells promotes tumor angiogenesis

by MAPK activation of Notch signaling. Cancer Cell 8:13-23.
102. Chen, Y., Fischer, W.H., and Gill, G.N. 1997. Regulation of the ERBB-2 promoter by RBPJkappa and

NOTCH. J Biol Chem 272:14110-14114.
103. Parks, A.L., and Curtis, D. 2007. Presenilin diversifies its portfolio. Trends Genet 23:140-150.

104. Li, T., Wen, H., Brayton, C., Das, P., Smithson, L.A., Fauq, A., Fan, X., Crain, B.J., Price, D.L.,

Golde, T.E., et al. 2007. Epidermal growth factor receptor and notch pathways participate in the tumor

suppressor function of gamma-secretase. J Biol Chem 282:32264-32273.

105. Zhang, Y.W., Wang, R., Liu, Q., Zhang, H., Liao, F.F., and Xu, H. 2007. Presenilin/gamma-secretase-

dependent processing of beta-amyloid precursor protein regulates EGF receptor expression. Proc Natl
Acad Sci U S A 104:10613-10618.

106. Schmierer, B., and Hill, C.S. 2007. TGFbeta-SMAD signal transduction: molecular specificity and

functional flexibility. Nat Rev Mol Cell Biol 8:970-982.
107. Feng, X.H., and Derynck, R. 2005. Specificity and versatility in tgf-beta signaling through Smads.

Annu Rev Cell Dev Biol 21:659-693.

108. Massague, J., and Gomis, R.R. 2006. The logic of TGFbeta signaling. FEBS Lett 580:2811-2820.
109. Blokzijl, A., Dahlqvist, C., Reissmann, E., Falk, A., Moliner, A., Lendahl, U., and Ibanez, C.F. 2003.

Cross-talk between the Notch and TGF-beta signaling pathways mediated by interaction of the Notch

intracellular domain with Smad3. J Cell Biol 163:723-728.
110. Itoh, F., Itoh, S., Goumans, M.J., Valdimarsdottir, G., Iso, T., Dotto, G.P., Hamamori, Y., Kedes, L.,

Kato, M., and ten Dijke Pt, P. 2004. Synergy and antagonism between Notch and BMP receptor sig-

naling pathways in endothelial cells. Embo J 23:541-551.
111. Takizawa, T., Ochiai, W., Nakashima, K., and Taga, T. 2003. Enhanced gene activation by Notch and

BMP signaling cross-talk. Nucleic Acids Res 31:5723-5731.

112. Zavadil, J., Cermak, L., Soto-Nieves, N., and Bottinger, E.P. 2004. Integration of TGF-beta/Smad and

Jagged1/Notch signalling in epithelial-to-mesenchymal transition. Embo J 23:1155-1165.

113. Morrissey, J., Guo, G., Moridaira, K., Fitzgerald, M., McCracken, R., Tolley, T., and Klahr, S. 2002.

Transforming growth factor-beta induces renal epithelial jagged-1 expression in fibrotic disease. J Am

Soc Nephrol 13:1499-1508.

114. Kennard, S., Liu, H., and Lilly, B. 2007. TGF-beta 1 downregulates Notch3 in fibroblasts to promote

smooth muscle gene expression. J Biol Chem.

115. Timmerman, L.A., Grego-Bessa, J., Raya, A., Bertran, E., Perez-Pomares, J.M., Diez, J., Aranda, S.,

Palomo, S., McCormick, F., Izpisua-Belmonte, J.C., et al. 2004. Notch promotes epithelial-

mesenchymal transition during cardiac development and oncogenic transformation. Genes Dev 18:99-

115.

116. Niimi, H., Pardali, K., Vanlandewijck, M., Heldin, C.H., and Moustakas, A. 2007. Notch signaling is

necessary for epithelial growth arrest by TGF-beta. J Cell Biol 176:695-707.

117. Moustakas, A., and Heldin, C.H. 2007. Signaling networks guiding epithelial-mesenchymal transitions

during embryogenesis and cancer progression. Cancer Sci 98:1512-1520.
118. Han, G., Lu, S.L., Li, A.G., He, W., Corless, C.L., Kulesz-Martin, M., and Wang, X.J. 2005. Distinct

mechanisms of TGF-beta1-mediated epithelial-to-mesenchymal transition and metastasis during skin

carcinogenesis. J Clin Invest 115:1714-1723.

 - 49  -



�

119. Masuda, S., Kumano, K., Shimizu, K., Imai, Y., Kurokawa, M., Ogawa, S., Miyagishi, M., Taira, K.,

Hirai, H., and Chiba, S. 2005. Notch1 oncoprotein antagonizes TGF-beta/Smad-mediated cell growth

suppression via sequestration of coactivator p300. Cancer Sci 96:274-282.

120. Sun, Y., Lowther, W., Kato, K., Bianco, C., Kenney, N., Strizzi, L., Raafat, D., Hirota, M., Khan, N.I.,

Bargo, S., et al. 2005. Notch4 intracellular domain binding to Smad3 and inhibition of the TGF-beta

signaling. Oncogene 24:5365-5374.

121. Koch, U., and Radtke, F. 2007. Notch and cancer: a double-edged sword. Cell Mol Life Sci.
122. Kunnimalaiyaan, M., and Chen, H. 2007. Tumor suppressor role of Notch-1 signaling in neuroendo-

crine tumors. Oncologist 12:535-542.

123. Ellisen, L.W., Bird, J., West, D.C., Soreng, A.L., Reynolds, T.C., Smith, S.D., and Sklar, J. 1991.

TAN-1, the human homolog of the Drosophila notch gene, is broken by chromosomal translocations

in T lymphoblastic neoplasms. Cell 66:649-661.

124. Pear, W.S., Aster, J.C., Scott, M.L., Hasserjian, R.P., Soffer, B., Sklar, J., and Baltimore, D. 1996.

Exclusive development of T cell neoplasms in mice transplanted with bone marrow expressing acti-

vated Notch alleles. J Exp Med 183:2283-2291.

125. Weng, A.P., Ferrando, A.A., Lee, W., Morris, J.P.t., Silverman, L.B., Sanchez-Irizarry, C., Blacklow,

S.C., Look, A.T., and Aster, J.C. 2004. Activating mutations of NOTCH1 in human T cell acute lym-

phoblastic leukemia. Science 306:269-271.

126. Malecki, M.J., Sanchez-Irizarry, C., Mitchell, J.L., Histen, G., Xu, M.L., Aster, J.C., and Blacklow,

S.C. 2006. Leukemia-associated mutations within the NOTCH1 heterodimerization domain fall into at

least two distinct mechanistic classes. Mol Cell Biol 26:4642-4651.
127. Chiang, M.Y., Xu, M.L., Histen, G., Shestova, O., Roy, M., Nam, Y., Blacklow, S.C., Sacks, D.B.,

Pear, W.S., and Aster, J.C. 2006. Identification of a conserved negative regulatory sequence that influ-

ences the leukemogenic activity of NOTCH1.Mol Cell Biol 26:6261-6271.
128. Malyukova, A., Dohda, T., von der Lehr, N., Akhondi, S., Corcoran, M., Heyman, M., Spruck, C.,

Grander, D., Lendahl, U., and Sangfelt, O. 2007. The tumor suppressor gene hCDC4 is frequently mu-

tated in human T-cell acute lymphoblastic leukemia with functional consequences for Notch signaling.

Cancer Res 67:5611-5616.

129. O'Neil, J., Grim, J., Strack, P., Rao, S., Tibbitts, D., Winter, C., Hardwick, J., Welcker, M., Meijerink,

J.P., Pieters, R., et al. 2007. FBW7 mutations in leukemic cells mediate NOTCH pathway activation

and resistance to gamma-secretase inhibitors. J Exp Med 204:1813-1824.

130. Thompson, B.J., Buonamici, S., Sulis, M.L., Palomero, T., Vilimas, T., Basso, G., Ferrando, A., and

Aifantis, I. 2007. The SCFFBW7 ubiquitin ligase complex as a tumor suppressor in T cell leukemia. J
Exp Med 204:1825-1835.

131. Palomero, T., Lim, W.K., Odom, D.T., Sulis, M.L., Real, P.J., Margolin, A., Barnes, K.C., O'Neil, J.,

Neuberg, D., Weng, A.P., et al. 2006. NOTCH1 directly regulates c-MYC and activates a feed-

forward-loop transcriptional network promoting leukemic cell growth. Proc Natl Acad Sci U S A

103:18261-18266.

132. Weng, A.P., Millholland, J.M., Yashiro-Ohtani, Y., Arcangeli, M.L., Lau, A., Wai, C., Del Bianco, C.,

Rodriguez, C.G., Sai, H., Tobias, J., et al. 2006. c-Myc is an important direct target of Notch1 in T-

cell acute lymphoblastic leukemia/lymphoma. Genes Dev 20:2096-2109.

133. Asnafi, V., Beldjord, K., Boulanger, E., Comba, B., Le Tutour, P., Estienne, M.H., Davi, F., Land-

man-Parker, J., Quartier, P., Buzyn, A., et al. 2003. Analysis of TCR, pT alpha, and RAG-1 in T-acute

lymphoblastic leukemias improves understanding of early human T-lymphoid lineage commitment.

Blood 101:2693-2703.

134. Sharma, V.M., Calvo, J.A., Draheim, K.M., Cunningham, L.A., Hermance, N., Beverly, L., Krish-

namoorthy, V., Bhasin, M., Capobianco, A.J., and Kelliher, M.A. 2006. Notch1 contributes to mouse

T-cell leukemia by directly inducing the expression of c-myc.Mol Cell Biol 26:8022-8031.

135. Dose, M., Khan, I., Guo, Z., Kovalovsky, D., Krueger, A., von Boehmer, H., Khazaie, K., and

Gounari, F. 2006. c-Myc mediates pre-TCR-induced proliferation but not developmental progression.

Blood 108:2669-2677.

136. Chan, S.M., Weng, A.P., Tibshirani, R., Aster, J.C., and Utz, P.J. 2007. Notch signals positively regu-

late activity of the mTOR pathway in T-cell acute lymphoblastic leukemia. Blood 110:278-286.
137. Palomero, T., Sulis, M.L., Cortina, M., Real, P.J., Barnes, K., Ciofani, M., Caparros, E., Buteau, J.,

Brown, K., Perkins, S.L., et al. 2007. Mutational loss of PTEN induces resistance to NOTCH1 inhibi-

tion in T-cell leukemia. Nat Med 13:1203-1210.
138. Ciofani, M., and Zuniga-Pflucker, J.C. 2005. Notch promotes survival of pre-T cells at the beta-

selection checkpoint by regulating cellular metabolism. Nat Immunol 6:881-888.

139. Milano, J., McKay, J., Dagenais, C., Foster-Brown, L., Pognan, F., Gadient, R., Jacobs, R.T., Zacco,

A., Greenberg, B., and Ciaccio, P.J. 2004. Modulation of notch processing by gamma-secretase inhibi-

 - 50  -



�

tors causes intestinal goblet cell metaplasia and induction of genes known to specify gut secretory

lineage differentiation. Toxicol Sci 82:341-358.

140. Wong, G.T., Manfra, D., Poulet, F.M., Zhang, Q., Josien, H., Bara, T., Engstrom, L., Pinzon-Ortiz,

M., Fine, J.S., Lee, H.J., et al. 2004. Chronic treatment with the gamma-secretase inhibitor LY-

411,575 inhibits beta-amyloid peptide production and alters lymphopoiesis and intestinal cell differen-

tiation. J Biol Chem 279:12876-12882.

141. Fre, S., Huyghe, M., Mourikis, P., Robine, S., Louvard, D., and Artavanis-Tsakonas, S. 2005. Notch

signals control the fate of immature progenitor cells in the intestine. Nature 435:964-968.

142. van Es, J.H., van Gijn, M.E., Riccio, O., van den Born, M., Vooijs, M., Begthel, H., Cozijnsen, M.,

Robine, S., Winton, D.J., Radtke, F., et al. 2005. Notch/gamma-secretase inhibition turns proliferative

cells in intestinal crypts and adenomas into goblet cells. Nature 435:959-963.

143. Li, T., Wen, H., Brayton, C., Laird, F.M., Ma, G., Peng, S., Placanica, L., Wu, T.C., Crain, B.J., Price,

D.L., et al. 2007. Moderate reduction of gamma-secretase attenuates amyloid burden and limits

mechanism-based liabilities. J Neurosci 27:10849-10859.

144. Vilimas, T., Mascarenhas, J., Palomero, T., Mandal, M., Buonamici, S., Meng, F., Thompson, B.,

Spaulding, C., Macaroun, S., Alegre, M.L., et al. 2007. Targeting the NF-kappaB signaling pathway in

Notch1-induced T-cell leukemia. Nat Med 13:70-77.

145. O'Neil, J., Grim, J., Strack, P., Rao, S., Tibbitts, D., Winter, C., Hardwick, J., Welcker, M., Meijerink,

J.P., Pieters, R., et al. 2007. FBW7 mutations in leukemic cells mediate NOTCH pathway activation

and resistance to {gamma}-secretase inhibitors. J Exp Med 204:1813-1824.

146. Breit, S., Stanulla, M., Flohr, T., Schrappe, M., Ludwig, W.D., Tolle, G., Happich, M., Muckenthaler,

M.U., and Kulozik, A.E. 2006. Activating NOTCH1 mutations predict favorable early treatment re-

sponse and long-term outcome in childhood precursor T-cell lymphoblastic leukemia. Blood

108:1151-1157.

147. Mansour, M.R., Duke, V., Foroni, L., Patel, B., Allen, C.G., Ancliff, P.J., Gale, R.E., and Linch, D.C.

2007. Notch-1 mutations are secondary events in some patients with T-cell acute lymphoblastic leu-

kemia. Clin Cancer Res 13:6964-6969.
148. Zhu, Y.M., Zhao, W.L., Fu, J.F., Shi, J.Y., Pan, Q., Hu, J., Gao, X.D., Chen, B., Li, J.M., Xiong, S.M.,

et al. 2006. NOTCH1 mutations in T-cell acute lymphoblastic leukemia: prognostic significance and

implication in multifactorial leukemogenesis. Clin Cancer Res 12:3043-3049.
149. Chiaramonte, R. 2006. Still puzzling Notch signaling in B-cell malignancies. Leuk Res 30:1331-1332.

150. Dievart, A., Beaulieu, N., and Jolicoeur, P. 1999. Involvement of Notch1 in the development of mouse

mammary tumors. Oncogene 18:5973-5981.
151. Smith, G.H., Gallahan, D., Diella, F., Jhappan, C., Merlino, G., and Callahan, R. 1995. Constitutive

expression of a truncated INT3 gene in mouse mammary epithelium impairs differentiation and func-

tional development. Cell Growth Differ 6:563-577.
152. Callahan, R., and Egan, S.E. 2004. Notch signaling in mammary development and oncogenesis. J

Mammary Gland Biol Neoplasia 9:145-163.

153. Weijzen, S., Rizzo, P., Braid, M., Vaishnav, R., Jonkheer, S.M., Zlobin, A., Osborne, B.A., Gottipati,

S., Aster, J.C., Hahn, W.C., et al. 2002. Activation of Notch-1 signaling maintains the neoplastic phe-

notype in human Ras-transformed cells. Nat Med 8:979-986.

154. Reedijk, M., Odorcic, S., Chang, L., Zhang, H., Miller, N., McCready, D.R., Lockwood, G., and Egan,

S.E. 2005. High-level coexpression of JAG1 and NOTCH1 is observed in human breast cancer and is

associated with poor overall survival. Cancer Res 65:8530-8537.
155. Dickson, B.C., Mulligan, A.M., Zhang, H., Lockwood, G., O'Malley, F.P., Egan, S.E., and Reedijk,

M. 2007. High-level JAG1 mRNA and protein predict poor outcome in breast cancer. Mod Pathol

20:685-693.

156. Reedijk, M., Pinnaduwage, D., Dickson, B.C., Mulligan, A.M., Zhang, H., Bull, S.B., O'Malley, F.P.,

Egan, S.E., and Andrulis, I.L. 2007. JAG1 expression is associated with a basal phenotype and recur-

rence in lymph node-negative breast cancer. Breast Cancer Res Treat.
157. Ayyanan, A., Civenni, G., Ciarloni, L., Morel, C., Mueller, N., Lefort, K., Mandinova, A., Raffoul,

W., Fiche, M., Dotto, G.P., et al. 2006. Increased Wnt signaling triggers oncogenic conversion of hu-

man breast epithelial cells by a Notch-dependent mechanism. Proc Natl Acad Sci U S A 103:3799-
3804.

158. Pece, S., Serresi, M., Santolini, E., Capra, M., Hulleman, E., Galimberti, V., Zurrida, S., Maisonneuve,

P., Viale, G., and Di Fiore, P.P. 2004. Loss of negative regulation by Numb over Notch is relevant to

human breast carcinogenesis. J Cell Biol 167:215-221.

159. Stylianou, S., Clarke, R.B., and Brennan, K. 2006. Aberrant activation of notch signaling in human

breast cancer. Cancer Res 66:1517-1525.

 - 51  -



�

160. Farnie, G., Clarke, R.B., Spence, K., Pinnock, N., Brennan, K., Anderson, N.G., and Bundred, N.J.

2007. Novel cell culture technique for primary ductal carcinoma in situ: role of Notch and epidermal

growth factor receptor signaling pathways. J Natl Cancer Inst 99:616-627.

161. Efstratiadis, A., Szabolcs, M., and Klinakis, A. 2007. Notch, Myc and breast cancer. Cell Cycle 6:418-
429.

162. Klinakis, A., Szabolcs, M., Politi, K., Kiaris, H., Artavanis-Tsakonas, S., and Efstratiadis, A. 2006.

Myc is a Notch1 transcriptional target and a requisite for Notch1-induced mammary tumorigenesis in

mice. Proc Natl Acad Sci U S A 103:9262-9267.

163. Leong, K.G., Niessen, K., Kulic, I., Raouf, A., Eaves, C., Pollet, I., and Karsan, A. 2007. Jagged1-

mediated Notch activation induces epithelial-to-mesenchymal transition through Slug-induced repres-

sion of E-cadherin. J Exp Med 204:2935-2948.

164. Sansone, P., Storci, G., Giovannini, C., Pandolfi, S., Pianetti, S., Taffurelli, M., Santini, D., Ceccarelli,

C., Chieco, P., and Bonafe, M. 2007. p66Shc/Notch-3 interplay controls self-renewal and hypoxia

survival in human stem/progenitor cells of the mammary gland expanded in vitro as mammospheres.

Stem Cells 25:807-815.

165. Hill, R.P., and Perris, R. 2007. "Destemming" cancer stem cells. J Natl Cancer Inst 99:1435-1440.
166. Tan, B.T., Park, C.Y., Ailles, L.E., and Weissman, I.L. 2006. The cancer stem cell hypothesis: a work

in progress. Lab Invest 86:1203-1207.

167. Clarke, M.F., Dick, J.E., Dirks, P.B., Eaves, C.J., Jamieson, C.H., Jones, D.L., Visvader, J., Weiss-

man, I.L., and Wahl, G.M. 2006. Cancer stem cells--perspectives on current status and future direc-

tions: AACR Workshop on cancer stem cells. Cancer Res 66:9339-9344.
168. Woodward, W.A., Chen, M.S., Behbod, F., and Rosen, J.M. 2005. On mammary stem cells. J Cell Sci

118:3585-3594.

169. Dontu, G., Jackson, K.W., McNicholas, E., Kawamura, M.J., Abdallah, W.M., and Wicha, M.S. 2004.

Role of Notch signaling in cell-fate determination of human mammary stem/progenitor cells. Breast

Cancer Res 6:R605-615.

170. Nicolas, M., Wolfer, A., Raj, K., Kummer, J.A., Mill, P., van Noort, M., Hui, C.C., Clevers, H., Dotto,

G.P., and Radtke, F. 2003. Notch1 functions as a tumor suppressor in mouse skin. Nat Genet 33:416-

421.

171. Proweller, A., Tu, L., Lepore, J.J., Cheng, L., Lu, M.M., Seykora, J., Millar, S.E., Pear, W.S., and

Parmacek, M.S. 2006. Impaired notch signaling promotes de novo squamous cell carcinoma forma-

tion. Cancer Res 66:7438-7444.

172. Thelu, J., Rossio, P., and Favier, B. 2002. Notch signalling is linked to epidermal cell differentiation

level in basal cell carcinoma, psoriasis and wound healing. BMC Dermatol 2:7.

173. Lefort, K., Mandinova, A., Ostano, P., Kolev, V., Calpini, V., Kolfschoten, I., Devgan, V., Lieb, J.,

Raffoul, W., Hohl, D., et al. 2007. Notch1 is a p53 target gene involved in human keratinocyte tumor

suppression through negative regulation of ROCK1/2 and MRCKalpha kinases. Genes Dev 21:562-

577.

174. Nguyen, B.C., Lefort, K., Mandinova, A., Antonini, D., Devgan, V., Della Gatta, G., Koster, M.I.,

Zhang, Z., Wang, J., Tommasi di Vignano, A., et al. 2006. Cross-regulation between Notch and p63 in

keratinocyte commitment to differentiation. Genes Dev 20:1028-1042.

175. Okuyama, R., Tagami, H., and Aiba, S. 2007. Notch signaling: Its role in epidermal homeostasis and

in the pathogenesis of skin diseases. J Dermatol Sci.

176. Pinnix, C.C., and Herlyn, M. 2007. The many faces of Notch signaling in skin-derived cells. Pigment
Cell Res 20:458-465.

177. Qin, J.Z., Stennett, L., Bacon, P., Bodner, B., Hendrix, M.J., Seftor, R.E., Seftor, E.A., Margaryan,

N.V., Pollock, P.M., Curtis, A., et al. 2004. p53-independent NOXA induction overcomes apoptotic

resistance of malignant melanomas.Mol Cancer Ther 3:895-902.

178. Balint, K., Xiao, M., Pinnix, C.C., Soma, A., Veres, I., Juhasz, I., Brown, E.J., Capobianco, A.J., Her-

lyn, M., and Liu, Z.J. 2005. Activation of Notch1 signaling is required for beta-catenin-mediated hu-

man primary melanoma progression. J Clin Invest 115:3166-3176.

179. Cuevas, I.C., Slocum, A.L., Jun, P., Costello, J.F., Bollen, A.W., Riggins, G.J., McDermott, M.W.,

and Lal, A. 2005. Meningioma transcript profiles reveal deregulated Notch signaling pathway. Cancer
Res 65:5070-5075.

180. Dang, L., Fan, X., Chaudhry, A., Wang, M., Gaiano, N., and Eberhart, C.G. 2006. Notch3 signaling

initiates choroid plexus tumor formation. Oncogene 25:487-491.
181. Kanamori, M., Kawaguchi, T., Nigro, J.M., Feuerstein, B.G., Berger, M.S., Miele, L., and Pieper,

R.O. 2007. Contribution of Notch signaling activation to human glioblastoma multiforme. J Neuro-

surg 106:417-427.

 - 52  -



�

182. Modena, P., Lualdi, E., Facchinetti, F., Veltman, J., Reid, J.F., Minardi, S., Janssen, I., Giangaspero,

F., Forni, M., Finocchiaro, G., et al. 2006. Identification of tumor-specific molecular signatures in in-

tracranial ependymoma and association with clinical characteristics. J Clin Oncol 24:5223-5233.

183. Phillips, H.S., Kharbanda, S., Chen, R., Forrest, W.F., Soriano, R.H., Wu, T.D., Misra, A., Nigro,

J.M., Colman, H., Soroceanu, L., et al. 2006. Molecular subclasses of high-grade glioma predict prog-

nosis, delineate a pattern of disease progression, and resemble stages in neurogenesis. Cancer Cell

9:157-173.

184. Purow, B.W., Haque, R.M., Noel, M.W., Su, Q., Burdick, M.J., Lee, J., Sundaresan, T., Pastorino, S.,

Park, J.K., Mikolaenko, I., et al. 2005. Expression of Notch-1 and its ligands, Delta-like-1 and Jagged-

1, is critical for glioma cell survival and proliferation. Cancer Res 65:2353-2363.
185. Somasundaram, K., Reddy, S.P., Vinnakota, K., Britto, R., Subbarayan, M., Nambiar, S., Hebbar, A.,

Samuel, C., Shetty, M., Sreepathi, H.K., et al. 2005. Upregulation of ASCL1 and inhibition of Notch

signaling pathway characterize progressive astrocytoma. Oncogene 24:7073-7083.
186. Crawford, J.R., MacDonald, T.J., and Packer, R.J. 2007. Medulloblastoma in childhood: new biologi-

cal advances. Lancet Neurol 6:1073-1085.

187. Raffel, C. 2004. Medulloblastoma: molecular genetics and animal models. Neoplasia 6:310-322.
188. Hallahan, A.R., Pritchard, J.I., Hansen, S., Benson, M., Stoeck, J., Hatton, B.A., Russell, T.L., Ellen-

bogen, R.G., Bernstein, I.D., Beachy, P.A., et al. 2004. The SmoA1 mouse model reveals that notch

signaling is critical for the growth and survival of sonic hedgehog-induced medulloblastomas. Cancer
Res 64:7794-7800.

189. Fan, X., Matsui, W., Khaki, L., Stearns, D., Chun, J., Li, Y.M., and Eberhart, C.G. 2006. Notch path-

way inhibition depletes stem-like cells and blocks engraftment in embryonal brain tumors. Cancer Res

66:7445-7452.

190. Dakubo, G.D., Mazerolle, C.J., and Wallace, V.A. 2006. Expression of Notch and Wnt pathway com-

ponents and activation of Notch signaling in medulloblastomas from heterozygous patched mice. J

Neurooncol 79:221-227.

191. Di Marcotullio, L., Ferretti, E., Greco, A., De Smaele, E., Po, A., Sico, M.A., Alimandi, M., Giannini,

G., Maroder, M., Screpanti, I., et al. 2006. Numb is a suppressor of Hedgehog signalling and targets

Gli1 for Itch-dependent ubiquitination. Nat Cell Biol 8:1415-1423.

192. Ingram, W.J., McCue, K.I., Tran, T.H., Hallahan, A.R., and Wainwright, B.J. 2007. Sonic Hedgehog

regulates Hes1 through a novel mechanism that is independent of canonical Notch pathway signalling.

Oncogene.

193. Chapman, G., Liu, L., Sahlgren, C., Dahlqvist, C., and Lendahl, U. 2006. High levels of Notch signal-

ing down-regulate Numb and Numblike. J Cell Biol 175:535-540.

194. Singh, S.K., Hawkins, C., Clarke, I.D., Squire, J.A., Bayani, J., Hide, T., Henkelman, R.M., Cusi-

mano, M.D., and Dirks, P.B. 2004. Identification of human brain tumour initiating cells. Nature
432:396-401.

195. Shih, A.H., and Holland, E.C. 2006. Notch signaling enhances nestin expression in gliomas. Neoplasia

8:1072-1082.

196. Shiras, A., Chettiar, S.T., Shepal, V., Rajendran, G., Prasad, G.R., and Shastry, P. 2007. Spontaneous

transformation of human adult nontumorigenic stem cells to cancer stem cells is driven by genomic in-

stability in a human model of glioblastoma. Stem Cells 25:1478-1489.
197. Zhang, X.P., Zheng, G., Zou, L., Liu, H.L., Hou, L.H., Zhou, P., Yin, D.D., Zheng, Q.J., Liang, L.,

Zhang, S.Z., et al. 2008. Notch activation promotes cell proliferation and the formation of neural stem

cell-like colonies in human glioma cells. Mol Cell Biochem 307:101-108.

198. Iso, T., Hamamori, Y., and Kedes, L. 2003. Notch signaling in vascular development. Arterioscler

Thromb Vasc Biol 23:543-553.
199. Yan, M., and Plowman, G.D. 2007. Delta-like 4/Notch Signaling and Its Therapeutic Implications.

Clin Cancer Res 13:7243-7246.

200. Gale, N.W., Dominguez, M.G., Noguera, I., Pan, L., Hughes, V., Valenzuela, D.M., Murphy, A.J.,

Adams, N.C., Lin, H.C., Holash, J., et al. 2004. Haploinsufficiency of delta-like 4 ligand results in

embryonic lethality due to major defects in arterial and vascular development. Proc Natl Acad Sci U S

A 101:15949-15954.
201. Li, J.L., Sainson, R.C., Shi, W., Leek, R., Harrington, L.S., Preusser, M., Biswas, S., Turley, H., Hei-

kamp, E., Hainfellner, J.A., et al. 2007. Delta-like 4 Notch ligand regulates tumor angiogenesis, im-

proves tumor vascular function, and promotes tumor growth in vivo. Cancer Res 67:11244-11253.
202. Mailhos, C., Modlich, U., Lewis, J., Harris, A., Bicknell, R., and Ish-Horowicz, D. 2001. Delta4, an

endothelial specific notch ligand expressed at sites of physiological and tumor angiogenesis. Differen-

tiation 69:135-144.

 - 53  -



�

203. Patel, N.S., Dobbie, M.S., Rochester, M., Steers, G., Poulsom, R., Le Monnier, K., Cranston, D.W.,

Li, J.L., and Harris, A.L. 2006. Up-regulation of endothelial delta-like 4 expression correlates with

vessel maturation in bladder cancer. Clin Cancer Res 12:4836-4844.

204. Patel, N.S., Li, J.L., Generali, D., Poulsom, R., Cranston, D.W., and Harris, A.L. 2005. Up-regulation

of delta-like 4 ligand in human tumor vasculature and the role of basal expression in endothelial cell

function. Cancer Res 65:8690-8697.

205. Hellstrom, M., Phng, L.K., Hofmann, J.J., Wallgard, E., Coultas, L., Lindblom, P., Alva, J., Nilsson,

A.K., Karlsson, L., Gaiano, N., et al. 2007. Dll4 signalling through Notch1 regulates formation of tip

cells during angiogenesis. Nature 445:776-780.

206. Noguera-Troise, I., Daly, C., Papadopoulos, N.J., Coetzee, S., Boland, P., Gale, N.W., Lin, H.C., Yan-

copoulos, G.D., and Thurston, G. 2006. Blockade of Dll4 inhibits tumour growth by promoting non-

productive angiogenesis. Nature 444:1032-1037.

207. Ridgway, J., Zhang, G., Wu, Y., Stawicki, S., Liang, W.C., Chanthery, Y., Kowalski, J., Watts, R.J.,

Callahan, C., Kasman, I., et al. 2006. Inhibition of Dll4 signalling inhibits tumour growth by deregu-

lating angiogenesis. Nature 444:1083-1087.

208. Brodeur, G.M. 2003. Neuroblastoma: biological insights into a clinical enigma. Nat Rev Cancer
3:203-216.

209. Maris, J.M., Hogarty, M.D., Bagatell, R., and Cohn, S.L. 2007. Neuroblastoma. Lancet 369:2106-

2120.

210. Howman-Giles, R., Shaw, P.J., Uren, R.F., and Chung, D.K. 2007. Neuroblastoma and other neuroen-

docrine tumors. Semin Nucl Med 37:286-302.
211. Schwab, M., Alitalo, K., Klempnauer, K.H., Varmus, H.E., Bishop, J.M., Gilbert, F., Brodeur, G.,

Goldstein, M., and Trent, J. 1983. Amplified DNA with limited homology to myc cellular oncogene is

shared by human neuroblastoma cell lines and a neuroblastoma tumour. Nature 305:245-248.
212. Weiss, W.A., Aldape, K., Mohapatra, G., Feuerstein, B.G., and Bishop, J.M. 1997. Targeted expres-

sion of MYCN causes neuroblastoma in transgenic mice. Embo J 16:2985-2995.

213. George, R.E., London, W.B., Cohn, S.L., Maris, J.M., Kretschmar, C., Diller, L., Brodeur, G.M.,

Castleberry, R.P., and Look, A.T. 2005. Hyperdiploidy plus nonamplified MYCN confers a favorable

prognosis in children 12 to 18 months old with disseminated neuroblastoma: a Pediatric Oncology

Group study. J Clin Oncol 23:6466-6473.
214. Sidell, N. 1982. Retinoic acid-induced growth inhibition and morphologic differentiation of human

neuroblastoma cells in vitro. J Natl Cancer Inst 68:589-596.

215. Maris, J.M., and Denny, C.T. 2002. Focus on embryonal malignancies. Cancer Cell 2:447-450.
216. Holmquist-Mengelbier, L., Fredlund, E., Lofstedt, T., Noguera, R., Navarro, S., Nilsson, H., Pietras,

A., Vallon-Christersson, J., Borg, A., Gradin, K., et al. 2006. Recruitment of HIF-1alpha and HIF-

2alpha to common target genes is differentially regulated in neuroblastoma: HIF-2alpha promotes an

aggressive phenotype. Cancer Cell 10:413-423.

217. De Preter, K., Vandesompele, J., Heimann, P., Yigit, N., Beckman, S., Schramm, A., Eggert, A.,

Stallings, R.L., Benoit, Y., Renard, M., et al. 2006. Human fetal neuroblast and neuroblastoma tran-

scriptome analysis confirms neuroblast origin and highlights neuroblastoma candidate genes. Genome

Biol 7:R84.

218. Huber, K. 2006. The sympathoadrenal cell lineage: specification, diversification, and new perspec-

tives. Dev Biol 298:335-343.

219. Edsjo, A., Holmquist, L., and Pahlman, S. 2007. Neuroblastoma as an experimental model for neu-

ronal differentiation and hypoxia-induced tumor cell dedifferentiation. Semin Cancer Biol 17:248-256.

220. Pahlman, S., Stockhausen, M.T., Fredlund, E., and Axelson, H. 2004. Notch signaling in neuroblas-

toma. Semin Cancer Biol 14:365-373.
221. Tsarovina, K., Pattyn, A., Stubbusch, J., Muller, F., van der Wees, J., Schneider, C., Brunet, J.F., and

Rohrer, H. 2004. Essential role of Gata transcription factors in sympathetic neuron development. De-

velopment 131:4775-4786.
222. Cornell, R.A., and Eisen, J.S. 2005. Notch in the pathway: the roles of Notch signaling in neural crest

development. Semin Cell Dev Biol 16:663-672.

223. Guillemot, F., Lo, L.C., Johnson, J.E., Auerbach, A., Anderson, D.J., and Joyner, A.L. 1993. Mam-

malian achaete-scute homolog 1 is required for the early development of olfactory and autonomic neu-

rons. Cell 75:463-476.

224. Sommer, L., Shah, N., Rao, M., and Anderson, D.J. 1995. The cellular function of MASH1 in auto-

nomic neurogenesis. Neuron 15:1245-1258.

225. Pattyn, A., Guillemot, F., and Brunet, J.F. 2006. Delays in neuronal differentiation in Mash1/Ascl1

mutants. Dev Biol 295:67-75.

 - 54  -



�

226. Lindsell, C.E., Boulter, J., diSibio, G., Gossler, A., and Weinmaster, G. 1996. Expression patterns of

Jagged, Delta1, Notch1, Notch2, and Notch3 genes identify ligand-receptor pairs that may function in

neural development. Mol Cell Neurosci 8:14-27.

227. Williams, R., Lendahl, U., and Lardelli, M. 1995. Complementary and combinatorial patterns of

Notch gene family expression during early mouse development. Mech Dev 53:357-368.

228. de la Pompa, J.L., Wakeham, A., Correia, K.M., Samper, E., Brown, S., Aguilera, R.J., Nakano, T.,

Honjo, T., Mak, T.W., Rossant, J., et al. 1997. Conservation of the Notch signalling pathway in

mammalian neurogenesis. Development 124:1139-1148.

229. Hatakeyama, J., Bessho, Y., Katoh, K., Ookawara, S., Fujioka, M., Guillemot, F., and Kageyama, R.

2004. Hes genes regulate size, shape and histogenesis of the nervous system by control of the timing

of neural stem cell differentiation. Development 131:5539-5550.

230. Hitoshi, S., Alexson, T., Tropepe, V., Donoviel, D., Elia, A.J., Nye, J.S., Conlon, R.A., Mak, T.W.,

Bernstein, A., and van der Kooy, D. 2002. Notch pathway molecules are essential for the maintenance,

but not the generation, of mammalian neural stem cells. Genes Dev 16:846-858.

231. Petersen, P.H., Zou, K., Hwang, J.K., Jan, Y.N., and Zhong, W. 2002. Progenitor cell maintenance

requires numb and numblike during mouse neurogenesis. Nature 419:929-934.
232. Zhong, W., Jiang, M.M., Schonemann, M.D., Meneses, J.J., Pedersen, R.A., Jan, L.Y., and Jan, Y.N.

2000. Mouse numb is an essential gene involved in cortical neurogenesis. Proc Natl Acad Sci U S A

97:6844-6849.

233. Louvi, A., and Artavanis-Tsakonas, S. 2006. Notch signalling in vertebrate neural development. Nat

Rev Neurosci 7:93-102.
234. Morrison, S.J., Perez, S.E., Qiao, Z., Verdi, J.M., Hicks, C., Weinmaster, G., and Anderson, D.J. 2000.

Transient Notch activation initiates an irreversible switch from neurogenesis to gliogenesis by neural

crest stem cells. Cell 101:499-510.
235. Taylor, M.K., Yeager, K., and Morrison, S.J. 2007. Physiological Notch signaling promotes gliogene-

sis in the developing peripheral and central nervous systems. Development 134:2435-2447.

236. Basch, M.L., and Bronner-Fraser, M. 2006. Neural crest inducing signals. Adv Exp Med Biol 589:24-
31.

237. De Bellard, M.E., Ching, W., Gossler, A., and Bronner-Fraser, M. 2002. Disruption of segmental

neural crest migration and ephrin expression in delta-1 null mice. Dev Biol 249:121-130.
238. Tsarovina, K., Schellenberger, J., Schneider, C., and Rohrer, H. 2008. Progenitor cell maintenance and

neurogenesis in sympathetic ganglia involves Notch signaling. Mol Cell Neurosci 37:20-31.

239. Axelson, H. 2004. The Notch signaling cascade in neuroblastoma: role of the basic helix-loop-helix

proteins HASH-1 and HES-1. Cancer Lett 204:171-178.

240. Gestblom, C., Grynfeld, A., Ora, I., Ortoft, E., Larsson, C., Axelson, H., Sandstedt, B., Cserjesi, P.,

Olson, E.N., and Pahlman, S. 1999. The basic helix-loop-helix transcription factor dHAND, a marker

gene for the developing human sympathetic nervous system, is expressed in both high- and low-stage

neuroblastomas. Lab Invest 79:67-79.

241. Ichimiya, S., Nimura, Y., Seki, N., Ozaki, T., Nagase, T., and Nakagawara, A. 2001. Downregulation

of hASH1 is associated with the retinoic acid-induced differentiation of human neuroblastoma cell

lines. Med Pediatr Oncol 36:132-134.

242. van Limpt, V., Chan, A., Caron, H., Sluis, P.V., Boon, K., Hermus, M.C., and Versteeg, R. 2000.

SAGE analysis of neuroblastoma reveals a high expression of the human homologue of the Drosophila

Delta gene.Med Pediatr Oncol 35:554-558.
243. Hsiao, C.C., Huang, C.C., Sheen, J.M., Tai, M.H., Chen, C.M., Huang, L.L., and Chuang, J.H. 2005.

Differential expression of delta-like gene and protein in neuroblastoma, ganglioneuroblastoma and

ganglioneuroma. Mod Pathol 18:656-662.
244. Wei, J.S., Greer, B.T., Westermann, F., Steinberg, S.M., Son, C.G., Chen, Q.R., Whiteford, C.C.,

Bilke, S., Krasnoselsky, A.L., Cenacchi, N., et al. 2004. Prediction of clinical outcome using gene ex-

pression profiling and artificial neural networks for patients with neuroblastoma. Cancer Res 64:6883-
6891.

245. Grynfeld, A., Pahlman, S., and Axelson, H. 2000. Induced neuroblastoma cell differentiation, associ-

ated with transient HES-1 activity and reduced HASH-1 expression, is inhibited by Notch1. Int J Can-
cer 88:401-410.

246. Lopez-Carballo, G., Moreno, L., Masia, S., Perez, P., and Barettino, D. 2002. Activation of the phos-

phatidylinositol 3-kinase/Akt signaling pathway by retinoic acid is required for neural differentiation

of SH-SY5Y human neuroblastoma cells. J Biol Chem 277:25297-25304.

247. Soderholm, H., Ortoft, E., Johansson, I., Ljungberg, J., Larsson, C., Axelson, H., and Pahlman, S.

1999. Human achaete-scute homologue 1 (HASH-1) is downregulated in differentiating neuroblas-

toma cells. Biochem Biophys Res Commun 256:557-563.

 - 55  -



�

248. Franklin, J.L., Berechid, B.E., Cutting, F.B., Presente, A., Chambers, C.B., Foltz, D.R., Ferreira, A.,

and Nye, J.S. 1999. Autonomous and non-autonomous regulation of mammalian neurite development

by Notch1 and Delta1. Curr Biol 9:1448-1457.

249. Redmond, L., Oh, S.R., Hicks, C., Weinmaster, G., and Ghosh, A. 2000. Nuclear Notch1 signaling

and the regulation of dendritic development. Nat Neurosci 3:30-40.

250. Sestan, N., Artavanis-Tsakonas, S., and Rakic, P. 1999. Contact-dependent inhibition of cortical neu-

rite growth mediated by notch signaling. Science 286:741-746.
251. Jogi, A., Ora, I., Nilsson, H., Poellinger, L., Axelson, H., and Pahlman, S. 2003. Hypoxia-induced

dedifferentiation in neuroblastoma cells. Cancer Lett 197:145-150.

252. Jogi, A., Vallon-Christersson, J., Holmquist, L., Axelson, H., Borg, A., and Pahlman, S. 2004. Human

neuroblastoma cells exposed to hypoxia: induction of genes associated with growth, survival, and ag-

gressive behavior. Exp Cell Res 295:469-487.

253. Hess-Stumpp, H. 2005. Histone deacetylase inhibitors and cancer: from cell biology to the clinic. Eur
J Cell Biol 84:109-121.

254. Hellebrekers, D.M., Griffioen, A.W., and van Engeland, M. 2007. Dual targeting of epigenetic therapy

in cancer. Biochim Biophys Acta 1775:76-91.
255. Zelent, A., Guidez, F., Melnick, A., Waxman, S., and Licht, J.D. 2001. Translocations of the RARal-

pha gene in acute promyelocytic leukemia. Oncogene 20:7186-7203.

256. He, L.Z., Tolentino, T., Grayson, P., Zhong, S., Warrell, R.P., Jr., Rifkind, R.A., Marks, P.A., Richon,

V.M., and Pandolfi, P.P. 2001. Histone deacetylase inhibitors induce remission in transgenic models

of therapy-resistant acute promyelocytic leukemia. J Clin Invest 108:1321-1330.
257. Grant, S., Easley, C., and Kirkpatrick, P. 2007. Vorinostat. Nat Rev Drug Discov 6:21-22.

258. Kuendgen, A., and Gattermann, N. 2007. Valproic acid for the treatment of myeloid malignancies.

Cancer 110:943-954.
259. Gottlicher, M., Minucci, S., Zhu, P., Kramer, O.H., Schimpf, A., Giavara, S., Sleeman, J.P., Lo Coco,

F., Nervi, C., Pelicci, P.G., et al. 2001. Valproic acid defines a novel class of HDAC inhibitors induc-

ing differentiation of transformed cells. Embo J 20:6969-6978.
260. Phiel, C.J., Zhang, F., Huang, E.Y., Guenther, M.G., Lazar, M.A., and Klein, P.S. 2001. Histone

deacetylase is a direct target of valproic acid, a potent anticonvulsant, mood stabilizer, and teratogen. J

Biol Chem 276:36734-36741.
261. Gurvich, N., Tsygankova, O.M., Meinkoth, J.L., and Klein, P.S. 2004. Histone deacetylase is a target

of valproic acid-mediated cellular differentiation. Cancer Res 64:1079-1086.

262. Bug, G., Gul, H., Schwarz, K., Pfeifer, H., Kampfmann, M., Zheng, X., Beissert, T., Boehrer, S.,

Hoelzer, D., Ottmann, O.G., et al. 2005. Valproic acid stimulates proliferation and self-renewal of he-

matopoietic stem cells. Cancer Res 65:2537-2541.

263. Bug, G., Schwarz, K., Schoch, C., Kampfmann, M., Henschler, R., Hoelzer, D., Ottmann, O.G., and

Ruthardt, M. 2007. Effect of histone deacetylase inhibitor valproic acid on progenitor cells of acute

myeloid leukemia. Haematologica 92:542-545.

264. De Felice, L., Tatarelli, C., Mascolo, M.G., Gregorj, C., Agostini, F., Fiorini, R., Gelmetti, V., Pas-

cale, S., Padula, F., Petrucci, M.T., et al. 2005. Histone deacetylase inhibitor valproic acid enhances

the cytokine-induced expansion of human hematopoietic stem cells. Cancer Res 65:1505-1513.

265. Candelaria, M., Gallardo-Rincon, D., Arce, C., Cetina, L., Aguilar-Ponce, J.L., Arrieta, O., Gonzalez-

Fierro, A., Chavez-Blanco, A., de la Cruz-Hernandez, E., Camargo, M.F., et al. 2007. A phase II study

of epigenetic therapy with hydralazine and magnesium valproate to overcome chemotherapy resis-

tance in refractory solid tumors. Ann Oncol 18:1529-1538.

266. Munster, P., Marchion, D., Bicaku, E., Schmitt, M., Lee, J.H., DeConti, R., Simon, G., Fishman, M.,

Minton, S., Garrett, C., et al. 2007. Phase I trial of histone deacetylase inhibition by valproic acid fol-

lowed by the topoisomerase II inhibitor epirubicin in advanced solid tumors: a clinical and transla-

tional study. J Clin Oncol 25:1979-1985.

267. Cinatl, J., Jr., Cinatl, J., Driever, P.H., Kotchetkov, R., Pouckova, P., Kornhuber, B., and Schwabe, D.

1997. Sodium valproate inhibits in vivo growth of human neuroblastoma cells. Anticancer Drugs

8:958-963.

268. Yang, Q., Tian, Y., Liu, S., Zeine, R., Chlenski, A., Salwen, H.R., Henkin, J., and Cohn, S.L. 2007.

Thrombospondin-1 peptide ABT-510 combined with valproic acid is an effective antiangiogenesis

strategy in neuroblastoma. Cancer Res 67:1716-1724.

269. Michaelis, M., Suhan, T., Cinatl, J., Driever, P.H., and Cinatl, J., Jr. 2004. Valproic acid and inter-

feron-alpha synergistically inhibit neuroblastoma cell growth in vitro and in vivo. Int J Oncol

25:1795-1799.

 - 56  -



�

270. Cinatl, J., Jr., Cinatl, J., Scholz, M., Driever, P.H., Henrich, D., Kabickova, H., Vogel, J.U., Doerr,

H.W., and Kornhuber, B. 1996. Antitumor activity of sodium valproate in cultures of human neuro-

blastoma cells. Anticancer Drugs 7:766-773.

271. Cinatl, J., Jr., Kotchetkov, R., Blaheta, R., Driever, P.H., Vogel, J.U., and Cinatl, J. 2002. Induction of

differentiation and suppression of malignant phenotype of human neuroblastoma BE(2)-C cells by

valproic acid: enhancement by combination with interferon-alpha. Int J Oncol 20:97-106.

272. Di Daniel, E., Mudge, A.W., and Maycox, P.R. 2005. Comparative analysis of the effects of four

mood stabilizers in SH-SY5Y cells and in primary neurons. Bipolar Disord 7:33-41.

273. Furchert, S.E., Lanvers-Kaminsky, C., Juurgens, H., Jung, M., Loidl, A., and Fruhwald, M.C. 2007.

Inhibitors of histone deacetylases as potential therapeutic tools for high-risk embryonal tumors of the

nervous system of childhood. Int J Cancer 120:1787-1794.

274. Rocchi, P., Tonelli, R., Camerin, C., Purgato, S., Fronza, R., Bianucci, F., Guerra, F., Pession, A., and

Ferreri, A.M. 2005. p21Waf1/Cip1 is a common target induced by short-chain fatty acid HDAC in-

hibitors (valproic acid, tributyrin and sodium butyrate) in neuroblastoma cells. Oncol Rep 13:1139-

1144.

275. Yuan, P.X., Huang, L.D., Jiang, Y.M., Gutkind, J.S., Manji, H.K., and Chen, G. 2001. The mood

stabilizer valproic acid activates mitogen-activated protein kinases and promotes neurite growth. J

Biol Chem 276:31674-31683.

276. Condorelli, F., Gnemmi, I., Vallario, A., Genazzani, A.A., and Canonico, P.L. 2007. Inhibitors of

histone deacetylase (HDAC) restore the p53 pathway in neuroblastoma cells. Br J Pharmacol.

277. Nelson, E.C., Evans, C.P., and Lara, P.N., Jr. 2007. Renal cell carcinoma: current status and emerging

therapies. Cancer Treat Rev 33:299-313.

278. Jemal, A., Siegel, R., Ward, E., Murray, T., Xu, J., and Thun, M.J. 2007. Cancer statistics, 2007. CA

Cancer J Clin 57:43-66.
279. Cancer incidence in Sweden 2006. Published December 19, 2007 at Internet:

http://www.socialstyrelsen.se/Statistik/statistik_amne/Cancer.

280. Cohen, H.T., and McGovern, F.J. 2005. Renal-cell carcinoma. N Engl J Med 353:2477-2490.
281. Martel, C.L., and Lara, P.N. 2003. Renal cell carcinoma: current status and future directions. Crit Rev

Oncol Hematol 45:177-190.

282. Kovacs, G., Akhtar, M., Beckwith, B.J., Bugert, P., Cooper, C.S., Delahunt, B., Eble, J.N., Fleming,

S., Ljungberg, B., Medeiros, L.J., et al. 1997. The Heidelberg classification of renal cell tumours. J

Pathol 183:131-133.

283. Vira, M.A., Novakovic, K.R., Pinto, P.A., and Linehan, W.M. 2007. Genetic basis of kidney cancer: a

model for developing molecular-targeted therapies. BJU Int 99:1223-1229.

284. Mandriota, S.J., Turner, K.J., Davies, D.R., Murray, P.G., Morgan, N.V., Sowter, H.M., Wykoff, C.C.,

Maher, E.R., Harris, A.L., Ratcliffe, P.J., et al. 2002. HIF activation identifies early lesions in VHL

kidneys: evidence for site-specific tumor suppressor function in the nephron. Cancer Cell 1:459-468.

285. Kaelin, W.G. 2007. Von hippel-lindau disease. Annu Rev Pathol 2:145-173.

286. Delahunt, B., and Eble, J.N. 1997. Papillary renal cell carcinoma: a clinicopathologic and immunohis-

tochemical study of 105 tumors. Mod Pathol 10:537-544.

287. Park, W.H., and Eisen, T. 2007. Prognostic factors in renal cell cancer. BJU Int 99:1277-1281.

288. Fyfe, G.A., Fisher, R.I., Rosenberg, S.A., Sznol, M., Parkinson, D.R., and Louie, A.C. 1996. Long-

term response data for 255 patients with metastatic renal cell carcinoma treated with high-dose recom-

binant interleukin-2 therapy. J Clin Oncol 14:2410-2411.
289. Rosenberg, S.A., Yang, J.C., Topalian, S.L., Schwartzentruber, D.J., Weber, J.S., Parkinson, D.R.,

Seipp, C.A., Einhorn, J.H., and White, D.E. 1994. Treatment of 283 consecutive patients with metas-

tatic melanoma or renal cell cancer using high-dose bolus interleukin 2. Jama 271:907-913.
290. Kim, W.Y., and Kaelin, W.G. 2004. Role of VHL gene mutation in human cancer. J Clin Oncol

22:4991-5004.

291. Seizinger, B.R., Rouleau, G.A., Ozelius, L.J., Lane, A.H., Farmer, G.E., Lamiell, J.M., Haines, J.,

Yuen, J.W., Collins, D., Majoor-Krakauer, D., et al. 1988. Von Hippel-Lindau disease maps to the re-

gion of chromosome 3 associated with renal cell carcinoma. Nature 332:268-269.

292. Zbar, B., Brauch, H., Talmadge, C., and Linehan, M. 1987. Loss of alleles of loci on the short arm of

chromosome 3 in renal cell carcinoma. Nature 327:721-724.

293. Latif, F., Tory, K., Gnarra, J., Yao, M., Duh, F.M., Orcutt, M.L., Stackhouse, T., Kuzmin, I., Modi,

W., Geil, L., et al. 1993. Identification of the von Hippel-Lindau disease tumor suppressor gene. Sci-
ence 260:1317-1320.

294. Knudson, A.G., Jr., Strong, L.C., and Anderson, D.E. 1973. Heredity and cancer in man. Prog Med

Genet 9:113-158.

 - 57  -



�

295. Lubensky, I.A., Gnarra, J.R., Bertheau, P., Walther, M.M., Linehan, W.M., and Zhuang, Z. 1996.

Allelic deletions of the VHL gene detected in multiple microscopic clear cell renal lesions in von Hip-

pel-Lindau disease patients. Am J Pathol 149:2089-2094.

296. Rankin, E.B., Tomaszewski, J.E., and Haase, V.H. 2006. Renal cyst development in mice with condi-

tional inactivation of the von Hippel-Lindau tumor suppressor. Cancer Res 66:2576-2583.

297. Iliopoulos, O., Kibel, A., Gray, S., and Kaelin, W.G., Jr. 1995. Tumour suppression by the human von

Hippel-Lindau gene product. Nat Med 1:822-826.
298. Ivan, M., Kondo, K., Yang, H., Kim, W., Valiando, J., Ohh, M., Salic, A., Asara, J.M., Lane, W.S.,

and Kaelin, W.G., Jr. 2001. HIFalpha targeted for VHL-mediated destruction by proline hydroxyla-

tion: implications for O2 sensing. Science 292:464-468.
299. Jaakkola, P., Mole, D.R., Tian, Y.M., Wilson, M.I., Gielbert, J., Gaskell, S.J., Kriegsheim, A., Hebe-

streit, H.F., Mukherji, M., Schofield, C.J., et al. 2001. Targeting of HIF-alpha to the von Hippel-

Lindau ubiquitylation complex by O2-regulated prolyl hydroxylation. Science 292:468-472.
300. Bruick, R.K., and McKnight, S.L. 2001. A conserved family of prolyl-4-hydroxylases that modify

HIF. Science 294:1337-1340.

301. Epstein, A.C., Gleadle, J.M., McNeill, L.A., Hewitson, K.S., O'Rourke, J., Mole, D.R., Mukherji, M.,

Metzen, E., Wilson, M.I., Dhanda, A., et al. 2001. C. elegans EGL-9 and mammalian homologs define

a family of dioxygenases that regulate HIF by prolyl hydroxylation. Cell 107:43-54.

302. Mahon, P.C., Hirota, K., and Semenza, G.L. 2001. FIH-1: a novel protein that interacts with HIF-

1alpha and VHL to mediate repression of HIF-1 transcriptional activity. Genes Dev 15:2675-2686.

303. Ananth, S., Knebelmann, B., Gruning, W., Dhanabal, M., Walz, G., Stillman, I.E., and Sukhatme, V.P.

1999. Transforming growth factor beta1 is a target for the von Hippel-Lindau tumor suppressor and a

critical growth factor for clear cell renal carcinoma. Cancer Res 59:2210-2216.

304. Lager, D.J., Slagel, D.D., and Palechek, P.L. 1994. The expression of epidermal growth factor recep-

tor and transforming growth factor alpha in renal cell carcinoma. Mod Pathol 7:544-548.

305. Sato, K., Terada, K., Sugiyama, T., Takahashi, S., Saito, M., Moriyama, M., Kakinuma, H., Suzuki,

Y., Kato, M., and Kato, T. 1994. Frequent overexpression of vascular endothelial growth factor gene

in human renal cell carcinoma. Tohoku J Exp Med 173:355-360.

306. Miyajima, A., Asano, T., Seta, K., Asano, T., Kakoi, N., and Hayakawa, M. 2003. Loss of expression

of transforming growth factor-beta receptor as a prognostic factor in patients with renal cell carci-

noma. Urology 61:1072-1077.

307. Parker, A.S., Lohse, C.M., Wu, K., Kreinest, P., Copland, J.A., Hilton, T., Wehle, M., Cheville, J.C.,

and Blute, M. 2007. Lower expression levels of the transforming growth factor beta receptor type II

protein are associated with a less aggressive tumor phenotype and improved survival among patients

with clear cell renal cell carcinoma. Hum Pathol 38:453-461.

308. Takahashi, M., Rhodes, D.R., Furge, K.A., Kanayama, H., Kagawa, S., Haab, B.B., and Teh, B.T.

2001. Gene expression profiling of clear cell renal cell carcinoma: gene identification and prognostic

classification. Proc Natl Acad Sci U S A 98:9754-9759.

309. Esteban, M.A., Tran, M.G., Harten, S.K., Hill, P., Castellanos, M.C., Chandra, A., Raval, R., O'Brien

T, S., and Maxwell, P.H. 2006. Regulation of E-cadherin expression by VHL and hypoxia-inducible

factor. Cancer Res 66:3567-3575.

310. Krishnamachary, B., Zagzag, D., Nagasawa, H., Rainey, K., Okuyama, H., Baek, J.H., and Semenza,

G.L. 2006. Hypoxia-inducible factor-1-dependent repression of E-cadherin in von Hippel-Lindau tu-

mor suppressor-null renal cell carcinoma mediated by TCF3, ZFHX1A, and ZFHX1B. Cancer Res
66:2725-2731.

311. Kondo, K., Kim, W.Y., Lechpammer, M., and Kaelin, W.G., Jr. 2003. Inhibition of HIF2alpha is suf-

ficient to suppress pVHL-defective tumor growth. PLoS Biol 1:E83.
312. Raval, R.R., Lau, K.W., Tran, M.G., Sowter, H.M., Mandriota, S.J., Li, J.L., Pugh, C.W., Maxwell,

P.H., Harris, A.L., and Ratcliffe, P.J. 2005. Contrasting properties of hypoxia-inducible factor 1 (HIF-

1) and HIF-2 in von Hippel-Lindau-associated renal cell carcinoma. Mol Cell Biol 25:5675-5686.
313. Maxwell, P.H., Wiesener, M.S., Chang, G.W., Clifford, S.C., Vaux, E.C., Cockman, M.E., Wykoff,

C.C., Pugh, C.W., Maher, E.R., and Ratcliffe, P.J. 1999. The tumour suppressor protein VHL targets

hypoxia-inducible factors for oxygen-dependent proteolysis. Nature 399:271-275.
314. Turner, K.J., Moore, J.W., Jones, A., Taylor, C.F., Cuthbert-Heavens, D., Han, C., Leek, R.D., Gatter,

K.C., Maxwell, P.H., Ratcliffe, P.J., et al. 2002. Expression of hypoxia-inducible factors in human re-

nal cancer: relationship to angiogenesis and to the von Hippel-Lindau gene mutation. Cancer Res
62:2957-2961.

315. Oudard, S., George, D., Medioni, J., and Motzer, R. 2007. Treatment options in renal cell carcinoma:

past, present and future. Ann Oncol 18 Suppl 10:x25-31.

 - 58  -



�

316. Motzer, R.J., Hutson, T.E., Tomczak, P., Michaelson, M.D., Bukowski, R.M., Rixe, O., Oudard, S.,

Negrier, S., Szczylik, C., Kim, S.T., et al. 2007. Sunitinib versus interferon alfa in metastatic renal-cell

carcinoma. N Engl J Med 356:115-124.

317. Escudier, B., Eisen, T., Stadler, W.M., Szczylik, C., Oudard, S., Siebels, M., Negrier, S., Chevreau,

C., Solska, E., Desai, A.A., et al. 2007. Sorafenib in advanced clear-cell renal-cell carcinoma. N Engl

J Med 356:125-134.

318. Hudes, G., Carducci, M., Tomczak, P., Dutcher, J., Figlin, R., Kapoor, A., Staroslawska, E., Sosman,

J., McDermott, D., Bodrogi, I., et al. 2007. Temsirolimus, interferon alfa, or both for advanced renal-

cell carcinoma. N Engl J Med 356:2271-2281.

319. Chen, L., and Al-Awqati, Q. 2005. Segmental expression of Notch and Hairy genes in nephrogenesis.

Am J Physiol Renal Physiol 288:F939-952.

320. Leimeister, C., Schumacher, N., and Gessler, M. 2003. Expression of Notch pathway genes in the

embryonic mouse metanephros suggests a role in proximal tubule development. Gene Expr Patterns
3:595-598.

321. Piscione, T.D., Wu, M.Y., and Quaggin, S.E. 2004. Expression of Hairy/Enhancer of Split genes,

Hes1 and Hes5, during murine nephron morphogenesis. Gene Expr Patterns 4:707-711.
322. Sharma, M., Fopma, A., Brantley, J.G., and Vanden Heuvel, G.B. 2004. Coexpression of Cux-1 and

Notch signaling pathway components during kidney development. Dev Dyn 231:828-838.

323. Dressler, G.R. 2006. The cellular basis of kidney development. Annu Rev Cell Dev Biol 22:509-529.
324. McCright, B., Gao, X., Shen, L., Lozier, J., Lan, Y., Maguire, M., Herzlinger, D., Weinmaster, G.,

Jiang, R., and Gridley, T. 2001. Defects in development of the kidney, heart and eye vasculature in

mice homozygous for a hypomorphic Notch2 mutation. Development 128:491-502.

325. Cheng, H.T., Miner, J.H., Lin, M., Tansey, M.G., Roth, K., and Kopan, R. 2003. Gamma-secretase

activity is dispensable for mesenchyme-to-epithelium transition but required for podocyte and proxi-

mal tubule formation in developing mouse kidney. Development 130:5031-5042.

326. Wang, P., Pereira, F.A., Beasley, D., and Zheng, H. 2003. Presenilins are required for the formation of

comma- and S-shaped bodies during nephrogenesis. Development 130:5019-5029.
327. Liao, Y.F., Wang, B.J., Hsu, W.M., Lee, H., Liao, C.Y., Wu, S.Y., Cheng, H.T., and Hu, M.K. 2007.

Unnatural amino acid-substituted (hydroxyethyl)urea peptidomimetics inhibit gamma-secretase and

promote the neuronal differentiation of neuroblastoma cells.Mol Pharmacol 71:588-601.
328. Ishikura, N., Clever, J.L., Bouzamondo-Bernstein, E., Samayoa, E., Prusiner, S.B., Huang, E.J., and

DeArmond, S.J. 2005. Notch-1 activation and dendritic atrophy in prion disease. Proc Natl Acad Sci U

S A 102:886-891.
329. de Ruijter, A.J., Meinsma, R.J., Bosma, P., Kemp, S., Caron, H.N., and van Kuilenburg, A.B. 2005.

Gene expression profiling in response to the histone deacetylase inhibitor BL1521 in neuroblastoma.

Exp Cell Res 309:451-467.
330. Greenblatt, D.Y., Vaccaro, A.M., Jaskula-Sztul, R., Ning, L., Haymart, M., Kunnimalaiyaan, M., and

Chen, H. 2007. Valproic Acid activates notch-1 signaling and regulates the neuroendocrine phenotype

in carcinoid cancer cells. Oncologist 12:942-951.
331. Ciana, P., Ghisletti, S., Mussi, P., Eberini, I., Vegeto, E., and Maggi, A. 2003. Estrogen receptor al-

pha, a molecular switch converting transforming growth factor-alpha-mediated proliferation into dif-

ferentiation in neuroblastoma cells. J Biol Chem 278:31737-31744.
332. Curry, C.L., Reed, L.L., Nickoloff, B.J., Miele, L., and Foreman, K.E. 2006. Notch-independent regu-

lation of Hes-1 expression by c-Jun N-terminal kinase signaling in human endothelial cells. Lab Invest
86:842-852.

333. Ho, R., Minturn, J.E., Hishiki, T., Zhao, H., Wang, Q., Cnaan, A., Maris, J., Evans, A.E., and Brodeur,

G.M. 2005. Proliferation of human neuroblastomas mediated by the epidermal growth factor receptor.

Cancer Res 65:9868-9875.

334. Rae, F.K., Stephenson, S.A., Nicol, D.L., and Clements, J.A. 2000. Novel association of a diverse

range of genes with renal cell carcinoma as identified by differential display. Int J Cancer 88:726-732.
335. Zhao, H., Ljungberg, B., Grankvist, K., Rasmuson, T., Tibshirani, R., and Brooks, J.D. 2006. Gene

expression profiling predicts survival in conventional renal cell carcinoma. PLoS Med 3:e13.

336. Coleman, M.L., McDonough, M.A., Hewitson, K.S., Coles, C., Mecinovic, J., Edelmann, M., Cook,

K.M., Cockman, M.E., Lancaster, D.E., Kessler, B.M., et al. 2007. Asparaginyl hydroxylation of the

Notch ankyrin repeat domain by factor inhibiting hypoxia-inducible factor. J Biol Chem 282:24027-

24038.

337. Copland, J.A., Luxon, B.A., Ajani, L., Maity, T., Campagnaro, E., Guo, H., LeGrand, S.N., Tamboli,

P., and Wood, C.G. 2003. Genomic profiling identifies alterations in TGFbeta signaling through loss

of TGFbeta receptor expression in human renal cell carcinogenesis and progression. Oncogene
22:8053-8062.

 - 59  -



�

338. Junker, U., Knoefel, B., Nuske, K., Rebstock, K., Steiner, T., Wunderlich, H., Junker, K., and Rein-

hold, D. 1996. Transforming growth factor beta 1 is significantly elevated in plasma of patients suffer-

ing from renal cell carcinoma. Cytokine 8:794-798.

339. Wunderlich, H., Steiner, T., Kosmehl, H., Junker, U., Reinhold, D., Reichelt, O., Zermann, D.H., and

Schubert, J. 1998. Increased transforming growth factor beta1 plasma level in patients with renal cell

carcinoma: a tumor-specific marker? Urol Int 60:205-207.

340. Kominsky, S.L., Doucet, M., Brady, K., and Weber, K.L. 2007. TGF-beta promotes the establishment

of renal cell carcinoma bone metastasis. J Bone Miner Res 22:37-44.

�

 - 60  -


