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

�����
����������
��
���������
�

����������	��
����
��

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

������������������������
��������������.���"#$������#��(
���#�������������)*�%�������&��/���
�����
��!���������
�
�����������������
���������
����������������
��������
�
��
����������
��0�����������,�������������������
���������
��'
�
�
������������������������������
�����������

��� 	� "�!���������
���������
�����
�
�����������������������������������������
�
��������
�����������
�����
���
�������
��������
�����
�
���������������
��!�����"#1�%###$��%$�
�& �2������!'
�����1���
�������#���������� ���)*�
%����
��$&'$��&&�+��
����������,����������
���������
������
������+�
�������������������������������������������
�
�
���!���
����������
��������!�����
������!�
���������2��������������
��������,��
�����������������������������
����
���������
������
����2����
�������
��
��������
������
������	�������
��!�����"#1������1���
�������#�������������)*�����

��������,��������
������������
�������������������!����������������	������"#1������1���
�������#�������������)*�
%�������&��0
�����
��!����������+�
�������������������
�����������
�����������������
�
��������
�
����������
��0��
��������,���������������������
���������
�
��
��
���������������������
������������
�����������

(�	"!"���3��+�!�������
�������+�
��+�
�
�2�����������������+�������4�����
�����������
���5����������+�
��+�
�
�
2�
�+��"#$�%###$��%$�
�&�
��!��������
2��+��)*�#�������1���
����2�%����
��$&'$��&&�+�
�
�������+���,���
2��+����������
����+����������������������2����+�
����2��������!�����
�
�������������!�
�����������������+��������!����
��1������������
4��+��������!�����
��
��������+���,���������
�
��������������!����
����2��������
����������������+��"#$�
��!�����������+��
)*�#�������1���
����2��6�������������
��������������4����4����������������������+��"#$�
��!�����������+��)*�#������ �
1���
����2��
��������+���,���%�������&��"+�
�����+�
������������+�����
���������
�����2�����+���+�
�
��
�4�����
������
�
�������
��6���+���
�����������������������
�����+���+�
�
����
��
�������������������+�����������+�����+���



�

�

�

��

�

�

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

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

�

�

������
�����
�
����
������ !�
�
���
����"
�
�#�$ %�

�
�
�

��������� !�����&'� 
�
����

�
�

�
�
�������$�����������(������������������!�

���
��������������
��&�����!�
(��)��
��!����&
������
�

�
�

������
�������
�����&�����������
���
��������������
��&�����!�*��
�$��!����&�����!�

�
�

�

�

&'� 
�
����

�+
��,��-� ���������� � � � � ���
�% 
���

�%���������

��������� � ������������������������������������ � � � �$����

�

�
���
����"
�
�#�$ %�

&
������
.������ ���/012�



�

�

�

�

�

�

� �



�

�

�

�

�

�

�

�

�

����������3�����$������
�$���
��
������
�������
�����
�
���

� ����

�

• �
��
�����,���
���� ��
�
��������
�)�
������
���������������
���4���)
��%��
54�/006700189��

• ��'��
�
� ��� ���
��
��
� ������,����
� !� ���������
��
� ��� �#�� ��� ����
�
�
����
��
� �
�
� �
:$�-������
� !� ��

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

 


�
� ��� �$�
��

� ��� ������
� �<� �$�����
� !� $�� ��
�=�� �

�� ���������
����
���������>�$�
��%��!�������
�5+��/00?70@8A27�0B9��

• 4��������
��%���������
� �
����
��
��
�
� �
���������%������ 
$�����������
��

��� �
������
� ��
�
��
� ���� 
����
��%����
� ��� 
��$��
� �����
��%��� ������ ���
4�)�
���
��%��+
���
��
.�����
���������+
���
��!����
$���5�40A0?1@9��

• 4��������
��%�����)
��
 ��
����������

���C���

.���$���������)

�!����,���

�

��� �
� ���������
� !� ���$������
� ��� �
� ����$��
� 
$����
� ��� ��� ��

������
 ����
���
�'��
�
���������
���%�����7
� �������4�
���$������+
�$���
���
�444�
5�41/D0001?9��

• ���������� 4�)�
���
��%��&���,���
����	������+
�$������
�� 5�4&>	+��9.�
4�
���$������+
�$���
���
�444.�����
���������������
���4���)
��%�.��� ������

���>
�
=
��

• ����

���
�� ���� 
� (��)��
��
�
� �� 	�����
� ���� ���
��
����� �E4���)
��%.�
(��)��
��
�
� �� >����

.� �����
���
�� ��� �
�
�$�!
� 5/006+�	?/A.�

/012+�	18B89��

• ���� ��$�
���� ��
����
���� �$
�
$
������
��5����9�� ���� ��
��� ���� 
�


����7�����
�
!�51
��������/01B�*�B1
��F$�!�/01B9��

• (��)��
��!� ��� &
������
.� �����
���� �
 ��
�� ��� ��� 
��� �E��)�
���
����

���������
���������
��%�5��4�9�51
��F
�$
�!�/012�*�B1
������� ���/0129���

� �



�

� �



�

�
�
�
�
�
�
�
�
�
�
�

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

�����������
�����

�

�

� �



�

� �



�

������3���������
�

������3.�
��������������!�����"�$���!.�����
����������;���

��!�
���������
���$���

��� 
��� ���� ������� 3��� �
)�� 
�����
����� ��� ��� ���
� "�$���!� 
��� ������ $���� ���
����������3
!
�������
����
�
��

������� ��� ���� ���
�� ��
� ��G���
� 
� �
� H�$��
 ��I� �E
:$�
�
� ��
�J��
.� 
� �
� ��������
�
�E
:$�
�
���
�
.� �
���
��&'� 
�
����

��+������
�$,
��
�
������
:$����
���G���:$�
�

������K���
��$�
�
.������
���
���
��
���
��
�)
�����$
�.���
��E
�;J��
�$,
�����$��
��������G���
����������
�������� �����
�7����
������$���
���E�����
�������$��
�C����

:$�
��������


����%������
�������
��#���
���
�
�����
���
�� 
�
���
�:$����
�����

�
�� ��� 
������� �
�C����J���$���:$��:$
�� �
����
�,
� ������
�����
�� 
�
���
��
�

������������
��L
��
�
��$����
���
��������
�� ��$� ��
�
�� �� ����
����� 
:$�
�� )�
����

� ��$��(�
�)��
�
��,
.���G���
����������

�
� ,��E
��
�
��
����
����
���G���
�
��
���
����$���
��
=
�'
.����������-
�7�����

"$�
�7��� ��� 
:$�
�� �
�C.� ����7��� 
������ 
������ $�
� ��M
� ������
��� ���� 
�$�
�:$����

��
���$
�����
�!
��E�:$��.�
� �:$���������
�����������
��
��C���
�
��
���
��
�
�����
����J�
��������
�

�
���
�.���G���
��������
���
����
�����G��������E
"$�
��������
��������L��
��K
�������������
���
���
�$

���
������C��:$�
�:$��������$������
�����

� ��$��+��)�
.�������!����
:$���
�����
����
����������
� �$�
�)���
����1?0N����

�
���
��������
�
��C���
��

�
�
���
�����E��:$
�
�)����$ ����#��
,�����
��
��7������
�
��
� ������
� �����O ��
� :$�� ���� �



�� "$���
�� ������

�
.� ���
���
����
� ��
�
.�
�
 ��
����
�����
�����
����:$
��
� ��
�������
PPP����
��
��
"�.������
�
�)
�
�����
�

��
"$�
������������
�.���G���
������
�
��
��������
��

�
�
�$�
���
�
�H�E
��$����
I�
�E
:$���
�:$���E��������E������
��>�
�$��
����P����
�����
.��������
���
�������
�
����
����
�
���
 ��
��������,
�����G������
 ��
����.������:$�����
��$���������)
��


�����
�� ����%�.�
����!
����)
�� ������
����� �
�L����.����� ����
�
:$����
� ��


�
�
:$��)
������:$���E�
�
�C
���
���
�$��"�������
�Q����
.������
�
�)
��
�
���
�������� 
���
����������
���
������;���
�����
�����
�
��
���
�
�����E��
����.������
�
�)
�
�
 ����
����

"$�
����
�
�������E���
�R
�������

.�������

��������
����
�����
 ��
�����������
�$�

���$
�

�������
��%
��>
����
��$�
�:$�����+>	��"
����
�E����
�
���GP� ����E����.�����
���
���
�������
�����
����
�����
���G$��
.������
�
�)
��
����
��O�
���������������:$��
���� ����
����� �� 
��K
� "$���
.� ��
� ����
�P� ��� F����.� �EL����
� �� �E���
.� ���� �
�
��



�


������ ��
��

�
� 
� 
"$�
�7��.� $
� ��
��"�� ��� ������� ��� 
:$�
�� �
�C� :$�� �
��$�
�����
����

�
� ,� �E
��
�
��
� ���
�� ��
� ��G���
� 
� �
� ��
�
� ��� �����

��
.� ��)�
���
���
.�
�
�$��
��
� �� ���
��
�� 
�����
��
��$� ���� ���
��
����� ��� &������
� ����
�� ����

������7������
:$�
�
���
���
�C��
��L
��
�
��$����
�������������
��������)��
�
����

�



�C
.����
�
.����
���
.�
����$��
���
������������
�

�S����)�

����
�����
���$
�
����
�!
������
���
��
����������
�.��$�C
.�T��;.��
  ����>��.���G���
���������
�����
�$ ��
���
)���$��
.��������
���
������$
����������
���
����
���
P�L
��
�
������
��������
$�
�����
�!
�����)�

����
���

������
�% 
���

�%���
��
�	�

��
�
�'������
����
�7���$���$������)�
�
��,
��$�G�

��� �
� �
�
���
� ����
��� �
� ,� 
��
��� 
� �
� ��� F�
S
� ���
�-� ���� 
�$� 
"$�� ��
������
��
����� �)�

����
����
��K
��
�������G���
�������� 
����$�����
������
����

�
� ,����
����
���G���
�
�������&��
 
���.��E>
�����F��,��-���
��
���
�
�������$��
���� +��)��� ��� �
�:$�
���
� ��� �EL�
���
�� ��C����� L
� 
��$�� $�� ������ ������ ��� 
��
��

� �)�

����
.�����
������$��
����)�
�
���
��������
��)�
������
�
���

���
�� ��� ��$� 
��
O����� 
�
� �
�����
� �� 
� ��
� 
�)�
� �
�C���
� :$�� �
�� �
������
��
)��$��G��
����� ��� 
:$�
�
� �
�$��
� �� :$�� ������

����� �
�� ������ ��� 
�$� ����
��
+��
��)�

����
�
�;J�����
�$,
��
�
����

� �����

������


�����+��������
���
��������������4������$������!�
�
!����&�����
�
������
4�
���$�������
!���
��!���
����$�
��!��������������
���
������
�
��
  ��.����3

�
�
���

$��������
���
 �$��H	������
�I������!�$���

���L
��������>���������.�4�
�������!���
���$�����!�$�������)�������������
�������
3�������3����!�$�
���!�$����
��
��� ����)��)����������
�
-�������+����"��������
+������
����.��
�+
���
���H�
���$�I�5R�����.�#��
����$
9.���G���
����
��
 $��
�
���
�
�


� �U��������� R
��� 
�������� ����C

��� �
�� 
� ��)���� �����

���
�� ���� ���
��
�� 
��
)�
���� ��
�
��� ��G���
� ���� 
������7��� ���� $�
� �,
� 
� �
� )�
��
� �
����
�� ��� ����
�
L
����.��������$�)����
�����$��
�����������
������������������
�
�
�����������
��4�
������������$��!��$��������
�
��1/�P��

�����
���
���$
�
���
.��E
:$C� ���E
��G.�:$���E�
��
����
�!
���������-
�����
:$�
��

�
�C��>
����
�����.�
��
�#�$
.��
�+$

��
.��E���
����E�� 
.�)
�
���
� �)�

����
�:$��



�

���� 
�;J� )
� �����M
��� ��G���
� ���� ���7��� ��
�
�� ��� ��
� ������
� :$�� �,
� ��� ���

����

��
�� �� �
�
�� 
������ ��
��

��
� ���� $�
�  ��
�  
� 
��
� 
� �����
� ��� �����
��
#���
.�
�$�����
�
P����E>��
���
.�
� �:$���
��������;
�������,�;�����E���
��
�

 ���
:$��
�������$�������
��
� ��$���� �
�#G��
� �� �
��
��.�����
"$�
�7��� �� �
�
��
��C�

:$
�� ��� ��� ����

��
��� ��� +

��
.� ��"
�� 
��� 
��� ���� ����
!E
� ������� ������.�
H�
���
��U�I�����
�����������
������.�3����$��!�$��U�3�$������� ������

�����

���
�����.������$�
��
O����������
���)
��
�C��
�����
�$�
�����������-
������������
����������
���$
��
��
.����:$K�
��
�����
�����
�$,
�
��� 
�����
�
:$C����G���
�����
��
��!
�7���
��
���
���
�)��
.�
�

 ���)
���
����
�������
���
�
.�
��
����
�����:$��

�����$�������� ��
� ��$��
������ ����
��J�:$��)$��������
:$�
��
�������
�����
� ����:$��

��� ,
����
�
:$C��������.��
��������������������
��


.��������
�.���G���
��������7���

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

�
�
�
������7���
��


�)�
��
�����F$
�"����

�E��
����.� ���� 
�$� �;������ ��� ��$��
� �� ����
���
��� ��G���
� ���� ���� ��� :$�� �E��$�
��
��!
�� �� �$��
E�������
��G.� ��G���
����� ���� ���,
.����� �
�
�.� ���
� �� ������
���� �
�
��
�G���
.�
������
����$���
�
�.��������
�7���
$����.��
����
�7�����
���
�7������
�����������
�
��$������
)
����(
��
�������
:$�
�
���
�
�)
�����)�

����
��

�

�

� �



�



�

��
 �������������
�

1� 4�����$��������������������������������������������������������������������������������������������������������������1�
1�1� ����
����
�����
����������������������������������������������������������������������������������������������@�

1�1�1� �
"��������

�)����
��������������������������������������������������������������������������8�

1�1�1�1� �$������&�������
��L!�����
�
�����������������������������������������������������������?�

1�1�1�/� >�)��������
��
�����������	�
���
����
���������������������������������������11�

1�1�1�B� ���
�����������
���
���������������������������������������������������������������������12�

1�1�/� &����
����
������������������������������������������������������������������������������������������18�
1�1�/�1� �$������&�������
��L!�����
�
���������������������������������������������������������1?�

1�1�/�/� >�)��������
��
�����������	�
���
����
���������������������������������������/1�

1�1�/�B� ���
�����������
���
���������������������������������������������������������������������//�

1�1�B� +���-�������
�����������������������������������������������������������������������������������������/@�
1�1�B�1� �$������&�������
��L!�����
�
���������������������������������������������������������/8�

1�1�B�/� >�)��������
��
�����������	�
���
����
���������������������������������������/6�

1�1�B�B� ���
�����������
���
���������������������������������������������������������������������B/�

1�/� ��
��
���������
�����
!���
��!�����������������������������������������������������������������B@�
1�/�1� ��
�������
���
��
����������
�$�!�����
!���
��!�������������������������21�
1�/�/� ��
��
���������
����++	4
�5���
����
�9���������������������������������������2@�

1�/�B� ��
��
���������
���������$�����������������������������������������������������������@/�
1�/�2� ��
��
���������
������!���
�������
!������
�5���-
����9��������������@A�

1�B� >;�����������������
����
�����
!������������
���
����������������������������������81�

1�B�1� ���
����
����
���
������
"��������

�)����
�����������������������������81�
1�B�1�1� �
����
�������
�
�������
��
 ������
!
������#	1.��#	/.��

��������L������������������������������������������������������������������������������������������������81�

1�B�/� �����$����
���
�����&����
����
�����������������������������������������������������88�
1�B�/�1� �
����
�������
�
���������
������
������
����

�+VBW��
��3
!
����������������������������������������������������������������������������������������88�

1�B�/�/� �
����
�������
�
��L���
!
������V&�@.��	L	1.��
������	L	/����������������������������������������������������������������������������������������������8?�

1�B�/�B� �
����
�������
�
����$�
�
�������
!
������	4�/.��
� ��&	&/.��	4V/.��	4V@����������������������������������������������������������������A0�



�

1�B�B� ���-
�������
���
�����+���-�������
�������������������������������������������������AB�

1�B�B�1� �
����
�������
�
��L���
!
������V&�@.�#	B�1��������������������������AB�

1�B�B�/� �
����
�������
�
��#�$�����������
����
��&�#�.��
� #�	V/���������������������������������������������������������������������������������������������AB�
�

/� L!�����
�
�
���X "����)�
����������������������������������������������������������������������������A@�

B� +$���)�
��E
�	����������������
�������������������������������������������������������������������A6�

2� �$ ���
����
�������������������������������������������������������������������������������������������������������?B�
2�1� ����
����
�����������������
��
 ������5��&9�
!
�������1/73����

������
�� ��
���
�� ��� ���
����
�� ���
������� ���� ����� ��� ���� �#	1.�
�#	/�
������L�����
�����"
�
��.��

�%��.��
�
�'��	.��
=
�'
�
��.����

�&��F�$��
������
!�����
��
�����!�/01/����������������������������������?@�

�+$���)�
��E
�	����������������������������������������������������������������������������������������������6@�

�
2�/� +��������� �������� )
��
 ����!� 
�� ���� �#	1� ����� ���  ���� �
"���

�����

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

�%��.��
�
�'��	.��
=
�'
��.�
���

�&���
!�����
��
�����!�/01B�������������������������������������������������������������6A�
+$���)�
��E
�	����������������������������������������������������������������������������������������������111�

2�B� >;����������������)
��
 ����!�
���4.��+VB.�L���
�����$�
�
�������
�
��3
!
���������$����
���
���


���
�����3����4���/.�4#��1�
���
�+VBW�����
�����"
�
��Y.����

�&Y.�F��,��-�>.��������
�F�.�+
�-�
��.��
��C
7�������
���.�&$�%���.�&� �
�F.�R���
�>.�&��
 
��������
5+$ ����������F�$��
�����������
���
!�����
��
�����!9�����������������������11B�
+$���)�
��E
�	����������������������������������������������������������������������������������������������1B1�

�
2�2� L!����
�
���7���$��
�!7
����
��
!
���.���$�����������
����
�
���

���-
�������
���
���


���
�����3�����V&�@�
���#�	V/�����
�����
���"
�
Y.� 	�� �
�
�'�Y.� ��� R'-:$�-.� ��� ���-'��-7	���C�$�-.� 	��
���
�,
.�������
.�����



�
.�F���$���.��F�����
�-.�&�����

���
5���
����)�
����
$ ������������
��
���������
�
����������
9������������1BB�
+$���)�
��E
�	����������������������������������������������������������������������������������������������121�

�
@� ��� 
��+$��
�!����	�
$��
�����������������������������������������������������������������������12B�

8� ��
�$

����
��������$
���
�����������������������������������������������������������������������1@1�

A� 	��������
�������������������������������������������������������������������������������������������������������1A1�



�

��

����$��
�

���$���1� ���
����
����� �
�����
�����
����>$��������/010�����������������������������������������2�

���$���/� �������� 
��� ��)��������
�� ������ $����
� ��� ���������� 
��� ������;�
��
�����
������������������������������������������������������������������������������������������������������@�

���$���B� 	����
���
����� ��� ���� �
������ ��� ����� ��� &����
�� �!��� 4� 
��� 44�
��
�����
���������������������������������������������������������������������������������������������������18�

���$���2� 	�������
�
��������
����
�!���
��
����
!���������$�
���������������������������������BB�

���$���@� R
��
 ����!� ��� ��$�� ��
���
��� 
� �������
� 
��� ��)��������
��
�������
!�����������������������������������������������������������������������������������������������������B8�

���$���8� ���� ��
��
���������� 
��� ��
��
���!�
���� �������
� ��
���
� ��� ����
������������)
��
 ����!������$����
���
��������������������������������������������������BA�

���$���A� ��$�����
 ���
�����$�
���


������ !����
 ���
���
��
�������������������������B?�

���$���?� ���!��������������
��
������$��������
�����������������������������������������������������B6�

���$���6� ��������)
��
 ����!�
�$����������
��
����������
�$���
��������������������������21�

���$���10� �
����
��������)
���Z�+�
����
����������������������������������������������������������2/�

���$���11� ���Z�+���
��������������������������������������������������������������������������������������������2B�

���$���1/� ����
��
�����
���������++	4
������������������������������������������������������������������28�

���$���1B� +����
���������
���
�������������$�����������7��!������������������������������2A�

���$���12� ����
��
�����
��������������$�����������������������������������������������������������������@B�

���$���1@� ����
��
�����
������������-
�����������������������������������������������������������������@A�

���$���18� +���
����
�
�$����������
��
�
�����
���� !��&1���������
�����������������8/�

���$���1A� 	����
���
����� ��� �&1� ��������
� ���
��-��� ��� ������
� ��)��)��� ��� ����
����������������������������������������������������������������������������������������������������������8B�

���$���1?� 	����
���
����������������
��
�����
��������������$������������������������������88�

���$���16� ����L!����
�
���7���$��
�!7
����
��5L��9�
;�
�������������������������������������86�
�

�

�
 ��
�

�
 ���1� ��
���
�����������
������
"��������

�)����
������ 

�������+�7R�������A�

�
 ���/� ��
���
�����������
�����&����
���!���4�
���44���
������ 

�������+�7R
�������������������������������������������������������������������������������������������������������������������1A�

�
 ���B� ��
���
�����������
�����+���-�������
� 

�������+�7R��������������������������/8�



���

��
 ���2� ��
�
�����
���
� 
��� �
��� ��
$��
� ���� ���� ������ �$ ��
���� �Z�+� ���


��������


�����
���
����������������������������������������������������������������������������@1��

�
 ���@� ��


����
����������$�
�
�����������
�
���������
$ $���
������������������������A1�

�

&�;�
�

&�;�1� ���!������	�
��+������ �!���������Z�+��������������������������������������������������B1�

&�;�/� ��
������� 
� ��
��
���������� �
����
��� ����� 
�$�!�� 
� �����;�� ���� ����
���
�������
�
��������������������������������������������������������������������������������������������22��

&�;�B� ����������)��
�
������������+��8�2���������
��������


�����
���
������26�

&�;�2� ���
����$����������$���������
�5��������9������������������������������������������@8�
�

�

�

� �



�

����

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

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

�&�&1� A:/1�1/� ���7 ��������


����.�
$ 7�
���!�&�5��	D���9.���� ���1��

���#1� 1A:1/� ����7
��
����5������7�
���9�������
�����/�

���[/� @�1@�B� ����!�
����!��

��/�5 �
��9��

��	�/�� 10:/@�/� �������������
���
�/��

�#VB� 10:/1� ���!����B.���������	
�)����5
��!�����9��

��X>� 16:1B�/� ���������������>�

�V�1� 12:B/�B/� R7
����$�������!���
�)��
�������������������1�

&��71� 6�1/� &��/7


���
����
��
�������

&�#�� 11�1B� &�
��7����)�����$�����������
�����

&��A� /0:1B� &������������������������A�

���#�1�� 1/�1B�B� �
���$����
����.�)���
��7���������.����!��.�
���
�1��

$ $����

��L1A� ?://�1� �
�������1A.��4��
�������5��)��7����
����9�

�#	1� 8:127:1@� �
��
 ���������������1�5 �
��9�

�#	/� 1�B8�11� �
��
 ���������������/�

�X��� //:11�/1� �
������7X7����!���
�
���

����

�	>&1� /:B2� �������
���
�)���������� ���������������1�

�	L	1� 1A:1/7://� ������������������

�������������1������

�	L	/� A�12�B� ������������������

�������������/������

�[�/�16� 10:/2� �!����������2@0.��
���!�/.�
$ �
���!��.����!��������16�

�[�/�8� //:1B�1� �!����������2@0.��
���!�/.�
$ �
���!��.����!��������8��

��X�� 1B:BB�/\�
1B:B2� �7
�����
�����;��

��
���)
�����

��VL� 1B:12�11� ��
�!���!���������

�.���
�

�	�1� @:B@�1� ���
���������������1�

�	�/� 11:/B� ���
���������������/�

�	�B� B:1B�B� ���
���������������B�

�	�2� 11�1@�@� ���
���������������2�

�4+�1� 1:2/�1� ��
�$��������
���-�������
�1��

��#&�1� 8�//�B� ��!
��� ��)��� ���������������1��

���L� 1�B@7�B2� �
��!�
����
������!����

���������

�V&�@� 8�/1�B1� �V@08� ���������������@�

��&	&/� @:B2� �
��
7
���� $�!����
����5��&�9�����������.� ��
�/��

����1� B�/2�17�/B� ��$�
�
������
� �;!�

�7�����1�

��	�/� ?�/1�B� ��#���
���!����������
���
�/��



���

��#&B� 1/�1B� �$
������$��������� ���������������5���������9.� ��
�
���!��������B��

�	4�/� 2:B/�1� ��$�
�
�����������.�����������.������/��

�	4V/� 8:18�B� ��$�
�
�����������.�����������.��
��
���/��

�	4V@� 16:1B�/� ��$�
�
�����������.�����������.��
��
���@�

�	4#/&� 1/�1/� ��$�
�
�����������.�����������.�#7����!���7

�
��
���/&�

��Q1� B�/1�B� ��$�
�����������;��

��1�

�	4#1� 6:B2�B� ��$�
�
�����������.�����������.�#7����!���7

�
��
���1�

�	4#/� 10:11�//� �������������$�
�������$���������$������$����3���/�

�	4#/&� 1/�1/� ��$�
�
�����������.�����������.�#7����!���7

�
��
���/&�

�+VB&� B:1B�B� ��!������
!���

�����

��B� ��
�

L	L1� B�/@� L�
�
��������������L1�

L	L/� @:B@�/� L�
�
��������������L/�

L�	1�� @:11�/7:1B� @7�!���;!��!��
�����5
��������9����������1�.����������7
��$�����

L�	/�� 1B:127:/1� @7�!���;!��!��
�����5
��������9����������/�.����������7
��$�����

4�11� 16:1B�B7:1B�2� 4������$����11��

4#��1� /:B/� 4��
��������!���
��
��717���
��
�

���

4���1� ?:/1�1B7:/1�B� 4��
����5�!�9715���297�������
��
�

��1��

4���/� 1?�11�/� 4��
����5�!�9715���297�������
��
�

��/�

4��V�� 16:1B�1� 4��
����7���
���
��
���B7���

����

��	�V+� 8://�/� �!��
��!�
����
�
����7����������������

����
$ 
��
����

�#+X�� 8:/@�B� +$����;������
�$�

��/.������������
��

��L�	� 1�B8�B� ����!��������
�!������
������$��

��5#��5�9L9��

#��#� 16�1/� #�$���
���

#	B�1� @:B1�B� #$���
�����������
$ �
���!�B.����$���.���� ���1��

#	�1� ?�1/� #�$���$����1�

#	�#� 11:/2� #�$����
����5�����������

����
$ 
��
��.�	�B9�

#	Q#1� /�18�B� #�$��;���1�

#�	V/� 6://�1� #�$�����������!��
�������

�.���������.��!���/��

X�<2� 11:12�1� ����$������
�
��� �
�����������2��

XQ�� /0�1B� X;!�����D��$����!
���4���������������

����1� /0:1/7:1B�1� ���
������

���.��
��
�1�

	X	�� 1@://�/� 	�	7���
��������
�������������

+��2�10� /:/2�/� +��$����
�������
���!�2.�
���$�� ��
� ��
�����
�
������.�
��� ���10�

+��8�B� @�1@�B� +��$����
�������
���!�8�5��$����
�
���������
�
������9.�
��� ���B�



�

)�

++��8�2� 1A:11�/� +��$����
�������
���!�8�5��$����
�
���������
�
������9.�
��� ���2�

�	�#V1� B�//�/� ����
�����������������
��
���
��!��������
������
������1�

���2� 1?:/1�1� ��
�
����������
�����2�

(&>B�� A:B8�B� ( �:$����������������

��>B���

(+�� 8:/@�1� (���!�7/7
$�����
�
���

��

R4�	/� A:B8�B� R

�
���)������
���
�������������������/�

<#�?02�� /:B/�1� <�������������������?02��

�



�
�

�

� �



�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

1� 4�����$������
�

� �



�
�

�

�
�

�



4�����$������

B�

 �
����
��	�
�������������
�!���
����!�������������"�������


����
�����������
��
�
����!#��
�������

��!�
�����!��
�
�
	���
��
���

�
�!
��������������
��
�
��
�
	�#�
��������
��������������������!#�������������	
��������������
������!����
	���
��
��

$���
������
���������
�
� �
��

$$�%���&�������'
����$$�
�
44�����$������

�����3���� Z����� L�
���� X��
��-
����� 5ZLX9.� ����
�� ��
���� �
� �������� 

� 
�


�
������3���7 ��������3������)��!�����)��$
����
��-�
���
���������3���������
�.��
��
�����3������������
��
���

�
���� ����.� �
��3��������$���)��!�
��� ��$���$��!.�
����
�

 ��� ��� �
��� 
� ������ $����� ��� ���� ��� ��
� ����$���!�� 4�� ���
�:$����.� 
� ����
��

��
������3����  �� ��
�
�����-���  !� 
����
����
� ��� ��������.�����.� 
��D���  ��
)��$��
��
�� 
��� 


���
���� 3���� ��
���

� 
��D��� ���
����� �$����������� ����
�� ��
�����
�
������ $������
���
�������� ���
���
���
!�����$�����

 ����!.��
��.������
����
$
����

��
"������
������
����
��E
�3��� �����
���������������3�����������
��!��$����������
5
������.�3����
���
���
��!9�
���
�)��
��!�
������:$
���!�����������

ZLX�������
��
)��
��3����
�����������$����������������3�����3���� ��
�������� !�
����
�� �����$�������
����
�����
�
�� 
���������� ��� ������ ��)�
�����$���2@0���������
��������$������!�
$����� �����
$������������
.���
���������
����
�����
�
���������

��
������
$
�
�������7��
����
�����

 ����!�3����3��������
�����
�
���
)
��
 ��.� $��
��
��!��3�7�����
�����������3����
����3������
����
��������)���
��������������
�
��
���������

���
���+����
.���
������
�����
��������������)�����
���
������
������
�������
�������������3��������
����
�����
�5ZLX9��

�������
����
����� �
�����
�����
�5����
��
�����$����������
�����
9����>$��������

/010�3

�
���
��]?00� ����������$�
.�)�
��
� ���������
�
�����
���
��-
����
�^�����
���������
���7�
�����
�
�^��
���$��BA_�������� ��������$������/B_��
�
���������������
���7�����
����
�
.�����$�����������
���
��.�
���
��
��)���
�
����$�
��������
������

���
������ 520_9� �
� 
$����� 
3
!�  !� ��������� ��
�
.� 
$��� 

� ��
�� ����$���)��!� 

� 
�
��
$��� ��� ����� ���� 3���� ��� �
��!� ������������ +�������
��!.� ����� ��
�����
� 
���
�
!������� ��
�����
� 
���$��� ���� ����� ��
�� 
� :$
����� ��� ���
�� ��
�
� 5+����.� /0119�
5���$���19��

���� ���)
������ 
��� ��
�� ���  �
��� ��
�����
� 
��� ������ ��� �����

��  ��
$
�� ���

�����

���� ����� �;����
��!.� ��� �
����$�
�.� ��$���������
��)�� ��
�����
.� 
�����.�



�
"��������

�)����
������

2�

�����

���.� 
��� 
�;���!�� 4����

��� ���$
� ��� ��
�
���� 
��
�����
.� ���)������.� 
���
�
����
�����


�!�������$��������$�$�����
����� �
�����
�����
�5X��
������
��.�/01/9��

��

���$���1�����
����
����� �
�����
�����
����>$��������/010�5+����.�/0119��

�����)��.�3���
����� ������� ���� ���
����������
����
�����
� ��� �
�����
���
���!�

��� ��
� 
��� ������ ���� ����
�!� �
����)��
� ����������3��������
�� ��
�����
�� ���!�
���)���� �������
�� 
��� ��!
��
�� 
$�����.� 
��� ������ �
)�� ���  �
�� ���� `�
���
��

�;���
�
� 


���
���� 3���� ����
�� ��
���� ���
������ 
��� �
���� 4�� �
� �
���
���� ��
��
���������$���
�����
��

�
����

��������� ���3����
�����
����
�������4��
�����������
����� )��$
���
���

����
������
���)��7������

 ���� !��������
�:$����
����
�����
��
��
�����.� �
���!� ��� ��
� 
��� 
�
�� �;��
��� ��� ���� 
����
� 
��� ��
������
�����




���
����3��������
��������
����������;������������ $������������
����
�����
����
�
���!� ��� ��
� �
� ������$��� ��� 


�

� 
��� :$
����!.� 
��� �
� ���
�:$����!� ������
���������L�3�)��.�������
��
)��
�
�������
������
�����������
���!E
�:$
���!����������

�

� �



4�����$������

@�

11�1������
����
�����
��

���� �;�
����� ������ ���� $����
�
������ ����
�� ��
���� 
��� ����
�� ��
�����
�

����

�-�
����������
���������
���
�.���)��������
�.�
������������
����
�����$���$��
���� ����
�
�������
����
�����
.� �������
����
�

�
���
��
�������$�
�
.�
����
������
�������$�������
�

�
����3��

��������
��!�������;���
�

�
.����3����� ������������

�����)��������
���
����
��
)��
���������������
�������!��

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

�
� �

�  ���� ����������� ����� 
�$���
� ���
�
�����
.� �3��
� ��� 
������� ���������� ������;� ��
�

�
.� ��
����� �
)���� 
� ��������
 

�
.�������������������������


����������
���������
�����
�������4�������
�.�����

��
���)��!�����
������������
����
��������������������
��$
��$�������;��
��������3�

���� ��
�

�� �
� ��
�
�������� ���
� ������ 


$��
� ��
�� ���� H��
�

�� 
$
����� ����!I�
)
��
 ��� �
� ��
��� $���� ������$�$
�!� ��� ���� ���$�
����.� 
�� ��
�� ���!� ���
��
����)��$
�
� 3��� 
$��


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

�!�����
�-�����
��
��$� �����������������������
�
�����)��)�����������������������
�
������;� �������!.� 3��
�� �;���

���� �
��  �� ���$�
����  !� �
�!� ��)��������
��
�
����
�5�
������.�16?19�5���$���/9��

�

�

�

�

�
�
�
�
�
�
�
�
�
�
���$���/����������
�����)��������
�������� $����
��������������
���������;���
�����
��5�9�
������������
�

�����)
��
��� ���
�
������������
���������
�!���������
������
�����������
��
�

�������
��.���
���
� ���������
�����������
�

����
�������
���)
��
�����5�
��� �$��
�����9.�
3������

� ��������������� $����
�����������������
� 5!����3�
�����
9������)��������� 5������
 �$��
�����9��5&9�������;���
�

����
�!�)
��
��
����
�
����������5!����3�
�����
9������� $���
��� ��
�

�� ��
�� ��� ��
��� )
��
����.� 
����� 3���� �
�!� ��)��������
�� �
����
� 5 �$�� 
�����9��
��
����������5�
���������
��.�/00?9��



�
"��������

�)����
������

8�

11�1�1� �
"��������

�)����
������

�
"��� �����

�)�� ��
������ 5���9� �
� 
� �������!� ���$�����.� 
����$
.� ���$������
��
������ ������� ���������
���� ����� �$���������� 
��� :$
���!� ��� ����.� �����
�� ��� ����!.�


��� ����
���!� 5+��"���� ��� 
��.� /002\� (
�$�� ��� 
��.� /0029�� ���� ZLX� �

� �
�����

�����

����

�������$������
������
$
�������

 ����!�3����3����
������"���
���
�.� !�
/0/0.� ��� 3����  �� ���� 
������ ��
�� ������
��� �
$
�� ��� ��

 ����!.� ��������� ���!�  !�
�
����)

�$�
����
�

��5�$��
!�
�������-.�16689���

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

�
�����$�����
��
���
�������������
�
���
����
��������������
��!�20
�5<�
�������
��.�/00A9��������������)
�������
���
��
�

�������)
�!�3����!�
���

� ��$�����
.�3�������)
�������
������ �����1�@� ���16�0_�
5V�

����
���&�����.�/01B9������3����)
��
 ����!� ��� ������������)
�������
���
��
�
������� �
����
$�
 �!��$�� ���
���� ��
�������� 
$ 
�
���)�� 5��������)$����
 ����!�


��� ��)��������
�� ��
�� �
����
9� 
��� ��

$������� 5�$��$�
�� ����������
� ��� ����

�����
���� 
��� ��
����� ��� ����
.� 
��� ���� �
!���������� ���������
� ��� ����
��
��$����
9�
���
�$�!7��
�����
����
�5&���������
��.�/0119��

�����

���� �
� 
����;��
���!� �3���� 

� ���)
����� ��� 3����� 

� ��� �
� ��� ����
5����������
���Z�����
��.�/0009��Z���������
)��
��������������������������
���������

$��)��

���������.���$��������
�.�����
!��� �������
��������7�������
���������
����
�����

���� 5V$�����.� /00B9.� ���

7�
����
�� )
��
����� ��� ���� ������� �
���� ���
�����

����
$���
�
���
��
���
�����������
�
�
���
)��
�
������


���
�����3�������
�

��
���
�
� 5Z��

�
�� ��� 
��.� 16689�� L����.� ��
�� �$������ ��
�
���� 
�����
� ��
��
������� ����������
� ��� �����

���� 
��� ���� ��
$��� ��� 
� )
��
 ��� �������
!� 
�����
 �������
�.��
!��������
��
���
���
�� �
����
� 5V$�����.�/00B\�L��������
���&�
���!.�
/00A9��

���� ��
���
�� �
� ������ �������
���� �$�� ��� ���� ������$��!� ��� ��������� ����������

!�����
� 
��� ���� 
!������� ���  ��
)��$�
� 
��� �������
� ��� ����
��� ����� 
��$
����
�

��� ����  ��
�� ������
�� )
��
 ����!� ���
���� ��� �����

�)�� ����$��
�� +����
��!.� 3��

��$��� ���� ������� ��
�� ������ 
��� ���  �������
�.�  ��������
�� ���  �
��� ���������!�

�
����
���
��
���3�
��$��:$�)��
����
���
�
����������
�

����$��������
�
 
��������
�;����
�� �
����
.� ���� ��
���
�
� �
� ����


���!� �
!����
��������
�� 
��� ������
��
5���
��
�
����$�
�
.�/00/9�� 4�� ���
�
��
�.����� �
���
���
��� 

��������
���
����

��


����
����� 
!
���
� 
$��� 

� ��
���
���� 
��� +�
��
���
�� �
�$
�� ��� ����
��



4�����$������

A�

��
�����
� 5@������\��+�*R\�������
���
!���
������

���
����.�/01B�
������)��$
�

�������
9� 5�
 ��� 19�� ���
� ��


����
����� �
�  

��� ��� �������
� ��)������� 
��� ��)�
���
�)��������

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

���
����� 5���9� �����
������
��3����!�
���������������
�$���$
��� !��������
�
�
�����
�
�����
����������
��


����
������������
����
�����
���

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
 ���1����
���
�����������
������
"��������

�)����
������ 

�������+�7R�5������
��
�
!���
������

���
����.�/01B9��

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

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

�
%� �	
�	��	�����������������	����(��	�����	
	������(�����������	�����	���	��� ��	���
	��	
�����	���(�

�		��� ���(� 	�
��(� ��
	�	���� ��� ���	�
������ ���	� ��� ���	��� �	���(� �

	���� �	��� ���� �&��	'� )��
������	����������	��	���(������	���������	��������

!� ���#	������������	�� ���	�	������
�	�� �	� ��� ���(���� ������� ���(� ����
���	���������� ��	����(��	�����
	
	������������������	�����	���	��� ��	���
	����� ���������	�
��������

*� +������������	����� �������	��������	���������	�����������	���(��������	�������	������,-���������
�	����� ��� �� ������(� ��� �	��	��	� ��� ����	��	� ��� �

	���	� �	����� 	
	��� ����� �&��	'� )�� ������	�(�
������	������ �	������#	�	.
	��	���	������������

/� )�������������
	���������	�����	
	��������
,� 0����������� ���������� ��� �	���������� �	����� 	
	��� ���� ����	�
���	� ��� ���	��(� ���� �	�	���

� ��	���
	��		����������	���	���	�������	��������	��������
1� ����� 	������������	�	�����	�����	
	��������
2� �		������ ��� ������	���	��� ��� 	.�	���
	� ��� ���

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

	
	�������������	�	����	��"�	
���������� ������� ���	�������#���
3� ��������	�� �������� ��� ����#� ��� ����	�����	(� ��� ���	����
	�	��(� �	����� 	
	��� ���� �	���	�� ���

� ��	���
	����� ������������	�
	��������	�����
4� 5	� ��	������ ���������	���������� ����	������������(��	� ��	���� ���������	����������� �����
	������


���(������� ����	����	�
��������
	������
�������������������� ����	��
�

6� 7�	� ���
����� �� �	� ����������� ������������ �����	��� ��� ��
����	��� ��� ������(� ��� 
�������(� ��� ���	��
��
���������	������� �����������

�� 7�	� 	
����	� ��� ���� ������ ����	� ��� ��	� 
������������� 	��	���� ��� �� � ������	� ��� ��� �����	�� �	������
�����������

&��	'�����	�����"���	
�	�	������������	
�	���
	�	
����	��
&��	'�5	�
���	�������������������������	���(��	�	�
	�	��(������������ ��(�����	������������ ����������	�(���
�	��� ���	������ ����	���������������������� ���� �	� ��	� �		��������� ���	��	� ����	��(� � ������������ �� ��	�
����(� ��������(� 
���� �

	���	(� ���� �	����� ����� ���	�� �������	�����(� ���������� �	�	���	� �� �	
�	���
	�
	
����	������� ��� � ��� ���
��������� �	�  ��	���������	� ��� ������	�	�� �

��
����	� ��� ��	� ����(� ��	�

�	�	��	�������������	
�	���
	�	
����	������������������	���������	�
���	������������������ �������� ���
������	����	� ����������	�	���7�����	���������	
��������	8 ��	����	�	.	����	�������������� ���	������	�����
��	�����
�� ��9����������������	�� �� ����������������	�	.
�	��������������	��������	�����	.�����������
�
�� 7�	���� ��	��	������	��������	
�	���
	�	
����	���������	��	��	.
����	���������:����	���
	�������	�(�

����:�
��	���(� ����:�
��	������� ������	�(� �	� ������� ������	�(� ��� ���	�� �
	����	�� ����  ��
	����	��
����:�
��	�����
	��� ���������	��
���������������	����

;� 7�	�	������	
	���		����������	
����	��������
�������	
����	��
&��	'�7����	.�� �������	�������

������������	������"��#	������
������"��#	�	
����	����	�� ������	"
��� �	�������	������� ����	������	�
�������������	��	������������	���	�����������������



�
"��������

�)����
������

?�

����������������
��
�������
����
���
�
.������
���
�
�����-��� !��������
��������


������

��������5�!����!��
9�
��D�����

����������
��
���������
�������

$������
�
��!� ����� 
���)����
� 5
�������
9�� ���
�� 
!�����
.� 3�����  ������ �
�
 ��
���� 
���
���
�
���)�������.�����������
����$
�!�3���������
��!��������������
������
����������� ��


�����
�����  !� 
��
���� ��� �
!��������
�� ��
���
� 
��� 
 ����
�����
� ��� ����������
 �������
���$������
�����
��
!�����
�����$���������
����
��������
���3��������

.�
���$���� 
���)��!� ��� ���� ����)��$
�.� 
����� ��
�����
� 
$��� 

� �!���
����
� ��� �
��!�

3
������.�
���
�������������
��-��� ���� �����������)�����.�
��������

��� �� ����

��� ��

� ��� �� ���� 5�
!���.� 166/9�� ��
���
� ��� �������)�� �$������
� ��
�� ���$��� ����
�
�
���!� ��� �����.� ��������
��� ��� �
��� ����
���
� 
��� 
�
�� ������ �;�� ����� ���
�����

�)���
�����
����

���
���� ��������� �
�
�
�� ������.������� ����$����� �������
�

����$����
��� ����������!.� ���

����������

��

.�
������$������ ���$���
������
������

$�������+$����
�����
�����
��$��� ���������������
���
$������
������
�
����������
����������
�������� !����.�3�����������
��1@_�����
�����
�������������� ��)�
� !�

$������5����3���
���F
��
��.�16609��

11�1�1�1� �$������&�������
��L!�����
�
�

���� �����3����  �������
�� �!�����
�
� ���)���� �����
���
��)�� 
����
���
� ��3
���
$����
�
�����������

����
���
��������


���
��������

����������$����
�
��

�����
��3
!
��!�����
�
�

�
� 
��������


��� ��$�� ���
�����
� 
��� ��
������ ��� �
����� ����
���������
��$����
�
��

���.� ���
� �����
���
� ����  

�
� ���� ���� 
�7�
����� �
������
�����
5+�������
$�.�168@9�
���
���������5������.�168A9��!�����
�
����
������)����
�����
��

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


��
� 
���  !� �����

���� ���� �;��
����$�
��
��������
����� 
��� �$������� ��� ����
����� ��
�
������
� ��� ����  �
��� 5#$��.� /00/9�

��.�������
�:$����.���
���������
�����
�
����
$
��� !�
�����������$�����.�����

�.�
�$���)��� ��� �$������� ��� ����
����� ��
�
������
� ���  !� 
������� �$������� ��� ������
��������
���

L�3�)��.� ������ �
� 
� ���3���� ���
��
$
� ��
�� 
������� ����
���������
��
�
��

���� �
� ���� 
$��������� ��� �;��
��� ���� 
�������!� ��� �����

�)�� ��
�����
�
5L��
������.�/0009�
�����
���$������!�$
���
��������


��
���
��
��
������$�
�����

������ ��$��������
�� 
!
���
� ��
�� �
)�� 
� ����� �$��
����
�� ����� ��� ���� ��
�

��
5L�����������
��.�16689��



4�����$������

6�

4�� ���
� 
��
�.� ��� �
� ���3�� ��
�� �
��
7
���� $�!���� 
���� 5��&�9������

��
�
��

���� �
� )��
�� ���� ������������ ��� 
���

�
��� ���
����� !� �������� 
���

.� ����
��
�� ������
��� )$����
 ����!� �
����� ��� ����� �$������!� $
��� 
��������


��
.�
3�����
�����
���������
$����������
�����������
�
��

���.��
)��������������
��

���!�$����
���!�
��)��������
������&���������
�
��

�������&��������;���
��������
���
�$��� ��$���
� ��� ���� ����
��� �!�$
� �

�  ���� ����������� 

� 
���!� ����
��
��
��
�����)���
���������
$������
����������
����������������
�$�
�����
���
$�)�)
�����
��$���
.� 
� �����

� ��
�� 
��)�
� 

� 
� �����$�
�� 
��� ����$�
�� 
$ 
��
��� ���


��������


��� 
������� �����)��.� ����
�
��)��!� ����
�� �������
� ��� ��&�������
��
�
��

����
���
$�������������
$
����
�������������$�
�.� ��
)��$�
�.��������)��
���
��
��
�������
�� 
�:$��
�� �;������� ��� 
�� 
���
�� ������ ��� ���� 5�$
����� ��� 
��.�
/0119��

X����� ��$����
�
������� 
!
���
� 
$��� 

� ���� �����
��
 ������ 5��&9� �
)�� 
�
��
��)��)��� ��� ���� 
�������!� ��� �����

���� 5���
����� ��� 
��.� /00?9�� ��!
�������
��

�����
� ��� ��&� 
!
���� ��� ���� �����
�� ���)�$
� 
!
���� 5�#+9� 
��� ����
����  !� ����


���)
����� ��� 
� 
�������� �
��
 ������ ��������.� ���� �&1� ��������� 5�
�
$�
� ��� 
��.�
16609����
�������������� ���
!
����
���������� �
���
��

����
�������
���

���
���
�.�

$���

����������
��
�!��
�
�
��������
�
)������$�
���$���$
���������!����
�
�$
�
5L������
�.� 16619�� 4���

�  ���� 
��3�� ��
�� ��
���
� ��� ���� �$������
�� 
���)��!� ���

���
�
!
�����
���
$
��
�������
���)��!������������$�����$�
���!�
!
���
�

�3����

�
�� 
�
���� �����������
�!���&�D��$�
�
�����������
!
����5	�����$�-�������
��
�
��� 
��.� /00@9�� �����)��.� ��&� 
!
���� ��$��� 
���)
��� ���� �!����
�
���7���$��
�!7


����
�� 5L��9�
;�
� 5Z�������������
��.�16629.�������$������������
!
������)��)���
���������
���
�
�����������
��
���

���

##�$�������������!�����
�
�

�������� ���������
�� �!�����
�
.� 
$��������  !� 
� �
����  ��!� ��� �������������
��
�)������.� �����
�
� ��
�� 
���

� �
� 
� �
"��� )$����
 ����!� �
����� ���� ����� ��
�����
�
5V������� ��� 
��.� 1666\� ��� ���
��� ��� 
��.� /00/\� ����� 
��� ����$
�
.� /00/9�� ���
�

�)�����������$��
��!
���$�
������������L���
;�
��$�������������
���������L���
;�
�

!
�����!
���$�
�������������

����
��3����
�!���
����
���
�
������;
����

���.�
�������  

������ �����
��� )
�$�
� 
��� 
�� �)��
���)�� ��
���
�� ��� �
!��������
��


���

��
� 
$���
�
� 
 ����
�����
� 3������ ���� 
;�
E
� ���
��)�� ���� 
��� 
!
���� 
���
��������������� ����

���� �������� 5�	L9� ����$������  $�� ���
��� ���$��
�!� 
���



�
"��������

�)����
������

10�


����
�� 
��
���)��!� 5#�������.� 1668\� #�������.� 166?\� L��
 ���.� /000\� &������ 
���

#�������.� /0109�� ���� �!
���$�
����� ��� ���� L��� 
;�
� ��$���  �� ���� ��
���
� ���

!
���� ��� 
 ����
�����
� ��$��� ��� ������
��$
� ��� ��������
�� �����;� ��� �����

���
�
�����
�� 	
�
��� ��)��
� ��� ����$�
����� �����
��� 
���)
���  �
��� ��������
� 
���$�
�����

����� ��
�
��������� 
��� �������� 
!����
�
�� �����$��� ���
� �
!� �
)�� 
�  �������
��
��������������
���������.���
 ��������� �
�����������3����
�
�����
��$��
����
���

.�
���
�
������!��������
��
���
������������
���

��
���
$
����$���
���
�
����

##�$�����������!�����
�
�

����;���
�����������
���

��!�����
�
��$�
����3
�����
�������

�)����
�����
�
���
�
$
���  !� ��
��:$
��� �������� 
$������ ��� ��$���
� 
��� ���
����� ��$�
�� ��

�����!�

5�
�"�� ��� 
��.� /001
\� �$�
�� 
��� ��������
.� /008\� ���������� 
��� �$�
�.� /00?9��
>)������������
�$���
�
��3����
���������$����
�
�������
!
�����$�������
���L���

 ����
�����
� �
)�� ��$��� ���� ��$��
�� ����� 3���� ��$���������� �
����
� 
$��� 

� ����

 �
��7����)��� ��$���������� �
����� 5&�#�9�� ���� ������
��$
� �
� ����� ��� &�#��
3�������
!
�
��
"��� ����� �����$���
�����3��.�
$�)�)
��
����
�$�
�����

�3����

�

� ���-
����� 
��� 
!�
����� ��

�����!� ��� ���� 
�$���  �
���� +���

� 
$����

�
� &�#��

!����
�
��������������
��$
�
���
��������


�����$�
������

����
�
!����
�
�
���


���
������ ��� ���� ������
��$
� 
��� ��������
�� �����;� 5���9� 5#�
����� ��� 
��.� /00/\�
+����-$����
��.�/00B9�� 4�������

����
�����
�
��$��&�#����������
����
�
��� ��3.�
������
����� 3���� ���� 
�)����!� ��� ���� �����

���� 
��� �����

�� 3���� 
��������


���

��$�
� ��� ����������)$�
�)�� ���
������ 5+����-$� ��� 
��.� /00B\� ��������� ��� 
��.� /0069��
+���

� �
� 


���
���� 3���� ���$���� &�#�� ��������
����
� 3����� �$������ ���
���
��$���
�� 
$�)�)
��� ���� �����

�� ��� &�#�� ��������
����
� �
!�  �� �$�� ��� ����

���$������ ��� ������
��
�� ��$���
�� ��

$�.� 

� 3���� 

� 
� ������� ������� ���
�!��������
��
���
\� �����

��� 
���)��!� ��� ����
��������� ��$����
�
��

���� ���
��������;��$
��
����
��
!�
�
�� ����
���
� �����

4���
��
���!��!�����
�
�

���
��!.�  $�� ���� ��

� ������
��.� ���$�������
�� ����
��
�
� �
)�� 
�
��  ����
������
���� ��� ����������;��
�����!
�����!� ���������������
���
���!� �!������
�

5
���
�����������$��
�����������$���
!
���9��������
�����

� ��
)��$��5�
���$��
���
����
��!9� 
��� 
!�����
� ��� 
�;���!D�����

����� �����

�)�� �����

� �
� 
� �������
���

�)��
���)��������
�����
������)�������
������3����������������+�)���������

�����
�



4�����$������

11�




���
���� 3���� ���$��� 
���)
����� 
��� ��� �
����$�
�� 3���� �
�
��� �!�������

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


���
���� 3���� ��������
��
��!�����
�� 5
��������� ����$�
��9� ���������.� �
!� ����$����� ���
���������� 
���)��!�

��� ���!� 
���$�
��� ���� L��� 
;�
�� +$��� ��$����
�
������� 
��� ��$������������

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

�
���

��
�
����������
�������
���)
�����
��� ���� L��� 
;�
�� 4�� �

�  ���� 
$���
���� ��
�� ���
����� ��$������������ ���������
�$��������
!� �����
����������������;��
$������ ����
��
���!��!������
�


���
����
3��������������!
��
�������

������������
���

�
������
��
!��;��
������
�����;�����

���� ����� ����!� ��� �����

���� 
��� �������� ��!
��
�� �����

�� ��$������������
��
�
�
��������$����
!��
$
���$�����������

���������
��
�������������
�
����3����
�� $
�� 
��� ���
�
����� ����������!� �
� ������� ��� �
�
 ��
�� ���� ������
���� ��� ����

� 
��)��� ���$���
!
������
���
� ��������
�������
�
���������

���� 543
�
����
��.�
/01B9��

11�1�1�/� >�)��������
��
�����������	�
���
����
�

>�)��������
����
���
����
�

>�)��������
����
���
����
����������
�� ������������;��
�������
�
������;��
��
�
����
��������������

�������
��)��!�
�����!� ��������
���
����#��
��)��������)���
.�

$��� 

� ��
��� ��� 
� ���
�� ���
��)�.� 



$��.� 
����$
� �
���
�� ��� ���
.� 
���
��)����D ��
�$��
���


���
����3���������

��������

����5V����������
��.�166@9��

��
�
���
����
.���������������
��.�
�����

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

����  $�� ��)�������

� ������ $��� ��� )$����
 ����!�� >
��!� ������������
$�
.�

$��� 

� ��

� ��� 
� �
�����  ������ 
����
�����.� ������ �������.� ��!
��
�.� �������
�� ���


�;$
�� 
 $
�.� 
��� 
��� ������� ��� �����

��� ��
�� ���� 
�$��� �����

���� 5�
����.� 1661\�
#
�������
��.�/01/\������������
��.�/0129�������)��.��
��!���
$�
�����;��������
������
������
 $
���
)�� ������
��� ���

��������������
�� ������
�����)��������
����
��
�
����
� ��
����� ��� ���� ��
��� ��� ���� ��� 
�$��
� 5V������� ��� 
��.� 166B\� V�

���� 
���

�
���.� 166B\� V������� ��� 
��.� 1666\� V������� ��� 
��.� /0029�� >)������� �����
��$�� �����!�
��������������!�
$���
�
���
����
�$���)��
�)��
���)���
���
�����$��
�$����� 
�� ����)��$
�E
� ��)��������� �
�� �
$
�� ���
�
����� ���� �
�� �!
�$�������
5L����
���#�������.�/00/\����
����
��.�/0089��

�



�
"��������

�)����
������

1/�

�����������
���
����
�

&��
��!��������.������
 ����!�5�/9������
��
��������������������������
��������!���

)
��
 ����!���
���
��;��
����� !����������
����
�������
���
�����/����������
�
��$���
BA_�56@_������������4����)
�
�B172/9�5+$���)
�����
��.�/0009�����
�7����������
��)�
�
��������
�����
��
)��
�/7����B7����������

�����
�������)�������������
�����������
�����
�����$�
�����5��)��
��.�/0089���

+������������
���

�7��������
�$�!�������������
�����������)
��
 ����!�5&����
��
��� 
��.� 16A?9.� 
� �
���� �$� ��� ��� �
����
��� ����� 
�$���
� ��� ���� �
)��  ����
�$ ��
���.� $����3�
$
����� ����!�����
��
)�� �����������-���
���������
��������
��
�����
�
����� ��
$��
� �
!�  �� �$�� ��� ������������
�� ����������
�  ��3���� 
�$���
.�


$���

�����
�$�!���
���.�
�$�!����$�
����.���
���
�
������������)������� �
������

�
��
���
����3����$�����
�
�
���

�����
�-��5���"
�
�
������

.�/01/9��

�����
7
�
�!
�
������������


���
�����
�$���
��������3

��������!�����$��������
3�����/0����!������
�
����1?�����
�3����
�
�!-������)��������
������
�
��3���
�


�
��
���
��!� 
�������
��� 


���
����� 3���� ���� 5��X>.� �#&B.� ��L�	.� +��8�B�

���+��8�29�5����-7��������
��.�/00?9���

X������������
���������������������
�$
����������
�
������������������
���
����
�
��� ������;� ��
�

�
� �
�  

��� ��� ������73���� 


���
����� 
�$���
� 5�Z�+9�� ���
�
����������!� �
�  

��� ��� �����!����� 
��
!
� ��� �����
��
!
� ��
�� 
���3� ����

)
��
 ����!���������$�
���������5$�����
������������������
����
����
�
$ "�������
�

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


�

� ���� �!�����
�
� ��� ������� ��
�

�7
������� )
��
��� 3����$�� ���� ����� ��� ����$��� 
� �!�����
�
7�$����� 
�$�!� ��� ����


�������!����������
�

���4�����
�
��
�.�
�)��
���Z�+����������
)�� �����$ ��
����
 $�� ���!� �
)��  ���� $�
$���

�$�� ��� �������!���� 
�������
��� ����)��$
�� ��������
)
��
��
�5+$���)
�����
��.�/006\���3�
����
��.�/010\��$���
����
��.�/010\�	���
��������

��.�/010\�V��������
��.�/011\�+������
��.�/011\�+�!�����
��.�/011\�Z�
!����
��.�/01/\�

L������
��.�/01B\��
"��������

�)����
������Z����������$����� �����
!���
��������

��.� /01B9�� ���
�� ���
��)�� �������
� �
)�� ���� ��� 
���$�
����� ��
�� �����

���� �
�
�
����$�
��!� �����������$
�  ���� ������
��!� 
��� ���������
��!.� 3����� ��$���

��
�
���
��!����$���
�
��
���
����3�������������!��
$

�������5��
���������
��.�/00?9��
�����)��.������
��$�������Z�+�����������!�
�����������!������
�
����������
!� ��
�$������
���� $������������
�����
����)��������
���;��
$��
��������
����
)��)
�!����



4�����$������

1B�

������
�
����� ����)��$
�
�3���������������������� 
�����$��� 5<
��

�
���&�����.�
/0129��

������7���)��������������
������

4���

� ����
��3����
����)��������
��������
�
��������������������������������
����)��$
���������������7��)��������������
���������
���$��
�
�����
��
���������7
��)����������������
!.�3����� 

��
��!���
�
���
��������
����������
��!�����$������

����)��$
������������
��������
��
���)��!����
����������)��������
����
�$��
�5R
��X
�

��� +�
�.� /00B9�� Z���� ��
����� ��� ���.� 
� �
�
����
���� 
�$�!� 3

� �$ ��
���� ���
/00B� !��

��E
���
�������
�$�!�
��3�����
������)��$
�
��
��!��������
�����
������
5+9���� ����@7L����	����!������
��5+��8�2�����9��
���;����������
���

�$�� �����

�)���
� 5+�>
9� ��� ����������
���!�$��.�
������
����������������

�)��
!�����
.�
�����

�)�����
���
�
���
$����
�� ��
)��$��
��
���/8�5�

������
��.�/00B9�������$���
���
����
$��
��
)�� ����3����!�������
���� !�
�)��
��
�$���
� ������������

����
���

�����

�)��
!�����
�����!� 5���-�����
��.�/00@\�#
�
�
������
��.�/00@\�<
�
�
�����

��.�/008\����)���
����
��.�/00A\���$����
����
��.�/0069.����
7
�
�!
�
����������
���!�
�������������
�����������
������ ��3����+��8�2�
���+�>
��

����������
����������
��������

�)��
!�����
�����!�5&��3��
���L
���
.�/00?\�(����
������$����.�/00?\�
�$�
������
��.�/006\�	�
������
��.�/006\�V
������
��.�/0119���

�V&�@�����.�
��
����
�������� ��������� ��� ����
���

���������
!
���.�
���
�

�
�������
!�
���!������������$�
������������
����������������
 $
��
���������
�����
���� ���������� ������� ��������

�)�� 
!�����
� ��� 
�$������� 5������ ��� 
��.� /011\�
<������
������
��.�/011\�<
��

�
���&�����.�/0129���

����7��)��������������
�����
���������

�)��
!�����
��
)��
�
�� �������������
��������������
.�
$���

�������������������������$���������������������5#	B�19�5&���
��� 
��.� /0069.� 
���  �
��7����)��� ��$���������� �
����� 5&�#�9� 5V��� ��� 
��.� /00A
\�
��$����
����
��.�/006\��
������
��.�/0069��

�

�

�



�
"��������

�)����
������

12�

11�1�1�B� ���
�����������
���
�

�������
��������������
� 

������
�3����!��
������������
�!����
�����
�3�����

����$��� ���� ��
��
�����!� ����
�!.� ���� �
!�������
�!� 
��� ���� ����������)$�
�)��
����
�!� 5>��9�� �$������!.� ���� ��
�� ������� 
����
��� ����� ���� L�
���� �
���
+!
�������
������

�)�����
�����
���
��
�������
�����
������3����
��������


��
�
5+���
���
����
����

��.�16669���

���� 
������)�� ���� ����
� ��� 
��������� ��$��
��� 5++	49� 
��������


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

���������++	4
�a��$�;�����.���$)�;
����.��
��;�����.�

����
����.� ���
����
�� 5�4�9� 
��� �
���
����
�a� 
��� 

���� 
��� ���
���� ��3��� 
����
������
� ����
���� ��� ������ �!��
� ��� 
��������


��
��++	4
� 
���  !� ���� ������

���
!�
����� 
��������� ��$��
��� ��$
� �����

���� ���� ��������
����� ��� 
��������� ���
���� 
!�
����� ������ 
��� ��3�7���$�
����� ���� ��
�
!�
����� 
��������� ���������
�;���

���������++	4
�
)
��
 �����3
�
!
����
����
������������
���������
������)��!�

���������$��
��.� ����������4��
��������
���
����
��������
��
������)��������)��.�
����++	4
��
)�������������
��
�
����
��������
��
������
����
������� ��

����;�����
��������$����
�
�������
!
���
�5L!����.�16AA\��
��������
��.�16?/\�V������
��.�16?B\�

����

����
��.�16?A9��+������4���
��������������$�
����������
������������
�������
�
.�
��
�����
��
�����
������3���� ���;��
����������������
����������H��
��
���������
�
���++	4
�5���
����
�9I�
���������

+�����������
��������


������
�����
�����$�������!�����
��������


��
�5���
9�
����
����� �;��

�� ���� ����
� 5��X4
9� 
��� �$
�� 
��������


��
� 5+#	4
9�� ���
�


��� ��
�
�����-���  !� ���� ������ ��$��
��� ��� ��������������.� 
��������.� 
��� ��� 
�
��

��� �;����.� ���
����� 5��9�� ���
� 
�
��  ����� ��
�
��������� L1� ��������
.�
�$
�
������ �1� 
��� ��
�
!�
����� 
���������� b1.� �
$
���� 
���� ������
� 
$��� 

� ��!�

��$��.�  �$����� )�
���.� �����
�
���� �!�����
���.� ��--���

.� ����� 5R
���"�.� /00@\�
<������.� /0089�� ���� ����
��
�� ��� ��X4
� 
������ ��)��)�
� ���� ���� ������ ��� ����
��-!��� ����
����� �;��

�� 5��X9.� 3�����  ��
�
� ��3�� ����
���������
��$����
�
������
� 
$��� 

� 
��������.� ��� 
��� ���������������� (
���� ��X4
�

��:$���
�
�
����������� ��
$
������
�����$
�5����)�����
��!9������
�����
�3��������
�
a� 
$��� 

� ����
��� ����
�
.� ������
� 
��� 3���
� a� 
��� 
���� �����
����
� ����$�����
 ����� �������� ����
.� �������
�
��
� 
��� ����
��� ��� 
�� 
$��������
�� +#	4
� 
���

��$��
��� ���� ����
� ��� 
��������� 
��� ��������������.� 3����� ����$��� )���
�
;����

��� ��$�;������ 
����� �����
�� ��
��
�������
�� �������� ������
� ��� ��

��\� 3����



4�����$������

1@�

$
���
����3���
�
���
�������
�
�������
�
 ��������
�����++	4
.��������$����
�
.����

 ����
� ��$��
��� ���  ���� 
��������� 
��� ��������������.� 
��� ��� ����� ��
�
.� ��� 
�
��
 ����
� ��� ��$��
���� ���
��!.� ������ 
��������


��
� 
$��� 

� #��
-������ 5+�	49.�
����
-
�����5#
++�9����&$��������5#�	49�
�����

����:$����!����
��� ����

X���������
�������
����������$����
!�������
�!�
���>����������
���
�)
����!����

��
!�������
���
�
)
��
 ���������
��
!�����
��������
$���

��������)�� ��
)��$�
��
����
�!.���������
��
������
�!������� ����
��)��������
�!���
!�������
�!��
!� ��
���� ���
������ ��� ������� ��� 
���� �

�
�  ��
$
�� �
�����
� ������� ���� ��� �
���
�����
����� ���  ��
$
�� ������ 
��� ���
��
�� �
�$��� ��� ���
� ��
�� ��$��� �����)��


����!�3����
��
�������
����
!�������
��$���������)���������
!�������
�!��
�� ��
)��!� �������)�� 

� 
� 
���� ���
������ ���
���!� ��� �
�����
� 3���� 
� ����� ��� �����
���
�����

���� 5���
��
� ��� 
��.� 16689�� 4�� 
�)���� �����

���.� 
� ��� ��
����� ���

��
��
������
�!�
����
!�������
�!��
����)�� ��������
$��
���
��
�
����������
�!�
5��

�����
��.�166A9��

>��� �
� 
� ������$��� ��� 3����� ��������� �$�����
� 
��� �


��� ����$��� ����  �
��.�
���������
��!� ����������� 
�  ����� 
��-$���� >��� 
���
� ��� �
$
�� ��
���
� ���  �
���
�����
��!� ��
�� �
�� :$����!� ��)��
�� 
!�����
� ��� ����
��� ����
�� �����

�
�� 4�� �
�

������������

�
����
���������������������
�����
�3����
�)��������5�;���
!�������
��� �
�
������ �����

���.� ���
����� ��� 
$����
�� ���$���
9� ��
�� �
� ���� ��
���
�)�� ���
��
��
�������
�������)������
�
��D����
!�������
��$���.��
����$�
��!�������
��3���

�
)�� 
�������
��� �$������
�� ���
������� ��� �
)�� ���� ��
������� ��� �$����$
�
�����
��������
�
�5<��� ����
�������.�166B9��



�&����
����
������

18�

11�1�/� &����
����
������

&����
����
������5&�9��
�
�
����$
�����
�������

.�3����
�3����3�������)
���������

/7@_���� ���� ���$�
����� 5�����
��

� ��� 
��.� /0119�� &�� ����
�
� 
� ���
��  $����� ���
 ���� �
�����
� 
��� ������ �
�����
.� 
��� 
����;��
���!� 107/0_� ��� �
�����
� �������

$�������)���������$�
����������������

�5	������
���V�

.�/00/9������ZLX���


����
�

&��

����������������10���
������
$
�
����������� 
�� $����������
�

����������
���
���$�����1@7227!�
�7��������������
�����������)

�
��������
������&�����������)�
����
�������
.� ������ �
� 
����� 
� ��
���� ��� ���3������ ����������� ��
� 
�������!� 
���
�
�����!
�����!��

4���
���


��
��!���
�
�����-��� !�����������������$���������
���
�����
��
�5�!���

49� ��� �!���
��
� 5�!��� 449� �����
���
��� 3���� ���
���
� ��� �����

���� 5���$��� B9.�
3�����
���������$���.�����������.���������
���
���
�� ��
)��$���������
�$� 
�������
��������&���
����
�����
������$�����.��!������
��)
�!���������)
�
���������������


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

�
������$�
�)�� ��
)��$�.�
�
!������� 
!�����
� 5����.� ���$
���
.� �
��$���
����
.� 
��� ��
���
��-��� ��������9.�

����������)����
�$� 
���
���

�

�

���$��� B�� 	����
���
����� ��� ���� �
������ ��� ����� ��� &����
�� �!��� 4� 
��� 44� ��
�����
�
5��
����������333����)��
�����������������9��

��


��� ����� ���)
����� ��� &�� �
� ��
�
�����-���  !� �$�����
� 
��� �;���������� 4��

��
�����.� ���� ��������
��� ����� �
� ������ �����
 ����!� �
����� ��
�� �$�����
�� 4��

�������� ��� ����� ���)
����.� ���� 
!�����
� ��� �
��
� ����$��� ����
���� 
���7�
����.�

&����
���!���4���
������ &����
���!���44���
������



4�����$������

1A�

�����

��� ����� ���� 
����.� ���

$���� 
��� ������ ��$�� 
�����.� ������� ��� ���

.�

��
��
��� ����!.�
��������

�����
�7��������� ��
)��$�����������$
���������

$�
 ���

���)����
� ��
�� �
)�� 
� ����� �������
�� ����  �������� ������

� 
��� 
���7��
��$���)���
L!���
��
� �
� 
� ��

��� ���������
��
.� ��
�� �
.��
��
����$
� �������

�!� ���
�����

"$������� ��
�� ��
$��
� ��� �
�
����.� ����
���
� ���  ��
)��$�� 5����.� �;��

�)�� 
���
����
������
��� 
�;$
�� 
���)��!.� 
�������.� ��� ��
)������� 3����$�� ����� ��� ������
���
�:$����
9����
���
���� �������
� ���� &�� 
�
��
� 

� ��
��� ��� ��� �����+�7R�
5������
���
!���
������

���
����.�/01B9�5�
 ���/9��

�

�

�

�

�

�

�

�

�

��
 ���/����
���
�����������
�����&����
���!���4�
���44���
������ 

�������+�7R�5������
��
�
!���
������

���
����.�/01B9��

���� ���
�� ��������� �
����
�
����� ��� &�� �
� �!���
��!� 
� �
"��� �����

�)�� ���
���.�
$
$
��!����$�������$����� �
���
����
��������� �
��!�
�$������������ ���
�� ���
���� ���

�
��
�����!���
��
��������������$��$�����
�)��
��!�
�
��
���.�
���$�������
�������

���
���
�
����&���
����� ���
���� 4�� �
�$�������� ���� ���� ���
���
�������
���� ���
���$�� 
����� 
��� B0� !�
�
.� 
����$��� ��
��� 
����� 
��� 80� !�
�
� �

�  ���� ���������
5�
��!.�/0109���

�������
�
��
����
��$������)
��
����������3��������
�����
�
$�������������
���
��
+�����
�����
��
)����
���������
���
���
�����$���
���!�5�����;
����.�����������
��
���� ���
���� ���� !�
�9� 3���� �$��� ����)��!� ���  ��3���.� �����
� �;��������� ���
���
�

����� �����.� 
��� 
���� �
!� �
��� ��� �$��!� ����)���  ��3���� ���
���
�� �� 
$ 
��� ���
�
�����
� 
$����
� ������
���7�!�����.�3����� �
���������

� ���� �;��������� ��� 
�� ��

��
��$��
!�����
�������

�)�.��
���.��!���
���������;������
���
�3������
�1/7������

6�
�����)�������	��
�� ����	������
	��		���	����������	������	�	
����	������	�����"�� ��	��<������;
����	=����
	���
6� 7�	� ��� ��	��	� ��� ��	� ������ ���� ������ �	
�	���
	� ������	����� ��� ���� �	��	�� 	.
����	�� ���

����:����	���
	� ������	�(� ����:�
��	���(� ����:�
��	������� ������	�(� �	� ������� ������	�(� ���
���	���
	����	����� ��
	����	������:�
��	�����
	��� ���������	��
���������������	���

�
6�
�����))�������	��
����	������
	��		���	�� ���� ��� �	������	���
�������	
����	� �����	�����"�� ��	��<>�
�������;
����	=�
���
	�� ���� ��� �	���� ��	� ������ �	
�	���
	� 	
����	� �����	���� �"��  ��	�� <������ �	
�	���
	� ;
����	=�
���
	���

�� 7�	�	������	
	���		����������	
����	��
6� 7�	� ��� ��	��	� ��� ��	� ��
������� 	
����	���� ���� ������ �	
�	���
	� 	
����	���� ��� ���� �	��	��

	.
����	�� ��� ����:����	���
	� ������	�(� ����:�
��	���(� ����:�
��	������� ������	�(� �	� �������
������	�(� ��� ���	�� �
	����	�� ���  ��
	����	�� ����:�
��	���� �
	��� �� ���� ���	�� 
���������
������	���

�� 7�	� ���
����� ��� �	
�	������ ��� ��	�  �
�	������������ �� �	�� ��� ��	8 	��� ���	�������� �	��		��

	������ ��� �	
�	������ ���� ��
������� �� �	�� ����������� ������������ �����	��� ��� ��
����	��� ���
������(���� 
�������(�������	����
���������	������� �����������



�&����
����
������

1?�

������� 5&
����
� ��� 
��.� /0019�� (���
7�
���� 
��� $���
7$���
7�
���� �!������ )
��
��
�

�
)��
�
�� ��������������.����3������������$��$
��
��
�����!������3�������3�������
�)���3������������$�
�����
�
�������
!�5V�
��������
�����
�.�16689��

11�1�/�1� �$������&�������
��L!�����
�
��

&�� 
!�����
� �
����
����� 

� �������
�.� �������)�.�  ��
)��$�
�.� 
$�������.�
��$�����������.� ���$��.� 
��� ����
��
�� ��
�$� 
���
�  ������ �����
����� ��� ����

�!
�$������� ��� ���������������  �
��� ���3���
� 5�
��
�� 
��� �����
��.� /006\�
��4��!��� ��� 
��.� /006\� +��
��3
��� ��� 
��.� /01/9�� �
� 
!�����
����!� 
��3
� 
��
������
�������
�����)�����
 ����
�����
���� �������
���
��3
!
��
��������������������
$����
�
�������
�������!����&������
�� �������
���!�����
�
�3���� �� �����!����������

��������;��
���������

#�$�������������!�����
�
�

�����
����
� ��� L��� 
;�
� �$������� ��� &�.� 

� 3���� 

� ��� ���.� �
)��  ���� 3����

$ 
�
���
���� 5�
!���� 
��� �
�c$���.� /0089�� ��� �����

�� ��� ���� ����

�� ���
��������������� ����

���� �
����� 5�	�9� ������ $��
� ��� ���
���� 
�������������������

�������� 5���L9� 
��������� 
��� 
� 
$ 
�:$���� ���)
����� ��� ����$�
�����
��$�����������
� 5�
!����
����
�c$���.� /0089�����
�� ��
�$� 
���
� 
�����
�� �����!�

���� $�
 ��� ��� �������
� ��� �������7��� ��� ���$�
����� ��� &�.� 3���� ���
�:$����

�!��
�
��)��7
���)��!.�
���
� ��������
���������
��
�����$�
���!������ 5���)��
�

��� 
��.� /00?9�� �����)��.� ��$������������ ��������
� 5�	9� 
���
�� ��� �
)�� ������
����

��
���)��!�����������
�����
.���

� �!��$��������)
������������
��
���!��!������
.�
����� !���
�$��������!
�������
������ 
������$�
������������L���
;�
�
������$���

!
����5�
���
�
�������$
�
.�/00/\��
������
��.�/00A\�+�����$������
��.�/0119��

����
��
���!
�$�������

>)������� �����
��
� 
� ���
����
����  ��3���� &�� 
��� ����
��
�� �!
���$�
������
����
��
�� ��
�$� 
���
� �
)��  ���� ��
��� ��� �$����� �
��
.� �����

���.� ��� ����
�$��!���� 
�
��.� 
��� ��� ��
���!� ���
��)�
� ��� &�� �
�����
� 5�������� ��� 
��.� /011\�
�������� ��� 
��.� /0129�� ������
����� �)������� 
��� ���!
������
��!� 
�$���
� �
)��

�������������������
��!����	>��
����.����
����)
��
 ����!����
������
�����
.��������

����� �
����!� 
��� �$�
����.� ��3��� 
����� ���������!.� ���
���� �$� ��� ��� 
��$

�
.�
��
�������� 
����.� 
��� ���$���� �
��!� 
���)��!.�  ���� ��� 
���)��!� ���� 
��� ���������



4�����$������

16�

 ����
�� �
�����
� ����
���� ��� ��
���!� �������
� 5F���
� ��� 
��.� /00@\� �������� ��� 
��.�

/011\� �������� ��� 
��.� /012\� 	���� ��� 
��.� /0129�� �����)��.� �)�������

� �

� 
�

�������
��� ������
����� 3���� ������
��� ������
�� �
����
�
����
� ���  ����
�� �����

.�
����$����� �����
��!���������

���.� �
���������
3���
.�
�;���!.� 
$ 
�
����
 $
�.�
�

���
����
��
���)��!����
��������$�����.��
!���������
��!.�
������$������������
������
��)��
�5�����������
��.�/011\����-
��-.�/012\������������
��.�/0129��

44��$�������
����
�$� 
���
�

+�)��
�� ��� ��� 
��� �
�
��� ��� 
��

� ������
���� ��� ���� �
�����!
�����!� ��� &��
�
)�� 
�� ������
��� ����� ��� ���� ���$�
����� ��� 
$�������� 
��� ���$��� �$�������
5	
����-7��
!
�
���&���$��-7	
�����.�1666\��
�����7����-����
��.�/00@\��
������


���	
�
��.�/006\�4�3���
�������.�/0119�������)��.�
�)��
��
�$���
�
����3���������
���
7
�
�!
�
��
)��������������)
������)��
������������
�� ����
��
���!��!������
�
��� ����
�������

���
����
�����
�����
�����
����3������
���!��������
� 5Xd&�����

���
��.�/008\�V������
��.�/00A \�&����-������
��.�/006\�L�������
��.�/006\����
  ����
�
���
��.� /01B\��$����������
��.� /01B
\��$����������
��.� /01B 9��X)��
��.� �����
�
�

$���
�� ��
�� 
$���

�$�� ���
������ ��
����� ��� 
� �$��!���� 
�
��� �
!� ��)��
��
����
��
�����
�������
��-����������
�� ��)��
���� ����
��
���!�����
���
� 5V������


��.� /00A \� �$���
$-� ��� 
��.� /010\� ���
  ����
� ��� 
��.� /01B9�� 4���
��
���!�
�!������
�
���
����3���
$
�����������
����
��
���)��!������$������������
�����
$����
��������
� 5�
���
� 
��� ����$
�
.� /00/9�� �$���������.� �����

��� ��������
��

����
��
����� �

�  ���� 


���
���� 3���� �$����$
� 
!�����
� ��� ����� ��
�����
.�

$��� 

� �
�
�
�.� �
���$�.� 
�������
.� ���
������� ��� ��������
����.� 
�;���!.�
�����
 ����!.�
���
����
����������.�������

��

.�
$����
�� ���
����.� ����!�
���
.�
���

��
�$� 
���� ��� 
����� 
��� 
�������� 5���
��� ��� 
��.� /00@\� 	
�
��� ��� 
��.� /008\�
>�
�� ���������
��.�/010\�F
�����-�����
��.�/011\��������
���������.�/01/9��

��
���
������$����

�����!�
�����$����������
���
�������

���� ����� ��� &�#�� ��� ����� ��
�����
� �

� �����)��� ����� 
��������� ��
�� ������
��� ��
� ��� ���� ��$���������� �
���!�� 4�� �
� ��)��)��� ��� ��$���
�� �
�$�
����.�
����������
����� 
��� 
$�)�)
�.� 
!�
����� ��

�����!.� 
��� ����7����� �����!�

���
����
����� 5��
���� ��� 
��.� /0109�� �$���������� ����������� ���������
�� �)�������

$���
�
���
��&�#����
!
�
��������
��������������$�
�������������

�����
��������.�
��$�
�
��.� 
��� ��&�.� 

� 3���� 

� ��� 
��373
)�� 
����� ���$�
����� 5+�
������ ��� 
��.�



�&����
����
������

/0�

/00A\� �
�
�$�
� ��� 
��.� /00?9�� >)������� 
$���
�
� ��
�� 
���

� 
��� �;��

�)��

��$������������ 
���
������ �
!� ���������� 3���� ������
��
�� ��$������
�
� ��� ����
�����;�����&��5+�����

������
��.�/0069��4���)��$
�
�����3���3����
����
��
�����
����
���� &�#�� ����� �
!� �
)�� ��������
��� 
 ����!� ��� ����
��-�� L��� 
;�
� 
���)��!.�

����� !�
�������������7��
�������
������!�5+��$������
��.�/0089��4��
�������������
�
�����������$�
�����������$����

���������

�
.�&�#��
�
��
��
�

�
���
���������
����.�



�
����������
�$�
�����
�������������
���������������)�����������������
�5�$�
��

�����������
.�/0089��

������
����
������&�.���$�
�
���
�������
�������$����
�
��

����

����������������
�������
�$� 
���
����&��3

����������!�
$���
���� !�
�$���
�

��� ����� �� 
�$�!� ��
�� ����$���� 
���;� ��� �
"��� �����

�)�� 
���  ����
�� �����

���
�
�����
�������
��


���
����� ��3�������)
�������� ��
���
����$���5�+�9���)��
����
B7�����;!727� �!���;!����!���!���� 5�L��9.� 
�� �������������� ���
 �����.� 
���


���
�����
���
�;���!� ��������

����
�����
� 5	����������
��.�16?89����������
��!.�

�$���
� ��������� ������
���� ���$����
���)��!� ��� ���$
� ����$��$
� �����

�
� 
���
�����

����+���L������
$����
�� ����
��
$ "���
�����
����3�����������
�5+�������

��.�/008\�Z�
������
��.�/00?9�������������)��3�$����-����$�$�
��)����
��
�������
��


��� ��
����� �)������� ��� �$�� ������ ���� �!�����
�
� ��� ���
����������!
�$������� ���
&��� ���
� ���
� ��
��
� ��
�� �;��

�)�����
��������� 
���)��!� ��� ���� ��$�
�� ����
��
�
��������
��
���������������3�7���$�
����.�3�����
$ 
�:$����!��������
�
���
�
������

�����
������

���
�
���5&�������
��.�/00A9�������)��.�
�$���
�������������
�)����!����
 ����
��
!�����
�����
���)���!
����
�
.��)����������
 
����������
��
������
�!.�
������$������
$�����������
��
��������!
�$�������������
���
�

��
�
���5)
��	�

$��

��� 
��.� /0069�� (�����$�
���!.� ��������)�� 
��� ����� ������� 
��� ���
�
����� �)�������
������
���������
����
��������
�������!����&��
���
�����$�
)
��
 ����

	��
��)��!� ��3�
�$���
��
)�� ���$
������
 ����
�����
������&����
�
��

�������
&���	������
�$���
��
)�����������
�������
���!������

�����&����
������$��
������
 ����
�������

����
�����
�
��������

�����&��$��
����$������
��
�5�
���������


��.� /01/9�� &!� �����

�.� ��$�
�
��� ��
������ $��
��� 3

� �����

��� ��� ���� ��$�
�� ���
�
�������
���
����
��)�������
���!��������
������������
��������&��
�����$�
�
���
$��
��� ������
���� 3���� ���� 
�)����!� ��� �����

���� 
��� �
��
.� ��
�����)��!.� 

�

��

$����  !� 
�
��
���-��� 
�
��
� 5�
������ ��� 
��.� /01/9�� X)��
��.� �$������.�
���
�
����.� 
��� ���)������� �)������� ����� �������.� ��
�7������.�  ��������
�.� 
���



4�����$������

/1�

��
����� 
�$���
� �����
� ��� 
� �������
�� ����� ��� ��$�
�
������� �!
���$�
����� ��� ����

�����
�������
�
� ��� &��� �����)��.� �)������� ����
� 
 ���
��� ���
�*��$����
�����
�����
� 
��� ���������� �!
���$�
����� 3���� 
����
����
� ��� ��$�
�
�������
��
�
��

�����

���
���
������������
����$�
��
���
�������

�
��
��

4�� �
�  �������� �����

����!� �)������ ��
�� �$������ ����7
�
 ���-���� 
����
� �
)��


�����
� ��
�� �;�����  �!����  ������� ��� ��$���
�� ��� �
��� 
$��
��� ��������
��
����
��$����
�����
�����
!������������$�
�$
�������������
���������&����
�������!�
���!� ���
�� ������
���3���� ����
����$�
��
���
������ �

�
��
�
����)���$
�� ���$�����
��
���
����������;���

���.�
�����
����� !�
����
����
������$����
�
��

����
���

��$����

�����!�� &������ $����
�
������ ��� ����
����$�
�� 
���
������ �

�
��
� �
!�
���������� ���)���� )
�$
 ��� ��
����
� ����� ���� $�����!���� �
$
�
� ��� &�� 
���

$ 
�:$����!����������������)�����
������
��
�����
���������
������
�����7B7���

��

5�4BV9D�V���
��3
!��
�
������
��
���
����
�
�$�������
��3
!��������3����
����
.�
����$����� &�#��� 4����

��� 
���)��!� ��� ���� �+VB� �
��3
!� 
$�����
� 
�����
�
��
�����$
����� ��� �+V7B� 
���)��!� ���
���
� ��$����

�����!� 
��� ����$�
�� ��
���������
���
� �
��3
!� �
� 
�
�� ��)��)��� ��� ����
��
�� ���$�
����� 5�
����.� /00A \� �
����.�

/00A
9��4�����
�����!.��
���$�
�������������+VB��
��3
!�����$��
� ����
����
����

���
��������


���������
���
�!�
����
�3��������7
�
 ���-�������������
.�
$���

�
�����$�� 5��9.� )
����
��.� 
��� 
�!���
�� 
����
!������
.� �������!� 
��� ���������!�

���$�
��� ���� �4BV.� �+VB.� 
��� Z��� 
���
������ �
��3
!
.� ���� )��!� 

��� ���
�
������
�������������������
�$���
����&�����

1�1�/�/� >�)��������
��
�����������	�
���
����
��

>�)��������
����
���
����
�

�
�
����������������������
������)��������
���
����
����&�����
��
�)��!�
�
���.�

����$���
�)��
����)��������
���
����
��
)�� ���������������

��������
��!���)��)���
������
���
����������
���
����
�����$����
��!�������������
$�
.�
���

�$��������)���
.�

)��$
� ���������
.� �
��
 �
� $
�.� � 
������� �������
����
.� 
��� �)��� )��!� ��
�
���
��)��������
���
����
.�
$���

�
��
���!���
�5>�
������
��.�/00?9��

�



�&����
����
������

//�

�����������
���
����
�

L����
 ����!.� 

� �
��$�
���� ��� ������� �3��� 
�$���
.� �
� �
���
���� 
�� 
 �$�� ?@_�

5&���)��$����
��.�/0119� 
$���
�����
�
$ 
�
���
�� ��)��)����������������� �
����
� ���
������)������������������
�

����
���!�
�$���
��
)�������
��
������
���������
��)��
��
�� ��� ���� ���
�7������� ���
��)�
� �
� 
�)��7����� ���
���� ��
�� ���� ��
�� ��� �����
��

���$�
����.� �����
����� ��
�� ���� �������� ���������� �
� )��!� ������
��� ��� ����
��)������������&��5+-�-��
����3��-.�/01B9��

��
����� ���� 
 $��
���� ��� �������� �������
.� ���� ��
$��
� �
)�� ������  ����
�����
�
����� 
��� ���� ������
���� ���� �
�!� �
����
��� ����
D
������ �$���������
���!������
�
� 5+#�
9�� ���� ��
�� ���
�
����� 


���
����
� �
)��  ���� � 
��)��� ����


�)��
�� ����
�� 
��������� ��
�
������� ����� 5+��8�29.�  �
��7����)��� ��$����������
�
����� 5&�#�9.� �7
����� 
���� �;��

�� 
���)
���� 5��X�9.� �!
 ������ 5��#&�19.�
��$�����$���� 5#	�19.� ��
�$����� ��� 
���-�������
� 1� 5�4+�19.� ��� ��������� �2�
5�	�29�5+���$��������
��.�/01/\�+-�-��
����3��-.�/01B9���

+��������� ���
���Z�+����&�����/00?� 5&
$�����
��.�/00?9.�
��
���$�������
�� �����
�
)��  ���� ����������� ���� 


���
����� 3���� &�� ����$��� 
���� �
����� �Z�+��
<#�?02�.� �#VB.� #��#.� ���#�1�.� X�<2.� ���[/� 
��� �	�#V1� 5Z��������
��$
�� �

�� �������.� /00A\� �������
� ��� 
��.� /00?\� +��
�� ��� 
��.� /00?\� ������� ��� 
��.�

/011\��
!���
����.�/011\���������
��.�/01B\��$����
������
��.�/0129������ �������
��
�$���������� ���
������
�
��� �����!��������
�� ����)
���� ��� ����
�������!� ���&��
���

�����$�������)�
���
�������

�����7���)��������������
������

����
���� ���  ���� ���� 
��� 
���-�������
� 5+�<9.� ����7��)���������

�����
�����
� ��� &�� �
)��  ���� $����
�$������ X��!� 
� 
������ �$ ��
���� 
�$�!� �

�
��������� ��
�� ������� 3���� &�� 3��� �
������ ���� 
�����
� 
�� ���� &�#�� R
�88����
���!������
��3��������� �����!������)����������

�)�����
���
� �����3����
���

�$��
������)���
���
��R
��
����������-!����
�5L�

������
��.�/0109��

1�1�/�B� ���
�����������
���
�

���
���������&�����)������
��!����$
�
����
�$���
�
 ���-
����.����3�����������
��

�
� ���  ����� 
� �
������ 3���� �
��
� ��� �����

���� ��� 
� 
!�����
���� ����)��!� 3����



4�����$������

/B�

�$��!���� 5
�
 ��9� ������ >������)�� ��
��
�������
�� ���
������ ��� &�� ��:$���
�

���
������ ��� �����

�)�� 
��� �
���D�!���
���� ���
���
� ��������� 3���� ����7�����
���
������ ��� ���)���� �$�$��� ���
���
.�  ���� 
!�����
�� 
��� 
$ 7
!�����
��� 4��
������� !�
�
� ���� ������
���� ��� ����7����� ���
������ 5��
�� �
.� �
�����
����

���
�����9��

� ��������

�-��� !�
�)��
���$�������
����������������
�����
����
���
�������
�
$�������� !�������
����������)����������
�
�����$�$������
���
.���
���
.�
�������
��� ���
$������������
�����
�
����������
�����
�
���������������� $��������
�������
��������������
�
��

���� �!��
� ��� �����
����
� �����
��!� $
��� ��� ���
�� &�� ����$��� ����� 
�
 ���-��
.�


�!���
��
����
!������
.�
���
��������


��
�������
�
 ���-��
�
���$
$
��!��������
��
�������������
��&����
!����������
��������
������������������
���������������
�������
�� ����� 
�
 ���-��� �
��  �� �������� 

� 
� ��$�� ��
�.� ��� $
��� 

� ��������
�!.� �9� 
��
�

����
��$���
��!�����
��
���D
��������

���.���9�
��
������!�
����
��!�
�
��
���
����
��D
��������

�)�����
���
.�
������9����
�����3��
���
�!�����
��$������������!�
�����


�����������������

��$������
 �)��5	! 
��3
��.�/00A9���

4�����
�
��
�.������
�
�����7
�
 ���-������$����
���

� ����$
����������)��!��������
���
���������&�.�

�3����

��������������
�����
.������)���80�!�
�
��������
��)��!�

�����E
������
�!�

�
�����7
�
 ���-����
�������)��$�����-����������
����������
�����
�
3����&�.�
���
��������������
��
����$
�����#�����������
.����������$�
���� ������
�
��
�
!� ��� ���
������ ���� ���
� ��
�����.�  ���� ���� ���� 
�$��� �
���� ��

�� 
��� 

�

�����!�
;�
� ���� ���$������ �
���� 
��� �����

�)�� ���
���
� 5����3��� 
��� F
��
��.�
1660\� &
���


����� ��� 
��.� 16669�� ��� �

� �
�!� �����$�
�� �
����
�  $�� ��� �
� ���� !���
���3�� 3����� 
��� ����


�!� ���� ��
� ����
��$���� �������� ��� ���$��
� ��$���
��

�;���
 ����!�  !� ���$�
����� 
�����7���������� 
���$�� ��
����
� 
��� �;���
���!�
��$����
�
��

���.� 
��� 
�
�� 
�����
� 
�����7��

������ 
!
���
.� 
��� �
!� �
)��
��$����������)������)�����$����������������
�5�
�"�����
��.�/001 9��+���������
��������
���� ��$�
� ��� ������
�� ��� ���� ���
���� ���
�
.� ��
� ����
��
�� ��� 
������ 3����  ��
�;��
�����������
����������H��
��
���������
���������$�I�
��������

�������)$�

��
� 
��� 
�
�� $
��� 

� ����� 
�
 ���-��
� ��� ��

� �;����� 
��� ����$���
R
����
��.� �
���������� 
��� �
� 
�
-������� R
����
��� ���� ��
� ��$���
�� 
���$��
��
����
� 
��� ��$�
�
��� ����

�� 
��.� ����� �����$�.� 
��
� ��� 
�����7��

������


!
���
� 
��� ���$��
� ���� �;���

���� ��� ��$����������)�� ����
� 
��� �������
�� 4�� �
�
$
�������������
���������
�$����
��
�
�����;������
���
�53���������
!� ��
$�������



�&����
����
������

/2�

��� ������ 
����
9.� �
����
��!� ��� 
!�����
� �
)�� ��
�������  ������� ��
���������� �

�


���� �����
�!� 

� 
�� 
�$��� ���
������ ���� ��

� 
�)����  ����
�� �����

�����

�
� 
�
-�������
�����
�)��
����

�
����
�7���������
�!� $���
!��
)��
���������
�!�
������� ��� 
����� ��� ��� ��� ��
����� 3���� ������ �����
����
� ��� ���
�����7��
�
�
���

�

�
� 5+������ 
��� #$��.� /00A9�� L�3�)��.� 
������)$�

��� �����
����
� �
)�� 
�
3
������ ����� ���� ����� 
��� ��$�� ������
��
����� 5���9�  ��
$
�� ������ $
�� �
!�
�����

��������
�����
$����
�����$���
�
��� ��
)��$�
����������
�����
������)$�

���
�����
����
� 
��$���  �� ���������� ���
��!� ���� ��3� ��� 3��
������ 
!�����
� ���

�����

���.� 
$����
�� ���$���
� ���  ��
)��$�.� ��� 
�!� $�$
$
�� ��
���
� ��� ����� ���
 ��
)��$���

�����
!���������$�
�3���������� ������
�������
���
����7�����������
�����
������
��� �
���� ���
���
� 5
��� H�$������ ���
�����I� 
������� ��� +���-�������
� ���� ���
��
�


 �$��
����
!���������$�
9��X�������������
��.��������
��������� ����
�������

����
�
� $
$
��!� �$��  !� 
��������


��
�� L�3�)��.� 
���� 
��������


��
� �����

�� ����
����������� ��� H
3�������I� ��� �
��
� ��� �����

���  ����
�� �
�����
.� 3���� $
��� 

�

��������
�!� ��� 3���� ����� 
�
 ���-��
� 5�
�
 ��
�� ��� 
��.� 1666\� ��
�� ��� 
��.� /0089��
����
������������3�����
����
!�������
�����
���3�����
��������


���
�����$

���
����
����
�������
� 

�������
!���
���
���������
����!����$����������
����
�$��
�
���
����$
�������������$�
� !������
������������
!�������
���
��������


���
����
�3����

������ ������
�������
���
����7�����������
�����
�����.�
����$���
���$��3���� ������
����7������)���������������
�!�
$���

���������� ������������3����������$�����$��
����
�!��
���
������

>��� �
� 
�
�� ������������ 

� 
� ���
������ ��� ������� ��� &�� ���� �
�����
�3����


�)���������

���.��
��
�
�����;���
������)��
�
��
.���������!�
$����
���
�����
.����
���
�� ���
������� 3���� �
�
����
.� 
��� ��� ���
�� 3���� ���
������ ����
����!� �����

�
5������
�������
��.�/01/9���

������ �
� 
������ �)������� ���� ����  ������
� ��� �
!��������
�� �����)������
� ���
���$����� ���� ����������� ��� ���
�
�� 5�
����$�
��!� �����

�)�� ���
���
9�� >�$�
����
��

������:$�
.�����3������ �����
������ ��� �
�����
���
� ����!� ���� �����
�
����������
�����������

.��
)�� ����
��3��������$������
�
��
��������)��
���
���$����������
���
�����!������ �������)�� ����
�!� �
� 
����� 
�� �����)���� 
����
� ��� �
�
����� 
���

�


���
!�����
.�
�������������!�����
��!�3
������
���
�����������������
�
��5+�����
���
��.�/0089���



4�����$������

/@�

11�1�B� +���-�������
�

+�<� �
� 
� 
�)���� ����
�� ��
������ ��
�� ��)��)�
� ��
�$� 
���
� ��� ���� ��
��  

���

�$������
� ��
�� ��)�� 
� ��
���!� ���
��� ���� �������� ��� ����)��$
���!.� $��:$���

� 
���

���7����������� &��
)��$�� �
!�  �� 
����$
�!� ��
�$� ��� �$����� 
���� ��

�
� ��� ����
��
�����.���
��������
�)��
��
���
�����
�:$����
��

+�<� �
� ��
�
�����-���  !� 
� �$���������!� ��� 
!�����
� 
��
���� ����� 
���
�� 
���
���
��
� ��� ����
�� �$������
.� ����� ����������.� �������.� ��

�����.� ������ 
���)��!�


����
��$
�������
��
!�����
�)
�!� ��3�����
�����
.����
�������)��
��
!�����
�
�������
������
!�����
��
������$����;������������
�
������������
�5�
��$���
����
9.�
�
)�����
�
�� �����
����������������
�����5���$
���
9.��;���

������
���
��-���
������


��� ��
)��$�� 5
)�������9.��;�� ������ �$�����
�����.� �����$�
 ��������������

$���
���
���)����
���� ��� ��������
�!���������
� 5
�������
D

���
���!9.���)���!����
������

��� ���$���� 5
����
9� 
��� ���
����� �������)�� �$���������� 5
����
��!.� ���
�����
3������������!�
���
��������9��

����
!�����
����+�<��
�������������� ��
���
�������
���

• ��
���)�� 
!�����
� 
��� ���� ���
����� ��� ����
��� ��������
� ��
�� �������
� 
��

�;��

������
���������������
���$�������5������
��$���
����
�
������$
���
9��

• #��
��)��
!�����
�
�������
 
������������
����$������
����

����
���
����������

� �����$����� ��� ��

� ��� ����
�� �$���������� 5����� ��
�������� ��� 
�����.� 
�
��!.�
��)���!����
�����.�
�������
.�
���
���
��3�����
3
�9��

• �������)�� 
!�����
� 
��� ���� ��
���
��-
����� ��$
���� ����$����� 
����
.�

��������
�� ���
������.� ��
���)�� ����
�� ���$���� ��
������ 
���  �-
����
 ��
)��$��5&���������
��.�16?@9���

�������)
���������+�<��
����$������� ��
 �$�� 1_� ��� ���� ���$�
����� 
��$���
����3����� 5F
 ���
�!.� /0009�� ���� ��
������ �
� ���
������� ���  �� ���� ��� ���� ���� ����
�
$
�
� ��� ����7�������

 ����!�3����3����� #�� ������� ����������
� ��� +�<� �

�  ����

��
��� ��.���3�)�������
��������
���������
�
�������
���!� ��3��������
���3������
���
���
�
��
������ �������5��������
��!�/0
9�����
����3����3�����5����������7��7
�
���/0
9�5+��

������
��.�166/\�+-!�
�
������
��.�166@9���

�����$���
�)��
�� �������
��
 ����
�����
��
)�� ����������$����5�����
 ����
��!�
�
���� )��������
.� 
 ����
�� ��� ��������
����.� 
��� 
������� �B009� ���!� 
��� ����



+���-�������
�

/8�


��
���)�� ���$��� 5$
$
��!� 
�������!� ���207@0_�����
�����
9� ������� 
�������� ���$���

5
�������B0_�������
������������
��)�
�
���10_���������3�
������
���������
9���� �����
��
���
����$
��$���

�5���������
��.�/0069.���$
�+�<��
���
���
��� 

�������+�7R�
�������
�5������
���
!���
������

���
����.�/01B9�5�
 ���B9��

�

�

�

�

�

�

�

�

�

�

�

�

��

�
 ��� B�� ��
���
���� �������
� ���� +���-�������
�  

��� ��� �+�7R� 5������
�� �
!���
�����
�

���
����.�/01B9��

1�1�B�1� �$������&�������
��L!�����
�
�

#�$����
�
�������
 ����
�����
�

��������!�����
�
��
���������
��
�����
���
�
 ��
�����������+�<��!�����
�
��4��
��
� 
�����
�� ����� ���
� �!�����
�
� �����
�
� ��
�� ��� ��$����
�
��

���� �
�

�!���
���)�����+�<�5�
��

���
�������:)�
�.�168B\��
��

��.�16??9�����
��!�����
�
�

+���:�
��	����

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

�� 7����������	�������	����������(�	����
�	�	���������������������
�������������	�� �������%"������

	����������	������� ��	��� ������	��	��������	������	������	�	�� ����	��%�(��!�(�����*�'�
�
%� �	� �������
!� >��� �����������
*� ���������:	���
		����	���(���	8 	����	�����	�����������	�	��	���
/� ?����������������:	����������������	��
�����
,� &	����
	����
��������	�(���������	��	���������	.
�	����������
����������

�
6� ������ ������������
���������� ��	� ���	� ����	� ��	����	����� ��	����� �����	(� �	
	����� � ���������� ���

��	�������	���������	��(�� ���������#(����	�
	��������	�������(�����	��"���	(�������#	�����	����
��	��	
	������	
	��
����������	����	��������	����	����	�������������������������	��	��	(���	�	����
���� �	��������	
	�	.
	��	���	
	��������	�
	������(�����	���(������� 
��������� ������������

�� ������ � �� ������ ��� ��	� ���� �����	� 
	������ ���� ��� �	���� 1��������� 7���� 1"������ 
	������ ���
���� �	�����	����%�������������
����������	������� ��	��� ������	��	���������		������	����������	�(�
����
	"
���	����
������������������� �	�
	���������
�������������	��� ������
������� �����
��	�	� 
��������� ��� �	��� ��� 
	�����(� ��	� ������ ��� ��	� ���� �����	����� �	������	��	�� ��� �����
�	����
	����
���������������������	����
���������	���������	�������
�	�	������������	� ��	��
������	���(������	��	��(� � � ���
	��	
� ���	.
	��	��	����

�� +���:����	���
	� ������	�� ���� �	
�	���
	� ��� ��
����� ������	������� 
��������� �	�� �	�� ��
	� �		��
� �	��� ���	�� �	�	���	��%������������	
�	���
	����������	
����	����
	���� ��	������ ��	�����
����� ��	� ����
	"
���	� ���
����(� ��� !�� ��� ����� 	
����	�� ��
	� ��� ��	�� � ����� ����
	"
���	�
���
����(���	����
	��		��
�	�	�����������������������	�������� ������������	�����
	������	��� ���

	�����������	�����	����

;� 7�	� ���� �����	� ��� ���� ������ ����	� ��� ��	� 
������������� 	��	���� ��� �� � ������	� �	���(� �� �� �� ���
�� �	(����	������������������	���	�����������������

�� )�� ��	�	� ��� �� �������� ��� � ����� �
	��� �� ������	�� ��� �� ���� ��������� ������	�� ��� ����������
���	�(� ��	� ����������� ���������� ��� ����:�
��	���� ��� ���	� ����� ��� 
�����	��� �	� ������ ���
���� ���������(������������������	����	���	8 ��	�����
������������:�
��	���(���	������
�	�	�������
����	����%������������	������� ��	��� ������	��	����



4�����$������

/A�

3

� �������
��!�  

��� ��� �3�� ��
��
�������
�� � 
��)
����
�� ���
�.� ��� 
����
�
.�


$��� 

� 
�����
����.� �
�� ���$��� �
!������� 
!�����
� ��� �������� 
$ "���
� 
���
�;
��� 
����
!���
�
��������)��$
�
�3����+�<�5+�!���.�16A29��+�����.�
����
!�������
��$�
�  ����� �����
����� ��������
.� 
��� ������ �������)���

� ��� ����
� ��� ����
��$����

��
��������
��
�3�������� ����
����������/���������
�5+���
�����
��.�16A89����)���
���� ��������
��� ���
��-
����� ��� ��� ������
�
� 
��� �/� ��������
� ��� 
$ ������
��
������
� 
$��� 

� ���� 
���
�$�� 
��� ���� �$���$
� 
��$� ��
.� ���� ��


��
�� ���
�!�����
�
����+�<����$
������
$ ������
��������
��

X)��� ���� !�
�
.� ���� �����

���� 
3
����

� ��� ���� ������
���� ���  ���� ���$�����

���
��)��
!�����
�
����������)��
!�����
����+�<.�

�3����

������������
�
�
�������
�/����������
��
����
�.� �������
�������$�
��������������


��
������!�����
�
�� 4��
���
�
��
�.�����

� ����
$���
������
���������
�
���� 
�
����������3�����!���
���)��


$ ������
�� ��
���� ��� ���"������
� 5��
$������ ��� �!���
���$�
����� ��� �/� ��������
�

��� ��
���)�� 
!�����
9� 
��� �!��
���)�� ��
�������
�� ��� ���"������
� ��� ����
��������
�� �����;� 5���9� 5��
$������ ��� �!��
���$�
����� ��� �1� ��������
.� ���
��)��


!�����
.�
����������)�����
������9�5��$�������
��.�1660\�V��
��
�
����
��.�166@\�
V
����
�� 
��� ����
��
�.� 1668\� Z�����
��.� 166A\� �-
�������.� /0019�� &

��� ���
���
��� 
��)
����
.�Z��� ������5Z��� �����.�16?A9������
�����
�� ����
��
��������
����� 
�
���������������� �� ���
���.� ��
��
��

�
����������!� �����
�������
�����

�$������� ������ ��
�� ��� ��
���� ������ ��� ��
���� ��� ��� 
���)��!�� 4�� ���
� �����;�� ���
�

�  ���� 
$���
���� ��
�� ������ ���
��������� 
���)��!� �
!� 
��$
��!�  �� �����

��.�
3����

�������

�����
���
�����
���$���
$���

�
���

��
!� ���;
����
����5��
��.�
16619���

�
�����
���������
��������������
.���$�
�
������������
�)��3�+�<�

���
$������
����� �!
�$������� ���)������� 
�� ��$�
�
������� 
!�
�
�
.� ����� 
�������
��!.� ��� �

�
 ���������
�����
��+�<��
!� �����
�������������������$�
�
��7����
�����;���
���!�
��$����
�
��

����)�
�#7����!���7

�
��
���5#���9���������
�5X���!�
����
� ��.�

166@ \� X���!� 
��� �
� ��.� 166@
\� ����
��
�.� /00B9�� ���
� �����!� �
� 
$�������.�
���
��!.�  !� ������
�� � 
��)
����
� ��� �
!������� 
!�����
� ����������  !� ���� #����

��
����
�
������!��������5���9�
������
�����5F
)����
���<$���.�16619��+������!.�

��
�7�������
�$���
����
���-����������
�����
��
)��������������$�����;���

�������
��$�
�
�����������
.�
����
����
��!��������#�������������
$ $���.����
�)
����!����
 �
���������
.����
 �!�������������
�������;�
�������������
��$
�5L
���
������
��.�
/00B9�� L�3�)��.� 
$��� �������
� �
)�� ����  ���� ���
�
�����!� ������
���� 5��3�
� 
���



+���-�������
�

/?�

���-
��-7&$���
.�/0089��������!.�
�)��
������
���
���
)�� ����


���
����3����
��

�����

�����
������+�<��
������$����������$�������������$�
���!�
���
��������#����
����������������
����$�
�7��������������
�������������
���
���������$�
�
�����������
�
��� 
���
�� ��
�
�$������ �
��3
!
� � 5#�$���$���� 1� ����� 5#	�19� 
��� ���� #����

��������
�>� 2�
����	�B9�5L
���
���
���X3��.�/00B9�����
��!.���$�
�
�����$���
�
���$�
��� ���� �$������� ��� ������ ��$���
� ��
�� �
)��  ���� 
������!� ������
���� ��� ����
�
�����!
�����!����+�<.�����$�������&��������������$���
.�3��
�����������!��

�
 ����
��3����� ��
����������+�<�5��3�
.�/000\���3�
����
��.�/00@9�
��������$���
.�
3�����
��������
��������
����
!���������$�
���

��������$����!�����
�
��

���� ���$��� �!�����
�
� �����
�
� ��
�� +�<� ������ ��)��)�
� ���7� ��� �����
�
��
�;��
$������
�)��
���
����
���
������$���
��
��������$���)$����
 ����!�5V����!����

��.� /010�� �
�!� �������������
�� 
��� ������
�� 
�$���
� 
��3� ���� ����� ��� )
���$
�

��������$
� 
����
� 

� ��
�� �
����
� ���� +�<� 3���� �)���
�� ��� ������ �
!���
�
� 5
���
5�$����.�/0129�������)��39�����
��!�����
�
��
�
$�������� !��������
�����������)��
����
���$����
����
� ��� ����  ����� ��� 
���-��������� �
�����
� 5L������� 
��.� /0069��L����
��)��
� ��� ���$��� �
����
� �
)�� 
�
��  ���� 


���
���� 3���� �
)���� ����� 
�)����

�
!������� 
!�����
� 5L�������
��.� /0069�������)��.� ��������Z�+� �����������
�)���

�������
��� ����� ��� +�<.� 3���� ���� 
������
�� 


���
����� ��� ���� �;������� �
"���
��
������
�� ����!� ������;� ������� 5�L�9� ��� ������
���� 8� 3����� �
)�� �

����
��

����
� ����  ���� �#+� 
��� ���$��� 5�$������ ��� 
��.� /006\� 	����� ��� 
��.� /01B\�
+���-�������
�Z����������$����������
!���
������������
����
����$�.�/0129��

L���
;�
��!
�$�������

������
�������
���
�����
���

�����
���� !�
���)
������������L���
;�
��
����$����
��� ��
!� 
�� ������
��� ����� ��� ���� ��
��.� �;
��� 
����.� 
��� ���
�
�� ���

���-�������
��+�)��
�� ����
�����)�������
$���
��
� ����� ��3����L���
���)��!�
���

�
!���
�
�5Z
��������
��.�/00?9�����
�.������

�
�


���
����3�������)
���������
���5��.�
�$
�����
!������9�
�������
�����
��
���������������
������
��
�����$����
!�������

!�����
�� +�����.� �
�����
� 3���� �
!������� ��
�����
� �
����
�� �����

���  

������

�����
��� 
��� 
������������������ �������� ��)��
.� �����

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

� �!�
�
��
 ����
�����
������$��������������������
�
5)
�� Z������ ��� 
��.� /00?9�� �����.� ������ �
!�  �� 
� 
!�����
���� ���
�����  ��3����



4�����$������

/6�


���)
����� ��� ���� L��� 
;�
� 
��� 
���)
����� ��� ���
��������� ����$��
� ������
���� ���

�
!���
�
�� �����$��� ���� �;
��� ����
��
�
� ���
��� ���  �� ��$���
���.� �)�������

$���
�
� ��
�� ��$������������ 
��������� �
!� �����

�� ���
����� 
���)��!� ��� ����
���
 �
��� ������
� 5����
��
�.� /00/\� �-!�
�� ��� 
��.� /00B\� �
���
�� ��� 
��.� /0029.� ���

�
����$�
��������
���� ���
!
����5�
�����������
��.�/0089����$���.��
����
�������
����
��� ���� 
�������!� ��� +�<.� �
����
��!� ����
�
�� �
����
.� �
�� ������ $��� ��� L���
�!
���$�
�����5V���
�.�/00/9�

##�$����)��������
���!�����
�
��

������$����)��������
���!�����
�
����+�<�
$���
�
���
��������
�$����������
��!�
 �
��� ��)��������� �����

�
� ���� ��
�� ��� �
������)��������+�<� 5Z��� �����.� 16?A\�

�$��
!�
�����3�
.� 16??\�Z��� ������
������
�
.� 166@9�����
��!�����
�
� ���$
�
�

��������� ��� ������
�� ������
� ��� �
��!�  �
��� ��)��������.� ��� 3����� �������� 
���
��)��������
�� �
����
� ��$��� 
���$��� ���� ��$����)��������
�� 
 ����
�����
�� 4��

������� ���
��
� �)������� ����� ��$����
����.� ��$��
�
�����
�� 
��� ��$��������
��

�$���
��

����)�����
$�������������
��!�����
�
���

���
�� ��$����)��������
�� 
 ����
�����
� 5��)�������� ��� $����� 

� �
��!� 

� ����
�
������
������
��!�
�����������
��������
��������)��$
�
.�
��������
��������������
9�
�
)�� ����
$���
���������
������!
�$����������
����������$�
�����3���
���
��3�$���


���$��� ���������� ��� 
���
� 
��� 
!�����
� � 
��)��� ��� ����)��$
�
�3��� ��� ��� ���
��)����� +�<�� 4�� 
����
�����.� �;��

�)�� ������
����� ��� 
!�
�
�
� 
��� ��

� ���
��

�����!� 5
�������
��$����� �����;��
$������
���

�$����)��������
�� �
����
9��
!�


���$������������������������
!�����
�5V�
�
)
��
���L��
��!.�1666\��
�����
���
���
��.� /0069�� +���� ��)��������
�� 
��� �������� �
����
� ��
�� ��$��� ��
!� 
� ����� ���
���
�� ��$����)��������
�� 
 ����
�����
� 3����  �� ����������  ���3� ��� ���� H	�
��
�
����
�����
���-�������
I�
��������

1�1�B�/� >�)��������
��
�����������	�
���
����
�

>�)��������
����
���
����
�

���3���� $�� ��� 
�� $� 
�� ��)��������.� ������
����.�  $�����.� ����������

�
����
�����.� $
�� ��� �
��
 �
� ��� 
����
������ 
��� �����
�
�� �)���
� 5�!��;�
.�
�
����
�� ���������.� 
���

�
����
��$�������9��
)�� ����


���
����3���� �����

���
��
�������)��������+�<�5�
��������
��.� /006\�)
��X
�
���V
�$�.�/0069����)
�����



+���-�������
�

B0�

�
����
�� 
��� �
� 
�
�� 
�� ������
��� H��)��������
�I� ��
�� �
����� 5�
�

���
� ��� 
��.�
/001\������!����
��.�/0069���

�����������
���
����
�

�
���!.� �3���
���
��������
�$���
��
)��
��3���)������� ��
�� ������������������
�
����
� ����$����� ���� 
$
����� ����!� ��� ��)����� ���
� ����
�� �����

� 5	���!� ��� 
��.�
/00B9��������
�������)��������+�<�����
���!���� ��
������

�
�3������������������

 �������
�� ���
�����

� ��� ���� �
������ ^� ���
���� ��
�
� 
��� 


���
���� 3���� �������
��)��
����
�
��������
�5�����
�
�.�16619���3���
�$���
��
)����������������
 ����!�
�
���
��
����807?0_�����+�<.��
��������
������
$ 
�
���
���������������� $��������
������
������5�
�����
��������
�
�.�/000\��������
��������
��.�/0069��

������
�
����������$����������

���3�����
��
��

����)�����
�)��
��������
�����

�
����
�������
�����$������!
��� ��)��� ���������������1�5��#&�19�5+��
$ ����
��.�
/00/9.� ��$���$���� 1� 5#	�19� 5+���
�

��� ��� 
��.� /00/9.� �7
����� 
���� �;��

��

���)
���� 5��X�9� 5����

� ��� 
��.� /0119� 
��� ��
�$����� ��� 
���-�������
� 1� 5�4+�19�

5����
������
��.�/01B9��(�����$�
���!.� ���!��
)������ �������
�
�����!� ������
����

���

����3������
����$�
�����5+
����
����
��.�/00?9��

�$�������Z�+��
)����)�
�����)�������������������
$
����� ����!���������+�<.� $��


� ��� ���� 
��� &�.� ���!� �
)�� �
����� ��� ������
��� ���� 


���
����� ��� ����
���
�
����
��� ����
� ���)��$
�!� �����������  !� ���� ��


��
�� 


���
����� 
�$���
�� ����

�
1B22A08� ��� ����-���� ������� �������� ?02�� 5<#�?02�9������ 3

� ���� ���
�� +#�� ���
��
���������73����
�������
��������+�<�5Xd����)
�����
��.�/00?9�����������.�������
�Z�+� �
)�� 
��3�� ������73���� 
�������
��� ����� 5
$��� 

� ���� �L�� ������.�

<#�?02�.��#VB.�#	�#�
�����29�
����#R
�5
$���

�//:11�/1���������.�1:/1�1�
��������.�#	Q#1���������.�B:/6���������.�R4�	/��$����
����.�1@:1B�/���������.�
���
18�11�/��$����
����9.�
������
�
�����!����������

� ������������������

�
�5�$���������

��.�/006\�+���
�

������
��.�/006\�+������
��.�/011\�	��������
��.�/01B9��4�����
�����!.�

������
����������Z�+����������+���-�������
�Z����������$����� �����
!���
�����
�������
����
����$���

������������10?��������
�������������73����
�������
���.�
?B����3������
)������ �������)��$
�!������������

���
����
�3�������������
�����

����
� �;���

��� ���  �
��.� ���)������  �������
�� ��
$
� ����!� ���� ���� �������
�� �
�!�
�������
� �
)�� ���� �������
�� ��� ���)���� �������!� ��3� ��
����
� ����� 
�������!.�  $��



���
����
� 
���	�/������ 
��� 
�)��
�� ����
� ��)��)��� ��� ��$�
�
�������



4�����$������

B1�

&&�;�1�����!������	�
��+������ �!���������Z�+�

��$����
�
��

���� ���������� �����$��
� ��� ���3�� 
��� �������
�� ����
��$����

����)
���� ���+�<.�
���
��� ���
�
�����3���� ��
������
�����!
�������
���!�����
�
��
4������������������
��;���

������ �
��.�


���
����
�3�������������
���������
�
�;���

��������

$�
���
���
)��������
�������
�������$���!.����)������
$����������

����
���$�
��������� ��3�����������$���
!
����
���+�<�5+���-�������
�Z�������
���$����������
!���
������������
����
����$�.�/0129��

�

	������ �����$�
�� �������� �)������� �����
� ��� 
� 
$ 
�
���
�� ���!������ ���������� ���

���� ��
�� ��� +�<� ��
�� ��)��)�
� 
� �
���� �$� ��� ��� ������� ��
�� 
�����
� ��� )��!� 
�
���

���������������
���������
����
������������!�������!�����
�
����+�<� !�����4�����
����
��

+���-�������
����
����$��54+�9�$
�����
��Z�
�5��
��)��!��
�
�
��9� ����������
� �
����


��� ��� )��!7
�
��7������� ������� )
��
��
� 

� 
����� 
�����
� 3���� �����

����!� �� ��
��




���
�����
�������
��������
����
� 5�$���������
��.�/0069��Z��������
������
�����
�����
.�

���� 4+�� �����
���� 
�� 
�����
��� ��
�� 
����� ���� �
��� ����)��$
�� ��� ������������ �
�����

�Z�
� �
�
� 
��
� ��� +�<�� ������
��� ��
�� 
����
�

��� 
���-��������� �
�����
� 3���� ��$��� ���  ��


�������
���!� ������� ��
�� ��� �������
�� 4+��

�����$���� ��
�� ���$

��
� ��� ������� ���!������

)
��
��
� 3���� )��!� 
�
��� ����)��$
�� ������
�

��������)��!� �;��
��� 
����;��
���!� ���7������ ���

���� ���
�� )
��
����� ��� �������� ��
 ����!� ��� +�<�

5�$���������
��.�/0069��4�����
�����!.����!�
��3���

��
�����
�����������
�
�������� $��
����������
��

���&�.�
$�������������
$���
��)���)���
�
��������

��������
��������$��������������������
�������

�
�

5���

7��
������ ���$�� ��� ���� �
!���
�����

�������
.�/01B9���

���� �
���
�� �����$�
�� 
�$�!� ��� +�<� �
��  ���� �������!� �$ ��
���� ������
����� ���
�


$ 
�
���
�����!�������������������������
�����+�<�
��3������
��
 �$��A_�����������
��

)
��
����� ��� ���� ��
 ����!� 
�
��� ���� +�<� �
� �;��
�����  !� ���� ���!������ ����������

5+���-�������
�Z����������$����������
!���
������������
����
����$�.�/0129��

+�)��
��
$����
��
)��
$ 
�:$����!��;�������3�������
$���
����!�������������������

 �� 


���
���� ���� ���!� 3���� ���� ��
�

��  $�� 
�
�� 3���� ��
�

�7����)
��� ������!��
�

5����
����
��.�/01/\�)
��+��������
����
��.�/01B\�Z
��������
��.�/01B\��
����.����"
�
����


��.�/0129���



+���-�������
�

B/�

������7���)��������������
������

�������
�����������
������������*��)��������������
����������
��
!���������
������

��)��)��� 
� �$������
�� ���!������
�� ��� ���� �
������7X7����!���
�
���

�� 5�X��9�
�����5R
�1@?���9�5�

������
��.�/00@9���

���
��������
�$�
����������
�������
������

 ��3���� ���� �X��� R
�1@?���� ���!������
�� 
��� �
��
 �
� $
��� +�������
��!.� ����
R
��
�����������
����������
�������)���������
!�������
!�����
�
��
���/8������3����
�
��
 �
� $
�� ��� 
����
������ 5�

��� ��� 
��.� /00@9�� ���� �����
������  ��3���� �X���


����
��
 �
�3

�������
���� ���������
�$���
�3�����
!������� ��
�$��
� 5L��:$������

��.� /008\� >
��
�
� ��� 
��.� /0119�� L�3�)��.� ������ 
�$���
� ���� ���� ������
��� ����
�����
������ 5<
��������
��.�/00A\�V
����3��-����
��.�/006\�<
��������
��.�/011\����
+�$

����
��.�/01B9��4�����
�����!.�
�������������73
!������
������
����������X���

�����!���R
��
�����
.������������
����
�����.�
���
����
������
��
 �
�$
���������

�������!�����
!��������;��������
�3

����������
���������
����5R�����
����
��.�/01B\�
����
�!����
��.�/0129��

�������� �������� ���!������
�.� ���� �
/262AB/� ��� ���� �V�1� ����.� �

�  ����

����������� ��
�� �����
��� ���� ������
� ��� �
��
 �
� $
�� ��� ���� ��)��������� ���
�
!���
�
���
�����
���������D�������!���3������
�������!������)������
!������������

�

�����
��������
��
 �
�5)
��Z�����.�/011\�������������
��.�/01/9��

�� ���$�� ��� �
��
�� ��
�
�����
� ���$
��� ��� 
������� �
�
 ��
���� ��)��������
��
��
�� �
����� ���� +�<�� �;��
$��� ��� )��$
� ���������� ��� $������ ���!� ����������� �3��

���!������
�
�5�
1?0@@B6�
����
1?08/0@9���������	4#/&��������
��
�������
���!�
�����
����� 3���� �
����
�� ��
���)��!� ���� ���� �����
� 
�����;� )��$
7/� ��� ���� ��
�� ���
��)��������+�<�5�������
����
��.�/0119�

1�1�B�B� ���
�����������
���
�

�����
!���������$�
�
���$
���������
��+�<�
���+�<7���
������
�����
�����!�
���

��
������
��!� ��


������ ����� �3�� �
"��� ���$�
�� �!���
�� 
����
!������
.� 3���� 
������

��������
� ���� ��� ��������
� 
����� �����
.� 
��� 
�!���
�� 
����
!������
.� 3����
�$����
������������
�5��!
��������
��.�/00@9���

�!���
�� 
����
!������
� 3���� ��
��)����� ��� ���� 16@0
� 
��� 
��� 
�
�� ���3�� 

�
��
������
�� ��� ���
�7�����
����� 
����
!������
� 5���9� 5����� �
���������� 
���

���������
-���9�� ���!� ��

�

� ����� 
������!� ���� 
��� 
��� 

� �$��� 
��
����
�
� 
�� �/�



4�����$������

BB�

��������
�� ���
� 
��
����
�� �
��
� ���� )��!� �������)�� ���� ���
����� ���� ��
���)��


!�����
� ��� +�<� 5�
��$���
����
.� ���$
���
.� ���$���� ��
������ 
��� ��
���
��-���
 ��
)��$�9�� L�3�)��.� ���!� 
��� 


���
���� 3���� �;��
�!�
���
�� 
!�����
� 5>�+9.�

������)��
� ��� 5�
����
���
�.�
�$����!
������ ��
�����
�
���
�
���
�
9�
���
����

����7�

����� 5�
���)���!
����
�
�
����!
����
9�������)��.� ���!�
��� ��

������
���$
�
����������
������������
��)��
!�����
�����!��

X�������������
��.�

�!���
��
����
!������
�3����������$������������

��1@�!�
�
�

��� 
��� 
�
�� ���3�� 

� 
������ �����
����� 
����
!������
� 5+��9� 5����� ���-
�����
5��<9.� ��
��������.� ��
�-
����.� :$���
����.� 
������
-���.� -���

�����9�� 4�� 
��������

��� ��� ��������� 
��
����
�.� 
�!���
�� 
����
!������
� �
)��  ���� 
��3�� ��� 
������ 
�
�$� ���������������������
!
���
.� ����$�����
��������.�
���������.���
�
�����
���
������������ ��������
� 5���$��� 29�� ������ ���
�� �
����
.� ���� �/� 
��� @7L�/��


��
����
�� �
� ���$���� ���  �� $�����!���� ���� ������� ��� ���� �
��� �
!�������

!�����
�����!��

�

���$���2��	��������
��������
����
�!���
��
����
!���������$�
����
����������5��
�������
��.�
/0029���

4�� ���
� 
��
�.� ���� �/� 
��.� ��� �����
�.� ��� 
��
����
�� 3���� ���
���� ��� ����
���
�����������
���)��
!�����
�����!.�3���������@7L�/��
���������@7L�����������


��
����
��3���� �����
����������
������������
��)��
!�����
�5��)���!�������$���.�
 �$�����
������
���
���
��3�����
3
�9�������$���+��
�
�����
�
�����-��� !�
���3���
���$������ ��� >�+.� ���!� ����� ��� ���$��� 
� ����� ���������� ��� ���
 ����� 
���7������
�

53������ �
��.� �����

��� �����!������
� 
��� �����
�����9� ��� 
 �!� ���
���� ��� ����
����
��
�����
��������)��)����@7L���+�������<��
��������������$�����������
���������



+���-�������
�

B2�

���
���� ���
�
.� ��
� ����
��
�� ��� 
������ 3����  �� �;��
����� ��� ���
��� ��� ����
H��
��
���������
������!���
�������
!������
�5���-
����9I�
���������

��
!�������
�!��
�� ��$
���

�
��
�"$�������
�����������
�������
�.�3������
��
����� �
���
��� ���� ����)��$
�� ��� ������ �����
����.� ��
��� ������� 
���
�� 
����
.� 
���

$�������������
��d
�3����!���
�
�
���
���)����
��������������$���!���

>����
�
�
������������������
���-����������
�����
�3����
)��������
����������


����
!������� �����
����.� �
�����
� ���
������� �
�
����
.� 
��� �����!� 
$����
��
�
�����
��

�

�

�



4�����$������

B@�

�(	����������
��	
��������������������������
�������������
��
����!�����������
�����������
!���!�������
����������

�
$$�%���&�������'
�����)*+,�$$��

��
�

1�/����
��
���������
�����
!���
��!�

+�)��������
�������

������
���
�
��$��� $��������
�����!.������������������������

�����
�!� ��� �$������ ��$�� ���
�����
�� �����$��� ���� ������

� ��� ��)��������� ���
��
��
�������
�� ���
�����
��
���������������
��
$���

�
������������
!���
��!.� ���

��$��� ����  �� ���������� ��
�� 
� )��!� ����� �������
��� ��� �
�����
� ��� ���� �����)��

��D���
������������������
������������������
�

���

4���)��$
�� ����������
� ��� ������
�� ��
���
�� ��� �
!���������� ��$�
� �
)�� �����  ����
�������-���

�
��$��
����
����� ��������������
�������������
����$
�!�����
��!�����
�
������� ���
� )
��
 ����!� ��� ����)��$
�� ��
���
�� �
���
� ����� �
�����
� 3���

�;������������������
!����������

�������
�
$ 
�������
�����
���������
��� �
�

�
H���
����������
����!I.�

�3����

�
��
�����)
��
 ����!����
$
����� ����!����
�)��
��
��$�� ������
�� �� ������ ���������
����� ��� ���� �
�����
� 3��� 3���� ��
����� 3���� ��� 
�
�
����$�
���
!������������$�.���� ��
��
����������
��������)������������
�)��
��
����

������
.��

������������
�����������������
�
����
)����������!����������)�������
�����
���
�
� 
��� ��� ������ �
�����E
� �;��
$��� ��� ��$�� 
���� ������
�� �����)��.� ���
�����
�������
 ����!� ��� ���
������ ��
���
�� �
��!� ��� ���� ��$�
�� ��� �
�����E
� �����

� �
!�

��
$��� ��� ���
������
������ ������
���� 
��� 3��������

� ��� 
���� ���
������ �
����!�
$����
!�������;
��� 
�����������$�������5�����.�/00/9��

�
!���������� ��$�� ��
���
�� �
� 
� ������;� ��
��.� �����!� ���  �� ����$������  !� 
�
�$� ��� ��� �������� )
��
 ��
� ��� ���"$������� 3���� ������
�.� ������
����� 
���
��)��������
���
����
�3�������
����������!������������$
�������
����
���
��
�����

����)��$
�
� 5�$��
� ���
��.� /0089� 5���$���@9��������
����� ��������� ��� 
$���)
��
 ��
�
�
����
!�
��������
����������������������
�������
������
������������������
�����
���

4�� ���
� 
��
�.� ���� �)��
��� � "����)�� ��� ��
��
���������
� �
� ��� ���������� ����
��������  

�
� ��� ���� )
��
 ����!� ��� ��$�� �����
�!� 
��� 

���!.� 
��� ��� $
�� ���
�

������
�������� ������� �����
����������������
�����������
���
�����
���
����$�������
��
����� ��� 
� ��$�� 
��D��� ���
���� ��$�� 
���� ������
�� L�3�)��.� ��
��
����������



 Pharmacogenetics 

36 

studies were aimed not only at the discovery of clinically useful predictors but also 
at untangling pathophysiology and shedding light on mechanisms of drug action. 

 

FFigure 5. Variability in drug response: a genetics and environmental interplay (Adapted 

from (Gorwood and Hamon, 2006). 

The first approximations to the pharmacogenetic concept were incorporated by 
Archibald Garrod at the beginning of the last century. Garrod was probably the 
first to realize that genetic factors could be the causes of chemical transformations 
to different drugs in humans, developing the concept of “chemical individuality” 

(Garrod, 1902; Garrod, 1909). Later, in 1957, Motulsky conceptualized that 
inheritance might explain many individual differences in the efficacy and 
toxicology of drugs (Motulsky, 1957). It was not until 1959 that Vogel coined the 

term of “pharmacogenetics” (Vogel, 1959). In 1962, the first monographic on 
pharmacogenetics was published by Werner Kallow called “Pharmacogenetics – 
Heredity and the response to drugs” (Kalow, 1962).  

The completion of the sequence of the human genome in 2001 (Lander et al., 
2001; Venteret al., 2001), and the emergence of new tools to interrogate the entire 

genome have accelerated interest in studying the relevance of variation across the 
genome in psychotropic treatment response. In this sense, two different terms 
coexist: pharmacogenetics and pharmacogenomics. Although some experts use both 
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Introduction
Major depressive disorder has been described as a clinically het-

erogeneous disease that results from the interplay of multiple 

genes interacting with environmental factors such as early stress-

ful life events (Caspi et al., 2003). Treatment of major depression 

is principally based on selective serotonin re-uptake inhibitors 

(SSRIs) that enhance serotonergic neurotransmission by blocking 

the serotonin transporter. However, clinical response to drug treat-

ment in depression is a highly complex biological phenomenon in 

which several factors are involved, some of them genetic (Klengel 

and Binder, 2011; Uher, 2011). SSRIs were developed as drugs 

with high selectivity for the target molecule, the serotonin trans-

porter, and have constituted one of the most important advances in 

the pharmacological treatment of depression since the late 80s 

(Martin et al., 1997). Although SSRIs exert their action by basi-

cally modifying the serotonergic system, previous studies have 

shown the modulating action of this system on other neurotrans-

mission systems such as the dopaminergic or glutamatergic sys-

tems (Arias et al., 2006, 2009; Domschke et al., 2008; Drago 

et al., 2011; Kato and Serretti, 2010; Porcelli et al., 2011).

In addition, recent evidence suggests that other systems like 

the endocannabinoid system can also have a role in modulating 

the serotonergic system (Horstmann and Binder, 2009). In this 

sense, the endocannabinoid system is expressed in both the brain 

and at the periphery. It consists of two cannabinoid receptors 

(CB1 and CB2), their natural ligands and specific enzymes for 

their biosynthesis and inactivation. It has recently been suggested 

that the endocannabinoid system may be implicated in the patho-

physiology of depression (Hill and Gorzalka, 2005a). This is sup-

ported by evidence showing that the cannabinoid receptors and 

enzymes involved in the synthesis and degradation of endocan-

nabinoid ligands are highly expressed in the neuroanatomical 

structures and circuits involved in depression, including the pre-

frontal cortex, hippocampus, amygdala, hypothalamus and fore-

brain monoaminergic circuits (Herkenham, 1991). Moreover, 

experimental data showed that the blockade of the endocannabi-

noid system is a risk factor in the pathogenesis of depression as 

well as anxiety disorders (Hill and Gorzalka, 2005c; Martin et al., 

2002).

The CB1 receptor is coded by the CNR1 gene located on 

chromosome 6 (6q14-15). It is considered the most abundant G 
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protein-coupled receptor expressed in the CNS of mammalian 

brain (Herkenham, 1991) and, to a lesser extent, in peripheral 

tissues (Galiegue et al., 1995; Kumar et al., 2001). The CB1 

receptor is mainly located in GABAergic and glutamatergic neu-

rons suggesting a modulating role of synapses of a different 

nature (Rodriguez de Fonseca et al., 2005). Several studies dem-

onstrate the role of CB1 receptors in the modulation of monoam-

inergic neurotransmission such as the serotonergic one (Bambico 

et al., 2007; Gobbi et al., 2005). CB1 receptors are present and 

function on 5-HT terminals (Balazsa et al., 2008) and human 

genetic studies have provided evidence for interaction among the 

CB1 receptor gene, the serotonin receptor gene (SERT), and anx-

iety (Lazary et al., 2009, 2011). Also, a study of Hill et al. (2006) 

shows that the expression of CB1 receptor in the hippocampus 

and the hypothalamus is up-regulated by chronic tricyclic antide-

pressant treatment which exerts part of its antidepressant action 

on the serotonergic system.

A recent study shows that CNR1 rs1049353 A allele also con-

fers increased risk for neuroticism and depression especially in 

haplotypic combination (Juhasz et al., 2009). In addition, a 

decrease of CB1 receptor density has been detected in grey matter 

glial cells in post mortem brains of patients with major depression 

(Koethe et al., 2007). In this context, a meta-analysis has reported 

the anxiogenic and depressive effects when the CB1 receptor is 

blocked by antagonist-like rimonabant, a drug for obesity treat-

ment (Christensen et al., 2007). Although, on the contrary, other 

studies have showed the potential indication of CB1 receptor 

antagonists in the treatment of depressive symptomatology 

(Witkin et al., 2005).

On the other hand, the CB2 receptor is basically highly 

expressed in the periphery and the presence of this receptor has 

been recently demonstrated in neurons of the brainstem and cer-

ebellum (Onaivi, 2006; Suarez et al., 2008). The CB2 receptor is 

encoded by the CNR2 gene located on chromosome 1 (1p36.1). 

Animal and clinical studies have provided evidence of the par-

ticipation of CB2 receptor in mood disorders. Recent results 

based on mice models with a genetically-modified CB2 receptor 

have suggested that this receptor is involved in the regulation of 

emotional behaviour (Ortega-Alvaro et al., 2011; Racz et al., 

2008a, 2008b).

The CB1 and CB2 receptors are activated by endogenous 

ligands such as anandamide and 2-arachidonylglycerol (2-AG). 

Hydrolysis of endogenous ligands is controlled by two enzyme 

systems, fatty acid amide hydrolase (FAAH) (Cravatt et al., 1996) 

and monoacylglycerols lipase (Dinh et al., 2002). The FAAH is 

coded by the FAAH gene located on chromosome 1 (1p35-34). It 

has been reported by experimental data that the administration of 

CB1 receptor agonists, endogenous cannabinoid re-uptake inhibi-

tors or inhibitors of the FAAH enzyme resulted in antidepressant-

like effects and in an increased efficacy of fluoxetine in animal 

models (Adamczyk et al., 2008; Gobbi et al., 2005; Hill and 

Gorzalka, 2005b).

Taking into account the strong evidence of the role of the 

endocannabinoid system in the pathogenesis of depression as 

well as in the mediation of antidepressant drug effects, the aim of 

this study was to analyze genetic variability in the CB1 receptor 

gene (CNR1 rs1049353 G/A), CB2 receptor gene (CNR2 

rs2501431 G/A) and fatty acid amide hydrolase gene (FAAH 

rs324420 C/A) and their role on clinical response (four weeks) 

and clinical remission (12 weeks) after SSRI (citalopram) treat-

ment in major depression.

Methods and materials

Sample

The sample consisted of 154 depressive outpatients (122 females 

and 32 males; mean age: 39.5±12.19 years) from the Centre de 

Salud Mental of the Hospital Clinic de Barcelona who were 

recruited between 1999 and 2002 and followed during at least 12 

weeks by experienced psychiatrists. All patients suffered an active 

episode of major depression diagnosed following DSM-IV-TR 

criteria (APA, 1994) at the time of inclusion in the study. All cases 

were diagnosed using the Spanish version of the Structured 

Clinical Interview (SCID-I) (Spitzer et al., 1990). Detailed data 

about the severity of clinical features was collected from the med-

ical records of the patients, and data on the presence of melan-

cholic features (n=49 (33.3%)), psychotic symptoms (n=27 

(18.5%)), seasonal pattern (n=69 (47.6%)) or previous suicide 

attempts (n=24 (16.7%)) was also collected (Arias et al., 2009). 

No patients with bipolar I or II disorder were included in this sam-

ple. Patients with drug abuse and dependence, mental retardation 

or with a medical disease that impairs evaluation have been 

excluded from the study.

All patients were treated with citalopram (20–40 mg/day). 

Patients were initially evaluated for the severity of their symp-

toms using the 21-item Hamilton Rating Scale for Depression 

(HDRS) (mean initial HDRS: 24.72±4.74). A new HDRS was 

assessed for all patients every four weeks until the completion of 

the follow-up at week 12. A positive clinical response to citalo-

pram treatment was considered when a decrease of at least 50% in 

the baseline score was observed at week 4 (Baumann et al., 1996). 

Remission for the index episode was considered when HDRS 

scores were equal or under seven by the end of week 12 (Frank 

et al., 1991). Plasma levels of citalopram were determined at week 

6 using high performance liquid chromatography (HPLC) (Olesen 

and Linnet, 1996).

All participants were of Spanish ancestry (Caucasian), thereby 

reducing the possibility of confounding genetic differences by 

population stratification (Freedman et al., 2004). Ethical approval 

was obtained from local research ethic committees. Patients pro-

vided written informed consent before inclusion in the study.

Selection of gene variants and genetic 
analysis

Genetic variants were selected according to their role in depression 

or antidepressant response based on previous publications. Firstly, 

the genetic variant CNR1 rs1049353 has been reported to confer an 

increased risk of antidepressant treatment resistance, particularly 

in female patients (Domschke et al., 2008). Secondly, the CNR2 

rs2501431 variant was selected because this polymorphism has 

been reported to be associated with risk for major depression in 

Japanese population. (Onaivi et al., 2008). Thus, we hypothesize 

that the polymorphism could also have an involvement in the treat-

ment response. Finally, the FAAH-rs324420 variant has functional 

effects producing a 50% reduced activity of the FAAH enzyme 
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(Chiang et al., 2004). Animal models show that inhibition of the 

FAAH enzyme has antidepressant effects (Gobbi et al., 2005).

Genomic DNA was extracted from blood samples using a con-

ventional phenol-chloroform extraction protocol. The rs1049353 

(CNR1 gene), rs2501431 (CNR2 gene) and rs324420 (FAAH 

gene) polymorphisms were analyzed using Applied Biosystems 

(AB) Taqman technology (Applied Biosystems, Foster City, 

California, USA). All the probes for genotyping were ordered 

through the TaqMan® SNP Genotyping assays AB assay-on-

demand service. The final volume of the polymerase chain reac-

tion (PCR) was 5 mL, which contained 10 ng of genomic DNA, 

2.5 mL of TaqMan Master Mix, and 0.125 mL of 40x genotyping 

assay. The cycling parameters were as follows: 95°C for 10 min 

followed by 40 cycles of denaturation at 92°C for 15 sec and 

annealing/extension at 60°C for 1 min. Polymerase chain reaction 

plates were read on an ABI PRISM 7900HT instrument with SDS 

v2.1 software (Applied Biosystems).

Genotype determinations were performed blind to clinical 

condition. A randomized 10% of the individuals were retested for 

their genotypes to confirm the pattern reproducibility. Table 1 

shows the final genetic sample. Of the total sample, 90.25% was 

successfully genotyped for the CNR1 rs2501431 polymorphism, 

the 96.1% for the CNR2 rs2501431 polymorphism and the 

95.45% for the FAAH rs324420 polymorphism.

Statistical analysis

Hardy-Weinberg equilibrium for genotype frequencies in patients 

sample were calculated using chi-square tests (Epi Info v3.5.1; 

Dean et al., 1991). Simple chi-squared tests of independence were 

performed to confirm the presence or absence of allele or geno-

type associations. Odds ratios (OR) with 95% confidence inter-

vals (CI) were estimated for the effects of high-risk genotypes. 

The combined study group had an 80% power (95% CI) to detect 

OR equal or greater than 2.93–2.98 for No-RP or No-RM accord-

ing to the allele frequencies of the different polymorphisms ana-

lyzed in our sample (Cohen, 1988).

The longitudinal study based on HDRS change scores during 

the 12 weeks of citalopram treatment was performed using analy-

sis of variance (ANOVA) with repeated measures (genotype and 

gender as fixed factor, time point as a repeated measure and a 

number of covariates: see below). Covariates were included in 

these multivariable ANOVA models if they showed an impact on 

treatment response (4 weeks). All data were processed using SPSS 

17.0 (SPSS for Windows; SPSS Inc., Chicago, Illinois, USA).

Results

Sociodemographic and clinical measures

The genotype distribution of all single nucleotide polymorphisms 

(SNP) was found to be in Hardy-Weinberg equilibrium in the 

overall sample (rs1049353: χ2=0.76, df=2, P=0.68; 2501431: 

χ2=0.14, df=2 P=0.93; rs324420: χ2=0.09, df=2, P=0.95).

In our sample, 101 patients (65.6%) were considered responders 

(RP) and 53 (34.4%) were classified as no-responders (No-RP) 

according to the decrease of their HDRS scores at week 4. Considering 

the remission criteria at week 12, 99 patients (64.7%) were classified 

as remitters (RM) and 54 (35.3%) as no-remitters (No-RM).
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We compared RP vs No-RP and RM vs No-RM according to 

sociodemographical variables (sex and age) and clinical features 

(age at onset, presence of anxiety, melancholic symptoms, suicide 

attempts, seasonal pattern, psychotic symptoms and citalopram 

levels at the sixth week) (Table 2). These variables were selected 

on the basis of previous literature that showed their possible influ-

ence on the evolution of response to antidepressant treatment 

(Arranz and Kapur, 2008; Nierenberg, 2003).

Our result showed that the presence of suicide attempts was 

associated with No-RP at week 4 (χ2=3.75, df=1, P=0.046) and 

No-RM at week 12 (χ2=10.204, df= 1, P=0.002). Also, our results 

showed that lower citalopram levels at week 6 were associated 

with No-RP at week 4 (F=4.72, df=1, P= 0.032). Therefore, these 

variables were considered as covariates in multivariable ANOVA 

procedures.

Pharmacogenetics of Response (week 4) and 
Remission (Week 12)

As described in Table 1, we tested whether there was any differ-

ence in genotype and allele distribution according to citalopram 

response at week 4 and remission at week 12. We did not find any 

statistical difference when comparing response/no response or 

remission/no remission for rs1049353 (CNR1), 2501431 (CNR2) 

and rs324420 (FAAH) polymorphisms.

Pharmacogenetics of the longitudinal study

We performed a two-way repeated measure ANOVA on HDRS 

scores to evaluate the effect of the rs1049353 polymorphism 

(CNR1 gene) on the 12-week clinical follow-up of the patients 

treated with citalopram. Our results showed that rs1049353-GG 

carriers presented a better response to antidepressant treatment 

compared to the rs1049353-A allele carriers (F(2.78, 270.4)= 2.914, 

P=0.038) (Figure 1(a)). Stratification for gender revealed that this 

effect is originated by the subgroup of male patients (F(2.78, 

270.4)=5.85, P=0.001) that showed a better outcome in response to 

citalopram treatment (Figure 1(b)).

When we consider the rs2501431 polymorphism (CNR2 

gene), we detected a significant decrease of HDRS scores along 

time (F(2.74, 284.98)=137.262, P<0.001) and a significant effect of 

genotype (F(1, 104)=11.432, P=0.001) but a non significant effect of 

genotype x time interaction (F(2.74, 284.98)=0.412, P=0.72). Thus, 

we observed significant effect of genotype, indicating that the 

homozygous AA presented higher scores on the HDRS scale than 

carriers of the G allele along the follow up (Figure 2).

Finally, when we analyzed the effect of the rs324420 polymor-

phism in the FAAH gene we did not find any significant influence 

of this polymorphism in the outcome of the depressive episode 

treated with citalopram (data not shown).

Discussion
Our results showed that genetic variability in endocannabinoid 

receptors could play a role in the understanding of clinical 

response. Specifically, molecular variation at CNR1 gene seems 

to differentiate response to citalopram according to sex and the 

results on CNR2 gene showed a possible involvement of this gene 

in the severity of the disease.

The analyses of response and remission criteria according to 

clinical features have shown an effect of suicide attempts on both 

lack of response at week 4 and remission at week 12. In this sense, 

it has been proposed that a history of suicide attempts could be a 

correlate of severe depressive disorder and that suicide attempters 

could represent a particular subtype of subjects suffering from 

major depressive disorder (Gilmer et al., 2008; Zisook et al., 

2007). Particularly, it has been previously reported that depressive 

patients with a history of suicidal attempts presented, among other 

features, a worse response to antidepressant as it has been shown 

by our study (Claassen et al., 2007; Forman et al., 2004; Hansen 

et al., 2003; Roy, 1993).

With respect to the effect of the rs1049353 polymorphism 

(CNR1 gene) on the 12-week clinical follow-up, our results 

showed that rs1049353-GG presented a better response to antide-

pressant treatment compared to the rs1049353-A allele carriers. 

This effect was stronger when the sample was stratified for gen-

der, revealing that GG-men showed better outcome in response to 

citalopram treatment than A-carrier men or all women. However, 

it has recently reported that being an rs1049353-G carrier confers 

an increased risk of resistance to antidepressant treatment, partic-

ularly in female patients with major depression and high comor-

bid anxiety (Domschke et al., 2008). In this sense, it seems that the 

CNR1 gene is involved in the antidepressant response; however, 

the contradictory results related to the rs1049353 polymorphism 

Table 2. Distribution of sociodemographic variables and clinical features according to RP/No-RP and RM/No-RM.

RP No-RP RM No-RM

Sex (men) 23 (23.3%) 9 (16.6%) 23 (22.7%) 9 (17%)
Mean age (SD) 39.5 (12.3) 40 (12) 38.8 (12.3) 41.5 (11.9)
Mean age at onset (SD) 31.5 (10.9) 31.3 (11.2) 31.2 (11.2) 31.7 (10.7)
Presence of melancholic symptoms 28 (28.3%) 22 (42.3%) 29 (29.9%) 21 (39.6%)
Presence of suicide attempts 12 (12.5%) 13 (25%)* 9 (9.5%) 16 (30%)**
Presence of seasonal pattern 46 (47.5%) 25 (52%) 49 (51.6%) 22 (41.5%)
Presence of psychotic symptoms 16 (16.3%) 11 (21%) 14 (14.5%) 13 (24.5%)
Citalopram levels at week 6 (SD) 61.5 (33.3) 47 (31)*** 59 (33) 54 (34)

RP: responders; No-RP: no-responders; RM: remitters; No-RM: no-remitters; SD: standard deviation.
*Significant differences between RP/No-RP according to presence of suicide attempts (�2=3.75, df=1, P=0.046). **Significant differences between RM/No-RM according 
to presence of suicide attempts (�2=10.2, df= 1, P=0.002). ***Significant differences between RP/No-RP according to CIT levels at 6th week (F=4.72, df=1, P= 0.032).
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will require replication and have to be interpreted with caution. 

Moreover, it is unclear the role that it would play in relation to 

differential gender response. In this sense, the results referring to 

differential response mediated by gender still remain controver-

sial (Serretti et al., 2008; Vermeiden et al., 2010). It might be 

hypothesized that gender differences in the response could also 

reflect the differences that are found in the etiology of major 

depression as physiological and epidemiological studies have 

shown (Biver et al., 1996; Kendler et al., 2001; Legato, 2010; 

Nishizawa et al., 1997; Weissman et al., 1996;).

As the CB2 receptor has been recently shown to be expressed 

in CNS, a possible role in brain disorders has still to be estab-

lished. Thus, no studies have been published in relation to the 

CNR2 gene and response to antidepressant treatment. However, a 

recent study found an association between a genetic variant of the 

rs2501432 polymorphism in the CNR2 gene and increased risk 

for depression in the Japanese population (Onaivi et al., 2008). 

These results suggest study of this gene in both depressive illness 

and response to antidepressants.

The results of the longitudinal study did not show an influence 

of the polymorphism analyzed in the CNR2 gene on the response 

to treatment. However, we observed a significant effect of geno-

type, indicating that homozygous AA carriers presented higher 

scores on the HDRS scale than carriers of the G allele during the 

follow-up. This result shows that AA homozygous carriers present 

a more severe type of depression than G carriers. Thus, this gene 

appears to be more associated with severity of outcome of the 

disease than with response to treatment.

Figure 1. Genotype distribution of the CNR1 rs1049353 polymorphism according to the different follow-ups based on citalopram treatment; (a) 
rs1049353-GG carriers presented a better response to antidepressant treatment compared to the rs1049353-A allele carriers (F(2.78, 270.4)= 2.914, 
P=0.038); (b) this effect originates in the subgroup of male patients that showed a better outcome in response to citalopram treatment (F(2.78, 
270.4)=5.85, P=0.001).
ANOVA: analysis of variance; HDRS: Hamilton Rating Scale for Depression; SE: standard error. Data given shows the HDRS scores during the follow-up in relation to geno-
types. Results of two-way repeated-measures ANOVA were corrected for suicide attempts and plasma levels of citalopram at sixth week.

Figure 2. Genotype distribution of the CNR2 2501431 polymorphism 
according to the different follow-ups based on citalopram treatment. 
Variability in CNR2 rs2501431 showed a differential outcome of the 
depressive episode treated with citalopram (F(1, 104)=11.432, P=0.001).

ANOVA: analysis of variance; HDRS: Hamilton Rating Scale for Depression; SE: 
standard error. Data given shows the HDRS scores during the follow-up in relation 
to genotypes. Results of two-way repeated-measures ANOVA were corrected for 
suicide attempts and plasma levels of citalopram at sixth week.
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Both CNR1 rs1049353 and CNR2 rs2501431 are synonymous 

in not altering amino acid residues. The rs1049353 has an A to G 

change at the third position of codon 453 Thr (National Center for 

Biotechnology Information (NCBI) Protein Database: 

NP_057167.2) while in rs2501431 there is an A to G change at the 

third position of codon 155 Gly (NCBI Protein Database: 

NM_001841.2). Although synonymous SNPs have often been 

described as silent or unable to affect functional changes, recent 

reports indicate that there are several mechanisms by which syn-

onymous mutations could bring about such changes. These studies 

pointed out the value of analyzing a priori silent polymorphism 

suggesting that altered translation kinetics of a defined mRNA due 

to synonymous codon substitutions might drive the in vivo folding 

of the same polypeptide chain into different conformations (Komar, 

2007; Sauna et al., 2007). These may have important implications 

in biology and in the diagnosis and treatment of human diseases. 

Alternatively, these polymorphisms might not constitute the actual 

causative variant, but rather reflect association of other polymor-

phisms in linkage disequilibrium with this locus.

The FAAH-rs324420 predicts a substitution of threonine for 

highly-conserved proline residue (129 P/T). Expression studies 

have shown that individuals carrying this polymorphism may 

have approximately half of the enzymatic activity of FAAH 

(Chiang et al., 2004). This reduction in the activity of FAAH 

might increase levels of the endogenous cannabinoids AEA and 

2-AG, thereby increasing the activity of the endocannabinoid sys-

tem. Animal models show that the inhibition of the FAAH enzyme 

has antidepressant effects (Gobbi et al., 2005) but there are no 

studies relating the FAAH gene to response and remission to anti-

depressant treatment. Moreover, a recent case-control study in the 

Caucasian population did not find any significant difference 

between the genotype and allele frequencies of this polymorphism 

between patients with major depression and healthy controls 

(Monteleone et al., 2010). Following this line of investigation, our 

results do not suggest that this polymorphism has a role in the 

response and remission with citalopram treatment.

Our study has some limitations. Firstly, the relatively small 

size of our pharmacogenetic sample limits the power to detect 

small differences. However, we have enough power to detect 

small–medium size effects. Moreover, we investigated only one 

SNP of each gene (CNR1, CNR2 and FAAH) and the possible 

functional effects of the markers are still under investigation. We 

consider that multiple testing corrections are likely to be exces-

sively exclusive in the context of the present study since the selec-

tion of the genetic polymorphisms, the sample size and the 

analyses performed had a directional hypothesis based on previ-

ous findings (Cardon and Bell, 2001). However, it should be taken 

into account that when we consider correction for multiple testing 

based on the false discovery rate (Benjamini and Hochberg, 

1995), most of our significant results do not survive the correc-

tion. Secondly, we have not controlled for a possible placebo 

effect at response time (fourth week). However, the 12-week lon-

gitudinal analysis could overcome, in part, this limitation.

In conclusion, our results suggest a role of the endocannabi-

noid system in antidepressant response. However, further studies 

will be needed in order to analyze in depth the molecular variabil-

ity associated with endocannabinoid genes in larger samples. New 

data could help to improve knowledge about the treatment 

response to antidepressants and also the etiology of major 

depression.
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Abstract

Rationale The endocannabinoid system has been implicated

in the pathogenesis of major depression (MD) as well as in

the mediation of antidepressant drug effects.

Objectives To analyze CNR1 gene variants in MD and clin-

ical response to citalopram (selective serotonin re-uptake

inhibitors [SSRI]).

Methods The role of CNR1 gene (rs806368, rs1049353,

rs806371, rs806377 and rs1535255) was investigated in 319

outpatients with MD and 150 healthy individuals. A subsam-

ple of 155 depressive patients were treated with citalopram

and evaluated for response (fourth week) and remission (12th

week) by the 21-item Hamilton Depression Rating Scale

(HDRS).

Results We observed a higher frequency of rs806371 G

carriers in MD patients with both presence of melancholia

(p=0.018) and psychotic symptoms (p=0.007) than in con-

trols. Haplotype frequency distributions between MD sam-

ple and controls showed a significant difference for Block 1

(rs806368–rs1049353–rs806371) (p=0.008). This haplo-

type finding was consistent when we compared controls

with MD subsample stratified by melancholia (p=0.0009)

and psychotic symptoms (p=0.014). The TT homozygous

of the rs806368 and rs806371 presented more risk of no

Remission than the C carriers (p=0.008 and 0.012, respec-

tively). Haplotype frequency distributions according to

Remission status showed a significant difference for Block

1 (p=0.032). Also, we observed significant effect of time–

sex–genotype interaction for the rs806368, showing that the

C carrier men presented a better response to antidepressant

treatment throughout the follow-up than TT homozygous

men and women group (p=0.026).

Conclusions These results suggest an effect of CNR1 gene

in the etiology of MD and clinical response to citalopram.

Keywords Endocannabinoid system .Major depression .

Clinical response . Selective serotonin reuptake inhibitors

Introduction

Major depression (MD) is a common disease caused by a

complex interaction of a large number of genetic and non-

genetic factors, each of them with a relatively small
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contribution to the disorder (Caspi et al. 2003). Treatment of

MD is principally based on selective serotonin re-uptake

inhibitors (SSRI) that enhanced serotonergic neurotransmis-

sion by blocking the serotonin transporter. However, clinical

response to drug treatment in depression is a highly complex

biological phenomenon in which several factors are in-

volved, some of them genetic (Rasmussen-Torvik and

McAlpine 2007; Klengel and Binder 2011; Uher 2011).

Recently, the endocannabinoid system has been implicated

in the pathogenesis of depression and anxiety, the mediation

of antidepressant drug effects in animal models and the neu-

robiology of emotion processing in healthy volunteers

(Domschke et al. 2008). Physiological actions of endocanna-

binoid system in the central nervous system (CNS) are medi-

ated by the activation of a specific cannabinoid receptor, the

CB1 receptor (Matsuda et al. 1990). This receptor is coded by

the CNR1 gene located on chromosome 6 (6q14–15). It is

considered the most abundant G protein-coupled receptor

expressed in the CNS of mammalian brain, being present in

the limbic system and in the brain areas related to stress

response, such as the central amygdala and the paraventricular

nucleus (PVN) of the hypothalamus (Herkenham 1991). In

addition, changes in the functional activity of the endocanna-

binoid system can cause altered activity in other neuromodu-

latory systems as well as imbalance in the primary

GABA/glutamate control system (Rodriguez de Fonseca et

al. 2005). Moreover, endocannabinoid system could activate

the hypothalamic–pituitary–adrenal (HPA) axis (Weidenfeld

et al. 1994), the neuroendocrine system involved in the

responses to emotional stress.

Experimental data provide evidence that blocking the

endocannabinoid system is a risk factor in the pathogenesis

of depression as well as in anxiety disorders (Martin et al.

2002; Hill and Gorzalka 2005a). The administration of CB1

receptor agonist or endogenous cannabinoid re-uptake

inhibitors results in antidepressant-like effects and increases

efficacy of the antidepressant fluoxetine in experimental

animal models (Gobbi et al. 2005; Hill and Gorzalka

2005a; Adamczyk et al. 2008).

In line with that, patients diagnosed with depression are

found to have a reduced levels of circulating endocannabi-

noids (Hill et al. 2009). Moreover, a decreased in CB1

receptor density in grey matter glial cells was found in the

post mortem brains of patients with MD (Koethe et al.

2007). Furthermore, an up-regulation of CB1 receptors

was observed in the prefrontal cortex of subjects with MD

who died by suicide (Hungund et al. 2004).

The involvement of CB1 receptors in regulating mood is

further supported by evidences showing that the CB1 recep-

tor antagonist, rimonabant, administered to humans for

weight loss and obesity-related metabolic disorders has been

shown to increase the risk of depressed mood disorder and

anxiety along the treatment even though when the presence

of depressed mood was an exclusion criteria in the study

(Christensen et al. 2007). Moreover, a genetic study de-

scribed the association between the polymorphism

rs1049353 at the CNR1 gene and major depressive individ-

uals when comparing with healthy controls showing an odds

ratio (OR) of 2.46 for the contribution of the A allele to the

probability of having MD (Monteleone et al. 2010).

Recent studies show the link between endocannabinoid

system and antidepressant treatment. It has recently been

suggested that the expression of CB1 receptor in the hippo-

campus and the hypothalamus is up regulated by chronic

tricyclic antidepressant treatment (Hill et al. 2006).

Furthermore, Domschke and colleagues (Domschke et al.

2008) found that individuals with G allele at rs1049353 had

increased risk for antidepressant treatment resistance, par-

ticularly in females with comorbid anxiety. In contrast, we

described that rs1049353 GG men presented better response

along the follow-up than A carrier men or the women group

(Mitjans et al. 2012).

According to these previous results, which seem to indicate

a possible role of CNR1 gene (rs1049353 polymorphism) in

both MD (Monteleone et al. 2010) and pharmacogenetics

(Domschke et al. 2008; Mitjans et al. 2012), the aims of this

study are therefore to investigate the role of several genetic

variability at theCNR1 gene (rs806368, rs1049353, rs806371,

rs806377 and rs1535255) as a risk factor for (a) MD and

severity clinical features associated with the disease (b) re-

sponse to citalopram (CIT) treatment.

Materials and methods

Total sample

The MD sample consisted of 319 depressive outpatients

(227 females and 92 males; mean age 46.38 years, SD=

15.08 age of onset 38.29 years, SD=14.92) from the Centre

de Salut Mental of the Hospital Clinic de Barcelona. All

patients suffered an active episode of MD diagnosed fol-

lowing the Diagnostic and Statistical Manual of Mental

Disorders (DSM-IV) at the time of inclusion in the study.

All cases were diagnosed using the Spanish version of the

Structures Clinical Interview (SCID-I) (Spitzer et al. 1990).

Detailed data about severity clinical features such as pres-

ence of melancholic features (n=151 (50.3 %)), psychotic

symptoms (n=75 (25.1 %)) or previous suicide attempts

(n=55 (18.6 %)) were also collected (Arias et al. 2009).

No patients with bipolar I or II disorder were included in this

sample. Patients with drug abuse and dependence, mental

retardation or with a medical disease that impairs evaluation

have been excluded from the study.

A control sample consisting of 150 healthy individuals (71

females and 79 males; mean age 42.1 years, SD=10.3) with
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no personal history of mental illness was included in the study.

The Spanish version of the 28-item General Health

Questionnaire (Goldberg and Hillier 1979) was used to assess

their current mental condition.

All the individuals included in the study were of Spanish

origin as stated through the birthplace of their four grand-

parents, thereby reducing the possibility of confounding

genetic differences by population stratification (Freedman

et al. 2004).

Ethnical approval was obtained from Spanish local re-

search ethic committees. All patients and controls provided

a complete written informed consent before inclusion in the

study. All procedures were carried out according to the

Declaration of Helsinki.

Pharmacogenetic subsample

A subsample of 155 patients out of the total depressive

sample (120 females and 35 males) was followed for a

pharmacogenetic study. All patients were treated with CIT

and followed along 12 weeks by experienced psychiatrists.

Patients were initially evaluated for the severity of their

symptoms using 21-item Hamilton Depression Rating

Scale (HDRS) (mean initial HDRS 24.72, SD=4.74). A

new HDRS was assessed to all patients every 4 weeks until

completion of the follow-up at week 12. Clinical response to

CIT treatment was considered when a decreased of at least

50 % in the baseline HDRS score was observed at the fourth

week (Baumann et al. 1996). Remission for the index epi-

sode was considered when HDRS scores were equal or

under 7 by the end of 12th week (Frank et al. 1991).

Plasma levels of CIT were determined at sixth week using

high-performance liquid chromatography (Olesen and

Linnet 1996).

All patients were treated with CIT at standard therapeutic

doses (mean initial dose 26.39 mg/day; range 20–

40 mg/day). Before their inclusion in the study, a 2-week

wash-out was carried out with those patients who were

being treated with different drugs. In case it was necessary,

low dose concomitant treatments with drug such as neuro-

leptics (10 % of the sample) or benzodiazepines at bedtime

(55.4 % of the sample) were allowed. The presence and

intensity of side effects was assessed by using the UKU

scale (Lingjaerde et al. 1987) at the end of the fourth week

of pharmacological treatment.

Ethnical approval was obtained from local research ethic

committees. Patients provided written informed consent be-

fore inclusion in the study.

Genetic analysis

A total of five single nucleotide polymorphisms (SNPs) locat-

ed at the CNR1 gene were selected according to previous

literature: rs806368 (T/C), rs1049353 (G/A), rs806371

(T/G), rs806377 (T/C) and rs1535255 (T/G). Genomic DNA

was extracted from blood samples using a standard phenol–

chloroform extraction protocol. All the polymorphisms were

successfully assayed using Sequenom MassArray technology

(Tang et al. 1999).

Statistical analysis

The Hardy–Weinberg equilibrium for genotype frequencies

in all samples was calculated using chi-square tests with

EpiInfo v.3.5.1 (Dean et al. 1991).

Simple chi-square tests of independence were performed

to confirm the presence or absence of allele or genotype

associations. OR with 95 % confidence intervals (CI) were

estimated for the effects of high-risk genotypes. The com-

bined case–control study (MD vs. Controls) had an 80 %

power (95 % CI) to detect OR equal or greater than 2.21 for

disease according to the minimum allele frequencies of the

different polymorphisms analyzed in our sample. In refer-

ence to the pharmacogenetic sample, the minimum detect-

able OR for no-response or no-remission will be equal or

greater than 3.1 or 2.99, respectively (Cohen 1988).

Bonferroni correction was conservatively applied for multi-

ple analyses in single polymorphism analyses (p=0.01

(=0.05/5 variations)).

Haploview 3.2 (Barret et al. 2005; Barrett et al. 2005)

was used to generate a linkage disequilibrium map and to

test for Hardy–Weinberg equilibrium in the haplotype anal-

ysis. The ‘R’ software (http://www.r-project.org) was

used to calculate haplotype frequencies and to include

covariates (see “Pharmacogenetic study” section) in the

analysis for quantitative traits by the “haplo.stat” pack-

age (Schaid et al. 2002). Rare haplotypes less frequent

than 1 % were excluded from the analyses. The global

significance of the results for haplotype analyses was

estimated using permutation (50,000 permutations) to

confirm the asymptotic p values.

In the pharmacogenetic subsample the genetic variant

effects on HDRS change scores over 12 weeks of CIT treat-

ment was performed using analysis of variance (ANOVA)

with repeated measures (genotype and gender as fixed factor,

time point as a repeated measure and a number of covariates;

see “Pharmacogenetic study” section). These analyses were

processed using SPSS 17.00 (SPSS for Windows; SPSS Inc.,

Chicago, IL, USA).

Because the SNP rs1049353 (G/A) was analyzed in our

previous study (Mitjans et al. 2012) according to response and

remission status in the subsample of major depressive patients

treated with CIT (n=155), this polymorphism was only con-

sidered in the analyses that include the total sample ofMD and

controls. It has been also included when haplotype analyses

were performed in all case–control design analyses.
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Results

Total sample (major depression and control samples)

Genotype distribution of all SNPs was found to be in Hardy–

Weinberg equilibrium in the control sample (rs806368

χ
2=0.35, df=2, p=0.839; rs1049353 χ

2<0.01, df=2, p=1;

rs806371 χ
2=0.4, df=2, p=0.819; rs806377 χ

2=0.88, df=2,

p=0.644; rs1535255 χ
2=0.1, df=2, p=0.95) as well as in the

MD sample (rs806368 χ
2=0.85, df=2, p=0.652; rs1049353

χ
2=0.19, df=2, p=0.91; rs806371 χ

2=0.08, df=2, p=0.959;

rs806377 χ
2=2.08, df=2, p=0.354; rs1535255 χ

2<0.01,

df=2, p=1). Genotypic and allelic frequencies in patients and

controls are shown in Table 1.

Allele and genotype frequencies for the five SNPs ana-

lyzed did not significantly differ between MD patients and

the control sample (see Table 1 for details).

Also, we did not find any significant difference when we

compared the allele and genotype distribution according to

clinical features (presence of melancholic features, psychot-

ic symptoms and suicide attempts) in the major depressive

sample (data not shown).

However, genotype and allele frequencies of the

rs806371 significantly differed between the control sam-

ple and those patients that present MD with melancholia

(n=151) (genotype: χ2=6.42, df=2, p=0.04; allele: χ2=

5.97, df=1, p=0.014). We observed a higher frequency

of G carriers in patients with presence of melancholia

than in healthy subjects (χ2=5.59, df=1, p=0.018; OR=

1.83 95 % CI [1.07–3.15]). After multiple correction

adjustment these results were no longer significant.

Similar results were found when we compare genotype

and allele frequencies between the control sample and

depressive patients with psychotic symptoms (n=75)

(genotype: χ
2=8.56, df=2, p=0.01; allele: χ

2=7.89,

df=1, p=0.004), showing G carriers presented increased

risk of 2.22 for suffering MD with psychotic symptoms com-

pared to healthy subjects (χ2=6.96, df=1, p=0.008; OR=2.22

95 % CI [1.17–4.22]).

Haplotype analysis has shown the existence of linkage

disequilibrium among rs806368–rs1049353–rs806371

(Block 1: D′=0.907, r2=0.557) and rs806377–rs1535255

(Block 2: D′=0.938, r2=0.173) in the MD sample. As we

detected the same results for the control sample (Block 1:

Table 1 Genotype and allele distribution of the analyzed polymorphisms of CNR1 gene for MD patients and the MD samples stratified according

to clinical features (melancholia, psychotic symptoms and suicide attempts) vs. control group

Polymorphism C (%) MD (%) p-value MD-Mel (%) p-value MD-Psy (%) p-value MD-Suic (%) p-value

rs806368 Genotypes TT 83 (56.1) 179 (57.4) 0.214 83 (56.4) 0.482 36 (48.6) 0.447 135 (57.7) 0.13

TC 53 (35.8) 120 (38.4) 57 (38.8) 33 (44.6) 91 (38.9)

CC 12 (8.1) 13 (4.2) 7 (4.8) 5 (6.8) 8 (3.4)

Alleles T 219 (74) 478 (76.6) 0.387 223 (75.9) 0.601 105 (70.9) 0.496 361 (77.1) 0.321

C 77 (26) 146 (23.4) 71 (24.1) 43 (29.1) 107 (22.9)

rs1049353 Genotypes GG 84(56.4) 182 (58.1) 0.905 81 (55.1) 0.954 41 (55.4) 0.975 132 (56.4) 0.988

GA 56 (37.6) 111 (35.5) 56 (38.1) 28 (37.8) 87 (37.2)

AA 9 (6) 20 (6.4) 10 (6.8) 5 (6.8) 15 (6.4)

Alleles G 224 (75.2) 475 (75.9) 0.814 218 (74.1) 0.775 110 (74.3) 0.846 351 (75) 0.958

A 74 (24.8) 151 (24.1) 76 (25.9) 38 (25.7) 117 (25)

rs806371 Genotypes TT 114 (76.5) 214 (68.4) 0.120 94 (64) 0.04 44 (59.4) 0.01* 164 (70.1) 0.319

TG 34 (22.8) 91 (29.1) 49 (33.3) 27 (36.5) 66 (28.2)

GG 1 (0.7) 8 (2.5) 4 (2.7) 3 (4.1) 4 (1.7)

Alleles T 262 (88) 519 (82.9) 0.05 237 (80.6) 0.014 115 (77.7) 0.004* 394 (84.2) 0.151

G 36 (12) 107 (17.1) 57 (19.4) 33 (22.3) 74 (15.8)

rs806377 Genotypes TT 50 (33.6) 89 (28.4) 0.421 40 (27.2) 0.415 19 (25.7) 0.487 66 (28.2) 0.421

TC 65 (43.6) 138 (44.1) 66 (44.9) 36 (48.6) 103 (44)

CC 34 (22.8) 86 (27.5) 41 (27.9) 19 (25.7) 65 (27.8)

Alleles T 165 (55.4) 316 (50.5) 0.164 146 (49.7) 0.164 74 (50) 0.284 235 (50.2) 0.163

C 133 (44.6) 310 (49.5) 148 (50.3) 74 (50) 233 (49.8)

rs1535255 Genotypes TT 97 (65.1) 208 (66.5) 0.946 94 (63.9) 0.827 48 (64.9) 0.965 154 (65.8) 0.946

TG 47 (31.5) 94 (30) 46 (31.3) 23 (31.1) 71 (30.3)

GG 5 (3.4) 11 (3.5) 7 (4.8) 3 (4) 9 (3.9)

Alleles T 241 (81) 510 (81.5) 0.827 234 (79.6) 0.695 119 (80.4) 0.906 379 (81) 0.969

G 57 (19) 116 (18.5) 60 (20.4) 29 (19.6) 89 (19)

C controls, MD-Mel major depression with melancholia, MD-Psy major depression with psychotic symptoms, MD-Suic major depression with

suicide attempts

*Significant p-values after Bonferroni correction: p=0.01; (see text to comparisons of allele carriers)
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D′=0.957; r2=0.36; Block 2: D′=1.0, r2=0.191), Fig. 1

shows linkage disequilibrium for the whole sample (MD+

controls).

Comparisons of the haplotype frequency distributions

between MD and control samples showed a significant

difference for Block 1 (Global-stat=13.76, df=4, simulated

p=0.0078), showing a lower haplotype frequency for the C–

G–T haplotype (rs806368–rs1049353–rs806371) in the MD

sample (7.5 %) than in the control sample (14.3 %) (simu-

lated p=0.001) (see Table 2 for haplotype frequencies

details).

We did not find any significant difference when we

compared the haplotype frequency distributions according

to clinical features (presence of melancholic features, psy-

chotic symptoms and suicide attempts) in the major de-

pressive sample either for Block 1 or Block 2 (data not

shown).

When patients were stratified according to clinical fea-

tures and compared to the control subjects, we detect a

significant association between the haplotype Block 1 and

melancholia (Global-stat = 17.537, df=4, simulated

p=0.0009) and psychotic symptoms (Global-stat=12.003,

df=4, simulated p=0.014) (see Table 2 for haplotype fre-

quencies details).

Pharmacogenetic study

In the pharmacogenetic subsample, 95 patients (64.6 %)

were considered Responders (Rp) and 52 (35.4 %) were

classified as no-Responders (No-Rp) according to the de-

crease of their HDRS scores at fourth week. Considering the

remission criteria at 12th week, 96 patients (65.3 %) were

classified as Remitters (Rm) and 51 (34.7 %) as no-

Remitters (No-Rm).

Concerning response at the fourth week, we did not

observe any significant difference in genotype or allele

distribution of any polymorphism between Rp/no-Rp

(Table 3). However, we observed significant differences

when we consider Remission status. There was significant

differences for the rs806368 allele and genotype distribution

according to Remission [genotype: χ
2=7.07, df=2, p=

0.029; allele: χ2=5.27, df=1, p=0.021], however these

results did not survive multiple correction. Carriers analyses

showed that TT homozygous presented almost 2.7 times

more risk of no-remission than the C carriers (χ2=6.94,

df= 1, p= 0.008; OR=2.64 95 % CI [1.20–5.89]).

Furthermore, we observed the same significant difference

for rs806371 (genotype: χ2=6.18, df=2, p=0.045; allele:

χ
2=5.74, df=1, p=0.016). The TT homozygous of the

rs806371 presented 2.8 times more risk of no-remission than

the G carriers (χ2=6.18, df=1, p=0.012; OR=2.8 95 % CI

[1.14–7.01]).

We considered the presence of suicide attempts andCIT levels

at the sixth week as covariates in the response and remission

haplotype analyses and in the longitudinal study because of their

implication in response treatment. In a previous study with the

same sample, the presence of suicide attempts was associated

with no response at fourth week (χ2=3.75, df=1, p=0.046) and

no remission at 12th week (χ2=10.204, df=1, p=0.002). Also,

lower CIT levels at sixth week were associated with no response

at fourth week (F=4.72, df=1, p=0.032) (Mitjans et al. 2012).

Haplotype analyses for the two analyzed blocks did not

yield a significant association with response at fourth week

(Table 4). However, haplotype analysis showed a significant

association between the haplotype Block 1 and remission

(Global-stat=10.503, df=4, simulated p=0.029) (see

Table 4 for haplotype frequencies details).

We performed a longitudinal study through a two-way

repeated-measures ANOVA on HDRS scores to evaluate the

effect of different polymorphisms on the 12-week clinical

outcome of the patients treated with CIT. The longitudinal

study showed no effects of the rs806371, rs806377 and

rs1535255 polymorphisms on the 12-week clinical out-

come. We found a significant effect of rs1049353 and

rs806368. The rs1049353 effect had been reported in our

previous study showing that individuals with GG genotype

presented better response along the follow-up than A car-

riers (Mitjans et al. 2012). The longitudinal study of

rs806368 showed that there was a significant decrease of

HDRS scores over 12 weeks (F(2.76, 284.98)=138.539, p<

0.001), a significant effects of time–sex interaction (F(2.76,

284.98)=6.85, p<0.001), time–genotype interaction (F(2.76,

284.98)=4.987, p=0.003) and a time–sex–genotype interac-

tion (F(2.76, 284.98)=3.233, p=0.026). So, we observed sig-

nificant effect of time–genotype interaction, showing that

the C carriers presented a better response to antidepressant

treatment throughout the follow up than TT homozygous.
Fig. 1 Linkage disequilibrium among markers in the whole Spanish

sample (Block 1: D′=0.918, r2=0.485; Block 2: D′=0.95, r2=0.18)
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Stratification for gender revealed that this effect is originat-

ed by the subgroup of male patients (Fig. 2).

Discussion

We have conducted an association study in which we have

analyzed the genetic variability at CNR1 gene as a genetic

risk factor for MD as well as for no response to clinical

treatment with SSRIs.

When analysing the SNPs variability at the CNR1 gene

(rs806368, rs1049353, rs806371, rs806377 and rs1535255),

the results of the case–control association study did not

show any genetic influence of this variability on the overall

risk to suffer MD. However, the haplotype analysis showed

that Block 1 C–G–T combination (rs806368–rs1049353–

Table 2 CNR1 markers haplotype distributions in the control and the MD samples

Haplotype Haplotype frequencies (hf) Control:MD (hf) p value Sim p value Global score statistics

Block 1

TGT 0.507 0.487:0.516 0.430 0.428 Global-stat=13.76, df=4

CGG 0.145 0.117:0.158 0.08 0.08 p=0.008

TAT 0.241 0.248:0.238 0.746 0.757 Global sim p=0.0078*

CGT 0.097 0.143:0.075 0.001 0.001*

Block 2

TT 0.476 0.446:0.490 0.216 0.215 Global-stat=3.039, df=3

CT 0.351 0.362:0.346 0.595 0.592 p=0.3855

CG 0.169 0.191:0.158 0.215 0.215 Global sim p=0.378

Controls:MD melancholia (hf)

Block 1

TGT 0.490 0.487:0.492 0.925 0.932 Global-stat=17.537, df=4

CGG 0.151 0.117:0.186 0.014 0.016* p=0.0015

TAT 0.253 0.248:0.258 0.776 0.753 Global sim p=0.0009*

CGT 0.099 0.143:0.055 <0.001 <0.001*

Block 2

TT 0.472 0.446:0.490 0.214 0.235 Global-stat=2.64, df=3

CT 0.346 0.362:0.329 0.383 0.38 p=0.449

CG 0.179 0.191:0.167 0.454 0.464 Global sim p=0.446

Controls:MD psychotic (hf)

Block 1

TGT 0.474 0.487:0.445 0.38 0.374 Global-stat=12.003, df=4

CGG 0.149 0.117:0.215 0.005 0.005* p=0.017

TAT 0.251 0.248:0.257 0.846 0.867 Global sim p=0.014*

CGT 0.120 0.143:0.075 0.033 0.038*

Block 2

TT 0.461 0.446:0.500 0.305 0.317 Global-stat=1.075, df=3

CT 0.351 0.362:0.331 0.514 0.514 p=0.5842

CG 0.184 0.191:0.169 0.551 0.564 Global sim p=0.588

Controls:MD suicide (hf)

Block 1

TGT 0.503 0.487:0.512 0.503 0.512 Global-stat=9.153, df=4

CGG 0.135 0.117:0.146 0.219 0.258 p=0.057

TAT 0.247 0.248:0.246 0.968 0.95 Global sim p=0.054

CGT 0.105 0.143:0.082 0.007 0.007*

Block 2

TT 0.474 0.446:0.491 0.225 0.219 Global-stat=3.086, df=3

CT 0.349 0.362:0.342 0.522 0.528 p=0.378

CG 0.172 0.191:0.160 0.284 0.286 Global sim p=0.404

Haplotype distributions in the control and the MD samples stratified according to clinical features (melancholia, psychotic symptoms and suicide

attempts) are also shown

sim simulated

*Significant p values after permutation procedures.
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rs806371) is associated with an increased risk for MD.

These results are in line with a previous study by

Monteleone and colleagues (2010) that associated the

CNR1 gene with depression.

Table 3 Genotype and allele distribution of the analyzed polymorphisms of CNR1 gene in response (fourth week) and remission (12th week) status

Polymorphism Rp (%) N-Rp (%) p-value Rm (%) N-Rm (%) p-value

rs806368 Genotypes TT 56 (59) 29 (55.8) 0.881 48 (50) 37 (72.6) 0.029

TC 35 (36.8) 20 (38.4) 43 (44.8) 12 (23.5)

CC 4 (4.2) 3 (5.8) 5 (5.2) 2 (3.9)

Alleles T 147 (77.4) 78 (75) 0.646 139 (72.4) 86 (84.3) 0.021

C 43 (22.6) 26 (25) 53 (27.6) 16 (15.7)

rs1049353 Genotypes GG 52 (54.7) 29 (55.8) 0.979 55 (57.3) 26 (51) 0.765

GA 38 (40) 20 (38.4) 36 (37.5) 22 (43.1)

AA 5 (5.3) 3 (5.8) 5 (5.2) 3 (5.9)

Alleles G 142 (74.7) 78 (75) 0.96 146 (76) 74 (72.5) 0.511

A 48 (25.3) 26 (25) 46 (24) 28 (27.5)

rs806371 Genotypes TT 66 (69.5) 36 (69.2) 0.742 60 (62.5) 42 (82.3) 0.045

TG 25 (26.3) 15 (28.9) 32 (33.3) 8 (15.7)

GG 4 (4.2) 1(1.9) 4 (4.2) 1 (2)

Alleles T 157 (82.6) 87 (83.6) 0.823 152 (79.2) 92 (90.2) 0.016

G 33 (17.4) 17 (16.4) 40 (20.8) 10 (9.8)

rs806377 Genotypes TT 35 (36.8) 15 (28.8) 0.140 28 (29.2) 22 (43.1) 0.188

TC 30 (31.6) 25 (48.1) 37 (38.5) 18 (35.3)

CC 30 (31.6) 12 (23.1) 31 (32.3) 11 (21.6)

Alleles T 100 (52.6) 55 (52.9) 0.966 93 (48.4) 62 (60.8) 0.043

C 90 (47.4) 49 (47.1) 99 (51.6) 40 (39.2)

rs1535255 Genotypes TT 60 (63.1) 34 (65.4) 0.373 59 (62.1) 35 (67.3) 0.795

TG 28 (29.5) 17 (32.7) 30 (31.6) 15 (28.8)

GG 7 (7.4) 1 (1.9) 6 (6.3) 2 (3.9)

Alleles T 148 (77.9) 85 (81.7) 0.438 148 (77.9) 85 (81.7) 0.438

G 42 (22.1) 19 (18.3) 42 (22.1) 19 (18.3)

Rp responders, N-Rp no responders, Rm remitters, N-Rm no remitters (see text to comparisons of allele carriers)

Table 4 CNR1 markers haplotype distributions in response (fourth week) and remission (12th week) status

Haplotype Haplotype frequencies (hf) Rp:N-Rp (hf) p value Sim p value Global score statistics

Block 1

TGT 0.508 0.513:0.5 0.842 0.846 Global-stat=0.451, df=4

CGG 0.155 0.157:0.153 0.963 0.962 p=0.978

TAT 0.242 0.243:0.239 0.853 0.854 Global sim p=0.975

CGT 0.079 0.069:0.096 0.526 0.533

Block 2

TT 0.473 0.473:0.471 0.721 0.727 Global-stat=3.49, df=2

CT 0.319 0.305:0.346 0.108 0.114 p=0.173

CG 0.207 0.221:0.182 0.19 0.197 Global sim p=0.185

Rm:N-Rm (hf)

Block 1

TGT 0.529 0.477:0.567 0.091 0.096 Global-stat=10.5, df=4

CGG 0.118 0.193:0.086 0.007 0.006* p=0.032

TAT 0.238 0.226:0.268 0.24 0.245 Global sim p=0.029*

CGT 0.097 0.085:0.067 0.153 0.146

Block 2

TT 0.472 0.510:0.403 0.082 0.086 Global-stat=3.21, df=2

CT 0.319 0.268:0.413 0.133 0.142 p=0.20

CG 0.207 0.221:0.182 0.552 0.542 Global sim p=0.21

Rp responders, N-Rp no responders, Rm remitters, N-Rm no remitters, sim simulated

*Significant p values after permutation procedures
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Moreover, we grouped major depressive patients accord-

ing to clinical features of severity such as the presence of

melancholia, psychotic symptoms or suicide attempts and

compared them to the control sample. Our results showed

that patients with presence of melancholia or psychotic

symptoms presented a higher frequency of rs806371 G

carriers than healthy controls. Furthermore, the haplotype

analysis showed an association between the haplotype

Block 1 and melancholia and psychotic symptoms.

These results highlight the clinical and biological hetero-

geneity underlying the categorical diagnoses of MD which

can easily overcome the power of genetic association studies

(Winokur 1997). Categorical diagnostic tools are based on

clusters of symptoms and characteristics of clinical course

that maybe are not defining the different pathophysiological

processes occurring in the disease. The definition of genet-

ically relevant phenotypes in MD could help to increase the

success of genetic studies (Hasler et al. 2004). Our results

are in line with those defending that a stricter phenotype re-

definition could increase power to detect more robust ge-

netic effects (van der Sluis et al. 2010).

MD with melancholia has been identified as a valid

subtype of MD that identifies a subset of more severe

depressive patients with a particularly high genetic back-

ground (Kendler 1997). It has been shown that the genetic

or pharmacological blockade of endocannabinoid system in

animal models provoked similar symptomatology than mel-

ancholic depression (Hill and Gorzalka 2005b). One of the

most reliable biological markers of melancholic depression

is alterations in the HPA axis. Recent evidences show the

role of the endocannabinoid system in regulation of the HPA

axis activity (Di et al. 2003; Barna et al. 2004; Patel et al.

2004). Recent studies have shown that CB1 knockout mice

present hypersecretion of corticotropin-releasing hormone

(CRH) in the PVN (Cota et al. 2003), as well as elevated

basal adrenocorticotropin (ACTH) and corticosterone

(Barna et al. 2004). Consistent with the findings, glucocor-

ticoid receptors (GR) antagonists have been found to be

effective in very severe forms of depression, such as psy-

chotic or endogenous forms of depression (Belanoff et al.

2001; Reus and Wolkowitz 2001). Our findings are in line

with these evidences suggesting that severe forms of depres-

sion may have specific biological processes.

When we analyzed genetic variability in relation to clinical

response or remission in the pharmacogenetic subsample, we

did not observe any effect of the single different polymorphisms

analyzed in response at fourth week to CIT treatment. However,

we found significant effects of rs806368 and rs806371 poly-

morphisms on remission at 12th week. The TT homozygous of

the rs806368 presented more risk of no Remission than the C

carriers and TT homozygous of the rs806371 also presented

more risk of no Remission than the G carriers. Although

previous studies have shown the involvement of the rs806368

in substance use disorder or cannabis dependence (Zuo et al.

2007; Agrawal et al. 2009), no association study considering its

role in clinical response has been published.

The results of our longitudinal study showed an influence

of the rs806368 polymorphism on the response to treatment.

G carrier men presented better response along the follow-up

than TT homozygous men or the women group. Specifically,

Fig. 2 Genotype distribution of the CNR1-rs806368 polymorphism

according to the different follow-ups based on CIT treatment. a

rs806368-C allele carriers presented a better response to antidepressant

treatment compared to rs806368-TT homozygous (F(2.76, 284.98)=

4.987, p=0.003). b This effect is originated by the subgroup of male

patients that showed a better outcome in response to CIT treatment

(F(2.76, 284.98)=3.233, p=0.026). Tables show the Hamilton scores

along the follow-up in relation to genotypes
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G carrier men had presented the highest HDRS scores at

baseline and the lowest scores at the end of the study being

the group with the greatest reduction in HDRS scores.

According to that, haplotype analysis showed linkage disequi-

librium between rs806368 and rs1049353 polymorphisms in

our samples. It has recently reported that rs1049353 has an

effect in antidepressant treatment response in MD (Domschke

et al. 2008; Mitjans et al. 2012). Domschke and colleagues

(2008) reported that the G allele of the rs1049353 confers an

increased risk of resistance to antidepressant treatment, partic-

ularly in female patients with MD and high comorbid anxiety.

In contrast, in a recent work, we described that men carrying the

GG genotype presented better response along the follow-up

than A carrier men or the women group (Mitjans et al. 2012).

Although both studies show the involvement of this

polymorphism in clinical response to antidepressant treatment,

the results according to sex showed opposite directions.

Differential response mediated by gender remains still

controversial (Serretti et al. 2008; Vermeiden et al. 2010;

Carter et al. 2012). It might be hypothesized that gender

differences in the response could be also reflecting the

differences that are found in the aetiology of MD as phys-

iological and epidemiological studies have shown (Biver et al.

1996; Weissman et al. 1996; Nishizawa et al. 1997; Kendler et

al. 2001; Legato 2010; Lai 2011). Studies suggesting a role of

estradiol in expression regulation of CB1 receptor mRNA

(Gonzalez et al. 2000; Hill et al. 2007) could explain the

differential response by gender found in this study.

However, more research is still needed to better understand

the gender specific contribution in antidepressant response.

Pharmacogenetics could help to elucidate the role of CNS

neurotransmission systems, such as the endocannabinoid sys-

tem, in response to antidepressants. However, genetics will

provide information for just a part of the complex puzzle of

clinical response to psychodrugs. Other factors such environ-

mental or clinical will be also necessary in order to understand

the total phenotype. Nowadays, a test with widespread clinical

use and adoption is still missing (Arranz and Kapur 2008).

All the analyzed polymorphisms are synonymous then not

altering amino acid residues. Although synonymous SNPs

have often been called silent or unable to affect functional

changes, recent reports indicate that there are several mecha-

nisms by which synonymous mutations could bring about

such changes (Komar 2007; Sauna et al. 2007). These may

have important implications in biology and in the diagnosis

and treatment of human diseases. Alternatively, these poly-

morphisms might not constitute the actual causative variant,

but rather reflect association of other polymorphisms in link-

age disequilibrium with this locus.

Our study has several limitations. The relatively small

size of our pharmacogenetic sample limits the power to

detect small differences. However, this study has enough

power to detect small–medium effect sizes. Moreover, the

possible functional effects of the analyzed markers are still

under investigation. We consider that multiple testing cor-

rections are likely to be excessively exclusive in the context

of the present study since the selection of the genetic poly-

morphisms, the sample size and the analyses performed had

a directional hypothesis based on previous findings (Cardon

and Bell 2001). However, as multiple testing based on

Bonferroni’s procedures were taking into account; part of

our results referred to the single SNP analyses (rs806368

and rs806371) did not survive the correction. Subsequent

statistical analyses such as the genotype carrier’s analyses or

the haplotype analyses, demonstrate the involvement of

these polymorphisms in the risk for MD or response to

antidepressant treatment.

In summary, CNR1 gene variants seem to be associated

with the etiology of MD and specifically with the severity of

MD showing that maybe a redefinition of the phenotype

could help to a better understanding of the disease.

Additionally, CB1 receptor gene seems to have an indirect

effect on clinical response to CIT (SSRIs) basically in re-

mission at the 12th week and along the follow-up.

Further studies focusing on other genes involved in the

endocannabinoid system or other systems related to endo-

cannabinoid system could help to elucidate the complex

mechanism of aetiology of MD and clinical response to

antidepressants.
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Abstract  

Lithium is considered the first-line treatment in bipolar disorder, although response could range from an 

excellent response to a complete lack of response. Response to lithium is a complex phenotype in which 

different factors, part of them genetics, are involved. In this sense, the aim of this study was to investigate 

the potential association of genetic variability at genes related to phosphoinositide (PI), glycogen 

synthetase kinase-3 (GSK3), hypothalamic-pituitary-adrenal (HPA) and glutamatergic pathways with 

lithium response. A sample of 131 bipolar patients were grouped and compared according to their level of 

response: excellent responders (ER), partial responders (PR) and non-responders (NR). Genotype and 

allele distributions of the rs669838 (IMPA2), rs909270 (INNP1), rs11921360 (GSK3B) and rs28522620 

(GRIK2) polymorphisms significantly differed between ER, PR, and NR. When we compared the ER 

versus PR+NR, the logistic regression showed significant association for rs669838-C (IMPA2) (p=0.021), 

rs909270-G (INPP1) (p=0.009), and rs11921360-A (GSK3B) (p=0.004) with lithium non-response. 

Haplotype analysis showed significant association for the haplotypes rs3791809-rs4853694-rs909270 

(INPP1) and rs1732170-rs11921360-rs334558 (GSK3B) and lithium response. Our study is in line with 

previous studies reporting association between genetic variability at these genes and lithium response, 

pointing to an effect of IMPA2, INPP1 and GSK3B genes to lithium response in BD patients. Further 

studies with larger samples are warranted to assess the strength of the reported associations. 

Key words: bipolar disorder, lithium, pharmacogenetics, genetic association, phosphoinositide system, 

hypothalamic-pituitary-adrenal axis, glutamatergic system. 

Introduction  

Lithium (Li) is still considered the first-line 

treatment in bipolar disorder (BD) due to its 

proven efficacy in both acute and maintenance 

phases [1]. However, an adequate response may 

range from an excellent response in 24-45% to a 

complete lack of response in 10-30% of patients 

[2]. 

BD is a complex disease that involves 

abnormalities at neuroprotective, 

neurochemical, neuroendocrinological, 

neurostructural and genetic levels [3, 4]. 

Although Li is thought to target these altered 



 

levels, the precise genetic and molecular 

mechanism for its therapeutic action remains 

elusive. In addition, Li’s responsiveness is also 

considered a complex phenotype. Thus, apart 

from genetic factors, others such as 

sociodemographical or clinical should be 

considered in order to understand clinical 

response [5, 6]. 

Evidence from molecular biology has shown 

that Li exerts multiple effects on 

neurotransmitter/receptor-mediated signalling, 

ion transport, signal transduction cascades, 

hormonal and circadian regulation. It also 

profoundly alters gene expression patterns with 

a final effect stabilizing neuronal activities, 

supporting neural plasticity and providing 

neuroprotection [7]. In this regard, intense 

interest has been focused upon the two major 

cell-signalling pathways with which Li 

interacts: phosphoinositide (PI) and glycogen 

synthetase kinase-3 (GSK3) pathways. 

However, other systems have been also 

involved [6, 8, 9]. In this sense, it is known that 

chronic Li administration up-regulates 

glutamate reuptake decreasing glutamate 

availability in synapse which could contribute to 

neuroprotective effect attributed to this drug 

[10]. Moreover, it has been demonstrated that Li 

leads to a significant activation of the 

hypothalamic-pituitary-adrenal (HPA) system in 

patients with major depression [11]. 

Identifying such a Li-responsive gene network 

in brain would allow us to distinguish between 

subsets of genes underlying therapeutic and 

nontherapeutic actions of Li. The aim of this 

study was to investigate the potential 

association of genetic variability at 16 candidate 

genes related to PI (INPP1, MARCKS, IMPA1, 

IMPA2, ITPKC PLCG1), GSK3 (GSK3B, 

GSK3A, CREB1), HPA (FKBP5, CRHR2, 

CRHR1) and glutamatergic (GRIA2, GABRB2, 

GRIK2, GRIK5) systems with Li response in 

BP.  

Materials and Method  

Sample: 

131 unrelated Caucasian bipolar type I or II 

outpatients (69 males and 62 females) were 

recruited from the Bipolar Disorder Program 

(BDP) at the Hospital Clinic of Barcelona 

(n=104) and from primary care settings in 

Oviedo (n=27). The BDP has conducted a 

prospective data collection on course of illness 

of all patients in the program since 1992 as 

previously described [12, 13].  This cross-

sectional analysis includes some variables from 

both prospective and retrospective assessments. 

Inclusion criteria were as follows: (a) bipolar I 

or II DSM-IV-TR diagnosis, (b) age > 18 years, 

(c) fulfilling criteria for euthymia defined as a 

score ≤ 8 on the Hamilton Depression Rating 

Scale (HDRS) [14] and a score ≤ 6 on the 

Young Mania Rating Scale (YMRS) [15], (d) all 

patients must receive or have received for at 

least one year Li as maintenance treatment 

therapy with doses adjusted to obtain plasma 

levels within the standard therapeutic range and 

(e) written informed consent. Exclusion criteria 

were the presence of (a) mental retardation 

(defined as IQ<70), (b) severe organic disease 

and (c) no tolerability to Li. All procedures were 

approved by each institution’s ethics 

committees. All patients provided written 

informed consent for the collection of their data 



 

with research purposes, always preserving 

confidentiality. 

Assessment 

Clinical and sociodemographic data was 

collected using a semi-structured interview 

based on the Structured Clinical Interview for 

DSM Disorders (SCID) and from available data 

in medical records. Suicidality was defined as 

the presence of any suicide ideation or previous 

suicide attempt. 

Definition of Li response  

The efficacy of Li treatment was assessed 

according to the following criteria: (a) excellent 

responders (ER): patients presenting a 50% 

reduction of the episodes after the introduction 

of Li in monotherapy, (b) partial responders 

(PR): patients presenting a 50% reduction of the 

episodes after the introduction of Li but on 

polytherapy (other mood stabilizer, 

antidepressant or antipsychotics), (c) non-

responders (NR): patients who did not reduce at 

least a 50% of the episodes and patients who 

required electroconvulsive therapy (adapted 

from [16]).  

Genetic analysis 

Candidate genes were selected, either on the 

basis of the mechanism of action of Li and/or 

the neurobiology of BD. Several single 

nucleotide polymorphisms (SNPs) at 16 

common genes were selected according to 

previous literature and/or a tagSNP strategy 

allowed by the SYSNPS program 

(www.sysnps.org) (Table 1). Genomic DNA 

was extracted from blood samples from each 

participant according to standard protocols. 

Genotyping, blind to clinical assessment, was 

performed by competitive quantitative PCR 

using allele specific probes with FRET signal 

detection. A randomized 10% of individuals 

were re-genotyped in order to confirm the 

pattern reproducibility. 

Statistical analysis  

Differences in sociodemographic and clinical 

variables between the groups of Li responders 

were evaluated with t-test or chi-square (χ
2
) test 

using SPSS v.18. EpiInfo v.3.5.1 was used to 

calculate Hardy-Weinberg equilibrium for 

genotype frequencies using χ
2
 test.  

Genotype and allele association analyses 

between the groups of patients with different Li 

response (ER, PR and NR) were performed 

using χ
2
 test. As a second analysis, PR and NR 

were pooled together and compared to ER. As 

suicidality significantly differed between the 

groups of responders (Table 2), the genotypic 

association analysis was tested using logistic 

regression under the additive model with 

suicidality as a covariate. Empirical p-values 

were generated using the max(T) permutation 

approach (10000 permutations) for pointwise 

estimates (EMP1) as well as corrected for all 

comparisons (EMP2). Odds ratios (OR) with 

95% confidence intervals (CI) were estimated 

for the effects of high-risk genotypes. The study 

had an 80% power (95% CI) to detect OR in a 

range of 3.99 to 5.75 for Li no-response (PR and 

NR pooled together) according to the range of 

obtained MAFs (MAF: 0.1 to 0.5, respectively). 

All the analyses were carried out with PLINK, 

version 2.07 [17]. 



 

The study had an 80% power (95% CI) to detect 

OR in a range of 3.99 to 5.75 for Li no-response 

(PR and NR pooled together) according to the 

range of obtained MAFs (MAF: 0.1 to 0.5, 

respectively). 

Haploview 3.2 was used to generate a linkage 

disequilibrium map. Haplotype analyses were 

conducted using the ‘R’ software (v.2.2.1) by 

the “haplo.stat” package. Suicidality was 

included in the haplotype analyses as a 

covariate. Rare haplotypes, those which were 

less frequent than 1%, were excluded from the 

analyses. The global significance of the results 

for haplotype analyses was estimated using 

permutation (50000 permutations) to confirm 

the asymptotic p-values.  

Results 

26 patients (19.8%) were classified as ER, 62 

patients (47.3%) as PR and 43 patients (32.8%) 

as NR to Li treatment.  

Sociodemographic and clinical features of the 

sample are shown in Table 2. No differences for 

mean age, age at onset or sex were found when 

comparing patients according to their level of Li 

response. Significantly differences in suicidality 

were found between the groups of responders. 

NR presented higher rates of suicidality than PR 

or ER (p<0.001). Suicidality was included as a 

covariate in the logistic regression and 

haplotype analyses. 

Genotype distributions of the SNPs were all in 

Hardy-Weinberg equilibrium (data not shown). 

Genotypic and allelic frequencies are presented 

in Table 3. 

Significant differences were found in genotypic 

and allelic distributions between different 

groups of Li responders for the rs669838 

(IMPA2) (genotype: χ
2
=10.338, df=4, p=0.035; 

allele: χ
2
=8.51, df=2, p=0.015), rs909270 

(INNP1) (genotype: χ
2
=10.132, df=4, p=0.038; 

allele: χ
2
=6.51, df=2, p=0.038), rs11921360 

(GSK3β) (genotype: χ
2
=9.713, df=4, p=0.046; 

allele: χ
2
=8.51, df=2, p=0.0057) and rs28522620 

(GRIK2) (genotype: χ
2
=9.597, df=4, p=0.048; 

allele: χ
2
=8.25, df=2, p=0.016) polymorphisms 

(Table 3). P-values were not significant after 

permutation testing. No other associations were 

found regarding the other SNPs analyzed. 

When we pooled together PR+NR versus ER 

and compared the SNPs associated in our 

previous association analyses, logistic 

regression showed significant association for 

rs669838 (IMPA2) [β=2.31; p=0.021; OR=2.03; 

95% CI (1.11-3.72); EMP1=0.018; 

EMP2=0.07], rs909270 (INPP1) [β=2.58; 

p=0.009; OR=2.45; 95% CI (1.24-4.82); 

EMP1=0.008; EMP2=0.028] and rs11921360 

(GSK3B) [β=2.84; p=0.004; OR=2.52; 95% CI 

(1.33-4.78); EMP1=0.002; EMP2=0.011] with 

Li response, being C, G and A the risk alleles, 

respectively. 

Haplotype analysis showed an association of 

rs3791809-rs4853694-rs909270 haplotype in 

INPP1 (D’=0.94, r
2
=0.43) and Li response. 

Frequencies of the T-A-G haploblock were 

more frequent in PR+NR (0.488) than in ER 

group (0.306) (p=0.012; sim-p=0.012). On the 

contrary, T-A-A haploblock was more frequent 

in ER than in PR+NR group (0.241 vs. 0.12) 

(p=0.018; sim-p=0.019). The rs1732170-

rs11921360-rs334558 haplotype in GSK3B 



 

(D’=0.979, r
2
=0.742) was also associated with 

Li response (global p=0.002, global sim-

p=0.002). The C-C-A haploblock was 

significantly less frequent in the group of 

PR+NR (0.299) than in ER (0.552) (p=0.001; 

sim-p=0.001). No other significant associations 

were found regarding the remaining analyzed 

haplotypes and Li response.  

Discussion  

This study analyzed the potential association of 

genetic variability at PI, GSK3, HPA and 

glutamatergic pathways with Li response in BD. 

A large number of studies tried to identify 

genetic variants within genes of PI system 

which could predict response to Li. However, 

the results are still controversial making unclear 

the role of this system in Li response [18]. Our 

results are in line with these studies reporting an 

effect of genetic variability at this system and Li 

response. Particularly, we found the effect of 

rs669838 (IMPA2) and rs909270 (INNP1). The 

IMPA2 gene is located in a region thought to be 

a BD susceptibility locus (18p11.2) [19]. Two 

trends for association have been previously 

found between two polymorphisms (rs3786282 

and 599+97G>A) of this gene and good 

response to Li in BD patients [20]. The C937A 

variant of INPP1 was associated with response 

to Li in a Norwegian sample but not in an 

independent Israeli sample [21]. This finding 

was not supported in another study [2].  

Regarding GSK3B, we found association with 

rs11921360 and Li response. Previously, a 

functional polymorphism of the GSK3B gene 

and Li response was reported [22], but this was 

not confirmed in two other studies [2, 23].  

Relatively few association studies have been 

conducted between glutamatergic system and Li 

response. Genetic variability at GRIN2B gene 

was examined and failed to predict Li outcome 

[24]. A recent genome-wide association study 

(GWAs) showed that a SNP in the GluR2 gene 

was associated with the risk for recurrence 

among patients treated with Li [25]. In our 

study, the findings suggest that Li response 

seems to be associated with genetic variability 

at GRIK2 gene. The GRIK2 gene (6q.21), which 

encodes for a kainate receptor (GluR6) 

implicated in synaptic plasticity [26], had been 

previously reported as candidate gene 

conferring a predisposition to BD [27] [26].  

We did not found any association between 

response to Li and the genetic variants of the 

HPA system. To our knowledge, no other 

studies investigating the role of the genes 

analyzed in this study related to the HPA system 

and Li response were available.  

Our study has some limitations. Due to the 

tertiary nature of the BDP, some of the subjects 

included in this study could be categorized as 

difficult-to-treat patients, thus generalization of 

our results should be done with caution. The 

relative small size of our sample limits the 

power to detect small differences. Moreover, all 

the variants associated in the present study are 

intron variants. It has been suggested that silent 

SNPs can affect in vivo splicing events or 

protein folding and, consequently, the final 

protein function [28]. Recent data from the 

ENCODE (Encyclopedia of DNA Elements) 

project has revealed the importance of intronic 

and intergenic variants as regulatory elements of 

gene expression acting as microRNAs and/or 



 

epigenetic targets [29]. Alternatively, these 

polymorphisms might not constitute the actual 

causative variant, but rather reflect association 

of other polymorphisms in linkage 

disequilibrium with this locus. 

In conclusion, and despite potential limitations, 

our results indicate a possible role of genes 

related to PI (INPP1, IMPA2), GSK3 (GSK3B) 

and glutamatergic system (GRIK2) in Li 

response. As Li response is a complex trait, 

further studies with larger samples are 

warranted to assess the strength of the reported 

associations.  
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Table 1. Description of the polymorphisms analyzed.  

 

Gene CHR position SNP ID Location* A1 A2 MAF (A1) Function 

 Phosphoinositide and GSK3β pathways  

INPP1 2q32 

rs3791809 190917963 C T 0.36 Intron 

rs4853694 190927518 G A 0.27 Intron 

rs909270 190941420 G A 0.46 Intron 

CREB1 2q34 

rs10932201 208134502 A G 0.37 Intron 

rs11904814 208135043 G T 0.36 Intron 

rs2551923 208150021 T C 0.22 Intron 

GSK3B 3q13.3 

rs1732170 121066366 T C 0.4 Intron 

rs11921360 121094745 C A 0.34 Intron 

rs334558 121295972 G A 0.34 Upstream-gene-variant 

MARCKS 6q22.2 
rs7769769 114286969 A G 0.49 Intron 

rs352082 114287339 C G 0.12 Intron 

IMPA1 8q21.13-q21.3 

rs915 82732945 T C 0.31 3’UTR 

rs1058401 82733186 T C 0.26 3’UTR 

rs2268432 82749332 T G 0.12 Intron 

IMPA2 18p11.2 

rs669838 11984598 A C 0.32 Intron 

rs1020294 12007343 A G 0.31 Intron 

rs1250171 12017028 T C 0.29 Intron 

rs630110 12019857 A G 0.32 Intron 

ITPKC 19q13.1 rs2290693 45937582 T C 0.49 3’UTR 

GSK3A 19q13.2 rs3745233 47425705 C T 0.1 Intron 

PLCG1 20q12-q13.1 rs2228246 39225477 G A 0.17 Missense-variant 

 HPA system  

FKBP5 6p21.31 

rs3777747 35686980 G A 0.45 Intron 

rs1360780 35715549 T C 0.33 Intron 

rs17542466 35722722 G A 0.2 Intron 

rs2766533 35793468 A G 0.47 Intron 

CRHR2 7p14.3 

rs4722999 30660300 C T 0.34 Intron 

rs2284219 30680961 A G 0.38 Intron 

rs255102 30697689 T A 0.37 Intron 

rs255115 30705448 G A 0.43 Intron 

CRHR1 17q12-q22 
rs110402 41235818 A G 0.32 Intron 

rs242940 41248380 C T 0.38 Intron 

 Glutamatergic system  

GRIA2 4q32.1 rs9784453 158609669 A G 0.38 Unknown 

GABRB2 5q34 

rs592403 160652562 C A 0.34 3’UTR 

rs2910284 160761161 A G 0.35 Intron 

rs2962406 160842679 C A 0.27 Intron 

rs4426954 160885609 C T 0.45 Intron 

GRIK2 6q16.3 

rs2852525 101982434 G T 0.48 Intron 

rs2787554 101999105 G C 0.46 Intron 

rs2518261 102088471 T C 0.42 Intron 

rs2852620 102621626 T A 0.49 Intron 

GRIK5 19q13.2 

rs8099939 47212948 T G 0.41 Intron 

rs4803523 47241774 T C 0.16 Intron 

rs10407506 47234839 T C 0.15 Intron 

 

 

Gene: NCBI gene symbol. CHR: chromosome. SNP: dcSNP symbol. A1 & A2: minor and major allele 

nucleotides. MAF: minor allele frequency in the sample.*human genome hg18 assembly.



 

Table 2. Sociodemographic and clinical description of the sample. 

 

 

 

 

 

 

 

 

 

 

 

 

ER: excellent responders; PR: partial responders; NR: no responders 

 

 

 

 

Table 3. Genotype and allele distributions of the polymorphisms analyzed in bipolar patients according to Li response. 
 

 

SNP Sample n Genotype distribution  n (f) χ
2
 df p Allele distribution  n (f) χ

2
 df p 

INPP1–rs3791809   TT TC CC    T C    

 NR 41 20 (0.49) 12 (0.29) 9 (0.22) 7.51 4 0.112 52 (0.63) 30 (0.37) 0.11 2 0.947 

 PR 60 25 (0.42) 27 (0.45) 8 (0.13)    77 (0.64) 43 (0.36)    

 ER 26 8 (0.31) 16 (0.61) 2 (0.08)    32 (0.61) 20 (0.39)    

INPP1-rs4853694   AA AG GG    A G    

 NR 41 24 (0.59) 12 (0.29) 5 (0.12) 6.36 4 0.174 60 (0.68) 22 (0.32) 0.99 2 0.609 

 PR 61 34 (0.55) 23 (0.38) 4 (0.07)    91 (0.75) 31 (0.25)    

 ER 26 10 (0.38) 15 (0.58) 1 (0.04)    35 (0.67) 17 (0.33)    

INPP1-rs909270   AA AG GG    A G    

 NR 41 13 (0.32) 14 (0.34) 14 (0.34) 10.13 4 0.038* 40 (0.49) 42 (0.51) 6.51 2 0.038* 

 PR 61 14 (0.23) 33 (0.54) 14 (0.23)    61 (0.5) 61 (0.5)    

 ER 26 12 (0.46) 12 (0.46) 2 (0.08)    36 (0.69) 16 (0.31)    

 
Total 

n=131 

ER 

n=26 
PR 

n=62 

NR 

n=43 
Statistics 

Age (years) [mean (SD)] 46.8 (13.1) 44.9 (11.9) 46.3 (14) 48.8 (12.4) F=0.82 df=2 p=0.442 

Gender [M:F] 69:62 15:11 31:31 23:20 �
2
=0.45 df=2 p=0.798 

Age at onset (years) [mean (SD)] 28.7 (12.3) 26.5 (10.3) 30.13 (13.4) 27.9 (11.4) F=0.925 df=2 p=0.399 

Family history of psychiatric illness [N (%)] 72 (55.4) 10 (40) 34 (54.8) 28 (65.1) �
2
=4.05 df=2 p=0.132 

Suicidality [N (%)] 91 (70.5) 14 (56) 36 (59) 41 (95.3) �
2
=19.18 df=2 p<0.001 



 

CREB1-rs10932201   GG GA AA    C T    

 NR 41 14 (0.34) 22 (0.54) 5 (0.12) 1.88 4 0.757 50 (0.61) 32 (0.39) 0.27 2 0.27 

 PR 62 22 (0.36) 33 (0.53) 7 (0.11)    77 (0.62) 47 (0.38)    

 ER 26 12 (0.46) 10 (0.39) 4 (0.15)    34 (0.65) 18 (0.35)    

CREB1-rs11904814   TT TG GG    T G    

 NR 40 14 (0.35) 20 (0.5) 6 (0.15) 4.18 4 0.382 48 (0.6) 32 (0.4) 3.6 2 0.165 

 PR 62 30 (0.48) 26 (0.42) 6 (0.1)    86 (0.69) 38 (0.31)    

 ER 26 9 (0.35) 11 (0.42) 6 (0.23)    29 (0.56) 23 (0.44)    

CREB1-rs334558   CC CT TT    C T    

 NR 41 26 (0.63) 15 (0.37) 0 (0) 0.87 4 0.068 67 (0.82) 15 (0.18) 2.38 2 0.304 

 PR 59 28 (0.47) 31 (0.53) 0 (0)    87 (0.74) 31 (0.26)    

 ER 25 17 (0.68) 7 (0.28) 1 (0.04)    41 (0.82) 9 (0.18)    

GSK3B-rs1732170   CC CT TT    C T    

 NR 41 16 (0.39) 17 (0.42) 8 (0.19) 5.72 4 0.221 49 (0.6) 33 (0.4) 5.52 2 0.063 

 PR 62 20 (0.32) 27 (0.44) 15 (0.24)    67 (0.54) 57 (0.46)    

 ER 26 13 (0.5) 12 (0.46) 1 (0.04)    38 (0.73) 14 (0.27)    

GSK3B-rs11921360   AA AC CC    A C    

 NR 41 20 (0.49) 17 (0.41) 4 (0.1) 9.71 4 0.046* 57 (0.69) 25 (0.31) 10.32 2 0.0057* 

 PR 61 32 (0.53) 22 (0.36) 7 (0.11)    86 (0.71) 36 (0.29)    

 ER 25 6 (0.24) 11 (0.44) 8 (0.32)    23 (0.46) 27 (0.54)    

GSK3B-rs334558   AA AG GG    A G    

 NR 38 18 (0.47) 16 (0.42) 4 (0.11) 5.19 4 0.268 52 (0.68) 24 (0.32) 4.59 2 0.101 

 PR 62 25 (0.4) 24 (0.39) 13 (0.21)    74 (0.6) 50 (0.4)    

 ER 25 14 (0.56) 10 (0.4) 1 (0.04)    38 (0.76) 12 (0.24)    

MARCKS-rs7769769   GG GA AA    G A    

 NR 39 11 (0.28) 18 (0.46) 10 (0.26) 1.51 4 0.825 40 (0.51) 38 (0.49) 1.32 2 0.517 

 PR 62 15 (0.24) 30 (0.48) 17 (0.28)    60 (0.48) 64 (0.52)    

 ER 25 8 (0.32) 13 (0.52) 4 (0.16)    29 (0.58) 21 (0.42)    

MARCKS-rs352082   GG GC CC    G C    

 NR 39 32 (0.82) 6 (0.15) 1 (0.03) 3.37 4 0.498 70 (0.9) 8 (0.1) 0.2 2 0.903 

 PR 61 46 (0.75) 15 (0.25) 0 (0.00)    107 (0.88) 15 (0.12)    

 ER 25 19 (0.76) 6 (0.24) 0 (0.00)    44 (0.88) 6 (0.12)    

              



 

IMPA1-rs915   CC CT TT    C T    

 NR 40 22 (0.55) 16 (0.4) 2 (0.05) 2.21 4 0.698 60 (0.75) 20 (0.25) 2.13 2 0.345 

 PR 62 27 (0.44) 28 (0.45) 7 (0.11)    82 (0.66) 42 (0.34)    

 ER 26 11 (0.42) 12 (0.46) 3 (0.12)    34 (0.65) 18 (0.35)    

IMPA1-rs1058401   CC CT TT    C T    

 NR 41 26 (0.64) 14 (0.34) 1 (0.02) 4.36 4 0.360 66 (0.81) 16 (0.19) 2.64 2 0.267 

 PR 61 30 (0.49) 28 (0.46) 3 (0.05)    88 (0.72) 34 (0.28)    

 ER 26 13 (0.5) 10 (0.38) 3 (0.12)    36 (0.69) 16 (0.31)    

IMPA1-rs2268432   GG GT TT    G T    

 NR 41 32 (0.78) 9 (0.22) 0 (0) 1.32 4 0.857 73 (0.89) 9 (0.11) 0.24 2 0.888 

 PR 62 47 (0.76) 14 (0.23) 1 (0.01)    108 (0.87) 16 (0.13)    

 ER 26 19 (0.73) 7 (0.27) 0 (0)    45 (0.86) 7 (0.14)    

IMPA2-rs669838   CC CA AA    C A    

 NR 41 25 (0.61) 12 (0.29) 4 (0.1) 10.33 4 0.035* 62 (0.76) 20 (0.24) 8.51 2 0.015* 

 PR 61 33 (0.54) 19 (0.31) 9 (0.15)    85 (0.7) 37 (0.3)    

 ER 26 6 (0.23) 15 (0.58) 5 (0.19)    27 (0.52) 25 (0.48)    

IMPA2-rs1020294   GG GA AA    G A    

 NR 41 16 (0.39) 19 (0.46) 6 (0.15) 7.69 4 0.103 51 (0.62) 31 (0.38) 4.18 2 0.123 

 PR 62 34 (0.55) 25 (0.4) 3 (0.05)    93 (0.75) 31 (0.25)    

 ER 26 9 (0. 35) 16 (0.61) 1 (0.04)    34 (0.65) 18 (0.35)    

IMPA2-rs1250171   CC CT TT    C T    

 NR 41 21 (0.51) 17 (0.42) 3 (0.07) 1.51 4 0.825 59 (0.72) 23 (0.28) 0.37 2 0.829 

 PR 61 31 (0.51) 25 (0.41) 5 (0.08)    87 (0.71) 35 (0.29)    

 ER 26 13 (0.5) 9 (0.35) 4 (0.15)    35 (0.67) 17 (0.33)    

IMPA2-rs630110   GG GA AA    G A    

 NR 40 22 (0.55) 16 (0.4) 2 (0.05) 3.79 4 0.434 60 (0.75) 20 (0.25) 3.16 2 0.205 

 PR 62 25 (0.4) 31 (0.5) 6 (0.1)    81 (0.65) 43 (0.35)    

 ER 26 10 (0.39) 12 (0.46) 4 (0.15)    32 (0.62) 20 (0.38)    

ITPKC-rs2290693   CC CT TT    C T    

 NR 41 14 (0.34) 16 (0.39) 11(0.27) 5.94 4 0.204 44 (0.54) 38 (0.46) 4.86 2 0.087 

 PR 61 12 (0.2) 30 (0.49) 19 (0.31)    54 (0.44) 68 (0.56)    

 ER 25 9 (0.36) 13 (0.52) 3 (0.12)    31 (0.62) 19 (0.38)    

              



 

GSK3A-rs3745233   TT TC CC    T C    

 NR 41 35 (0.86) 5 (0.12) 1 (0.02) 4.58 4 0.333 75 (0.92) 7 (0.08) 1.96 2 0.374 

 PR 62 47 (0.758) 15 (0.242) 0 (0.00)    94 (0.86) 15 (0.14)    

 ER 26 22 (0.846) 4 (0.154) 0 (0.00)    48 (0.92) 4 (0.08)    

PLCG1–rs2228246   AA AG GG    A G    

 NR 41 30 (0.73) 9 (0.22) 2 (0.05) 6.07 4 0.194 69 (0.84) 13 (0.16) 0.20 2 0.903 

 PR 62 40 (0.65) 22 (0.35) 0 (0)    102 (0.82) 22 (0.18)    

 ER 26 18 (0.69) 8 (0.31) 0 (0)    44 (0.85) 8 (0.15)    

FKBP5-rs3777747   AA AG GG    A G    

 NR 41 12 (0.29) 21 (0.51) 8 (0.2) 1.13 4 0.889 45 (0.55) 37 (0.45) 0.61 2 0.738 

 PR 62 19 (0.31) 28 (0.45) 15 (0.24)    66 (0.53) 58 (0.47)    

 ER 26 10 (0.39) 11 (0.42) 5 (0.19)    31 (0.6) 21 (0.4)    

FKBP5-rs1360780   CC CT TT    C T    

 NR 41 23 (0.56) 16 (0.39) 2 (0.05) 3.84 4 0.428 62 (0.76) 20 (0.24) 3.84 2 0.146 

 PR 61 26 (0.43) 26 (0.42) 9 (0.15)    78 (0.64) 44 (0.36)    

 ER 25 10 (0.4) 11 (0.44) 4 (0.16)    31 (0.62) 19 (0.38)    

FKBP5-rs17542466   AA AG GG    A G    

 NR 41 22 (0.54) 17 (0.41) 2 (0.05) 4.34 4 0.362 61 (0.74) 21 (0.26) 3.36 2 0.186 

 PR 61 44 (0.72) 150 (0.25) 2 (0.03)    103 (0.84) 19 (0.16)    

 ER 26 16 (0.62) 8 (0.31) 2 (0.07)    40 (0.77) 12 (0.23)    

FKBP5-rs2766533   GG GA AA    G A    

 NR 41 11 (0.27) 21 (0.51) 9 (0.22) 1.02 4 0.906 43 (0.52) 39 (0.48) 0.03 2 0.984 

 PR 62 18 (0.29) 30 (0.48) 14 (0.23)    66 (0.53) 58 (0.47)    

 ER 25 6 (0.24) 15 (0.6) 4  (0.16)    27 (0.54) 23 (0.46)    

CRHR2-rs4722999   TT TC CC    T C    

 NR 40 18 (0.45) 19 (0.48) 3 (0.07) 1.73 4 0.785 55 (0.69) 25 (0.31) 3.95 2 0.138 

 PR 62 28 (0.45) 25 (0.4) 9 (0.15)    81 (0.65) 43 (0.35)    

 ER 26 10 (0.38) 13 (0.5) 3 (0.12)    33 (0.63) 29 (0.37)    

CRHR2-rs2284219   GG GA AA    G A    

 NR 41 15 (0.37) 18 (0.44) 8 (0.19) 3.69 4 0.449 48 (0.59) 34 (0.41) 0.61 2 0.738 

 PR 61 27 (0.44) 24 (0.39) 10 (0.17)    78 (0.64) 44 (0.36)    

 ER 26 13 (0.5) 6 (0.23) 7 (0.27)    32 (0.62) 20 (0.38)    

              



 

CRHR2-rs255102   AA AT TT    A T    

 NR 41 18 (0.44) 15 (0.37) 8 (0.19) 5.11 4 0.277 51 (0.62) 31 (0.38) 0.02 2 0.989 

 PR 61 23 (0.38) 43 (0.54) 5 (0.08)    89 (0.65) 53 (0.35)    

 ER 26 11 (0.42) 10 (0.39) 5 (0.19)    32 (0.62) 20 (0.38)    

CRHR2-rs255115   AA AG GG    A G    

 NR 39 14 (0.36) 16 (0.41) 9 (0.23) 2.41 4 0.660 44 (0.56) 34 (0.44) 0.03 2 0.987 

 PR 61 18 (0.29) 34 (0.56) 9 (0.15)    70 (0.57) 52 (0.43)    

 ER 26 8 (0.31) 14 (0.54) 4 (0.15)    30 (0.58) 22 (0.42)    

CRHR1-rs110402   GG GA AA    G A    

 NR 41 19 (0.46) 19 (0.46) 3 (0.08) 4.66 4 0.323 57 (0.7) 25 (0.3) 1.89 2 0.388 

 PR 61 30 (0.49) 25 (0.41) 6 (0.1)    85 (0.7) 37 (3)    

 ER 26 7 (0.27) 17 (0.65) 2 (0.08)    31 (0.6) 21 (0.4)    

CRHR1-rs242940   TT TC CC    T C    

 NR 40 15 (0.37) 21 (0.53) 4 (0.1) 2.35 4 0.671 51 (0.64) 29 (0.36) 1.96 2 0.374 

 PR 61 25 (0.41) 29 (0.48) 7 (0.11)    79 (0.65) 43 (0.35)    

 ER 26 7 (0.27) 14 (0.54) 5 (0.19)    28 (0.54) 24 (0.46)    

GRIA2-rs9784453   GG GA AA    G A    

 NR 41 20 (0.49) 17 (0.41) 4 (0.1) 4.33 4 0.363 57 (0.69) 25 (0.31) 3.07 2 0.216 

 PR 61 25 (0.41) 23 (0.38) 13 (0.21)    73 (0.6) 49 (0.4)    

 ER 26 8 (0.31) 13 (0.5) 5 (0.19)    29 (0.56) 23 (0.44)    

GABRB2-rs592403   AA AC CC    A C    

 NR 40 20 (0.5) 15 (0.38) 5 (0.12) 4.56 4 0.335 55 (0.69) 25 (0.31) 4.42 2 0.109 

 PR 60 22 (0.36) 28 (0.47) 10 (0.17)    72 (0.6) 48 (0.4)    

 ER 25 14 (0.56) 10 (0.4) 1 (0.04)    38 (0.76) 12 (0.24)    

GABRB2-rs2910284   GG GA AA    G A    

 NR 41 20 (0.49) 14 (0.34) 7 (0.17) 5.13 4 0.274 54 (0.66) 28 (0.34) 1.85 2 0.397 

 PR 62 22 (0.35) 32 (0.52) 8 (0.13)    76 (0.61) 48 (0.39)    

 ER 25 12 (0.48) 12 (0.48) 1 (0.04)    36 (0.72) 14 (0.28)    

GABRB2-rs2962406   AA AC CC    A C    

 NR 41 21 (0.51) 15 (0.37) 5 (0.12) 4.58 4 0.332 57 (0.69) 25 (0.1 4.70 2 0.095 

 PR 61 31 (0.51) 23 (0.38) 7 (0.11)    85 (0.7) 37 (0.3)    

 ER 26 18 (0.69) 8 (0.31) 0 (0)    44 (0.85) 8 (0.15)    

              



 

GABRB2-rs4426954   TT TC CC    T C    

 NR 41 11 (0.27) 21 (0.51) 9 (0.22) 3.56 4 0.468 43 (0.52) 39 (0.48) 2.79 2 0.248 

 PR 60 19 (0.31) 25 (0.42) 16 (0.27)    63 (0.53) 57 (0.47)    

 ER 26 11 (0.42) 12 (0.46) 3 (0.12)    34 (0.65) 18 (0.35)    

GRIK2–rs2852525   TT TG GG    T G    

 NR 41 10 (0.24) 22 (0.54) 9 (0.22) 0.92 4 0.921 42 (0.51) 40 (0.49) 0.14 2 0.932 

 PR 61 18 (0.3) 29 (0.47) 14 (0.23)    65 (0.53) 57 (0.47)    

 ER 26 6 (0.23) 15 (0.58) 5 (0.19)    27 (0.52) 25 (0.48)    

GRIK2–rs2787554   CC CG GG    C G    

 NR 41 8 (0.19) 24 (0.59) 9 (0.22) 5.67 4 0.225 40 (0.49) 42 (0.51) 1.49 2 0.475 

 PR 62 24 (0.39) 23 (0.37) 15 (0.24)    71 (0.57) 53 (0.43)    

 ER 26 8 (0.31) 11 (0.42) 7 (0.27)    27 (0.52) 25 (0.48)    

GRIK2–rs2518261   CC CT TT    C T    

 NR 41 19 (0.46) 16 (0.39) 6 (0.15) 4.93 4 0.295 54 (0.66) 28 (0.34) 2.91 2 0.233 

 PR 62 18 (0.29) 32 (0.52) 12 (0.19)    68 (0.55) 56 (0.45)    

 ER 25 6 (0.24) 15 (0.6) 4 (0.16)    27 (0.54) 23 (0.46)    

GRIK2–rs2852620   TT TA AA    T A    

 NR 41 15 (0.37) 18 (0.44) 8 (0.19) 9.59 4 0.048* 48 (0.59) 34 (0.41) 8.25 2 0.016* 

 PR 62 8 (0.13) 34 (0.55) 20 (0.32)    50 (0.4) 74 (0.6)    

 ER 26 9 (0.35) 12 (0.46) 5 (0.19)    30 (0.58) 22 (0.42)    

GRIK5–rs8099939   GG GT TT    G T    

 NR 41 18 (0.44) 17 (0.41) 6 (0.15) 2.26 4 0.687 53 (0.65) 29 (0.35) 1.80 2 0.406 

 PR 62 21 (0.34) 29 (0.47) 12 (0.19)    71 (0.57) 53 (0.43)    

 ER 26 7 (0.27) 14 (0.54) 5 (0.19)    28 (0.54) 24 (0.45)    

GRIK5–rs4803523   CC CT TT    C T    

 NR 41 32 (0.78) 6 (0.15) 3 (0.07) 2.16 4 0.706 70 (0.85) 12 (0.15) 0.54 2 0.763 

 PR 62 43 (0.69) 16 (0.26) 3 (0.05)    102 (0.82) 22 (0.18)    

 ER 25 19 (0.76) 5 (0.2) 1 (0.04)    43 (0.86) 7 (0.14)    

GRIK5–rs10407506   CC CT TT    C T    

 NR 41 35 (0.85) 4 (0.1) 2 (0.05) 8.79 4 0.066 74 (0.9) 42 (0.1) 2.03 2 0.363 

 PR 62 42 (0.68) 19 (0.3) 1 (0.02)    103 (0.83) 61 (0.17)    

 ER 26 17 (0.65) 9 (0.35) 0 (0)    43 (0.83) 16 (0.17)    

*No significant after multiple correction. 
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Abstract  

Clozapine is an atypical antipsychotic drug known as being more effective than traditional antipsychotics 

for patients with poor response or resistance to treatment. It has been demonstrated that clozapine 

modulates hypothalamic-pituitary-adrenal (HPA) activity and affects central BDNF levels, which could 

explain part of its therapeutic efficacy. In this study, we investigated the role of genes related to the HPA 

axis (FKBP5 and NR3C1) and neurotrophic factors (BDNF and NTRK2) on clinical response to clozapine 

in 591 schizophrenia patients. We found significant allelic and genotype associations between FKBP5-

rs1360780, NTRK2-rs1778929 and NTRK2-rs10465180 polymorphisms and clozapine response. The 

haplotypes composed by rs3777747-rs1360780-rs17542466-rs2766533 (FKBP5) and rs1619120-

rs1778929-rs10465180 (NTRK2) were also nominally significant. Our results suggest that genetic 

variability in FKBP5 and NTRK2 genes may partially explain clinical response to clozapine. Further 

studies are needed in order to clarify the involvement of these genes in clinical response to atypical 

antipsychotics.  

Key words: clozapine, pharmacogenetics, FKBP5, NR3C1, BDNF, NTRK2.  

Although antipsychotic drugs are the best means 

available for symptomatically treating 

individuals suffering from schizophrenia, 

resistance to antipsychotic treatment has been 

described in about 50% of schizophrenic 

patients (Miyamoto et al., 2005). Clozapine 

(CLZ) is an atypical antipsychotic drug known 

as being more effective than traditional 

antipsychotics for schizophrenic patients with 

poor response or resistance to treatment. 

Approximately 50% of patients who do not 

respond to other antipsychotics benefit from 

CLZ (Reynolds, 2012).  

While most of the other antipsychotics basically 

antagonize the dopamine D2 and serotonin 2A 

receptors, CLZ exerts its action on a wide range 

of receptors such as serotonergic, dopaminergic, 

histamine, adrenergic or muscarinic receptors, 

which could explain differences in its 

effectiveness compared to other atypical 

antipsychotics (Arranz et al., 2011). 

Since CLZ is a high-affinity antagonist of 

serotonin and dopamine receptors, a large 

number of studies have tried to investigate their 

role in CLZ response (Souza et al., 2010; 

Arranz et al., 2011). However, studies involving 

other CLZ targets are less frequent. .  

Several studies have demonstrated that atypical 

antipsychotics may modulate the hypothalamic-

pituitary-adrenocortical (HPA) axis (Walker et 

al., 2008) and neurotrophic factors (Bai et al., 

2003), both related to the aetiology of 

schizophrenia. Elevated baseline cortisol 

secretion has been detected in schizophrenic 

patients, especially in drug naive patients. It has 

also been found that atypical antipsychotics 

significantly reduce adrenocorticotropic 

hormone (ACTH) and cortisol secretion in 

patients with schizophrenia (Zhang et al., 2005). 

Furthermore, when patients are withdrawn from 

atypical antipsychotics, cortisol levels rise in 

correlation with negative symptoms (Zhang et 

al., 2005). In this sense, atypical antipsychotics 

have the potential to dampen HPA activity, 

which may partially explain their therapeutic 

action (Walker et al., 2008).  

On the other hand, epidemiological, genetic and 

clinical neurobiological reports indicate that the 



pathophysiological origins of schizophrenia 

may arise from abnormalities in brain 

development (Arnold, 1999). The brain-derived 

neurotrophic factor (BDNF) is involved in the 

development, survival and functional 

maintenance of neurons, and plays a role in the 

regulation of expression of dopamine-related 

systems. Moreover, CLZ has been reported to 

affect central BDNF levels in a preclinical study 

(Bai et al., 2003). 

Based on this evidence, the aim of this study 

was to analyse genetic variants in genes related 

to the HPA axis [FKBP5 (FK506 binding 

protein 5) and NR3C1 (Nuclear Receptor 

Subfamily 3, Group C, Member 1)] and 

neurotrophic factors [BDNF and NTRK2 

(neurotrophic tyrosine receptor kinase family 

2)] and test if they explained variability in 

clinical response to CLZ in schizophrenic 

patients.  

We collected clinical data from 591 unrelated 

patients (32.2% females) with schizophrenia 

according to Diagnostic and Statistical Manual 

of Mental Disorders-III-R (DSMIII-R), all 

treated with CLZ. Patients were British 

Caucasians recruited in hospitals in London, 

Cambridge and Burnley (United Kingdom). 

Clinical response was retrospectively assessed 

based on medical notes using the Global 

Assessment Scale (GAS) (Endicott et al., 1976). 

A 20-point improvement in GAS scores after a 

minimum of 3 months treatment with CLZ was 

considered as cut-off for response. According to 

these criteria, the sample was divided into 437 

responders (Rp) and 154 non-responders (n-Rp) 

to CLZ. Clozapine was the only antipsychotic 

administered. Ethical approval was obtained for 

these studies.  

Genomic DNA was extracted from blood 

samples from each participant, according to 

standard protocols. Several polymorphisms at 

the FKBP5 (rs3777747, rs1360780, rs17542466, 

rs2766533), NR3C1 (rs2963156, rs1837262, 

rs4634384, rs4912910), BDNF (rs11030076, 

rs11030096, rs6265, rs1552736) and NTRK2 

(rs1619120, rs1778929, rs10465180, 

rs4388524) genes were genotyped using 

KASP
TM 

(Kompetitive Allele Specific PCR) 

technology by Design (LGC Genomics). 

Polymorphisms were selected based on previous 

literature and the SYSNPS program for tagSNPs 

detection (www.sysnps.org).  

EpiInfo v.3.5.1 was used to calculate Hardy-

Weinberg equilibrium for genotype frequencies 

using chi-square tests. Plink v1.03 was used to 

perform association analyses between the 

groups of patients with different CLZ response. 

Odds ratios (OR) with 95% confidence 

intervals (CI) were estimated for the effects of 

high-risk genotypes. Empirical p-values were 

generated using the max(T) permutation 

approach (10000 permutations) for pointwise 

estimates (EMP1) as well as corrected for all 

comparisons (EMP2). The study had an 80% 

power (95% CI) to detect OR in a range of 1.72 

to 1.94 for CLZ response according to the 

range of obtained MAFs (MAF: 0.47 to 0.16, 

respectively). Haploview 3.2 was used to 

generate a linkage disequilibrium map. 

Haplotype analyses were conducted using the 

‘R’ software (v.2.2.1) by the “haplo.stat” 

package. Sex was included in the haplotype 

analyses as a covariate. Rare haplotypes less 

frequent than 1% were excluded from the 

analyses. The global significance of the results 

for haplotype analyses was estimated using 

permutation (10000 permutations) to confirm 

the asymptotic p-values.  

Genotype distributions of all SNPs were found 

to be in Hardy-Weinberg equilibrium (data 

available on demand). Significant differences 

were observed for genotype (χ
2
=7.55, df=2, 

p=0.022) and allele (χ
2
=4.54, df=1, p=0.033) 

distributions of the FKBP5 rs1360780 

polymorphism between Rp and n-Rp (Table 1). 

TT-homozygous presented 2.11 times higher 

risk of non-response than C-carriers [�
2
=7.46, 

df=1, p=0.006; OR= 2.11; 95%CI (1.22-3.64)]. 

However, these associations did not remain 

significant after permutation analyses. The 

FKBP5 A-T-A-G haplotype composed by 

rs3777747-rs1360780-rs17542466-rs2766533 

was associated with poor response (p=0.012; 

simulated p=0.013) (Table 2).  

Regarding the NTRK2 gene, significant 

differences were found for genotype and allele 

distributions for both polymorphisms, 

rs1778929 [genotype: (χ
2
=6.87, df=2, p=0.032); 

allele (χ
2
=5.76, df=1, p=0.016)] and rs10465180 

[genotype: (χ
2
=9.52, df=2, p=0.008); allele 

(χ
2
=6.58, df=1, p=0.011)] (Table 1). Rs1778929 

TT-homozygous presented 1.7 times higher risk 

of non-response than C-carriers [�
2
=6.62, df=1, 

p=0.011; OR=1.7 95%CI (1.13-2.59)], while 

rs10465180 CC-homozygous presented 2.15 

times more risk of non-response than T-carriers 

[�
2
=9.39, df=1, p=0.002; OR= 2.15 95%CI (1.3-

3.55)]. However, only the last reported 

association remained significant after 

permutation (EMP1=0.003; EMP2=0.033). 

Haplotype analyses showed that the G-C-T 

haplotype composed by rs1619120-rs1778929-

rs10465180 was associated with better response 

(p=0.009; simulated p=0.009) while the G-T-C 



haplotype was associated with poor response   

(p=0.011; simulated p=0.011) (Table 2). No 

other significant results were found between any 

of the other analyzed polymorphisms and CLZ 

response. 

Our study analysed the role of genes related to 

HPA axis and neurotrophic factors in CLZ 

response.  

It has been shown that antipsychotics, especially 

atypical ones such as CLZ, may suppress HPA 

activity by reducing cortisol levels and this may 

be one component of the drug’s therapeutic 

action (Walker et al., 2008). The FKBP5 protein 

is of special interest since it modulates HPA 

axis reactivity via glucocorticoid receptor 

(NR3C1) sensitivity and signaling (Binder, 

2009). Moreover, the T-allele of the FKBP5-

rs1360780 has been associated with higher 

FKBP5 induction by glucocorticoids (Binder, 

2009). Our study has shown differences in 

allele, genotype and haplotype distributions of 

the FKBP5-rs1360780 polymorphism and CLZ 

response. Although the role of FKBP5 gene in 

treatment response has been widely 

demonstrated, especially in reference to 

antidepressants (Binder, 2009), there are no 

studies investigating the role of this gene in 

atypical antipsychotic response.  

With regards to neurotrophic factors, we did not 

find any associations between the BDNF 

polymorphisms investigated and CLZ response. 

This result agrees with a previous 

pharmacogenetic study which also failed to find 

association between the BDNF Val/Met 

polymorphism and CLZ response (Hong et al., 

2003). Interestingly, we found differences in 

allele, genotype and haplotype distributions of 

two NTRK2 polymorphisms (rs1778929 and 

rs10465180) between patients who responded 

and patients who did not respond to CLZ 

treatment. To our knowledge, these are novel 

findings and no other studies investigating the 

role of this gene and CLZ response have been 

reported.   

Our study has some limitations. The possible 

functional effects of some of the analysed 

markers are still under investigation. Response 

assessment was conducted retrospectively from 

medical notes which could produce 

inaccuracies. However, response assessments 

were conducted by two experienced researchers 

in order to minimise experimental background.  

Some of the allele and genotype associations did 

not survive multiple testing in our sample. 

However, subsequent haplotype analyses, which 

are considered a more powerful genetic and 

statistical approach, were in the same direction 

of these previous associations supporting our 

findings.  

In conclusion, our results suggest that genetic 

variants in the FKBP5 and NTRK2 genes may 

play a role in CLZ treatment outcome in 

schizophrenia patients. Our study provides 

evidence of the involvement of the HPA axis 

and of neurotrophic factor in modulating CLZ 

response. Further studies are necessary to 

confirm the reported associations. The detection 

of individual genetic differences in the response 

to CLZ may provide new strategies for the 

treatment of schizophrenia. 
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Table 1. Allele and genotype distributions of the polymorphisms analysed according to clozapine response. 

*Empirical p-values (EMP1, EMP2) of the significant p-values are reported in the text.  

Allele N 

 

Non-Responders (%) Responders (%) Allelic 

p-values 

Non-Responders (%) Responders (%) Genotype 

p-values 1 2 1 2 1 2 11 12 22 11 12 22 

FKBP5            

    rs3777747  A G 559 170 (59) 118 (41) 478 (57.6) 352 (42.4) 0.670 50 (34.7) 70 (48.6) 24 (16.7) 136 (32.8) 206 (49.6) 73 (17.6) 0.905 

    rs1360780  C T 582 189 (62.6) 113 (37.4) 597 (69.3) 265 (30.7) 0.03 63 (41.7) 63 (41.7) 25 (16.6) 203 (47.1) 191 (44.3) 37 (8.6) 0.022 

    rs17542544  A G 576 236 (79.2) 62 (20.8)  650 (76.1) 204 (23.9) 0.277 89 (59.7) 58 (38.9) 2 (1.3) 248 (58.1) 154 (36.1) 25 (5.8) 0.078 

    rs2766533  G A 584 158 (51.7) 148 (48.3) 436 (50.6) 426 (49.4) 0.751 39 (25.5) 80 (52.3) 34 (22.2) 114 (26.4) 208 (48.3) 109 (25.3) 0.655 

NR3C1            

    rs2963156  C T 579 236 (78.6) 64 (21.4) 685 (79.8) 173 (20.2) 0.665 94 (62.7) 48 (32) 8 (5.3) 272 (63.4) 141 (32.9) 16 (3.7) 0.696 

    rs1837262  A C 569 195 (66.8) 97 (33.2) 588 (69.5) 258 (30.5) 0.386 65 (44.5) 65 (44.5) 16 (11) 199 (47.1) 190 (44.9) 34 (8) 0.546 

    rs4634384  C T 583 164 (53.9) 140 (46.1) 440 (51) 422 (49) 0.383 38 (25) 88 (57.9) 26 (17.1) 105 (24.4) 230 (53.3) 96 (22.3) 0.391 

    rs4912910  G A 585 204( 66.7) 102 (33.3) 580 (67.1) 284 (32.9) 0.882 71 (46.4) 62 (40.5) 20 (13.1) 197 (45.6) 186 (43.1) 49 (11.3) 0.789 

BDNF            

    rs11030076  G A 584 153 (50.3) 151 (49.7) 451(52.2) 413 (47.8) 0.574 39 (25.7) 75 (49.3) 38 (25) 113 (26.1) 225 (52.1) 94 (21.8) 0.705 

    rs11030096  T C 579 174 (57.6) 128 (42.4) 453 (52.9) 403 (47.1) 0.159 50 (33.1) 74 (49) 27 (17.9) 114 (26.6) 225 (52.6) 89 (20.8) 0.301 

    rs6265  C T 586 250 (82.2) 54 (17.8) 696 (80.2) 172 (19.8) 0.435 104 (68.4) 42(27.6) 6 (4) 279 (64.3) 138 (31.8) 17 (3.9) 0.627 

    rs1552736  G A 572 177 (59.4) 121 (40.6) 521 (61.6) 325 (38.4) 0.505 57 (38.2) 63(42.3) 29 (19.5) 156 (36.9) 209 (49.4) 58 (13.7) 0.162 

NTRK2            

    rs1619120  G A 576 174 (57.6) 128 (42.4) 516 (60.7) 334 (39.3) 0.346 50 (33.1) 74 (49) 27 (17.9) 155 (36.5) 206 (48.5) 64 (15) 0.631 

    rs1778929  C T 581 139 (45.7) 165 (54.3) 461 (53.7) 397 (46.3) 0.016 35 (23) 69 (45.4) 48 (31.6) 123 (28.7) 215 (50.1) 91 (21.2) 0.032 

    rs10465180  T C 581 179 (59.3) 123 (40.7) 580 (67.4) 280 (32.6) 0.011 59 (39.1) 61 (40.4) 31 (20.5) 196 (45.6) 188 (43.7) 46 (10.7) 0.008 

    rs4388524  T C 582 225 (74) 79 (26) 639 (74.3) 221 (25.7) 0.921 83 (54.6) 59 (38.8) 10 (6.6) 239 (55.6) 161 (37.4) 30 (7) 0.951 



Table 2. Haplotype analyses according to clozapine response.  

Abbreviations: Freq: frequencies; n-Rp: non-responder; Rp: Responders; Sim: Simulated 

 

 

Haplotype Freq n-Rp : Rp (freq) p-values Sim p-value Global Score Statistics 

FKBP5 (rs3777747-rs1360780-rs17542466-rs2766533) - (D’=0.87; r
2
=0.52) 

GCAG 0.393 0.368 : 0.403 0.327 0.328 

Global-stat=11.71, df=7 

p-value =0.111 

Global sim p-value=0.123 

ATAA 0.252 0.265 : 0.246 0.455 0.454 

ACGA 0.198 0.176 : 0.204 0.209 0.209 

ATAG 0.073 0.103 : 0.061 0.016 0.017 

ACGG 0.035 0.031 : 0.038 0.804 0.803 

GCAA 0.032 0.037 : 0.029 0.554 0.579 

ACAA 0.011 0.004 : 0.014 0.348 0.356 

NR3C1 (rs2963156- rs1837262- rs4634384) – (D’=1.0; r
2
=0.24) 

CAT 0.482 0.462 : 0.490 0.381 0.392 Global-stat=3.32, df=3 

p=0.343 

Global sim p-value=0.334 

CCC 0.309 0.317 : 0.306 0.731 0.726 

TAC 0.205 0.214 : 0.202 0.658 0.658 

BDNF (rs11030076-rs11030096- rs6265) – (D’=0.89; r
2
=0.19) 

GCC 0.440 0.415 : 0.448 0.291 0.288 

Global-stat=6.85, df=5 

p =0.231 

Global sim p-value=0.228 

ATC 0.285 0.315 : 0.275 0.186 0.186 

ATT 0.186 0.176 : 0.189 0.662 0.66 

GTC 0.068 0.084 : 0.063 0.157 0.158 

ACC 0.013 0.008 : 0.015 0.348 0.373 

NTRK2 (rs1619120-rs1778929-rs10465180) – (D’=0.52; r
2
=0.21) 

GCT 0.499 0.434 : 0.522 0.01 0.01 

Global-stat=12.55, df=5 

p =0.03 

Global sim p-value=0.02 

ATC 0.247 0.262 : 0.243 0.437 0.44 

ATT 0.149 0.157 : 0.145 0.688 0.69 

GTC 0.085 0.121 : 0.073 0.01 0.009 

GCC 0.014 0.009 : 0.028 0.124 0.152 
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HHypothesis 1 “Genetic variability at genes of the endocannabinoid system will be 
associated to the lack of clinical response and/or remission to citalopram treatment 
in major depressive patients” was tested in the studies: 

- Mitjans et al., 2012. Genetic variability in the endocannabinoid system and 
12-week clinical response to citalopram treatment: the role of the CNR1, 
CNR2 and FAAH genes. Journal of Psychopharmacology, Oct;26(10):1391-8.  

- Mitjans et al., 2013. Screening genetic variability at the CNR1 gene in both 
major depression aetiology and clinical response to citalopram treatment. 
Psychopharmacology, Jun;227(3):509-19. 

Referring to hypothesis 1 the following results were found:  

In our first study (Mitjans et al., 2012), genetic variability at CNR1 (rs1049353), 
CNR2 (rs806368) and FAAH (rs324420) genes was analyzed in a sample of 154 
depressive patients treated with CIT and evaluated for clinical response (4th week) 
and remission (12th week). 

Clinical response was considered when a decrease of at least 50% in the Hamilton 
Depression Rating Scale (HDRS) baseline score was observed at 4th week. 
Following this criteria, 101 patients were classified as responders and 53 as non-
responders. Remission of the episode was considered when HDRS score was equal 

or under 7 by the end of 12th week of follow-up. In this sense, 99 patients were 
classified as remitters and 54 as no-remitters. 

Genotype distributions of all SNPs analyzed were in Hardy-Weinberg equilibrium. 
No significant differences were found when we compared genotype distribution of 

the 3 SNPs between responders/no-responders (4th week) or remitters/no-remitters 
(12th week) to CIT.  

The longitudinal 12-weeks follow-up of clinical response showed that rs1049353-
GG carriers presented a better response to antidepressant treatment compared to 
the rs1049353-A allele carriers (F(2.78, 270.4)= 2.914, p=0.038). Stratification for 

gender revealed that this effect is originated by the subgroup of male patients, 
being the GG-homozygous men who showed a better response along the 12 week 
follow-up (F(2.78, 270.4)=5.85, p=0.001). Regarding CNR2 gene, we observed that 
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rs806368-AA carriers presented higher scores on the HDRS scale tan G allele 
carriers along the 12 week follow-up (F(1, 104)=11.432, p=0.001). 

Based on the previous evidence, showing that rs1049353 polymorphism of the 
CNR1 gene seems to play a role in the response to CIT treatment, we proceed to 
further analyzed genetic variability at CNR1 gene (rs806368, rs1049353, rs806371, 

rs806377 and rs1535255) in the same sample of MDD patients (Mitjans et al., 
2013). 

Genotype distributions of all SNPs analyzed were in Hardy-Weinberg equilibrium. 
No significant differences were found when we compared genotype distribution of 
the 5 SNPs between responders/no-responders (4th week) to CIT.  

Significant differences in genotype and allele distributions between remitters and 

non-remitters at week 12 were observed for two SNPs at CNR1: rs806371 
(genotype: p=0.045; allele: p=0.016) and rs806368 (genotype: p=0.029; allele 
p=0.021). Indeed, TT-homozygous for rs806371 had nearly 3 times more risk for 

non-remission that G-carriers [p=0.012; OR=2.8 95% CI (1.14-7.01)], while TT-
homozygous for rs806368 had almost 2.7 times more risk of non-remission that C-
carriers [p=0.008; OR=2.64 95% CI (1.20-5.89)]. The haplotype analysis showed a 
significant association between the rs806371-rs1049353-rs806371 haplotype and 

remission (Global-stat=10.5; df=4; p=0.032; sim p=0.029), being the C-G-G 
haploblock less frequent in the non-remitters than in remitters (p=0.007; sim 
p=0.006).  

The longitudinal analyses of the clinical response to CIT showed significant effects 

of the rs806368 polymorphism. We observed that the C carriers presented a better 
response to antidepressant treatment along the follow-up than TT homozygous. 
Stratification for gender revealed that this effect is originated by the subgroup of 
male patients, being the C-carrier men who presented a better response along the 
12 week follow-up (F(2.76, 284.98)=3.233, p=0.026).  

HHypothesis 2 “Genetic variability at genes related to phosphoinositide (PI), 
glycogen synthetase kinase-3 (GSK3), hypothalamic-pituitary-adrenal (HPA) and 
glutamatergic pathways will be associated the lack of clinical response to Lithium 
in Bipolar Disorder patients” was tested in the study: 
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- “MMitjans et al. Submitted. Exploring genetic variability at PI, GSK3, HPA 
and glutamatergic pathways in lithium response: association with IMPA2, 
INPP1 and GSK3B genes. Submitted to Journal of Clinical 
Psychopharmacology”. 

Referring to hypothesis 2 the following results were found:   

Genetic variability at genes related to PI (INPP1, MARCKS, IMPA1, IMPA2, 
ITPKC PLCG1), GSK3 (GSK3B, GSK3A, CREB1), HPA (FKBP5, CRHR2, CRHR1) 
and glutamatergic (GRIA2, GABRB2, GRIK2, GRIK5) systems were analyzed. 

The efficacy of Li treatment was assessed according to the following criteria: (a) 
excellent responders (ER): patients presenting a 50% reduction of the episodes 
after the introduction of Li in monotherapy, (b) partial responders (PR): patients 

presenting a 50% reduction of the episodes after the introduction of Li but on 
polytherapy (other mood stabilizer, antidepressant or antipsychotics), (c) non-
responders (NR): patients who did not reduce at least a 50% of the episodes and 

patients who required electroconvulsive therapy. Following these criteria, 26 
patients were classified as ER, 62 as PR and 43 as NR to Li treatment.  

Genotype distributions of the SNPs were all in Hardy-Weinberg equilibrium. 
Significant differences were found in genotype and allele distributions when we 
compared the three different groups of Li responders for the rs669838 (IMPA2) 

(genotype: p=0.035; allele: p=0.015), rs909270 (INNP1) (genotype: p=0.038; allele: 
p=0.038), rs11921360 (GSK3β) (genotype: p=0.046; allele: p=0.0057) and 
rs28522620 (GRIK2) (genotype: p=0.048; allele: p=0.016) polymorphisms. P-values 
were not significant after permutation testing.  

Second, we pooled together PR and NR groups (PR+NR) and compared them to ER. 
The effect of the genetic distribution of previous associated SNPs on PR+NR versus 
ER was tested using a logistic regression model including suicidal behaviour as 
covariate. Results showed significant association for rs669838 (IMPA2) [β=2.31; 

p=0.021; OR=2.03; 95% CI (1.11-3.72); EMP1=0.018; EMP2=0.07], rs909270 
(INPP1) [β=2.58; p=0.009; OR=2.45; 95% CI (1.24-4.82); EMP1=0.008; 
EMP2=0.028] and rs11921360 (GSK3B) [β=2.84; p=0.004; OR=2.52; 95% CI (1.33-

4.78); EMP1=0.002; EMP2=0.011] with Li response (risk alleles: rs669838-C, 
rs909270-G and rs11921360-A). 
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Haplotype analysis showed an association of rs3791809-rs4853694-rs909270 

haplotype in INPP1 gene and Li response. Frequencies of the T-A-G haploblock 
were more frequent in the group of PR+NR (0.488) than in ER (0.306) (p=0.012; 
sim p=0.012). T-A-A haploblock, instead, was more frequent in ER than in PR+NR 

(0.241 vs. 0.12) (p=0.018; sim p=0.019). The rs1732170-rs11921360-rs334558 
haplotype in GSK3B was also associated with Li response (global p=0.002, global 
sim p=0.002). The C-C-A haploblock was significantly less frequent in the group of 
PR+NR (0.299) than in ER (0.552) (p=0.001; sim p=0.001).   

HHypothesis 3 “Genetic variability at genes related to neurotrophic factors and HPA 
axis will be associated to the lack of clinical response to clozapine in Schizophrenic 
patients” was tested in the study: 

- “MMitjans et al. Submitted. Hypothalamic-pituitary-adrenal system, 
neurotrophic factors and clozapine response: association with FKBP5 and 
NTRK2 genes. Submitted to Pharmacogenetics and genomics”. 

Referring to hypothesis 1.3 the following results were found:   

Genetic variability at genes related to the HPA axis (FKBP5 and NR3C1) and 
neurotrophic factors (BDNF and NTRK2) were analyzed. 

Clinical response was retrospectively assessed based on medical notes using the 
Global Assessment Scale (GAS) (Endicott et al., 1976). A 20-point improvement in 
GAS scores after a minimum of 3 months treatment with CLZ was considered as 

cut-off for response. According to these criteria, the sample was divided into 437 
responders (Rp) and 154 non-responders (n-Rp) to CLZ. 

Genotype distributions of all SNPs were found to be in Hardy-Weinberg 
equilibrium. Significant differences were observed for genotype (p=0.022) and allele 

(p=0.033) distributions of the rs1360780 (FKBP5) polymorphism between Rp and 
n-Rp. TT-homozygous presented 2.11 times higher risk of non-response than C-

carriers [�2=7.46, df=1, p=0.006; OR= 2.11; 95%CI (1.22-3.64)]. However, these 

associations did not remain significant after permutation analyses. The A-T-A-G 
haploblock composed by rs3777747-rs1360780-rs17542466-rs2766533 (FKBP5) was 
associated with non-response (p=0.012; sim p=0.013). 
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Regarding the NTRK2 gene, significant differences were found for genotype and 

allele distributions for both polymorphisms, rs1778929 (genotype: p=0.032; allele: 
p=0.016) and rs10465180 (genotype: p=0.008; allele p=0.011). The rs1778929 TT-
homozygous presented 1.7 times higher risk of non-response than C-carriers 

[�2=6.62, df=1, p=0.011; OR=1.7 95%CI (1.13-2.59)], while rs10465180 CC-

homozygous presented 2.15 times more risk of non-response than T-carriers 

[�2=9.39, df=1, p=0.002; OR= 2.15 95%CI (1.3-3.55)]. Only the last reported 

association remained significant after permutation (EMP1=0.003; EMP2=0.033). 
Haplotype analyses showed that the G-C-T haploblock composed by rs1619120-
rs1778929-rs10465180 was associated with better response (p=0.009; sim p=0.009), 

while the G-T-C haploblock was associated with poor response (p=0.011; sim 
p=0.011). 
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DDiscussion 

The present thesis, which can be framed in the field of pharmacogenetics in 

psychiatry, was aimed to study how genetic variability at genes related directly or 
indirectly to the mechanism of drug action explain variability in response to 

treatment. Specifically three hypotheses have been tested with the final result of 
four articles. Conclusions derived from these studies are discussed below followed 
by a global discussion.  

Citalopram response in Major Depressive Disorder 

It has been suggested the participation of the eCB system in the aetiology of 

MDD based on its participation in physiological processes altered in the disease 
(motivation, anxiety, cognitive and vegetative functions) (Hill and Gorzalka, 2005; 
Mangleri and Piomelli, 2007). Moreover, cannabinoid receptors and the enzymes 
involved in the synthesis and degradation of eCBs are located along 

neuroanatomical structures and circuits involved in MDD, including the prefrontal 
cortex, hippocampus, amygdala, hypothalamus and the forebrain monoaminergic 
circuits (Herkenham, 1991). 

The results of our studies in relation to CIT response showed that genetic 

variability at genes related to the eCB system could play a role in the 
understanding of clinical response to CIT treatment. As a summary, we found that: 
i) there was no association between clinical response at 4th week and genetic 
variability at CNR1, CNR2 or FAAH genes, ii) an association between CNR1 gene 

and clinical remission at 12th week was detected iii) an effect of CNR1 gene on 
longitudinal response (along the 12th week follow-up) was also found, and iv) CNR2 
gene was involved to the severity of the MDD episode.  

With respect to CNR1 gene, a significant effect of rs806368 and rs806371 

polymorphisms and the haploblock rs806368-rs1049353-rs806371 on remission was 
found. Moreover, the longitudinal study showed an influence of both rs806368 and 
rs1049353 polymorphisms (CNR1) on CIT response along the 12 week follow-up. 
The effect was clearly related to the male sample.  

With respect to the rs806368 polymorphism no association studies considering 

its role in clinical response to antidepressants have previously published; however 
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it has been involved in substance use disorder or cannabis dependence (Zuo et al., 

2007; Agrawal et al., 2009). Interestingly, the rs806368 polymorphism is located in 
the 3’-UTR region. The 3'-UTR region is considered a target region for miRNAs 
(short RNA sequences) that can regulate gene expression both at a transcriptional 

and translational level and mediate posttranscriptional gene silencing by directly 
binding this 3' untranslated region (UTR) of target mRNA (Fabbri et al., 2008).  

In relation to the rs1049353, several studies to date have examined its role in 
psychiatric illness, particularly MDD. Although some interesting results have been 
reported, the direction of the effect is still under investigation. Monteleone and 

colleagues have shown the contribution of the A allele to the probability of having 
MDD (Monteleone et al., 2010). More recently, one report has demonstrated the 
opposite effect of A allele in two separate populations: carriers of A allele are 

protected against the development of anhedonia and MDD in adult women 
following early life stress or abuse (Agrawal et al., 2012). However, this effect was 
not entirely replicated by a second group, although they did note that it was a 
moderate risk reduction in carriers of the A allele (Pearson et al., 2013). 

Specifically related to antidepressant response, Domschke and colleagues 

demonstrated that individuals carrying the rs1049353 G allele were more likely to 
exhibit antidepressant resistance than those with the A allele (Domschke et al., 
2008), suggesting that the A allele may confer greater antidepressant 

responsiveness. This effect was found primarily in women, and especially those 
that presented with melancholic depression with high anxiety (Domschke et al., 
2008). On the contrary, our results showed that GG homozygous men exhibit better 

antidepressant response than A allele carriers. Despite the gender and allele 
divergences, both studies indicate the involvement of CNR1 gene to antidepressant 
response (Domschke et al., 2008; Mitjans et al., 2012), suggesting that there may 
be some sexual divergence in the role of the eCB system in depression and 
antidepressant treatment. 

It might be hypothesized that gender differences in drug response could also 
reflect the differences that are found in the aetiology of MDD as physiological and 
epidemiological studies have shown (Biver et al., 1996; Weissman et al., 1996; 

Nishizawa et al., 1997; Kendler et al., 2001; Legato, 2010). Studies suggesting a 
role of estradiol in expression regulation of CB1 receptor mRNA (Gonzalez et al., 
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2000; Hill et al., 2007) could explain the differential response by gender found in 
our study.   

These opposite results related to the role of rs1049353 polymorphism in CIT 
response will require replication and have to be interpreted with caution. Some 
issues, which are globally discussed below in the global discussion, have to be 

considered since they should account for the contradictory results: the small 
sample size and the different definition of CIT response in the studies. In the study 
of Domschke and colleagues, clinical response was measured by the intra-
individual changes of HDRS scores over the 6 weeks study period (Baune et al., 

2008). Differently, clinical response in our study was transversally considered 
when a decrease of at least 50% in the baseline score was observed at week 4 
(Baumann, 1996). Clinical remission was also considered, when HDRS scores were 

equal or under seven by the end of week 12 (Frank et al., 1991). Interestingly, we 
also considered a longitudinal response based on HDRS change scores during the 
12 weeks of CIT treatment which inform about the clinical evolution to mid-long 
term.  

In relation to the fact that genetic variation at CNR1 gene can predict clinical 

remission but not the short term clinical response in our sample, it suggests that 4 
weeks is not sufficient either to determine whether or not patients will respond to 
treatment, or to predict clinical mid-long term evolution. These results seem to 

confirm what defends clinical practice: improving depressive symptomatology 
caused by antidepressants is slow, requiring usually 6-12 weeks to become 
apparent (Frazer and Benmansour, 2002).  

At molecular level, the rs1049353 polymorphism is a synonymous polymorphism 

that produces no change in the amino acid threonine at position 453 (Thr453Thr). 
Although synonymous SNPs have often been called silent or unable to affect 
functional changes, some reports indicate that there are several mechanisms by 
which they could bring about such changes. It has been suggested that silent SNPs 

can affect in vivo splicing events or protein folding and, consequently, the final 
protein function (Komar, 2007; Sauna et al., 2007). These may have important 
implications in biology and in the diagnosis and treatment of human diseases. 

Alternatively, these polymorphisms might not constitute the actual causative 
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variant, but rather reflect association of other polymorphisms in LD with this 
locus.  

Regarding CNR2 gene, we observed that rs2501432 was related to severity of 
depression, indicating that CNR2 gene appears to be more associated with severity 
of outcome of the disease than with CIT response. Specifically, rs2501432 G-allele 

carriers presented higher HDRS scores along the 12 week follow-up than AA 
homozygous. The rs2501432 polymorphism is a non-synonymous SNP leading to 
the amino acid substitution of glutamine by arginine at position 63 (Gln63Arg). 
Interestingly, a study has previously found an association between the rs2501432 

polymorphism and increased risk for depression in the Japanese population 
(Onaivi et al., 2008).  

Finally, we did not find association between FAAH gene (rs324420) and either 
response or remission to CIT treatment. The rs324420 is a non-synonymous SNP, 

which converts a proline residue to threonine (Pro129Thr). Expression studies have 
shown that individuals carrying this polymorphism may have approximately half 
of the enzymatic activity of FAAH (Chiang et al., 2004). This reduction in the 
activity of FAAH might increase levels of the endogenous cannabinoids AEA and 2-

AG, thereby increasing the activity of the eCB system. Animal models show that 
the inhibition of the FAAH enzyme has antidepressant effects (Gobbi et al., 2005). 
However, to the best of our knowledge, no studies have been previously reported 

relating the FAAH gene to antidepressant response. On a case-control study no 
significant differences in the genotype and allele frequencies of this polymorphism 
between MDD patients and healthy controls were found (Monteleone et al., 2010).  

With respect multiple testing correction two approaches were performed. In 

relation to our first study (Mitjans et al., 2012), we consider that there were likely 
to be excessively exclusive since the selection of the genetic polymorphisms, the 
sample size and the analyses performed had a directional hypothesis based on 
previous findings (Cardon and Bell, 2001). In the second study (Mitjans et al., 

2013), in which five SNPs in the CNR1 gene were analyzed, Bonferroni’s 
procedures were taking into account. The significant results referred to the single 
SNP analyses (rs806368 and rs806371) did not survive the correction. However, 

approaches including genotype carrier’s analyses or haplotypes survived multiple 
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correction, indicating the involvement of these polymorphisms in CIT remission in 
our sample.  

In conclusion, our results indicate that genetic variability at CNR1 gene play a 
role in CIT remission and CIT response along 12 week follow-up.  However, more 
studies are needed to replicate our findings and clarify the direction of the effect. 

Moreover, further studies are needed in order to analyze in depth the molecular 
variability associated with endocannabinoid genes in larger samples. New data 
could help to improve knowledge about the treatment response to antidepressants 
and also the aetiology of MDD. 

LLithium response in Bipolar Disorder 

The therapeutic action of Li in BD appears not to result from an effect at a 

single target site, but rather as the culmination of an integrated re-orchestration of 
a complex concert of events which effectively adjusts neuronal activity at multiple 

levels (Jope, 1999). The complex effects of Li stabilize neuronal activities, support 
neural plasticity, and provide neuroprotection. Three main interacting systems 
appear most critical: i) modulation of neurotransmitters by Li likely readjusts 

balances between excitatory and inhibitory activities, and decreased glutamatergic 
activity may contribute to neuroprotection, ii) Li modulates signals impacting on 
the cytoskeleton, a dynamic system contributing to neural plasticity, at multiple 
levels, including GSK3β, cyclic AMP dependent kinase, PKC, neurotrophic factors 

or HPA activity which may be critical for the neural plasticity involved in mood 
recovery and stabilization, (iii) Li adjusts signalling activities regulating second 
messengers, transcription factors, and gene expression (Lenox and Wang, 2003).  

Taking this evidence into account, our study analyzed the potential association 

of genetic variability at PI and GSK3 pathways, HPA axis, and glutamatergic 
system with Li response in BD. Our results showed that genetic variability at 
INPP1, IMPA2, GSK3β and GRIK2 genes could play a role in the understanding of 
Li response.  

Since the effect of Li on the PI pathway has long been considered one of the most 

important mechanisms of therapeutic action of this drug in BD, a large number of 
studies have tried to identify genetic variants within genes of this pathway which 
could predict response to Li. Our results are in line with these studies reporting an 
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effect of genetic variability at this system and Li response. Particularly, we found 

an effect of rs669838 (IMPA2) in Li response. The IMPA2 gene is located in a 
region thought to be a BD susceptibility locus (18p11.2) (Stine et al., 1995). A 
previous study showed two trends for association between two polymorphisms 

(rs3786282 and 599+97G>A) of this gene and response to Li in BD patients 
(Dimitrova et al., 2005).  

Our results also showed an effect of rs909270 (INNP1) in Li response. Another 
polymorphism in INPP1 gene, the C937A, has been previously associated with 
response to Li in a Norwegian sample but not in two independent samples (Steen 
et al., 1998; Michelon et al., 2006) . 

Regarding genetic variability at GSK3β gene, which encode for a key element in 
the mechanism of action of Li, we found association with rs11921360 and Li 
response. This association is in line with a previous study that found an effect of 

another polymorphism of the GSK3β gene in Li response (Benedetti et al., 2005). 
However, it was not confirmed in two other studies (Michelon et al., 2006; 
Szczepankiewicz et al., 2006).  

We found association between rs28522620 at GRIK2 gene and Li response. The 
GRIK2 gene had been previously reported as candidate gene conferring a 

predisposition to BD (Buervenich et al., 2003; Escamilla and Zavala, 2008). 
Association studies on glutamatergic system and Li response are scarce in the 
literature. Firstly, a GWAS showed that a SNP in the GluR2 gene was associated 

with the risk for recurrence among patients treated with Li (Perlis et al., 2009). 
Secondly, no association was found between GRIN2B gene and prediction of Li 
outcome (Szczepankiewicz et al., 2009a). 

In our study, genetic variability at HPA axis was not associated with Li 
response.  To the best of our knowledge, no other studies investigating the role of 

the same genes analyzed in our study related to the HPA system and Li response 
were available. The only study investigating genetic variability in genes involved to 
HPA axis did not find association between NR3C1 gene and Li response 
(Szczepankiewicz et al., 2011). 

Our study has some limitations. Due to the tertiary nature of the Bipolar 
Disorder Program, some of the subjects included in this study could be categorized 



Discussion and Conclusions 

159 

as difficult-to-treat patients, thus generalization of our results should be done with 

caution. Moreover, response definition was evaluated retrospectively, with the 
inherent limitations associated with recall bias, missing information, or the fact 
that the treatment has not followed a strict research protocol. The relative small 
size of our sample limits the power to detect small differences.  

The polymorphisms associated to Li response in our study are intronic. Recent 
data from the ENCODE (Encyclopedia of DNA Elements) project has revealed the 
importance of intronic and intergenic variants as regulatory elements of gene 
expression acting as microRNAs and/or epigenetic targets (ENCODE Project 

Consortium, 2012). Alternatively, as commented before, they might not constitute 
the actual causative variant, but rather reflect association of other polymorphisms 
in LD with this locus. 

In conclusion, our results indicate a possible role of genes related to PI (INPP1, 
IMPA2), GSK3β (GSK3B) and glutamatergic (GRIK2) pathways in Li response. 
Unfortunately, results about GRIK2 gene have not survived multiple correction, so 
we cannot conclude firmly its role in Li response.   

Our results should be interpreted cautiously taken into account limitations 
mentioned above. As Li response is a complex trait, further studies with larger 

samples well-characterized are warranted to assess the strength of the reported 
associations.   

CClozapine response in Schizophrenia  

It has been shown that antipsychotics, especially atypical ones such as CLZ, 

may suppress HPA activity by reducing ACTH and cortisol secretion in patients 
with SCZ (Zhang et al., 2005; Walker et al., 2008).  

Our results showed the involvement of the FKBP5 gene in CLZ response. 
Significant allele and genotype associations were found between the rs1360780 

polymorphism and CLZ response. The haplotype composed by rs3777747-
rs1360780-rs17542466-rs2766533 (FKBP5) was also significant being the 
haploblock A-T-A-G associated with non-response to CLZ.  
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Several lines of evidence suggest that the FKBP5 gene is an important 

functional regulator of the GR complex (Binder, 2009). The binding of FKBP5 to 
the GR complex decreases the affinity of cortisol binding, followed by a deficient 
receptor nuclear translocation, and therefore reduces GR sensitivity (Binder, 2009). 

It has been demonstrate that the rs1360780 polymorphism (FKBP5) has functional 
effects despite being located within intron 2. Interestingly, the rs1360780 T allele 
has been associated with higher FKBP5 induction by GR activation (Binder et al., 
2004). Although the role of FKBP5 gene in treatment response has been widely 

studied, especially in reference to antidepressants (Binder, 2009), there are no 
studies investigating its role in atypical antipsychotic response, so, we cannot 
compared our results. 

The levels of neurotrophic factors in schizophrenic patients have been reported 

to be altered. Recently, Zhang and colleagues have shown that BDNF levels were 
significantly lower in drug-free patients with SCZ (Zhang et al., 2012b). Lee and 
colleagues have also demonstrated that BDNF levels decreased significantly in 

unmedicated schizophrenic patients and elevated after successful antipsychotic 
treatment which parallel symptom improvement of the patients (Lee et al., 2011). 
Moreover, it has been reported that CLZ up-regulates BDNF mRNA expression in 
a preclinical study (Bai et al., 2003). BDNF functions through its high-affinity 

receptor NTRK2 (Squinto et al., 1991), which has also been found decreased in 
post-mortem schizophrenic subjects (Weickert et al., 2005). 

Our results did not show the involvement of any of the polymorphisms analyzed 
at BDNF gene and CLZ response. Our results agree with a previous 

pharmacogenetic study which also failed to find association between the BDNF 
Val66Met (rs6265) polymorphism and CLZ response (Hong et al., 2003). Contrary, 
a previous study found association between a BDNF microsatellite and 
antipsychotic response showing that the long alleles (172–176bp) were more 

prevalent among antipsychotic responders (Krebs et al., 2000). A more recent study 
also reported that the short allele was associated with poor response to risperidone 
(Xu et al., 2010a).  

Interestingly, we found differences in allele, genotype and haplotype 

distributions of two NTRK2 polymorphisms (rs1778929 and rs10465180) between 
patients who responded and patients who did not respond to CLZ treatment. 
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Previous studies have shown that NTRK2 gene polymorphisms rs2769605, 

rs1387923, and rs1565445 were associated with mood disorders or antidepressant 
response (Bremer et al., 2007; Smith et al., 2009; Li et al., 2013). As far as we 
know, no literature have reported the association between genetic variability at 
NTRK2 gene and either SCZ or CLZ response.  

Some of the allele and genotype associations in our sample did not survive 
multiple correction based on permutations. However, subsequent haplotype 
analyses, which are considered a more powerful genetic and statistical approach, 
survived multiple correction, indicating the involvement of these polymorphisms in 
CLZ response in our sample.  

One of the limitations of this study is the response definition. Response 
assessment was conducted retrospectively from medical notes which could produce 
inaccuracies. However, response assessments were conducted by two experienced 
researchers in order to minimise experimental background.  

In conclusion, our results suggest that genetic variants at FKBP5 and NTRK2 
genes may play a role in CLZ response in schizophrenic patients. To our 
knowledge, no other studies investigating the role of these genes in CLZ response 
have been reported. Present results should be regarded as preliminary and might 

represent a first step of future extensive research aiming to clarify the role of genes 
related to HPA axis and neurotrophic factors in CLZ response. The detection of 
individual genetic differences in the response to CLZ may provide new strategies 
for the treatment of SCZ, as well as, new knowledge about the aetiology of SCZ.  
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GGlobal Discussion 

The purpose of pharmacogenetic studies is to discover genetic predictors of 

treatment response with the ultimate goal of identifying the most effective and 
safest treatment for each individual. In the last few years, a large amount of effort 

has been directed in pharmacogenetics of mental disorders. In this sense, the 
candidate gene studies carried out to date have yielded a number of associations 
between the polymorphism of a given gene and clinical response to psychotropic 

drugs. New approaches such as GWAS have been appeared opening a new door in 
the investigation of the importance of genetic factors in the variability in 
psychotropic drug response. Unfortunately, both approaches have still lead to 
inconclusive results. Moreover, the vast majority of the genetic variants previously 

reported by candidate gene studies have not been replicated in GWAS. This lack of 
conclusive findings might depend on several methodological points; some of them 
will be discussed below. 

One very important issue in all genetic studies is the phenotype definition. 

Clinical response to treatment is one of the phenotypes of interest in 
pharmacogenetic studies. However, response criteria might vary from one study to 
another. Accordingly, if this criterion is not equivalent, then results should not be 

comparables between studies. This is an important matter that should be kept in 
mind when designing studies. 

Following the phenotype definition, clinical heterogeneity of the sample can both 
reduce the statistical power to detect true association and lead to the lack of 
replication between studies. In this sense, for example, antidepressants are used 

for the treatment of depression, anxiety as well as pain syndromes in a wide 
spectrum of psychiatric and neurological disorders. Even within a single DSM 
diagnostic criterion, it is hypothesized that several different pathophysiological 

disturbances can lead to different groups of patients. Paradoxically, recent studies 
showed the existence of common genetic pathways across psychiatric diagnoses. 
This indicates that pharmacogenetic studies as well as classical genetic risk factors 
studies have to deal not only to heterogeneity within a diagnostic but also with a 

probable shared etiology among psychiatric illnesses (Cross-Disorder Group of the 
Psychiatric Genomics, 2013). This biological overlap might partially explain the 
non-specific use of psychotropic among disorders opening the debate about 
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measuring response to a drug in a specific diagnostic or just measuring response to 
a drug in a diagnose-independent way.   

Additionally, treatment response to psychotropic medications, as well as mental 
disorders, is a complex phenotype. As a complex trait, drug response is influenced 
by a large number of genetic variables in conjunction with clinical, demographic 

and environmental factors. Factors including age, gender, disease severity, lifestyle 
habits (diet, smoking, alcohol consumption), concomitant treatments and 
comorbidities, may influence the way how a person reacts to a drug (Arranz and 
Kapur, 2008).  

Regarding the genetic factors, psychotropic medications may act on a large 

number of different molecular pathways to exert their therapeutic effect, and in 
turn they may be acted on by a number of different molecular pathways in the 
process of their absorption, distribution and elimination. Consequently, multiple 

variants in distinct and converging genetic pathways may independently and/or 
interactively contribute to a particular drug response (Ising et al., 2009; 
Horstmann et al., 2010). However, gene variants will only explain a specific part of 
global pharmacological response.  

In this sense, studies of pathway analysis, gene-gene interaction (epistasis) and 

gene-environment interaction have been recently started carrying out in the field of 
pharmacogenetics. Although the number of studies is limited and preliminary, 
these new approaches seem to be able to explain more about the complexity of drug 

response. Gene-environment interaction studies have been recently started mainly 
in the study of antidepressant response in MDD (Klengel and Binder, 2013; Uher, 
2014). 

Another important matter of concern is the relatively small size of the samples 
studied in candidate gene studies and their consequent insufficient statistical 

power to detect small to moderate genetic effects. The majority of the studies 
carried out to date have had rather small sample sizes and short periods of follow-
up, largely because it is costly and logistically challenging to ascertain and 

prospectively evaluate patients. To address this issue, efforts have been made to 
combine data across studies in meta or mega analyses. Although this approach can 
be a useful strategy, studies frequently differ so considerably in design, patient 
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populations and outcome measures raising serious questions about the 
comparability of results across studies. 

Limitations previously commented become even more evident when the 
pharmacogenetic approach is based in GWAS’ methodology. This design requires 
larger samples than candidate gene studies, patients need to have a specific 

diagnosis and have to be treated with the same drug. In this sense, the best 
strategy is to collaborate undertaking multicenter patient recruitment to improve 
sample sizes. In addition, the use of standardized protocols for defining drug 
response has to be an important part of this effort. In this sense, ConLiGen project, 

aimed to perform the largest GWAS to date focused on Li response, including a 
stringent phenotype definition of response (Box 3). All the patients included have 
been evaluated for their Li response using the ALDA scale (Grof et al., 2002), thus, 

obtaining a homogenous and comparable phenotype between all the samples 
included. Moreover, ConLiGen sample includes only patients with BD type I and II, 
excluding those Li treated patients with another disease phenotype.  

EEthnicity is another important issue in pharmacogenetic studies, since they are 
susceptible to a form of confounding known as population stratification. It refers to 

allele frequency differences due to ethnic and/or racial differences between 
responders and non-responders. Differences in genetic ancestry between studies 
can also lead to difficulties in replication. It has long been recognized that 

differences among ethnic groups in the functioning of the drug metabolism 
enzymes lead to variability in drug response to psychotropic agents. Genetic 
studies of CYP2C19 have found that 15-30% of specific Asian populations are PMs 

compared to 3-6% of Caucasians and 2-4 % of Africans (Ng et al., 2004). Moreover, 
pharmacodynamics also applies to the genetic subtypes of drug receptors or targets 
that can determine response to a particular drug. As example, the L allele of the 5-
HTTLPR gene in Caucasians is associated with better response to SSRIs, while in 

Asians the same allele is associated with poorer SSRI response (Porcelli et al., 
2012). 

Another confounding variable is the placebo effect that refers to a remarkable 
phenomenon in which a placebo (a fake treatment) can sometimes improve a 

patient’s condition simply because the person has the expectation that it will be 
helpful. Although researchers agree that this effect will never be completely 
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eliminated, it could be minimized. For example, clinical trials comparing efficacy of 

antidepressants versus placebo, have shown that 30% of depressive patients 
respond to placebo medication (Walsh et al., 2002). Moreover, it is known that 
clinical response could lack more than 6 weeks to become evident (Gelenberg and 

Chesen, 2000). Thus, long term follow-up designs will be useful to minimize the 
number of responders to placebo appearing along the first weeks of 
pharmacological treatment (Arias et al., 2003).  

Although some clinical applications from pharmacogenetics have been seen in 
some specific diseases, most notably cancer (Ventola, 2011), we are far from its 

application in the field of psychiatry. The biggest obstacle is that we still do not 
have a clear understanding of which genetic factors are underlying neither the 
treatment response to psychotropic medications nor the etiology of mental 

disorders. The studies carried out to date have yielded a number of associations 
between the polymorphism of a given gene and a clinical response to psychotropic 
drugs. However, as commented before, only a minority of them has been 

consistently replicated in subsequent studies. So, they do not point to any definitive 
associations that can be used with confidence to predict how a patient will respond 
to a particular treatment. 

Only one pharmacogenetic test has been approved by the FDA for clinical use in 

psychiatry (de LJ. 2006). This is the AmpliChip CYP450 Test marketed by Roche 

Molecular Systems, which includes software with an algorithm to predict CYP2D6 
and CYP2C19 phenotypes (i.e., PM, IM, EM, and UM) based on the identified 
alleles. However, there is insufficient evidence for clinical applicability of CYP 

genotyping prior to prescribing either antidepressants (in particular, SSRIs) or 
antipsychotics for their respective applications (Thakur et al., 2007; Fleeman et al., 
2010; Fleeman et al., 2011). 

In this regard, three key characteristics of a pharmacogenetics test are needed 
in order to its use in clinical practice: i) the analytic validity (the ability to detect 

different alleles accurately, ii) clinical validity (the ability to predict clinically 
meaningful outcomes) and iii) clinical utility (the ability to provide information 
that improves the risk/benefit ratio of clinical treatment).  
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As an example of the insufficient evidence for clinical applicability of CYP 

genotyping, the Center for Disease Control and Prevention (CDC) commissioned an 
independent panel to examine these three key characteristics of CYP450 
genotyping when prescribing SSRI antidepressants (EGAPP Working Group2007). 

They found a strong evidence for the analytic validity of CYP450 genotyping, but 
only marginal evidence for its clinical validity and almost no evidence for its 
clinical utility concluding there was, “insufficient evidence to support a 
recommendation for or against use of CYP450 testing in adults beginning SSRI 

treatment” (Thakur et al., 2007). Thus, until unambiguous evidence proves the 
clinical use of this and other genetic tests, caution is advised in their interpretation 
and application in health care management. Other pharmacogenetic tests 

including pharmacokinetic and pharmacodynamic targets are currently available 
in the market; however it has not been proven their efficacy in predicting clinical 
response to psychotropic drugs (Arranz and Gutierrez, 2011). 

In summary, part of the phenotype of psychotropic response, as other complex 

traits, is a product of interacting polymorphisms in multiple genes. However, the 
individual’s genetic makeup is not the only determinant of variable drug responses, 
which will provide information for just a part of the complex puzzle of clinical 
response to psychotropic drugs. Other factors, such environmental, 

sociodemographical and clinical, will be also necessary in order to understand the 
total phenotype. Inclusion of large cohorts and prospective trials conducted in 
multicenter collaborations with clear phenotypic characterization and ethnic 

homogeneity is also essential. Moreover, progress in technology is providing the 
opportunity to extend the study of biological predictors of psychotropic response 
from genetics to genomics and more in general to “omics” such as epigenomics, 
transcriptomics and metabolomics, thus providing additional knowledge on 
pathways relevant to drug response. 

Considering all the above, our hope is that pharmacogenetics may one day help 
to unravel the complexities of treatment response and also shed light on the 
mechanism, of mental disorders leading to a reduction in the burden of mental 
disorders and improving quality of life for patients, relatives and society. 
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CConclusions 

Our results focused in the analyses of genetic variability at genes coding for 

proteins involved directly or indirectly in the mechanism of action of psychotropic 
drugs let us to detect some minor and moderate effects of genetic variants that 

could explain, at least, part of the lack of response to these drugs. The main 
conclusions suggested by our studies are: 

Citalopram response in Major Depressive Disorder. 

1. Genetic variability at CNR1, CNR2 and FAAH genes are not associated 
with clinical response to CIT at 4th week.  

 
2. Genetic variability at CNR1 gene (rs806368, rs806371) is associated with 

clinical remission to CIT at 12th week. Individuals carrying the TT genotype 
showed an OR of 2.8 (rs806368) and 2.7 (rs806371) for non-remission of the 

depressive episode. The involvement of this gene was supported by the 
haplotype analysis (rs806371-rs1049353-rs806371) being the haplotype 
combination C-G-G less frequent in non-remitters than in remitters. 

 
3. The longitudinal study showed an influence of both rs806368 and rs1049353 

polymorphisms (CNR1) on CIT response along the 12th week follow-up. 
Regarding rs806368, C allele male carriers showed a better improvement of 

HDRS scores than TT homozygous. Regarding rs1049353, male GG 
homozygous showed a better improvement of HDRS scores than A allele 
carriers. Although the direction of the rs1049353 SNP effect differs to a 

previous study, both studies indicate the involvement of the CNR1 gene in 
CIT response. These results suggest some gender divergence in the role of 
the eCB system in MDD and antidepressant treatment. 

 
4. Our study shows the possible involvement of the CNR2 gene on the severity 

of the depressive episode. The AA homozygous for the rs806368 presented 
higher scores on the HDRS scale than G allele carriers along the 12 week 

follow-up. 
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Lithium response in Bipolar Disorder 
 
5. Our study shows the involvement of genetic variability at PI pathway in Li 

response. Specifically, the rs669838 (IMPA2) and rs909270 (INNP1) 

polymorphisms could explain part of the lack of response to Li treatment in BD. 
Individuals carrying A allele (rs669838) and G allele (rs909270) have an OR of 
2.03 and 2.45, respectively, for non-response. The involvement of INNP1 gene 
was supported by the haplotype analysis (rs3791809-rs4853694-rs909270) 

being the haplotype combination T-A-G more frequent in non-responders than 
in responders. 
 

6. We found association of rs11921360 (GSK3B) and Li response. Individuals 
carrying the A allele have an OR of 2.52 for non-response. The involvement of 
this gene was supported by the haplotype analysis (1732170-rs11921360-

rs334558) being the haplotype combination C-C-A more frequent in responders 
than in non-responders. 

 
7. Our data suggests a possible role of rs2852620 (GRIK2) in Li response showing 

significant differences in genotypic and allelic distributions between the 
different groups of Li responders. Further studies focused in glutamate system 

should be necessary to elucidate the involvement of this system in Li response. 
 
Clozapine response in Schizophrenia 
 

8. Genetic variability at FKBP5 (rs1360780) may partially explain clinical 
response to CLZ involving the HPA axis in the therapeutic action of CLZ. 

Carriers of TT-rs1360780 showed an OR of 2.11 for non-response to CLZ. 
The involvement of this gene was supported by the haplotype analyses 
(rs3777747-rs1360780-rs17542466-rs2766533) being the haplotype 
combination A-T-A-G more frequent in non-responders than in responders. 

 
9. Genetic variability at NTRK2 (rs1778929 and rs10465180) may partially 

explain clinical response to CLZ involving neurotrophic factors in the 

therapeutic action of CLZ.  Regarding rs1778929, TT-homozygous showed 
an OR of 1.7 for non-response. Regarding rs10465180, CC-homozygous 
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showed an OR of 2.15 for non-response. The involvement of this gene was 

supported by the haplotype analysis (rs1619120-rs1778929-rs10465180) 
being the haplotype combination G-T-C associated with non-response. 
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