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AMPOLLAS 
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HIDROCARBUROS POLIHALOGENADOS 

HEMO 

++ 

Estrógenos 
Alcohol 

++ 
�D-C�

���

���

21



� � �

� �

�*@<��&#$�+�$���75��

�

C�����$ �$!*��$" 7����������$�(�!$�����%��!��� ��%�������9��&"����%�+" �����

��� !��%�������
��.�����"�0"��������������!�!����"�%��!�!$!���������%�%���%������

�
��.�����!�$�"���������!����$!�����

�

9�%��������������$����� �������!����$�(�!$���&�����%"$��"���(�%�����%��

�� �����!+!�!%�%�$�*�!$������ ��%�%���������0"�������"%�������$!�� �����

����$!�����"��!� ��� ����(��$�������B���!$!*����������"�0"�����$�(�!$��

/�+! "����� ��%�+" ���������������'������#����%��!������7�����

�� ��B�"�� ���	�����

�

C�������!�!�������!$��+�B!��%������$�%�� ���%��������������$"�"�����������!���#�

���%"$���"������$$!*���� � *B!$��$��������$!*��%������$!������$ !'���%��

�B!�����0"��%�.����������+�������!�����������-� �����$$!*��������%"$����+���

 �%��+�2������B���!$!*��������$ ����%���"1�$�������! "%���%����%���� ����

�#�

��
����	���

�

-���(� �����7�����$"�� ������������!�!%�%�$" 7����#���������$!*��%�����������

 ������%��$�� ��!%���������������/��7 !$������1������� ��B�"�� ����

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

$�� ����%����� ��$"��$!*���0"��%�2���1�����$���$!$� �!$���� �*�!$����0"!� ���

�!�!�����#����$"�� ���� ��/!������/!���!���� �$!*���-B!� �������"%����"�! ��

�������1������� ��B�"�� ���#����"������$!�� ������!�����$��"�!���-��%��� ��$!���

22



� � �

� �

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

���!��+! ��!���C��/!����!���� �$!*��������%"$���������! �%�%��������$!�� ���#�

�"�%���%�� ���%!����� ����� ������$�(�!$��=� !����������������2!�����#�

���!��+! ��!������������ ��%������� !$"��%�����$!�����#���������7��%!�"����#�

�������!1�%����A ����/����1�������$"�� ������������!�����%��%�.���$ (�!$��

$�*�!$��#��� ���'�2�$!�!�� ��$" 7�����$������� ��!��%,��!$����"�%���+���'�����

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

$���%�����#�0"!� �����0"���������"$���"�%�� ������������$ ��%��������%��$" !��

���+�!%��!����

�

��7�!$���� �����/���%��$�! ���/�� �����"���
K�%��������$!�� �����$��+!���

��$����%���!��������������!���%�����$�+�1��#���� ���"���!���%��� ���$���$���"���

/!� ����(��!�%!� !��"!+���%��"�����$����%���!������������-� �����/��%��$�! ������

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

/!���!���� �%���!�%"��%���%�����%��!�!�����1������� ��B�"�� ����

����$!����� �����������!*������"�!$"����������%�����?�%���$"�����#�������%�����%��

�����������-�����$"����$�+���"%���� ������!������"�%������'�$���"��������$!��

$!$� �!$!���%��!�!$!�����������!*������ ����!� ���#��$$!�! �����"�0"�����'!���� ��

�"�%��/��������"����,�%!%��%!�"���%���$�+������3���$����!$�$!*��%���� ���7�����

�����������$!*��%��$��$!�!$�$!�����%!� �*�!$���#���'�$��������$!*��%��J�$�����

 *��!%������

�

�

�

23



� � �

� �

�*A<����$�+&%#$��'%�����	��

-�� �� ��!�� ���� 7�%���%�������9����+��������������!1�$!*��%�������(���

 ����," !$���G���+� ��(��H�#�%��!��+�2���%���� !���J%!$���G$����0"!�����
:�

�

��F���������/!%��B!$����0"!����

:�

���F������H����+��� �� ��!�� ���

�"�%���$��+!�����������$�����"!��"�����!$�$!����#���#��7���7�!%�������-� ���

 �� ��!�� ���$��%"$�����������!�!*��$�(�!$��#�+!�0"(�!$��%��� ��� �����

�� �+*�!$�������"���'�1��+��%���%����"�%������%"$!������$�(%���#��������

 �� ������� �����$!�� ��������$��!��%��"�����"!�!�� ��%������'!%��	��

A �������$ ��!���� �� ��%��� �� ��!�� ��#�0"��������"������$!�� ����"�%��

$�����"!��������!�!*��%������������%�%��������!� ��'��$!*����+���������$ �����%��

�!��������+����$����%���������+� ��$!*��%�����!���� ��%����$�/���#��� �*������

#����$���������$$!���%���'���������� �� ��!�� ��%�����!���$$!*������?���$���

!� �����*��#��!+�'!�!����9��+!,������$����2�+������"���%����%!%���%��

�� ���� �$$!*��������'! ������%����������%���"�'������!�����$" 7������!�� �������

����!�!���� ,��$ !'����

C��!�%!$�$!*��%�����������(�������$��$���������0"��������$!�� ���$�����+��$�����

�,��!$��#��"��� ��%���������! !����,�!$���&���B ������� �����
�#��

����%��

�������$�%��
:	��%(����/�� ��0"�����/������+!���#��������! !�������! J���������

�(�! ��!����!���%�����������!%�%�������� "��$!*��%�� ��������!���%��$!��%������

%�+�2��%���	�K��	����C����1*���"�%���� �����������"���%�������� !���J%!$������

������%��/�+���%���� ��%���"���!$�$!������/���!%�� �%�'(��+!����� �+��$!%�������

-����$��!����%���$$!*��%�����$����0"!�����������9�������+!���$���$!%�������

����$��0"���"��� ��(������B$��$!*��"�!���!��%������!�!��������������$�����2���

/!%�����"+����$�����������!�!����/��7 !$���#���$!�! ��%���"��!+���$!*���	���������

24



� � �

� �

�*B<��	��3��%#)%�+%'�'%�����(&�'���

�

C����9����/�����$!�%��$�7�!$���� ��$���� ������ ����(����$���������2���������

�"�"����! ��� ������(�%������/�������!���� !'�������$��$!�����/��� �$��"����#�

���%!�+� �������! "�� !�����G�6H�	���	��	
����"����%���� ������$!�$!�������%�(���

����$��"����������������$!�$!*����/��� �$��$!������������%!�+� ��� !�����"���

����$!*��$�����$����������!�!���-��/��� �$��$!��������$����$"��$!���������

��#��(��%������$�����������/��� ��� (��$�*�!$���������?�����

C��%!�+� ������/����$�� ��%�����$!�%��/�� �����"���	�K�%��������$!�� ���

���J������%!����� ������!���	��	��	�:���#��%��7�����/��'!� ��0"��������$!�� ���$���

��9� !��������$"�� ���� ��"��� ������$!�����������������"$���� �������� �� �%��

��+��$��������������%�'������	���
���:����-���� !'��%���� ����#������'����$!��%��

%!�+� �����������9��!�"���!��%��%��$���$!%���C������!+����$�"������%�(����������

������$!��%���" �$!���������������%�����/���$���� ��!���������$ �$!*��

�����0"!�� ����#�$��"����%���/(��%��#�%����7�$�������������$"�"��$!*��%��

/!��������������%,�!$! �%����1!����'! �����0"��$�� �����������"������� , !$��

/����#��������!��%�.��/��7 !$��$�*�!$��0"���$�+��(�����%"$!��%��"���

���!� ��$!�������!��"�!����9�%����� ���%� ����"�!�����0"��������$!�� ���$�����9�

�� ��(����7�����%!��"�� �����%����������� ��� ������%����� �+��!����%�����

��"$����G46�H��9�%��������� "%!������'!�����+�����9�#��6��� 7����!�� �%�����

$���$���������'����$!��%���� ���$!�����%����� �+��!����%�������"$�������

��$!�� ���$�����9�#����/�������!1�%��������!������� !'���� ��$�� ���	����
����:���

5���B!� ��/�� �������$/���!��J���� "%!��%!�!�!%����!�'�� !�������/!� ��!���� "����

�!�����$�"����%���� �����$!�$!*����

25



� � �

� �

�*C<���$� ($ ���'%����2�%�%#$%�$%�&��'�($�����

�

-�������� ���� "%!�����/������!1�%�����%����������$������$���!�"!�� ��

�"+�!$�$!*��%��%����� ($"������!�!������!�%����%!�� ��������0"��/������ !%��%��

"����!����$�/�� ��%����$!�� ����-�������!�������������/������!1�%��"���B �����

 ��+�2��%��$�!� !'��%�� �%��"�������!��$�/�� ��%����$!�� ���$�����9�G5L	��H��

#�$���%��$�!�$!*��%���J� !�����'��!�+���������(1�%�������!�������� ��%����� "%!��

����"�������'!%��$!��������$!�$!*��%�������9�#����� ��� ������%����� �+��!����

%�������"$����G46�H������ �����!��%����$!�� ����-� ��/����1����������'*������

���"�%����� ��%����� "%!�������!1�%��$����������J�����%����$!�� ���G"���

�"+$�/�� ��%���	���$!�� ��H������0"��/�+(����!%�����"!%���%"��� ��"�����!�%��

%�� !�������������%��GM�	
��.��H��-���� ����� ��/���������'�$/�%���"$/���

%������'��!�+������$��!%���%"��� �������!��������������� ��+!,�����/���$���%��

'��!�+�����"�'���'��'!��%������'!����%� ���%������"+$�/�� ��%���	���$!�� �����

�

�

�

�

�

�

�

�

�

�

26



� � �

� �

�

�

�

�

�

�

�

�

�

�

�

��<�,��8��������������D������D�������

�

�����

�

�

�

�

�

�

�

�

��

27



28



� � �

� �

,&2=$%�&��'%�$��4�E��3��4E%$&-���

�

0I�,&2=$%�&��

��

�����"�� ����B���!��$!��$�(�!$����������7$ !$����!� ��$!���%��������������!��%��

��$!�� ���'!�! �%����/������+���'�%��0"��$!�� ������!��� �$!�����$�(�!$���

$�7�!$���� ��%��$�! ��������"#���$�����$"�� ���#�0"���B!� ����������%��!�!$!��

%������������%�%�0"�������������/�+! "����� ��%��$�! ����-�����!+���0"�����

�$ "���%!���*� !$��#� �� ��!�� �����$�1��'! ���������!$!*��%��%� ���!��%���

�!�����#��(� �����$�7�!$�����������0"�����!���� �� ��!%�� !�!$�������

���!��� �$!������7�����$�$���%������������%�%��9��+!,��/��������$!+!%��

%!�����$!���$�(�!$����� �����B���

�

�

�4E%$&-��0=����$�!+!��%��������%� ����%���������!��� �$!�����$�(�!$���%�������9�

����� �����!��%��	�����$!�� ����$�������$!���,����!����������!�����#��(� �����

�7�����$�$���#�� (�!$������(�$�����������!�$!������%!�����$!����� �����B�����

���

�

�

�

�

�

�

29



� � �

� �

.I�,&2=$%�&��

�

-B!� �����$����� "%!���0"��%��$�!+������'��!�+!�!%�%������7�!$��%��������$ �����

%���!�����%�������9��&��%��$���$�����!���"��$!��%������%!� !� �����$ �����%��

�!�����������%����������%�������9�����"�� ���7�+! ��#�����%!�����$!����� ���

��B����

�

�4E%$&-��.*0=�����$���������'����$!��%������%!����� �����$ �����

%����$�%���� ���%����9�����"�� �����+��$!*���

�4E%$&-��.*.������$����!��B!� ���%!�����$!���������!���"��$!��%��������$ �����

%����$�%���� ������J�������B��

�

>I�,&2=$%�&��

�

&��%��$���$��������'����$!��%�������9����!�!���G;:��9H�����"�� �����%!��#��!�

�B!� ���$���$ ��(� !$���%!� !� ����� �����������������!�!�����#����������7%!$����

�

�4E%$&-��>*0=�$���$���������'����$!��%�������������/���%! ��!�������"�� ���

��+��$!*���#�������!�$!�������" �$!���������������%�����3@A:��

�4E%$&-��>*.=�%� ���!�����!��B!� ���%!�����$!����� ���������$ �����

%����$�%���� ����� ������;:��9�#����&:��9����

�4E%$&-��>*>=�����$�����!��B!� ���$���$ ��(� !$���%������������%�%�����$ �����

%����$�%���� ���0"���"%!�����$���!%�����������%!$ �����%�������������

���!�!�������

30



� � �

� �

@I�,&2=$%�&��

�

C����#��(��%�����!����"+�!$�%����+���'���"�����#������'����$!��%��%!�+� ���

�����$!�� ���$�����9�0"����������+��$!*�����������5�����$���$!%���������$!*��

�� ����, !$���� �����+����������%�%���#�����%��$���$���!������� ���$!�����

�� �+*�!$�������!���%�������9���%�(��� ���������$!*��$������%����������%��

%!�+� ����$�����$"���������$!�� ���$���/���$���� ��!��/���%! ��!�������

��$!�� ���$���� ����/��� ��� (�����������$"�����������'����$!��%��%!�+� ������

��#���0"����������+��$!*������������

-�$����$����� ��/!�* ��!���������+2� !'���"�%���� ���%��������"�%�������%���� ��

 ��+�2���0"����� ��%������!1����������$!*�� ���������� ��������9�#�����46�����

"����"+$�/�� ��G�	���$!�� ��H�0"��/����%!%���������"!%��%"��� �����������	
�

�.�����

�4E%$&-��@*0���� ���!����������'����$!���B�$ ��%�� ��� ������%����� �+��!����

%�������"$��������"�� ���$�/�� ��%����$!�� ���$�����9�#�$���!������!������#���

0"����������+��$!*����������%���"�� ����� �������

�4E%$&-��@*.=�-� "%!����� �����$ !'���� �����/!� ��!���� "����%���%����������%��

���%!�+� ���������$�� �B ��%�������9������ �����$!�� ������"!%���%"��� ���7��

%��	
��.���#�$���$����������$!*�� ���������� �����+��� ��� �������

�4E%$&-��@*>=�����$����!��B!� ���%!�����$!����������$���$ ��(� !$���#���$ �����

���$!�%����������9��� ��������"���0"��%����������%!�+� ���#������"���0"��������

%���������� ����"�����������"!�!�� ���$�������+2� !'��%��$���$����!��B!� �����J��

���!+�����$ ��������$�%���%���!�����0"�����%!����������%����������%�����

%!�+� �������� �����$!�� ����

31



32



� � �

� �

�

�

�

�

�

�

�

�

�

���<�������������

�

�

�

�

�

�

�

�

�

�

�

�

33



34



� � �

� �

���*0*��&�%!��'%��%�$ '&��3�2�(&%#$%��

-���� "%!���� 7�%!��.�%��$�����+���'�$!�����#��� �����$ !'������� ��%��%���

��������+��0"���G0"��$��������%�����$�%��"���%�������� ($"���H��C����!����������

�� 7�%!�!�!%������� "%!��%���������!��� �$!�����$�(�!$����+!�0"(�!$���#�%������

��$ �����%���!��������� �%�����$�/�� ����#������$ ������B��#� !���%������!�!��

G���!�!����������7%!$�H��-���+2� !'��%��������"�%������������ "%!����������$!*��

�� �����9�#�%!�+� �������0"��������$!�� ���%�����$�/�� ����������0"���"�����

���"!%���%"��� ���7�� !�������

�

����������!����������G��!������ ($"��H����!�$�"#��� �%���������$!�� ���$�����9�

0"��$����$" !'���� ��/����$"%!%�����&��'!$!��%������� ����(��%�������! ���

��(�!$�%"��� ��������!�%���

�:�

���-��"�� � ���%��	�����$!�� �������.�����

0"��'!'������)��$������������"�7������ �����! �����		��#��/�+(����!%��

%!����� !$�%���$����� ��!��!%�%�#��"�����'!�! �%����������'!�!*��#F�� �� ��!�� ��

#�������� �� �������"�����%!����� !$�%���%"��� ���� �����!�%���-��%!���*� !$��

%��!�! !'��%����9������ �+��$����� �%���������$!�� ������+����������

���!��� �$!�����$�(�!$���#����$���!���� ���������7�!�!��%���B$��$!*��%������!�!����

 �� �������!���$�������/�$����%��$�� 7�%����%���� ���������� ���� !����%��

����!�!�������$!����� ���������!�!��'��!��� ���-���� �*�� (�!$��%���B$��$!*��%��

����!�!���������!����"�����%��"���"��� ��%������!�!���� � ��������B�������%���

�"��� ��%��"������!�!����G!�*�����DH�#�/�� �����!�!����G!�*�����DDDH��C���

��$!�� �������'!�! �%������������ ��$�%�����������!�� ���������9��� 7��$ !'��

#���"����� ��$"��%��,� ���� ���������!�!*�� � ���G�"���$!��%���(� �����#�

����!�!���������!�����������H���

35



� � �

� �

�����������"�%�������G���"�%���� ($"��H����� !��%��%�����$�/�� ��!�!$!���%��	���

��$!�� ����/���������$$!���%��������� ���0"��������$!�� ���$���"����'��"$!*��

%�������9�#�"�����"!�!�� ������"�� ������'!$!��%"��� �����������	
��.���#�0"��

/�#����$"%!%�����������"���'�1�����.��������$�� ������������ ���"+��"���%��

��$!�� ���G�	���$!�� ��H�/�����%� ���!��%��$"����� ��(��� ��� ������%���

�� �+��!����%�������"$��������������� ��%����� "%!��������%� ���!������ ���

 ��� ������%����� �+��!����%�������"$������ ��/�����"��%������$�! ��!���%�����

���$!�$!*������!$����%���!�+� ���G���H�%��	��
��0"�����+�������������"$��!��

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

���%!�+, !$�����$�����"$��������#"������ ���%��GD;4H�$"��%�������� �+������

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

��F%C��<�/�����$���!%���%��$������$!�� ���$���%!�+� �������! "�����0"������

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

��#�����%��	�����F%C���������������"$��!������+���������#�����%���

�

��F%C�#��(� �����%��%!�+� ����"���%����%!$���� �����������%!�+� �����/!� ��!��

%��%!�+� ���%!����� !$�%������"���,%!$����

�

�

�

�

�

�

�

�

36



� � �

� �

���*.*��%(�7&'��'%�'�$���

�

&��/������!1�%��������'!�!*���B/�"� !'��%������/!� ��!���$�(�!$���%���� ���

��$!�� ������������$��!%�������!�"!�� ���%� ���������+��=��

�

�� �����!%��!��*�!$��=��

�����:�-%�%��$ "���G����������� ��%����� "%!�H�

�����:�&�B��

�����:��+"���%����$�/���GM��
���F%!�H����%!���*� !$��#������������%��� !�����

G+�+�%���������!� �� ��H���

�����:�D���� ��%���� �*������G�� !$��$�� !'������������ ����!����"� ! " !'��H�

�

�� ���$�(�!$����������$!*��$����������!�!�=��

�����:�-%�%������������ ��%���%!���*� !$���

�����:�9!����� ����$"��!%��%��%�����%!���*� !$��/�� ���������� ��%����� "%!��

�����:�9!����� ����$"��!%���!��%!���*� !$��G%��%�����!�!$!��%�������(� �����/�� �����

�"�%!���*� !$��%��!�! !'�H��

�����:�6��!��� �$!�����$�(�!$���%� ����%��N��

�����:�9!���%������!�!��G���!�!���'���"�������7%!$��������� "%!����1!�7 !$��#�

���, !$�H�

�����:�������$!��%��$!����!��/��7 !$��G$���!���%������+!���!��/��7 !$�H�

�����:�9�� ��!�� ������!1�%��������������!�!��G�� !���J%!$����������(��H��

�

37



� � �

� �

�����:�5J�����%����$�(%���+!�0"(�!$��NN���� � ���#���%!�������.��G�I���$�(%���

 � �����%!'!%!%��������� !����� ����$"��!%��%��%�����%!����� !$��%�������9H��

�����:�@��!�!�����$����� ������ ��!%��=�M�	
��.����!����$�(%���+!�0"(�!$���#�

���� �� ���!����$��!%�%�%�� �� ��!�� ��#��!���(� ������

�����:�������$!�����"���$!��%��!��"�!$!��$!��������$�*�!$�F/���%!7�!�!��

�

�� ����������$!*��$������%!�+� ��=��

:�������$!�������%�� ��� �����%����� �+��!����%�������"$����G���+������

$�! ��!���%���������%��	��
�0"�����+�������������"$��!������#"���H�

:��� �$�%�� ������!�!�����%����!�������%��%��%!�+� �����

:�D�%!$��%�������$��������GD6��L���������O��%!'!%!%����������� "������

�� �������$"�%��%�H���

�

�� ���%����+��� ��!�=��

� -B$��$!*��"�!���!��%������!�!�������%!���*� !$��

� �$ !'!%�%���! ��$! ��!��%�������1!���3@A:��

� ��7�!�!��%���" �$!�����%�������%�����3@A:���

� �� !$"������$�� ���?����?�)�#�?D��

� ;���! !������%!���*� !$��#� ��%��$!�������������%��� !����NNN�

� �&�9���C�9�#�449������������ ��%���%!���*� !$��#� ��%��$!�������

������%��� !����NNN�

� 4�"$��!���+�������

� ��7�!�!��%���" �$!�����%��������;-�%�����/���$���� ��!��/���%! ��!���

38



� � �

� �

N������������!��� �$!�����$�(�!$���%� ����%���/�����%!��.�%��"�����$����%��

���'�%�%�0"�����+�����������"���%���(� ����������� �����"���%��"���"� ��

$�%���(� ����#�$���"��!� ��'����%���"� "�$!*��$�(�!$��%��%�����
����	����������

G'���9�+���	����@��"� �%��H���

�

NN�&��%��!���$������$�(%��+!�0"(�!$����$"��0"!����"��� ��%����������!�!����

"�!���!���������$!���%����(�! ���������GM�

�����FCH���!�%����%!�� ���� ��%��

�����(� �����$�(�!$���

�

NNN������������7�� ����+!�0"(�!$����������0"���'��"������"� ��%��$!��������

 !�����#�������������������� ��%���%!���*� !$��G����! !����,�!$��#�

 ������!�����H�/�����$���!�!$�%���� �� ��%��$!����� ����$� ����(���=�G	H=�

�!����������������G�H=����'�$!*�������$�!�$!%!��%��$����$ !'!%�%�%���������!�!��#�

G�H=��!���������'�%���G���'�$!*���������������
K�%������%� ���!��$!������

!�$�"������������%�����!�!*��%���������!�!�H���

�

�

�

�

�

�

�

39



� � �

� �

���*>*��?$�'���'%���4���$��&��

�

C���B$��$!*��%������!�!���� � ����������!���/���!%��'�����%����%!�� ��

����$ ����"��!�� �!��G��%����;:�


P��! �$/!H�����������!1����� �� ,$�!$�����

��$��!������
�μ��%����!���#����%!�"#��������
����%��$���"���%��/!%�*�����G���H�

��
�5�#������"����$��$!������� !��� �����B$! �$!*�����������#���!�!*�����
������

C��$"�'��%��$��!+��$!*���������!1��$���%!�"$!�����7$!%���%��$��������!�!���DDD�

�� 7�%���G����/#�!�����%"$ ��D�$P�C������3 �/��--33P�
���μ�F������	���F��

���H��-��'�����%���������$!�:$�� ��%����������!�!���� � ����������!������%� ���!���

��Q��

�����FC���

C��$���!���$!*���+!�0"(�!$��%����� �*��%���B$��$!*��%�������!�!������!�*������

�����!����������!1*���%!�� �� ,$�!$���%��$���� �����!�����$�����!���G		��

��$!�� ���%!���*� !$�%����� ���	�

�#��

�H���$���� �����!���(0"!%��%���� ��

�����"$!*��G�����$!�� ���%!����� !$�%����� ����

��#��

�H�����J����� ,$�!$��

%��C!��#��� �����
��

C���$ !'!%�%���1!�7 !$�������! ��$! ���%�����3@A:�����/������!1�%���������	���

��$!�� ���$�����, �%��%��$�!+�%�������!%�� !�!$������!+��������������!�!�����

%����9�#����%� ���!�������������%��$��������!�!�*����������%������/����#�

�����!�!�������%��/������+!���G3F���+H��%���$"��%������� ,$�!$��%��$�! ������

6$6��"��#�$���+���%������	���

&��$���!%���������$!�� ���$����$ !'!%�%�+�2�����������(�! ��%��������!%�%���

�0"������0"�����J��"���$"�'�� !���@A��G��$�!'�������� !���$/���$ ��!� !$H��

%��$�! ��#��"+�!$�%�����'!���� �������"�� �����"���%�� ��+�2����G'����� ($"������

��$$!*���#%J��H� ��(���'�������%���$ !'!%�%���1!�7 !$���!����!��������3F���+��

40



� � �

� �

-���� �����$!�� ����������!1*��� "%!���,�� !$����%!�� �������7�!�!��%������

�B�����	:	
�%�������%�����3@A:���������$$!*�����$�%����%��������!���������

�%��7�� ��+!,���������!1*�������� !��%���� �%���������$!�� ���$����$ !'!%�%���

��1!�7 !$����� ������#����3F���+��#�%������������ ��!����	����$!�� ���$���

�$ !'!%�%���������$!���%�����3F���+�G-���� ��J� !�����"�����������$�� ������

�" �$!����H��

�

C����" �$!���������������%�� �������$���� ��!��$�7�!$���;-�G����<�#�����H�

�"����� ����!1�%��� ���J�� ����  ,$�!$��� %��$�! ��� ��� ���  ��+�2�� %�� 9���� #�

$���+���%�����		�

�

�

�

�

�

�

�

�

�

�

�

41



� � �

� �

���*@*��#1�&�&��%�$�'5�$&(��

�

&���/������!1�%��"����7�!�!��%��$�!� !'��%��$�%��"���%������'��!�+������$��!%����

-����7�!�!��+!'��!�� �����/�����'�%����$�+����%!�� �������!�"!�� ��� �� ��

�� �%(� !$��=�R����5A?��� �%��& "%�� �#� �� �%��$������$!*��%������������

�

&��/�������!1�%������7�!�!���"� !'��!�� ���$���������!*�����(� !$���3�����������

��!����������%����� "%!��#�0"��!�$�"#�����������%����9�G���!�!���'���"��

�����7%!$�H�$����'��!�+���%����%!�� ��#����������$!��%��!���$$!*������?����

��B����%�%�#��+"���%����$�/���$����'��!�+����!�%����%!�� ����-�����"�%��

��7�!�!���"� !'��!�� �����/������!1�%�������������"�%�������%����� "%!��#�/��

!�$�"!%�����������$!�������%�� ��� ������%����� �+��!����%�������"$����$����

'��!�+���%����%!�� ��#����������$!��%��!���$$!*������?������B����%�%��

�� �$�%�� ������!�!�����%���6��#� ��%��$!��%���������! !����,�!$�������� !�����

$����'��!�+����!�%����%!�� �����

�

9�%���� ����7�!�!���� �%(� !$�����/������!1�%����%!�� ��������������!�����7 !$��

&�&&�'���!���	��G&�&&�D�$���/!$�����--33H�#�����!'���%���!��!�!$�$!*���� �%(� !$��

���/���� �+��$!%����������Q�
�
���

�

�

�

�

42



� � �

� �

���*A*��%'&���'&�2�#&4�%��3�2��#�'%�$��4�E���%7 &'��

�

C�����$!�� ���/����!%��'!�! �%���#��� ��'!� �%����������%�$ ����%��#��������

����������������%���&��'!$!��%������� ����(��%�������! �����(�!$���������

$���"� ����B ������%���/���! ����-��%�$ ����%��/�� ��!%���$$����������/!� ��!���

$�(�!$���%�� �%����� �����$!�� ���#�/���!%�������$����%��%���"���'!�!*��

�B/�"� !'��#�%��!� ��%"$!������%� �����!��������"���+����%��%� ��� !����$$����#�

��� ��!����� �����"���+����%��%� ���%�� !���&�&&�������"���� ��!�����7�!�!��

�� �%(� !$����

�

-����7�!�!���� �%(� !$���������!1��$���������������&�&&�G'���!*��	�H�#�$������

$���+���$!*��%������5����!��6�������%���&���&�� ���������%��4������ ��%��

)��$��������

�

-����7�!�!��%����������!�!����#�����$ !'!%�%���1!�7 !$�����/��� (���/���!%��

����!1�%������������8��%!�9�:;!�"�����%���&��'!$!��%��)!�0"(�!$��%�������! ���

��(�!$�%��)��$������#�������7�!�!��%���" �$!�����%�������3@A:�����/�����'�%����

$�+����������������!��)�%������%���&��'!$!��%��4��, !$��%�������! �����(�!$�%��

)��$�������

��

-��������+���$!*���%�������� ($"����������"��"+�!$�$!*������%�$ ����%��/����$!+!%��

���$���+���$!*��%�������� ��!��4"!��+�� ��%���&��'!$!��%������� ����(��%���

����! �����(�!$���

43



� � �

� �

-�������'!�!*��$�( !$��%���������"�$�! ������'!������"��"+�!$�$!*��/������ !$!��%��

 ��+!,������������������������#�������8��%!�9�:;!�"�����������������"�%����� ��

%����� "%!��G���"�%���� ($"��H�����%�$ ����%��/��$�� �%���%��7���$������

��������!�� ��$!�� (�!$��%���������6�����! ��4!����1��%���&��'!$!��%��

-�%�$�!�����!��S�3�!%�%�%���!�+� ���%�������! �����(�!$�%��)��$��������

�

;!������ �������������������������/���"���'!��%��#�%!�!�!%��$�%��"���%���� ���

������/�� ���������!1�$!*���!����%����� ��!��%�$ �������

�

C������!1�$!*��%���� �� ��+�2��/���!%�����!+������$!���������!���$!�$!*����$!+!%����

 ��',��%�������!�"!�� ���+�$���%��!�'�� !��$!*�=�

�

:�����! �����(�!$�%��)��$�����������!��;!��%��@��!%��$!��-�!�!��C� �����

$��$�%!%���������������6".�1�&�� �����.���

��

:�)�$��;D&�G;��%��%��D�'�� !��$!�����&��! ��!��H��D
�F
	�
��$��$�%!%�����

����8��%!�9�:;!�"�������.���

��

�

�

�

�

�

�

�

44



� � �

� �

�

�

�

�

�

�

�

�

��<�����	����9��	���

�

������

�

�

�

�

�

�

�

�

�

�

45



46



� � �

� �

9�%���������$!�� ���/����!���%��"���/�2��%��$����� !�!�� ��!������%��%��%��

�������/���B��!$�%����� !���%���� "%!��#��"���+2� !'����#�%��%����������!%���"�

����+�$!*�������0"���"�%���������'!��%�������/!� ��!���$�(�!$���/���! ����!���

��� ��!��%�����$���!%��$!��!%�%�%������%� ����-���� "%!��������!� ��'��$!��!� ��

�!��B���!��� �������!��J������� ��#�������$!�� ���/�����%!%����'�$������

$"��0"!�������� ���"�$����� !�!�� �����$�� !�"�$!*������%2"� ���2������%�����

/�2��!������ !'��#�%���$����� !�!�� ��!������%������������$!�� ���#�$�+4&?#�

�%��'E #$�#������(%�$&)&(�'���'%�� ��2��4�(&=#�2���%��	�+&$?�'%�9$&(��

'%��,��2&$���	�&#&(�'%����(%��#�*�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

47



� � �

� �

,�D������
�����	�8
������	��
��������������

�5$ ��� '%�� %�$ '&�=� K��������� 	
��
��� ������ ��������	�� �� ����������

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

����
���	��������������	���������������L�

�

�#$��' ((&=#��&������!%��0"����� !$!������"�����#�$ ��������� "%!�����2�������$���$ ��(� !$���

%���"��������%�%��C���$��$�"�!�����0"������B ��!����%������#�$ ��!�'�� !��%�����%�(����"������

"�����2������� ���$�������!*��%�� ����������%�%�#������!���� !������%� ����� �����,%!$���%��

�"�'��� $���$!�!�� ��� #��� "%!���%�� ��+��� ��!�������� %!���*� !$�� #� ���"!�!�� ��%����$!�� ���

$����"� �%��

���2=�&$�� '%�� %�$ '&�=� -�� �+2� !'�� %�� �� �� �� "%!�� ��� ��'!���� #� ����!1���  �%��� ����

���!��� �$!�����$�(�!$���0"�� ���/�����'�$�%���"��������%�%�� 2"� ���� ��$��� ������ "%!���%��

��+��� ��!�� #�� ���$ !$�%��� #� �0"������ ��$ ����� %�� �!����� #�� $���$!%��� 0"�� ��� /��� '!� �� 0"��

�"�%���%����$�%������"��������%�%��

���(%'&+&%#$���'%��%�$ '&���&!�"� �%���� !$!�������� ���� "%!�����������%!�!$��7������%���"�

���"!�!�� ���!���� �� ��!�� ��0"����$!+!�7������"��������%�%���!����$��%"$ ��$�(�!$��/�+! "�������

��� �� %�� ���� �,%!$��� ��$����%��� %�� �"� $�� ����� -�� J�!$�� ���$�%!�!�� �� �%!$!����� 0"�� ���

����!1��7����7������'!�!*���B/�"� !'��%���"�/!� ��!����,%!$������������! �����(�!$���

���$&(&2�(&=#� %#� %�� %�$ '&��� C�� ��� !$!��$!*�� ��� ��� �� "%!�� ��� '��"� ��!��� 3� �%� ��%�7�

�+��%�����$"��%�����%�����#��!�� �����0"��%����B��!$�$!������&���$"��������"�%�$!�!*���,� �����

���$ ��7����"���!� ��$!���,%!$��/�+! "����!����������$!*��$��������,%!$����3� �%����7�!������%��

%��$"��0"!���%��$"+�!�!�� ���!��!�!$� !'������$!���%��$����"���� !$!��$!*���������� "%!����

�&%�7���'%��%�$ '&������/�#��!��J���!���������������$!�� ��

���&4�%�� 4%#%)&(&��� '%�&-�'��� '%�� %�$ '&��� 5�� ��� ���',�� ��� �B!� ��$!�� %�� +����!$!���

%!��$ ����� !���%!� ��������"� �%����� �"���� !$!��$!*�������� �$ "��� �� "%!���-�� $��+!��� � �!� ���

��%�(��� �+ ����� +����!$!��� �" "���� ��� ��� $���$!�!�� ��� %!���*� !$�� �� ���"!�!�� �� %�� ����

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

�

48



� � �

� �

	�
��
�����
����
��������

�

�

9( "��� %��� �� "%!�=� T��������� 	
��
��� ������ ��������	�� �� ����������

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

����
���	��������������	���������������U��

�

�

<������������������������������

����������������������������������G���+���#������!%��H�

�

�

• �����(%�����/�2��%��!������$!*��0"��������/���� ����%��

• �����%!%��/�$�������"� �����+�������� "%!���

• �����$!+!%���"�!$!�� ��!������$!*����+�������� "%!���

�

�

���/�+��%��$�����������������6".�1�&�� ��������������������

�������������������������������������������G���+���%���!�'�� !��%��H�

�

-� !��%��0"���!���� !$!��$!*�����'��"� ��!��#�0"��!���!$��0"���������� ��� �����

�$$����%��������%!��$!�%������� ��%���!��%� ���$�(�!$���#�0"���"�%�����$�����

�� ���%� ���#�����!1��������� "%!���+!�0"(�!$������������� "%!����

�

49



� � �

� �

-� !��%��0"���"�%���� !������%����� "%!�=�

�

	� �"��%����(����%������

�� &!�� �����0"��%����B��!$�$!������

�� &!��0"�������$" ������!���!� ��$!���,%!$���

�

�

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

�

�

�

� � � � � � � � � � � � �

���������;�$/��������������������������������������������������������;!����%������ !$!��� ��������

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

�

�

� � � � � � � � � � � � �

���������;�$/�������������������������������������������������������;!����%���!�'�� !��%���������

�

�

�

�

50



� � �

� ���

�



� � �

� ���

�



� � �

� �

�

�

�

�

�

�

�

�

�<����
�������

�����

�

�

�

�

�

�

�

�

�

�

�

�

53



54



� � �

� �

�

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

��	������

�

����	
��������
���
F�0�

�

��+&�&����#'��2���'&(�2��2G3�&��( $�#%��$��'���(�&#&(����#'�

4&�(G%+&(���)%�$ �%���#'��&�M�)�($����&#�0A.�2�$&%#$���

�������6".�1:&�� ��N���� ��!��4"!��+�� N��5����!��6�����NN��8��%!�9�:

;!�"����NNN�����!��)�%����NNN��-� �'�����V!$/N�#���������������N��

�%'&(&#%�:���$&+��%;*�./0/N�OP�BP<C@�

&��'!$!���%������� ����(�N��)!�0"(�!$��#�4��, !$������$"���NNN������! ���

��(�!$��)��$�������3�!'���! � �%��)��$�������D�D)��&�#�&���&�� ���������%��

4������ NN��)��$������

�

;�$ ���%��!���$ ���WA��
	
=�@*.AB��

G@��O!���	
F	�	�%���"�7����%��$���$!�!�� ���6�%!$!�������������!� ����H�

�$$,�! ��������!�����������6!�"������!2���
		�%������$�%��!��-���.����%��

����� ����(��#�?���������(�������2��� ��+�2���"+�!$�%�������" ���������.�����

%"��� ������.���
	
�

�

55



� � �

� �

���
��
�����	
���
F�0�

�%$�'���75���-� "%!���� �����$ !'��%��"������!��%��	�����$!�� ���

$����$" !'���$�������!�!��$" ����� ��%��0"���$"%!����������3�!%�%�%������!�!���

%�������! �����(�!$�%��)��$�������-���.���������$ "��!1����������!��� �$!�����

$�(�!$���%������������%�%�#��� "%!�������%!�����$!����� �����B�������������$!*��

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

��+��$!*����C�����$!�� ����"�����$���!�!$�%������������������7%!$��������!�!�����

%���$"��%��������$ !'!%�%���1!�7 !$��%�����"������!�!�*����:%�$��+�B!�����#�

 ��+!,���"����� !��%����

�%� �$�'����-���"�� ���$�/�� ����������!�!%�%�$" 7����#���������������������

�������"�����������!��� �$!*��$�(�!$���7�����$"�� ���C����"2����������� �����

$����7�����$"��$!��/!��� �!$��!����$!���G����KP��L
�

�H�����$ �$!*��%��7�����

%!����� �����������#�$����G����KP��L�
�

�H�#���"�! ��G�
��KP��L
�
�	H�

�����$ ��%������/��+���������"�� ������$!�� ����		��K���������� ��������!�!$!��

$�(�!$�� (�!$����!��%�����/!��� �!$��!����/!����!���� �$!*����$!���������!��� �$!*��

�7�����$"�� ������� ���$������-����7�!�!��%��������$ �����%���!�������� �*�"���

�� �����'����$!��%��!���$$!*������'!�"��%�����/��� ! !����G����KH�#��+"���%��

��$�/���G����KH���!��%����+����"$/���7�����$"�� ����������/��+����G�Q�


�

	H��-�������7�!�!���"� !'��!�� �������"���$!��%��!���$$!*������'!�"��%�����

/��� ! !�����"�����J�!$����$ ������%!$ ���%������������$!��%������������!�!�����

G�%%���� !���
�
�P���K�!� ��'����$���!��1���
�

�:
���H��

	�#(� �&�#%����C����������%�������� �$!*��� (�!$��%���� ������!�!��%�+�������

 ��!%������$"�� ��%��$���������'��!��"���� �����������%!���*� !$�����$�����

/!�$��!,�������������$��� �� ��%�����/��� ! !�������������$!�! �$!*��%�������������

�����7%!$����������� �� ��������(����$���"����� �����'����$!��%��/��� ! !��������

�"���$!��%���� ��!���$$!*�����"����$!�� ��$�������!�!��$" 7���� ��%��%�+��

/�$�����������$/���"������������!�!���%������������%�%���

�

56



Familial and Sporadic Porphyria Cutanea Tarda
Clinical and Biochemical Features and Risk Factors in 152 Patients

Carlos Muñoz-Santos, MD, Antonio Guilabert, MD, Nemesio Moreno, MD, Jordi To-Figueras, PhD,
Celia Badenas, PhD, Esteve Darwich, MD, and Carmen Herrero, MD

Abstract: Porphyria cutanea tarda is the most frequent porphyria and
occurs in both sporadic and familial forms. We conducted the current
study in a series of 152 consecutive patients with porphyria cutanea
tarda attending the Porphyria Unit of the Hospital Clinic of Barcelona,
Spain, to update the clinical manifestations of the disease and to study the
sex differences, the proportion of familial forms, and the role of different
risk factors in this population. Patients were classified as familial and
sporadic cases according to erythrocyte uroporphyrinogen-decarboxylase
activity and uroporphyrinogen-decarboxylase genotyping.

In our cohort, skin fragility and blisters on the hands were the most
frequent clinical manifestations. Women more frequently had facial
hypertrichosis (84.8%; p = 0.004), affected areas other than the hands
and face (33.3%; p = 0.008), and pruritus (27.3%; p = 0.041) compared
with men. Of our patients, 11.8% did not present the typical clinical
onset of the disease, with facial hypertrichosis and hyperpigmentation
the more frequent complaints in these cases. Analysis of risk factors
showed a high prevalence of hepatitis C virus infection (65.8%) and
alcohol abuse (59.9%), both being more frequent in men (p G 0.001).
Hepatitis C virus infection was the only risk factor that showed dif-
ferences between the sporadic and familial forms in the logistic regres-
sion model (odds ratio, 0.05; 95% confidence interval, 0.006Y0.46)

In conclusion, atypical forms of presentation of porphyria cutanea
tarda should be considered in order to prevent delayed diagnosis. We
note the sustained role of hepatitis C virus infection in the precipita-
tion of sporadic porphyria cutanea tarda. Therefore, in countries with
a high prevalence of hepatitis C virus infection, the absence of such
infection in a patient with porphyria cutanea tarda may suggest a possible
familial case.

(Medicine 2010;89: 69Y74)

Abbreviations: ALT = alanine aminotransferase, F-PCT = familial
porphyria cutanea tarda, GGT = gamma-glutamyl transpeptidase,
HBV = hepatitis B virus, HCl = hydrogen chloride, HCV = hepatitis
C virus, HIV = human immunodeficiency virus, PCT = porphyria
cutanea tarda, ROC = receiver operating characteristic, S-PCT =
sporadic porphyria cutanea tarda, U/mgHb = coproporphyrinogen
formed per hour per mg of hemoglobin, URO-D = uroporphyrin-
ogen decarboxylase.

INTRODUCTION

Porphyria cutanea tarda (PCT), the commonest porphyria, is
caused by the deficiency of the fifth enzyme in heme synthe-

sis, uroporphyrinogen decarboxylase (URO-D), resulting in the
accumulation of uroporphyrins in the skin and liver, producing
delayed phototoxic skin reactions and asymptomatic chronic
hepatopathy.25 Skin lesions consist of tense blisters and fragile
skin on light-exposed areas that heal slowly leaving atrophic
scars and milia cysts. However, some patients may not have
these characteristic lesions, potentially leading to delayed diag-
nosis, irreversible scarring, and liver damage.

PCT is a complex, multifactorial disorder with 2 main
forms: sporadic PCT (S-PCT or type I, 80% of cases) and
familial PCT (F-PCT or type II, 20% of cases). Both F-PCT and
S-PCT manifest clinically only when hepatic URO-D activity
is G30%.10,25 Heterozygous mutations in the URO-D gene
(chromosome 1p34) that impair URO-D synthesis or degrada-
tion in all types of cells form the genetic substrate of F-PCT.
However, heterozygous URO-D mutations reduce URO-D
activity only by about 50%, meaning they are necessary, but
not sufficient, to cause overt F-PCT.25 This may explain the
relatively high percentage of asymptomatic carriers of URO-D
gene mutations.2 As a result, additional genetic and environ-
mental factors are necessary to induce F-PCT.6 In S-PCT, re-
duced URO-D activity occurs only in the liver, by inhibition
or inactivation of the hepatic enzyme due to such factors, which
are the same for S-PCT and F-PCT and mainly include hemo-
chromatosis gene mutations, hepatitis C virus (HCV) infection,
human immunodeficiency virus (HIV) infection, estrogens, and
high alcohol intake.25 The distribution of these risk factors varies
widely between populations. For example, HCV infection is
much more common in PCT patients from Spain13 or the United
States5 than in patients from Argentina19 or Sweden.22

We conducted the current study to describe and compare
the clinical manifestations, biochemical features, and risk fac-
tors of a cohort of 152 patients from Catalonia, Spain, with
regard to sex and type of PCT (S-PCTand F-PCT). Our goal was
to detect features that may help to prevent delayed diagnosis
and to predict F-PCT in newly diagnosed cases.

PATIENTS AND METHODS

Patients
We included all PCT patients (n = 152) who consecutively

attended the Porphyria Unit of the Hospital Clinic of Barcelona
between 2004 and 2008. All patients were Spanish and lived in
Catalonia (northeastern Spain), mainly in the Barcelona metro-
politan area. PCT had been previously diagnosed in 113 patients
(between 1977 and 2004), and was newly diagnosed in 39 patients
(between 2004 and 2008). Written consent was obtained from
each patient.
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Data Collection
We reviewed clinical histories to retrieve epidemiologic in-

formation (for example, alcohol intake and estrogen use), PCT
signs and symptoms, age of disease onset, delay in diagnosis,
and laboratory findings. A clinical index including 16 items was
designed to assess the severity of PCT at diagnosis (Table 1).
Each item scored 1 point when present. Laboratory results
recorded at diagnosis included total urinary porphyrins;
serologic testing for hepatitis B virus (HBV), HCV, and HIV;
serum alanine aminotransferase (ALT), serum gamma-glutamyl
transpeptidase (GGT), serum ferritin, and fasting glucose levels.
URO-D erythrocyte activity, and URO-D and hemochromatosis
gene mutations were analyzed between 2004 and 2008.

Laboratory Methods
Total porphyrins were analyzed in a 24-hour urine col-

lection by spectrofluorometry (model F-2000; Hitachi). Fifty KL
of urine was diluted in 2.7 mL of hydrogen chloride (HCl) 2.7N,
and fluorescence was estimated with excitation set at 398 nm and
emission at 603 nm. A calibration curve was set with acid di-
lutions of a Coproporphyrin III standard (Porphyrin Products
Inc, Logan, UT; 0.5 Kg/mL in 1mol/L HCl). The reference value
was G300 nmol/L.

Biochemical confirmation of PCT pattern of porphyrins
and isomers in urine and feces was achieved by thin layer chro-
matography (113 patients diagnosed between 1977 and 2004)
or reverse-phase high-performance liquid chromatography of
urinary porphyrins according to Lim and Peters16 (39 patients
diagnosed between 2004 and 2008).

URO-D erythrocyte activity was measured in all patients
as a screening method for F-PCT according to McManus et al18

and was reported as pmoles of coproporphyrinogen formed per
hour per mg of hemoglobin (U/mgHb). Patients with low or

borderline URO-D activity, according to a previously constructed
receiver operating characteristic (ROC) curve and a cutoff point
of 39 U/mgHb (Badenas et al2), were genotyped. Exons
1Y10 of the UROD gene and the associated splice donor and
acceptor sites were analyzed by polymerase chain reaction as
described previously by our group.2 Hemochromatosis gene
mutations (C282Y and H63D) were analyzed as described by
Toll et al.26

Statistical Analysis
A descriptive analysis was performed on each variable. The

bivariate analysis was performed using the chi-square, ANOVA,
and Student t tests and the Pearson correlation. The final mul-
tivariate logistic regression analysis included the PCT form
(S-PCT/F-PCT) as the dependent variable and several factors,
such as HCV infection, sex, and alcohol abuse, as independent
variables. The SPSS program (v12.0, SPSS Inc, Chicago, IL)
was used, and the level of statistical significance was estab-
lished as p G 0.05.

RESULTS

Clinical Features
Detailed clinical manifestations are shown in Table 1. There

were 119 men (78.3%) (male to female ratio, 3.6:1). The mean
age was 60 years (range, 24Y86 yr). The mean age of clinical
onset was 45 years (range, 20Y74 yr). The onset of clinical
symptoms occurred at age 955 years in 75% of patients. The
mean delay in diagnosis was 19.9 months (range, 2Y120 mo).
The most frequent skin features at diagnosis were skin fragility
(86.2%) and vesicles and bullae (78.3%) on the dorsa of the
hands; 88.2% of patients presented with at least 1 such skin

TABLE 1. Detailed Clinical Features of 152 Patients With Porphyria Cutanea Tarda

Characteristic
Total Patients

No. (%)
Men

No. (%)
Women
No. (%) P Value

No. of patients 152 (100) 119 (78.3%) 33 (21.7%)
Mean age at onset (yr) 45.6 T 12.6 45.9 T 12.0 44.5 T 13.0 NS
Skin fragility on hands 131 (86.2) 103 (86.6) 28 (84.8) NS
Blisters on hands 119 (78.3) 96 (80.7) 23 (69.7) NS
Facial hypertrichosis 97 (63.8) 69 (58) 28 (84.8) 0.004
Facial hyperpigmentation 64 (42.1) 48 (40.3) 16 (48.5) NS
Milia cysts 50 (32.9) 38 (31.9) 12 (36.4) NS
Dark urine 48 (31.6) 38 (31.9) 10 (30.3) NS
Photosensitivity 44 (28.9) 36 (30.3) 8 (25.0) NS
Facial skin fragility 34 (22.4) 31 (26.1) 3 (9.1) 0.039
Hyperpigmentation on hands 27 (17.8) 23 (19.3) 4 (12.1) NS
Involvement of other areas* 27 (17.8) 16 (13.4) 11 (33.3) 0.008
Pruritus 24 (15.8) 15 (12.6) 9 (27.3) 0.041
Premature photoaging† 18 (11.8) 14 (11.8) 4 (12.1) NS
Facial blisters 18 (11.8) 12 (10.1) 6 (18.2) NS
Generalized hyperpigmentation 17 (11.2) 14 (11.8) 3 (9.1) NS
Hypertrichosis on hands 8 (5.3) 6 (5) 2 (6.1) NS
Sclerodermoid changes 2 (1.3) 1 (0.8) 1 (3) NS
Mean clinical score (0Y16) 4.92 T 2.3 4.84 T 2.4 5.21 T 1.9 NS

Abbreviation: NS = not significant.

*Involvement of other areas refers to typical signs of PCT (skin fragility or blistering) occurring in areas other than the hands and face.

†Premature photoaging includes either solar elastosis, cyst, and comedos or cutis rhomboidalis nuchae.
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feature. The mean clinical score of all patients was 4.92 (range,
0Y16), and 94% of patients had a score Q2.

Facial hypertrichosis (84.8% vs. 58%; p = 0.004), in-
volvement of areas other than the hands and head (33.3% vs.
13.4%; p = 0.008), and pruritus (27.3% vs. 12.6%; p = 0.041)
were significantly more frequent in women than in men. Skin
fragility on the face or scalp was significantly more frequent in
men than in women (26.1% vs. 9.1%; p = 0.039). Women had
less delay in the diagnosis than men (15.8 vs. 20.9 mo) and a
higher clinical score (5.21 vs. 4.84), although the differences
were not significant.

Atypical Cases
Nine patients (5.9%) were diagnosed without presenting

skin fragility or blistering. PCT was suspected due to raised
transaminases and iron overload (n = 3), generalized hyper-
pigmentation (n = 2), or periorbital hypertrichosis with facial
hyperpigmentation (n = 4). The mean level of urinary porphyrins
in these patients was significantly lower than in the rest of the
cohort (1692 nmol/L vs. 3859 nmol/L; p = 0.03).

These skin manifestations preceded skin fragility and
blistering (mean, 16 mo; range, 3Y48 mo) in 9 other patients.
Four women were on oral contraceptives. When facial hypertri-
chosis appeared, they were misdiagnosed with hirsutism, which
led their general practitioners to switch them to another con-
traceptive with a greater estrogen dose. Subsequently, they de-
veloped blisters and skin fragility on the dorsa of the hands
and were diagnosed with PCT.

In these 18 patients with an atypical disease onset (11.8%),
periorbital hypertrichosis was the first symptom in 7.9% of the
whole cohort and in 25% of the women.

Biochemical Data
Mean total urinary porphyrin excretion at diagnosis was

3715 nmol/L (range, 343Y19,476 nmol/L), with no significant
differences according to sex or the presence or absence of
specific risk factors. There was a significant correlation between

total urinary porphyrins and the clinical score at diagnosis
(Pearson R2 = 0.348; p G 0.001).

The mean ALT value was 96 U/L (range, 21Y448; normal
value, 5Y40 U/L), and 90.7% of patients had raised values. In
54.5% of patients, of whom 96.3% were HCV-positive, liver
transaminases remained elevated despite PCT treatment. Mean
GGT was 109 U/L (range, 18Y900; normal value, 5Y40 U/L),
with 82.6% of patients having elevated values at diagnosis. GGT
mean values were significantly higher in HCV-positive patients
compared to HCV-negative individuals (123.6 U/L vs. 80.4 U/L,
respectively; p = 0.044).

Serum ferritin was analyzed in 113 patients. The mean
value was 520 ng/mL (range, 75Y1421 ng/mL; normal values,
20Y300 ng/mL in men; and 15Y200 ng/mL in premenopausal
women). Seventy-four percent of patients had elevated serum
ferritin values, and 27% had persistent normal values despite
having 1 or more disease relapses. Conversely, 32.5% always
had elevated values despite treatment and clinical remission.
Comparing serum ferritin at diagnosis according to sex or
presence/absence of PCT risk factors showed no significant
differences.

Mean fasting glucose was 110.7 mg/dL (range, 75Y338;
normal value, 65Y110 mg/dL). Type 2 diabetes mellitus was
diagnosed in 36 patients (23.7%) with basal glucose levels
Q126 mg/dL in 2 determinations. Eighteen additional patients
(11.9%) had basal glycemic values between 110 and 125 mg/dL
and were considered to have a prediabetic status.

Risk Factors
Table 2 shows the distribution of PCT risk factors ac-

cording to sex. HCV infection was the most prevalent risk factor
(65.8%), especially in men (76.5% of men vs. 27.3% of women;
p G 0.001). Hemochromatosis gene mutations C282Yand H63D
were analyzed in 134 patients, of whom 64.9% carried at least 1
mutated allele: the most prevalent genotype was heterozygous
H63D (40.3%), followed by homozygous H63D (10.4%),
heterozygous C282Y (7.5%), and compound heterozygous
C282Y/H63D (6.7%). No patient was homozygous for the

TABLE 2. Risk Factors in 152 Patients With PCT

Characteristic
Total Patients

No. (%)
Men

No. (%)
Women
No. (%) P Value

No. of patients 152 (100) 119 (78.3) 33 (21.7) G0.001
HCV infection 100 (65.8) 91 (76.5) 9 (27.3) G0.001
HFE mutation* 87 (64.9) 65 (61.3) 22 (78.6) NS
C282Y/C282 genotype* 19 (14.2) 13 (12.3) 6 (21.4) NS
Alcohol abuse 91 (59.9) 82 (68.9) 9 (27.3) G0.001
URO-D mutation 25 (16.4) 11 (9.2) 14 (42.4) G0.001
HIV infection 14 (9.2) 13 (10.9) 1 (3) NS
Estrogen exposure† 12 (7.9) 0 (0) 12 (36.4) G0.001
HBV infection 2 (1.3) 1 (8.4) 1 (3) NS
Hemodialysis 2 (1.3) 1 (8.4) 1 (3) NS
Only 1 risk factor* 18 (13.4) 13 (12.3) 5 (17.8) NS
2 Risk factors* 60 (44.7) 48 (45.2) 12 (42.8) NS
3 Risk factors* 53 (39.5) 43 (40.5) 10 (35.7) NS

Abbreviations: See previous table.

*HFE mutations available in 134 patients.

†Estrogen exposure reported only in women.
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C282Y mutation. Alcohol abuse (Q50 g/d) was acknowledged
by almost 60% of patients (68.9% of men vs. 27.3% of women;
p G 0.001). Estrogens were an additional risk factor in 12 of
33 women (36.4%), with oral contraceptives being the source
in 7 (58.3%). HIV infection was reported in 14 patients (9.2%).
HBV infection and chronic hemodialysis were reported in only
2 patients respectively.

A total of 85.8% of patients had more than 1 putative risk
factor for developing PCT, while 13.4% had only 1 factor. The
most frequent risk factor combination was HCV infection plus
high alcohol intake plus any hemochromatosis allelic mutation
(24.6%), especially in men (30%). In women, risk factor pat-
terns were more dispersed, with the combination of hemo-
chromatosis gene mutations and estrogens (14.3%) being the
most frequent.

Familial PCT Compared With Sporadic PCT
Twenty-five (16.4%) patients harboring a mutation within

the URO-D gene were classified as F-PCT (mean erythrocyte
URO-D activity, 36.8 U/mgHb). The remaining 127 patients
(83.6%) were classified as S-PCT (mean erythrocyte URO-D
activity, 61.2 U/mgHb).

In Table 3 we compare epidemiologic, biochemical, and
PCT risk factors in F-PCT and S-PCT patients. The male to
female ratio was lower (p G 0.001) in F-PCT than in S-PCT (0.8:1
vs. 5.7:1). The only significant difference between S-PCT and
F-PCT with regard to skin features was a lower frequency of
hand blisters in F-PCT (81.9% vs. 60%; p = 0.015, data not

shown). There were no significant differences in the age of on-
set. Mean fasting glucose was lower in F-PCT (96.6 mg/dL vs.
113mg/dL; p = 0.002). HCV infection (16%vs. 75.6%; p G 0.001)
and alcohol abuse (40% vs. 63.8%; p = 0.027) were less frequent
in F-PCT patients. Of the F-PCT patients, 90% had at least 1 other
risk factor (besides URO-D mutations); the main pattern was the
combination of high alcohol intake and hemochromatosis gene
mutations (35%).

Applying different logistic regression models to predict
F-PCT cases showed only 1 significant association: the absence
of HCV infection (odds ratio, 0.05; 95% confidence interval,
0.006Y0.46).

DISCUSSION
We present one of the largest reported series of PCT

patients, with special emphasis on the clinical manifestations
and differences between S-PCT and F-PCT. PCT mostly pre-
sented in the fourth or fifth decade of life with skin fragility and
blisters on photo-exposed areas, particularly the dorsa of the
hands, consistent with the findings of the seminal paper by
Grossman et al12 in 1979 that included 40 patients studied be-
tween 1960 and 1976. However, the clinical profile of PCT
may have changed slightly in recent decades: some manifesta-
tions described by Grossman et al,12 such as scleroderma-like
changes (18%) or scarring alopecia (33%), were hardly found in
our series, perhaps due to earlier diagnosis (even though our
delay in diagnosis was 20 months). We believe that is a relevant
issue, since PCT reviews3,23 and medical textbooks continue to
reference the results of Grossman et al when describing the
prevalence of PCT cutaneous features, which might be inac-
curate for the current state of PCT. There is a lack of reports
providing a detailed analysis of the clinical manifestations of
PCT and comparing PCT in men and women.

Periorbital hypertrichosis was more prevalent in women
and as frequent as skin fragility on the dorsa of the hands.
Women presented more involved skin areas and more pruritus
than men, possibly due to clothes that protect fewer areas from
sunlight. Skin fragility on the face or head was significantly
more prevalent in men, probably due to beard shaving and
androgenetic alopecia.

Eighteen WatypicalW patients did not report skin fragility or
blisters as the initial PCT sign (50%) or never developed them
(50%). Facial hypertrichosis with facial hyperpigmentation (12
patients, 7.9%) and generalized hyperpigmentation (3 patients,
2%) were initial or isolated features of PCT in our cohort.
Some experts suggest that hypertrichosis is rarely a debut sign
of PCT,11 and indeed it was the first sign in only 2 reported
cases.4,21 However, in the current series, periorbital hypertri-
chosis was the initial sign in 25% of women (usually associated
with facial hyperpigmentation). Most of these women devel-
oped typical skin manifestations after exposure to estrogens,
usually after being misdiagnosed with hirsutism. As for gener-
alized hyperpigmentation, we could find only 1 case in the liter-
ature where this feature was the earliest cutaneous manifestation
of PCT.20 Physicians should therefore be aware of these PCT
presentations, which may be more common than previously
suggested.

Three of the 18 atypical cases were totally asymptomatic,
but presented with iron overload and increased transaminases
and GGT. We suggest urinary porphyrin screening in any patient
presenting with iron overload and abnormal liver test function,
regardless of HCV status. Atypical cases that were diagnosed
without presenting skin fragility and blisters had lower mean
levels of urinary porphyrins than stereotypical cases. As the

TABLE 3. Comparison Between Sporadic and Familial
Porphyria Cutanea Tarda Groups

Characteristic
S-PCT
No. (%)

F-PCT
No. (%) P Value

No. of patients 127 25
Men 108 (85) 11 (44) G0.001
Women 19 (15) 14 (56) G0.001
Male to female ratio 5.7:1 0.8:1 G0.001
Mean age at onset (yr) 45.7 44.9 NS
Total urinary porphyrins (nmol/L) 3514 4674 NS
ALT (U/L) 94 105.2 NS
GGT (U/L) 115.6 75.4 NS
Serum ferritin (ng/mL) 530.7 454.4 NS
Basal glucose (mg/dL) 113.1 96.6 0.002
HCV infection 96 (75.6) 4 (16) G0.001
HFE mutation* 73 (64.6) 13 (65) NS
C282Y/C282 genotype* 15 (13.1) 4 (20) NS
Alcohol abuse 81 (63.8) 10 (40) 0.027
HIV infection 14 (11) 0 (0) NS
Estrogen exposure† 7 (38) 5 (35.7) NS
HBV infection 1 (0.8) 1 (4) NS
Hemodialysis 2 (1.6) 0 (0) NS
Only 1 risk factor*‡ 16 (14) 5 (25) NS
2 Risk factors*‡ 55 (48.2) 13 (65) NS
3 Risk factors*‡ 39 (34.2) 0 (0) NS

Abbreviations: See previous tables.

*HFE mutations available in 134 patients.

†Estrogen exposure reported only in women.

‡Not including URO-D mutations.
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urinary level of porphyrins mirrors tissue deposits of porphy-
rins, our results suggest that full-blown PCT may develop only
when a critical amount of porphyrins is reached in the skin.
Furthermore, we found a significant positive correlation be-
tween total urinary porphyrin excretion and a 16-item clinical
score index in the whole cohort.

Most patients presented with raised levels of serum ALT
(91%) and GGT (82%). GGT values were significantly higher
in HCV-positive patients than in HCV-negative patients. As we
found in a different cohort,13 most HCV-positive patients did not
normalize liver transaminases after PCT treatment, suggesting
that liver changes in PCT patients with concomitant HCV infec-
tion are chiefly related to HCV and not to PCT. Serum ferritin
was elevated in most patients (74%) but did not parallel clini-
cal activity and was not associated with any specific risk factor.

We studied the prevalence of well-known risk factors. Most
patients had at least 2 putative risk factors for developing PCT,
with a high prevalence of HCV infection (65.8%) and alcohol
abuse (59.9%). Almost 50% of patients (58.5% of men) had
these 2 factors simultaneously. In women, URO-D gene mutations
(42.4%) and estrogen exposure (36.4%) were the most frequent
risk factors.

Few studies have compared F-PCT and S-PCT
patients.1,8,9,14,24 To our knowledge, only 1 study analyzed clinical
features,8 and others did not confirm possible F-PCT cases by
URO-D genotyping.9,14,24 The frequency of F-PCT in our patients
(16.4%) was slightly lower than the reported 24% in Danish8 or
53% in Norwegian patients,1 probably due to the higher preva-
lence of HCV in Spain.7,13

It is generally established that patients with F-PCT develop
overt clinical manifestations earlier than patients with S-PCT.1,11

Furthermore, higher values of total urine porphyrin excretion8

and liver porphyrin crystals24 are reported in F-PCT, suggesting
more severe URO-D deficiency. However, we found no signifi-
cant differences in the age of disease onset, severity of skin
manifestations, or total urine porphyrin levels between F-PCT
and S-PCT patients. In the bivariate analysis, F-PCT patients
had a lower frequency of hand blisters, HCV infection, alcohol
abuse, and male sex; and had lower mean fasting glucose.
However, in the multivariate analysis, the only factor that re-
mained predictive for F-PCTwas negativity for HCV infection,
in contrast to the results of Aarsand et al,1 who found that younger
age at diagnosis, male sex, high uroporphyrin to heptaporphyrin
ratio, and low alcohol consumption were predictors of F-PCT
in Norwegian patients.

A total of 35.6% of patients had diabetes mellitus (23.7%)
or prediabetes status (11.9%), an association observed in vary-
ing frequency in other reports,12,15,17,19,22 although its path-
ogenetic significance remains unclear. Although we did not
find significant differences in the diabetes prevalence between
patients with both types of PCT (data not shown), the higher
mean fasting glucose in S-PCT patients suggests that impaired
glucose metabolism could be linked to some factor overrepre-
sented in the S-PCT group.

In conclusion, in the current study we characterize the
clinical and biochemical features of a cohort of 152 Spanish
PCT patients with regard to sex, and describe atypical cases that
might help to prevent misdiagnosis. Although F-PCT features
may vary geographically, we believe that our predictive model
could be applied to other countries with a high prevalence of
HCV infection. We suggest checking for URO-D erythrocyte
activity in any HCV-negative PCT patient from these countries,
in order to detect hereditary cases and to prevent the de-
velopment of clinical manifestations of PCT in asymptomatic
famiial carriers by avoidance of risk factors.
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Summary

Background An association between porphyria cutanea tarda (PCT) and diabetes
mellitus (DM) is widely reported, but the pathogenetic link remains unknown.
Objectives To investigate the natural history of DM in the setting of PCT and to
determine which PCT features and risk factors may be associated with the devel-
opment of DM.
Methods This retrospective longitudinal study included 81 Spanish patients with
PCT with at least 10 years of strict follow-up. Patients attended our Porphyria
Unit for follow-up visits and the data were collected in the period 2004–2008.
We classified patients into two groups: patients with glucose metabolism altera-
tions (GMA: DM or impaired fasting glucose), and patients without. PCT features
and PCT and DM risk factors were retrieved from clinical charts and compared
between groups.
Results We identified 33 patients (41%) with GMA, of whom 27 (82%) developed
GMA a long time after the diagnosis of PCT (mean 12Æ7 years). In bivariate anal-
ysis, these patients had significantly higher mean serum ferritin at diagnosis (651
vs. 405 ng mL)1; P = 0Æ005), a higher prevalence of persistently elevated serum
ferritin (52% vs. 15%; P < 0Æ001 for trend) and a higher prevalence of family
history of DM (48% vs. 19%; P = 0Æ004). In multivariate analysis, persistently
elevated serum ferritin [odds ratio (OR) 10Æ66, 95% confidence interval (CI)
1Æ95–58Æ19; P = 0Æ006] and family history of DM (OR 4Æ82, 95% CI 1Æ34–
17Æ33; P = 0Æ016) remained significantly associated with the presence of GMA.
Conclusions GMA are highly prevalent in patients with PCT and mostly develop a
long time after the diagnosis of PCT. Persistent hyperferritinaemia seems to be a
risk biomarker of GMA in patients with PCT, probably in the setting of chronic
iron overload and hepatic inflammation. Strict long-term monitoring of glucose
metabolism and serum ferritin may be advisable in the routine follow-up of
patients with PCT.

Porphyria cutanea tarda (PCT), the most common form of

porphyria, is caused by a deficiency of the fifth enzyme of

haem synthesis [uroporphyrin decarboxylase (UROD)], which

produces an accumulation of uroporphyrins in the skin and

liver.1 It usually manifests in the fourth or fifth decade of life

with skin fragility and blisters on photoexposed areas and liver

dysfunction. Risk factors for PCT include UROD gene muta-

tions, hepatitis C virus (HCV) and human immunodeficiency

virus (HIV) infection, alcohol abuse, HFE gene mutations

(causing classic hereditary haemochromatosis, HH) and

oestrogen intake. Most of these factors are believed to alter

hepatic UROD function via an iron-dependent mechanism,

which explains the presence of iron overload parameters in

patients with PCT (e.g. increased serum ferritin).1 The most

effective treatment for PCT is phlebotomies, which act by

reducing iron overload. Antimalarials can be also effective,

although their mechanism of action is unclear.2

In past decades, several authors reported an association

between PCT and type 2 diabetes mellitus (DM), with DM

prevalences of up to 41% in PCT cohorts.3–11 A recent study

by our group detected a rate of DM of 23Æ7% in a cohort of

152 patients with PCT from Catalonia (Spain).12 These data
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suggest that patients with PCT are prone to carbohydrate

metabolism impairment. Although the pathogenetic mecha-

nism that could lead to DM remains speculative, some intrin-

sic features of PCT (porphyrin accumulation, chronic liver

damage, iron overload) or PCT-associated risk factors (e.g.

HCV and alcohol abuse) might act over time and contribute

to the development of DM in these patients.

The objective of this study was to analyse a long-term fol-

low-up cohort of patients with PCT and compare PCT- and

DM-related factors between patients with and without glucose

metabolism alterations (GMA), better to describe the natural

history of DM in patients with PCT and to clarify the mech-

anisms that may explain the association between the two

diseases.

Materials and methods

Study design and patients

In order to elucidate how DM is related to the natural history of

PCT, we analysed 81 patients from the aforementioned PCT

cohort12 with at least 10 years of strict follow-up without miss-

ing any routine visit. All patients lived in Catalonia (North-East

of Spain) and attended our Porphyria Unit for follow-up visits.

Data were collected in the period 2004–2008. Urinary porphy-

rin concentrations, serum ferritin and liver function were moni-

tored every 3 months as long as patients presented either

biochemical or clinical activity, and yearly once remission was

achieved (24-h urinary porphyrins < 300 nmol L)1).

Patients with abnormal levels of urinary porphyrins were

treated with oral low-dose chloroquine (100–200 mg twice

per week) or phlebotomies in cases with serum ferritin levels

> 500 ng mL)1 (normal values 20–300 in men ⁄postmeno-

pausal women and 15–200 in premenopausal women). Phle-

botomies (350–500 mL) were performed every 1–2 weeks

until PCT remission was achieved or haemoglobin levels

decreased to < 12 g dL)1.

Impaired fasting glucose (IFG) was defined as fasting glu-

cose levels of 5Æ6–6Æ9 mmol L)1 (110–125 mg dL)1) at two

or more different times and DM as fasting glucose ‡ 7

mmol L)1 (‡ 126 mg dL)1) at two or more different times or

random plasma glucose ‡ 11Æ1 mmol L)1 (‡ 200 mg dL)1)

and symptoms of hyperglycaemia, according to the 1997

American Diabetes Association (ADA) criteria. Diabetes mell-

itus medication use or self-reported physician diagnosis of DM

were additional criteria for DM. Patients with PCT were classi-

fied into two groups: patients with GMA (either IFG or DM)

vs. patients without. PCT features and PCT and DM risk factors

were compared between groups. The hospital ethics commit-

tee approved the study and written consent was obtained from

each patient.

Data collection

All patient data were collected from clinical charts. We

recorded age, gender, follow-up, age at PCT onset, clinical

severity at diagnosis (according to a 16-item score that corre-

lates with porphyrin excretion at diagnosis),12 treatment

(chloroquine or phlebotomy), alcohol abuse at diagnosis and

over time (> 50 g daily), oestrogen use and total and mean

yearly PCT relapses, defined as any new elevation of urinary

porphyrins > 300 nmol L)1. Long-term remission was defined

as the absence of relapses for ‡ 10 years. Laboratory tests at

PCT diagnosis included total 24-h urinary porphyrins, serum

alanine aminotransferase (ALT), serum c-glutamyltransferase

and serum ferritin. Data on hepatitis B and C virus and HIV

serology, HFE (C282Y and H63D) and UROD gene mutations

were also collected. Porphyrin laboratory studies and HFE and

UROD gene mutations were determined as previously

reported.12 Fasting glucose levels were measured at every visit.

Liver cirrhosis was demonstrated by liver biopsy. DM risk fac-

tors assessed included a first-degree family history of DM and

the body mass index (BMI): weight (kg) ⁄height (m2).

The long-term impact of iron overload and liver damage

was analysed using the trend of serum ferritin and ALT values

over time, with three categories for each parameter: (i) always

normal values; (ii) elevated values only during biochemical

activity of PCT; and (iii) persistently elevated values (elevated

in > 90% of determinations, including remission periods).

Statistics

A descriptive analysis was performed for each variable. The

bivariate analysis used the Student’s t-test, ANOVA and v2 test

as appropriate. The multivariate logistic regression model

included the presence of GMA as the dependent variable and

variables significant in the bivariate analysis or clinically rele-

vant as independent variables. The analysis was made using

the SPSS v12.0 (SPSS Inc., Chicago, IL, U.S.A.) program and

statistical significance was established as P < 0Æ05.

Results

The mean ± SD age of the study group was 64Æ1 ± 13Æ3 years

and 67 (83%) were male (Table 1). The mean ± SD follow-

up was 23Æ1 ± 7Æ6 years (range 10–35) with a mean ± SD

age at onset of PCT of 44Æ9 ± 12Æ6 years. The mean number

of PCT total relapses was 2Æ21 (range 0–8). The mean ± SD

BMI was 25Æ6 ± 3Æ9 kg m)2 and 25 patients (31%) had a

first-degree family history of DM. Although HFE gene muta-

tions were present in 72% of patients, genotypes causing HH

(C282Y ⁄C282Y or C282Y ⁄H63D) were not detected (data not

shown).

We identified 33 patients (41%) with GMA (DM, 25; IFG, 8).

Of these, 27 (82%) developed GMA after the diagnosis of

PCT, with a mean ± SD time of 12Æ7 ± 5Æ6 years (median 13,

range 3–24). Only three patients had DM prior to the diagno-

sis of PCT and three were diagnosed with DM and PCT at the

same time.

In the bivariate analysis (Table 1), mean age, gender, mean

follow-up, intrinsic PCT features, liver damage parameters,

BMI and PCT risk factors were similar in patients with PCT
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with and without GMA. There were no significant differences

with regard to treatment modality between groups. Patients

with GMA had significantly higher mean serum ferritin at

diagnosis (651 vs. 405 ng mL)1; P = 0Æ005) and a higher

prevalence of both persistently elevated serum ferritin (52%

vs. 15%; P < 0Æ001 for trend) and a family history of DM

(48% vs. 19%; P = 0Æ004).
The multivariate analysis showed that persistently elevated

serum ferritin [odds ratio (OR) 10Æ66, 95% confidence inter-

val (CI) 1Æ95–58Æ19; P = 0Æ006] and a family history of DM

(OR 4Æ82, 95% CI 1Æ34–17Æ33; P = 0Æ016) remained signifi-

cantly associated with the presence of GMA (Table 2).

Discussion

In the middle of the twentieth century, the idea of a possible

association between PCT and DM began to interest various

investigators worldwide.13–15 Subsequently, other authors not

only confirmed a higher prevalence of DM in patients with

PCT, but also detected abnormal glucose tolerance after oral or

Table 1 Comparison of patients with porphyria cutanea tarda (PCT) with and without glucose metabolism alterations (GMA)

PCT (N = 81)

PCT with GMA

(n = 33)

PCT without

GMA (n = 48) P-value

Age (years), mean ± SD 64Æ1 ± 13Æ3 65Æ4 ± 12Æ4 63Æ5 ± 14Æ1 0Æ57
Male, n (%) 67 (83) 30 (91) 37 (77) 0Æ11
Follow-up (years), mean (range) 23Æ1 (10–35) 22Æ5 (11–35) 23Æ9 (10–35) 0Æ45
PCT features

Age at onset (years), mean ± SD 44Æ9 ± 12Æ6 47Æ6 ± 11Æ5 43Æ6 ± 13Æ5 0Æ20
Clinical score (0–16) at diagnosis, meana 4Æ88 4Æ64 5Æ13 0Æ44
Total urinary porphyrins at diagnosis
(nmol L)1), mean

3213 3257 3190 0Æ91

PCT activity parameters
Total relapses, mean (range) 2Æ21 (0–8) 2Æ43 (0–7) 2Æ15 (0–8) 0Æ56
Relapses per year, mean ± SD 0Æ10 ± 0Æ08 0Æ11 ± 0Æ08 0Æ09 ± 0Æ09 0Æ33
Long-term remission, n (%) 35 (46) 10 (36) 25 (52) 0Æ17

Treatment
Antimalarials, n (%) 27 (33) 8 (24) 19 (40) 0Æ20
Phlebotomies, n (%) 54 (67) 25 (76) 29 (60)

Iron overload parameters
Serum ferritin at diagnosis (ng mL)1),

mean (median)

496 (423) 651 (586) 405 (325) 0Æ005

Serum ferritin trend over time, n (%)

Always normal 19 (23) 3 (9) 16 (33)
Elevated only during PCT activity 38 (47) 13 (39) 25 (52) < 0Æ001b

Persistently elevated 24 (30) 17 (52) 7 (15)
Liver damage parameters

Serum ALT at diagnosis (U L)1), mean 92Æ3 89Æ3 94Æ1 0Æ75
Serum GGT at diagnosis (U L)1), mean 83Æ9 76Æ3 88Æ8 0Æ50
Serum ALT trend over time, n (%)
Always normal 11 (14) 6 (18) 5 (10)

Elevated only during PCT activity 29 (36) 11 (33) 18 (38) 0Æ65b

Persistently elevated 41 (51) 16 (49) 25 (52)

Persistent alcohol abusers, n (%) 16 (20) 9 (27) 7 (15) 0Æ16
Liver cirrhosis, n (%)c 8 (10) 3 (9) 5 (10) 0Æ73

DM risk factors
Body mass index (kg m)2), mean ± SD 25Æ6 ± 3Æ9 25Æ9 ± 3Æ1 25Æ5 ± 4Æ3 0Æ60
Family history of DM, n (%) 25 (31) 16 (48) 9 (19) 0Æ004

PCT risk factors, n (%)

UROD gene mutation 17 (21) 7 (21) 10 (21) 0Æ87
HCV infection 55 (68) 21 (63) 34 (71) 0Æ49
Alcohol abuse 50 (62) 24 (73) 26 (54) 0Æ09
HFE gene mutationsd 55 (72) 24 (73) 31 (65) 0Æ55
HIV infection 1 (1) 0 1 (2) 0Æ44
Oestrogen intake 5 (7) 0 5 (10) 0Æ20

ALT, alanine aminotransferase; GGT, c-glutamyltransferase; DM, diabetes mellitus; HCV, hepatitis C virus; HIV, human immunodeficiency

virus; SD, standard deviation. aAccording to a previously reported 16-item score.12 bP-value for trend. cLiver biopsies performed in 45
patients. dAny HFE gene mutation (C282Y or H63D, available in 76 patients).
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endovenous glucose tolerance tests.4,5,16–20 However, these

studies failed to provide a plausible explanation for this obser-

vation and the issue gradually lost interest. Nonetheless, lead-

ing textbooks and reviews still list DM as one of the diseases

associated with PCT.1,21,22

A very recent study by our group, which included one of

the largest clinical cohorts of patients with PCT published so

far (152 patients, mean age 60 years), found a crude preva-

lence of DM of 23Æ7%, together with a rate of IFG of

11Æ9%.12 This latter percentage would have been higher if

we had used 100 mg dL)1 as the cut-off point to define

IFG, as recommended by the ADA in 2010.23 A population-

based study in our region, using the same DM diagnostic

criteria, revealed a crude prevalence of DM of 13%.24 When

comparing the prevalence in the most representative age

range of our PCT study (55–64 years) with that in the same

age range in the population-based study we still found nota-

ble differences (men 41%, women 33% vs. men 23%,

women 19%). In light of these findings, we considered that

the relationship between PCT and DM was worth revisiting.

We have carried out what is, to the best of our knowledge,

the first study aimed at elucidating the factors associated

with DM in patients with PCT.

As we were able to analyse a large cohort over a long per-

iod of time, we can provide new data on the natural history

of PCT with regard to its association with DM. We found that

GMA mostly appears a long time after the diagnosis of PCT

(mean 12Æ7 years). This suggest that strict long-term (and not

only at the time of the diagnosis of PCT) monitoring of glu-

cose metabolism (including a glucose tolerance test if neces-

sary) may be advisable in the routine follow-up of patients

with PCT and might permit early detection of DM.

After comparing the characteristics of patients with PCT

with and without GMA, we found no link between any PCT

risk factors or parameters related to PCT activity and chronic

liver damage and GMA. There was no difference in ALT levels

at diagnosis and over time between groups, which may be

due to the high prevalence of alcohol abuse and HCV infec-

tion in Spanish patients with PCT.12 There were no differ-

ences in the BMI between groups, suggesting that the BMI

may not be an important risk factor for DM in patients with

PCT.

The multivariate model showed that patients with PCT with

GMA more frequently presented persistently elevated values of

serum ferritin over time and a higher likelihood of presenting

a first-degree family history of DM.

The relation of hyperferritinaemia and DM has been widely

reported in the non-PCT literature.25–29 However, the exact

pathogenetic link is not well understood. Most of the data on

this field come from cross-sectional and case–control studies

where the directionality of the association cannot be estab-

lished. In some of these studies, ferritin was considered most

likely to reflect DM-related systemic inflammation as samples

were collected after the diagnosis of DM.27 Hyperferritinaemia

has also been found in patients with insulin resistance in the

absence of hepatic siderosis.30 In contrast, Jiang et al.27 pub-

lished in 2004 a prospective study including 32 826 healthy

women and they found that basal hyperferritinaemia and a

lower ratio of transferring receptors to ferritin (adjusted for

C-reactive protein) independently preceded the development

of DM. These results were later confirmed by another prospec-

tive study including 1277 healthy individuals.29 Results from

both studies point toward a causative role of iron overload in

the subsequent development of DM. Furthermore, it is known

that iron overload can cause DM in patients with HH.31 In

murine models, dietary iron restriction or iron chelation pro-

tects against diabetes and loss of beta-cell function.32 Excessive

iron can be deposited in the liver and pancreas and may cause

organ-specific oxidative damage by catalysing the formation of

hydroxyl radicals (a powerful pro-oxidant). In addition to the

intrinsic pancreatic damage, this process may lead to insulin

resistance in the liver, with eventual beta-cell failure and the

development of DM.27

Serum ferritin may also be raised in a variety of condi-

tions different from iron overload. Proinflammatory cytokines

in hepatic tissue have been found to regulate ferritin in the

liver by iron-independent mechanisms, therefore an increased

ferritin in serum may be associated not only with changes in

iron homeostasis but also with hepatic oxidative stress and

inflammation.33 However, there is strong evidence for a crit-

ical role of iron in the pathogenesis of PCT, with hepatic

iron overload in most patients with PCT.22 Liver biopsies

usually show siderosis,34 and depletion of hepatic iron by

repeated phlebotomies is an effective treatment for PCT.2

Table 2 Multivariate logistic regression model
using the presence of glucose metabolism

alterations as the dependent variable
Variable (vs. reference value) Beta P-value OR (95% CI)

Age 0Æ035 0Æ126 1Æ04 (0Æ99–1Æ08)
Family history of DM (vs. not) 1Æ573 0Æ016 4Æ82 (1Æ34–17Æ33)
HCV infection (vs. not) )0Æ921 0Æ152 0Æ39 (0Æ11–1Æ40)
Gender (male vs. female) 1Æ436 0Æ116 4Æ20 (0Æ70–25Æ24)
Serum ferritin elevated only
during PCT activity (vs. always normal)

0Æ470 0Æ548 1Æ60 (0Æ34–7Æ43)

Serum ferritin persistently elevated
(vs. always normal)

2Æ366 0Æ006 10Æ66 (1Æ95–58Æ19)

OR, odds ratio; CI, confidence interval; DM, diabetes mellitus; HCV, hepatitis C virus;

PCT, porphyria cutanea tarda.
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Accordingly, hyperferritinaemia in patients with PCT may

reflect both iron loading and the hepatic production of

acute-phase reactants.

We found no protective trend for phlebotomies against the

risk of DM. It might be argued that patients receiving this treat-

ment should have been better protected against DM, due to

their greater ability to reduce ferritin. However, our phlebot-

omy protocol was guided not by ferritin levels but mainly by

PCT activity, with phlebotomies being stopped when PCT bio-

chemical remission was achieved. Therefore, it seems that our

guidelines for phlebotomies may not have allowed long-term

ferritin normalization and DM protection. Nonetheless, extrap-

olation from our results suggests that, in patients (even those in

remission) with a marked trend to persistently raised serum fer-

ritin, effective suppression of iron stores by means of phleboto-

mies and close monitoring of ferritin might help to prevent

DM, as shown in patients with HH.31 This management could

be particularly intensified in patients with PCT with a first-

degree family history of DM and those with a prediabetic state

(patients with IFG or impaired glucose tolerance).

In summary, we investigated the natural history and mecha-

nism behind the known association between PCT and DM.

Our results suggest for the first time that persistent hyperferri-

tinaemia (maybe reflecting chronic iron overload, hepatic oxi-

dative stress and inflammation processes) is a risk biomarker

of GMA in patients with PCT. Further prospective studies with

larger samples analysing more of the known risk factors

for DM (steroids intake, diet, exercise or central adiposity),

inflammation parameters and better iron overload biomarkers

are needed to clarify the complex interrelation between PCT

and GMA and to determine if effective depletion of iron load-

ing, even during PCT remission periods, might help to pre-

vent DM in patients with PCT.

What’s already known about this topic?

• Diabetes mellitus (DM) is one of the conditions tradi-

tionally associated with porphyria cutanea tarda (PCT).

• The natural history of DM in patients with PCT and the

cause of this association remain unclear.

What does this study add?

• In the present study we show that glucose metabolism

alterations are highly prevalent in patients with PCT and

mostly develop a long time after the diagnosis of PCT.

• We also observed that persistently elevated serum ferri-

tin over time is an independent risk factor for DM in

patients with PCT.
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Identification and characterization of novel
uroporphyrinogen decarboxylase gene
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cutanea tarda patients and relatives
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decarboxylase gene mutations in a large series of porphyria cutanea tarda
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Porphyria cutanea tarda (PCT) arises from decreased hepatic activity
of uroporphyrinogen decarboxylase (UROD). Both genetic and
environmental factors interplay in the precipitation of clinically overt
PCT, but these factors may vary between different geographic areas.
Decreased activity of UROD in erythrocytes was used to identify patients
with UROD mutations among a group of 130 Spanish PCT patients.
Nineteen patients (14.6%) were found to harbor a mutation in the
UROD gene. Eight mutations were novel: M1I, 5del10, A22V, D79N,
F84I, Q116X, T141I and Y182C. Five others were previously described:
F46L, V134Q, R142Q, P150L and E218G. The new missense mutations
and P150L were expressed in Escherichia coli. D79N and P150L resulted
in proteins that were localized to inclusion bodies. The other mutations
produced recombinant proteins that were purified and showed reduced
activity (range: 2.3–73.2% of wild type). These single amino acid changes
were predicted to produce complex structural alterations and/or reduced
stability of the enzyme. Screening of relatives of the probands showed
that 37.5% of mutation carriers demonstrated increased urinary
porphyrins. This study emphasizes the role of UROD mutations as
a strong risk factor for PCT even in areas where environmental
factors (hepatitis C virus) have been shown to be highly associated
with the disease.
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The porphyrias are a group of metabolic diseases
that arise from disturbances in heme biosynthesis
(1). Porphyria cutanea tarda (PCT; OMIM
176100), the most common form, arises from
a deficiency of uroporphyrinogen decarboxylase
(UROD), the fifth enzyme of the heme synthesis
pathway (2). In overt PCT, there is accumulation
of uroporphyrinogen and other polycarboxylated
intermediates in the liver that are oxidized to the
corresponding porphyrins. These are then
released from the liver and circulate in plasma
where they become phototoxic on sun-exposed
areas, leading to formation of the bullous lesions

and hypertrichosis associated with the clinical
phenotype of PCT (3).
At least two variants of the disease exist, desig-

nated types I and II. The most common form is
type I (sporadic PCT, S-PCT) in which UROD
deficiency is restricted to the liver. In type II
(familial PCT, F-PCT), transmitted as an auto-
somal dominant trait, mutations in the UROD
gene are present and enzyme activity is reduced
in all tissues. Variable clinical expression is seen
in F-PCT and in the absence of aggravating
factors is rarely sufficient to trigger an active
phenotype.
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Several environmental factors have been shown
to precipitate overt clinical PCT in both F-PCT
and S-PCT, including alcohol abuse, chronic hep-
atitis C virus (HCV) infection and use of oral es-
trogens (3). Mutations in the hemochromatosis
gene (HFE) facilitate hepatic siderosis that is rec-
ognized as a significant risk factor for developing
PCT (4).
In overt PCT, the catalytic activity of UROD in

the liver decreases to�20% of normal without an
apparent change in protein level. Similar observa-
tions have been reported in chemically induced
porphyria in rodents. The conclusion from these
studies was that a heat-stable competitive inhibi-
tor of UROD is formed in vivo by a cytochrome
P450-dependent mechanism (5, 6).
The human UROD protein (accession number

NP_000365) is a cytosolic homodimer that cata-
lyzes the sequential decarboxylation of four ace-
tate chains of uroporphyrinogen to form the
tetracarboxylic coproporphyrinogen. The amino
acid sequence is highly conserved among species,
and the crystal structures of both human and
tobacco UROD have been solved (7, 8). The two
structures are very similar with respect to the over-
all fold.
The human UROD gene has been cloned,

sequenced and mapped to the short arm of chro-
mosome 1 (1p34). The gene is �3.4 kb and has 10
exons (9). Approximately 70 different mutations
have been identified in UROD that associate with
F-PCT or the homozygous variant of PCT named
hepatoerythropoietic porphyria [HEP; (10)].
In this study, we examined a series of Spanish

PCT patients, mainly from the northeastern
Mediterranean area (Barcelona). In this region,
the high prevalence of chronic HCV infection
has been shown to significantly contribute to the
appearance of S-PCT (11). Among this cohort of
PCT patients, we characterized new mutations in
the UROD gene, studied the pathogenicity of the
new mutants and explored the complex structural
and functional consequences of single amino acid
substitutions in the UROD protein. We also
screened family members in search of silent muta-
tion carriers that may present alterations in the
porphyrin excretion profile.

Materials and methods

Subjects studied

We studied 130 patients with suspected PCT who
were referred to the Dermatology Unit, Hospital
Clinic of Barcelona (Spain) during the period
2004–2007 for diagnosis or follow-up. There were
100 men and 30 women, Spanish Caucasians, liv-

ingmainly in the area of Barcelona. A diagnosis of
PCT was established on clinical grounds and con-
firmed by biochemical analysis of urine and feces.
The mean age was 61 (range: 25–86 years). The
average age at the clinical onset of disease was
44.8 (range: 22–74 years), with no significant dif-
ferences between men and women.
All patients showed a positive response to stan-

dard treatment of PCT. A clinical history and
a lifestyle questionnaire were given to all patients
with data including age at onset of the cutaneous
symptoms, associated diseases, family history,
estrogen use and drug and alcohol consumption.
Additional biochemical and genetic data for most
of these patients were available including serum
markers of HCV infection, markers of hepatic
iron status and presence or absence of mutations
in theHFE gene (C282Y and H63D). All patients
were asked to enroll in a study that would include
further biochemical analysis of urine porphyrins,
erythrocyte UROD activity and sequencing of the
UROD gene.
Additionally, 39 relatives of 12 probands were

also genotyped and their urinary porphyrins were
examined.
The study was conducted in accordance with the

Declaration of Helsinki principles and was
approved by the Ethics Committee of theHospital
Clinic of Barcelona. Written consent was signed
by all patients and relatives studied.

Biochemical characterization of PCT in patients and
relatives

Urinary porphyrin excretion patternwas analyzed
by reverse-phase high-pressure liquid chromato-
graphy (HPLC) according to Lim and Peters (12).
Separation of porphyrins and isomers was

achieved using an analytical column of 250 3
4.6 mm, 5-mm particle size (BDS-Hypersil; Shan-
don HPLC, Cheshire, UK). Each porphyrin and
isomer fraction was quantified independently in
urine and referred to nmol/mmol creatinine. Uri-
nary porphyrin excretion profiles were classified as
being either normal (total porphyrins in urine,35
nmol/mmol creatinine and normal distribution:
coproporphyrin III . I, coproporphyrin I 1 III
. uroporphyrins, and heptacarboxyl porphyrin
III,0.2 nmol/mmol creatinine) or abnormal [total
porphyrins .35 nmol/mmol creatinine and signif-
icant deviations from the normal distribution (13)].

Erythrocytes UROD activity

UROD activity in erythrocytes was measured
essentially according to McManus et al. (14).
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Briefly, pentacarboxyl porphyrin I (Porphyrin
Products, Logan, Utah) was reduced to pentacar-
boxylic porphyrinogen I (PPI) with a sodiummer-
cury amalgam (Sigma-Aldrich), and red blood
cells lysates were incubated adding PPI as a sub-
strate of UROD, for 30 min at pH 6.0, 37�C,
under nitrogen. The substrate concentration used
was �10-fold greater than the Km of UROD for
PPI. The reactionwas stopped by adding 0.5 ml of
a 1:1 mixture of trichloroacetic acid (10%) and
dimethyl sulfoxide containing 0.7 mmol of meso-
porphyrin per liter as internal standard. The
amount of coproporphyrinogen formed from
PPI was assessed by HPLC according to the
method described above. UROD activity is re-
ported as pmoles of coproporphyrinogen formed
per hour per mg of hemoglobin (U/mgHb).

Sequencing of the UROD loci

Genomic DNA was extracted from whole blood
samples following the salting-out procedure (15).
We analyzed exons 1–10 of the UROD gene and
the associated splice donor and acceptor sites. The
primers used for exon amplification are available
from the authors.
Polymerase chain reaction products were puri-

fied using the GFX� PCR DNA and gel band
purification kit (AmershamBiosciences, Uppsala,
Sweden) and automatically sequenced using the
BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA) and an
ABI3100 automatic sequencer (Applied Biosys-
tems). Direct sequencing was performed using pri-
mers available from the authors.

Expression of UROD proteins

The expression plasmid pHT77 contains the
human UROD complementary DNA under the
control of the T7 inducible promoter (16). Mis-
sense mutations in the UROD gene identified in
this study were introduced into pHT77 using the
QuikChange II Site-Directed Mutagenesis Kit
(Stratagene, La Jolla, CA). The mutations were
confirmed by sequencing.
UROD proteins were expressed in Rosetta2

(DE3) pLysS (Novagen, Madison, WI) in 2-l cul-
tures by autoinduction. Cells were harvested and
resuspended in 50 mM Tris at pH 8.0 and
100 mM NaCl and allowed to lyse for 30 min on
ice. The lysate was sonicated for three times for
30 s for 1.5 min total. The cell debris was removed
by centrifugation and the supernatant was filtered
through a 0.8-mm filter. The UROD was purified
on a 1 ml Ni-NTA (Qiagen, Valencia, CA) col-

umn using a step gradient with buffers containing
50 mMNaPO4 at pH7.0, 500 mMNaCl, 5%glyc-
erol and 2.5 mM b-mercaptoethanol with or with-
out 250 mM imidazole. Peak fractions containing
UROD were pooled, concentrated to 1–6 mg/ml
and dialyzed against 4 l 50 mM Tris at pH 6.8,
150 mMNaCl, 5% glycerol and 1 mM b-mercap-
toethanol. Proteins were assayed for enzymatic
activity as previously described (17).

Results

Identification of F-PCT patients

Erythrocyte UROD activity was measured in
all PCT patients. Selection of candidates for se-
quencing the UROD loci and the identification of
individuals harboringURODmutations were per-
formed as follows.
A preliminary receiver operating characteristic

(ROC) curve was constructed for UROD activity
in erythrocytes based on the UROD genotyping
(presence or absence of mutation) as a reference
(18). UROD activity of the first 20 individuals
(including 10 patients and 10 family members)
who were found to harbor a mutation within the
UROD gene was plotted against enzyme activity
of 21 control individuals who were negative for
a mutant UROD allele (including 10 family mem-
bers and 11 unrelated controls).
The area under the curve was 0.983 (SE: 0.016;

95% CI: 0.914–0.998). A provisional cutoff value
for UROD activity was set at 38 U/mgHb (sensi-
tivity: 96.7; 95% CI: 82.7–99.4; specificity: 88.6;
95% CI: 73.2–96.7). From there on, all new con-
secutive PCT patients, with erythrocyte UROD
activity below the cutoff point, were sequenced
(n ¼ 6; all were found to be carriers). All the pa-
tients who showed UROD activity between 38 U/
mgHb (cutoff) and 43 U/mgHb (cutoff 1 15; sen-
sitivity: 100; 95% CI: 88.3–100) were also
sequenced (n ¼ 25; 3 were found to be carriers).
Fifteen additional patients with high UROD
activity (all UROD .43 U/mgHb) were ran-
domly selected and genotyped. None of these pa-
tients were found to be carriers of mutant UROD
alleles. This allowed classification of the patients
into F-PCT (n ¼ 19; 12 women and 7 men; all
genotyped and with a confirmed mutation) and
S-PCT (n ¼ 111; 18 women and 93 men; 37 gen-
otyped and being wild type and the rest with high
UROD activity and not genotyped). All the rela-
tives (n ¼ 39) were directly genotyped. At the con-
clusion of the study, a new ROC curve was
constructed based on all individuals sequenced
and with UROD measured (n ¼ 95; Fig. 1). The
cutoff point was adjusted and set at 39 U/mgHb
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(sensitivity: 93.00; 95%CI: 80.94–98.5; specificity:
87.7; 95% CI: 75.3–94.9).
Consequently, the proportion of F-PCT among

this series of Spanish PCT patients was 14.6%.No
patients with a family history of PCT and normal
UROD activity (PCT type III) were identified in
this study.

Identification of mutations within the UROD gene

Sequencing of the UROD loci of the F-PCT pa-
tients allowed identification of 13 different muta-
tions within the UROD gene including 8 novel
mutations (Table 1).

Expression of new missense mutations in
prokaryotes

Previously uncharacterized missense mutations
were cloned into an expression system and purified

for additional analysis. The P150L mutation that
had been initially found in Italy but not expressed
in prokaryotes was incorporated into this analysis
(19).RecombinantURODproteinswere recovered
from four of the mutants: A22V, F84I, T141I and
Y182C (Fig. 2a). Two of the mutants, D79N and
P150L, were expressed in the Escherichia coli to
significant levels; however, the proteins were not
present in the soluble fraction and were not studied
further (Fig. 2b). The activities of the mutant pro-
teins were measured using uroporphyrinogen I and
uroporphyrinogen III as substrates. The activities
for each are shown in Table 2.

Additional risk factors

Additional risk factors for PCT were investigated
among this group of F-PCT patients. Twelve out
of 19 patients (63%) presented at least one identi-
fiable risk factor in addition to the UROD gene
mutation. Three patients were heterozygous for
theHFEC282Y allele and other three were homo-
zygous for the H63D allele; three other patients
presented anti-HCVantibodies in blood and other
three confirmed the use of estrogens either for oral
contraception or menopausal symptoms. Daily
alcohol consumption .40 g was found in 6 out
of 7 men and in 1 out of 12 women.
Comparison between F-PCT and S-PCT pa-

tients showed that the only environmental risk
factor which was significantly different between
both groups was chronic HCV infection (15%
and 75%, respectively).

Family study

We genotyped 39 relatives belonging to 12 differ-
ent F-PCT families. Mutations in UROD were
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Fig. 1. Receiver operating characteristic curve for UROD
activity in erythrocytes. Area under the curve (95% CI):
0.9625 (0.9314–0.9935).

Table 1. Mutations found in the UROD gene among porphyria cutanea tarda patients

Mutation Exon Nucleotide position Number of cases Conserved Reference

M1I 1 3G.A 1 T Present study
5del10 1 5 1 Present study
A22V 2 65C.T 1 L Present study
F46L 4 138T.I 2 H Ged et al. (2002)
D79N 4 235G.A 1 T Present study
F84I 4 250T.A 1 H Present study
Q116X 5 346C.T 1 Present study
V134Q 5 399-401TGC.CCA 2 L Meguro et al. (1994)
T141I 5 422C.T 1 L Present study
R142Q 5 425G.A 2 H Cappellini et al. (2001)
P150L 5 449C.T 1 H Martinez et al. (2002)
Y182C 6 645A.G 1 H Present study
E218G 7 653A.G 4 H Méndez et al. (2007)

H, highly conserved; L, low conservation among divergent species; T, totally conserved.
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detected in 16 of the relatives genotyped (41%).
On examination, 6 of 16 (37.5%) revealed
increased urinary porphyrins and a typical PCT
pattern (Table 3). Only three of them presented
dermatological manifestations, thus documenting
the existence of a number of PCT family carriers
with only biochemical abnormalities.

Discussion

The proportion of PCT patients classified as
F-PCT, based on the presence of a mutantUROD
allele, has differed based on geographic and ethnic
factors. According to published reports that
include UROD genotyping, this may range from
24% found among Danish PCT patients to 50%
found among a series of patients from Chile (20,
21). Our study found a somewhat lower percent-
age of F-PCT (14.6%), which may be in accor-
dance with previous studies that found a high
prevalence of HCV infection among the general
Spanish population and a probable major role of
HCV infection in the triggering of PCT in this
geographic zone (11, 22).
The prevalence of UROD mutations among the

general population is unknown but is most likely
very low. Therefore, the finding of UROD muta-
tions in 14.6%of our patients, even if lower to that
found in other studies, clearly shows that harbor-
ing a UROD mutation is a major risk factor for
developing PCT. Moreover, the existence of a sig-
nificant number of family carriers with increased
urinary porphyrins (Table 3) reinforces this
notion. However, given the frequent coexistence
of other risk factors among the F-PCT patients (at
least 63% in our series), the inherited UROD
mutation may be viewed as one factor among

Fig. 2. Expression and purification of UROD proteins in
Escherichia coli. (a) Recombinant proteins were purified
using an Ni-NTA resin and separated on a 10% sodium
dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-
PAGE) gel. Recombinant human UROD runs at an
apparent molecular weight of 42 kDa. The UROD without
a mutation (wild type, WT) is run for comparison. (b) The
insoluble pellet (I) and the soluble supernatant (S) were
separated on a 10% SDS-PAGE gel; D79N, P150L and WT
were compared with the purified recombinant human
UROD (rhUROD). The UROD protein from D79N and
P150L is present in the insoluble fraction, while WT is
primarily present in the soluble fraction. EV, empty vector
control.

Table 2. Activity of UROD proteins

Mutation
Uroporphyrinogen I
activitya SD

Uroporphyrinogen III
activityb SD

A22V 62.6 12.3 73.2 14.5
F84I 1.7 1.3 2.3 1.4
T141I 21.3 2.9 26.7 4.0
Y182C 40.0 10.8 65.2 10.0

aActivity of UROD mutant proteins toward uroporphyrinogen I.
bActivity of UROD mutant proteins toward uroporphyrinogen
III. Activity shown as percentage of wild-type activity.

Table 3. Screening of family members

Family Mutation
Number
screeneda

Number of
carriersb

Urinary
porphyrinsc

1 V134Q 5 3 0
2 V134Q 6 2 1
3 R142Q 4 1 0
4 E218G 2 1 0
5 E218G 1 0 0
6 M1I 2 2 2
7 D79N 3 1 0
8 F46L 1 0 0
9 P150L 2 2 1
10 R142Q 2 2 0
11 A22V 1 0 0
12 F46L 7 2 2

aNumber of family members genotyped.
bFamily members carriers of UROD mutation.
cFamily members with increased urinary porphyrins and
porphyria cutanea tarda pattern.
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a complex series of events that ultimately lead to
the clinical precipitation of the disease.
One of the previously reported mutations, the

E218G mutation, has been observed in Spanish
PCT patients unrelated to the four probands re-
ported in this study, thus suggesting a relatively
high frequency of this mutation among Spanish
F-PCT carriers (23).
The F46L mutation, found in two independent

probands of our series, had been previously re-
ported in patients with HEP and also in a PCT
patient fromChile (21, 24, 25). One study reported
an HEP patient with a unique urinary excretion
pattern with a predominance of pentacarboxy-
lated porphyrins (25). This observation was not
confirmed in the F-PCT patients reported in this
study. Both our patients with the F46L mutation
presented with typical urine porphyrin profiles
with a predominance of uroporphyrin and hepta-
carboxylated porphyrins.
The V134Q mutation has also been reported

both in HEP and in PCT patients (20, 26, 27).
Its appearance in a different series of patients is
also striking as the amino acid change involved is
distant from the enzyme active site and the puri-
fied recombinant UROD yielded a nearly normal
activity when engineered in prokaryotes (27). This
suggests that this mutation creates a UROD pro-
tein that may be rapidly degraded in vivo.
Mutations initially identified in HEP patients

were considered to rarely precipitate overt disease
when present as simple heterozygotes (3). One
study reported the existence of an HEP pedigree
member who was heterozygous for the F46L
allele and presented a normal erythrocyte UROD
activity (24).
Nonetheless, our results as a whole tend to con-

firm an increasing number ofHEPmutations being
found also among heterozygous F-PCT patients.
TheM1I substitution (c.3G.A) is a novel muta-

tion found in this study, although a different
change in the same codon, M1T, has been previ-
ously reported (20). The absence of an initial
methionine codon within the messenger RNA
(mRNA) Kozac consensus sequence is predicted
to lead to a loss of translation from the mutant
allele.
Nucleotide sequencing of a proband identified

a C.T substitution at nucleotide position 346 in
exon 5 (Table 1). The predicted effect is a change
from glutamine at amino acid position 116 to a
stop codon (CAG . TAG), designated Q116X.
This may yield a truncated protein of 115 amino
acids or nonsense-mediatedmRNAdecay.A simi-
lar effect can be predicted from a deletion of 10 bp
initiated at the fifth nucleotide of exon 1 (5del10;
Table 1).

Our study identified several new missense muta-
tions. Characterization of these (plus the already
reported P450L) (28) included heterologous ex-
pression and biochemical characterization.
The twomutants that failed to produce a soluble

protein are located at the base of the (b/a)8-barrel.
The aspartic acid at position 79 (D79Nmutant) is
totally conserved across 13 species of UROD (7).
The extensive hydrogen bonding network of D79,
to H358, N16 and Y30 is important to correctly
position the terminus of the helix as it transitions
into the b-sheet. Both carboxylate oxygen atoms
participate in the formation of the hydrogen
bonding network (Fig. 3). The proline in position
150 is also situated at the base of an a-helix that
turns sharply up into one of the b-sheets that
forms the core of the barrel. Proline at position
150 (P150L) is highly conserved, and disruption of
either of these two leads to a misfolded protein
that is trafficked to inclusion bodies.
The four remaining mutants produce a protein

that is soluble but has reduced catalytic activity
(Table 2). The alteration of alanine 22 to a valine
is a minor structural shift (Fig. 4). The residue is
buried in at the base of the barrel, and the addi-
tional bulk of the valine residue may be sufficient
to alter the active site geometry. The minimal loss
in catalytic activity supports this; however, this
alterationmay decrease the stability of the protein
thereby reducing the total amount of UROD
available for catalysis. Residue 84 is one of several
phenylalanines that forms the base of the active
site (Fig. 4). This network of hydrophobic aro-
matic residues forms a platform that allows the

Fig. 3. Location of UROD mutants at the base of the TIM
barrel. Mutants D79N and P150L destabilize the core of the
barrel and lead to misfolding of the proteins. The hydrogen
bonding distances of D79 are shown as dashed yellow lines.
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substrate to adopt the domed configuration that
positions the four pyrrole nitrogens to hydrogen
bond to aspartic acid 86.
Threonine in position 141 is positioned with the

side chain exposed to the interior of the structure.
The larger sidespin of isoleucine is unable to be
accommodated in this environment. Compensa-
tory changes in the structure would likely be
required to adjust to the bulk of the isoleucine.
The tyrosine in position 182 is located on the
dimer interface and has few inter- or intramolec-
ular interactions. The loss in catalytic activity may
be due to subtle alterations in the structure that
affect interaction between monomers.
The family study showed that a significant pro-

portion of mutation carrier relatives present
abnormal and increased urinary excretion of por-
phyrins. Only a few of thempresentedwith clinical
symptoms, suggesting that the mutations may
induce only subtle biochemical manifestations in
some individuals. The study also confirms that
a high proportion of UROD mutation carriers
never develop overt PCT symptoms and that the
factors that may lead to clinical expression in the
patients remain in many cases obscure.
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and diabetes mellitus
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ORIGINAL ARTICLE, p 486

Porphyria cutanea tarda (PCT), the only form of porphyria

which is commonly acquired rather than genetic, is strongly

associated with hepatic siderosis.1 The C282Y and H63D mu-

tations associated with hereditary haemochromatosis are over-

represented among patients with PCT of Northern European

ancestry,2,3 although not for populations with a different

genetic profile.4 Polymorphisms in the transferrin receptor

TFRC gene5 and evidence for disordered hepcidin regulation6

have also been shown in patients with PCT, indicating that the

development of iron overload in this condition is complex

and multifactorial. Venesection is highly effective in inducing

remission of PCT.

In this issue, Muñoz-Santos et al.7 have shown a significant

association between PCT and late onset of abnormalities of glu-

cose metabolism, including type 2 diabetes mellitus. Patients

with a higher mean serum ferritin at the time of diagnosis of

PCT and persistent hyperferritinaemia appeared predisposed to

the subsequent development of abnormalities of glucose metab-

olism. This follows several previous studies which have sug-

gested an increased prevalence of diabetes in patients with PCT.

Given the high population prevalence of type 2 diabetes, the

possibility of a spurious association must be considered. None

of the studies which have suggested an increased risk of dia-

betes in patients with PCT8,9 was strictly case controlled. Cau-

tion is therefore necessary in interpreting the association.

That said, there are reasons to suspect that the association

may be real. Studies have repeatedly shown an association

between hyperferritinaemia and the subsequent risk of type 2

diabetes mellitus, hypertension, obesity, dyslipidaemia, the

metabolic syndrome and the polycystic ovarian syndrome.10

As yet it is unclear whether such prediabetic hyperferritin-

aemia truly reflects the presence of increased iron stores, or

just serves as a marker of inflammation; hyperferritinaemia is

a common accompaniment of inflammatory states and there is

mounting evidence that inflammation may play an important

role in the pathogenesis of type 2 diabetes.

The evidence suggesting a positive association between in-

creased iron levels and diabetes includes the experience with

untreated hereditary haemochromatosis, which is strongly asso-

ciated with diabetes, positive correlations between diabetes and

dietary iron intake, work on iron-loaded rodents and evidence in

animals that iron restriction and phlebotomy may improve dia-

betes.11 There is also evidence in humans that suggests that the

reduction in iron levels results in reduced insulin resistance.10

Yet the role of iron as a precipitant of diabetes remains

unproven. Correlation of soluble transferrin receptor levels

(which vary with iron status but are not affected by inflamma-

tion) has tended to exclude underlying iron overload as a

cause for the hyperferritinaemia.12,13 A histological study has

suggested that hepatic iron stores are normal in patients with

diabetes.14 There is no clear association between the HFE

C282Y and H63D genotypes and the risk of diabetes.3,15 Ferri-

tin levels have been shown to decrease in response to metfor-

min in patients with the polycystic ovarian syndrome,

suggesting that insulin resistance itself may contribute to the

elevation of ferritin levels.16

Clearly the relationship between iron levels, ferritin concen-

trations, inflammation and the risk of type 2 diabetes is com-

plex. As such, the nature of the relationship between

hyperferritinaemia in PCT and the predisposition to type 2

diabetes is, as Muñoz-Santos et al.7 state, uncertain. It is possi-

ble that hyperferritinaemia in the two conditions represents

two different sets of circumstances: genuine iron loading in

PCT, and a nonspecific marker of inflammation in diabetes.

Yet a case can be made for both the characteristic iron loading

of PCT and the inflammatory nature of the liver disease which

frequently accompanies it, such as hepatitis C, to mediate a

higher risk of subsequent diabetes. In this context it is surpris-

ing that Muñoz-Santos et al.7 were unable to show an associa-

tion between markers of hepatic inflammation, or even

obesity, and risk of subsequent diabetes.

As Muñoz-Santos et al.7 state, confirmation that the iron load-

ing of PCT itself mediates the increased risk of type 2 diabetes

would strengthen the argument of those who believe that a

reduction in hepatic iron stores via phlebotomy is an essential

aspect of the management of these patients. Chloroquine ther-

apy, by contrast, may satisfactorily reverse the abnormality in

porphyrin metabolism, but does not reduce hepatic siderosis

and would therefore not be expected to correct other metabolic

consequences of hepatic iron loading. Although these authors

were unable to show a protective effect of phlebotomy on the

subsequent risk of diabetes, their phlebotomy protocol may not

have been sufficiently rigorous to allow the detection of such an

association. Type 2 diabetes and related diseases of lifestyle are a

major public health concern; iron loading and PCT very much

less so. The possibility of a convergence, with an iron-loading

disorder, PCT, is intriguing and may yet provide important

insights allowing for better control of these common disorders.
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A biased comment on double-blind review

DOI: 10.1111/j.1365-2133.2011.10546.x

ORIGINAL ARTICLE, p563

It is not surprising that, if given the chance, researchers will

complain about the bias of the editors who declined to send

their paper out for review, or, if it was sent out, the poor

quality of the reviewers’ comments. To be treated fairly, you

have to be known by the editors, come from the right institu-

tion or already be world famous. Fear of bias from editors

and reviewers explains why a survey of researchers found a

clear preference for implementing double-bind peer review

(DBR) (http://www.publishingresearch.net/PeerReview.htm).

In DBR, the names and affiliations of the authors of a man-

uscript are not revealed to the reviewers, and sometimes not

even to the editors. Like the double-blind clinical trial, DBR is

an innovation that attempts to reduce bias and increase objec-

tivity in scientific publications.

The rationale is that if reviewers and editors don’t know

the names of authors of a paper, they can only judge it on the

quality of its scientific content, and cannot be biased for or

against a publication because of the nationality, gender or

affiliation of the authors. But does DBR actually work?

A paper in this volume of BJD puts DBR to the test.1 In this

study, manuscripts submitted to Dermatologic Surgery were each

assigned to four reviewers, two of whom were blinded to the

identity of the authors, and two who were not. When the

reviews they wrote were compared, no significant differences

were found between those from the blinded and nonblinded

reviewers, which led the authors to conclude that, at least for

this journal, blinding during peer review did not affect the

quality of the reviews.

The message I take is that DBR is at least as good as regular

peer review. However, this study might have underestimated

the benefits of DBR. As pointed out by the authors, both the

blinded and nonblinded reviewers in the study knew they

were being scrutinized on the quality of their reviews, so it

seems likely that they would all have been on their best

behaviour. In other words, because this wasn’t a double-blind

trial of double-blind review, the conclusions should be treated

cautiously.

I’ll declare my prejudice – I believe that DBR, like the

double-blind clinical trial, is simply a better way of doing

science, because both reduce bias. The real question is why

isn’t DBR standard practice?
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