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 soft tissue calcifications 
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- ��(< 1975 Greenfeld GB.4 '�
�
*�
����#���ก��*�4 �b
���%#�(.� 3 ก�7 � '�
�ก  
metastatic calcification, generalized calcinosis ��� idiopathic tumoral calcinosis 

- ��(< 1985 Black ��� Kanat5 '�
�4 �b
���%#�(.� 3 ก�7 � '�
�ก  metastatic 
calcification, dystrophic calcification ��� calcinosis 
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Metastatic calcification 
• Hyperphosphatemia states  

� Chronic renal failure,  hypoparathyriodism, pseudohypoparathyroidism 
• Hypercalcemia states  

� Primary hyperparathyroidism, hypervitaminosis D, Milk-alkali syndrome, 
neoplasm, sarcoidosis 
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Idiopathic calcification 
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�(.� 4 ก�7 �17 
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- Subepidermal calcified nodule 
- Idiopathic calcification of scrotum 
- Progressive osseous heteroplasia 
- Milia-like idiopathic calcinosis cutis in Down syndrome  
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Dystrophic calcification 
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Dystrophic calcification 
• Primary connective tissue diseases 

� Scleroderma (diffuse or limited form), dermatomyositis,  polymyositis, 
Ehlers-Danlos syndrome, pseudoxanthoma elasticum 

• Metabolic diseases 
� Gout, diabetes mellitus, alkaptonuria (ochronosis), porphyria cutanea tada, 

pseudopseudohypoparathyroidism, Werner�s syndrome, progeria, myositis 
ossificans progressiva 

• Parasite infestation 
• Neurologic injury / paralytic para-articular calcification  
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� ��(��ก�4���ก
��	��(��������$�
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b
*��&��% 
macrophage, interleukin (IL)-6, IL-1β ��� tumor necrotic factor (TNF)-α ������U#� � ��ก�4ก
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%E�#:��3 4 1. �����*
3�ก+
������� dystrophic calcinosis (����(��&
ก Boulman N. Semin 
Arthritis Rheum. 2005;34:805-12) 

 

��ก��%	�
3�
�����ก&�
#���F���:�	�	�G����3�
�:����ก3 4���H�$ 
 Systemic sclerosis (SSc) 
 �(.�����
����#��*����ก%�*�����%��4 calcinosis '�
4 �*�%��7���$�
(k�*$�
�	0  �4'�
��#���ก�7 �
�%��(.� diffuse SSc ��� limited SSc (CREST syndrome) �� &��44 �*��ก�7 �	����
กก� 
 ��*
�4(���
V�
�*�� 25 ���$�
(k�*31 ��ก5V��
������ก&��4�(.�ก
��	��(����
���#��� 	�
*
���������'(&�=U�	�
*��������� ��*� ���	0 &��*� ��!�#�$��	��������
$��	��� (��(�%� 3) �� ก/�%
�
*�
��4�%����*��b
*��'�
4

� �44 �*4����V����
กก� 
�
 ��*�6�
��* 
�*����%�(�
*�7
���#�
���, ��4�
���#����, �
��������
�2�ก 4����V�%��%ก
�ก���4ก����ก4 �*a �! � 4����V��4(7k�
ก����ก�
��
� (calcinosis circumscripta) ��ก�4 calcinosis ��$�
(k�*�%��(.�����
�(.����
�
�
�6�%�* 10-12 (<�U#�'(10 � ���	0 ��ก'� �+
�	
�ก���
ก
� �� ��4
��
*ก
���%��*� ��#�a �
&��ก��ก�+

�	
�ก��ก
���ก��4�(.��$����#����'�
32 	���4
��
*ก
��	��(���*� �%���#��
&�+
�	
�ก����
��&/4(��
&
กก
�ก���4��
�(���
�'�
33 �* 
�'�ก/�
��%�
*�
�� 
�4ก
��	��(����
��	0 �
��
���

*ก�4
�%��4�� tumoral calcinosis34   ��ก&
ก�%#ก/*���
&�4b
�� calcinosis universalis '�
��$�
(k�*���
�%#35  
 



  

 

�:�3 4 3.  Calcinosis cutis (dystrophic calcification) ��ก5V��(.�ก
��	��(����
���/ก������!�#�
��
$��	������$�
(k�*��� SSc 
 
 ก
��	��(�����������*��b
*����
� 
&��4�
�*�
ก��$�
(k�*����%#�� ก/�%��
��+
��0
���
��
&�+
�	
�ก��b
�����ก�
���%��(.������
*� �!%��� �! � ก
��	��(����! ���
����ก����ก�
�
���+
�	
�ก��ก
�ก������
�(���
� (radiculopathy)36 	���ก
��	��(����! ���*���	7
�	���&��$�
(k�* 
CREST �+
�	
�ก��b
���*���	7
�	���&	���� (constrictive pericarditis)37 
 Polymyositis and dermatomyositis (DM/PM) 
 Calcinosis �4'�
4 �*��$�
(k�*�%��(.���� DM/PM ��*�6�
��* 
�*�����$�
(k�*��/ก38-41 
��*&��4'�
=U��
�*�� 44-70 ���$�
(k�*��/ก�������%*4ก�4�
�*�� 20 ��$�
(k�*$�
�	0 42 ��*�4� 
�%
��
�������31ก�4��
��7��������
ก
��
�$��	������ก�

����#� ���ก
���ก5
�%�� 
!

���'� '�
$�
����%�40 ก
��	��(�������
�
�=�4'�
��#���!�#���
$��	���, !�#����$��	7
�ก�

����#������!�#�
ก�

����#� ��*��ก&��44����V�%��%ก
�ก���4ก����ก4 �*a �! � �
�2�ก, �
��� 
, �
�'	�  ���ก
� 
��ก�4 calcinosis ��! �� 2-3 (< 	���&
ก������%�
ก
�������40  �� ก/�%�
*�
�� 
�
&�4'�
��/�
��#���  4 �������ก����������
&�4'�
����*��

*a��������*�%�
*�
�� 
�4	���&
ก������%
�
ก
��������
�=U� 12 (<	���������
ก
��
�$��	������ก�

����#���4��
�43-45  
 ��ก5V��
������ก�4'�
	�
*��(�4440 '�
�ก  ก
��	��(����
���/ก�*� ��#�a ��!�#���

$��	����
�����
��ก'� �+
�	
�ก���
ก
� ก
��	��(����
��	0 ��!�#�ก�

����#����ก
��	��(��
�����(.�4����Vก�

���!�#����$��	7
�ก�

����#� �U��&��+
�	
�ก����
��&/4(����������
�ก
�



  

�+
�
�����
� ��#��%#�
&�4ก
��	��(�������(.�4����Vก�

���#���!�#���
$��	�������
�!�#�ก�

����#�
�+
�	
�ก����ก5V���� exoskeleton �U��$�
(k�*��ก�7 ��%#�4� 
ก
��ก��	��(������'� ������31ก�4ก
�
��ก5
�	�������44����a $�
(k�*�	� 
�%#�%ก
��*
ก�V1����%�'� �%�����ก'� � �*��4����� �ก
�
��ก5
 �� �* 
�'�ก/�
��4� 
=

$�
(k�*�%!%����*� '�
�
��� ก
��	��(���	� 
��#�&��
�
�=���
*
	
*'('�
41 
 Systemic lupus erythematosus (SLE) 

 Calcinosis �4'�
'� 4 �*����� SLE �������%*4ก�4����� SSc ������ DM/PM  ��*
��ก&��4����*��

*a���$�
(k�*�%��(.�����
�
�a �����ก&��%����%��7����46-48  ��ก&��44����V
ก
�����
�����
4����V�ก�
a �
� �����ก&��*� �6�
���!�#�$��	���	���'������
$��	����(.�
4����V��/กa48-51 Okada ����V�52 �
*�
�� 
�4 calcinosis '�
�
ก=U��
�*�� 17 ���$�
(k�*��� 
SLE ��ก&
ก�%#*���%�
*�
��4b
��	��(���������������$�
(k�*��� SLE �%��%�
*7�
ก�
�*53  
 Myositis (fibrodysplasia) ossifican progressiva  
 �(.�����
����37ก����%��4�
�* �%ก
�= 
*���!���*%��� ��44'� ���+
���� (autosomal 
dominant trait with irregular penetrance) ��*&��%	��(��&�44����V���#��*���� 
�a ����%ก
��ก��
ก����ก�	�  (ossification) �����#��*������$�����ก�

����#������ 
�ก
* ��
�$��(ก���%��
&�4� ���
�* 
'�
�ก  ��#���/ก (microdactyly) ก
��
�	
*'(�����#�	���� ��������#�	���� ��

 ����%#��ก������%�
ก
�
��#��� �
*7�
�* �����ก&��ก���
�	���ก
��%ก
�ก���4ก����ก� ����#��*���4����V��#� ��*�+
�	� ��%�
�44 �* '�
�ก  4����V�����ก�

����#��%�	�����*��ก&��%�
ก
�(��4������
��� ���
�* ���
	���&
กก
���ก��4�����U���!
���
	�
*��� &��%ก
����/���

*���$���ก���U#����� ��
&���/�����U#�
&�ก�
*�(.�ก����ก��! �����
	�
*��(�
	1� ��
 � �$��	
�ก��ก
�$����(�* 
�=
�� � ��
&��%ก
�
��ก��4���ก
��ก��ก����ก�	� �#+
�%ก�+
�	
�ก��ก
��+
�
*ก�

����#��* 
�� ������� ��ก&
ก�%#*���
&
�ก��	��(�������%�4����Vก�

����#��%�$���	�

�ก���	��� �+
�	
ก
��*
*������(��$��(ก�� 
(restrictive pulmonary disease)54  $�
(k�*��ก��%*!%���&
ก��44	
*���
��	��	���ก
�����!�#���
(�����&
กก
��+
��ก�
	
�������&
กก
��ก��	��(����ก�

����#��%��ก%�*�ก�4ก
���%#*����ก
�ก���
'�
 (��(�%� 4) 
 
ก����ก"�#��� calcinosis 
 &�=U�(h&&74�� *��'� �%*
	�����3%ก
���a �%��(.��
��n
�!���&���ก
�(l��ก�������ก5

b
�� calcinosis ��(h&&74���%*
	�
*!����%��%ก
�2Uก5
��&�*��$�
(k�*�%��%b
���%#�U��ก/�	
$�ก
���ก5

�%���ก� 
�ก�� '�
�ก  warfarin, colchicine, probenecid, bisphosphonate, diltiazem, minocycline, 
aluinium hydroxide ��� salicylate ��ก&
ก�%#ก
�$ 
������ก
��!
 CO2 laser ก/�4� 
�%
(�����3�b
��%��%�! �ก��  � ��*
���1�������%*��*�1���*
ก�b����7
�ก���%���*��!
��ก5
����
�      
���
��กก��4'� �%(���*!�1��ก
���ก5
b
���%# 

 



  

 

�:�3 4 4.  Myositis (fibrodysplasia) ossifican progressive ��ก5V��(.�	��(��������!�#����#��*���
���$�����!�#�ก�

����#�4����V	������$�
(k�* 

%E�#:��3 4 2. ����ก
���ก5
�
��*
3�ก+
�������b
�� calcinosis (����(��&
ก Boulman N. 
Semin Arthritis Rheum. 2005;34:805-12) 
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 Warfarin 
 &
ก��
���
�ก%�*�ก�4ก�'กก
��ก��b
�� calcinosis �%��4� 
$�
(k�*�	� 
�%#&��% GCGA �U��
�(.� vitamin K dependent CBAA ������U#���� 
�ก
* ก
��	
 warfarin �U���%��3�8*�4*�#�ก
��+
�
�
��� vitamin K &U�� 
&��%(���*!�1��ก
���ก5
b
���%# �%�
*�
�ก
�2Uก5
	�
*�
*�
��ก%�*�ก�4
ก
��!
 warfarin ��ก
���ก5
b
�� calcinosis ����� SSc ������ DM/PM19,20,55 �
*�
�
ก
�2Uก5
� ���	0 �!
 warfarin ��
���+
 (1 �����ก���� ����)20,55 �4� 
$�
(k�*4
�� ���%��
����
ก
��	��(����/ก�����4
���'� �%ก
��	��(���ก���U#��%ก��*  ��*'� �%ก
��(�%�*��(��� 
 prothrombin 
time (PT) ���'� �%b
�����ก�
��&
กก
��%�������ก� 
*  �%ก
�2Uก5
4
��
*�
�19 ��*�!
 
warfarin ��
�����U#� ��*(��4��
��	
'�
� 
 PT �(.� 2 �� 
���� 
(ก�� �4� 
�%ก
���4 4-
carboxyl-L-glutamic acid �
�(h��
������ �� '� �%ก
��(�%�*��(�������
�ก
��	��(������%
$�
(k�*&+
���	�U���%b
�����ก�
��&
กก
��%�������ก� 
*$��(ก���
�* 4
��
*�
�ก
�2Uก5
�%�
�	
$�����*
�ก��56,57 ��*�4� 
 warfarin '� �%$���ก
���ก5
ก
��	��(�� �* 
�'�ก/�
��(.��%�� 

����ก�� 
$�
(k�*�	� 
�%#&��%ก
��	��(��&+
����
ก����(.��
�
�ก ��ก
���ก5
 �U���
&� �$��	
ก
�
��ก5
'�
$�'� �%� 
�%���� 
 $�ก
�2Uก5
&
ก�
���&�*	�
*64�420,56,57 �
&��7('�
� 
 warfarin  ��
���+
 (1 �����ก���
� ����) � 
&��%(���*!�1��ก
���ก5
$�
(k�*�%��%b
�� calcinosis ��*(h&&�*�+
��0 2 (��ก
��%��%$�
� �ก
���4����� �ก
���ก5
'�
�ก  ��
����ก
��	��(�������*����
��#��� �%ก
��	��(��
&�ก������'�
��4ก
���ก5
 Cukieman ����V�57 '�
��#����7��n
�'�
� 
 ก
����U#����ก
��	��(��
� 
&�������31ก�4(���
V GCCA ���&ก�
����ก
�� �U��=

ก
��	��(���%��
��	0 ��/�'(�
�*
�
�(��ก�4��������%*��%���ก�*� ��4ก
�� *
 warfarin �
&��

'(=U��&ก�
�ก
��'�
*
ก�+
�	
'� 
� �*'�
$���ก
���ก5
 �* 
�'�ก/�
� �
*�
�ก
�2Uก5
�%�$ 
��
*���%$�
(k�*&+
����
�* ���
����
ก
�2Uก5
��$�
(k�*&+
����
ก�U#������*��*���
���7(�%# 
 Colchicine 
 *
 colchicine �%(���*!�1��ก
�(l��ก�����ก
���ก5
b
��ก
���ก��4�%��ก��&
ก$�Uก�ก��� 
CPPD ���$�Uก�ก��� basic calcium58,59 &U��%ก
���#������n
�� 
 *
 colchicine � 
&��%(���*!�1
��ก
���ก5
ก
���ก��4�%��ก��&
กb
��	��(������'�
 �
*�
�ก
�2Uก5
=U�(�����3�b
����*
�%#��
$�
(k�*��� SSc ������ DM/PM �%��%ก
���ก��4�(.��$�&
กก
��	��(�������4� 
 �%ก
�
��4�����%��%� �ก
���ก5
�
�* colchicine ��
� 1 �����ก���� ����60,61 
 Probenecid 
 Probenecid �(.�*
ก�7 ����p
�%��%��3�8��ก
�*�4*�#�ก
����ก��4���ก��*���ก�%�4����V	���
'�� ���
� �%�
*�
�ก
�2Uก5
��$�
(k�*���� ���
�
'3��*�1�+
�
���+
 �4� 
 probenecid �%��3�8
�����ก
���4p���p��
�(h��
�������(���
Vp���p���������
�*62 ก
�2Uก5
��&�*��$�
(k�*��� 
tumoral calcinosis �4� 
(���
Vp���p���������%$�� �ก
��ก��b
��	��(������ $�
(k�*�	� 
�%#
&��%����4p���p�����������ก� 
(ก������%ก
�����U�ก��4���p���p��%�	���'�������U#�63 &U��%



  

ก
��+
 probenecid �
�!
��ก
���ก5
 calcinosis �����ก�7 ����#��*����ก%�*���� �%�
*�
�ก
�2Uก5

	�
*�
*�
���$�
(k�*��� DM/PM ��#���$�
(k�*��/ก���$�
(k�*$�
�	0  ��*�!
 probenecid ��
� 
1,500-2,000 �����ก���� ����63-67 �4� 
ก
��	��(���%��
���/ก�� 
 Bisphosphonate 
 Bisphosphonate �(.�*
�%��%��3�8�� calcium turnover &
กก
��� bone turnover ��*
*�4*�#�ก
��+
�
���� osteoclast ���*���%$�� �ก
��+
�
���� macrophage ��**�4*�#�ก
���

� 
inflammatory cytokine &
กก
�2Uก5
�4� 
��$�
(k�*�%��% calcinosis &��%ก
�������U#���� bone 
turnover &U��%ก
��+
 bisphosphonate �
�!
��ก
���ก5
��$�
(k�*����%# ก
�2Uก5
��&�*��$�
(k�*��� 
SSc ��� DM/PM ��*�!
 disodium etidronate �4� 
$�ก
���ก5
*���%�
�����*
�ก������ ��
�
*�
�68-71 � ��
'�
�%ก
�2Uก5
��$�
(k�*��/ก�%��(.���� DM ��*ก
��!
 pamidronate � ��ก�4 
diltiazem72 ���ก
��!
 alendronate30 ��ก
���ก5
 calcinosis �4� 
�%ก
���4�����%� �ก
���ก5
  
&U��!���� 
��
���ก� 
���������

�����7V��4������ bisphosphonate �� ��!����%$�� �ก�'ก
ก
���ก��3�8���*
��ก
���ก5
 calcinosis73  
 Diltiazem  
 &
ก��
���
�ก%�*�ก�4�*
3�ก+
������� calcinosis �4� 
 ��*(ก��(���
V��������%*���
����1�����ก����1&��%��
���
��
���ก� 
�ก��=U� 10,000 �� 
 �� � 
�ก
*�
�
�=��ก5
���7��%#'�

'�
��*�
2�*ก
���4�7�&
ก energy dependent calcium pump  �%� cell membrane74 �� ��$�
(k�*
�%��% calcinosis &��4� 
�%ก
��(�%�*��(�����ก
��+
�
���� pump �	� 
�%# �+
�	
�ก��ก
�������� 
calcium &
กb
*��ก��

'(������1 �ก��ก
���

��(.� mineral matrix vesicle ���4
�� ��&�
�����*� �� mitochondria ก ����
�� ��
&�=�ก(� �*��ก&
ก����1'(�����(.�ก
��	��(����
���#��*���� 
�a75    *
 diltiazem �U���(.�*
ก�7 � calcium channel blocker &U�� 
&��%(���*!�1��
ก
���ก5
 calcinosis ��*�
2�*ก�'กก
�*�4*�#�ก
�������� calcium ��

�� ����1   �%�
*�
�
ก
�2Uก5
	�
*�
*�
�=U�ก
��!
 diltiazem ��ก
���ก5
 calcinosis ��$�
(k�*��� SSc ������ 
DM/PM �U��4
��
*�
��(.�ก
�����ก���
����ก
��	��(��b
*	���ก
���ก5
��
������	������
�*
*
 diltiazem � ���	0 �4� 
'�
$�ก
���ก5
�%76-79 �� ก/�%4
��
*�
��%��	
$�����*
�ก��80  ��
�*

�%��!
��ก� 
�ก������ ���
*�
���#���  120-480 �����ก���� ���� �
*�
�ก
�2Uก5
64�4	�U���4� 

=U���
 verapamil &��(.�*
ก�7 � calcium antagonist �	����ก�4 diltiazem �� ก��4'� �4� 
�%
(���*!�1��ก
���ก5
 calcinosis78 $�
��&�*'�
��#����7��n
�'�
� 
 ��
���ก� 
�ก�����������

����
*
�� �������ก�7 � calcium antagonist � 
&��%$�� �ก
���ก5
 ��*�4� 
��ก�7 ��%#�%��%*� diltiazem 
�� 
��#��%��%$�*�4*�#� Na-Ca pump �%��*� 4� mitochondria81 ��ก&
ก&��%ก
��!
*
 diltiazem ��ก
�
��ก5
 calcinosis ��$�
(k�*��� SSc ������ DM/PM ��
� *���%ก
�2Uก5
��$�
(k�*��� SLE �%��% 
calcifying lupus panniculitis �U��ก/�4� 
�%ก
���4�����%��%� �ก
���ก5
�
�* diltiazem ��� 
chloroquine82  
 Minocycline  



  

 ก
�2Uก5
=U�(�����3�b
����*
 minocycline ��
� 50-100 �����ก���� ������ก
���ก5
 
calcinosis ��$�
(k�*��� SSc �4� 
��4�����%� �ก
���ก5
��*�	/�$�'�
��/���#���  1 �������ก 
$��

���%*� '�
�ก  �
ก
������'�
�
�&%*����ก
��	��(���(�%�*��(.��%�+
�#+
����  �!���� 
ก�'กก
�
��ก��3�8� 
&��(.�&
กก
��%�*
�%��3�8*�4*�#�ก
��+
�
���� matrix metalloproteinase enzyme �%
$��

�ก
���ก��4 ��ก
�����U������%*� ����7V��4�����ก
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 Idiopathic PAH ���=U� PAH 
associated to connective tissue disease ���ก+
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Endothelin-1 (ET-1) 3-4 
 endothelin 	��� endothelium-derived peptide �%#  �� 
�%��4��(h&&74���4� 
�% 3 isoforms 
�� �+
	��4����75*1��
� ET-1 =���(.� isoform �%��+
��0����%4�4
��
ก�%��7� �����#����%��%#&���
ก� 
�=U� ET-1 �(.�	��ก 

�	� ��%���

� ET-1 ��#� ��
� 
 endothelium &��(.�����1	��ก�%���

� ET-1 �� �4� 
����1
����ก/�
�
�=��

�'�
 '�
�ก  leukocytes, macrophages, smooth muscle cells, cardiomyocytes 
��� mesangial cells �������1� 
�a �%#'� '�
�% ET-1 ก�ก�ก/4'�
������1 �� &���

� ET-1 �����=�ก
ก���7
��� 
��#� ����* 
��! �������%���ก���7
��%��	�
��� (�
�
��%� 1) endothelial cell &�� ���00
V
'(�%� nucleus �������1 �+
�	
�ก�� transcription ���*%� ET-1 �����

� ET-1 ��ก�
�� ก���������
�* 
������/�b
*��'� ก%��
�% (��(�%� 1) ����� ET-1 ��ก�� ก���������ก/&����'(&�4*�������4&+
��
� 
( Endothelin receptors) �%����*���(l
	�
*b
*�����
�����/��! �ก��  ��ก5V�ก
��+
�
��! ��%#&U�
�+
�	
 ET-1 �%4�4
���

*ก�4�(.� local hormone (paracrine action) ���������*����
��U��!%���
��� ET-1 ��ก���������ก/��%*���  15-20 �
�% �����#���*����'(&����&�4��
���
��
���� ET-1 
��ก�����������+
�
ก��%*� 1-2 pg/ml  
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3 4 1.  Stimuli that can promote or inhibit the expression of pre-pro ET-1 gene                   

Stimuli that can promote or inhibit the expression of pre-pro ET-1 gene 
Promoters Inhibitors 
Hypoxia 
Ischemia 
Shear stress 
Pulsatile stretch 
pH 
Angiotensin II 
Vasopressin 
Cathecolamines 
Insulin 
LDL (oxidized), HDL 
Cytokines 
Growth factors 
Adhesion molecules 
Thrombin 

Nitric oxide 
Prostachyclin 
Atrial natriuretic peptides 
Estrogens 

 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
�:�3 4 1.  Schematic representation of vascular endothelial system.  
 ET-1 = endothelin-1, ETA = endothelin-1 receptor A, ETB = endothelin-1 receptor B 
 
Endothelin receptors (ETR) 
 ����� ET-1 =�ก(� �*��ก&
ก����1ก/&�'(&�4�%� ET-1 receptor (ETR) ��* ETR �% 2 !��� 
��� ET-1A ��� ET-1B  �U����(h&&74���%#�4� 
�% ETR �%����*��� 
�a �! � 	�������� (�� 	���& 
'� ������� ��*$����31��� ET-1 � ����*��� 
�a ก/� 
�ก��'( 2 (�
�
��%� 2)    
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3 4 2.  Proposed in vivo functions of Endothelin system 

 

 



  

���%��%#&�����
��
*����%*���� endothelin ����44	�����������(�� 
 1.  Endothelin in the Vessels2-4, 6 
 �+
	��4 ET-1 �%���

�&
ก endothelial cell &��%�����4�*� 4� endothelial cells ��� 
vascular smooth muscle cell (VSMC) �(.�	��ก  �U��!������(���
V��� ETR ���=U�$����31��� 
ET-1 � � ETR �������1�(l
	�
*ก/� 
�ก��'( ��*4� VSMC &��%��#� ET-1A ��� ET-1B � ��4� 
endothelial cells &��%��%*� ET-1B  �+
	��4$���� ET-1 � ������4� 
�a �%����%# (��(�%� 2) 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
�:�3 4 2.  Schematic representation of endothelin-1 effects in different cell types               
            ET-1 = endothelin-1, ETA= endothelin-1 receptor A, ETB = endothelin-1 receptor B 
 

� ET-1 and ET-1A receptor on VSMC  
   - induce vasoconstriction by increasing intracellular calcium 
   - inhibit NO synthesis by significant inhibit IL-1β induced nitrate production 9  
   - induce cell proliferation in a number of cell types, including smooth muscle cell 

and myocytes  
� ET-1 and ET-1B receptor on VSMC 
   - induce vasoconstriction 
� ET-1 and ET-1B receptor on endothelial cell 
   - vasodilation by stmulating the release of NO and prostacyclin from endothelial 

cell 

 



  

   - induce fibronectin production and release from epithelial cell, stimulating       
fibroblasts chemostaxis and elicits fibroblast collagen synthesis and fibrosis 

&��	/�'�
� 
$���� ET-1 � � ET-1B 4� VSMC ��� endothelial cell �%#����

�ก�� 
�����#�$����31������ ET-1 � � ET-1B �%#ก/&��U#�ก�4b
������
����� endothelium �%�=�กก���7
��%# 

� b
��(ก��  :  $����31�������+
�	
	���������*
*��� (vasodilatory) 
� b
��$��(ก�� �! � ��b
���%��%����4��
���
��
���� ET-1 ���������� : $����31���

���	��������	���� (vasoconstriction) ������&
ก�%ก
������&+
��� (up regulation) ��� ET-1B  
4� VSMC ���V��%� ET-1B 4� endothelial cell �%&+
������� (down regulation) 

�+
	��4��������
��� �%ก
�2Uก5
������1����������$�
(k�*�4� 
����%��%�
ก
��������
��
�$��(ก�����	��������� ���
�* (�
�
��%� 3)  �! � RP, ischemic digital ulcerations, PAH, 
Scleroderma &��%����4 ET-1 ����������$��(ก�� � ��ก�4�%�*
3��b
����	���������%���

*��U�
ก����� vasoconstriction, fibrosis, vascular hypertrophy and inflammation  �U��ก
��(�%�*��(��
���	���������	� 
�%#��%*ก���a � 
 endothelial cell activation 	��� endothelial cell dysfunction 
�U���3�4
*'�
&
กก
��%����4 ET-1 �%����$��(ก���%#�+
�	
�ก�� vasoconstriction ���ก���7
�ก
��4 ����
�������1� 
�a �! � fibroblasts, myoctyes, smooth muscle cell ���ก� 
��

��
� ��� ET-1 *��
�(.������� proinflammatory cytokine �
�
�=ก���7
���/�������
�!���� 
�a �! � PMN, mast 
cells, marcorphages �	
�����&+
��������

� cytokines � 
�a ��ก�
  ��* cytokines � 
�a �%#��� 
interleukins (IL), tumor necrosis factor alpha (TNF-α), transforming growth factor beta  
(TGF-β), granulocyte-macrophage colony-stimulating factor (GM-CSF) �+
�	
�ก��ก
���ก��4
���	��������� ���
�*3, 7-8 

 
����
3 4 3.  Endothelin in collagen vascular disease and Related conditions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SLE: systemic lupus erythematosus, RA: rheumatoid arthritis, OA: osteoarthritis, RP: Raynaud's 
phenomenon, SSc: systemic sclerosis, ET: endothelin, PH: pulmonary hypertension. 

 



  

2.  Endothelin in the Lungs2, 4 
&
กก
�2Uก5
� 
�a �4� 
 ET-1 � 
&��%� ����ก
��+
�
����(�� ������&
ก���&� 
�%  

ET-1 like immunoreactivity ��� mRNA expression �� lung tissue �����(ก��  �U����ก&
ก�4
ก
���

��
� ET-1 �%�����1�*���47	����������
�*���4�� airway epithelial cell ����� alveolar 
macrophage �+
	��4 ETR ก/�%��#� ET-1A ��� ET-1B ������ ���%�� 
�a ก�� ก� 
������ large 
pulmonary arteries �����75*1&��% ET-1A �(.�	��ก �� �� airway smooth muscle, alveolar wall 
tissue ��� capillaries &��% ET-1B �(.�	��ก ������� ����� ETR �%#*��� 
�ก��'(�� species 
� 
�a  �+
	��4$���� ET-1 � ������4 (receptor) � 
�a �%��ก���U#���(�������75*1�%����%# 

- �+
�	
�ก�� pulmonary vessel constriction  ��*�!���� 
�
2�*��#� ET-1A ��� ET-1B 
������&
ก��ก
�������4� 
&+
�(.��
��*�4*�#�ก
��+
�
���� ET-1 ��#��%� ET-1A ��� ET-1B &U�&�
�	
$�����7���ก
��

�ก
�	�������	�������� 

- �(.� potent airway constrictor �U��4 �� 
 ET-1 �
&�(.�� ��	�U����ก
��ก�� asthma ��*
�%ก
����&�4 ET-1 ����
����&
ก bronchoalveolar larvarge �%�'�
&
ก$�
(k�* asthma �����
$�
(k�*ก�7 ��%#�%�
ก
��������	�����	��ก�/�	���&
กก���7
���*ก
�� � ET-1 �	
�ก $�
(k�* ��*�%�
'� �4�
ก
��%#��ก�7 �������%��(.���(ก�� 

- �
&�(.�� ��	�U����ก
��ก�� interstitial lung disease ��*&
กก
�2Uก5
��	��  �4� 

	���%��% ET-1 ��(��������4�%����$��(ก�� &��%(��$��(ก������ก5V� progressive pulmonary 
fibrosis � ��ก�4�%����1��ก��4���������#��*���(�� ��*�%�	���%#'� �% PAH � ���
�* ����4� 
&��% 
ETR �%��(.� ET-1B �
กก� 
 ET-1A 

- (���(.��	� �ก+
&�� ET-1 ��� 
�ก
* ��*�%��
��
�
�=��ก
�ก+
&�� ET-1 '�
�
��
�*
�� 50 ��� circulating ET-1 ก
�ก+
&�� ET-1 �%#�(.�	�

�%���� ET-1B 	����
&ก� 
�'�
� 
 ET-1B 
�%#�(.������������4�7� ET-1 �����*(ก(l��(��&
กb
���%��% ET-1 ���$��(ก�� ����! ���ก
�
�������	�� �4� 
	���%�$��(ก���%�'� �% ET-1B &��%b
�� PAH 	���&
ก�
���ก���&��(.���*�
���
�
� 
 
Endothelin Receptor Antagonists (ERAs)     

ERAs �%��+
�
�!
��ก
����������*��������ก�(.�$����*'�
&
กก
�	��ก�!�#��4��%��%*
�%��%!���� 
 Streptomyces misakiensis �� ������&
ก�7V��4���'� �%��&U�	���
�+
ก
�������
�	1�U#�
��� ���7 ���กa ������
�	1�U#�&
ก peptide �� =�ก* �*��
*'�
� 
*�
�* peptidase ��ก����
�
�
	
������ก��������� ���'� �
�
�=$ 
� blood-brain barrier ��

�� ����'�
 � ��
&U��(�%�*��

������
�	1&
ก non-peptide ��� ��**
�����ก��ก�7 ��%#��� Ro 46-2005 (��(�%� 3) �U���(.�          
non-selective ET-1A/ET-1B blocker 	�����%*ก� 
�(.� dual ERAs ����%ก
�����
�����*�
 ���
(h&&74���%!����%��(.� selective ERAs �! �ก�� (�
�
��%� 4)  



  

 
 

�:�3 4 3.  Structure of some ERAs 
 

����
3 4 4.  Peptide and non-peptide ERAs 
 
Panel 3 : Peptide and non-peptide endothelin-receptor antagonists 
ET receptor selectivity 
ETA ETB ETA ETB 
Peptide molecules 
BQ 123 
BQ 485 
BQ 610 
FR 139317 

BQ 788 
IRL 1038 

PD 142893 
PD 145065 
TAK-044 

Non-peptide molecules 
PD 155080 
PD 156707 
BMS 182874 
A-127722 

 Bosentan 
RO 46-2005 
L-754142 
L-751281 
SB 209670 
SB 217242 
RO 470203 
CP 170687 
LU 135252 

 
����*���กa �(l
	�
*���ก
�2Uก5
��&�*�7 �'(�%�4�4
���� ERAs �� cardiovascular 

diseases ���  renal disease �(.�	��ก ���=U���b
������a �! � �� chronic heart failure, 
symptomatic atherosclerosis, progressively deteriorating renal function in proteinuric 



  

nephropathies, nephropathy associated with diabetes �(.��
� (�
�
��%� 5)   �� ก
�2Uก5
��
����1������4$��%�� 
���&��ก
��+
 ERAs �
�!
��ก
�(l��ก��	�����ก5
 PAH ������&
ก�4� 
��
	��������%  reversible ���b
�� smooth muscle cell proliferation 	����%���%*ก� 
 vascular 
remodeling '�
45  &U��+
�
2Uก5
��&�*��$�
(k�*�%��(.�����%#�* 
�ก�

���
� 
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3 4 5.  Endothelin Receptor Antagonist tested in Animal models 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 ������&
กก
�2Uก5
��$�
(k�* Idiopathic PAH (IPAH) �����5n
�� 
�*
3�ก+
�����%	�
*
(h&&�*� ��ก�� ��#�&
ก���37ก��� ก
��%����������7����b
*��	�������� ����%��+
��0���	��������
����U����
�$��(ก���
&�(.�&
ก����147$���	���������+
�
�$��(ก�� � ��ก�4�%ก
���%*���7����
�
��%���4�7�ก
�	��������*
*������	�������� ��*�
��%��ก%�*��
��ก�4ก
��*
*����%(���
V
���� '�
�ก  prostacyclin, nitric oxide �(.��
� ����
��%��ก%�*��
��ก�4ก
�	�����%(���
V�
ก�U#�
'�
�ก  serotonin, endothelin �(.��
� ��*	��กn
��%����4��7���5r%��� ET-1 � 
�ก%�*��
��ก�4ก
�
�ก�� IPAH �
&
กก
�2Uก5
� 
�a �%��4� 
$�
(k�* IPAH �	� 
�%#�%����4 ET-1 ����������$��(ก����� 
ET-1 �%#*���4��	��������������ก� 
��	���������+
 ��* ET-1 level �%#������31ก�4ก
��(�%�*�- 
�(����� pulmonary hemodynamics ���=U�������31ก�4��
��7��������*
3��b
����	���
�������(����*ก
����&�
�* intravascular ultrasound assessment ���*�����&�4 ET-1 
staining �%� muscular pulmonary arteries ���ก� 
��(ก���%ก�
�* ��ก&
ก��#������	� 
�%#*���4��



  

$�
(k�*�%��(.� PAH associated (APAH) with congenital heart disease, APAH with collagen 
vascular disease ��� PAH due to chronic thrombotic disease (Appendix I: ก
�&+
��กก�7 �
$�
(k�* PAH �
�������, Venice 2003) ��
� 
	��กn
��	� 
�%#&�'� ��%*����%�&���7('�
� 
 ET-1 �%�
����U#�����������=U�ก
��(�%�*��(��� 
�a�%# �(.��
��	�7	����(.�$���4������&
กก
��% PAH ���
�
��
������ pulmonary artery �%�����U#�� ��ก�4b
�� hypoxia ก/ก���7
��	
�%ก
���

� ET-1 ��%���U#�
�! �ก��3-4,10-14 �� &
ก4�4
��%�!���&���� ET-1 � �ก
��+
���������� PAH &U����� 
$�
(k�*�	� 
�%#
� 
&�'�
��4(���*!�1&
กก
���ก5
�
�* ERAs ��*&
ก$�ก
�2Uก5
��* Channick ����V�15 ��� 
Rubin ����V�16  �4� 
 ERAs �U���%��!
��ก
�2Uก5
��#�����%#��� Bosentan ��#��
�
�=�!
��ก5
 
PAH '�
�* 
��%(�����3�b
� �%ก��#�*���%$��%� �����������*�*
� &U��+
�	
 Bosentan (Tracleer ®) 
�U���(.� dual ERAs '�
��4ก
���4���&
ก��#����1ก
��
	
����*
���(����2�	��n�����ก
 (FDA) 
�.2. 2001, Europion union �.2. 2002,  Canada ��� Switzerland �(.�*
��ก (first line drug) 
�+
	��4�!
��ก5
 IPAH ���=U� APAH with collagen vascular disease �! ��� Scleroderma ��*�%
�
�4 �!%#�����$�
(k�*�%�
ก
�	�4�	����*�
��กVs1  NYHA functional class (Appendix II) ����4 III 
� IV17 

ก
�2Uก5
�ก%�*�ก�4 ERAs �%��+
 Bosentan �
�!
��ก
���ก5
 PAH �%ก
�2Uก5
�%��+
��0a 
����(.� large, double-blind, placebo-controlled study �%����%# Channick ����V�15, Rubin ���
�V�16, Humbert ����V�18 (�
�
��%� 6) �(.�ก
�����
�! ����#�����*� 12-16 ��(�
	1 �U���
���7(
��*������ Bosentan �+
�	
� 
!%#���� 
�a �%ก
��(�%�*��(�����
��%��%�U#� ��$�
(k�*�%��%�
ก
�	�4
�	����*  � 
!%#���� 
�a�%��!
��� exercise capacity (��*����4 6 minute walk test ��������*��
�
�%�����'�
), Borg dyspnea score (ก
�(�������7�b
��� 
�a ��*�%�������#���  0-10 ��*� 
*�����+

*���4 �!%#=U��7�b
��%) ��� cardiopulmonary hemodynamics ((������&
กก
����� 
 mean 
pulmonary artery pressure (PAP), pulmonary vascular resistance (PVR) ��� cardiac index 
(CI) �
�*ก
�����
*	���&	�����%*ก� 
 right heart catheterisation *ก��
�ก
�2Uก5
��� Rubin �%�
���&
ก echocardiological method) �* 
�'�ก/�
�'� �4� 
 Bosentan �%$�� �����
ก
��
*�* 
�
!���&�19  �+
	��4ก
�2Uก5
�%�����
�$�ก
���ก5
��� Bosentan �(.���*����
�
� �! � ก
�2Uก5

��* Sitbon ����V�20 �(.� open-label extensions ��$�
(k�* IPAH 32 �
* �����	
�	/�� 
�% 
sustained improvement in Functional class and pulmonary hemodynamics ����*����
 1 (< 
���ก
�2Uก5
��* McLaughlin ����V�21 �4� 
ก
��!
 Bosentan as first-line therapy �+
��
$�
(k�* IPAH � �$��	
�%����
ก
����!%��� 3-year survivial = 86% �U�����ก� 
�%��
�ก
�V1'�
� 
&��*� 
�����%*��
�*�� 48 ����4� 
$�
(k�*�
��
�*�� 70 *����'�
��4 Bosentan ��%*������%*�   *��'� �%
ก
�2Uก5
�%�'(�

�	�

�%��+
�� Scleroderma ��*�6�
� �� �%ก
��+
 subgroup analysis &
ก 
BREATHE-1 trials22 �(.�  open-label extensions ��$�
(k�* CNTD (SSc, SLE) 64 �
* �4� 
'�

(���*!�1� � exercise capacity ��*� 
�6�%�*��*��
� (mean) &
กก
��+
 6 minute walk test '� 
�* �� V ���
 12-16 ��(�
	1 �������%*4ก�4 placebo �%�$�
(k�*�* �� ����%����
ก
����!%��� 
(survival rate)�%� 1 (< ����(.��
�*�� 85.9 ����%� 2 (< ����(.��
�*�� 73.4  �U��=��� 
����U#��������%*4



  

ก�4$�
(k�*�%�'� '�
��4ก
���ก5
  ��*�6�
���$�
(k�* SSc ��#��4� 
�
�	�7ก
��
*�%��+
��0��� PAH 
����%ก
�2Uก5
�%���4����
�������$�
(k�*ก�7 ��%#�4� 
 =
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Channick15 2001 Rubin16 2002 
BREATHE-1 

Humbert18 2004 
BREATHE-2 

Sitbon20 
2003  
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���$�
(k�* 21 bosentan 
11 placebo 

144 bosentan 
69 placebo 

22 bosentan 
and epoprostenol 
11 placebo and 
epoprostenol 

32 bosentan 
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 RCT RCT RCT open-label 
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 12 wks 16 wks 16 wks 12 months 
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* 6 min walk 6 min walk 6 min walk at 6 mos : 6 min walk 

at 12mos: mod.NYHA 
Fc (�
�*��) 
Fc III 
Fc IV 

 
100% 
- 

 
92% 
8% 

 
76% 
24% 

 
100% 
- 

�
�	�7 (�
�*��) 
IPAH 
APAH-CNTD 

 
85% 
15% (SSc) 
- 

 
30% 
- 
70% 

 
82% 
18% (SSc, SLE) 
 

 
85% 
15% (SSc) 
- 

Mortality no data no data no data no data 

 
ก��f3 4 1.   Survival curves of scleroderma patients with PAH (n =17), lung involvement (n 
= 73), or no major organ involvement (n =138) 

PHT 

Lung Only 

None 
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� Dual ERAs           : Tezosentan 
� selective ET-1A antagonist  : Sitaxsentan sodium (phase III), Ambrisentan 

       (phase III),  Atrasentan, Darusentan, J-104132 
 

Bosentan and itgs safety profile 5-6,25 
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  - CVS malformations (�%$�� �ก
�(����� ductus arteriosus 	�������) 
  - severe craniofacial abnormalities 
  - CATCH 22-like syndromes (cardiac anomaly, abnormal  face, thymic hypoplasia,  

cleft palate, hypocalcaemia, chromosome 22 deletions)  
  - aganglionic megacolon (Hirschsprung-like disease) 
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Drug interactions: *
�%��(.� CYP2C9 inducer 	��� CYP3A4 inducer &�������4*
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����*
 Bosentan � ��*
�%��(.� CYP2C9 inhibitor 	��� CYP3A4 inhibitor  &�
���������4*
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ก�%# Bosentan ก/�%$������ก
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 cyclosporine ��� warfarin �+
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  - CYP2C9 inducer: Carbamazepine, Phenobarbital, Phenytoin, Rifampin 
  - CYP3A4 inducer: Carbamazepine, Phenobarbital, Phenytoin, Nevirapine, 

Rifamycins 
  - CYP2C9 inhibitor: Fluconazole, Ketoconazole, Gemfibrozil, NSAIDs, 

Sulfonamides 
  - CYP3A4 inhibitor: Azole antifungals, Ciprofloxacin, Clarithromycin, Erythromycin,    
    Doxycycline, Isoniazids, Imatinib 

 
Concerns with the use of ERAs 6 
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Role of ET-1 and ERAs in Systemic Rheumatic disease 
 1.  Scleroderma (SSc) 
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 2.  ET-1 and Raynaudgs Phenomenon (RP) 
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3 4 7.  Pathogenesis of Raynaud�s phenomenon 
 

 
 
 
 

        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
�:�3 4 4.  Vascular endothelium, smooth muscle cells, and nerve terminals form an integrated 
unit  where specific interactions and soluble compounds released in the microenvironment 
participate to the regulation of vascular tone 
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