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Role of 8-isoprostane, Matrix Gla Protein (MGP) and Bone Morphogenetic 
Protein-2 (BMP-2) in Vascular Calcification in Chronic Kidney Disease
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BACKGROUND:���9�D�V�F�X�O�D�U���F�D�O�F�L�¿�F�D�W�L�R�Q���P�D�\���E�H���D�Q��
�L�P�S�R�U�W�D�Q�W�� �U�L�V�N�� �I�D�F�W�R�U�� �R�I�� �F�D�U�G�L�R�Y�D�V�F�X�O�D�U�� �G�L�V�H�D�V�H�� �L�Q��
�&�K�U�R�Q�L�F���.�L�G�Q�H�\���'�L�V�H�D�V�H�����&�.�'�������7�K�H���S�D�W�K�R�E�L�R�O�R�J�\��

�R�I�� �Y�D�V�F�X�O�D�U�� �F�D�O�F�L�¿�F�D�W�L�R�Q�� �L�Q�� �&�.�'�� �L�V�� �F�R�P�S�O�H�[�� �D�Q�G�� �L�Q�Y�R�O�Y�H�V��
�V�R�P�H�� �I�D�F�W�R�U�V�� �L�Q�F�O�X�G�L�Q�J�� �L�Q�À�D�P�P�D�W�L�R�Q���� �R�[�L�G�D�W�L�Y�H�� �V�W�U�H�V�V�� �D�Q�G��
�E�D�O�D�Q�F�L�Q�J�� �R�I�� �F�D�O�F�L�¿�F�D�W�L�R�Q���U�H�J�X�O�D�W�R�U�V�����7�K�H�� �D�L�P�� �R�I�� �W�K�H�� �V�W�X�G�\��
was to investigate the interaction between 8-isoprostane 
�Z�L�W�K�� �F�D�O�F�L�¿�F�D�W�L�R�Q�� �U�H�J�X�O�D�W�R�U�V�� �V�X�F�K�� �D�V�� �P�D�W�U�L�[�� �J�O�D�� �S�U�R�W�H�L�Q��
���0�*�3���� �D�Q�G�� �E�R�Q�H�� �P�R�U�S�K�R�J�H�Q�H�W�L�F�� �S�U�R�W�H�L�Q�� ���%�0�3�������� �Z�L�W�K��
�Y�D�V�F�X�O�D�U���F�D�O�F�L�¿�F�D�W�L�R�Q���L�Q���&�.�'��

METHODS:���$���F�U�R�V�V���V�H�F�W�L�R�Q�D�O���V�W�X�G�\���Z�D�V���S�H�U�I�R�U�P�H�G���R�Q��������
subjects undergoing haemodialysis maintenance for more 
�W�K�D�Q�� ���� �P�R�Q�W�K�V�����$�E�G�R�P�L�Q�D�O�� �D�R�U�W�L�F�� �F�D�O�F�L�¿�F�D�W�L�R�Q�� ���$�$�&���� �Z�D�V��
�P�H�D�V�X�U�H�G���X�V�L�Q�J���D���O�D�W�H�U�D�O���D�E�G�R�P�L�Q�D�O���;���U�D�\���I�R�U���F�D�O�F�L�¿�F�D�W�L�R�Q��
�L�Q�� �D�E�G�R�P�L�Q�D�O�� �D�R�U�W�D���� �Z�K�L�F�K�� �L�V�� �U�H�O�D�W�H�G�� �W�R�� �V�H�Y�H�U�L�W�\�� �R�I�� �F�D�O�F�L�¿�F��
�G�H�S�R�V�L�W�V���D�W���O�X�P�E�D�U���Y�H�U�W�H�E�U�D�O���V�H�J�P�H�Q�W�����/�������/�������6�H�U�X�P���O�H�Y�H�O�V��
�R�I�� �����L�V�R�S�U�R�V�W�D�Q�H���� �0�*�3�� �D�Q�G�� �%�0�3������ �Z�H�U�H�� �P�H�D�V�X�U�H�G�� �E�\��
�H�Q�]�\�P�H���O�L�Q�N�H�G���L�P�P�X�Q�R�V�R�U�E�H�Q�W���D�V�V�D�\���P�H�W�K�R�G����

RESULTS: Results showed that 8-isoprostane levels 
�Z�H�U�H���F�R�U�U�H�O�D�W�H�G���Z�L�W�K���%�0�3���������U� ��������������p� ���������������D�Q�G���0�*�3����
�O�H�Y�H�O�V�� ���U� ��������������p� ������������������ �0�*�3���%�0�3������ �O�H�Y�H�O�V�� �U�D�W�L�R�� �Z�D�V��
�F�R�U�U�H�O�D�W�H�G�� �Z�L�W�K�� �$�$�&�� �V�F�R�U�H�� ���U� ��������������p� ���������������� �6�X�E�M�H�F�W�V��
�Z�H�U�H�� �W�K�H�Q�� �V�W�U�D�W�L�¿�H�G�� �L�Q�W�R�� ���� �J�U�R�X�S�V�� �E�D�V�H�G�� �R�Q���$�$�&�� �V�F�R�U�H���� ������
���������D�Q�G���•�������7�K�H���K�L�J�K�H�V�W���P�H�D�Q���R�I���0�*�3���O�H�Y�H�O�V���Z�D�V���L�Q���$�$�&��
�V�F�R�U�H�� �������� �J�U�R�X�S���� �D�Q�G�� �W�K�H�� �K�L�J�K�H�V�W�� �P�H�D�Q�� �R�I�� �����L�V�R�S�U�R�V�W�D�Q�H��
�O�H�Y�H�O�V�� �� �Z�D�V�� �L�Q���$�$�&�� �V�F�R�U�H�� �•������ �,�Q�� �W�K�H�� �J�U�R�X�S�� �R�I���$�$�&�� �V�F�R�U�H��
0, 8-isoprostane levels were correlated with MGP levels 
���U� ��������������p� ���������������D�Q�G���0�*�3���%�0�3�������O�H�Y�H�O�V���U�D�W�L�R�����U� ��������������
p� ���������������� �,�Q�� �$�$�&�� �V�F�R�U�H�� �������� �J�U�R�X�S���� �����L�V�R�S�U�R�V�W�D�Q�H�� �O�H�Y�H�O�V��
�Z�H�U�H���F�R�U�U�H�O�D�W�H�G���Z�L�W�K���%�0�3���������U� ��������������p� ���������������D�Q�G���0�*�3��
�O�H�Y�H�O�V�� ���U� ������������ p� ���������������� �,�Q���$�$�&�� �V�F�R�U�H�� �•���� �J�U�R�X�S���� �0�*�3��
levels were positively correlated with AAC score (r=0.608, 
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�P�H�O�L�E�D�W�N�D�Q�� �I�D�N�W�R�U�� �V�H�S�H�U�W�L�� �L�Q�À�D�P�D�V�L���� �V�W�U�H�V�� �R�N�V�L�G�D�W�L�I�� �G�D�Q��
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�U�H�J�X�O�D�W�R�U�� �N�D�O�V�L�¿�N�D�V�L�� �\�D�L�W�X��matrix gla protein (MGP) dan 
bone morphogenetic protein�� ���%�0�3�������� �W�H�U�K�D�G�D�S�� �N�D�O�V�L�¿�N�D�V�L��
�Y�D�V�N�X�O�D�U���S�D�G�D���3�*�.��
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������ �V�X�E�\�H�N�� �\�D�Q�J�� �V�H�G�D�Q�J�� �P�H�Q�M�D�O�D�Q�L�� �S�H�U�D�Z�D�W�D�Q�� �K�H�P�R�G�L�D�O�L�V�L�V��
�V�H�O�D�P�D�� �O�H�E�L�K�� �G�D�U�L�� ���� �E�X�O�D�Q����Abdominal aortic calcification 
���$�$�&���� �G�L�X�N�X�U�� �G�H�Q�J�D�Q��X-ray abdominalis lateral yang 
�G�L�W�X�M�X�N�D�Q���X�Q�W�X�N���P�H�O�L�K�D�W���N�D�O�V�L�¿�N�D�V�L���S�D�G�D���D�R�U�W�D���D�E�G�R�P�L�Q�D�O�L�V����
�\�D�Q�J�� �E�H�U�K�X�E�X�Q�J�D�Q�� �G�H�Q�J�D�Q�� �G�H�U�D�M�D�W�� �G�H�S�R�V�L�W�� �N�D�O�V�L�¿�N�D�V�L��
�S�D�G�D�� �V�H�J�P�H�Q�� �Y�H�U�W�H�E�U�D�� �O�X�P�E�D�O�L�V�� ���/�������/������ �.�D�G�D�U�� �V�H�U�X�P��
�����L�V�R�S�U�R�V�W�D�Q�H���� �0�*�3�� �G�D�Q�� �%�0�3������ �G�L�X�N�X�U�� �G�H�Q�J�D�Q�� �P�H�W�R�G�D��
enzyme-linked immunosorbent assay.
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�E�H�U�N�R�U�H�O�D�V�L�� �G�H�Q�J�D�Q�� �V�N�R�U���$�$�&�� ���U� ��������������p� ���������������� �6�X�E�\�H�N��
�S�H�Q�H�O�L�W�L�D�Q�� �G�L�E�D�J�L�� �G�D�O�D�P�� ���� �N�H�O�R�P�S�R�N�� �E�H�U�G�D�V�D�U�N�D�Q�� �V�N�R�U��
�$�$�&���� �\�D�L�W�X���� ������ �������� �G�D�Q�� �•������ �5�H�U�D�W�D�� �N�D�G�D�U�� �0�*�3�� �S�D�O�L�Q�J����
�W�L�Q�J�J�L�� �W�H�U�G�D�S�D�W�� �S�D�G�D�� �N�H�O�R�P�S�R�N�� �V�N�R�U�� �$�$�&�� ���������� �V�H�G�D�Q�J�N�D�Q��
�U�H�U�D�W�D�� �N�D�G�D�U�� �����L�V�R�S�U�R�V�W�D�Q�H�� �S�D�O�L�Q�J�� �W�L�Q�J�J�L�� �W�H�U�G�D�S�D�W�� �S�D�G�D��
�N�H�O�R�P�S�R�N�� �V�N�R�U�� �$�$�&�� �•������ �3�D�G�D�� �N�H�O�R�P�S�R�N�� �V�N�R�U�� �$�$�&��
������ �N�D�G�D�U�� �����L�V�R�S�U�R�V�W�D�Q�H�� �E�H�U�N�R�U�H�O�D�V�L�� �G�H�Q�J�D�Q�� �N�D�G�D�U�� �0�*�3��
���U� ��������������p� ���������������G�D�Q���U�D�V�L�R���N�D�G�D�U���0�*�3���%�0�3���������U� ��������������
p� ���������������� �3�D�G�D�� �N�H�O�R�P�S�R�N�� �V�N�R�U�� �$�$�&�� ���������� �����L�V�R�S�U�R�V�W�D�Q�H��
�E�H�U�N�R�U�H�O�D�V�L�� �G�H�Q�J�D�Q�� �N�D�G�D�U�� �%�0�3������ ���U� ��������������p� �������������� �G�D�Q��
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p� ���������������� �:�L�W�K�� �P�X�O�W�L�Y�D�U�L�D�W�H�� �O�R�J�L�V�W�L�F�� �U�H�J�U�H�V�V�L�R�Q�� �D�Q�D�O�\�V�H�V����
�Z�H�� �L�G�H�Q�W�L�¿�H�G�� �W�K�D�W�� �L�Q�F�U�H�D�V�H�G�� �0�*�3���%�0�3������ �O�H�Y�H�O�V�� �U�D�W�L�R��
���2�5���� ���������������� �������&�,���� ���������������������������� �Z�D�V�� �D�Q�� �L�Q�G�H�S�H�Q�G�H�Q�W��
�S�U�H�G�L�F�W�R�U���L�Q���D�R�U�W�L�F���F�D�O�F�L�¿�F�D�W�L�R�Q���H�Y�H�Q�W��

CONCLUSION: We concluded that regulators of 
�F�D�O�F�L�¿�F�D�W�L�R�Q�� �L�Q�F�O�X�G�L�Q�J�� �F�D�O�F�L�¿�F�D�W�L�R�Q�� �L�Q�K�L�E�L�W�R�U�� �D�Q�G�� �S�U�R�P�R�W�H�U����
�U�H�O�D�W�H�G�� �W�R�� �R�[�L�G�D�W�L�Y�H�� �V�W�U�H�V�V���� �Z�H�U�H�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �Y�D�V�F�X�O�D�U��
�F�D�O�F�L�¿�F�D�W�L�R�Q�� �L�Q�� �&�.�'���� �0�*�3�� �O�H�Y�H�O�V�� �Z�H�U�H�� �L�Q�F�U�H�D�V�H�G�� �L�Q�� �W�K�H��
�H�D�U�O�\�� �R�I�� �F�D�O�F�L�¿�F�D�W�L�R�Q�� �D�Q�G�� �0�*�3���%�0�3������ �O�H�Y�H�O�V�� �U�D�W�L�R�� �Z�D�V�� �D��
�V�W�U�R�Q�J���S�U�H�G�L�F�W�R�U���I�R�U���Y�D�V�F�X�O�D�U���F�D�O�F�L�¿�F�D�W�L�R�Q���L�Q���&�.�'��
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�&�K�U�R�Q�L�F�� �N�L�G�Q�H�\�� �G�L�V�H�D�V�H�� ���&�.�'���� �L�V�� �J�O�R�E�D�O�O�\�� �H�P�H�U�J�L�Q�J�� �D�V��
�D�Q�� �L�P�S�R�U�W�D�Q�W�� �U�L�V�N�� �I�D�F�W�R�U�� �I�R�U�� �P�R�U�E�L�G�L�W�\�� �D�Q�G�� �P�R�U�W�D�O�L�W�\����
�6�R�P�H�� �P�D�Q�L�I�H�V�W�D�W�L�R�Q�V�� �R�I�� �&�.�'�� �U�D�Q�J�H�� �I�U�R�P�� �S�U�R�W�H�L�Q�X�U�L�D�� �Z�L�W�K��
normal renal clearance/function to advanced renal failure 
requiring renal replacement therapy in the form of dialysis 
or transplantation, commonly called end-stage renal disease 
���(�6�5�'����������
�� �,�Q�� �,�Q�G�R�Q�H�V�L�D���� �Q�X�P�E�H�U�V�� �R�I�� �&�.�'�� �S�D�W�L�H�Q�W�V�� �D�U�H�� �U�L�V�L�Q�J��
�U�D�S�L�G�O�\���� �7�K�H�� �S�U�H�Y�D�O�H�Q�F�H�� �R�I�� �(�6�5�'�� �S�D�W�L�H�Q�W�V�� �Z�K�R�� �X�Q�G�H�U�Z�H�Q�W��
�K�H�P�R�G�L�D�O�\�V�L�V���L�Q�������������Z�D�V���������������D�Q�G���U�L�V�H�G���W�R���������������L�Q��������������
�7�K�H�� �S�U�H�Y�D�O�H�Q�F�H�� �U�D�W�H�V�� �S�H�U�� �P�L�O�O�L�R�Q�� �S�R�S�X�O�D�W�L�R�Q�V�� �Z�H�U�H�� ���������� �L�Q��
�����������D�Q�G�������������L�Q������������������
�� �7�K�H���P�D�M�R�U�L�W�\���R�I���V�X�E�M�H�F�W�V���Z�L�W�K���&�.�'���D�U�H���P�R�U�H���O�L�N�H�O�\���W�R��
�G�L�H���R�I���F�D�U�G�L�R�Y�D�V�F�X�O�D�U���G�L�V�H�D�V�H�����&�9�'�����U�D�W�K�H�U���W�K�D�Q���S�U�R�J�U�H�V�V���W�R��
�(�6�5�'���U�H�T�X�L�U�L�Q�J���U�H�Q�D�O���U�H�S�O�D�F�H�P�H�Q�W���W�K�H�U�D�S�\�����&�D�U�G�L�R�Y�D�V�F�X�O�D�U��
mortality is the leading cause of death in patients treated 
�E�\�� �G�L�D�O�\�V�L�V���� �Z�L�W�K�� �P�R�U�W�D�O�L�W�\�� ������ �W�R�� ������ �W�L�P�H�V�� �K�L�J�K�H�U�� �W�K�D�Q�� �L�Q��
�W�K�H�� �J�H�Q�H�U�D�O�� �S�R�S�X�O�D�W�L�R�Q�� �G�H�V�S�L�W�H�� �V�W�U�D�W�L�¿�F�D�W�L�R�Q�� �I�R�U�� �J�H�Q�G�H�U����
�U�D�F�H���� �D�Q�G�� �S�U�H�V�H�Q�F�H�� �R�I�� �G�L�D�E�H�W�H�V���� �3�D�W�L�H�Q�W�V�� �Z�L�W�K�� �&�.�'�� �K�D�Y�H�� �D��
�G�L�V�S�U�R�S�R�U�W�L�R�Q�D�W�H���E�X�U�G�H�Q���R�I���Y�D�V�F�X�O�D�U���F�D�O�F�L�¿�F�D�W�L�R�Q��������
�� �,�Q�L�W�L�D�O�O�\�� �L�W�� �Z�D�V�� �E�H�O�L�H�Y�H�G�� �W�K�D�W�� �K�L�J�K�� �S�K�R�V�S�K�D�W�H��
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���L�Q���&�.�'���F�D�X�V�H�G�����Y�D�V�F�X�O�D�U���F�D�O�F�L�¿�F�D�W�L�R�Q���V�L�P�S�O�\��
�E�\�� �H�[�F�H�H�G�L�Q�J�� �W�K�H�� �F�D�O�F�L�X�P���S�K�R�V�S�K�D�W�H�� �V�R�O�X�E�L�O�L�W�\�� �S�U�R�G�X�F�W�V��
that lead to precipitation, but some later studies have shown 
�W�K�D�W�� �R�[�L�G�D�W�L�Y�H�� �V�W�U�H�V�V���� �K�L�J�K�� �S�K�R�V�S�K�D�W�H�� �O�H�Y�H�O�V���� �X�U�H�P�L�F����bone 
morphogenetic protein (�%�0�3���������D�Q�G���K�L�J�K���D�F�W�L�Y�L�W�\���O�H�Y�H�O���R�I���W�K�H��
�S�K�R�V�S�K�D�W�H�� �W�U�D�Q�V�S�R�U�W�H�U�� �S�L�W�X�L�W�D�U�\�� �W�U�D�Q�V�F�U�L�S�W�L�R�Q�� �I�D�F�W�R�U�� ���3�L�W��������
induce vascular smooth muscle cell (VSMC)  to differentiate 

from a contractile into an osteoblastic phenotype that behave 
�O�L�N�H���R�V�W�H�R�E�O�D�V�W�����2�Q�F�H���W�K�H���R�V�W�H�R�J�H�Q�L�F���S�K�H�Q�R�W�\�S�H���L�V���L�Q�G�X�F�H�G����
�9�6�0�&���J�D�L�Q�V���D���G�L�V�W�L�Q�F�W�L�Y�H���P�R�O�H�F�X�O�D�U���¿�Q�J�H�U�S�U�L�Q�W�����P�D�U�N�H�G���E�\��
�W�K�H�� �W�U�D�Q�V�F�U�L�S�W�L�R�Q�� �I�D�F�W�R�U�� �F�R�U�H�� �E�L�Q�G�L�Q�J�� �I�D�F�W�R�U�� ���� ��Cbfa1) that 
�F�D�Q�� �H�[�S�U�H�V�V�� �D�O�N�D�O�L�Q�H�� �S�K�R�V�S�K�D�W�D�V�H�� ���$�/�3���� �Z�K�L�F�K�� �V�\�Q�W�K�H�V�L�]�H��
�K�\�G�U�R�[�\�D�S�D�W�L�W�H���F�U�\�V�W�D�O�V�����&�D�O�F�L�¿�F�D�W�L�R�Q���P�D�\���R�F�F�X�U���D�W���V�H�Y�H�U�D�O��
sites in the cardiovascular system, including the intima and 
media of vessels and cardiac valves. Alternatively, the loss 
�R�I�� �N�H�\�� �P�L�Q�H�U�D�O�L�]�D�W�L�R�Q�� �L�Q�K�L�E�L�W�R�U�� �V�X�F�K�� �D�V���P�D�W�U�L�[�� �J�O�D�� �S�U�R�W�H�L�Q��
(�0�*�3�����D�O�V�R���F�R�Q�W�U�L�E�X�W�H�V���W�R���Y�D�V�F�X�O�D�U���F�D�O�F�L�¿�F�D�W�L�R�Q��������
�� �2�[�L�G�D�W�L�Y�H�� �V�W�U�H�V�V�� �P�D�\�� �E�H�� �D�� �V�L�J�Q�L�¿�F�D�Q�W�� �F�R�Q�W�U�L�E�X�W�R�U�� �W�R��
�W�K�H�� �D�F�F�H�O�H�U�D�W�H�G�� �S�D�W�K�R�O�R�J�\�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �(�6�5�'���� �'�L�Y�H�U�V�H��
�P�H�F�K�D�Q�L�V�P�V�� �P�L�J�K�W�� �D�F�F�R�X�Q�W�� �I�R�U�� �L�Q�F�U�H�D�V�H�G�� �R�[�L�G�D�W�L�Y�H�� �V�W�U�H�V�V����
�L�Q�F�O�X�G�L�Q�J�� �D�Q�W�L�R�[�L�G�D�Q�W�� �G�H�¿�F�L�H�Q�F�\���� �Q�H�X�W�U�R�S�K�L�O�� �D�F�W�L�Y�D�W�L�R�Q��
�G�X�U�L�Q�J���G�L�D�O�\�V�L�V�����D�Q�G���F�K�U�R�Q�L�F���L�Q�À�D�P�P�D�W�L�R�Q�����2�[�L�G�D�W�L�Y�H���V�W�U�H�V�V��
�U�H�À�H�F�W�V�� �D�Q�� �L�P�E�D�O�D�Q�F�H�� �E�H�W�Z�H�H�Q�� �W�K�H�� �V�\�V�W�H�P�L�F�� �P�D�Q�L�I�H�V�W�D�W�L�R�Q��
�R�I���U�H�D�F�W�L�Y�H���R�[�\�J�H�Q���V�S�H�F�L�H�V�����5�2�6�����D�Q�G���D���E�L�R�O�R�J�L�F�D�O���V�\�V�W�H�P�
�V��
�D�E�L�O�L�W�\�� �W�R�� �U�H�D�G�L�O�\�� �G�H�W�R�[�L�I�\�� �W�K�H�� �U�H�D�F�W�L�Y�H�� �L�Q�W�H�U�P�H�G�L�D�W�H�V�� �V�X�F�K��
�V�S�H�F�L�H�V���L�Q�F�O�X�G�H���I�U�H�H���U�D�G�L�F�D�O�V���D�Q�G���K�\�G�U�R�J�H�Q���S�H�U�R�[�L�G�H�V�����+��O��) 
�R�U���W�R���U�H�S�D�L�U���W�K�H���U�H�V�X�O�W�L�Q�J���G�D�P�D�J�H�����,�Q�F�U�H�D�V�H�G���+��O����production 
due to activation of the nicotinamide adenine dinucleotide 
�S�K�R�V�S�K�D�W�H�� ���1�$�'�3�+���� �R�[�L�G�D�V�H�� �E�\�� �L�Q�À�D�P�P�D�W�R�U�\�� �F�\�W�R�N�L�Q�H�V��
�P�D�\���D�F�W�L�Y�D�W�H���D�Q�G���W�U�D�Q�V�O�R�F�D�W�H���Q�X�F�O�H�D�U���I�D�F�W�R�U���N�D�S�S�D���O�L�J�K�W���F�K�D�L�Q��
�H�Q�K�D�Q�F�H�U�� �R�I�� �D�F�W�L�Y�D�W�H�G�� �%�� �F�H�O�O�V�� ���1�)��kB) in the endothelial 
�F�H�O�O�V�����%�L�Q�G�L�Q�J���R�I���1�)��kB to its target sequences promotes the 
�H�[�S�U�H�V�V�L�R�Q�� �R�I �%�0�3�������������� �����L�V�R�S�U�R�V�W�D�Q�H�V�� �S�O�D�V�P�D�� �K�D�V�� �E�H�H�Q��
established as an indicator of in vivo���R�[�L�G�D�W�L�Y�H���V�W�U�H�V�V���������D�Q�G��
�K�D�V���E�H�H�Q���L�Q�Y�H�V�W�L�J�D�W�H�G���L�Q���W�K�H���S�D�W�K�R�J�H�Q�H�V�L�V���R�I���&�.�'�����5�H�V�H�D�U�F�K��
on isoprostanes disclosed much information  on  increased  
�R�[�L�G�D�W�L�Y�H���V�W�U�H�V�V�����D�Q�G�����U�H�O�D�W�H�G�����O�R�V�V�����R�I�����N�L�G�Q�H�\�����I�X�Q�F�W�L�R�Q�����L�Q��
�H�D�U�O�\���S�U�R�J�U�H�V�V�L�R�Q���R�I���&�.�'��������

�0�*�3�� ���U� ��������������p� ���������������� �3�D�G�D�� �N�H�O�R�P�S�R�N�� �V�N�R�U�� �$�$�&�� �•������
�N�D�G�D�U���0�*�3���E�H�U�N�R�U�H�O�D�V�L���S�R�V�L�W�L�I���G�H�Q�J�D�Q���V�N�R�U���$�$�&�����U� ��������������
p� �����������������'�H�Q�J�D�Q���D�Q�D�O�L�V�L�V���U�H�J�U�H�V�L���O�R�J�L�V�W�L�N���P�X�O�W�L�Y�D�U�L�D�W�����N�D�P�L��
�P�H�Q�H�P�X�N�D�Q���E�D�K�Z�D�����S�H�Q�L�Q�J�N�D�W�D�Q���U�D�V�L�R���N�D�G�D�U���0�*�3���%�0�3������
���2�5���� ���������������� �������&�,���� ���������������������������� �P�H�U�X�S�D�N�D�Q�� �S�U�H�G�L�N�W�R�U��
�L�Q�G�H�S�H�Q�G�H�Q���S�D�G�D���N�H�M�D�G�L�D�Q���N�D�O�V�L�¿�N�D�V�L���D�R�U�W�D��

KESIMPULAN:�� �.�D�P�L�� �P�H�Q�\�L�P�S�X�N�D�Q�� �E�D�K�Z�D�� �U�H�J�X�O�D�W�R�U��
�N�D�O�V�L�¿�N�D�V�L���W�H�U�P�D�V�X�N���L�Q�K�L�E�L�W�R�U���G�D�Q���S�U�R�P�R�W�R�U���N�D�O�V�L�¿�N�D�V�L���\�D�Q�J��
�W�H�U�N�D�L�W���G�H�Q�J�D�Q���V�W�U�H�V���R�N�V�L�G�D�W�L�I�����E�H�U�K�X�E�X�Q�J�D�Q���G�H�Q�J�D�Q���N�H�M�D�G�L�D�Q��
�N�D�O�V�L�¿�N�D�V�L�� �Y�D�V�N�X�O�D�U�� �S�D�G�D�� �3�*�.���� �.�D�G�D�U�� �0�*�3�� �P�H�Q�L�Q�J�N�D�W�� �G�L��
�D�Z�D�O�� �N�D�O�V�L�¿�N�D�V�L�� �G�D�Q�� �U�D�V�L�R�� �N�D�G�D�U�� �0�*�3���%�0�3������ �P�H�U�X�S�D�N�D�Q��
�S�U�H�G�L�N�W�R�U���N�X�D�W���N�D�O�V�L�¿�N�D�V�L���Y�D�V�N�X�O�D�U���S�D�G�D���3�*�.��
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Methods
 BMPs are the most potent regulators of osteoblast 
differentiation among the local factors. They belong to the 
�W�U�D�Q�V�I�R�U�P�L�Q�J���J�U�R�Z�W�K���I�D�F�W�R�U�����7�*�)����b superfamily. Cbfa1, a 
member of the runt domain gene family, plays a major role in 
the processes of determination of osteoblast cell lineage and 
maturation of osteoblasts. Cbfa1 is an essential transcription 
factor for osteoblast differentiation and bone formation. 
Binding of BMP to its receptor is an important local factor 
that up-regulates Cbfa1�� �H�[�S�U�H�V�V�L�R�Q�� �L�Q�� �F�H�O�O�V���� �%�0�3������ �K�D�G��
�S�U�R�I�R�X�Q�G���H�I�I�H�F�W�V���R�Q���S�U�R�O�L�I�H�U�D�W�L�R�Q�����H�[�S�U�H�V�V�L�R�Q���R�I���P�R�V�W���R�I���W�K�H��
BMPs and the mineralization of human osteoblastic cells.
(7)
�� �,�Q�� �D�W�K�H�U�R�V�F�O�H�U�R�V�L�V���� �L�Q�W�L�P�D�O�� �P�D�F�U�R�S�K�D�J�H�V�� �D�Q�G���9�6�0�&�V��
�H�[�S�U�H�V�V�� �P�X�O�W�L�S�O�H�� �S�U�R�W�H�L�Q�V�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �F�D�O�F�L�¿�F�D�W�L�R�Q��
�L�Q�F�O�X�G�L�Q�J���W�K�H���Y�L�W�D�P�L�Q���.���G�H�S�H�Q�G�H�Q�W���S�U�R�W�H�L�Q�����0�*�3�����������0�*�3��
�K�D�V�� �E�H�H�Q�� �L�G�H�Q�W�L�¿�H�G�� �D�V�� �D�� �F�D�O�F�L�¿�F�D�W�L�R�Q�� �L�Q�K�L�E�L�W�R�U�� �L�Q�� �F�D�U�W�L�O�D�J�H��
�D�Q�G���Y�D�V�F�X�O�D�W�X�U�H�����0�*�3���L�V���D�E�O�H���W�R���E�L�Q�G���%�0�3�������D�Q�G���S�U�R�P�R�W�H��
�D�Q�� �D�V�V�R�F�L�D�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �%�0�3������ �D�Q�G�� �P�D�W�U�L�[�� �F�R�P�S�R�Q�H�Q�W�V����
�,�Q�W�H�U�D�F�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �0�*�3�� �D�Q�G�� �%�0�3������ �L�Q�W�H�U�I�H�U�H�V�� �E�L�Q�G�L�Q�J��
�R�I�� �%�0�3������ �W�R�� �L�W�V�� �U�H�F�H�S�W�R�U�� �D�Q�G�� �D�F�W�L�Y�D�W�L�R�Q�� �R�I��Smad1, part of 
�W�K�H�� �%�0�3�� �V�L�J�Q�D�O�L�Q�J�� �V�\�V�W�H�P���� �,�Q�� �Y�D�V�F�X�O�D�U�� �F�D�O�F�L�¿�F�D�W�L�R�Q���� �W�K�H�U�H��
�D�U�H���F�R�Q�W�U�D�G�L�F�W�R�U�\���¿�Q�G�L�Q�J�V���U�H�J�D�U�G�L�Q�J���W�K�H���H�I�I�H�F�W���R�I���0�*�3���W�K�D�W��
�P�L�J�K�W���G�H�S�H�Q�G���R�Q���L�W�V���O�H�Y�H�O���U�D�W�L�R���W�R���%�0�3���������2�Q���R�Q�H���K�D�Q�G�����0�*�3��
�N�Q�R�F�N�R�X�W�� �P�L�F�H�� �G�H�Y�H�O�R�S�� �S�U�R�I�R�X�Q�G�� �Y�D�V�F�X�O�D�U�� �F�D�O�F�L�¿�F�D�W�L�R�Q����
whereas on the other hand calcifying atherosclerotic lesions 
�V�K�R�Z�� �D�Q�� �L�Q�F�U�H�D�V�H�G�� �H�[�S�U�H�V�V�L�R�Q�� �R�I�� �0�*�3���������� �7�K�H�U�H�I�R�U�H���� �W�K�L�V��
study was carried out to investigate the interaction between 
�����L�V�R�S�U�R�V�W�D�Q�H�� �Z�L�W�K�� �F�D�O�F�L�¿�F�D�W�L�R�Q�� �U�H�J�X�O�D�W�R�U�V�� �V�X�F�K�� �D�V�� �0�*�3��
�D�Q�G���%�0�3������ �D�Q�G���W�K�H���L�Q�W�H�U�D�F�W�L�R�Q���E�H�W�Z�H�H�Q�������L�V�R�S�U�R�V�W�D�Q�H���D�Q�G��
�F�D�O�F�L�¿�F�D�W�L�R�Q���U�H�J�X�O�D�W�R�U�V���L�Q���Y�D�V�F�X�O�D�U���F�D�O�F�L�¿�F�D�W�L�R�Q���L�Q���&�.�'��

Study design and Study Subjects
This study was an observational study with cross-
sectional design. The study subjects were recruited from 
�K�D�H�P�R�G�L�D�O�\�V�L�V�� �F�H�Q�W�U�H�V�� �D�W�� �V�H�Y�H�U�D�O�� �K�R�V�S�L�W�D�O�V�� �L�Q�� �0�D�N�D�V�V�D�U��
�I�U�R�P���1�R�Y�H�P�E�H�U�������������X�Q�W�L�O���$�S�U�L�O�����������������(�O�L�J�L�E�O�H���������V�X�E�M�H�F�W�V��
were enrolled based on inclusion criteria as follows: 
�P�D�O�H�� �R�U�� �I�H�P�D�O�H���� �D�J�H�G�� �D�E�R�Y�H�� ������ �\�H�D�U�V�� �R�O�G�� �Z�L�W�K�� �&�.�'�� �V�W�D�J�H��
���� �D�Q�G�� �G�X�U�D�W�L�R�Q�� �R�I�� �K�D�H�P�R�G�L�D�O�\�V�L�V�� �P�R�U�H�� �W�K�D�Q�� ���� �P�R�Q�W�K�V����
�,�Q�I�R�U�P�D�W�L�R�Q�� �R�Q�� �P�H�G�L�F�D�W�L�R�Q�V���� �F�D�X�V�H�V�� �R�I�� �G�L�V�H�D�V�H���� �G�X�U�D�W�L�R�Q��
of haemodialysis and medical history of diabetes mellitus, 
�K�\�S�H�U�W�H�Q�V�L�R�Q���� �&�9�'�� �D�Q�G�� �R�W�K�H�U�V�� �Z�D�V�� �R�E�W�D�L�Q�H�G�� �E�\�� �L�Q�W�H�U�Y�L�H�Z����
Subjects with history of post parathyroidectomy, post 
�N�L�G�Q�H�\���W�U�D�Q�V�S�O�D�Q�W�D�W�L�R�Q�����P�D�O�L�J�Q�D�Q�F�\�����V�W�U�R�N�H���D�Q�G���D�X�W�R�L�P�P�X�Q�H��
�G�L�V�H�D�V�H�� �Z�H�U�H�� �H�[�F�O�X�G�H�G���� �7�K�L�V�� �V�W�X�G�\�� �S�U�R�W�R�F�R�O�� �Z�D�V�� �D�S�S�U�R�Y�H�G��
by The Health and Research Ethics Committee, Medical 
�)�D�F�X�O�W�\���R�I���+�D�V�D�Q�X�G�G�L�Q���8�Q�L�Y�H�U�V�L�W�\�����0�D�N�D�V�V�D�U�����,�Q�G�R�Q�H�V�L�D���D�Q�G��
written informed consent was obtained from each subject.

Blood collection and biochemical analysis
Blood pressure (BP) was measured by using mercury 
sphygmomanometer. Blood samples were collected in the 
morning after overnight fasting and before haemodialysis 
procedure. Venous blood was drawn using a serum 
separator tube (SST) and allowed to clot for two hours at 
�U�R�R�P�� �W�H�P�S�H�U�D�W�X�U�H�� �E�H�I�R�U�H�� �F�H�Q�W�U�L�I�X�J�D�W�L�R�Q�� �I�R�U�� ������ �P�L�Q�X�W�H�V�� �D�W��
�D�S�S�U�R�[�L�P�D�W�H�O�\�� �����������J���� �6�H�U�X�P�� �Z�D�V�� �L�P�P�H�G�L�D�W�H�O�\�� �V�W�R�U�H�G��

Grading 

0 :  no calcific deposits in front of the vertebra

1 :  small scattered calcific deposits filling less than 1/3 of the longitudinal wall of the aorta

2 :  1/3 - 2/3 of the wall calcified

3 :  2/3 or more of the wall calcified

Composite score (AAC)

Posterior wall
Range 0-3

Anterior wall
Range 0-3

Anterior-Posterior severity
Range 0-6

L1 1 1 0 1

L2 1 2 1 3

L3 1 3 2 5

L4 1 3 3 6

Total 4 9 6 15

Maximum 4 12 12 24

Level Affected segment

Scores for individual segments

Figure 1. Abdominal aorta calcification (AAC) scoring.�������������$�G�D�S�W�H�G���Z�L�W�K���S�H�U�P�L�V�V�L�R�Q���I�U�R�P���1�D�W�X�U�H���3�X�E�O�L�V�K�L�Q�J���*�U�R�X�S����
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�7�D�E�O�H�������V�K�R�Z�H�G���W�K�H���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�I���W�K�H���V�X�E�M�H�F�W�V�����P�H�G�L�D�Q��
�G�X�U�D�W�L�R�Q���R�I���G�L�D�O�\�V�L�V�������������������\�H�D�U�V�����P�H�D�Q���D�J�H�����������“�����������\�H�D�U�V��
�R�O�G�������6�X�E�M�H�F�W�V���Z�H�U�H���V�W�U�D�W�L�¿�H�G���L�Q�W�R�������J�U�R�X�S�V���E�D�V�H�G���R�Q�����$�$�&��
�V�F�R�U�H���U�H�I�H�U���W�R���D���S�U�H�Y�L�R�X�V���V�W�X�G�\�����������D�V���I�R�O�O�R�Z�V�����$�$�&���V�F�R�U�H��������
�����������D�Q�G�����•�����J�U�R�X�S�V��
�� �.�R�O�P�R�J�R�U�R�Y���6�P�L�U�Q�R�Y�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �W�H�V�W�� �V�K�R�Z�H�G�� �0�*�3��
�D�Q�G���U�D�W�L�R���0�*�3���%�0�3�������K�D�G���D���Q�R�U�P�D�O���G�L�V�W�U�L�E�X�W�L�R�Q�����Z�K�L�O�H���G�D�W�D��

Results

�I�U�R�]�H�Q�� �L�Q�� �D�O�L�T�X�R�W�V�� �D�W�� ������oC until assay was done. Blood 
collection for 8-isoprostane assay was done with special 
�S�U�H�F�D�X�W�L�R�Q�� �G�X�H�� �W�R�� �L�Q�V�W�D�E�L�O�L�W�\�� �R�I�� �W�K�H�� �E�L�R�P�D�U�N�H�U���� �7�K�H�� �V�H�U�X�P��
�Z�D�V�� �V�W�R�U�H�G�� �I�U�R�]�H�Q�� �Z�L�W�K�� �W�K�H�� �D�G�G�L�W�L�R�Q�� �R�I�� �������������� �E�X�W�\�O�D�W�H�G��
�K�\�G�U�R�[�\�W�R�O�X�H�Q�H�� ���%�+�7���� �W�R�� �S�U�H�Y�H�Q�W�� �R�[�L�G�D�W�L�Y�H�� �I�R�U�P�D�W�L�R�Q�� �R�I��
8-isoprostane and also supplemented with indometacin to 
�J�L�Y�H���D���¿�Q�D�O���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I���D�W���O�H�D�V�W��������mM to prevent ex vivo 
formation of eicosanoids. The concentration of 8-isoprostane 
�Z�D�V���P�H�D�V�X�U�H�G���E�\���F�R�P�S�H�W�L�W�L�Y�H���H�Q�]�\�P�H���L�P�P�X�Q�R�D�V�V�D�\�����(�,�$����
�P�H�W�K�R�G���X�V�L�Q�J�������L�V�R�S�U�R�V�W�D�Q�H���(�,�$���N�L�W�����&�D�W���������������������&�D�\�P�D�Q��
�&�K�H�P�L�F�D�O�����$�Q�Q���$�U�E�R�U�����0�,�������0�*�3���Z�D�V���P�H�D�V�X�U�H�G���E�\���H�Q�]�\�P�H��
�O�L�Q�N�H�G���L�P�P�X�Q�R�V�R�U�E�H�Q�W���D�V�V�D�\�����(�/�,�6�$�����P�H�W�K�R�G���X�V�L�Q�J���K�X�P�D�Q��
�0�*�3���(�/�,�6�$���N�L�W�����&�D�W�����(�����������+�X�����8�6�&�1���/�L�I�H���6�F�L�H�Q�F�H�����,�Q�F������
�:�X�K�D�Q�����&�K�L�Q�D�����D�Q�G���%�0�3�������Z�D�V���P�H�D�V�X�U�H�G���E�\���(�/�,�6�$���P�H�W�K�R�G��
�X�V�L�Q�J�� �� �4�X�D�Q�W�L�N�L�Q�H�� �%�0�3������ �,�P�P�X�Q�R�D�V�V�D�\�� ���&�D�W���� �'�%�3����������
�5�	�'�� �V�\�V�W�H�P�V���� �,�Q�F������ �0�L�Q�Q�H�D�S�R�O�L�V���� �0�1������ �$�O�O�� �D�V�V�D�\�V�� �Z�H�U�H��
�F�D�U�U�L�H�G�� �R�X�W�� �D�W�� �5�H�V�H�D�U�F�K�� �	�� �(�V�R�W�H�U�L�F�� �/�D�E�R�U�D�W�R�U�\�� �R�I�� �3�U�R�G�L�D��
�&�O�L�Q�L�F�D�O�� �/�D�E�R�U�D�W�R�U�\���� �-�D�N�D�U�W�D���� �,�Q�G�R�Q�H�V�L�D���� �7�K�H�� �$�E�G�R�P�L�Q�D�O��
�$�R�U�W�L�F���&�D�O�F�L�¿�F�D�W�L�R�Q�����$�$�&�����Z�D�V���P�H�D�V�X�U�H�G���V�H�P�L�T�X�D�Q�W�L�W�L�Y�H�O�\��
using a lateral abdominal X-ray in which both  location and 
�V�H�Y�H�U�L�W�\�� �R�I�� �W�K�H�� �F�D�O�F�L�¿�F�� �G�H�S�R�V�L�W�V�� �D�W�� �H�D�F�K�� �O�X�P�E�D�U�� �Y�H�U�W�H�E�U�D�O��
�V�H�J�P�H�Q�W�����/�����±�/�������/�D�W�H�U�D�O���U�D�G�L�R�J�U�D�S�K�\���Z�D�V���S�H�U�I�R�U�P�H�G���L�Q���W�K�H��
standing position using standard radiographic equipment. A 
�P�L�Q�L�P�X�P�� �R�I�� ���� �F�P�� �D�Q�W�H�U�L�R�U�� �W�R�� �W�K�H�� �O�X�P�E�D�U�� �V�S�L�Q�H�V�� �K�D�G�� �W�R�� �E�H��
�Y�L�V�L�E�O�H���� �W�K�H�� �¿�O�P�� �G�L�V�W�D�Q�F�H�� �Z�D�V�� �������� �F�P���� �R�W�K�H�U�� �D�G�M�X�V�W�P�H�Q�W�V��
�Z�H�U�H���� �����.�3�9���� �������������P�$�V�� �D�Q�G�� �W�K�H�� �H�V�W�L�P�D�W�H�G�� �G�R�V�H�� �R�I��
�U�D�G�L�D�W�L�R�Q�� �Z�D�V�� �D�S�S�U�R�[�L�P�D�W�H�O�\�� ������ �P�*�\���� �7�K�H�� �F�D�O�F�L�¿�F�D�W�L�R�Q�� �R�I��

0 1-6 ≥7
(n=40) (n=14) (n=9) 

     Gender 0.831

        Male 60.3% 57.5% 64.3% 66.7%

        Female 39.7% 42.5% 35.7% 33.3%

     Age (year) 47.8 ± 10.9 43.7 ± 9.6 53.8 ± 8.8 56.9 ± 10.4 0.000**

     Duration of HD 0.250

        <2 years 68.3% 67.5% 57.1% 88.9%

        2-4 years 23.8% 25.0% 28.6% 11.1%

>4 years 7.9% 7.5% 14.3% 0.0%

     BMI (kg/m2) 22.5 ± 3.8 22.2 ± 3.7 23.5 ± 3.6 22.3 ± 4.7 0.378

     Diabetes Mellitus 19.0% 12.5% 28.6% 33.3% 0.215

     SBP (mmHg) 146.2 ± 23.2 152.4 ± 21.3 133.6 ± 24.0 138.3 ± 22.1 0.018*

     DBP (mmHg) 87.3 ± 15.1 91.3 ± 13.5 81.4 ± 17.5 78.3 ± 12.2 0.005**

Variable Total Samples 
(n=63)

AAC Score

p

Table 1. Baseline characteristic of subjects.

�0�D�Q�Q���:�K�L�W�Q�H�\���W�H�V�W�����+�'�����K�D�H�P�R�G�L�D�O�\�V�L�V�����%�0�,�����E�R�G�\���P�D�V�V���L�Q�G�H�[�����6�%�3�����V�\�V�W�R�O�L�F���E�O�R�R�G���S�U�H�V�V�X�U�H�����'�%�3�����G�L�D�V�W�R�O�L�F���E�O�R�R�G���S�U�H�V�V�X�U�H�����p≤������������
��p≤����������

the aorta was graded and scores were calculated using two 
methods: (a) the composite score for anterior–posterior 
severity where the scores of individual aortic segments 
both for the anterior and posterior walls were summed 
���P�D�[�L�P�X�P�� �V�F�R�U�H�� ���������� �D�Q�G�� ���E���� �W�K�H�� �D�I�I�H�F�W�H�G�� �V�H�J�P�H�Q�W�V�� �V�F�R�U�H����
as the total number of aortic segments showing any level of 
�F�D�O�F�L�¿�F�D�W�L�R�Q�� �L�V�� �L�Q�G�L�F�D�W�H�G�� ���P�D�[�L�P�X�P�� �V�F�R�U�H�� �������� �7�K�H�� �V�F�R�U�L�Q�J��
�V�\�V�W�H�P���L�V���G�H�S�L�F�W�H�G���V�F�K�H�P�D�W�L�F�D�O�O�\���L�Q���)�L�J�X�U�H��������������

Data analysis
Statistical analysis was performed with SPSS for Windows 
�Y�H�U�V�L�R�Q�� ���������� ���6�3�6�6�� �,�Q�F������ �&�K�L�F�D�J�R���� �,�/���� �I�R�U�� �G�H�V�F�U�L�S�W�L�Y�H��
�D�Q�D�O�\�V�L�V���� �.�R�O�P�R�J�R�U�R�Y���6�P�L�U�Q�R�Y�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �W�H�V�W���� �0�D�Q�Q��
Whitney test, Spearman correlation and multivariate logistic 
�U�H�J�U�H�V�V�L�R�Q���D�Q�D�O�\�V�L�V�����+�\�S�R�W�K�H�V�H�V���Z�H�U�H���W�H�V�W�H�G���D�W���D���V�L�J�Q�L�¿�F�D�Q�F�H��
�O�H�Y�H�O���R�I������������
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8-isoprostane, MGP & BMP-2 in CKD Vascular Calcification (Rositawati W)
Indones  Biomed J.  2013; 5(2): 129-36DOI: 10.18585/inabj.v5i2.71

0 1-6 >7
(n=40) (n=14) (n=9)

     8-isoprostane (pg/ml) 70.7 (17.2-543.4) 58.8 (33.5-229.2) 94.1 (37.2-543.4) 0.180

     BMP-2 (pg/ml) 34.9 (15.9-311.1) 31.8 (19.8-86.5) 27.0 (19.1-72.2) 0.654

     MGP (pg/ml) 95,509.5 ± 57,547.1 112,495.2 ± 46,888.9 98,002.2 ± 34,749.6 0.585

     MGP/BMP-2 2,505.7 ± 1,541.4 3,260.2 ± 1,487.1 3,126.7 ± 1,359.6 0.209

Variable
AAC Score

p_

Table 2. Biochemical Characteristic of the subjects in each group.

�&�K�L���V�T�X�D�U�H���W�H�V�W�����0�*�3���%�0�3���������0�*�3���%�0�3�������O�H�Y�H�O�V���U�D�W�L�R

Table 3. Correlation of 8-isoprostane, BMP-2, MGP and MGP/BMP-2 levels ratio with AAC score in each group.

r p r p r p r p

     8-isoprostane (pg/ml) 0.150 0.121 - - 0.030 0.460 -0.077 0.422

     BMP-2 (pg/ml) -0.127 0.160 - - -0.238 0.207 -0.110 0.389

     MGP (pg/ml) 0.151 0.118 - - -0.207 0.238 0.608 0.041*

     MGP/BMP-2 ratio 0.279 0.013* - - 0.074 0.401 0.287 0.227

AAC Score

Variable Total Samples 0 1-6  >7
(n=63) (n=40) (n=14) (n=9)

_

�6�S�H�D�U�P�D�Q���F�R�U�U�H�O�D�W�L�R�Q���W�H�V�W�����0�*�3���%�0�3���������0�*�3���%�0�3�������O�H�Y�H�O�V���U�D�W�L�R

r p r p r p r p

     BMP-2 (pg/ml) 0.266 0.018* 0.146 0.185 0.661 0.005** 0.339 0.186

     MGP (pg/ml) 0.410 0.000** 0.499 0.001** 0.569 0.017* -0.203 0.300

     MGP/BMP-2 0.096 0.227 0.291 0.034* -0.147 0.308 -0.390 0.150

Variable 0 1-6   >7
(n=40) (n=14) (n=9)

_

8-isoprostane (pg/ml)

AAC Score
Total Samples

(n=63) 

Table 4. Correlation of 8-isoprostane with MGP, BMP-2 and MGP/BMP-2 levels ratio in each group.

�6�S�H�D�U�P�D�Q���F�R�U�U�H�O�D�W�L�R�Q���W�H�V�W�����0�*�3���%�0�3���������0�*�3���%�0�3�������O�H�Y�H�O�V���U�D�W�L�R�����p≤��������������p≤��������

Table 5. Univariate and multivariate logistic regression analysis

OR 95% CI p OR 95% CI p

     8-isoprostane (pg/ml) 1.476 0.527 - 4.137 0.459 1.683 0.303 - 9.355 0.552

     BMP-2 (pg/ml) 0.696 0.248 - 1.953 0.491 1.148 0.212 - 6.225 0.873

     MGP (pg/ml) 1.589 0.565 - 4.465 0.380 0.649 0.103 - 4.081 0.645

     MGP/BMP-2 3.231 1.111 -9.393 0.031 12.436 1.595 - 96.971 0.016

Variable
Univariate Analysis Multivariate Analysis

�/�R�J�L�V�W�L�F���U�H�J�U�H�V�V�L�R�Q���D�Q�D�O�\�V�L�V�����0�*�3���%�0�3���������0�*�3���%�0�3�������O�H�Y�H�O�V���U�D�W�L�R�����2�5�����R�G�G�V���U�D�W�L�R�����&�,�����F�R�Q�¿�G�H�Q�F�H���L�Q�W�H�U�Y�D�O
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Discussion

�9�D�V�F�X�O�D�U�� �F�D�O�F�L�¿�F�D�W�L�R�Q�� �L�V�� �D�� �I�R�U�P�� �R�I�� �H�F�W�R�S�L�F�� �P�L�Q�H�U�D�O�L�]�D�W�L�R�Q��
which arises from deposition of calcium and phosphate in 
major arteries and cardiac valves. The incidence of vascular 
�F�D�O�F�L�¿�F�D�W�L�R�Q�� �L�V�� �S�R�V�L�W�L�Y�H�O�\�� �F�R�U�U�H�O�D�W�H�G�� �Z�L�W�K�� �K�L�J�K�� �P�R�U�W�D�O�L�W�\��
�D�Q�G���P�R�U�E�L�G�L�W�\���U�D�W�H���I�R�U���&�9�'�����W�K�L�V���L�V���G�X�H���W�R���W�K�H���I�R�U�P�D�W�L�R�Q���R�I��
�K�\�G�U�R�[�\�D�S�D�W�L�W�H���F�U�\�V�W�D�O�V���L�Q���W�K�H���G�L�V�W�L�Q�F�W���O�D�\�H�U�V���R�I���E�O�R�R�G���Y�H�V�V�H�O�V��
that is responsible for increased stiffness and decreased 
compliance of arterial walls. The most severe form of 
�F�D�O�F�L�¿�F���Y�D�V�F�X�O�R�S�D�W�K�\���L�V���P�H�G�L�D�O���F�D�O�F�L�¿�F�D�W�L�R�Q���W�K�D�W���L�V���R�E�V�H�U�Y�H�G��
�L�Q�� �(�6�5�'�� �Z�K�L�F�K�� �R�F�F�X�U�V�� �L�Q�� �W�K�H�� �W�X�Q�L�F�D�� �P�H�G�L�D���� �W�K�H�� �O�D�\�H�U�� �W�K�D�W��
�V�X�S�S�O�L�H�V���P�H�F�K�D�Q�L�F�D�O���V�W�U�H�Q�J�W�K���D�Q�G���F�R�Q�W�U�D�F�W�L�O�H���S�R�Z�H�U���� �,�W���L�V�� �D��
�Q�H�F�U�R�W�L�]�L�Q�J���F�R�Q�G�L�W�L�R�Q���W�U�L�J�J�H�U�H�G���E�\���W�K�H���H�[�S�R�V�X�U�H���W�R���L�Q�F�U�H�D�V�H�G��
�R�[�L�G�D�W�L�Y�H���V�W�U�H�V�V���D�Q�G���D���F�R�Q�G�L�W�L�R�Q���Z�L�W�K���L�Q�À�D�P�P�D�W�L�R�Q���W�K�D�W���D�U�H��
characteristic of the uremic milieu and negatively affect 

�W�K�H�� �H�Q�G�R�W�K�H�O�L�D�O�� �I�X�Q�F�W�L�R�Q���� �,�Q�� �W�K�H�� �S�D�V�W�� �Y�D�V�F�X�O�D�U�� �F�D�O�F�L�¿�F�D�W�L�R�Q��
was thought to be an entirely “passive” process and this 
meant that any therapeutic strategy would not have been 
able to reverse or, at least, slow it down. Recent studies 
�K�D�Y�H�� �S�R�L�Q�W�H�G�� �R�X�W�� �W�K�D�W�� �H�F�W�R�S�L�F�� �F�D�O�F�L�¿�F�D�W�L�R�Q�� �L�Q�V�W�H�D�G�� �L�V�� �D��
highly regulated cell-mediated process which shares many 
similarities with the physiological mineralization in the 
�E�R�Q�H���� �7�K�H�� �N�H�\�� �F�H�O�O�X�O�D�U�� �H�I�I�H�F�W�R�U�V�� �R�I�� �P�L�Q�H�U�D�O�L�]�D�W�L�R�Q�� �Z�L�W�K�L�Q��
�W�K�H���Y�D�V�F�X�O�D�U���Z�D�O�O���D�U�H���W�K�H���R�V�W�H�R�E�O�D�V�W���O�L�N�H���F�H�O�O�V���G�H�U�L�Y�H�G���I�U�R�P��
�9�6�0�&�V�� �G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q���� �,�Q�� �W�U�D�Q�V�I�R�U�P�H�G�� �� �9�6�0�&�V���� �� �V�H�Y�H�U�D�O����
�R�V�W�H�R�E�O�D�V�W���V�S�H�F�L�¿�F�����J�H�Q�H�V���E�H�F�R�P�H�����D�F�W�L�Y�D�W�H�G�������D�Q�G�����W�K�H�����F�H�O�O�V����
�D�F�T�X�L�U�H�����W�K�H�����D�E�L�O�L�W�\���W�R���V�\�Q�W�K�H�V�L�]�H���E�R�Q�H���V�S�H�F�L�¿�F���H�[�W�U�D�F�H�O�O�X�O�D�U��
�P�D�W�U�L�[���� �W�R�� �D�F�F�X�P�X�O�D�W�H�� �E�R�Q�H���V�S�H�F�L�¿�F�� �P�L�Q�H�U�D�O�V���� �D�Q�G�� �W�R�� �I�R�U�P��
�E�R�Q�H���V�S�H�F�L�¿�F�� �W�U�L�G�L�P�H�Q�V�L�R�Q�D�O�� �V�W�U�X�F�W�X�U�H�V�� �R�U�� �K�\�G�U�R�[�\�D�S�D�W�L�W�H��
�F�U�\�V�W�D�O�V������������ �6�H�Y�H�U�D�O�� �V�W�L�P�X�O�L�� �L�Q�G�X�F�H�� �9�6�0�&�V�� �W�R�� �X�Q�G�H�U�J�R��
�R�V�W�H�R�J�H�Q�L�F���G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q�����L�Q�F�O�X�G�L�Q�J���R�[�L�G�D�W�L�Y�H���V�W�U�H�V�V�����%�0�3�V��
�R�U���F�K�D�Q�J�H�V���L�Q���S�\�U�R�S�K�R�V�S�K�D�W�H���O�H�Y�H�O�V��������
 Plasma 8-isoprostanes as an in vivo�� �R�[�L�G�D�W�L�Y�H�� �V�W�U�H�V�V��
�L�V�� �G�H�U�L�Y�H�G�� �I�U�R�P�� �R�[�L�G�D�W�L�Y�H�� �P�R�G�L�¿�F�D�W�L�R�Q�� �R�I�� �D�U�D�F�K�L�G�R�Q�L�F��
acid. Previous studies showed patients on long-term 
�K�D�H�P�R�G�L�D�O�\�V�L�V�� �P�L�J�K�W�� �E�H�� �X�Q�G�H�U�� �L�Q�F�U�H�D�V�H�G�� �R�[�L�G�D�W�L�Y�H�� �V�W�U�H�V�V��
�F�D�X�V�H�G�� �E�\�� �H�L�W�K�H�U�� �K�D�H�P�R�G�L�D�O�\�V�L�V�� �R�U�� �U�H�Q�D�O�� �I�D�L�O�X�U�H���������� �7�K�H��
�S�U�H�Y�L�R�X�V�� �V�W�X�G�L�H�V�� �G�H�P�R�Q�V�W�U�D�W�H�G�� �R�[�L�G�D�W�L�Y�H�� �V�W�U�H�V�V�� �H�Q�K�D�Q�F�H�G��
differentiation of calcifying vascular cells and inhibited 
�G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q���R�I���E�R�Q�H���F�H�O�O�V�������������2�W�K�H�U���V�W�X�G�L�H�V���D�O�V�R���V�K�R�Z�H�G��
a strong relationship between concentrations of circulating 
�)�����L�V�R�S�U�R�V�W�D�Q�H�V�� �D�Q�G�� �W�K�H�� �H�D�U�O�\�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �F�R�U�R�Q�D�U�\��
artery disease as measured by coronary artery calcium 
���&�$�&�������������� �,�Q�� �R�X�U�� �V�W�X�G�\���� �Z�H�� �H�[�D�P�L�Q�H�G�� �Z�H�D�N�� �S�R�V�L�W�L�Y�H��
correlation between 8-isoprostane level and AAC score 
���U� ��������������p� ���������������� �Z�K�L�F�K�� �F�R�X�O�G�� �E�H�� �H�[�S�O�D�L�Q�H�G�� �W�K�D�W�� �W�K�H�U�H��
�Z�H�U�H���P�D�Q�\���R�W�K�H�U���U�L�V�N���I�D�F�W�R�U�V���L�Q�V�W�H�D�G���R�I���R�[�L�G�D�W�L�Y�H���V�W�U�H�V�V���W�K�D�W��
�F�R�X�O�G���D�O�V�R���K�D�Y�H���D�I�I�H�F�W�H�G���W�K�H���V�H�Y�H�U�L�W�\���R�I���F�D�O�F�L�¿�F�D�W�L�R�Q���L�Q���&�.�'����
including age, duration of haemodialysis, diabetes mellitus 
and hypertension. However, we found a positive correlation 
�E�H�W�Z�H�H�Q�� �����L�V�R�S�U�R�V�W�D�Q�H�� �Z�L�W�K�� �%�0�3������ ���U� ��������������p≤������������ �D�Q�G��
�0�*�3�� �O�H�Y�H�O�V�� ����������������p≤�������������� �L�Q�� �D�O�O�� �W�R�W�D�O�� �V�X�E�M�H�F�W�V���� �,�Q�� �W�K�H��
�V�X�E�M�H�F�W���J�U�R�X�S���Z�L�W�K���H�D�U�O�\���F�D�O�F�L�¿�F�D�W�L�R�Q�����$�$�&���V�F�R�U�H���������������E�X�W��
�Q�R�W���L�Q���W�K�H���J�U�R�X�S���Z�L�W�K���H�[�W�H�Q�G�H�G���F�D�O�F�L�¿�F�D�W�L�R�Q�����$�$�&���V�F�R�U�H���•��������
it also showed a positive correlation between 8-isoprostane 
�Z�L�W�K�� �%�0�3������ ���U� ��������������p≤������������ �D�Q�G�� �0�*�3�� �O�H�Y�H�O�V�� ���U� ��������������
p≤�������������� �7�K�L�V�� �O�D�W�W�H�U�� �¿�Q�G�L�Q�J�� �P�D�\�� �D�O�V�R�� �H�[�S�O�D�L�Q�� �W�K�D�W�� �W�K�H�� �U�R�O�H��
�R�I���R�[�L�G�D�W�L�Y�H���V�W�U�H�V�V���L�Q���F�D�O�F�L�¿�F�D�W�L�R�Q���R�F�F�X�U�V���Y�L�D���S�U�R�P�R�W�L�Q�J���W�K�H��
�H�[�S�U�H�V�V�L�R�Q���R�I���P�L�Q�H�U�D�O�L�]�D�W�L�R�Q���U�H�J�X�O�D�W�R�U�V���L�Q�F�O�X�G�L�Q�J���0�*�3���D�Q�G��
�%�0�3���������D�Q�G���H�Q�K�D�Q�F�L�Q�J���G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q���R�I���9�6�0�&���W�R���E�H�F�R�P�H��
an osteoblastic phenotype.
�� �$�U�W�H�U�\�� �Z�D�O�O�� �F�D�O�F�L�¿�F�D�W�L�R�Q�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K��
atherosclerosis frequently contains fully formed bone tissue 
�L�Q�F�O�X�G�L�Q�J�� �P�D�U�U�R�Z���� �%�0�3������ �D�� �S�R�W�H�Q�W�� �I�D�F�W�R�U�� �I�R�U�� �R�V�W�H�R�E�O�D�V�W�L�F��

�R�I�������L�V�R�S�U�R�V�W�D�Q�H�����%�0�3������ �D�Q�G���V�F�R�U�H���$�$�&���K�D�G���D�Q���D�E�Q�R�U�P�D�O��
distribution, thus non parametric tests were used for data 
analysis (data not shown).
�� �7�D�E�O�H�� ���� �V�K�R�Z�V�� �W�K�H�� �E�L�R�F�K�H�P�L�F�D�O�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �R�I��
�V�X�E�M�H�F�W�V�� �W�K�D�W�� �Z�H�U�H�� �V�W�U�D�W�L�¿�H�G�� �L�Q�W�R�� ���� �J�U�R�X�S�V���� �$�O�W�K�R�X�J�K�� �Q�R��
�V�W�D�W�L�V�W�L�F�D�O�O�\�� �V�L�J�Q�L�¿�F�D�Q�W�� �G�L�I�I�H�U�H�Q�F�H�V�� �Z�H�U�H�� �Q�R�W�H�G�� �I�R�U�� �D�O�O��
variables among groups, we found that concentrations of 
�0�*�3�� �D�Q�G�� �0�*�3���%�0�3������ �O�H�Y�H�O�V�� �U�D�W�L�R�� �Z�H�U�H�� �K�L�J�K�H�U�� �L�Q�� ���$�$�&��
�V�F�R�U�H�����������J�U�R�X�S���W�K�D�Q���L�Q���$�$�&���V�F�R�U�H�������D�Q�G���•�����J�U�R�X�S�V��
�� �$�J�H�����G�X�U�D�W�L�R�Q���R�I���K�D�H�P�R�G�L�D�O�\�V�L�V���D�Q�G���D�F�X�W�H���L�Q�À�D�P�P�D�W�L�R�Q��
�V�W�D�W�X�V���Z�H�U�H���L�Q�G�H�S�H�Q�G�H�Q�W���U�L�V�N���I�D�F�W�R�U�V���W�K�D�W���F�R�X�O�G���E�H���D�I�I�H�F�W�H�G���R�Q��
the research variables. However, the Spearman correlation 
�W�H�V�W�� �V�K�R�Z�H�G�� �W�K�D�W�� �W�K�H�U�H�� �Z�D�V�� �Q�R�� �F�R�U�U�H�O�D�W�L�R�Q�� �R�I�� �W�K�R�V�H�� �U�L�V�N��
�I�D�F�W�R�U�V�� �Z�L�W�K�� �D�O�O�� �Y�D�U�L�D�E�O�H�V���� �H�[�F�H�S�W�� �F�R�U�U�H�O�D�W�L�R�Q�� �E�H�W�Z�H�H�Q��
�D�F�X�W�H�� �L�Q�À�D�P�P�D�W�L�R�Q�� �V�W�D�W�X�V�� �U�H�S�U�H�V�H�Q�W�H�G�� �E�\�� �K�L�J�K���V�H�Q�V�L�W�L�Y�L�W�\��
C-reactive protein (hsCRP) and 8-isoprostane levels (data 
not shown).
�� �7�D�E�O�H�� ���� �V�K�R�Z�V�� �V�L�J�Q�L�¿�F�D�Q�W�� �F�R�U�U�H�O�D�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �$�$�&��
�V�F�R�U�H�� �D�Q�G�� �0�*�3���%�0�3������ �O�H�Y�H�O�V�� �U�D�W�L�R�� �L�Q�� �W�K�H�� �W�R�W�D�O�� �V�D�P�S�O�H�V��
���U� ��������������p� ���������������� �D�Q�G�� �D�O�V�R�� �Z�L�W�K�� �0�*�3�� �L�Q���$�$�&�� �V�F�R�U�H�� �•����
group (r=0.608, p� ��������������
�� �6�S�H�D�U�P�D�Q���F�R�U�U�H�O�D�W�L�R�Q���W�H�V�W�����7�D�E�O�H���������V�K�R�Z�H�G���V�L�J�Q�L�¿�F�D�Q�W��
�F�R�U�U�H�O�D�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �����L�V�R�S�U�R�V�W�D�Q�H�� �D�Q�G�� �%�0�3������ �L�Q�� �W�K�H�� �W�R�W�D�O��
�V�D�P�S�O�H�V�� ���U� ��������������p� �������������� �D�Q�G�� �L�Q�� �$�$�&�� �V�F�R�U�H�� �������� �J�U�R�X�S��
���U� ��������������p� �����������������7�K�H�U�H���Z�H�U�H���D�O�V�R���V�L�J�Q�L�¿�F�D�Q�W���F�R�U�U�H�O�D�W�L�R�Q��
between 8-isoprostane and MGP in the total samples 
���U� ��������������p≤���������������� �L�Q�� ���� ���U� ��������������p� �������������� �D�Q�G�� �L�Q�� �$�$�&��
�V�F�R�U�H�����������J�U�R�X�S�V�����U� ��������������p� ��������������
 Univariate and multivariate logistic regression 
�D�Q�D�O�\�V�H�V�� ���7�D�E�O�H�� ������ �V�K�R�Z�H�G�� �W�K�D�W�� �0�*�3���%�0�3������ �O�H�Y�H�O�V�� �U�D�W�L�R��
���2�5���� ������������ �������� �&�,���� ����������������������������p� �������������� �Z�D�V�� �D�� �V�W�U�R�Q�J��
�S�U�H�G�L�F�W�R�U���I�R�U���W�K�H���R�F�F�X�U�D�Q�F�H���R�I���Y�D�V�F�X�O�D�U���F�D�O�F�L�¿�F�D�W�L�R�Q���L�Q���&�.�'��
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8-isoprostane, MGP & BMP-2 in CKD Vascular Calcification (Rositawati W)
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�G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q���Z�D�V���I�R�X�Q�G���W�R���E�H���H�[�S�U�H�V�V�H�G���L�Q���F�D�O�F�L�¿�H�G���K�X�P�D�Q��
�D�W�K�H�U�R�V�F�O�H�U�R�W�L�F���S�O�D�T�X�H�������������%�0�3�������V�H�F�U�H�W�L�R�Q���L�V���S�U�R�J�U�H�V�V�L�Y�H�O�\��
increased in bovine VSMCs during mineralization and 
�X�U�H�P�L�F�� �V�H�U�X�P�� �H�Q�K�D�Q�F�H�V�� �L�W�V�� �V�H�F�U�H�W�L�R�Q���� �,�W�� �L�V�� �O�L�N�H�O�\�� �W�K�D�W�� �E�R�W�K��
Cbfa1���D�Q�G���%�0�3�������P�D�\���E�H���P�R�U�H���F�U�L�W�L�F�D�O���L�Q���W�K�H���L�Q�L�W�L�D�W�L�R�Q���R�I��
�R�V�W�H�R�E�O�D�V�W���O�L�N�H�� �F�H�O�O�� �S�K�H�Q�R�W�\�S�L�F�� �F�K�D�Q�J�H�� �R�I�� �X�U�H�P�L�F���V�H�U�X�P��
treated bovine VSMCs, but thereafter, other factors are also 
�L�P�S�R�U�W�D�Q�W���L�Q���W�K�H���F�R�Q�W�L�Q�X�D�W�L�R�Q���R�I���W�K�H���F�D�O�F�L�¿�F�D�W�L�R�Q����������
�� �0�*�3���L�V���D�Q���H�[�W�U�D�F�H�O�O�X�O�D�U���P�D�W�U�L�[���S�U�R�W�H�L�Q���Z�L�W�K���Z�L�G�H���W�L�V�V�X�H��
�G�L�V�W�U�L�E�X�W�L�R�Q���G�H�W�H�F�W�D�E�O�H���L�Q���W�K�H���Q�R�U�P�D�O���E�O�R�R�G���D�Q�G���L�Q���F�D�O�F�L�¿�H�G��
�D�W�K�H�U�R�V�F�O�H�U�R�W�L�F�� �S�O�D�T�X�H�V���� �,�W�V�� �P�D�L�Q�� �V�R�X�U�F�H�V�� �D�U�H�� �F�D�U�W�L�O�D�J�H�� �D�Q�G��
the vessel wall where it is synthesized by chondrocytes 
�D�Q�G���9�6�0�&�V���� �U�H�V�S�H�F�W�L�Y�H�O�\���� �,�W�V�� �I�X�Q�F�W�L�R�Q�� �L�V�� �W�R�� �L�Q�K�L�E�L�W�� �P�H�G�L�D�O��
�F�D�O�F�L�¿�F�D�W�L�R�Q�� �R�I�� �D�U�W�H�U�L�H�V�� �D�Q�G�� �W�K�H�U�H�E�\�� �W�R�� �S�U�R�W�H�F�W�� �W�K�H�� �Q�R�U�P�D�O��
�H�Q�Y�L�U�R�Q�P�H�Q�W�� �L�Q�� �W�K�H�� �Y�D�V�F�X�O�D�U�� �Z�D�O�O������������ �7�K�H�� �P�H�F�K�D�Q�L�V�P�V��
remain unclear. At least two mechanisms could account 
�I�R�U�� �W�K�R�V�H�� �P�H�F�K�D�Q�L�V�P�V���� �¿�U�V�W���� �0�*�3�� �E�L�Q�G�V�� �F�D�O�F�L�X�P�� �L�R�Q�V�� �D�Q�G��
�K�\�G�U�R�[�\�D�S�D�W�L�W�H�� �Y�L�D�� �L�W�V�� �¿�Y�H��g���F�D�U�E�R�[�\�O�D�W�H�G�� �J�O�X�W�D�P�L�F�� �D�F�L�G��
(Gla) residues, second, MGP has been shown to modulate 
�W�K�H���E�L�R�O�R�J�L�F�D�O���D�F�W�L�Y�L�W�\�� �R�I�� �W�K�H���7�*�)��b superfamily members 
�V�X�F�K���D�V���%�0�3�V����������
 in vitro study conducted by Zebboudj, et al., showed 
�0�*�3�� �K�D�V�� �E�H�H�Q�� �G�H�P�R�Q�V�W�U�D�W�H�G�� �W�R�� �H�[�H�U�W�� �G�R�V�H���G�H�S�H�Q�G�H�Q�W��
inhibitory effect on osteoblastic differentiation through 
�L�Q�W�H�U�I�H�U�H�Q�F�H�� �Z�L�W�K�� �E�L�Q�G�L�Q�J�� �R�I�� �%�0�3������ �W�R�� �L�W�V�� �U�H�F�H�S�W�R�U���� �,�W��
provided evidence that MGP is a regulatory protein for 
�%�0�3�������� �0�*�3�� �K�D�V�� �D�� �G�R�V�H���G�H�S�H�Q�G�H�Q�W�� �H�I�I�H�F�W�� �R�Q�� �%�0�3������
�L�Q�G�X�F�H�G�� �R�V�W�H�R�E�O�D�V�W�L�F�� �G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q�� �L�Q�� �0���� �F�H�O�O�V���� �5�H�O�D�W�L�Y�H��
�O�R�Z�� �O�H�Y�H�O�V�� �R�I�� �0�*�3�� �W�R�� �%�0�3������ ���O�H�V�V�� �W�K�D�Q�� �����I�R�O�G���� �U�H�V�X�O�W�� �L�Q��
�P�L�O�G�� �H�Q�K�D�Q�F�H�P�H�Q�W�� �R�I�� �%�0�3������ �D�F�W�L�Y�L�W�\���� �,�Q�W�H�U�P�H�G�L�D�W�H�� �O�H�Y�H�O�V��
���a���±�������I�R�O�G�����U�H�V�X�O�W���L�Q���L�Q�K�L�E�L�W�L�R�Q���D�Q�G���K�L�J�K���O�H�Y�H�O�V�����D�E�R�Y�H��������
�I�R�O�G�����U�H�V�X�O�W���L�Q���V�W�U�R�Q�J���H�Q�K�D�Q�F�H�P�H�Q�W���R�I���%�0�3�������D�F�W�L�Y�L�W�\�����:�K�H�Q��
�W�K�H���O�H�Y�H�O�V���R�I���0�*�3���H�[�F�H�H�G�H�G�������±�������I�R�O�G���U�H�O�D�W�L�Y�H���W�R���%�0�3��������
�W�K�H�U�H���Z�R�X�O�G���E�H���D���W�U�H�Q�G���R�I���L�Q�F�U�H�D�V�H�G���R�V�W�H�R�L�Q�G�X�F�W�L�R�Q���L�Q���$�/�3��
�D�V�V�D�\���D�Q�G���G�H�F�U�H�D�V�H�G���E�L�Q�G�L�Q�J���R�I���%�0�3������ �W�R���Z�K�R�O�H���F�H�O�O�V���D�Q�G��
�P�D�W�U�L�[���� �,�Q�� �O�D�U�J�H�� �H�[�F�H�V�V�H�V�� �R�I�� �0�*�3�� �������±�������I�R�O�G���� �U�H�O�D�W�L�Y�H�� �W�R��
�%�0�3���������W�K�H�U�H���L�V���D���V�W�U�R�Q�J���H�Q�K�D�Q�F�H�P�H�Q�W���R�I���W�K�H���R�V�W�H�R�L�Q�G�X�F�W�L�Y�H��
�H�I�I�H�F�W���R�I���%�0�3�������D�Q�G���D���F�R�U�U�H�V�S�R�Q�G�L�Q�J���D�F�W�L�Y�D�W�L�R�Q���R�I��Smad1. 
�2�Q�H�� �S�R�V�V�L�E�O�H�� �H�[�S�O�D�Q�D�W�L�R�Q�� �I�R�U�� �W�K�L�V�� �S�K�H�Q�R�P�H�Q�R�Q�� �P�D�\�� �E�H��
�V�D�W�X�U�D�W�L�R�Q���R�I���D�V�V�R�F�L�D�W�L�R�Q���V�L�W�H�V��������
�� �+�R�Z�H�Y�H�U�����R�W�K�H�U���V�W�X�G�L�H�V���K�D�Y�H���V�K�R�Z�Q���0�*�3���V�L�J�Q�L�¿�F�D�Q�W�O�\��
increased in patients with severe atherosclerosis. Higher 
MGP could therefore be a positive indicator for the 
prognosis due to its function as an inhibitor of medial 
�F�D�O�F�L�¿�F�D�W�L�R�Q�� �R�I�� �D�U�W�H�U�L�H�V�� �D�Q�G�� �P�D�\�� �L�Q�G�L�F�D�W�H�� �S�U�R�J�U�H�V�V�L�Q�J��
�P�H�G�L�D�� �D�Q�G�� �L�Q�W�L�P�D�� �F�D�O�F�L�¿�F�D�W�L�R�Q�� �S�U�R�F�H�V�V�H�V���� �0�R�U�H�R�Y�H�U���� �W�K�H�V�H��
�S�U�R�F�H�V�V�H�V���Z�H�U�H���S�D�U�D�O�O�H�O�H�G���E�\���L�Q�F�U�H�D�V�H�G���L�Q�À�D�P�P�D�W�L�R�Q�����Z�K�L�F�K��
�P�D�\�� �U�H�À�H�F�W�� �D�Q�� �L�Q�L�W�L�D�O�� �H�Y�H�Q�W�� �Y�H�U�\�� �H�D�U�O�\�� �L�Q�� �W�K�H�� �S�U�R�F�H�V�V�� �W�K�D�W��
�O�H�D�G�V���W�R���F�D�O�F�L�¿�F�D�W�L�R�Q�������������$���V�W�X�G�\���F�R�Q�G�X�F�W�H�G���E�\���3�U�R�X�G�I�R�R�W����

et al������ �D�O�V�R�� �V�K�R�Z�H�G�� �9�6�0�&�V�� �L�Q�� �F�D�O�F�L�I�\�L�Q�J�� �F�H�O�O�V�� �H�[�S�U�H�V�V�H�G��
�K�L�J�K�� �O�H�Y�H�O�V�� �R�I�� �0�*�3�� �P�5�1�$���� �,�W�� �L�V�� �S�R�V�V�L�E�O�H�� �0�*�3�� �E�H�F�R�P�H�V��
immobilized in the nodular calcifying cells and is unable 
�W�R���F�O�H�D�U���F�D�O�F�L�X�P���L�Q�W�R���W�K�H���H�[�W�H�U�Q�D�O���P�H�G�L�X�P�����7�K�H���L�Q�F�U�H�D�V�H���L�Q��
�0�*�3���P�5�1�$���L�Q���W�K�H���Q�R�G�X�O�D�U���F�H�O�O�V���P�D�\�����E�H�����G�X�H�����W�R�����W�K�H�����F�H�O�O�V�
����
�G�H�W�H�F�W�L�R�Q�����R�I�����D�Q�����D�F�F�X�P�X�O�D�W�L�R�Q�����R�I���F�D�O�F�L�X�P���D�Q�G���D���I�H�H�G�E�D�F�N��
�P�H�F�K�D�Q�L�V�P���I�R�U���S�U�R�G�X�F�W�L�R�Q���R�I���D�G�G�L�W�L�R�Q�D�O�����0�*�3����������
 Our study results showed the mean of MGP was 
�K�L�J�K�H�U�� �L�Q���$�$�&�� �V�F�R�U�H�� �������� �J�U�R�X�S�� �W�K�D�Q�� �L�Q�� �W�K�H�� �R�W�K�H�U�� �J�U�R�X�S�V����
�D�O�W�K�R�X�J�K�� �V�W�D�W�L�V�W�L�F�D�O�O�\�� �Q�R�W�� �V�L�J�Q�L�¿�F�D�Q�W���� �L�W�� �P�L�J�K�W�� �L�Q�G�L�F�D�W�H�� �W�K�D�W��
�F�D�O�F�L�¿�F�D�W�L�R�Q���S�U�R�F�H�V�V���L�Q���W�K�H���P�H�G�L�D���D�Q�G���L�Q�W�L�P�D���Z�D�V���D�F�F�H�O�H�U�D�W�H�G��
�G�X�H�� �W�R�� �L�W�V�� �I�X�Q�F�W�L�R�Q�� �D�V�� �D�Q�� �L�Q�K�L�E�L�W�R�U�� �R�I�� �P�H�G�L�D�O�� �F�D�O�F�L�¿�F�D�W�L�R�Q��
�R�I�� �D�U�W�H�U�L�H�V�� �D�W�� �W�K�H�� �H�D�U�O�\�� �S�K�D�V�H�� �R�I�� �F�D�O�F�L�¿�F�D�W�L�R�Q���� �7�K�H�U�H�� �Z�D�V��
�V�L�J�Q�L�¿�F�D�Q�W���F�R�U�U�H�O�D�W�L�R�Q���E�H�W�Z�H�H�Q���$�$�&���V�F�R�U�H���D�Q�G���0�*�3���%�0�3��
�����O�H�Y�H�O�V���U�D�W�L�R���L�Q���W�K�H���W�R�W�D�O���&�.�'���V�D�P�S�O�H�V�����U� ��������������p� ��������������
�D�Q�G���Z�L�W�K���0�*�3���L�Q���$�$�&���V�F�R�U�H���•�����J�U�R�X�S�����U� ��������������p� ����������������
Univariate and multivariate analyses in our study also 
�V�K�R�Z�H�G�� �W�K�D�W�� �0�*�3���%�0�3������ �O�H�Y�H�O�V�� �U�D�W�L�R�� ���2�5���� ������������ �������&�,����
����������������������������p� ���������������Z�D�V���D���V�W�U�R�Q�J���S�U�H�G�L�F�W�R�U���I�R�U���Y�D�V�F�X�O�D�U��
�F�D�O�F�L�¿�F�D�W�L�R�Q���H�Y�H�Q�W�V��
 Overall results of this study suggested that 
�����L�V�R�S�U�R�V�W�D�Q�H�� �D�V�� �D�Q�� �R�[�L�G�D�W�L�Y�H�� �V�W�U�H�V�V�� �P�D�\�� �E�H�� �R�Q�H�� �R�I�� �W�K�H��
�F�R�Q�W�U�L�E�X�W�R�U�V���W�R���W�K�H���D�F�F�H�O�H�U�D�W�H�G���Y�D�V�F�X�O�D�U���F�D�O�F�L�¿�F�D�W�L�R�Q���H�Y�H�Q�W�V��
�D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �&�.�'�� �Y�L�D�� �H�Q�K�D�Q�F�L�Q�J�� �R�V�W�H�R�J�H�Q�L�F�� �U�H�J�X�O�D�W�R�U��
�E�R�W�K���L�Q�K�L�E�L�W�R�U���D�Q�G���S�U�R�P�R�W�H�U���F�D�O�F�L�¿�F�D�W�L�R�Q�����7�K�H���K�L�J�K�H�V�W���P�H�D�Q��
�R�I�� �0�*�3�� �O�H�Y�H�O�� �D�W�� �W�K�H�� �$�$�&�� �V�F�R�U�H�� �������� �J�U�R�X�S�� �P�D�\�� �L�Q�G�L�F�D�W�H��
�D�V�� �D�� �I�H�H�G�E�D�F�N�� �P�H�F�K�D�Q�L�V�P�� �R�I�� �F�H�O�O�V�� �W�R�� �S�U�R�G�X�F�H�� �D�G�G�L�W�L�R�Q�D�O��
�0�*�3�� �W�R�� �F�O�H�D�Q�� �X�S�� �H�[�F�H�V�V�L�Y�H�� �F�D�O�F�L�X�P�� �D�Q�G�� �D�O�V�R�� �L�Q�G�L�F�D�W�H�� �W�K�D�W��
�P�H�G�L�D�� �D�Q�G�� �L�Q�W�L�P�D�� �F�D�O�F�L�¿�F�D�W�L�R�Q�� �V�W�L�O�O�� �S�U�R�J�U�H�V�V�H�V�� �L�Q�� �W�K�H�� �H�D�U�O�\��
�S�K�D�V�H�� �R�I�� �F�D�O�F�L�¿�F�D�W�L�R�Q���� �3�R�V�L�W�L�Y�H�� �F�R�U�U�H�O�D�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �0�*�3��
�%�0�3�������O�H�Y�H�O�V���U�D�W�L�R���Z�L�W�K���V�H�Y�H�U�L�W�\���R�I���F�D�O�F�L�¿�F�D�W�L�R�Q���V�X�J�J�H�V�W�H�G��
�W�K�D�W�� �L�Q�F�U�H�D�V�H�G�� �O�H�Y�H�O�V�� �R�I�� �0�*�3�� �H�[�F�H�H�G�L�Q�J�� �U�H�O�D�W�L�Y�H�� �W�R�� �%�0�3��
���� �L�Q�G�L�F�D�W�H�� �O�D�U�J�H�U�� �H�[�F�H�V�V�� �R�I�� �0�*�3�� �U�H�O�D�W�L�Y�H�� �W�R�� �%�0�3�������� �W�K�H��
stronger enhancement of the osteoinductive effect of BMP-
���� �Z�K�L�F�K�� �F�R�X�O�G�� �D�O�V�R�� �L�Q�G�X�F�H�� �G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q�� �R�I�� �9�6�0�&�� �W�R�� �D�Q��
osteoblastic phenotype.
�� �9�D�V�F�X�O�D�U���F�D�O�F�L�¿�F�D�W�L�R�Q���L�Q���W�K�L�V���V�W�X�G�\���Z�D�V���G�H�W�H�U�P�L�Q�H�G���D�V��
AAC measured using a lateral abdominal X-ray as described 
�E�\�� �+�R�Q�N�D�Q�H�Q����et al., and Belassi, et al������������������ �7�K�H�� �;���U�D�\��
was less sensitive than Computed Tomography (CT)-based 
technique, hence it is one of the limitations of this study. 
�)�X�U�W�K�H�U�� �V�W�X�G�L�H�V�� �X�V�L�Q�J�� �P�R�U�H�� �V�H�Q�V�L�W�L�Y�H�� �W�H�F�K�Q�L�T�X�H�� �W�R�� �D�V�V�H�V�V��
�Y�D�V�F�X�O�D�U���F�D�O�F�L�¿�F�D�W�L�R�Q���D�Q�G���L�Q�Y�R�O�Y�L�Q�J���P�R�U�H���H�O�L�J�L�E�O�H���Q�X�P�E�H�U���R�I��
samples are required to provide more valuable information 
�D�E�R�X�W���U�H�O�D�W�L�R�Q�V�K�L�S�V���E�H�W�Z�H�H�Q���R�[�L�G�D�W�L�Y�H���V�W�U�H�V�V���D�Q�G���R�V�W�H�R�J�H�Q�L�F��
�U�H�J�X�O�D�W�R�U���Z�L�W�K���Y�D�V�F�X�O�D�U���F�D�O�F�L�¿�F�D�W�L�R�Q���L�Q���&�.�'�����7�K�L�V���D�S�S�U�R�D�F�K��
might prove to be a useful tool that would compliment 
�V�W�U�D�W�H�J�\���L�Q���S�K�D�U�P�D�F�R�O�R�J�L�F���W�K�H�U�D�S�\���R�I���Y�D�V�F�X�O�D�U���F�D�O�F�L�¿�F�D�W�L�R�Q��
�L�Q���&�.�'��




