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사상의학적 견지에서 太陰 �A의 중풍 �, 치매와 같은 신경계질환에 다용되고 있는 熱多寒少陽은 최근에 그 엄

상적 효과를 뒷받청할 다각적인 연구들이 이루어지고 있음에도 불구하고 그 정확한 약리학적 기전에 대해서

는 밝혀지지 않고 있다�.
본 연구에서는 인간성상세포를 이용하여 熱多寒少楊이 �s�u�b�s�t�a�n�c�e �P �(�S�P�) 와 �l�i�p�o�p�o�l�y�s�a�c�c�h�a�r�i�d�e α�P�S�) 에 의해 유

도되는 다양한 세포활성물질의 분비량의 조절올 검토함으로써 熱多寒少陽의 약리기전을 연역학적 측면에서

보다 세밀하게 살펴보고자 하였다 �.

熱多寒少楊 수침액은 인간 뇌 성상세포로 부터 �L�P�S 와 �S�P 의 동시자극에 의해 생성되는 세포활성물질중
�i�n�t�e�r�l�e�u�k�i�n �(�I�L�)�-�I�, �I�L�-�4�, �I�L�-�6 및 �t�u�m�o�r �n�e�c�r�o�s�i�s �f�a�c�c�o�r�-�a �(�T�N�F�- 미의 분비를 농도의존적으로 억제했다 �. 그러나
�i�n�t�e�r�f�e�r�o�n�- �r �(�l�F�N�- �r�) 및 �I�L�-�2 의 분비 조절에는 영향을 미치지 않았다
그리고 항 �I�L�-�I �P 항체에 의해 �S�P 유도성 �T�N�F�-�a 분비의 증가가 억제되기 때문에 �I�L�-�I 은 �T�N�F�-�a 증가를 매개

하는 역할을 하는 것으로 사료된다�.
이상의 결과는 熱多寒少陽에 의한 급성기 중풍환자 치료 효과가 뇌 성상세포로부터 분비되는 세포활성물

질의 조절과 밀접한 관련성이 있다는 것올 암시하고 있다�.

�K�e�y�w�o�r�d�s�: �Y�u�l�d�a�-�H�a�n�s�o�-�T�a�n�g�, �A�s�c�r�o�c�y�t�e�s�, �T�u�m�o�r �n�e�c�r�o�s�i�s �f�a�c�c�o�r�-�a�, �S�u�b�s�t�a�n�c�e �P�, �L�i�p�o�p�o�l�y�s�a�c�c�h�a�r�i�d�e�, �I�n�t�e�r�l�e�u�k�i�n�-�I

�I�. �I�N�T�R�O�D�U�C�T�I�O�N �c�o�n�s�t�i�t�u�t�i�o�n�s �i�n�c�o �f�o�u�r �c�y야�s�, �a�c�c�o�r�d�i�n�g �c�o �t�h�e �s�t�r�e�n�g�t�h�s

�a�n�d �w�e�a�k�n�e�s�s�e�s �i�n �f�u�n�c�c�i�o�n�s �o�f �t�h�e �i�n�t�e�r�n�a�l �o�r�g�a�n�s�. �T�h�e�y

�a�r�e �T�a�e�y�a�n�g�i�n�, �T�a�e 띠�r�u�n �S�o�y�a�n�g�i�n 뼈 �d �S�o�u�m�i�n�. �S�a�s�a�n�g�T�h�e �S�a�s�a�n�g �C�o�n�s�t�i�t�u�t�i�o�n�a�l �m�e�d�i�c�i�n�e �c�l�a�s�s 퍼�g
야�o�p�l�e

’

�s

�. �D�e�p�t�. �o�f �S�a�s�a�n�g �C�o�n�s�t�i�t�U�t�i�o�n�a�l �m 뼈마�I�e�, �C�o�l�l�e�g�e �o�f �O�r�i�e�n�t�a�l �M 때�i�c�i�n�e�, �W�o�n�k�w�a�n�g �U�n�i�v�.
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�- 사상책짙의학회지 찌 �1�3 권 쩌 �1 호때 �1 �-

�C�o�n�s�t�i�t�u�t�i�o�n�a�l �p�h�i�l�o�s�o�p�h�y �f�o�r�m�s �t�h�e �b�a�s�i�s �o�f �t�r�e�a�t�m�e�n�t

�b�y �c�o�r�r�e�c�t�i�n�g �t�h�e �i�m�b�a�l�a�n�c�e �o�f �t�h�e �i�n�t�e�r�n�a�l �o�r�g�a�n�s

�c�a�u�s�e�d �b�y �t�h�e �c�o�n�s�t�i�t�u�t�i�o�n�a�l �p�r�o�p�e�r�t�i�e�s �i�n �e�a�c�h �b�o�d�y

�t�y�p�e�. �F�o�r �e�x�a�m�p�l�e�, �T�a�e�u�m�i�n �i�s �t�h�o�u�g�h�t �t�o �h�a�v�e �a �h�i�g�h�e�r

�r�a�t�e �o�f �s�t�r�o�k�e�, �h�y�p�e�r�t�e�n�s�i�o�n 뻐�d �h�y�p�e�r�l�i�p�i�d�e�m�i�a �t�h�a�n �t�h�e

�o�t�h�e�r �t�y�p�e�s �b�e�c�a�u�s�e �h�e �o�r �s�h�e �h�a�s �a �l�a�r�g�e �l�i�v�e�r �a�n�d

�s�m�a�l�l �l�u�n�g�s�. �T�h�u�s�, �a �p�e π �o�n �o�f �t�h�i�s �b�o�d�y �t�y�p�e �h�a�s �a

�w�e�a�k �d�i�s�p�e�r�s�i�n�g �q�i �a�n�d �e�x�c�e�s�s�i�v�e �g�a�t�h�e�r�i�n�g �q�i
�I�. �2�)

�F�r�o�m �t�h�e �v�i�e�w�p 이 �n�t �o�f �t�h�e �S�a�s�a�n�g �C�o�n�s�t�i�t�u�t�i�o�n�a�l

�M�e�d�i�c�i�n�e�, �Y 띠 �d�a�h�a�n�s�o�t�a�n�g α �H�-�T�a�n�g�) �i�s �a �p�r�e�s�c�r�i�p�t�i�o�n

�w�h�i�c�h �o�n�e�n �h�a�s �b�e�e�n 따�e�d �c�l�i�n�i�c�a�l�l�y �f�o�r �n�e�u�r�o�l�o�g�i�c�a�l

�d�i�s�e�a�s�e�s�, �s�u�c�h �a�s �T�a�e�u�m�i�n�'�s �s�t�r�o�k�e �a�n�d �d�e�m�e�n�t�i�a

�R�e�c�e�n�t�l�y�, �m�a�n�y �r�e�s�e�a�r�c�h�e�s �s�u�p�p�o�r�t �t�h�e �c�l�i�n�i�c�a�l �e�f�f�e�c�t �o�f
�3�- ’ �)�. �I �_�I�'��

�Y�H�-�T�a�n�g�J�'�'�'�. �A�m�o�n�g �t�h�e�m�, �C�h�o�j�"�' �h�a�s �r�e�p�o�r�t�e�d �t�h�a�t �t�h�e

�s�e�r�u�m �l�e�v�e�l �o�f �c�y�t�o�k�i�n�e �w�a�s �r�e�g�u�l�a�t�e�d �b�y �Y�H�-�T�a�n�g �i�n

�a�n �a�c�u�t�e �c�e�r�e�b�r�a�l �i�n�f�a�r�c�t�i�o�n �(�0�) �o�f �T�a�e�u�m�i�n�.

�A�s�t�r�o�c�y�t�e�s�, �o�n�e �t�y�p�e �o�f �t�h�e �n�e�u�r�o�l�o�g�i�c�a�l �c�e�l�l�s�, �h�a�v�e �a�n

�i�m�p�o�r�t�a�n�t �r�o�l�e �i�n �m�a�i�n�t�a�i�n�i�n�g �c�e�n�t�r�a�l �n�e π �o�u�s �s�y�s�t�e�m

�(�C�N�S�) �h�o�m�e�o�s�t�a�s�i�s�. �T�o �c�a�r�t�y �o�u�t �h�o�m�e�o�s�t�a�t�i�c �f�u�n�c�t�i�o�n�,

�a�s�t�r�o�c�y�t�e�s �s�y�n�t�h�e�s�i�z�e �v�a�r�i�o�u�s �i�m�m�u�n�e�-�m�e�d�i�a�t�e�d �c�y�t�o�k�i�n�e�s

�a�n�d �i�n�t�e�r�a�c�t �w�i�t�h �t�h�o�s�e �s�u�b�s�t�a�n�c�e�l�-�I�O�)�. �I�t �i�s �k�n�o�w�n �t�h�a�t

�c�y�c�o�k�i�n�e�s �a�r�e �i�n�v�o�l�v�e�d �i�n �v�a�r�i�o�u�s �n�e�u�r�o�p�a�t�h�o�l�o�g�i�c�a�l

�d�i�s�e�a�s�e�s�, �s�u�c�h �a�s �A�l�z�h�e�i�m�e�r ’

�s �d�i�s�e�a�s�e�, �m�u�l�t�i�p�l�e �s�c�l�e�r�o�s�i�s�,

�a�n�d �a�c�q�u�i�r�e�d �i�m�m�u�n�o�d�e�f�i�c�i�e�n�c�y �s�y�n�d�r�o�m�e �(�A�I�D�S�)
�1�1�-�1�3�)

�A�l�s�o �t�h�e �c�h�a�n�g�e �o�f �t�h�e �s야�c�i�f�i�c �c�y�t�o�k�i�n�e �l�e�v�e�l �w�a�s

�r�e�p�o�r�t�e�d �i�n �a�n �a�c�u�t�e �0 �p�a�t�i�e�n�t�I�4�)�. �A�s�t�r�o�c�y�t�e�s �w�e�r�e

�i�n�d�u�c�e�d �t�o �s�e�c�r�e�t�e �c�y�t�o�k�i�n�e�s �a�f�t�e�r �i�n�t�e�r�a�c�t�i�n�g �w�i�t�h

�l�i�p�o�p�o�l�y�s�a�c�c�h�a�r�i�d�e α �P�S�) �o�r �v�i�r�u�s�.

�S�u�b�s�t�a�n�c�e �P �(�S�P�) �i�s �a �n�e�u�r�o�t�r�a�n�s�m�i�t�t�e�r �a�n�d �n�e�r�v�e�-

�o�r�i�g�i�n�a�t�i�n�g �c�h�e�m�i�c�a�l �t�h�a�t �m�e�d�i�a�t�e�s �n�e�u�r�o�g�e�n�i�c �i�n�f�l 입�n�-

’ �. �1�6�)
�m�a�t�i�o�n

�u�. �,�u�'�. �I�n �a�d�d�i�t�i�o�n�, �S�P �s�t�i�m�u�l�a�c�e�s �c�h�e �p�r�o�d�u�c�t�i�o�n

�o�f �i�n�f�l�a�m�m�a�t�o�t�y �c�y�c�o�k�i�n�e�s�, �s�u�c�h �a�s �c�u�m�o�r �n�e�c�r�o�s�i�s

�f�a�c�t�o�r�-�Q �(�T�N�F�-�Q�)�, �i�n�t�e�r�l�e�u�k�i�n �(�I�L�)�-�1�1�7�. �1�8�)
�a�n�d �I�L�-�6�1�7�)�, �a�n�d

�a�f�f�e�c�t�s �c�h�e �n�u�m�b�e�r �o�f �S�P �r�e�c�e�p�t�o�r�s �w�h�e�n �c�h�e �C�N�S 잉

�I�W�i�n�j�u�r�e�d �"�'�. �S�P 얀 �w�i�d�e�l�y �d�i�s�t�r�i�b�u�c�e�d �i�n �c�h�e �C�N�S �a�n�d �i�s

�b�e�l�i�e�v�e�d �c�o �s�c�i�m�u�l�a�t�e �c�y�t�o�k�i�n�e�s �t�o �i�n�f�l�u�e�n�c�e �c�h�e
�I���p�a�c�h�o�l�o�g�i�c�a�l �p�r�o�c�e�s�s �i�n �t�h�e �C�N�S

�I�n �c�h�i�s �s�t�u�d�y�, �t�h�e �r�e�g 띠 �a�c�i�n�g �e�f�f�e�c�t �o�f �Y�H�-�T�a�n�g �o�n

�c�y�c�o�k�i�n�e �s�e�c�r�e�t�i�o�n �i�n�d�u�c�e�d �b�y �L�P�S �a�n�d �S�P �i�n �a�s�t�r ε�y�c�e�s

�w�a�s �i�n�v�e�s�c�i�g�a�t�e�d�. �A�n �e�x�p�e�r�i�m�e�n�t �o�n �c�h�e �r�e�g�u�l�a�t�i�n�g �e�f�f�e�c�t

�o�f �Y�H �T�a�n�g �o�n �c�y�c�o�k�i�n�e �s�e�c�r�e�t�i�o�n �i�n �a�s�t�r�o�c�y�t�e�s �w�a�s

�c�o�n�d�u�C�t�e�d �c�o �d�e�t�e�r�m�i�n�e �h�o�w �t�h�e �r�e�g 띠 �a�c�i�n�g �m�e�c�h�a�n�i�s�m

������������������

�p�r�o�v�i�d�e�c�h�e�b�a�s�i�s�f�o�r�c�h�e�c�l�i�n�i�c�a�l�c�h�e�r�a�p�e�u�c�i�c�e�f�f�e�C�t�o�n

�Y�H�-�T�a�n�g�i�n�a�c�u�c�e�0�p�a�t�i�e�n�t�s

�I�I�. 써�A�T�E�R뻐���A 해 �D �M�E�T�H�O�D�S

�1�. �M�a�t�e�r�i�a�l�s
�1�) �R�e�a�g�e�n�t�s

�F�e�t�a�l �b�o�v�i�n�e �s�e�r�u�m �(�F�B�S�)�, �S�P�, �L�P�S�,

�p�e�n�i�c�i�l�l�i�n�/�s�c�r�e�p�c�o�m�y�c�i�n�, 때 �d �c�w�e�e�n�-�2�0 �w�e�r�e �o�b�c�a�i�n�e�d

�f�r�o�m �S�i�g�m�a �C�h�e�m�i�c�a�l �C�o�. �(�C�h�i�c�a�g�o�, �I�L�)�. �C�y�c�o�k�i�n�e�s�, �s�u�c�h

�a�s �I�F�N�-�r�, �1�L�-�1�, �1�L�-�2�, ι�,�-�4�, �a�n�d �1�L�-�6 �w�e�r�e �o�b�c�a�i�n�e�d

�f�r�o�m �R �& �D �s�y�s�t�e�m�s �(�M�i�n�n�e�a�p�o�l�i�s�, �M�N�)�. �H�u�m�a�n

�r�e�c�o�m�b�i�n�a�n�c �T�N�F�- �a �(�r�T�N�F�- �a�)�, �p�o�l�y�c�l�o�n�a�l �a�n�t�i�-�m�o�u�s�e

止 �-�I �a �a�n�d �a�n�c�i�-�h�u�m�a�n �T�N�F�- �a �a�n�c�i 야�d�y �w�e�r�e �o�b�c�a�i�n�e�d

�f�r�o�m �G�e�n�z�y�m�e �(�C�a�m�b�r�i�d�g�e�, �M�A�)�. �D�u�l�b�e�c�c�o
’

�s �m 여�i�f�i�e�d

�E�a�g�l�e
’

�s �m�e φ�u�m �(�D�M�E�M�) �w�a�s �o�b�t�a�i�n�e�d �f�r�o�m �L�i�f�e

�T�e�c�h�n�o�l�o�g�i�e�s �(�G�r�a�n�d �I�s�l�a�n�d�, �N�Y�)�. �E�n�z�y�m�e�-�l�i�n�k�e�d

�i�m�m�u�n�o�s�o�r�b�e�n�t �a�s�s�a�y �(�E�U�S�A�) �p�l�a�c�e�s �w�e�r�e �o�b�c�a�i�n�e�d �f�r�o�m

�N�u�n�c �(�B�a�p�e�r�v�i�l�l�e�, �I�L�)�.

�2�) �C�e�l�l �l�i�n�e

�H�u�m�a�n 싫 �t�r�o�c�y�t�e�s�, �C�C�F�-�S�T�I�G �1 �c�e�l�l�s �w�e�r�e �u�s�e�d

�3�) �P�r�e�p�a�r�a�t�i�o�n �o�f �Y�H�- �T�a�n�g

�T�h�e �p�l�a�n�t �s�a�m�p�l�e �w�a�s �o�b�t�a�i�n�e�d �f�r�o�m �c�h�e �K�w�a�n�g�j�u

�O�r�i�e�n�c�a�l �M�e�d�i�c�i�n�e �H�o�s�p�i�t�a�l �o�f �W�o�n�k�w�a�n�g �U�n�i�v�e�r�s�i�t�y�.

�A �p�r�e�s�c�r�i�p�c�i�o�n �o�f �Y�H�-�T�a�n�g �w�e�i�g�h�s �4�8�g�, �c�o�n�s�i�s�c�i�n�g �o�f

�1�6 �g �o�f �P�u�e�r�a�r�i�a�e �R�a�d�i�x �(�G�e �G�e�n�)�, �8�g �o�f �S�c�u�c�e�l�l�a�r�i�a�e

�R찌�D�c �(�H�u�a�n�g �Q�i�n�)�, �8�g �o�f �L�i�g�u�s�t�i�c�i �T�e�n�u�i�s�s�i�m�a�e �R�a�d�i�x

�(�G�a�o �B�e�n�)�, �4�g �o�f �R�a�p�h�a�n�i �S�e�m�e�n �(�L�a�i �F�u �Z�i�)�, �4�g �o�f

�A�n�g�e�l�i�c�a�e �D�a�h�u�r�i�c�a�e �R�a�d�i�x �(�B�a�i �Z�h�i�)�, �4�g �o�f �C�i�m�i�c�i�f�u�g�a�e

�R�h�i�z�o�m�a �(�S�h�e�n�g �M�a�)�, �a�n�d �4�g �o�f �P�l�a�t�y�c�o�d�i �R�a�d�i�x �O�i�l�'
�G�e�n�g�)�. �A �w�a�t�e�r �e�x�c�r�a�c�t �o�f �Y�H�-�T�a�n�g �w�a�s �p�r�e�p�a�r�e�d �b�y

�d�e α�>�c�t�i�n�g �c�h�e �p�r�e�s�c�r�i�p�c�i�o�n �o�f �d�r�i�e�d �h�e�r�b�s �i�n �d�i�s�c�i�l�l�e�d �h�o�t

�w�a�c�e�r�. �T�h�e �e�x�c�r�a�c�t �w�a�s �m�t�e�r�e�d �t�h�r�o�u�g�h �a �0�.�4�5 띠�n�f�i�h�«
�a�n�d �f�r�e�e�z�e�-�d�r�i�e�d�.

�T�h�e �Y�H �-�T�a�n�g �w�a�s �p�r�e�s�e�r�v�e�d �a�c �4�"�C �a�n�d �u�s�e�d �i�n �t�h�i�s

�s�t�u�d�y�. �T�h�e �y�i�e�l�d �o�f �c�h�e �e�x�t�r�a�c�c �w�a�s �a�b�o�u�c �1�0�% �(�w�/�w�)�.

�- �6�2�-



�- 최지숙 외 �3�: �A뻐
�g
훌狀뼈뼈에서 �� 多흉少홉에 의한 �J�l�l�l�I�I 홉↑�*빼�i�t 호 �� 해 �I�I 애 뻐한 �6�]�1�1�,�: �-

�2�. �M�e�t�h�o�d�s
�1�) �A�s�t�r�o�c�y�t�e�s �w�e�r�e �c�u�l�t�u�r�e�d �a�t �4 �X �1�0�5 �p�e�r �w�e�l�l

�a�n�d �w�e�r�e �g�r�o�w�n �f�o�r �3 �d�a�y�s �w�i�t�h �D�M�E�M �c�o�n�t�a�i�n�i�n�g

�1�0�% �F�B�S �i�n �C�0�2 �i�nα �b�a�t�o�r�.

�2�) �S�P �p�r�e�p�a�r�a�t�i�o�n�:

�S�p�e�c�i�a�l �c�a�r�e �w�a�s �t�a�k�e�n �w�i�t�h �S�P �t�o �a�v�o�i�d �p�o�s�s�i�b�l�e �i�P�S

�c�o�n�t�a�m�i�n�a�t�i�o�n�. �F�i π �t�, �p�e�p�t�i�d�e �S�P �w�a�s �d�i�s�s�o�l�v�e�d �i�n �0�.�0�1 �%

�a�c�e�t�i�c �a�c�i�d�. �A�c�e�t�i�c �a�c�i�d �w�a�s �m�a�d�e �o�f �1�/�1�á�á�o�o �g�l�a�c�i�a�l

�a�c�e�t�i�c �a�c�i�d �a�n�d �f�1�l�t�e�r�e�d �t�h�r�o�u�g�h �2�.�2 띠�n �f�1�l�t�e�r�. �S�P �s�t�o�c�k

�s�o�l�u�t�i�o�n �w�a�s �k�e�p�t �i�n �a �r�e�f�r�i�g�e�r�a�t�o�r �a�t �-�2�0�'�C �a�f�t�e�r �b�e�i�n�g

�d�i�l�u�t�e�d �i�n �i�P�S �n�o�n�-�c�o�n�t�a�m�i�n�a�t�e�d �d�i�s�t 피�e�d �w�a�t�e�r

�i�m�m�e�d�i�a�t�e�l�y �b�e�f�o�r�e �u�s�e�.

�3�) �M�e�a�s�u�r�e�m�e�n�t �o�f �c�y�t�o�k�i�n�e�s �:

�A�s�s�a�y�s �o�f �c�y�c�o�k�i�n�e�s �w�e�r�e �p�e�r�f�o�r�m�e�d �u�n�d�e�r �m�o�d�i�f�i�e�d

�E�U�S�A �a�c�c�o�r�d�i�n�g �t�o �t�h�e �p�r�o�c�e�d�u�r�e �o�u�t�l�i�n�e�d �b�y �S�c�u�d�e�r�i �e�t

�a�l�2�0�) η�l�a�t �i�s�, �a�n�t�i�-�c�y�t�o�k�i�n�e �m�o�n�o�c�l�o�n�a�l �a�n�t�i�b�o�d�y �w�a�s
‘

�t�r�e�a�t�e�d �w�i�t�h �a �c�o�a�t�i�n�g �b�u�f�f�e�r �s�o�l�u�t�i�o�n �[�0�.�0�2�% �s여�i�u�m

�a�z�i�d�e �c�o�n�t�a�i�n�e�d �p�h�o�s�p�h�a�t�e �b�u�f�f�e�r�e�d �s�a�l�i�n�e �(�P�B�S�) �p�H �= �7�.
�2�) �o�n �f�l�a�t�-�b�o�t�t�o�m�e�d �9ι �w�e�l�l �p�l�a�t�e �(�C�o�m�i�n�g�, �R�o�c�h�e�s�t�e�r�,

�N�Y�) �a�t �a �f�i�n�a�l �c�o�n�c�e�n�t�r�a�t�i�o�n �o�f �6�.�2�5 �n�g �i�n �e�a�c�h �w�e�l�l�,

�a�n�d �c�o�a�t�e�d �a�t �4�'�C �f�o�r �1�2 �h�. �A�f�t�e�r �c�o�a�t�i�n�g�, �t�o �r�e�d�u�c�e

�n�o�n�-�s�p�e�c 퍼 �c �b�i�n�d�i�n�g�, �b�l�o�c�k�i�n�g �b�u�f�f�e�r�e�d �s�o�l�u�t�i�o�n�, �P�B�S

�c�o�n�t�a�i�n�i�n�g �2�% �B�S�A�, �w�a�s �a�d�d�e�d �a�n�d �c�o�a�t�e�d �a�t �3�7 �'�C �f�o�r

�2 �h�. �E�a�c�h �w�e�l�l �w�a�s �a�d�d�e�d �t�o �1�0�0 μ �o�f �r�e�c�o�m�b�i�n�a�n�t

�c�y�t�o�k�i�n�e �s�t�a�n�d�a�r�d �s�o�l�u�t�i�o�n �a�n�d �s�u 야 �m�a�t�a�n�t �o�f �e�a�c�h

�s�p�e�c�i�m�e�n�, �a�n�d �a�f�t�e�r �w�a�s�h�i�n�g �4 띠�l�e�s �w�i�t�h �w�a�s�h �b�u�f�f�e�r

�(�P�B�S �c�o�n�t�a�i�n�i�n�g �0�.�0�5�% �T�w�e�e�n �2�0�)�, �w�e�r�e �s�u�b�s�e�q�u�e�n�t�l�y

�i�n�c�u�b�a�t�e�d �a�t �3�7 �'�C �f�o�r �2 �h�.

�T�h�e �w�e�l�l�s �w�e�r�e �t�h�e�n �w�a�s�h�e�d �4 �t�i�m�e�s �a�g�a�i�n �w�i�t�h �P�B�S

�c�o�n�t�a�i�n�i�n�g �0�.�0�5�% �r�w�e�e�n �2�0�. �T�h�e �w�e�l�l�s �w�e�r�e �t�r�e�a�t�e�d

�w�i�t�h �a�n�t�i�-�c�y�t�o�k�i�n�e �a�n�t�i�b�o�d�y �w�h�i�c�h �h�a�d �b�e�e�n �d�i�l�u�t�e�d �b�y

�P�B�S �c�o�n�t�a�i�n�i�n�g �0�.�0�5�% �r�w�e�e�n �2�0�, �a�n�d �a�g�a�i�n �i�n�c�u�b�a�t�e�d

�a�t �3�7 �'�C �f�o�r �2 �h�. �A�f�t�e�r �w�a�s�h�i�n�g �r�e�p�e�a�t�e�d�l�y �7 �t�i�m�e�s �w�i�t�h

�a �w�a�s�h �b�u�f�f�e�r�, �e�a�c�h �w�e�l�l �w�a�s �t�r�e�a�t�e�d �w�i�t�h �1�0�0 �n�g�/�m�L �o�f

�p�h�o�s�p�h�a�t�a�s�e�-�b�o�u�n�d �a�n�t�i �I�g�G �a�n�t�i�b�o�d�y �(�S�i�g�m�a �C�o�.�) �a�n�d

�i�n�c�u�b�a�t�e�d �a�t �3�7�.�C �f�o�r �2 �h�, �t�h�e�n �w�a�s�h�e�d �7 �t띠�l�e�s �a�g�a�m�.

�A�f�t�e�r �t�h�e �l�a�s�t �w�a�s�h�i�n�g �s�t�e�p�, �1�0�0 때 �o�f �p�-�n�i�r�r�o �p�h�e�n�y�l

�p�h�o�s�p�h�a�t�e �w�a�s �a�d�d�e�d �t�o �e�a�c�h �w�e�l�l�, �w�h�i�c�h �w�a�s 버�s�s�o�l�v�e�d

�i�n �b�u�f�f�e�r �s�o�l�u�t�i�o�n �o�f �t�h�e �m�i�x�t�u�r�e �o�f �0�.�0�5�M �N 상�K�0�3

�a�n�d �0�.�0�5�m�M �M�g�C�I�2�. �T�e�n �m�i�n �a�f�t�e�r�t�h�e �c�o�l�o�r�c�h�a�n�g�e�d�,

�t�h�e �a�b�s�o�r�b�a�n�c�e�o�f �e�a�c�h �c�y�c�o�k�i�n�e�w�a�s �m�e�a�s�u�r�e�d �a�t �4�0�5

�r�u�n �w�a�v�e�-�l�e�n�g�t�h �i�n �t�h�e �E�U�S�A �r�e�a�d�e�r�. �A�p�p�r�o�p�r�i�a�t�e

�s�p�e�c�i�f�i�c�i�t�y�c�o�n�t�r�o�l�s�w�e�r�e �i�n�c�l�u�d�e�d�.

�3�. �S�t�a�t�i�s�t�i�c�a�l �a�n�a�l�y�s�i�s
�D
염

�a �a�r�e �g�i�v�e�n �a�s �m�e�a�n�s �:�!�:�: �S�.�E�. �S�t�a�t�i�s�t�i�c�a�l 뻐혀 �y�s 잉

�w�a�s �p�e�r�f�o�r�m�e�d �w�i�t�h �S�t�u�d�e�n�t
’

�s �t�-�t�e�s�t�. �R�e�s�u�l�t�s �w�i�t�h

�P�<�0�.�0�5 �w�e�r�e �c�o�n�s�i�d�e�r�e�d �s�t�a�t�i�s�t�i�c�a�l�l�y �s�i�g�n�i�f�i�c�a�n�t�.

삐 �. �R�E�S�U�L�T�S

�1�. �T�h�e �e�f�f�e�c�t �o�f �Y�H�-�T�a�n�g �o�n �L�P�S �a�n�d �S�P
�i�n�d�u�c�e�d �i�n’ �e�r�f�e�r�o�n�- �r �(�l�F�N�- �r�) �s�e�c�-
�r�e�t�i�o�n �i�n �a�s ’ �r�o�c�y�t�e�s

�T�o �e�v�a�l�u�a�t�e �t�h�e �e�f�f�e�c�t �o�f �Y�H�-�T�a�n�g �o�n �I�F�N�- �r
�s�e�c�r�e�t�i�o�n �i�n 잃 �t�r αγ�t�e�s�, �t�h�e �a�m�o�u�n�t �o�f �I�F�N�- �r �s�e�c�r�e�t�i�o�n

�w�a�s �m�e�a�s�u�r�e�d �a�f�t�e�r �1�8 �h �o�f �i�n�c�u�b�a�t�i�o�n �o�f �a�s�t�r�o�c�y�r�e�s

�w�h�i�c�h �w�a�s �a�d�d�e�d �b�y �i�P�S �a�n�d �S�P �a�t
’

�v�a�r�i�o�u�s

�c�o�n�c�e�n�t�r�a�t�i�o�n�. �A�s �s�h�o�w�n �i�n �F�i�g�u�r�e �I�, �Y�H�-�T�a�n�g �d�i�d �n�o�t

�h�a�v�e �a�n �e�f�f�e�a �o�n �i�P�S �a�n�d �S�P �i�n�d�u�c�e�d �I�F�N�- �r �s�e�c�r�e�t�i�o�n

�m 싫 �t�r�o�c�y�t�e�s�.
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�o �1�0 �1�0�0 �1�0�0�0

�Y�H�-�T�a�n�g �(
μ �g�/�m�l�)

�F�i�g�. �1�. �E�f�f�e�c�t 이 �Y�H�- �T�a�n�g �o�n �L�P�S �a�n�d �S�P �i�n�d�u�c�e�d �I�F�N�-�r
�s�e�c�r�e�t�i�o�n �i�n �a�s�t�r�< α�;�y�t�e�s�. �T�h�e �c�e�l�l�s �(�4 �x �1�0�5 �c�e�l 때�m�l�)
�w�e�r�e �i�n�c�u�b�a�t�e�d �f�o�r �2�4 �h �i�n �m�e�d�i�u�m ∞ �n�t�a�i�n�i�n�g �L�P�S
�(�1 μ�w�m�l�) �p�l�u�s �S�P �(�2 μ잉�m�l�) �w�i�t�h �v�a�r�i�o�u�s �c�o�n�-
�c�e�n�t�r�a�t�i�o�n�s �o�f �Y�H�- �T�a�n�g �a�n�d �t�h�e �s�u�p�e�r�n�a�t�a�n�t�s �w�e�r�e
∞ �l�I�e�c�t�e�d �a�n�d �f�r�o�z�e�n �a�t �-�8�(�r�e �u�n�t�i�l �a�s�s�a�y�e�d �f�o�r �I�F�N�-

�r�. �E�a�c�h �d�a�t�u�m �v�a�l�u�e �i�n�d�i�c�a�t�e�s �t�h�e �m�e�a�n �:�t �S�.�E�.
�o�f �s�i�x �s�e�p�a�r�a�t�e�d �e�x�p�e�r�i�m�e�n�t�s�.

�*�: �s�t�a�t�i�s�t�i�c�a�l�l�y �s�i�g�n�i�f�i�c�a�n�t �d�i�f�f�e�r�e�n�c�e�s �f�r�o�m �t�h�e �c�o�n�t�r�o�l �v�a�l�u�e�s �a�t �P �<
�0�.�0�5

�- �6�3
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�2�. �T�h�e �e�f�f�e�c�t �o�f �Y�H�- �T�a�n�g �o�n �L�P�S �a�n�d �S�P

�i�n�d�u�c�e�d �I�L�-�1 �s�e�c�r�e�t�i�o�n �i�n �a�s�t�r�o�c�y�t�e�s
�T�h�e �a�n�a�l�y�s�i�s �o�f �t�h�e �e�f�f�e�e�r �o�f �Y�H�-�T�a�n�g �o�n �U 엄 �a�n�d

�S�P �i�n�d�u�c�e�d �I�L�-�l �s�e�c�r�e�t�i�o�n �i�n �a�s�t�r�o�c�y�t�e�s �s�h�o�w�e�d �t�h�a�t

�Y�H�-�T�a�n�g �d�e�c�r�e�a�s�e�d �I�L�-�l �c�o�n�c�e�n�t�r�a�t�i�o�n �d�e�p�e�n�d�e�n�t�l�y�, �a�s

�s�h�o�w�n �i�n �F�i�g�u�r ξ �2�. �T�h�e ε �f�f�e�e�r �o�f �Y�H�-�T�a�n�g �w�a�s

�s�i�g�n�i�f�i�c�a�n�t �a�t �a �c�o�n�c�e�n�t�r�a�t�i�o�n �o�f �1�0�0�-�1�0�0�0 μ �p�j�r�n�L�e
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닐 �0�.�3�0

�0�.�2�5

�o �1 �1�0 �1�0�0 �1�0�0�0

�Y�H�-�T�a�n�g �(따잉 �m�l�)

�F�i�g�. �2�. �E�f�f�e�c�t 이 �Y�H�- �T�a�n�g �o�n �L�P�S �a�n�d �S�P �i�n�d�u�c�e�d �I�L�-�1
않�c�r�e�t�i�o�n �i�n �a�s�t�r�l α�:�y�t�e�s�. �T�h�e ∞ �l�i�s �(�4 �x �1�0�5 ∞ �I�I의�m�l�)
�w�e�r�e �i�n�c�u�b�a�t�e�d �f�o�r �2�4 �h �i�n �m�e�d�i�u�m ∞ �n�t�a�i�n�i�n�g �L�P�S
�(�1 뼈�m�l�) �p�l�u�s �S�P �(�2 빼�m�l�) �w�i�t�h �v�a�r�i�o�u�s ∞ �n�c�e�n�-
�t�r�a�t�i�o�n�s �o�f �Y�H�- �T�a�n�g �a�n�d �t�h�e �s�u�p�e�m�a�t�a�n�t�s �w�e�r�e
∞ �l�I�e�c�t�e�d �a�n�d �f�r�o�z�e�n �a�t �-�B�O�t �u�n�t�i�l �a�s�s�a�y�e�d �f�o�r
�I�L �-�1�. �E�a�c�h �d�a�t�u�m �v�a�l�u�e �i�n�d�i�c�a�t�e�s �t�h�e �m�e�a�n �:�.�t �S�.�E�.
�o�f�' �s�i�x �s�e�p�a�r�a�t�e�d �e�x�p�e�r�i�m�e�n�t�s

�*�; �s�r�a�t�i�s�r�i�c�a�l�l�y �s�i�g�n�i�f�i�c�a�n�c �d�i�f�f�e�r�e�n�c�e�s �f�r�o�m �r�h�e �c�o�n�c�r�o�l �v�a�l�u�e�s �a�t �P �<
�0�.�0�5�.

�3�. �T�h�e �e�f�f�e�c�t �o�f �Y�H�-�T�a�n�g �o�n �L�P�S �a�n�d �S�P
�i�n�d�u�c�e�d �I�L�-�2 �s�e�c�r�e�t�i�o�n �i�n �a�s�t�r�o�c�y�t�e�s

�A�5 �s�h�o�w�n �i�n �F�i�g�u�r�e �3�. �1�L�-�2 �s�e�c�r�e�t�i�o�n �w�a�s �n�o�t

�i�n�c�r�e�a�s�e�d �s�i�g�n�i�f�i�c�a�n�t�l�y �a�n�d �t�h�e �r�e�g�u�l�a�t�o�r�y �e�f�f�e�e�r �o�f

�Y�H�- �T�a�n�g �o�n �1�L�-�2 �s�e�c�r�e�t�i�o�n �w�a�s �n�o�t �s�i�g�n�i�f�i�c�a�n�t�.

�0�.�5�0

“
”
애

�%�%�n�u�n�u�n�u�n�u

�=�E�B�I�)�c

。

�;�e�u
잉
”
�N
�
」�-

�t�-�Y
�0�.�2�5

�o �1�0 �1�0�0 �1�0�0�0

�Y�H�-�T�a�n�g �(�v�g�/�m�l�)

�F�i�g�. �3�. �E�f�f�e�c�t 이 �Y�H�- �T�a�n�g �o�n �L�P�S �a�n�d �S�P �i�n�d�u�c�e�d �I�L�-�2
�s�e�c�r�e�t�i�o�n �I�n �a�s�t�r ∞�y�t�e�s�. �T�h�e ∞ �l�i�s �(�4 �x �1�0�5 ∞ �I�I잉�m�l�)
�w�e�r�e �i�n�c�u�b�a�t�e�d �f�o�r �2�4 �h �i�n �m�e�d�i�u�m ∞ �n�t�a�i�n�i�n�g �L�P�S
�(�1 μ잉�m�l�) �p�l�u�s �S�P �(�2 μ밍�'�m�l�) �w�i�t�h �v�a�r�i�o�u�s ∞ �n∞ �n�-

�!�r�a�t�i�o�n�s 이 �Y�H�- �T�a�n�g �a�n�d �t�h�e �s�u�p�e�m�a�t�a�n�t�s �w�e�r�e
∞ �l�I�e�c�t�e�d �a�n�d �f�r�o�z�e�.�n �a�t �-�B�O�t �u�n�t�i�l �a�s�s�a�y�e�d �f�o�r
�I�L �-�2�. �E�a�c�h �d�a�t�u�m �v�a�l�u�e �i�n�d�i�c�a�t�e�s �t�h�e �m�e�a�n �:�.�t �S�.�E�.
이 �s�i�x �s�e�p�a�r�a�t�e�d �e�x�p�e�r�i�m�e�n�t�s�.

�*�; �s�t�a 뼈에�I�y 맹�1�i�f�i�c�a�n�r �d�i�f�f�c�r�c�n�c�c�s �f�r�o�m �t�h�e �c�o�n�a�d 때‘�J�f�S �a�t �P �< �0�.�0�5�.

�4�. �T�h�e �e�f�f�e�c�t �o�f �Y�H�-�T�a�n�g �o�n �L�P�S �a�n�d �S�P
�i�n�d�u�c�e�d �I�L�-�4 �s�e�c�r�a ’ �i�o�n �i�n �a�s�t�r�o�c�y�t�e�s

�T�h�e �e�f�f�e�c�t �o�f �Y�H�-�T�a�n�g �o�n �L�P�S �a�n�d �S�P �i뼈따�e�d �1�L�-�4

�s�e�c�r�e�t�i�o�n 띠 �a�s�t�r�o�c�y�t�e�s �w�a�s �e�v�a�l�u�a�t�e�d�. �A�s �s�h�o�w�n �i�n �F�i�g�u�r�e �4�,

�Y�H�-�T�a�n�g �d�e�c�r�e�a�s�e�d �1�L�-�4 �c�o�n�c�e�n�t�r�a�t�i�o�n �d�e�p�e�n�d�e�n�t�l�y�.
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�0�.�3�0

�o �1�0 �1�0�0 �1�0�0�0

�Y�H�-�T�a�n�g �(
μ �g�/�m�l�)

�F�i�g�. �4�. �E�f�f�e�c�t 이 �Y�H�- �T�a�n�g �o�n �L�P�S �a�n�d �S�P �i�n�d�uα퍼 �I�L�-�4
�s�e�c�r�e�t�i�o�n �i�n �a�s�t�r�, ∞�y�t�e�s�. �T�h�e ∞ �|

잉 �(�4 �x �1�0�5 ∞ �I�I잉�m�l�)
�w�e�r�e �i�n�c�u�b�a�t�e�d �f�o�r �2�4 �h �i�n �m�e�d�i�u�m ∞ �n�t�a�i�n�i�n�g �L�P�S
�(�1 μ���m�l�) �p�l�u�s �S�P �(�2 μ밍�m�l�) �w�i�t�h �v�a�r�i�o�u�s ∞ �n�c�e�n�-
�!�r�a�t�i�o�n�s �o�f �Y�H�- �T�a�n�g �a�n�d �t�h�e �s�u�p�e�m�a�t�a�n�t�s �w�e�r�e
∞ �l�I�e�c�t�e�d �a�n�d �f�r�o�z�e�n �a�t �-�B�O�t �u�n�t�i�l �a�s�s�a�y�e�d �f�o�r
�I�L �-�4�. �E�a 어�1 �d�a�t�u�m �v�a�l�u�e �i�n�d�i�c�a�t�e�s �t�h�e �m�e�a�n �:�.�t �S�.�E�.
이 �S�I�X �s�e 며�r�a�t�e�d �e�x�p�e�r�i�m�e�n�t�s�.

�*�; �s�t�a�t ‘�s�r�i�c�a�l�l�y �s�i�s�n�i�f�i�c�a�n�c �d�i�f�f�e�r�e�n�c�e�s �f�r�o�m �r�h�e �c�o�n�c�r�o�l �v 꾀 �u�c�s �a�t

�P �< �0�.�0�5�.

�- �6�4�-



�- 최지숙 외 �3�: �A 뻐뼈훌狀뼈뼈애서 �����!�t 少훌에 의한 �I�I�I�I�� 효양 ���. 호�� 여�W�I에 뻐한 �i�i�I�'�9�.�: �-
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�5�. �T�h�e �e�f�f�e�c�t �o�f �Y�H�-�T�a�n�g �o�n �L�P�S �a�n�d �S�P
�i�n�d�u�c�e�d �I�L�-�6 �s�e�c�r�e�t�i�o�n �i�n �a�s�t�r�o�c�y�t�e�s

�T�h�e �e�f�f�e�c�t �o�f �Y�H�-�T�a�n�g �o�n �L�P�S �a�n�d �S�P �i�n�d�u�c�e�d �I�L�-�6

�s�e�c�r�e�t�i�o�n �i�n �a�s�c�r�o�c�y�t�e�s �w�a�s �e�v�a�l�u�a�t�e�d�. �A�s �s�h�o�w�n �i�n

�F�i�g�u�r�e �5�, �Y�H�-�T�a�n�g �d�e�c�r�e�a�s�e�d �1�L�-�6

�d�e�p�e�n�d�e�n�t�l�y�.

�c�o�n�c�e�n�t�r�a�t�i�o�n

�0�.�5�5

�0�.�3�0
�0�.�5�0

�1�0�0�0�1�0�0�1�0�o�0�.�4�5

�Y�H�-�T�a�n�g �(�n�g�/�m�l�)

�F밍 �. �6�. �E�f�f�e�c�t 이 �Y�H�- �T�a�n�g �o�n �L�P�S �a�n�d �S�P �i�n�d�u�c�e�d �T�N�F�- �a
똥�c�r�e�h�o�n �i�n �a�s�t�r α�:�;�y�t�e�s�. �T�h�e ∞ �l�i�s �(�4 �x �1�0�5 �c�e�l�l 의�m�O

�w�e�r�e �i�nω �b�a�t�e�d �f�o�r �2�4 �h �i�n �m�e�d�i�u�m ∞ �n�t�a�i�n�i�n�g �L�P�S
�(�1 μ밍 �m�l�) �p�l�u�s �S�P �(�2 μ�w�m�l�) 에�t�h �v�a�r�i�o�u�s ∞ �n�c�e�n�-
�t�r�a�t�i�o�n�s �o�f �Y�H�- �T�a�n�g �a�n�d �t�h�e �s�u�p�e�m�a�t�a�n�t�s �w�e�r�e
∞ �l�I�e�c�t�e�d �a�n�d �f�r�o�z�e�n �a�t �-�B�O�t �u�n�t�i�l �a�s�s�a�y�e�d �f�o�r
�T�N�F�- �a�. �E�a�c�h �d�a�t�u�m �v�a�l�u�e �i�n�d�i�c�a�t�e�s �t�h�e �m�e�a�n �:�:�t
�S�.�E�. �o�f �s�i�x �s�e�p�a�r�a�t�e�d �e�x�p�e�r�i�m�e�n�t�s�.
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�*�: �s�t�a�t�i�s�t�i�c�a�l�l�y �s�i�g�n�i�f�i�c�a�n�t �d�i�f�f�e�r�e�n�c�e�s �f�r�o�m �t�h�e �c�o�n�t�r�o�l �v�a�l�u�e�s �a�t �P �<
�0�.�0�5

�7�. �T�h�e �e�f�f�e�c�t �o�f �a�n�t�i �I�L�-�1 β �a�n�t�i�b�o�d�y �o�n

�L�P�S �a�n�d �S�P �i�n�d�u�c�e�d �T�N�F�- �a �s�e�c�r�e�t�i�o�n
�i�n �a�s�t�r�o�c�y�t�e�s

�T�o �e�v외 �u�a�t�e �w�h�e�t�h�e�r �Y�H�- �T�a�n�g
’

�s �i�n�h�i�b�i�r�o�r�y �e�f�f�e�c�t �o�n

�T�N�F�- �a �s�e�c�r�e�t�i�o�n �w�a�s �m�e�d�i�a�t�e�d �v�i�a �I�L�-�I�, �t�h�e �e�f�f�e�c�t �o�f

�a�n�t�i �I�L�-�I �/�3 �a�n�t�i�l�x 삐�y �w�a�s �a�s양�s�s�e�d�. �A�f�t�e�r �L�P�S�( �Iμ�g�l�m�L�)

�a�n�d �S�P�w�e�r�e �i�n�t�r�o�d�u�c�e�d �r�o �a�n 양 �t�r�o�c�y�t�e �i�n�c�u�b�a�t�i�n�g

�s�o�l�u�t�i�o�n�, �a�n�t�i �I�L�-�l �/�3 �a�n�t�i�b�o�d�y �w�a�s �a�d�d�e�d �a�n�d �t�h�e

�a�m�o�u�n�t �o�f �T�N�F�- �a �s�e�c�r�e�t�i�o�n �w�a�s �m�e 싫따�e�d �a�f�t�e�r �2�4 �h�.

�A�s �s�h�o�w�n �i�n �F�i�g�u�r�e �7�, �T�N�F�- �a �c�o�n�c�e�n�t�r�a�t�i�o�n �d�e�c�r�e�a�s�e�d

�d�e�p�e�n�d�e�n�t�l�y �i�n �t�h�e �a�n�t�i �I�L�-�I �/�3 �a�n�t�i φ�d�y �t�r�e�a�t�e�d �g�r�o�u�p�.

�T�h�e �i�n�h�i�b�i�t�o�r�y �e�f�f�e�c�t �o�f �t�h�e �a�n�t�i �I�L�-�I �/�3 �a�n�t�i�b�o�d�y �w�a�s

�s�i�g�n�i�f�i�c�a�n�t �a�t �a �c�o�n�c�e�n�t�r�a�t�i�o�n �o�f �1�-�1�0�0 뼈 �/�m�L

�F�i�g�. �5�. �E�f�f�e�c�t 이 �Y�H�- �T�a�n�g �o�n �L�P�S �a�n�d �S�P �i�n�d�u∞�d �I�L�-경
�s�e�c�r�e�t�i�o�n �i�n �a�s�t�r ∞�y�t�e�s�. �T�h�e ∞ �l�i�s �(�4 �x �1�0�5 ∞ �I�I잉�m�l�)
�w�e�r�e �i�n�c�u�b�a�t�e�d �f�o�r �2�4 �h �i�n �m�e�d�i�u�m ∞�n�t�a�i�n�i�n�g �L�P�S
�(�1 μ밍�m�l�) �p�l�u�s �S�P �(�2 μ잉�m�l�) �w�i�t�h �v�a�r�i�o�u�s ∞ �n�c�e�n�-
�t�r�a�t�i�o�n�s �o�f �Y�H�- �T�a�n�g �a�n�d �t�h�e �s�u�p�e�m�a�t�a�n�t�s �w�e�r�e
∞ �l�I�e�c�t�e�d �a�n�d �f�r�o�z�e�n �a�t �-�B�O�t �u�n�t�i�l �a�s�s�a�y�e�d �f�o�r
�I�L용 �. �E�a�c�h �d�a�t�u�m �v�a�l�u�e �i�n�d�i�c�a�t�e�s �t�h�e �m�e�a�n �:�:�t �S�.�E�.

�o�f �s�i�x �s�e�p�a�r�a�t�e�d �e�x�p�e�r�i�m�e�n�t�s�.

�Y�H�-�T�a�n�g �(
μ �g�/�m�l�)

�*�: �s�t�a�t�i�s�t�i�c�a�l�l�y �s�i�g�n�i�f�i�c�a�n�t �d�i�f�f�e�r�e�n�c�e�s �f�r�o�m �t�h�e �c�o�n�t�r�o�l �v�a�l�u�e�s �a�t �P �<
�0�.�0�5�.

�6�. �T�h�e �e�f�f�e�c�t �o�f �Y�H�-�T�a�n�g �o�n �L�P�S �a�n�d �S�P

�i�n�d�u�c�e�d �T�N�F�- �a �s�e�c�r�e�t�i�o�n �i�n �a�s�t�r�o�-
�c�y�t�e�s

�T�h�e �e�f�f�e�c�t �o�f �Y�H�-�T�a�n�g �o�n �L�P�S �a�n�d �S�P �i�n�d�u�c�e�d

�T�N�F�- �a �s�e�c�r�e�t�i�o�n �i�n �a�s�t�r�o�c�y�t�e�s �w�a�s �e�v�a�l�u�a�t�e�d�. �T�N�F�- �a

�i�s �a�n �i�m�p�o�r�t�a�n�t �i�n�f�l�a�m�m�a�t�o�r�y �c�y�r�o�k�i�n�e�. �T�N�F�- �a �s�e�c�-

�r�e�t�i�o�n �b�y �a�s�c�r�o�c�y�t�e�s �i�s �i�n�d�u�c�e�d �b�y �L�P�S �a�n�d �S�P�. �A�s

�s�h�o�w�n �i�n �F�i�g�u�r�e �6�, �Y�H�-�T�a�n�g �d�e�c�r�e�a�s�e�d �T�N�F�- �a �c�o�n�c�e�n�-

�t�r�a�t�i�o�n �d�e�p�e�n�d�e�n�t�l�y

�- �6�5�-
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�I�L�-�1 �I�I �a�n�t�i�b�o�d�y �(�n�g�/�m�l�)

�F�i�g�. �7�. �E�H�e�c�t �o�f �a�n�t�i �I�L�-�1 β �a�n�t�i α잉�y �o�n �L�P�S �a�n�d �S�P
�i�n�d�u�c�e�d �T�N�F�-�a 똥�c�r�e�t�i�o�n �i�n �a�s�t�r αγ�t�e�s�. �T�h�e ∞ �l�i�s
�(�4 �x �1�0�5 �c�e�l�l 의�m�l�) �w�e�r�e �i�n�c�u�b�a�t�e�d �f�o�r �2�4 �h �i�n

�m�e�d�i�u�m ∞ �n�t�a�i�n�l�n�g �L�P�S �(�1 μ잉�m�l�) �p�l�u�s �S�P �(�2 μ�g�/�m�l�)
�w�i�t�h �v�a�r�i�o�u�s ∞ �n�c�e�n�t�r�a�t�i�o�n�s 이 �a�n�t�i �I�L�-�1 β �a�n�t�i�t�x�: 찌 �.
�T�h�e �s�u�p�e�m�a�t�a�n�t�s �w�e�r�e ∞ �l�I�e�c�t�e�d �a�n�d �f�r�o�z�e�n �a�t �-�8
�O�.�C �u�n�t�i�l �a�s�s�a�y�e�d �f�o�r �T�N�F�-�a�. �E�a�c�h �d�a�t�u�m �v�a�l�u�e
�i�n�d�i�c�a�t�e�s �t�h�e �m�e�a�n �:�t �S�.�E�. 이 �f�o�u�r �s�e�p�a�r�a�t�e�d
�e�x�p�e�r�i�m�e�n�t�s�.

�*�: �s�t�a�t�i�s�t�i�c�a�l�l�y �s�i�g�n�i�f�i�c�a�n�t �d�i�f�f�e�r�e�n�c�e�s �f�r�o�m �t�h�e �c�o�n�c�r�o�l �v�a�l�u�e�s �a�t �P �<
�0�.�0�5�.

�N�. �D�I�S�C�U�S�S�I�O�N

�I�n �t�h�i�s �s�t�u�d�y�, �t�h�e �r�e�g�u�l�a�t�o�r�y �e�f�f�e�c�t �o�f �Y�H�-�T�a�n�g �o�n

�L�P�S �a�n�d �S�P �i�n�d�u�c�e�d �c�y�t�o�k�i�n�e �s�e�c�r�e�t�i�o�n �i�n �a�s�t�r�o�c�y�t�e�s �w�a�s

�i�n�v�e�s�t�i�g�a�t�e�d�. �I�t �h�a�s �b�e�e�n �r�e�p�o�r�t�e�d �t�h�a�t �a�s�r�r�o�c�y�t�e�s �i�n

�C�N�S �p�a�t�h�o�p�h�y�s�i�o�l�o�g�i�c�a�l�l�y �a�r�e �l�i�k�e�l�y �t�o �i�n�v�o�l�v�e �i�n

�c�y�t�o�k�i�n�e�s�, �b�o�t�h �a�s �s�t�i�m�u�l�a�t�o�r�s �a�n�d �m�e�d�i�a�t�o�t�s �o�f �a�s�r�r�o�c�y�r�e
�1�0�)

�f�u�n�c�t�i�o�n �,�u�'�, �w�i�t�h �w�h�i�c�h �C�N�S �h�o�m�e�o�s�t�a�s�i�s �i�s �m�a�i�n�t�i�a�n�e�d�.

�L�P�S �c�o�n�t�r�o�l�s �m�a�n�y �b�i�o�l�o�g�i�c�a�l �p�r�o�p�e�r�t�i�e�s �o�f �g�t�a�m�-

�n�e�g�a�t�i�v�e �b�a�c�t�e�r�i�a�. �A �s�e�r�o�l�o�g�i�c�a�l �s�p�e�c 퍼 �c�i�r�y �e�x�i�s�t�s �i�n �t�h�e

�p�a�r�t �o�f �v�a�r�i�e�d �p�o�l�y�s�a�c�c�a�r�i�d�e �a�n�d �t�h�i�s �p�a�r�t �b�e�l�o�n�g�s �t�o

�O�-�a�n�t�i�g�e�n �o�f �g�r�a�m�-�n�e�g�a�t�i�v�e �b�a�c�t�e�r�i�a�. �O�-�a�n�t�i�g�e�n �d�i�s�p�l�a�y�s

�a �s�p�e�c�i�f�i�c �r�e�c�e�p�t�o�r �o�f �b�a�c�t�e�r�i�o�p�h�a�g�e�. �L�P�S �c�o�n�t�r�o�l�s

�e�n�d�o�t�o�x�i�c �a�c�c�i�v�i�r�y�. �I�f �b�a α �e�r�i�a �l�o�s�e�s �i�t�s �a�b�i�l�i�t�y �t�o

�s�y�n�t�h�e�s�i�z�e �L�P�S�, �t�h�e �p�a�t�h�o�g�e�n�i�c�i�t�y �o�f �b�a�c�t�e�r�i�a �i�s �o�f�t�e�n

�l�o�s�e�. �T�h�e �p�r�o�p�e�r�t�i�e�s �o�f �e�n�d�o�t�o�x�i�n �i�n�c�l�u�d�e �p�y�r�o�g�e�n�i�c�i�t�y�,

�l�e�t�h 외 �i�t�y�, �c�o�m�p�l�e�m�e�n�t �a�c�t�i�v�i�t�y�, �B�-�c�e�l�l �m�i�t�o�g�e�n �a�c�t�i�v�i�t�y �i�n

�t�h�e �m�o�u�s�e�, �a�d�j�u�v�a�n�t �a�c�i�t�i�v�i�t�y�, �a�n�t�i�-�r�u�m�o�r �a�c�t�i�v�i�t�y�, �e�t�c�2�l�)�.

�S�P �h�a�s �b�e�e�n �r�e�p�o�r�t�e�d �t�o �i�n�d�u�c�e �i�n�f�l�a�m�m�a�t�o�r�y

�c�y�t�o�k�i�n�e �p�r�o�d�u�c�t�i�o�n �i�n �h�u�m�a�n �n�e�u�r�o�g�l�i�a�l �c�e�l�l�s �a�n�d

�2�2�)
�p�e�r�i�p�h�e�r 쇠 �l�y�m�p�h�o�i�d �c�e�l�l�s �a�s �w�e�l�l

�I�t �w�a�s �n�o�t�e�d �t�h�a�r �Y�H�-�T�a�n�g �i�n�h�i�b�i�t�e�d �t�h�e �s�e�c�r�e�t�i�o�n �o�f

�I�L�-�I�, ι �4�, �I�L�-�6�, �a�n�d �T�N�F�- �a �s�i�g�n�i�f�i�c�a�n�t�l�y �a�m�o�n�g �t�h�e

�v�a�r�i�o�u�s �c�y�r�o�k�i�n�e�s �p�r�o�d�u�c�e�d �b�y �s�i�m�u�l�t�a�n�e�o�u�s �s�t�i�m�u�l�a�t�i�o�n

�o�f �L�P�S �a�n�d �S�P �i�n �a�s�r�r�o�c�y�r�e�s�. �T�h�e �e�f�f�e�c�t �o�f �Y�H�-�T�a�n�g

�w ’ �a�s �c�o�n�c�e�n�t�r�a�t�i�o�n�-�d�e�p�e�n�d�e�m�. �I�t �w�a�s �d�e�r�e�r�m�i�n�e�d �t�h�a�t

�T�N�F�- �a �a�n�d �I�L�-�I �s�e�c�r�e�t�i�o�n �i�n �a�s�r�r�o�c�y�r�e�s �n�e�e�d�e�d �L�P�S

�s�t�i�m�u�l�a�t�i�o�n�, �a�n�d �L�P�S �s�t�i�m�u�l�a�t�i�o�n �w�a�s �a�u�g�m�e�n�t�e�d �b�y �S�P�.

�B�e�c�a�u�s�e �a�n�t�i�-�I�L�-�I �p �a�n�t�i�b�o�d�y �i�n�h�i�b�i�t�e�d �t�h�e �s�e�c�r�e�t�i�o�n �o�f

�S�P�-�i�n�d�u�c�e�d �T�N�F�- �a�, �I�L�-�l �w�a�s �c�o�n�s�i�d�e�r�e�d �a�s �a �m�e�d�i�a�t�o�r

�o�f �T�N�F�- �a �i�n�c�r�e 앓 �. �T�h�e�s�e �r�e�s�u�l�t�s �a�r�e �t�h�e �e�v�i�d�e�n�c�e �t�h�a�r

�S�P�, �a �n�e�u�r�o�t�r�a�n�s�m�i�t�t�e�r �p�r�o�d�u�c�e�d �i�n �t�h�e �n�e π �e �o�f �t�h�e

�C�N�S�, �i�s �a�n �i�m�p�o�r�t�a�n�t �m�o�l�e�c�u�l�e �i�n�v�o�l�v�e�d �i�n �i바�l�a�-

�m�m�a�r�i�o�n�. �I�L�-�l �i�s �a�n �e�n�d�o�g�e�n�o�u�s �p�y�r�o�g�e�n�, �t�h�e �a�c�t�i�v�a�t�i�n�g

�f�a�c�t�o�r �o�f �l�y�m�p�h α �y�r�e �p�r�o�d�u�c�t�s�. �I�t �i�s �m�a�d�e �i�n �m�a�n�y �c�e�l�l�s�,

�e�s�p�e�c�i�a�l�l�y �m�a�c�r�o�p�h�a�g�e �c�e�l�l�s�, �w�h�e�r�e �i�t �i�s �m�a�d�e �m�o�s�t�. �I�L�-�l

�a�c�t�i�v�a�t�e�s �T�-�c�e�l�l 뻐�d �B�-�c�e�l�l�, 뼈 �d �c�a�u�s�e�s �t�h�e �i�n�f�l�a�m�m�a�t�o�r�y

�r�e�s�p�o�n�s�e�. �I�n �t�h�e �b�r�a�i�n�, �I�L�-�l �c�a�u�s�e�s �h�e�a�t �a�n�d �i�n�c�r�e�a�s�e�s
�2�3�)

�t�h�e �s�e�c�r�e�t�i�o�n �o�f �c�o�r�t�i�c�o�s�t�e�r�o�i�d

�A�c�c�o�r�d�i�n�g 【�o �T �o�u�z�a�n�i �e�t �a�I
’

�s �r�e�c�e�n�r�r�e�p�o�r�(�2�4�)�, �I�L�-�I �h�a�s

�a�n �i�m�p�o�r�t�a�n�t �r�o�l�e �i�n �t�h�e �d�e�v�e�l�o�p�m�e�n�t �o�f �b�r�a�i�n �d�a�m�a�g�e

�f�o�l�l�o�w�i�n�g �c�e�r�e�b�r�a�l �i�s�c�h�e�m�i�a�. �T�h�e �e�x�p�r�e�s�s�i�o�n �o�f �I�L�-�l �i�n

�t�h�e �b�r�a�i�n �i�s �d�r�a�m�a�t�i�c�a�l�l�y �i�n�c�r�e�a�s�e�d �d�u�r�i�n�g �t�h�e �e�a�r�l�y �a�n�d

�c�h�r�o�n�i�c �s�t�a�g�e�s �o�f �i�n�f�a�r�c�t�i�o�n�. �T�h�e �m�o�s�t �d�i�r�e�c�t �e�v�i�d�e�n�c�e

�t�h�a�t �I�L�-�I �c�o�n�r�r�i�b�u�t�e�s �s�i�g�n�i�f�i�c�a�n�t�l�y �t�o �i�s�c�h�e�m�i�c �i�n�j�u�r�y �i�s

�t�h�a�t �(�I�) �c�e�n�r�r�a�l �a�d�m�i�n�i�s�t�r�a�t�i�o�n �o�f �I�L�-�I �p �e�x�a�c�e�r�b�a�t�e�s

�b�r�a�i�n �d�a�m�a�g�e�, �a�n�d �(�2�) �i�n�j�e�c�t�i�o�n �o�r �o�v�e�r�- �e�x�p�r δ �s�i�o�n �o�f

�I�L�-�l �r�e�c�e�p�t�o�r �a�n�t�a�g�o�n�i�s�t�, �a�n�d �b�l�o�c�k�a�d�e �o�f �I�L�-�I �P
�c�o�n�v�e�r�t�i�n�g �e�n�z�y�m�e �a�c�t�i�v�i�t�y �d�r�a�m�a�t�i�c�a�l�l�y �r�e�d�u�c�e �i�n�f�a�r�c�t�i�o�n

�a�n�d �i�m�p�r�o�v�e �b�e�h�a�v�i�o�r�a�l �d�e�f�i�c�i�t�. �T�h�e �m�e�c�h�a�n�i�s�m�s

�u�n�d�e�r�l�y�i�n�g �I�L�-�I �a�c�t�i�o�n�s �i�n �s�r�r�o�k�e �h�a�v�e �n�o�t �b�e�e�n �c�l�e�a�r�l�y

리 �u�c�i�d�a�t�e�d�, �a�n�d �i�t �s�e�e�m�s �l�i�k�e�l�y �t�h�a�t �i�t�s �e�f�f�e�c�t�s �a�r�e

�m�e�d�i�a�t�e�d �t�h�r�o�u�g�h �s�t�i�m�u�l�a�t�i�o�n �a�n�d �i�n�h�i�b�i�t�i�o�n �o�f �a �w�i�d�e

�r�a�n�g�e �o�f �p�a�t�h�o�p�h�y�s�i�o�l�o�g�i�c�a�l �p�r�o�c�e�s�s�e�s�.
�2�)�)

�A�c�c�o�r�d�i�n�g �t�o �Y�a�m�a�s�a�k�i �e�t �a�I ’

�s �r�e�p�o�r�t�"�'�, �t�h�e �c�o�n�r�r�i�b�u�t�i�o�n

�o�f �c�y�t�o�k�i�n�e�s �i�n �a�n �i�n�f�l�a�r�r�u�n�a�t�o�r�y �c�a�s�c�a�d�e �o�n �c�e�r�e�b�r�a�l

�r�e�p�e�r�f�u�s�i�o�n �i�n�j�u�r�y �a�r�e �c�h�a�r�a�c�t�e�r�i�z�e�d �a�s �c�o�n�s�i�s�t�i�n�g �o�f

�t�y�p�i�c�a�l �p�h�a�s�e�s�; �l�e�u�k�o�c�y�t�e�s �i�n�v�a�s�i�o�n�, �m�i�c�r�o�g�l�i�a�l �a�c�t�i�v�a�t�i�o�n

�a�n�d �r�e�m�o�d�e�l�i�n�g�. �W�i�t�h�i�n �1�-�2 �d�a�y�s�, �I�L�-�I �a�n�d �T�N�F�- �a

�i�n�d�u�c�e �t�h�e �e�x�p�r�e�s�s�i�o�n �o�f �a�d�h�e�s�i�o�n �m�o�l�e�c�u�l�e�s �t�h�a�t �c�a�u�s�e

�l�e�u�k�o�c�y�t�e�s �t�o �a�d�h�e�r�e �t�o �e�n�d�o�t�h�e�l�i�a�l �c�e�l�l�s�.

�- �6�6�-
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�B�a�r�o�n�e �e�t �a�l�2�6�) �h�a�v�e �r�e�p�o�r�t�e�d �t�h�a�t �T�N�F�- �a �i�s �a

�p�l�e�i�o�r�y�p�i�c �c�y�t�o�k�i�n�e �t�h�a�t �r�a�p�i�d�l�y �u�p π�'�g�u�l�a�t�e�s �i�n �t�h�e �b�r�a�i�n

�a�f�t�e�r �i�n�j�u�r�y �a�n�d �b�l�o�c�k�i�n�g �e�n�d�o�g�e�n�o�u�s �T�N�F�- �a 외�s�o

�s�i�g�n�i�f�i�c�a�n�t�l�y �r�e�d�u�c�e�d �f�o�c�a�l �i�s�c�h�e�m�i�c �b�r�a�i�n �i�n�j�u�r�y �a�n�d

�e�s�p�e�c�i�a�l�l�y�, �t�r�e�a�t�m�e�n�t �w�i�t�h �6�0 �p�m�o�l �m�o�n�o�c�l�o�n�a�l �a�n�t�i�-

�b�o�d�y �b�e�f�o�r�e �a�n�d �a�f�t�e�r �p�e�r�m�a�n�e�n�t �m�i�d�d�l�e �c�e�r�e�b�r�a�l �a�r�t�e�r�y

�o�c�c�l�u�s�i�o�n �s�i�g�n�i�f�i�c�a�n�t�l�y �r�e�d�u�c�e�d �i�n�f�a�r�c�t �s�i�z�e �c�o�m�p�a�r�e�d �w�i�t�h

�c�o�n�t�r�o�l �(�n�o�n�-�i�m�m�u�n�e�) �a�n�t�i�b�o�d�y �t�r�e�a�t�m�e�n�t�.
�2�7�)

�A�l�i �e�t 외 �h�a�v�e �r�e�p�o�r�t�e�d �t�h�a�r �i�n �t�h�e �b�r�a�i�n�, �t�h�e

�e�x�p�r�e�s�s�i�o�n �o�f �t�h�e �p�l�e�i�o�t�r�o�p�i�c �c�y�r�o�k�i�n�e �I�L�-�6 �i�s �e�n�h�a�n�c�e�d

�i�n �v�a�r�i�o�u�s �c�h�r�o�n�i�c �o�r �a�c�u�t�e �C�N�S �d�i�s�o�r�d�e�r�s �a�n�d �f�o�c�a�l

�c�e�r�e�b�r�a�l �i�s�c�h�e�m�i�a �i�n �r�a�t�s �e�a�r�l�y �u�p�-�r�e�g�u�l�a�t�e�d �t�h�e �e�x�p�r�-

�e�s�s�i�o�n �o�f �I�L�-�6 �m�R�N�A�. �A�d�d�i�t�i�o�n�a�l�l�y�, �t�h�e �s�t�r�i�a�t�a�l �i�n�j�e�c�t�i�o�n

�o�f �N�-�m�e�t�h�y�l�-�D�-�a�s�p�a�r�t�a�t�e �i�n �r�a�t�s�, �a �p�a�r�a�d�i�g�m �o�f �e�x�c�i�-

�t�o�t�o�x�i�c �i�n�j�u�r�y �a�c�t�i�v�a�t�e�d �t�h�e �e�x�p�r�< 야�s�i�o�n �o�f 止�-�6 �m�R�N�A�.

�I�L�-�4�, �w�h�i�c�h �i�s �s�e�c�r�e�t�e�d �i�n �a�a�i�v�a�t�e�d �T�h�2�-�c�e�l�J 뻐�d

�m�a�s�t �c�e�l�!�, �h�e�l�p�s �t�o �i�n�c�r�e�a�s�e �B�-�c�e�l�l�. �I�t �a�l�s�o �i�n�c�r�e�a�s�e�s �t�h�e

�i�n�d�u�c�t�i�o�n �o�f �T�h�2�-�c�e�l�l�, �w�h�i�c�h �r�e�g�u�l�a�t�e�s �t�h�e �a�m�o�u�n�t �a�n�d

�a�a�i�v�i�t�y �o�f �e�o�s�i�n�o�p�h�i�l �a�n�d �m�a�s�t �c�e�l�l�. �T�h�e�r�e�f�o�r�e�, �i�f �I�L�-�4 �i�s
�2�3�)

�o�v�e�r�g�e�n�e�r�a�t�e�d�, �I�g�E �i�s �i�n�c�r�e�a�s�e�d�, �t�h�u�s �c�a�u�s�i�n�g �a�l�l�e�r�g�y�'�J�'�.

�I�n �o�t�h�e�r �w�o�r�d�s�, �t�h�e �r�o�l�e �o�f �I�L�-�4 �i�n �t�h�e �r�e�g�u�l�a�t�i�o�n �o�f

�I�g�E �h�a�s �b�e�e�n �a�s�s�e�s�s�e�d �i�n �a �n�u�m�b�e�r �o�f �d�i�s�o�r�d�e�r�s

�a�s�s�o�c�i�a�t�e�d �w�i�t�h �i�n�c�r�e�a�s�e�d �I�g�E �p�r�o�d�u�c�t�i�o�n�. �O�u�r �f�i�n�d�i�n�g �o�f

�e�l�e�v�a�t�e�d �I�L�-�4 �l�e�v�e�l�s �i�n �p�a�t�i�e�n�t�s �w�i�t�h �a �c�o�u�l�d �b�e �r�e�l�a�t�e�d

�t�o �t�h�e �h�i�g�h �I�g�E �l�e�v�e�l�s �f�o�u�n�d �i�n �a�l�l�e�r�g�i�c �d�i�s�e�a�s�e�s�. �T�h�u�s�,

�f�u�r�t�h�e�r �e�l�u�c�i�d�a�t�i�o�n �o�n �t�h�e �r�o�l�e�s �o�f �I�L�-�4 �a�n�d �I�g�E �s�h�o�u�l�d

�f�aα �l�i�t�a�t�e �t�h�e �d�e�v�e�l�o�p�m�e�n�t �o�f �a �n�o�v�e�l �t�h�e�r�a�p�y �o�r

�p�r�e�v�e�n�t�i�v�e �m�e�a�s�u�r�e�s �a�g�a�i�n�s�t �C�1�6�)

까�l�e �S�a�s�a�n�g �C�o�n�s�t�i�t�u�t�i�o�n�a�l �M�e�d�i�c�i�n�e �w�a�s �e�s�t�a�b�l�i�s�h�e�d

�b�y �]�e�-�M�a �L�e�e �o�f �K�o�r�e�a �i�n �1�8�9�4�. �I�n �S�a�s�a�n�g

�C�o�n�s�t�i�t�u�t�i�o�n�a�l �M�e�d�i�c�i�n�e�, �t�h�e �s�y�m�p�t�o�m�s �o�f �d�i�s�e�a�s�e�s �i�n

�e�a�c�h �c�o�n�s�t�i�t�u�t�i�o�n�a�l �t�y�p�e �a�r�e �c�l�a�s�s�i�f�i�e�d �a�c�c�o�r�d�i�n�g �t�o

�e�x�t�e�r�i�o�r �a�n�d �i�n�t�e�r�i�o�r �d�i�s�e�a�s�e�s�. �S�a�s�a�n�g �C�o�n�s�t�i�t�u�t�i�o�n�a�l

�M�e�d�i�c�i�n�e �f�o�r�m�s �t�h�e �b�a�s�i�s �o�f �t�r�e�a�t�m�e�n�t �b�y �h�a�r�m�o�n�i�z�i�n�g

�t�h�e �i�n�t�e�r�r�e�l�a�t�i�o�n�s�h�i�p �b�e�r�w�e�e�n �t�h�e �i�n�t�e�r�n�a�l �o�r�g�a�n�s�,

�t�h�e�r�e�b�y �r�e�c�o�v�e�r�i�n�g �t�h�e �b�o�d�y ’

�s �h�o�m�e�o�s�t�a�t�i�s �a�n�d �e�n�a�b�l�i�n�g

�t�h�e �b�o�d�y �t�o �p�r�e�v�e�n�t �d�i�s�e�a�s�e�. �I�n �o�t�h�e�r �w�o�r�d�s�, �i�f �t�h�e

�h 띠�n�a�n �b�o�d�y �m�a�i�n�t�a�i�n�s �a �b�a�l�a�n�c�e�d �a�n�d �h�a�r�m�o�n�i�o�u�s

�s�t�a�t�e�s�, �i�t�s �i�m�m�u�n�e �s�y�s�t�e�m �w�i�l�l �b�e �w�o�r�k�i�n�g �a�t �a�n �o�p�t�i�n�l 때

�l�e�v�e�l �a�n�d �t�h�e �b�o�d�y
’

�s �a�b�i�l�i�r�y �t�o �p�r�e�v�e�n�t �o�r �f�i�,밍�1�t �o�f�f �m�o�s�t

φ�s�e�a�s�e�s �w�i�l�l �b�e �s�t�r�e�n�g�t�h�e�n�e�d�. �T�h�e�r�e�f�o�r�e�, �w�e �c�a�n �e�n�h�a�n�c�e

�t�h�e φ�d�y
’

�s �a�b�i�l�i�t�y �t�o �p�r�e�v�e�n�t �d�i�s�e�a�s�e �a�n�d �t�o �r�e�c�u�p�e�r�a�t�e

�f�r�o�m �d�i�s�e�a�s�e �d�a�m�a�g�e �b�y �p�r�o�m�o�t�i�n�g �b�e�n�e�f�i�c�i�a�l �i�m�m�u�n�e

�r�e�s�p�o�n�s�e�s �a�n�d �r�e�p�r�e�s�s�i�n�g �t�h�e �h�a�r�m�f�u�l �o�n�e�s�.

π�l�e �S�a�s�a�n�g �C�o�n�s�t�i�t�u�t�i�o�n�a�l �m 생�i�c�a�l �a�p�p�r�o�a�c�h �t�o

�d�i�s�e�a�s�e �i�s �d�i�s�t�i�n�a�i�v�e �i�n �t�h�a�t �i�t �f�iκ�u�s�e�s �o�n �e�n�d�o�g�e�n�o�u�s

�e�t�i 이 �o�g�i�c 쇠 �f�a�a�o�r�s �r�a�t�h�e�r �t�h�a�n �e�x�o�g�e�n�o�u�s �o�n�e�s�. �E�v�e�n �i�n

φ�%싫�e�s �c�a 따�e�d �b�y �e�x�o�g�e�n�o�u�s �e�t�i�o�l�o�g�i�c�a�l �f�a�c�t�o�r�s �i�t �f�o�c�u�s�e�s

�o�n �n�a�r�u�r�a�l �t�r�e�a�t�m�e�n�t �t�h�r�o�u�g�h �s�e�l�f �r�e�c�o�v�e�r�y �o�f �b�o�d�y
’

�s

�i�m�m�u�n�e �f�u�n�a�i�o�n �b�y �r�e�m�e�d�y�i�n�g �e�n�d�o�g�e�n�o�u�s �e�t�i�o�l�o�g�i�c�a�l
�r �2�8�)
�t�a�a�o π

�Y�H�-�T�a�n�g �i�s �b�a�s�e�d �o�n �t�h�i�s �S�a�s�a�t�l�g �C�o�n�s�t�i�t�u�t�i�o�n�a�l

�m�e�d�i�c�a�l �t�h�o�u�g�h�t �a�t�l�d �i�s 따�e�d �i�n �i�n�t�e�r�i�o�r 이앞싫�e�s �o�f

�T�a�e�u�m�i�n�s�. �I�t �i�s �c�o�m�p�o�s�e�d �o�f �P�u�e�r�a�r�i�a�e �R�a 벼�x �(�G�e �G�e�n�)�,

�S�c�u�t�e�l�!�a�r�i�a�e �R찌�i�x �(�H�u�a�n�g �Q�i�n�)�, μ �g�u�s�t�i�c�i �T�e�n�u�i�s�s�i�n�l�a�e

�R찌�i�x �(�G�a�o �B�e�n�)�, �R�a�p�h�a�n�i �S�e�m�e�n α밍 �F�u �Z�i�)�, �A�n�g�e�l�i�c�a�e

�D�a�h�u�r�i�c�a�e �R�a�d�i�x �(�B�a�i �Z�h�i�)�, �C�i�m�i�c�i�f�u�g�a�e �R�h�i�z�o�m�a �(�S�h�e�n�g

�M�a�)�, �a�n�d �P�l�a�r�y�c 여�i �R 찌�i�x �O�i�e �G�e�n�g�)�2�9�)�.

�R�e�c�e�n�t�l�y �f�r�o�m �t�h�e �v�i�e�w�p�o�i�n�t �o�f �S�a�s�a�t�l�g �C�o�n�s�t�i�t�u�t�i�o�n�a�l

�M�e�d�i�c�i�n�e�, �t�h�e �e�a�r�l�y �s�y�m�p�t�o�m�s �o�f �s�t�r�o�k�e �a�r�e �r�e�g�a�r�d�e�d �a�s

�a �p�a�r�t �o�f �t�h�e �c�a�t�e�g�o�r�y �o�f �i�n�t�e�r�i�o�r �d�i�s�e�a�s�e�s�, �a�t�l�d �s�u�c�h

�v�i�e�w �i�s �a�a�i�v�e�l�y �a�p�p�l�i�e�d �t�o �a �t�r�e�a�t�m�e�n�t�.

�Y�H�-�T�a�n�g �i�s �a �p�r�e�s�c�r�i�p�t�i�o�n �w�h�i�c�h �i�s �u�s�e�d �t�o �t�r�e�a�t

�s�t�r�o�k�e �o�f �T�a�e�u�m�i�n�s�, �b�u�t �i�t�s �e�x�a�a �p�h�a�r�m�a�c�o�l�o�g�i�c�a�l

�m�e�c�h�a�n�i�s�m �i�s �n�o�t �w�e�l�l �u�n�d�e�r�s�t�o�o�d�. �R�e�c�e�n�t�l�y �m�a�n�y

�r�e�s�e�a�r�c�h�e�s �a�r�e �b�e�i�n�g �c�o�n�d�u�a�e�d �t�o �i�n�v�e�s�t�i�g�a�t�e �t�h�e

�Y�H�- �T�a�n�g
’

�s �e�f�f�e�c�t �o�n �t�h�e �t�r�e�a�t�m�e�n�t �o�f �s�t�r�o�k�e�. �A�m�o�n�g

�t�h�e�m�, �C�h�o�i�6�) �r�e�p�o�r�t�e�d �o�n �t�h�e �e�f�f�e�a �o�f �Y�H�-�T�a�n�g �o�n �t�h�e

�r�e�g�u�l�a�t�i�o�n �o�f �c�y�t�o�k�i�n�e�s �i�n �a �T�a�e�u�m�i�n �a �p�a�t�i�e�n�t�. �T�h�i�s

�d�i�s�c�o�v�e�r�y �p�r�o�v�i�d�e�s �a�n �i�m�p�o�r�t�a�t�l�t �i�n�d�i�c�a�t�i�o�n �t�h�a�t

�p�a�t�h�o�l�o�g�i�c�a�l �c�h�a�n�g�e�s �i�n �a�n �a�c�u�t�e �s�t�r�o�k�e �p�a�t�i�e�n�t �c�a�n �b�e

�r�e�c�o�g�n�i�z�e�d �b�y �a �s�p�e�c�i�f�i�c �c�y�r�o�k�i�n�e �m�e�a�s�u�r�e�m�e�n�t�.

�I�t �h�a�s �b�e�e�n �r�e�p�o�r�t�e�d �t�h�a�t �e�s�p�e�c�i 외 �I�y �I�L�-�l�, �T�N�F�-�{�l�,

�I�L�-�6 �a�r�e �c�l�o�s�e�l�y �a�s�s�o�c�i�a�t�e�d �w�i�t�h �b�r�a�i�n �d�a�m�a�g�e�. �H�o�w�e�v�e�r�,

�t�h�e �d�i�r�e�a �m�e�c�h�a�n�i�s�m �o�f �I�L�-�4 �h�a�s �y�e�t �t�o �b�e �c�l�a�r�i�f�i�e�d�.

�T�h�e �i�n�l�m�u�n�o�l�o�g�i�c�a�l �r�e�l�a�t�i�o�n �b�e�t�W�e�e�n �a �a�n�d �a�l�l�e�r�g�y �i�s

�a�s�s�u�m�e�d�.

�T�h�o�u�g�h �a�s�t�r�o�c�y�t�e�s �o�f �a �T�a�e�u�m�i�n �w�e�r�e �n�o�t �u�s�e�d�, �i�t

�w�a�s �c�o�n�f�i�r�m�e�d �t�h�a�t �Y�H�- �T�a�n�g �i�n�f�l�u�e�n�c�e�s �t�h�e �r�e�g�u�l�a�t�i�o�n

�o�f �s야�c�i�f�i�c �c�y�t�o�k�i�n�e �s�e�c�r�e�t�i�o�n �i�n �a�s�t�r�o�c�y�t�e�s�. �T�h�e �f�a�a �t�h�a�t

�Y�H�-�T�a�n�g �s�i�g�n�i�f�i�c�a�n�t�l�y �i�n�h�i�b�i�t�s �t�h�e �p�r�o�d�u�a�i�o�n �o�f

�i�n�f�l�a�t�1�1�f�f�i�a�t�o�r�y �c�y�t�o�k�i�n�e�s�, �s�u�c�h �a�s �I�L�-�l�, �I�L�-�6�, �T�N�F�- �a �i�n

�- �6�7�-



�- 사상째짙의학회지 제 �1�3 권 쩨 �1 효 �2�X�J�1 �-

�a�s�c�c�o�y�a�e�s�, �a�n�d �I�L�-�4 �i�n �T�h�2 �c�e�l�l�s �s�u�p�p�o�r�t�s �C�h�o�i�r�s

�r�e�p�o�r�t�.�6�) �T�h�e�r�e�f�o�r�e�, �Y�H�-�T�a�n�g �i�s �t�h�o�u�g�h�t �t�o �b�e �a�p�p�l�i�c�a�b�l�e

�t�o �t�h�e �t�r�e�a�t�m�e�n�t �o�f �t�h�e �a�c�u�t�e �o�. �N�e�v�e�r�t�h�e�l�e�s�s�, �t�h�e

�e�x�a�a �m�e�c�h�a�n�i�s�m �a�n�d �e�f�f�e�a �o�f �Y�H�-�T�a�n�g �a�t �a �m�o�l�e�c�u�l�a�r

�l�e�v�e�l �s�h�o�u�l�d �b�e �e�s�t�a�b�l�i�s�h�e�d �i�n �t�h�e �f�u�t�u�r�e�.

�V�. �C�O�N�C�L�U�S�I�O�N�S

�T�h�e �a�u�t�h�o�r �h�a�s �o�b�t�a�i�n�e�d �t�h�e �f�o�l�l�o�w�i�n�g �r�e�s�u�l�t�s

�t�h�r�o�u�g�h �t�h�e �s�t�u�d�y �o�f �Y�H�-�T�a�n�g ’ �s �e�f�f�e�a �o�n �t�h�e �r�e�g�u�l�a�t�i�o�n

�o�f �v�a�r�i�o�u�s �c�y�t�o�k�i�n�e�s �i�n �h삐삐 �a�s�t�r�o�c�y�t�e�s

�1�. �I�n �h�u�m�a�n �a�s�t�r�o�c�y�t�e�s�, �Y�H�-�T�a�n�g �i�n�h�i�b�i�t�e�d �I�L�-�l�, �I�L�-�4�,

�I�L�-�6 �a�n�d �T�N�F�- �a �s�e�c�r�e�t�i�o�n �i�n�d�u�c�e�d �b�y �L�P�S �a�n�d �S�P

�c�o�n�c�e�n�t�r�a�t�i�o�n�-�d�e�p�e�n�d�e�n�t�l�y�.

�2�. �H�o�w�e�v�e�r�, �Y�H�-�T�a�n�g �d�i�d �n�o�t �h�a�v�e �a�n �e�f�f�e�a �o�n �I�F�N�-

�1 �a�n�d �I�L�-�2 �s�e�c�r�e�t�i�o�n�.

�3�. �I�t �w�a�s �c�o�n�f�I�r�m�e�d �t�h�a�t �T�N�F�- �a �s�e�c�r�e�t�i�o�n�, �w�h�i�c�h �w�a�s

�s�t�i�m�u�l�a�t�e�d �s�i�m�u�l�t�a�n�e�o�u�s�l�y �b�y �L�P�S �a�n�d �S�P�, �w�a�s

�m�e�d�i�a�t�e�d �b�y �I�L�-�l�.

�T�h�e �r�e�s�u�l�t�s �s�u�g�g�e�s�t �t�h�a�t �t�h�e �r�e�g�u�l�a�t�i�o�n �o�f �c�y�t�o�k�i�n�e

�s�e�c�r�e�t�i�o�n �i�n �a�s�t�r�o�c�y�t�e�s �i�s �c�l�o�s�e�l�y �i�n�v�o�l�v�e�d �i�n �t�h�e

�t�h�e�r�a�p�e�u�t�i�c �e�f�f�e�a �o�f �Y�H�-�T�a�n�g�i�n �o�n �a�c�u�t�e �s�t�r�o�k�e

�p�a�t�i�e�n�t�s�.

�R�E�F태�E�N�C�I 퍼

�1�. �K�i�m �K�y�. �A �s�t�u�d�y �o�n �t�h�e �c�h�a�n�g�e �o�f �b�l ∞�d �c�o�n�s�t�i�t�U�e�n�t

�i�n �m�a�l�e �s�t�u�d�e�n�t �o�f �T�A�E�-�E�U�M�-�I�N�. �J �S�a�s�a�n�g

�C�o�n�s�t�i�t�u�t�i�o�n�a�l �M�e�d �1�9�9�1�;�3�(�1�)�:�1�6�8�.

�2�. �K�i�m �D�r�. �A�n �e�x�p�e�r�i�m�e�n�t�a�l �s�t�u�d�y �o�n �t�h�e �a�n 외 �y�s�i�s �o�f

�t�h�e �c�o�n�s�t�i�t�U�e�n�t�s �o�f �s�e�r�u�m �l�i�p�i�d �c�l�a�s�s�i�f�I�e�d �b�y �c�o�n�s�t�-

�i�t�u�t�i�o�n�s�. �J �S�a�s�a�n�g �C�o�n�s�t�i�t�U�t�i�o�n�a�l �M�e�d �1�9�9�3�;�5�(�1�)�:�1�4�4�.

�3�. �C�h�o�i �Y�j�. �E�f�f�e�a�s �o�f �Y�u�l�d�a�h�a�n�s�o�t�a�n�g �w�a�t�e�r �e�x�t�r�a�t �o�n

�b�l∞�d �p�r야�s�u�r�e�, �r�e�g�i�o�n�a�l �c�e�r�e�b�r�a�l �b�l�O�< 녕 �f�l�o�w �a�n�d �p�i�a�l

�a�r�t�e π �d�i�a�m�e�t�e�r�. �J �S�a�s�a�n�g �Cρ �n�s�t�i�t�u�t�i�o�n�a�l �M 뼈

�1�9�9�8�;�1 아 �1�)�:�2�9�0�-�2�9�3

�4�. �Y�u�n �H�s�. �E�f�f�e�c�t�s �o�f �Y 띠�d�a�h�a�n�s�o�t�a�n�g �a�n�d �J�o�w�i�s�o�k�-

�m�y�u�n�g�t�a�n�g �o�n �t�h�e �b�l�o�o�d �p�r�,야�s�u�r�e �a�n�d �r�e�n 허 �f�u�n�a�i�o�n

�i�n �s�p�o�n�t�a�n�e�o�u�s�l�y �h�y�p�e�r�t�e�n�s�i�v�e �r�a�t�s�. �J �S�a�s�a�n�g �C�o�n�-

�s�t�i�t�u�t�i�o�n�a�l �M�e�d �1�9�9�8�; �1α �2�)�:�5�8�0�-�5�8�6�.

�5�. �K 띠�1 �I�h�, �K�i�m �K�y�. �E�f�f�e�a�s �o�f �Y 띠 �d�a�h�a�n�s�o�t�a�n�g �a�f�t�e�r

�k�a�i�n�a�t�e �a�d�m�i�n�i�s�t�r�a�t�i�o�n �i�n �t�h�e �m�o�u�s�e �h�i�p�p�o�c�a�m�p�u�s

�a�r�e�a�. �J �S�a�s�a�n�g �C�o�n�s�t�i�t�U�t�i�o�n�a�l �M�e�d �1�9�9�9�;�1�1�(�2�)�:

�2�9�3�-�2�9�8�.

�6�. �C�h�o�i �Y�k�, �K�i�m �K�y�. �S�t�u�d�i�e�s �o�n �t�h�e �r�e�g�u�l�a�t�o�r�y �e�f�f�e�a �o�f

�c�y�t�o�k�i�n�e �p�r�o�d�u�a�i�o�n �i�n �p�a�t�i�e�n�t�s �w�i�t�h �c�e�r�e�b�r�a�l

�i�n�f�a�r�a�i�o�n �b�y �Y 띠 �d�a�h 때�s�o�t�a�n�g�. �J �S�a�s�a�n�g �C�o�n�s�t�i�t�u�t�i�o�n�a�l

�M�e�d �2�0�0�0�;�1�2�(�1�)�:�2�0�7�-�2�1�2�.

�7�. �F�o�n�t�a�n�a �A�, �F�r�e�i �K�, �B여�m�e�r �S�, �H�o�f�e�r �E�. �I�m�r�n�u�n�e�-

�m�e�d�i�a�t�e�d �e�n�c�e�p�h�a�l�i�t�i�s�; �o�n �t�h�e �r�o�l�e �o�f �a�n�t�i�g�e�n�-�p�r�e�s�e�-

�n�t�i�n�g �c�e�l�l�s �i�n �b�r�a�i�n �t�i�s�s�u�e�. �I�m�m�u�n�o�l �1�9�8�7�; �1�0�0�: �1�8�5�.

�8�. �B�e�n�v�e�n�i�s�t�e �E�n�, �S�a�p�a�r�c�i�o �S�m�, �N�o�r�r�i�s �J�g�, �G�r�e�n�e�t�t �H�e

�F�u�l�l�e�r �G�m�. �I�n�d�u�a�i�o�n �r�e�g�u�l�a�t�i�o�n �o�f �i�n�t�e�r�l�e�u�k�i�n�-�6 �g�e�n�e

�e�x�p�r�e�s�s�i�o�n �i�n �r�a�t �a�s�c�c�o�c�y�t�e�s�. �J �N�e�u�r�o�i�m�m�u�n�o�l �1�9�9�0�;

�3�0�:�2�0�1�.

�9�. �M�a�l�i�p�i�e�r�o �U�v�, �F�r�e�i �K�, �F�o�n�t�a�n�a �A�. �P�r�o�d�u�a�i�o�n �o�f

�h�e�m�o�p�o�i�e�t�i�c �c�o�l�o�n�y�-�s�t�i�m�u�l�a�t�i�n�g �f�a�a�o�r�s �b�y �a�s�C�C�o�c�y�t�e�s�.

�J �I�m�m�u�n�o�l �1�9�9�0�;�1�4�4�:�3�8�1�6�.

�1�0�. �A�l�o�i�s�i �F�, �B�o�r�s�e�l�l�i�n�o �G�, �T�e�s�t�a �U�, �G�a�l�l�o �P�, �R�u�s�s�o �G�,

�P�e�s�c�h�l�e �C�, �L�e�v�i �G�. �C�y�t�o�k�i�n�e �r�e�g�u�l�a�t�i�o�n �o�f �a�s�t�r�o�c�y�t�e

�f�u�n�a�i�o�n�: �i�n�-�v�i�t�r�o �s�t�u�d�i�e�s �u�s�i�n�g �c�e�l�l�s �f�r�o�m �t�h�e

�h�u�m�a�n �b�r�a�i�n�. �I�n�t �J �D�e�v �N�e�u�r�o�s�c�i �1�9�9�5�;�1�3�(�3�)�:�2�6�5�.

�1�1�. �F�i�l�l�i�t �H�, �D�i�n�g �W�h�, �B�u�c�e �L�, �K 때�m�a�n �J�, �A�l�t�s�t�i�e�l �L�,

�L�a�w�l�o�r �B�, �W�o�l�f�-�K�l�e�i�n �G�. �E�l�e�v�a�t�e�d �c�i�r�c�u�l�a�t�i�n�g �t�u�m�o�r

�n�e�c�r�o�s�i�s �f�w�o�r �l�e�v�e�l�s �i�n �A�l�z�h�e�i�m�e�r
’

�s 버�s�e�a�s�e�.

�N�e�u�r�o�s�c�i�e�n�c�e �l�.�e�t�t �1�9�9�1�;�1�2�9�:�3�1�8�D�.

�1�2�. �B�r�o�s�n�a�n �a�, �S�e�l�m�a�j �F�k�, �R깅�n�e �C�s�. �H�y�p�o�t�h�e�s�i�s�: �a �r�o�l�e

�f�o�r �r�u�m�o�r �n�e�c�r�o�s�i�s �f�w�o�r �i�n �i�m�m�u�n�e�-�r�e�l�a�t�e�d

�d�e�m�y�e�l�i�n�a�t�i�o�n 뻐 �d �i�t�s �r�e�l�e�v�a�n�c�e �t�o �m�u�l�t�i�p�l�e �s�c�l�e�r�o�s�i�s�.

�J �N�e�u�r�o�i�m�m�u�n�o�l �1�9�8�8�;�1�8�:�8�7�.

�1�3�. �V�i�t�k�o�v�i�c �L�, �K�a�l�e�v�i�c �T�, �d�e �C�u�n�h�a �A�, �F�a�u�c�i �A�s�.

�A�s�t�r�o�c�y�t�e �c�o�n�d�i�t�i�o�n�e�d �m�e�d�i�u�m �s�t�i�m�u�l�a�t�e�s �H�I�V�-�l

�e�x�p�r�e�s�s�i�o�n �i�n �a �c�h�r�o�n�i�c�a�l�l�y �i�n�f�e�a�e�d �p�r�o�m�o�n�o�c�y�t�e

�c�l�o�n�e�. �J �N�e�u�r�o�i�m�r�n�u�n�o�l �1�9�9�0�;�3�0�: �1�5�3�.

�1�4�. �K�i�m �H�m�, �S�h�i�n �H�y�, �J�e�o�n�g �H�j �e�t �a�l�. �R�e�d�u�c�e�d �1�L�-�2

�b�u�t �e�l�e�v�a�t�e�d �I�L�-�4�, �1�1�-�6�, �a�n�d �I�g�E �s�e�r�u�m �l�e�v�e�l�s �i�n

�p�a�t�i�e�n�t�s �w�i�t�h �c�e�r�e�b�r�a�l �i�n�f�a�r�a�i�o�n �d�u�r�i�n�g �t�h�e �a�c�u�t�e

�s�t�a�g�e�. �J �M�o�l �N�e�u�r�o�s�c�i �2�0�0�0�;�1�4�:�1�9�1

�1�5�. �L�j�u�n�g�d�a�h�l �A�, �H�o�k�f�e�l�t �T�, �N�i�l�s�s�o�n �G�. �D�i�s�t�r�i�b�u�t�i�o�n �o�f

�s�u�b�s�t�a�n�c�e �P�-�l�i�k�e �i�m�r�n�u�n�o�-�r�e�a�a�i 끼 �t�y �i�n �t�h�e �c�e�n�t�r�a�l

�- �6�8�-
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�n�e π�o�u�s �s�y�s�t�e�m �o�f �t�h�e �r�a�t�-�I�. α�u φ�d�i�e�s �a�n�d �n�e π�e

�t�e�r�m�i�n�a�l�s�. �N�e�u�r�o�s�c�i�e�n�c�e �1�9�7�8�; �3�:�8�6�1�.

�1�6�. �L�e�m�b�e�c�k �F�, �H�o�l�z�e�r �P�. �S�u�b�s�t�a�n�c�e �P �a�s �n�e�u�r�o�g�e�n�i�c

�m�e�d�i�a�t�O�r �o�f �a�n�t�i�d�r�o�m�i�c �v�a�s�o�d�i�l�a�t�i�o�n 삐�d �n�e따�o�g�e�O�i�c

�p�l�a�s�m�a �e�x�t�r�a�v�a�s�a�t�i�o�n�. �N�a�u�n�y�m�-�S�c�h�m�i�e�d�d�e�b�e�r�g ’ �s �A�r�c�h

�P�h�a�r�m�a�c�o�l �1�9�7�9�;�3�1�0�:�1�7�5�.

�1�7�. �Iα �z �M�, �V�a�u�g�h�a�n �J�h�, �C�a�r�s�o�n �D�a�. �E�f�f�e�C�t �o�f �n�e�u�-

�r�o�p�e�p�t�i�d�e�s �o�n �p�r�o�d�u�C�t�i�o�n �o�f �i�n�f�l�a�m�m�a�t�o�r�y �c�y�r�o�k�i�n�e�s

�b�y �h�u�m�a�n �m�o�n�o�c�y�r�e�s�. �S�c�i�e�n�c�e �1�9�8�8�;�2�4�1�:�1�2�1�8�.

�1�8�. �L�a�u�r�e�n�z�i �M�a�, �P�e�r�s�s�o�n �M�a�a�, �D�a�l�s�g�a�a�r�d �C�j �H�a�e�-

�g�e�r�s�t�r�a�n�d �A�. �T�h�e �n�e 따�o�p�e�p�t�i�d�e �s�u�b�s�t�a�n�c�e �P �s�t�i�m�u�-

�l�a�t�e�s �p�r�o�d�u�C�t�i�o�n �o�f �i�n�t�e�r�l�e�u�k�i�n�-�l �i�n �h�u�m�a�n �b�l�o�o�d

�m�o�n�o�c�y�t�e�s�: �a�a�i�v�a�t�e�d �c�e�l�l�s �a�r�e �p�r�e�f�e�r�e�n�t�i�a�l�l�y �i�n�f�l�u�e�-

�n�c�e�d �b�y �t�h�e �n�e�u�r�o�p�e�p�t�i�d�e�. �S�c�a�n�d �J �I�m�m�u�n�o�l �1�9�9�0�;

�3�1 �:�5�2�9�.

�1�9�. �M�a�n�r�y�h �P�w�, �J�o�h�n�s�o�n �D�j�, �B�o�e�h�m�e�r �C�g�, �C�a�t�t�O�n �M�d�,

�V�i�n�t�e�r�s �H�v�, �M�a�g�g�i�o �J�e�, �T�o�o �H�p �V�i�g�n�a �S�r�. �S�u�b�s�-

�t�a�n�c�e �P �r�e�c�e�p�t�O�r �b�i�n�d�i�n�g �s�i�t�e�s �a�r�e �e�x�p�r�e�s�s�e�d �b�y �g�l�i�a

�i�n �v�i�v�o �a�f�t�e�r �n�e�u�r�o�n�a�l �i�n�j�u�r�y�. �U�S�A �P�r�o�c �N�a�d �A�c�a�d

�S�c�i �1�9�8�9�;�8�6�:�5�1�9�3�.

�2�0�. �S�c�u�d�e�r�i �P�, �S�t�e�r�l�i�n�g �K�e�, μ�m �K�s�, �F�i�n�l�e�y�P�r�, �R�y�a�n

�K�j�, �R�a�y �C�g�, �P�e�t�e�r�s�e�n�E�, �S�l�y�m�e�n�D�j �S�a�l�m�o�n�S�e�.�R�a�i�-

�s�e�d �s�e�r�u�m �l�e�v�e�l�s�o�f �t�u�m�o�u�r �n�e�c�r�o�s�i�s�f�a�a�o�r �i�n �p�a�r�-

�a�s�i�t�i�c�i�n�f�e�C�t�i�o�n�s�.�L�a�n�c�e�t�1�9�8�6�;�2�:�1�3�6�4�.

�2�1�. �J�o�k�l�i�k �W�k�, �W�i�l�l�e�t�t �H�p�, �A�m�o�s �D�b�, �W�i�l�f�e�r�t�C�m�.

�Z�i�n�s�s�e�r�M�i�c�r�o�b�i�o�l�o�g�y�.�2�0�t�h �e�d�. �U�S�A�:�A�p�p�l�e�t�O�n때�d

μ�n�g�e�. �1�9�9�1�:�8�4�-�8�5

�2�2�. �D�e�r�o�c�q �J�m�, �B�l�a�z�y �C�, �E�m�o�n�d�s �A�x�, �L�e �F�g�, �B�r�e�l�i�r�e �J�c

�C�a�s�e�l�l�a�s �P�. �E�f�f�e�c�t �o�f �s�u�b�s�t�a�n�c�e �P �o�n �c�y�t�o�k�i�n�e

�p�r�o�d�u�c�t�i�o�n �b�y �h 띠�n�a�n �a�s�t�r�o�c�y�t�i�c �c�e�l�l�s �a�n�d �b�l∞�d

�m�o�n�o�n�u�c�l�e�a�r �c�e�l�l�s�: �c�h�a�r�a�a�e�r�i�z�a�t�i�o�n �o�f �n�o�v�e�l �t�a�c�h�y�-

�k�i�n�i�n �r�e�c�e�p�t�O�r �a�n�t�a�g�o�n�i�s�t�s�. �F�E�B�S �L�e�u �1�9�9�6�;�3�9�9�(�3�)

�:�3�2�1�.

�2�3�. �H�a �D�y�, �K�o�r�e�a�n �t�r�a�n�s�l�a�t�i�o�n �e�d�. �o�f �t�h�e �3�r�d �e�d�. �o�f

�I�m�m�u�n�o�l�o�g�y �w�r�i�t�t�e�n �b�y �I�v�a�n �R�, �J�o�n�a�t�h�a�n �B�, �D�a�v�i�d

�M�. �S�e�o�u�l�: �K�o�-�M�o�o�n�-�S�a�. �1�9�9�3�: �1�0�2�-�1�0�3�.

�2�4�. �T�o�u�z�a�n�i �0�, �B�o�u�t�i�n �H�, �C�h�u�q�u�e�t �J�, �R�o�t�h�w�e�l�l �N�.

�P�o�t�e�n�t�i�a�l �m�e�c�h�a�n�i�s�m�s �o�f �i�n�t�e�r�l�e�u�k�i�n�-�1 �i�n�v�o�l�v�e�m�e�n�t

�i�n �c�e�r�e�b�r�a�l �i�s�c�h�e�m�i�a�. �J �N�e�u�r�o�i�m�m�u�n�o�l �1�9�9�9�;�1�0�1�(�1�)�:

�2�0�3�.

�2�5�. �Y�a�m�a�s 짜�i �Y�, �l�t�o�y�a�m�a �Y�, �K�o�g�u�r�e �K�. �I�n�v�o�l�v�e�m�e�n�t �o�f

�c�y�r�o�k�i�n�e �p�r�o�d�u�C�t�i�o�n �i�n �p�a�t�h�o�g�e�n�e�s�i�s �o�f �t�r�a�n�s�i�e�n�t

�c�e�r�e�b�r�a�l �i�s�c�h�e�m�i�c �d�a�m�a�g�e�. �K�e�i�o �J �M�e�d �1�9�9�6�;�4�5�(�3�)�:

�2�2�5�.

�2�6�. �B�a�r�o�n�e �F�c�, �A�r�v�i�n �B�, �W�h�i�t�e �R�f�, �M�i�l�l�e�r �A�, �W�e�b�b �d�,

�W�i�l�l�e�r�t�e �R�o�, �L�y�s�k�o �P�g �F�e�u�eπ �t�e�i�n �G�z�. �T�u�m�o�r �n�e�c�-

�r�o�s�i�s �f�a�a�o�r�-�a�l�p�h�a�. �A �m�e�d�i�a�t�O�r �o�f �f�o�c�a�l �i�s�c�h�e�m�i�c

�b�r�a�i�n �i�n�j�u�r�y�. �S�t�r�o�k�e �1�9�9�7�;�2�8�(�6�)�:�1�2�3�3�.

�2�7�. �A�l�i �C�, �N�i�c�o�l�e �0�, �D�o�c�a�g�n�e �F�, �L�e�s�n�e �S�, �M�a�c�k�e�n�z�i�e

�E�t�, �N�o�u�v�e�l�o�t �A�, �B�u�i�s�s�o�n �A �V�i�v�i�e�n �D�. �I�s�c�h�e�m�i�a�-

�i�n�d�u�c�e�d �i�n�t�e�r�l�e�u�k�i�n�-�6 �a�s �a �p�o�t�e�n�t�i�a�l �e�n�d�o�g�e�n�o�u�s

�n�e�u�r�o�p�r�o�t�e�C�t�i�v�e �c�y�t�O�k�i�n�e �a�g 외 �n�s�t �N�M�D�A �r�e�c�e�p�t�O�r�-

�m�e�d�i�a�t�e�d �e�x�c�i�t�O�t�O�x�i�c�i�r�y �i�n �t�h�e �b�r�a�i�n�. �J �C�e�r�e�b �B�l�o�o�d

�F�l�o�w �M�e�t�a�b �2�0�0�0�;�2 α�6�)�:�9�5�6�.

�2�8�. �K�i�m �K�y�. �T�h�e �S�a�s�a�n�g �C�o�n�s�t�i�t�u�t�i�o�n�a�l �A�p�p�r�o�a�c�h �t�o �a�n

�I�n�c�u�r�a�b�l�e �D�i�s�e�a�s�e �a�n�d �I�m�m�u�n�i�r�y�. �J �S�a�s�a�n�g �C�o�n�s�t�i�-

�t�u�t�i�o�n�a�l �M�e�d �1�9�9�5�;�7�(�2�)�:�1�2�2�.

�2�9�. �L�e�e �J�m�. �D�o�n�g�w�i �S�o�o�s�e �B�o�w�o�n�. �S�e�o�u�l�:�R�y�e�o�-�g�a�n�g �P�u�-

�b�l�i�s�h�e�r�s �L�t�d�. �1�9�9�2�:�2�7�2�.

�- �6�9�-




