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+��→→→→% ＾�� ＾�	A→→→→� )→→→→1� MHC-I �	→→→→� �→→→→→- 	→→→→→� �2 ��
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DTH, delayed-type hypersensitivity; hES, human embryonic stem cell; Ig, immunoglobulin; Tc, T cytotoxic; Th, T helper
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 ∂���% ＾	
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 ∂���→→→→→% ＾	→→→→→
,(� Q�8→→→→→� −' .>
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 �→→'� J→→�( �→→� >→→*��0∂→→� −*	→→→� ,��>→→→*� �,�L→→→" �→→→� .(��2 &%( �→→→� �>→→→� >→→→
��→→→G
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,(� �→→→→→� ∂$→→→→→�� 	
+��→→→→→% �→→→→→→-

 .(℮b) >�	' P
	- )$�� >88-∂�* �	�
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 ∂*	6*� ∂88� ＾(	8� ＾	
+��% ＾	
,(� >��→0 .i
 �$6
 +	N$*�

 ∂*	6→→→→→*� ∂88→→→→→� ＾(	8→→→→→� ＾	
+��→→→→→% ∂M	!$→→→→→G� ＾	→→→→→
,(� >��→→→→→0 f	�$→→→→→7�
 	→→→→� )→→→→�� �→→→→'� .()→→→→- >→→→→
��→→→→G J→→→→7 �� >*�→→→→C (� J@�→→→→� ��	�→→→→� )→→→→→
 ＾�)→→→→→� �	6�→→→→→

 ��>→→→� &→→→%��� �� (Nuclear transfer: NT) −0	��→→→% �$6→→→
 +	N$→→→→*�
 ��7)→→→� �� >D→→→� ∂*	6→→→*� ∂88→→→� ＾(	8→→→� ＾	
+��→→→% ,(� � (��∂→→→→� `	/→→→*� �$6→→→→

 �- ∂���→% ＾	→
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 ,>8→→→→→
( +��→→→→→% 	→→→→→� ∂@$→→→→→*F )R→→→→→* ��
 �+	→→→→→→→→→→→7 �→→→→→→→→→→→� 	→→→→→→→→→→→0 .(��∂→→→→→→→→→→→� >��→→→→→→→→→→→0 �&%� �	6@→→→→→→→→→→→' (&%� &→→→→→→→→→→→%��� �→→→→→→→→→→→� d�D$→→→→→→→→→→→�
�⅛⅛) X�� �( NT �8� �� ∂88� ＾(	8� ＾	
+��% ＾	→
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 	→� ��	�→� ＾	
XL→0 �→� )→→9� .&%� ,(�→→� d��→→� (⅛b)  (Cattle)�	9 � (⅛]

 .&%� ,(��* d��� �	6*� &%���
 ＾	
&→→%��� �→→� �$6→→
 +	N$→→*� 	→→� �� �	6�→→→
 ∂���→→→% ＾	→→→
,(� ���$→→→� >'	→→→�
 ((	→→'� ∂@8@→→→0 eL@�→→� ?H�∂�→→") −0	��→→% +��→→% dg�→→0 	→→' �$6→→
 ��>→→�
 ＾	
∂*F∂$→→→→→→*2 e	�L$→→→→→→G� �→→→→→→- (��( (�→→→→→→�� +	�$→→→→→→7� �→→→→→→→'� 	→→→→→→→�� (��2 &%( �→→→→→→→�
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 ＾	
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 �� ∂'	
>→�� (Macaca Fascicularis) e	�→')C ∂"�* �→→��� &→→%���
 .&%� �$→��( ,�)�→
 �→� ∂*	6→*� ＾	
&→→%��� ＾�)→→� X�� �→→'� ＾)9�	-�→→� �(
 L�	→- �)→'� >8�	→� >g→� �	6→� >8→*��0∂→� 	
+��→% �→'� �∂$G	8→� ∂8�→'� )R→→* ��
 ���0)→→→→→→→C ＾(	8→→→→→→→� ＾	
+��→→→→→→→→% �/$→→→→→→→→* �( .>8$6→→→→→→→→
 �	9�	→→→→→→→→% ,>8→→→→→→→→
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 ,(� >*�→C  �(� )S→G ��>→� >8→*��0∂� �r*�→� ���	�→� �( ∂→'��)@→� �� JM	→→7
 �$6→�) >8$6→
 e�['���→
 	
K�→-�� )U→-� �→- �2 J→�( �→� �,�L" �→� .>*�→→�
 ＾�)→→→→→→→� ∂��→→→→→→→G ＾	
,>8→→→→→→→
( >8→→→→→→→*��0∂→→→→→→→� 	
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−*	→→→→→→→�
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,(�
 ＾�� ∂M	→→→→→→→→→→G �7	→→→→→→→→→→→* �( HLA ＾	→→→→→→→→→→→
�F �)→→→→→→→→→→→'� .>8�	→→→→→→→→→→→� >g→→→→→→→→→→→� �→→→→→→→→→→→* ,(��*	→→→→→→→→→→→G
 �7	→→→→→* J→→→→→G�( ∂�-)0�→→→→→→* ���→→→→→→� ∂→→→→→→4 )→→→→→→9� �→→→→→→'�)�	8→→→→→→� .(��( ��)→→→→→→� ⅛ `�����)→→→→→→-

  HLA �	#� �� �	�� �� d$�� ∂���% ＾	
,(� �� ∂�→* �>$g→* _	g→0� HLA

 OL$→→G� >→→M�(ＱΩ �	8s�→→
 �→→- (�→→� >8→→
��→→→G �	9�	→→→% X�(�)→→→� 	→→→' )→→→
��→→→G 	→→→�
 .>*	�∂� ∂�	� MHCK�-�� �(

 ∂*	6→→→→*� ∂88→→→→� ＾(	8→→→→� ＾	
+��→→→→% (� 	→→→→� ���	N→→→→� ＾�)→→→→� ∂'	A→→→→→* ,�� �( vC
 −0	��→→% �$6→→
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&'	�')→→→→→→C �( p�!→→→→→→G �→→→→→→�  ��$6→→→→→→→
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 .&%� mn�� 	* �* ∂'��)@� �� JM	7 ∂*	6*� ∂88�
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(���→→→→3

 ＾</������→→� ��→→� �→→→� �→→→+ �� ,-/��→→→7 .��	� "
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-→→→→→→→→0 ＾��E�$→→→→→→→→3 �→→→→→→→→+ )
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 ,>8→→
( �	%��→→G ＾	
+��→→% �	��?→→
 ��^→→7 ��)/8→→� � (��∂→→� `	/→→*� �	�→→�
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 ＾���	 T＾"�#�$→→% �����→→� )� M�"→→� �	 ∂�J→→@ "→→, ∂��N�→→� ＾"�*+�"3→→( O"��→→@� .��4∂→→(  GVHD"→→, ��→→�8 	� P
�→→( �Q��→→R ?→→,� ��→→S �	 ���4∂�→→ M�"→→� ����→→� )� ����	∂→→(
 )� �.→→/ *+,��,"→→� T���→→� �9%� ＾���→→� ���→→8 2�U→→� ＾"→→V=� ＾��→→/ *+,��,"→→� �W�→→�� .����∂→→( #���→→� ��→→��	�→→� ���→→� ����→→� 2→→��	 IJ→→@ )� �→→� �� ���→→�	 "→→/ ��7�→→��� ∂��→→→,� 9�@X→→→R

 .9%� ∂�"� 2�U� YK@ ＾��/ ∂,"D�� �/ 9�����=� 9�"/ ��Z@ � �4"/ ＾���� X("� �,"[ ���8
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 �3'	D→→→� `	�→→→0 ?H�∂�→→→" ∂8�→→→'� )95�-)→→→% J→→→���→→→→" 	→→→→� �	→→→→��( �(�→→→→�� �→→→→'� 	→→→→�
 &g- � +�4 � ,>→� �	�→� ���
 	→
,( �( �^→" >*�→C ＾	N→� 3��→� �*f	→%

 .>
(∂� P'���� �� �	�9>*�
 

 �_�� ���$#C �*� � ∂-#/	 ��h�+�3 ��	�C :M E�,0
 

Pharmacological agents
• Azathioprine (anti-proliferative)
• Mycophenolate mofetil (anti-proliferative)
• Corticosteroids (anti-inflammatory)
• Tacrolimus (calcineurin blockade)
• Cycolsporin (calcineurin blockade)
• Sirolimus (prevention of T-cell proliferation)
Biological agents
• Anti-lymphocyte globulin/serum (lymphocyte depletion and
blockade)
• Anti-CD3 monoclonal antibody (T-cell depletion and blockade)
• Anti-CD25 monoclonal antibody (blockade of activated T
cells)
• Anti-CD52 monoclonal antibody (lymphocyte depletion)
Emerging agents
• Leflunomide derivatives (anti-proliferative)
• FTY720 (interferes with lymphocyte homing)
• Monoclonal antibodies specific for lymphocyte cell-surface
molecules-for example, αβTCR, CD4 and CD2 (lymphocyte
depletion and blockade)
• Monoclonal antibodies specific for adhesion molecules-for
example, intercellular adhesion molecule-1 (ICAM-1) and
leukocyte function-associated antigen-1 (LFA-1) (blockade of
cell-cell interactions)
• Monoclonal antibodies and fusion proteins specific for co-
stimulatory molecules-for example, CD80/86-CD28 and CD40-
CD154 (blockade of T-cell co-stimulation)

 h�+�3 	� ∂-#/	 O�&
3 ∂?�\��	�
] ��G �� E�,0 "/	 �� ,� �+i ��	�→C ��#→(

 ,��
→→→� �� ��∂#
�,→→→� � [$→→→G )?�→→→7 ＾��)��a→→→C �T→→→� E�#�→→→U	 ="→→→/	���-→→→� .,--+∂→→→→→�

 "→→→/	 �	 ∂2
+�→→→( ��a�→→→3	 9�→→→→3	 �→→→� ∂-#→→→/	 h�+�→→→3 �'�→→→� ＾��O→→→→/�� .,��/∂→→→→� W/	<→→→→7	

 [3�-→→→→� h�+�→→→→3 �→→→→� ∂2��→→→→0 j�	�→→→→C "/��#→→→→+ �→→→→→� �	��→→→→→� �→→→→→( =���∂→→→→→� O
4-→→→→→( �→→→→→�	�→→→→→C

 �� (9�#
���+�→→→( �→→→/ "/�f3�$�
→→→3) "/���∂&$→→→→+ ＾���+�$→→→→� .,
→→→→3� ∂-#→→→→/	 O�&
→→→→3

 ,��
1 �	 ,L� E�	 �$U�� �� ∂-#/	 h�+�→3 "/��8
→� .,���∂→→� ��a�→3	 ��O→/�� �N→+	

 �→→
�� �→→� �	�(∂#→→→� �→→�	 �	� W��→→+ 	� �_→→�� �	,%→→� k/�,→→( �→→� �	�(∂→→→� � )3	 ��
→→→� ���→→→�

 .��+ c!��� F��+ 	� �_�� �	 ��a�3	 =,��
1 ��	� )3� �	 �T�

 ＾(	8→→→→→→� ＾	
+��→→→→→→% ＾�)→→→→→→� ∂8�→→→→→→→'� )R→→→→→→→* �� ∂U8→→→→→→→G (��→→→→→→→� 	→→→→→→→� P��→→→→→→→C &G	→→→→→→→% .V
 ＾>*�C ∂*	6*� ∂88�

 �� ∂'	
P��→→→→→C ���( ∂*	6→→→→→→*� ∂88→→→→→→� ＾(	8→→→→→→� ＾	
+��→→→→→→% �(�( ��)→→→→→→� 	→→→→→→�
 ＾)9��→→→→→→� �2 �→→→→→→� ∂8�→→→→→→'� ?$6→→→→→→% ∂%)$→→→→→→%(  �� ���0∂→→→→→→� ∂U8→→→→→→G (��→→→→→→� v8→→→→→→→�
 `	/→→→→*� �8→→→→�� �→→→→'� �( )→→→→G� ＾	
+	→→→→% �( �→→→→- ∂0	NN#→→→→0 (�→→→→→�� 	→→→→→� �$→→→→→��� .()→→→→→-
 e>→→� ∂*f�→→4 �( 	
P��→→C �→→'� �>→→� ��)�→→� J@�→→� �	8s�→→
 �&%� ,>→→�
 �� �&%� `	/→*� +	→7 �( �)→G� �→- ＾��D�	S→� �( .(]] �]V) &%� ,>�→* J→→7
 ＾�)→→→→→→→→→� (Polyethylene glycol: PEG)+�@�→→→→→→→→→9 ��→→→→→→→→→0�∂�→→→→→→→→→→C P��→→→→→→→→→→C

 &%� ,>→→→→→→→→→→→→→→→→→→→→� ,(	g$→→→→→→→→→→→→→→→→→→→→%�  ∂$�	→→→→→→→→→→→→→→→→→→→→'( ���	�→→→→→→→→→→→→→→→→→→→→→� �→→→→→→→→→→→→ →→→→→→→→→� ∂*	6→→→→→→→→→→→→→→→→→→→→→*� )→→→→→→→→→→→→→→→→→→→→→'��→→→→→→→→→→→→→→→→→→→→→� >*�→→→→→→→→→→→→→→→→→→→→→C
 .(Novocell; http://www.clinicaltrials.gov/ct/show/NCT00260234)

 �→- &�	→→� >*�→→C ∂�'>→→� X�� 	→→� �6'	N→→� �( �→→- &g→→9 ���0∂→→� J→→- �(
 Q�8→→→� �∂*	6→→→*� ∂88→→→� ＾(	8→→→� ＾	
+��→→→→% �&%� �$6→→→→��� (���→→→→� ＾	
&�	→→→→� �→→→→�
 �→→→'� �� ,(	g$→→→%� ＾�)→→→� 	→→→→�� .>8'2∂→→→→� �	�→→→→� �→→→→� ∂��)→→→→0 34 ＾�)→→→→� ＾(�>#�	→→→→*
 ���	�→� �→� >*�→C �� >D→� 	
+��→% �→→'� ��→→" ∂8�→→'� ＾	
B%	→→C ∂%�)→→� �&��	→→�

 .&%� ＾��)Y �	9�	%	*
 ＾	
+�@��→→→→→→→→→→→� >*�→→→→→→→→→→→→C (� ,>'>→→→→→→→→→→→→C  ,>88-+	D→→→→→→→→→→→→� ＾	
+�@��→→→→→→→→→→→→� �')$�A→→→→→→→→→→→→�

 	→→
HESC ＾�� ?→→- ��>N→→� �→→� MHC-I ＾	
+�@��→→� �→→- >8$6→→
 MHC

 .>88-∂→→→→→→→→� �>→→→→→→→→C P'��→→→→→→→→→�� ��)�)$8→→→→→→→→→'� 	→→→→→→→→→� 	→→→→→→→→→N�� � �'	�→→→→→→→→→0 ∂→→→→→→→→→4 � >*��∂→→→→→→→→→� �	→→→→→→→→→�
 ∂'	%	8→→→→� &�→→→→" �→→→→� ∂*	6→→→→*� ∂88→→→→� ＾(	8→→→→� ＾	
+��→→→→% e	N$�→→→→� (� ��→→→→→'�)�	8→→→→→�
 ()��	→→→→→→- ＾�)→→→→→→� ＾>'>A→→→→→→→0 &%� �@�→→→→→→→� ∂8�→→→→→→→'� ?$6→→→→→→→% I%�→→→→→→→0 	
�F∂$→→→→→→→*2��2
 ＾)→→→→→→→→→��>→→→→→→→→→0 >'	→→→→→→→→→� >*�→→→→→→→→→C (� �� ＾)9��→→→→→→→→→� ＾�)→→→→→→→→→� .>�	→→→→→→→→→� 	
+��→→→→→→→→→% �→→ →→→→→→→→'� ∂8�	→→→→→→→→→→�
 )R→→→→* �� ,>→→→→� &R�	#→→→→� d4	8→→→→� �→→→→� 	
+��→→→→% �+	U→→→→→� ���8→→→→→" �→→→→→� .(�→→→→→� ,>�'>→→→→→*�
 >*�� >*�C �>*�,>� (�>#� ＾(�>7 	0 ∂8�'� ＾	
B%	C �- ∂'	→� �∂8�→'�
 )R→* �� ,>→� �	6�→
 ∂*	6→*� ∂88→� ＾(	8→� ＾	
+��→% ＾	→
,(� ＾	
−*	→� 	→'
 ＾	→
X�� 	→� �	6�→
 +��→% ＾	→→
,(� >��→→0 �)[→→'( ,�� .>*�→→� J@�→→0 HLA

 J→→→→→7 ,�� >%�∂→→→→→� )R→→→→→* �→→→→→� �→→→→→- &%� ∂→→→→→'��)@→→→→→� 	→→→→→' � −0	��→→→→→% �$6→→→→→
 +	N$→→→→→*�
 eL@�→� >'	→� >*�� ＾()��	→- Q→→%� ��→→4 �→→� �@8→→'� �� J�→→� 	→→�� >�	→→� ∂��→→G
 J�	→→→→� )[→→→→→'( ＾	→→→→→
X�� .>*�→→→→→� O)4)→→→→→� �8→→→→→�� �→→→→→'� �( ∂@8@→→→→→0 � ∂�L→→→→→G�
 ＾�	@$→→%( � �	6*�→→G ＾	
�	→→% P→→C �� ,(	g$→→→%� 	→→→� >*�→→→C ��→→→" J�#→→→0 ＾	→→→N��
 ∂8�→'� )95�-)→% (��� �� ,(	g$→%� � )→9�)� ∂���→% ,(� >��0 ＾�)→� ∂@$→→*F

 .>8$6
 ,)H �
 

 7����� "�� ＾��
�� ＾������ ∂���∂����

 J@�→0 ＾	
+��→→% ,>
	�→→� 	→→� ���0	→→* <bV℮ +	→→% �( �	→→� �$6n→→* ＾�)→→�
 ＾�)� �	%��→G ＾(	8→� ＾	
+��→→% �� ∂D�8→→�  �� O	→→* >8→→� ��→→G �∂8�→→- ,>8→→
(
 )� ∂8�� ＾>*�  I%�0 ∂����9 <bVc +	% �( �$��� .(]b) ()- ∂�)D� >*�→C
 .(�→→� ,>→→� )�$8→→� O	*>8→→� ��→→G d'��→→→0 �� >D→→→� ∂*�→→→G ,�)→→→9 «)E→→→0» ,>
	�→→→�
 d'��0 �� >D� �- (�� ∂�-�� &�" �� �	��( &#0 ���� ()� ���G ,>*)9
 O	* >8� ��G �	9>8
( �� ∂@' ∂*�G ,�)9 ���q9 ��4 �� �O	* >8→� ��→G

 .(bΩ) (�� ,(�( �	�* ��
 ∂!!n→→→→→→→0 )→→→→→→→H ��	8
	→→→→→→→� −' �(  <bVc +	→→→→→→→% X���→→→→→→→9 �→→→→→→→→- 	→→→→→→→→� �2 ��
 ����0	→→* �	→→- �	�$→→*� �� >D→→� 	→→�� .>→→� �$�)→→9 ,>'(	→→* �(�→→→� ,>→→→� )�$8→→→� ∂@��→→→C
 �bc �b<) >*()→→- �8→→→�� �→→→'� �( &�	D→→→� �→→→� ��)→→→� �	NN#→→→� �� ∂->→→→*� (�>D→→→0
 �6→*�)� �( <b]b +	→% �( O	→→* >8→→� ��→→G d��→→� >*�→→C �→→��� �→→- �→→'� 	→→0 �(bi
 ,��)→→→→→→→→→→→→→�� .(b℮) >→→→→→→→→→→→→→� `	/→→→→→→→→→→→→→*� ∂*�@*	→→→→→→→→→→→→→� ∂*�→→→→→→→→→→→→→G ?→→→→→→→→→→→→→→- �	→→→→→→→ →→→→→→→�( �	�→→→→→→→→→→→→→→� −' �→→→→→→→→→→→→→→�
 �→� ���→0 	→� O	→* >8→� ��→G ＾(	8→� ＾	
+��→% ＾��>A[→* � )U@→0 �＾�	→%�>→→�
 )$�→→→→� �(bＱ) (i+�>→→→→�) ＾(	8→→→→� ＾	
+��→→→→% −→→→→*F��2 >*�→→→→C �( �2 ＾	→→→→'��→→→→�

 .&%� �$�)9 ��)� ���0 (���
 

 −
����� ,��
1 ＾	�� ∂L2-� �	�-C �� `�� ,-� ��� ,��
1 [/�L� � �/	<� :l E�,0

 (mＱ) ＾��
-� ＾��E�$3

 F��G$  ���H$

 �0 �1%�3  4��$ 5 ���6 �%78

 4�,�8 ＾$1+ 9�+ �����  ;�1� ∂�1��*

 �,�� *5<=� *$<>8  ∂�51�5 2�$,? ��.�#$ /��0

 ∂�%�#@/∂#,B? 2�$,? ��.�#$  (HPC) �,� 	�� /%� ＾���,�� 	$ ∂�C

 	���,� *,D7+ * 1%��8  ∂���$ ���%� E,�+ F<?

 ∂���$ <�<G8 �<� ∂#9,H  <�<�*�I GVHD  /��0

 ∂→→→→�$18,#,�→→→→�$ ＾$1→→→→+ K1�→→→→�* * �,�→→→→→� �$<.→→→→→�

 (ACI) ∂+���0$ ∂L,��

 4��� GVHD /��0

ACI, adoptive cellular immunotherapy; GVHD, graft-versus
host disease; HPC, hematopoietic progenitor cells
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  HLA ＾��! ���

 e��)→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→Y `>→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→" �O	→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→* >8→→→→→→→→→→→→→→→→ →→→→→→→→→→→→→→→� ��→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→G >*�→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→C ＾	→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→'��→→ →→→→→→→→→→→→→→→→→→→→→→→→→→→→→→� ��
 ∂�→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→M� ∂/6→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→* ＾�	9�	→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→% ＾	
�F∂$→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→*2 J�	→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→- ＾�	9�	→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→→ →→→→%

 ���� P
	- �8s�
 � (Human leukocuyte antigen: HLA)

 J→→→→→→→→→→→→→→→→→→→�( �→→→→→→→→→→→→→→→→→→→� �→→→→→→→→→→→→→→→→→→→- &%� (Graft-versus-host-disease: GVHD)

 ��→→→G ＾	
+��→→→% 	→→→� �6'	N→→→� �( O	→→→* >8→→→� ��→→→G ＾	
+��→→→% )$�→→→- ∂→→→'��∂8�→→→→'�
   .(bＱ) &%� ���n$%� �E�

 �6'	N� �( O	* >8� ��→G >*�→C ＾�)� HLA J→�	- ＾�	9�	→% e��)→Y
 J�� ℮ ＾�	9�	→→%  .(b]�b⅛) &%� )$�→→- ���n$→→%� �E→→� ＾(	8→→� ＾	
+��→→% 	→→→�
 +��→→� J�	→→� O	→→→* >8→→→� ��→→→G >*�→→→C ＾�)→→→� (HLA-A, -B, DRB1) J�� ⅛ ��
  ��$6→→→→→→→→→→→���)→→→→→→→→→→→→H ()→→→→→→→→→→→→� −' �� ���n$→→→→→→→→→→→→%� �E→→→→→→→→→→→→� >*�→→→→→→→→→→→→C �( �→→→→→→→→→→→ →- ∂�	→→→→→→→→→→→→7 �( .&%�
 X�� �→→→→→→→→→→→→→→� J�� �'>8→→→→→→→→→→→→→→→� 	→→→→→→→→→→→→→→→' ∂@'F���)→→→→→→→→→→→→→→→% X�� �→→→→→→→→→→→→→→→� J�� −' ＾�	9�	%	→→→→→→→→→→→→→→→*
 .(bb) >*��∂→→� �$�)→→9 )R→→* �( )S→→G J→→���→→" ���8→→" �→→� f	→→� &�( 	→→→� ∂��@��→→→�
 &�" �� �O	* >8� ��G >*�C �( HLA J→�	- ＾�	9�	→% �→� �	→* `>→" &�→"
 ∂8�→→→→→→→'� J�#→→→→→→→0 .(��( (�→→→→→→→�� ∂���→→→→→→→% Q�8→→→→→→→� �→→→→→→→'� �( �→→→→→→→→- &%� ∂8�→→→→→→→→'� J�#→→→→→→→→0
 ∂'	
e�	g→0 � ∂8�→'� ?$6→% ���→� `>→" J→�( �→� &%� �@�→→� ,>→→� ,>
	�→→�
 ��→G ＾	
+��→→% 	→→� ( ℮ +�>→→�) ��>N→→� � ()@��→→" �|0�8→→� )R→→* �� �→→- >�	→→�
 	→→→→� O	*>8→→→→� ��→→→→G ∂8�→→→→'� ?$6→→→→% ?A→→→→� ＾	
e�	g→→→→0 �� .(<ΩΩ) >→→→→*��( ∂S#→→→→�

  :()- ,�	�� J'h (���� �� ���0∂� �f	69��� ∂S#� ��G
 � O	→→→* >8→→→� ∂���→→→% Q�	8→→→� �( 	
�'	-�$'	→→→→% ��>N→→→→� �( ＾��	→→→→� e�	g→→→→0 .<

 .(��( (��� ∂S#� ��G
 

 ∂T
*� ��� �� �&/�%� �� `�� ,-� ��� ∂-#/	 :℮ E�,0
 

DecreasedTNF-α, IFN-γ
DecreasedG-CSF, GM-CSF, M-CSF

DecreasedIL-4, IL-8, IL-12, IL-15, IL-18

IncreasecIL-1, SCF, thrombopoietin

DecreasedT-cell numbers (CD3+, CD4+, CD8+)

IncreasedCD45RA+Tcells

DecreasedCD45RO+Tcells

NormalPrimary T-cell proliferation

DecreasedSecndary T-cell alloatigen proliferation

DecreasedAlloavtigen cytotoxicity

NormalB cell number

Immature

phenotype

B cell function

NormalNK cell number

DecreasedNK cell activity

NormalDC immunophenotype

DecreasedDC cell function

 .���∂� ��
� )U	��3	 E�U �� T ＾��E�$3 ＾�� �→� �→+ )3	 ＾����8→� CD45RA

 .,-+∂� ��
� 	� CD45RO ����8� =＾	�G�� T ＾��E�$3 �+ ∂��U ��

DC, dendritic cell; G-CSF, granulocyte colony stimulating

factor, GM-CSF, granulocyte macrophage-colony-

stimulating factor; IL, interleukin; M-CSF, macrophage

stimulating  factor; NK, natural killer Cell
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+��→→→→→→→→→→→→→→→→→→→→→→% �→→→→→→→→→→→→→→→→→→→→→→� �$6→→→→→→→→→→→→→→→→→→→→→→��� ∂D�→→→→→→→→→→→→→→→→→→→→→→→4 −6-�0�$→→→→→ →→→→→→→→→→→→→→→→→→%

 .>88-∂� (	/'� ＾)0oDY (T-helper Type1: Th1)

 PN→→→→→* ∂���→→→→→% ∂8�→→→→→'� �( Th1 ＾	
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 .&%�

   B ＾	
&%�g→→→→8� J→→→→- (�>D→→→→0 �→→→→- &%� ,(�( �	�→→→→* ∂T0�8→→→→� e	D�	S→→→→�
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 ∂*F∂$→*2 ,>88→-
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 ＾�� �→� ,→� ��
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 ��G �� ,>8
( T ＾	
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 ���8→→→" �→→→� �>→→→
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  .>88- �	� �� ＾)$��HLA 
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  T ＾	
+��→→→→→→→→% )$�→→→→→→→→� )U@→→→→→→→→→0 3��→→→→→→→→→� (�→→→→→→→→→G Th1 ＾	
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 >��0 ∂8'	-�$'	% �	��4 ,��>*� �� ��'	-�$'	→% >��0 ＾�)→� �	��→� ＾	
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� ,>8
( ＾	
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+��→→→→→→→→→→→→→→→→→→→→→→→%
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 �→→→→→→→- &%� ,>→→→→→→→� mn�→→→→→→→� ＾)$��$%��→→→→→→→� ＾	
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+��→→→→→%
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+��→%
 � ���n$→→→%� efL$→→→G� �3�→→→� ?�)→→→0 ∂*	→→→��( +��→→→→% �( 	
+��→→→→% �→→→→'� ()��	→→→→-
 ＾	
+��→→% 3�	→→� e	M�!→→G �� ∂@→→' .(��( (�→→�� −���	$→→� ＾	
＾�	�→→→�
 &%� ∂8�→'� B%	→C �	A→� � ∂'	%	8→� �� 	
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 .(⅛ +�>� ) &%� 	
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+��→→→→→→→→→% ZS→→→→→→→→→% )→→→→→→→→→� MHC＾	
�F∂$→→→→→→→→→*2��2 �	→→→→→→→→→� (��→→→→→→→→→→� �(
 �(���→→� ��	8$→→� >→→
��→→� ?H�∂�→→" 	→→�� .(��( (�→→�� )R→→* OL$→→G� ∂��→→→*��→→→�
 � −' KL- MHC＾	
�F∂$*2 ?- �	� �� ∂-	7 e	D�	S� )U→-� �'	$→*
 ＾(	8→→→→→→→� ＾	
+��→→→→→→→% ZS→→→→→→→% )→→→→→→→→� �( KL→→→→→→→→- MHC ＾	
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VCAM
ICAM-1, ICAM-2, ICAM-3
HCAM
ALCAM
NCAM
L-selectin
LFA-1, LFA-3
Integrins: VLA-α1, VLA-α2 +/-, VLA-α3 +/-, VLA-

α5, VLA-α6 +/-, VLA-β1, VLA-β2 +/-, VLA-β3,  VLA-
β4 +/-

Vironectin R β-chain

IL-1, IL-3, IL-4, IL-6, IL-7R
IFN-γ R
TNF-α-I/IIR
TGF-β-I/IIR
FGFR
EGFR
PDGFR
Transferrin receptor
Growth factors
IL-1, IL-6, IL-7, IL-8, IL-11, IL-12, IL-14, IL-15*
LIF
SDF-1
OSM
BMP-4
Flt-3 ligand
SCF
G-CSF
M-CSF
GM-CSF

Collagen type I, III, IV, V, VI
Fibronectin
Hyaluronan
Laminin
Vimentin
Proteoglycans

*Under stimulation of IL-1.
ALCAM, activated leukocyte cell adhesion molecule; BMP-4, bone
morphogenetic protein 4; EGFR, epidermal growth factor receptor;
FGFR, fibroblast growth factor receptor;  FL, Flt-3 ligand,; G-CSF,
granulocyte-colony stimulating factor; HCAM, the homing-
associated cell adhesion molecule; ICAM, intercellular adhesion
molecule; IL-R, interleukin receptor; LFA, lymphocyte function
associated antigen; LIF, leukemia inhibitory factor; M-CSF,
macrophage-colony stimulating factor; NCAM, the neural cell
adhesion molecule; OSM, oncostatin M; PDGFR, platelet-derived
growth factor receptor; SCF, stem cell factor; SDF-1, stem cell-
derived growth factor receptor; VCAM, vascular cell adhesion
molecule; VLA, very late antigen.  
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