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�	��	
���������	���ก	������ 

ก������	
��ก�����������������ก���	ก�����
������
��� !!�"	�#�$�%�&��������'�'��
�%��
�	($��)$�����#	�)�'*�+,�-.���� /��%�&����������(��	$!0����/�ก����%�$��ก����ก���������� 
�'�'��������	($��(�����-��'��"��!�*/����!0�ก	
 
	$�	(�ก��!	
����� (organ allocation) ���
�</�'�/���/ก	"ก������ก��ก
,/�*�%/ก	����/���'�����,�-!'�0��<%�
%���	-�=#�$ก����ก������
���*�%/*�������
 ��� !!�"	�ก��!	
�����"��!�*��>	�����ก�����!<��������	($��(�-����%�$ก����'�/��
*��/�#%�ก	�#�$��"��!�*ก	",/�*�%/ก	��%�	")�'*��/�����$���ก���ก�
,��'�?������ 

 Immunologic risk assessment ����<�F�$��ก����'�/��*��/�����$ก���ก����ก������ 
���ก���ก�
 renal allograft rejection )�' graft loss  � !!�"	���>	�ก�����! human leukocyte 
antigen (HLA) matching �'<���$�%"��!�*ก	"�%�	"��)�' panel reactive antibody (PRA) ����
ก����'�/��<�	ก T
�/�#%�/����������/�	"��� HLA missmatch /������ก���0�$��#�$ renal 
allograft ����$/��	��0�*	U(1,2) �.���
���ก	" PRA �����/����0���� renal outcome �
% �.�� PRA ���
�$/�*��/�	/-	��=ก	"ก���0�$��#�$������/�
� ����������"ก	�T
��	������� PRA ����ก����'�/����
���� humoral immunity �����	(�����ก����'�/�� cellular mediated immunity �	(��/��
%ก�'�0�
ก	�������'!0� � !!�"	�/�ก��>Fก�� cellular mediated immunity ก	�/�ก#F(��	($��)$� cellular 
mediated rejection )�' tolerance -"��� T cell ����>��=ก��$#�$ก���ก�
ก���?�������	($ 
direct effect #�$ T cell ���ก��*��/����<�������T
���$)�' indirect effect ���/�����.��� B cell 
��ก����%�$ humoral immune response (antibody) ����� 
	$�	(�ก����'�/�� cellular 
mediated immunity ก���ก������	
!F$/���'T�.�=���ก���	
����!�	($��)$�ก��!	
�����)�'ก��
����ก��ก
,/�*�%/ก	� T
�/�)��T�%/����ก potent immunosuppressive drug ������������ก���/ 
high immunologic risk �-����Z�$ก	�ก���ก�
ก���?������)�'��	"�
��ก
,/�*�%/ก	������������� 
low immunologic risk(3,4)�-����
��#%�$�*��$ �.�� ก����
�.�(� ก���ก�
/'��^$)�'ก�������/#�$�� 
(calcineurin induce nephropathy <��� interstitial fibrosis and tubular atrophy (IF/TA)) 
 �F$)/%!'/���ก����ก���������'�'�	(� (short-term outcome) ���
�#F(�)��"-����	$/�  
renal allograft loss ��'/�+�%���' 3-5 ����c �����<U�/����<��!�ก long-term allograft 
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nephropathy )�' death with functioning allograft(5) ,��<�	$ก������	
��ก������ <�ก�
%��
ก
,/�*�%/ก	�����/��-��$-�!'ก���<%�ก�
ก���?������ )���%�<�ก�
%��ก
,/�*�%/ก	����)�$�ก����
�%�&��ก̂!'/�*��/�����$��� infection, malignancy )�' interstitial fibrosis/tubular atrophy 
(IF/TA) �	($d���/�ก���eZ���
��/�'
	"������$�ก�%.�
)����ก���!'*�
ก�� biological effects #�$
��ก
,/�*�%/ก	� T cell ������/�"�"���0�*	U#�$�'"",/�*�%/ก	���ก���ก�
ก���?������ ��ก

,/�*�%/ก	�<����	�/������ T cell 
	$�	(�<�ก��/���<�������'�/�� T cell reactivity (cellular 
immunity) �
%ก̂!'/�#%�/��ก����ก	" immunosuppressive status ��� under- <��� over-
immunosuppression �	��0�����ก����$)��ก���	ก�� 
 � !!�"	� mixed lymphocyte reaction (MLR) )�' cell mediated lympholysis (CML) 
�����������ก������.%ก	�)-��<�����ก��>Fก�� T-cell mediated immunity(6) T
� MLR ����ก�� 
��'�/�� proliferative response #�$ T cell jF�$�����<U����� CD4 positive T cell ���� CML �	(� 
����ก����'�/�� cytotoxic T cell jF�$�����<U����� CD8 positive T cell ���
��/�<���ก��>Fก��
���-����/�
��"��� mixed lymphocyte reaction (MLR) ���/� *��/�	/-	��=ก	" renal allograft 
rejection <��� graft survival (7,8) T
���>	�ก���-�'���(�$�j��=�/^
����
#���'<���$ donor ก	" 
recipient )�%���'�/��������*�� stimulation index )�' relative response T
��	($�//���n����%
����?�ก���������ก�
/�ก���!'/�*��/�	/-	��= poor renal allograft outcome )��������
%/��	($���-"
)�'�/�-"*��/�	/-	��= jF�$/�ก�����"�������!������!�ก����ก���
��$)�'#	(����������$��ก T
�
�
��!'�.%ก�� uptake 3H-Thymidine ��ก����'�/��ก��)"�$�	�#�$�j��=�/^
����
#�� -"��� 
MLR ���"�ก�F$ high T cell proliferation (hyperimmune response) /�*��/�	/-	��=ก	" poor 
renal outcome(9) )��ก���.% 3H-Thymidine jF�$��������	$�� (radioisotope) �	(�/�#%�!0�ก	
�	($��)$�
ก���	/�	�����	$��)�'�	"�	($ DNA synthesis  
 ���/�!F$/�ก��>Fก���0� carboxy-fluorescein diacetate succinimidyl ester (CFSE) jF�$
���� fluorescence dye �#%�/�)������-���)ก%�##%�!0�ก	

	$ก���� CFSE ������������/���)-��
�����#%��j��=�
%����$����'T
��#%���!	"ก	" cytoplasmic protein )�%��ก esterase enzyme �	
 
carboxyl group ��ก��ก���<%�ก�
��� fluorescence ��
,�����j��=T
�����/���/���)-����ก��
��ก�j��=�
% )�'-"�����ก��"#�$ก��)"�$�j��=����-��/#F(� fluorescence intensity !'�
�$
*�F�$<�F�$ 
%��*�+�/"	����(��$�/����0�/��.%���/ก	" flow cytemetry �0��<%��/������"!0����)�'
��"#�$ก��)"�$�j��=�
% ��ก!�ก#%�/� in vitro study )�%� Song )�'*+'(10) �
%>Fก��#%�/� in 
vivo #�$ mixed lymphocyte reaction T
��.% CFSE -"�����/�����
��/ lymphocyte 



3 
 

proliferation )�'�<%��)""ก���
�$#�$ CFSE intensity �</��� in vitro � !!�"	�/�ก��>Fก��
�	/-	��=#�$ MLR 
%�� CFSE assay ก	" allograft outcome T
�>Fก���� liver transplantatio(11) 
-"���/�*��/�	/-	��=ก	�T
��u-�'���������ก�
 rejection jF�$ก��>Fก����(�0����%�&������
%�	"ก��
����	
��ก�����	"����"�%��)�%�  
 !�ก#%�/�#%�$�%�)�
$�<%�<^��F$*��/�0�*	U#�$ก����'�/�� cellular immunity �����
#�$ renal allograft outcomes )�'�	$�/�/�#%�/�#�$ pre-transplant MLR by CFSE assay.��
�%�&������
%�	"ก����ก������ !F$�������/�ก��>Fก����(�-���<�*��/�	/-	��=�'<���$ pre-transplant 
MLR by CFSE assay ก	" renal allograft outcmes jF�$!'/���'T�.�=���ก��
)��%��ก������
����� 
 


�	�	����ก	������ 
1. Pre-transplant mixed lymphocyte reaction /�*��/�	/-	��=ก	"ก���0�$��#�$����� 3 

�
���<�	$ก����ก������<����/� 
2. Pre-transplant mixed lymphocyte reaction /�*��/�	/-	��=ก	"ก���ก�
ก���?������

)""�u��"-�	� (acute rejection) ,��<�	$ก����ก������<����/� 
 

���������
����ก	������ 

���������
� ��ก )primary objective(  
 �-���>Fก��<�*��/�	/-	��=�'<���$ pre-transplant mixed lymphocyte reaction ก	"ก�� 
�0�$��#�$�� (estimated glomerular filtration rate) ��� 3 �
���<�	$ก����ก������ 
���������
���� (secondary objective) 
 �-���>Fก��<�*��/�	/-	��=�'<���$ pre-transplant mixed lymphocyte reaction ก	"ก��
�ก�
ก���?������)""�u��"-�	� (acute rejection) ,���� 3 �
���<�	$ก����ก������ 
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ก������
�	�
�34�ก	������ 

 

��5�3�	6���ก	������73��8� 

• ��)""ก����!	� : Prospective analytic study (Pilot study) 

• ��'.�ก���Z�</�� : �%�&����������(��	$�'�'��
�%�����!'�
%�	"ก������	
��ก������ 

• ��'.�ก��	�����$ : �%�&�����(��	$�'�'��
�%������
%�	"ก����ก������)�'/����!
��
��/ก���	ก�����*����ก�%�&��<�	$ก����ก������ 

• !0������'.�ก��	�����$ 12 ��� 

• #%��ก�$�"�(�$�%� : ����
#�$�%�	"ก����ก������ (recipient) ����0�/�>Fก��!'�%�$
�ก̂"ก����
%�	"��ก
,/�*�%/ก	�<�����������
= 

• *0�!0�ก	
*��/����.%��ก����!	� 
 �?�ก�������/Tx�j�= (mixed lymphocyte reaction) *�� ก����'�/�� antidonor 
alloreactivity #�$��/Tx�j�=#�$ recipient ����
%!�กก���-�'���(�$�j��=���/ก	��'<���$ 
peripheral blood mononuclear cell (PBMC) #�$ recipient )�' donor T
��.% CFSE 
�����������$)�$����.%��'�/��ก��)"�$�	� (proliferation) #�$ T lymphocyte #�$ 
recipient )�'�	
����������=�j��= cell proliferation T
���>	� flow cytometry 



5 
 

 <�%����ก���0�$��#�$�� (renal allograft function) *�� estimated glomerular 
fltration rate (eGFR) ����
%!�กก��*0���+ �����$!�กก�����! creatinine ��� !!�"	�/� 2 
���� *�� Jaffe )�' Enzymatic assay !F$��>	����*0���+���$ก	�
	$��( 

  ���� abbreviated MDRD equation(12) (�0�<�	"*�� creatinine !�ก���� Jaffe assay) 
  

abbMDRD = 186 x (S.Cr)-1.154 x age-0.203x 0.742 (for woman)  
 

  ���� re-express MDRD equation(13) (�0�<�	"*�� creatinine !�ก���� Enzymatic assay) 
  

MDRD = 175 x (0.95xS.Cr)-1.154 x age-0.203 x 0.742 (for woman)  
 

ก���?������)""�u��"-�	� (acute allograft rejection) *�� �?�ก������?����ก��
��ก������jF�$�0��<%<�%����ก���0�$��#�$�������/�$)""�u��"-�	� T
���>	�ก������!u	�!�ก
-�����,�-����
%!�กก���0� renal allograft biopsy �����	(�  

 
���7�9�����
	3�8	��:3;��� 
 �����*�<�ก��ก��>Fก��-"��� MLR ก���ก����ก������/������ renal allograft 
outcome !��$ ��/����0�#%�/�����
%!�กก��>Fก��/�.�����ก��-�!��+���	"ก���	ก�� �.�� 
����ก�����ก
,/�*�%/ก	����)�$#F(���������/� T-cell alloreactivity �$�-����Z�$ก	�ก���ก�
 acute 
rejection )�'��$)��ก����	"�
��ก
,/�*�%/ก	���������/� T-cell alloreactivity ��0�jF�$���!'/�
T�ก���ก�
 acute rejection ��0�
%���-����
��#%�$�*��$!�ก��ก
,/�*�%/ก	� 
 
�<� 	�	�����5��� 

�����$!�กก����!	���(�%�$�!�'����
#�$�%�#%����/ก����!	� 50 /�������� ������!/�*��/
�����$����
%!�กก���!�'����
 �.�� ��!!'�ก�
��ก���!^" ����
��ก .(0�!�กก���!�'����
 ��ก��
"�/"����+����!�'����
 <���<�%�/�
 )�'T�ก�����!'�ก�
ก����
�.�(�"����+����!�'����
jF�$-"�
%
�%��/�ก 
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�����  2 
 

6�ก	�����	���������6ก�����;�� 

 
�����$!�กก��>Fก����(�%�$ก����'�/�� mixed lymphocyte reaction by CFSE assay 

ก���ก����ก���������/�*��/�	/-	��=ก	" renal allograft outcomes <����/� jF�$����ก����'�/��

%�� cellular immunity T
�*��/�%-�(�n���ก����ก	"�'"",/�*�%/ก	�)�'ก����
��/��'�/�����
%
��"��/��%
	$��( 

����>?��
�;�ก�� (Immune system)(14,15) 

 *�� ก��-	}��#�$ molecules )�'�j��=�-����0�<�%����-��>���ก������%���.�(�T�*)�'���$
)��ก���/ �'"",/�*�%/ก	�#�$���$ก��)"�$���� 2 �'""�<U�d *�� ,/�*�%/ก	�T
�ก0����
 (innate 
immunity) )�',/�*�%/ก	�)""!0��-�'����ก�
��/<�	$ก���
%�	"���$)��ก���/ (adaptive <��� 
acquired immunity) ����$��� 1 

�	�	���� 1 �3�
�	���ก�8	���� Innate Immunity ��� Adaptive Immunity 

Characteristic Innate immunity Adaptive immunity 

������ก����"���$ ����<���.	��T/$ 4-7 �	��� primary response 

*��/!0��-�' (specificity) !0��-�'ก	" pathogen associated 
molecular patern (PAMPs) 

/�*��/!0��-�'�$/�ก��� epitope #�$ 
antigen 

*��/!0� (memory) �/�/� /�*��/!0�)�'��"���$�
%���)�$)�'��
��̂� 

*��/<��ก<��� (diversity) /�!0�ก	
�-��'/� receptor �/�/�ก /�*��/<��ก<���/�ก 

Self/non-self discrimination )�ก�
%�����$!�ก!0��-�'ก	"�.�(�T�*
�����	(� 

�����$!�ก receptor ��%�$/�)"" random 
"�$*�	($�0��<%/� autoimmunity �
% 

.��
#�$�j��= Macrophage, monocyte, 
neutrophil, NK cell, dendritic cell 

T cells )�' B cells 

 



7 
 

1. Innate immunity ����,/�*�%/ก	�
���)�ก��ก������%)�'�Z�$ก	����$)��ก���/����#%�/���
���$ก��jF�$/����)�%��	($)��ก0����
 ��/���ก0�!	
�.�(�T�*�
%�	���)�'�/�/�ก����"���$����%��
�j��=#�$�	���$ ��'ก�"
%�� macrophage, monocyte, NK cell )�' dendritic cell 

2. Adaptive immunity ����,/�*�%/ก	��ก�
<�	$!�กก����� innate immunity �	"�%���/����$
)��ก���/�#%�/������$ก��)�%�ก�'��%�)�'*�"*�/�<% adaptive immunity �ก�
ก��
��"���$���!0��-�'������$)��ก���/�	(� ��'ก�"
%�� T cell )�' B cell ���/� receptor 
/�ก/���ก��%�$/��<%��/����	"�% antigens ��ก.��
�/����!'�����.�(�T�* ���$)��ก���/)�'
)/%ก�'�	�$���(������#�$����$  

 

9��3���ก	��������	�>?���	�>?��
�;�ก�� (Type of immune response) 

)"�$��/�j��=����	"��
.�"��ก��ก���<%�ก�
ก����"���$�
%���� 2 )"" (����� 1) *�� 

1. Humoral immune respones *�� ก����%�$ antibody �-���ก0�!	
���$)��ก���/ T
� antigen 
�����	�����ก!	"ก	" B lymphocyte ���/� receptor ���!0��-�'ก	"/	�ก���<%�ก�
ก�� ก�'��%� B 
lymphocyte �<%/�ก��)"�$�	�)�'�������)��$���� plasma cell jF�$��%�$)�'<�	�$ antibody ���
!0��-�'ก	" antigen �	(� 

2. Cell-mediated immune response *�� ก���ก�
,/��%�����#F(������j��= T
� antigen �#%�
/�ก�'��%� T lymphocyte 
%��ก���0�����#�$ antigen presenting cell (APC) �<%ก������� 
activated T lymphocyte jF�$ antigen !'ก�'��%��	($ CD4 (TH) )�' CD8 T lymphocyte (TC) 
T
� activated TH  !'�0�<�%����<�	�$ cytokine ��ก�'��%� macrophage �<%!	"ก���.�(�T�*)�'
ก�'��%� B cell �<%�������)��$������ plasma cell ���� activated TC  !'ก������� 
cytotoxic T lymphocyte (CTL) jF�$�0�<�%�����0�*	U��ก��ก0�!	
���$)��ก���/ 

��N����4�ก	��������	�>?��
�;�ก�� (Phase of immune response) 

 ก����"���$��$,/�*�%/ก	�����/�%�!�ก���$)��ก���/ (foreign antigen) �#%�/���
���$ก�� ���$ก���ก�
ก���	"�%)�'��"���$������$)��ก���/�	(� #"��ก���<�����()"�$�
%���� 3 
#	(���� *�� regcognition, activation,)�' effector phase 
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�?���� 1 )�
$ humoral immunity )�' cellular immunity 

1. Regcognition phase #	(����ก���	"�%)�����!���'ก�"
%��ก��!	"ก	��'<���$
)�����!�)�' receptor ������"���� lymphocyte T
�ก���0����� antigen presenting cell      
T cells !'�.% T cell receptor (TCR) ��ก�� recognize antigen ������,���� antigen binding 
groove #�$ major histocompatibility (MHC) molecules jF�$���"�����/^
����
#��)�' 
professional antigen presenting cell (APC)��/����= MHC molecules /� 2 .��
 *�� MHC 
class I )�' MHC class II #F(����ก	"*��/)�ก���$#�$�����$)�'<�%����  

• MHC class I !'�0�<�%���� present endogenous antigen jF�$�
%)ก� HLA-A, -B, -C 
jF�$���"�����j��=�	���� 

• MHC class II !'�0�<�%���� present exogenous antigen jF�$�
%)ก� HLA-DR, -DP 
)�' DQ  
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 Mature T cell )"�$��/�	ก�+' CD4 )�' CD8 glycoprotein ������"���� T cell ��ก��
�ก�
 antigen regcognition �	(� CD4 T cell /��?�ก�������� MHC class II ���� CD8 T cell /�
�?�ก�����ก	" MHC class I T
��	���� HLA class II molecules /�*��/�0�*	U��ก������/ก���ก�
 
immune response ��� foreign protein )�' HLA class I molecules !' present endogenous 
cytosolic antigen /�*��/�0�*	U���ก��ก0�!	
 virus infected cells <��� malignant 
transformation cell jF�$*��/��/���#�$ T cell ��ก���	"�% foreign HLA molecules �<�����(����
!�
����/�%�#�$#"��ก���?����ก����ก������	��' 

2. Activation phase �����'�'���/�#"��ก�����$d�ก�
#F(�,�����j��=��/Tx�j�=<�	$!�กก��
�	"�%)�����!� #"��ก���<�����(�
%)ก� 

2.1.  Proliferation (ก���-��/!0����) ��/Tx�j�=����	"�%)�����!�!')"�$�	��-��/!0����!�ก 
clone ���!0��-�'ก	")�����!��	(� 

2.2.  Differentiation (ก��)����) ��/Tx�j�=����-��/!0����!'�������)��$������ effector 
cell <��� memory cell �.�� �%����� CD4 T lymphocyte !')�������� activated TH  
lymphocyte �0�<�%����<�	�$ cytokine .���ก����"���$��$,/�*�%/ก	� ����CD8 T 
lymphocyte !')�������� cytotoxic <��� cytolytic T  lymphocyte (CTL) �0�<�%����
�0�����j��=���/�)�����!�)��ก���/ 

3. Effector phase �����'�'�����/Tx�j�=����กก�'��%���ก�����ก0�!	
)�����!�T
� lysis cell 

Immune response to renal allograft   

 �/���/�ก����ก������	��'!�ก"�**�<�F�$���	$��ก"�**�<�F�$����/��.�*�)e
 (identical twin) 
!'�ก�
�?�ก�����ก���?���� (rejection process) �ก�
#F(�jF�$�ก�
!�กก�����/��?�ก�����ก	" non self 
antigen !�ก allograft �����$!�ก�'"",/�*�%/ก	�#�$���$ก��/�ก��)�ก self )�' non self 
antigen ����$.	
�!� T
����$)��ก���/ (foreign antigen or non self antigen) ����0�*	U�����

#�$ก����ก������	��' *�� human leukocyte antigens (HLA) ������"�T*�T/Tj/*���� 6 #�$ 
major histocompatibility (MHC) #"��ก�� rejection ����/!�กก��/� antigen presentation )�' 
allorecognition T
�ก��กก���ก�
 alloregcognition /� 2 ��'�,� (����� 2) *�� 
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1. Direct allorecognition �ก�
T
� donor T cell lymphocyte !'�0����� foreign HLA 
molecules T
���$T
��/�/�ก������ recipient antigen presenting cell (APC) T
� 
direct allorecognition /�*��/�	/-	��=����$���$ก	"ก���ก�
 mixed lymphocyte reaction 
(MLR) )�'ก���<%�ก�
 early acute transplant rejection 

2. Indirect allorecognition �ก�
!�ก foreign HLA molecules �ก recognize )�'�0�����
T
� recipient antigen presenting cell T
�-"��� indirect allorecognition /�
*��/�	/-	��=ก	"ก���ก�
 rejection(16,17) )�'ก�� induce �<%�ก�
 tolerance ���� indirect 
allorecognition /������ long term graft survival (18)  

 T
�<�	$/� allorecognition �ก�
#F(�)�%� CD4 T helper cell !'<�	�$ cytokines jF�$��/���
ก�'��%�ก��)"�$�	�)�'ก��-	}���	�#�$ B cell (humoral immunity) �<%����������� plasma cell, 
plasma cell !'��%�$ antibodies )�' proinflammatory cytokine ��$���<%/�ก��ก�'��%� 
macrophage )�' CD8 cytotoxic T cell !	
ก��ก	" alloantigen ก���<%�ก�
ก���?��������//� 

Immunologic monitoring (19,20)  

 ก��-	}���*����$/�� (assays) ��ก����
��/,/�*�%/ก	� (immunologic monitoring) ���
�ก�
#F(�/���'T�.�=���ก����'�/�� immunologic risk �������
�����$���ก���ก�
 rejection <�ก�

<���<��
 immunosippressive agents jF�$-"����*����$/��)���'����$/��	($#%�
�)�'#%��������
���$ก	� �/���/�����>	��*����$/���-��$.��
�
�����ก���<%#%�/��	($</
 
	$�	(���!�%�$�.%<���d
�*����$/��.�����ก����
��/,/�*�%/ก	��-����<%�
%#%�/�/�ก�����
 

 Immunologic monitoring assays ����.%��� !!�"	���/���)"�$�
%���� 2 ก���/ �
%)ก� 
antigen-specific assays )�' non-antigen-specific assays T
� antigen-specific assays 
����ก�����!�	
ก����"���$#�$ B )�' T cell ��� specific donor antigen ��#+'��� non-
antigen-specific assays ����ก�� determine phenotype #�$ surface marker <��� functional 
state 
	$����$��� 2  
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�?���� 2 )�
$ direct allorecognition )�' indirect allorecognition(19) T
� direct pathway �	(� 
allogenic antigen presenting cell ( donor APC) !'�����	� present  MHC class I )�' MHC 
class II ��� recipient CD8+ T cell )�' CD4+ T cell ��/�0�
	" �0�<�	" indirect pathway �	(� 
allogeneic MHC molecules !'�ก#	"��ก!�ก allograft �ก recipient APC !	"ก��)�%� present 
��� recipient CD4+ T cell. 
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�	�	���� 2 �3� Potential Immunological Monitoring Assay in Transplantation(20) 

 
 �0�<�	"ก����'�/�� immunologic riskassessment  ก���ก����ก��������� !!�"	�)"�$
��/�j��=�����"���$��ก���� 2 ก���/�<U�d �
%)ก� humoral immunologic risk assessment 
)�' cellular immunologic risk assessment  

 

Antigen-specific assays for immune monitoring 
1. Cell proliferation assays 

1.1. Mixed lymphocyte reaction (MLR) 
1.2. Limiting dilution assays (LDA) 
1.3. Cell-mediated lymphotoxicity 
1.4. Tetramer technology 
1.5. Measurement of cell division by CFSE labeling 

2. Enzyme-linked immunosorbent spots (ELISPOT) 
3. Delayed-type hypersensitivity (Trans-vivo DTH assay) 
4. Detection of donor-specific-antibodies 
5. Detection of hematopoietic chimerism 
Non-antigen-specific assays for immune monitoring 
1. Pre and post-transplant measurement of soluble immune mediators 

1.1. Circulating cytokines levels 
1.2. Soluble CD30 level measurement 

1. Regulatory T cells 
2. Non-antigen-specific stimulation (Immuknow measurement) 
3. Analyses of T cell receptor repertoire 
4. Proteomic biomarker 
5. Detection of tolerogenic dendritic cells 
6. Gene analyses 

6.1. Gene polymorphisms 
6.2. Quantification of mRNA precursors 
6.3. Microarray analysis of gene expression 
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Humoral immunologic risk assesment  
 ����ก����'�/������0�ก���ก����ก������������'!0�)�'�������ก����'�/��#	(�-�(�n�����
�%�$�0� �
%)ก� crossmatch T
����� complement dependent cytotoxic assay, panel reactive 
antibody (PRA) )�' donor specific anti-HLA antibody (DSA) jF�$����ก�����!<� anti-HLA 
antibody �	($���!0��-�'��� donor HLA antigen (crossmatch )�' DSA) )�'��� HLA antigen 
#�$��'.�ก��	���� (PRA) T
�/�ก��>Fก��/�ก/�����-"���ก�����!-" humoral risk ก���ก��
��ก������/������ renal allograft outcomes 
 Complement dependent cytotoxicity assays (CDC)  Patel )�' Terasaki(21)�
%
�	$�ก��-"���<�ก��ก��������ก�+������ crossmatch 
%������ complement dependent 
cytotoxicity assay (CDC) ����"�ก</���F$�%�&��/� preformed DSA !'�ก�
ก���?������
,���� 48 .	��T/$�
%�F$�%���' 80 ����$��$ก	�#%�/!'-"ก���?�������
%�-��$�%���' 4 �%��� 
crossmatch �����" !F$�����������?�"	��/���� !!�"	����<�ก crossmatch 
%������ CDC ����"�ก
�������#%�<%�/#�$ก����ก������ 
 Panel reactive antibody (PRA) /�<���ก��>Fก��)�
$�<%�<^���� PRA ������!-"ก���
ก����ก������/��� renal allograft survival )�'ก�����!-"/� PRA /�ก!'��$���<% renal 
allograft survival ��0�ก���ก�����!-" PRA �%��<����/�-" PRA ���(22) ����� 3 

 

 

�?���� 3 )�
$ renal graft survival ��/ panel reactive antibody (PRA) 
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 Donor specific anti-HLA antibody (DSA) )/%��� crossmatch !'�<%���")��/�<���
ก��>Fก��-"���ก���/��� DSA ����"�กก���ก����ก������/� renal allograft survival ��0�ก���
ก���/��� DSA �����"����$/��	��0�*	U��$����� (����� 4)(23) 
 

 

�?���� 4 )�
$ cummulative proportion surviving #�$����/ก�����!-" donor specific 
antibody (DSA) ก���ก����ก������ 
 !'�<^��
%��� humoral immunologic risk assessment �	(�/�ก��>Fก���F$"�"��#�$ก��
��'�/����� renal allograft outcome ���*���#%�$.	
�!�)���0�<�	" cellular immunologic risk 
assessment �	(�/�ก��>Fก���%�� T
�ก����'�/������/�ก!'����ก����'�/��
%��ก��)"�$�	�
#�$�j��=<����	
 cytokines ���<�	�$ 
 
Cellular immunologic risk assessment  
1. Cell proliferation assays  
 ����ก����'�/��ก����"���$
%��ก��)"�$�	�#�$��(/Tx�j�=����	�ก�'��%� jF�$�����<U�
��>	�ก���	"!0�����j��=���)"�$�	��</�<�	$!�ก culture �'<���$��(/Tx�j�=ก	"�	�ก�'��%� T
�
�	�ก�'��%�����.%��)$�#�$ก����ก������ *�� donor alloantigen ����/�ก�
%/�!�ก door 
lymphocyte ��/���)"�$ cell proliferation assays �
%
	$�������( 
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1.1. Mixed lymhocyte reaction (MLR) 
 ����ก��>Fก����<��
�
��$)�กd���>Fก��ก����"���$#�$ T lymphocyte ��� 
histocompatibility antigen <��� MHC molecule ������$!�ก�	�/	� T
��0������/Tx�j�=#�$ 
recipent (responder) )�' donor (stimulator) /��-�'���(�$��/ก	� ���������'/�+ 3-7 �	� 
)"�$���� One-way MLR )�' Two-way MLR (����� 5) 
 

 
 

�?���� 5 )�
$ One-way MLR )�' Two-way MLR 
 
 One-way MLR /�#	(��������/!�กก���0� peripheral blood mononuclear cell (PBMC) 
#�$ recpient /��-�'���(�$ (incubate) ���/ก	" donor cells �������ก��u��)�$<������ 
mitomycin-C �-����<% donor cells <��
ก����%�$ DNA )���	$�/���� jF�$ donor lymphocyte 
(stimulator) !')�
$ alloantigen ������$!�ก reipient lymphocyte (responder) !F$ก�'��%��<% 
reponder cell �ก�
ก��)"�$�	�  
 Two-way MLR #	(�����</���ก	�ก	" one-way MLR )��!'�/�/�ก��u��)�$ donor 
lymphocyte ก���<%�ก�
ก��ก�'��%�jF�$ก	�)�'ก	� �0��<%�	($ donor )�' recipient lymphocyte 
)"�$�	���-�%�/dก	�  
 !�ก�'�	�$�� 18 .	��T/$��
�%��#�$ก���-�'���(�$!'/�ก�����/ tritiated thymidine (3H-
Thymidine) <�	$!�ก�	(��0���(/Tx�j�=/� lysed )�%��	" DNA T
��	"���� mean count per 
minute (cpm) )�
$#%�/����)�
$�F$ cellular proliferation ���� 
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  ∆ cpm         =   experimental cpm - background cpm 
                                =   donor cpm - recipient (autologous) cpm 
 

  Stimulaton index      =   experimental cpm / background cpm 
                                                =   donor cpm / recipient (autologous) cpm 
 

  Relative response    =   donor cpm - recipient (autologous) cpm 
                                                  Third party cpm - recipient (autologous) cpm 

 

 ���
�� MLR T
� tritiated thymidine (3H-thymidine)(24,25)  ����ก��
ก���	$�*��'<= 
DNA T
��0���(/Tx�j�=����กก�'��%�/����/ nucleoside ���!0�������ก����%�$ DNA �$�� �	��*�� 
thymidine ����ก��
u��ก
%�����ก	//	���	$�� (3H-thymidine) �j��=!' incorporate 3H-
thymidine �#%����� DNA �'<���$���/�ก��)"�$�	��-��/!0������(/Tx�j�= /�ก���������!�ก soluble 
nucleoside ���� insoluble DNA polymers <�	$!�ก�	(��0�/��ก�'ก�� DNA 
%�� 
trichloroacetic acid )�%�ก��$"� glass fiber filter ��($��%�<%)<%$)�%���� scintillation fluid )�%��	

�	$�� β #�$ 3H-thymidine ����ก incorporate �#%���
%���*����$ beta scintillation counter /�
<�������� count per min (cpm) *�� cpm ����
%)�
$�F$ก��)"�$�	�#�$��(/Tx�j�= �%�/�)"�$�	�/�ก 
��%�$ DNA /�ก*�� cpm ก̂!'�$/�ก��/��
%�� 
  

 
 

�?���� 6 )�
$������#�$ 3H-thymidine ����j��=���/�ก��)"�$�	� 
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 �����$!�ก MLR T
� tritiated thymidine /�#%�
%��<�������$ �
%)ก� ����ก���0����$��ก)�'
�%�$�	/�	����ก	//	���	$�� �0����
���̂��� �	"�	($ก��)"�$�j��= (����� 6) �/���/����'"���"#�$
ก��)"�$�	�)�'.��
#�$�j��= (phenotype of cell) ก��)����ก̂/�� U<� �.�� ก�+� low level of 
3H-thymidine uptak ��!����!�ก�j��=���)"�$�	�/����/�+�%��!��$ <��� /�� U<���#	(����ก��
���/3H-Thymidine (poor batch of 3H-thymidine) ���/�!F$/�ก��-	}������ก���%�/,�����j��=
T
��.% fluorescein dye �-���)ก%� U<�����ก�
#F(� 
  

 
 

�?���� 7 )�
$ก��กก���%�/��
�������$)�$#�$ carboxyfluorescein diacetate succinimidyl 
ester (26) T
�����/!�ก 5-(and-6)-carboxyfluorescein diacetate, succinimidyl ester 
(CFDASE) jF�$���� non-fluorescent )�' highly membrane permeant )-���#%��j��=�
%����$
����'
%��*�+�/"	�� high lipophilicity �ก esterases ,�����j��=�	
 acetate groups ��ก 2 
�0�)<��$�
%���� carboxy fluorescein succinimidyl ester (CFSE) �0��<%)-����ก!�ก�j��=�
%.%� 
<�	$!�ก�	(�!'�0��?�ก�����ก	" amino group �%�!	"ก	" R1-NH2 !'�
%���� CFR1 jF�$�	$��/���
)-����ก��ก�j��=<��������	���^��
% )���%�!	"ก	" R2-NH2 �
%���� CFR2 jF�$�/���/���)-����ก
!�ก�j��=�
%�0��<% fluorescent ��
*%�$,�����j��= 
</���<�� #��
�ก>�)��*��/��/�����ก��)-��������	$�j��= 
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 Carboxyfluorescein diacetate succinimidyl ester (CFSE) !	
����<�F�$�� membrane 
-permanent fluorescein-based dyes T
����c -.>. 2533 Weston SA )�'*+'(27)  �
%�0�/��.%
>Fก�� lymphocyte migration ����*�	($)�ก ���/����c -.>. 2537 Lyons )�'*+'(28) �
%�0� flow 
cytometry /��.%���/ก	" CFSE ��ก���%�/��/Tx�j�=�-���>Fก��ก��)"�$�j��=����*�	($ 
)�ก!��������)-��<�����<%�$�?�"	��ก��/��F$� !!�"	�   
  

 
 

�?���� 8 )�
$ fluorescence intensity #�$�j��=����%�/ CFSE T
�!'�
�$*�F�$<�F�$��ก��"#�$
ก��)"�$�	� �0�<�	" T lymphocyte ��/���)�
$ก��)"�$�j��=�
%/�ก�F$ 8 ��" 
 
 CFSE fluorescence dye ����.%�%�/
ก��)"�$�	�#�$ T cell lymphocyte �	(�!'������� 
carboxy-fluorescein diacetatesuccinimidyl ester (CFDASE) jF�$���� diacetate form #�$ 
CFSE !'������)""����/�����-�� (nontoxic) )�'�/�����$)�$ (nonfluorescent molecule) /�
*��/��/�����ก��)-��������	$�j��=�
%����$����' (passively diffuse) <�	$!�ก������	$�j��=
���/�.���� (live cell) )�%� CFDASE !'�ก esterase enzyme �	
 acetyl group ��ก���
%���� 
CFSE (deacetylated form of CFDASE) 
	$����� 7 jF�$�����������$)�$ (active fluorophore) ���/�
*��/���*���� 488 ��T��/�� )�'��
�j��=)"" homogeneous )�' very bright T
�/�
�'�'����*��/*$�	�#�$�������$)�$�
%��'/�+<�F�$������=(29)  CFSE !'ก�'!���	��	���	($�j��=
����dก	� �/����ก�
ก��)"�$�	�!�ก�j��=�%�ก0����
<�F�$�j��=�
%�j��=�ก��$�j��= *��/�#%/#�$ก��
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����$)�$���j��=�ก!'�
�$*�F�$<�F�$)�'!'�
�$)""��(��กd��"#�$ก��)"�$�j��=(28) 
	$����� 8 jF�$
ก���
�$)""*�F�$d��(!'�	$�ก���
%!�กก��*����
�$#�$ peak #�$ histogram )���' peak ����
%
!�ก flow cytometry 
	$����� 9 T
��0�<�	" T lymphocyte �	(���/�����
��/ก��)"�$�j��=�
%
��'/�+ 8-10 ��"��/*��/�#%/#�$ CFSE ����
�$ 
 

 
 
 
 
 
 
 
 
 

�?���� 9 )�
$ cellular fluorescence histogram ���)�
$�<%�<^�ก���
�$*�F�$<�F�$#�$ 
fluorescence ����ก��"#�$ก��)"�$�	� T
���� peak 0, 1, 2, 3, 4 )�' 5 �����	�"�ก!0���� ��"
#�$ก��)"�$�	� 

  
 
 
 
 
 
 
 
  

 

�?���� 10  )�
$!0���� cell proliferation T
� CFSE assay  peak T���$)�ก��$#��/��)�
$
!0�����j��=�%�ก0����
��� Day 0 jF�$/�*��/�#%/#�$ �������$)�$ /�ก�����
 )�' peaks �F"�	
/�
��$j%��/��)�
$!0�����j��=)�'!0������"#�$ ก��)"�$�	� 



20 
 

 ������(��/������!-"ก��)"�$�j��=�	($)�� 24-48 .	��T/$)�ก 
	$����� 10 )�'*���d)"�$
�-��/��/�'�'��������-�'���(�$ -"���*��/�#%/ CFSE fluorescien �����
�j��=���*���$��
���	�)�ก 
(day 0) <�	$!�ก���/�ก��)"�$�j��= *��/�#%/ก̂!'�
�$���� log ��กd��" 
	$����� 11 
 

  

�?���� 11 )�
$ kinetic analysis #�$ T cell division #�$ CFSE labeled splenocytes + .��$
�'�'�������$d (A) 24 .	��T/$ (B) 48 .	��T/$ (C) 72 .	��T/$ (D) 96 .	��T/$ T
�</����# 0-8 
)�
$!0������"#�$ก��)"�$�	� )�' peak #����
���� T cell ����/��
%)"�$�	����� peak j%����

����ก��)"�$�	���"�%����
(30) 

 

 MLR by CFSE assay ����ก����'�/�� T cell respose ��� alloantigen (donor cell) ���
)�ก���$ 
	$�	(�!F$�%�$��>	����/�+ก��)"�$�	�#�$ T cell (T cell proliferation) �����	��	
 !�ก
����� 12 -"����%�/�ก����"���$/�ก!'/�ก��)"�$�j��=/�ก!'�<^� histogram /�<�����
 



21 
 

(peak) /�*��/�$/�ก)�'#�	"/���$j%��/�� ���$!�กก�+����/�ก����"���$�%��!'-"��� 
histogram *���#%�$���(�)�'�/��<^���
ก��)"�$�	� 
 

 
 

�?���� 12 )�
$ flow cytometry analysis of cell division T
�j%��/��)�
$�F$�j��=/�ก��)"�$�	�
/�ก )�'#��/��)�
$�F$�j��=/�ก��)"�$�	��%�� 
  

 
 

�?���� 13 )�
$ kinetics of MLR by CFSE (a) and MLR by 3H-thymidine (b) -"���  
stimulation index #�$�	($��$����/�*���$#F(��	($)���	���� 3 )�'�$��
���	���� 6 �.���
���ก	� 
 
 �
%/�ก��>Fก�� T cell function T
� CFSE ����"ก	" 3H-Thymidine jF�$��������.%ก	�/�ก���
-"����<%��������>��$�
���ก	� Manei Oku )�'*+'(31) �
%>Fก�������"����" 3H-Thymidine 
MLR assay ก	" CFSE MLR assay ��</ -"����<%��������$�
���ก	� �	($�������$ก��

MLR by CFSE 

MLR by 3H-thymidine 
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�������)��$��$ kinetic 
	$����� 13 )�'��
	.��ก��ก�'��%� (stimulation index) 
	$����� 14 )��
-"���*�� stimulation index ����
%!�ก���� CFSE MLR assay /�*����0�ก������� 3H-Thymidine MLR 
assay  
 

 
 

�?���� 14 )�
$ Stimulation index T
� both traditional MLR (a) and CFSE MLR assays (b)  
 
 #%�
���ก����$#�$ MLR by CFSE assay *�� ก����/���"�ก phenotype #�$�j��=���
�%�$ก�����!ก��)"�$�	��
%T
���>	�ก���%�/
%�� antibody ���!0��-�'����j��=����%�$ก���	
  �.�� 
phycoerythrin (PE) conjugate anti-CD4 <��� PE conjugate anti-CD8 
	$����� 15 Onoe )�'
*+'(32) �
%�0�ก��>Fก����<�T
��.% multiparameter flow cytometric MLR by CFSE T
��.% 
anti-CD4, anti-CD8, anti-CD44 )�' anti-45RA -"�����/����'"� phenotype #�$ T cell ���
)"�$�	���"���$��� alloantigen �
% 
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�?���� 15 )�
$ proliferation of subset #�$ T cell  T
�,��<�	$ก���%�/
%�� PE conjugate 
anti-CD4 )�' PE conjugate anti-CD8 �0��<%)�ก CD4 T cell (shaded histogram) )�' CD8 
T cell (open histogram) 
 

1.2. Limiting dilution assays (LDA)(19,20)  

 Lefkovits �
%ก������%*�	($)�ก�	($)�� -.>.2515(33)  ����ก����(��������)�กd����.%���!ก��
��"���$#�$,/�*�%/ก	���� antigen specific ���.�$���/�+ T
�#	(��������/!�กก�� dilute 
responder cell (recipient PBMC) 
%���	����������)�ก���$)�%����/�$������
<��/���/� non-
limiting stimulus (donor stimulator cell) ก��)�����%�$�����"����"ก	"<��/ negative control  

 

 
 

�?���� 16 )�
$ limiting dilution assay )�'ก��x�'<���$!0����<��/����<%���"ก	"!0����
�j��=��<��/�	(� 
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(<��/����/�/� responder cell) T
����!')������� positive �/���ก����"���$/�*���$ก��� 
negative control ��'/�+ 3 ����#F(��� T
�!0����<��/ negative ��)���'*��/�#%/#%�#�$ 
responder cell !'�ก�'"�jF�$!0����#�$<��/���)���� negative !')�ก���$ก	���#F(�ก	" dilution 
#�$ responder cell *�� �/���*��/�#%/#%�#�$ responder cell /�ก!0����<��/��� negative !'
�%���$ <�	$!�ก�	(�!'/�ก����
ก��x)�
$*��/�	/-	��=�'<���$!0����<��/����<%�� negative 
ก	"*���u����#�$!0���� precursor cell 
	$����� 16 

 
1.3. Cell-mediated lymphotoxicity (CML)(20,34) 

 ����ก���
��"*��/��/���#�$ cytotoxic T lymphocyte (CTL) ��ก���0�����j��=
��Z�</�������
u��ก
%�� chromium-51 (51Cr) T
��0�/��/Tx�j�=#�$�%�	" (recipient) /����(�$
��/ก	" 51Cr-donor target cell �� microtiter plate �/���*�"�����0���� ��)�ก����(0�����"�jF�$/� 
51Cr release ��ก/�!�ก donor cell ����ก�0����T
� cytotoxic T cell ����(0�����"�����
%���	

���ก	//	���	$��
%���*����$ gamma counter <�������� count per minute (cpm) )�
$��
%��
*�� % specific lysis �%�*�� % specific lysis �$)�
$�F$ CTL #�$�%�	"/�*��/��/�����ก��
�0���� donor cell �$  
 Weimer )�'*+'(35) >Fก��"�"��#�$ CTL assay ���ก���
��ก
,/�*�%/ก	����%�&�����
�
%�	"ก������	
��ก������/������'�'���� 2 �c!0���� 81 ��� -"���/��%�&���	($��(� 50 ������
���!�/�-" donor specific CTL (hyporesponsive) )�'<�	$!�ก inform consent �
%/�ก���

#��
��ก
,/�*�%/ก	��$*�F�$<�F�$)�'��
��/��� 12 �
��� -"���/��-��$ 1 �������ก�
ก���?������ 
/�#%�����)�'��� hyporesponsive �� CTL assay <�	$��ก��������/���.�����'ก�"ก��
�	
����!��ก����	"�
��ก
,/�*�%/ก	� ����$��ก̂��/ CTL assay ����ก�����!ก���0�$��#�$ 
CD8 T cell �����	(��/���/����#%��!"�"��#�$ alloreactivity �
% 

  
1.4. Tetramer technology(19,20,34) 
 ����ก��>Fก�� T lymphocyte ���!0��-�'��� antigen T
�ก���%�/�j��=
%��  MHC 

tetramer jF�$��'ก�"
%�� MHC class I-peptide complex 4 T/��ก�������
u��ก
%���������$)�$ 
)�%��0����	"!0����
%���*����$ flow cytometry 
	$����� 17 T
��	$�*��'<= peptide ����$"����$
#�$ MHC class I molecule )�%��0�/� conjugate ก	" biotin �
%���� biothinylated MHC class 
I-peptide complexes �0�/��.���/���ก	� 4 T/��ก��T
���/ก	" streptavidin )�%���
u��กก	"
�������$)�$ phycoerythrin (PE) �0� MHC tetramer ���%�/�j��= ���/ anti-CD8 �$��)�%��	"
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%���*����$ flow cytometer �0��<%���"!0����#�$ cytotoxic T lymphocyte ���/� T cell receptor 
!0��-�'ก	" peptide "� MHC tetramer �ก��ก��!	"ก	��'<���$ MHC-peptide ก	" T cell 
receptor *��#%�$����!F$�%�$�.%����ก���-��/ avidity T
�ก���.% MHC-peptide �F$ 4 T/��ก�� ��������
���/�*��/��*���#%�$�$��ก�����!<� CD8 T cell )�'���/��%�$ MHC class I /�กก��� MHC 
class II �����$!�ก��/�����%�$ recombinant protein �
%$���ก����-��'/� polypeptide chain jF�$
���� polymorphic �-��$<�F�$���)�'�	(�ก��� 

 

  
 

�?���� 17 )�
$ก���.% MHC tetramer ��ก�����!<� specific T cells 
%�� flow cytometry  
 

2. Enzyme-linked immunosorbent spots (ELISPOT) 

 ELISPOT assay !	
�������������/�'<���$ MLR )�' ELISA ����ก��>Fก��ก����"���$
#�$ T cell (previous activate or memory T cell ) ��� donor antigen T
���>	�ก��<�	�$ 
cytokine !�ก single cell(36,37) ELISPOT assay ��/������! immune response �
%�	($ direct 
)�' indirect pathway T
�/�#	(���� (�����  18) ����/!�กก���-�'���(�$�j��= responder 
(recipient T cell) ���/ก	" inactivated stimulator (donor cell) �� plate ���/�ก���*���" 
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antibody ��� cytokine ������!>Fก�� �.�� IFN-γ, IL-2, IL-4, IL-5, )�' IL-10 �/��� recipient T 
cell �กก�'��%�ก̂!'<�	�$ cytokine ��ก/� T
� cytokine !'�ก!	"��%
%�� antibody ���!0��-�'��� 
cytokine �	(� <�	$!�ก�%�$�j��=��ก�����/)����"�
�(�	������$ (secondary anti-cytokine 
antibody) �����
u��ก
%������j/=)�%���/
%�� substrate �/����0��?�ก�����ก	�!'�ก�
����!�
 
(spots) �<%�<^���/�j��=���<�	�$ cytokines �	(�  

 

 

�?���� 18 )�
$����ก�� ELISpot )�'ก��)���� (a) �*���" culture well ��%
%�� antibodies ��� 
cytokines )�%�����j��=�$�� culture (b) culture 24-48 .	��T/$ cytokines �ก<�	�$T
��j��= �%�$
�j��=��ก�<����-��$ cytokines ���!	" antibodies (c) ���/ biotinylated antibodies jF�$����)����
"�
�(�	������$jF�$  /� streptavidin enzyme ��� ��/
%�� substrate �/����0��?�ก�����ก	��ก�
����!�
 
(spots) �<%�<^���/�j��=���<�	�$ cytokines �	(�  
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 Nickel )�'*+'(38) �
%>Fก�� IFN-γ ELISPOT ก���ก����ก���������%�&�� 42 ���
-"����������ก�
ก���?������/� IFN-γ ELISPOT ก���ก����ก�������$ก����������/��ก�
ก��
�?����������$/��	��0�*	U��$����� 
 Augustine )�'*+'(39) >Fก�� IFN-γ ELISPOT ก���ก����ก���������%�&�� African 
American 37 ��� -"��� ก���/��� ELISPOT ����"�ก/���"	��ก�� biopsy-proven acute rejection 
�$ก���ก���/��� ELISPOT �����"����$/��	��0�*	U��$����� (50% vs 17%, p=0.036).)�'��� 12 
�
���<�	$����	
ก���/��� ELISPOT����"�ก/�*�� calculated glomerular filtration rate (MDRD) ��0�
ก������ก���/��� ELISPOT �����" ����$/��	��0�*	U��$����� (37+/-16 mL/min vs 55+/-20 mL/min, 
p=0.01)  
 ก����'�/�� cellular immunologic risk assessment ��'ก�"
%��<�������
	$�
%
��"��/#%�/� T
�����#%�
�#%�������%
	$����$��� 3 )�'�����$
%��ก�����! mixed lymphocyte 
reaction ��/�����'�/���
%�	($)��#	(���� recognition !�ก�'�	�$ T cell proliferation �0��<%
��/�����'�/�� cellular risk assessment �
%
� 

 ���
��/�ก��>Fก��"�"��#�$ mixed lymphocyte reaction �	($ก���)�'<�	$ก����ก
��������� renal allograft outcome jF�$������
%/��	($���-"*��/�	/-	��=)�'�/�-"�	($��(/�ก���	($
#%��	$�ก���%�����!�����-��'���
���.% 3H-thymidine �����	���'�/��ก��)"�$�j��=jF�$/�#%�/�
,��<�	$���"����	� 3H-thymidine ��$ก̂/������ก����%�$
���̂�����$���<%ก��)"�$�j��=�
�$ 

	$�	(�!F$��"��/ก��>Fก�� mixed lymphocyte reaction T
� 3H-thymidine ��% ����ก��>Fก��
#�$ mixed lymphocyte reaction T
� CFSE �	(�� !!�"	�/��u-�'�� liver transplantation )�'
�0�<�	$!�ก�����ก�����	")�%� 

ก	�deกf	 mixed lymphocyte culture and mixed lymphocyte reaction 73� 3H-thymidine 

 Santiago-Delpin )�'*+'(40)
 �
%�0�ก��>Fก��)"" prospective study ���%�&�� 35 ���

����
%�0�ก����ก������ -"��� pretransplant mixed lymphocyte culture reactivity /������ก��
�ก�
 rejection )���/���/����0�/��.%)�ก*��/)�ก���$�'<���$������/� rejection /�ก��ก!�ก
������/� rejection �%�� )��-"���������/� stimulation index > 3 /� morbidity )�' mortality �$
ก���������/� stimulation index < 3 
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�	�	���� 3 �3�ก	�6�����6���� T Cell Assays for Immunologic Monitoringa(34) 

 
  

 El Agroudy AE )�'*+'(9) �
%>Fก��<�*��/�	/-	��=�'<���$ mixed lymphocyte 
culture (MLC) ก���ก����ก������ ก	" transplant outcomes (graft function )�' survival) ��
�%�&�� living donor renal transplant !0���� 477 ��� T
�)"�$�%�&������ 2 ก���/��/ relative 
response (RR) *�� ก���/ hypo-responder /�*�� relative response < 4 !0���� 406 ��� )�'
ก���/ hyper-responder /�*�� relative response > 4 !0���� 71 ��� -"�����ก���/ hyper-
responder /���"	��ก��+= acute rejection 46.5% ����"ก	" 44.8% ��ก���/ hypo-responder  
)�'�ก�
 chronic allograft nephropathy �$ก���ก���/ hypo-responder ����$/��	��0�*	U��$
����� (27.3% vs 14.5%, p = 0.01) ��ก!�ก��(-"���ก���/ hyper-responder /�1 yr )�' 5 yr 
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graft survival ��0�ก���ก���/ hypo-responder ����$/��	��0�*	U��$����� (89% )�' 66% vs 94% 
)�' 79%, p =0.03) (����� 19) 

 

�?���� 19 )�
$ cumulative graft survival ��� 1 �c)�' 5 �c )�ก��/ก���/ hypo-responder 
(ก��x��%�"�) ก���/ hyper-responder (ก��x��'��%����$) 

 Nakagawa )�'*+'(41)>Fก���%�&�� living related kidney transplantation !0���� 13 
������/�ก���0�$��#�$��
�,��<�	$ก����ก������ (long term well functioning allograft) T
�/�
�'�'����<�	$��ก�������u������'/�+ 8 �c -"����	($ stimulation index (against donor cell) 
)�' stimulation index (against third party cell) <�	$��ก������/�*���$ก���ก�����ก������ 
)���/��������"����"�u-�'<�	$��ก������-"��� stimulation index (against donor cell) <�	$
��ก������/�*����0�ก��� stimulation index (against third party cell) 

 Holman )�'*+'(42) >Fก����� pre-transplant mixed lymphocyte culture ����*���/� 
cyclosporine ������ก
,/�*�%/ก	�<�	ก��/����0���� renal allograft outcomes �
%<����/� !�ก
ก��>Fก���%�&���	($��(� 102 �����
��/��� 24 �
��� T
��������� inhibition rate (IR) > 70 % 
!	
����ก���/��� sensitive )�'�������� Inhibition rate (IR) < 70 % !	
����ก���/��� resistant -"���
�������� inhibition rate (IR) < 70 % (resistant) !'/� one year graft survival ���/�กก��� 
(100% vs 83%, p = 0.01) )�'�ก�
 acute rejection �%��ก��� (25% vs 44%, p = 0.08) 
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 Kerman )�'*+'(43)>Fก�� pre-transplant )�' post-transplant MLR ���%�&����ก
������ 115 ��� T
�)"�$���� 2 ก���/ *�� hypo-responder (stimulation index <10) )�' hyper-
responder (stimulation index >10) -"����%�&���	($</
/��� MLR ก���ก������	
���� hyper-
responder T
�,��<�	$ก������	
��ก������)�'�
%��ก
,/�*�%/ก	����� cyclosporine )�' 
prednisolone -"���/��%�&���%���' 45 ����� MLR ก�	"/����� hypo-responder )�'�	$-"���
ก���/��(/� acute rejection ��0�)�' renal allograft survival �$ก���ก���/����	$*$/��� MLR ���� 
hyper-responder �</���ก���ก������	
 

 ���/� Kerman )�'*+' (44) �
%��
��/�%�&�� 95 ��� (HLA identical 20 ���, HLA 
haploidentical 75 ����������� 10 �c -"�����ก���/ HLA identical /����	($ pre-transplant )�' 
post-transplant MLR ���� hypo-responder (stimulation index <10) T
�-"����ก�
 acute 
rejection 2 *�	($ก���<��
 prednisolone )�'�ก�
 acute rejection 5 *�	($<�	$<��
 prednisolone 
/� renal allograft survival *�
�����%���' 90 �/�����
��/�� 10 �c �0�<�	"ก���/ haploidentical 
-"����� pre-transplant MLR ���� hyper-responder (stimulation index >10) �	($</
)�'�/���
��
��/��-"��� 35 ���ก�	"/��� post-transplant MLR ���� hypo-responder T
���ก���/
hypo-responder �ก�
 acute rejection ��0�ก���ก���/ hyper-responder (32% vs 65%, p < 0.05) 
)�'ก���/hypo-responder/� renal allograft survival ��� 10 �c�$ก���ก���/ hyper-responder 
(85% vs 60%, p = 0.01) 

ก	�deกf	 mixed lymphocyte reaction 73� CFSE assay 

��.��$)�ก/�ก��>Fก������$ Nitta Y )�'*+'(45)�
%>Fก�� donor specific alloreactive 
T
����� mixed lymphocyte reaction by CFSE assay �� nonhuman primates ������$ 
bamboo (Papio cynocephalus anubis) �->�/������
%����	
 cardiac transplantation !0���� 3 
�	� <��� intrathymic sten cell implantation !0���� 3 �	� T
��/��
%��ก
,/�*�%/ก	� ก��!	"*� 
donor )�' recipient �%�$�/�/�ก�����!-" preformed anti-donor specific IgM or IgG 
antibodies -"��� �	($</
�ก�
 rejection )�'/�ก���-��/#F(�#�$ donor reactive precursor 
frquencies )�' alloreactivity indices �� cardiac transplantation (����� 20) �.���
���ก	"
,��<�	$ intrathymic injection of MHC class II mismatch donor CD3+cell (����� 21) ��$
*+'�%��!	�!F$����)�'��� CFSE dye dilution MLR ���!'��/����0�/��.% monitor cardiac 
rejection )�� cardiac biopsy jF�$���� invasive procedure 



31 
 

 

 

�?���� 20 )�
$ก���-��/#F(�#�$ donor-specific alloreactive precursor frequencies (j%��) 
alloreactivity indices (#��) ����$ baboons 3 �	� (#070, #079, #091) ,��<�	$ cardiac 
transplantation T
��/��
%��ก
,/�*�%/ก	�. 

 

�?���� 21 )�
$ก���-��/#F(�#�$ donor-specific alloreactive precursor frequencies (j%��) 
alloreactivity indices (#��) <�	$u�
 donor stem cell �#%����/��/	� ����$ baboons 3 �	� 
(#216, #336, #344) ,��<�	$ cardiac transplantation T
��/��
%��ก
,/�*�%/ก	� 
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 �0�<�	"ก��>Fก�� mixed lymphocyte reaction (MLR) T
� CFSE assay.��/����=�	(�/�
ก��>Fก���u-�'��ก�+�#�$ก����ก�����	")�'�0�,��<�	$!�กก������	
��)�%� jF�$ Tanaka Y 

)�'*+' (11) >Fก���%�&�� 29 �������
%�	"ก������	
��ก�����	" -"���/��%�&�� 12 ���/�ก��
�0�$��#�$�	")���$/�ก,���� 6 �
���<�	$����	
)�'�	($</
�
%�	"ก���0� liver biopsy )�' 

MLR T
� CFSE assay ����$-������������$������ก�
 acute rejection 8 ��� )��ก�	"-"���
�� stimulation index #�$ CD8 T cell ����
%!�ก MLR T
� CFSE assay �$�-��$ 4 ��� jF�$
,��<�	$�
%/�ก�����!�-��/���/����$�'����
ก̂-"��� �%�&�� 8 ��� �������!u	�����ก�
ก���?�����	"
!�ก����$-����������	(�/�ก���?�����	"!��$�-��$ 4 �������<����ก�
!�ก���<������ �.�� �	"
�	ก��"!�ก�� �����%� !F$�����
%��� MLR T
� CFSE assay ��/����.%��
��/ก���ก�
ก���?����
�	"�
% 

 T
����� ก��>Fก���F$"�"��#�$ mixed lymphocyte reaction ��� renal allograft 
outcomes ���
���	(��
%��)�ก���$ก	� "�$ก��>Fก��-"��� MLR ����$��$�����ก���ก�
ก��
�?������)�'�0��<%ก���0�$��#�$�����)���$)��"�$ก��>Fก��ก̂�/�-"*��/�	/-	��=��( (����$��� 4)
�	$��(��!�����-��'����ก��>Fก�� MLR T
� 3H-thimidine /������ก��)"�$�j��= !�ก�'�	�$/�ก��
���! MLR T
� CFSE assay �0��<%��/�*��/)/���0�#F(�)���	$#�
#%�/����%�&����ก������ !F$
�������/�#�$ก��>Fก����*�	($��( 

�	�	���� 4 �3�ก	�������ก	�deกf	 Mixed Lymphocyte Reaction 
 

Study 
authour 

Year Time Type of 
transplantation 

Measurement Outcomes Significa
tion 

Cerilli 1978(46),1980(47) pre living SI (cut point 5) acute rejection yes 

Ringden 1976(48) pre/ post living SI graft survival no 

Butt 1979(49) pre cadaver SI acute rejection yes 

Cochrum 1973(50),1974(51) pre living and cadaver SI graft survival yes 

Jone 1976(52) pre cadaver SI, RR graft survival no 

Cullen 1977(8) pre cadaver SI, RR acute rejection, 
graft survival  

no 
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�	�	���� 4 (�8�) �3�ก	�������ก	�deกf	 Mixed Lymphocyte Reaction 
 

Study 
authour 

Year Time Type of 
transplantation 

Measurement Outcomes Significa
tion 

Walker 1978(53) pre living           
cadaver 

SI, RR, cpm     
SI, RR, cpm 

graft survival   
graft survival 

yes        
no 

Festenstein 1976(54) pre cadaver RR graft survival yes 

Sachs 1977(55) pre cadaver RR graft survival no 

El-Agroudy 2004(9) pre living RR acute rejection 
graft survival 

yes 

Agrawal 1998(56) pre living SI acute rejection 
graft survival 

Yes       
no 

Holman 1999(57) pre living and cadaver IR acute rejection yes 

Kerman 1997(44) pre/ post living SI          
(cutpoint 10) 

acute rejection   
graft survival 

yes 
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�����  3 
 

��5�3�	6���ก	������ 

 
3.1 ���9	ก� 
3.1.1 ���9	ก�6�i	 �	� 
 �%�&����������(��	$�'�'��
�%������
%�	"ก����ก������ 
 

3.1.2  ���9	ก������8	� 
�%�&�����(��	$�'�'��
�%������
%�	"ก����ก������)�'/����!��
��/ก���	ก�����        
*����ก�%�&��<�	$ก����ก������ 
  

3.1.3 กj6กkl�4�ก	�
�36�m�ก6�;	�	deกf	 (inclusion criteria) 

• �%�&����������(��	$���/�����/�กก��� 15 �c 

• �%�&��ก0��	$!'�
%����	
��ก������,���� 2 �	�
�<= 

• �%�&��/��/^
����
#��/�กก��� 5,000 cell/mm3   

• �%�&����������/�<%*��/���//����ก��>Fก�� 
 

3.1.4 กj6กkl�4�ก	���3��ก�	กก	�deกf	 (exclusion criteria) 

• �%�&�����ก0��	$�
%�	"��ก
,/�*�%/ก	� <��� ��������
= 

• �� crossmatch ����"�ก 

• �%�&������/���/�����
��/ก���	ก���
% 
 

3.1.5 ก	�
�	��k��	3�����8	� (sample size determination) 

 ก��*0���+#��
�	�����$�0�<�	"ก��<�*��*��/�	/-	��=*���
��� (A single correlation) 
�
%!�ก��� 

  n  = (Zα+Zβ)2 + 3ZF(p1) 

  ZF = *������� Fisher�s Z Transformation (*���
%!�ก����$) 
  ZF = 1 loge 1+r 
                               2        1- r 
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 T
�ก0�<�
�<% α   =5 %, �0���!ก���
��"����ก	" 90 % )�'*��*��/�	/-	��=����ก	" 0.8 
 

   Zα      = *�� Z ����'
	" α  )0.05 = (1.645 (*���
%!�ก����$) 

   Zβ      = *�� Z ����'
	" β  )0.10 = (1.282 (*���
%!�ก����$) 
         ZF(p1) = *�� Fisher�s Z Transformation #�$*�� r = 0.8  
         ZF(0.8) = 1.098 
         n = (1.645+1.282)2+3(1.098) 
                 = 8.567+3.294  
                = 11.861 

 
	$�	(��%�$�.%!0�����	�����$����ก	" 12 *� 
 
3.2 ก	���6ก����ก	���3 
3.2.1 �;��?�nmN�o	����p?;�q��  
 �
%)ก� �-> ���� ���<��#�$T�*��������(��	$, .��
#�$ก����ก������, �'�'������������
�
%�	"ก����ก����#�
����
 (ischemic time), .��
#�$ immunosuppressive drugs ����%�&���
%�	"
<�	$!�กก����ก������, !0���� HLA mismatch, *������=�j��= panel reactive antiboody 
(%PRA) )�'ก���""�<��� 
 

3.2.2 �;��?����deกf	  
 �
%)ก� T cell proliferation ����
%!�ก MLR by CFSE assay T
���>	� flow cytometry ก���
ก����ก������, *�� serum creatinine ��� 3 �
����-����.%��ก��*0���+ estimate glomerular 
filtration rate (eGFR), ก���ก�
 delay graft dysfunction (DGF), )�'ก���ก�
 acute biopsy 
proven allograft rejection ��� 3 <�	$ก����ก������ 

3.2.3 6
�m����m����49;4�ก	���3  

 
��N����ก	���ก6r��� peripheral blood mononuclear cell (PBMC) 
!�ก����
�%�&��)�'�%"��!�*���-����0�/��
��" MLR by CFSE assay 
1. � ������
�%�&��)�'�%"��!�*!�ก����
�	($�%� 60 ml (ACD blood) 
%��*��/��^� 2,000 rpm 

��� 10 ���� brake 5 ���������+<,/� 22 °C 
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2. 

.	(� buffy coat /��!��!�$
%�� RPMI 1640 (RPMI 1640+Antibiotics+HEPES 5 ml) �<%
�
%�	������� buffy coat ��� RPMI 1640 ��'/�+ 1:2 �F$ 1:3 !��
%���/�����/ 40 ml 

3. �0� buffy coat ����!��!�$
%�� RPMI 1640 )�%�/� overlayer "� isoprep 3 ml ��������<��
 
���/��� 15 ml ��%)�%�T
����/�<%�
%���/�����/����ก	" 13 ml (���/.	(� buffy coat ����!��!�$ 
10 ml) !�ก�	(��0���� �� 2,000 rpm ��� 20 ���� brake 0 �����+<,/� 22 °C 

4. �/���*�"����)�%�!'�
%.	(�#�$ PBMC ���/��	ก�+'��#��#���jF�$������"�.	(�#�$ Isoprep (
	$
����� 22) 

 

 
 

�?���� 22 )�
$�0�)<��$#�$.	(�#�$ก��)�ก PBMC  
 
5. !�ก�	(�

.	(�#�$ PBMC ���)�ก�
%����$��<��
���/��� 15 ml )�%� dilute 
%�� RPMI 1640 

�<%�
%���/�����/����ก	" 13 ml �0���� �� 1,200 rpm ��� 10 ���� brake 5 �����+<,/� 22oC  
6. �/���*�"����)�%�!'�
% PBMC �ก�'��
���ก%�<��
 �<%����($����#�$ supernatant ��)�%����/ 

10%RPMI1640 (Antibiotics+HEPES 5mL+FBS 10mL) 10  ml )�%��	"�j��=�	($</
 
7. �0��j��=#�$�%"��!�*����
%��u��)�$���*��/���*���� 2,500 Gy)�' 3,500 Gy 
 </���<�� �����j��=#�$�%�&���/��%�$�0���u��)�$ 
 
��5�ก	�6����� CFSE dye 
(Cell Proliferation using Carboxyfluorescein diacetate succinimidyl ester) 
Molecular Probe Vybrant CFDA Se cell tracer kit (#V-12883) 
1. �0� CFSE stock 10 nM /��0��<%�!��!�$T
��.% DMSO 90 µl !'�
%*��/�#%/#%���� 20,000x  
2. !�ก�	(�)"�$�ก̂"��%�0�<�	"ก���%�/�j��= (working concentration) <��
�' 5 µl 
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3. �ก̂"��%���%��̂������+<,/� -20oC �ก̂"�
%��� 6 �
��� 
 
��5�ก	�6����� PHA/Ionomycin 
�����/ PHA/I ���/�+ 3 mL �� 10%RPMI1640  

• PHA 15 µl 

• Ionomycin 120 µl 

• 10%RPMI1640 3 ml 
 

��N����ก	��;��6r���3;�� CFSE �����N����ก	���	 mixed lymphocyte culture 
 

1. �0� PBMC #�$�%�&��)�'�%"��!�* ()�ก��/ก��u��)�$ 2500 cGy )�' 3500 cGy) ���
�����/��%��� ���ก
%��*��/��^� 2,000 rpm, brake 9 ��� 10  ���� �����+<,/� 4 oC  

2. �/���*�"������ supernatant ��($)�%����/ 10%RPMI1640 (Antibiotics+HEPES 5 ml+FBS 
10 ml) ���/��� 2  ml )�%��	"�j��=�	($</
�� 4 .��$#�$ WBC (
	$����� 23)  

 

����ก���	"�j��=�.%�� trypanblue 190 µl ��/ก	"�j��= 10 µl 
���*0���+�j��= 
   !0�����j��=�	($</
 =  �j��=����	"�
% x dilution factor(20) x 104 
       !0����.��$����	"�j��=(4) 
 

 
 
 
 

 
 
 
 
�?���� 23 )�
$�0�)<��$ก���	"�j��=��.��$#�$ red blood cell "� hemocytmeter 
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3. )"�$�j��=#�$�%"��!�*�ก̂"����%����% incubator ��+<,/� 37  oC ���/� 5%CO2 !0���� 2x106 
�j��=�� 10%RPMI 1640 �-����0�/��0��?�ก�����ก	"�j��=#�$�%�&������ก�%�/
%���� CFSE 

4. �0��j��=����<���� ���ก���*��/��^� 1500 rpm �������� 10 ���� ��+<,/� 4 oC 
5. ��($ supernatant !�ก�0��<%�j��=ก�'!����ก-�%�/�	($���/ PBS 5 ml  
6. �0��j��=��� ���%�$���*��/��^� 1500 rpm �������� 10 ���� ��+<,/� 4 oC 
7. ��($ supernatant !�ก�0��<%�j��=ก�'!����ก-�%�/�	($���/ PBS ���	������� 1:5 #�$���/�+

�j��=����<����	($</
 
8. �0��j��=����'���
%�� PBS 1 ml /��%�/
%���� CFSE T
��.%�� CFSE 10 µl  (�j��=#�$�%�&��

!'�ก�%�/ 3 <��
)�'�j��=#�$�%"��!�*����กu��)�$��)���'*��/���*����/��-��$����$�' 
1 <��
 

9. �0��� vortex �������� 5 ���� �/���*�"����<��
�?�ก�����
%�� FCS 200 µl 
10. �0���� �����*��/��^� 3600 rpm �������� 5 ���� ��+<,/� 4 oC 
11. ��($ supernatant !�ก�0��<%�j��=ก�'!����ก-�%�/�	($���/ PBS 1 ml 
12. �0���� ���%�$���*��/��^� 3600 rpm �������� 5 ���� ��+<,/� 4 oC 
13. ��($ supernatant !�ก�0��<%�j��=ก�'!����ก-�%�/�	($���/ 10% RPMI 1640 1 ml 
14. �	"�j��=�	($</
<�	$!�กก���%�/ CFSE �� 4 .��$#�$ WBC (
	$��1.3) !�ก�	(�*0���+

�j��=�	($</
����	"�
% 
15. �j��=#�$�%�&���%�$ก�� 6x106 �j��= )�'�j��=#�$�%"��!�*����กu��)�$��)���'*��/���

*�����%�$ก�� 2x106 �j��= �� 10%RPMI 1640 ���/�+ 6 ml )�' 2 ml ��/�0�
	" 
16. !�ก�	(��0��j��=��������/�
%/��$�� 96 well plate !0���� 2 plate T
���� plate 1 �����j��=

�0�<�	" control #�$�%�&��)�'�%"��!�*�	($����/��
%���/���ก�'��%� ( PHA/I 100 uL) )�'������/
���ก�'��%� ���� plate ��� 2 �����j��=����0�/��0��?�ก����� MLR T
�!'�.%�j��=#�$�%�&�� 105

�j��=���/ก	"�j��=#�$�%"��!�*����กu��)�$��)���'*��/���*���� 104 �j��=)�'105 �j��=
�j��=��/�0�
	" T
�!'�ก�-�'���(�$�������� 3, 4 )�' 5 �	� ��/�0�
	"���% incubator ���
��+<,/� 37 oC )�'/� 5%CO2 

 
��N����ก	�6กu�6r��������	�v�ก����	 MLR 
1. �j��=��������	� control �ก̂"T
����<��
#��
 2 ml �����j��=����0��?�ก����� MLR �ก̂"T
����

�$�� plate ���/��	ก�+'���� V shape 
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2. �0��j��=��������	� control )�'�j��=����0��?�ก����� MLR ��� �����*��/��^� 3600 rpm �������� 
5 ���� ��+<,/� 4 oC )�'� �����*��/��^� 2000 rpm �������� 5 ���� ��+<,/� 4 oC 

3. !�ก�	(���($ supernatant )�%����/ PFA 100 µl ���	

%���*����$ flow cytrometry �0�<�	"�j��=
������� control �����j��=����0��?�ก����� MLR �0����%�/ CD4 )�' CD8 ���/�+ 25  
(CD4/APC 20 µl, CD8/PERCP 60 µl + PBS 420 µl) �0��� incubate �����/�
�������� 30 
���� ��+<,/� 4 oC 

4. �/���*�"�������/ FACS 150 µl � �����*��/��^� 2000 rpm �������� 5 ���� ��+<,/� 4  oC 
!�ก�	(����/ PFA 100 µl )�%�������������<��
#��
 2 ml ���	

%���*����$ Flow 
cytrometry T
�!')�
$������ % lymphocyte proliferation )�'!'�0���*0���+*�� 
stimulation index (SI) 

3.2.4 ก	�
�	��k 

• Stimulation index (SI) ����ก��*0���+T
��0�*�� % lymphocyte proliferation #�$ 
recipient lymphocyte ���ก�'��%�
%�� donor lymphocyte �������ก��u��)�$)�%�<��

%�� % lymphocyte proliferation #�$ recipient lymphocyte ����/��
%��� donor 
lymphocyte ��ก�'��%� 

SI =  % proliferation of recipient response to donor cell 

 % proliferation of unstimulated recipient cell 

• Estimated glomerular filtration rate (eGFR) <���� mL/min/1.73 m2 
  ���� abbreviated MDRD equation(12) (�0�<�	"*�� creatinine !�ก���� Jaffe assay) 

  

  = 186 x (S.Cr)-1.154 x age-0.203x 0.742 (for woman) x 1.212 (if black) 
 

  ���� re-express MDRD equation(13) (�0�<�	"*�� creatinine !�ก���� Enzymatic assay) 
  

  = 175 x (0.95xS.Cr)-1.154 x age-0.203 x 0.742 (for woman) x 1.212 (if black) 
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3.3 ก	�6กu��������;��?� 

 �%�0�ก����!	������%�ก̂"��"��/#%�/� "	��Fก#%�/� )�'���!��"*��/�/"�+=#�$#%�/�
�-����<%�
%*�"�%����/!0��������%�$ก��)�'�0�/����*��'<=#%�/������ 

 

3.4 ก	���6
�	� ��;��?� 

 �
��"*��/)�ก���$#�$ MLR by CFSE assay #�$�%�&��T
�)"�$�%�&������ก���/��>	�
�	�)��
	$��( 

• ���� 

• .��
#�$ก���0� transplantation (cadaveric donor or living related donor) 

• !0���� mismatch 

• *�� PRA (Panel Reactive Antibody) 

• ก���""�<��� 

• *�� serum creatinine ��� 3 �
���<�	$ก����ก������ 

• estimate glomerular filtration rate !�ก abbreviated MDRD equation   

�.% SPSS version 13 ��ก�����*��'<=#%�/� T
��.% Non-parametric test (two-independent-
sample test) ��#%�/�������� continuous data )�'�.% Spearman�s Rho �
��"*��/�	/-	��=
#�$�	�)�����$d 
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�����  4 
 

p�ก	������ 

4.1 �;��?�nmN�o	� 

/��%�&������
%�	"ก����ก�������#%����/ก��>Fก���	($</
 11 ��� �����%�&���->.�� 8 
��� �-><U�$ 3 ��� /������'<���$ 21 �c �F$ 61 �c �����u���� (mean ± SD) 48.7 ± 14.3 �c 
)"�$�����%�&�� living related transplantation !0���� 8 ��� �%�&�� cadaveric transplantation 
!0���� 3 ��� �%"��!�*��/������'<���$ 22 �c �F$ 61 �c �����u���� (mean ± SD) 40.9 ± 12.8 �c /�
�'�'����#�
����
 (ischemic time) �� living related transplantation �u���� (mean ± SD) 
52.5 ± 20.1 ���� )�'�'�'����#�
����
�� cadaveric transplantation �u���� (mean ± SD) 
1,142.3 ± 246.5 ���� T
�/� HLA mismatch �	($)�� 0 �F$ 4 �u���� (mean ± SD) 2.4 ± 1.2 /�*�� 
panel reactive antibodies (PRA) �	($)�� 0 �F$ 98 �u���� (mean ± SD) 33.4 ± 41.4 % /��%�&�� 3 
�������""�<��� �0�<�	"���<��#�$ ESRD )�'��ก
,/�*�%/ก	�����%�&���
%�	"�
%)�
$��%������$��� 5 

�	�	���� 5 �3��;��?�nmN�o	�p?;�q����?ก�8	�:����6�;	�8��ก	�deกf	 

Characteristics Values 

N 11 

Sex 

• Male (n) 

• Female (n) 

   
8 
3 

Age (yr) 

• Donor (mean ± SD) 

• Recipient (mean ± SD) 

 
40.9 ± 12.8 
48.7 ± 14.3 

Type of renal transplantation 

• Cadaveric (n) 

• Living (n) 

 
3 
8 
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�	�	���� 5 (�8�) �3��;��?�nmN�o	�p?;�q����?ก�8	�:����6�;	�8��ก	�deกf	 

 

Characteristics Values 

Ischemic time (min) 

• Cadaveric (mean±SD) 

• Living (mean±SD) 

 
1,142.3 ± 246.5 

52.5 ± 20.1 

HLA mismatch (n) 

• 0 

• 1 

• 2 

• 3 

• 4 
HLA mismatch (mean ± SD) 

 

  1 

  2 

  1 

  6 
1 

2.3 ± 1.2 

Cause of ESRD1 (n) 

• Presumed chronic glomerulonephritis 

• Diabetic nephropathy 

• ADPKD2 

• First renal allograft failure 

• Unknown 

 

  4 

  2 

  1 

  1 

  3 
Smoking (n)   3 
Immunosupressive regimen (N) 

• Neoral, azathioprine, prednisolone 

• Rapamune, neoral, prednisolone 

• Tacrolimus, cellcept, prednisolone 

• Tacrolimus, myfortic, prednisolone 

 

  3 

  1 

  3 

  4 
PRA3 (%)(mean ± SD) 33.4 ± 41.4 
1. ESRD</���F$ end stage renal disease 
2. ADPKD </���F$ autosomal dominant polycystic kidney disease 
3. PRA </���F$*�� Panel Reaction Activity (%) 
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4.2 p���n5����ก	���?ก�8	�:� 

 ���	-�=#�$ก����ก������)�
$��%
	$����$��� 6 !�ก!0�����%����	
��ก����������#%����/
ก��>Fก�� 11 ��� �ก�
 delayed graft function !0������%�$ hemodialysis ,���� 7 �	�<�	$
����	
�	($��(� 3 ��� T
���!0������(/��%�&�� 2 ����ก�
 acute rejection -"��� 1 �� 2 �������ก�
 
acute rejection !0������%�$�0� allograft nephrectomy )�'����$-����������<%ก������!u	����
���� acute humoral mediated rejection �	($��$���  

 �����$!�ก/��%�&�� 1 �������%�$ neprhectomy �0��<%�<����%�&���-��$ 10 ��������/���
��
��/*�" 3 �
��� T
�-"���*�� creatinine �u���� (mean ± SD) 1.3 ± 0.4 mg% )�'*�� 
estimated glomerular filtration rate (mean ± SD) 55.3 ± 16.1 mm/min 

�	�	���� 6 �3�p���n5� ���ก	���?ก�8	�:� 

Renal allograft outcomes Value  

Estimate glomerular fltration rate 
(ml/min/1.73 m2) (mean ± SD)  55.3 ± 16.1 

Creatinine (mg%) (mean ± SD)                    1.3 ± 0.4 

Biopsy proven acute rejection (n) 2 

Delayed graft function (n) 3 

 

4.3 p� proliferation of T lymphocyte of mixed lymphocyte reaction by CFSE assay 

 #%�/� proliferation (%) �
%!�ก�%�&���	($ 11 ��� -"�����ก���/ negative control jF�$
��'ก�"
%���j��=#�$ recipient �-��$����$�
��� (105 cell) T
��/�/��	�ก�'��%�<�	$!�ก 
incubation ��� 3,4 )�' 5 �	���/ก0�<�
)�'ก���/����กก�'��%�
%�� donor cell ����กu��)�$ 
2500 cGy )�' 3500 cGy ��ก!�ก��(�	$)"�$��/���/�+#�$ donor cell ����.%ก�'��%��
%��ก 2 
ก���/���� *�� donor cell 104 )�' 105 cell T
�)�
$�� % proliferation ��%
	$����$��� 7 
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�	�	���� 7 �3�
8	 proliferation (%)73���8��	�ก	�y	���, ��	��� donor cell ���
��	����������8�6n	� 
 

Group Mean proliferation (%) SD 
Negative control day 3 (recipient) 4.08 2.37 

Negative control day 4 (recipient) 4.66 3.47 

Negative control day 5 (recipient) 4.63 3.73 

Recipient+donor2500  104 cell day 3 3.28 2.36 

Recipient+donor2500  104 cell day 4 3.45 2.01 

Recipient+donor2500  104 cell day 5 3.52 3.44 

Recipient+donor2500  105 cell day 3 4.08 5.98 

Recipient+donor2500  105 cell day 4 8.30 3.76 

Recipient+donor2500  105 cell day 5 11.67 9.41 

Recipient+donor3500  104 cell day 3 3.53 2.21 

Recipient+donor3500  104 cell day 4 3.37 2.03 

Recipient+donor3500  104 cell day 5 4.07 4.89 

Recipient+donor3500  105 cell day 3 8.18 6.57 

Recipient+donor3500  105 cell day 4 8.84 4.75 

Recipient+donor3500  105 cell day 5 10.54 9.01 

 !�ก��ก��>Fก������
%-"����'�'������� culture /���������/�+ก��)"�$�j��=T
��	���� 5 
�����	����/�ก��)"�$�	�/�ก�����
 ��ก!�ก��(���/�+ donor cell ����.%ก̂/������ก��ก�'��%�ก��)"�$�	�
#�$ recipient lymphocyte T
� donor cell 105 cell !'ก�'��%��<%�ก�
ก��)"�$�j��=/�กก��� 
negative control ����$/��	��0�*	U (p=0.02) )��<�ก�.% donor cell 104 cell -"���ก��)"�$�j��=
�/�)�ก���$!�ก negative control ����ก��u��)�$ donor 
%�� 2500 cGy )�' 3500 cGy �	(�
�/�-"*��/)�ก���$#�$ก��ก�'��%�ก��)"�$�j��= 
	$����� 24 
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�?���� 24 )�
$*�� proliferation (%) T
�)"�$��/ก��u��)�$, !0���� donor cell )�'!0����
�	����"�/�-�' 

4.4 p� stimulation index (SI) of mixed lymphocyte reaction by CFSE assay 

 *�� stimulation index ����
%!�กก���/���$dT
�)"�$��/ก��u��)�$, !0���� donor cell 
)�'!0�����	����"�/�-�' )�
$��%
	$����$��� 8 -"���*�� stimulation index #�$�	���� 5 /�*���$��
 

�	�	���� 8 �3�
8	 stimulation index 73���8��	�ก	�y	���, ��	��� donor cell ���
��	����������8�6n	� 
 

Group Stimulation index SD 
Recipient+donor2500  104 cell day 3 0.92 0.46 

Recipient+donor2500  104 cell day 4 1.09 0.89 

Recipient+donor2500  104 cell day 5 1.49 1.63 

Donor2500 104 cell Donor3500 104 cell Donor3500 105 cell 
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�	�	���� 8 (�8�) �3�
8	 stimulation index 73���8��	�ก	�y	���, ��	��� donor cell 
�����	����������8�6n	� 
 

Group Stimulation index SD 
Recipient+donor2500  105 cell day 3 2.38 1.80 

Recipient+donor2500  105 cell day 4 3.08 2.59 

Recipient+donor2500  105 cell day 5 5.56 6.48 

Recipient+donor3500  104 cell day 3 1.09 0.67 

Recipient+donor3500  104 cell day 4 1.01 0.81 

Recipient+donor3500  104 cell day 5 1.68 2.27 

Recipient+donor3500  105 cell day 3 2.63 2.39 

Recipient+donor3500  105 cell day 4 2.80 2.03 

Recipient+donor3500  105 cell day 5 4.56 5.70 

 

 

�?���� 25 )�
$*�� stimulation index T
�)"�$��/ก��u��)�$, !0���� donor cell )�'!0����
�	����"�/�-�' 
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T
�����/�/�*��/)�ก���$�'<���$���/�+ก��u��)�$)��ก���.% donor 105 cell /�*�� stimulation 
index �$ก���ก���.% donor 104 cell ����$/��	��0�*	U ( p = 0.03) (����� 25) 

 
	$�	(�ก��>Fก����(!F$��>	�#%�/�#�$ก��"�/�-�'��� 5 �	� T
��.% donor 105 cell )�'�ก
u��)�$ 3500 Gy /��0�ก�����*��'<=�� 

4.5 p�ก	�6�����6������ �8	�
8	 stimulation index ก���������8	�z 

 4.5.1 6�����6������ �8	�
8	 stimulation index (SI) ก��9��3���ก	���?ก�8	�:� 

 -"����%�&������
%�	"ก������	
��ก������!�ก�%"��!�*�/�$��� (cadaveric renal 
transplantation) (n=3) /�)��T�%/#�$*�� SI �$ก����%�&������
%�	"ก������	
��ก������!�ก�%
"��!�*/�.���� (living-related renal transplantation) (n=8) )���/�-"*��/)�ก���$����$/�
�	��0�*	U��$����� (6.69 ± 8.05 vs 3.77 ± 5.02, p = 0.68) (����� 26) 

 

�?���� 26 )�
$*�� stimulation index )�ก��/.��
#�$ก����ก������ 

 4.5.2 6�����6������ �8	�
8	 stimulation index (SI) ก�� panel reactive antibody 
(PRA) 
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 -"����%�&������
%�	"ก������	
��ก���������/�*�� PRA ≥ 25% (n=4) /�)��T�%/#�$*�� SI 
�$ก����%�&�����/�*�� PRA < 25% (n=7) )���/�-"*��/)�ก���$����$/��	��0�*	U��$����� (6.31 ± 

6.35 vs 3.57 ± 5.54, p = 0.13) (����� 27) 

 
�?���� 27 )�
$*�� stimulation index )�ก��/*�� panel reactive antibody (PRA) 
 

 4.5.3 6�����6������ �8	�
8	 stimulation index (SI) ก�� HLA mismatch 

  -"����%�&������
%�	"ก������	
��ก���������/�*�� HLA mismatch ≥ 3 (n=7) /�)��T�%/
#�$*�� SI �$ก����%�&�����/�*�� HLA mismatch < 3 (n=4) )���/�-"*��/)�ก���$����$/�
�	��0�*	U��$����� (5.97 ± 6.83 vs 2.10 ± 1.50, p = 0.45) (����� 28) 
 

4.5.4 6�����6������ �8	�
8	 stimulation index (SI) ก�� recipient age 

  -"����%�&������
%�	"ก������	
��ก���������/����� < 40 �c (n=3) /�)��T�%/#�$*�� SI �$
ก����%�&�����/����� ≥ 40 �c (n=8) ����$/��	��0�*	U��$����� (7.89 ± 6.87 vs 3.32 ± 5.14, p = 
0.04) (����� 29) 
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�?���� 28 )�
$*�� stimulation index )�ก��/*�� HLA mismatch 

 

 

�?���� 29 )�
$*�� stimulation index )�ก��/ recipient age 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Recipient age < 40 (n=3) Recipient age ≥ 40 (n=8) 

S
ti

m
u

la
ti

o
n

 in
d

ex
 

Recipient age < 40 (n=3) 
Recipient age ≥ 40 (n=8) 

p = 0.04 

0

1

2

3

4

5

6

7

HLA mismatch < 3 (n=4) HLA mismatch ≥ 3 (n=7)

S
ti

m
u

la
ti

o
n

 in
d

ex
 

HLA mismatch < 3 (n=4) 
HLA mismatch ≥ 3 (n=7) 

p = 0.45 



50 
 

4.5.5 6�����6������ �8	�
8	 stimulation index (SI) ก�� delayed graft function (DGF) 

  -"����%�&������ก�
 delayed graft function <�	$ก������	
��ก������ (n=3) /�)��T�%/
#�$*�� SI �$ก����%�&������/��ก�
 delayed graft function (n=8) )���/�-"*��/)�ก���$����$/�
�	��0�*	U��$����� (6.82 ± 7.97 vs 3.71 ± 5.01, p = 0.44) (����� 30) 
 

 

�?���� 30 )�
$*�� stimulation index )�ก��/ก���ก�
 delayed graft function (DGF) 

4.5.6 6�����6������ �8	�
8	 stimulation index (SI) ก�� acute rejection 

  -"����%�&������ก�
 acute rejection (n=2) /�*�� SI �$ก����%�&������/��ก�
 acute rejection 
(n=9) (9.99 ± 8.23 vs 3.36 ± 4.8, p = 0.05) (����� 31) 

4.6 
�	���n��5��� �8	� stmulation index (SI) ��� estimated glomerular filtration rate 
(eGFR) 

 �����$/��%�&�� 1 �������ก�
 acute rejection )�%��%�$����	
����ก (renal allograft 
nephrectomy) �0��<%/�#%�/� eGFR ��� 3 �
����-��$ 10 ��� )�'!�กก��<�*���	/-	��=�'<���$ SI 
)�' eGFR T
� Spearman�s correlation -"����/���/���<�*��/�	/-	��=�'<���$ SI )�' 
eGFR ( r = 0.27, p = 0.45) (����� 32) 
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�?���� 31 )�
$*�� stimulation index )�ก��/ก���ก�
 acute rejection 

�?���� 32 )�
$*��/�	/-	��=�'<���$ stmulation index  )�' estimated glomerular filtration 
rate  

  Correlation between stimulation index (SI) and estimated   
glomerular filtration rate (eGFR) 
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�����  5 
 

���p�ก	������ �>���	�p�����;�6����� 

���p�ก	������  

1. �%�&������
%�	"ก����ก������/������%��ก��� 40 �c!'/�*�� stimulation index ����
%!�ก pre-
transplant mixed lymphocyte reaction T
� CFSE assay �$ก����%�&�����/�����/�ก��� 40 
�c ����$/��	��0�*	U��$����� (p = 0.04) 

2. �%�&������
%�	"ก����ก����������ก�
ก���?������)""�u��"-�	�/�)��T�%/!'/�*�� stimulation 
index ����
%!�ก pre-transplant mixed lymphocyte reaction T
� CFSE assay �$ก���
�%�&������/��ก�
ก���?������)""�u��"-�	� (p = 0.05) 

3. ก��>Fก����(�	$�/���/����'"�*��/�	/-	��=�'<���$ stimulation index ����
%!�ก pre-
transplant mixed lymphocyte reaction T
� CFSE assay ก	" estimated glomerular 
filtration rate ��� 3 �
��� 

�>���	�p�ก	������ 

 �����$!�กก��>Fก����(���� pilot study #"��ก���0� mixed lymphocyte reaction T
� 
CFSE assay �-�����'�/��ก��)"�$�	�#�$ T lymphocyte �<%����
*�%�$ก	"ก��>Fก��(30;31) ก���
<�%���(���-"���ก��)"�$�	�!'����/�	($)�� 24-48 .	��T/$)�ก)�'!'-"ก��)"�$�	�/�ก�����
��'/�+
�	���� 5-6 #�$ก��"�/�-�'<�	$!�ก�	(�ก��)"�$�	�!'*���d�
�$ ������#�$���/�+�	$�����u�� 
donor cell -"����	($ 2500 cGy )�' 3500 cGy �<%���<%�/�)�ก���$ก	� 
%���	
����#�$ donor 
cell ��� recipient cell (responder) -"���/�*��/�0�*	U���ก��)"�$�	�#�$ recipient T
��	
���� 
�	
����#�$ donor cell ��� recipient cell (responder) ����ก	" 1:1 !'�ก�
ก��ก�'��%��<% 
recipent cell /�ก��)"�$�	��$ก���ก���/*�"*�/ (unstimulate recipient cell) )�'�$ก����	
���� 
�	
����#�$ donor cell ��� recipient cell (responder) ����ก	" 1:10 jF�$�ก�%�*��$ก	"ก��>Fก��
#�$ Tanaka(11) ����.%���/�+�	$�� 3000 cGy u��)�$ donor cell �-����<%<��
ก��)"�$�	�)�'�.%
�	
���� donor cell ��� recipient cell (responder) ����ก	" 1:1 
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 ก��>Fก����(-"����%�&�����/������%��ก��� 40 �c/�*�� stimulation index �$ก����%�&�����/�
����/�กก��� 40 �c jF�$��������� !!	�<�F�$�����/����0�����
%���ก����"���$#�$,/�*�%/ก	�������$
)��ก���/T
������%��!'/�ก����"���$#�$,/�*�%/ก	�����$ก��� 

 ก��>Fก����(-"���*�� stimulation index #�$�%�&������ก�
ก���?������/�*���$ก����%�&�����
�/��ก�
ก���?������ (p = 0.05) jF�$�������/�/�*��/)�ก���$����$/��	��0�*	U��$����� �����$!�ก
ก��>Fก����(�ก�
�?�������-��$ 2 ���*�
�����%���' 18 !F$��!�0��<%�/�/�*��/)�ก���$��$����� 
<�ก/�!0�����%�&�����>Fก��/�ก#F(�)�'/�!0�����%�&������ก�
ก���?�������-��/#F(�ก̂��!!')�
$�<%
�<^�*��/)�ก���$����$/��	��0�*	U��$������
% )�'!�ก#%�/���(�0��
%#%�/���� pre-transplant 
MLR T
� CFSE assay /�*��/�	/-	��=ก	"ก���ก�
ก���?������ jF�$�<%��#�$*��/�	/-	��=
�</���ก	" post-transplant MLR T
� CFSE assay ����0�ก��>Fก�����%�&����ก�����	"(11) 

 ��ก!�ก��(�	$-"���*�� stimulation index ���%�&�����/� PRA ≥ 25%, HLA mismatch ≥ 3 
)�'�ก�
 delayed graft function /�)��T�%/�$ก����%�&�����/� PRA < 25%, HLA mismatch < 3 
)�'�/��ก�
 delayed graft function )���/�/�*��/)�ก���$����$/��	��0�*	U��$����� �	($��(��!�%�$
��>	�ก��>Fก�����/��%�&��!0����/�กก�����( 

 ��
�%��ก��>Fก����(-"���*�� stimulation index ����
%!�ก pre-transplant MLR T
� 
CFSE assay �/�/�*��/�	/-	��=ก	"*�� estimated glomerular filtration rate ��� 3 �
����/����0�/�
<�*�� correlation (Spearman� s Rho) �	(������-��'���� !!	����/������ก���0�$��#�$��/�
/�ก/������/���/���*�"*�/�
% �.�� .��
#�$ก����ก������ .��
)�'�'
	"#�$��ก
,/�*�%/ก	� 
����#�$�%"��!�* ก����
�.�(���$�
��� ����' jF�$<�ก/�ก��>Fก�����)�'/�!0�����	�����$/�ก
-����!'���*��'<=#%�/�)"" multivariated analysis �-���*�"*�/)���'� !!	����/������ก���0�$��
#�$�� ��!�0��<%�<^�*��/�	/-	��=�'<���$ stimulation index ก	"*�� estimated glomerular 
filtration rate �
% 

�;�6����� 

1. �����$!�กก��>Fก����!	���*�	($��(/�!0�����	�����$�%��!F$��!�0��<%�/��<^�*��/)�ก���$#�$
*�� stimulation index ����
%!�ก pre-transplant mixed lymphocyte reaction T
� CFSE 
assay ��ก���/�	�)�����$d����0�/������"����" 
	$�	(�<�ก/�ก���ก̂"�	�����$�-��/#F(���!!'�0�
�<%�<^�*��/)�ก���$����$/��	��0�*	U��$������
% 



                                                                                                                                                               54 

  

2. ก���0� pre-transplant mixed lymphocyte reaction T
� CFSE assay /��.%���/ก	"ก��
��'�/��*��/�����$
%��,/�*�%/ก	��
�/����0�ก	���� �.�� crossmatchng, PRA )�' DSA �-���
����ก�����/��̂/�<%ก����'�/��*��/�����$
%��,/�*�%/ก	�ก���ก����ก�������/"�+=/�ก#F(� 
�	�!'�0�����ก���ก�
ก���?����������
�$)�'����#	�#�$�����������#F(� 

3. ��$*+'�%��!	���$)�����!'>Fก�� mixed lymphocyte reaction T
� CFSE assay ���%�&��
����
%�	"ก������	
��ก������)�%� �-���>Fก��<�*��/�	/-	��=#�$ post-transplat mixed 
lymphocyte reaction T
� CFSE assay ก	"ก���0�$��#�$�� + #+'�	(��	�!'�0�����ก��
��$)����	"��ก
,/�*�%/ก	������ 
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��.. 5.Tacolimus, myfortic, prednisolone      



                                                                                                                                                               69 

  

�������p?;6��������	��n�5� 
 
.���  -U. ��.�/� ��#��(/  
�	��
����c�ก�
 19 �	���*/ -.>. 2521 !	$<�	
�*�>�����/��. 
��'�	��ก��>Fก��)�'ก���0�$��  
  �	ก>Fก��*+')-��>����= /<�������	��$#���*�����=  2539-2545  
  )-��=�.%��������>����=T�$-��"���$#���*�����=  2545-2549 
���UU�)�'��'ก�>���"	�� 
  )-��>����="	+��� (�ก��������/�	�
	" 1)    2545 
  ��}�"	��)-��=�%�.����.�U��#������>����=    2549 
�/�.�ก�/�*/��.�.�- 
  �/�.�ก��.������	������)-��=)<�$��'��>��� 
  �/�.�ก�/�*/T�*��)<�$��'��>��� 


	ปกภาษาไทย
	ปกภาษาอังกฤษ
	หน้าอนุมัติ
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	บทที่ 1 บทนำ
	ความสำคัญและที่มาของการวิจัย
	คำถามของการวิจัย
	วัตถุประสงค์ของการวิจัย
	กรอบแนวความคิดในการวิจัย
	วิธีดำเนินการวิจัยโดยย่อ
	ประโยชน์ที่คาดว่าจะได้รับ
	ปัญหาทางจริยธรรม

	บทที่ 2 ทบทวนวรรณกรรมที่เกี่ยวข้อง
	บทที่ 3 วิธีดำเนินการวิจัย
	3.1 ประชากรและตัวอย่าง
	3.2 การสังเกตและการวัด
	3.3 การรวบรวมข้อมูล
	3.4 การวิเคราะห์ข้อมูล

	บทที่ 4 ผลการวิจัย
	บทที่ 5 สรุปผลการวิจัย อภิปรายผล และข้อเสนอแนะ
	รายการอ้างอิง
	ภาคผนวก
	ประวัติผู้เขียน



