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ËɳťU�l�n�mdŨȫ:ƘƤɋãƣǡ:ɚƟ6

CD4+CD25+LAG3+ TțȮ:Ʀɝ 
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ɕƎ  

� ËɳťU�l�n�mdʷSLEʸ;�ÈǮİĮ:ǾȢ9FHȷĂʡĭMü)

IȹŃÈǮǯŨ5�I��ǯŨǃÞť6ʗʀ)IÈǮŸŖțȮ;ƐG�982

4�8��Ȇ; SLEŨȫ:ƘƤɋ�:ÈǮŸŖțȮÓǪMɚƟ'�ȸŌźƩ6

:ʗʀ�ƼǳØś:ĜáMƦɝ'/�-:ȟƠ�SLE:ǯŨǃÞť6ʗʀ��

H�Üǳ9FHǋĸ)IțȮʣĆ�CD4+CD25+LAG3+T țȮMɣC/�ƙțȮ

Ȩ; Foxp3MǴǠ)I�Ƌ�țȮęƲŵÖȯ;Ȃ&*�Th17țȮ:ťɱD³+

D24�/�ƙțȮȨ;ǖǱťǯŨ5ǰèť��I6&JI Foxp3+Th17 6ʗ

ʀ)Ióȯť��H�SLE:ÈǮĦǶǰŮ:Ǣɚ938�I�Ý98I6Ȫ�

I� 
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1. ōƈ  

 

1.1 ËɳťU�l�n�mdʷSLEʸ  

ËɳťU�l�n�mdʷsystemic lupus erythematosus�¤� SLEʸ;ÈǮ

İĮ:ǾȢ9FH TțȮ�BțȮM;(C6)IÈǮŸŖțȮ�ǃťá'�ȹ

ŃŶ°MǥǤ)I$65Ëɳ:ȷĂ9ȷĂʡĭMü)IȹŃÈǮǯŨ5�I[1, 

2]�ÈǮĦǶŦņťMº3/C9;{�u�T țȮ6Öŝť T țȮ:t��d

�ʒɕ5�H�SLEǴǱ9��4-:t��d9�ĐɎ�Ǥ(4�I6źƁ&

J4�I[3]�{�u�TțȮ;�9 Th1�Th26 Th179Óʯ&J�-J.JR

�h�xT��Y��ʷIFNγ �yR�h��RZ� 4ʷIL-4 �yR�h��RZ

� 17AʷIL-17AʸMǥǤ)I�@/�ȹŃŶ°MǥǤ)I BțȮD SLE:ǰŮ

9;Ǉ!��L24�I6Ȫ�GJI�/0�¤�9ɹ>IF�9�SLE:ǰ

Ů9ʒɕ8ÈǮŸŖțȮÓǪ�±5�I�93�4;�ƨ�8Ėý�Ò&J4

;�I�ƐȀ8ȟɩ9;�@0Ⱥ24�8�� 

 

1.2  Th1/26 SLE 

SLE5;�ɋǑ�:IL-4, IL-6EIL-1087Th2Ǩƛ:aRnXR��ęÜ'

4�H�@/IL-2EIFNγ87Th1Ǩƛ:aRnXR��ǋĸ'4�I$6�G�

Th1/2t��d5;Th29¿¬'4�I6��Ėý��I[4, 5]��Ƌ5���z
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dȱǖEęƲťȘǡ°ȱǖMª�SLEŨȫ5;IFNγ/IL-4Ƴǟ�ʴ�$6FH

Th1=:Ƀ'�¿¬�SLE6ʗ¸'4�I6��ĖýD�I[6, 7, 8]�Th1/Th2t

��d�ŀJI$65SLE�ɤǴ&JI�6��`�e�ad;�Ȼ'4�I

��71G9¿I�6��Ǘ5;�@0ɬɩ�Ğ�[9]� 

 

1.3 Th176SLE 

Th17;IL-17AMÓƾ)I$6�Gÿø&J/��IL-21�ʮȕǡ�\�xO

�c`�q�×ǓąĤʷGM-CSFʸEIL-22MúBƨ�8aRnXR�MÓƾ'

[10]��isR�ʏñĮ°ʗʀW�xO�ñĮ°γt̫ RORγt�vn5;RORcʸM

ǜǭǶ9ǴǠ)I[11]�Th17;ɽņ�Ŧņť:º/J/ǣĘ̫ ǜ9ķȳ:ĔŎȵʸ

9F!ɖGJI��ŭơEǖǱ�ɲ 4�Iǝƽ�5;¡:ȝȥÍ5DɤĶ&

JI[12, 13, 14]�Th17�ǥǤ)IIL-17A;��ǷțȮEȤȡɀțȮ87:^�X

R�EaRnXR�ǥǤM¹ʂ'�Ġ�ǡ��\�xO�cE��uǡ:Óá

EŰǙM¹)$6�ǼGJ4�H�SLE:ǰŮ9ğ !ʗL24�I6��Ė

ýD�I[15]� 

 

1.4 ÖŝťTțȮʷTregʸ93�4  

� � ÖŝťTțȮ6;�ȹŃŶè9ĳ)IÈǮîţMŵÖ)IțȮȨ:ȣȉ5�
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ȹŃÈǮǯŨ5ʒɕ8ŚÚMŸ��ƓD�ɕ8Tregayejn;ďòG9F2

4Ėý&J/CD4+CD25+TțȮ5�H[16]�ɴÏąĤ5�IFoxp39FHɗĩ&

J4�I$6DǼGJ4�I�Treg6'4;¡9DĞ!:ÓǪ�Ėý&J4�

H�IL-10MʴǥǤ)ITr1[17, 18]�TGF-β1MʴǥǤ)ITr3[19]���uǡǃťá

ʉ©Ĥ3ʷLAG3ʸMǴǠ'�IL-10MʴǥǤ)ILAG3+Treg87��I[20, 21]� 

 

1.5 CD25+Treg6 SLE 

ƘƤ9��4ȹŃîţťTțȮMÖŝ'�ÈǮİĮMȡŹ)I/C9�

CD4+CD25+ÖŝťTțȮʷCD25+Tregʸ;ʒɕ8ŚÚMŸ24�I�CD25+Treg

;�ɴÏąĤFoxp3MǜǭǶ9ǴǠ'4�H�CD25+Treg:Óá�ƪȯǴǠ�Ó

áǝŮ:ȡŹ9��4šʬ:ŚÚMŸ�[16, 22, 23]�@/�CD127ʷIL-7Rʸ:Ǵ

Ǡ;�Foxp3:ǴǠ6ɼ:ǹʗʗ¸9�I$6�Ȃ&J/[24, 25]�-:/C�ț

Ȯɏʧ��X�6'4;CD127�CD36CD4:ȝAöL+9FHFoxp3+TțȮ�

Óʤóȯ6Ȫ�GJ4�I�vn9��4;�CD25+Treg;ƘƤɋCD4+TțȮ

:5-10%MåC4�H[26, 27]�CD127 low/�5÷ĩ5 ��Sd6÷(!Foxp3M

ǜǭǶ9ǴǠ'4�I[24]� 

CD25+Treg6SLE:ʗʀ9ʗ)IĖýDƆĞ��SLEŨȫ:ƘƤɋ9�"I

CD4+Foxp3+TțȮ:Úö93�4�Àņ�9Ƴ>4ęÜ'4�I6)IƈǞ[28, 

29]6��ĜD'!;ǋĸ'4�I6)IƈǞ[30, 31, 32]6Ó�J4�I��$J
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;CD25+Treg:ĩȩ�ɃȫG9FHʄ�/C6ŤLJI�@/�SLE:ǰßźƩ

6'4Ŋ!Ǧ�GJ4�ISLE disease activity indexʷSLEDAIʸ6CD25+Treg:

ǹʗʗ¸��I6��Ėý[28, 29]E�Ŷds-DNAŶ°ʷIgGʸ6:ǹʗʗ¸MȂ)

D:[30, 32]�&G9;ǰß6:ʗʀ�8�6)ID:@5Ŭɖ;ƨ�5�I[33]� 

 

1.6 CD25+Treg 6 Th17:óėť93�4  

CD25+Treg 6 Th17 ;��9ǹî)IÃ MŹ24�I��$JG:ʖ9

óėť��I$6DƐG�9824�I[34]��Sd:īʳ9��4�IL-6�IL-1β

87:aRnXR�×Ǔ9FH Foxp3+CD25+Treg �G Th17 �ɤĶ&JI$6

�Ėý&J4�I [35]�÷ƨ:Ǡɭ;vn5DĖý&J4�H�vn

Foxp3+CD25+Treg �G Th17ƨțȮ=: in vitro5:ɴá; IL-1�:ĥČ6Uw

cTrlQj\8»ʰ9¶ĥ'4�I6&JI[36, 37, 38]�ɸŉ�vn:æŁȲ

ǲ9ǅǒ'4�I CD25+Treg ��Ǥ°Í5 Th17 ƨțȮ9ɴá'4�I$6�

Ėý&J/[39]�ȼþǇ�$69 IL-17MÓƾ)I CD25+Treg; in vitro5;�

!G�:ŵÖƪȯMºŹ'4�I��IL-1β 6 IL-6 9FIŕ�ǃťá9FH-

:ŵÖȯ;ǋŔ)I[38]� 

 

1.7 ��uǡǃťáʉ©Ĥ 3ʷLAG3ʸ  

��uǡǃťʉ©Ĥ 3 (Lymphocyte activation gene 3; LAG3);CD46ʯ«'
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/ƧɿMD3ÓĤ5�H�MHC class II6ŕ�ȟöȯÛMD3[40]�LAG3Ƭƀ

�Sd5;ȶĿǖMœ ɲ$)$69FH 1đȗĺǰMǴǱ'E)�$6DĖ

ý&J4�I[41]�@/�LAG3 6 PD-1 M÷Ƒ9Ƭƀ)I6ȻưǶ8ŠȐǖ�

ɤǴ&JI[42]�$:F�9�LAG3�ȹŃÈǮǯŨMÖŝ)I��5ʒɕ5�

I$6�žǍ&J4�I�LAG3Ƭƀ�Sd: CD4+CD25+Treg;ŵÖȯǃť�

ǋĸ)I�Ƌ5�UxT\h�țȮ:ĥČ9FHǃťá&J/ CD4+CD25+Treg

;�÷ǃťá×Ǔ:8�D:FHD LAG3Mʴ!ǴǠ)I$6DǼGJ4�I

[40]� 

 

1.8 LAG3+Treg6 SLE 

CD4+CD25-LAG3+5ĩȩ&JI LAG3+Treg; IL-10¶ĥť9ÈǮǃťáMŵ

Ö)IÃ MD24�H��Sd:īʳ9��4�IL-10 �Ƭġ'/�Sd5

;ȳǖ�ŵÖ&J8�$6�Ó�24�I[21]�@/���zd�m��Sd9

LAG3+Treg MȊÊ)I6�CD25+Treg FHDɉǵĺ:ęũMŵÖ'�ds-DNA

Ŷ ° : � Ə E ȱ Ș ǡ ° : ǰ Ǣ d ` P : � Ə M ŵ � I [43] �

CD4+CD25-CD45RA-LAG3+TțȮ(LAG3+Treg);Àņ�5Dəı&J4�H��

Sd: LAG3+Treg6÷ƨ9ÔƗęƲţȑh�u\ɱ 2̫ EGR2 MyǴǠ'�IL-10

6 IFNγ MÒ'�&G9 TCR ×Ǔ9FHƐG�9Ğ!: IL-10 MǥǤ)I[43]�

/0��Ą SLE5ɣCGJ/ CD25+LAG3+ TțȮ;�Àņ�5;?6N7ɣC
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8�țȮÓǪ6&J4�I[43]� 

 

1.9 -:¡:țȮʷCD4+ pR�y T țȮ�B țȮ�ãǡ�NK țȮʸ6

SLE 

� CD4+CD45RA+pR�y T țȮ; SLE Ũȫ5;ǋĸ'4�H�ǜ9��z

dȱǖE CNS��zdMª�F�8ǰß:ʴ� SLE5;ǜ9pR�y TțȮ

�ǋĸ'4�I$6�ǼGJ4�I[44]� 

SLE5;��\��p�8 BțȮ:ǭņ��$H�<@Nť9 BțȮǃÞ

ʃĞ8ǝŮ68H�Ŷ°ǥǤ�ʃÙ98I�SLEŨȫ:ƘƤɋ5;��uǡ�

: BțȮ�ǋĸ'�BțȮayejn:Úö�Ĝá)I�SLE5;pR�y B

țȮ;ǋĸ)I�Ƌ5�����B țȮ�ŗɱɀțȮEŗɱțȮ;ęÜ)I$

6�Ėý&J4�I[45, 46, 47]�@/�ȸŌǶ9ɂ1ǻ�4�I SLEŨȫ5;ȹ

Ńîţť:ŰǙ'/pR�y BțȮ�ę�I��ǰß:ʴ�Ũȫ5;-:Ɔ�

ǋĸ)I6��ĖýD�I[48]� 

SLE 9�"Iãǡ9ʗ'4Dƨ�8Ėý��I�ãǡ;�ȽǶ9

CD14+CD16-ʷ classical monocyte �yCD14+CD16+ʷ intermediate monocyte �y

CD14lowCD16+ʷnon-classical monocyteʸ:ʻ3:ayejn9Ó"GJI�

Intermediate monocyte;ʗȓ�S�iŨȫ:ƘƤɋ5;ę�4�H��3ɋƻE

CRP6ǹʗʗ¸9�I$6�Ėý&J4�I[49]�SLEŨȫ6Àņ�:ƘƤɋ�
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:ãǡƆMƳɵ'/6$Kãǡõayejnʖ5;ğ 8¿HMɣC*�ǰß

6:ǹʗʗ¸DȀɣ&J8�2/��ãǡ:ȣƆ; SLE5ǋĸ'4�/[50, 51]�

�Ƌ5 intermediate monocyte:Úö;Ũȫ6Àņ�5ł�8�2/6��Ėý

D�I[52]� 

� NKțȮ;Àņ�6Ƴ>4SLEŨȫ5ǋĸ'4�I[53]�ǰß6:ʗLH9

ʗ)IĖý;8�� 

 

� �ɞ:F�9�$J@5SLEŨȫ:ƘƤɋ�:TțȮ�BțȮ�ãǡ�NK

țȮ-J.J:ayejn:ÚöE-JG6ǰß6:ʗʀ�&G9;ǰŮ=:

ʗLHƋ87Ğ!:īʳ�8&J4 /���@0ƣŠǶ8ȟƠ�ŜGJ4�

8���Ą�Ȇ;Àņ��SLEŨȫ�RAŨȫ:ƘƤɋ�:ayejn:ÚöM

Ƴɵ'�SLEŨȫ9ǜƕ8ayejnÚö:ĜáMəı�&G9-:ayej

n�SLE:ǰŮ97:F�9ʗL24�I:�MƦɝ'/� 
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2. Ƌƿ  

 

2.1 ȸŌm�h:ïʣ  

� 2013ŉ 6Ɣ�G 2014ŉ 12Ɣ@59Ɯ�ğĦâĦʋʚĽǰʜP��[��

�S�iÍȇ9ɽʜ�5�2/ SLE Ũȫ 27 øMĳɭ9ȸŌŪĖ:ïʣ6ƘƤ

ɋɚƟMɌ2/�ĳɭ; ACR 1982ŉ SLEÓʯĔǏ@/; SLICC 2012ŉ SLE

ÓʯĔǏMǎ/) 20 Ư¤�: SLE Ũȫ6'�ŭơǱD'!;ũťȲǲ:ö³

MɣCIǱµ;ʝĝ'/�ȸŌŪĖ6'4ŉʶ�ťÕ�ǰßźƩ6'4ŇŊ!

Ǧ�GJ4�I SLEDAI scoreʷTable 1ʸMïʣ'/[54]�ƦƢűɖ6'4ɚƟ

ƍŖƍ:ǵɋǡƆ���uǡƆ�ɋķƞƆ�CRP�ʹʁʖ¤Í:ɓ°�ʹ�Ɣ

¤Í:Ŷ ds-DNA Ŷ°Û·�ŶƣŶ°Û·MǦ�/�Ŷ ds-DNA Ŷ°;ɊÇʎ

ȚÈǮǍĩƿ�ŶƣŶ°;ʖŽɊÇŶ°ƿ9F24Ǎĩ'/�ÀņĳǘȨ6'

4 30ø:Àņ�ʷhealthy donor�¤� HDʸ:ÈǮțȮayejnÓʯMɌ2

/�@/ǯŨĳɭȨ6'4 30ø:RAŨȫ:ÈǮțȮayejnÓʯMɌ2/�

RAŨȫ; 1987ŉACRʗȓ�S�iɟƉĔǏD'!; 2010ŉACR/EULARʗ

ȓ�S�iÓʯĔǏMǎ/) 20Ư¤�:D:6'/�ƙǽȎ;)>4:op�

�GƈƒMǦ�4R�xV��o`�e�nMðŜ'4�H�¾ǢĲƢģĀ¨

5ųɣMñ"/D:5�Iʷ¾ǢĲƢųɣǬô 10154 �y 
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2.2 ƘƤɋ�G:ÈǮŸŖțȮÓʤ6x��aRn��h�ɚƟ̫ FACS  y

� ĳɭŨȫ�F<Àņ�:{u��á'/ƊʵƘƤɋ�G Ficoll-Paque Plus 

(GE healthcare) 9FIįŏàʌʅŠÓʤ9FHțȮÓʤMɌ2/�Ammonium 

chloride potassium (ACK) 9FHǐɋMɌ��Fc-gamma�ezh�ʷFcRʸM 

'/Ŷ°:ʦǜǭǶȟöMʙĭ)I/C9 FcR y�jZ�]ɡɇMÜ�/ś�

�ĩ:țȮǕŏ̫ 1�106 cell /100 µl ëy<�ĩ:Ŷ°ʓ(Table 2)5ơȾMɌ2/�

¤�9ɢț8ƋƿMɹ>I� 


� LeucoSepTM Centrifuge Tube 2ƙ9-J.J Ficoll-Paque Plus M 17 ml*

3ÊJ�1500 rpm5 1ÓʖʅŠ'/� 

�� {u��á'/ƊʵƘƤɋ 20 ml6 Phosphate Buffered Saline ʷPBS 2y0 

mlM 50 ml Falcon�Ri��yʷƹǧǢáʸ9ÊJw}jlQ�]'/� 

�� 
5ʅŠ'/ʺƙ: LeucoSepTM Centrifuge Tube9�M 20 ml*3ÊJ�

20��1000 rpm5 30ÓʖʅŠʷÜɾ/ǋɾ6D9 softʸ'/� 

� �5ʅŠś: 2ƙ: LeucoSepTM Centrifuge Tube:�ǉMudk��w

}jn5ûœ�Œƥ'�7 mlȋŏ: buffy coatM 2ƙ: 50 ml Falcon�Ri

��y9-J.JÊJ�õ�9 PBS 30mlMɺÜś�4��1300 rpm5 8

ÓʖʅŠ'/� 

�� : 2ƙ: 50 ml Falcon�Ri��y:�ǉMudk��w}jn5ûœ�

Œƥ'�2ƙ:�1: 1ƙ9 ACK 1.5 mlMɺÜ'4ƆȈʖw}jlQ
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�])I�w}jlQ�]ś�ËʓMD��Ƌ: 50 ml Falcon�Ri��

y9�3'�30 Ȉ?7ß�F!w}jlQ�]'4ǐɋÑǢ'�Îŏ

ËʓMûœ'4 15ml Corning�R  ʅƻȒ̫ ƹǧǢá 1yƙ9ÊJ�PBS 10 

mlM&G9ɺÜ�țȮƆMƆ�/�5 4��1300 rpm5 8ÓʖʅŠ'

/� 

�� �5ʅŠ'/ 15ml Corning�R  ʅƻȒ:�ǉMudk��w}jn5û

œ�Œƥ'�țȮǕŏ� 1�105 cells /µl98IF�9 PBSMʇĪɺÜ

'/� 

�� �:țȮM¤�:F�9 1.5 ml Uj}�o�xi��y9Ó"�õU

j}��Ëʓ 100 µl68IF�9ʇĪ PBSMɺÜ'/� 

��1�106 cellsʷ10 µlʸ	 UxT\h�TțȮɚƟǦ 

��1�106 cellsʷ10 µlʸ	 BțȮɚƟǦ 

��1�106 cellsʷ10 µlʸ	 ãǡ/NKțȮɚƟǦ 

��1�106 cellsʷ10 µlʸ	 Öŝť TțȮɚƟǦ 

��4�106 cellsʷ40 µlʸ	 9ƙ: compensationɚƟǦ 

�� FcRy�jZ�]ɡɇMUxT\h�TțȮ/ BțȮ/ãǡ�NKțȮ/Ö

ŝť TțȮɚƟǦUj}�9-J.J 10 µl*3�9ƙ: compensation

ɚƟǦ9 5 µl*3ÊJ�ƶ�5 30ÓȞʃ'/ś�Table 2:F�9Ŷ°

MÊJ�ƶ�9 20ÓʖȦ�4ơȾMɌ2/� 
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�� 20ÓȞʃś�PBS 1000 µlÜ�4 1300 rpm�4�5 5ÓʖʅŠ'4 wash

'�1mM EDTAÊH PBS 500 µl9Îůǔ'4 5 ml Round-bottom tube 

with cell strainer capʷFalconʸ9�jb�Mɽ'4ÊJ�ɚƟ'/� 

Ŷ ° ; Human Fc Receptor Binding Inhibitor Purified (eBioscience) �

CD3-PerCPCy5.5 (clone: UCHT1�BioLegend)�CD3-PE/Cy7 (clone:UCHT1�

BioLegend)�CD27-FITC (clone:O323�BioLegend)�CD24-PE (clone:ML5�BD)�

CD38-PE/Cy7 (clone:HIT2 � BioLegend) � CD19-APC/Cy7 (clone:HIB19 �

BioLegend)�IgD-BV421 (clone:IA6-2�BD)�CXCR5-AF488 (clone:RF8B2�BD)�

CCR6-PE (clone:11A9� BD)� CD25-PECy7 (clone:BC96� eBioscience)�

CD45RA-APC/Cy7 (clone:HI100�BioLegend)�CXCR3-BV421 (clone:1C6/CXCR3�

BD)�CD4-V500 (clone:RPA-T4�BD)�CD14-FITC (clone:M5E2�BioLegend)�

HLADR-PE (clone:L243�eBioscience)�CD16-PerCPCy5.5 (clone:3G8�BioLegend)�

CD56-APC/Cy7 (clone:HCD56�BioLegend)�CD19-V500 (clone:HIB19�BD)�

LAG3-PE (clone: 874501�R&D)�CCR7- PerCPCy5.5 (clone:G043H7�BioLegend)�

CD127-PE/Cy7 (clone:eBioRDR5�eBioscience)�CD25-BV421 (clone:BC96�

BioLegend)�CD4-FITCʷclone:RPA-T4�BioLegend �yCD4-PEʷclone:OKT4�

BioLegend �y CD4-PerCPCy5.5ʷ clone:OKT4� BioLegend �y CD4-PE/Cy7

ʷ clone:RPA-T4�BioLegend �yCD4-APCʷ clone:RPA-T4�BioLegend �y

CD4-APC/Cy7̫ clone:RPA-T4�BioLegend �yCD4-BV421̫ clone:OKT4�BioLegendʸ



 14 

M´Ǧ'/�ɚƟ; 8 X��MǦ�/x��aRn��h�MoFlo XDP 

(Beckman Coulter)9FHɌ2/� 

 

2.3� FACS9FIțȮayejnÓʯ  

� FACS MǦ�/ƘƤɋ�:ÈǮŸŖțȮ:țȮayejnÓʯ;�ȔĊ

NIH9�"I Human immunology Project[55]9Ǐ(4Ɍ��CD4ʟť TțȮ�B

țȮ�ãǡ�NKțȮ:ƳǟMǍĩ'/�ÓǪ:ĩȩM Table 39@6CI� 

Gating strategyM Figure 19Ȃ)�SLE6ʗʀ�Ǉ�6ūĩ'/ LAG3ʗʀ T

țȮayejnMÓʯ'�&G9 LAG3ʞťʣĆM CD4ʟť TțȮ�BțȮ�

ãǡ�NKțȮMÓʯ)I$65ËêÜɐʳȫ:ÓǪMɚƟ'/�FACSm�h

:ɚƟ; FlowjoʷTomy Digital Biologyʸ9FHɌ2/� 

 

2.4� RNAŷÒ�cDNAöŰ�F< qPCR 

� Àņ�6 SLEŨȫ�Gg�n'/ãƣǡ�G RNeasy Micro KitʷQiagenʸ

MǦ�4Ë RNAMŷÒ'�&G9 random primers̫ Invitrogen 6y SuperScript �

9F24 cDNA9ɼɴÏ'/�öŰ&J/ cDNAMǦ�4õțȮÍ:ʉ©ĤǴ

Ǡ�|�MȀɣ)I/C9ĩʓǶ PCRM iCyclerʷBio-Radʸ94Ɍ2/�îţ

ǆ:ȝŰ;�10 ml SYBR Green Master MixʷQiagen �y15p mol forward/reverse 

primers�F< cDNAa�z�5�ȣʓ� 20 ml98IF�9ɧƇ'/�ǹĳǶ
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mRNA ʓ;vn:]�e�P�mvo-3-��ʏmvo�_p�fʷGAPDHʸ

MÅ9ƺĩ'/ʷTable 4 �y 

 

2.5� ēĎ6×Ǔƚ¦  

� Àņ��Gżð'/ãƣǡM 5 mg/ml CD3�10 mg/ml CD28�100 IU/ml IL-2

:ƚ¦�5 72Ƒʖ×Ǔēʱ'�7-AADơȾM'/��5 7-AADʞťțȮMż

ð)I$65ưțȮʝéMɌ2/�ēĎ9; 10% FCS�100 mg/ml L-]�h�

�ʏ�100 U/ml }qb���100 mg/ml dn�zn�Rb��F< 50 mM 2�

�XznUhs��MÜ�/ RPMI 1640MǦ�/� 

 

2.6� țȮÍơȾɚƟ  

� Àņ�:ƘƤɋ�Gżð'/ãƣǡM 5 mg/ml CD3�10 mg/ml CD28�100 

IU/ml IL-2 :ƚ¦�5 72 Ƒʖēʱ'/�ɚƟ: 12 ƑʖØ9 25 ng/ml phorbol 

12-myristate 13-acetate̫ PMA �y1 mg/ml ionomycin9FI×ǓMɌ��&G9�

r�b�MúBɉǵɶɻʙĭɇ5�I GolgiStop 5țȮÍ:ɉǵɶɻʃȋMʙ

ĭ'/�țȮɏʧM 7-AAD 5ơȾ'/ś�Cytofix/CytopermʷBDʸ5ĉĩ'

IFN-γ-FITC�IL-4-APC�IL-17A-APC�IL-10-eFluor6605ơȾ�z�n`��9

Ǐ(4 10�Perm/WashʷBDʸMɄǫƵ5 10 ¼ńʐ'/ Perm/Wash 5 wash M

'4x��aRn��h�5ɚƟMɌ2/� 
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� Foxp3:țȮÍơȾ;�Óð'/ƘƤɋ�ãƣǡ:țȮɏʧM 7-AAD5ơ

Ⱦ�z�n`��9Ǐ(4ǏÁM'/ Fix/PermʷFixation/permeabilization 

concentrate6 Fixation/permeabilization diluentsM 1:3:Úö5ǈö'/ʸǐǆ5

ĉĩ�Foxp3-FITC9FIơȾMɌ��10�Permeabilization Buffer ̫ eBioscienceʸ

MɄǫƵ5 10¼ńʐ'4ǏÁ'/ 1�Permeabilization Buffer5 washM'/ś

x��aRn��h�5ɚƟMɌ2/� 

 

2.7 ȁƴțȮÓʤ  (MACS) 

pR�y CD4+TțȮPRg��b�� Kit�ʷMiltenyi BiotecʸMǦ�4Àņ

�: CD4+pR�y TțȮMżð'/�@*�pH 7.2, 0.5% ǛȭÉɋǉʷFCSʸ

6 2mM Ui��cP��Ui��cP��ăʍʏʍʏʷEDTAʸ�F< PBS

MǦ�4 2% FPBSMǏÁ'/�Àņ�ƘƤɋ�G:ãƣțȮÓʤ; 2.2:
�

�6÷ƨ9Ɍ2/�-:ś;¤�:Ųʫ9FI� 

(1). țȮƆMȀɣ'4 4��1300 rpm5 10ÓʖʅŠ'/ś��ǉMħË9ʝ

é'�1�107cells /40 µl98IF�9 2% FPBS5ɧƇ'/� 

(2). 1�107cells�/HpR�y CD4+TțȮ Biotin-Antibody Cocktail�M 10 µl

Ü��F!ǈö'4�GÐɆőÍʷ2-8�ʸ5 5Óʖîţ&+/� 

(3). 1�107cells�/H 30 µl: 2% FPBSMÜ��&G9 1�107cells�/Hp

R�y CD4+TțȮMicroBead Cocktail�M 20 µlÜ�Ü�4F!ǈö'�
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ÐɆőÍʷ2-8�ʸ5 10Óʖîţ&+/� 

(4). 10ÓȞʃ'/G�ȣʓ� 500 µl98IF�9 2% FPBS5ɧƇ'/� 

(5). LSX��ʷMiltenyi BiotecʸMMACS separator9ɑǻ'4 2% FPBS 3ml

5ǂǄ�ŒǆMŒǆÊJ9ñ"/� 

(6). ƭ9�5ǏÁ'/a�z�M LS X��9ɽ'�15ml Corning�R  ʅƻȒ

9ñ"�&G9 2% FPBS 3ml5ɺÜǂǄ'4X��Mɽʃ'4 /ǆ°

a�z�MË4Ąï'/� 

(7). Ɠś9țȮƆMƆ�4Ȝ�'/� 

 

2.8 Ìēʱ9FIƪȯɚƟ  

Àņ�:ƘƤɋ�Gx��aRn��h�9FHŶèſȂțȮʷAPC; Ŷè

ſȂȯ:AMƱ'/țȮ�$$5; CD3 ʞť6ĩȩ'/ �yCD25+Treg�

CD25+LAG3+T țȮMżð'/�@/ CD4+pR�y T țȮMȁƴțȮÓʤ

ʷMACSʸ9FHżð'/�pR�y TțȮ;�ʋ9X�~Zbx�WeR�

�ʍʏa\bq�c�Udl�̫ CFSE 5yơȾMɌ2/�10 mg/ml CD3, 5 mg/ml 

CD285z�`�n&J/ 96wellz��n:õ well9 APC 10� cells�pR�

y TțȮ 5� cells6 CD25+TregD'!; CD25ʟť LAG3ʟť TțȮM 5�

cells*3@ �37� 5%CO25 72Ƒʖēʱ'/ś9x��aRn��h�5ɚ
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ƟM�$82/�APC; 3000rad:�ȤǘĵMɌ2/� 

 

2.9 Ƞɜ  

� ʓǶĜƆ:ĳţ:8� 2Ȩ:Ʀĩ;Mann-Whitney U test�3Ȩ¤�:Ʀĩ

; Kruskal-Wallis test MɌ2/�ƼǳØś5:ĳţ:�I 2 Ȩ:Ʀĩ; paired 

t-testMɌ2/�ȠɜĦǶƕŬłM p<0.056'/� 
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3. ȟƠ  

 

3.1� ȸŌŪĖ  

� Àņ�ʷHealthy controlʼHCʸ 30ø�RAŨȫ 30ø�SLEŨȫ 27øMĳ

ɭ6'/�RA Ũȫ:ŉʶňĐ;¡:ʺȨ9Ƴ>ƕŬ9ʴ�2/��Àņ�6

SLEŨȫ:ŉʶňĐ9;ƕŬł;8�2/�SLEŨȫ: SLEDAId`PňĐ½

; 10.1 5�H�18.5%:Ũȫ���zdȱǖ�33.3%:Ũȫ�ȄȞȖȄ SLE

ʷNPSLEʸMö³'4�/�@/�SLEŨȫ:��uǡƆ;Àņ�9Ƴ>4ƕ

Ŭ9ǋĸ'4�/�ɋķƞƆ; 3Ȩʖ5łMɣC8�2/�SLEŨȫ9�"I

ɓ°·:ňĐ½; C3 67.1(mg/dl)�C4 11.4(mg/dl)5�HƮņ½9Ƴ>4�M

ɣC/�Ŷ ds-DNA Ŷ°6ŶƣŶ°Û·:ňĐ½;-J.J 89U/mL�1031 ¼

5�2/�ȸŌŪĖ:@6CM Table 59Ȃ)� 

� � SLEŨȫ:ƼǳÍĮ93�4;�¾ǢǶəǗFHƼǳMÄÆ&J�ɚƟƑ

Ǘ5ƌ9Ƽǳ Ê�ʕĢ&J4�IǱµDɔƆú@J4�I� 

 

3.2� ƘƤɋÈǮțȮayejnÓʯ:ȟƠ  

� Àņ��30ø�RAŨȫ 30ø�SLEŨȫ 27ø:ƘƤɋ� TțȮ�BțȮ�

ãǡʷMono �yNKțȮ:�-J.J CD4ʟť TțȮʷCD4+T �yBțȮʷB �y

ãǡʷMonocyte �y��uǡʷLymphʸ�:Ƴǟʷ%ʸMƸC/ʷFigure 2-1 �y 
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CD4+T țȮ93�4;�CD25+LAG3+țȮ;�SLE Ũȫ9��4ƕŬ9ę

Ü'4�/�CD256 LAG35ļʕ'/Àņ��RAŨȫ�SLEŨȫ5:£ɏǶ

8ɚƟĈM Figure 2-29Ȃ)�CD25+Treg6 Th17țȮD SLEŨȫ9�"IƕŬ

9ęÜ'4�H�CD4+pR�y TțȮ; SLEŨȫ5ƕŬ9ǋĸ'4�/�Th2

țȮ;Àņ�9Ƴ>4 RA�SLE:íƋ5ęÜ'4�/� 

� BțȮ93�4;�pR�y BțȮ6 Transitional BțȮ; SLEŨȫ5ƕ

Ŭ8ǋĸMɣC�\�ddRjiś����BțȮ6ŗɱɀțȮ; SLEŨȫ5

ƕŬ8ęÜMɣC/� 

ãǡ93�4;�CD14lowCD16+ãǡ(Non-classical monocyte); SLEŨȫ9

��4ƕŬ9ǋĸ'4�/�NKțȮ5;ƕŬ8ĜáMɣC8�2/� 

 

3.3� SLEDAI �F<-:¡:ȸŌĦǶźƩ6õayejnʖ:ʫ¬ǹʗ

¸Ɔ  

� SLE :ȸŌĦǶźƩ6ǹʗ:�IțȮayejnM÷ĩ)I/C9�SLE

Ũȫ:õ��uǡayejn:Úö6 SLEDAI �F<-:¡:ȸŌĦǶźƩ

ʷǵɋǡƆ���uǡƆ�ɓ°�Ŷ ds-DNA Ŷ°�F<ŶƣŶ°Û·ʸ6:ʫ

¬ǹʗ¸ƆMɚƟ'/̫ Figure 3-1 �ySLEDAI6:ʖ5ƓDʴ�ǹʗʗ¸MȂ'

/:; CD14+CD16-ãǡ(Classical monocyte)�\�ddRjiś����BțȮ�

ƭ�5 CD25+LAG3+TțȮ5�2/� 
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-:¡:ȸŌĦǶźƩ6:ʗ¸ť93�4;�ǵɋǡƆ6 CD14+CD16+ãǡ�

��uǡƆ6\�ddRjiś����BțȮ�ɓ°(CH50)6 Th1țȮ�F<

Tfh �ŕ�ɼǹʗ:ʗ¸MȂ'/�Ŷ ds-DNA Ŷ°6:ǹʗʗ¸MȂ'/ay

ejn;ɣC8�2/��ŶƣŶ°Û·6ŗɱɀțȮ9;ƳɵǶʴ�ǹʗʗ¸

MɣC/� 

SLEDAI6ǹʗ�ŕ�2/ 3ÓǪ6 SLEDAI6:ʫ¬ǹʗ¸Ɔ6 p½MȂ

'/ĈM Figure 3-29Ȃ)�  

 

3.4� SLEʴǯŨǃÞťȨ�ǯŨǃÞťȨ5:țȮayejn:Ƴɵ  

� SLEŨȫÍ5D�ǯŨǃÞť9F24țȮayejnƳǟ�ǭ8I�7�

�MƦɝ'/�27ø: SLEŨȫM�SLEDAI� 5¤�MʦǃÞť SLE�6¤�

MǃÞť SLE6'4ʺȨ9Ó"�õțȮayejnƳǟMƳɵ'/̫ Figure 4 �y

ʴǃÞť SLE 9��4ƕŬ9ęÜ'4�/:;�CD25+LAG3+TțȮ�Th2ț

Ȯ�CD14+CD16-ãǡ(Classical monocyte)5�2/� 

 

3.5� SLEƼǳØś5:țȮayejn:Ƴɵ  

SLE9ĳ)IƼǳ�7:F�9ÈǮŸŖțȮayejn:Ƴǟ9řʩM�

�I�MƦɝ)I/C�ƼǳØś5:õțȮayejnƳǟ:ĜáMȀɣ'/� 

SLEŨȫ:�5ǜ9ǯŨǃÞť�ʴ�2/ 3øMʈ<�ƼǳØś5:õÈ
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ǮŸŖțȮayejn:Úö:ĜáMɚƟ'/6$K�?6N7:ayejn

9��4�ɮ'/ÂùMȂ&8�2/�5�CD25+LAG3+T țȮ5;�ɮ'4

Ƽǳś9ǋĸ)IÂùMɣC/ʷFigure 5-1 �yFigure 5-15ƼǳØśƳɵ9FI

ęǋĜáǟ:ňĐ½M62/D:M Figure 5-29Ȃ)�$: 3ø� 1ø;Ƽǳ

 Êś 10 �ƔƑǗ5 SLEDAI �Îŏ�Ə'/��-J6÷Ƒ9Ƽǳś9ǋĸ

'4�/ CD25+LAG3+T țȮ�Ƽǳ Êś:ÎęũƑ9Î<ęÜ'4�/

ʷFigure 5-3 �y 

$$@5:ȟƠM@6CI6�SLE 9��4Àņ��RA Ũȫ6:Ƴɵ5

ƕŬł��H�@/ SLEʴǯŨǃÞť5DƕŬ9ęÜ'4�IțȮayejn

; CD25+LAG3+TțȮ6 Th25�2/�-:�1�CD25+LAG3+TțȮ; SLEDAI

6:ǹʗ;Ŕ�8�G�H�SLE:Üǳ5ƕŬ9ǋĸ'4�/�Ȇ; SLE:ǰ

Ů6ʗʀ)Ióȯť:�IțȮȨ6'4 CD25+LAG3+T țȮ9ǀǸ'�ɚƟM

ʂCI$66'/� 

 

3.6� CD25+LAG3+TțȮ; RORc6 Foxp3: mRNAǴǠ�ʴ�  

£ɏ 1ø:Àņ�:ƘƤɋ�G CD4+pR�y TțȮ�CD25-LAG3+TțȮ

ʷLAG3+TțȮ �yCD25+LAG3+TțȮ�CD25+TregMÓð'�Ŷ CD3Ŷ°�Ŷ

CD28Ŷ°5 72Ƒʖ×Ǔ'ĩʓǶPCRMɌ2/�LAG3+TțȮ5;LAG3�EGR2

:ǴǠ�ʴ!�CD25+Treg 5; Foxp3 :ǴǠ�ʴ½5�2/�CD25+LAG3+T
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țȮ5;ĸ8�8�G Foxp3:ǴǠMɣC/��Ŭĝ8$69 RORc:ǴǠ�

ƕŬ9ʴ½5�2/(Figure 6)� 

 

3.7 CD25+LAG3+TțȮ; IL-17A6 Foxp3:ɉǵ�|�5ǴǠ�ʴ�  

ɉǵ�|�5:õțȮȨ:aRnXR�ǥǤ�Foxp3 ǥǤMɚƟ)I/C

9�Àņ�:ƘƤɋ�G CD4+pR�y T țȮ�CD4+����T țȮ�

CD25-LAG3+TțȮ̫ LAG3+TțȮ �yCD25+LAG3+TțȮ�CD25+TregMÓð'�

Ŷ CD3Ŷ°�Ŷ CD28Ŷ°5 72Ƒʖ×Ǔ'țȮÍơȾMɌ2/�UxT\h

�T țȮ6ʗʀ:�IaRnXR�ʷIFN-γ�IL-4�IL-17A �yLAG3 ʟť T ț

Ȯ6ʗʀ:�IaRnXR�̫ IL-10 6y Foxp3:ɉǵ�|�5:ǴǠʓMȀɣ

'/� 

£ɏǶ8ȟƠM Figure 7-19Ȃ)�LAG3+TțȮ; IFN-γ6 IL-10:ǴǠ�

ʴ!�$J;ƌĖ6�Ȼ)I[21]� CD25+LAG3+TțȮ; IL-17A6 Foxp3:Ǵ

Ǡ�ʴ�2/� 

Àņ� 3ø:ȟƠM@6C/D:M Figure 7-29Ȃ)�LAG3+TțȮ6��

��T țȮ5; IFN-γ :ǴǠ�¡:ayejn6Ƴɵ'4ƕŬ9ʴ�2/�@

/�CD25+LAG3+TțȮ5; IL-17A:ǴǠ�|��ƳɵǶʴ!�LAG3+TțȮ

5; IL-10 :ǴǠ�ƳɵǶʴ�2/�&G9�Foxp3 ; CD25+Treg 5ƓDǴǠ

�ʴ�2/��CD25+LAG3+T țȮ9��4Dʴ�ǴǠMɣC/�IL-4 :ǴǠ
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�|�9;ƕŬłMɣC8�2/� 

 

3.8 � CD25+LAG3+TțȮ;ÖŝťǃťMȂ&8�  

Àņ�:ƘƤɋãƣǡ�GÓð'/ CD25+Treg6 CD25+LAG3+TțȮMǦ

�4ÌēʱMɌ��țȮęƲŵÖȯMƦɝ'/�CD25+Treg 5;țȮęƲŵÖ

ȯMɣC/��CD25+LAG3+T țȮ5;ƐG�8țȮęƲŵÖȯMɣC8�2

/(Figure 8)� 
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4. Ȫı  

� �ĄȆ;�Àņ��SLEŨȫ�ǯŨ`�n���Ȩ6'4: RAŨȫ:Ƙ

Ƥɋ�țȮayejnƳǟMƦɝ'/�@*ƌǼ:Ǽɖ6:ƇöťMȀɣ'/� 

� CD4+pR�y T țȮ� SLE Ũȫ5ƕŬ9ǋĸ)I�Ƌ�SLE ǰß6:ǹ

ʗʗ¸�8�$6;ƌĖ6�Ȼ)I[44, 56, 57]�CD25+Treg93�4:Ėý;�

CD25+Treg:ĩȩ9F24Dǭ8I�Ȇ; CD4+CD25+CD127lowCD45RA-țȮȨ

M CD25+Treg6ĩȩ'�SLEŨȫ9��4 CD25+Treg�ƕŬ9ęÜ'4�I$

6MȀɣ'/�Ȇ6÷(ĩȩM´Ǧ'/ YanG:ȟƠ;Ȇ:ȟƠ6�Ȼ'4�

I[28, 29]�BțȮ93�4;�SLEŨȫ5pR�y BțȮ�ǋĸ'�����B

țȮ�ŗɱɀțȮ;ęÜ)I6Ėý&J4�H[58]�Ȇ:īʳ5D÷ƨ:ȟƠM

Ŝ/�  

� ¤�FH�Ȇ:īʳȟƠ;ƌĖ6�Ȼ'4�H��Ą:țȮayejnƳ

ǟ÷ĩƋƿ:ƮŖťMɒ¢"I6Ȫ�I�¤�9��ĄȆ�ǜ9ǀǸ'/

CD4+CD25+LAG3+TțȮ93�4ɩ(I� 

� Àņ�EǯŨ`�n���Ȩ6'4: RAŨȫ6:Ƴɵ9��4�SLEŨ

ȫ5; CD25+LAG3+TțȮ�ƐG�9Ğ�2/�@/ SLE:ǯŨǃÞťźƩ5

�I SLEDAI �ʴ� SLE Ũȫ5;�ǯŨǃÞť: SLE Ũȫ9Ƴ>4

CD25+LAG3+TțȮ�ƕŬ9Ğ�2/�SLEDAI6 CD25+LAG3+TțȮ:Úö6

:ʖ9;Ʈ:ǹʗʗ¸;Ŕ�8�GĥČ)I$6�&G9�;Ƽǳ9FH
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CD25+LAG3+T țȮ�ǋĸ)I$6�G CD25+LAG3+T țȮ; SLE :ǰŮ9±

G�:ŗ5ʗ�'4�Ióȯť�ʴ�6Ȫ�GJ�-:ÈǮĦǶǜş93�4

Ʀɝ'/� 

� CD25+LAG3+TțȮ:ťɱ6'4�23:óȯťMȪ�/�ʹ3;�SLE:

ǰßMęũ&+IUxT\h�hRz:țȮ5�SLEÜǳ9F24ĸ8!8I

óȯť�ʺ3;�Öŝť TțȮ9ʯ)IțȮ5�ǰßęũ:ʠ9 SLEMŵÖ)

IǸǶ5ęÜ'�SLEƼǳ9FHǰß�`�n���&JI6ĸ8!8Ióȯ

ť5�I�$JGMƦɠ)I/C�ɴÏąĤEaRnXR�Óƾz�xQ��

MƦɝ'/�CD25+LAG3+T țȮ5;�Foxp3 � CD25+Treg FH;½8�G

ǴǠ'4�I$6�ĩʓǶ PCR �F<țȮÍơȾ5Ȁɣ&J/�/0�

CD25+LAG3+TțȮ;ƐG�8ÖŝťǃťMɣC8�2/�@/�CD25+LAG3+T

țȮ; RORc[39]DʴǴǠ)I$6�ĩʓǶ PCR5Ȁɣ&J�@/țȮÍơȾ9

FH IL-17 ǥǤ�ƳɵǶʴ�2/�$JG:ȟƠ�G�CD25+LAG3+T țȮ;�

Th17 6 Foxp3+CD25+Treg :íƋ:ťɱMŹ3țȮʷIL-17+Foxp3+T țȮʸ[59]

5�Ióȯť�Ȃā&J/� 

� Foxp3; CD25+Treg:��X�5;�I��vn5;ǃťá'/țȮ5D

�ʃť: Foxp3 ǴǠMɣCI�/0�vn FOXP3 ʉ©ĤŐ:�!3�:ʭĒ

9�"I DNA:Ȱ�i�á; CD25+Treg5:Aəı&J4�H�ǃťá'/

�ȽǶ8 CD4+TțȮ5;əı&J*�ʔÕǗ68I[60, 61]� 
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Foxp3+CD25+Treg:�9;�×Ǔ�5 IL-17MÓƾ)I�IL-17+Foxp3+Tț

Ȯ��!3�Ėý&J4�I�CD161+Foxp3+Treg;�CD161MǴǠ'�ŵÖȯ�

TSDR :Ȱ�i�á� Treg ÷ƨ5�I�Ƌ�ǖǱ�5ǖǱťaRnXR�

ʷIL-17, IFN-gʸMÓƾ'4�H�ɁŉťǜǴťʗȓǖ87:ǖǱť:ǣĘ�5

;ę�4�I[62]�ķƝG; CD25lowFoxp3+CD4+TțȮ;ʗȓǖMǴǱ'/ǝƽ

�5; Foxp3 MǴǠ'8!8H Th17 țȮ=6Óá)I$6MĖý'�$:ț

ȮM exFoxp36ø¢"/�&G9 IL-17MǴǠ)I exFoxp3Th17țȮ�ʗȓǖ

ʋ¬9Ʌȍ'4�I$6DÓ�24�I[63]� 

� SLEŨȫ:ƘƤɋ9��4IL-17:Ǖŏ;ʴ![64, 65, 66, 67]�IL-17;BțȮǃ

ťáąĤʷB-cell-activating factor, BAFFʸ6ÌÃ'4BțȮ:ÓáEȹŃŶ°:

ǥǤM¹ʂ&+I[68, 69]�Th17;�ɋȒĚ:ǖǱ9ʗ�'4�H�SLEŨȫ:Ƿ

ȴ�Ȭ�ȱȷ=ǅǒ'4�H�SLE:ǴǱ�Îǚ9ʗ�'4�I[70, 71]� 

ƙǽȎ:Öʛ;�CD25+LAG3+TțȮ:ŵÖȯ;A4�I��Foxp3ǴǠ:Ŭȩ

:Ʀɝ�3@H FOXP3ʉ©ĤŐ9�"I DNA:Ȱ�i�áMA4�8�Ǘ5

�H��śɚƟ�Ɩ@JI�@/�CD25+TțȮ9��4�LAG3�ǴǠ)I$

6�8, IL-17 ǥǤ6ʗʀ)I�93�4DƐG�9)I$6�5 4�8��

&G9�SLE Ũȫ:ƘƤɋ���uǡƆ�ǋĸ'4�H��3��uǡ�:

CD25+LAG3+T țȮ;ńĸ5�I$6�ʡĚ68H�ŨȫƦ°MǦ�/÷țȮ

Ȩ:ťɱƦɠ;ćʥ5�HȟɩMĶ!9;ȺG8�2/� 
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LAG3+Treg �ǴǠ)IɴÏąĤ Egr2 ;�ɴÏąĤ Batf Mʙĭ)I$69

F24 IL-17:ǴǠMŵÖ'�Th17ÓáMŵÖ)I[72]�Egr2MƬƀ'/ Tț

Ȯ5; Th17=:Óá��ʂ)I��Th1E Th2=:Óá9;řʩ'8�[72]�

ĞǴťǿáǱ:Ũȫ�GŜGJ/CD4+TțȮMŶCD3Ŷ°5×Ǔ)I6EGR2

:ǴǠ�ǋĸ)I�Ƌ5 IL-17 :ǴǠ�ęÜ'/[72]�CD25+LAG3+T țȮ;�

LAG3+Treg FH EGR2 :ǴǠ;�/C9 LAG3+Treg FH IL-17 ǥǤ��ʂ

'4�Ióȯť�žǍ&JI�/0�LAG3 9F24�CD25+Treg 6

IL-17+Foxp3+TțȮ:ʈÕ�8,óȯ�;@0ƐG�5;8��   

� Ȇ; 27ø: SLEŨȫ6 30ø: RAŨȫ��F<Àņ�Mĳɭ9ÈǮțȮ

ayejnÓʯMɌ��CD4+CD25+LAG3+T țȮ� SLE Ũȫ5Ƀ'!ęÜ'�

�3ǰß6Dǹʗʗ¸9�H�Üǳ9ª24ǋĸ)I$6MƊ/9ɖÒ'/�

&G9�$:țȮȨ; IL-176 Foxp3M÷Ƒ9ǴǠ'4�H�ǖǱťǯŨ6:

ʗʀ�źƁ&J4�I IL-17+Foxp3+T țȮ6�Ȼ)I6$K�Ğ��

CD4+CD25+LAG3+T țȮ; SLE Ũȫ:ǰß6įŽ9ʗʀ'4�I6Ȫ�GJ�

ƙțȮȨ:ɚƟ;�ś SLE:ǰŮɚƐ938�I6Ȫ�I�                              
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ɫɷ  

ƙȌMȜ�I9�/H�ȜĢǌ��%źĶ6%ʨƂMɰH@'/Ɯ�ğĦğ

ĦʜâĦșǽȎȇÍȇĦĴƄP��[���S�iÍȇĦ� ľƙ�ŘƅŻ9Š

FHŭɫMǩ'�#@)�P��[���S�iÍȇȏ 18ǽȎĬ:ɈĹčŢɪ

Ņ9;ǽȎ:Ƌùť9ʗ'4%źĶ6%ʨƂMɰHŭɫǩ'�#@)�@/�

ƙǽȎ:ƪ¨M��4!0&H�ƍ�:īʳÍĮEŲŴ�ǽȎ:Ƌùť87Ȝ

Ģɘɳ8%źĶ�%ʨƂMɰH@'/®ìȅƭÝƅ9ç!ŝȃǩ'�#@)�

ŋǧĨƈÝƅ9;ȸŌŪĖïʣ9��4ɯʒ8%Ýɛ6ƃŹMʪ ŭɫǩ'�

#@)� 

� ÷ǽȎĬ:ƷǊǁʢǜ§ȸŌâ�ğĦʜǤ:¥ĎǺ�ʊÆǤ�ċǧÄȧÆǤ�

ƫ�ŧ�ÆǤ�ċĻʆʲÆǤ�ȿǧŞğÆǤ9;Ì÷5ƘƤɋ:īʳ9ðHȝ

A�ȸŌŪĖ:ïʣEx��aRn�n��9FIɚƟ��F<ÈǮŸŖțȮ

:ÓǪɚƟ9��4ÓŸ'4�/0 ɥ9ŭɫMǩ'�#@)���ĕīʳÝ

Ų9;x��aRn�n��ɚƟMɌ��5Ŵɍɓ¯M'4�/0 �ŠFH

ŭɫǩ'�#@)� 
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Table 1. SLE Disease Activity Index (SLEDAI) 
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Table 2. ��9 

 

btadk�T ţŲ/ B ţŲ/¬ļ�NK ţŲ/¢ãê T ţŲƎčĿ 

 

btadk�T ţŲ B ţŲ ¬ļ�NK ţŲ ¢ãê T ţŲ 

CXCR5-AF488 2 µl CD27-FITC 2 µl CD14-FITC 5 µl   

CCR6-PE 20 µl CD24-PE 20 µl HLA-DR-PE 10 µl LAG3-PE 10 µl 

CD3-PerCP 

Cy5.5 

5 µl CD3-PerCP 

Cy5.5 

2 µl CD16-PerCP 

Cy5.5 

3 µl CCR7-PerCP 

Cy5.5 

3 µl 

CD25-PE Cy7 5 µl CD38 PE Cy7 2 µl CD3-PE Cy7 3 µl CD127-PE Cy7 1 µl 

    CD123-APC 10 µl   

CD45RA-APC 

Cy7 

3 µl CD19 APC Cy7 2 µl CD56-APC Cy7 5 µl CD45RA-APC 

Cy7 

3 µl 

CXCR3-BV421 5 µl IgD BV421 3 µl CD11c-BV421 5 µl CD25-BV421 3 µl 

CD4-V500 2 µl   CD19-V500 3 µl CD4-V500 2 µl 

; 42 µl  31 µl  44 µl  22 µl 

 

Compensation, iM]N]X�$7j 

 

$7VJ B B 

FITC CD4-FITC 2 µl 

PE CD4-PE 5 µl 

PerCP Cy5.5 CD4-PerCP Cy5.5 4 µl 

PE Cy7 CD4-PE Cy7 1 µl 

APC CD4-APC 5 µl 

APC Cy7 CD4-APC Cy7 2 µl 

BV421 CD4-BV421 2 µl 

V500 CD4-V500 2 µl 
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Table 3. ´ţŲguimoOÏŮ�

 

guimo·��ŃƖ�� ÏŮ�

CD4+ T cells CD4+ 

LAG3+ T cells CD4+CD25-LAG3+ 

CD25+LAG3+ T cells CD4+CD25+LAG3+ 

LAG3hi T cells CD4+CD25-LAG3hi 

Naïve CD4+ T cells CD4+CD25-LAG3-CCR7+CD45RA+ 

CD25+ regulatory T cells (CD25+ Treg) CD4+CD25+LAG3-CD127lowCD45RA- 

Follicular helper T cells (Tfh) CD4+CD45RA-CXCR5+ 

T helper type-1 cells (Th1) CD4+CD45RA-CXCR5-CXCR3+CCR6- 

T helper type-2 cells (Th2) CD4+CD45RA-CXCR5-CXCR3-CCR6- 

T helper type-17 cells (Th17) CD4+CD45RA-CXCR5-CXCR3-CCR6+ 

B cells CD3-CD19+ 

Naïve B cells CD3-CD19+IgD+CD27- 

Unswitched memory B cells (unsw MB) CD3-CD19+IgD+CD27+ 

Switched memory B cells (sw MB) CD3-CD19+IgD-CD27+ 

Plasmablast (PB) CD3-CD19+IgD-CD27highCD38high 

transitional B cells (Trans B) CD3-CD19+CD24highCD38high 

Monocytes CD3-CD19-CD56-HLA-DR+CD14+ 

classical monocyte (Class Mono) CD3-CD19-CD56-HLA-DR+CD14highCD16- 

intermediate monocyte (Int Mono) CD3-CD19-CD56-HLA-DR+CD14highCD16+ 

non-classical monocyte (Non-class Mono) CD3-CD19-CD56-HLA-DR+CD14dimCD16+ 

natural killer cells (NK) CD3-CD19-CD14-CD56+ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 50 

Table 4.�'��� NĿ3Evz_x� 

 

Primer Sequence 

huLAG3-Fw CCTCCGACTGGGTCATTTT  

huLAG3-Rv CGTTGAAGCCATCTCTGTAGG 

huEGR2-Fw GAGTTGGGTCTCCAGGTTGT 

huEGR2-Rv CACCGGGTAGATGTTGTCAG 

huFoxp3-Fw GAAACAGCACATTCCCAGAGTTC 

huFoxp3-Rv ATGGCCCAGCGGATGAG 

huRORc-Fw CAGTCATGAGAACACAAATTGAAGTG 

huRORc-Rv CAGGTGATAACCCCGTAGTGGAT 

huGAPDH-Fw GAAGGTGAAGGTCGGAGTC 

huGAPDH-Rv GAAGATGGTGATGGGATTTC 
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Table 5. ƎčÒƚìŰOƀÚíÆ�

 

Mean (SD) HC (n=30) RA (n=30) SLE (n=27) 

Age 34.6 (8.0) 54.5 (13.8) *** 44.1 (17.4) 

A A Male/Female - n 7/23 8/22 3/24 

SLEDAI - - 10.1 (8.1) 

A A Lupus nephritis - n, (%) - - 5 (18.5) 

A A NPSLE - n, (%) - - 9 (33.3) 

WBC (/ml) 5,266 (1,332) 7,143 (2,171) ** 6,192 (2,847) 

A A Lymph (/ml) 1,859 (644) 1,523 (576) 1,400 (867) * 

Plt (104/ml) 23.3 (5.5) 27.3 (7.5) 21.4 (10.5) 

CH50 (mg/dl) - - 35.6 (16.1) 

A A C3 (mg/dl) - - 67.1 (23.8) 

A A C4 (mg/dl) - - 11.4 (8.3) 

Anti dsDNA ab (U/mL) - - 89.0 (126) 

ANA (times) - (median) - 107 (464) 1,031 (1,173) *** 

CRP (mg/dl) - 1.1 (2.35) 0.29 (0.59) 

 

HC; Healthy Control, RA; Rheumatoid Arthritis, SLE; Systemic Lupus Erythematosus, SLEDAI: SLE Disease 

Activity Index, NPSLE; Neuropsychiatric SLE, WBC; White Blood Count, Lymph; Lymphocyte, Plt; Platelet, 

CH50; 50% hemolytic unit of complement , C3; complement 3, C4; complement 4, Anti dsDNA ab; Anti-double 

stranded DNA antibody, ANA; Antinuclear Antibody, CRP; C-reactive Protein 

*p<0.05, **p<0.005, ***p<0.0005 
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D. 

A Gated on Lymphocyte 

 
 

E.  

� � � � � � � � � � � � � � �  � �  

� � � � � � � � � � � �  

 

Figure 1 t}�g_oyo{�NX[ ŀƎč 

 

�ŅößţŲO ŀƎčĂģO��]ř@.{~rļe�o]ġÏ>Eá-CD4 Ʋêƴ¾] CD4+ T ţ

ŲK>-=YNC\Y] LAG3 ƲêK LAG3 ƱêN ;E.LAG3 ƲêOƴ¾]=YN CD25 ƱêKƲ

êN ;-C\D\ LAG3+TţŲ-CD25+LAG3+TţŲK>E.LAG3ƱêOƴ¾O4F CD25Ʋê CD127

Ʊê1ÜƲêCD45RAƱêOVO]CD25+TregK>-CD25ƱêCCR7ƲêCD45RAƲêOVO]Naïve 

T K>EǄAǅ.btadk�T ţŲǄBǅ-B ţŲǄCǅ-NK ţŲǄDǅ-¬ļǄEǅO ŀƎčĂģNH

3Iř>E.ÏŮOƔţNH3IP Table 4 NSKUE. 
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Figure 2-1. �Ø�-RA ìŰ6XR SLE ìŰN6;[´guimo¦µOĝơ 
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30 ·O�Ø�-30 ·O RA ìŰ-27 ·O SLE ìŰOċĖƄ��ŅößţŲ]t}�g_oyo{�

NI ŀƎč>E.C\D\OguimoO CD4 Ʋê T ţŲǄCD4+Tǅ-B ţŲǄBǅ-¬ļǄMonocyteǅ-

{~rļǄLymphǅ�OĝĺǄ%ǅ]ř>E.3 ŭOĝơP Kruskal-Wallis test NX[ Dunn’s multiple 

comparison JėÏ>E.*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. 
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Figure 2-2. �Ø�(HC)-Ʈŝ{`xlìŰǄRAǅ-SLE ìŰN6;[-�ƆőMÖƬÀ 

 

�ŅößţŲO ŀƎč]�Ø�-RA ìŰ-SLE ìŰOė�JƅGE.CD4+T ţŲ] CD25 K LAG3

J ƽ>E�Ã�]ř@. 

 

 

 

 

 

 

 

 

 

 

 

 

��� ��� ����


���� ��	���

�����

����� �����

�����

��
�� 	����

	
��

.��+"!�('����
�
�� "&&*/�

�����

�
�



�



 57 

 

Figure 3-1. ´guimoKƀÚn�kKOœƮ 

 

SLEDAI-ŐƄļÿ-{~rļÿ-ƈ��ǄCH50ǅ-ds-DNA õ��-õēõ�§�K 27 ·O SLE ì

ŰO´guimoO¦µKOƮ�] Spearman Oƺ�œƮ�ÿNIƓ�>E. 

 

 

  
                                                  

Figure 3-2. SLEDAI KOœƮƮ�8Þ7GEǈguimoO Spearman Oƺ�œƮ�ÿK p � 

 

Figure 3-1 Jř>E Spearman Oƺ�œƮ�ÿO4F-SLEDAI KOƺ�œƮ�ÿ8ĸNǀ7GE

CD25+LAG3+T-Classical monocyte-Switched Memory B NH3I Spearman Oƺ�œƮ�ÿK p �]À

N>EVO]ř@.´guimoOÏŮP Table 2 NX[. 
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Figure 4. SLE ìŰJO´guimoO¦µOŉªJOĝơ 
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27 ·O SLE ìŰOċĖƄ��ŅößţŲ]t}�g_oyo{�NI ŀƎč>EťĎ] SLEDAI h

f^NXZŉªO�3VOKǀ3VOO 2 ŭN ;-ŉªOÞÜNX[×OĉĴ]ėƐ>E.SLEDAI

hf^8 5 ��OŊ�] inactive-SLEDAI hf^8 6 ��OŊ�] active KÏŮ>E.�ŭOĝơP

Mann-Whitney U test NXZƅGE.*p<0.05. 
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Figure 5-1. ´guimoOĢŎ¤áOÊ« 

 

27�X SLE�5XGPC*W.X@F 3�T&/��TXċĖƄ��ŅößţŲO ŀƎč]ƅGE.

Figure2, 4 NĨ?I-C\D\OguimoO CD4+T ţŲǄCD4+Tǅ-B ţŲǄBǅ-¬ļǄMonocyteǅ-

{~rļǄLymphǅ�O¦µǄ%ǅ]ř>-ĢŎ¤áJOÊ«]ř>E.2 ŭƭOĝơP paired-t test

NXZƅGE.*p=0.08. 
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Figure 5-2. ´guimoOĢŎ¤áOÊ« 

Figure 5-1T1JO�-��36%+X����+i%j^1JOD&/�^�'UJC&/��T��JO

%+I&/�X�%WV\H^;2JOYXTE\D 

  

Ê
«
ĺ
Ǆ

%
ǅ

 



 62 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-3. ĢŎ¤áJO CD4+CD25+LAG3+T ţŲOÊ« 
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Figure 6. �Ø�ė�JO qPCR ťĎ 

 

�Ø�OċĖ¬ēļ7Y±â>E Naïve T ţŲ-LAG3+ T ţŲ-CD25+LAG3+ T ţŲ-CD25+ Treg ]õ

so CD3 õ�Ǆ10 mg/mlǅ-³ĩêõso CD28 õ�Ǆ5 mg/mlǅK IL-2Ǆ100 IU/mlǅOÎÂ�J 72 Ć

ƭ£İÅƾ]ƅGEOF-cDNA ]µò>E.Table 3 Nř>Evz_x�]Ŀ3I qPCR ]ƅ3-´

guimoN6;[ LAG3-EGR2-Foxp3-RORc O DNA OŏĻƪ]ėƐ>E. 
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Figure 7-1. ţŲ�ĐƁNX[´guimoNX[g_oc_~ŏĻOėƐ 

 

�Ø�OċĖ¬ēļ7Y±â>ENaïve TţŲ-LAG3+ TţŲ-CD25+LAG3+ TţŲ-CD25+ Treg-Memory 

T ţŲ]õso CD3 õ�Ǆ10 mg/mlǅ-³ĩêõso CD28 õ�Ǆ5 mg/mlǅK IL-2Ǆ100 IU/mlǅOÎ

Â�J 72 Ćƭ£İÅƾ]ƅGEOF-ţŲƆƸP 7-AAD NXZĐƁ-ţŲ�] IFN-γ-IL-4-IL-17-

IL-10 JC\D\ĐƁ>E.ěţŲư¯]ƅGE45J-ľţŲ�O´g_oc_~OŏĻ]t}�g

_oyo{�NXZėƐ>E.=YN-�Ø�7Y±â>E´guimo]£İBAN-ţŲƆƸP

7-AAD NXZĐƁ-ţŲ�] Foxp3 JĐƁ>-¶ĘNľţŲ�OƠ�½ÍOŏĻ]t}�g_oyo

{�NXZėƐ>E. 
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Figure 7-2. �Ø�(n=3)JO´guimoNX[g_oc_~ŏĻOėƐ 

 

3 ·O�Ø�OċĖ¬ēļXZ Naïve T ţŲ-LAG3+ T ţŲ-CD25+LAG3+ T ţŲ-CD25+ Treg-Memory 

T ţŲ]±â>-õso CD3 õ�Ǆ10 mg/mlǅ-³ĩêõso CD28 õ�Ǆ5 mg/mlǅK IL-2Ǆ100 IU/mlǅ

OÎÂ�J 72 Ćƭ£İÅƾ]ƅGEOF-ţŲƆƸP 7-AAD NXZĐƁ-ţŲ�] IFN-γ-IL-4-IL-17-

IL-10 JC\D\ĐƁ.ěţŲư¯]ƅGE45J-ľţŲ�O´g_oc_~OŏĻ]t}�g_o

yo{�NXZėƐ>EťĎ]ř>E.Foxp3 ƎčNƮ>IP-�Ø�7Y´guimo]±â>EO

F-£İ]BAN-ţŲƆƸP 7-AAD NXZĐƁ-ţŲ�] Foxp3 JĐƁ>-ľţŲ�OƠ�½ÍO

ŏĻ]t}�g_oyo{�NXZėƐ>E.*p<0.05-One Way ANOVA NX[ Tukey’s multiple 

comparison test NX[. 

 

 

 

 

 

 

 

 

(%)� (%)� (%)�

*�
*� *�

(%)� *�

*�*�
*� *�

(%)�



 66 

 
 

Figure 8. �ÅƾNX[ęŴƎč 
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