
 Ē§ǉȶȷŦ

CD40ÌƮ.īĨ�ƊȐǔ-Ǎ,A 
ȭń Bǵȏ3.ÆÖEƚĔ�A 

2019Ħ 9Ų 

ĝƙ őǙ



 1 

Ǖƌ  

 

Ǖƌ…………………………………………………………………………………….. 1 

 

Ȧū…………………………………………………………………………………….. 2 

 

ǌȲ…………………………………………………………………………………….. 3 

 

ǛǤȍů……………………………………………………………………………...…5 

 

ǹż…………………………………………………………………………………….. 9 

 

ȉę…………………………………………………………………………………….15 

 

ĕʇŨƜ…………………………………………………………………………….....18 

 

ȹɇ…………………………………………………………………………………….22 

 

ãȉŦƽ…………………………………………………………………………….....23 

 

ûȢ…………………………………………………………………………….............30 

  



 2 

Ȧū  

ȭń B (Bmem)ǵȏ/Ǐá©.Âłž-Ě�(Ǆ©Eɮĳ�A�)Ƅ:(ɥȦ)

�A
ɋĦ	Bmemǵȏ-/ CD80+ (effector memory B: BEM).ɶù* CD80� (central 

memory B: BCM).ɶù�đý�	�ƌĻǪ.ɵ- BEMǵȏ/�-Ĭȼǵȏ3*Æ

Ö�(ʊȩôĽŌ©ǅǄ-Ę��	BCMǵȏ/�-Ȏ�ĸ (GC)EĬņ�( Bmem

ǵȏ.Â®ǺEŏ�*�¢ȳ�Śö�B"
ŷǛǤ/�B?.Ǎ,AĻǪ�

ǵȏÁýǔ�& Bǵȏçė© (BCR).HJ^_Js-ɹ¯đǔ)�A�*Eǝ

�"
�?-	ŷǛǤ/�ƌĻǪŮ. BEMǵȏ.Ĭņ-/Ʊȏt�m�Tǵȏ	

ǗĚǔ-ī CD40ÌƮ	�1-ʊȩôĽ BCR�ȦƘ�BA�	�Ũ) BCMǵ

ȏ/�B?-/ɹ¯đǔ)�A�*Eŭ?�-�"
7"	�B?.Ǎ,A Bmem

ǵȏ3.ɖóƚĔ� CD40ÌƮ.ɧǔ,ə->%( in vitroĂʅǰ)Âǀ)�

A�*EȧÅ�"
űİ-	�. CD40ÌƮ/ NF-�B.ƟĽÖ.ə-Ċś�

B	�B-¥� BATFä1 IRF4.ǒǀ�Ŭ� GC Bǵȏ. Bmemǵȏ3.ÆÖE

ȱĜ�AéȐĽ�ǝõ�B"
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ǌȲ  

��� ���

Bach2 BTB and CNC homology, basic leucine zipper transcription factor 2 

BAFF B cell-activation factor 

BATF Basic leucine zipper ATF-like transcription factor 

BCL6 B cell leukemia/lymphoma 6 

BCM central memory B 

BCR B cell receptor 

BEM effector memory B 

Bmem memory B 

CA Constitutively active 

CD cluster of differentiation 

CD40L CD40 ligand 

CGG chicken gamma globulin 

EBI2 Epstein-Barr virus-induced G-protein coupled receptor 2 

FCM flow cytometry 

FDC follicular dendritic cell 

Grb2 growth factor receptor-bound protein 2 

Ig immunoglobulin 

iGB in-vitro-induced germinal center B 

IL interleukin 

iMB induced memory B 

IRF4 interferon regulatory factor 4 

LPS lipopolysaccharide 

MHC major histocompatibility complex 

NF-κB nuclear factor-kappa B 

NP 4-hydroxy-3-nitrophenyl acetyl 

PCR polymerase chain reaction 

PD-L2 programmed death 1 ligand 2 

qRT-PCR quantitative reverse transcription PCR 

SAP97  synapse-associated protein 97 

TCM central memory T 
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TCR T cell receptor 

TEM effector memory T 

TFH T follicular helper 
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ǛǤȍů  

ȭń Bǵȏ.ɥȦĽ  

�Ĩłžǐ-ȃĿ�÷Ĵ�A*	 .ǎ�?¼BA�*/èŹ>@ǚ?B(

"
�.ǚȧ-ă'�	Edward Jenner/ƸǑEřǣ�A�*)ȕƏĽ.ĎƴǑ

��ɮéȐ,�*Eǒȧ�	�.ňƜE�Ra�řǣ*óí�"
¡İƆ�,

łžǐ�ĪƕÖ7"/ƳƕÖ�"ǏáȚE´ĥ�-řǣ�A�*)�ɮÅŹA

�*�ŭ?�-�B(�"
7"	�Ra�řǣ->@ĎƴǑEŞƬ�"�*

/ÚĒê-��Aű;č�,ÑȀ.�&)�C�
�.�Ra�řǣ/È÷ł

ž (�ƌĻǪ)->@¼ǎȭń�Ĭņ�B	ÂłžŮ-È÷łžŮ*ƖɆ�(	

Ɋɐ)>@ī¼ǎåĻ (�ƌĻǪ)Eɀ��*�ƊƅEÊǆ�(A
�ƌ

ĻǪŮ.łžɮĳ.�©/�ƌĻǪ->%(Ĭņ�B"ȭń Bǵȏ (Bmemǵȏ)

->AɊɐ,�ôŌ©.ǅǄ)�A
�ƌĻǪŮ-ǅǄ�BAŌ©/R�ZZ

Jba�	>@ȩôĽ.ʊ;.)�@	�B/ Bǵȏçė© (BCR).ȩôĽ

ņƶ.Ć)�AȎ�ĸEǸǈ�(ǒǄ�" Bmemǵȏ�ÂłžŮ-Ō©ǅǄǵȏ

)�AĬȼǵȏ-Ɋɐ-ÆÖ�A�?)�A*ȉ�?B(A
�Ũ)	Bmem

ǵȏ/�ƌĻǪŮ-Â1Ȏ�ĸEĬņ�	Ű-ȩôĽņƶEǸ( BmemǵȏEÂ

®Ǻ�A�*;ǝ�B(�"
�.>�- Bmemǵȏ/ÂłžŮ.Ɋɐ,ǏáȚ

.Ŗɲä1łž�AĨ->@ȼ.ʊ¼ǎȭńEĬņ�(�*�Ʋ)Ǆ©

ɮĳ-�(Ƅ:(ɥȦ)�A
 

 

Tǵȏ¯đĽ¼ǎĻǪ-��Aȭń Bǵȏ.Ĭņ  

�ƌ��mǷȁ-�(Ōáŵł«.ƻŃ)/ Bǵȏ* Tǵȏ/ B!B Bǵ

ȏɿā (B ǵȏƱȏ)ä1 T ǵȏɿā-ğý�(A
���	Ōá->@ƟĽ

Ö�B" Bǵȏä1 Tǵȏ/ BǵȏƱȏ* Tǵȏɿā.ćǋ-ɕȿ�	Bǵȏ

/æ@ɉF#ŌáE�ȦǷȁɛëŌáȥë© (MHC)E��( T ǵȏ-Śǝ�	

Tǵȏ*ɩŴ-Ǽ�Ǘ�«ǆEĬņ�A (Okada et al., 2005)
�.*�	MHC−

Ōávsafȥë©* Tǵȏçė© (TCR)*.åĻ*¿-	CD40* CD40L,

+.ȣÓXSg��Ǘ�.ƟĽÖ*ņƶE±�
�.ƒɴ. B ǵȏ/ CD38 *

GL7Eǒǀ�AƟĽÖÍʆǵȏ*ò0BA;.)�A�	 .İ	CD38.ǒǀ

Eď%"Ȏ�ĸ B ǵȏ3*ÆÖ�(ĈƑ�	B ǵȏƱȏÁ-Ȏ�ĸEĬņ�A 

(Taylor et al., 2012)
Ȏ�ĸ)/Ōáçė©.R�ZZJba*©ǵȏɁǥƴĊ

Ǎ�ɀ�@	 .ǹż	ČƆÖ�" B ǵȏ.��?Ōá-ʊȩôĽE;& B
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ǵȏ�ɜō�B	 .�ɟ� Bmemǵȏ3*ÆÖ�A
���	Ȏ�ĸ Bǵȏ�

? Bmemǵȏ3.ÆÖEȱĜ�Ëĳ�AƊƅ/5*F+Æ�%(,
 

� èÀǔ, Bmem/�.>�,Ȏ�ĸ B ǵȏ-ǈŹ�A Bmemǵȏ)�A�	ɋ

Ħ	Ȏ�ĸE��,)Ĭņ�BA Bmem.đý�ǝ�B(A (Kaji et al., 2012; 

Taylor et al., 2012)
�. Bmem/èÀǔ, Bmem*Ǎ,@	5*F+� IgMĀ)�

@	©ǵȏɁǥƴĊǍ;5*F+ɀ�%(,
 B=�	Ȏ�ĸɹ¯đĽ

Bmemǵȏ/�Ɍ.T-Bćǋ.ƟĽÖÍʆǵȏ�?ǖřÆÖ�"Bmem)�A*ȉ

�?B(A
 

� ɋĦ	Ȏ�ĸ Bǵȏ* Bmemǵȏ.�ɬ.ĽȼEŒ& GCǈŹȭń BÍʆǵȏ 

(pre-Bmemǵȏ).đý�ąð�B(A (Laidlaw et al., 2017; Wang et al., 2017)


pre-Bmemǵȏ/Ȏ�ĸz�O�)�A GL7	FAS	ä1 Ephrin-B1Eǒǀ�A�

Ũ)	GC.zZ_�ɄÃøĐ)�ABCL6.ǒǀ�GC Bǵȏ*ƖɆ�(¨�	

ȭń B ǵȏ.Ȣɺz�O�)�A CD38 .ǒǀ�ʊ
Ò�(	Bmemǵȏ*ì

Ɔ-ǵȏñŴ�³ƍ�(A�*;ąð�B(A
�?-	Ȏ�ĸ.�);

ƱȏĽt�m�T ǵȏ (TFH ǵȏ)<Ʊȏƈƻǵȏ (FDC)�đý�Aŭɿā-ğ

ý�Aǵȏ.ȢǀĀ (CXCR4lo CD86hi)E pre-Bmemǵȏ�ǝ��*�?	Ōá< T

ǵȏt�s->AɜōEç�"İ- pre-Bmem ǵȏ3*ÆÖ�(AéȐĽ�đ

ý�A
7"	pre-Bmemǵȏ/ƺķǔ,T~OJ�çė©.ǒǀEǝ��*�ą

ð�B(A
pre-Bmemǵȏ)/ GCÁ.ğý-ĹȦ, S1PR2 (Green et al., 2011)

.ǒǀ�ƩĞ�A�Ũ)	ȟ�3.ǡȠ-ɥȦ, S1PR1	ƱȏɈǾɟ-�P�

f�đý�A EBI2 (Pereira et al., 2009)	ä1Ʊȏɬɿā-�P�fEǒǀ�AZ

e��z�đý�A CCR6 (Rodda et al., 2018).ǒǀ��ɔ�A
Ò�(	

pre-Bmemǵȏ� GC.ɈǾɟ-ğý�A�*�?	�B?.T~OJ�çė©.

ǒǀ->@ GCċ3.ǡȠ�ȱĜ�B(A�*�ǝõ�BA
���	GC B

ǵȏ�? pre-Bmemǵȏ3.ǡȠ-ɥȦ,øĐ/ǀýŭ?�-,%(,
 

 

ȭń Bǵȏ.ĻǪ  

Bmem ǵȏ/�ƌĻǪ.ɵ-čɧ.ʊȩôĽŌ©EɊɐ-®Ǻ�A�Ũ)	Ȏ�

ĸ (GC)E��(Ōá3.ȩôĽ�ŢȘ�B" Bmem ǵȏEłž."1-®Ǻ�

A�*;ǚ?B(A
Bmemǵȏ.Ɋɐ,ĻǪ/ B?�ǒǀ�A B ǵȏçė

© (BCR).HJ^_Js	�,D$ȒĀ IgG (mIgG)->A;.)�A*�B(

�"
ȒĀ IgM (mIgM).ǵȏȼf}J�� 3H{jɣƐă.8)�A.*ƖɆ
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�(	mIgG .ǗĚǔ-ɩǵȏȼf}J�/ BCR ŽƉİ- Grb2 < SAP97 ,

+.XSg�ÆĐE�R��e�AƺǍǔ,~a�qEï8	�B� BCRXS

g�EĈī�	ĬȼǵȏÆÖE±ɔ�A�*�ąð�B(A (Engels et al., 

2009; Kaisho et al., 1997; Liu et al., 2012; Lutz et al., 2015)
���	ksc� NP

ƺǍǔ mIgG1 BCREǒǀ�AgJ�r Bǵȏ (Þ�. IgG1+ ȭń Bǵȏ.ƀ

�?«Ȥ�B"R���zKZǈŹ)/ NP ƺǍǔ (IgH jbRJ�zKZǈŹ) 

IgM+ gJ�r B ǵȏ*ìǢĨ-ĈƑ�	+$?. B ǵȏ;Ĭȼǵȏ*�>

@;9�C¹ºǔ-GC Bǵȏ3*ÆÖ�A�*�ąð�B(A (Kometani et 

al., 2013)
�B?.Ȫę�?	Bmemǵȏ.ĬȼǵȏÆÖ3.lJHZ/Þ-mIgG

�ƚĔ�A;.)/,�	�0ĬȼǵȏŊËøĐ)�A Bach2 .¨ǒǀ.>

�,ǵȏÁýǔ,ƻŃ-ɀø�A�*�ǝõ�BA (He et al., 2017a; Kometani 

et al., 2013)
�.¢ȳEšŒ�A>�-	ne Bmemǵȏ/Ōáɹđý�.Ăʅ

);	gJ�r B ǵȏ*ƖɆ�(	>@Ĭȼǵȏ3*ÆÖ�<�*�B(

A (Arpin et al., 1997)
 

 

ƊȐǔ-Ǎ,Aȭń Bǵȏ�ɶù  

ɋĦ	Bmemǵȏ.ƊȐǔƺĽ.ǂȫ�ɔ9-&B(	Bmemǵȏɶù/�ƌĻ

Ǫ-��AÆÖŨî.əʌĬȼǵȏ7"/Ȏ�ĸʍ->%(Ǎ,A�ɶù-

Æʃ�BA�*�Śö�B(�"
ÈŴ.ąð)/	Bmem ǵȏ/ mIgG+ ä1

mIgM+ �?ƅņ�B	ÍȊ/>@Ĭȼǵȏ-	İȊ/ GC -ÆÖ�<�·î

-�A�*�ǝõ�B" (Dogan et al., 2009; Pape et al., 2011)
���	ɋĦ	�

B-Ǘå�AȷŦ;ąð�B(A (McHeyzer-Williams et al., 2015)
�?,A

ąð-�(	CD80ä1 PD-L2.ǒǀ->%(ƊȐǔ-Ǎ,A Bmemǵȏ�ɶ

ù-ÆʃéȐ)�A�*�Śö�B"
�,D$	�ƌĻǪ.ɵ-	CD80+ 

PD-L2+ Bmemǵȏ/Ĭȼǵȏ3*ÆÖ�<��	CD80− PD-L2− Bmemǵȏ/>@

GCEĬņ�A*� (Zuccarino-Catania et al., 2014)
BCRHJ^_Js-ă'

"Æʃ*�ȕ�(	čČť. IgG+ Bmemǵȏ/ CD80+ PD-L2+.ȢǀĀEǝ�	

IgM+ Bmemǵȏ.Č�� CD80− PD-L2−ǵȏ)�A
�?- CD73EÒ�(	CD80+ 

PD-L2+ CD73+*�	Ĭȼǵȏ-ÆÖ�<� Bmem ǵȏ�ɶù�ĔȆ�B" 

(He et al., 2017a)
 

� ŶƁEĵǃ�Aȭń Tǵȏ/MqLR_�ȭń T (TEM)ǵȏ*\�e��ȭń

T (TCM)ǵȏ*óí�B"ƊȐǔ-Ǎ,A 2&.�ɶù-Æʃ�B(�"
��
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mǫĤĠ-ɥȦ, CD62Lä1 CCR7EƋď�A TEMǵȏ/čɧ.MqLR_�

WJeOJ�*ǵȏ¶ĖĽʁǮE®Ǻ�A
�Ũ)	CD62L ä1 CCR7 �ǒǀ

�A TCMǵȏ/ĈƑȐä1ȔĢÂǄȐ�ʊ (Mueller et al., 2013)
ȭń Tǵȏ

.>�-	Ĭȼǵȏ3*ÆÖ�<� Bmemǵȏ/ BEMǵȏ	GC EĬņ�<�

 Bmemǵȏ/ BCMǵȏ*Æʃ�A�*�)�A�;�B,
 

ǀý	2 &. Bmemǵȏ�ɶù��-�(Ĭņ�BA�/ŭ?�-,%(

,
CD80+ PD-L2+ Bmemǵȏ/Ōá3ű;ʊȩôĽEŒ& Bmemɶù)�@	

�Ũ) CD80− PD-L2− Bmem ǵȏ/ű;¨ɶù)�A�*�ąð�B(A 

(Tomayko et al., 2010; Zuccarino-Catania et al., 2014)
7"	�ȗǔ-	ʊȩôĽ

. BCREŒ& Bǵȏ/>@Ĭȼǵȏ3*ÆÖ�<��	̈ ȩôĽ. Bǵȏ/

GCEĬņ�<� (Ochiai et al., 2013; Paus et al., 2006; Sciammas et al., 2011)


BCR 3.ǥƴĊǍ.ʀĨä1 Bmem ǵȏ.ǒǄŮŴ.ȫŻEɃ7�A*	IgG+ 

Bmemǵȏ< CD80+ PD-L2+ Bmemǵȏ.>�,Ĭȼǵȏ-ÆÖ�<� Bmemǵȏ

.Č�/ GC�?ǒǄ�	�Ũ)	IgM+ Bmemǵȏ< CD80− PD-L2− Bmemǵȏ.

>�,�ƌĻǪŮ- GCEĬņ�<� Bmemǵȏ/čČť� GCĬņÍ-Ǆ�

A�*�ǝõ�BA (Weisel et al., 2016)
���	+.>�,XSg��	Ǎ,

A Bmem ǵȏ�ɶù3.ÆÖŨîEƚĔ�(A.�/¡Í�ŭ.77)�A


 B=�	ŷǛǤ/�.XSg�}Oh[|.ȫŭEȯ8"
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ǹż  

CD80+ ä1 CD80− ȭń Bǵȏ.ƺķ  

ɗâ.ąð-ă'( (He et al., 2017b; Zuccarino-Catania et al., 2014)	ǟ/ IgG1+ 

Bmemǵȏ/ăŷǔ-/ CD80+ ä1 CD80− .�ɶù-Æʃ)�A*ȉ�"
ɗ

â.ąð*�ȕ�(	56¾(. CD80+ Bmemǵȏ/ PD-L2* CD73Eǒǀ�(

�@	 B=�	ȩôĽņƶ�"ɶù�?,A*ļDB" (He et al., 2017b; 

Tomayko et al., 2010; Zuccarino-Catania et al., 2014)
�Ũ)	CD80− Bmemǵȏ-/

PD-L2+* PD-L2−	CD73+* CD73−�Ʀý�("�(Fig. 1a)
CD62L/ Bmemǵȏ

)ǒǀ�(A*�B(A� (Anderson et al., 2007)	CD80+ Bmem ǵȏ/

CD62Llow)�@ CD80−Bmemǵȏ/ CD62Lhigh)�%(	�B/ B!B TEMä

1 TCMǵȏ*ʃ¦�("
7"	�B. Bmemǵȏ;ąðɏ@-gJ�r B

ǵȏ>@ FASEʊ�ǒǀ�("� (Anderson et al., 2007)	GC Bǵȏ>@/ǒ

ǀ�¨�%"
�?-+$?;GCz�O�)�AGL7/ǒǀ�(,�%"
 

CD80+ * CD80− Bmemǵȏ/ B!BĬȼǵȏä1GC Bǵȏ3*ÆÖɖó�ƚ

Ĕ�(A�Eȵ4A":-	CD80* IgG1.ǒǀ->%(Æʃ�BA 4&.

Bmemǵȏ�ɶùE¼ǎ�"zKZ�?Þɸ�	IL-21 *¿- CD40L ä1 BAFF

Eǒǀ�AqI�`�ǵȏ (40LB)�)Ăʅ�" (Nojima et al., 2011; Takatsuka 

et al., 2018) (Fig. 1b)
BCR.HJ^_Js-��D?�	CD80+ Bmemǵȏ/	

CD80− Bmemǵȏ*ƖɆ�(	>@Ĭȼǵȏ3*ÆÖ�<��	GC Bǵȏ3*Æ

Ö�-�·î-�%"
�. in vitro.ǹż/¡Í. in vivo.d�_*�ȕ� 

(Zuccarino-Catania et al., 2014)	�?-	CD80+ Bmemǵȏ* CD80− Bmemǵȏ.Æ

ÖɖóƚĔƊƅ/ǵȏÁýǔ)�@	ăŷǔ-/ BCR.HJ^_Js<Ōáȩ

ôĽ-ɹ¯đǔ)�A�*Eŭ?�-�"
¡�.Ňȧ-ă'�	ȭń T ǵȏ

.Æʃ-ı%( (Lanzavecchia and Sallusto, 2000)	CD80+ BmemǵȏEMqLR_

�ȭń B (BEM)ǵȏ	CD80− BmemǵȏE\�e��ȭń B (BCM)ǵȏ*ò2�*

-�A
 

 

TFHǵȏ->@ȱĜ�BAī CD40 XSg�� BEMǵȏ.Ĭņ-ĹȦ)

�A  

ƌ-	BEMä1 BCMǵȏ.Ĭņ-��A GC.ȦƘĽEŭ?�-�A�*Eȯ8

"
ɗâ.ąð-�(	GCEƣď�A BǵȏƺǍǔ BCL6ƋŝzKZ)Ĭņ

�B"ȭńBǵȏ)/CD80ä1 PD-L2.ǒǀ/Ǝĥ)�%" (Kaji et al., 2012)
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B ǵȏ�Ǝĥ)�Aǃć�). BmemǵȏĬņ-��A GC .ĮÏEȵ4A":

-	ǟ/ TFHǵȏ* GCEƋď�A CD4+ TǵȏƺǍǔ BCL6ƋŝzKZEǆ

" (Kaji et al., 2012)
¼ǎİ 6ɓ-�(	BEMǵȏ.ť/	Cd4-Cre Bcl6+/+zK

Z*ƖɆ�(	Cd4-Cre Bcl6f/fzKZ)/ǲ 10Æ.ʎ-ƩĞ�("�	�Ũ)

BCMǵȏ.ť-ųŁ,ġ/ȧ?B,�%"
�.d�_�? GCǃć	ƺ- TFH

ǵȏ�	BEMǵȏ.Ĭņ-ƺǍǔ-ɥȦ)�A�*�ǝõ�B"
 

TFHǵȏ/	gJ�rä1MqLR_�Tǵȏ*ƖɆ�(	CD40LEʊ�ǒǀ

�(A�*�ǚ?B(A (Breitfeld et al., 2000) (Fig. 2a)
�?-	CD40ÌƮ

/ CD80.ǒǀEȱĜ�A� BCRÌƮ/ȱĜ�,*�ǚȧ�? (Lenschow 

et al., 1994; Ranheim and Kipps, 1993)	CD40E��" TFHǵȏ�?.ÌƮ� BEM 

ǵȏ.ĬņE±ɔ�A.)/,�*ȉ�"
�.éȐĽEƂȮ�A":-	

È:- CD40LƋŝzKZE�XpM�e*�(ŌáƺǍǔ (BCR-knock-inzK

ZǈŹ) gJ�r BǵȏEǡ½�	¼ǎ�"�	fg�Bǵȏ�?. Bmemǵȏ

/5*F+Ĭņ�B,�%"
�.ǹż/ CD40ÌƮ� Bmemǵȏ.ǒǄ-/�

éƋ)�A�*Eǝ�" (Fig. 2b)
 

ƌ-	Bǵȏ.ƟĽÖEɟÆǔ-ɯĖ�Aɧ.Ō CD40LɯĖŌ©E¼ǎ�"

zKZ-ŋ��" (Xie et al., 2014)
Ō CD40LŌ©ŋ�/ɜōǔ- BEMǵȏ.Ĭ

ņ-ĭɼE��"
R�ZZJba�" Bmemǵȏ-��A BEMǵȏ.Ïë/¼

ǎİ 10Ū* 6ɓ-�(Ō©ŋ�ȅ)ųŁ-ƩĞ�	ĕť;ʂȜ-ƩĞ�"�	

6ɓ-�( .ĭɼ/�?�÷Ĵ�" (Fig. 2c, d)
ĚƵǔ-	¼ǎ�"zK

Z3.ÌƮǔŌCD40Ō©.ŋ�/ɜōǔ-BEMǵȏ.ťEĈÒ��" (Fig. 2 e, 

f)
 

űİ-	NPŌáƺǍǔ Bǵȏ* CD40LEjbR`K���"ʌ�A/Ě

Ƶ.ʍQ��H_�mRȼ (OVA)ƺǍǔ (OT-�) CD4+ Tǵȏ*EɦǄĀzKZ

-¿ǡ½�	�BE NP-OVA)¼ǎ�"
R�ZZJba�" Bmemǵȏ-��

ABEMǵȏ.Ïë/CD40LEjbR`K���" TǵȏEǡ½�"zKZ)ų

Ł-ƩĞ�" (Fig. 2g, h)
�B?.ǹżE7*:A*	CD40L->AÌƮ/ Bmem

ǵȏ.Ĭņ-/Ĺɾ)�A�	TFHǵȏ->Aʊ�u�. CD40ÌƮ�ɜōǔ-

BEMǵȏ.ĬņE±ɔ�A�*�ŭ?�-,%"
 

 

In vitro-��A CD40ÌƮ.ī�� in vivo-��A BEM7"/ BCMȢǀĀ

ǵȏ3.ÆÖ-ĭɼE��A  
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B ǵȏÁýǔ, CD40 ÌƮ.ɧ� BEM7"/ BCM.Ĭņ-ɥȦ)�A�ŭ?�

-�A":-	in vitroȱĜĽ GC B(iGB) ǵȏĂʅEĻǆ�"(Fig. 3c) (Nojima et 

al., 2011)
�.Ăʅǰ)/	ċŹĽ. CD40L* BAFFEǒǀ��" 40LBǵȏ

EqI�`�*�( IL-4đý�)Ăʅ�A�*)	gJ�r Bǵȏ.Ȝ�Ĉ

Ƒ	Ôƿ> IgG13.R�ZZJba	ä1 GCƆ Bǵȏ3*ÆÖEȱĜ�A

�*�éȐ)�A
Ò�(	�B?. iGB ǵȏEţěǽƵě�"zKZ-ǡ½

�A* in vivo-�( BmemƆǵȏ [induced memory B (iMB)ǵȏ]3*ÆÖ�A


iGBĂʅǰ)Ǎ,A�u�. CD40ÌƮE��A":-	ǟ/ CD40L.ǒǀɧ

.Ǎ,A 40LB �ſEƈǦ�	CD40L .ǒǀɧ.¨Ũ�?ɽ- 40LB-lo, 

40LB-mid, 40LB-hi*í �" (Fig. 3a)
�ŀɏ@-	40LB-hi�)Ăʅ�" B

ǵȏ (iGB-hi ǵȏ)/ű;ʊ� CD80Eǒǀ�	�Ũ)	40LB-mid7"/ 40LB-lo

�)Ăʅ�" iGB-mid 7"/ iGB-lo ǵȏ/ B!B�ɬ7"/¨�u�.

CD80.ǒǀEǝ�" (Fig. 3b)
 

� �B?. iGBǵȏEţěǽƵě�"zKZ-ǡ½�	2ɓɬİȑȓǵȏEFCM

)ȫŻ�A*	 B!B. iGBǵȏ/5*F+�CD38+ (iMB)ǵȏ3*ÆÖ�	

 .�$ IgG1+ǵȏ.Ïë/ìǢĨ)�%"
���	BCR .HJ^_Js-

ɭD?� iGB-hi ǵȏǈŹ. iMB (iMB-hi)ǵȏ.5*F+�4(� BEM Ɔ.

CD80+ ǵȏ)�A.-Ě�(	iGB-loǵȏǈŹ. iMB (iMB-lo)ǵȏ.Č��BCM

Ɔ. CD80− ǵȏ)�%"
iGB-midǵȏǈŹ. iMB (iMB-mid)ǵȏ/�ɬ.Ȣ

ǀĀEǝ�" (Fig. 3d, e)
Ò�(	iMB-hiǵȏ/ iMB-loǵȏ*ƖɆ�( PD-L2, 

CD73, ä1 FASEʊǒǀ�	�Ũ) GL7.ǒǀ/�Ȋ)ìƆ-¨�%" (Fig. 

3f)
¡�.ǹż�?	iMB-hi * iMB-lo ǵȏ/Ǆ©Á.¼ǎĻǪ)Ĭņ�BA

BEMä1 BCMǵȏ*ȢǀĀǔ-ɢ¦�("
 

� �B?. iMBǵȏ�ƊȐǔ-; B!B.Bmem�ɶù-¦(A�Eȵ4A

":-	ǟ/ 40LB �) IL-21 EÒ�( B?EĂʅ�	 B?.ÆÖE FCM

-(ȫŻ�"
 .ǹż	BCR.HJ^_Js-��D?�	iMB-loǵȏ/>

@ GC Bǵȏ3*ÆÖ�	�B/Ăʅ 2ŪǕ)>@ŭǓ-Ȫę�B"
�Ũ)	

Ăʅ 3 ŪǕ.ǹż>@	iMB-hi ǵȏ/>@Ĭȼǵȏ-ÆÖ�A�*�ŭ?�*

,%"
iMB-mid/ B?.�ɬǔ,ĽȼEǝ�" (Fig. 3g, h)
ƌ-	¼ǎĻ

Ǫ-��A�B?. iMBǵȏ. in vivo).ÆÖɖóEȵ4"
H�_Js->

@ȺÉéȐ, B1-8jbRJ�zKZ(IgHɨ�jbRJ��B(�@	�Ʌɨ*

ǹë�A�*) NP ŌáEȰȺ�A BCR �)�AzKZ) ǈŹ. iGB-lo ä1



 12 

iGB-hiǵȏ�?«ņ�B"NPǹëĽ iMB-loä1 iMB-hiǵȏEìť*Q��H

Ōá (CGG))ł«�B" TǵȏE¿-ɦǄĀzKZ-ǡ½�	ȑȓǵȏE¼ǎ

İ 10ŪǕ- FCM)ȫŻ�" (Fig. 3i, j)
 .ǹż	čČť.fg�ǈŹ Bmem

ä1 GC Bǵȏ/ iMB-loǵȏ-ǈŹ�(" (Fig. 3k)
NPŌáƺǍǔĬȼǵȏ

/�.ŮƲ)/5*F+ƂÅ�B,�%"
�B?. in vitroä1 in vivo.d�

_�?	iMB-hi* iMB-lo/ƊȐǔ-; B!B BEMǵȏ* BCMǵȏ*ìǩ)�

A�*�ǝ�B"
�B?.d�_/	CD40 XSg�.īĨ� Bmem�ɶù.

Ȣɺz�O�.ǒǀ#�)/,�	�ƌĻǪŮ.ÆÖŨî;ƚĔ�(A�*

Eǝõ�(A
 

�  

ŌáʊȩôĽ BCR/ BEMǵȏ3.ÆÖE±ɔ�A  

�Ɍ.ǹż>@	Bǵȏ�ç�A CD40ÌƮ.ɧ/ìǣŌáȰȺ Tǵȏ. CD40L

.ǒǀɧ->%(ƚĔ�B(AéȐĽ�ʊ
Tǵȏ. CD40L.ǒǀ/Ōá

ɧ¯đǔ-ȱĜ�BA�*�ǚ?B(A.) (Jaiswal and Croft, 1997)	Bǵȏ

.ŌáŚǝɧ� T ǵȏ. CD40L .ǒǀɧEƚĔ�	�B�űǶǔ-/ Bmem�

ɶù.Ũî �E�A*�éȐĽ�ʊ*ļDBA
Bǵȏ.ŌáŚǝɧ� T

ǵȏ. CD40L .ǒǀEŌáɧ¯đǔ-ȱĜ�A�*EǜȰ�A":-	OT-�

zKZǈŹTǵȏEƆ�,ưĨ.OVAvsaf*¿-Bǵȏ*¿Ăʅ�" (Fig. 

4a)
Tǵȏ. CD40L.ǒǀ/Ōáɧ*Ǝ-Ǘɭ�(Ɋɐ-ȱĜ�B (Fig. 4b)	

Ăʅ 2ŪǕ. Bǵȏ. CD80.ǒǀ;�B-Ǘɭ�" (Fig. 4c)
�. CD80.ȱ

Ĝ/ɯĖǔŌ CD40LŌ©.ƧÒ->@ŊË�B	CD40L/CD40 Ǘ�«ǆ� Bǵ

ȏ. CD80.ȱĜEĩ�ɀ���*�ǜȰ�B"
 

� ¼ǎĻǪ-�(/	ŌáʊȩôĽ BCREŒ& Bǵȏ�	¨ȩôĽ.;.>

@	ŌáE>@ƾĲ�<�� MHC �-ŌáEŚǝ�<�.)	ʊ�u�.

CD40L.ǒǀEȱĜ)�A*ȉ�?BA (Schwickert et al., 2011)
BCR.ȩôĽ

*�B?.ÆÖɖó.ǗɭEȵ4A":-	ǟ/�+ Bǵȏ. NPŌá3.ȩô

Ľ� B1-8 ki �+ Bǵȏ>@ 10²ʊ B1-8hi kizKZE¬ǆ�" (Allen et al., 

1988)
H�_Js->@ȺÉéȐ, B1-8hi ki ä1 B1-8 kizKZǈŹ BǵȏE

ɦǄĀzKZ-¿ǡ½�	NP-CGG/alum)¼ǎ�"
¼ǎİ 7Ū-�(	B1-8hi 

ki BǵȏǈŹ IgG1+ Bmemǵȏ-��A BEMǵȏ.Ïë/ B1-8 ki BǵȏǈŹ.;

.>@Č�%" (Fig. 4e, f)
ƌ.ĕʇ)/	¨°ť) NPEǹë��	ʊȩô

ĽŌ NP BCR -.8ǹë)�A>�-�" NPmed-allophycocyanin (APC) 
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(Nishimura et al., 2011) Eǆ(	ȩôĽ.Ǎ,A BCREǒǀ�A BǵȏE FCM

-(ÙÉ�"
B1-8 ki BǵȏEǡ½�B"zKZE NP-CGG/alum)¼ǎ�	10

Ūİ- FCM)ȫŻ�"
NPmed->@ī�žș�B" (NPmed
hi)fg�ǈŹ IgG1+ 

Bmemǵȏ/¨�u�-žș�B"ǵȏ (NPmed
lo)>@ BEMǵȏEʊʀĨ-ïF)

" (Fig. 4g, h)
�B?.d�_�?	ʊȩôĽ. Bǵȏ/ BCMǵȏ>@; BEM

ǵȏ3*>@ÆÖ�A�*�ǝ�B	�B/ T ǵȏ3>@Č�.ŌáEŚǝ�

A�*)ʊ�u�. CD40LEȱĜ�(A":)�AéȐĽ�ǝõ�B"
 

B=�	BCR.ȩôĽ/ CD40XSg�.īĨ-¯đ�AǍ,A Bmem�ɶùĬ

ņEÈ:-ƚĔ�AøĐ)�AéȐĽ�ǝ�B"
 

 

GC Bǵȏ�? BEMǵȏ3.ÆÖE±ɔ�A CD40XSg�¤ɘƊƅ  

ǟ/ƌ- BEMǵȏ.Ĭņ-ɭ��A CD40 XSg�.}Oh[|EŘƘ�"


NF-�B / CD40 ÌƮ)ȱĜ�BAÀĀǔ,ɄÃøĐ)�@ (Berberich et al., 

1994)	p50/p65 tc�`Jz�/ B ǵȏEÌƮ�"ɵ- CD80 ɝ¤Đɿā-ǹ

ë�	CD80.ǒǀEȱĜ�A�*�ǚ?B(A (George et al., 2006)
�B?

.d�_*�ȕ�(	CD40ÌƮ->@ȱĜ�BA�*�ǚ?B(A_�mR

ȼQg�].ľĥƟĽÖ (CA)Ā.�$	ÀĀǔ NF-�B ǸɂEƟĽÖ�A

CA-IKK�/ iGB-lo ǵȏ-�( CD80 .ǒǀEȱĜ�"�	CA-Akt 7"/

CAMKK4/ȱĜ�,�%" (Fig. 5a)
7"	Ō CD40Ō©->Aȑȓ Bǵȏ.

ÌƮ/ NF-�BWr�hbe)�A p65/RelA.ƀǡȠEȱĜ� (Fig. 5b)	iGB-hi

ǵȏ-��A Rela.ɝ¤Đǒǀ.jbR`K�/ǵȏȢɺ. CD80.ǒǀEŊ

Ë�" (Fig. 5c,d)
űİ-	RelajbR`K�7"/V�e���uR_�EĜ

½�" NP ƺǍǔ B ǵȏEɦǄĀzKZ-ǡ½�	¼ǎ�A*	Rela .jbR

`K�/ BEM ǵȏ.ĬņEŊË�" (Fig. 5e,f)
�B?.d�_�?	CD40

ÌƮ->@ȱĜ�BAèÀǔNF-�BXSg�/BEMǵȏ.Ĭņ-ɥȦ)�A�

*�ǝõ�B"
 

CD40 ÌƮ/ B ǵȏ-�( IRF4 EȱĜ�A*�ąðä1 IRF4 ƋŝzK

Z�?.ʈʉǈŹƈƻǵȏ)/ LPS ÌƮİ. CD80 .ȱĜ�ƩĪ�A*�ą

ð�đý�A (Saito et al., 2007; Suzuki et al., 2004)
7"	�ɗĽ7"/�ǢĨ

. IRF4.ǒǀ/ BATF< PU.1*.tc�`Jz�EĬņ�A�*) GCɭɒ

ɝ¤ĐEȱĜ�	�Ũ)ŒǼǔ7"/ʊ�u�.ǒǀ/ IRF4.w~`Jz�E

��(Ĭȼǵȏɭɒɝ¤ĐEȱĜ�A�*;ąð�B(A (Ochiai et al., 
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2013)
 B=�	ǟ/�B?.ɄÃøĐ� GC Bǵȏ-�( CD40XSg�

->%(ȱĜ�BA�ȵ4"
GC BǵȏEŌ CD40 7"/Ō BCRŌ©	7"

/Ɔ�,WJeOJ�*¿-Ăʅ�A*	IRF4.ǒǀ/ʊưĨ.Ō CD40 7"

/Ō BCRŌ©->AȱĜ�Ȫę�B�	�Ũ) BATF.ǒǀ/ɜōǔ-ʊưĨ

.Ō CD40Ō©)ȱĜ�B" (Fig. 6a, b)
ƌ-ǟ/ BATF�>1 IRF4� CD80

.ȱĜ-ɭ��A�ȵ4A":-	_~QXqL�)ƟĽȱĜéȐ,

ERT2-BATF�A/ ERT2-IRF4.ǒǀuR_�Eǆ"
BATF.ȱĜǔƟĽÖ

/ iGB-loǵȏ-�( CD80.ǒǀEȱĜ�"�	IRF4ÞƼ)/ȱĜ�,�%

"
�?-	BATF* IRF4.¿ƟĽÖ/ BATFÞƼ>@D��- CD80.ǒǀ

E�ɔ��" (Fig. 6c)
Ò�(	IRF4 *.ǹë�ƣď�A BATF .ĊǍ© 

(BATF-HKE).ȱĜ/ CD80.ǒǀEȱĜ�,�%" (Tussiwand et al., 2012)
�

B/ċýǔ BATF�Áýǔ IRF4*tc�`Jz�EĬņ�	CD80.ǒǀEȱ

Ĝ�(A�*Eǝõ�A (Fig. 6d)
�B?.d�_E7*:A*	ī CD40

ÌƮ->@ȱĜ�BA BATF-IRF4tc�`Jz�� CD80.ǒǀEȱĜ�A�

*�ǝõ�BA
CD40ȱĜǔ CD80.ȱĜ*ìƆ-	BATFä1 IRF4.ǒǀ;

IKK�.ɯĖÎ)ŊË�BA":	èÀǔ NF-�BǸɂ� BATFä1 IRF4.ǒ

ǀ�Ŭ-ɭ��(AéȐĽ��A (Fig. 6e)
 

NF-�BǸɂ� iGBǵȏ. CD80.ǒǀEȱĜ�	in vivo) BEMǵȏ.ĬņE

±ɔ�(A�*�?	BATF-IRF4 3c�`Jz��ī CD40ÌƮŮ. GC B

ǵȏ. Bmemǵȏ3.ÆÖ-ɭ��AéȐĽ�ȉ�?BA
�BEšŒ�A�*

-	¼ǎİ 10Ū.GL7+ Efnb1+ CD38+ GCǈŹȭńBÍʆǵȏ (pre-Bmem)(Laidlaw 

et al., 2017) )/	GL7+ Efnb1+ CD38− GC Bǵȏ*ƖɆ�(	BATF	IRF4	ä

1 CD80�>@ʊ�ǒǀ�(" (Fig. 6f, g)
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ȉę  

ŷǛǤ-�(ȫŻEÞǳÖ�A":-	Bmem�ɶùEÞ- CD80 .ǒǀ->

%(ÂĔȆ�"
BEMǵȏ*í �" CD80+ Bmemǵȏ/	 .Č�� CD73+, 

PD-L2+, CD62Llow)�@	Ĭȼǵȏ3*ÆÖ�<��	�Ũ)	BCMǵȏ*í 

�" CD80− Bmemǵȏ/ CD73ä1 PD-L2Eǒǀ�(Aɶù*ǒǀ�(,

ɶùEï8	CD62Lhigh)�@	GC Bǵȏ3*ÆÖ�<��%"
>%(	 B

!B.�ɶù.ȢǀĀ/¡Í.ąð*Č�.Ʋ)�ȕ�(A*Ȭ�A 

(Dogan et al., 2009; He et al., 2017b; Pape et al., 2011; Zuccarino-Catania et al., 2014)


BEMǵȏ*�ȕ�A Bmemǵȏ/	BCMǵȏ*�ȕ�A Bmemǵȏ*ƖɆ�(	Ō

áʊȩôĽ BCREŒ&*�ąð	ä1ʊȩôĽ Bǵȏ/Ĭȼǵȏ3*ÆÖ�

<�*�ąð�?	ȩôĽ.ə�?Ǆ�A BCRXSg�.īĨ.ə�

BEM ǵȏ* BCM ǵȏ.�ƌĻǪŮ.ÆÖɖóEƚĔ�(AéȐĽ�ȉ�?B

" (Phan et al., 2006; Zuccarino-Catania et al., 2014)
���	ǟ.ŌáɹđýÖ.

Ăʅĕʇ->%(	ÂÌƮİ.�B?. Bmem�ɶù.ÆÖɖó/ BCR .HJ

^_Js<ȩôĽ-/¯đ�,�*�ŭ?�*,%"
 B=�	ɄÃ7"

/MpYLicIRZ.s�qGJ�,+.ǵȏ.ƻŃ� B!B. Bmem�ɶ

ù.ƊȐEĔȆ'�(AéȐĽ�ǝõ�BA (He et al., 2017b; Kometani et al., 

2013; Zuccarino-Catania et al., 2014)
 

ɗâ-	CD40L Ō©->A GC .ɲâ->%( BEMǵȏ.Ïë�ƩĞ�A�

*	ä1	BEMǵȏ.ɄÃǔƺķ� CD40ÌƮE�" Bǵȏ*Ǘɭ�A�*�ą

ð�B(A (He et al., 2017b; Weisel et al., 2016)
ŷǛǤ)/ BEMǵȏ.Ĭņ/

TFHǵȏ.đý-¯đ�	TFHǵȏ/	gJ�r T ǵȏ<�.MqLR_�T ǵ

ȏ*ƖɆ�(	CD40L Eʊǒǀ�(A�*Eǝ�"
�B?.ȪęEă-	

ƌ-	Ɔ�, in vitroä1 in vivo.ĕʇ->@	CD40ÌƮ.ī�� Bǵȏ.Ǎ

,A Bmem�ɶù3.ÆÖEƚĔ�A�*	�,D$	T-B Ǘ�«ǆ.Ů.ǗĚ

ǔ-ī CD40ÌƮ/ BEMǵȏ3.ÆÖEĩ�ɀ��	�Ũ)	Ī CD40ÌƮ

/ BCMǵȏ3.ÆÖ-Ę��A�*Eǒȧ�"
ƺǨ�4��*-	ǟ/ iGB

ǵȏĂʅǰEǆ(	ʊĨ-ȥɷ)�A GC Ķĝǃć* CD40 ÌƮEÆɸ�	

GC ǃć-ɹ¯đǔ- CD40 ÌƮ.ī��Ǎ,A Bmem�ɶù.ĬņEƚĔ�A

�*EȮŭ�"
���	�ĨƟĽÖ Bǵȏ� GCǃć-½A*	CD40LEʊ

Ĩ-ǒǀ�" TFHǵȏ->@	ī�	åĴ�" CD40ÌƮEç�A.)	BEMǵ

ȏ3*ÆÖ�A�*�ǝõ�BA
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ī CD40 ÌƮ� BEMǵȏ.Ĭņ-ɥȦ)�A*�ǟ.ǒȧ/ȭń T ǵȏ

.Ĭņ~d�*�Aµɺ)/ʃ¦�A
Tǵȏ-�(	XSg�.īĨ� TEM 

7"/TCMǵȏ3.ɖóEƚĔ�A¢ȳ�Śö�B(A (Daniels and Teixeiro, 

2015)
�.¢ȳ)/	ī TCRÌƮ� TEMǵȏEȱĜ�	Ī TCRÌƮ/ TCM

ǵȏEȱĜ�A*ȬDB(A
�?-	CD4+ TEM 7"/ TCMǵȏ3.ÆÖ/

 B!BɄÃøĐ)�A T-bet ä1 BCL6 .ǒǀ->@ƚĔ�BA*��* 

(Pepper et al., 2011)	ä1	¨ȩôĽ TCR/ BCL6.ǒǀEʊ�u�)ȱĜ�	

T-betEŊË�A�*;ąð�B(A (Knudson et al., 2013)
�B?.�*�?	

TCR.ȩôĽä1XSg�.īĨ�Ǎ,AɄÃøĐE��(	ȭń Tǵȏ�ɶ

ù.ŨîEƚĔ�(A>�-ȉ�?BA
Bǵȏ.Ćë-�(/	ǟ/ BCR

.ȩôĽ/	Ǎ,AŌáŚǝɧ->Aìǣ Tǵȏ. CD40L.Ǎ,Aǒǀ�?.

Ǎ,A CD40 ÌƮ.ī�E��(	ɬřǔ- BEMä1 BCM.ŨîEƚĔ�(

A�*EŚö�A
CD40-NF-κB-IRF4 Ǹɂ�ɄÃøĐ BCL6EŊË�A*�

ąð (Saito et al., 2007)	ä1 Bcl6 mRNA� BEMǵȏ*ƖɆ�( BCMǵȏ)ǒǀ

�ʊ*�ąð��B(A (Zuccarino-Catania et al., 2014)
NF-κB<�Ơ.

IRF4-BATF tc�`Jz�� BEMǵȏ.Ĭņ-ɭDA�*Eǝ�ŷǛǤ.d�

_*¿-ȉ�A*	BEM* BCMǵȏ.Ĭņ/ CD40ÌƮ->@Ëĳ�BA IRF4, 

BATF, ä1 BCL6 ,+.ɄÃøĐ.ǒǀ�u�.l��Z->@ƚĔ�(A

�;�B,
 

� BCMǵȏ� TFHǵȏ*īCD40ÌƮ-ɹ¯đǔ-Ĭņ�BA�*Eǝ�ŷǛ

Ǥ.d�_/	čČť. BCMǵȏ� GC ĬņÍ-Ǆ�A*�ɗâ.ąð*�

ȕ�A (Weisel et al., 2016)
���	©ǵȏɁǥƴĊǍ.ǹż	¨ȩôĽ BCR

Eǒǀ�A GC B ǵȏ�Åǀ�AéȐĽ��@	�B->@ T ǵȏ.¨�u�

.CD40L.ǒǀEȱĜ�AéȐĽ��A-;��D?�	,�GC Bǵȏ/BCM

ǵȏE®Ǻ)�,.)�C��
 B-ɭ�(	GC Bǵȏ.ÛÆ� 6ŮɬƔ

-Hye�XZEĩ�ɀ���* (Mayer et al., 2017)	ä1 CD40ÌƮ->@ȱ

Ĝ�BA c-Myc .ǒǀ->@�.Hye�XZ�÷ɞ)�A�*�ąð�B(

A (Luo et al., 2018; Mayer et al., 2017)
�B?.d�_�?	GCŴ.ĪCD40

ÌƮ/Hye�XZE÷ɞ)��	 .": BCMǵȏEȱĜ)�,�*�ȉ

�?BA
 

� ŷǛǤ.d�_/GC-��AīCD40ÌƮ/BEMǵȏ.ĬņEȱĜ�A�

*Eǝ�(A
�Ũ)	in vivo-��Aī Tǵȏt�s<ī CD40ÌƮ
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� GC B ǵȏ.ĬȼǵȏÆÖEȱĜ�A*�ąð��B(A (Ise et al., 

2018; Schwickert et al., 2011)
���	in vitro-�( CD40ÌƮ/ĬȼǵȏÆ

ÖEŊË�A*��ĕ�? (Randall et al., 1998; Satpathy et al., 2010)	ī

CD40 ÌƮ/ǖřǔ-ĬȼǵȏÆÖEȱĜ�(,�*�ǝõ�BA
CD40

ÌƮ/ ICAM-1* SLAM.ǒǀ�ŬE��( TFHǵȏ* GC Bǵȏ.ǻǼǔ,

Ǘ�«ǆEȱĜ�A�*�ąð�B(A.) (Ise et al., 2018)	�B->@	

GC Bǵȏ/ TFHǵȏ->@ǅǄ�BAWJeOJ�EʊưĨ)ç�AéȐĽ�

Ǆ�A
IL-21 / B ǵȏ.Ĭȼǵȏ3.ÆÖEȱĜ�	�Ũ) IL-21R Ƌŝ/Ĭ

ȼǵȏÆÖEƩĪ�	Bmemǵȏ.ĬņE±ɔ�A�*�ǚ?B(A (Zotos et 

al., 2010)
TFHǵȏ/�ɶù->%(Ǎ,AWJeOJ�ǅǄEȠ�*�ąð

�? (Weinstein et al., 2016)	ī CD40ÌƮ/Þ-ƺĔ. TFHWr\be�?.

WJeOJ�.ĭɼEʊ:(A#��;�B,
 B=�	IL-21 ǅǄ TFH

ǵȏ*. GC Bǵȏ.Ǘ�«ǆ/	ī CD40ÌƮEç�"Ů-	ĬȼǵȏÆÖ

EȱĜ�A*ȉ�?BA
BEMǵȏĬņEȱĜ�A TFHǵȏWr\be*WJe

OJ�/ŵ#ŭ?�)/,�	IL-4*¿-Ăʅ�" iGBǵȏ� BEMƆ iMBǵ

ȏ3*ÆÖ�A*�ǟ.d�_�?	IL-4��&.éȐĽ*�(ȉ�?BA
 

� Ǆ©-*%(	łžŮ-�&. Bmem�ɶù�Ĭņ�BAÊƲ/ª)�C��


BEMǵȏ/ʊȩôĽ BCREŒ&.) (Zuccarino-Catania et al., 2014)	ʊȩôĽŌ

©EǅǄ�A�*�)�A
�Ũ)	BCMǵȏ/¨ȩôĽ BCREŒ&�	�ƌ

ĻǪŮ-�(	ĈƑȐ�ʊ�	7"	GC EÂĬņ�A�*) BCR .�me

HEÂƅņ�A�*�)�A
 B=�	ʊȩôĽ. BEMǵȏ*/Ǎ,@	BCM

ǵȏ/	Ǐá©.ǥƴĊǍ->@ČƆÖ�"	>@ħǬú.ŌáEȰȺ�A�

*�Ŵį�BA
¡�E7*:A*	BEMǵȏ->Ačɧ)Ɋɐ,ʊȩôĽŌ©

ǅǄ�čɟÆ.Âłž�"Ǐá©EŖɲ�	�Ũ)	ĊǍE��(Mpe�s

�ĊÖ�A�*->@�.ĻǪE÷ɞ�"Ǐá©/ GC E��(ɔÖ�" BCM

ǵȏǈŹ.Ō©->@Ŗɲ�BA*ȉ�?BA
 

� űİ-	ŷǛǤ.ǚȧ/ŧ",�Ra�ŨƜ.ɫǒ-Ļǆ)�A�;�B,


�,D$	¼ǎĻǪ�. B ǵȏ. CD40 ÌƮEËĳ�A�*->@	BCM

ǵȏE±ɔ�A�*)ħǬú.Mpe�s-ĻǪ�AŌ©EȱĜ)�	�Ũ)	

BEM ǵȏE±ɔ�A�*)Ɋɐ-ĻǪ�AʊȩôĽŌ©EȱĜ)�AéȐĽ�

Ŵį�BA
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ĕʇŨƜ  

zKZä1¼ǎ 

C57BL/6 NCrSlc (B6)zKZ/�Ý�xW�oZ>@Ƚ½�"
 B1-8 ki (Lam et 

al., 1997)	B1-8hi ki (Shih et al., 2002)	Bcl6f/f (Kaji et al., 2012)	Cd4-Cre (Lee et al., 

2001)	Cd40lg−/− (Xu et al., 1994)	OT-�zKZ (Barnden et al., 1998)/ B6zKZ

7"/V�YLhbRzKZ)�A B6 CD45.1+zKZ*lbRR�Z�"
H

�|HY�l�f)ƛɰ�" 100�g.NP32-CGG7"/NP14-OVAE i.p.)zK

Z-¼ǎ�"
�4(.ĕʇ)/	ĽÉ��ȕ�"	7ɓʋ¡�.zKZE¬ǆ

�(A
�4(.zKZ/ SPF ǃć�)ʄȌ�B	�4(.Õƹĕʇ/ź�

ǂǠčĒ-��AÕƹĕʇȨǢ-ıȠ,%(A
 

 

q��WJe}e�� 

�4(.q��WJe}e�� (FCM)-�(	ǵȏŅƯƤ�?ȾȟǁE

ACK->@ɲ�	CD16/32 (FcγRII/III)Ō©->%( Fc�\s_�3.Ō©.ǹ

ëEɯĖ�"İ	0.5% BSA	 2 mM EDTA	ä1 0.05% sodium azideEƧÒ�"

PBS)ģɤ�" Supplementary Table 1-ȭɌ�"Ō©->@žș�"
žș�"

ǵȏ/ FACSCalibur 7"/ FACSCantoII (BD Biosciences)Eǆ(ȫŻ�"
�

B?.d�_/ Flowjo (Tree Star)->%(ȫŻ�B"
Propidium iodide7"/

Fixable Viability Dye (eBioscience)Eǆ(ƏǵȏEƂÅ�	�4(. FCMĕʇ

-�(U�eHKe�"
ǵȏÁžș-/ Foxp3 staining kit (eBioscience)Eǆ

(žș.Í-üĔä1ɎɗĽÄǂ�"
 

 

ǵȏǯȤä1Ăʅ 

� gJ�r Bǵȏ/¡Íǝ�"ŨƜ->@ǯȤ�" (Nojima et al., 2011)
gJ

�r Tǵȏ/ OT-� zKZ.ȑȓǵȏ�?ȾȟǁEɲ"İ	ȝ»ƇȺ�B"

CD4	CD25	CD44	ä1 CD62L -Ě�AŌ©)žș�	FACSAriaII 7"/

FACSAriaIII (BD Biosciences)Eǆ( CD4+ CD25� CD44� CD62L+EÞɸ�A�

*->@ǯȤ�"
GC Bǵȏ/ NP-CGG/alum)¼ǎİ 7Ū.zKZ�?¡�

.Ɔ-ǯȤ�"
�&�.ȑȓEs���"ǵȏE FITC ƇȺ GL7 Ō©*Ō

FITC zJR�o�[ (Miltenyi Biotec))žș�"İ	GL7+ ǵȏE MACS XZ

c| (Miltenyi Biotec)->@ưǿ�"
ưǿ�"ǵȏ/ anti-CD19	anti-CD38	

�>1  anti-CD138 )žș�	GC B ǵȏ  (CD19+ CD38 �  CD138 �  GL7+)E
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FACSAriaII7"/ FACSAriaIII)Þɸ�"
 

� Bä1Tǵȏ/ē¾Ăÿ [10% ɹ¸Ö fetal bovine serum, 1 mM sodium pyruvate, 

50 µM 2-mercaptoethanol, 10 mM HEPES pH7.5, 100 U/ml penicillin and 100 µg/ml 

streptomycin (GIBCO) EƧÒ�" RPMI-1640 Ăÿ(Wako)]) 37°C/5% CO2.ǃ

ć�)Ăʅ�"
gJ�r Bǵȏ (5×106/ml) /Ō CD40 (1C10; Southern Biotech)

7"/ IKKβɯĖÎ (BAY11-7082; Merck)*¿-Ăʅ�"
̂ �e�B" Tǵȏ

�ɶù (2.5×105/ml)/ PMA (20 ng/ml; Sigma)ä1 ionomycin (1 µg/ml; Sigma)) 2

ŮɬÌƮ�"
Th0 ǵȏ.«ņ.":-	gJ�r OT-� T ǵȏ (2.5×105/ml)

EŌ CD3ε (8 µg/ml; 145-2C11; Biolegend)ä1Ō CD28 (8 µg/ml; 37.51; Biolegend)

EV�e�" 6-well s��e (Corning)) 3ŪɬĂʅ�"İ	Ō©ɹđý�) 1

ŪĂʅ�"
�. Th0ǵȏ (1×106/ml)/gJ�r Bǵȏ (1×106/ml)* OVAvs

af*¿-¿Ăʅ�B" (Fig. 4a)
GC Bǵȏ (1×106/ml)/Ō IgM (10 or 1 µg/ml; 

Jackson ImmunoResearch), Ō IgG (10 or 1 µg/ml; Jackson ImmunoResearch), Ō

CD40 (1C10; 10 or 1 µg/ml), IL-4 (10 ng/ml; PeproTech), IL-21 (10 ng/ml; PeproTech) 

7"/ BAFF (10 ng/ml)* 6ŮɬĂʅ�"
 

 

ʅĐ¼ǎä1ȭń Bǵȏ.ǯȤ 

gJ�r BǵȏE B1-8 ki CD45.1 zKZ�?ǯȤ�	FCM) NP+ǵȏ.Ïë

EƚĔ�"
1Ø�"@ 1×104 NP+ BǵȏEï9gJ�r BǵȏE B6zKZ-

ǡ½�	ȈŪ NP-CGG/alum)¼ǎ�"
4ɓİ	Bmemǵȏ/¡�. 2Zcbs

iPcIr^�cI�S)s���"ȑȓǵȏ�?ưǿ�B"
oNa�ƇȺ

�B" CD4	CD8a	CD11b	CD43	CD45.2	CD49b	ä1 Ter119 Ō©)ǵȏ

Ežș�	ƌ- streptavidin particle DM)žș�"İ	iMag (BD)ä1MACSX

Zc|Eǆ(iPcIr^�cI�S�"
ưǿ�B"ǵȏ/ȝ»ƇȺ�B

" CD19	CD38	CD45.1 Ō©, ä1 NP-BSA )žș�B	Bmemǵȏ (�4(ɳ

Ľ)E FACSAriaII7"/ FACSAriaIII)Þɸ�"
 

 

In vivo-��AŌ©ŋ� 

CD40ÌƮEɯĖ�A":-	CD40LŌ©)�AMR-1 (kJr�f�z�?

ǯȤ; 30�g/zKZ)7"/V�e��� IgG (IR-AHT-GF, Innovative Research)E

s.c.)¼ǎÍ 1 Ū�?¼ǎİ 5 Ū7)ƔŪŋ��"
CD40 ÌƮEƟĽÖ�A"

:-	CD40Ō© (FGK4.5, Bio X Cell; 250 µg/zKZ)7"/ PBSE¼ǎİ 8Ū-
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i.p.)ŋ��"
 

 

iGBǵȏĂʅ* iMBǵȏ.«ņ 

iGB ǵȏĂʅ* iMB ǵȏ«ņ/¡Íąð�"ŨƜ)Ƞ%" (Nojima et al., 

2011)
40LB-hi/ CD40L ǒǀuR_�(pMXs-CD40L-IRES-GFP)E 40LB-Â1

Ĝ½�A�*->@«ņ�"(Takatsuka et al., 2018)
40LB-midä1 40LB-lo/^

�cISä1ɱǋģɤƜEǆ( 40LB�?«ņ�"
40LB-mid. CD40L.ǒ

ǀ/ȩſ)�A 40LB*ìǩ)�A
 

 

In vivo).¼ǎ.":. iMBǵȏʅĐǡ½ 

iGBǵȏEǡ½�( 2ɓɬİ.zKZ.ȑȓǵȏE FCM-(ȫŻ�	fg�

ǈŹ (CD45.1+) iMBǵȏ.ťEìĔ�"
In vivo-��A NPŌá3.ĻǪĽE

ȵ4A":-	B1-8 zKZǈŹ. iMB ǵȏEï9ȑȓǵȏEQ��HŌá 

(CGG))ł«�B"ȑȓǵȏ*¿- B6 zKZ-¿ǡ½�	ȈŪ NP-CGG/alum

)¼ǎ�"
 

 

s�Z{f.ƅɑ 

iGBǵȏ. mRNA�? BATFä1 IRF4 cDNAE PCR-(R���Ö�"


ERT2.ɠÇE BATFä1 IRF4 cDNA . 5’-Ŷǧ- PCR->@Ĭņ�B"Ëɱɡ

ǴɠÇEǆ(ǹë��"
BATF-HKE ĊǍ© (H55Q	K63D	ä1 E77K)/

PCREǆ"ǥƴĊǍ.Ĝ½->@«ņ�"
 B!B ERT2EȞë�" BATF

7"/ BATF-HKE/ pMXs-IRES-GFPuR_�-Ƿ8ɉF#
7"	ERT2EȞ

ë�" IRF4/ pMXs-IRES-CFPuR_� (pMXs-IRES-GFPuR_�ǈŹ)	GFP

E CFP -Ȃś�"uR_�)-Ƿ8ɉF#
CA-IKKβ (S177E ä1 S188E)	 

CA-Akt (E40K) 	ä1 CA-MKK4 (S257E, T261D)/ pMXs-IRES-GFPuR_�-

Ƿ8ɉF#
RNAi.":-	Supplementary Table 2-ȄÇ�" shRNA.Ƈǔɠ

Ç/ pSIREN-GFP uR_� (pSIREN-RetroQ uR_�(Clontech).p���zJ

X�ȋĽɝ¤ĐE GFP-Ȃś�";.)-Ŕ½�"
 

 

�e�KJ�Z->AĬȼĜ½ 

� iGB ǵȏ-��A�e�KJ�Z->AĬȼĜ½/¡Íǝ�"ŨƜEǆ" 

(Haniuda et al., 2016)
Tǵȏ3.Ĝ½.":-	gJ�r TǵȏEs��e-V
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�e�"Ō CD3ε (8 µg/mL) and Ō CD28 (8 µg/mL)) 36ŮɬÌƮ�	ÍɌ�"Z

p�J�qLRX��Ɯ->@�e�KJ�ZuR_�EĬȼĜ½�"
In vivo

-�(, 

ƟĽÖ�" B ǵȏ3.�e�KJ�Z->AĬȼĜ½* B-Ǽ�zKZ3.

ǡ½/¡Íǝ�B"ŨƜ->@ĕũ�" (Inoue et al., 2017)
ǭƭ-ȳŭ�A*	

B1-8hi kizKZE NP-Ficoll (50�g)->@ i.p.)¼ǎ�	6Ůɬİ-�.zKZ.

ȑȓ�? BǵȏEǯȤ�	Ō CD40 (2 µg/ml) ) 18ŮɬÌƮ�A
Ăʅ�" B

ǵȏEZp�J�qLRX��Ɯ->@�e�KJ�ZuR_�EĬȼĜ½�	

�?- 3 ŮɬĂʅ�"
�. B ǵȏ (1×106)E B6 zKZ-ǡ½�
ȈŪ

NP-CGG/alum)¼ǎ�"
 

 

¼ǎr�beȫŻ 

� ǵȏȼŎÅ (CE) lbqG� (10 mM HEPES pH 7.9	10 mM KCl	0.1 mM 

EDTA pH 8.0	0.1 mM EGTA	ä1 1 mM DTT)E 4�) 10ÆÄǂ�"İ	NP-40

EűǶưĨ� 0.5%-,A>�ƧÒ�(ǵȏEƫȫ�"
ǵȏƫȫƤEɚĸ�	

�ƨEǵȏȼÆǊ*�"
ƛƓƹE CElbqG�) 2÷Ɲơ�	űǶǔ,ƛƓ

ƹEƀŎÅlbqG� (20 mM HEPES pH7.9	400 mM NaCl	1 mM EDTA pH 8.0	

1 mM EGTA	25% glycerol	ä1 1 mM DTT)-ŅƯİ	10Æɬ- 1÷şŐ�,

�? 40 Æɬ 4�)ţȂ�	ƫȫ�"
�.ƫȫƤEɚĸ�(�ƨEƀÆǊ*�

"
ǵȏȼä1ƀÆǊEW�s�lbqG�*Ʀ�	xJ��	 �(SDS-PAGE

-¬ǆ�"
 .İ Supplementary Table 1-ǝ�"Ō©Eǆ(¼ǎr�beƜ

-(ȫŻ�"
 

 

Ĕɧǔ RT-PCR 

RNA ŎÅ* cDNA 3.ɍɄÃ/¡Í-ąð�"ŨƜ)Ƞ%" (Nojima et al., 

2011)
Ĕɧǔ RT-PCR/ 7500 fast Real-time PCR system7"/ QuantStudio 3 

(Applied Biosystems))Ƞ%"
ɝ¤Đ.ǒǀ�u�/ǗĚǔZ_�`�fO�r

Ɯ)ƂÅ�	Gapdh.ǒǀ)ƇƪÖ�"
 

 

ELISA 

NP ƺǍǔ IgG1 /¡Í-ǝ�"ŨƜ)s��e-V�e�" NP-BSA Eǆ(

ELISA->@ƂÅ�" (Nojima et al., 2011)
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ȹɇ  

ŷǛǤ/ź�ǂǠčĒǄóǠĒǛǤŇÆĐǄƹĒǛǤɟɪ)ȠDB7�"
ŷ

ǛǤEɔ:A-�"@	Ʒĸ,�œĜ	�ɻŠEȻ@7�"×Ÿč�Ťŕ-ƥ

�łȹ"�7�
ÜƃǛǤŮ>@Č�.�œĜ	�ÓȬEȻ@7�"ǄóÚ

ǠĒǛǤŇĄÁñÓŤä1ȇǄǇþÓŤ-à�ĳǞǉ���7�
7"	ŷǛ

Ǥ-�(Č�.�œĜ	�ÓȬ	�ÝÐEȻ@7�"	ǄóǠĒǛǤŇ.ȸ

ºǄŨ-ƥ�łȹ"�7�
ĕʇ.ŉȡǔÝÐE�("#"	ȖƞƎǱ

Ɨ	ɦŷǘțƗ	áǇƢĺƗ-ƥ�łȹ�7�
7"	�6�s�YLRe¼

ǎĒßĉȴǢĒǄšŜŗōȊ*�(	Ūŷ¼ǎĒ£�?ȣÓE�("#"

�*-à�ĳǞǉ���7�
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Figure 1. CD80+}! CD80–þ® Bèï�Ô©   

(a) NP-CGG/alum�oÞ¦ 4Ą� B6T1=�ðñèï/N\^:0FVFY^ (FCM)�ü¾

���H0^O B èï (CD19+ IgM+)� GC Bèï (CD19+ IgM− IgG1+ CD38−)� }! CD80−

� CD80+ Bmem èï (CD19+ IgM− IgG1+ CD38+)�8^FÉ/`Æ�ä���-�-�uÛ�


�,�èïøĐu��ß×/aÆ�ä����-*�E^@ 2��Õç���ĕ��Ä�ê

¿�¨*-�� 

(b) �ĕP\F9Z�Ãú (`Æ)�CD45.1 B1-8 ki T1=�ðñèï/ B6T1= (CD45.2)�

åp��NP-CGG/alum�oÞ���4Ąĉ¦�GH^Ú½ Bmemèï (CD45.1+ CD19+ CD38+)/

IgG1 }! CD80 �ß×� 4 ��dď��uĒ���-*/?^F��¦�IL-21 ��a 40LB

èï`� 2·ĉ�ē��FCM�ü¾����:O>CF�
�, CD138+ ¥Ăèï}! CD138− 

GL7+ GC Bèï�y�/Ñ�ä�� (aÆ; 2���ĕ/é$�.��E^@)� 

(c) oÞ¦ 6Ą� Cd4-Cre, Bcl6+/+ or Bcl6f/fT1=�ðñèï/ FCM�ü¾���8^F�-�

uÛ�y� s×ª��,E^@��,� 

(d) (c)�ü¾���[;M3]F�ðñc� IgG1+ Bmemèï�
�, CD80+ (BEM)}! CD80− 

(BCM)èï�y� (%)}!�´/P\CF�� (n = 8)�  
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�7Z^P�
�,¡�m/¡÷ì�ä�� (b, d)� n.s.� ¹¬���(P > 0.05); *� P < 0.05; 

***� P < 0.001; ****� P < 0.0001; One-Way ANOVA¦� Tukey’s multiple comparisons test (b)


)! unpaired Student’s t test (d)�)+ëýü¾/÷��� b}! dg��q��E^@ 2
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Figure 2. ¤� CD40vÏ BEMèï�¥¯/ką�,  

(a) H0^O T (CD4+ CD62L+ CXCR5− PD-1−)�3N26@^ T (CD4+ CD62L− CXCR5− PD-1−), 

}! TFH (CD4+ CD62L− CXCR5+ PD-1+) èï/ NP-CGG/alum�oÞ¦ 7·�T1=�ðñ�*

?^F��PMA }!04JT0;]� 2¸ĉvÏ���� Tèï:O>CF� CD40L�ß×

/ FCM (��)�ü¾��cĉõn¤¢ (gMFI�~�)/ä�� (3:]PZ�¡� + s.d.)� 
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(b) B1-8 ki T1=Ú½�ðñ B èï/åp�-� Cd40lg+/+#� Cd40lg−/− T1=/

NP-CGG/alum�oÞ���6Ąĉ¦�GH^Ú½ (CD45.1+) NP+ CD19+ Bèï�y� (føà

�E^@���)��li�
�,GH^Ú½ Bmemèï (CD19+ CD45.1+ NP+ CD38+; ~� ; n = 

7)�´/ FCM�ü¾���  

(c, d) B1-8 kiT1=Ú½�ðñ Bèï/åp�-� B6T1=/ NP-CGG/alum�oÞ��z	

�oÞw 1·�*oÞ¦ 5·#�Ç·�ċ�à CD40L±i (MR-1; 1 mg/kg ; αCD40L )#�  

(ctrl IgG)/áaÊ��°b���oÞ¦ 10·#� 6Ąĉ¦�[;M3]FT1=�ðñèï

/ FCM �ü¾���(c) oÞ¦ 10 ·�føà�E^@�8^FÉ/ä��� (d) oÞ¦ 10

· (`�� n = 9)#� 6Ąĉ¦ (a��n = 8)�GH^Ú½�6X==0CB�� Bmemèï 

(CD45.1+ NP+ CD19+ CD38+ IgM−)�
�, BEM (CD80+)}! BCM (CD80–)�y� (%)}!�´ 

(#)/ä��� 

(e, f) B1-8 kiT1=Ú½�ðñ Bèï/åp�-� B6T1=/ NP-CGG/alum�oÞ��z	

�oÞ¦ 8·� PBS#� CD40 mAb (αCD40) (FGK4.5: 250 µg/ml)/ i.p.�°b���oÞ¦

10·�[;M3]FT1=�ðñèï/ FCM�ü¾��� (e) føà�E^@�8^FÉ/

ä���(f) GH^Ú½ IgG1+ Bmemèï (CD45.1+ NP+ CD138– CD19+ IgG1+ CD38+)�y� (%)

}!�´ (#)��*�GH^Ú½ GC Bèï (CD45.1+ NP+ CD19+ IgG1+ CD38−) #� ¥Ăóè

ï (CD45.1+ NP+ CD138+)�´/ä�� (n = 5)� 

(g, h) B1-8 ki Bèï (1×105)�9]F\^Z (shCtrl)#� shCd40lg/�p�-� OT-II T èï

(1×105)/åp�-� B6T1=/ NP-OVA /alum�oÞ���oÞ¦ 10·¦�[;M3]FT

1=�ðñèï/ FCM�ü¾���(g) føà�E^@�8^FÉ/ä���(h) (d)��í�

-�GH^Ú½�6X==0CB�� Bmemèï�y�/ä�� (n = 8)� 

�7Z^P�
�,¡�m/¡÷ì�ä��(b, d, f, h). ¹¬���(P > 0.05); *� P < 0.05; **�

P < 0.01; ***� P < 0.001; ****� P < 0.0001; unpaired Student’s t test (b, d, f, h)�)+ëýü¾/

÷��� b�d�}! hg��q��E^@ 2��Õç���ĕ�)��s×�-��,�b�

d�}! h 2��Õç���ĕ/é$�.��'���,� 
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Figure 3. CD40vÏ�¤¢�Ý�,þ® Bèïdď�"�u{/È��,  
(a) 3T3-BAFFèï� 40LB:OX0]�
�, CD40L�ß×/ FCM�ü¾���  

(b) ðñ Bèï/� 40LB:OX0]`�þă�-�·´�ē���Å�� B (iGB)èï� CD80

�ß×/ FCM�ü¾��gMFI/ä�� (3:]PZ�¡�m� s.d.)� 

(c) Ā�ªþ® B (iMB)èï�jù¶É�ÃÜ��CD45.1+9]<2IC6 B6T1=Ú½�ðñ

Bèï/(b)�)�� 4·ĉ�ē��iGB-lo� iGB-mid�#� iGB-hièï/�ìÒ���T1
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= (CD45.2+)�åp�,��åp¦ 2 Ą�
���GH^Ú½ Bmem Äèï (CD19+ CD45.1+ 

CD38+)�[;M3]F�ðñ�Ât�-��-�- iMB-lo� iMB-mid�#�  iMB-hièï�

�e�*-�� 

(d-f) (c)�Ä�j¯�-� IgG1+#� IgG1– iMBèï (iMB-lo� iMB-mid�#� iMB-hi) �


�, CD80 �ß×/ FCM �)+ü¾��� (d) føà�E^@�8^FÉ/ä��� (e) 

IgG1+#� IgG1– iMBèï�
�, BEM (CD80+)}! BCM (CD80−)èï�y� (%)��-*�

èï�ðñc��´ (#)/ä��� (f)[;M3]F�q B èï (CD45.1− CD19+)� òßà�

¥¯�-� GC Bèï (CD45.1− CD19+ CD38− GL7+)�iMB-lo�}! iMB-hi èï (CD19+ CD45.1+ 

CD38+)�
�,�øĐT^5^�ß×  

(g, h) iMBèï/�%ðñ Bèï/ IL-21�r� 40LBèï`� 2·#� 3·ĉ�ē���

CD45.1+ (iMB cellÚ½) IgM+#� IgG1+èï�
�, GL7 (g, h)}! CD138 (h)�ß×/ FCM

�)+ü¾���  

(i-k) B1-8 ki CD45.1/CD45.2#� B1-8 ki CD45.1 iGBèï�* (d)�Ä��-�-Ā��-� 

iMB-lo}! iMB-hièï/ NP+èï/ 1�104�� 1:1�Ì���1�107 CGG �j�-�ðñ

èï� B6 T1=�råp����-*�[;M3]FT1=/ NP-CGG/alum �oÞ��10

·¦�ü¾���(j) åpw� CD45.1+ NP+èï�
�, iMB-lo (CD45.2+)
)! iMB-hi 

(CD45.2−)�y��(k) CD45.1+ NP+ Bmemèï (CD138− GL7− CD38+)}!GC Bèï (CD138− GL7+ 

CD38−)�
�, iMB-lo#� iMB-hiÚ½èï�y�/ä���  

�7Z^P�
�,¡�m/¡÷ì�ä��	 (e, k)� ¹¬���(P > 0.05); *� P < 0.05; **�P 

< 0.01; ***� P < 0.001; ****� P < 0.0001; One-Way ANOVA¦� Tukey’s multiple comparisons test 

(e)
)! paired Student’s t test (k)�)+ëýü¾/÷��� (e)g��q��E^@ 2��Õ

ç���ĕ�)��s×�-��,�(e) 2��Õç���ĕ/é$�.��'���,� 
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Figure 4. Ėû�ª Bèï BEMèï"�)+u{�(���- Tèï� CD40L�
ß×/¤Ā��,�*�'�-���  

(a-d) Ä�� OVASPBG�Ð¢� OT-IIÚ½ Th0èï�ðñ Bèï/ 6¸ĉ#� 2·ĉr

�ē��FCM�ü¾���(a) T-Br�ē��ĕÃú� (b) �ē 6¸ĉ� CD4+ T èï�
�

, CD40L�ß×/ gMFI�ä�� (3:]PZ�¡�m+ s.d.)� (c) �ē 2·�
�, CD19+ B

èï�CD80�ß×/gMFI�ä�� (3:]PZ�¡�m+ s.d.)� (d) �ä�-�Ð¢�CD40L

ċ�±i��a 5 µM OVA SPBG�r� 2·ĉr�ē��CD19+ Bèï�CD80�ß×/(c)

�Ä� gMFI�ä��� 

(e, f) B1-8hi ki (CD45.1/45.2)
)! B1-8 ki (CD45.1)T1=Ú½� NP+ ðñ Bèï/�-�- 1

�105�� B6 T1=�åp��¦ NP-CGG/alum �oÞ��7 ·¦� FCM �ü¾���(e) f

øà� FCME^@�8^FÉ/ä��� (f) �-�- B1-8hi ki#� B1-8 kièïÚ½� IgG1+ 

Bmem èï(CD19+ CD38+)�
�, BEMèï (CD80+)�đ¢ (%)/ä�� (n = 7)� 

(g, h) B1-8 ki Bèï/åp�� B6T1=/ NP-CGG/alum�oÞ��10·¦� FCM�oÞ�

��(g) føà� FCM E^@�8^FÉ/ä���(h) NPmed
hi#� NPmed

lo IgG1+ Bmemèï  

(CD19+ CD45.1+ CD38+)�
�, BEMèï(CD80+)�y� (%) /ä�� (n = 8)� 

�7Z^P�
�,¡�m/¡÷ì�ä��(f, h)�****� P < 0.0001; paired Student’s t test (f, h)
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�)+ëýü¾/÷���(f)}!(h)g��q��E^@ 2��Õç���ĕ�)��s×�

-��,�(f)}!(h) 2��Õç���ĕ/é$�.��'���,� 
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Figure 5. NF-κB;7HZ BEM èï�¥¯�Ċ.,  

(a) Akt�IKKb�#� MKK4 �« Ëª{ (CA)�Ýi/ 40LB-lo èï`��ē�� B èï

(iGB-loèï)�[F\10Z=/Ù���ē 2·â��p���5·â� FCM/Ù�� IgG1+ 

CD138− ÀT^5^Ďª iGB-loèï�
�, CD80�ß×/ü¾����-�-�L=F7

XU�´� gMFI/ä�� 

(b) �ä�-�¸ĉ CD40 mAb (1#� 10 mg/ml) �vÏ�� Bèï�èïĂ}!Á²tÓ/

p65/RelA�Tubulin�}! Lamin B���,±i/Ù��oÞO\CFÉ�)+ü¾���  

(c) shCtrl#� shRela/�p�� 40LB-hièï`��ē��Bèï (iGB-hièï)�
�, Rela 

mRNA�ß×/ qRT-PCR�)+ü¾�� (3:]PZ�¡�m� s.d.)�  

(d) (c)�)��Ćh��p�� iGB-hièï� CD80�ß×/ FCM�)+ü¾���  

(e, f) B1-8hi kiT1=Ú½� In vivo�Ëª{�� Bèï� shCtrl or shRelaß×R6@^/¶É

�ä��)���p�� �� Bèï (1×106)/ćØ�T1=�åp���î·�-*�T1=

/ NP-CGG/alum�oÞ��oÞ¦ 10·�ðñèï/ FCM�ü¾���(e) føà� FCME

^@�8^FÉ/ä���(f) oÞ¦ 10·�
�,GH^Ú½�R6@^��p�-�6X=

=0CB�� Bmemèï (CD45.1+ NP+ GFP+ IgM− CD19+ CD38+)�
�, BEM (CD80+)èï�y

� (%) (n = 4)�  

�7Z^P�
�,¡�m/¡÷ì�ä��(f, h)� **� P < 0.01; unpaired Student’s t test�)

��ëýü¾�-��q��E^@ 2��Õç���ĕ�)��s×�-��,� 
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Figure 6. GC-þ® BwĔèï�
��¤� CD40vÏ� BATF-IRF4QD\A0T^/Ā

��,  

(a,b) GC Bèï (CD19+ CD138− CD38− GL7+)/ NP-CGG/alim�oÞ¦ 7·�T1=�ðñèï

�*?^F��ga�ÿô/Íz#� »Íz (−)� 6 ¸ĉ�ē��: ± IgM + ± IgG ±i

(BCR, hi: 10 µg/ml; lo: 10 µg/ml)� ± CD40±i (CD40, hi: 10 µg/ml; lo: 10 µg/ml)�IL-4 (10 ng/ml), 

IL-21 (10 ng/ml)#� BAFF (10 ng/ml)��-*� Bèï (CD19+ CD138−) �
�,�@]K6

Ă�ß×/ FCM�
��ü¾���(a) føà�L=F7XU�(b) (a)�ä��L=F7XU

� gMFI (3:]PZ�¡�m� s.d.)�  

(c) 40LB-loèï`��ē��ðñ Bèï (iGB-loèï)��ē 2·�æR6@^#� ERT2�

ö����ä�-���/�p��3·â�* 5·â&� 4-OHT#� Î���, EtOH/Í

z����ē 5·�
�,�-*�èï� CD80�ß×/ FCM�ü¾��Fig. 5(a)�Ä�L=
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F7XU�ä���  

(d) iGB-lo èï�æR6@^#� ERT2 �ö����ä�-���/�p��(c)�)��

4-OHT/Íz����-*�èï� CD80�ß×/(c)�)��ü¾���  

(e)± CD40±i (20 µg/ml)��a�ðñ Bèï/ IKKβċ�x (BAY11-7082)/Íz#� »Í

z (−) � 2·ĉ�ē��� �-*�èï�
�,�ä�-�@]K6Ă�ß×/ FCM�ü¾

���č�ä�-�L=F7XU ���$��ē��èï��,� 

(f, g) B1-8 ki CD45.1T1=�ðñ Bèï/ćØ�T1=�åp��î· NP-CGG/alum�oÞ

���oÞ¦ 10·�
����-*�T1=�ðñèï/ FCM�ü¾��� (f) føà� FCM

E^@�8^FÉ/ä�� (��)�GH^Ú½ GC B (CD19+ CD45.1+ GL7+ Ephrin B1+ CD38−)


)! pre-Bmem (CD19+ CD45.1+ GL7+ Ephrin B1+ CD38+)èï�
�,�ä�-�@]K6Ă�

ß× (~�) (g) (f)�ä��L=F7XU�
�, gMFI (n = 4).  

�7Z^P�
�,¡�m/¡÷ì�ä��(f)�*� P < 0.05; **� P < 0.01; paired Student’s t test

�)��ëýü¾�-��q��E^@ 2��Õç���ĕ�)��s×�-��,� 
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Figure 7. ¼āµ�*³��-, BEM
)! BCMèï�¥¯WEZ  

pre-GC º�
���BCR �û�ª(Ö¨�-�±|�Ĉ�)�� T èï"�±|³äĈ�È

����-�§� Tèï� CD40L�ß×Ĉ�È��,��-�)+È��-� Bèï� CD40

vÏ�Ĉ�Ý�, Bmemèïdď�"�u{/¶�e�,�ã�à�¤� CD40vÏ BEMèï

�u{��b��£� CD40 vÏ BCMèï"��_¶��GC ¥¯gČ TFHèï� TCR

vÏ¦�Ė[RZ� CD40L�ß×/Ā��,���TFHèï�¤�[RZ� CD40vÏ/Ā�

��BEMèï�u{/ką�,� 
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Supplementary Table 1
List of antibodies and reagents used in this study.

Target or material name Conjugates Manufacture Clone or product code Application Dilution
BATF Unconjugated Cell Signalling D7C5 Flow 1:100-200
BCL6 APC Biolegend 7D1 Flow 1:100
CD138 PE, Biotin Biolegend 281-2 Flow 1:600
CD38 PE/Cy7, PB Biolegend 90 Flow 1:600
CD40L PE Biolegend MR1 Flow 1:600
CD45.1 (Ly5.1) BV421 Biolegend A20 Flow 1:600
CD45.1 (Ly5.1) FITC eBioscience A20 Flow 1:200
CD45.2 (Ly5.2) PE, BV421 Biolegend 104 Flow 1:600
CD62L APC Biolegend MEL-14 Flow 1:200-600
CD80 PE Biolegend 16-10A1 Flow 1:300
CD95 (FAS) Biotin BD Biosciences Jo2 Flow 1:600
CXCR5 Biotin Biolegend L138D7 Flow 1:100
Efnb1 Unconjugated R&D SYSTEMS AF473 Flow 1:100
GL7 Biotin, PerCP-eFluor 710 eBioscience GL7 Flow 1:120-600
GL7 FITC Biolegend GL7 Flow 1:120
Goat IgG AF647 Jackson ImmunoReserch 705-605-147 Flow 1:2000
IgG1 FITC, BV421 BD Biosciences A85-1 Flow 1:200-600
IgM eFluor 450, FITC eBioscience II/41 Flow 1:200-600
IRF4 PE eBioscience 3E4 Flow 1:2000
NP14-BSA APC, Biotin (In house; Fukao et al., 2014) � Flow 1:600
NPmed APC (In house; Tashiro et al., 2015) � Flow 1:600
PD-1 PE/Cy7 Biolegend RMP1-30 Flow 1:200
PD-L2 Biotin Biolegend TY25 Flow 1:300
PD-L2 BV510 BD Biosciences TY25 Flow 1:300
Rabbit IgG APC Cell Signalling 4414S Flow 1:2000
SA BV421, BV510 Biolegend 405226, 405233 Flow 1:200-600
CD19 APC/Cy7, Biotin Biolegend 6D5 Flow, Purification 1:200-600
CD4 FITC, Biotin Biolegend GK1.5 Flow, Purification 1:200-500
GL7 BV421, FITC BD Biosciences GL7 Flow, Purification 1:100-600
TER-119 PerCP/Cy5.5, Biotin Biolegend TER-119 Flow, Purification 1:200-600
CD11b Biotin Biolegend M1/70 Purification 1:200
CD43 Biotin BD pharmingen S7 Purification 1:173
CD49b Biotin Biolegend DX5 Purification 1:500
CD8a Biotin Biolegend 53-6.7 Purification 1:200-500
Gr-1 Biotin Biolegend RB6-8C5 Purification 1:200
H-2Kd Biotin Biolegend SF1-1.1 Purification 1:100
IgD Biotin Biolegend 11-26c.2a Purification 1:100
IgM Biotin Biolegend RMM-1 Purification 1:100
Lamin B Unconjugated Santa Cruz biotechnology B-10 Immunobltting 1:1000
mouse κ light chain HRP Southen Biotech 1050-05 Immunobltting 1:5000
p65/RelA Unconjugated Cell Signalling D14E12 Immunobltting 1:2000
Rabbit IgG HRP Jackson ImmunoReserch 711-035-152 Immunobltting 1:5000
Tubulin Unconjugated Sigma T-6074 Immunobltting 1:1000

Supplementary Table 2
List of primers for qRT-PCR
Target sence or antisence sequence (5'-3')

sence GGAGAAACCTGCCAAGTATGA 
antisence CCCTGTTGCTGTAGCCGTATT 
sence CCCAGACCGCAGTATCCAT
antisence GCTCCAGGTCTCGCTTCTT

List of target sequences of shRNA
Target Taget sequence (5'-3')
shCtrl (shLuciferase) GTGCGTTGCTAGTACCAA 
shCd40lg GAATTACAAGCTGGTGCTTCT
shRela GGACCTATGAGACCTTCAAGA

Gapdh

Rela


