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ɍž  

IL-1�^r`�H�`Xh\eơŭ (Il1rn-/-)wK\1ʑȑǎEȻǑǱǮ�
$0ʑ

ȑǎ0ǱǮ/1 IL-17�ʋɍ.´�E�*�A�Th17ȖȭÄØ1 TGF-β, IL-6/¬

Ė A��Ē�0ĉô�?ǿ�B*�A�
ƏǼȉ+1 Il1rn-/-wK\0ʑȑǎ1 IL-6

ơŭ/>(*º�ĻʢEç�.��EǱɎ�%�8%
Il1rn-/-Il6-/-wK\+1 Th17

Ȗȭ�ɺįɺ@ÄØ�*�%�IL-6ʠ¬Ėǲ Th17ȖȭÄØƠƜEƀ?�, AǏ/


naïve CD4+TȖȭE Il6-/-wK\�?ȓɊ�TCRËǋ
TGF-β
IL-1�IL-21+Ëǋ�%�

$0Țƕ
naïve TȖȭ1 TGF-β+IL-1+IL-21+ćʨ�%ź� TGF+IL-21+ćʨ�%Ƃ

>@<ÕǛǲ/ Th17 Ȗȭ/ÄØ�%����
TGF-β, IL-1 +1 Th17 Ȗȭ1ÄØ

�.�(%��?/�Ĵ Th17ȖȭÄØɞĤ�%Ȗȭ/Ģ�*
IL-11 TGF-β,,<

/ Th17ȖȭEȝš�%�Ƚõǀ��/ IL-11
TGF-β/>(*ɞĤ�BA Foxp30

ǱǜEŘÊ�* Th17ȖȭÄØE�ɼ�"*�%�$�*
�B1čƨ= IL-6= IL-21

ʠ¬Ėǲ+�(%��?/
IL-11 Nfkbiz= Batf,�(% Th17Ȗȭɲ¿üĕ0Ǳǜ

Ečĸ�%��B?0Țƕ1 IL-1 � IL-6 ʠ¬Ėǲ Th17 ȖȭÄØ/ʋɍ.ļÐEƕ

%�*�A�Eǿ�*�A�  
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Abstract 

IL-1 receptor antagonist-deficient (Il1rn-/-) mice spontaneously develop autoimmune 

arthritis and that IL-17 is crucial for the onset of the disease. Although many studies have 

shown that the Th17 cell differentiation is dependent on TGF-β and IL-6, we found that IL-6 

deficiency does not affect the development of arthritis in Il1rn-/- mice at all. In vivo, Th17 

cells developed normally in Il1rn-/-Il6-/- mice. To elucidate the mechanisms of IL-6 

independent Th17 cell differentiation, we purified naïve CD4+ T cells from Il6-/- mice and 

cultured with TCR stimulation, TGF-β, IL-1 and/or IL-21. We found that naïve CD4+ cells 

efficiently differentiated into Th17 cells when cultured with TGF-β, IL-21 and IL-1 than the 

combination of TGF-β and IL-21, however, these cells did not differentiate with TGF-β and 

IL-1. In addition, IL-1 maintained Th17 lineage synergistically with TGF-β. Interestingly, we 

found that IL-1 inhibited TGF-β-induced Foxp3 expression to promote Th17 cell 

differentiation in a proliferation, IL-6 and IL-21 independent manner. Furthermore, IL-1 

augments Th17 transcription factors expression such as Nfkbiz and Batf. These results 

indicate that IL-1 plays an important role in the Th17 cell differentiation in an IL-6 

independent manner. 
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ȬƄ,Ƿǲ� 

� ʑȑ�Kwa1Ȼĭ¸ǫǬŌ0�)+ºɱŊőŊǎǮŊǬŌ+�@
ʑȑ0ȴBE

�Ń, Aʜǭ+�A�ʄ¥ǲɍü
ǟČɍü
ŏƖ.-�ǱǮ0ßü,ȥ�?B*

�A(McInnes and Schett, 2007)����
ǱǮƠƜ1Ęº/1ƀ?�,.(*�.

��Ē�0ǎǮŊYJeOJ�
U{OJ�
œʎüĕ�ǱǮ�%ʑȑħŕ+Ǳǜ�

*�@
ɋʚ.YJeOJ�ibe��SEĺœ�*�A�$0Ǐ
YJeOJ�i

be��S0īĎ�ʑȑ�Kwa0ǱǮ/ĻʢE��A,Ĳ�ȥ�?B*�A

(McInnes and Schett, 2007)�IL-61ʑȑ�KwaǱǮ/ʋɍ.ǎǮŊYJeOJ�

0�)&,ȥ�?B*�@
IL-6 ơŭwK\1W��V�ɞĤʑȑǎʭCIAʮ


HTLV-1 transgenic (Tg) wK\ʑȑǎ
SKGwK\ʑȑǎ.-Ē�0ʑȑǎ/ȧŊ

,.A(Figure 0-1a)(Ishihara et al., 2004; Iwakura et al., 2008)�ěʗ
IL-6R/Ģ

 AŚ©1ʑȑ�Kwa0ȺĳɄ,�*ÉǢ�B*�A(Figure 0-1b) (Jones et al., 

2010; Nishimoto et al., 2009)� 

 IL-1 0ʑȑ�KwaǱǮ/��AʋɍŊ<ïƝ/wK\{d�+ǿ�B*�@ʶ

IL-1�^r`�H�`Xh\eơŭwK\(Il1rn-/- mouse)1 IL-10½ĀŊʓĝüĕ

IL-1Ra0ơŭwK\+
ʑȑǎEȻǑǱǮ A(Horai et al., 2000)( Figure 0-2a b)�

8%
IL-10ơŭ1 CIA
HTLV-I Tg wK\
SKGwK\
K/BxNwK\0ʑȑ

ǎEŘÊ AʭFigure 0-1aʮ(Iwakura et al., 2008)�ěʗne+<
IL-10ZTg

�EŘÊ A IL-1Ra 1ʑȑǎ/Ģ AȺĳɄ,�*ÉǢ�B*�A(Cohen et al., 

2002; Furst, 2004)����
IL-1= IL-60ʑȑǎǱǮ/��AļÐ1Ęº/1ƀ?

�/�B*�.�� 

� Th17Ȗȭ1 IL-17EǡǠ AŹ��CD4+s�m�TȖȭYq^be+�A(Korn 

et al., 2009)(Figure 0-3)�Th17 Ȗȭ1 CIA = EAE (experimental autoimmune 



 6 

encephalomyelitis),�(%wK\Ȼĭ¸ǫǬŌ{d�+ʋɍ.ļÐE�*�@
n

e0ʑȑ�Kwa=ĒǱŊǽØǮ+<ïƝ/ʋɍ.ļÐEƕ% ,ȥ�?BA

(Iwakura et al., 2011)�ǜĀ IL-17/Ģ AŚ©�Ⱥĳɛʩ�+�@
ʑȑǎƳǯÕ

ƕ��A,ĉô�B*�A(Genovese et al., 2010; Hueber et al., 2010)�Th17Ȗȭ1

naïve TȖȭ�? TGF�β
IL-68%1 IL-21+ɞĤ�BA(Figure 0-3)(Zhou et al., 

2007)�TGF�β1 Foxp3, Th17ȖȭÄØ0w\`��R}��`�+�A retinoic 

acid receptor-related orphan receptor (ROR)-γt EɞĤ�(Ichiyama et al., 2008; 

Zhou et al., 2008)
IL-6�IL-21�IL-231 STAT3EƺŊØ A(Figure 0-4)�STAT3

1 IL-17r�{�`�/ RORγt,»/Țî�*Ǹŧ IL-170ǱǜEƺŊØ�
�?

/ RORγt 0Ǳǜ= IRF-4 0Ǳǜ<ƺŊØ�*ʐŧǲ/ IL-17 ǱǜE¯ɼ A

(Hirahara et al., 2010)�STAT31 Nfkbiz
Hif1a
Ahr,�(% Th17ȖȭǕǪǲ

ɲ¿üĕ0ǱǜE�ſ�"A(Figure 0-4) (Dang et al., 2011; Kimura et al., 2008; 

Okamoto et al., 2010)�STAT3ơŭ CD4+TȖȭ1
IL-21= IL-23R0Ǳǜ�Ʀ-

.� Th17ȖȭÄØ�ɭ�?.��,�? STAT31 Th17ȖȭÄØ/Ņʤ+�A,

ȥ�?B*�A(Durant et al., 2010; Zhou and Littman, 2009)�8%
IL-231 Th17

Ȗȭ0œʎ�ǠĖ�MpLS`�ƠȮ0ǚŀ/Ņɍ+�@
IL-17A
IL-17F
IL-22

0ǱǜE�ɼ�"A� 

� IL-1β1 IL-17ǡǠȖȭ0ÄØ
ǠĖ
čƨE¯ �IL-11�ƻ+ PI3K
NF-κB


PKCθ,�(%ZTg�¥ɿüĕE��* TȖȭ�?0 IL-17ǡǠE¯ɼ�(Korn et 

al., 2009; Sutton et al., 2006; Yang et al., 2008a)
 IL-6,Ûɢǲ/ IRF-4ǱǜE

�ɼ�"A(Chung et al., 2009)�8%
IL-11 IL-2/>A Th17ȖȭÄØŘÊEɔ

ʕ A(Kryczek et al., 2007)�IL-61 IL-1R1EɞĤ�
SIGIRR1 IL-1R0iPc

Iq�R}��`�,�* mTOR��ʉØŘÊE��* Th17ȖȭčƨEŘÊ A
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(Gulen et al., 2010)����
IL-1/>A Th17ȖȭÄØ0ɜȖ/)�*Ęº/1ƀ

?�/.(*�.�� 

� Foxp3 1ÊŁŊ T(Treg)ȖȭÄØ0w\`��R}��`�+�@
IRF-4 =

Blimp-1.-0ɲ¿üĕE��* IL-10
CTLA-4
ICOS
GITR,�(% TregǕ

Ǫǲʄ¥ĕ0ǱǜEÊŁ�*�A(Cretney et al., 2011; de Lafaille and Lafaille, 

2009)�ɞĤŊÊŁŊ Foxp3+TʭInduced Foxp3+ Treg:iTregʮȖȭ1
őŊǲ.ǎ

ǮǗŐ+ç�AŚßŪǿ=ȵȐ+ç�AËǋ/>@ÄØ A(de Lafaille and 

Lafaille, 2009)�TCRZTg�
IL-2
TGF-β.-� Foxp30Ǳǜ, TregÄØEƤ

/ÊŁ�*�A�Th17ȖȭÄØƑ£�+
TGF�β1 Foxp3, RORγtEɞĤ A�


TGF-β/>@ɞĤ�B%Foxp31RORγt/Țî�*RORγt0ƠȮEŘÊ�*Th17

ȖȭÄØEŘÊ A�IL-6
IL-21
IL-23 1�0 Foxp3 />A RORγt 0ŘÊEɔ

ʕ�* Th17ȖȭÄØE¯ɼ A,ȥ�?B*�A(Ahern et al., 2010; Ichiyama et 

al., 2008; Zhou et al., 2008)(Figure 0-5)�$0%;
ǎǮŊ0 Th17ȖȭÄØ,ŘÊ

ǲ. Treg ȖȭÄØ1ǹ�ť�ǲ+�A,ȥ�?B*�A(Bettelli et al., 2006) 

(Figure 0-2 and Figure 0-3)��0W�^re/ƴ�,
Foxp30Ǳǜ¨�� RORγt

0ǱǜE¯ɼ� IL-17ǡǠE�ɼ�"A,ȥ�?BA� 

� ƏǼȉ+1 Il1rn-/- wK\0ʑȑǎ/��A IL-6 0ļÐEƀ?�, AǏ/


Il1rn-/-Il6-/- wK\Eªœ�%�Ƚõǀ��/
IL-60ơŭ1ʑȑǎ0ǱǮ/Ʀ-Ļ

ʢE��.�(%�$�*
Il1rn-/-Il6-/- wK\+< Il1rn-/- wK\,ïƝ/ Th17Ȗ

ȭ�ÄØ�*�%�$�+
IL-10ɾÏZTg�� IL-6ʠ¬Ėǲ/ Th17ȖȭEÄ

Ø/čƨ�"A,¢ɠEȊ*
IL-1/>A IL-6ʠ¬Ėǲ Th17ȖȭÄØƠƜ0ɔƀE

ɇ(%�$0Țƕ
IL-11 IL-6ʠ¬Ėǲ/ Th17ȖȭEčƨ�"A��ƀ?�,.

(%�Ȝ�ɔƔ�?ɾÏ. IL-1ZTg�� TGF-β/>(*ɞĤ�BA Foxp30Ǳǜ
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EŘÊ�
Th17 ȖȭÄØ/��A IL-6 ơŭE µ A��ǿø�B%��B?0

ǱɎ�? Th17ȖȭÄØ/��A IL-10Ź%.ƠȮ�ƀ?�,.(%�  
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ƐŸ,źƶ� 

	wK\ 

 Il1rn-/- (Il1rntm1Yiw)
 Il1ab-/- (Il1atm1Yiw/Il1btm1Yiw) wK\1ĹǼȉĜ+ƟȊ�B

%(Horai et al., 1998; Horai et al., 2000)�Il1rn-/-Il6-/- wK\1 Il1rn-/-wK\, Il6-/- 

(Il6tm1Kopfʁ M. KopfÝď>@Ä��B%)(Kopf et al., 1994)wK\E�ʈ�"A�/

>@ƟȊ�%�Il1r1-/-1 Immunex Corporation>@¹Ŗ�%(Glaccum et al., 1997)�

Rag2-/-wK\1ĂèŇŷÝď>@Ä��*ʣ�%(Shinkai et al., 1992)��B?0w

K\1 8� ¡� BALB/cA (ŽƏS�HƗĵ¤ȁ
Ɠ�)wK\/Ŕ��ʈEɇ(%�

Il1rn-/-wK\, Il1rn-/-Il6-/- wK\0ʑȑǎǱǮǛ=ʋǮĴ0ɒĠ1�b`�zJe

EǢ�%�MyD88-/- (MyD88tm1Aki)wK\1ġȾʟǧÝď>@Ä��*ʣ�
ʵ� 

¡� C57BL/6JwK\/Ŕ��ʈ�%(Adachi et al., 1998)�ɻʬ
ʙʘ
ʄ¥ǲȬƄ

�ʂî�%wK\Eěʩ/«Ǣ�
ʌǠĄ C57BL/6J (Nihon SLC; Shizuoka, Japan) 8

%1 BALB/cA (CLEA Japan, Inc.)EW�e���,�*Ǣ�%�º*0wK\1Ɠ�

ēėÙȅėǼȉŕZ\cyǬŌ{d�Ǽȉ^�`�0 SPF (specific pathogen-free 

conditions)ǟČ�+ʧȫ�
 5*0ěʩ1Ɠ�ēėÖǓěʩěżwh}H�/Ŀ(

*ɇ�
ʄ¥ĕơŭwK\0«Ǣ/ʑ�*1ʄ¥ĕȘū�ǠǓȎ0Ȍ�ȈşŴʒƣũ

Ȣ/Ŀ(*«Ǣ�%� 

 

	ɛɄ,ćā 

10% FBS RPMI1640:  

50 U/ml penicillin
50 µg/ml streptomycin
50 mM 2-mercaptoethanol (GIBCO; 

invitrogenȁ)
10% FBS (w/v)Eò: RPMI1640 (nakarai tesque; Kyoto, Japan)
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E 10% FBS RPMI1640,�*«Ǣ�%�FBS1 TȖȭčƨ, Th17ȖȭÄØɞĤ

ȮEŢƞ/�beaLbSEɇ�
ʂ�%�beE«Ǣ�%�  

Hemolysis Buffer: 1.4 M NH4ClE 0.45 mmpI�`�/ɺ�*ǈɂ�170 mM 

Tris-HCl (pH7.2) EN�eS��q+ǈɂ�ȗǍĴ 17mM Tris-HCl (pH7.2)�140 

mM NH4Cl� /.AƝ/ǐɂǲ/ǁî�
Hemolysis Buffer,�%� 

MACS Buffer:HJ_p��(tbSw��W��`�Ɨĵ¤ȁ)� 1 L/Ģ�*
5  

g0ǒɆǂH�qx�ʭJ�oe�[L�ȁʮEǇ��*�? 0.45 µmpI�`�E

ɺ�*ǈɂ�%ǓEMACS Buffer,�*«Ǣ�%� 

FACS Buffer: HBSS (Hanks' Balanced Salt Solutions) (Nissui, Tokyo)/ 2% 

FBS
0.1% NaN3(Nakarai tesque, Tokyo)EÒ�%<0E FACS Buffer,�*«Ǣ

�%� 

 

	�anti-CD30r��e40ÿǹØ 

anti-CD3(clone 145-2C11; Ś©ȓɊ1ǼȉĜ+ɇ(%)0ÿǹØ1
PBS+Įʊ�%

Ś©E 48 well/ Flat Bottom (Asahi glass)/Ò�
37�
4Ƃʐ0Ƒ£+ɇ(%�Ȗȭů

ȈÌ/
PBS+ 2ûƸƼ�%� 

 

	�anti-IL-4
anti-IFN-γŚ©0ɢŶ 

anti-IL-4Ś©ǡǠkJq�f�w(clone 11B11),anti-IFN-γǡǠkJq�f�w

(clone R4-6A2)1
ĹǼȉĜ/°Ȑ�B*�%<0E«Ǣ�%�11B111CeLLinep

�\WZ\cyʭBD BiosciencesʮEǢ�*čƨ�"
{jS��g�Ś©Eûå�

%� 

� ʱ�ʲɻʐÌ/ Freund’s Incomplete AdjuvantʭPIERCE BiotechnologyȁʮE
0.5 ml� ȶȳ½/ř��*��% BALB/cA-nu/nuwK\/
R4-6A2E 1�106 cells/ 
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mouse !)Ȇƙ�
1~2 ɻʐľ/ȶƮEûå�%�ûå�%ȶƮ1
1 Ƃʐ 37�+
ƅ;%ľ/
ʳ�+�ƃʟȢ�*ɬɆǝEÁÿ�"%�ȤŽ
2000rpm +ʁń�


�ȓEûå�%�Ƣ/
CleanasciteʭBIOTECH SUPPORT GROUPȁʮEǢ�*
ȯɪEʕà�
0.45 µmpI�`�Eɺ�*ǈɂ�%� 
� 11B11
R4-6A2,</
HiTrap Protein GO�yʭGE HealthcareʮEǢ�*ȓ
Ɋ�
Slide-A-Lyzer 10,000 MWCO Dialysis CassetteʭPIERCE; Thermo Fisher 
Scientific ȁʮEǢ�* PBS ,Ȣū�%ǓE BCA� Protein Assay Reagent
ʭPIERCE; Thermo Fisher ScientificȁʮEǢ�*`�mSɪ0ĚʍEɇ(*�?
«Ǣ�%� 

 

	CD4+Ȗȭ0Äʛźƶ 

ʌǠĄ8%1 Il6-/-wK\0��mȑEŮÃ� 10% FBS RPMI1640E¹B%�3.5 

cmJ�[�T�brȖȭćʨdIbZ}(FALCON; BECTON DICKINSON)/Ȣ

�% (on ice)�$0ľ
Z��[0r��[|�EǢ�*��mȑEǉ�
ȖȭŒǌ

ƿE 108 µmzbZ}/ɺ�%�ȖȭE 1300 rpm+ʁńľ/�ǂEţ*
MACS 

BufferEÒ�*�?ʁń A�/>@ȖȭEƸƼ�%�ȖȭEMACS Buffer/Œǌ

�
Micro beadsƞɦŚwK\ CD4Ś©(Miltenyi Biotec GmbH; Bergisch, German)E

Ò�* 15Ä Ư�ʟȢ�*o�]EȖȭ/Țî�"%�$0ľ
æŗɠƀƇ/Ŀ�

Auto MACS possel program (Miltenyi Biotec GmbH; Bergisch, German)/>@ CD4+Ȗ

ȭEȓɊ�%�ȓɊ�% CD4+Ȗȭ1 5�105 cells
500 µl/48well0ǍĴ+ 4 µg/ml�

anti-CD3Ś© (clone 145-2C11)EÿǹØ�% 48well/ Flat Bottom (ASAHI 

GLASS; Tokyo, Japan)/ůȈ�
anti-CD28Ś©(1 µg/ml) (clone 37.51; Biolegend; 

San Jose, CA, USA) 
10 µg/ml anti-IFN-γ (clone R4-6A2)
10 µg/ml anti-IL-4 (clone 

11B11) EÒ�% X-VIVOTM 20 (Lonza; Basel, Switzerland)EǢ�* 37�/5% CO2ʝý

ƭ�+ 5Žʐćʨ�%��?/
Ņɍ/ň�* 10 ng/ml rmIL-1α (PeproTech; Rocky Hill, 

NJ, USA)
10 ng/ml rmIL-1β (PeproTech)E«Ǣ�%� 
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	naïve TȖȭ0Äʛ,s�m�TȖȭÄØɞĤźƶ 

Naive CD4+ T Ȗȭ1
̂ �_�`�EǢ�*ȓɊ�%�ʌǠĄ BALB/cA
BALB/cA

ȬƄ0 Il1rn-/-
 Il6-/-
 Il1rn-/-Il6-/-
 Il1ab-/-
C57BL/6J ȬƄ0 MyD88+/-
 MyD88-/- w

K\�?��mȑ/ȲȹȖȭŒǌƿEûå�%�1300 rpm+ʁń�*�ǂEʕà�%

ľ/
ɬɆǝEò:ȖȭŒǌƿ1 Hemolysis Buffer (1~2 ml)EÒ�*Œǌ�ĜǄ 5Ä

ʐ A�,+ǇɆÂǞEż�%�ǇɆÂǞľ
10% FBS RPMI1640+ȖȭEƸƼ�


�?/MACS Buffer+ȖȭEƸƼ�%�oNa�ƞɦ�% anti-mouse B220


anti-mouse CD8α
anti-mouse CD11b
anti-mouse DX5
anti-mouse Ter119Ś©(BD 

Biosciences; San Jose, CA, USA)
PE-Cy7ƞɦ anti-mouse CD4 (Biolegend)
Pacific 

BlueTM-ƞɦ anti-mouse CD62L (Biolegend)
PEƞɦ anti-mouse CD25Ś©(eBioscience, 

San Diego, CA, USA)EÒ�* 4� 20ÄʐʟȢ�*ƞɦ�%�ȖȭEMACS Buffer+

ƸƼľ
Micro beadsƞɦ anti-BiotinŚ©+ 4� 15ÄʐʟȢ�*ƞɦ�%�ȖȭEƸ

Ƽ�
AutoMACS (Miltenyi Biotec GmbH)0 deplete program />@ negative 

selection�%�ûå�%iPcIqp�SZ~��? FACS Aria(BD bioscience)/

>@ CD4+CD62L+CD25-ÄǨE_�e�
�BE naïve TȖȭ,�%�FACS Aria

/>A_�cI�T 1
Ɠ�ēėÙȅėǼȉŕ FACSWH�u�e��+ɇ(%� 

ȓɊ�% naïve TȖȭ1 X-VIVOTM 20 (Lonza)+ćʨ�%�naïve CD4+ T Ȗȭ1 4 

µg/ml anti-CD3 (clone 145-2C11)
1 µg/ml anti-CD28 (clone 37.51; Biolegend) EÿǹØ�

% 96 well Flat Bottom(FALCON; BECTON DICKINSONȁ)EǢ�* 2x105 cells
250 µl/ 

well+ćʨ�%��?/ 10 µg/ml anti-IFN-γ (clone R4-6A2)
10 µg/ml anti-IL-4 (clone 

11B11)
Ņɍ/ň�* 3 ng/ml CHO cell derived rhTGF-β1 (PeproTech), 40 ng/ml rmIL-6 

(PeproTech)
10 ng/ml rmIL-1α (PeproTech)
10 ng/ml rmIL-1β (PeproTech)
100 ng/ml 
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rmIL-21 (PeproTech)
10 ng/ml rmIL-23(R&D systems)
50 ng/ml Rapamycin (LC 

Laboratoriesȁ)EÒ�*ćʨ�%��W�og�e IL-21R Subunit/Fc Chimera1

R&D systems (Minneapolis, MN, USA)>@ɫ¹�%�¾Ëǋćʨ0ʗ1
ʴŽȢ�

/ǠȖȭEûå�
Ź%.ćā
YJeOJ�
Ś©+Ëǋ�%�  

 

	CFSE�t�/>AȖȭÄɉûŵ0ɸɯ 

ȖȭÄɉEǅĚ AǏ/
TȖȭ (1x106 to 1x107 cells/ml) E 5 µM CFSE (5- and 

6-carboxyfluorescein diacetate succinimidyl ester; invitrogen; Carlsbad , CA, USA) / PBSE

Ò�* 6Äʐ 37Ĵ+�t��%�Ȏʍ0ɆǂEÒ�*ƸƼ�%ľ
�?/ćā+Ƹ

Ƽ�%�ƸƼľ 8x105 Ȗȭ/ml0ǍĴ/ɢŶ�
Ņɍ.ËǋE�%�Ȗȭčƨ1 FACS 

CantoIITM (BD Biosciences) EǢ�*ǅĚ�
d�`1 FlowJo software (TreeStar; 

Ashland, OR, USA)EǢ�*ɔƔ�%� 

 

	p��YJeze��ɔƔ 

Ȗȭ½YJeOJ�Eɢ5AǏ/ûå�%Ȗȭ1
50 ng/ml PMA (Sigma)
500 ng/ml 

ionomycin (Sigma)
2 µM monensin (Sigma)
37Ĵ� 5% CO2ĖĀ�+ 5Ƃʐćʨ�%�

ȖȭEûåľ
anti-FcγRII/III receptor mAb (2.4G2) EʂʍÒ�* 4�
10ÄʐʟȢ 

A�+Ś©0ʠǕǪǲȚîEʓĝ�%�Ƣ/
ȖȭɈʡÄĕ/Ģ AŚ©EǢ�*Ȗ

ȭEƖȿ�%�8%ïƂ/
ƥȖȭEʕà AǏ/ 2 µg/ml 7AAD (Sigma) +ƥȖȭ

EƖȿ�%�FACS Buffer+ƸƼľ
4% paraformaldehyde 200 µlEǢ�* 20ÄʐĜǄ

+ȖȭEÿĚ�
ÿĚľ/ permeabilization buffer (0.1% saponin containing FACS 

solution)+ 2ĴƸƼ�%�ƸƼľ
ŚYJeOJ�Ś©EǢ�* 40Äʐ/4�+Ɩȿ�

%�2û FACS Buffer+ƸƼľ/
70 µmzbZ}Eɺ�*�? FACSCalibur™â1
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FACSCantII EǢ�*ɔƔ�%�ȖȭɈʡ1¡�0Ś©EǢ�*Ɩȿ�%ʷAPC-ƞɦ 

anti-CD4 (BD Bioscience)
PE-Cy7-ƞɦ anti-CD4 (Biolegend)
FITC-ƞɦ anti-CD8a 

(eBiosciece)
APC-Cy7-ƞɦ anti-B220 (Biolegend)
FITC-ƞɦ anti-TCRβ (Biolegend)


PE-ƞɦ anti-IL-1R1 (Biolegend)�Ȗȭ½Ɩȿ/¡�0Ś©EǢ�%: FITC or PE or 

Pacific Blue-ƞɦ anti-IFN-γ (Biolegend), FITC or APC or Pacific Blue-ƞɦ anti-IL-17 

(Biolegend), APC or PE-ƞɦ anti-Foxp3 (BD Biosciences), APC-ƞɦ RORγ(t) 

(eBioscience)�Foxp3ǱǜɔƔ/1
Foxp3 staining Kit (eBioscience)Eæ@ŗ�ɠƀƇ

/Ŀ�«Ǣ�%���ʉØ STAT30ɔƔ/1 BD phosflow TechnologyEæŗɠƀƇ

/Ŀ�«Ǣ�
Pacific Blue-ƞɦ STAT3 (pY705) Ś© (BD bioscienceȁ)EǢ�%� 

 

	ȒȸÿƊĩȖȭ0ȓɊ 

� wK\�?ĥȵ8%1ēȵEûå�
Z��[.-EǢ�* PBS+ȵ½ĞǓEŜ

�Ã�*ƸƼ�%�$0ľ
ȯȪȘȡ=mJM�ǶEkYx+æ@ʕ�%�ȵȐEȠ

/kYx+Ð�
1.5 cmȇĴ0ʎ�/ÄÐ�ɳ� PBS+ƸƼ�%�Ƣ/ 5 mM 

EDTA/10% FCS RPMI 20 ml0¹(% 50 mla}�q/ȘȡE¹B
\`���EǢ

�* 20Äʐ 37� (J�Q}t�`�½+)ŰŞ�%�ŰŞĕ1 1~2  cmȇĴ0ǓE

Ǣ�%��Ĵ�Ǌ9Eţ*
¾Ĵ 5 mM EDTA/10% FCS RPMI 20 mlEÒ�*ŰŞ�

*�ǴȖȭEʕà�%�Ƣ/Ɂ��/ɺ�*ȒȸÿƊĩ&�Eûå�%�$�*

EDTAEʕà AǏ/
ēʍ0 PBS+ƸƼ�%�ûå�%ȒȸÿƊĩEkYx+9

�FÅ@/�
Ź�� 50 mla}�q/Ȇ�
10% FCS/2 mg/ml Collagenase/ 5 ml RPMI 

EÒ�* 20Äʐ
37�
\`���+ŰŞ�%�ɦ ÄȇĴʟȢ�*�Ǌ9Eûå�


Ƨ@E�?/ CollagenaseÂǞ�%�CollagenaseÂǞ�%Șȡ0�Ǌ9E 200 µmz

bZ}/ɺ�* 15 mla}�q/ûå�
ɺɾ�%ȖȭŒǌƿE 1300 rpm
5Äʐʁ
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ń��ȓEʕà�%�$�/ 45%m�W��ʭGE healthcareȁʮʭ1:9+ 10xPBS,m

�W��Eǁ#
�?/Ȏʍ0 10% FBS RPMI1640EÒ�%<0ʮEÒ�*
2200 rpm


20Ä
r.t+ʁń�%�Ʋƪ�%ȖȭE 10% FBS RPMI1640+ 2ûƸƼ�
ɬɆǝ�

ǁ¹�*�%Ċî1ǇɆÂǞEɇ(%�ûå�%ȖȭEĥȵȒȸÿƊĩ��mǝʭĥ

ȵ lamina proprial lymphocytes; LPLʮ,�
Ȗȭ½YJeOJ�ƖȿE AǏ/

PMA/ionomycin+Ëǋ�%� 

 

	CD4+CD45RBhiCD25-ȖȭȆƙɞĤēȵǎ 

ʌǠĄ BALB/cwK\â1 BALB/cȬƄ0 Il1r1-/-wK\
Il17a-/-wK\0��mȑ

,ȲȹEŮÃ�
Ìɷ0 naïve TȖȭEȓɊ Aɍʥ+ CD4+CD45RBhiCD25-ȖȭE

FACS Aria/>@_�e�%�_�e�%ȖȭEʁń� 2Ĵ PBS+ƸƼ�%ľ/


2x106 cells/ml PBS0ǍĴ/ɢŶ�%��0ȖȭE 200 µl!)(4x105 cells/mouse) Rag2-/- 

(BALB/cȬƄ)/ȶȳ½ř�/>@Ȇƙ�%�ȆƙĹŽ�?�ɻʐ��/wK\0©

ʋEɖǅ�%� 

 

	�wS�pG�[W�dIZ~�zdIKyʭMCMʮ0ªœ 

� 4% (w/v)+ɢŶ�%aNT�W��e(Nissui; Tokyo, Japan)EN�eS��q+ǈ

ɂ�
ÀƆŕ+°Ȑ�%�wK\/ 2 ml0 4% aNT�W��eEȶȳ½ř��


�Žľ/ 0.5 % EDTAòƊ PBS+ȶȳ½EƸƼ�.�?ȶȳ½ȖȭEûå�%�ȶȳ

½ȖȭE 10 % FBS RPMI1640+ƸƼ�
none treated 10�r��eʭAsahi glass, Tokyo, 

Japanaʮ/ 5x106 cells/ml0ǍĴ+ůȈ�
37�
5% CO2ʝýƭ�+ 4Ƃʐćʨ�%�

ćʨľ
ƽɽȖȭEţ*
�?/ 3û PBS+ƸƼ�%ľ/^�\S��m�(Asahi 

glass)+ŧǺȖȭEÎ��,(%��0ŧǺȖȭEaNT�W��eɞĤwS�pG
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�[,�*«Ǣ�%�Ȝ�* 5x105 cells/ml0ǍĴ+ 10% FBS RPMI1640/ȟǌ�


24 well-plate (Asahi glass)/1 ml!)ůȈ�%�ïƂ/
LPS 5 µg/ml
 Zymosan 50 µg/ml

+Ëǋ� 2Žʐćʨ�%�2Žľ/ćʨ�ȓEûå�
�BEMCM,�* TȖȭÄ

ØɞĤěʩ/«Ǣ�%�LPS (Escherichia coli O55:B5), Zymosan A (Saccharomyces 

cerevisiae )1 SIGMA (St Louis, MO, USA)�?ɫ¹�%� 

 

�Real-Time RT-PCR 

ºʍ RNA1
GenEluteTM Mammalian Total RNA Miniprep Kit (Sigma)EæŗɠƀƇ

/Ŀ�Ǣ�*ûå�%�RNA1 the High Capacity cDNA Reverse Transcription Kit 

(Applied Biosystems, Inc.; CA, USA)EǢ�*ɹɲ¿�%�Ěʍǲ real-time RT PCRs 1 

SYBER® Premix Ex TaqTM (TaKaRa; Shiga, Japan)
iCyclerTM System (Bio-Rad; Hercules, 

CA, USA) ,¡�0ʈÆǕǪǲ.r�Jw�EǢ�*ɇ(%�r�eW�1
 

50�� 3:00�95�� 2:00 �(95�� 0:15�60�� 1:00)x44�70�� �? 89.2�8+

0.5��,/ó·ĴEǅ(%� 

r�Jw�0Z�SM�\1:  

Gapdh 5’-TTCACCACCATGGAGAAGGC-3’ 5’-GGCATGGACTGTGGTCATGA-3’ 

Foxp3 5’-AGAAGCTGGGAGCTATGCAG-3’ 5’-TACTGGTGGCTACGATGCAG-3’;  

Il17a 5’-CTCCAGAAGGCCCTCAGACTAC-3’ 5’-GGGTCTTCATTGCGGTGG-3’ 

Rorc 5’-AGCAGTGTAATGTGGCCTAC-3’ 5’-GCACTTCTGCATGTAGACTG-3’ 

Il1r1 5’-ACCTTCCCACAGCGGCTCCACATT-3’ 

5’-TTGTCAAGAAGCAGAGGTTTACAG-3’ 

Gata3 5’-CTTATCAAGCCCAAGCGAAG-3’ 5’-CATTAGCGTTCCTCCTCCAG-3’ 

Tbx21 5’-GGTGTCTGGGAAGCTGAGAG-3’ 5’-CCACATCCACAAACATCCTG-3’ 
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Il21 5’-GCCAGATCGCCTCCTGATTA-3’ 5’-CATGCTCACAGTGCCCCTTT-3’ 

Il22 5’-TGACGACCAGAACATCCAGA-3’ 5’-AGCTTCTTCTCGCTCAGACG-3’ 

Batf 5’-CCAGAAGAGCCGACAGAGAC-3’ 5’-GAGCTGCGTTCTGTTTCTCC-3’ 

Nfkbiz 5’-CCTCCGATTTCTCCTCCACT-3’ 5’-GTTCTTCACGCGAACACCTT-3’ 

 

	ʑȑǎǱǮ0ɒĠ,țɖÂǞ 

ʑȑǎ0ǱǮǛ1 1ɻʐƫ/ɒĠ�
ʑȑǎEǱǮ�*�A<00ÐîEǿ�%�Ɗ

ŎĬƚĚ1
���ƚĚƶEǢ�*ɇ(%� 

 ʑȑǎǱǮwK\0ʑȑǎ1úȩƫ/ 4Ʃʖ0Ĉǆ+Ƿɐǲ/ɚ�%�ɚ0Ĉ

ǆ1¡�0ɺ@+�A� 

0;Ƥį
1;ɳ�ʑȑ0ȴB�ǥ0Ǳɬ
2;ƀ?�.ʑȑ0ȴȱ
3;ǋ��ȴȱ�ʑȑ

0ǽØ 

ƊŎĬƚĚ1
t-ƚĚƶEǢ�*ɇ(%�P<0.05 
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Țƕ� 

	IL-60ơŭ1 Il1rn-/-wK\/��Aʑȑǎ0ǱǮ, Th17ȖȭÄØ/ĻʢE

��.�(%�  

� ȃ%'0ǼȉĜ+1
Il1rn-/-wK\0ʑȑǎǱǮ� IL-17/¬Ė A�=
ʑȑħ

ŕ+ IL-1β
IL-6
TNF-α,�(%ǎǮŊYJeOJ�0Ǳǜ��ɼ�*�A�Eĉ

ô�*�%(Horai et al., 2004; Nakae et al., 2003)�$�+ Il1rn-/-wK\0ʑȑǎǱǮ/

��A IL-60ļÐEƀ?�, AǏ/
Il1rn-/-Il6-/-wK\Eªœ�%�$0Țƕ


Il1rn-/-Il6-/-wK\1 Il1rn-/-wK\,ïƝ/ʑȑǎEǱǮ�%(Figure 1a)��0Țƕ1


Il1rn-/-wK\0ʑȑǎǱǮ/ IL-61Ņɍ.��Eǿ�*�A� 

� ƎƘ��mȑ0��mǝŵ
B220+Ȗȭ
CD4ʯȖȭ
CD8+Ȗȭ1 Il1rn-/-wK\,

Il1rn-/-Il6-/-wK\+ʌǠĄ/Ƭ5*čÒ�*�%(Figure 2)�Il1rn-/-Il6-/-wK\/��A

Th17ȖȭÄØEƚɗ AǏ/
�B?0wK\0ŕĨ��mȑ/��A CD4+Ȗȭ�

?0YJeOJ�ǡǠEɔƔ�%�$0Țƕ
Th17Ȗȭŵ1 Il1rn-/-wK\, Il1rn-/-Il6-/-

wK\+ē�.Ĭ1Ɏ?B.�(%(Figure 1b
3)��B?0Țƕ1
Il1rn-/-wK\/

��A Th17ȖȭÄØ/Ģ�* IL-61ʋɍ+.��Eǿ�*�A� 

 

	ɾÏ. IL-1ZTg�1 IL-6ʠ¬Ėǲ. Th17ȖȭÄØEɞĤ A�  

� Il1rn-/-Il6-/-wK\+ Th17Ȗȭ0ŵ�čÒ�*�%��?
ɾÏ. IL-1ZTg��

IL-6ʠ¬Ėǲ. Th17ȖȭÄØE�ɼ�"*�A,��¢ɠEȥ�%��0¢ɠEƚ

ə AǏ/
ʌǠĄwK\, Il6-/-wK\0��mȑ�? CD4+ȖȭEȓɊ�* in vitro

+ Th17ȖȭÄØ/Ģ A IL-10ÕƕEɢ5%�$0Țƕ Il6-/-wK\Ǥƒ0 CD4+Ȗ

ȭ<
ʌǠĄ,ïƝ/ IL-1Ëǋ/>@ IL-6ʠ¬Ėǲ/ CD4+IL-17+ȖȭEčÒ�%

(Figure 4) (Kryczek et al., 2007)� 
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� IL-60ƠȮ0 D@/
IL-21, TGF-β+ Th17ȖȭÄØEɞĤÃƒA��ĉô�

B*�%�$�+
Il1rn-/-Il6-/-wK\0 IL-6ʠ¬Ėǲ Th17ȖȭÄØ/ IL-21�ʑ®�

*�A�ƚə�%�ʌǠĄ
Il1rn-/-
Il6-/-
Il1rn-/-Il6-/-wK\0Ȳȹ,��mȑ/��

A IL-21 mRNA0ǱǜE�H�`Jy PCR/>@Ƭɴ�%�$0Țƕ
Il1rn-/-wK\

= Il1rn-/-Il6-/-wK\0Ȳȹã3��mȑȖȭ+1
ʌǠĄ= Il6-/-wK\/Ƭ5* Il21

0Ǳǜ��ɼ�*�A��ƀ?�,.(% (Figure 5)��B?0Țƕ1
ɾÏ. IL-1

ZTg�� IL-210ǱǜEɞĤ�*�A�Eǿ�*�A� 

 IL-1, IL-210 Th17ȖȭÄØ/��AļÐEƀ?�/ AǏ/
z{��=MpL

S`�TȖȭEò8.� naïve CD4+ TȖȭ(CD4+CD62LhiCD25-Ȗȭ)E^�_�`�

+ȓɊ� in vitro+ Th17ȖȭÄØɞĤEɇ(%�Ƚõǀ��/ CD4ʯȖȭ,Ǫ.@


naïve TȖȭ�?1 IL-1Üǘ/TGF-βÜǘ/IL-1+TGF-β+ Th17ȖȭEɞĤ A�1Ãƒ

.�(%��ź
TGF-β+IL-68%1 TGF-β+IL-211 Th17ȖȭEɞĤ�
IL-11$

B?0 Th17ȖȭÄØE�ɼ�"% (Figure 6a
c
Figure 7)�8% IL-11 IL-170Ǳ

ǜEĸ�ɞĤ A&�+.�
Th17Ȗȭ�?ǡǠ�BA IL-220Ǳǜ<ɞĤ�%�


IL-210Ǳǜ/1Ʀ-ĻʢE��.�(%ʭFigure 6cʮ� 

 IL-11 naïve CD4+ TȖȭ�? Th17ȖȭEÄØɞĤÃƒ.���?
Ƣ/ naïve CD4+ 

TȖȭEíȈYJeOJ�+Ëǋ�%ľ0 IL-1R10ǱǜE�H�`Jy PCR,

FACS/>@ɢ5%�$0Țƕ naïve TȖȭ/1 IL-1R11Ǳǜ�*�?!
IL-1R11

IL-6= IL-21/>(*Ǳǜ�*�A��ƀ?�,.(% (Figure 6b
c
Figure 8)�Ŏ

đ.�/
Th17ȖȭÄØƑ£�+ IL-1EªǢ�"*< IL-1R10Ǳǜ1�ɼ�.�(

%��B?0Țƕ1
IL-6= IL-21� naïve TȖȭ/ IL-1R0ǱǜEɞĤ�
IL-11

Th17Ȗȭ/ÄØ�))�AȖȭ/ªǢ�* Th17ȖȭÄØE�ɼ�"A�Eǿø�

*�A� 
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 �0ŵı
Th17Ȗȭ1éċŊEš' in vitro+ćʨ�%@�0²©/Ȇƙ�%@ 

A,ȖȭǕŊ�ĐØ A��ǿ�B*�%��A�Ě0Ƒ£+1
Th17Ȗȭ1 IFN-γ

0>�. Th1YJeOJ�EǡǠ A>�/.A�$�* TGF-β� IL-17A= IL-17F

0Ǳǜȝš/Ņɍ.��ĉô�B*�A(Lee et al., 2009)�IL-1� Th17ȖȭÄØɞĤ

Ƃ/ IL-170ǱǜEɞĤ A0/ʋɍ.��ǿø�B*�A�
Th17Ȗȭ0ȝš/

��AļÐ/)�*1Ⱦ�ƀ?�/�B*�.�(Chung et al., 2009)�$�+
Ƣ/

Th17Ȗȭ0ȝš/)�* IL-10ÕƕEƚɗ�%�naïve TȖȭE Th17 ȖȭÄØƑ£

�ʭTGF-β+IL-21ʮ+ 5Žʐćʨ�
ȖȭE�?/íȈYJeOJ�Ƒ£�+ʴŽʭ2nd 

roundʮ8%1 10Žʭ3rd roundʮćʨ�%�ĉôɺ@(Lee et al., 2009)
TGF-β 1 Th17

Ȗȭ0ȝš/Ņɍ+
TGF-β.�+ IL-1&�&,Ȗȭ�?0 IL-17ǡǠEȝš A�

�Ãƒ.�(% (Figure 9)����
IL-11 TGF-β,Ûɢǲ/ Th17ȖȭEȝš�ƀ

?�/ IL-17ǡǠEʎš'�"%��B?0 IL-17Ǳǜ0�ɼ= Th17Ȗȭ0ǠĖ1

exogenous. IL-21ʠ¬Ėǲ+�(%��B?0Țƕ1
IL-1� IL-170ǱǜEƺŊ

Ø A�, TGF-β,Ûɢǲ/ Th17Ȗȭ0ǠĖȝšE A�Eǿø�*�A� 

 

	IL-11 Th17ȖȭǕǪǲʄ¥ĕ0ǱǜE¯ɼ�"A� 

 Ƣ/
IL-1� Th17ȖȭÄØE¯ɼ AzOh]yEɔƔ AǏ/
TGF-β+IL-21

+ naïve TȖȭ�?ÄØɞĤ�"% Th17Ȗȭ/Ģ�* IL-1+Ëǋ�
YJeOJ�

,ɲ¿üĕ0ǱǜĐÖEɢ5%�naïve TȖȭ/1 IL-11ªǢ�.�%;
�Ĵ Th17

ȖȭÄØƑ£�+Ëǋ�%ľ/ IL-1+¾Ëǋ�%�8%
IL-6ʠ¬Ėǲ Th17ȖȭÄ

ØEɔƔ A�,½üŊ0 IL-60ĻʢEʅ�A%;
IL-6ơŭwK\Ǥƒ TȖȭE

Ǣ�%�$0Țƕ
IL-11 IL-17A, IL-220 mRNA0ǱǜEɞĤ�%(Figure 10a)�
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���
IL-11 IL-210ǱǜE�ɼ�"A�1ǐ�(%�8%
IL-11 Nfkbiz= Batf

,(% Th17 ȖȭǕǪǲ.ɲ¿üĕ0ǱǜE¯ɼ�"%�
Rorc= Foxp30Ǳǜ1

¯ɼ�.�(%�:�C
IL-11 Foxp30ǱǜEŘÊ�%(Figure 10b)� 

 

	IL-11 Foxp30ǱǜEŘÊ A�  

 IL-1� Foxp30ǱǜEŘÊ�%��?
Ƣ/ Th17ȖȭÄØƑ£�+0í ThYq^

beǕǪǲɲ¿üĕǱǜ/Ģ A IL-10ĻʢEɢ5A�,/�%�TȖȭYq^b

eÄØ1
ǕĚ0ɲ¿üĕ�ŝ(*�A�$�+ Tbx21
Gata3
Rorc
Foxp3,�

(% Th1
Th2
Th17
TregȖȭ0ƠȮEìAɲ¿üĕ0 mRNAE 2nd round0ʲŽ

Ƿ/ɔƔ�%�Figure 9,�ȼ�*
Il17a0Ǳǜ1 TGF-β, IL-1+ȝš�B%�Tbx21


Gata3
Rorc0Ǳǜ1 IL-1/>(*ĻʢEç�.�(%�Ƚõǀ��/
IL-1/>(

* Foxp30Ǳǜ�ĸ�ŘÊ�B%(Figure 10c)��0 IL-1/>A Foxp30ǱǜŘÊ1


FACSɔƔ+<ïƝ0Țƕ�ŀ?B%��?`�mSɪ�t�+< Foxp3�ǃĦ�*

�A��Ǿɝ�B%(Figure 10d)� 

� �0 Foxp30ǱǜŘÊ� IL-1/>A<0+�A�,EǾɝ AǏ/
Ƣ/ IL-1Z

Tg�¥ɿüĕMyD880ʑ�Eƚɗ�%�FACS/>@ȓɊ�%MyD88+/-,MyD88-/-

wK\Ǥƒ naïve TȖȭE Th17ȖȭÄØɞĤƑ£�(TGF-β+IL-21)+ 4Žʐćʨ�


Ś CD3Ś©
Ś CD28Ś©
TGF-β�IL-1+ 2Žʐ¾Ëǋ�* FACS+ Foxp30Ǳ

ǜEɔƔ�%�$0Țƕ
MyD88ơŭwK\Ǥƒ TȖȭ+1 IL-1/>A Foxp30Ǳ

ǜŘÊ�Ɏ?B.�(%(Figure 10e)��B1
IL-1�MyD88E��* Foxp3EŘÊ

�*�A�Eǿ�*�A�8%�ōɺ@ Th17ȖȭÄØɞĤƑ£�+1
IL-1R11

IL-17+Ȗȭ&�+.� Foxp3ʯȖȭ/<Ǳǜ�*�%(Figure 11)��B?0Țƕ1
IL-1

� Foxp30ǱǜEŘÊ A�/>@ Th17 ȖȭÄØE�ɼ�"A�Eǿø�*�A� 
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 IL-11 TȖȭčƨE�ɼ�"A��?(Sims and Smith, 2010)
IL-11 Foxp3-Ȗȭč

ƨE¯ɼ�"
$0Țƕ Foxp3+Ȗȭ0ÐîEǃĦ�"*�AéȮŊ��A�$�+


Foxp3ǱǜŘÊ0Ȗȭčƨ¬ĖŊEɔƔ�%�naïve TȖȭE CFSE+ƞɦ�
iTreg

ȖȭÄØƑ£8%1 Th17ȖȭÄØƑ£�+ 96Ƃʐćʨ�
íȖȭÄɉûŵ+0

Foxp30ǱǜEɔƔ�%�$0Țƕ
IL-1/>@ Foxp30Ǳǜ�ŘÊ�B
PE-ƞɦ

Foxp3Ś©0İăɅ·ĸĴʭMFIʮ1ƀ?�/ TGF-β/IL-1/IL-210ź� TGF-β/IL-21

+Ëǋ�B% TȖȭ>@<¨�(% (Figure 12a
b)��?/
Foxp3+Ȗȭ0Ðî1

TGF-β+ćʨ�%<0>@ TGF-β+IL-21
TGF-β+IL-1+IL-21
TGF-β+IL-6+ćʨ�%

Ǔ0ź�ƀ?�/Ħ.�(%�Ǖȍ 5��/
IL-1+Ëǋ�%Ȗȭ1ȖȭÄɉûŵ

ʰû+<ƍËǋ0Ǔ/Ƭ5* Foxp3ʯȖȭ0Ðî�ǃĦ�*�%(Figure 12c)��0�

1 IL-1�Ȗȭčƨʠ¬Ėǲ/ Foxp30ǱǜEŘÊ�*�A�Eǿø�*�A�>(

* IL-1/>A Foxp30ŘÊªǢ1ȖȭÄɉʠ¬Ėǲ+�@
IL-1�ʃśǲ/ Foxp3-

ȖȭEčƨ�"*�AéȮŊEťʕ�B%� 

 

	IL-1/>A Foxp3ǱǜŘÊ1 IL-6
IL-21ʠ¬Ėǲ+�A�  

� IL-6= IL-211 STAT3EƺŊØ�
Foxp30ǱǜEŘÊ A(Huehn et al., 2009; Wei 

et al., 2007)�$�+
IL-1/>A Foxp30ǱǜŘÊ� IL-6= IL-210ɞĤE��%ʐ

ŧǲ.Ļʢ+�A�Eƚə�%�IL-60ĻʢEťʕ AǏ/
IL-6ơŭwK\Ǥƒ0

naïve TȖȭEǢ�* Th17ȖȭÄØɞĤěʩEɇ(%,�C
IL-1/>@ IL-17Ǳǜ

��ɼ�* Foxp30Ǳǜ�ŘÊ�B%(Figure 13a)��0Țƕ1
IL-10ªǢ� IL-6

E��*�.��Eǿ�*�A��?/ TGF-β+IL-21+ćʨ�% Il6-/- naïve TȖȭ/

Ģ�*
�ƢËǋƂ/ IL-21R-FcEǢ�* TȖȭ�ǡǠ A IL-21E�ö�%�$0

Țƕ
IL-1/>A Foxp3ǱǜŘÊ1 IL-210�ö+1Ęº/1ʓĝ A��Ãƒ.�
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(%(Figure 13b)��ź
IL-210�ö/>@ IL-1ʠ¬Ėǲ/ Foxp30Ǳǜ�ûł�%

��?
autocrineǲ/ IL-21� Foxp3EŘÊ AªǢ1Ɏ?B%��B,Ģň�* IL-1

1ʫǍĴ0 IL-21R-Fc (20 µg/ml)ĖĀ�+< Foxp30ǱǜEǍĴ¬Ėǲ/ŘÊ�%

(Figure 13c)�8%
IL-21R-Fc+ IL-21E�ö�%ʗ0 STAT3(pY705)0��ʉØEp

��YJeze��+ɢ5%�$0Țƕ
�ƢćʨEćā09= IL-1EÒ�%Ƒ£

+1 STAT30��ʉØ�Ɏ?B%����
IL-21R-Fc+ IL-21E�ö A,67Ę

º/ STAT30��ʉØEŘÊ�B%�IL-21R-Fc+ IL-21E�ö�%Ƒ£+< IL-1

1 Foxp30ǱǜEŘÊ A��?
IL-11 STAT3ʠ¬Ėǲșɰ/>@ Foxp3EŘÊ

�*�A��ǿø�B%(Figure 13d)��B?0Țƕ1
IL-1� Foxp30ǱǜE IL-6

= IL-21ʠ¬Ėǲ/ŘÊ A�Eǿ�*�A� 

 

	�ȻĭÄƵ IL-1pGx��/>A Foxp3ǱǜŘÊ40Ļʢ0ƚɗ  

 TȖȭ1 IL-6
IL-1Ra
IL-1EǡǠ A,��ĉô��(%Ǐ
TȖȭȻɱ�ǡǠ

 A IL-6= IL-1� Foxp3EŘÊ A0�ƚɗ�%(Horai et al., 2004; Li and He, 2006; 

Van Kooten et al., 1991)�Il6-/-wK\
Il1rn-/-Il6-/-wK\
Il1ab-/-wK\Ǥƒ0 naïve 

CD4+TȖȭE Th17ȖȭÄØƑ£�(TGF-β+IL-21)+ 4Žʐćʨ�


anti-CD3/anti-CD28/IL-1+ 2Žʐ¾Ëǋ�*�?p��YJeze��/>(*

Foxp30ǱǜEɔƔ�%�Foxp30Ǳǜ�t�1
Il6-/-
Il1rn-/-Il6-/-
Il1ab-/-Ȗȭ+Đ

D?!
TGF-β/>@ Foxp31ɞĤ�B IL-1/>@ TGF�β0Ǳǜ�ŘÊ�B%�IL-1

/>A Foxp30ŘÊ<Ĭ�ǐ�(%ʭFigure 13eʮ��?/
�B8+ǻ?B*�A IL-6

= IL-21� Foxp3EŘÊ Aǜɨ1
½ĀŊ0 IL-10ǱǜɞĤE��*�A�-�

�ƚɗ�%�ʌǠĄ, Il1ab-/-wK\Ǥƒ naïve TȖȭE Th17ȖȭÄØƑ£�+ćʨ

�
$0Ƃ0 IL-17ǡǠȖȭ, Foxp3+Ȗȭ0ÄØE FACS/>@ɔƔ�%�$0Țƕ
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Il1ab-/-wK\Ǥƒ naïve TȖȭ<ʌǠĄ0TȖȭ,ïƝ/ IL-6= IL-21/>(* Foxp3

0Ǳǜ�ŘÊ�B%ʭFigure 14ʮ��B?0Țƕ1
TȖȭ�?ǡǠ�BA IL-6
IL-1


IL-1Ra1Th17ȖȭÄØƑ£�+0 IL-1/>A Foxp3ǱǜŘÊ/Ʀ-Ļʢ�.��E

ǿ�*�A� 

 

	IL-1/>@ɞĤ�BA Th17ɲ¿üĕ,ȻĭÄƵ IL-210ʑ®Ŋ 

� IL-11 IL-6�IL-21ʠ¬Ėǲ/ Foxp30ǱǜEŘÊ A��ƀ?�,.(%�
IL-1

/>(*ɞĤ�BA�0ɲ¿üĕ=YJeOJ�0Ǳǜ�ȻĭÄƵ IL-210ǱǜE�

�*�A��ƀ+�(%�$�+
IL-1/>(*ɞĤ�BAYJeOJ�/ɲ¿üĕ

, IL-210ʑ®ŊEƀ?�/ AǏ/
IL-21Eʓĝ�%Ƒ£+ IL-10ªǢEɔƔ�

%�Il6-/-naïve TȖȭE TCRËǋ, TGF-β/IL-21+Ëǋ�
�?/ 2nd round+ IL-1

= IL-21R-FcEÒ�* 24Ƃʐćʨ�%�2nd round ľ/ȖȭEûå�
Real time PCR

+íʄ¥ĕ0 mRNAǱǜʍEĚʍ�%�$0Țƕ
Rorc= Il21,�(% IL-1/>(

*Ʀ-Ǳǜ0ĐÖ�ǐ�(%ʄ¥ĕ1
IL-21E�ö A,Ǳǜ�ǃĦ�%ʭFigure 

15ʮ��0�1
�B?0ʄ¥ĕ�ȻĭÄƵ IL-21+$0Ǳǜ�°%B*�A�Eǿ

ø�*�A�8%
Foxp3
Batf
Il17
Il22,�(% IL-1/>(*Ǳǜʍ�ĐÖ A

ʄ¥ĕ< IL-210�ö+ Foxp31Ǳǜ�čÒ�
�0ʄ¥ĕ1Ǳǜ�ǃĦ�%��B

?0ʄ¥ĕ1
IL-1, IL-210�ź+Ǳǜ�ÊŁ�B*�A,ȥ�?BA�8% Nfkbiz

1Ʀ- IL-210�ö0Ļʢ1ç�!/
IL-1/¬Ė�*Ǳǜʍ�čÒ�%��0�1


Nfkbiz0Ǳǜ1�/ IL-1/>(*ÊŁ�B*�A�Eǿø A�8%
IL-21E�ö

�%Ƒ£+< IL-1R10Ǳǜ1�8@ĐÖ�ǐ���?
IL-21E�ö�%Ƃ+< IL-1

0ZTg�1¹Ñ�B*�A,ȥ�?BA��B1 IL-210ZTg�1 Th17ȖȭÄ

ØÇƌ/1 IL-1R10ǱǜɞĤ/ʋɍ&�
�ĴÄØ�%Ȗȭ0 IL-1R1Ǳǜȝš/1
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Ņɍ�.��Eǿø�*�A�¡�0Țƕ�?
IL-1, IL-211�ƻ+�ʇǪ.Aʄ

¥ĕ0ǱǜEÊŁ A�+ǘȻ0ƠȮEǱǜ A��ǿø�B%� 

 

	ȵȐ/��A IL-1Ra, Th17ȖȭÄØ 

� ȵȐ/1Ē�0»ǠȖɂ�ĖĀ� Th17Ȗȭ�ŋįǲ/ɞĤ�B*�A�Th17Ȗȭ

1 IL-6ơŭwK\0ĥȵȒȸÿƊĩ+1Ʀ-Ɏ?B.��,�?
IL-61 Th17Ȗȭ

ÄØ/Ņʤ0YJeOJ�+�A,ȥ�?B*�%(Ivanov et al., 2006)�8%
Il1rn-/-

wK\0ʑȑǎǱǮ/1»ǠȖɂ�Ņʤ+�A��ĉô�B*�%

(Abdollahi-Roodsaz et al., 2008)�$0Ǐ
Il1rn-/-wK\
Il1rn-/-Il6-/-wK\0ĥȵȒȸ

ÿƊĩ+1ʌǠĄ,Ƭ5* Th17ȖȭÄØ��ɼ�*�A��ȥ�?B%�ʌǠĄ


Il1rn-/-wK\
Il6-/-wK\
Il1rn-/-Il6-/-wK\0ȒȸÿƊĩ��mǝEûå�
Treg


Th1
Th17Ȗȭ0ÐîEɔƔ�%�$0Țƕ
ʌǠĄ/Ƭ5* Il6-/-wK\+1 Th17

Ȗȭ0Ðî�ǃĦ�*�A��Ǿɝ�B%(Figure 16)�����B8+0ĉô,1Ǫ

.@
Th17Ȗȭ0Ðî1ʌǠĄ,Ƭɴ�*ÚÄȇĴ0ǃĦ+�(%�8% Il1rn-/-ơ

ŭ/>A Th17Ȗȭ0Ðî/1ĐØ�Ɏ?B.�(%�
TregȖȭ� Il1rn-/-wK\+

1 TregȖȭ�čÒ�*�A³ð�Ɏ?B%��B?0Țƕ1
IL-61ȵȐ+0 Th17

ȖȭÄØ/ʋɍ.ļÐE�*�A�
IL-1Ra1ȵȐ+0 Th17ȖȭÄØ/1Ʀ-Ļʢ

E��.��Eǿø�*�A� 

 

	in vivo/��A IL-1ZTg�, Th17Ȗȭ, iTregÄØ 

� In vivo+ IL-10 Th17ȖȭÄØ, iTregȖȭÄØ40ļÐEƀ?�/ AǏ/


Il1r1-/- CD4+CD45RBhiCD25-ȖȭE Rag2-/-wK\/Ȇƙ AěʩEɇ(%�

CD4+CD45RBhiCD25-Ȗȭ1 naïve TȖȭ+�@
Rag2-/-wK\/Ȇƙ A�/>@Ä
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Ø�*�% Foxp3+Ȗȭ1 iTregȖȭ+�A,ȥ�?BA(Ahern et al., 2010)�ěʩ0Ț

ƕ
ʌǠĄ/Ƭ5W�e���の Il17a-/-wK\ǤƒCD4+CD45RBhiCD25-Ȗȭ, Il1r1-/- 

CD4+CD45RBhiCD25-ȖȭEȆƙ�%wK\1
ƊŎ/©ʋǃĦ�ŘÊ�B%(Figure 

17a)�8% Il1r1-/-wK\1ƊŎ/ēȵ0ʎ��ʎ�(%(Figure 17b)��?/
ȵʐȸ

��mȑʭmesenteric lymph nodesʮ=ēȵȒȸÿƊĩ/��* Th1
Th17
Treg0Ð

îEɔƔ�%,�C
Th1= Treg/ƊŎ.Ĭ1Ɏ?B.�(%����
Th17Ȗȭ

0Ðî1ƊŎ/ǃĦ�*�%ʭFigure 17cʮ��0�1
IL-17¬Ėǲēȵǎ0ǱǮ,

Th17ȖȭÄØ/Ż�*
TȖȭ/Ģ A IL-1ZTg��ʋɍ.ļÐEƕ%�*�A

�Eǿø�*�A� 

 

	� ɾÏ. IL-1ZTg�0wS�pG�[40Ļʢ,
$0�ƻ0 IL-6ʠ¬Ėǲ

Th17Ȗȭčƨ40ĻʢEɢ5A�/�%�aNT�W��eɞĤwS�pG�[E

LPS, zymosan+Ëǋ�%ćʨ�ȓEwS�pG�[W�dIZ~�fzdIKy

(MCM),�
Il6-/-MCM� CD4+ȖȭE Th17Ȗȭ/ÄØ�"A��ÃƒA�ƚɗ�%�

LPSʭTLR4�P�fʮ1 Il1rn-/-wK\0ʑȑǎǱǮǛE��A��ĉô�B*�@

(Abdollahi-Roodsaz et al., 2008)
zymosan< Th17ȖȭEɞĤ AÄĕ,�*ĉô��

(%(LeibundGut-Landmann et al., 2007; Veldhoen et al., 2006)�Il6-/-wK\Ǥƒ CD4+Ȗ

ȭEŚ CD3
CD28
IL-4
IFN-γŚ©
MCMĖĀ�+ćʨ�
Th17Ȗȭ40ÄØE

FACS/>@ɔƔ�%�$0Țƕ
Il6-/-wK\ǤƒMCM< LPLËǋ= zymosanËǋ

 B2 Th17ȖȭEč= ��ÃƒA��ƀ?�,.(%��?/
Il1rn-/-Il6-/-wK\

ǤƒMCM0ź� Il6-/-wK\ǤƒMCM>@Õƕǲ/ Th17ȖȭEɞĤ A��Ãƒ

%(Figure 18a)��0Țƕ1
ɾÏ. IL-1ZTg��¹AƑ£+1 IL�6ʠ¬Ėǲ Th17 

ȖȭÄØ��ɼ A�Eǿø�*�A��?/
naïve TȖȭE TGF�β, Il6-/-wK\
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ǤƒMCM+ćʨ A�+
naïve TȖȭ�?0 Th17ȖȭÄØɞĤEɛ9%�$0Ț

ƕ
ʌǠĄ,Ƭ5*ÕǛ1Ƀ'AǓ0
Il6-/-wK\ǤƒMCM+< Th17Ȗȭ�ÄØ

�%(Figure 18b)�8%
Th17Ȗȭ�ÄØ,ïƂ/ Foxp3ʯȖȭ0ÄØ�ŘÊ�B*�

%��B?0d�`1
wS�pG�[�?ǡǠ�BAƍǻ0ƿŊüĕ� Th17Ȗȭ

Ečƨ�"A&�+.�
Th17ȖȭE IL-6ʠ¬Ėǲ/ÄØ�"AȮÑEƊ A�E

ǿø�*�A�  
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ȥĠ� 

� HTLV-1 TgwK\= SKGwK\
CIA{d�,�(%ʑȑ�Kwa{d�0ʑȑ

ǎǱǮ1 IL-6¬Ėǲ+�A��ź
human TNF-α TgwK\=W��V�Ś©ɞĤʑ

ȑǎ(CAIA),�(% TȖȭʠ¬Ėǲʑȑ�Kwa{d�0ʑȑǎ1 IL-6ʠ¬Ėǲ+

�A(Iwakura et al., 2008)�IL-6¬Ėǲʑȑ�Kwa{d�1 IL-17/<¬Ė�*ʑȑ

ǎEǱǮ A�,�?
IL-61 in vivo+< in vitro+< Th17Ȗȭ0ÄØ/Ņɍ+�

A,ȥ�?B%�Il1rn-/-wK\0ʑȑǎǱǮ1 IL-17, TȖȭ/¬Ė�*�A/<ʑ

D?!
Ƚõǀ��/ Il1rn-/-Il6-/-wK\1 Il1rn-/-wK\,ïƝ0ǱǮǛ,ʋǮĴ0ʑ

ȑǎEǱǮ�% (Horai et al., 2004; Nakajima et al., 2010)�$�+
Il1rn-/-Il6-/-wK\/

��A Th17ȖȭÄØEɔƔ�%�$0Țƕ
IL-6ʠĖĀ�+< Il1rn-/-wK\+1 Th17

Ȗȭ�ÄØ A�Eƀ?�,�%��B1
ɾÏ. IL-1ZTg�� Th17ȖȭÄØƑ

£�+ Foxp3EŘÊ A�/>(* TGF-β,Ûɢ�* Th17ȖȭÄØEɞĤ A�,

/>A��?/
IL-11 Th17ȖȭǕǪǲ.ɲ¿üĕEɞĤ� Th17Ȗȭ0ǠĖE TGF

�β,Ûɢǲ/Ó�*�A��B?0Țƕ1
ɾÏ. IL-1ZTg�1 Th17 ȖȭÄØ

Ƃ0 IL-6ơŭE µ A��ÃƒA�Eǿ�*�A� 

 

� 1; IL-1R0Ǳǜ, IL-21 

� ʋɍ.�/
IL-1R1� naïve TȖȭ�/1Ǳǜ�*�.�Ǐ/ IL-11 naïve TȖȭ

0 Foxp3EŘÊ A��Ãƒ.��ƏǼȉ+1
TGF�β+IL-218%1 IL-6� IL-1R1

0ǱǜE naïve TȖȭ�/ɞĤ A��ÃƒA�Eǿ�%��?/
IL-210Ǳǜ1

Il1rn-/-wK\0��mǝ+čē�*�%�$0�
Il1rn-/-wK\+1 IL-1Raơŭ/>

AɾÏ. IL-1ZTg�1 IL-21EǡǠ A>�/ TȖȭEƺŊØ�
IL-21� IL-1R1

E naïve TȖȭ/Ǳǜ�"A�IL-6� STAT30ƺŊØE��* IL-1R10ǱǜEɞĤ
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 A�1ĉô�B*�A(Chung et al., 2009)�IL-21/>A IL-1R10ǱǜɞĤzOh]

y1ĉô�B*�.�<00
IL-211 TGF�β,Ûɢ A�/>@ STAT3ƺŊØE

��* IL-1R1EɞĤ A,ŨĠ�BA���mȑ/��A IL-21ǡǠȖȭ1
IL-21

0 mRNA0ɔƔ�? CD4ʯȖȭ��ń+�A�1ƀ?�,�%(data not shown)���

�
FACS/>A IL-21ǡǠȖȭ0Ɩȿ�Ãƒ.�(%Ǐ/
¼©ǲ/ CD4+Ȗȭ0Y

q^be
CD4+Ȗȭ¡đ0ǡǠȖȭ0Ɗǐ.-1ïĚ A�1Ãƒ.�(%�ǜĀ


IL-211�/ NKTȖȭ= CD4ʯTfhȖȭ
CD4+Th17Ȗȭ.-�?ǡǠ�BA��ǻ

?B*�A(Monteleone et al., 2008)��B8+ CD4+Ȗȭ�?0 IL-21ǡǠ1 IL-60�

ƻ+ IL-21ǡǠȖȭ�ɞĤ�BA��ĉô�B*�%�
ƈɶ IL-12/>(*< IL-21

ǡǠȖȭ�ɞĤ�BA��ĉô�B%(Nakayamada et al., 2011; Schmitt et al., 2009)��

?/
ȻǑ¸ǫȖȭ+�AĔ�ǝ< IL-21EǡǠ A�<ƀ?�,.(*�%(Puga et 

al., 2012)�8% IL-211Ȼĭ¸ǫǬŌ0ǱǮ/ʋɍ.ļÐEŝ(*�A(Bubier et al., 

2009; Spolski and Leonard, 2010)�IL-10ɾÏZTg�, IL-21ǡǠʍ0čÒ0üƕʑ

®Eƀ?�, A�1�ľ0ɡʦ+�A� 

� 8%
Th17ȖȭÄØ/ǹʑ�* IL-1R10Ǳǜ��ſ A/<ʑD?!(Figure 6)


Th17ȖȭÄØƑ£�+ IL-1ËǋE A, IL-170Ǳǜ1��(*< IL-1R10Ǳǜ0

�ſ1Ɏ?B.�(%�¶ɷ0Ɲ/
STAT3¬Ėǲ/ IL-1R1�ɞĤ�BA��ĉô

�B*�A��0%;
IL-1R10Ǳǜ1Üȕ/ Th17Ȗȭ,ǹʑ�*�.�,ȥ�?

BA�)8@ IL-10�ƻ+ǱǜɞĤ�BA Nfkbiz= Batf,�(%ɲ¿üĕ1 IL-1R1

0Ǳǜ/1ĻʢE��.�,ȥ�?BA�IL-1R10ǱǜÊŁzOh]y1
�0Ȗ

ȭ+<Ʀ-ƀ?�/.(*�.�0+�ľ0ɡʦ+�A� 
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2; Foxp30ŘÊ, Th17ȖȭÄØ  

� IL-61�ƻ+STAT3ƺŊØEɞĤ�
TGF�β,Ûɢ�*Th17ȖȭÄØEɞĤ A�

STAT31 IL-17.- Th17ȖȭǕǪǲ.ʄ¥ĕEƺŊØ�
RORγt= RORα0ƠȮE

ʓĝ A�/>@ Th17ȖȭÄØEŘÊ A Foxp30ǱǜEķ;A(Yang et al., 2008b)�

IL-21< IL-60 D@/TGF�β,Ûɢǲ/Th17ȖȭÄØEɞĤ A��ÃƒA(Korn 

et al., 2007)�ƏǼȉ+1
IL-1< Th17ȖȭÄØEɞĤ A�Eǿ�%����
IL-1

0ƠȮ1 IL-6= IL-21,1Ǫ.A�IL-11 STAT3E��ʉØ�.�(%�
Õƕǲ

/ Foxp30ǱǜEŘÊ�%�IL-11 IL-21= IL-6,Ûɢǲ/ Foxp3EŘÊ�%�
IL-6

ơŭwK\0 TȖȭ= IL-21R-FcEǢ�%ěʩ+<�0ŘÊ�Ɏ?B%��?
�0

Foxp3ŘÊ1 IL-6= IL-21ʠ¬Ėǲ+�(%�%& IL-10ªǢ� IL-21ʠ¬Ėǲ+�

A,���Eəƀ A/1
IL-21R-Fc� IL-21ǕǪǲ/�ö�*�A0�-��0

ƚɗ�Ņɍ+�(%�$0Ǐ/1
ïƝ0ěʩE IL-21ơŭwK\+ɇ(*< IL-1

0ªǢ�Ɏ?BA�
�?/$0Ƃ/ IL-21R-Fc0Ļʢ�Ɏ?B.��� IL-21R-Fc

0ǕǪŊEəƀ A0/Ņɍ+�A,ȥ�*�A�8%
Fc `�mSɪEW�e�

��,�*Ǣ�A��ěʩEȘ9Ȋ*A�+ʋɍ+�(%� 

� IL-6= IL-21/>A Foxp30ŘÊ1 IL-1α/βơŭwK\+<ɭ�A�,�?
IL-6

= IL-21, IL-1/>A Foxp30ŘÊ1È0zOh]y/>A��ǿø�B%��?

/
�0 Foxp30ŘÊ1 Foxp3-Ȗȭ0čƨ/>AȚƕ+.��<ǿ�%��B?0

ŕɎ1 IL-1� Foxp30ŘÊƺŊEš(*�A�Eǿø�*�A��?/ IL-1�Ǹŧ

Foxp3+Ȗȭ0 Foxp3EŘÊ A�Eǿ /1
Foxp3�EGFP�v�`�wK\EǢ�

* Foxp3ʯȖȭ&�EȓɊ�
IL-1� Foxp3EŘÊ A�Eƀ?�/ B2
{d�

�>@ĸÿ/.A,ȥ�?BA� 
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� �B/Ģ�
IL-20 Th17ȖȭÄØŘÊȮE IL-11ʓĝ A��ÃƒA,��ĉô

�ƊA(Huehn et al., 2009)�IL-21 Th17Ȗȭ0ÄØEŘÊ A&�+.�
STAT50

ƺŊØE��* Foxp30ǱǜEɞĤ A�,�ǻ?B*�A(Huehn et al., 2009)��B

?EȞî A,
IL-1� IL-20ZTg�EŘÊ A�/>(* Foxp30ǱǜEŘÊ

 AéȮŊ�ȥ�?BA�8%
IL-11 Akt-mTORșɰʭmTORșɰ1 Foxp30Ǳ

ǜEŘÊ AʮEƺŊØ A(Delgoffe et al., 2011)��?/
IL-11 TGF�βR20Ǳǜ

= Smad2��ʉØEŘÊ�%@ Smad70ǱǜEɞĤ A�/>@ TGF�βZTg�E

ŘÊ�%@ A�<ĉô�ƊA(Bauge et al., 2007; Ishida et al., 2006)��B?0ZTg

�șɰ
8%1ɲ¿üĕ�t�+ IL-10�ƻZTg�� Foxp30ǱǜEŘÊ�*�

A,ȥ�?BA�ěʗ Rapamycin/>(* mTOREʓĝ A,
Foxp30MFI� IL-1

/>@ǃĦ��.�.(%ʭFigure 19ʮ����
Foxp3+Ȗȭ0Ðî1 IL-1/>(*

ƊǏ/ǃĦ A��? IL-10�ƻ0 mTORșɰ0 Foxp3Ǳǜ/��AļÐ1ʇÄǲ

.<0+�A,ȥ�?BA��?/ IL-10ZTg�� Foxp30ǱǜEŘÊ AzO

h]y,�*
Foxp3ǱǜÊŁʥĆ0n\e�za�Ø.-/<ĻʢE��*�A�

��ō�BA(Huehn et al., 2009)�IL-10�ƻZTg��-0>�/ Foxp30ǱǜE

ŘÊ�*�A0�1�ľ0ɡʦ+�A� 

� ƏǼȉ+1 IL-1� Nfkbiz= Batf,�(% Th17ǕǪǲɲ¿üĕEƺŊØ�
Il17a

= Il220ǱǜE�ɼ�"A�<ǿ�%��B?0ǱǜɞĤ1
IL-6= IL-21E��*

�.�(%�ƈɶ0ĉô+
IL-1� Th17ȖȭÄØ/ʋɍ.ļÐEƕ%�*�A��

ĉô�B*�A(Chung et al., 2009; Guo et al., 2009)�ƏǼȉ+1
IL-1� TGF-β,Ûɢ

ǲ/ Th17Ȗȭ0ȝš A��ÃƒA�<ǿ�%�TGF-β1 Th17Ȗȭ0ȝš/ʋɍ+

�A��ĉô�B*�%�(Lee et al., 2009)
IL-ʱ/>@>@Ē�0 Th17ȖȭEȝš

 A��Ãƒ%�ƏǼȉ,�ȼ�*
Striteski et al.1 IL-1� IL-23,»/ Th17Ȗȭ
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0ȝš/´�,ĉô�*�A(Stritesky et al., 2008)��B?0Țƕ1
IL-1� Foxp3

EŘÊ A&�+.�
Th17ȖȭǕǪǲ.ɲ¿üĕ0Ǳǜ= Th17Ȗȭ0ǠĖEȝš

 A�Eǿ�*�A�ěʗ
IL-1R1ơŭ naïve TȖȭE Rag2-/-wK\/Ȇƙ�%,�

C
ƎƘ+ɞĤ�BA Th17Ȗȭ0Ðî�ʌǠĄ/Ƭ5*ƊǏ/ǃĦ�%(Figure 17)�

�0�1
in vivo+< IL-1ZTg�� Th17ȖȭÄØ/ʋɍ.ļÐEƕ%�*�A�

Eǿ�*�A�ïƂ/
Foxp3+Ȗȭ0ÐîEɔƔ�%�ƊǏ.Ĭ1ŀ?B.�(%�

���
��mȑ.-+1Ʀ- iTreg�ɞĤ�B*�.��
ȒȸÿƊĩ+1 Foxp3+

Ȗȭ�ÄØ� Il1r1-/-wK\Ǥƒ TȖȭ+1 Foxp3+Ȗȭ0Ðî�č�*�A³ð/�

(%��0��?<
IL-1ZTg�� Foxp30ǱǜEŘÊ�* Th17Ȗȭ, Foxp3+

Ȗȭ0ÄØl��\EÊŁ�*�A,ȥ�*�A� 

� IL-6= IL-21� nTregE IL-17ǡǠȖȭ/ɲū�
IL-1� Foxp30Ǳǜ/ĻʢE�

�A�ǐ�$0 IL-17ǡǠEč= ��ĉô�B*�A(Chung et al., 2009; Yang et al., 

2008b)��B?0ěʩ+1
IL-1� Foxp3Ǳǜ/��AĻʢ1ķ��ƏǼȉ,0 Foxp3

ǱǜÊŁ/��A IL-10ªǢ0ʀ�1
�ɘ0ĉô+1 nTregEǢ�*ƏǼȉ+1

naïve TȖȭEǢ�*�A�/>A,ȥ�?BA�ƏǼȉ+1
IL-1� Th17ȖȭÄØ

Ƒ£�+ Foxp30ǱǜEŘÊ�* Foxp3+Ȗȭ0ÐîEǃĦ�"A�,Eǿ�%�$

�*
�0ŘÊ1 IL-6= IL-21ʠ¬Ėǲ+�(%��?/
�0 Th17ȖȭÄØƑ£

�+ɞĤ�BA Foxp3+Ȗȭ1 IL-1R1EǱǜ�*�A�Eƀ?�/�%��0Țƕ1


IL-1R1� Foxp3+Ȗȭ0ĺɪ/ʋɍ.ļÐEƕ%�*�A�Eǿø�*�A�nTreg

, iTreg/1 Foxp3ǱǜÊŁ.-0ʀ��ĉô�B*�@
�B?0ʀ��Țƕ/Ļ

ʢ�*�A,ȥ�?BA(de Lafaille and Lafaille, 2009)�Foxp30ǱǜÊŁ/)�*


ÄĕzOh]y0�?.AɔƔ�ư;?BA�Ò�*
IL-1ZTg�� Foxp3EŘÊ
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 A��
¶0ĉô/�AȻĭňȏŊ0MpLS`�TȖȭ0ßü/.A�1ƀ?�

/.(*�.�(Zhou et al., 2009)� 

 

3; Il1rn-/-wK\0 IL-6ʠ¬Ėǲʑȑǎ,ne0ʑȑǎ 

� YJeOJ�1wK\0ʑȑǎ&�+.�
ne0ʑȑǎ+<ʋɍ.ļÐEƕ%�

*�A�ěʗ/YJeOJ�Eƞǲ/�%ɄÍ<ȺĳňǢ�B*�@
TNF-αH�`

Xh\e(Tak and Kalden, 2011)
IL-6RH�`Xh\e(Jones et al., 2010; Nishimoto et 

al., 2009)
IL-1H�`Xh\e(Cohen et al., 2002; Furst, 2004)
IL-17H�`Xh\e

(Genovese et al., 2010; Hueber et al., 2010).-�Ƴǯ=Ⱥĳɛʩ/ÉǢ�B*�A�

anti-IL-6RŚ©+ʑȑǎ�ŘÊ�BA���A�ź
anti-IL-6RŚ©/�ňȏ.ŌȦ<

30%6-�A(Jones et al., 2010)�ƏǼȉ�? Il1rn-/-wK\1 IL-6ʠ¬Ėǲ/ʑȑǎE

ǱǮ A��ƀ?�,.(%�8%
¶0Ǽȉ�? Il1rn-/-wK\1 IL-6= IL-17ʠ¬

Ėǲ/�ǰƝ0ǴȷǎEǱǮ A�,�ƀ?�,.(*�A(Nakajima et al., 2010)�

ʑȑ�Kwa/¦%ǮǗEǿ ʑȑǎ,�*
�ǰŊʑȑǎʭpsoriatic arthritisʮ��

A(Ramonda et al., 2011)��ǰŊʑȑǎ0ŌȦ1Hc��yŊÖȰǽØǮEǱǮ A

³ð/�@(Ramonda et al., 2011)
Il1rn-/-wK\<Hc��yŊÖȰǽØǮ/ʫŏçŊ

,.A�,�ĉô�B*�A(Alexander et al., 2012)��B?0�EȞî A, Il1rn-/-

wK\1�ǰŊʑȑǎ0Ⱦ�{d�,.@
IL-6ʠ¬Ėǲ.ʑȑǎǱǮ/1 TNF-α


IL-17= IL-1�ʋɍ.ļÐEƕ%�*�A��ǿø�BA� 

�  
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 4; �ľ0Ǽȉɡʦ 

4-1; Il1rn-/-wK\0ʑȑǎǱǮƠƜ 

� �ľ0 Il1rn-/-wK\0ʑȑǎ/Ƨ�B%ɡʦ,�*
Il1rn-/-wK\ʑȑǎ/��A

BȖȭ0ʑ��ƀ?�/.(*�.��ƏǼȉ+<��mȑ/��*
Il1rn-/-wK\

0��mȑ+1 BȖȭ�ƊŎ/čÒ�*�A�Eǿ�%��?/ BȖȭƺŊØüĕ

+�A IL-210Ǳǜ<�ɼ�*�%�anti-CD20Ś©+ BȖȭEʕà A.-�* B

Ȗȭ,ʑȑǎ0ʑ®Eƀ?�/ A��Ƌ8BA�8%�û
IL-21� Il1rn-/-wK\

0 Th17ȖȭÄØ/ʋɍ.ļÐEŝ(*�A��ǿø�B%�
ʑȑǎ0ǱǮ/��

AļÐ1ƍ&�ƀ+�A�IL-21, Il1rn-/-wK\0ʑȑǎǱǮ/��AļÐ<�ľ0

ɡʦ,�*Ƨ(*�A� 

� 8%
Il1rn-/-wK\0ʑȑǎ�ŚßǕǪǲ.ʑȑǎ+�A�-��1
ƚɗ AŅ

ɍ��A�.#.?2
ŚßǕǪǲŊ,ȹùǕǪŊEƀ?�/ A�1
Ȼĭ¸ǫǬ

Ō0ǱǮƠƜEƀ?�/ A�+ʋɍ.ɡʦ&�?+�A�Autoimmune disease,Ǫ

.A Auto inflammatory disease,��ƛŉ�Ɗ@(Dinarello, 2009)
Human+1 IL-1Ra

0ơŭ� Auto inflammatory diseaseEĶ�ɭ� ßü0�)+�A,ȥ�?B*�A

(Aksentijevich et al., 2009; Reddy et al., 2009)�Auto inflammatory disease0ŌȦ+1
Ǵ

ȷ
ʑȑ
ʪ
Ƿ
ȂșȔ+őŊǲ.ǎǮ�Ɏ?BA�$�+ TCRǕǪŊ0ʑȑǎ

ǱǮ/��AļÐEƀ?�, AǏ/
Il1rn-/-, DO11.10 (OVAǕǪǲ TCR�TgwK

\)/Rag2-/-wK\EŦ�îD"*ªœ�% Il1rn-/-Rag2-/-DO11.10 Tg�ʑȑǎEǱǮ 

A�EɔƔ A�ɶı
IL-60ɾÏZTg�/>@ʑȑǎEǱǮ A F759wK\1


MHC ClassII¬Ėǲ�TCRʠ¬Ėǲ/ʑȑǎEǱǮ A��ĉô�B%(Murakami et 

al., 2011)�8%
ĹǼȉĜ0Ȅƹ?0ɔƔ�?
ŚßǕǪŊEš%.�,ȥ�?B*

�A IL-17ǡǠŊγδTȖȭ� Il1rn-/-wK\+čÒ�*�@
ʑȑǎǱǮE¯ɼ�*�
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AéȮŊ�ǿø�B*�A(unpublished observation)��ľ0 Il1rn-/-wK\0ɔƔ�?


ȹùǕǪǲ.ǬŌ/��A TȖȭ0ļÐ�ƀ?�,.A��ƌĽ�BA� 

  

4-2; IL-1, Th17ȖȭÄØƠƜ 

� ¶/ɷ5%ɺ@
IL-1R10ǱǜɞĤƠƜ1Ęº/1ƀ?�/.(*�.��ïƝ

/ IL-23R� Th17ȖȭÄØ�ȝš/ʋɍ+�A�1ĉô�B*�A�
IL-23R0Ǳ

ǜɞĤƠƜ0ɜȖ1ƀ?�,.(*�.�(McGeachy et al., 2009)�8%
IL-230

�ƻ+ɞĤ�BA IL-7R0ǱǜɞĤzOh]y<ɜȖ/1ƀ?�,.(*�.�(Liu 

et al., 2010)��B? Th17Ȗȭ0ȝš=ƠȮ0�ɼ/ʋɍ.YJeOJ�çĞ©Ǳǜ

ƠƜEƀ?�/ A�1
ɺį0¸ǫňȏ1Đ�!/ɾÏ.¸ǫňȏ09EŘÊ A

ŹɏƳǯƶ0ʏǱ/ļȊ),ȥ�?BA�8%
γδ+TȖȭ0 IL-1R1Ǳǜ/1 IL-23

�ʞɍ.ļÐEƕ%�*�A�ʭȄƹ?
unpublished observationʮ
CD4+Ȗȭ+1

IL-23R� naïve TȖȭ/Ǳǜ�*�.�Ǐ/ IL-231 IL-1R0Ǳǜ/�8@ʋɍ+.

���0Ɲ/
ȖȭȈ/>(* IL-1R10ǱǜɞĤzOh]y1Ǫ.A���ō�B

A��B1
ȖȭȈ/>(* IL-1ZTg�Eç�æAĊŕ=
Ƒ£0ʀ�EäƁ�

*�A,ȥ�?BA�×Šǲ. IL-1R1ǱǜƠƜ0ɔƀ�
IL-1¬Ėǲ.ǬŌǱǮz

Oh]y0Ǟɔ/1Ņɍ+�C�� 

� 8%
IL-10�ƻ+ Th17ȖȭÄØE¯ɼ AÄĕ�t�+0Ǟɔ<Ęº+1.��

IL-10�ƻ+
Akt-mTORșɰ=MAPKșɰ
NF-κBșɰ� IL-17ȖȭÄØ/ʋɍ

.�1��?�,.@))�A����
$0¼©ǲ.ƠȮ=
$B?ZTg�¥ɿ

üĕ, IL-17ǡǠ0ʐ/18&�ʛ�ƊA�ƈɶ
NF-kBșɰ0 c-Rel�Ǹŧ IL-17

r�{�`�/Țî�*ǱǜEÊŁ�*�A��ĉô�B%(Ruan et al., 2011)��0

ɤŷ+1 c-Rel, Rel-A� IL-17ǡǠ/ʋɍ&,ĉô�*�A�
Rel-A/ʑ�*1
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αβ+TȖȭ�?0 IL-17ǡǠ/1ʑ®�ǐ�,��ĉô<ïƂƌ/Ã*�@1(�@

�*�.�(Powolny-Budnicka et al., 2011)�IL-1�ƻZTg��
Th17ȖȭǕǪǲʄ

¥ĕ0ǱǜEÊŁ AÄĕzOh]y0ɔƀ1�ľ0ɡʦ+�A� 

 

� 4-3; IL-6ʠ¬Ėǲ Th17ȖȭÄØƠƜ 

 ƈɶ
IL-6ʠ¬Ėǲ. Th17ȖȭÄØ/1 IL-1�ʋɍ&,ɕ�ɤŷ�Ã*�%(Hu et 

al., 2011)�ƏǼȉ+<
IL-6ʠ¬Ėǲ. Th17ȖȭÄØ/ IL-1�ʋɍ.�Eǿ�*�

%�8%
IL-1= IL-21¡đ0 IL-6ʠ¬Ėǲ. Th17ȖȭÄØɞĤüĕ0ĖĀ<ñĚ

Ãƒ.�(Figure 18b)��ľ0�?.AɔƔ�?
IL-6ʠ¬Ėǲ. Th17ȖȭÄØƠƜ

0ɔƀ,
$0üĕ0ǠǞǲ.Ŏõ�ƀ?�,.A��ƌĽ�BA�Ǖ/
ne+1

IL-61 Th17ȖȭÄØ/�8@ʋɍ+.�,ȥ�?B*�A(Manel et al., 2008)�8

%
ne0 Th17ȖȭÄØ/< IL-231ʋɍ+�A,ȥ�?B*�@
Il1rn-/-wK\+

< IL-230Ǳǜ��ɼ�*�A(Cho et al., 2006)�IL-6ʠ¬Ėǲ. Th17ȖȭÄØ/

IL-23�-B6-ĻʢE��A�1�ľ0ɡʦ+�A�ne,wK\0 Th17ȖȭÄ

ØɞĤüĕ0��ȼEɔƾ A�1
>@>�neǬŌ{d�wK\0ªœ,$0ǭ

ŐƤǾ.ǭŐɔƔ
ƈȗǲ/1Ɗǵ.ȺĳɄ0ʏǱ/ğ� A,ȥ�?BA� 

 

4�4; STAT3EƺŊØ AYJeOJ�0ƠȮ0ʀ� 

�B8+0ĉô�? STAT31 Th17ȖȭÄØ/Ņʤ0ZTg�¥ɿüĕ+�A,ȥ

�?B
IL-6/IL-21/IL-23.- STAT3EƺŊØ AYJeOJ�1 Th17ȖȭÄØE

¯ɼ A�STAT3EƺŊØ AYJeOJ�+< Th17ȖȭÄØȮ/Ĭ��A�ƏǼ

ȉ+<
IL-211 IL-6>@ Th17ȖȭÄØɞĤȮ�ķ�(%(figure 6)��B?YJe

OJ�0 Th17ȖȭɞĤȮ0ʀ�1
�ƻ+ƺŊØ�BA STAT0ŢðŊ0ʀ�&,
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ȥ�?BA�IL-211 STAT3¡đ/< STAT1�5EƺŊØ A�(Leonard and Spolski, 

2005)
STAT51 STAT30ɲ¿ʥĆ,ȋîǲ/Țî�* STAT3ɲ¿ƺŊEʓĝ A

(Yang et al., 2011)�L-6/Ƭ5* IL-210 Th17ȖȭÄØɞĤȮ�¨�zOh]y1ĉ

ô�B*.�
�ľ0ɡʦ+�A��ź
Th17ȖȭÄØEŘÊ A IL-27=

LIF(Leukemia inhibitory factor)< IL-6,ï�� gp130E��* STAT3EƺŊØ A�

,�ǻ?B*�A(Batten et al., 2006; Cao et al., 2011; Stumhofer et al., 2006)����


LIF0 STAT3ƺŊØ1ʎȜ�"!/
ERK0�ƻ+ɞĤ�BA SOCS3� STAT3�

�ʉØEŘÊ�*�8��8% IL-271 STAT1¬Ėǲ�SOCS3ʠ¬Ėǲ/ Th17Ȗ

ȭ0ÄØEŘÊ A�IL-270�ƻ0 STAT1�-0>�/�* STAT30ƠȮEʓĝ

 A�1�ľ0ɡʦ+�A� 

 

� ƏǼȉ+1
IL-10 Th17ȖȭÄØ,ʑȑǎ40ʋɍ.ļÐEƀ?�,�%�ɾÏ

. IL-1ZTg�1 IL-6ơŭE�@ɮ�*ʑȑǎEǱǮ�"A�8%ƏǼȉ+ IL-1Z

Tg�, Foxp3Ǳǜ0ʑ®ŊEƀ?�/�%�IL-11 Th17ȖȭÄØ/ʋɍ.ʄ¥ĕ

0ǱǜEɞĤ A&�+.�
$0ȝš/<ğ��*�A(Figure 20)� 
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Țɤ� 

 ƏǼȉ+1
ʑȑǎEȻǑǱǮ A IL-1�^r`�H�`Xh\eơŭ (Il1rn-/-)w

K\EǢ�*
IL-1ɾÏZTg�, Th17ȖȭÄØƠƜ0ɔƀEɇ(%� 

� Il1rn-/-0ʑȑǎǱǮ,ǎǮŊYJeOJ� IL-60ʑ®ŊEƀ?�/ AǏ/

Il1rn-/-Il6-/-wK\Eªœ�%�$0Țƕ
Il1rn-/-wK\0ʑȑǎ1 IL-6ơŭ/>(*

º�ĻʢEç�.��EǱɎ�%�8%
Il1rn-/-Il6-/-wK\+1 Th17Ȗȭ�ɺįɺ@

ÄØ�*�%��0��?
IL-10ZTg�� IL-6ʠ¬Ėǲ. Th17ȖȭÄØ/ʋɍ

.ļÐEƕ%�*�A,¢Ě�%�IL-6ʠ¬Ėǲ Th17ȖȭÄØƠƜEƀ?�, A

Ǐ/
naïve CD4+TȖȭE Il6-/-wK\�?ȓɊ� TCRËǋ
TGF-β
IL-1�IL-21+Ë

ǋ�%�$0Țƕ
naïve TȖȭ1 TGF-βʯIL-1+IL-21+ćʨ�%ź� TGF+IL-21+

ćʨ�%Ƃ>@<ÕǛǲ/ Th17Ȗȭ�ÄØ�%����
TGF-β, IL-1+1 Th17

Ȗȭ1ÄØ�.�(%��?/
IL-11 TGF-β,,</ Th17ȖȭEȝš�%�Ƚõ

ǀ��/
IL-11 TGF-β/>(*ɞĤ�BA Foxp3ǱǜEŘÊ�* Th17ȖȭÄØE

�ɼ�"*�@
�B1Ȗȭčƨ= IL-6= IL-21ʠ¬Ėǲ+�(%��?/
IL-1

1 Nfkbiz= Batf,�(% Th17Ȗȭɲ¿üĕ0ǱǜEčĸ�%��?/
naïve TȖ

ȭE Rag2-/-wK\/Ȇƙ�*ēȵǎEɞĤ AěʩȔ�?
IL-1R1ơŭ naïve TȖȭ

1ēȵǎEɞĤ AÑ�ķ�
Th17Ȗȭ/ÄØ�/��(%�>@�B?0Țƕ1


IL-1� Th17ȖȭÄØ/ʋɍ.ļÐEƕ%�*�A�Eǿ�*�A� 

� ne+< IL-11 Th17ȖȭÄØ/ʋɍ.YJeOJ�+�A��ĉô�B*�A�

ƏǼȉ�
Ź%.ǎǮǬŌƳǯƶ0ʏǱ/).�A��ƌĽ�BA� 
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ǩɟ�(Abbreviations)  

7AAD; 7-Amino-ActinomycinD 

APC; Allophycocyanin 

Ahr; Aryl Hydrocarbon Receptor 

Batf; Basic leucine zipper transcription factor 

Blimp-1; B lymphocyte induced maturation protein 1 

CFSE; Carboxyfluorescein succinimidyl ester 

CIA; collagen-induced arthritis 

CTLA-4; Cytotoxic T-Lymphocyte Antigen 4 

EDTA; ethylenediaminetetraacetic acid 

FACS; Fluorescence-activated cell sorting 

FBS; Fetal Bovine Serum 

FITC; fluorescein isothiocyanate 

Foxp3; the forkhead box P3 

GATA3; GATA-binding protein 3 

GITR; Glucocorticoid-induced TNF-receptor 

HTLV; Human T-lymphotropic Virus  

Hif1a; Hypoxia-inducible factor 1, alpha subunit 

ICOS; inducible T-cell co-stimulator 

IL-1RI; type I IL-1R 

IL-1Ra; IL-1 receptor antagonist 

IL; Interleukin 

IRF4; Interferon regulatory factor 4 
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LIF; Leukemia inhibitory factor 

LPL; lamina proprial lymphocytes 

LPS; Lipopolysaccharide 

MAPK; mitogen-actiated protein kinase 

MCM; Macrophage conditioned media 

MFI; Mean Fluorescent Intensity 

MHC; major histocompatibility complex 

Myd88; myeloid differentiation factor 88 

NF-kB; nuclear factor kappa-light-chain-enhancer of activated B cells 

Nfkbiz; NF-kappa-B inhibitor zeta 

OVA; ovalbumin 

PBS; Phosphate buffered saline 

PE; Phycoerythrin 

PI3K; Phosphoinositide 3-kinase 

PKCθ; Protein kinase C θ 

PMA; Phorbol 12-Myristate 13-acetate 

R; receptor 

RA; rheumatoid arthritis 

ROR-γt; retinoic acid receptor-related orphan receptor 

Rag2; recombination activating gene 2 

Rorc; RORgamma 

SIGIRR; Single Ig IL-1-related receptor 

SPF; specific pathogen-free conditions 
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STAT; Signal Transduction and Activator of Transcription 

T-bet; T box expressed in T cells 

TCR; T cell receptor 

TGF; transforming growth factor 

Tg; transgenic 

iTreg; induced regulatory T cell 

mTOR; mammalian target of Rapamycin 

rpm; rotation per minute 
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Figure 2. xò`�³£L4=#QTHÓÖÚ ÛÞÖÚ 
ôÅ���Il1rn-/-��Il6-/-��Il1rn-/-Il6-/- L4=#ÛÞ�QTHÓ�+ÖÚ/|u��xâûLV
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Figure 3. xò`�³£L4=#Th;J>BE 
QTHÓ#CD4+ T ÖÚÖÚ¤�WT, Il6-/-, arthritic Il1rn-/-, Il6-/- , arthritic Il1rn-/-Il6-/-L4=#Q
THÓÖÚ/PMA/ionomycin�l»����ISV;3ENEQV�IFN-γ, IL-17A, Foxp3#
ÊÂ/è���DVA$3-4q#± SD�2|#�þ#��^âb/Ð��
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Figure 5. WT, Il1rn-/-, Il6-/-, Il1rn-/-Il6-/-L4=#ÛÞ QTHÓ"�-Il21 mRNAÊÂ� 
mRNA$ÛÞ�+Õå��real-time RT-PCR"*,IL-21ò`�#ÊÂ/è����#4;T
KR$ªl»¨�w#Ą;TKR$PMA/ionomycinl»/5¨÷¦��(#�e�#DVA$
GAPDH mRNA"*,ä´���n=3�2|#�þ#��^âb/Ð��
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(c) ôÅ�BALB/cAL4=�+FACS"*,Õå��naïve CD4+TÖÚ$�anti-CD3 (4 µg/ml) �
anti-CD28 (1 µg/ml) �10 ng/ml; anti-IFN-γ, 10 µg/ml; anti-IL-4, 10 µg/ml  ~Z"Ð��;3E63
T/n��ą§÷�ý���5§�"mRNA/|u��xò`�#mRNAÊÂ$Q1RA3M
PCR"*��è���e�#DVA$GAPDH RNA"*,ä´���ă|#�þ#��^âb
/Ð��
-�r�

IL-1R1"

medium IL-1 TGF TGF/IL-1 

TGF/IL-6 TGF/IL-1,6 TGF/IL-21 TGF/IL-1,21 

b�



IL-1α,β 0.1-100ng/ml�
Foxp3�

IL-17�

0.04 

1.9 

0.04 

1.5 

0.02 

3.2 

0.07 

2.9 

0.11 

5.0 

TGF-β / IL-21 (20-1000ng/ml)�TGF-β�

IL-1R1�

Figure 7 naïve T ÖÚ$IL-1l»"t��!
� 
FACS"*,@VE��naïve CD4+TÖÚ/�anti-CD3 (4 µg/ml) �anti-CD28 (1 µg/ml) �anti-IFN-γ, 10 µg/
ml; anti-IL-4, 10 µg/mlćIL-1(0.1-100 ng/ml)�4§÷�ý���4§��ÖÚ/PMA/ionomycin�gl»��
 Foxp3 a  IL-17 a�®ß���"ISV;3ENEQV"*,è���2|#�þ#��^âb/
Ð��
-��

Figure 8 IL-21"*-IL-1R1#ë�� 
FACS"*,@VE��naïve CD4+TÖÚ/�anti-CD3 (4 µg/ml) �anti-CD28 (1 µg/ml) �anti-IFN-
γ, 10 µg/ml; anti-IL-4, 10 µg/mlćTGF-β (3 ng/ml) ; IL-21 (20, 100, 400, 1000 ng/ml)�4§÷�ý��� 
{§��PMA/ionomycinl»�"ÖÚâû#IL-1R1#ÊÂ/ISV;3ENEQV"*,è
����ØĆTGF-β#&��ý��ÖÚ��ØĆx;3E63T¬_X��ý��ÖÚ�2|#
�þ#��^âb/Ð��
-z�



2nd round 3nd round 

TGF/ 
IL-1,21 

TGF 

TGF/ 
IL-21 

TGF/ 
IL-1 

IL-1 

med 

IL-17 

IFN-γ#

1st round 
TGF/IL-21 

IL-17 

IFN-γ#

2.2"

0.22"

0.83"

3.9"

11.5"

1.34"

12.2"

0.24"

9.7"

0.24"

9.9"

1.3"

1.4"

0.79"

0.02"

3.9"

17.3"

2.2"

17.2"

1.9"

3.5"

6.0"

3.1"

5.53"

4.8"

0.27"

Figure 9 IL-1$TGF-β rìË"IL-17ÆÅ/×¡��� 
FACS"*,@VE��naïve CD4+TÖÚ/�Th17ÖÚjp¬_Xāanti-CD3 (4 µg/ml) �anti-
CD28 (1 µg/ml) �10 ng/ml; anti-IFN-γ, 10 µg/ml; anti-IL-4, 10 µg/ml; TGF-β, 3 ng/ml; IL-21, 100 ng/
mlĂ�5§÷�ý��(1st round culture)�ÖÚ/|u��;3E63T anti-IFN-γ, anti-IL-4�
�X�anti-CD3�anti-CD28"*,gl»/��āxą§Ă�PMA/ionomycin�� IL-17A   
IFN-γ a�®ß��FACS"*,è���3|#�þ#��^âb/Ð��
-z�



c�

0 

0.1 

Il1
7a
�

0 

4 

8 

12 

Fo
xp
3�

0 

2 

4 

6 

R
or
c�

0 

0.5 

1 
G
at
a3
�

0 

0.1 

0.2 

0.3 

Tb
x2
1�

0 

2 

4 

6 

8 

10 
Fo

xp
3+

 c
el

ls
 (%

)�

MyD88+/-�

0 

1 

2 

3 

4 

5 

Fo
xp

3+
 c

el
ls

 (%
)�

MyD88-/-�

*

e

Foxp3 

no TGF 

IL-21 

IL-1 

IL-23 

+TGF 

medium 

d�

21.2 

13.4 

24.9 

24.4 

11.6 

3.4 

7.9 

14.4 

0 

1 

2 

3 

4 

0 0.01 0.1 1 10 

re
la

tiv
e 

ex
pr

es
si

on
 (f

ol
d)
�

IL-1 (ng/ml)�

Il17a 
Il21 
Il22 

a

0 

0.4 

0.8 

1.2 

1.6 

2 

0 0.01 0.1 1 10 

re
la

tiv
e 

ex
pr

es
si

on
 (f

ol
d)
�

IL-1 (ng/ml)�

Foxp3 
Nfkbiz 
Batf 
Rorc 

b

Figure 10. IL-1$in vitro�Foxp3#ÊÂ/�k�-�(a), IL-1$Th17ÖÚÀÈË;3E63T îh}�/ë��
-�Il6-/-L4=�+FACS"*,@VE��naïve CD4+TÖÚ/�Th17ÖÚjp¬_Xāanti-CD3 (4 µg/ml) �anti-
CD28 (1 µg/ml) �anti-IFN-γ, 10 µg/ml; anti-IL-4, 10 µg/ml; TGF-β, 3 ng/ml; IL-21, 100 ng/mlĂ�4§÷�ý���ÖÚ
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-� (c-d), ôÅ�L4=�+FACS"*,@VE��naïve CD4+TÖÚ/�
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Figure 19. IL-1$mTOR/]��Foxp3#ÊÂ/�k��
-� 
Il6-/-L4=�+FACS"*,@VE��naïve CD4+TÖÚ/�Th17ÖÚjp¬_Xāanti-CD3 (4 µg/ml) �
anti-CD28 (1 µg/ml) �anti-IFN-γ, 10 µg/ml; anti-IL-4, 10 µg/ml; TGF-β, 3 ng/ml; IL-21, 100 ng/mlĂ�4§÷�
ý���ÖÚ$;3E63T Rapamycin 50 ng/ml��X�anti-CD3�anti-CD28"*,2§÷gl»���
Foxp3#ÊÂ$�FACS�è����~: Foxp3+ÖÚ#myāĀĂ,w~: Foxp3�MFI�*P<0.05 (student 
t-test) 



!IL91���Th17XZ���-¸°¼�

Foxp3+ 
RORγt-�

TGF�

TGF 
+IL-21�

Foxp3 
downregulation�

naïve T�

IL-21R�

Foxp3+ 
RORγt+�

IL-21R� IL-1R�

Foxp3+ 
RORγt+�

IL#1�IL#21�

Nfkbiz↑ 
Batf↑�

Foxp3- 
RORγt+ 
IL-17++�

IL#1�

Foxp3- 
RORγt+ 
IL-17++�

IL#1�

Foxp3- 
RORγt+ 
IL-17++�

IL#1�

iTreg�

Th17 cells�

Figure 20 «ÎÒ#ODR 
Th17jp"��-IL-1#�m�IL-21$IL-1R1#ÊÂ/naïve TÖÚW"ë���TGF-β�
Foxp3 RORγtY¥/ë��-�IL-1,IL-6,IL-21�Foxp3/�k��Th17ÖÚ�jp�-�r�

IL-1�IL-1�

naïve T� Foxp3�

RORγ�

Foxp3+�
Foxp3�

Batf!
Ikbiz�

IL-17tt!
IL-22tt�

IL-21!
IL-6�

IL-21!
IL-6�

STAT3� STAT3�

IL-1R1�

NFκB"
MAPK"
mTOR"

TGF�



 52 

ɥɵʶ�

� ƏǼȉ0Ơ¤E��*ʣ�
Ǆ��ŁŢĤEʣ�%ŢĤųę0Ɠ�ēėÙȅėǼȉ

ŕZ\cyǬŌ{d�Ǽȉ^�`�ÄĕǭŐǼȉÄʌ�Ī±Ʒ�ʆųŤ/Þ�ŁȀǦ

���8 ��

  

� Ǹŧ0ěʩŢĤã3Ǽȉ0źðŊEɧɤ�*��(%ɌąņÝď/ń�?ŏɥǦ

���8 � 

� ʎ�/D%@ƊŎȣ.ɧɤ,ŪɕE�*ʣ�,,</ê÷ǋÔ�*���8�%


Ɠ�ēėÙȅėǼȉŕZ\cyǬŌ{d�Ǽȉ^�`�ÄĕǭŐǼȉÄʌÓų0ɓ

ǣɀÝď
ɌąņÝď/ń>@ŏɥ�%�8 � 

� ƫŽ0ǼȉǠƺ/��*Ɲ�.ŁÓÑ
ŁÓɕEʣ�8�%Ɠ�ēėÙȅėǼȉŕ

Z\cyǬŌ{d�Ǽȉ^�`�ÄĕǭŐǼȉÄʌ0ǳƝ/ń�?ŏɥ�%�8 � 

ěʩ0Ǐ/ǖǔ/.(%wK\/ŏɥ�%�8 � 

 

ƈľ/
ėɩ.-EŬÓ�*ǼȉǠƺEű�*�B%�ɑ/ŏɥ�%�8 � 


