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Autoimmune Diseases and inflammation
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KRIEE, B8, FWRE, Wikes

Seiho Nagafuchi, Hiroshi Tsukamoto, Hiroaki Niiro, Takashi Kobayashi

REORBZDESICLD, IFRNBED SHRENDEE DH <) (Y- R (PAMPs) #iE0DEE, =i, TH
BEICTh, TR2Z RBICMATTh7 REQEBENRESNTWVS. —7, HORELEHHEICOVTEE, WRICHT
SECRIGERHIEICED 2 BECREREELT (AIRE), R¥EICHIT2HEMET @I (Treg), MR JF)VEESF
(SOCS) B LDEEMDIRL LS HCE->TER. E5ICHERSAGEERENS T 2ECAERSARRDES

FZEUL.

 Quw P
key wonds

[FU®HIC

EMIEREREEOLED LF B0, AMTH 5%
BARZIFRIGICERTEA A XL, 85—V CRET 5
B RN P OWMEC RS T AV AT A2 REEETE .
T, BENLERBEL LCRAZEK (THRZAMK B
HRZEE) L BREFOS VLA 2BERETD 2 & CHE
L HBL T 2MEARICIESNETEL L) CEBENT
WBY . L LiYESFDA N LA, —FTHBICLK
BLIBEBFEOBELEART -0, BACREBREEIEDP
ERRRLRETH), DLAHCREBEREZ BESCTEE
TWHENEZLIRELREZLTHH L. EE HOEBE
ERETAHAILRDPRVAHTHE 720, EEEIZLDYR
TATHDRER2ZECHBLTwa. HOREERIE =
DFEEEDE L L IZEROBENEL S Z L TRET
B2, TDAHNZXAOMBEITERTH Y, FEHBE LT
F—Tho THbENEFNDEFICL > TREA V=X 213
¥Thb —Fh BEOREEBRZOEERE, HORERS
IZBb B REEEWESFEICOWT, RO T T FERE,
REMHF OBBICMZ T L Y EBERIY A A4 vk
THAHTNF-a HEE i1 v ¥ —ulf F V6284 IL-
6R) itk LOFREIFZRE o055, E5IBE
BRIRBRERESRRIICESERATH A LBRBRENT
72D KBTI, HORERBEOHBA I =XLLEZD
e, WHRE CIRL < BN ICEL L 2.
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SHEECREFHRBOREARENERL, BCRBEREDARICDENS T EELIF L.
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1) BRI IC & 2 B R il
BRMlEP <707 7 — Vi L ORERTAME (antigen
presenting cell ; APC) DR 2 E S KECHORIE
REZIEGEIFILFMOATYS. HlZIE, APCOIE
PAIZ 287 TLR (Toll-like receptor) ¥ 2"+ V2 TNF %
BHR77I) -0V T ERRTAMBARHBSETF
IRAK-M (IL-1 receptor-associated kinase-M), A2035 &
OFCYLD (cylindromatosis) 72 L% RIBT 577 213, K&
BHA M AL VRRAT 4 -5 —DEEFTEL, REDH
BEEPLERBEZETYY. 4 fvy—Tznr.y
(IFN-y) /STAT1V 7+ v @ﬁ@ﬂ?ﬂ'@?’@?) 5 SOCS1
(suppressor of cytokine signaling 1) K< v 2 b B &K
BR2EDBMLVRERRB L2 L, SOCS1 RIBHRMALIX
FTA =T~V —THBEZIFN-y B4z 727 ¥ —fl
(Th1RHR) ~EAICHEFET 2. €512, APCOFEHE
L% M3 2HAEES 1 b A v THBIL-10°FD VY
FTIVRESF T HSTATIHRIBT 5 & Thl LD FHMAs
AELBRBRET Y. 0L CAECHCRERRD
FERET, BHRMEESE SRS THROERCZ SRS
AHRIEANEE SNT &2, B TR X 5 sk
BOWHIBRIER SN TWS. %, BB FOREL
NUPEL KRBT A P AL Y EBEELTWAVWREBOWD

769



W 5 RABIRMRL I, BICRBSREIE~ZES5LERE L
TRZLR T, LaL, SRR H 5 £MISER
HY91Z FoxP3 & Ml #19% T 4 (FoxP3* Treg) Z H# L, kA
DEFEEE(FL IV 2) BEIHVTWE I EHFHE LRI
ZoTE . BT, REVEIRMIE FoxP3 ' Treg # HHT 5
DIZTGF- fAEETH B L%, BRI EDOBT & TH
fa £ @ CTLA-4 (cytotoxic T-lymphocyte antigen 4) ®4F

HEFRPERTHL I EAFRENTHE?O . F7- 5
AT AME IS 2 B8 2 RERE 2 I 2700k
PReBRMRBREAFEL, RO XTI LTIL-10
NELZELTVE. ZOHMAIRONLS V22 HET
ADIEETHHLEZLNTWAD O iz REEA
J& (lamina propria) M5 HIK ) > /% (mesenteric lymph
node) ICHFFET A CDI03 B HBRMMIE, oV 84 »F
TN ERFERL, PEEETGF- p 2 EHRIcER LT
ZRE { FoxP3 " Treg # F# ¥ 5 Z LAVRENTWnE ™10,
oI, v ADOHKMEE BET 2 LEERS, BTHE
DEA, Thl, Th17#kE QL-17 EAM) O¥mE L OB %
DERRBIEZEDVPRONDZ Ehs, EEREBOBRMIA
FHEHBO M LT Y AR EERRA R R L TWDE L
PEEH &2

2) BRI EIEN & UIshE
NERENZIL I VA2FET L L TREPOHE
MICHECRBERBEZEELL) LwIRAPLERATVS
(REVAT LB EEEL RIS TCHEEABREDR
BRI L CREN 2 RENHREZFETE L, &
RREOBVERIPERSING). GENHED APCIZHRE
CRBECHENRTF FRRESE, URBEREN T 7 =
75 —THRZHAFHL Treg2FET 282 LT, OTH
HEARTF FRDNATZF 2L B LSy 258 E O
R (BOCER) 2AT2 M5V 2AHEE OUERTF
N1 %> F (altered-peptide ligand : APL) 12X 3 ML 5
AFEE, ONERLRESELMBICE S ML T v 2l
REVHABENTVE? . BREOTHBERTF F 28R
BETHIECHRERENTHROREE (T V) 24l
P2 FE T LHTESL. ThZBALT I EERR
E 7V T& % NOD (nonobese diabetic) ¥ 7 X 2D 4
MEERECHAERNTF F28BRES L CACKEETH
fRzBET 2L, FEBELZAIONSE ZLIBELNRT
Wa. L Lahsb, SREBLEE TV (BRI T L LVE—
el ; experimental allergic encephalomyelitis : EAE)

770

T, FURRTF FOBSICL Ny RCEGW 2T+ 7 4
TEXRV-DEEIN), FVTRFEEOENINBESI N
DL ehb, MECHEREN IS v A2FET
EOEELEFEBEIALTHWE? . —F, BHEOHENE
EREZEBELTRYAENE L, ZOHBICHLTILS
VAZRBIEFEL PBHONTWAY, TARBELT
HOeHEZBOERSE, IV RECHREERN LS V2
LRETIRAADEREN TS, EAE, 25 EE BiB
JUMBET VR EORMA 2 HORERBY Y ZAEFVICE
WTRO M Y APRBREOTFHICEN TH S L2
EENTHE, LPLEED, WolARELEEAEICD
WTIRZEORRIIFTE L, ZHEEBIECRETLIZY VD
BORS BT HEFRBOON Lo T/, [HEE
RRBECHE) 7<F (RA) BETHHEITDLATY
VI ERD, TOFERIIEHREBERDBEIZIIZ LD
REHFRENTWEY . —F, BEL 22 HCHEXTSF ¥
THELIZAPLIE, HEHMENRTF FINLTT vy o=
APELTHERLZY, 57 T=A ML LTERALZY T
5. INIZLY, THROBEMIHEES W ) FELLE
EAFFE NS 2 LT, FUESERNZ Thi Mg Thl7
OBENIZ ONBEEZ ONTWS, B, SREE{L
R I BIBERBICH T 284 2 APLBR S, BRRAER)
EDHONTWE?, T2, HENRTF FEHE Y ¥ S3RICk
&3+, ECDI (ethylene carbodiimide) TERE L7zd D%
S5TALMERBEN LTIV VANFTEINE. ZOHEI
LoT, ERIZEAEOFEEIRIIF Th { BERDERDE
bROONTWE, TF747F v —DfEBEDEL LR
BALEQBRICAV BRRISHEPRE S Tw s,

2. THERE

1) THleEBORE

RIBLEDOE & BEOFEIIFLEICHED o T3 THILIC
1%, Thl, Th2, Th17, Treg, Tr-1, Tey’ EH4 2 RFID D
D, TENENPERB 2T A VI 4 VEBEERFICL-TH
BENTRRILFHEHE NP Lo TETVA, BEMICIE,
Th1ARIZIL-1212 X o TRHEE &, STATI, STAT4 % 4~
LCTEERF T-bet D@ X 12X Y IL-2, IFN- y 2 TNF- a %
BEL, "M VA, BR, ABEZ EOMBASEERL R
T5 TR2MRIZIL4ICX - THFE RN, STAT6# AL T
EEEFGATA3OM@ %12 X Y IL-4, IL-5.IL-10, IL-13 %
EEL, FEHOPERICHERT A, Th17#M 12 TGE- g,
IL-6, IL-2312 X o THFE SN, STAT3 2 A4 L CEHERTF
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N L2 R LA R,
[ pet iF-y, T - IEER, SLE.
L g ) BERE MEUIYT,
= SRR
IL-12
Th2 -
. IL-4, IL-5 A
T IL-10,1L-13 gggm " A oh :
43 GATA3 | —————— T, RETEE,
/ Ry _.///'/ FLibE— FFI4SH—
IL-6
IL-17A, F ==
\ IL-21, GM-CSF ﬂ._.;
———> gz

CD80/86 CD28

BR1 BRMHREY AT LAEBCRE

ROR y t (retinoic acid orphan receptor y t) D X2 X D
IL-17A, IL-17F, IL-21, GM-CSF % &% EA L, My
HOMHOLDOFHRISEFET S, —F, C0LI%
RBELELZHET 2 Tregld TGF- 4, IL2I k> THE S
h, BERFFoxP30@E XX ) HEREOHBEDL &0, &
ENEZRBL T (KL, & 512, TGF- 4, IL27iC
Lo TIL-10Z EAT A5 Tr-1 bREFHICH LEION
w5,

THIREGER, &% BREOHRIZELENETH B,
— A TRECOEENENENORSIC L o TER SN B
E#EREL TS HOBEEOHEZ, 7 £-380
FKETHRBRECH CLEMONTVWARERICE N T,
MHC (FEMBRE SRR & RATHE KPR 2 BHER
T % HOREFAHEST (autoimmune regulator ; AIRE)
DEEICIBAH =X AL, FRITHRHEIZBIT2HCREH
W) Treg e HFE S D, PRED2ODHEEHELT
Wa. RIZ, RIEICBIT 5 BCREGEREICE, OffRE
BLAVCOTH b= MY AR L BHA b7 4 ¥
YTV, QTHEERMBEO TR b~ AHFEICED
b Fas, PD-1%2 D7 K b= AEESTF, @CTLA4 %%
L, REFHCED2 Tregn@ 2 2 BT oNE. o
D& 2 HERIGHEBEOMREIC LY, THRES R+
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. '/' Tﬁ% P i
HURHRRME /- CD4+T |L—23 £:7 u
TGF-8
IL-2

TGF-8
IL-10
—— f&&&?@ﬁﬂﬁl

ZEHOCHREREACEHLo TWAE I EBHEEICE>TWS, Fl
24T, ThiMfei IRERKE 2 LS OREICEDL D, Thl7
MR REERRPEBORRTH A I EATEALTVS
—7, TRHBEZVHLO®E T LAF—EBOBRTH L. &
DT, IL-2112 & » THE S W B #0511 ¢
Try (follicular T-helper) MBOFELE SRR ENT RS,
DL 2THEOSCFEIEEDT L VAL V¥ TF N
FEETHD LFARIC, TRERORFIOHERRE, Tk,
REELZEIZODWTHIRESINTWE Y, THlEORER
BICHDIMAIZINALIWAERLN, 20T 54 A
BRALBNEIONETHAS.

2) THIRSIERIREE

HERENICECRGETMRE RET 2 BEEIIREE
THoHH, YZ7UARY Y, ¥7a)sRETHEEERIC
) { NFAT (nuclear factor of activated T cells) D 1) ~ &
LICBER ANV Y= 2—) VERFERLZHEEL TIL2&E
TOEEZzHHE L, THRBEZETSES. /2 757
A ¥ ViEmTORIERE L CHEMSAEIGI /e § 2 L FRE
ICTh17MEZ L, TregFEICHL I EFBEOLDIELo
T&7 WTFhLE HORERR BHESEHMICHERS
nTwa® . FCD3HEE, —#0ECRERBICENTH
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A\f/p/\/q

o l

ﬁ¢$ﬁéi<vam77 I ——

RIEMATF T —%—
(TNF-a, IL-1, IL-8)

T goEgwnE

R

BCR D22
A S

"
CD4OL——>—CD4O[>:7
2

CD28 _I—_PCD80/86 3

RN g+

IL-2 —>IL-2R @’

IL-4 -—)lL-4Rg
-
IL-21 —>IL-21R

77 EE AAEE EHEE
RRIRER ¥ bho EE

B2 5CREKREICHITZBERO®E (A) &I 7155 —BillasEmnic Uichs

¥ (B)

B WTNOFED URENSREDY X 7 2R SEB 7
W, FA FAFTTANR, HERBSAE b &0 BEES D
EZF-BRELRE. FOMOBBRE: L THES, T
BE, EHA, MERE, SBRER LS OBEESE
Fohad Y7UxRY Y Froy a2 iEEEELET
BB, MEEEEIC L 2 M FROTER L AHICE
PRELLEWD . SHOTHENEI L 2 5CRERA
HMEOENE LT, MBAY 7 F VERLSFTH 5 Jak
(Janus Kinase), A 7+ VEISI5FTH 5 SOCS1, 5l
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\
. i f
)

IFNR <—|FN
lL 10R <—IL-10

WEST, BED T2 LS OBE
FFIHDLERAFFARFTTHY,
SROERVHFTE S,

3. Bififa
1) BEREEEICHIT 2 Biflian
=g

EE, BCREKRBICETABM
FROEERITLCD20HEL L
7B BMRENFREE LIF T 5
IEPLBRBENTHEDY, o
CTHEETNE IR, BRI ATE
HCHAEEZBLTEF TR,
T OHERRE, BR#HSFREE
A MO VEER YEIL VE
R EOSHLBEEEL T T 2
7y —filaL LT, #RMEE TH
M, <2077 iz L0
BeORE - KEBELHE L OHE
EHZ B L CTREBABENICES L
TWbZ ETHBW(H2A).

7o ZFEEEIC, FLCD20H R E A
BTV BHREY> S BEF RO
EEICToOBMiaEEENICKRET
BT, REOHEELRTHRED
HEBELTER ZogRIcESwT,
FREEZROHCREHELZ 7 = 2
7 —BHifa & WX R %2 5 HEEBME
(Breg) L FiZh 3 BHIFREER 0
FEPRIEHS PR o721 (2A).

Thbb BRREEAICEITS
BRI EICERTIERL, MBI
X oTidBregd LTERZHELTY
5 HEOFAL LTI IRERAE S DY, EOME L
TRFEEBREXLER 2 E4H 0, BHRBREICL25EE
DEFLFED7z. LEXY, BEOREREOZREIIBVT,
HERIEMLZ 7 =7 ¥ —BMilad 2\ idBregd &H b A5
DHREZRZLTVANPTFELRLEEbLNRS,

T7x7 % —BHMIfEL BregD A& 2HMER L LT, Breg
EBIL-10DEANEE SHTVS, %£51IL100
o077 —T  FHRREEEAOHEEELHO 2T L
72259, IL-10 13 BHRMA, THIRR 2 Yo b i@l > 2
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=30 gaﬁ@;%co‘ 'ﬁ;mﬁu..sam;m -

TNF-a

RA, JIA, 7D—/ﬁ s ?IJM%.

- frEEE -
TNF-a Dh#, TNF- a B4 Ml (5=

1>7U%S<7 #xvﬂfﬁge1 B B
: TETNFSS4E EFo TNF-a _—
I&xNtETh (IG1) DMES>/t9E  TNF. 3 RA, JIA, %28, TREIEEHER TNF-a, TNF-B D
FHULTT kRG] TNF-a ;%;géﬁ;%gﬁ”“ﬁﬁVhﬁ' TNF-a D, TNF- a Bt I 0 (2
el . . IL-6DBEEANDRHAMIE, IL-6FE
FURTT e MEHHIEGT IL-6BEMH  RA, JA, %1y LT IO RS e
s <, i RA, BEREMESR (/514>
7##/7 IL'1 §§‘$7/9:——Z I‘ “.'1&'%12[& ﬁﬁﬁ%ﬂﬁﬁﬁt E) “—‘1 @%@ﬁl\d)ﬁéi—ﬁéﬂﬂﬁ
LY2439821 k& MLtk IL-17 RA L1705k
MP-435 ESFLam C5aZ®Ms RA CEaNBEEADIRES £ HEE?
IX2UXYT  EMEHIKIEGREIEGA  WHCS  BEMEMOeRERE s L i
RA: BHUSTF, JIA | SBEpS o,
CEP5, Bregil HERERBOBE~L(EEL TV S TACI-Fc % ¥ 37 BT X % BIEDSSLE i ¥ TEA DD B

LEbh3 (K2A).

2272, Breg DHIR DK HEIXT I ADRIZE L b DTHY,
%&tbﬁ§ﬁ®+ﬁ&&ﬂﬁﬁ§f%6.it,t}
BregDHFHEZREL 284, ChoDflBt =725 ¥ —
MR TOBRBEROSFREOMELOEHIIEETH 2.
%ﬁ%ﬁeu,th%ﬁ%ftw%ﬁ@%ﬁﬁﬁ@ﬁ%ﬁ
BEDNANA 207 LA RICTHLMC LY. 44,
BregZimfr L o0, 722 4 —BHIlAD A2 ERE L7k
D BB 2 EREOBRTREI N,

2) I7 x5 —BHEBSEENIC UlcAiRinEs

HEREMT T = 7 & —BMKROBERE OS5 FEEIZo
WTERHALDRICRYODH Y, 2nbESTFENE LR
Bk 4 LR S h>D05H 2 (H2B).

CD22 DRBIIEHBMILIZE & ., PLCD22HfEH Iz
N INCOBMlEFBRESNS. 25Ty b —7x
(SLE) TOMMIC & ) RBEBMET A= hF Tlofis
hTwa?,

N7 U7 7 — VRS E BRI 5 E A X
7.5 BAFF (B cell-activating factor belonging to the TNF
family) % APRIL (a proliferation-inducing ligand) i,
BAFF-R, TACI (transmembrane activator and CAML
interactor), BCMA (B-cell maturation antigen) &4k %
L CBHBOEF 5L RET 2645 5. BAFF
DHDFEE % FE3 2 HiBAFF#Hitko BR3-Fc¥ ¥ 82 &
IZ & 5B &% BAFF & APRILM A DEE2BET 3
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5 18)‘

THIREIZ £ RH T 5 CD40LIZ, BAIG F o CD40 % 4
LTHIBBRAERRIE I T T ) Y Ds 5 A A4 v F 2 RET S
ERMH5. HCREMRT T2 ¥ —BHIEIZIEY 5 X X
A Y F L7222 E) —HHHE 720, # CDIOLFEIZ X 3
HRESEFENS.

HORERBEDRKE BRTT-BMBEMOEEAHIEETD
D, BICTHIELEDCD28 & B #fifa_E® CD80/CD86 DAHE
ERIZBD 2 BRI IS L2 58 3. CTLA4-Fc#% >3
ZHREBEINOOMER*HET S L CHAL, BERA
THLE LTHERENREE LiIFTns 1,

VA P4V, MR EORRNSAKE S LB
NLTEHRBENEZHET 2. ZodhT IL-6 IL21
BRI U T PR BE M~ 58 ) 1o 5k T 51EH%
#o. WIL-6RIGIE, HCREEBORADAL 5T,
FXYANT VR, SREBHIES & OB~ DBE R
BEEhTwE . F7- HIL21 s AL - RE
REDHEERLSBERINE. IFN Bz el L, BE
MR~ DG % AR B 1EA A% 5. BiF, SLE & &
DHERBERBICBNT, FMMOBEFREOEK L |
IFN signature 23 B 8T\ 3. B, HIFN- o Hifkic &
5 SLENDEBEIREA LD 2D

BENTT =25 —BHIMZEG L Li-Baeumnsis, S
RESF RO L LRARSSCFRAe sy v 0 B4 M
LZbDTHB. TNoDRESF &4 LS, My
VITTVECERENTRERO L BERE+HES 2. L
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MERICE I ZEE RS THEORE

O« LERICLIECMBORE
BCRSHETHIE

.., CHEREREBOEEY |

@

* A A
BHkaIc L3
HERRE R I

@BRCHEROHH

AIRE (autoimmune regulator)

o < l___

.m. e e

TIANAT1I—5—

BEHRER

o T, MR EEEHE LCEBHBRY 7 FL5FbiE
BIC%Y 5 5. SykizBMIEZEAE (BCR) vV 7+ Vvoi L
W EBETL2EELZ2TF TS V5 —¥ThHY), cOfFriE
L LABSFHEHNNRALZETRALNTVRASD , F
72, Jak31XIL-2, 4, 7, 9, 15, 212 ¥ 0¥ 4 b H 4 VERE
YTTVOTRTRET 2503 03+ —-¥ThHY, 205
FZEW L LBESTFEEHIPRATHES FIFTVE 2,
TOERABRIE LTTHIRED S 5% BMID ChbnSE
FEeRBLTWE720, ABOYESEETE 5.

4. WESEYE
DVDYA AT, TEACY, O« NUTY, GEiEEmE
DESEEZOEE

HERBRBICB T2 ERRYEL LTHA bif Voo
TENL Y, REAT A L8 —, Wk CREE LR
CRELTYEE, FA AL VD3 B, TNE- g 13494 ko 4
YARAT—FOREFRICMEL, RA, 2 O—VEn oy
ERERBICBIT 5 REICHb o T3, TNF- ¢ lHEHA
RIS E D EE SN, SBEHET S LESRTNE « Bo
MAP FF—EEHELL, IL-1%4Eh 4 v EORFESE
AFOBHECHBBEDE LIRS 5. IL-1 6 F o83k
R L ) BE SN LML L A4 2 THh Y, fEE
LB OBEETECIL-6%2 E0F4 b b 4 v EETES S
T IL-GIEIRRMMS ) ¥ B2 EhLEESNS

774

OEDREEREDER

SEMEA LA
Fas, PD-1 (7Rb— XDE5E)
SOCS (MR 7 FIRE S )

/ f—— Tregic k2%

(DEEENERN DA S B LA RBELAENER |

BififgiC k2R E

B3 BHCREOFELCSZOHIEEES

FIEMT A A4 VT, BB 28885 v 2 B0k
HARE, PLEEAEMILOENE, Treg OREEEIIH 72 & VR £
5. IL-173ECHEEATHI L ) EA S K, MEREM
Hoe B HGRAMMR I AEFT L TR A b v 4 ¥, 5 h 4 ¥,
MREERF 22 FEL TRELERT 2. [L-17kiE<
VATEI 7~ Y HEBEIJK (CIA) * EAE O S 25405
SNz L), HERERER~OHMEIBIFTBRIATY
Z) 24) .

TEIA VIZECRERBICIB VT, ERAEEA O
DEEXEZRET S, TEIA VIISOBEEU EFFESATS
D, YA7 A4 VEFIDENZX Y CC, CXC, C, CX3CH4TE
BICOEEha, CCrEs4 D) B, RANTES (regulated
on activation, normal T cell expressed and secreted) & MIP-
1 a (macrophage inflammatory protein-1 a ) % Th1 §ifaiE1C
BbH b, TARC (thymus and activation-regulated chemokine)
& MDC (macrophage-derived chemokine) i Th2 {5 &=
BMbb. CXCrEsA »ORFIZIL-8TEICHFHIEREICH
5. RANTES, MIP-1a, IL-8iZRABZEOHEENTE
FH L, £7:, RANTES, MIP-1 ¢ D254 T4 5 CCRS
DIEFIZLY CIA DRI HH &z

IBEAT4 L= —ThHBTury 7532 (PG) DS
L PGE, R MEZBMEOTLE, MEIES L U°RHE 12 PGI,
GIERERS LURBICHS L, £ELEET 2. EE
PGE,2*Th17#ED5ALICEE T 5 Z LS 2z S h,
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EEEATWAE® ., nfaryxy (LT) TiRLTB, 2 F
FERIcE{bER S5 2, LTC, LTD,, LTE, 3% EBHED
TEPCHEGHEL,ODTr T4 Y OELZFELLEICH
oY R
AR EH AP ENHBICES LB ECifZ &
O REFEAS RIS L oBIcER s h, HEEED
HVWIHBEELZ S IT. BAEEILOBRTELS
CSald B3k, IFHREk, IFEERROELHEEZ TR S EL I LT L
D RKIEEZRET S, b NEREBERBERSHEREBE YR
DFEAICL Y, BCREERICBIT AFEORENH S Iz

ol

2) REEDINH

EEOEYZEHBHNC L 25 FENRER, BORERE
CBUTARECKHTHEBIIEGEILL, BEDELD
STFIEHNEIHAEFRTDHS. EonF B0V A v
AYHAS - FOREMICAET S TINF-a DEHEETH
D, RA, EFHEEREREX JIA), Z7u— VK, X—F =z v
MNAE, Bl RMENREH#ER S OBECRERED A VT
BUHEREERBICBT 2 RECHBAITEREL 2o/, ENT
ABENLTINFHEEEICIES > 7Y FIIT, 5 Rk
Th TV AYT(RD DY, BE5EE KSHERE #ED
ERZEIEVDH B3 L6 TNF- ¢ RIL-112 kD
FEIN, YA MIAL VAR —FCRTRICHET S & &
ZHNTED, IL-6 HEE TH 2 MIL-6 ZTEMLHMAE T ¥
YA TR RARITACBWTHENRRAEERAZETA S
EFBLPICR o7 IL-1HEERD RAICHT AR R4
FEEN7=2A%, INFRIL-6 FRERICHAPREERIZTHEL, B
FEE7FAFE) VEERRSGEERL & OHTRERER
T BEHESEE ENTWE) . IL-175 2 OHTHR
ERBDRIEICBV CTEELREEZR T LFHAL TR
D, FTRAIBVTHRIL-17HEDHKE I AR TH
h, BRCEIREIBLATYSE™,
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The role of B cells in regulating the magnitude of immune

response
Seiho Nagafuchi

Department of Medicql Science and Technology, Graduate School of Medical Sciences, Kyushu University, Fukuoka, 812-8582, Japan

ABSTRACT

Recently, accumulating evidence has suggested that B cell depletion therapy with rituximab is effective
not only in autoantibody-associated, but also in T cell-mediated, autoimmune diseases. It is likely that
B cells play an important role in regulating the extent of immune response in both physiological and
pathological conditions. When a severe infection occurs, pathogens spread throughout the bloodstream.
B cellsin the blood capture the pathogens, via their specific antigen receptors (surfaceimmunoglobulins),
then present the specific antigen to T cells in the spleen, thus increasing the degree of T-cell immune
responses to systemic infection. Similarly, in the exacerbation stage of autoimmunity, a large amount of
antoantigens may be released into the blood and be captured by autoantigen specific B cells, and this
may be followed by presentation of the antigen to CD4 positive autoreactive T cells resulting in extensive
activation and proliferation of autoreactive T cells. Thus, it has been suggested that B-cell depletion
therapy for autoimmune diseases is most useful for the “vicious cycle” phase of autoreactive immune
response. The recognition of this paradigm for the role of B cells in regulating the magnitude of immune
response will help to facilitate both basic and clinical research on the regulation of immune responses.

Key words autoimmune disease, B cell, immunoregulation, rituximab.

Accumulating evidence has suggested that B cell-depletion
therapy with rituximab is effective in a wide range of au-
toimmune diseases. These include not only autoantibody-
associated diseases such as hemolytic anemia, autoim-
mune thrombocytopenic purpura, pemphigus, ANCA-
associated vasculitis, systemic lupus erythematosus in the
refractory phase and rheumatoid arthritis (1-3), but also
the preservation of beta cell function in patients with early
onset of type 1 diabetes (4), which is representative of T
cell-dependent autoimmune diseases (5). All these obser-
vations taken together suggest that B cells play a significant
role in regulating autoreactive T-cell responses as well as
autoantibody production. However, the exact role of B

cells in the regulation of immune responses in vivo re-
mains elusive (6-8).

In terms of its physiological significance, the immune
system is constructed to resist pathogenic infections ac-
cording to the species of pathogen and the severity of
infection. It is known that B cells not only produce anti-
body but also work as antigen presenting cells, and excrete
cytokines (8, 9).

Regarding the role of B cells in the immune response
against infection, it should be noted that B cells cir-
culate in the bloodstream to meet pathogens via their
antigen specific receptors; these are membrane-type sur-
face immunoglobulins. On the other hand, the so-called
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Local Infection
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Fig. 1. A paradigm for the role of B cells in regulating the mag-
nitude of T-cell immune response against widespread pathogenic
infection. When a local dermal infection occurs, it can be overcome by
taking up the pathogen with pAPC such as Langerhans cells at the site
of infection. Langerhans cells migrate to regional lymph nodes via the
afferent lymphatics, to activate reactive CD4*T cells. The activation of
specific immune responses directed against the pathogen will then in

professional pAPC, such as the Langerhans cells in the
skin, but not the body, function at the entry site of infec-
tion. As an example, when local dermal infection occurs,
the professional antigen presenting Langerhans cells trap
the pathogen. This is followed by migration to regional
lymph nodes via afferent lymphatics, and presentation of
specific antigen to CD4+ T cells, resulting in activation of
pathogen-reactive T cells. The reactive T cells in turn move
to the site of local infection and work to control it via their
specific functions, inducing local inflammatory immune
responses and leading to the resolution of local skin infec-
tion (Fig. 1, left panel) (10). In contrast, when infection
spreads throughout the bloodstream, B cells specifically
capture the pathogen in the blood, and this is followed by
activation of B cells through B cell receptor signaling path-
ways associated with increased expression of MHC class
II antigens and co-stimulatory signals such as CD80/86
molecules (11). The antigen-stimulated B cells then travel
to the spleen and present specific antigens of the pathogen
to T cells. This is followed by extensive activation of CD4+
T cells, possibly associated with enlargement of the spleen,
thereby contributing to the overall extent of immune re-
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turn control the local infection (left panel). In contrast, when a more se-
vere infection develops, pathogens spread throughout the bloodstream.
B cells capture the pathogens in the blood via their specific antigen re-
ceptors (surface immunoglobulins), then present the specific antigen to
T cells in the spleen, thus increasing the extent of T-cell immune responses
against systemic infection (right panel). DC, dendritic cells

sponse (12) (Fig. 1, right panel). Thus, enhanced immune
responses work to control severe systemic infection.
Similarly, B cells may enhance exacerbation of autoim-
munity as well as influence control of widespread infec-
tion. Intact cells are injured by many agents, including
environmental factors such as viruses and toxins, autore-
active T cells, and inflammatory chemokines, cytokines,
and chemical mediators (8). These damaged cells release
autoantigens into the blood. This is followed by capture of
autoantigens by autoreactive B cells, which then present
autoantigens to autoreactive T cells, mainly in the spleen,
thus increasing the extent of specific T-cell mediated au-
toimmunity (Fig. 2), which is associated with pathogenic
T cell receptor clonotype spreading (13), as well as enhanc-
ing production of autoantibodies by B cells. B cells may
also produce pathogenic cytokines (8, 9) (not shown). The
resultant extensive proliferation and activation of autore-
active T cells produces profound T cell mediated autore-
activity, resulting in enhanced deterioration of target cells.
This, together with the increased production of autoanti-
bodies, createsa vicious cycle of exacerbated autoreactivity
and target cell injury at the site of autoimmunity (Fig. 2).

(© 2010 The Societies and Blackwell Publishing Asia Pty Ltd



B cell dependent immunoregulation

Fig. 2. A paradigm for the role of B cells in the exacerbation stage
of autcimmunity. Intact cells may be damaged by various agents. These
include environmental factors such as viruses, toxins, and chemicals; au-
toimmunity due to autoreactive cytotoxic T cells, and other effecter cells
as NK cells and macrophages; cytokines, chemokines and leukotrienes
as mediators; and other cell damaging events such as ischemia and nu-
tritional defects. These triggering factors may damage the cells, and lead
to the induction of an autoimmune reaction. In the exacerbation stage

The cycling can be blocked by elimination of autoreactive
B cells. As described above, the effectiveness of rituximab
has consistently been reported in many autoimmune dis-
eases (1-4, 6-8). However, it should be emphasized that,
even in the absence of development of clinical diabetesin B
cell-depleted NOD mice (14-16), the presence of minimal
but distinct insulitis has been observed, suggesting that B-
cell depletion can not entirely prevent the development of
autoimmunity.

During B-cell depletion therapy, clinical safeguards
should include careful monitoring for adverse reactions
including allergy, neutropenia and infections (17-19). In-
deed, in the absence of B cells, innate immunity dependent
on residual pAPC such as dendritic cells, and minimal but
distinct T cell reactivity, continue to protect against local

(© 2010 The Sodieties and Blackwell Publishing Asia Pty Ltd
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of autoimmunity, a large amount of autoantigens may be released into
the blood and be captured by autoantigen-specific B cells. This may be
followed by presentation of the antigen to CD4 positive autoreactive
T cells. Thus, extensive proliferation of autoreactive T cells occurs in the
spleen (figure), as well as stimulation of B cells, which leads to enhanced
production of autoantibodies (not shown in the figure). The vicious cycle
may proceed to an out-of-control state of autoimmune reaction.

infection, with fewer associated infections (10, 12). More-
over, after elimination of B cells, antibodies which protect
against infection may be supplied byadministering human
immunoglobulins, thus reducing the risk of occurrence of
infectious complications (20). .

Thus, treatment with B-cell depletion therapy should
be capable of stopping the vicious cycle of the out-of-
control stage of autoimmunity. However, achieving com-
plete recovery by elimination of autoreactive T cells may
be difficult. To accomplish long-lasting resolution of au-
toimmune diseases, another effective therapy to regulate
T cell dependent autoimmunity is required in addition to
B-cell depletion therapy.

In conclusion, B cells play an important role in resis-
tance against widespread infection by increasing the extent
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of immune responses and by presenting pathogen specific
antigen to T cells, followed by enhancement ofappropriate
defensive immunity. Conversely, B cells work as “rascals”
in the exacerbation stage of autoimmunity through pre-
senting autoantigens to autoreactive T cells, resulting in
autoimmunity going out of control. Recognition of this
paradigm for the role of B cells in regulating the magnitude
of immune response will help to facilitate both basic and
clinical research on the regulation of immune responses.
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