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IgA synthesis:
a form of functional
Immune adaptation

extending beyond gut

The gut is the largest surface of the human body that is constantly exposed to dietary and
bacterial antigens. The intestine harbors probably more than 1000 different species of
bacteria, at densities ranging from 104-107 bacteria/gram in the jejum to 10'!-10!2
bacteria/gram in the colon (which makes 10 times more than our own eukaryotic cells). These
so called “commensals” seed the gut immediately after birth and appear to undergo a
continuous process of diversification and stabilization until adulthood!. Paradoxically, these
bacterial communities-composed mostly by uncultured anaerobes-are separated from the
internal milieu by a single layer of epithelial cells.

The gut bacteria are beneficial for the host, as they help digestion, provide protection against
pathogens, induce maturation and maintain the fitness of the immune system. The production
of short chain fatty acids (SCFAs) or vitamins provides a clear example of host-microbiota
metabolic interactions with implication for immune system?2. The importance of microbiota
for the development and functional competence of the immune system can be readily
appreciated from the studies of germ-free (GF) animals. Such studies-many contributed by
the Japanese researchers-revealed that GF animals have reduced numbers of immune cells,
severe impairment in development of organized lymphoid structures and aberrant immune
responses (ex. response to oral antigens)'.

This complex and unique gut barrier is also vulnerable, and any breach of the ‘armistice’
between host and bacteria can lead to immune responses against bacterial or food antigens.
To peacefully coexist with bacteria and to prevent chronic activation that could lead to
persistent inflammation or infections, the mammals evolved very sophisticated regulatory
mechanisms.

The most efficient gut immune responses are generated in the organized follicular structures
such as Peyer’s patches (PPs), collectively named gut associated lymphoid tissues (GALT).
The continuous presence of antigens necessitates dynamic remodeling of the GALT and the
selection of multiple layered strategies for protection’.

One important mechanism of regulation at the mucosal barrier is achieved through the
production of immunoglobulin (Ig) A. Since its discovery more than four decades ago, IgA
has been the subject of continuous studies, yet the full understanding of the IgA function is
still unclear. Certainly, IgA is the most abundantly produced antibody isotype in mammals
(about 80% of total antibody production in human). This evolutionary selection of IgA as the
“primadona of Igs” would suggest important functions. Yet, the IgA-deficiency is the most
common immuno-deficiency in humans with apparently mild phenotype (although patients
suffer more from gastrointestinal infections or autoimmune disorders). This apparent paradox
strengthens the existence of multilayered protective and regulatory mechanisms operating in
gut and emphasizes the necessity to understand the IgA function in fine details.

Inspired by pioneering work of John Cebra and his colleagues, we set up to uncover the
fine-tuned function of IgA in the gut. The protective role of IgA secreted into the gut lumen
(sIgA) was previously elucidated in the context of infections, where it was shown that sIgA
acts as a first line of defense by preventing attachment and limiting the access of
microorganisms to or beneath the epithelium*. Our works initiated in Tasuku Honjo’s lab at
Kyoto University and continued at RIKEN RCALI, clearly indicated that IgA was selected and
maintained throughout the evolution not just to stop pathogen entry through the epithelium
but also to facilitate the establishment and maintenance of complex and balanced bacterial
communities in the gut®.

We found that AID-deficient mice that completely lack switched Igs including IgAs6, have
abnormal expansion of bacteria in the gut. For example, the culturable bacteria expanded 100
fold in the AID~ small intestine. Moreover, molecular evaluation of microbial ecology also
revealed a skewed bacterial community in which the unculturable strict anaerobes called
segmented filamentous bacteria (SFB) predominated?. The SFB are rather special, because
these bacteria reach out beyond the mucus layer and attach directly to the epithelial cells.
This direct contact of SFB with host causes activation of innate and immune cells-including
induction/expansion of Th17 cells-that ultimately lead to lymphoid hyperplasia of GALT.
Importantly, the distorted bacterial communities affects not only the gut but the whole body
immune system, as revealed by the continuous presence of germinal center in all internal
lymphoid structures. A similar generalized hyper-activated phenotype is observed in patients
with AID-deficiency or those with common variable immunodeficiency syndrome (CVID).
In both mice and humans, the systemic activation recedes after antibiotic treatment or after
refilling the gut compartment with normal IgAs3.

A lingering question was whether the complete absence of IgA due to AID-defect in
class-switch recombination or the lack of IgA diversification and selection by AID-defect in
somatic hypermutation was responsible for the gut dysbiosis and activation phenotype in
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AID-- mice. A recently generated mouse model that dissociates CSR and SHM in vivo-
AIDG23s mutant mice that retain CSR but have impaired SHM activity provided the answer8.
Without effective diversification and selection of the IgA repertoires the bacterial content and
gut defences are profoundly disturbed. Thus SHM followed by selection of IgA by local
available antigens is necessary to maintain complex, diversified and beneficial bacterial
communities in the gut.

The next obvious target was to find molecules other than AID that are important in regulation
of this “elitist” process in the gut. It is well known that the AID action takes place most
efficiently in germinal centers (GCs) in the presence of a subset of helper T cells known as
Tru cells. Unexpectedly, some of the Tru cells can be generated by an unconventional
pathway-from the Foxp3*T cells-that upon activation, switch the transcription factors from
the Foxp3 to Bcl69. We found this to be a gut-specific phenomenon that leads to abundant
production of IgA, with yet to be revealed characteristics.

Pioneering work from Jason Cyster and colleagues indicated that besides the antigens
deposited on the follicular dendritic cells (FDCs), the availability of Teu cell help might be
critical for appropriate selection of B cells in GCs10. This proved to be true. We found that
the number and the properties of Tru cells present in GCs indeed impact on the IgAs quality
in gut!!.

One molecule that prevents the excessive expansion of the T cell compartment is the
inhibitory co-receptor PD-112. Indeed, PD-1 was shown to be involved in fine-tuning of
immune responses and maintenance of immune tolerance!3. In fact, a conspicuous feature of
Tru cells is their very high expression of PD-1. We found that in the absence of PD-1 the
expansion of T helper cells -including Tru cells- interferes with the dynamics and selection of
B cells in the PP GCs!1. In short, the presence of excessive numbers of IFNy-producing Tru
cells leads to loose selection of IgAs in GCs and generation of short-lived IgA plasmablasts
in the lamina propria. The quality changes of IgAs in lamina propria results in quality
changes in bacteria in the intestinal lumen. For example, beneficial bacteria such as
Bifidobacterium, was undetectable in the gut of PD-1-- mice. Instead, there was an expansion
of potential pathogenic bacteria (E.coli-type or TM7). Clearly, the alteration of gut bacterial
communities impaired the gut mucosal firewall, as we detected GCs in all systemic lymphoid
structures along with bacteria-specific antibodies in the serum of PD-1-- mice. It is very
likely that in these bacteria-induced systemic GCs PD-1-- mice generate antibodies with
autoreactive properties that ultimately lead to development of autoimmune diseases.

Thus, we revealed that AID and PD-1 molecules are essential components of the program
that regulates IgA selection in gut. Diverse and selected IgA repertoires are required for the
selection of “fit” microbiota that, in turn confers resistance against autoimmunity in
peripheral compartments.

Future studies on the dynamic regulation of IgA synthesis and maintenance of homeostasis at
mucosal barrier will likely reveal critical aspects not only on the appropriate function of the
immune system but also for metabolic axes that connect the gut, liver, heart and brain.
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ISR DS TEEH IR 2 RAEDEL TEMAL L 7c~ W S—THIR DM D H L %
o Z D72 WiRIIIC S TR S Z 1D DIREIR KA D~V S—THINLD B G- AVRR S TE
F U7 RIS SR MR RE A L I A3 1007 AMZEVWTHATH 1 AL LD EE DS
HER T ZAMERE(LAE (X, 20 1 AR ICHRE T T2HE G L i N1 7376 N % FH e/ 25
{5Ff#HT : Genome-Wide Association Study (GWAS)358 | L TR MINC Z FE M BAE D FE
SEWC B S 28R T RE SN E LI, Z DR MHCZ 2 AILER T % (3L HCD40.CD86.
CD80ZE I S —THII O HUEHE RIS B 2 A1 S5~V =Tl » 5 EE S B Hk %
YA A > (IL-2.1L-5.1L-6. IL-12.IL-21 . TNF a . IEN y &) OV 7 > R ZF K AG 5 15E
53 7 OB EAR T H32% FMEREALAE D F8IE (CBIHE L T 2 ZEARHIAL. 2R hI L S—THill i
BE B ThH B e REIS T & T (Consortium, 2011) KB, ZAMERLIEO BT T
WVEAE T Z DB K IC B EPURFFE N ZThl, Th17 D~ wSs—THiE Y7 v "3 5. LT
WETZEIDIHHOLLNDE TR, BRI LI T T VEAEZ IV T2 Z AUR I 24525
TR A BHERZIT> TV 24 DDV —FOMFRE ICZDTFEEMHL T /7E&F LI, C
NEDWIFE ST A SALIAT 5L T B FEMEMALIE 2 3L 5% D PR FHER DI R DL
BEWFFEDHE B Z NDPIBNOH I i A THREADE RS AUIEBIFFL T T,

TR
Consortium, I.M.S.G. 2011. Genetic risk and a primary role for cell-mediated immune
mechanisms in multiple sclerosis. Nature. 476:214-219.
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5oLV E A E
N

Jeg Ffe A R oD 22 FE 1 AL AE
ETIVICE R 55 E OfENT

PO E RN REIEE O, BRI ENL (T 2101 SRR
DWIET VT HLERME CRBENEHR EAE) 2H0T0$ (Arima et al., 2012;
Ogura et al., 2008; Sawa et al., 2009). EAEAMEIE RAEVEEE QBT T VD T 4Bl
WS RRDRIET AT b1k =T IR 2 20 L s b b kv
ITETTAFVAVOREIONE TIZES LIRS AV S=THlEAE 2hh
EDLITERT L0 IORTIHORM TUL L TN TAERRZEEL T.EAE
DFIE I IO LD EEL OB E R BELE UL A A bA L T AHE R
THIN% I AL TS T AEAED R 2 il A L. 2 0RO k7% S5
HETE2REVOPRNLET,

EABR, i hiE A0 H £ 4 Fimyelin oligodendrocyte glycoprotein (MOG) %93
AI=THIA TR HHHCEREL, KRR T 2L TIB 0 &SR A k0T
FVTT, SIRE T MOCH T T 2 A =T BRI AT BRI T0E
TR MOGRTF FECRAI S ERLE T Va Y R il LI COTBL 6T U Ad:
BAW =Tl BHLET, C oAV =THlla%in vitro CHEHRMIEMOGIT2H
ML BRI LS A = THI B Sl HIEH ACOTBL 6 Y VAL B AT 5L 12
TR T e 240K LB CRRdANET (Arima et al., 2012), ZOFTE TR BA
FTEA-THlD A R EE YT ARRER O REROCSTBLEY I AILELA I,
NCEAO T BELRE TV OMMER B THADPENTETIOIHNTT. 31TV
N NDEFRRAEE A FET AT T VEL ORISR T30 T U TN T240%
HlE- MG R T I ORETHROB A THET2EAEDRAEL TV 3T,

KA i B UL TRV TV CECE I E AL T A6 O ik L S A
OHEMMEDREL B, KEOTEHA VEEZEIL, AV S=THIRO T TR
DizHEFEL TN ENOEGERT DI TR CEVHANTTH, 1
o NetTh L0 RFRMCHIENHYZ UL 2 THETEN DR TR KIS E
ERMOAZEIZLEUL(K2), COFETR YU ADRBEAL AR, Y THA THE
L 2D %R =Y ERCHEL TR LAV S LET Sk BN E T
TRl D TEET ABRK0 AN TTH HEVIABITT LTI AND A AR
WA O THENDETT 21HRK ER) By - Y0 P TG Rb AL
TTHENSTERL 20 LA OETLEIO T L TR LR SR 095
R TAVAMEFHROWTERE L L OTHEZO S P BB OW R R
SNTORT BIEET 228 T e AR D T AR N T A IO B 17
MEHOWEL ISR, 2O EOMBOTENIE Tor T4 Y OXIbIHI SIS
U MU T B 20 ORI DR EE T4 0%, CO AR IO AL TSR ik 7
TAMRER L IR O R AR B OB 2 T2 L RE 2D 25, 3512 Bl
BRECELAMEELCOMRLBANARA S 2 YT 228 IEY, ZO MR OF LA
T A ED DY ET HARE T AM% LR TR MO MR T AR
DKL HHER Y1 (deafferentation) T4 ICE) EH MROEM LA S48 715 %M
VUL (1) FE M5 8812 A\ O FOREAER SR L 788 B 1< 5 2 SRR (76
ORICAVEROBEHBEL TOET) 2B ML T BRARE RS EHAR - T2
BEHROELRDOTINERIATYURLET, COERED MR HET A LR BhDD
DEEMRAHEFOLENTEIO T YUABEBIH L COIT,— i T RS
WREFEAMERRLTOIDE DML A5G I TR BRI OIR T 2 Fik%
FOET IR, b7 ABORSMEE, FAHEC D SAR % U MR T 1 et
UL RRRIAR T, 208 0D, &0 ERoE MO BRI L. K% A 2 THlkim
YL R LT AR DY 7 F VAN 2D $ 5. O T4 V0
FEEDECIRS LB RN U R EE Ch AL VORS¢ 5D

KERRFR A
A i PR RE W SO SR S L A

A5G R AT B OE SR

arima@molonc.med.osaka-u.ac.jp murakami@molonc.med.osaka-u.ac.jp

FTTCOLLTHROEHE DN Z DB R 1T LY TEET.

—Fi TR RIS 2B IR BRIRRER 25 G L0~ R i 20
ED—RIC AR TOET SR TRIFAZEXRT 2L d ) EE &5 &k
L ARSI RO A LR BT B0A VO RBILE R LE LR (M2) I
BLLTUALKRICELO MO ERR L7 AR ELAAE T IBICZ0E AN AL
I 7= 7 CHREBEAEELE T, X0, ImAR 1 ~8ms T7 Y X AIHIHMLEL
Lo ZOEICHIBOBS R ZOMM STV X AT B E THED LR TR 2T, 51
ZOMICHREO T AL THRO BN ARE CEETRET VTR
BNAERMREE LT L 0P PE I H BB ML B KSH6-008) 7Y
I- MRS R EHOT D 1/3052/3%@) 31, b0 FiEI KAl SR U fik it
AL ARSI C De-fos TR UEREUC KD B2 TEET LMV 7474
Y NCRIET Avon Frey teste W otz o T2 O FAFITEET,

M hS T EGEROB R TR T LR TERRATUL N I bOREOR X OM L
JEOERRE S0 (Arima et al., 2012), 2 THARABEREHIEL V1 TR
FHEOTT,

FROFERERLBALERIC ST MEOH S HHb 20 BRICE 02220
KOREBHIRISN, ZhoDREDZEL HEDE) LSO LA LR YN EH>TRY
FT AN R DL RO TSRO T,

2

BBmEE

JRE TR
(deafiorentation)

SEH

Arima, Y., M. Harada, D. Kamimura, J.-H. Park, F. Kawano, F.E. Yull, Kawamoto T., Y. Iwakaura, H.A K.
Betz, G. Marquez, TK. Blackwell, Y. Ohira, T. Hirano, and M. Murakami. 2012. Regional neural activation
defines a gateway for autoreactive T cells to cross the blood-brain barrier. Cell. 148:447-457.

Ogura, H., M. Murakami, Y. Okuyama, M. Tsuruoka, C. Kitabayashi, M. Kanamoto, M. Nishihara, Y.
Iwakura, and T. Hirano. 2008. Interleukin-17 Promotes Autoimmunity by Triggering a Positive-Feedback
Loop via Interleukin-6 Induction. Immunity. 29:628-636.

Sawa, Y., Y. Arima, H. Ogura, C. Kitabayashi, J.J. Jiang, T. Fukushima, D. Kamimura, T. Hirano, and M.
Murakami. 2009. Hepatic interleukin-7 expression regulates T cell responses. Immunity. 30:447-457.

5oLV E A E
N

PR CD8 G METHI M D
BAICE S LR BIET TV

AT H AR R O WEIEYE B & se e i 2 R M b
(MS) 123513 2CD8+THIE D BEENC DV TNt 217> T& 72,
BRZFEMNICIE MSIEMHCZ 2 ALEH ) TlRRESMHCZ 5 AT
WCHIRERDIIED ) > I LT 5, KR MSEH DR IZIE
AV I 7u—F)IVETCRZH 3 2CD4+THlllECD8+THINEAS
TFAELTEBY. /-8 CD8+ THIIZCD4+ THllfa & Lbfg L. %9
10f5RE DM FEIEL TV S, 25D CD8+THI N =
ICIFN y % AL, SHICIL-1 7% EAT2HDHFET HED’
WEIN TV, 351 MSEFHSHEHL: B 2 R HLE
% N 2CD8+THIMIZA 2 & & aBRE NI TR 215
FHI5(1),

f72H13. C3HeB/Felw v A% M\ »7zMyelin Basic
Protein (MBP) #4112 CD8+ Tl H % E 1t oo i fitie = B
OIS A RIESH 2 ET LYY AZ O TERZT>TE
72(2)e COETNDORERZ. ZLOMREHHO TV EBETY
Z %\ 7zMyelin Oligodendrocyte Glycoprotein (MOG)
RPN 2 CDA+ THIB S EEMS & 7OV E [E R IC B I H SR
PET L, UL LUF ZE#E ST 2EMOGH M 2:CD4+ THll g
HRMEMSE TR > T MSEH LR IC, O K
MRERICHOWERRET D (K) Fo  AETLEHNT
Govermanfi = (7> > b RE T MV) DT V—Fi3 AL
ARTFREMBP# AR ICFE# TE 22 DDTCRZRio 7z
CD8+THlll AR R 2 BT 2 ZE b EREL T3 (3). A
TE.ZDELH%MBP ¥ Z2CD8+THllEIC L > THAE T 5
MSEF IOV THIN T3,

FH
1. C3HeB/Fel¥ 7 A (H-2K K | 4-6i#) IcMBP79-87_7
FRECFAD =)V a2l IC B2 859 % (50ug/ILod
RTFK),
2. SWEBIOH HICFEY >3 i Z# R L. 3X 10HD Y > 08
I EMBP79-87_FF K% UL AL 7= 1071 o BT %
10U/ml IL-2171E R CHE# 7 %,
3. B BICTHIEZ 7a— 1t T 57 R AL o
%,10%, 103, 102{H > THIMLE 1081 D syngenic Wl .,
MBP#% %813 2Vaccinia” 4 )V 2 % &4 &4 72 1 04H O LA
#50U/ml IL-2774E KT #8 (200ulR) T3 HURICMIET %
THl 2 v — A3 R % 52 0 THEL T{5 D T. 24D 2 VT
V—NMZAT—VTv 7T 5,
4. HHELUT2HHOCD8+THlllE 7o —22 X 107 %, wiH
12400 rad Tl SRS L7: C3HeB/Fel ¥ A IC BRI ST L.
[EIFIC 104U DIL-2 % I N1 55 2 Sl O 5 5 k& LT
FlE54 H H oML 1064 (5 &:20ul) Z Mt D43 . 53/ DI
PHEIERBTNEICBATZHIATORE TR HHENICE,
TIFNGRIL-172E DY A MrA > ZHFE LI OB Ml %
P59 2B [RIBR ICBERE N IC 8 535,
AFETMSET IV EZFLETLE MEEB AL THSKM3H

YHFa—t vV KRBT RS

Eric Huseby

Eric.Huseby@umassmed.edu

BSIERDFIET 20 TRATY > Z %119 (K2)
A7 B OBBICEEED LS BT O HAIHHLAL TV
B SHICHA RIS 5T 5,
AAT2 Wi OBBIKED SN BT OFMHHA TO R,
Aa73 : FHOBKELTEEICKHBIL TV S,
AaAT4 ;W OEBEDITEAITHITEL TV 5,
Aa75 W TH5,

a7 L ECD8+ Tl 23 5 597 2 MSE 7 )V
D—DTHY.CDA+THINLD AT 72 (F TR TE TR
DFIEAEZIRIET RN TELZET N TH S, ZLDITHT
DOF % FHL MSOFBIGHRE IRFRED L INE L%
> TOF T M TAHZE L H3H UL, EIEEriclc, H 50 .
FEFT ODTHTHEL S (HAFERR #_EIER)
BEXH
1. Sospedra, M. & Martin, R. Immunology of multiple sclerosis. Annu Rev Immunol 23, 683-747 (2005).
2. Huseby E. S., et al. A pathogenic role for myelin-specific CD8+ T cells in a model for multiple sclerosis. J.
Exp. Med. 194, 669-676 (2001).

3.Ji,Q., et al. Viral infection triggers central nervous system autoimmunity via activation of CD8+ T cells
expressing dual TCRs. Nat Immunol 11, 628-634 (2010).

HER 1 2 F O F SRR 1 g A7

(A) 2> b —LCD8+THIN %2 ALI:~v D 2D /M DHE

(B) #i)iiCD8+ Tl % # A Utz 0 A /NI FTELR (232 b 5 B ML T P~ O R 2 1 15k
(C) B)DOXKHIDINE ZI K LIV Bk evru7r—yDRil#EDHAND,

(D) (B)H DU ICHAAE S 27 R b— AR D% (K H)

(E) 2> b —nCD8+THI 2B ALY AD/NMEDIV T =V T 7 —A TN —Y
R B AT (L =y ZOW/ME B EIc R S h B,

(F) BREHTONZY — VT 7 =AM TN =308, ITY > DR (REH) E7R
M= 27 7RI ONRED o

(G) AEHTONLZ Y =N T7—A NN —ReafR, LY > DK KKAD L7 8K
b= 2 Z V7N CNED) o

(H) ZVAZ0WAF Ly BT R DS MKFTEHE TOM A ICIEET 2 )T (FE) o

X2

A
(J.Exp.Med.194,669-676.2001&y) , %

5 4
MBPHHICD8+ THIfB ALL: % —mER T o3
~vUZOWi%E MBP CTL(MBP & 3 ——VEPETL e C3H e
FrEMCD8+THIM) .C3H (¥4 5 2 —d— MEP.CTL —C3Hshi
C3HvY ) .C3H.scid (scid#it  § 1 —e—VACCIL U3
DC3H¥YA) .C3H.shi (MBPX g g
#HOC3HvYDA) VAC CTL (a2~ CEENEEEE
e —LCD8+THIH) R
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[Localized EAE

KERME BB 2 (Experimental autoimmune
enthephalomylitis: EAE) (32 ¥ {bAE D S ERE) 1€ 7 v
THY. ZOFEIITWRMIRICHFAET Z2EA RO RFFR
%ﬁrﬁ‘%ilﬁb)f“(ml,\%ﬂ’(b\% EAE T3, & O E B

RERRITE 2 & Lo MRS R F DBl S5, L LIEKR D
uﬁ:%ﬁ(ﬁ’(i P LT B 2% IR [T ) - 22 R A TR B T & e 72
VIR & PR AL 55 5 & 2 [ AT 1 CRT 32 b3 L e
WO E DS o7z, Localized EAEIXZ v b HETR Il IR
JR LU TIR# 2B KT % ET V&L T, Kerschensteinersi2k-
THFEE NIz (U Exp. Med. 2004) . %2345 5 D )71k %2/ Lk
ZL. v v ZDMafiiTlocalized EAEZ#EEL TV 5,

WYL ARE
(1] SIL/I~ 2, Silllik, * A

[2] Myelin basic protein (Wako)

[3] Mycobacterium tuberculosis H37Ra (Difco)

[4] Complete Freund’ s adjuvant (Difco)

[5] Recombinant mouse IFN-y (R&D)

[6] Recombinant mouse TNF-« (R&D)

[7] Pertussis toxin (List Biological Laboratories)

(8] A HETHiK

FM

[1] SIL/J= > ZiZmyelin basic proteinZ ¥ 5§ 5,7
F R¥E#X500ug Mycobacterium tuberculosis H37Ra #
&¥sComplete Freund’s adjuvant&iBGL T Ya%
TR U EERDOMIT 20T FTHREG T8 (Y BETIE~YY
A 1L 72050ugDRTFRER G LT 2) ZDHK. TR
Dl % 2~ 3B T 5,

[2] EERBYHD B ICETBHA RS A IHED, 7 T A
W% T2 MMEER T XL SROBIFEORICY T ADH)
X YIBICHHRR Z HE T 203D 57D RIEI D LIERD IS
DI TEBOEIODNEZLL,

[B] AATHBEEMOZEIEHEZ YIRS 2.6t T, BHES
MR ZE R 2T EMOMmMICA A TYIRHZ A
2. YNIAADEIF by MTCHEMHEZ D BEE DI T
BO A FOE 2y MTHEM 2R AL A 70 FHlFT
THE L OHI A2 UIBR 3 %, EAE% 559 238 O Rt 1 HER Sy
IFEFTNZIOBRSE CRDIEENES 1285,

[4] EAEZ SRz WA O HIEHEZ UIBR %, HIN DO &t

KERRFR A
B2 RWETER o T AR

iy K7 /I 5%

D1 OHEMOHFMZ oy NTOZALELS RBMHS HINE
ez A 7ot Fam AL LT OBHEZI R 712
A A T BRI, Bl W T Ic RS DI AT AL
T FHc L 2 B OIRE 2 M § 2 LI TR S,

(5] v AZEEAICEEL., il TEAEZ LS 280 12
AMHABFEANT 2. EZEELRZ A MIADFEANCHTA
FrUEIV=bA 0V IR MERALTNS (A),150 U D
IFN-y £250 ng ODTNF-a #EGLIEHERZF Y EZTY—I1C
FEHEL, F v ES ) — 2 BHIHBEANTAT 2.0 A M4 RE
WX 3T TEAT L. BHBETE. vV ADMEL ~ L3~
4D B AR P ICEAE 2 3589 25 4 A A% o 1
HOXEHH0.5 mmMOESICFrES)—%MALT 3
B)-

6] F+ V=W L. YO AEZEEEDHETTZD
B R E DIRICHES T 5,

[7] 2 A12200 ngdpertussis toxinZ ffE 9 5, fli & 481
H#& 12, B 200 ngdpertussis toxinZ it 3 %,

AT TEAERFE T 2L i3 H TR DT ROl
HEDIERDI DS bNSE Z7 M7 HOEHHY AT
B A N A AT % H k{“ﬁﬁﬂiﬁ’ﬂmf@&&ﬂﬁ%ﬁ
FRINDMERDOEAEFEEL TR KM E OBt & S 728k
Mo M FM LI EE OFT LS BRI TRV ZE IR
N T AET IR OB 2 R ZE B ica > ha—v
TE2HDTHY . ZFMEMALEE D ER D AL & S 2wkt
L OV THfES 2 L THHE V2%,

plotoladflsls E A E
—

SERRIT H o e L b 7 18 2%

(Experimental autoimmune encephalomyelitis: EAE)

Froic

KEMHE SRS E B % (Experimental autoimmune
encephalomyelitis : EAE)ZEE B 235 7S AY = VHSIERIET 7 F > %
AL TR RIC# 2 3 AE T ZREMALE (Multiple
Sclerosis:MS) DEYIE T IV ELTHEH S A, SedE B A FiF 52 Din
VivolZ B 3 BEEREMRAT IS SR TV B, WOk TIIMS DS H %< . EAEIR
W COH BT TERDISFEHIN TR ET VR THAMAM
2R AED SRR A= ICREL ORI B v U A% flio Tz
EAEDEATHY, LA BOAND D 2, EARICIZ, ke o1
RE SRR F R 2 RS T 2HEE TV B TFULEME AL
ETMIMZEA T =04 VAL BMEHE R FHRISIZ 0 IRHIAE
NBHI2EICOWTHIN T 2,

1) PR O MR I I K 23T TV

HRC R O MR 1 & LSRR T F R i 3 2 LN & 2k 2
B HERIEIFN- y 8% A T ATh 1Ml REL RIS TEE AN
TVl i TRIL- 172 B4 T ATh Tl EEEZE 250 T 5, —
FEDHIET10~ 14 HEV - 7RG I TG 20 & O FERDIR A3 H B LAt
B TELL L OBRE UL HF A HEARCS5TBL/6Y VA TD
FEDHEERIEDS WS TOE, Y—T 2y MUY FRELEY L

THREMRIED, VAR Ty MK RSN TV 5.8 5 F WA
PR E DN — WD EETHY VI AWNHSNED T YU AR
W2 ETFVRICOWTIRST 2,

SIEIR MR RS, Z ORISR R A 2 S A3 BT
BIUREAREDORTFREMHRTEIEDZ 0 HREB I > T Ak
WA T R R Y Db B, 21 LITHERRBI A K T2
BRI OSDOHMEE MDA Lo T — I, $o7
SHITHITERD M IS —FF IS [l 5% 52 1 5 2 & DR % B3 B
WHH2. 0BT AD) S HEB AL URBEER T2 LHIBETH
5 BERSNHI N T BCE7BLBV I AICMOGR T F K& BEL Tk
Y @M R EAE & SILY Y AUCPLPR T F R EEL TR E SN S
181 A EARIC DV TEBR O TR R I HUSHN 55,

C57BL/67 U AIBFAMOGHEICL B BN (active) EAE
C57BL/6 (B6) v A (6— 123l M) (il (95% LA 1) OMOG ik
R7FRMOG35-55)100—200 pgk 704 MAREET Y 28 M
M.TuberculosisH37Ra%tH (Difco) %/l z 7 b D% EREML. HFHL
QBREYFAYP =Y —F—HoTZv a2 EEL. B
1 —2h i N4t %. B HW%i4 (Pertussis toxin:PT) (ZBE4 H. HL
IZEHIZ2HHICH200ug /PBS200ul/VEA SEERIIC. U IXENER I
B5 TR ATTIZED M= XA R 50630, AT IR ASE T
T2 U FOIICHHEHL TV, ( 0:1EH, RO M X AL N, 2:ED

() I SRS o - BRE DRI R 2 > X —
FREWE T

ESE =

4 NI, 3T 4B EOTER N SR A LR EDTER.
65T ). BRI 2 Al fEIC T B 72, AR A TR D72 TR
ke len gz (M a), BARAER G, SUREIER 10— 140D
LHMBIL, 20— MERE TRAAITISEL, 20 2B T LD
ZLFAERIIB0—100% TH Y. BiKAER LI B TH LRI, ]
22 b 5, MHFFEE TOMMP R % (K 1 DIR T i
b, BB v R B L B 23 A 5 5 HilE 3 Hematoxylin
and eosin $1 T, %% 3Luxol fast bluefsta THH T %,
SIL¥ U AICBIFAEAE

SILA~ DA (6—12:81. i) T3 PLP 139-1515%3& 24517
FR100—-200 p g% Sl 5 2L MBI OEAEL 705, @ HPT 21 5§
B0 %5 U THIRIER D AN L DD B MRIER I HUTIREE
10— 14H18E D foﬂﬂfob LR ZOBBH TRAAITIEL, Z D%
T2, FAERIXZIZ100% TH 5,2 — SHETHERPER LIz DB, 30—
40% D7 I ATHMERDI L, Z DBAEME T2 ET (M),
PTIZE5EFICPLP 130151 % 555 L. 10— 14H IR Y >0 SHf, A
HifaZPLP 139-151(30ug /ml) &Mz T3—4 HiE# L. 77 A MEL:
M (1X107/7 7 2) %300rad X $#IBH LI o A EENSE S35,
ZEIH (passive) EAEA B2 5 (K 1d) flilaf 5 HE2 H B I PTR &5
B BEERHCThIRTh1 T2 38T 294 DA VB ERRINT A2 LICLD,
Th1Efi. Th1 7TENOEAEZ KI5,
2)BIETFUEST T AICEIFSEAE

BESS AR 1 2 R IRk T A TR Z 2 & (T cell receptor:TCR) D &
FUAY =y 7 AL LT MBP, PLP, MOGHHEITCRINM v AT =
ZWIRVAND D, ARKIEDHE D ELLVEGTYH PTHRGDAT
BAEDSHAET 5, ZEINEAEZ R § L HES Th 5. Ml HUR RN A
L)7a7N DN AT 22y 7 AR EAERARIREL R AL,
TCRIN VAT 229 IR VALDETNINT VAT 229 IR U AT M
FRERE TR 2 C UM BE R (B DIL i 2 95,

ZOLHCEARRFEE S ZLHEHLR TV EIYET LV THY ST
TP AT I 2 S A TR SR Din vivoll ds (3 A ERERT I
HThs, § 6

A

[ TEt
g =n'u & o0n

o 5 W 15 20 2B N
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Spi-B

The Ets transcription factor Spi-B is essential
for-the differentiation of intestinal microfold cells.
Nat Immunol. 2012 Jun 17;13(8):729-36

IHE I RE B L KRG ORI DG TH Y. BRI ES
BT 2 TIEARGEIBERZA L. WA ZEDTOET,
ISERR IS A E eI BRI E > THERYUERMMRALTL
%7: JBERIIEZ  DEGIE D WIER K L > TV F
T CNLDHUE DS IAR AR ZH T 2B E K% T 572
O GBI TAM L OIGE B RIETE LD
HMENTOET A TV, BRI TE % /L CEE NIED
?ﬁ)ﬁ’%lﬁi‘%ﬁwi&@ik’é%@ﬁﬁ%%%éﬂé%i?‘o:@?ﬁ)ﬁ@
oY A \1"4’1)V4‘}i€’%5*ﬁ?ﬁiﬁ’iﬁiﬂ’ﬂ}%
follicle- assoc1ated epithelium (FAE) (243453 2 Mg IC
TirbhFE T, 2D eh M i%%*ﬁﬂ%ﬁf;mékkb v T
EHEARE AR TEEZLNTOE T L LahibHE Y
J\.J}ODTHEJ}'?OM‘EH}E’P]%O)%@@ MEICBLTIIEEAEHS

ISR TV FRATUIZ AW TIEIMMT D 531k % il H 3
%*n&l?cgﬁﬁbtﬁf TRIEFLELIC,

M R i A A PR 1 )‘é%"fﬁﬂ%&b*@&( B CREEE RIS
FHALIENRETH L E D5 i bICBIT 209
k/u?fif’é/\fc‘b\i%/\fé‘bf:o2007@6:1‘1&’%%&@@%&%5&’@
T &L THISLERANKL (receptor activator of NF-« B
hgand)i) MARED 73 B2FAEDE N ICIB W THRIHT LI L

SR &N, Z0HE YT ANORANKLO$: 503 38 i Ml e
@{?fb&b‘%ﬂé%kf“ffﬂiﬂ’ﬂ)% BIBEFEOMMIE b %
FBEFTLIENMEINFLI2 7 BIXZDORANKLICK 252
itk DM IERE G % & L MO 7L 2 B L E L7z,
RANKLZ%~ 7 A (23~4 H e 59 5 2L ic L OMAI A3
W LR CRE R S E 9, 2 Z TRANKLE SR IR Y
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72o 5 ICMifE~— A —TH 5GP2L DI G th 1T o T,
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T A T DFAE%RBIEELT-£ A . Spi-BRIEYTAD
FAETHBREBFINICMAT RS W S Il Blg S h A
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CEICEDFMELE L R ATl A LI F 7 A DK
L CDAGVETHI O L A Bl I N L7z H3, Spi-BR
HY A TR IDEMALLE LA LE L7z, Spi-Bld syt
HCHFHT L 2F G L. WA R~ 7 2D Eiffi % Spi-B
R 2SI A T~ 0 22 /ER L., Bk D T2
BITOELIC A AIF 7 AR RS, Spi-BRIFEHF A 5=
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Neutrophil-infiltration during inflammation-is regulated
by PILR & via modulation-of integrin-activation:
Nat Immunol. 2013 Jan; 14(1):34-40.

TP ER I R R DR A % BERR 2 D IS B B 2o B ] % 1 5 S
PN D—2TH 2 I ERIITHE L ICE> TRV A F 2 X —+F
HEOREPTENMREL UM T8 ICE>THRYZHLLIZV R
WY 2. L LIS DBEHRREIEREV BT TR ETE
OHRLCH XA =T %52 528 b % o fto Thi pERIZAE AR 4
CHETHYErsHBRICHE M bshae#icRmEREILTL
5L 1 H D #| (Doulbe-edged Sword) Th 5, Z D7z blf
HER DM T IS 1 T 2 9 2 8% 2 il b L& 7 2 — s
FHL TS,

FELDPMHLTEIHLLy 7 Z—PILR a (3 (J. Exp.
Med. 2004, J. Immunol. 2008) . 9% a7 U2 HE KD —
DTHY AN B TR > 7 F VB 5T BITIMA M
1E§ 2, ITIMICIISHP- 1D &I B AR AT 7 A —EWBHFTEIL
&Y VUL DG 2E ALY 7 FIVRE R R
Lo THHIL TV 5, FE#H 5 ERAATHCPILR o BT AL A D A
JVA 1% (Herpes Simplex Virus type 1; HSV-1) D =X
a—7 X288 T b bglycoprotein B (gB) k@ﬁ‘kﬁﬁ %
AR D KA IS 5428 257z (Cell 2008) ,
— /. PILR @ QU HPER TR FEBLIT 255, %0)% BEXISH TR
D072, 22T PILRa O RIEY T A (BLFKO) 2B 52 k1
o TUFHPERICH BT ZPILR a OBEREZ BT L7z,

FFLURNF I Tay BT IVEROTPILR a T DA
BT L7c£2A PILR a R VAT, AN~ T AR
THLPICEGFEPEL, TR F T 2 Tay 2T U TEZ
DO EHHIIHL:, &5 ICPILR a R D 2T, HFEED
REAS (R 2 i P ER O SR MBI S I, £ DR B ARG
EPGIERIENLEHLD ICHST,

ZZ T EROEEBRICPILR a B ED IS ICH G T 5%
HRBI2DIC, v T ADF M A 5 EFh Bk % 2 BEL . in vitroT
WE LIz ZA PILRa D RIEICE>T PO N A~ A7
l/—“/a‘/ﬁbﬁé?éffﬁiﬁ.?“él<‘:75§“H6i)’0:7§30f:o*7'iPILROL
DFHIRICB WO THRER T 4701 VTV REDFEHICE-T
PILRa DREI N2 0D H 5, %L’C PILRaEDLH%Y
AV RERHFL T 02§58 TRACHPILR a (3 ULF
HER ED Y 2NV REFEG L TOBIEHVHIHLIC SIS EH
IREEDIFHBR T PILR a OITIMIZEHE 2 VB b S 4, B A
77 X2 —ESHP-1%SHP-2L 5T 2Zenildbhiz . 7rES
A ORFEHMHSEPILR @ ODITIMDY VLSS5I TTEL
SHP-1%SHP-253) 7))V — a7z > T, iR iE Mk I
Lo TPILR a O#IHHE S 7 FV SR L, 17 HER D JEE A3 S
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0, A>T I HEA TR SR, ICAM-1 86T 5591
%% PILR a D3 RAELIAFHER TR B A VHIICE DA > T
70> DAL DTUET 22 E AU A h BRI, RO &
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T ZOMBICBOTHIEH DL DLt 72—l
FNFIJREDEALDFHEESINDZ T, &TEPE?L@PILRa
DJRFEZ TN 25, PILR o (3 H R R CIRIMIE R 121213
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T AT IV R ENA VBT X —H R E DI & I
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TEEE LN,

S OWFFEFE RS PILRa B3V A AV REFEETEI LI
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Integrin mediated

—-—FROHI"E‘ adhesion
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" ‘.’*E-\ . "K}ak ‘?B‘ﬁ P ) & 4 % % Blood vessel
(.' endothelium
(||'|l|lht1t||m'| PILRu Cés ligand XI ;\
nactive ctive
|m eprin integrin u;
Cell membrane (N\J:N\
Inflammation
Ins: ld\ wl slgm!
Spatiotemporal regulation of integrin activation by PILRa

IPILR @ 12 & % JERE IS 75 0D il SR A
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Nr4a receptors-are essential for thymic regulatory T cell development and immune homeostasis.

Nat-Immunol. 2013 Jan20;14(3):230-7

Tl 351 CDA THINEFE L C B\ T E OISR LB
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O—2@7RM=2 2KV EESINLE D (A T4 TRV I Ta
) LR SIE OGO HIHIRE 2 RO B THIAY (Regulatory
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HTH YU B A58 S B % 52 (F 5 L W3 b3
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M a— A2 T4 7V I aTregi biEEH | &
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BEEEZTIIVEL,

ZOES RV H T, B/ QMRS IR IG5 E
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L. &Y Ykl %Z > 7Y X —-+ (Neuraminidase) TULEL§ 5 &
t MIEHIE THEILT 2551080 £, TV A7 B
ok %S 3 218 (Activatorif k) »3H 2Lk D 5
FIRIEE 2 TR TG LRSS DS BN B B T H A O L HEREE IS
HINTOELI L LAY VA Y REMAAALZYRY — L
(NI 2F @R T) % T T O R H I T-5 DR D58, >
TV RO H > 7)) A4 S RITIZH R G2 I 3 2 H3H 5
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FUHifk (J. Immunol. 1989) OHFERTT . IhHDE/ Zu—F
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Accelerating Facot) TH Y& X ;d20kD homologous
restriction factor (HRF20, CD59) T3, HiZFv hOJRIMERT
bERICERZTV. Ty ORI RTIEEE S 7O Crry%
FEd2EhHKELL (Eur. J. Immunol. 1992) 286D
Ebab IR i3S 7V o il FERFE S H SR O ROG
BRI 2B FOMEEL. R H - JEE SR O BB
LT LT 2 B2 DI 2 58 LR A2 E MR E LI,
TR RN R R R S 73 KR 2 L A iR O IS THILL
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