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Human beings have evolved an exquisitely integrated immune system against pathogenic microorganisms.
However, not to mention the pandemic caused by corona virus infection, infectious diseases are still the
greatest threats to us even in modern times. At the same time, the pathogenesis of intractable autoimmune
and allergic diseases is attributed to the dysregulation of the immune system. Furthermore, the immune
system is deeply involved in cancer prevention and transplant rejection. We aim to elucidate the roles of a
variety of immune receptors which we have identified by molecular, cellular, and organismal approaches
using disease model mice, and reveal previously undescribed basic principles of immune system to provide
important insights into the development of therapeutic modulation of immune responses. To this end, we
established a university-launched venture company and the R & D Center of Innovative Drug Discovery at
the University. Using disease model mice, we have obtained the proof of concepts for the molecular
targeting therapies against immune receptors identified by our laboratory for intractable diseases such as
allergies, inflammatory diseases, and ischemic diseases. Based on the results of these studies, the laboratory
is advancing human studies and drug discovery and development for clinical application.
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[BEREKDNAN-T 2D ) HY FEER & LT-REHIH]

g AT AT, Fix OGN AVICERZBEL SV, IEEEE 7233 5 F
IZ K > THRIBINE ARG L T D, Z OMIBaH O RAEITIX, SREMin BIZRELT 5 0%
RN ERBEREE 2> TN D, YHFEEORS H 23 AE L7z DNAM-1 (CD226) 1%, T
M, NKAMazIZCw L L THiA OREMNIZ 3BT 5 @ A IK TH 5 (Shibuya er al,
Immunity 1996), 72, A7 H1X DNAM-1 @ U 77> K73 CD155 & CD112 D 2 43+ Ch HH
%[l L7= (Tahara-Hanaoka et al, Int Immunol 2004), Z iLE TIZFL7=HI1X DNAM-1 & U 4
v REOREEDBIEMALY 7 VR {RE L, CDS'T A< NK Moo A5 36 v 4 A
LHR, Thl WS E e T 52 E 2B 502 L TE 72 (Shibuya K, ef al. Immunity
1999, Shibuya K, et al. J Exp Med, 2003, Tahara-Hanaoka, et al, Blood 2006, Iguchi- Manaka et al, J
Exp Med 2008, Nabekura et al, PNAS 2010, Yamashita-Kanemaru Y. et al, J Immunol 2015,
Takenaka E. er al, Sci Rep.2018), & 512, it FA7Z HIEA[ARL CD155 78 DNAM-1 (2 X % )il
OB A I U, IS O it A2 et LT\ b Z & A2 R L2 (Okumura G. et al, J Exp
Med 2020), F7-. FLA72 BITSEINE 2 i 3 2 Kk 2 /iR C H 2 HliEME T A b
DNAM-1 3BEH L TV L FZ L L. RIERFCHIENE T Mg~ A2 =L F 2 L F—Th
% Foxp3 DOFRBEHIET D Z & THRIFEINEDIIFILICHFE L TCWDHZ EEZHLMNILE

(Sato K. et al, Proc Natl Acad Sci USA 2021)

F7o, BIZBIEDNAM-1 2D U A ROB A, B OIERR 2 & ORIEMER B SIhE
OG- ZBET 572012, DNAM-1 ZebONZ Y v ROBIEFRE~ Y A &ML, Zih
LY URAITRBET VEFHE L WEEICIEIT D DNAM-1 & U 7 ROMEEE T L T\ 5,
IO AE B LIZ, DNAM-1 248 L Lic b MEPURAER L, SRR & oL
RS LD EAVERERER BT T 7 — A M 7 T ADEKLE LTOREETT-
T o,

[REGEDFIEE & MH ZH#HI 5 CD300 77 = U —5r FHOBRERET]
UWFIEE TIE BEERCR AN D S0 A 2 AU 2 8B B850 7 &£ LT, CD300 %7
B (Myeloid-associated immunoglobulin like receptor; MAIR) % [A7E L, & OMEREZ W L T
7= (Yotsumoto et al. J Exp Med 2003, Okoshi et al. Int Immunol 2004, Nakahashi-Oda et al. J Immunol
2007, Nakano et al. Mol Immunol 2008, Can et al. J Immunol 2008, Nakano et al. J Exp Med 2011,
Nakahashi-Oda et al. J Exp Med 2012, Miki et al. J Immunol 2015, Udayanga ef al. Int Immunol 2017,
Wang et al. JACI2019), CD300 53 FFEITAMISMI 0 7 7 ) VR R A A &2 O L DR 1
IR E @ AUNE 2 R T D, MIAMEA VBT 20 FHETY 7 2 U — 2Tk
LTWLEMHBHLTEY, E bTRTOF, vVATE N DFBRESNTND, €D
95, CD300a (MAIR-I) 1%, T OAMENIIRIZ ITIM &F—7 2 A4 2 MHlEZEETH
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%3, MHRAIE o> CD300a 23 HIEPE T AR OHE 2 N L CHER O IE, 35 L O A Ol
WS L TCWAELR E 4 2 L7 (Nakahashi-Oda et al. Nat Immunol 2016, Nakazawa et al.
eLife2021), X HiZ~Z7 77— ko CD300a %, B EDOY VIEETHHHRAT 7 F
DNtV UERETHZE THMBOEREAHIBEL WS L, ZOBEEZIHT LI &
TRIEZPLR S, MHEOREAZ I TS Z L 2] 572 L7z (Nakahashi-Oda et
al. Sci Immunol 2021), —J5C, CD300c2 (MAIR-II) 1%, 7 X 7 ¥ —71 LB DIk
ZRETHY, ZRETIC, RIEMEEEK EO CD300c2 23k ~DbEE B 5 L CHULE D
JRHEZ I L CWAEE R 5 M L CE 72 (Totsuka et al. Nature Commun 2014) . Z 3 & OHF
&b LIZ, CD300A A& Lot MEFURZ/ER L, SRS & oL FRIBFIEIC L0 |
TR B ERBICKI T2 7 7 — A R 7 T ADEERE L TOREEIT> TV D,

[7 UL ¥—MEESRRE Al lergin-1 O 4 B & OAZEA)

TERE, K[EIRE. 7 FE—MHEER, BT LAXF—RE0 TR LLF—5KEA
X, HROMADK SEIDREAL TEBY | IRIBRIESCTUIEORBITHZNEE TH 5,
[ BT LAX =L, 7 VAT R IgE SRR ERERTH Y . Z O IgE HUiR A AL
MR LD AP IgE A RICHE A Licth, O U7 LV T A2 S & IR
DORERISENE Z 0 | BRI E END T IANAT 4 =2 =R T LILF—ER &5 &
4, 2o \@E#WFE%iU@E%@%@VﬁT»%Vi%%ﬁ%kﬁé

MIEETIX, 77 ) A= =77 I U —(TE L, MRaNEEIZ s 7
JVEARET % Immunoreceptor tyrosine-based inhibitory motif (ITIM) %69 %% &K,
Allergin-1 (772 -1) 8 L FAE L7, Allergin-1 X AR AL ELER IR < R BLT
D, BRI KOHER - v 7 v 7 7 — DB L TR Y, Emfilad KOsk b
TIXIgE /KDY T I N EHET H2FTCRIMEB I WRFET 77 4 7% =12z,
BROBRLZEMPRICE DT 7 4 7F% v —va v 7 2T 2542 % A L7 (Hitomi
K, et al. Nature Immunol 2010, Lin YH et al, Int Immunol, 2019) , & 512, Allergin-1 7% Toll-like
receptor (TLR)> 7 F /L 2 il 95 Z & T7 b & — PR R0 E O B I B 72 %5 & 1
5 Z & EAE L C & 7o (Tsurusaki S, et al, Int Immunol 2016, Hitomi K, et al, Int Immunol 2018,
Miki H, et al, J Immunol 2020), FI(E Allergin-1 ZHEF & L7z 1 BT L L X —DiBWRIEMESL O
MR A B L T D

[T—T 1 1) 2 BRIC & B ERTGHBE DRI
MA & T A NAEIIEILENEIVEEE &g EE TR bAMEE S TV DHHERTH D,
TN—7"1 BERY U 8ERIZIE, S AHIRESC D A L A YL 2 B RER R LR s &
IRLAVE—Txa -y B EET ST 270F%7— (NK) Mlas, REET NK ez
FEELT 2 SIREGEIETE A2 R S 7 1 B A SR Y 38k (ILCL) DMFET D, LI LR D,
TN—"T"1 U U EROBERE « {5 - 53 b 2 HIET 2 70 FREFI 32 RITITI BT i o T
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Vo =T 1 U L SERIEA ASCRRGYIE O N SO THEE A el 2 K72 L TO D FAVR
SN TWAD A, NKMAES ILC1 OFMRaEERE O HIEFAE O AFIT I 3M e CRE R EEREFFO,
I NK MR A AT v v A L ARG ICREE NK M b3 5 FavR S vz,
Fox 13 NK MR B - REHIRR A L AR — & —~ o 2 & v, GRiE NK AR5 (koo HilE A -+
DIFE Z AT % (Nabekura et al, Immunity 2016, J Exp Med 2016, Immunity 2014, J Exp Med
2014), FE7z, ILCLIFAFIRICHFIC S <AFAET D03, € OAEBRH AR ITR 278213
BT o TV, Fx TFREE~ v A€ 7 L& H, ILCL 28 BT 2R L, IFN-
y DPEAEZI L CTRIRCH 53 5% % A L7 (Nabekura et al, Immunity 2020) , BifE, =D
PRy PR OB &2 HEE L TV D,

[7FE—MHRBRIZCBTSCERLIFUOSEAEOMEEDREN]

7 R ER OFREDORIFIIRTMRA TV, NC/Nga ~ 7 AL 7 b B —ME
JARET NI ATHY, FET VAT ThHHNTAZZ <A | (HDM) ~DR M
M, Tk 12 NC/Nga = 7 A Tl WA TR 5 C L 2 FL 256 TH 5 Clecla &
a— RT L8 FICT e U ABEPFE L, CleclOa Bin T DA HL7)S B G R OGN T
iz it L7z, B2, Clecl0a ¥ HDM (5 2 #2446 Td » . HDM HERLK 7
HDLLT UG THEYV T RELTRBL, 2T VD T2~ T ADOKEIZEBMAT 5 L&
JFERDEIRT D2 HFAA LI Lz, AT NE TRENARHTH 727 LVF U BEH
Ay @. 7 R E—EREE R OIREIZE T A MEH % E 2~ L7z (Kanemaru K, et al. Sci
Immunol 2019), BE, AF UE FISEENT N E—MEREERITK LINHIEZ 69 5
FESHORIE %32 T 0 | AL S AU HDM BIE T LL 3 — R BRI ok 2 RrSLAOTa s
DBAFEIZIEN D AREVED B B0 & BITTR A 1T, AR D Clec12b 23 Bf§~ A MIEIC &
FETHHEZ L L TW5 (lijima A, et al. Biochem Biophys Res Commun 2021), Clec12b 3,
AN TR ITIM 2 A3 5 F 06, K~ A MR OIEMAGIZRE LTRSS 5 &
#iim S 2, BIE, HDM FEMERERITHT 2 Clec12b DIRE & £ OREM 725y -t O fig
BZHEA TV D,
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Differential isoform expression of Allergin-1 during acute and chronic inflammation.

Geerdink RJ, Pascoal Ramos MI, van den Hoogen LL, Radstake TRDJ, Shibayama S, Shibuya A,
Bont L, Meyaard L.

Inflamm Dis 2022;10:e739

Protective effects of SIO0AS on sepsis mortality: Links to sepsis risk in obesity and diabetes.
Miyashita D, Inoue R, Tsuno T, Okuyama T, Kyohara M, Nakahashi-Oda C, Nishiyama K, Fukushima
S, Inada Y, Togashi Y, Shibuya A, Terauchi Y, Shirakawa J.

iScience 2022:25;105662

G307S DNAM-1 Mutation Exacerbates Autoimmune Encephalomyelitis via Enhancing CD4+ T Cell
Activation.

Murata R, Kinoshita S, Matsuda K, Kawaguchi A, Shibuya A, Shibuya K.

J Immunol 2022;209:2304-2312

CD96 Blockade Ameliorates Imiquimod-Induced Psoriasis-like Dermatitis via Suppression of IL-17A
Production by Dermal y3 T Cells.

Oh-oka K, Abe F, Shibuya A, Shibuya K.

J Immunol 2022;209:2313-2321

The CD16 and CD32b Fc-gamma receptors regulate antibody-mediated responses in mouse natural
killer cells

Aguilar OA, Gonzalez-Hinojosa MDR, Arakawa-Hoyt JS, Millan AJ, Gotthardt D, Nabekura T, Lanier
LL

J Leukoc Biol 2023;113:27-40

Interferon-f promotes the survival and function of induced regulatory T cells.
Nishiyama N, Nakahashi-Oda C, Shibuya A.

Cytokine, 2022;158:156009

CD155 mutation (Ala67Thr) increases the binding affinity for and the signaling via an inhibitory

immunoreceptor TIGIT.
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Matsuo T, Iguchi-Manaka A, Shibuya A, Shibuya K.
Cancer Sci, 2022;113:4001-4004

The secretome of irradiated peripheral blood mononuclear cells attenuates activation of mast cells and
basophils.

Laggner M, Acosta GS, Kitzmiiller C, Copic D, Gruber F, Altenburger LM, Vorstandlechner V,
Gugerell A, Direder M, Klas K, Bormann D, Peterbauer A, Shibuya A, Bohle B, Ankersmit HJ,
Mildner M.

EBioMedicine. 2022;81:104093

Early reactivation of clustered genes on the inactive X chromosome during somatic cell
reprogramming.

Aizawa S, Nishimura K, Mondejar GS, Kumar A, Bui PL, Tran YTH, Kuno A, Muratani M, Kobayashi
S, Nabekura T, Shibuya A, Sugihara E, Sato T, Fukuda A, Hayashi Y, Hisatake K.

Stem Cell Rep, 2022;17:53-67
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Protective role of type 1 innate lymphoid cells in acute liver injury
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Regulation of natural killer memory
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The scaffold protein Themis2 limits natural killer memory formation during mouse cytomegalovirus

infection
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Elucidation of the role of ClorfX in natural killer cells
% 51 Bl A AGEESFWES 2022 4 12 A
(DEASEE « WA X —3EF)

Matsuo S, Nabekura T, Shibuya A.

DNAM-1 deficiency exacerbates Concanavalin A-induced acute liver injury through neutrophil
infiltration
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Murata R, Kinoshita S, Matsuda K, Kawaguchi A, Shibuya A, Shibuya K.
A gain-of-function mutation of immunoreceptor DNAM-1 exacerbates CD4+ T cell-mediated
autoimmune inflammation
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Oh-oka K, Abe F, Shibuya A, Shibuya K.
CD96 blockade ameliorates imiquimod-induced psoriasis-like dermatitis via suppression of IL-17A
production by dermal yd T cells
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Nishiyama N, Nakahashi-Oda C, Shibuya A.
CD300a exacerbates heart injury and adverse remodeling after myocardial infarction
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Matsuo T, Iguchi-Manaka A, Shibuya A, Shibuya K.
CD155 mutation (Ala67Thr) increases the binding affinity for and the signaling via an inhibitory
immunoreceptor TIGIT
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CD300a exacerbates heart injury and adverse remodeling after myocardial infarction
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G307S DNAM-1 Mutation Exacerbates Autoimmune Encephalomyelitis via Enhancing CD4+ T Cell
Activation
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Themis2 suppresses anti-tumor activity of natural killer cells by regulating activating NK receptor
signaling
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Yamada T, Tatematsu M, Takasuga S, Yamagata K, Shibuya K, Shibuya A, Yamada T, Ebihara T.
Activation-induced cell death of ILC2 regulates chronic allergic inflammation
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Nishiyama N, Nakahashi-Oda C, Shibuya A.
Interferon-f promotes the survival and function of induced regulatory T cells
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The role of DNAM-1 in Concanavalin A-induced acute liver injury
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Oh-oka K, Shibuya A, Shibuya K.
CD96 mediates a costimulatory signal in dermal ydT cells and exacerbates imiquimod-induced
psoriasis-like dermatitis.
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