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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. We have established humanized anti-DNAM-1 and
anti-CD300A monoclonal antibodies (mAb). We have licenced out anti-DNAM-1 mAb to a pharmaceutical
company in the US and undergoing a preclinical study for the treatment of inflammaroty bowel diseases.
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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%
SRRNEBEREE 2> TV D, YHFEEORS 5 A FE L7z DNAM-1 (CD226) (. 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)

F72. A HIZDNAM-1 e b NC Y o ROPRBFURZBNL L, SA, B OmER, &
SEMEZR 72 & OIRBET /L~ 7 ZADFFHEIZIS 1T H DNAM-1 & U 2 ROBERE & fighr L Tu
%, DNAM-1 ERRIEOBZICBI L ik, & MEHie b DNAM-1 A2 ER L, Zhak
EREEEFEICT A v 7T U b U, BUFE, RIEMEIBRE ORI L U CTHIBRRRER 2
EDTNDHEZATH D,

[REGED B & H ZH#HI 5 CD300 77 = 1 —5r FHOBRERENT]
WWFIEE TIE BEERCR AN D502 A 2 AU 2 8T B B850 7 &£ LT, CD300 %7
B (Myeloid-associated immunoglobulin like receptor; MAIR) % [A7E L, & OMEREZ HE 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 et al. Int Immunol 2017,
Wang et al. JACI2019), CD300 53 FFEITAMISMI 0 7 7 ) VER R A A &2 O & DR 1
IR E @ AUE 2 R E T D, MIAMEMAS VBT 20 FHETY 7 2 U — 2Rk
LTWLHEMHBHLTEY, E bTRTOF, v VATE N DFBRESRTND, €D
95, CD300a (MAIR-I) %, T OAMMENIEIRIZ ITIM &F—7 2 H 4 2 0fIEZFEETH
3, BRRAIIE 0> CD300a 23Hl I T MO HilfE 2/ L CRERR DO JIE, F6 L U A O il
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WS L TCWASEZR E 4 B2 L7 (Nakahashi-Oda et al. Nat Immunol 2016, Nakazawa et al.
eLife2021), X HiZ~Z7 177 — ko CD300a %, B LDV VIEETHHKRAT 7 F
/»ﬁ)/&#A#é ETCHMIEOBRZHBEIL TS ZE, ZOARREMHITS Z &
RIEZPER S, PFFFEOFFREABEIE TV D Z L 2 5,2 L7 (Nakahashi-Oda et
d&ﬂmmmnmno—ﬁf\ﬂﬁmd(MMKmli‘7§7&*%%kééféﬁﬁk
ZRETHY, ZRETIC, RIEMEEK LD CD300c2 23k~ 2B 5 L CHULAED
JRHEZ I L CWAELE IR 5 M L CE 7= (Totsuka et al. Nature Commun 2014) . Z 31 & OHF
%&b LIZ, CD300A A& Lot MEFUARZ/ER L, SR & odLFEFIEIC L0 | #
TR B ER BIC KT D 7 7 — A M 7 T ADERKE L TCORREIT> TV D,

[7 LILX—iMHE R Al lergin-1 QEERR B OMRR]

TEWE, KJEIHE, 7 FE—MHEER, BT LAXF—RE0 TR LLF—5REA
i\ﬁﬁ@ﬁk@ﬁS%ﬂ%%bf%U\Wﬁﬁ%@%%%@%%ﬁﬁ%%%%f%éo
[T LAX =L, 7 LV T A IgE SRR B EK TH Y . Z 0 IgE HURA AT
AR E oD mg At IgE 2 BIRITHE & LTcte, ORI U7 LT 2R S5 & AR AL
ORISR Z 0 | PRI E END T IDNAT 4 =— 2 =037 LLX—JERE 5 &
fZd, D= \@E#WFE%iUgE§§%®97%w%% IRIEREE A L A B
MR TR, 77 ) A= =77 I U —(TE L, MlaNEEIZ s 7
JVEARET % Immunoreceptor tyrosine-based inhibitory motif (ITIM) %69 %% &K,
Allergin-1 (772 -1) Z#H L FAE L7, Allergin-1 [ZAE AL ELER IR < R BLT
D, BRI LOHEER - v 7 e 7y —UICRBLL TR, IR X O AR
T IgE ZRKEDO Y 7 F NV EET LR TCERHGEB L WRIMET F7 4 7% v —I12 A,
BROBERL-EBMPRICE DT 7 4 7F% v —va v 7 20T 2542 %A L7 (Hitomi
K, et al. Nature Immunol 2010, Lin YH et al, Int Immunol, 2019), & 512, Allergin—l 73 Toll-like
receptor (TLR) Y 7 F /L 2§~ 5 Z & TT7 b & — PR 2800 8. O Ji RE I B B 70 551 2 40
) Z & A LT X 7=(Tsurusaki S, et al, Int Immunol 2016, Hitomi K, et al, Int Immunol 2018,
Miki H, et al, J Immunol 2020), & 512 Allergin-1 DY %> K73 AnenxinAS TH5H Z & #H 5
P2 L7z (Almeida MS, et al. Allergy 2023).

[TI—T 1 1) 2 BRIC & B ERTGHBEE DRI
WAl T AN AEIIETENENEE LR EE TR bAMEEZE S TWDHIRATH D,
IN—7"1 BERY U/ ERIZIE, S AHIRR D A v RS 2 LR UM s s v &
IRLA Vv H—Tza -y BFEETLFF2T70F% 77— (NK) MlgL . FREA T NK
FE(ELT- 2 3l 5 ﬁ%%ré&w1ﬂ§%)/Aﬁ(mm)ﬂﬁfﬁé LsL7ed s,
TN—T"1 U L EROMRE - BE5H - 0L 2 I 5 0 FHEF I3 RITITA T e > TR
W, T—T" 1 U RIS AR YRIE O AN W@TEE@& [ el PGPSR /AR

20



SN TWD %, NK AR ILC1 O AMIERE O HIAEBAE O T TEERBFHEFFO,
I, NK M2 At AT v v A )L ARG SRR NK M o b3 5 FavR S vz,
Fox 13 NK MR B - REHIRR Y L AR — & —~ o 2 & v, GRE NK a5 (koo filE A -+
DIFAE Z AT % (Nabekura et al, Immunity 2016, J Exp Med 2016, Immunity 2014, J Exp Med
2014), FE7z, ILCLIFAFRICHICZ <AFAET D03, € OAEBRH AR ITR 278 2ITITM
BT/ o TN, Fox (TFREE~ U 2T L& AU, ILC1 S APEFREEIZRZE L, IFN-
y ODFEAZ L CTRRIICE ST 2 5% A L7z (Nabekura et al, Immunity 2020) , B/E, =D
FEAZR o R O Z B L T D,

[7 FE—HEBRIZETZCELY FUSBREDHBEEDREIN]

7 MR EROFEORFIIRIEMH I T2, NC/Nga <7 A3T b E—MHE
JERETNYTATHY, TET VAT THLINTAX ARV A ~ (HDM) ~ORESME
ME, Fx X NC/Nga ~ U AT, FEHAZR#KT 5 CHL 7 FUZHF K TH S CleclOa %
a— R4 5B FICT ot ABENFEE L, Clecl0a Ein+ DA F)N R &5 O BB ¢
HDHZEERRH LI, BiZ, CleclOa 73 HDM (256 S Z FIATH W . HDM WAL Sy
ThOLLAF UG TEYV A RELTRML, DT UG T2~ U ADREIZBATT S &
BER PGS 2 H 2O Uiz, AN E TRED RN TH 17 LAy pE
Gk D 7 N E—MERE R O RBIC I T D I e9%E &~ L7z (Kanemaru K, et al. Sci
Immunol 2019), BUE, LT R FICEHENT b E—PERRERIZKT LINHIAIBRE 2 A%
BESHORIE 2 A TR | K ST HDM BT L 5 —MEPR BT 2 KR AR 1A
DPAFIZIRN D AR B Do & BITH A 1T, FEHZARIARD Clec12b 23 EfF~ A MHIILIZ &
FHLT 5 Z & & LH LTV 5 (lijimaA, et al. Biochem Biophys Res Commun 2021) , Clec12b 13,
HRRNSEIRIC ITIM 2 BT 5 2 &0, B~ 2 MBAOTEHALIZ ST U CHslIfIc i EET %
EHEFR SN D, BIfE, HDM BHSIER M RIZK 5 Clec12b ORERE & T DREM72 571 Ht#k D
R HR A TV B,
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THEMIS2 impairs anti-tumor activity of NK cells by suppressing activating NK receptor signaling.
Deborah EA, Nebekura T, Shibuya K, Shibuya A.
J. Immunol. 2024;212:1819-1828.

An inhibitory immunoreceptor Allergin-1 regulates the intestinal dysbiosis and barrier function in
mice.

Lin Y-H, Tahara-Hanaoka S, Obana N, Fukuda S, Shibuya A.

Int. Immunol. 2024;36:365-371.

Essential role of CD155 glycosylation in functional binding to DNAM-1 on natural killer cells.
Tahara S, Okumura G, Matsuo T, Shibuya A, Shibuya K.
Int. Immunol. 2024;36:317-325.

Human basophils promote IgE-dependent oral allergen-induced anaphylaxis in humanized mice.
Lin Y-H, Tahara-Hanaoka S, Shibuya A.
Allergol. Int. 2023;73:345-347.

Development of monoclonal antibodies specific to either CD300AR111 or CD300AQ111 or both.
Koizumi H, Nakahashi-Oda C, Lyu W, Yamashita-Kanemaru Y, Tabuchi K, Shibuya K, Shibuya A.
Monoclon. Antib. Immunodiagn. Immunother. 2023;42:182-185.

Themis2 regulates natural killer cell memory function and formation.
Nabekura T, Deborah EA, Tahara S, Arai Y, Love PE, Kako K, Fukamizu A, Muratani M, Shibuya A.
Nat. Commun. 2023;14:7200.

Annexin A5 inhibits mast cell activation via Allergin-1 immunoreceptor.

Almeida MS, Tahara-Hanaoka S, Shibagaki S, Niizuma K, Hitomi K, Shinkai Y, Shibayama S,
Shibuya A.

Allergy. 2023;78:3258-3259.

DNAM-1 immunoreceptor protects mice from concanavalin A-induced acute liver injury by reducing

neutrophil infiltration.
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Matsuo S, Nabekura T, Matsuda K, Shibuya K, Shibuya A.
J. Immunol. 2023;211:954-963.

TIGIT mediates activation-induced cell death of ILC2s during chronic airway allergy.

Yamada T, Tatematsu M, Takasuga S, Fuchimukai A, Yamagata K, Seki S, Kuba K, Yoshida H,
Taniuchi I, Bernhardt G, Shibuya K, Shibuya A, Yamada T, Ebihara T.

J. Exp. Med. 2023;220:¢20222005.
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Akira Shibuya
Paired activating and inhibitory immunoreceptors in inflammatory diseases
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Type 1 innate lymphoid cells: the unique roles in protecting from drug and ischemia-induced liver
injuries.
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Nishiyama N., Nakahashi-Oda C., Shibuya K., Shibuya A.

CD300a immunoreceptor exacerbates heart injury and adverse remodeling after myocardial infarction

and reperfusion in mice
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Kinoshita S.

Elucidation of the role of soluble CD155 in tumor immunity
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Koizumi H, Nakahashi-Oda C, Shibuya K, Shibuya A.
CD300a immunoreceptor exacerbates acute kidney injury and fibrosis after renal ischemia and

reperfusion in mice.
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Nishiyama N, Nakahashi-Oda C, Shibuya A, Shibuya K.
CD300a immunoreceptor exacerbates heart injury and adverse remodeling after myocardial infarction

and reperfusion in mice

% 52 Bl A RGEFERZSFMES 2024 F 1 H
(OFEFE K - RA X —F5F)

Almeida MS, Tahara-Hanaoka S, Shibayama S, Shibuya A.

Annexin A5 inhibits IgE-mediated mast cells activation via Allergin-1 inhibitory immunoreceptor.
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lijima A, Matsuda K, Shibuya K, Shibuya A.
The C-type lectin receptor Clec12b suppresses mast cell activation in the skin and regulates house dust

mite-induced dermatitis.
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Nabekura T, Deborah EA, Shibuya A.

Themis?2 regulates natural killer cell memory function and formation.
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Matsuda K, Shibuya A.
Type 1 innate lymphoid cells protect the liver from ischemia-reperfusion injury in mice.
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Matsuo S, Nabekura T, Matsuda K, Shibuya K, Shibuya A.
DNAM-1 immunoreceptor protects mice from concanavalin A-induced acute liver injury by reducing

neutrophil infiltration.
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Sato K, Kawajiri A, LiJ, Yang Z, Tayama S, Matsuda K, Oda C, Shibuya A, Wada M, Ishii N, Kawabe
T.
Memory-phenotype CD4" T lymphocytes rapidly accumulate in ischemic organs and exacerbate tissue

injury in an innate manner.

% 52 Bl A RAEZSFMES 2024 F 1 H
(R A Z—3F)

Deborah EA, Nabekura T, Shibuya K, Shibuya A.
Themis2 impairs anti-tumor activity of NK cells by suppressing activating NK receptor signaling.
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Tahara S, Okumura G, Shibuya A, Shibuya K.
Essential role of CD155 glycosylation in functional binding to DNAM-1 on natural killer cells
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Lee H, Nakahashi-Oda C, Shibuya A.
Co-expressed CD300a and CD300If, the immune inhibitory receptors, additively suppress IgE-

mediated allergic reactions on mast cells
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Ng X.W., Nishiyama N., Nakahashi-Oda C., Shibuya K., Shibuya A.

The Functional Analysis of Immunoreceptor CD300a Involved in Tissue Remodeling after Myocardial
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LiJ., Koizumi H., Nakahashi-Oda C., Shibuya K., Shibuya A.
The role of inhibitory immunoreceptor CD300a in renal fibrosis
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lijima A., Matsuda K., Shibuya K., Shibuya A.
Functional Analysis of a C-type Lectin Receptor in Atopic Dermatitis
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Pei Y., Ozaki H., Shibuya K.
Role of soluble isoforms of adhesion molecule CD155 in human cancer prognosis
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Identification of a functional ligand for Clec10a involved in TLR4-mediated skin inflammation.
% 13 [E JSH EBRY ARV v A 202347 H

(RAHZ =)

B RS, RRH BFRRRR, MR . R
Functional analysis of a C-type lectin receptor in atopic dermatitis.
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lijima A, Matsuda K, Shibuya A.
Functional analysis of a C-type lectin receptor, Clec12b, in atopic dermatitis.
The 20th International Joint Mini-Symposium on Molecular and Cell Biology among KU-NTU-
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The role of an immune-inhibitory receptor CD300a in kidney injury.
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