EfEAXFZZHMBHRI NI U
Keio Associated Repository of Academic resouces

Title

FAZHENRZRURI AT AICLD BE RSB EEDRR

Sub Title

Depletion of autoreactive B cells through chimeric autoantigen receptor system

Author

g8, B4(Kagoya, Yuki)

Publisher

BEESEEZES

Publication year

2025

Jtitle

BENSCSERBRFEREESEREEE (2024.)

JaLC DOI

Abstract

AHRTRK, BCEEMERBLCNTEIZeM, AMMICEN-2EAREELEL L T, BERHEE
4B ZHENICENE T2 FXTEESNEZ A ( chimeric autoantigen receptor : CAAR
) EATHEOFHSARMREZBEL . CAARIFRELCEDLZECHRZMIBARX A2 &L TRR
TR, ChICTHRZEZHLEEZ-HOHREAS T FILRXA 2V ZBETS LT, HERDHE
BMilRZ A ZH I 2BMIRZRHENICER. NEITD, AMRATRE. BCHRMEELEBHBEOKH
ERNMMEIETNTVAHANCABEMER ZETTENEL T, FIRTH A2 IZKBCAAR-
THRBEEFRFXZBEL .

E&ETHEN IC B S RMEN EE E hdMyeloperoxidase (MPO), Proteinase 3 (PR3)% i34 K
XA2ELTTHRICKREE LT, IRARXAZVICRKROF X THEZ A (chimeric
antigen receptor: CAR) THWS N 5CD28, CD3zOMRRE RX A ZBEL /. BHREICKT
P ERRSELENMARE ORBETETAROERLI BoshAEL 21z, BECARTAWS
N3 —FERAEEEBEL THBEARXAOFREWVED, T BCAARZ FOEBI B SK O I
ATREMA RBE N,

ZCT, ENBHEROBCHARELE. MRESEAOFEFEZHYODFICEDEDFEEZREREL
Izo COFEDEMREZRETZEMNT, TTECD19ZENE T2 —AHAKZMEREICRR
LT, BYOMREES FECAERBIICTHIRREICRRE /-, CD19GHENMRE
ETHRZHEELLECD, MREED FAZEHL CRICENMARICY T2 MRESEHEL #
BEN, REEDEMMEZTRRIZHMRETHY) . SEHECRISHBHERBZAFRRMPTICTL T
MREEETHEFEIZ S FRIAICEF I,

In this study, we aimed to develop a novel chimeric autoantigen receptor (CAAR)-T cell therapy
that specifically targets autoantibody-producing B cells as a safe and effective immunotherapy for
autoimmune diseases. The CAAR is designed to express a disease-associated autoantigen as its
extracellular domain, while incorporating intracellular signaling domains that activate T cells. This
enables CAAR-T cells to specifically recognize and eliminate B cells expressing autoreactive B cell
receptors.

For this study, we focused on ANCA-associated vasculitis, a disease in which the pathological
significance of autoantibody-producing B cells is well established, as the initial target for the
development of CAAR-T cell therapy. We engineered T cells to express myeloperoxidase (MPO)
and proteinase 3 (PR3) as extracellular domains. These molecules are autoantigens
characteristically targeted by autoantibodies in ANCA vasculitis. We then incorporated CD28 and
CD3z intracellular signaling domains, which are typically used in chimeric antigen receptor
(CAR)-T cells. However, co-culture experiments with target cells expressing antibodies against
these autoantigens failed to induce T cell activation. This result suggests that, compared to
conventional single-chain antibody-based CARs, the larger extracellular domain of CAAR may
have hindered sufficient clustering of the CAAR molecule required for effective signaling.

To overcome this limitation, we explored an alternative strategy in which autoantibody recognition
and cytotoxic function are induced by separate molecular components. As a proof of concept, we
first engineered T cells to express a single-chain antibody targeting CD19 on the cell surface. At
the same time, we separately expressed various cytotoxic molecules on the T cells. When these T
cells were co-cultured with CD19-positive target cells, cytotoxic activity against the target cells was
observed when cytotoxic molecule A was introduced. This finding suggests the potential efficacy of
this approach. In the future study, we will design molecular constructs that induce specific cytotoxic
activity against cells expressing autoreactive B-cell receptors.
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1. HERREEOHE
AFRTIEZ. BCREERRICHT 222, BWEICEBNZREMEEELZE LT, BCRFEEMIEBMRRE AR
HICEEME T2 F X SHSHEZ A (chimeric autoantigen receptor : CAAR) EATHIBEDFEREFR 2 BHE L 7.
CAARIZFREICEDLZ2BCHMEREZMMIEA R A A V& LTHREBESIHE, ChICTHEZEZMESIE2-00MBERY 77
IWRALMVERET ST, BERLMUBHMIZSERFRA2E T 2Bl FEMICERN - WET %, AMETIE. B
CMAEEBMIROBHNEZIRIIS N TV SANCAREME X% FTENE LT, FIRTY A VICL 2CAAR-THER
BB A B L.
B& 2 THREHICEH S DI EL S N b Myeloperoxidase (MPO), Proteinase 3 (PR3) &AM KX 1 > & LTTH
FAICRIRS /LT, MR KA A VICHERDF X FHESZEE (chimeric antigen receptor: CAR)THWbLH T
%CD28. CD3zDMilRE KX A VABREBE LN, ANRICHT 2NEFE2RIBEIE-EZNMEE OHREETIETHED
EHEENEONAN ST, BECARTHWOLN S —AEMMA L LR L THEEA R X1 DA KRE VWD, +97%4CAAR
DFDERIEI SR >AgEENREB I,
ZZ T, EMBHIEOECHFRF . MRESIEROFEEZN 2D FICIELOEZ A EE2RR L. COHEDE
A RRT Z2EMNT, £TIECD19%2EM L T 2 —AETMA L MIEREMICREIE/-LT. B2DMRESS T4
INEEFHICTHEREICRRSI /-, COIMGHENMEERATHIEZRIEE L/ 25, HREES FAZESHL
BRICEZENMRICR T 2 MRS EEI R I N, AAEOAMEETBTZ2METHY. SR ECRIGEBHE
SAGREMBIICH L CHIESEEAFET 29 FREICEFT 5,

2. MAKREEDOHE (F:R)
In this study, we aimed to develop a novel chimeric autoantigen receptor (CAAR)-T cell therapy that specifically
targets autoantibody-producing B cells as a safe and effective immunotherapy for autoimmune diseases. The
CAAR is designed to express a disease-associated autoantigen as its extracellular domain, while incorporating
intracellular signaling domains that activate T cells. This enables CAAR-T cells to specifically recognize and
eliminate B cells expressing autoreactive B cell receptors.
For this study, we focused on ANCA-associated vasculitis, a disease in which the pathological significance off
autoantibody-producing B cells is well established, as the initial target for the development of CAAR-T cell
therapy. We engineered T cells to express myeloperoxidase (MPQO) and proteinase 3 (PR3) as extracellular
domains. These molecules are autoantigens characteristically targeted by autoantibodies in ANCA vasculitis.
We then incorporated CD28 and CD3z intracellular signaling domains, which are typically used in chimeric
antigen receptor (CAR)-T cells. However, co-culture experiments with target cells expressing antibodies against
these autoantigens failed to induce T cell activation. This result suggests that, compared to conventional single-|
chain antibody-based CARs, the larger extracellular domain of CAAR may have hindered sufficient clustering of
the CAAR molecule required for effective signaling.
To overcome this limitation, we explored an alternative strategy in which autoantibody recognition and
cytotoxic function are induced by separate molecular components. As a proof of concept, we first engineered T
cells to express a single-chain antibody targeting CD19 on the cell surface. At the same time, we separately
expressed various cytotoxic molecules on the T cells. When these T cells were co-cultured with CD19-positive
target cells, cytotoxic activity against the target cells was observed when cytotoxic molecule A was introduced.
This finding suggests the potential efficacy of this approach. In the future study, we will design molecular
constructs that induce specific cytotoxic activity against cells expressing autoreactive B-cell receptors.
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