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Abstract

KPRETE, BAMOBCEREMEEREDN 1 DTHHANCAHEMELRICHL TEREME, AUHMEICE
hi-aEMREEZRITACLZANELTVS, BEREMPORUPRIIICKNT 2 A HMAE
ABHRNETELHBEEEK IS CEICBEBL T, ABHREZRFENICERE RETEZ2THRO
RREED . BCH#AZRRITZBMREZFR[MTER 10, MEARXAVICMPOEH. PR3
ZEREL. MRENICTHRZEZHLE B2 HRBD FCD28, RVCD3zOTFIL RXAL 2 Z2EE
LEAISAGZERL . BREATHRRECKRID CEEWEL L. —HAMPO, PR3IC
NIBBRAOBSHAEEYIK V) BEATEEE(scFv)ZER L T, MlakExEICRBEE L, LD
TRGEETHRE BChfscFvREMRZRBZBEL Y. AERERUEIRshEr 21z, A
CRERERERYEBRAMZEHEDHCSHAOR) VO—FIBERANSKIEERASND =D,
PFLET D BMHREEEFUEFTETERILRRSsBEVEOEERAShE, T TEESRENER
£ T4 9 BHdouble-negative BfIfZ(CD27-IgD-) 2 BN ETH &L, BENERARRICHTS
AR ZE & ICEERISUBHEREFENE TH2FXTHEZEME (CAR) BELEFOERET Y IZ
o ESIC, BELFRETHREMENERMEZEHHEH SN S, CRISPR/CasdIC LB BELZFHEE
EHz, ChETICRLZARAELTVASPRODMIBEGEFICMA T, REPLEFREMNE, EEMARICE
DRIBEEFERREL T, BEROELLENZREL £, COBET, ENBEEFICHLTHAS KRR
NADBLFIFRET Z HiEL 32 FEEBRL = ( Ito et al. Nucleic Acids Res 2024 ) ,

The aim of this study is to establish a safe and effective adoptive T cell therapy for ANCA-
associated vasculitis, one of the most intractable autoimmune diseases. Based on the findings that
autoantibody-producing B cells against the autoantigens MPO and PR3 form the main
pathogenesis, we have aimed to develop T cells that can specifically attack the B cells that express
those autoantibodies. In order to recognise cells expressing anti-MPO or anti-PR3 antibodies, we
created artificial receptors, in which MPO heavy chains and PR3 were placed in the extracellular
domain and linked to the intracellualr domains of CD28 and CD3z. We confirmed that the receptor
was successfully expressed on the T-cell surface. We also synthesized single-chain variable
fragments (scFv) derived from previously reported autoantibody sequences against MPO and PR3
and expressed them on cell lines. However, co-culture of the above artificial receptor-transduced T
cells and anti-MPO or anti-PR3 scFv-expressing cells induced no significant T-cell activation.
These results suggest that auto-reactive antibodies possess variable affinity, which is not always
enough to induce potent cytotoxic activity.

Based on these results, we decided to focus on double-negative B cells (CD27-IgD-), which are
increased in multiple autoimmune diseases. To develop chimeric antigen receptor (CAR)-T cells
that can target the double-negative B cells, we synthesised several scFvs targeting suface
antigens expressed in these B-cell populations. In addition to these works, we utilized
CRISPR/Cas9-mediated genetic modification of T cells to enhance their persistence and/or effector
functions. We have previously reported that the ablation of PRDM1 can augment self-renewal
potential of memory T cells. We further explored targets contributing to enhancing T cell function
and identified several promising genes. In this process, we have successfully developed an
algorithm to optimise the target sequences of guide RNAs used in CRISPR/Cas9 gene editing (Ito
et al. Nucleic Acids Res 2024).
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Development of adoptive immunotherapy against autoimmune diseases
1. MARREEDOHE
AR TIE. BAMEOBECREMEERED 1 DTH2 ANCA BEEMERICH L TEREME. AMEICEN - REHRE
EEMIITEIEEBMNE LTWS, BEMEMPORUPRIICKHT 2 BEMFEEBHMBENEERFERETLRT 52
EICEB LT, FBHMIREZFEMNICERSE - WEBTZTHROMAAEZEDL, BN ZRKIRT 2BHlila2R#HtE 2
=&, HERES R X A4 VICMPOESH., PR3IZECE L. HRZMWICTHIRG % &ML = & 3 HRIB 9 FCD28, XU CD3zD
SUFTIRAAVEBRBELEZAIZAGREZFRHLEZ, BREFTHRRXREICRKR I Z2 I 2ERALEL, —
7AMPO. PR3ICX Y 2BER1D B KBS & W BT E R (scFv) 2 G L T, MlgtRREICRE S 7, LRLD%
BABETHEE BChAscPhvREREMIEZHBEL LS, ARLERLE,IRONAN >/, BCREERRIIKRLKQ
HAMEZROBSHAOR) /O0—FILAKANOKD EEZ ONZ D, T Lo llRGEEHZEETE
EIERLBVWEHEEZ LN, EI THSREMKEZ TEET ddouble-negative BH#ERA(CD27-1gD-) = 1F/Y &
$52& L. FENAKRERRICHT 2NEET %S & ICESRGEBHIRZIZENE T2 F X SMEZTAEAE (CAR)
BLEFOEMZTo, SHIC, B FRETHRKEDRHMEZEHDEHRMN 5, CRISPR/Casdic & 3 ELFRE
HHEDH, INETICHAPRAEL TWSAPRDMTEGFICMA T, REBEFREMS. REFERICEADLZELFER
RL T, BEROFELRENZRE L, COBRT, ERELRFICH L THA NRNAOERIIRE 2 &i#ELT 2 FE
B L7 (lto et al. Nucleic Acids Res 2024) ,
2. MAKREEDOHE (F:R)
The aim of this study is to establish a safe and effective adoptive T cell therapy for ANCA-associated vasculitis,
one of the most intractable autoimmune diseases. Based on the findings that autoantibody-producing B cells
against the autoantigens MPO and PR3 form the main pathogenesis, we have aimed to develop T cells that can
specifically attack the B cells that express those autoantibodies. In order to recognise cells expressing anti-
MPO or anti-PR3 antibodies, we created artificial receptors, in which MPO heavy chains and PR3 were placed
in the extracellular domain and linked to the intracellualr domains of CD28 and CD3z. We confirmed that the
receptor was successfully expressed on the T-cell surface. We also synthesized single-chain variable fragments
(scFv) derived from previously reported autoantibody sequences against MPO and PR3 and expressed them on
cell lines. However, co-culture of the above artificial receptor-transduced T cells and anti-MPO or anti-PR3
scFv-expressing cells induced no significant T-cell activation. These results suggest that auto-reactive
antibodies possess variable affinity, which is not always enough to induce potent cytotoxic activity.
Based on these results, we decided to focus on double-negative B cells (CD27-IgD-), which are increased in
multiple autoimmune diseases. To develop chimeric antigen receptor (CAR)-T cells that can target the double-
negative B cells, we synthesised several scFvs targeting suface antigens expressed in these B-cell populations.
In addition to these works, we utilized CRISPR/Cas9-mediated genetic modification of T cells to enhance their
persistence and/or effector functions. We have previously reported that the ablation of PRDM1 can augment
self-renewal potential of memory T cells. We further explored targets contributing to enhancing T cell function
and identified several promising genes. In this process, we have successfully developed an algorithm to
optimise the target sequences of guide RNAs used in CRISPR/Cas9 gene editing (Ito et al. Nucleic Acids Res
2024).
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