[ ERA ]

EEEIEEE 23bm0404076h0003 {ERL. EFHH SME6E6A 6 H

HAERM RS s - uER AT ABRRRMEL OIS LGHMEERNREHE
BEHFMmBEE

Nz

I EARfEH
MFZERERS A« (AAEE) M E BRIk 2 a7 i b o CAR-NK Fl iR L DO BA#
(ZE  FE) Development of cord blood—derived CAR-NK cell therapy against multiple myeloma

WFZEBRs Eh s - 5Ff 345 H 10 A~%Ff1 643 H 31 H

MFFERRAEE K4 - (AAGE) R0 B3
(I FE) Naoki Hosen

WHIERHFEARE  PTRARRS - B0 - Ak -
(AAGR) RIRRZFERZPIEELROIZER Mg - BIEARY 2%

(3%  FE) Professor Department of Hematology and Oncology, Osaka Graduate School of Medicine

I1 BRI OME

CAR-T HHAZIZRE 2 — 2O K& 2T, BEBICHCO THRRNSIEDT-DICHNERERLIaA N THD, —
F. NKfRTHIUET 2D RF—HKTHLLT LE GVHD Z2EZ 20T, —AD R F—0nb 280 EEHO
HBAMEN D FIREMENR DD L B X bV D, FERRIT, I MA 6 FHE L7z CD19 CAR-NK MR DA 0 N Fli ok S
7= (N Engl J Med, 382, 545-553, 2020),

Fox ZBRICTEMRLA T 7 U VBT AR E LT CAR-T fE DOBHFE 2 L (Hosen et al. Nature Medicine,
2017) . BUEIEBRDM TN TV D, £ 2T, ABFFETIE, AU CAR Z JHV T ML >k CAR-NK fifa 2 /FRL L, Z
OHUEIETENE, 2t et Lz, S BIC, PHFIMLEZERD heterogeneity ZBLNI L, £ae b LIZXY
BhEEH) 78 CAR-NK AR EE 295 2 L b HIE LT,

b NI S B R 2 B L, T A, BRI, S oA FRMlEZ, B —XEHO TR\, 2D & R
A IL-15 & 4-1BB ligand 238 Bl X H7- K562 Mifi (stimulator flifcd) & Jbb5s L7-, BEHUZIX IL-2 2L
Too AT K VFHE - HAE S AL72 NKAIARIS, L R D LAY Z—(Z K1) MMG49 CAR & TL-15 Z B &+,
I HITH 9 —FE stimulator MR TR L 72 B ICILRER R T 5 2 LI XL 0 MMG49 CAR-NK iz /R L7, Z i
S, 2 HHETHI 1000 £512 NK AR A IR 2 2 LA L7, HEME S 4072 NKHERE A~ CAR DE AN 1% 80% % i
R TCHED THEINIFE T o7, F£72. CAR-NK MU [L-16 ZFEAL TWDH Z & b LT,

WA, 51Cr % F o B BIE A (5T 2 MRS FIS M OWE 21TV, ARG FISERGOND 2 L 2R
L7z, Luciferase Z#3Hl+ % b MEBEMIAKEZ NOG ~ 7 R TREIRINICBAT D Z L I2 L 0 BEBEICA S S
7ot%. MMG49 CAR-NK Mifaz f¢5- L. IVIS Z W CRRFHIICIES D2 b 2 Bl53 2 2 L 1T K 0 FUlsE2h R 4
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FfL7c, ZOREE, CAR ZEAL TV NK flila iz G- & bl U CH B R UL R &2 58 072, MMG49-CAR-T @
LA OFEIR O L~V CRGE S UL 72 < TEMRLA 7 770 VBT O & L TCOREMEDRR
FHITTILREIN TV Z ENnD, BB CIXZEMEIC O N TO I LR IRFHIRE L B X 72,

RIZ, single cell RNAseq (21 V| WP MLEEAZERD heterogeneity BB BT LTz, ZDOREER, URTEH D
D3, AT I HEZERIZIZZ % 72 heterogeneity 28V | ZILHOHT CAR-NK Ml DR & 7 > TV H EE X BD
ML BRIE LTz, 512, EROOMROBIR B LT T 52 LIk, ZoMiakmicF T 501
N1 A URARRR, PETER S AR A A SN L TRY  ZRH 2T 2 2 &Ik D . KV ZhEAYIC CAR-NK
fZFETEXHDOTIERWNEE L, BEtZFHT W5,

{LEFIREE CIEHE U 72 o 7o FETL AR 2 E B Rl B iP5 (AML) AR (X A F 5 M e MR RS OIS & 72 B A%, Ko
I LRSI 20-30% TH 5, HRICHTIERD D WITZDOTHOFE L LT CAR-NK MapRiEIIAE
EEZEZOLNDN, T AT VT b — LRI L DR TIEARIZIZ RV AML R R AVEERIHURIT R 272> Tz
W, Fx BRI, BAELHT AML M E 2 7 v —F L HUAR) 14,000 7 B — 0 DD G | %< DEEITIBV T AML
AR HRE AT D DM ARAE I (B MIRALIAR) ITHE S LaWFifk & LT KG2032 ZEEL TRV, Eivd o /Fil
L 72 i 1fn. F >k CAR-NK el (KG2032-CAR-NK #ifid) 2 HUIIE 2R 2 K-> 2 & 2B 6782 LTz, £ 2T, WF5ER
FELMP L 0BT LT D SR B BEIEIC A5 CAR-NK AR 721 T722 <. AML (2% % CAR-NK HAIZ DWW T b i
RICIANT 7283 2 D 5 = LT L 0 7 WS i ok CAR-NK HEREE O R EL “BER TE 2 L&, £
T, AFERIZBNT, FERN Y VR (I V7 =—4k Prodigy) % FVN7- E MGG HECORBR LS 41T -
Too TOREFR. BEEERAT I+ e Mifadi & CAR DEANRNP LN, S HIT, AL Ml Z B L Tl 7ok
Rez~ A2, BiE L7z CAR-NK Mz 85 L, 2 OPEES R 2 RFHT 2 & & bia, &lgas O 2 /ER
L. CAR-NK D RfE A MET L1z, ZH 5 DOREEI D, K62032 CAR-NK ML AML 12563 2 3 L\ i s fliais
WL 2D D D AR R ST,

A major problem with CAR T cells is the enormous cost of making them from autologous T cells for each
patient. On the other hand, since NK cells do not necessarily cause GVHD when infused into allogeneic
recipients, there is the possibility that cells for a large number of patients could be made from a single donor.
The efficacy of CD19 CAR NK cells derived from cord blood has recently been demonstrated (N Engl J Med,
382, 545-553, 2020).

We have already successfully developed CAR-T cells targeting the active integrin p7 (Hosen et al. Nature
Medicine, 2017), which are currently in clinical trials. In this study, we used the same CAR to generate cord
blood-derived CAR-NK cells and evaluated their anti-myeloma activity and safety. In addition, we aimed to
clarify the heterogeneity of CB mononuclear cells and develop a more efficient CAR-NK cell induction method
based on this heterogeneity.

Human cord blood mononuclear cells were isolated, and T cells, B cells, and myeloid cells were depleted
using beads. They were co-cultured with K562 cells expressing membrane-bound IL-15 and 4-1BB ligand
(stimulator cells). IL-2 was added to the medium. Amplified NK cells were retrovirally transduced with
MMG49 CAR and IL-15, followed by re-stimulation with stimulator cells and expansion culture. As a result,
we were able to amplify NK cells approximately 1000-fold in 2 weeks. The efficiency of CAR delivery into the
expanded NK cells was high, exceeding 80%. We also confirmed that CAR NK cells produced IL15. We then
showed that MMG49 CAR-NK cells had cytotoxic activity against myeloma cells in vitro. Infusion of MMG49
CAR-NK cells significantly reduced the number of MM cells engrafted in NOG mice.

Next, the heterogeneity of cord blood mononuclear cells was determined by single-cell RNAseq. As a result,
we found that cord blood mononuclear cells have a variety of heterogeneity, and among them, we identified

a cell population that is thought to be the source of CAR-NK cells. In addition, by analyzing the gene
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expression of these cells, we have identified cytokine receptors and growth factor receptors expressed on the
surface of these cells. We are investigating the possibility of inducing CAR NK cells more efficiently by
stimulating these receptors.

Patients with non-remitting acute myeloid leukemia (AML) who have not been cured by chemotherapy
are eligible for allogeneic hematopoietic stem cell transplantation, but most relapse and the long-term
survival rate is 20-30%. CAR NK cell therapy is promising for the treatment or prophylaxis of relapse, but
good AML-specific target antigens have not yet been identified by transcriptome analysis. We have already
identified KG2032 as an antibody that binds to AML cells in many patients, but not to healthy peripheral
blood (except B cells), among approximately 14,000 clones of monoclonal anti-AML cell antibodies
generated in-house. NK cells transduced with KG2032-derived CAR have been shown to have anti-tumor
effects. Therefore, we thought that "early commercialization of cord blood-derived CAR NK cell therapy"
could be achieved by advancing the clinical development of CAR NK cells for AML in addition to CAR NK
cells for multiple myeloma. Therefore, we decided to develop CAR NK cells for AML in parallel. We
performed a test production in serum-free medium using a closed bag culture system (Miltenyi Prodigy). As
a result, sufficient cell numbers and CAR transfection efficiency were obtained for functional analysis. In
addition, the manufactured CAR NK cells were administered to immunodeficient mice transplanted with
AML cells to examine their anti-tumor effect, and frozen sections of each organ were prepared to examine
the localization of CAR NK cells. These results suggest that KG2032 CAR-NK cells may be a novel cell
therapy for AML.



