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Abstract 

Chimeric antigen receptor (CAR)-NK cell therapy has the advantages of a low incidence of side effects and a low cost. 
However, the clinical outcomes are not satisfactory due to limited antitumor effects and a limited proliferative capac-
ity. Recently, progress in CAR-NK cell therapy has been made in NK cell engineering, target design and combination 
with other agents to treat relapsed or refractory hematological malignancies, especially acute myeloid leukemia and 
multiple myeloma. This correspondence summarizes the preclinical and clinical updates for universal CAR-NK cell 
therapy reported at the ASH 2022 annual meeting.
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To the editor:
Chimeric antigen receptor (CAR)-T cell therapy has 

substantially improved the outcomes of patients with 
hematological malignancies. However, insufficient autol-
ogous T cells, an extensive manufacturing time, severe 
side effects and a high price have restricted the clinical 
use of CAR-T cells [1]. CAR-NK cell therapy could be a 
universal, well tolerated and affordable treatment [2]. 
This report summarized the latest updates at the ASH 
2022 annual meeting on the methods to improve the effi-
cacy of CAR-NK cells.

Preclinical studies
A new CAR screening platform was established to 
select an appropriate CAR transmembrane domain and 
endo-domain from 44 CAR constructs containing NK 
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cell activating receptors, cytokine receptors and integ-
rins to match NK cells through coculture target cell kill-
ing assays. The selected structure was tested in several 
cell lines, including SUP-B15, MOLT-4, and Raji, with 
different binding antigens and showed improved (more 
than 20%) antitumor efficacy in all killing assays com-
pared with the reported NKG2D-2B4-CD3ζ CAR struc-
ture (Abstract 1983) [3]. FT555 is a GRPC5D CAR-NK 
cell derived from iPSCs expressing hnCD16 (> 90%) 
and IL15RF (> 90%) with  CD38  knocked  out. Combi-
nation of FT555 and anti-CD38 mAb (daratumumab) 
showed a prolonged persistence compared with CAR-
NK cells alone in a multiple myeloma (MM) mouse 
model (Abstract 1992) [4]. Another study also exhibited 
the improved anti-tumor efficacy of BCMA/GRPC5D 
dual CAR-NK cells in MM model (Abstract 3283) [5]. 
Downregulating immune checkpoint receptor natural 
killer group 2A (NKG2A) with CRISPR/Cas9 to disrupt 
the immunosuppression mediated by the tumor micro-
environment was shown to significantly improve the 
antileukemia efficacy of CD33 CAR NK cells in killing 
assays and AML mouse model (Abstract 1991) [6]. The 
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combination of a Trispecific killer engager (TriKE) capa-
ble of binding to the CD16 Fc receptor with IL-15 stim-
ulation and CD33-binding domains and α3 MICA/B 
CAR-NK cells-controlled leukemia, while progression 
was observed in α3 MICA/B CAR-NK cells alone under 
stress (effector: target ratio of 0.25:1) in vitro (Abstract 
4623) [7].

In a preclinical study, CD123 CAR-NK cells (5-day OS: 
100%) also showed less acute toxicity than CD123 CAR-T 
cells (5-day OS: 0%) in a mouse model engrafted with 
human hematopoietic cells, while the antileukemia effi-
cacy was comparable in acute myeloid leukemia (AML) 
mouse models (Abstract 3279) [8]. Another CAR NK cell 
therapy for AML showed that CD33/FLT3 CAR-NK cells 
have exhibited promising antileukemia efficacy (> 90% 
killing of leukemia cells) in animal models, and the addi-
tion of endomucin-inhibiting CARs protected ~ 42% of 
primary healthy human HSCs and HPCs from cytotoxic-
ity in in vitro assays (Abstract 1978) [9].

Hematopoietic stem cell-derived lymphoid progenitors 
with Bcl11b inhibition directly differentiate into NK cells 
rather than T cells, which contributes to the production 
of stable CAR-NK cells (Abstract 1220) [10] (Table 1).

Clinical trials
A Chinese team presented the initial results of a phase 
I clinical trial of human umbilical cord-derived CD33 
CAR-NK cells for patients with relapsed or refractory 

AML (Table 2). In 10 evaluated patients, only one patient 
developed grade 2 cytokine release syndrome (CRS), and 
no higher-grade CRS occurred. There were no instances 
of Immune effector cell-associated neurotoxicity syn-
drome (ICANS) of any grade. All patients with grade 
3–4 bone marrow suppression recovered within one 
month. Regarding antileukemia efficacy, 60% (6/10) of 
the patients achieved a complete response (CR) 28 days 
after CAR-NK cell infusion (Abstract 3317) [11]. Another 
phase I trial of induced pluripotent stem cell (iPSC)-
derived B-cell maturation antigen (BCMA) CAR-NK cells 
is being conducted for MM (Table  2). Neither CRS nor 
ICANS was observed in 9 patients who received CAR-
NK cell infusion (3 received daratumumab as a combi-
nation therapeutic agent). One patient treated with 300 
million BCMA CAR-NK cells as a monotherapy achieved 
a very good partial response (VGPR). Two patients 
achieved a response after 100 million BCMA CAR-NK 
cells infusion and daratumumab (Abstract 2004) [12].

Expansion condition, transduction efficiency, and 
anti-tumor efficacy are the most significant obstacles for 
CAR-NK cell therapy. In the future, genetically modi-
fied methods, preconditioning regimen, cell dose, and 
combined immunotherapies or hematopoietic stem cell 
transplant need to be optimized to improve CAR-NK cell 
therapy, which requires more study to promote the clini-
cal translation of CAR-NK cells.

Table 1  Preclinical studies of CAR-NK cells presented at ASH 2022

iPSCs induced pluripotent stem cells, HSC hematopoietic stem cell, MM multiple myeloma, CAR​ chimeric antigen receptor, AML acute myeloid leukemia, TriKE 
Trispecific killer engager

NK cell source Diseases CAR binding target Improved methods Targets or 
combination

Purpose Abstract 
number

Reference

iPSCs Hematologi-
cal and solid 
tumors

CD20, HER-2 et al Structure modification SLNK12-CAR structure Efficacy 1983 [3]

iPSCs MM GRPC5D Multiple targets Daratumumab Efficacy 1992 [4]

Healthy adult periph-
eral blood

MM Dual GRPC5D/BCMA 
CAR​

Multiple targets / Efficacy 3283 [5]

Healthy adult periph-
eral blood

AML CD33 Multiple targets Downregulating 
NKG2A

Efficacy 1991 [6]

iPSCs AML α3 MICA/B Multiple targets CD33 TriKE Efficacy 4623 [7]

Healthy adult periph-
eral blood

AML CD123 / / Safety 3279 [8]

Healthy adult periph-
eral blood

AML FLT3 or CD33 Inhibitory CAR​ Endomucin Safety 1978 [9]

HSC-derived lymphoid 
progenitors

AML CD123 Genome editing Incomplete BCL11B 
suppression

Quantity 1220 [10]



Page 3 of 4Huang et al. Journal of Hematology & Oncology           (2023) 16:35 	

Ta
bl

e 
2 

O
ut

co
m

es
 o

f c
lin

ic
al

 tr
ia

ls
 o

f C
A

R-
N

K 
ce

lls
 p

re
se

nt
ed

 a
t A

SH
 2

02
2

*  T
hr

ee
 p

at
ie

nt
s 

re
ce

iv
ed

 3
 ro

un
ds

 o
f C

A
R 

N
K 

ce
lls

 (6
 ×

 1
08 , 1

.2
 ×

 1
09  a

nd
 1

.8
 ×

 1
09  c

el
ls

) w
ith

 a
n 

in
te

rv
al

 o
f 7

 d
ay

s. 
Th

re
e 

pa
tie

nt
s 

re
ce

iv
ed

 o
ne

 d
os

e 
of

 1
.8

 ×
 1

09  C
D

33
 C

A
R 

N
K 

ce
lls

. I
n 

do
se

 g
ro

up
 th

re
e,

 fo
ur

 p
at

ie
nt

s 
re

ce
iv

ed
 3

 ro
un

ds
 o

f 1
.8

 ×
 1

09  C
D

33
 C

A
R 

N
K 

ce
lls

 w
ith

 a
n 

in
te

rv
al

 o
f 7

 d
ay

s

AM
L 

ac
ut

e 
m

ye
lo

id
 le

uk
em

ia
, F

C 
flu

da
ra

bi
ne

 a
nd

 c
yc

lo
ph

os
ph

am
id

e,
 M

M
 m

ul
tip

le
 m

ye
lo

m
a,

 iP
SC

s i
nd

uc
ed

 p
lu

rip
ot

en
t s

te
m

 c
el

ls
, C

AR
​ c

hi
m

er
ic

 a
nt

ig
en

 re
ce

pt
or

, C
RS

 c
yt

ok
in

e 
re

le
as

e 
sy

nd
ro

m
e,

 O
RR

 o
ve

ra
ll 

re
sp

on
se

 
re

te
, C

R 
co

m
pl

et
e 

re
sp

on
se

, I
CA

N
S 

im
m

un
e 

eff
ec

to
r c

el
l-a

ss
oc

ia
te

d 
ne

ur
ot

ox
ic

ity
 s

yn
dr

om
e

N
CT

 n
um

be
r

D
is

ea
se

So
ur

ce
Ta

rg
et

Pa
tie

nt
 

nu
m

be
r

Pr
ec

on
di

tio
ni

ng
 

re
gi

m
en

Ce
ll 

do
se

 (1
08 )

Co
m

bi
na

tio
n

O
RR

/C
R

G
VH

D
CR

S/
IC

A
N

S
A

bs
tr

ac
t 

N
um

be
r

Re
fe

re
nc

e

N
C

T0
50

08
57

5
A

M
L

U
m

bi
lic

al
 

co
rd

-d
er

iv
ed

C
D

33
10

FC
6,

 1
2 

an
d 

18
*

N
on

e
60

%
/6

0%
N

on
e

G
ra

de
 2

 C
RS

: 1
33

17
[1

1]

N
C

T0
51

82
07

3
M

M
iP

SC
s

BC
M

A
6

FC
1 

or
 3

N
on

e
16

.7
%

/0
N

on
e

20
04

[1
2]

3
FC

1
D

ar
at

um
um

ab
66

.7
%

/0



Page 4 of 4Huang et al. Journal of Hematology & Oncology           (2023) 16:35 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Abbreviations
CAR​	� Chimeric antigen receptor
CRS	� Cytokine release syndrome
ICANS	� Immune effector cell-associated neurotoxicity syndrome
AML	� Acute myeloid leukemia
MM	� Multiple myeloma
NKG2A	� Natural killer group 2A
mAb	� Monoclonal antibody
TriKE	� Trispecific killer engager
iPSC	� Induced pluripotent stem cell
VGPR	� Very good partial response

Acknowledgements
Not applicable.

Author contributions
RH was a major contributor in writing the manuscript. QW made the figure 
and contributed to the manuscript. XZ designed and wrote the outlines for 
the manuscript. All authors read and approved the final manuscript.

Funding
This manuscript was funded by the National Key R&D Program of China 
(2022YFA1103300), the Key Project of The National Clinical Research Center 
for Hematological Diseases (2020ZKZC02), the Chongqing Natural Science 
Foundation Innovation Group Science Fund (cstc2021jcyj-cxttX0001), and the 
Special project for talent construction at Xinqiao Hospital (2022XKRC001).

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Medical Center of Hematology, Xinqiao Hospital. State Key Laboratory 
of Trauma, Burns and Combined Injury, Army Medical University, Chongqing, 
China. 2 Jinfeng Laboratory, Chongqing, China. 

Received: 22 March 2023   Accepted: 30 March 2023

References
	1.	 Lamers-Kok N, Panella D, Georgoudaki A-M, Liu H, Özkazanc D, Kučerová 

L, et al. Natural killer cells in clinical development as non-engineered, 
engineered, and combination therapies. J Hematol Oncol. 2022;15:164.

	2.	 Wang X, Yang X, Yuan X, Wang W, Wang Y. Chimeric antigen receptor-
engineered NK cells: new weapons of cancer immunotherapy with great 
potential. Exp Hematol Oncol. 2022;11:85.

	3.	 Swanson L, Lyon K, Tadros W, Loreti M, Babin T, Blair B, et al. Development 
of next-generation NK cell optimized chimeric antigen receptors (CARs) 
for iPSC-derived NK cell therapies targeting both solid and liquid tumors. 
Blood. 2022;140(Supplement 1):4540–1.

	4.	 Reiser J, Chan SR, Mathavan K, Sillitti D, Mottershead C, Mattson B, et al. 
FT555: off-the-shelf CAR-NK cell therapy co-targeting GPRC5D and CD38 
for the treatment of multiple myeloma. Blood. 2022;140(Supplement 
1):4560–1.

	5.	 Cao Z, Yang C, Wang Y, Wang C, Wang Q, Ye G, et al. Allogeneic CAR-NK 
cell therapy targeting both BCMA and GPRC5D for the treatment of 
multiple myeloma. Blood. 2022;140(Supplement 1):7378.

	6.	 Albinger N, Bexte T, Buchinger L, Wendel P, Al-Ajami A, Gessner A, et al. 
CRISPR/Cas9 gene editing of immune checkpoint receptor NKG2A 
improves the efficacy of primary CD33-CAR-NK cells against AML. Blood. 
2022;140(Supplement 1):4558–9.

	7.	 Davis Z, Cichocki F, Felices M, Wang H, Hinderlie P, Juckett M, et al. A novel 
dual-antigen targeting approach enables off-the-shelf CAR NK cells to 
effectively recognize and eliminate the heterogenous population associ-
ated with AML. Blood. 2022;140(Supplement 1):10288–9.

	8.	 Caruso S, De Angelis B, Del Bufalo F, Ciccone R, Donsante S, Volpe G, et al. 
Safe and effective off-the-shelf immunotherapy based on CAR.CD123-NK 
cells for the treatment of acute myeloid leukaemia. J Hematol Oncol. 
2022;15:163.

	9.	 Garrison B, Deng H, Yucel G, Frankel NW, Gordley R, Hung M, et al. Senti-
202, a selective, off-the-shelf, preclinical CAR-NK cell therapy with CD33 
and/or FLT3 activating CAR, healthy cell protection from endomucin 
(EMCN) inhibitory CAR and calibrated release IL-15 for hematologic 
malignancies including AML. Blood. 2022;140(Supplement 1):4531–2.

	10.	 Baatz F, Herbst J, Meyer J, Schambach A, Maetzig T, Hust M, et al. Bcl11b-
edited lymphoid progenitors for the generation of CAR-engineered natu-
ral killer-like cells with potent anti-leukemic activity. Blood. 2022;140(Sup-
plement 1):2862–3.

	11.	 Huang R, Wen Q, Wang X, Yan H, Ma Y, Mai-Hong W, et al. Off-the-shelf 
CD33 CAR-NK cell therapy for relapse/refractory AML: first-in-human. 
Phase I Trial Blood. 2022;140(Supplement 1):7450–1.

	12.	 Dhakal B, Berdeja JG, Gregory T, Ly T, Bickers C, Zong X, et al. Interim 
Phase I clinical data of FT576 as monotherapy and in combination with 
daratumumab in subjects with relapsed/refractory multiple myeloma. 
Blood. 2022;140(Supplement 1):4586–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	CAR-NK cell therapy for hematological malignancies: recent updates from ASH 2022
	Abstract 
	Preclinical studies
	Clinical trials
	Acknowledgements
	References


