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WE: LKL PD-1 HUiR AR AU Z K T 40 (chimeric antigen receptor T cells, CAR-T) A3 i) 552 16 I7 {5 i 28 162 390
BERG B EFTR MR RRIRIT BN MR RS AT . B CAR-T 78 M 8% 1 b Al — 26 B B e P50 B 16 77 P R B
AT ST H i THM K& 5 B &R IR ERAAE SRR, BRE T CAR-T 7 & B9 I /K B o 8 A B 40 1 AT LL9R A
XUEEREE . DB T 4008 (double negative T cells, DNT) ##E F ASNRIM*, BRA T HAKMK— TR, MERETRE
CD3 5 of B v8 TCR 43 F, {H A%k CD4, CD8, CD56 4r F, WAL A1 E R QRN T M5 570 o2 FL0E #0 2 Bt ik
(a-galactosyceramide, oGalCer) iI#HY CD1d PB4y, HIE® ASMEIM T ML 1% ~10% ., F& K F A DNT EF 2 F 4
B, KRR EBMDIE ERMNE ENBHY RN, H&ENEHHEEMIEIT ™ M RIE, DNT Al E&SSREY 1, 4
FE L AT, AT 42 i ] 2 7 0 0 RURE £ L W R AR R 25 JR Rl BY A0 B 5K . DNT &2 il % @ i &Y CAR-
DNT PR B RIAME, "TLAKHE DNT KRS EEM CARBFHO AN ERBENE. 2GR ESNB DNT WL

B AT WU B ILAE I PRAF 5 o 3 J& Ay I 3 Y 40 B 40 MR I 77 7 ik AR I B B LA
XEIF: W T A TR A S RN AR A PURZ R T 4

hESHES: R392.12 XEtRER: A

B & N2 4 5 i 09 2 < R0 AR AF 30 55 1 Ak
LHEENEREMBERERBEMETRE EIE
#o, AP ZIK T 40 (chimeric antigen recep-
tor T cells, CAR-T)J7 ¥ AE Jp 8 2% i Mg 16 77 F Bt
BARR KA, CAR-T £ AR it 2R TRKGH
U R B R S R T 4 H, sE ik MHC
R ol o 8 v 2t o o B b R BE SO R AR B RN
K. B, 23K 12 3 CAR-T 7 i 3kt
L, 854 P E CD19 1 BCMA,

SR H ATkt B CAR-T 7 ¥ 8 B &
CAR-T =5 s FEAERUAS 1 o 2B 7 B i) 4 70 1) 28 PR 3l
ZEAMI, FLREHAR CAR-T =R E2ELR LR
B, AR 2R R N IR TCR A1 HLA
GFHRIF R EERER CD4T . CDS™ il i &
CAR-T, i, ZEARBLFETMBAR,. T2
B K5I EBEYIE £ (graft versus host
disease, GVHD) FIJt {5 i G % 2 A .
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K, RAETH FEFEERA T, BARFOIUED
fE, A5l GvHD M8 E 5B Y L (host ver-
sus graft reaction, HVGRY!"*, RENE M #AFE
U e R 330 A 388 P B S AR MR YT 254, HTIEZE
TF IR T I v i 988 1 ) B SR 88 1 5 0 14 s PR ATF 5

1 DNT #fid

1989 4F, #7848 K22 #) Strober # 2 H A 7
Nature 5 — KR8 7 M 2 R O 15 R 59 A W
ye P ) TCR-DNT Xb 43 B0 AF B 4t 5 7 A= 4% 57
&, HNEARZ MHC BIRRHI™ . 2000 4, fi&k
Z A8 2 K 2 BE % B oK il B #% B BA7E Nature Medi-
cine KRB, B T/NEEE & DNT B Hi 8
¥ S RS AE T 32 D RE ELALHIS . 5 4L K B I R A
MREY, DNT £ FIEFE ASEMm, &8 T H
MULLBIZ) 1% ~10%, &AL T 40 M i) — 4B,
#ik CD3 4+F, {HAK ik CD4, CD8, CD56 4+F,
WAL EHEER ARG T AHRF R L0
22 Bk Bk (a-galactosyceramide, oGalCer) fill 2 #
CDId ¥ . w4 TCR WA, ¥ DNT 44
of"DNT #1 y3" DNT, y§" DNT i@ if vd TCR FfE
i’éﬁ?&%éﬂ]}]ﬂ%ﬁi('natural cell receptor, NCR) L)
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MHC FE BR il 1 i 77 =X & 48 SCE R G, Il &
FEYUI 52 0% 20 MO A 1 R . 22 00 PR e I A4 55 A
WA SR A, AR AEDUM RS, WA 1, DNT
7E B Ji v B A ) o K B AR R I 0 2
SRR, A B MK SRR AR E AL, EADNR
B AR R b, B AR DNT 40 i 2 5 8 3] &
B MAERFIESHRA SHERERMENE, 2T
EH KT DNT 40 i) 4 )3 L85 5 H AT i
AR, A SCHHE DNT 4 K EFEET W E
MY, HBFENRE, 5CD4" THid, CD8" T 4
M A1 NK 4048 b, DNT Xt i 5% 40 g 2L A 3 3%
A 5 06 P, 2023 4E, Behjati # £ H B\ £
Nature Medicine & & T 124 H 1k Fx KA A CAR-
TRAWHR, REHH T 10 GIE LR ILE
21 B W E 40 5 1L 5% (relapsed or refractory B-
acute lymphoblastic leukemia, r/r B-ALL) B #
% CD19-CAR-T &7 5 48 J5 i L ¥ A1 8 4 4 o
CAR-T $$1E, RILFTA B 6] S FF LA E R CAR-T
FEE DNTY, WER AR FZAf Carl H June
A 43 AT 14 84 42 2 fife #2240 1 L 0N AR A

B4 fF7E M CAR-T A CDA* CAR-T h +E L |,
X TUH B KB 5E 38 /8 T DNT K A Hi 8 19
ER™ .

DNT AOR
NKG2D
DNAM-1
\Kp%' \
/ \
NKp30
1 DNT %@ %i% TCR #1 NCR, y8* DNT i& i y8 TCR #
NCR X MHC fERHFMM AR ZIENEREEH,

DNT &5 [l f 5 & PBMC s i #7 1Ml 3£ 55 5% 72 h
WA AN, %8 DNT A5|# GvHD, TCR fl
B2M XA B LA K B TCR BB A9 T 40 B % ek o 23 45
A6 FF Bt B ) 394 i, T 192 h JE %A WK B %t DNT
MYEF, 8 DNT A5]& HvGR™, DNT i it
CD25-JAK-STAT 3@ B8 CDA™ T 41 g iy 3 3 A
WAk, WA GVHD . H§i & Fhod 40 oy
WA EE X L 1,

R1 RRERBRTENL

FHAE DNT 4i iy yoT 40y NK 4 ffy
PBMC i it 1%~10% 1%~10% 5%~20%
MR E R A

of TCR + - -

45 TCR Vsl K Ve2 Vol 5 Va2 -

CD4, CD8 - * -
e PF?®, Gr®, TRAIL PF, Gr PF, Gr
RHEA TCR, NKG2D, DNAM-1, LFAl, TCR, NKG2D, NKG2C, NKp30 ~ NKG2D, DNAM-1, NCR, KIR

NKp44, NKp30

HLA BR il ¥ x A H
FrgEtE K ic e K iicie 71 B [ 461
A1 ik +++ ++ ++
HHH T IFN-y/TNF-qo/1L-2/1L-4 IFN-y/TNF-a/IL-10 IFN-y
GvHD XU 1% 1% 1%
HvG KU 1% 1% i

. OPF } % fL % (perforin) ; @Gr Jy Bk #i (granzyme) ,

2 DNT Ry RGN H

2.1 RFEENSH

2.1.1 y3 TCRR##Fm4% DNT £ vd TCR
i) K FE 60 %~ 90%, J i yd TCR LA MHC 3
IR ol 4 2 L B R ) P 0 ol R A B R PAg BT

DNT,

2.1.2 NCR A% EM4  DNT i 2| i g 40 iy
J& » DNT 5 i # 7% NKG2D fl DNAM-1 i 5 #1 5%
54 v 86 &2 @ Il %% (acute myeloid leukemia,
AML) J§ # 40 ™, Xu %99 % 3 DNT i@ it
MICA-NKG2D & 42 ) il 5 B b 98 19 4 K . Yao
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%00 % X BB DNT 40 % 1 &9 NKG2D %k
J&, W% T DNT Xt im A 6. BT NKG2D
#1 DNAM-1 3Z4k45b, 24 DNT 5 if %44 8 40 MR
FILHEREY, £8P NKp30, KIR2DS4 2 5,
[ it & W 4+ F CD30. GITR, CD27 1 CD28 #) %
N, $tMa 4 F ICOS, CTLA4 # PD-1 %
BB, £U DNT & RIFHEFE AU,

22 RGNH

2.21 @Rt ##% DNTEx FasL-Fas &84
SEAMBT . DNT 5B R &4k LR, B
JEIB A M Fas, Caspase-8 Fl cleaved Caspase-8 i
LW, YEMEMAERZE-3 G, BRE4H
Hi$ Fas, Caspase-8 il cleaved Caspase-8 3 ik &
{&, DNT §bi b/ FBE Z PR IR0 s R BB R
MRS, DNT 3477 4170 3 79 A 3 05 97 4 By
BEARAERYETFEHX R, DNT 1§74 Fas,
Caspase-8 F cleaved Caspase-8 W FKiEB T3 8 X
WA, %89 DNT @i Fas/FasL 1§ S ¥ B 5 5 IR
EARA T, DNT 4 7] @# 3 TRAIL & ¥ %
PR ARA T, Yao VBT RM, DNT I )5
X TRAIL REBEMT —F%, FHRLFBRER
W2 ¥4 TRAIL,

2.2.2 # PF/Gr DNT @it/ PF 150k &
B(granzyme B, GrB) %45 & 41 }fg . Merims %%
5L, AML 8% DNT b CD8" T MRS E
/K- PF, FHNT DNT 433 PF J5 35 Bpyd 48 0
AOEFRER 806 ~97%, &W DNT WRAGER
KB T PF & GrB 842, Voelkl ') %8l DNT %
R&(T4H2)LA PF/GrB K F A B AR AR EH
M. Lee 1 EBA DNT Xt 4 1L 57 40 S 35 1 i 0 o6
R EER B PF/GB i F 8. Yeo ' % B
PF/GrBZ2 5 7T DNT A4 3E /40 Ji il 98 (non-smll
cell lung cancer, NSCLC) 3 # .

223 @mEBEF DNT A LI=4KEK IFN-y #l
TNF-o!*'*", DNT Z 5] AML 45, Ed %
i IFN-y 3 m AML 44 i - NKG2D # DNAM-1
Rk R ik, WIR DNT AR FEERY . B,
DNT 433 B IFN-y 8] DA 53 3% 38 % i /88 4 B %) Fas/
FasL WT-RE MBS, BSWRARATDY,

3 DNTEHEERATPHARNERSHA

3.1 DNT 7 i i % ¥ Bb 8 P B9 I Bk ®F 5 it %
AML BRRABH RA MR, W T EULT R E,

BHTIONKBERNBERARIRHET RN
HEIMRE, FBORTAMMIET . h K ET#F 5 #
~> DNT Xt 33k CD64 i) AML i R GHREE
B, E-TERAK Vlla I KRR
(ChiCTR1900023499) %, 10 45 #: 3% 5 % (A & 1t 40
% 1 (allogeneic hematopoietic stem cell trans-
plantation, allcHSCT) QTG HE X AML B &
SERL 3 R DNT Eldg, AR BRI MM HRERE
EMBEDSHEMEYE GVHD REHRAGYHXH
FERREM, S0%ME KM AML B4 (5/10)
BARLER, HP 10X BEWIOKBEHZ
R, 0L & W & % 0F A (median duration of
response, mDOR)H 49 MH, BB K B R
BxMAM, %8 DNT e ELERNBITER
MEVR 1 AML,

allo-HSCT 2 E K ¥¥6 AML WA RBIT F
B, HEBEHEG 2 £ 2R E & % (cumulative inci-
dence of relapse, CIR)Eii% 60%, 5 SEEFR{NA
9%~ 25%1, DNT #:iph allo HSCT fj5 AML &
AEFPHEZBR I1ITIMRERAENRERAR
(investigator-initiated trial, IIT; ChiCTR1900023499),
WP ZE DNT S5 v e [ s AL 30k 37.22
B (X &5 15.31~47.08 ), mDOR & 37.22 A (X
[EJEE : 4.34~47.08 A), 34 CIR iy 25%, K EH
BHN ON(RREZEE . hit#&H DNT sE# By
AML ## allo HSCT 8T R ERE R .

DNT 5H & y7 F BBk & N B T I v % 4 e
BAABIET B IT R . Chen 8 AU il pR AT BF
REXADNT BB FLABRB TR WA
B, Ak T 25 AML R4 41 £ NKG2D
DNAM-1 BLik iRk, H3% DNT WABEHE, &
B EmMBER. R AML B AR B RE R
# H (patient-derived tumor xenograft, PDX) /&
BRI RZH, PI3KS Ml idelalisib 5 DNT B A
J&, DNT XA HEHiCeRE, REERRE A
WHEES, ELMAMRER, (£ DNT £ARRE
RAMTIAMBRER™ . ERARKAFLRE
WITE AR AML BETBAE, &4 EADAR
TRRABRCRAPTIHLETFRGHFHAKRS BB
B3R DNT X AML AR A G/ER, X IE¥ &
MHBH MG,

3.2 DNTHERFTXREMEPHMRH#R DNT A
NEETFHAMLT, 2R BEELEMNEN, I
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NSCLC., FFHA . 5 5 988 i Jge A By 46010, I B
1HJT LK. DNT K4 £ ik NKp30. NKG2D,
DNAM-1, fi§ TRAIL 3 4+ # PF/GrB, IFN-y,
TNF-o #1 7] % # TRAIL %, DNT A & 2 & 5
NSCLC, JEiRMELM . R4, Bmampss. In
PRETHFFSIE B, DNT 5 5% 38 5K 5 0 2 40 g 3% 1k
FE 3 HUAARER Ak A R ) = BA 1k T AR A A0 i i A
KU, FENBEBR B PANC-1 46 Jfa 4R B %% A Jag A5 A
H, DNT 5@ it Fas/FasL i 42 &40 i g i i e i
RN, 7E PDX /) BUM R AL 30 DNT R
ARl NSCLC By A K™,

DNT ¥7 3% 5 H AR Y7 I v 45 & 3R SRR R
FPRR . Fang % (B9 & ¥ DNT fE#E PDX /h
AL e A Y v 2 40 ) W A B RE AR AL AR K, B
4 PD-1 #i{k Nivolumab fE#% 3 fin DNT # i 98 5
Y FHL MR Th e . IL-15 B 3 DNT 3 hn 2 n 4
FHFEL, £ PDX /ML NSCLC # & & Bl DNT
5 IL-15 Bk & ff A6 @ 3 3% DNT # 5 i &
R
33 DNTHERTEHSEREERRPHHARER
1 BB R 9% (type 1 diabetes mellitus, TIDM) 2 #%
BER R A SR, PP KB DNT 7] LA
ZJ5HiRYT TIDM, 51 JE CD4™ T 4 Jfd BB % 4346 b
DNT® Wi 490 i S 8 | i, 45 i TIDM % 95
J&; B B 4N PT R A 5 DNT ®] KAHi By T1DM
MK J&, I3 hn SR BB % RS M S M A7 TETY s DNT
S5 DU B 40 M M v e & AR A TIDM i NOD
/NP,

34 DNTHARTHERITHERBRPHNEAR R
B 5T IE 5K 40 0 5% & 7E B /R 2% 18 3R 9% (Alzheimer’s
disease, AD). M4 #%J% (Parkinson’s disease, PD)
3 2 B 17 M % % (neuro degenerative diseases,
NDD) i & EAE 15, 3% E NKGen Biotech
ARIEAHEIF KA TG AD i) NK 41057 5725
I IR B i B 3K 35 B FDA #tdE. 5 NK 40 i 4
fl, DNT F R GEp# . REiimagaf=xX
iRk, CHMR KA EESHA DNT &)
e &S . DNT 76 3 % K NDD 45 33 ) 5 A
ARt — 5T

3.5 ETF DNT A4 FE &R CAR-DNT By Iifs K 52 B
£ DNT F#ik CAR $iiJ7 % & E) CAR-DNT, Xffif
968 440 M K ¥ SR A R NE M . 5K n L BAE A CD19-
CAR-DNT 7 B-ALL F1 NSCLC /s Bl #Y 52 56 1)

758 5§ 7Rk CD19-CAR-DNT E % 5 CD19-CAR-T
FRUR AR SN, BRI E 2. Rnk
P CD19-CAR-DNT & I #) ok & 40 ffd 2h 6 #H % 51
Jii-1 (lymphocyte function associated antigen-1,
LFA-D) it BORLVE FE 2 5 b o8 40 M % fs, R WA
CAR-DNT 5 DNT 7€ 4 % #l il b #& A A R,
CD19-CAR-DNT B A =H#H R k- Z &R HLH , W
A2,

CAR-DNT
BINZAT S8

NCR(NKG2D . NKp30,NKp44 LFA-1. DNAM-1)

2 CD19-CAR-DNT = E Z -E & iR A #1 %, CD19-CAR-
DNT wi#iF CD19-CAR, yd TCR #1 NCR = I 3 {k-E {18 5
CIEE SV L
CD19-CAR-DNT Hl T8 97 & & /MR A&
WA E R r/r NHL 898 58 & & & il K BF 5%
(NCT05453669) 45 R R B, 12 45 f& 3 7 & BB i %
BHIEMA P ARMER > 2 HAREFBREGAIE.
G BE RN A ML A K M 2 B SR B 1E . GVHD fiI
TEEARABREM, JFB CD19-CAR-DNT /i K %
eV FEARETTE, BEE R BRI, bR E
FRTT, 5 4 FRA 3 62K E 1B G 2 5 IR
ARG R E M, ZEREMER 100%, 5
LRMFEN 33.3%%,
CD4-CAR-DNT Xt T 40 ffa B b 45 T 40
i 2 P b B 40 i 3 1% (T cell acute lymphoblastic
leukemia, T-ALL)FI4M&E T 4 fg ik 98 (peripher-
al T cell lymphomas, PTCL) B4 18 & i) 3 & 1%
#, @ LFA-1 fl NKG2D 2 & i I, &K
T-ALL # PTCL PDX /MR A FE105Y .
CLLI-CAR-DNT & 3& K i M i@ 2h 6, 5
CAR-T #itt, CLL1-CAR-DNT 3 H %t AML 4
fi & (THP1 1 HL60) B BRI R 1EH, £ &
HBR TR E TAA B4 HRE .
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DNT A LAfE 25 B 5 6 7 U8R 1R A o i
PRATHFFEUE B DNT 3@ 3 400 i 48 4 40 1 250 3 F W 0
PERR I AT 425 DNT T 487 @ f& B 40 F1 T 4
M 3 R R /D B e A B O A BEE S AR B 77
1 005 DNT 76 % 93 J 1 0 6 088 0 K ¥ & B AF
i o kil N = R e S

CAR-DNT 5 CAR-T # bt B A F 45 9 8 %
AR AT L5 B 2k TR 45 B 50 R B/ AR SRR IR
—#: 427+ DNT K CAR-DNT 857 55k i hak .
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Research progress and trend of universal double negative T cell therapy
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Abstract: With the development of checkpoint inhibiting antibodies such as PD-1 and chimeric antigen receptor T cells (CAR-
T), tumor immunotherapy has become a research hotspot. CAR-T therapy has achieved extraordinary results in antitumor
treatments, especially in hematological malignancies and some autoimmune diseases, where it leads to a remarkable complete
remission rate with manageable safety profile. Nevertheless, some limitations persist in autologous CAR-T therapy, including
high costs, long manufacturing turn-round time, and inconvenient to use. These limitations may be overcome by utilizing
allogeneic T cells obtained from healthy donors as a source of universal CAR-T production. Double negative T cells(DNT) have
emerged as an allogeneic immunotherapy with no genome editing. DNT are mature T cells that comprise 1% to 10% of
peripheral T cells and are defined by the expression of CD3 but not CD4, CD8, or CD56 molecules on their surface. Their TCRs
are either TCRq or TCRY3 chains and do not bind to invariant natural killer T cells TCR-CD1d-qa-galactosylcenonide (aGalCer)
tetramers. A lot of preclinical data showed that DNT possess dual abilities to kill tumor cells while simultaneously inhibiting
graft-versus-host disease. DNT can be ex vivo expanded from healthy donors. Therefore, allogeneic DNT can be used as an“off-
the-shelf” cellular product that is readily available for clinical applications. Genetically modified CAR-DNT have enhanced
target-specific tumoricidal effects against several tumors. In this review, we will summarize the discovery of DNT, its
tumoricidal mechanisms and updated clinical applications. DNT may provide a novel perspective immunotherapy for various
diseases.
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