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Abstract: Innate lymphoid cells (ILCs) mainly consist of natural killer (NK) cells, type 1 ILC (ILC1), type 2
ILC (ILC2), and type 3 ILC (ILC3), all exhibiting rapid responsiveness to pathogens and tumor cells. NK cells
execute antitumor and antiviral functions through cytotoxic activity, cytokine secretion, and antibody-dependent
cell-mediated cytotoxicity (ADCC), whereas ILC1, ILC2, and ILC3 modulate immune regulation and inflammatory
responses within tissue microenvironments. Emerging evidence highlights the pivotal role of metabolic
reprogramming in the development, activation, and effector functions of ILCs. Recent studies have further revealed

that metabolic pathways are the core link regulating the development, maturation, activation and functional
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execution of ILCs. By precisely regulating the metabolic flux of substances such as glucose, amino acids and

lipids, ILCs can achieve functional transition from a quiescent state to an effector state, while metabolic imbalance

directly leads to abnormalities in their immune effects. This review systematically summarizes the metabolic

characteristics of NK cells and other ILC subsets, and also discusses their underlying molecular mechanisms.

Furthermore, we discuss how metabolic dysregulation in NK cells and ILCs contributes to pathological conditions

such as obesity, cancer, and chronic viral infections, alongside potential therapeutic interventions. Finally, we

elaborate on novel immunotherapeutic strategies targeting the metabolic reprogramming of ILCs, addressing

unresolved questions in this rapidly evolving field. These insights establish a theoretical framework for developing

next-generation ILC-based immunotherapies.
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necrosis factor o, TNFa) Z5 41 i K, i 4% G 5 oA 55
304195 S A T (B ), T R A2 A0 M IR T R
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Figure 1 Innate lymphoid cell (ILC) development in humans. Hematopoietic stem cell (HSC) differentiate into multipotent progenitor
(MPP) and subsequently into common lymphoid progenitor (CLP). CLPs further differentiate into common innate lymphoid progenitor
(CILP). CILP can differentiate into natural killer cell progenitor (NKP) or common helper innate lymphoid progenitor (CHILP). CHILP
could further differentiate into lymphoid tissue inducer progenitor (LTiP) and innate lymphoid cell progenitor (ILCP). LTiP differentiate into
lymphoid tissue inducer (LTi) cell, and ILCP give rise to ILC1, ILC2, and ILC3. Each stage of differentiation is dependent on the expression
of the indicated transcription factors: NFIL3 (nuclear factor, interleukin 3 regulated), ID2 (inhibitor of DNA binding 2), TOX (thymocyte
selection-associated high mobility group box protein), TCF-1 (transcription factor 7), ETS1 (ETS proto-oncogene 1), GATA3 (GATA
binding protein 3), PLZF (promyelocytic leukemia zinc finger), T-BET (TBX21, T-box transcription factor 21), EOMES (eomesodermin),
RUNX3 (RUNX family transcription factor 3), RORa (RAR related orphan receptor A), BCL11B (BCL11 transcription factor B), GFI1
(growth factor independent 1 transcriptional repressor), RORyt (RAR related orphan receptor C), and AHR (aryl hydrocarbon receptor).
Current evidence suggests that in humans, some ILC1 subsets may originate from precursors other than ILCP, though these remain

unidentified. +: Positive expression; -: Negative expression; hi: High expression; low: Low expression
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Figure 2 Metabolism characteristics of natural killer (NK) cells. Cellular metabolism can be configured to efficiently generate energy in
the form of adenosine triphosphate (ATP). Glucose is metabolized to pyruvate via glycolysis, and pyruvate can further be used to drive
oxidative phosphorylation (OXPHOS). In the cell's mitochondria, pyruvate is converted to acetyl-CoA, which fuels the metabolic cycle and
generates reducing equivalents (NADH and FADH,) to power OXPHOS. Notably, upon activation, NK cells rarely direct a large amount of
pyruvate into the TCA cycle; instead, they mainly mediate pyruvate metabolism via the citrate-malate shuttle (CMS) pathway to generate
cytosolic citrate, which supports energy supply and biosynthesis. Fatty acids produce acetyl-CoA in mitochondria through a catabolic
process called S -oxidation, among which carnitine palmitoyltransferase 1A (CPT1A), the rate-limiting enzyme of fatty acid oxidation
(FAO), can promote the transport of fatty acids into mitochondria for oxidation, which is crucial for maintaining mitochondrial homeostasis
and cytotoxicity of NK cells. Glutamine can also serve as a fuel for mitochondrial OXPHOS, and in the glucose-deficient tumor
microenvironment, NK cells can integrate glutamine metabolism through the CMS pathway. The a-ketoglutarate derived from glutamine can
not only complement the TCA cycle but also generate NADPH to resist oxidative stress. Beyond powering ATP synthesis, glucose and
glutamine can be metabolized to support biosynthetic processes. Metabolic intermediates can be shunted into pathways that generate
biosynthetic precursors essential for the synthesis of lipids, nucleotides, and proteins. Glucose can also be diverted to the pentose phosphate
pathway (PPP), which is critical for nucleotide synthesis and the production of NADPH. NADPH acts as a key cofactor in biosynthetic
pathways and is used for the reduction of glutathione—glutathione can scavenge reactive oxygen species (ROS) to maintain cellular redox
homeostasis, which plays an important role in helping NK cells avoid ROS-mediated functional impairment and ensuring the normal

synthesis and release of effector molecules such as perforin and granzyme B. Created by BioRender.com
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target of rapamycin complex 2) # Fll & & 44 17 & 5 1E
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BOE A O 03T

3 AEVERE ST NK @R SR

3.0 BERE HUCKEZ BT AR S, AU AL AR
Jes i 2618 M B 0T P NK 40 i ) g R 1Y) % B O ) 1R
2, T AR PR o N 20 114 52 ) 2 S 5 1 2H U SR ek
TESM AR IR 5 AR 5 R G S s S T, AR E o Sk
Wy Tl A 8 5 Y TS % AR (peroxisome proliferator-
activated receptors, PPAR) il % B zh) NK 41 it 7y flig i 5+

W HEAR, AT 0 #] mTORC1 Fl c-MYC 15 5 38 4 3% 1,
5 BORE % i -OXPHOS AR 18 25 6L, 573 NK 4 i
T IS A0 P TR T A O Bh e AR, R B IE ER
NK 41 i £ 5 sk 2> FRL B B/%F FL 3 3808 i L IFN-y
I3 WA & % i 8 A B A 1 e 0 3 AR AR
YR IR B, AR A S 8 D 40 B v 3R 08 NK 41
03805 52 A& NCR1 (1 FR NKp46) [t H S B 44 B
W 401 ff 43 94 TL-15. TL-15 5 NCRI BC A5 NK 41 il )
WE G AE 5 SO 107 B B NK 40 i 2 B s R
R 22 B A 1 4 3 20 B TFN-p A1 TNF 23 38 40, 53¢
5 BUE 2% 1 15 W 4 A AR A, 542 J 3 &40 A, 34 v o
[ 5 2 A PURI S M 2 e NP R, (B SR T R
i AR U S B A B PR N B NK 41 AR T BE B 5 1 4% 0
518

3.2 BRI NK 4 A e # i s AR K R 2 i R 5
HEFE P R A S B AR o SR, b 8T 200 O F R 3ok 1
B 23 5] R R SO 358 o8 R A 0 L i S SR R E
FVR R =, [F B B IR LR SR = oK &
BN, HET S ENK 40 B U o B AL . BEAT R
71N, VR SO 58 H N2 i P AR S AT RE A HLTh g
ZEENHIMEER R —.

Ak £ K Al 7 - B (transforming growth factor- 3,
TGF-pB) 1E N5 2 B e e A8 R e A G 11 22 40 4 g
PR, AT 3 5t 0 o) 4 A U S 3 5 R O 88 oh
NK 41 g Ih g 2 i3, 78 KRAS 3K 2 (1) fiti 8 455 7Y oy
TGF-B 7] 5 5 NK 41 il 7 7 R 15 08 = A g A H-1,6- —
T R TG (FBP1), a8 ik 1 ol b 22 At 4% 5 40 M 3% ) 5
% NK 2 o T Be i A5, 110 25 470 #0l) FBP 1 Rl Pk 5245 1% il
J NK 4B 20w Shee™ . (68 AL IRE B h, i
15 1) TGF-p ¥ FE A 45 41 8 1 NK 41 g H 3L mTORC 1
P 2 381 L LR AR T 25 2028 L OXPHOS 3 R & A 254X i
BRI, 5 IFN-y 72 22 3070 R T B AR TRAIL 3R3A PR AR A
i I8 200 B % A3 R 77 Rk 59 5 L 5 DD AR 91T, T L BB
TGF-p 5 H 3z ik 454, ik 41 FHIT T = ) TGE-B, 4 7]
3 5 TR R P 4 P N2 i 0 A O e B 2%k Ty
REM>, 2 AN PR A1 S2 56 e HLE 3 35 IR 4 48 0 5 =X B
W1 TGF-p 7] ¥ 25 1 58 ik & PU R 224K (chimeric antigen
receptor, CAR)-NK 41 i i 470 il 8 (1) Th RE L

i3 il A 45 H R S B AR B X NK 40 i T e R AR
ZXE W . —J7 1, i mTOR-Drpl i& 4215 5 NK
4 0 28 4 A 1o B 2y RRRE Ak, B& IR OXPHOS 3 %,
%19 JFC A4 P 5 0 95 A e e 0 e SR
i 98 2H 23 3 3R 5w NK 20 it R S5t 4 R B 2 R s Y
1 W R AL, 2 T EUMOR e iR 1Y, 5 — 5 T, NK
4 Hud Ik HIF 18 2 RO SRR IR, 5 B S 5 HIF-1a
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Fik, H 5 1L-15 Wi [F) 5K 3 05 B2 A 2 DR 32 08 DL 4EFE NK
4P T RS, M0 R SR, HIF-1a 51 2% ) NK 41 i
7E IL-2 AT IL-12 53T 75 B O 35 10 5 ARl A T R, 12
7~ HIF-1a B 715 4F F B A SR, 2 NK 20 M 75 5k
SO B AR A7 I RN Th Re 4 RE ) OGN . R NK 21
F TR HORE A AN OXPHOS AL fit, 8 [W8g Fir £ 114 7 4
R B ) 7530 L 5 NK A0 5 8 A0 7 A O i il
FBP1 il bl e A, DA e 45 Ik fie sl = 2 75 38 0 52 1l
c-MY C & H i NK 4 B A, 475 75 it — 0 i F 50 E
i 96 il A 35 v S A LR A NK A D 255 . 3 R R
T 7B A ) 7, S 9R 4 B R “ Warburg RS2 BL A%
e I T fAR TR 2 DU A B O AR R E LIRS — T
BEL 75 NK 41 ff o) 1 45 8 (R A, 55— J7 TS I8 9 pH
E %% T (ALK E > 20 mmol L I Itk & ).
FLIR 8 1 40 N PR AL A V5 A6 T 48 U A% R 1 (nuclear
factors of activated T cells, NFAT) ik, S E ATP & &
SZBH IFN-p A2 ik /b, 55 SRR TE A B, 51K
JFF 5 B N4 e o T2 T B 4 PR P A ) L R 3 T
T N I NK 20 i 2 T NKG2D NKp46 %535 4 37 44
Feik, AL IR G B TNFo 7K F 1 55 H D 6827, b4,
i3 A 858 R IR R L BT IR 3R B, (PGE,) KR &R «
W5| k% 2,3- AL (IDO)- JRIEWS AR IR 2 5 5%
INK AT 3 P a2 B o ) TL-12/1L-15
At 5 1 STATS A1 mTOR 38 &% 3% 1k 1 30 1 B 1 i 5
OXPHOSP; K JRZ R 5 JR "4 i 1 ROS i 5 NK 4f
i T2 TDO 1) NK 2 A 47 4 44 50 4 48 1 = 2k A
F (ADCC) 2B, 8 it 78 30 R B, i 9 41 il 22 &
P AR T 2R T AT NK 40 AR o 8 1 i 5 ke, BELAS G2
R b % B A H R R R RE 1Y 25 b, IR A 55
(R AR U 2 fh7 3 I 22 B ML 1) R 1 0 ) NKC 2 i T
Y RF AR AR X P iR fe % 2 o0 2L (1#]3).
33 RmERFE EARREEREHRE 1 HIV-1). 48
FF 49 8 (HBV) 218 MK geh, %% R ST iRIE B
B, T HUNK A MK 5 7 T e 1t 98 e M 8%, 180T
PN D e A, RINFE P IR 8 -1 (PD-1),
NKG2A. Tim-3.LAG3. PD-L1 % % Ff il 1] 1 52 & L
W, 2L CDS* T 4 HL AR 1) “ S TEREARAS B,
P HIV-1 G215 5 NK 40 28 Rk T BE R hg, (0,45
OXPHOS %7 81 « 2k bi 44 25 W A6 im Ja AR 4k, A L AE
WOE SZ AT Jo vk i A 2 1 2 AR R S F
IFN-y 4 &, X CD16 Ht AR il 1) S B 55 i IL-15
T4k 21 AT S8 0T 527 A S A AR R SR DL 3 5 O Th
Rel™N, 18 Pk 2 JF BB U 2R B v Ah A i NK 2
mTORCI i P P& ik, EGR2.NR4A2.TOX %5 # St [K T
S RIS, HE— U N R T ReREE ™ . R B AR AT dE i

V% STAT4 B B2 1k 184 5 NK 21 g IFN-y 7= 42, ZE KA IR
REFZ T /)N BoUJIR 200 L NV 12, DA 1 P s B S % NK 4
N Th &g S 8 BT IRt T I E 2 S5,

BE— B IR W, H] 52 A ) R Rk 5 NK
M AR ER e A7 £ 25 V) OCHK . PD-1 mlad i~ i Ak
)l A 164 B ) S S A -y FE O R T -1a (peroxisome
proliferator activated receptor-gamma coactivator-la,
PGC-1a) ik, B AR NK 2 i 761 20 8 £ 00 b % fige 1ok %
MR AR TS M, K3 B ThRe #EEY . LAG3 il i FH
15 AKT/STATS 38 %, 41l i 1% fiF A1 OXPHOS i F2, Ik
/> ATP A= il I R o) 40 ff 164 581 o 3 T 18 e 2 ek e
LAG3.PD-L1.Siglec-9 Fl Tim-3 %5 £ b 311 1] ¥4 37 {4 7
NK 28 fitd 2 1 (1 9 (5] B3, 427 o nl R 22 22 = A 41
1) 368 % T2 1 ) R FE v 1) ST O A 10007,

g5 b, 18 M T R Gk Hh NK 4 i D i 2% 18 ) A 5T
F2 FF A 98 i DR By 1R 0 ) 1 52 Ak D) 28 5 AT B ik D 4
FH By 8 S, T AL ) A U B 2 4 ) 44 52 4% BEL O W e e
DR A NK 2 D e 72 M PR D) 6 P T E SIS
4 HEABILCs KSR AR X ER PN E
4.1 ILC1 R CH KEBFT T NK 41 1) &
B HOE L ACE LS, B AT ILC 7R A2 A5 B
B R AR R AR Az . ILCY R T
CHILP, H: 73 16 i e o IR 7 T-bet 1 £ S AE I, 7
IL-12/IL-15 15 5 ¥ [F) R 7€ [7) %35 IFN-y ZE A, 5 NK 24
Jfl 3t 22 T-bet 1 IFN-y, {H 5k = NK 4 fi 454 () Eomes &
K, X — e 5k 2 7 5 B A AR BE A AL A TE R
PRI A B ST SR TS W I A e SCHF ILC S AL 5 D RE Y
FEEAR U @ S, IS ILCL R B 858 sk, M
mTORC 7 Ho W W% i 2 2 12 b R FERZ O AR o /B
J 3B ILC1 ) RNA W P 2o, Hod 41 b 5 mTOR {5
TR ORI B DR e B A, RO B R A AE DD Re 4 HF
iR AR . A 45 1% 9 BOF B (Mycobacterium
tuberculosis) & YL 15 8 wh | 28] %) BE #b 78 0T A2 3F il
IL-18Ra* (4 ILC B #4440 Jf2 1) TLC1 R 2 0 34k, I3 5
IFN-y 73 b 5 A8 FH M % i 40 o) 570 2- B0 60 &7 b
(2-deoxyglucose, 2-DG) 4 J5 T L ILC1 41 431k 32
BEL 2 20 D BE 32451 A2 MR8 SO 55 70 1) T-bet'NK1.1-
ILC1 AT 3@ f PD-1 15 5 41 il mTOR I #%, 7£ Jik 55 B 1%
fife 1) [ BT {1 328 I I PR £ I o P 2R AR U6 98 5 3 T-bet
NK1.1-ILC1 34 58 68 3 N FE A D RE 2 47, X Le it
FAR W, BEBE AR E ILCL TG AL 3G 5 A RO T R 1 i fil
ARUHFEF, T mTOR 5 PD-1 388 8 75 2o b 4% S 4 1 12
fERT . Salome %R HL T — K ARfL 4 i) CD56" ILCI
FELI AR, 54550 ILC1 A LL, 3xX 24l i B A o 0 1) 7 97
I A S AV i U R AR TG 1 . X — R ILRR, &
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Figure 3 Mechanisms of NK cell metabolic disruption by cancer, obesity, and chronic viral infections, and interactions among NK cell
metabolic regulators. The mammalian target of rapamycin complex 1 (mTORC1), which is activated upon cytokine stimulation, plays a
crucial role in NK cell metabolism and the production of cytotoxic molecules such as interferon-y (IFN-y), granzyme B, and perforin. Its
active state is essential for the optimal expression of sterol regulatory element-binding protein [SREBP, a key determinant of the citrate-
malate shuttle (CMS)] and cellular myelocytomatosis oncogene (c-MYC, a key determinant of metabolic machinery). The level of ¢-MYC is
maintained by X-box binding protein 1 (XBP1) and glutamine availability, and glutamine deprivation is mediated by the transporter
SLC7AS, which transports sufficient amino acids required for c-MYC synthesis. Meanwhile, immunosuppressive molecules in the tumor
microenvironment (TME), such as transforming growth factor-f (TGF-f), lactate, adenosine, and fatty acids, can inhibit mitochondrial
activity through corresponding mechanisms; in hypoxic environments, hypoxia induces the expression of dynamin-related protein 1 (Drpl),
leading to excessive fission of dysfunctional mitochondria. Additionally, chronic viral infections upregulate the expression of inhibitory
receptors on the surface of NK cells, and these receptors may impair NK cell function through metabolic pathways. For example, PD-1 can
inhibit the expression of PGC-1a, reduce glucose uptake, glycolytic rate, and mitochondrial activity in CD8" T cells, thereby driving their
early exhaustion; LAG3, on the other hand, inhibits the AKT and STATS pathways, impairs glycolysis and oxidative phosphorylation
(OXPHOS) rates in CD4" T cells, reduces ATP production, and ultimately restricts their proliferation. GSK3: Glycogen synthase kinase 3;
IREla: Inositol-requiring enzyme-1a; PPARy: Peroxisome proliferator-activated receptor gamma; A2AR: Adenosine A2a receptor; ROS:
Reactive oxygen species. In the aforementioned processes, solid lines represent the release or uptake of various nutrients, metabolites, and
other factors; dashed lines represent the metabolic processing of substrates; and among dotted lines, black dotted lines represent factors that

promote or sustain specific pathways, while red dotted lines represent factors that inhibit specific pathways
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JIE: 17 2 20 15 W5 40 i 2 3 1) TL- 15 7] i ok 189 o A 0
PEMEHE ILC ZhRE S5 8 5107, Bh4h, ILCLAR I 5
WAEMIREAFEAH BAE L, SR %)% R4 T-bet ik k2
AR A ) R AL R, T T TE AR A AR A AR B
B B R O NK 4 5 ILCL e iRt s B 5. A
R IX — g Bt FE R AR T R A, 7 S R SR 5 R
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PR G AR E A S A U RE R e FLNG BE AN T g,
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A ILCI vl i@ MRS EIEHN, Gk RE
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AR, SRR N 2 e & e B, 3k i 1 4%
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RORyt F IL-7 TGF-A 55 4l ffd X 7~ H/E FH T 20 AL TE A,
BT W IL-17/IL-22 2 5 J/ I e A 23E 52
ILC3 AR 4% 5 H Th e 5% K, AR 2 Fl s 508
M RIER, BERASYER S BRRASEARER T, 6
SRR MR L 2R R R OXPHOS K¢ JIg i R A C i v 3 3o 4% o>
VA 5 1 LI B 7 P R B T 20, LUKS & Bic ILC3
Ihee oK . RORyt ALBIE IL-171L-22 &5 34 B 55 1
B[R, 38 AT L 4% mTORCLAS 5, b B 1% i A1 IS
JI7 R G BSCAH DG R (n B B 2. ACC L) Rk,
AHR {E NI B (G 5 16 s, 45 & A AR =9 (i
W5|WR-3-%) J5, Bl aE— 25 3 5% RORyt [ 46 S i 14, B[]
VA5 ILC3 B AR W 3E M e Ah, c-Maf B 3 i 40 )
T-bet F ik, PH 1 TLC3 ) ILC1 2 AL 56 i, 7] s 4 43 AH [
B AR AR S, 9 RORyt i e A SR, (8] 43 fR & ILC3
FARI R AEN T, B bR S R A, BE [ EE AR 2 5
i, I3 i+ mTORC1 « HIF-1a. c-Maf 25 4% 0 73 7 ¥4
FEC PN TE 8 B 22 X HAE 5 4G 5 VRS AR i R 1) 5
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W20, A7 AR AR 2 ILC3 RE R 5 2B & Ao
B4 () B R, RS TR mTOR(E 5 5
HIF-la. IL-18F11L-23 #03 i ILC3 i@ i mTORC1 1
SR B, BE 1T 4E FF RORyt ik I (L 8k IL-17A A IL-22
Gy, B IRFN ILC3 G AH, LI HiliE v J5 4 (o A
BT B B, Bhad FE , BERE R 5 OXPHOS JF
A N B, T A2 PR R3S 5 ——mTORC 1 #UE )5 A 1Y
5 O T A OC Bl HK 2 3R 0%, 34038 I 38 1 2 R 4 45U FE
PO {45 B B DL SCHF IL-17A/IL-22 K& 73 il
S 8 AT R I MR DT R AR ) 2D A A R
%67, ACCL A 3 1Y MK I o1 5 il St 25 38 i, g e 3 R
fil T A% T B 75 P 1 A 2 SR AL IR WO, 1T FAO NI
B ) DL e fe e B AR P RU B S
HIF- 1o /F Sy i B A 1 B8 B 1 R 7, W75 5 1438 ILC3
Hh Tox2 S . Jie 8 h0WH 97 i % BE G HK2 1 3R I8, 8
ILC3 R 75 2H 2345 1 B2 B Jak e s T, (%) st S B 855 v S
P AR Y BRI ET T, HIF-1a B 1 25 05 19 il
Ab, AT 3E I Tox21 % 5645 i I 18 NKp46™ ILC 1) Af
I, {23k ILC3 7] ILC1 # Ak, SRR R 20 D) e
N ILC AR P B e i 3 5 2R, S IR0 s Ty e [ S
R

(EL1F DG VE I, 30T A X 98 AR 58 () F 7 ik —
AR R T ILC3 AR A i 1, 5] B 5 NK 4
L) D Re DG R A it 1 A 2 T IR SRR RSP R
ARSI EL 28 H, TILC3 7] 430 — R BRI CDS6' WA,
2O HERE IR B ILC3 AR B RFE, 18 RORyt H K 4%
IL-22 50 WA RE F1, SLAE bR NK 4SR5 0 20 i 25 3%
A, ELAERUREE B 5 77 AL 2, HARU R At 2 I “ILC3
O FE T 5 NK 40 25 PEAR R 7 (1 22 SCREPE . 2
20 B AE BEAC ) A 4R a5 CMS K 28 b AR AT 1 R s i &
WIS, Ry AR LA A, X 5 NK 48 g
T CMS S HE 4 A B 1 T B R AR AR = e B — Y,
FE S R TR A, FL I 45 23 I Jre S AU ) L 2R G 1R
gk, 0 SLCTAS RiE /KW T &, A2 W& 7 i
TR NP, IX AL 5 NK G0 S A0 I U 4
FF c-MYC i M S AR U gm B2 B ML A7 7E — B0,
PR ILC3 5 NK 2 f 75 41 A 25 P AH 5K 51 a8 % o T
REfFEE S,

28 kiR OXPHOS X ILC3 fa &5 5 Dy REAS vf B Bk .
2% R {4 % 5% [K F A (mitochondrial transcription factor
A, TFAM) i@ i i #% 28 K /& DNA A1 OXPHOS 4
ILC3 f73H", a4 F, ILC3 LLOXPHOS N ¥ H it &
SV, A I A S 4 o L it /K P —— TFAM Jd i 1 9% £
Fi 4k DNA & #il 5 OXPHOS 20K, {f ki 41 Ji 4738 5 1%
KA IL-22 43320 5 i B AR I A FAO 9 i% 0, 9

OXPHOS &t J&E W, [FIW ik ACC1 A~ 5 S il fig W R
B, 2 FE A0 M e M S T AR A, A A AR
03 3 %% 55 A7 e-Maf 1 35, JLAR 38 7= 0 4 v RORpt
R A&, Fe e ILC3 R AY, B IE Ay ILC1 5 % 1k, 4
RE A R AU CCR6™ I T2 41 2445 5 1tk 41
(Ilymphoid tissue inducer, LTi) #£ ILC3 [#) IL-22 43 i 1k
#i OXPHOS, {H# it = i T 85 [ Bel-2, i B 42 R i
PR 7= A ROS M 2 48 35 4 i A7 15 1>

JiE 5 R AR (OO0 L 72 A Sk B iR A BR) TR %1 5
ILC3 MRt M I B AR 55 AL [ A ) A e 7 3 i
M 2 A7 78 %8 XA 4% mTORCT 30 i, £ 38 5 417 1)
FAO S8l CPT1A. L ACCI, HESh 5 7 R A U A A
CERAALRR” ) B RS R RS, A B A R R A
O RSB A, T 38 I T AR U 3 ) A R, TR
“ g iy R — L [ e AR A1 37, R A A 1 D 4% 1 B
PE, 38 G b — 3l XL S BN Thae A, (R, c-Maf
T P 42 JIEL ] P DB, 38 3ok AR 7= 4 380 RORpt
0141 T-bet, #E— 5 PH Wr ILC3 5] ILC1 3 4L 1) 7 138
B ACCL AT 1 I 7 R A A2 TLC3 1E M U7 A7 45
PR T T I G B TL-18/10-23 il 3% T 77 4E IL-22 1 %
B, b, 1 A G R B S T o-Maf MY
REAEHF ILC3 R AE ME 2 8 L BHL B o7 ILC 1 B4k, HAR i
FEDIE AT AE N RORyt LA, B 244 AR 10 5 TLC3 4
PEABHERUS, 5 2 A%, FAO #IE S a] #1041 LTi 28 fifg
WA, DSS 45 g, L PD-145 5 il 1 LTi
4l il FAO B 24X 51 1) b 17 i 2 ke, 33k 1 g g IL-22 43
Who PD-1 R [ ST BRI D TL-22 iRl 235 i 2 124, 3 il
ARG 27 3 T 2> 5 BT B8 57 o —— 0 0 1 o
B, PD-11{5 53 L1 2 g4l FAO, BREh A bl
T2 fifR S5 AR, 3 24 S B TIL-22 43 T 2 74711251200, 7 o e
PD-1 7] Yk & FAO 5 # I it 1 ~F- 1l , 24 ILC3 T RE

B IR 5N AR AR U O 2 Rl WL O 4
ILC3 ThfE, HemfCutiass. 4K 5MdmRum
VEREANAE 5, 3 — 2580 ILC3 A% O AR U8 B
b Thfe: 4E4 3= A B = 20D ILC3 & J IL-22 1=
A, BTN R TE I B B, TR R (RA) Rk ILC3
(1) TL-22 A= Bl LA 3 5 97 482", 442 32 D s T =X (1,
25- "4 E D3) T i HIF-1a 35 3 53 0 52 iR
%, A B e 3R AE [ AR P 0 5 RORyt 45 &, $27F
ILC3 X Ji 38 9 5 AR (lon 6RO 4 R #F 1) 1Y) Bis 180 e
U2 45 B g 105 R (SCFA, 1 T MR 2h . 2 R £h) @ it
GPR Z W mTORC A5 5, Wr 7] 34 55 W 9% i 55 1 s
TR & i, 13k TLC3 39 4 S TL-22 43 P01, AHR fic 44
(hvs] -3 ) U B2 45 A TL-22 5 2, 3958 ILC3 1)
B IhR 1 (K 4).
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Figure 4 Intrinsic metabolic pathways of the ILC family cells. A: IL-12, IL-15, or IL-18 signaling induces ILC1 activation and function

through mTOR-dependent glycolysis; B: ILC2 activated following stimulation with IL-25 or IL-33 metabolize extracellular L-arginine into

polyamines via Argl to promote glycolysis. In addition, autophagy mediated by Atg5 or PD-1 signaling negatively regulates glycolysis in

ILC2. ILC2 can also take up extracellular fatty acids and utilize mitochondrial FAO to promote proliferation and effector functions during

worm infection, or transiently form lipid droplets (LDs) and convert them into phospholipids to promote cell proliferation and drive

pathogenic responses in chronic airway inflammation induced by allergens; C: In response to IL-14 and IL-23, ILC3 increase glucose

metabolism and show increased mitochondrial oxygen consumption through the mTORC1-HIF 1« signaling axis. ILC3 respond to enhanced

glycolysis through PD-1 signaling and inhibit FAO during activation and effector cytokine production. mtROS: Mitochondrial reactive

oxygen species; TCA: Tricarboxylic acid

2 B ILC3 AN AR EMAENE S, @it
1 9% i - OXPHOS A1 i fig B8 AX Wt 1) B 6] EL A, S L[]
RN S S, RS SRR RN T2
IiREME . mTORCI-HIF-1o %l 4% 58 ¥ ##, TFAM %5
T 4ERF OXPHOS, i IR AR 42 I U i ILC3 1) &
fES PSP o X P AR U I M A TLC3 R A 1 i )3 45
SR B AR A, 75 R B 20 B 8] -1 van 2423 b 1 ] I, 9 R
FH OG99 (S )y T R AT 2
5 ETFILCINEEIRIEM GIZIATT REE XS ILC R4
fEH 2N
5.1 SEINEIMERE IR NK 4 5 e
g0 EMIRE RN, R IR R = A
DAL -7 55 22 b ] B8] 3%, 5 S0 8 S0 B8 o NKC4H i T
REF=H 2400 . 2 Pk T AR P9 P9 IR M NK 28 i T g
FE I 1 VA 2 5% s AH P B0 R L R T

TE B 1) 044 245 ) 16 7 A, NKCAH 8 A5 Ll RR
(0 G 2 AR 1, AR TR T BRI G R R . NK 4
JI 2R 17 2R 3K 1) FeyR 32 A&, JtH: /2 FeyRIIIA (CD16a),
SHRZE LB RIS E TR APy S Mg
M R T B SR R VeSS B S, HE Fe B 5 NK 4H il

RIEH CDl6aZ Ik B H A, 51 K — R VNGS5 1%
Fo M FHLEIZ TR AR FE, CD16a 52 /4 3 G J5,
SR A% NK 4 i A 1) 8% BR B8 Cy (PLCy) W61k, 2k 26 &
ZRERR ULEE (IP3) A1 L H 9 (DAG). P3SN
IR TP R TS 1, A 00 B PN S IR R R T R, O
TUFHIE S B, IO NEAT, {3 1 i 40 i % ) %
I, 5 S AH O I R TR 1) % S, 4% 5 NIK 4T 11 41 i 2
PE. DAG 33 & [ B C (PKC) 5K M, 1X Xt il &
NK 21 A e kL, 2 L3R S ORIl 55 40 J 2 4 40 T
B S BEAE F, X B 5y T R 5 B B2 A K i JRg 4 Al e 2%
F, 5 SR REA RE T . Ak, CD16a ik 2 5 S
ERK?2 22 24 J5 & 4k 2 U (MAPK) & 7255, it —2
595 NK 40 13 YA R G Thie . DA R 1B B R VR
T 2515 B2 Bk H BT (elotuzumab) ), B A — Fh T
I {5 5 Ik C 40 RIS 70 T R R L0 7 (SLAMFT) (RN
P 1gG1 BT B BUAA, 1] SLAMF7 757 B8 41 f &
i E 3K, Elotuzumab — 75 1 7] 3@ i 5 NK 40 s %
[l [¥] FeyRIMla (CD16) 45 &, 51 K 4 $L1) ADCC; 7 —
J71H, SLAMF7 75 21 Jitd 55 1 NK 40 g bt Kk, %
Z YRS NK 40 e % 11 1 SLAMF7 45 & )5, fefig B
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P 5 NK 4 N 045 5 5 5, B R o Ath R T 52 ¢k (o
NKp46 1l NKG2D) filt 5 14545 5, 3 55 NK 4 A 1135
T, PR IR NK AT X B SR 20 e ) R A A T

CUFIEYE R B, T PD-1 31 PD-L1 ik REH 5 2
ol e e B 28 b N 20 (e e iR Th &k, AL T RE S T
4 f H CIE S ARG S0 B 2L, JE e Tk 5 R I AR
FNGRLARARWIE P, W D) RERRAG . IR AR R, o
PERS AT A T AR TR 4 DG B . PD-1 AT I
T AMPK 01 1] 5% B2 g, JF - CD4+ T4 i CPT1A
(1) 2R I8 DA 33 FAO, M T 001 26 82 T 48 i & 514,
PD-1 8 CTLA-4 i ik ik 2> BHAG T 40 i 52 4R 1) 38 5 | &
FA) 7 267 B R A R4 3, H.PD-15 PD-L1/PD-L2
9 AH A F AT #0141 PI3SK-Akt-mTORC 1 38 %, B R T 41
AR 5 = g AT, 1T 2445 B P A4 BH BT PD-1/PD-L1
g4I, feif it PGC-1a i& 212 7+ CD8* T 41 M 1) b 1%
FR KT AN 2R b R S PESY . BF 70 K B, TLR $43h 7 7l 38
i 0% K %% NF-xB. mTORCI 38 B, F i NK 41 Jig
GLUT! 5 ¥ % f ¢ B (HK2.LDHA) [ 3K IA, 3 58
BE % fie 5 OXPHOS [ W [\ 14, 2F 11 {2 2k TFN-y 73 W
55 20 i 75 P R R i . 3l TLR #3077 5 PD-L1
B ) 43 7 (a0 AR BE T B g ok Buad) ARG, AT SE I 7
Iva) R0 Tl TR 355 (R v s 1%, T B 4 4 B G0 3 B 1 1 [
B, e RS NK 20 ) AR 5 RO Th gl ax sk
PR 7, SO AU BV A2 fh 2 A A R BEL DT 30 4 NIK 4
Pt Ty f B 15 (1) 2 ZE AL, 3 1T D J e A ) e A A
43 TR A2 NK 20 M AR i 1 18 5 I B R A U B
DhRese it 7 Bk o BB I IR BT o g R Bow: [l
T NK 2 40 J5 , IH 280 56 4 W B 45 I 3 > 7
82.3%, X BLIZIESE T NK 4IAE Nk R G0 &
FE AR 40 B () S BR AR . 1T 7 MK NK 41 g 55 PD-1
9IRS AR, O W e i S 1) R T ik
P, B2 ERONIR B 1 ik Z,

K& PD-1/PD-L1 J& % 4, ¥ [ TIGIT J8 % M & 77
S A A B P YR N B 0 A 8 5 R 9 )
FEWG . MBS FH TR A, TIGIT 1 v NK 40 i & i
SR 1) 00 ) 52 Ak, L5 R 40 G R Rk 1 CD1SS/
CDI12 FeARZE 4 Ja, 43385 Ha Py TTIM 45 #4) 35k £ 328 417 1
55, S EA TR NK 4 M 55 1% 7 1 5 Wi > S IFN-y
FEAR AR, I 55 PR A 01 R TIGIT 45 55 1%
Uk, nliE L RS NK 4E R Thae . — R BB
5 NK 4if ffg 2% 1 TIGIT 45 &, 56 4+ PEFH Wi £ 5 CD155/
CD112 {AH ELAE H, DIBr I HiE 5 4% 5, 10 NK 44 g
DhRe#Eys; — RAEBIPIA Fe Bt 5 NK 432 il CD16a
ZARGE A, filtR ADCC BN, ¥8 [ i 8 sk B4 858 Hp 30k
TIGIT [ HE 8 7Y 5 558 4H B, ek 2D 001 12 4 PR 30 47 X NKC

Y P AR T B, T 438 i P 9P N 4 i X g 4 i 1)
W5 R R WA TR TT RIS R, 25 8 2] i
J68 O 5% NIK 4 i 2 e 52 22 3 00 1) 181 3% 0 0 O 4%
B — BH BT TIGIT J8 2% 3t LA 58 4% 5 e g2 ], A7 0 22
W BA T Rk — PRy AL —J7 M, 7 TIGIT
P& 5 PD-1/PD-L1 %5 F Ath G 92 A6 7% 3 300 1) 7] BBk A
TIGIT 5 PD-1/PD-L1 %3 5\ 38 i AN [FI 5 5 38 B #0 i1l NK
24 ffa, AR EL U T i ) A o 2 e 4, SE A b K 2
INK 2 0140 50 2 e 288 05 A4 AV P 2 4 i 75 P T g
S Gy P — 168 5 L U AT T R 4 e ek A 7 1) 3 i ik iR
() i) RSO 5 — 5 T, AT R TIGIT $t f& 5 IL-15.
IL-21 2540 M b5+ B¢ B - TIGIT Hiodd 32 2 1 55 e b 4
#4555, 1M IL-15 7 ¥800% NK 40 fi mTORC1 15 538 1%,
RN I i A OXPHOS P [F)_E 3, 14 5 4 M 5l 5 77
FEV TL-21 M g HE— 25 % 5 NK 40 M 208 4 1R
5, BT AGTE T HAS b T FBA AT i+
WS, /I BRORE BY Hp 0 5% B NK 41 i b 98 6 ) 12
T, AEZ S AT b T FEREATF T B, I PR A 5 A2z 4
‘I‘i@%“:iﬁ*f/l:%iﬁ[m’m]o

TGF- 4 77 0 7K 5 NK 40l 35005 52 14 ik f2 20
M PE 2 T B b, BT IR R A 8% . O S
I PR HiT B AL o TGF-B 49 71 (W1 bintrafusp alfa) 4b 2
J& 988 P9 NK 41 il CD107a 3238 T &1, AN AE FH W NK
I H 7] TLC 1 [ HE o B B Ak, $2 T I 2% 45 3R, i AT
i B 6 mTOR 38 4% 40 1], Pk 52 N 24 B A ik 1 42
M H 5 IL-15 BB, B RE V) R E mTORCL 15 5, {2
B ATP A= i 5 2o ki AR Th RE 4k 5, I/ P 120150, 7RIl
PR 33 JE& 75 T, bintrafusp alfa.SAR439459 %5 TGF-A 1
FUTE A /N 41 Bt 98 Aot 1) i i g R 3w S 7 S 3 m ok
JA 1 NK 40 B8 75 1k bx &9 CD69 #1 Ki67 ik, 15 H
A7 THI I DAL B 1 AR M 3 B0 R e v 2 I R e
Tk R A At e g ] PR AR T 24 M, DA
F T NKCZ0 S 5 2 1 6 B 7 R B H I e 75 ok 4
Peage, R4S i, TGF-4 4 71 5 CAR-NK . NK
YT Ff e 1 A 55 NK 4RI 7 vk I IBE A, B0 RRON o538 S ik
IR VR R B B T 1) .
5.2 ETNKHMHETNREMAMATTREHER
FHIE S SN A REY S TR S BAER Y
SHC SRV EUE MR R PR R, T s gl i Th e
A S W AR R BB G B S N 2R RS
YEIT N R R R JE . U AT SR R, NK 4 & A
ILC1.ILC2 %5 ILCs ¥ B HL 4 M M #/F H, X fd HAE
N G S A LA T IR A0 R R B BRI 77 Il IR K
BB, DLNK 4 i A3 1 ILC % 7% 40 i 6 7 £E i
IR H B S R R I v e A AT T AR H
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THA B AR AN, o F A e T e R
R R SONE, A3\ DN R AR SR “ B B 284 4 922 441 Jf 24 4)
(1) B b 40 o

% T I 4% NK 48 A5 AH 55 1) CAR-NK 2
AN PRI (2 1)o 8 i a0 7 S5 9 25 544 A58 fiF iy 1
NK 41 i £ 21557 CD19-CAR 5 IL-15, 5L IL-1515 5
DA SRR A AR 9 38 5 R AT, 2% CAR-NK 41 g 72
SORIHMEIRTE CD19 FHAE b (18 1 vk L2 41 i 3 1L 9 B
ARE A S Uk TR 1A PR B0 v S I LR A e 1R RO
A v B 2 A U0 R R CTSH 5 AR i 6 i 4% JiE [
AT DU R OO TL-15 15 5 B4, 38 sobs AR 5 2ok i
Dhsetots DI R 05 28 WY, m B CISH mJ LA SE 5 e [y
VRN CD19" B JMyRs 40 i 1175 3 1% 2 e 20 i R U5
(] CD19-CAR-NK 4 il 7£ 52 5 /X6 1 B 4 it itk T2 08 15
SUERE R A LR (AML) B3 s EH, HRILH
R 22 4 P R R D, il CD73 1A CAR 1B
T B A2 AR BH W mT BEL BT i 98 TG4 5 (tumor microenvi-

Table 1

ronment, TME) i A8 3 # il , % & NK 40 B AQ 3 7%
P£. W CD73-CAR-NK 4l ffd o] {8 TME Ji 15 ¥4 Ji P A%
60%, £ i i 7 P A% R AR Y o iR AR K T 2R
70%" . BT 7T 8 7, CAR-NK 4] g 75 i J83 1 A 53
H1 CREM Kk W 2 F 1, BE A1 B GZMB S5 208 A |
VA, 5] G TIGIT %5400 il 55 PR T, 38 3 oh Hh 3L i
FAkIE K BA R il J5; 17038 i CRISPR-Cas9 i B
CREM /7, CAR-NK 4 i {4 51 75475 fiE 70 3 i, 4% P9 723k
EL 98 L e PDX . 3 i e 155 20 vp 2 25 508 HLG WA
M. CREM i B Ja AT #0m NK 40 Hl MY C #0245
AR AE I8 B, 12 40 B R AR S B, TR 2 R W
IB A B g A A0 T B ACAZ AR R B DA R R A
TEPENY . 53 4h, TIPE2 1 9 NK 20 i o (1 Py 76 46 25 04
43, A A TL-15 fil % 1Y mTOR 3% P K 52 1 NK
4 F (1) BB 0N T e F R TL-15 25, T NK 2 i
55 1 TIPE2 2% U 8 3 50X 2L Th g, $2 7R IL-1515 5
AR U A 2 3 B A AE SRR,

Summary of NK cell therapy in clinical trials. Allogeneic NK cell therapies currently under clinical development are presented,

arranged by sponsor of the clinical study. CLL: Chronic lymphocytic leukemia; AML: Acute myeloid leukemia; MM: Multiple myeloma;

MDS: Myelodysplastic syndrome; NSCLC: Non-small cell lung cancer

. . . . Combination Active clinical
Modification Mechanism Malignancy .
treatment trial
CD19 CAR+158V non- Expresses CD19 CAR, non-cleavable CD16, B cell lymphoma, CLL Monotherapy 1 NCT04245722
cleavable CD16+ constitutively and IL-15/IL-15R fusion to enhance targeting, or CD20 mAbs
active IL-15/IL-15R fusion persistence, and activation
CD19 CAR/IL-15 production  Produces IL-15 via CD19 CAR-engineered NK B cell malignancies Chemotherapy /11 NCTO03056339,
cells to boost proliferation and anti-tumour NCT05020678,
activity NCT05934097,
NCT05336409
NKG2DL CAR Targets NKG2D ligands on tumour cells via R/R AML, R/R MDS  Monotherapy 1 NCT04623944,
CAR to mediate cytotoxicity NCTO03415100,
NCT05213195
HER2 CAR Targets HER2 on glioblastoma cells via CAR  Glioblastoma Monotherapy 1 NCTO03383978,
for specific killing NCT05678205
158V non-cleavable CD16 Enhances ADCC via non-cleavable CD16, B cell lymphoma, CD20/PD-L1 1 NCT04023071,
(hnCD16) combined with mAbs, chemotherapy, or IL-2 AML, solid tumours mADbs, NCT04551885
chemotherapy,
1L-2
158V non-cleavable CD16 + Non-cleavable CD16 for ADCC, CD38 KO to MM, AML, monocytic Daratumumab/ I NCT04614636,
CD38 KO + constitutively avoid fratricide, and IL-15 fusion for sustained leukaemia elotuzumab, NCT04714372
active IL-15/IL-15R fusion activation chemotherapy
BCMA CAR Targets BCMA on multiple myeloma cells vie MM Monotherapy  1/11 NCT03940833,
CAR for specific elimination NCTO05182073,
NCTO05008536
ROBO1 CAR Targets ROBO1 on solid tumours via CAR for ROBO1-positive Monotherapy  1/1I NCT03940820,
targeted cytotoxicity tumours, pancreatic NCT03931720,
cancer NCT03941457
PDL1 CAR + 158V CD16" + Targets PD-L1, uses non-cleavable CD16 for ~ Various, pancreatic Chemotherapy, II NCT04390399,
IL-2 production ADCC, and produces IL-2 to enhance anti- cancer aldoxorubicin NCT03228667,
tumour activity HCI, IL-15 NCT04847466
superagonist
CDS5 CAR + IL-15 production ~ Targets CD5 on haematological malignancies ~ R/R haematological Chemotherapy I/II NCT05110742

and produces IL-15 to boost NK cell function

malignancies
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Continued
. . . . Combination Active clinical
Modification Mechanism Malignancy Phase .
treatment trial
CD33 CAR + gene editing Targets CD33 on AML with gene editing to R/R AML Monotherapy 1 NCTO05008575,
(fratricide avoidance) prevent NK cell self-killing NCT02944162,
NCT05601466
PD-L1 CAR +IL-2/CD16 Targets PD-L1, modifies CD16 for ADCC, and NSCLC, pancreatic Chemotherapy 1/11 NCT04050709,
modification incorporates IL-2 to overcome cancer, glioblastoma,  (varies) NCT03656705
immunosuppression solid tumours
MUCI1 CAR + CD28/4-1BB Targets MUCI1 on solid tumours with NSCLC, pancreatic Monotherapy /Il NCT02839954
costimulation costimulatory domains to enhance NK cell cancer, colorectal
activation cancer, ovarian cancer
HER2 CAR + CD28 Targets HER2 on breast/gastric cancer with Breast cancer, gastric ~ Monotherapy /11 NCT05678205
costimulation CD28 costimulation for enhanced signaling cancer
CD19 CAR (autoimmune Targets CD16+ B cells in autoimmune diseases SLE, lupus nephritis, ~ Monotherapy  Early I NCT06010472,
diseases) to deplete pathogenic cells ITP NCT06208280,
NCTO06337474
NKG2DL/spike bispecific CAR Dual targets NKG2D ligands and SARS-CoV-2 COVID-19 Monotherapy /11 NCT04324996
spike protein to eliminate virus-infected cells
CRISPR-Cas9 knockout of Knocks out CISH to enhance NK cell cytokine AML Monotherapy 1 NCT04262467
CISH signaling and anti-AML activity
IL-15 superagonist complex Combines IL-15 superagonist with allogeneic =~ Myeloid malignancies, Monotherapy I/I NCTO04256421,
(NKTR-255) + allogeneic NK  NK cells to boost proliferation and anti-tumour solid tumours NCT03975907
cells activity
Allogeneic NK cells + Combines allogeneic NK cells with MM Lenalidomide 1/1I NCT02619853
lenalidomide lenalidomide to enhance anti-MM activity
Allogeneic NK cells + Combines allogeneic NK cells with nivolumab NSCLC, gastric cancer Nivolumab /1 NCT03056369,
checkpoint inhibitors to block PD-1/PD-L1 axis and enhance anti- NCT04155799

(nivolumab) tumour immunity

bR B T A NKC 48 A R B DR 2 B SR B
CAR-NK 46y M S 56 % 7 ] I PRI AL T H AR [ 5
B 5 . BEFRNZ, LR CAR-
INKC 20 A 1 36 97 A 110 s K] 4 i SR S, A A 2 4
RS H ATATS b T B HE I 5 15 R BT R R B B, TG B
iff 1 DR UE 98 E 5 B B e % SOAR T I P P AR 2R A ¢ 3
PEo (HN B B o gie KRR, 5 8] g 5 30 3 o A A 15
$&F+ CAR-NK 40 B v 1 1) [R1BF, 0T Be 47 % S % A2 45,
1 CISH i B ff B IL-15 15 5 fOl % & 5 8040 f it 5
WAL, TTRE R H J-FE IR IR Bk R R R R
CAR 8 fi I I8 0 21, 3L 3R IK TL-15 51 R i & 2 g
PR3 36 01 RT3 5 25008 1 40 Mt DL T, K A sk i 5
B GBI AR o LI PR 58w, A ) A I 110
S YR I TR 45 A 4 (CRS), #8431 W Bl U 32
N B AR BH 1 5 G e i 52 % i ags G101 04100 AR
B YEsERE, WAL 2 G B AL R MR, NK 41
Jifl ROS A& B3 i i J53 4 A5 46 52 ) CAR-NK 4 g,
X L SRS (R i AR AIE F Bt 7 B (B4 (< 2 4F) FEA &
AR B, FEE KAWL, (HE
T NK 40 M 70 A A7 B ) — M 6 A~ H LN, 224k
SRS JE AT R Ja e,

B2 117 A0 5 P NK A B i v 0 A7 A5 for S0 0 =)
PR, Q3 2097 2 v R R T 80K &R AN B, R ST

) STk 75 R FE AR B A T Bk s K 2 4 1 s A
JB , 053 376 7 RS A7 75 B8 A B ) el U HE B TR A 35
ERCHEA R, TE“ 237 IR oh T 2T RESZBR, 75
B G P A 2 5 OEL U 7] B W R ) e R A 45
AR MBI F0R B2 AR 75 N5, St Z 697 i 2 A i
i3 2H 5 A R A, XE DL AR G2 40 BT NI 4T i Xt i 8 Ak
BRSNS R Je S84 T ML, Jo SR a4 & B4 i
U AR EH 22 S H AR TT R IR AT 52

53 HMILCsKREEIEH TR TR ILC1 MR
W % B M “LysoPS-GPR34-cAMP-PKA-CREB”
55 4. £ TME ", ¥ I % IS Bk 22 & iR (LysoPS) i@
it 45 & GPR34 32 &, Wi N i cAMP-PKA-CREB i
&, BEMA G ILC M Thag, BT 107 U 45 4 25099,
@© #5) GPR34 52 44 BHL T #0055, 38 1k 44 2 ILC1 4F
M Gpr34 5= R i 5 A5 2 B8 GPR34 H5 9177, B 4%
BELIT LysoPS 5 ILC1 £ [ GPR34 [ 45 & LAY i 410 1l {5
S, TSR TE TME HF ILC %0 | 338 56 0 94 7 A
77 I 3 40 B 2 14 A R OA, HL I 2 80UR T RS AR
GPR34 # fUFF 7Pk @ #0i1 LysoPS & i /> L
il Y5, I e BR MR 40 B A I # LysoPS & Rk I
Abhd16A JF:[H, F£{ik TME H LysoPS 7K-F, M i />
45 S SRR, PR GPR34 i B 1E 15 5 P47 DLl %
ILC1 Yy e HEvE; B FH W T U715 5 18 2% 00 5% Th R # i),
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1 F B EF BRI AL (AC) #1771 (41 SQ22536) . & 1
s A (PKA) #I il 77 (40 H-89) 5 CREB 411 i) 7 (1
666-15), H 1401 #] cAMP-PKA-CREB i i 3iF 14, & 7
LysoPS X ILC1 iy Dy e diil, i 52 F 4 B 2 1t S 4 i A
T RE 75 @ BKA G e A A o5 B T s AL 7 &%, % e
F| TME ' ILC1 Ly & 52 2 = # il 8 2% W 1R 0 4%, %
GPR34 #5577 5 Bt TIGIT HiAAR 5L A, S8 “ X0 filt B 30
#17, B BEL ST LysoPS-GPR34 5 (A i 41 4], SCBH e
TIGIT-CD155/CD 112 18 % [ 6 92 $1 H1] , AN 3 5t i Jek
Jie 5 A5 L 0980 AU, A BE K B i 24 45 B B TIGIT ¥R
JTIE e, YRR BT S B

ILC2 AR 4 T TR A2“LKB1-PD-1” 5“HIF-1/
PEIE R US55, AR R AT 5 T e 7 £ E 2K
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P P PD-1 Rk i 4k #2214 PD-1 FH I i A6 2 21
SV IT AR, I 2 O 2R R M Th BB S R ) R U
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Tt 502 HH, 00 1) 92 b T 36 9 P G S O B T e R
RIE o — A& H 440 1) 4 % ik 5 HIF- 1o 35 1% 07 1, 7£
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2% 2 WL BRL 4, JE T % A SO I R T R 4 IR R S
A e REPERY T HIF-1a 400 1) 75) PX-478 B R B 8%
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