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Characteristics of NK cell immune exhaustion and immunotherapeutic potentia
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[Abstract] NK cells are essential components of innate immune system and play crucial roles in combating tumors and infec-
tions by directly eliminating target cells and supporting other immune cells. However, tumors and chronic infections often result in
exhaustion of NK cells, which diminishes their effector functions and hampers their ability to control progression of tumors and infec-
tions. NK cell exhaustion is accompanied by alterations in surface receptors, cytokines and transcription factors. A comprehensive
investigation into characteristics of NK cell exhaustion not only enhances our understanding of fundamental biological properties of NK
cells but also facilitates development of novel immunotherapy approaches utilizing NK cells. This article provides an overview of cur-
rent understanding of NK cell exhaustion, including its characterization and relevant knowledge, and explores its potential applica-
tions in immunotherapy.
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L1 NKAER AT S AN A &
T H (1Y Z2 BB 1 1L T 41 M2 (hematopoietic stem cells,
HSCs) o NK LA 7 il — RV TS R,
B D PR I R SR TR AR SCNK 4 7 i
L 20 B3 R P e . S — B BOR BT Y
CD34'CD45RAHSCs; 5 — B BUAZ AE7E NK ALK &
FR A, T B VA R e B A G o R A
CD56.CD117 A1 1L-1 5244 1 (IL-1 receptor 1,IL-1R1)
B 3 55 = H BUE CD34 3228 5 S U BT B CD117
P IF B CD94 (13K 45 , CD94 47 ik CDS6"*'NK 4 fifd
SERLN AN B B NK 0T 46 KRGk T &
4 5% I F Eome (T-box transcription factors eomeso-
dermin, Eomes) #1 T 20 Jifg 3¢ 5 09 T & (T-box ex-
pressed in T cells, T-bet)"" . &5 DU Bt 430 A FlI B
PIAS BB, Jm B R D T 1 NKp80 ik i Zr FL &R
FNRIURL I , T RS- A0 M 22 RE ). B, CD16 il
0 4 S g BR A A SZAK (Killer cell immunoglob-
ulin-like receptor, KIR) 3 5 b5 & 55 H o Bt , HI
CDS6"NK 4 fitl . fie)im , CDS7 Fibbrk & AR /b
NK 4, BIZE S BE ™ 5 A CD56"™CD16"
FEMI LG, AR I CDS6™ ' CD 16" NK 20 4 B 411K
MM FEVERCZE o S Ah, BB T RREE MBS, e AT
A= R NK A AR 76 20 i 5 TN -y FlT TNF-o ™
1.2 NK4UMAYThAE  NK 40 A 7e 20 b 25 15 A
GPEV T ORI T J2 AT S b i A 2T
B . CDS56""NK 4 il & A7 7€ T 41 ifi, nT 3k
UKL A 25 FL 2R, B H A O e 40 B g Jst
CDS6™ ' NK 4 Jitd T 247 1E Tk A B, A FRBFAL
R H A KA AR T, 41 TFN-y  TNF-ac IL-12,,
IL-15 FNIL-18, F A B S e 8 35 DI g™ o i Ak
9 NK 2 Jifd 16 7] 4 5 TNF-o . 3 A5G H F (factor
associated suicide, Fas) Bt /& (Fas ligand, Fasl.) .\ TNF
AH &8 1215 T B /& (TNF-related apoptosis-inducing
ligand, TRAIL) 56, TS s Toik A2 Ah e 20
S AT JE B HCRE 1 NK 0 X DR AR5 TE 14 A e e oL
ReZCE ™ S AU R W, NK 40 34 v] i
T A AR 20 L i A A iR 3 O SR A
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T 1 R NK 40 5 & A REE | H A S
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JEINRERERS . DhAEAZ 45 A NK 20 5 7% B A A st ot
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(senescence-associated secretory phenotype, SASP)""
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A i A IR
2.4 NKANMEAEMAMCSZIA  NK AN % i & ik 2
Fift 2 AR, 33X B8 52 R F) 45 5 1 I 25 48 5 TR E NK
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PRFRIL Ty, Horb &R o3 22 B B S NK 40 0 FE 35 Y
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SET-#E 11 1 (programmed death 1, PD-1)1F R 22 iy
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Je G W R | DY SRR R A 98 4 22 FRE L NK
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WL s TN SRy KT NK A0 A sy A T Al 400 ) 1 52 A o
B —IGURIEE S AR /DN 9 A NK 4 L
F-JEPD-1 335 . T 20 S 52 3R A 11 A B 9 32 1A
1% 2, R 0 il 45 #4 38 (T cell immunoreceptor with Ig
and immunoreceptor tyrosine-based inhibition motif do-
mains, TIGIT) Fl CD96 >y F: 411 il 37 4 , & B Uk I J2&
NK 4 ffd 52 A 0 ik 58 5> o i O 398 A0
o I RE P NK A TIGIT 3R3A T 5 01 5 g it Je A
S BRI, R IA TIGIT ) NK 41 g 2 Ak B
AR, AR AL TNF-o Al IFN-y 53 W08/ Lh e 40
FREPEIR S 7 At & B CD96 18 T 1 NK 4 fid
3k TR, LR N NK 407 A= 19 TFN-y B 52
IR G, TIGIT A1 CD96 7R 7T B 55 NK 4 Hd #E 4
AHOE o IR B TS BE -3 25 1 (Iymphocyte activation
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gene-3, LAG-3) 1 T 40 ffd So & BREE 26 8 1 3(T cell
immunoglobulin domain and mucin domain-3, TIM-3)
V07 24 B S A A 1 2 MR B W 52 3 ST, b
BB 2 NK 20 R 3 i B bR 2 . WFFYAIE
S, BT LAG-3 J5 B o 96 5% 17 NK 40 Jfd 14 2 fi Bt
i3 TIM-3 7E A [A] 28 AL fib 77 £8. 35 NK 48 | 3
ik LA R | R R e AR (5 3R, 5 NK
240 D BE B AR AR s A G TIM-3 I Ay S
W 309 A e v N A M RE S AP A5 o — S SR HERY
INK 200 Jf 400 i 14 227 4 Sk NK 413 0% 2 B 51 A (natu-
ral-killer group 2 member A, NKG2A) , iff 5% & BLAE /N
240 2 i #; 25 2 T NKC AT NKG2A 383k = 20 i
NK 4 53 A WF 50 W4 2 NK 4i i #E sk i #e
NKG2A 1 7% 47 Ml 58 £ 3R AL 3244 G1 (killer cell
lectin like receptor G1,KLRG1)FikFHE"", Bk it
C 18 5 NK 2 i 6 3 AH OC 1410 i 4 32 A4 4 3 7T
REAFAE H AR D AR AZ 4% , (45 4 2 T bk L2
4 i Pe Ji 4 (eytotoxic T-lymphocyte antigen 4, CTLA-
4)7 MR R 45 A S S PR AR PR BE AR R 7/9 (sialic
acid-binding immunoglobulin-like lectin 7/9, Siglecs7/
9) 5 Tg BEFE AR 2 (Ig-like transcript 2, TLT-2)'%" |
F1 40 i B 22 BR 2 1R 32 1K B4 (leukocyte immunoglob-
ulin like receptor B4, LILRB4)"" | - 4 Jifd #H & 6 2E BR
EHAREZ -1 (leukocyte—associated immunoglobulin-
like receptor-1, LAIR-1)'*' [ CD112R" | CD161"* |
CD200", CD300a"* LA b F 73400 i 11 3% 475 1 G 12 Bk
E M FE 7 KR (killer immunoglobulin-like receptor,
KIR)"™', NK 4 fu #E s AR A il M2 A5 B 3R 1.
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Tab.1 NK cell exhaustion-related inhibitory receptors

Name of receptors  Expressions Receptor types Reference
PD-1 Increased Inhibitory receptor [38-40]
TIGIT Increased Inhibitory receptor [43-45]
CD96 Increased Inhibitory receptor [48]
LAG-3 Increased Inhibitory receptor [49]
TIM-3 Increased Inhibitory receptor [51-53]
NKG2A Increased Inhibitory receptor [55]
KLRG-1 Increased Inhibitory receptor [56]
CTLA-4 Increased Inhibitory receptor [57]
Siglec-7/9 Increased Inhibitory receptor [58-59]
ILT2 Increased Inhibitory receptor [60]
LILRB4 Increased Inhibitory receptor [61]
LAIR-1 Increased Inhibitory receptor [62]
CD112R Increased Inhibitory receptor [63]
CDh161 Increased Inhibitory receptor [64]
CD200 Increased Inhibitory receptor [65]
CD300a Increased Inhibitory receptor [66]
Inhibitory KIRs Increased Inhibitory receptor [18]
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e R NK 20 2 18 B AR o R CD16a 51,
NK 20 i A = L0 1 A2 1A A 455 DX PR A 0 2 P 2 A
(natural cytotoxicity receptors, NCRs) | Jlif 280 AZ H2% iR
X % B A F--1 (deoxyribonucleic acid X accessory mol-
ecule-1, DNAM-1) Fl NKG2D, iX #& 5 {A& 2 5 i 47 41
JEL B AR T A DG St A7 o bR RN I A A 1Y
NK 41 g # NKG2D, DNAM-1 A1 NCRs "' NKp30.
NKp44 NKp46 iR #A7 PR . Hrdr NKG2D
FARFEARBIN A 2 NK A1 S FE 1 SC R A ™ -
b AT BE A4 NK A 38 AH OGO 14 32 MR 42 45 CD49b ™ |
CD160™ ,CD244™ NKG2C™ NKp80'™ 4-1BB"™
T IR T A LI 3 I 32 4 (signaling lympho-
cyte activating molecule-family receptors, SFRs) 7' LA
B3 G KIR™ . NK 40 i 6 98 AH G 376 1 32
G R L2,

2.5 NKZHMEFEMEF GRS T WF5 R L £ b
N ¥ 2 5 NK MBS T 2 . 5% 5%k KT Eomes
I T-bet 7 NK 20 i il 24 7 AL A Eh 8 & 44 v i 22
YER™ . WEFE A, NK A0 MR #E IR ok F2 v , 3X P b e
SR RIRREAR . A RIS I UE S IR 5
NK 41 #€38 5 Eomes Fl T-bet i /AR, It
Hb A — L 0] G 5 NK 40 FE 38 AH ¢ i e s 4 1
2 WL 388 1% ] 35 TR 7, A0 A Sk B s AT 01

R2 NK B EHEESZE

Tab.2 NK cell exhaustion-related activating receptors

Name of receptors  Expressions Receptor types Reference
CD16a Decreased ~ Activating receptors [67-68]
CD49b Decreased ~ Activating receptors [71]
CD160 Decreased ~ Activating receptors [72]
CD244 Decreased  Activating receptors [73]
4-1BB Decreased  Activating receptors [76]

DNAM-1 Decreased  Activating receptors [56,69]
NKG2D Decreased  Activating receptors [67]
NKG2C Decreased  Activating receptors [74]

NKp30 Decreased  Activating receptors [56,69]

NKp44 Decreased  Activating receptors [56,69]

NKp46 Decreased  Activating receptors [56,69]
NKp80 Decreased  Activating receptors [75]
SFRs Decreased  Activating receptors [77]
Activating KIRs ~ Decreased  Activating receptors [78]
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CD16a [ VUM oA, I R E B 78 AFM13 W] A 806
72 R SMETA TR AT A R R, FLPE AR YT
IR 32 M RAF s 5 — 30 A ARM24 LT
FHF VAT SCUAR0R , ARM24 1F 78 3577 1 X i 07 52 1A s
B 1/2a #1lf6 PRI B (NCT04259450) |, [7] i 34 55 ] 5
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B B A L O SRR AN B R . — TR A MEAT A I A
W K H A 1L-12 5 EGFR #4175 78 2 i B A iR
7Sk U 1L-15 A 5 12 ML hge L =
ANEA WIS SAMBICT-RER . TL-15 883 sh 7
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