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WE  NKG2AAZ &%k F f & 315 (natural Killer, NK) 2 & f #4474 b 24K, 5 NK 28 /e
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Biological Characteristics and Clinical Application of NKG2A
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Abstract NKG?2A is an inhibitory receptor, mainly expressed on the surface of NK cells. The inhibitory
and activating receptors compete with each other to regulate the activity of NK cells. Recently, the restored activ-
ity of NK cells when the inhibitory receptor NKG2A is blocked has made NKG2A one of the focuses in antitumor
therapy. However, emerging clinical evidence shows that NKG2A plays a critical role in regulating viral infections
and autoimmune diseases, and NKG2A has broad prospects in clinical applications. The paper presents the basic
biological characteristics, tissue distribution, protein-protein interactions and function of NKG2A, as well as its cur-
rent applications in viral infections, tumors and other immune related diseases. The purpose of the paper is to pro-

mote the clinical applications of NKG2A in the prevention and treatment of related diseases.
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2H 2 AH 23 1% & A A I(major histocompatibility complex
class I, MHC 1)254> T-HLA-EIH 31, 75 S04 140 H1(S
5, I A N P 40 P B 3 R 4 L PR P 7

19914F , HOUCHINS [ PA 1220 7 NK 41 e 3=
TH] -8 -5 NK 21 JL 30 (19 40 D6 52 44, 3 2475 ANK4H
Hi Y cDNA S J2E R & B T N 3800 1R AF 5% 32 4K,
I %4 ANKG2A. B. CHFID. #i4E Jg5, % BA 4%
SEARIE T DU A2 A () 2 RG] EE 4 A DL R KRB ATT
DHRETRIN, (5 B RINKG2ARI B e H AW . 5,
NKG2E"FINKG2F I [ifi 22 & B, £ & TNKG2%Z
EERR . 5 IR, ¢ TNKGH R 645 5 1
W F0 3 B, NK2H M i) {5 5 75 a5 8 40 i |
MHC U H.AE F, 4 INK 4 i % 11— & 47 754
I8 55 A 32 AR, T B BINK G2A R #6145 5 4% 38 1
KB AR, B PHINKY ARG M shRelY, Bha,
KTNKG2AM T 7L Z 3 2, KAl 2 15 472K, i
NKG2ASZ & Iy g v] DLk S NK B TAH B 25 14 A 17T %
193 e 3 40 U, 2 B HE R G () e R 2 R 2 A
PE, (ENKG2A AP G IT Rz —", H
BT AR FLR B, NKG2ATER 2R GL . [ B s i 55
WEHERPRE T EEEM, BAT R EIRK
Wil PR, A< ST MNKG2ARIAEW . 4214y
fiv EEiee. 5HMEAMIIEN, LI E
R R BN s AT RIR, DAMA
D9l PR R $2 B % R 2%

1 NKG2AREHE4FE

% i ANKG2A) 3 [ NKLRC1, % % K] 5E i
TH1R25 3tttk b, Bl & W BKLRCIE A6
AN R B 1) AT A B e e S AR (1A, A2 A
SRARG R R AR A EON233 B YY)
B ONKG2AE H; A R AN BN 15K E A N
NKG2B, 5NKG2AH b FL 2 T 96~113 B & L 1R
GIETRA 228141 140 AR ARC AN AR f < 1, 1tk
PIRh R R NKG2A ) C-3 a8k F A

NKG2ATE 25 #) & @ F 118 5 5 2 (1 2001
1B), A4 M5 A NA U X 3 (1~70 2 55 1R ) 5
JEE X35 (71~93 %0 255 R A I A [X 330(94~233 % 2 1),
L2330 G TR AH Ak, &5 R AL T 118~2311X
[Al. NKG2AZE H 7B & 20 B JiE 4 Jig, 24~
o WEE 43 AT 140~149F1 160~169[X [A] . NKG2A
T A4 B B AL 8, 2 AL T 55102,

103, 151, 180% %= /2, LA JZ34™ — i #8(119~130.
147~229F1208~22 1 X IR ) o NKG2AMIZE 116%
FEFR AT 5 CD9458 59% B o7 sl L i fE 25 5 T
BS — RAR(E1C)™M,

2 NKG2AMHLA T

ANZEHEHEFEE (The Human Protein Atlas,
https://www.proteinatlas.org/)2H 2R 73 i 5 5 £ 4 10
N, FAIINKG2ARIRNAT] 7E N AR 2 A a8 5 H
o N3, AE I 4 A b Rk B v, FLOR R R I
EEHR, LML R RS, E I+,
NKG2AENKZH il 3328 & i fm, HORG2 T (E12).
i 418, NKG2A W FE B /) T40 i b3k, £ 2 A4
CD8' T4, Th24H L A& NKTZH il .

3 NKG2AS5EMERHEEER
NKG2A-CD94 — 5 {4 15 ¥ 41 iy 35 TH) 2 AAHLA-

E(N)kQa-1b(/)s B HAE I, ENKG2A/ FNK4H
JRLRITER 73 T4H i i H5 4 Th e 0L . NKG2A
FENKZH i A58 43 TAH o o 45 #0010 o e 1) 7 20K
B4, BANKZH I M, NKG2A 5 CD94 3% [A] & iA FENK
MR, B AR Y AR T IR AR, NKG2A
HAN-u AL T NKAMARHE A, &7 24 %)% 214
% BR L #1124 )7 (immunoreceptor tyrosine-based
inhibitory motifs, ITIMs), A6 5143 £ NK
AN, (H2NKG2A T B 45 5 CD4Y ik — RK 5
A RERFEDIRE, CD94H & k= 40 5T 45 W 1, 1% H
{555 568 /), 128 —NKG2AFIHLA-EAH B.AE F At
DT R U8, NKG2A-CD94 — AR H A5 2445
A 94E, 3 A FNKG2AE A 114~135F1165~170
FIETR X 8], NKG2A-CD94H 71 #0410 ffg 45 5 1 i
WHLA-E51aZ8 5 3P0 A 2 IR U -5V )5,
T ok 554 R I R R R B SHP- 1R SHP-2, AT )
N 6L of S 4 i 174 25 4 T B2,

STRING 11.0(https://version-11-0.string-db.org/)
Iy M7 45 BL(E13)% W], NKG2ARE 1% 5KLRD1(CD94)
DL HLA-E B #5454, %t PTPN6E: K 4 15 1) 25 19 1%
RAIRTBEREG 1540 B A (2 E Y, 5 B8 R A 4n i
B 9% BR 2R H FE 52 /R (killer cell immunoglobulin-like
receptor, KIR) #1 KIR2DL1. KIR2DL3. KIR3DL2.
KIR3DLIAF{EH B4 0 R, 5 AN HLA R4
ZUHAMERUR(A. By C. G. F)LLEB2MAIRE A
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gene KLRC! guy S — 9 9 9
(12p13'2) 1-354 1417-1 488 3499-3716 4107-4 202 4 719-4 772 5 298-5 449 7054-7154 8024-8 118 12 386-12 422
Transcript ~ CDS length 3* 4 5 6 7 8 9*  Protein length
6 687 nt - - W9 228aa isoform X1
3530-3716 12386-12387
3 4 5 6 7 8 9
5 687nt —— 00— B——9 228 aa  isoform C
3% 4 5 6 7 8
4 8t G—O— W W—— 0 — T~ T 215 aa
8024-8 135
3 648 nt ——— N ——— T I 215 aa
3 4 5 6 7 8*
2 702nt  ———— DB~ ~TD— T~ W) 233 aa
3 4 6 7 8 ] NKG2A
1 702 nt O——0— D8~ — 0T 233 aa
B)
Cytoplasmic
1
NKG2A |
N
©)

A ANKG2AZE K KLRCTH) &5 R 3P, 18T ooy 2 0 I A 2 s 28 PR 20 9 X 0K, 3 AR €0 [ A s 2 TR Y AR A X 35 B: NKG2A — 2] — 2 i 11 &5
FiaIE, B pRIRpITR; C: NKG2A 5 CDO4REIK ) = &5 B, I h 3 (o B oRNK G2 A SR 11 1 R, 2110y Bt RNKG2A Y

CD94. [H) i) i B .

A: the gene structure model of human NKG2A/KLRC1, the saffron yellow column in the figure represents the region of coding gene sequence, the light

grey column in the figure represents the region of non-coding gene sequence; B: the primary and secondary protein structure model of NKG2A, B in

the figure represents P sheet; C: the tertiary structure of NKG2A and CD94 domains, the yellow fragment in the figure represents the disulfide bond in
NKG2A protein, and the red fragment represents the disulfide bond between NKG2A and CD94.

El1 ANBENKGARESEALMH
Fig.1 The gene and protein structures of human NKG2A
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Jith 988 PR FE K F-atumor necrosis factor o, TNF-a). Fi
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colony stimulating factor, GM-CSF) LA & & {5 1
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Fig.2 The tissue distribution of human NKG2A (modified from reference [16])
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Fig.3 Diagram of interaction between NKG2A and other proteins
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773, HG N DL =R OL(E4): (A) NK4H 2 T
NKG2A IE % R 2 B, NK4H i 5% [ FINKG2A-CD9%4
2 AW R R 20 i 2R T FOHLA-E R 51, R 300561 0 1
AR e G5 T, ENKA AL THHPR S A R A%
HEAH A, BB, G0 RERGH R I HLA-EZR L F i, NK
YA MLAT IR AL T HHIRAS, W RHLA-B3RE R/, WG
FEAR PO 14 52 A8 1) 58 (5 5, NKYH R B B0,
BT SR 5 BEH Y, (B) NK4H A R TINKG2A =5 K I8,
HLA-EZIA IEH 8GR IA FiAR, #HES 8ES, b
I NKZH AL T HPRAS, T4 HLA-EZRIE T i, #)
HE 5 A 9 1 FE, NKAIHL AT sPR s, i)
5T T, NKAH M 0, a3 2% 7 0 20 A
(C) NK4 g R HINKG2A(KFKIER, NEHLA-EX L
IEH. FHECNE, BEE SN EFE S, NKY
MRS T A R4 i . 7 5 2, NKAHR R i i)
NKG2Ai# it 5HLA-EAH BAFE F & 45 3 1T NK 20 35
PETRE .
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g3, FEIE B IR A IR g DL K e 0 i rh g 2 22 0 E
BER . CD8 T4 i w] i ik 15 4% 2 R 48 il (den-
dritic cell, DC)i# 2 FIPT 5, id b A 4 & T
G, S R AR AE A . BARHLEI Y CD8 T4H
HE A TN SZAAR(T cell receptor, TCR)iR 7 DC4H i
HLA-EZ T3 2 PR IE, R 3P0 K S CD8'T
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(B) High expression of NKG2A on NK cells
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N % A0 ). ITNKG2A A P 26 78 IONKZH fifg 7]
DU S P % 405 A B ADCB, AT DR B B D C 4
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TS T4 1 2 ReC 88 i 5 DCHIAE HAE
FH TB) 565 T2 M 1) Dy e R AT 1 5907, Rk, NKZH
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I'(C)Low expression of NKG2A on NK cells
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A: the interaction diagram between NK cells and target cells with normal expression of NKG2A on the surface of NK cells; B: the interaction diagram

between NK cells and target cells with higher expression of NKG2A on the surface of NK cells; C: the interaction diagram between NK cells and target

cells with lower expression of NKG2A on the surface of NK cells. Normal expression is abbreviated as NE, higher expression is abbreviated as HE,

lower expression is abbreviated as LE.

El4 NKG2AFENKA M S MEEER&RNE
Fig.4 The interaction diagram between NK cells and target cells regulated by NKG2A
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HLA-E
HLA-E
Peptide

TCR NKG2A

A: DCKHLA-E-HU i ik i 5 25 CDS TZH il {1 TCR 5| E2CDS T2 i {3 14, B: CD8 T4 il % [lINKG2A 5 DCHIHLA-EZ & 7 il | TCR A 3 9
CD8 Tl iIVEfL; C: CD8 TR MINKG2A 5 40 il % ITHLA-E45 5 A #1| CD8 TAH A ) 45 «

A: presentation of HLA-E-peptide by DCs to the TCR of CD8'T cells, leads to the activation of CD8T cells; B: engagement of NKG2A on CD8'T cells
with the HLA-E on DCs inhibits the TCR-mediated activation of CD8'T cells; C: engagement of NKG2A on CD8'T cells with the HLA-E on target

cells inhibits the cytotoxicity of CD8'T cells.

E5 NKG2AHIHICDS TLRAE LS E
Fig.5 The diagram of CD8'T cells inhibited by NKG2A
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i Ad, LABH 1575 32 40 B B NKRICDS T4 i A& 453, 18
AT DAHE— 25 3E 1 32 40 X6 75 1 A2 ACS . R i
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it EANAE, FE 5 WATFN-y LAFE A LARHE DI 75 1 8%

%o

W7 R I, TERLIER S 22 9898 25 B G 1 /0 BB
M, CD8"THH i3 [ = % 18 NKG2A-CD94P*41 5t
NKG2A-CD9433E AT 3] 41 7] LAE 2 CD8 T i % 2 5
94 B I 40 B BE 1% ) BB, AL 5 NKG2A S 5 i 4%
CD8"THH A 2308 7 1 (4 Pt B 12 R0 40 ff BR] 5 73 30 ) 14
AT ORI, SR, 5 A B A B H A I B R i
BRI R rh, NKG2AKE R R B /) BRI B it e
BB 2 A AR B BG n, 28 M R 7k B n, A5 £
PR EE I NS A W T KN, NKG2A4%E A i
BN B BE 25 5 I e B 2, T4 HNK G2 A IIE
A 5 G R 8 25 F R BB G B B o5, A,

4L

A W TE 3 0 W52 B 7E S S IR e AT IR0 8O B/ R
Jili ANKG2A CD8 T4H i %5 & 52 30 S AR PE IS i 4,
I 08 o A R M R A, TE S I B
25 033 14 IR C D8 TAH M % i 22 0 73 1% 44 X1 Qa- 10 5
DAL i Bk /0N B P, S it — 25 Jm 2/ R B 4 444,
[F I, FE WA B G BTG DL T, XT /N BRNK G2 A
A7 BELIT A 00 2 7 /0N B 11 S 2 0 M A5 493144

FECEREE R ATRE R — & BT NKG2A Gk
BT, MEZEICDS T L 73 A 1 %8 P41 i K+ TNF-a
PRI I, AT S5 T B R R R, T
NKG2ATECDS TN MY b ¥ R IE B N Ja, 0 7
BRI 5 IR B U, L R B LR, T S
HIXINKG2AHEAT FH T A B2 A 2080E CD8 T4 M,
PENNKG2ATE i 25 8% e b R I 42 4F o OV Pl e
TR0 B L1 5 A, SR, Haf bl ML 7 2
— BRI 7T o

(B AR R, AT 9% R 10 3 28 e PR 75 Ml %
(Corona Virus Disease 2019, COVID-19), it 5t # &
HLCOVID-19 & # [{ICDS THINK 2 fitd [t 550 5 5 fek
N B B AR, {EL2 79 b 41 i 3R THT IRINK G2 AR 18 1)
FhiE. SULFER, V677 5 40 T SDIRAS B R 1 1)
NKAHICDS T4 i (1) # & 13 LAk 2, HNKG2AM) £
1% A B 2 BRI, [ OC T SARS-CoV-28 15 &
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Innate Pharma/AstraZeneca) & —Ff N JEAL ) 1gG4
PoAd, A& —FhFH T 5 9B R G 9% RORE IR R R
T, HAE 2 P WINKG2A S HLA-Ef A H.AE T, 4
1] Jif 9 4 PR A A, 386 iR BB TS 0 R AR A (]
Monalizumab % 15 VX Af F 75 16 57 25 X 58 5 28 1 1
PR H, FLUITH G PR 56 45 S 3R W, W15 16 % 4
PEEHE R AT, (H 45 AL BIZK KR T R 4 fidE
B, F 8O — 0 RO KA T FIRERT. H)E
A K & T Monalizumabia I 10 FL % M i Jeg AN Sk
BRI G RS, SR AR A RN, R
BIEA PR GE, - PR AR &k, HE,
Monalizumab E: 5 HAth 25 ¥ B & F 2536 97 i i 2
AT RUF T S, R0 5 R 5 kM Sk SR
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Dasatinib /& — Ff i 2 R G 4 1) 770, A2 H AT I7 18
PR B PR I 00— 2R 259, W 5T & Bl Dasatinib if
R A HINKG2A 1 R IE, ENKG2AH) 7K P 4 FF
TEAEF AR I KT, NKAH AL 5 14 5256 UE B Dasatinib i
WG FINKZH i 25 14 B 2 5 T H A 25 ) (ImatinibER
Nilotinib)®™, $&/RNKG2AYEHL IR IEIT oF B A R Ut
(¥ Eis FAME -
53 HfthBMHER

1E H 5 %05 B 33 PNKG2A I 3R 1A 1 36 T 1,
AR 5 HR R A R A NK 2 i 26 THINK G2 A e
RGNV PEARIE B A I Ay ST M R THINK G2 A
T, DL R A B O s R A R IMNK G2ANK A
J B T B, HNKG2A NKH 48 508 FUIR R i
FRARPURIKT 2 A K, b, B 7R B R
X 1 O 1T 28 BB A LT 20 i 3R TINK G2 AR 1A
TP, FARIARINKG2A R IA R i 5 fe e N BEAR
Tz S, AR, St 8 3 2 R IR BE IR 1 P 15709
7 )5, T R TNKG2A K R I T+ & A5
ORI, FEHEE ] B G 5 HNKG2A ) R 1A 72 1
T, GnE 28R D67 2 B IR OCTT IE  H R BIENK
i 75 6 TANKG2A-CD945Z /K11 [ B G 2% 11 FIR
JR G vh R BIUNK G2 A 'NK 4 i 8 22106, AR 5k
P 22 S 0 R R H BT AN TE 2, TR B AT DR
N i

Wt 50 30 7R, NKG2APT AR TE 4 128 A5 26 1 922 95
WARR| Tz M. tedn, Z8RIE T % 2 HIEVEETh
AITh1 740 ML 5 155 5 110 200 1, It P9 A0 48 f AFNK
Y1 1 2R AT A T B BURR, R R FHNK G2 A Bt ¢4 BH
WINKG2ASZ 4 M TT BTG NK A i, 7T DL 5 5% B0
PEJEVR M ThANTh 740 17 B, 38 21 B 15 Ok e
) H BT, FE/N BB B G VeI BE R A, H
NKG2A P4 7] 38 5 NK A0 H T £ s B PETAH M 1)
T B AT /0 T4 B 12 8 A oA i 28 28 G /)N R s 20
HiE Ak, 5 A I NK G2 AT 6] A bk B 4L 2R T
FIB bk EL 20 A A NKCAH it 1) 250 o i i M 3 W 2
Wi, DRI A3 INK G2 A [ Bh g AT RE /2 VA T 28R
I3 [0 — ol 22 78 BRI DT VEIS . e Ab, TE 5T 3 B BB
NKG2A-CD945Qa-1/4H HAE H, Refig 42 = 2 & 7
P 1 A0 /N BRC DS T L (35 14, AT B 1k 17 2
P IR Rl

Ik, W 78 R WAINKG2AF A 76 N 255 1L [ Th2



[ £ 25 NKG2A R AEY) A RE M S5 16 R 8 H

835

Yif L, AR T Th1gif =0, NKG2A DT
P ENKG2A SZ AR J R PR, 7T 15 $NKG2A
GRS, R I HINKECTA v PR R . A8
NKG2A B3 55t 4R 1T LA 2 30 Th2 40 i 43 YA TL-4
(1) Drfe, A 1 Thl/Th2(¥) 7, (£ 45 Th1 ) D) fe 15 2
TR, AT I B 40 i) 28 hE /2 B2 H B, X $EOR,
NKG2AB SN PR T FFThogi Jg I8 7 5 = S H AL
(998 H R T Th1/Th2 (-7 7, £ XPNKG2AHE 55,
()8 15 AT RS B VA 7 Thl/Th2 40 i R 1 2k 46657 955 975 1)
—Fp %

6 REE

INKAH i 2 110 417 1) 4 52 A4 R0 P 52 44 (1) 1 i
Ak P E AR I D RRARAS, oA P 2 R A T 1
P45 5 76 240 M 2% S D R R 4 R B T e MEAE
FHUOL, NKEH 0 1) 14 52 4, 32 2 PR S e BR R I RE 52
PRKIRFICH %t 55 25 FF 2 AR (WINKG2A)H 1%, H 5
MHC 7454 REMHIERH . HHKIREMHC
1255 FH ) HLA-A. HLA-BFIHLA-C4 & K%
IR, NKG2A SHLA-E4E & R AEHM#) 2n, H
NKG2AXIMHC 1'F i [ &4 & TKIRTY. Bt BA
NKG2A1E AyNKAH M 3 11 40 1) 14 52 446, 78 1 15 NK4H
MThee K45 7T H N EZEMIEH. Ak, NKG2A
AL ] L $ CDS8 T4 i 1 3% A6 ik #2, 38 7] LL7E
CDS8' T4 M 5 ¥E4H A 19 AH B F A R H5 40 HCD8'T
YIRS, BT AINKG2ATE I #NK 5 CD8 T4 iy
(03 Bl o3 R, I A YR B3 T g AR s B Sk L 2
i H R A% O A F

H 17, Monalizumab/F yNKG2A 52 14 1] 5} 41 $7t
PR 24 CAE 2 T e 5 I I PRk v, R B T —
SE IR Y7 ROR, A5 T AT BEAF 76 1 it 24 14 70 4 LA
FO ) A Je B 22 5, Monalizumab X} H b & MORE
BRI E R 22 A AT AR 75 Bl — 2 i 7T 56
WEo 7E 2 M 5 G505 1, NKG2A R HCD8'T
2 B A P DB A7 U RN, T Y LS ) R R
BB A AU FE RS, TR IE o] DL RIS BRI g
7 HoAth G 2 M % B, NKG2A /] 15 4 i $5Thl/
Th2~F- 5 (A R0 A, A VAR I R A E

SR, 0] A1) FINKG2A £ X6 2 H  FNK BT
YRR ThaE, LLANKG2AMEH T NKECTZH L a7
PIp 15 LB H, A AE V22 iR AR v (1 1) B,
NKG2AZR & fENKAH L LA K 2 FhTZH B 2% i, ]

B St e b R A R — R s SIS 2R A i 3R T FRINK. G2
NKG2A A #NKEL TS0 AE, BE w] 8 75 26 K 5 % <
JS7, SR A I R e e B, fe] B A AR AN [ S
92 J LR B o ) i DDA B N4t il m] DLE i 5 DC
FHELAE R AT TR Ih g, 1X 2 2 K s 5 1 B
PESE A HAE OGR4 2 —, NKG2AZ R TE H
Han] R AEVE S, 0 AR IR TF T, X
BB RIF 57 4 3k — 5 R HENK G2 ATE FH 56505 7 VA 0 11
I R L o

SE Wk (References)

[1] GLIENKE J, SOBANOV Y, BROSTJAN C, et al. The genomic
organization of NKG2C, E, F, and D receptor genes in the human
natural killer gene complex [J]. Immunogenetics, 1998, 48(3):
163-73.

[2]  YABE T, MCSHERRY C, BACH F H, et al. A multigene family
on human chromosome 12 encodes natural killer-cell lectins [J].
Immunogenetics, 1993, 37(6): 455-60.

[3] GUNTURI A, BERG R E, FORMAN J. The role of CD94/NKG2
in innate and adaptive immunity [J]. Immunol Res, 2004, 30(1):
29-34.

[4] BORREGO F, ULBRECHT M, WEISS E H, et al. Recognition
of human histocompatibility leukocyte antigen (HLA)-E com-
plexed with HLA class I signal sequence-derived peptides by
CD94/NKG2 confers protection from natural killer cell-mediated
lysis [J]. J Exp Med, 1998, 187(5): 813-8.

[5] IWASZKO M, BOGUNIA-KUBIK K. Clinical significance of
the HLA-E and CD94/NKG?2 interaction [J]. Arch Immunol Ther
Exp (Warsz), 2011, 59(5): 353-67.

[6] HOUCHINS J P, YABE T, MCSHERRY C, et al. DNA sequence
analysis of NKG2, a family of related cDNA clones encoding
type II integral membrane proteins on human natural killer cells
[J]. J Exp Med, 1991, 173(4): 1017-20.

[7] ADAMKIEWICZ T V, MCSHERRY C, BACH F H, et al. Natu-
ral killer lectin-like receptors have divergent carboxy-termini,
distinct from C-type lectins [J]. Immunogenetics, 1994, 39(3):
218.

[8] PLOUGASTEL B, TROWSDALE J. Cloning of NKG2-F, a new
member of the NKG2 family of human natural killer cell receptor
genes [J]. Eur J Immunol, 1997, 27(11): 2835-9.

[91 LAZETIC S, CHANG C, HOUCHINS J P, et al. Human natural
killer cell receptors involved in MHC class I recognition are
disulfide-linked heterodimers of CD94 and NKG2 subunits [J]. J
Immunol, 1996, 157(11): 4741-5.

[10] COLONNA M, SAMARIDIS J. Cloning of immunoglobulin-su-
perfamily members associated with HLA-C and HLA-B recogni-
tion by human natural killer cells [J]. Science, 1995, 268(5209):
405-8.

[11] ANDR P, DENIS C, SOULAS C, et al. Anti-NKG2A mAb is
a checkpoint inhibitor that promotes anti-tumor immunity by
unleashing both T and NK cells [J]. Cell, 2018, 175(7): 1731-
43,e13.

[12] MEZA GUZMAN L G, KEATING N, NICHOLSON S E. Natu-



836

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

ral killer cells: tumor surveillance and signaling [J]. Cancers (Ba-
sel), 2020, 12(4): 1-33.

KAISER B K, PIZARRO J C, KERNS J, et al. Structural basis
for NKG2A/CD94 recognition of HLA-E [J]. Proc Natl Acad Sci
USA, 2008, 105(18): 6696-701.

LU L, KIM H J, WERNECK M B, et al. Regulation of CD8"
regulatory T cells: interruption of the NKG2A-Qa-1 interaction
allows robust suppressive activity and resolution of autoimmune
disease [J]. Proc Natl Acad Sci USA, 2008, 105(49): 19420-5.
FREISHTAT R J, MITCHELL L W, GHIMBOVSCHI S D, et
al. NKG2A and CD56 are coexpressed on activated TH2 but not
TH1 lymphocytes [J]. Hum Immunol, 2005, 66(12): 1223-34.
The Human Protein Atlas: version: 20.1 [EB/OL] (2021-02-24)
(2021-03-19). https://www.proteinatlas.org.

IWASZKO M, SWIERKOT J, KOLOSSA K, et al. Influence of
CD9%4 and NKG2A variants on susceptibility to rheumatoid ar-
thritis and efficacy of anti-TNF treatment [J]. Joint Bone Spine,
2016, 83(1): 75-9.

PETRIE E J, CLEMENTS C S, LIN J, et al. CD94-NKG2A
recognition of human leukocyte antigen (HLA)-E bound to an
HLA class I leader sequence [J]. J Exp Med, 2008, 205(3): 725-
3s.

SULLIVAN L C, CLEMENTS C S, BEDDOE T, et al. The
heterodimeric assembly of the CD94-NKG2 receptor family
and implications for human leukocyte antigen-E recognition [J].
Immunity, 2007, 27(6): 900-11.

LE DR AN E, V LY F, OLCESE L, et al. Inhibition of antigen-
induced T cell response and antibody-induced NK cell cytotoxic-
ity by NKG2A: association of NKG2A with SHP-1 and SHP-2
protein-tyrosine phosphatases [J]. Eur J Immunol, 1998, 28(1):
264-76.

KAISER B K, PIZARRO J C, KERNS J, et al. Structural basis
for NKG2A/CD94 recognition of HLA-E [J]. Proc Natl Acad Sci
USA, 2008, 105(18): 6696-701.

PANNONE L, BOCCHINFUSO G, FLEX E, et al. Structural,
functional, and clinical characterization of a novel PTPN11 muta-
tion cluster underlying noonan syndrome [J]. Hum Mutat, 2017,
38(4): 451-9.

COOPER M A, FEHNIGER T A, CALIGIURI M A. The biology
of human natural killer-cell subsets [J]. Trends Immunol, 2001,
22(11): 633-40.

ROBERTSON M J. Role of chemokines in the biology of natural
killer cells [J]. J Leukoc Biol, 2002, 71(2): 173-83.

KUMAR S. Natural killer cell cytotoxicity and its regulation by
inhibitory receptors [J]. Immunology, 2018, 154(3): 383-93.
MANSER A R, WEINHOLD S, UHRBERG M. Human KIR
repertoires: shaped by genetic diversity and evolution [J]. Immu-
nol Rev, 2015, 267(1): 178-96.

ANFOSSI N, ANDR P, GUIA S, et al. Human NK cell education
by inhibitory receptors for MHC class I [J]. Immunity, 2006,
25(2): 331-42.

ZHANG N, BEVAN M J. CD8" T cells: foot soldiers of the im-
mune system [J]. Immunity, 2011, 35(2): 161-8.

MITTRUCKER H W, VISEKRUNA A, HUBER M. Heterogene-
ity in the differentiation and function of CD8" T cells [J]. Arch
Immunol Ther Exp (Warsz), 2014, 62(6): 449-58.
SARANTOPOULOS S, LU L, CANTOR H. Qa-1 restriction of

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

CD8" suppressor T cells [J]. J Clin Invest, 2004, 114(9): 1218-21.
BALD T, PEDDE A M, CORVINO D, et al. The role of NK cell
as central communicators in cancer immunity [J]. Adv Immunol,
2020, 147(2020): 61-88.

PAOLINO M, CHOIDAS A, WALLNER 8, et al. The E3 ligase
Cbl-b and TAM receptors regulate cancer metastasis via natural
killer cells [J]. Nature, 2014, 507(7493): 508-12.

DELLA CHIESA M, VITALE M, CARLOMAGNO S, et al. The
natural killer cell-mediated killing of autologous dendritic cells is
confined to a cell subset expressing CD94/NKG2A, but lacking
inhibitory killer Ig-like receptors [J]. Eur J Immunol, 2003,
33(6): 1657-66.

PERSSON C M, ASSARSSON E, VAHLNE G, et al. Critical
role of Qalb in the protection of mature dendritic cells from NK
cell-mediated killing [J]. Scand J Immunol, 2008, 67(1): 30-6.
MART N-FONTECHA A, THOMSEN L L, BRETT S, et al.
Induced recruitment of NK cells to lymph nodes provides IFN-
gamma for T(H)1 priming [J]. Nat Immunol, 2004, 5(12):
1260-5.

ALSPACH E, LUSSIER D M, SCHREIBER R D. Interferon y
and its important roles in promoting and inhibiting spontaneous
and therapeutic cancer immunity [J]. Cold Spring Harb Perspect
Biol, 2019, 11(3): 1-20.

MITTAL D, VIJAYAN D, PUTZ E M, et al. Interleukin-12 from
CD103" Batf3-dependent dendritic cells required for NK-cell
suppression of metastasis [J]. Cancer Immunol Res, 2017, 5(12):
1098-108.

LANIER L L. Evolutionary struggles between NK cells and
viruses [J]. Nat Rev Immunol, 2008, 8(4): 259-68.

MOSER J M, GIBBS J, JENSEN P E, et al. CD94-NKG2A
receptors regulate antiviral CD8" T cell responses [J]. Nat Immu-
nol, 2002, 3(2): 189-95.

MCMAHON C W, ZAJAC A J, JAMIESON A M, et al. Viral
and bacterial infections induce expression of multiple NK cell
receptors in responding CD8" T cells [J]. J Immunol, 2002,
169(3): 1444-52.

SUVAS S, AZKUR A K, ROUSE B T. Qa-1b and CD94-NKG2a
interaction regulate cytolytic activity of herpes simplex virus-
specific memory CD8" T cells in the latently infected trigeminal
ganglia [J]. J Immunol, 2006, 176(3): 1703-11.

ELY K H, MATSUOKA M, DEBERGE M P, et al. Tissue-
protective effects of NKG2A in immune-mediated clearance of
virus infection [J]. PLoS One, 2014, 9(9): e108385.

RAPAPORT A S, SCHRIEWER J, GILFILLAN S, et al. The
inhibitory receptor NKG2A sustains virus-specific CD8" T cells
in response to a lethal poxvirus infection [J]. Immunity, 2015,
43(6): 1112-24.

ZHOU J, MATSUOKA M, CANTOR H, et al. Cutting edge:
engagement of NKG2A on CD8" effector T cells limits immuno-
pathology in influenza pneumonia [J]. J Immunol, 2008, 180(1):
25-9.

ZHENG M, GAO Y, WANG G, et al. Functional exhaustion
of antiviral lymphocytes in COVID-19 patients [J]. Cell Mol
Immunol, 2020, 17(5): 533-5.

YAQINUDDIN A, KASHIR J. Innate immunity in COVID-19
patients mediated by NKG2A receptors, and potential treatment
using Monalizumab, Cholroquine, and antiviral agents [J]. Med



[ £ 25 NKG2A R AEY) A RE M S5 16 R 8 H

837

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Hypotheses, 2020, 140(2020): 109777.

ANTONIOLI L, FORNAI M, PELLEGRINI C, et al. NKG2A
and COVID-19: another brick in the wall [J]. Cell Mol Immunol,
2020, 17(6): 672-4.

ALGARRA I, GARC A-LORA A, CABRERA T, et al. The
selection of tumor variants with altered expression of classical
and nonclassical MHC class I molecules: implications for tumor
immune escape [J]. Cancer Immunol Immunother, 2004, 53(10):
904-10.

VAN MONTFOORT N, BORST L, KORRER M J, et al. NKG2A
blockade potentiates cd8 t cell immunity induced by cancer vac-
cines [J]. Cell, 2018, 175(7): 1744-55,e15.

MCGRANAHAN N, ROSENTHAL R, HILEY C T, et al. Allele-
specific HLA loss and immune escape in lung cancer evolution [J].
Cell, 2017, 171(6): 1259-71,e11.

PALMISANO G L, CONTARDI E, MORABITO A, et al.
HLA-E surface expression is independent of the availability of
HLA class I signal sequence-derived peptides in human tumor
cell lines [J]. Hum Immunol, 2005, 66(1): 1-12.

BORST L, VAN DER BURG S H, VAN HALL T. The NKG2A-
HLA-E axis as a novel checkpoint in the tumor microenviron-
ment [J]. Clin Cancer Res, 2020, 26(21): 5549-56.

KAMIYA T, SEOW S V, WONG D, et al. Blocking expression of
inhibitory receptor NKG2A overcomes tumor resistance to NK
cells [J]. J Clin Invest, 2019, 129(5): 2094-106.

MINGARI M C, PIETRA G, MORETTA L. Immune checkpoint
inhibitors: anti-NKG2A antibodies on board [J]. Trends Immu-
nol, 2019, 40(2): 83-5.

CREELAN B C, ANTONIA S J. The NKG2A immune check-
point-a new direction in cancer immunotherapy [J]. Nat Rev Clin
Oncol, 2019, 16(5): 277-8.

TINKER A V, HIRTE H W, PROVENCHER D, et al. Dose-
ranging and cohort-expansion study of monalizumab (IPH2201)
in patients with advanced gynecologic malignancies: a trial of the
canadian cancer trials group (CCTG): IND221 [J]. Clin Cancer
Res, 2019, 25(20): 6052-60.

BOREL C, JUNG A C, BURGY M. Immunotherapy break-
throughs in the treatment of recurrent or metastatic head and
neck squamous cell carcinoma [J]. Cancers, 2020, 12(9): 1-19.
COHEN R B, BAUMAN J R, SALAS S, et al. Combination
of monalizumab and cetuximab in recurrent or metastatic head
and neck cancer patients previously treated with platinum-based
chemotherapy and PD-(L)! inhibitors [J]. J Clin Oncol, 2020,
38(15_suppl): 6516.

MANGUSO R T, POPE H W, ZIMMER M D, et al. In vivo
CRISPR screening identifies Ptpn2 as a cancer immunotherapy
target [J]. Nature, 2017, 547(7664): 413-8.

CHANG M C, CHENG H I, HSU K, et al. NKG2A down-

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

regulation by dasatinib enhances natural killer cytotoxicity and
accelerates effective treatment responses in patients with chronic
myeloid leukemia [J]. Front Immunol, 2018, 9(2019): 3152.
SON S W, KIM E O, RYU E S, et al. Upregulation of Fas
and downregulation of CD94/NKG2A inhibitory receptors on
circulating natural killer cells in patients with new-onset psoriasis
[J]. BrJ Dermatol, 2009, 161(2): 281-8.

WANG L, KANG N, ZHOU J, et al. Downregulation of CD94/
NKG2A inhibitory receptor on decreased ydT cells in patients
with systemic lupus erythematosus [J]. Scand J Immunol, 2012,
76(1): 62-9.

ZHANG Y, LV G, LOU X, et al. NKG2A expression and im-
paired function of NK cells in patients with new onset of Graves’
disease [J]. Int Immunopharmacol, 2015, 24(1): 133-9.

WALSH C E, RYAN E J, O’FARRELLY C, et al. Differential ex-
pression of NK receptors CD94 and NKG2A by T cells in rheu-
matoid arthritis patients in remission compared to active disease
[J]. PLoS One, 2011, 6(11): 27182.

NIELSEN N, PASCAL V, FASTH A E, et al. Balance between
activating NKG2D, DNAM-1, NKp44 and NKp46 and inhibitory
CD94/NKG2A receptors determine natural killer degranulation
towards rheumatoid arthritis synovial fibroblasts [J]. Immunol-
ogy, 2014, 142(4): 581-93.

ORTEGA-RODR GUEZ A C, MART NEZ-HERN NDEZ R,
MONSIV IS-URENDA A, et al. Quantitative and functional
analysis of PD-17 NK cells in patients with autoimmune thyroid
disease [J]. J Clin Endocrinol Metab, 2020, 105(11): dgaa569.
LEAVENWORTH J W, WANG X, WENANDER C S, et al. Mo-
bilization of natural killer cells inhibits development of collagen-
induced arthritis [J]. Proc Natl Acad Sci USA, 2011, 108(35):
14584-9.

LEAVENWORTH J W, SCHELLACK C, KIM H J, et al. Analy-
sis of the cellular mechanism underlying inhibition of EAE after
treatment with anti-NKG2A F(ab’)2 [J]. Proc Natl Acad Sci
USA, 2010, 107(6): 2562-7.

FREISHTAT R J, MOJGANI B, NAZEMZADEH M, et al. NK-
G2A inhibits TH2 cell effector function in vitro [J]. BMC Pulm
Med, 2007, 7(2007): 1-6.

CHEN Y, LU D, CHUROV A, et al. Research progress on NK
cell receptors and their signaling pathways [J]. Mediators In-
flamm, 2020, 2020: 6437057.

CASSIDY S A, CHEENT K S, KHAKOO S I. Effects of peptide
on NK cell-mediated MHC I recognition [J]. Front Immunol,
2014, 5(2014): 133.

KOGELBERG H, FEIZI T. New structural insights into lectin-
type proteins of the immune system [J]. Curr Opin Struct Biol,
2001, 11(5): 635-43.



