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[Abstract] Lymphocyte activation gene-3 (LAG-3, CD223) plays a pivotal role in regulating T-cell function and maintaining immune
homeostasis and is widely recognized as the most promising co-inhibitory immune checkpoint following programmed death-1 (PD-1)
and cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4). LAG-3 is highly expressed on activated T cells and exhausted T cells (T,)
within the tumor microenvironment, where its inhibitory activity constitutes a critical mechanism underlying tumor immune evasion. In
contrast to PD-1 and CTLA-4, LAG-3 exhibits distinct regulatory features in modulating T-cell receptor (TCR) signaling strength and
restricting T-cell proliferation and effector cytokine production. Consequently, LAG-3 is broadly regarded as one of the most clinically
promising immune checkpoint targets beyond PD-1 and CTLA-4. In recent years, advances in the understanding of LAG-3 molecular
structure, extracellular ligand interactions (e. g., major histocompatibility complex class II [MHC Il Jand fibrinogen-like protein 1
[FGL1]), and intracellular signaling mechanisms have substantially accelerated the development of LAG-3-targeted therapies. Multiple
monoclonal antibodies against LAG-3 have entered clinical trials and have demonstrated encouraging therapeutic potential, particularly
in combination with PD-1 inhibitors. This review systematically summarizes and discusses the molecular structure of LAG-3, its ligand
interactions and downstream signaling pathways, as well as recent advances and future prospects in LAG-3-targeted drugs and clinical

therapeutic strategies, with the aim of providing a comprehensive reference for further mechanistic studies and the optimization of
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future LAG-3-based immunotherapies.
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GEBREEREFAERES LT ERER
RLF0E & RN E BRE T EEME MR T,
BB RE R R R Rk X ALEY . R
W ERARRES S FEMNEZENKE 4R
(TIL) & 8 & A& ik, W5 2R T 40 e o g6, AT Bl 55 30
B8 %o N &Y. 0% E E AT # A (Gmmune
checkpoint inhibitor, ICI) ¥ 3t [ Wy 47 %) £ 2 5
BE, EHMEREE A, DR MIEIETNER
LS, B 4 A T bk B 4 B A R -4 (CTLA-4) 4k
ipilimumab 3% #t L&, ICT £ % Fb T 04 BF 98 B9 96 97
FRETRBHEERE. BEEFERZTEG-1
(PD-1)/EFHR T EEEA-1P-LDEEE 6
FE. ENARTREFLAMETRELETR,E
Ry EFEHu, EWAGE AL RFE, RTEM
TF 2 HTH G E e R R ER A e T R

W B 28 i vE e 2 B -3 (1ymphoceyte activation
gene-3, LAG-3) 2 — M EE NI H| M £ B E & o
F, %% @ TRIEBEL & ', LAG-3 B T &2k E G
B Rk, = CD4 19 Bl IR 4 F , (B H & 4 fu gy 88 5 CD4
FEEZEZR", LAG-3 EE R THEABAERA
BT, AR LT EPD-1 RN A
I EEIERRT . SEAG AR AT TIE 8 9, LAG-3 B F B fE
RN, FTREENEANSE SR E
Y, BMEEALAMAKEAKRITOMCID X4 F
S HF kR B B #£ & B 1 (fibrinogen-like
protein 1, FGL1) 4% 4 % 4 LAG-3 By 3540 A7 G &4
| BE AR, 449 Bk FGL1-LAG-3 %%t & & 4" . LR
H—FEN,LAC-3I IR EA R R 5T H XK
(TCR)-CD3 &A1 12 . /% R fi N & £ I K Bk, )
A B4 A RE M B & B 9% B8 (1ymphocyte-specific
tyrosine kinase, LCK) A £ % K L% , b b A &%
BB T 4 fffz 5 £ 50, 2022 £, #1 LAG-3 #L &
relatlimab B & #1 PD-1 #L4& nivolumab 3% FDA #it /&
AT EEEEET, #LT LAG3EAE = M KMA
THEETHEAELEAR LAY, X —ERMEH
AR ELAG-3 E B R i6T PR E M AR E
ik

AXWRZRERLAGIHAMFRE F5#F
ML A2 Fe e % % AR R, UL R T LAG-3 B0 %
BTG L B R G R R IR, N ENEME
LAG-3 72 it J& % 0% F B9 1B FIAL | LB FF X A B 4
JEIGTT KRR S F

1 LAG-3HI4EE#HSHELR

1.1 LAG-3%#

LAG-3 2 —# | SRR A, T &2 4 50 000,
Ba b2 N EERKE, ZEARLGLTI2FRE
pl3. 32 X8, 5§ AL T 12 5 3 & 1k 89 CD4 & [
IR HEMERE. LAG-3E AL MK ¥
ERFf i g X =4 £ Z#H o

LAG-3 B i1 41X | 19 A 4 0% 3K & B (1) B 45 A 85,
(D1.D2.D3.D4)# &' s H = D1 45 4 35, 5 (D4 B9 D1
20 3 B 2 20% By B AR BR ¥ 7 BRI , & LAG-3 4
AMHCHI R B, DI EMEB T BaMEm. g2
BIR BN IRR 547 (extra loop) , % 4 14 (4 7
A& Prolll i g ) #IE £ B F LAG-3 *f £ = & B &
MHCIT K 4 TR B Wy s Ay, e fn B CD4 & ™

P R IX i B A BB ALK, ¥ LAG-3 4 & T 4
HLFE L. LAG-3 ¥ FE X 75 /7 7| L6k = (D4 5 fE X fr A
HEHRTFFMERRA AR KL, NTT L& S LCKF
AR EM AR N KRB, XM R KR,
LAG-3 7] g 1 i{ 5 TCR-CD3 £ & R & &, T W zh
Z AR (40 CD4/CD8) 5 LCK By & , #t T R H 5 5 47
1 Y. X — 5K 4 45 A R AE 4R O LAG-3 47 ) M 2
BEFTIR M AE 2 B2 S A R ALE

LAG-3 B9 i 1 X K AR X 304, 494 54 N A&
A, B ok R M 7 XK B AR AT H 2 F (immuno
receptor tyrosine-based inhibitory motif, ITIM)
% % AR B & B # % 2 )F (immunoreceptor
tyrosine-based switch motif, ITSM)"", X #7 %
FEHHIRBT —RIAEFN L HNEHE
TCHT Y R B AE B PR A A R (DL T 3 B 3 0 '8 & 8
M 7% # 1z & # /¥ (basic residue-rich sequence,
BRS) , £ IF W, 17 ¢ V£ 6 2 60 55 20 A B v ) oy PR M
&, ERERSTRLAS THA, AFTK THER
S RE EE T (2) BEEBRS Z EH A A 47
#l 15 T AT B X B, 12 X 80 5 AL A T PR
B FSALE (Phe-Ser-Ala-Leu-Glu) £ KIEELE (Lys-Tle-
Glu-Glu-Leu-Glw) & "5 (3) 7 i P9 X By C- K 3 18
FE-NFAEVRTHLEAR-HEAREE 77
(Glu-Pro repeat, EP), B Th b4 A & 5 LAG-3 B9 40 jE
WEZ BEXERIEIEITHEINOHFERE
AR,

LAG-3 AT ik B A B H| sy im e X 5
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EEFRHREEWAE X FHHA R HENLAG-3 7
RREIDIEMBHT _RABIFRETNNRE
B — W B B G S G A ¥ R BT
o X AVRLAG-3 fLA X By IR 25 A FRAT A #4 T
“RAFEAECTRAELESWDIEHER, TR E
fLF RS X B D2 25 A 38k, 1X — R FLHEFR T MHCTT 2% 4
FHEALSLAG3ERMEEA XNEREY, #H—F
A NREELLAG3I B 2 B EE M AT LA,
LAG-3 & B D2 X B F ey B Ak & A5 Bl VR — F Ak, A
BD2 RIS A R R A, R T DI-D2 R | B 3
foh T AR Fm AB M, HET IE B8 E D1 R IR DL A
S, B R R A R B RR AT BV A UR LAG-3/
favezelimab E &t — F A £ T X —EMHEA .
LAG-3HID3-DAX FHEm EZMEERA N IEM ME LT
FWEFRE, xFADIDAR T REERR AWM E
B mE,FD1-D2 XG4 E A IRA . BT HE
HP TR P RLER = FHEY, MAEHARK
HLING-3 N —RAEEMN THAECDS THMES
TCR-CD3 B AR EHREXEE, Mz — RGN
BLAG-3 REGRK LA A BME TH S, XHE
1t D2 = B AL 3k 45 I 3% D1 4 A 3E M FF -5 335 TCR
£ 4 AR T AE R AL, A R T LAG-3 47 1 T 40 i %k
TR T AR
1.2 LAG-3 BAR & H 45 & Uk
1.2.1 MHCII 2 4 F-LAG-3 %/~ 5 &4 T 48 A 447 41 AL 41
LAG-3 9% b R B S H MK &S — 27
P FE B S B AR R Z Y, MHCTT R & F &
LAG-3 X HLJE Wi B M A N B B4R 1. B CD4 B 45 4
[ R M & BH , LAG-3 AL B F 45 & MHCIT K 4 F #I &
— A R B 3 A T S IR DA EDY . AE
CD4,LAG-3 By N 35 D1 3877 72 — AN 4 41 o F100R 25 4
W 5 B A % & B, LAG-3 14 45 R B 44 % By Bk -MHC 11
k0 F & A (peptide-MHC IT 2 4 F complex, pMHC
I % 4 F), Bl B LAG-3 7 CD4 3 7T % 4 [6 — /> MHC II
K FEA LA HBIHMAEH B ERITFE
SR R S MR A ] e R 1x 26 A B R B CDA T 4 R .
T LM AR AT R I, LAG-3 i A DI B UL — A F T
CD4 ¥y 4 & F W SMHC Il K4 F a5k K B4 45 69 B
ECAEMICI (0 FTHEARBHEEESEYY
B T LAG-3 — RAR@E I H AN D1 B B 4 6 7 A MHC
IR 4F5, Tk — 48 AT 4 44 & B, LAG-3 F1 CD4
FEERB EMICII £ FE A, BI — 27| LK
B8 15 MHC 11 2K 2 F 89 4F 2 M 470 1K 44H10, B2 EHR
LAG-3 /-5 # CDA-MHC 11 2K 4 F A8 B 1% Jl & FEL i = >
R4 LAG3-MHC 11 %4 F 48 Z/E A KD ~ 5~50 pmol/L)
LA B CD4-MHC 11 K - FAHEAER (KD > 200 pmol/L) "™,

X — W KA LAG-3 AP A # & 5CDA % & 4
AMICTI R4 F. Z LR, EEBBBENELT,
LAG-3 2 E A LIACDA EMACII (40 T H 4 TN EE
#— LR R,

Pk CD4* T 28 B 41, LAG-3 ¥ 7] 41 4] CD8* T 48 gL #y
EAE, EEAMEEE AN F,CD8 T4 MK
EREAEARAL EREMFE. B H—H
R ag W, R K MHC IT 2k 4 F B CD8™ T 48 AL 72 ik B2 98k
DIHFEF R AR FNTERE, MAERIBRMHC I %
A F A B9 IE LT MHC IT 26 4 F % LAG-3+ CD8* T 48
MR R AR &I A R & ER, 2T, FE
MHC IT 2 4 F %t CD4* T 28 jf, KK Bt 7 A 49 4 41 U &
o AL, B RN R BA, LAG-3 2 AN R B MHC T
Ko FHIE T 5 TCR-CD3 & A 4 4 3 H:fb, 75 FHL T
CD4/CD8 1] TCR #:3% LCK, A T [ {5 CD3 ¢ & %% B (X417
BT, 45 0 38 1| LAG-3 D2 BB /N R 2 %
L& COBTW ] B 3R LAG-3 B [ JB — B AR 45 4 , 3 &M%
HAETCRE A F =A™, BE, ¥ & HFIELAG-3
# 4§ 5 TCR-CD3 & A K A8 B 1E A By 4 1 HiAnik .
X — & AR T LAG-3 5 PD-1/CTLA-4 1 oy g 2 7"V,
F % BA pMHC 11 2§ 4 F-LAG-3 4 A& 7] 8 7£ LAG-3 k i&
EXIRET 40 80 o Ak A LI 2, A9 R K Az 5 1R
5 B AR R G R e 2 ALA, 54 5 $E 1 LAG-3
W R B R EER
1.2.2 FGL1-LAG-3 % /-5 B9 T 28 A 407 1 L. 7l

FGL1 2 ¥ 4F 5k & 3 89 LAG-3 B ik , = B oy AT 48 A
Ak, FE L R B 4 BE B KA. FGLL &R IR =
EAEE, EEEATEORFEFREAE. 25
FFE A fo At #A R R . 2019 4, FGL1 # % & 4 LAG-3
B9 EAEMHCIL £ 2 F X Bk, s %" B o<, FGL1 &
DR EEMNEALAGS, AL EMH THMEHAS
KL I &, 7] B A £ P 2RSS P R e Rk, BT FGL-
LAG-3 48 B 1 | o] 1k & T 40 JiL 75 1 3 3R 5L PD-1 9677
BR. FGL1Za@a — M ISERMNE S -£d
% M4 (coil-coil domain, CCD) L B —/M4F £ 7% &
JR #E 45 #9358, (fibrinogen-1ike domain, FD). 33T xf
LAG-3 He. 41~ & 4 45 ] B9 B AT & 3N, FD WY P Ok 2% 45 #7338
bk A A& R 5 LAG-3 DI X3 # loop 2 X E#YIE
BAAEEAMEER D2REBHNRLEE T
LAG-3 B9 %5 &, [7] Bt #F 50 48 H , FGL1 #Y CCD X 3 /)
ETHEEFNA, ERNHFGLL & LAG-3 9 4 4 1
BT #IKFD, % T LAG-3 B & FHH K IW# T 40 f &
I, 1 LAG-3 B9 14K COBTW [ 45 4 LAG-3 #y D2
[X 35, , 2 7~ FEL 7 LAG-3 5 MHC I 2 4 F{E 47 4] 7 LAG-3
B 3 BEDY, T JE B T (B E B, COBTW 5] B FHL 8 pMHC 1T
% /- F -LAG3 #1 FGL1-LAG-3, 12 [EL #r pMHC II 2% 4 T
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LAG-3 B9 3 X E & 5 ¥t — & X th ® & LAG-3 48 g
pMHC IT 2% 4 F F2 FGL1 #9 1k | , & BF pMHC 1T 2% 2 F i
JEFGL1 2 LAG-3 B9 £ B o G M BD K™ . 8 3T 45 4 #fF
R I, COBTW HY 470 fiF J8 78 M £ B4R B T 2 72 LAG-3
% & MHCII k4 F 8 FGL1 5 T3 H IR —RIKE A,
AT BEL BT 47 ) M2 5. T A F-& & & 38 (F-box
protein 38, FBX038)-FGL1 ## & #F % ' & BH , FBX038
i g A5 FGL1 B2 & b e AR ok VA 35 o Ae = b, i o
fit J& 28 fg o FBXO38 By &k %k & R B FGL1 R # A&, A
MGBEANFHERIFER, E4TEHARE
B % 7~ B9 FGL1* i 98 40 g 5 CD8* TIL #y & ] 3£ &
fr, X Wi £ F LB FCLI E R EHRFFEF L F
Rt o B, KFHARLN, BLE AR FCLL g4
fil & LAG-3 #9 K490 { & iz % fb, T =] ¥ £ FGL1 Ml A~
B, XRONFGLI FREFEEMMIE ERE 5 H A
- F (i MHC 1T 2k 4~ F) Hr [l A 868 2% #E LAG-3 By 41
B RE; AL FGLL fi X LAG-3 Z ZE W BEFE
MHC IT 25 2~ F FEL W7 #% P& , B R FGL1 ¥ fE 8 L B &
LAG-3 M & ket z 2, MEFAELE FHELLB
W BJ8 & @ (Casitas B-Lymphoma, CBL) ™,

RZ, BRI\ A MACTT K 4 F A1 FGL1 42 1~ [F] 4 2
FREAHTIRAETEENIER 2K
%97 BB MHC T 26 4 F & & BB AR ; T A it 8
P, 45 A & A2 B 4 FGL1 7 &k 34 99 P8 =+, FGL1
HREREE EEWNIER.

1.2.3  HAEARA-T 09T 40 fo 37 &AL

A3 0B & £ -3(galectin-3, Gal-3)"* T E RN
FA i C A gEE & (1iver and lymph node sinusoidal
endothelial cell C-type lectin, LSECtin) ™,

o- 5 b & B (alpha-synuclein, a-syn) PV [E B4 %
A LAG-3 Y ATk . 44T , X 28 - F 1F 4 LAG-3
BAETARN 2 THHF B R T2 EH, Gal-3H HHE
i 3% 5 LAG-3 T [ 47 4| CDS* T 48 B o & , A\ T 1 2 i
. B K B 40 i R 1A B LSECtin ]
5 D8 T4 M EHILAG-3 & A&, B Z (D8 T 4
IFN-y 2 8 2 T/, o ab g 90 %™, Bl B E 52
BR300 f 8 F LSECtin.Gal-3. A 2 & 4 M4 B 11 % 4
F(human leukocyteantigen class II, HLA-II) £ A+
Y& 4 Mo A0 % 40 B b 4 B LAG-3 B & R AT T F
ER, mFAR R, AFE W K4 LB LSECtin
i 1t 5 CD4* T 40 f (£ & £ Th17 T2 &% M # LAG-3
L4, DEMF ThIT HARF NN BT 8 3E
Bl F 4 3. o-syn G 42 H LU& 3E A0 77 45 6 LAG-3 JF
IR B e 4 AR A K B9 o-syn R BB R, B AL
R H R H LAG-3 E AR BN B WA T F JLF AL
F ik, BBl LAG-3 T & T 2" a-syn 77 2 £ & 5
GZLER™, RFHARIEL, KERTAEEEAL
(amyloid precursor-like protein 1, Aplpl) =&
LAG-3 Wy X S B B 1K, Fi & W R & & W K 18
7 o -syn T @ Bl MR 4 4 (o -syn preformed
fibrils, a-syn PFF)fE 44 7 8] 09 45 &, 19 & Fo 20 J
8] % %% , ] B+ £ PD /N AR A o, M B fi o-syn PFF 3
A B LAG-3 /5 B9 A & m Bl N a-syn JF 22 o 41 22
BT, %A IAIEHE,LSECtin.Gal-3 5 a-syn PFF
B R AL B 2. 75 0 B9 4 A A o g 3R lE , B B AR AL
FAABRBREX¥RXARAE—FHAHAH. B1HART
TEAERE R ERE AT,

‘ ‘ ‘ ------- ‘ ‘ ------- ‘
B al (L n
PRI/ R Jettr D0 gr o PDLI e PMHCE,
MEC ® s CDS6 e PD-L2 Sy MFGLI .
| | o* i "L » * GaLETIN-3 ]
GuRERE AL . . " . LSECtn3 |

n ] B
sim @ GRsom T . as OSYN :
\!‘/ Y o u nt el u

&
TCR KJI . . i - .
e S o . (R al n
T o CTLA-4 et PD-1 et LAG-3 E
: o " [ " [
FEE R R R R L4 sssnmee “"'Sueeweee L 4
1 RERESSEFNES

2 LAG-3{ES# 5%

LAG-3 i T % ¥ AL %I 30 % T 40 A #9 7 10 F 2 BL 24
B AT RSP EBENE AN AEREHEET.
54 % 4 54 & 5 4 F (4n PD-1.CTLA-4) 1~ &, LAG-3

B A X 4 2 BB TTIM =% TTSM, 77 A2 3 38 J 4 e
e EF N IHE T,
2.1 LAG-3#9H&RAZ 5 5B F125

LAG-3MIfE T8 T 5M&I sh a4 4 A AP AE R
2 )& {2 5 (tonic signaling) FMEL A F & W 2 &

are
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(ligand-induced signaling).

ERE 5~ EWNIH 28 LAG-3 &£k 5Bk 4
A BE B X T 40 B 5 A — E AR E R4 LY, A A
177 4) 7 gk 38 3F LAG-3 5 TCR-CD3 £ & #y £ T 40 i R T
ATEHNCEERN. ARWEAA,BIFEAHKRZ
MHCIT 2% 4 F 8k H At B 40 TR AR B9 1 L T, LAG-3 R 2k Y
T 20 R 477 & I ) 38 R BN 5 L Fm 3 7B Bk 7, 4R O LAG-3
AR AR B A TR o e, X AP RS AT
] 7T gk 18 1 LAG-3 AL /Y X By £ A4 %) & 7 (W EP %
FOEETARAELEE, TEFFHIH N2
LAG-3 &5 B2 f& (4n MHC IT 2k 2 F .FGL1) 4 A& J& i & #Y
i ERFHNNFAGES. AR ATER, T
R FHILAG-3 B M T R Bz R B E 1,
22 LAG3EFARALARE

LAG-3 M Msm B & R X & LR FESEE KL
B X Ry R A T, L 4E 1 3 B9 BRS 7 FSALE %
Jr (A B A 2 8RB R A &) KIEELE # 7
(& F iz £ 40 & K490) DL & C 3% & & 8 EP ¥
Jpliteamel o B AR R R I B R W 4 T 1A 4R B
LAG-3 #8 = & & (LAG-3-associated protein, LAP) ¢
BRMEMESIAGIHANXE T FERP ELZFH X
F BT R FABE EET R — S RIE,

LAG-3 15 & % 5 89 2 /0 HL % £ B2 4R % 5 79 K490
fr B K63 % # 4 Rz FH", &I R LAG-3 7 fE A
RNEARH., G2, ZFMMENLASETHL T
Fr* B AT, LAG-3 B9 i /9 X FSALE % 7 3 3%
BiKERI NI, X TR RS, TEBET
BlEENF, BT A FSALE £ F R A L HEH T
FSALE & LAG-3 3 | 2 s MIAZ S $AT L. 4 LAG-3
SWARMICI k4 FHBELEEGAFGLDE 6 F,TH
JiL 4 7% f & CBL X ik E3 72 % % g (£ 322 CBL-b f1
c-CBL) #y 85 BR k. 1 #8 % . CBL /- % LAG-3 K490 {i &
K63 EBEL Rz Zh, XHEBRBEZZMBHSR
BFSALERE FANE BRI R, REL THTH
WS F. LK, LAG-3EZ ENG AW R T ERCH
K490 R & A5 & B B & 2 K I H] o E, & Fr B A A
F R I G LAG-3 E A R/ RAE L, X E #IEH
TZENALAG-3 T H h eb 0 F . B # A
F ¥ ,PD-1/LAG-3 3£ 15 5 E 4 12 W9 T 4 JiL #2 PD-1/
PD-L1 #0476 97 7o KR B9 4F /1N 48 i fiti & (NSCLC) & #
BA T 26 B, 5 2 W 2 %] c-Cb1/Cbl-b B B Rk A M g &,
FSALE % 7 B i J& 09 B AR T s AL 4 TR R o,
B R0A 0 T BB E (1) T3 LCK # B 1y 3 & Fo v 1k
(BP £ F ALHD" 5 (2) B3R CD3 ¢ -LCK i~ A 20~ B %t
R B, , AT A0 4] TCR 2 3% 15 5 s A5 (3D 7] B
BEABMEUBRBERTEEA.

LAG-3 i, 9 [X &7 BP % ¥ (Glu-Pro —FKE & F 7))
REMBI G 7 — KB EH, TRIEE"ET,
LAG-3 & 4k B9 T 40 A 75 & 18 TCR R ¥k & 4 T & I
Fr 045 B T A UL . FF S0 ZAPTO AKT A ERK % BR
., IE 52 LAG-3 72 TCR ¥ 3% 15 5 7 & K HE M HI1E Al .
2R Bk T B M B EP A 7 B 46 18 3T B e (B R
5 CD4/CDS % £ #y FfL A1 3% 45 A, 5 % (K TCR-CD3-CD4/
CD8 & &4y J& B 9 Jay 5 pH, WA T B 3% 3£ 2 4R 5 LCK 2
8] B9 4 A A o

SZAHYMHR(H2),LAC-3 ST TR
HUTHER, £#ERECRERMALE A, LAG-3
7 fiL T TCR-CD3 & & 1R Mf 1T, H EP % 7 48 3 & b 4
B, ETHEBELEME, ERERAS(RKSES)
Bt,LAG-3 5 48 2 pMHC IT 2% 7 F sk £ 4 4 A FGL1 4 4
J&, T 48 fVE L% § CBL B8 L 1 8 3 £ LAG-3, /%
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kL, EMERE R ER LSRR
AT, &K RCDA o CD8*Y T 40 f 42 38 B4 A%
FE A, LAG-3 1 M T 48 A (Treg 40 )"
PLE CD4* T REH T 28 8 (type 1 Treg 2888, Trl
9 ) Fu B 4 NK 48 H NKT 48 f2 B 48 i fo pDC  #44
R, KW, EETHERBARF,LAG-3 BT b %
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LAG-3 RALKRIAV B ZMH| C(IWEE, R T E
M THERAITE G . 7 — AR,
1L-27 12 5 6 £ 18 Treg 40 i & @ #9 LAG-3 &k ik, 3@
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NK 20 jf1 & 3£ LAG-3"", #sm it FAKE Y RH, K
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PR DUFE 3 B 5 0 TR B Sk 7 NK 48 ffE B TFN-y 7=
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(relatlimab + nivolumab & & 7| & 4 4, & B % i
e E N FD B R HATFH LAG-3 + PD-1 X FEL U 5 8 oy
B, AE L BRERET BT RZE. A, LAG-3H &
MEE M. SR MG E ST EERNG . REE

WA R B R A 4 B BT T R R

KK, HEXNLAG-3 5 NG (A £z £
tHEE RAEEESONFENER, URTFREA
FAMBATALEGEEPAFTWIF R PR
FLLAG-3 R H it T AL LN B ENEH 5 ERA
BB TR, QKA BT R A
LAG-3 ¥ 15 2 A R R IR B R &, 2 —
¥ 46 B LAG-3 B9\l R Rz R 418 .

[& £ 3 #]

[1] PARDOLL, D. The blockade of immune checkpoints in cancer
immunotherapy[J]. Nat Rev Cancer, 2012, 12(4) 252-264. DOI:
10.1038/nrc3239.

[2] GAJEWSKI T, SCHREIBER H, FU Y X. Innate and adaptive
immune cells in the tumor microenvironment[J]. Nat Immunol,
2013,14(10):1014-1022. DOI: 10.1038/ni.2703.

[3] LEACH D R, KRUMMEL M F, ALLISON J P. Enhancement of
antitumor immunity by CTLA-4 blockade[J]. Science, 1996, 271
(5256):1734-1736. DOI: 10.1126/science.271.5256.1734.

[4] ANSELL S M, HURVITZ S A, KOENIG P A, et al. Phase [ study

of ipilimumab, an anti-CTLA-4 monoclonal antibody, in patients

with relapsed and refractory B-cell non-Hodgkin lymphoma[J].

Clin Cancer Res, 2009, 15(20): 6446-6453. DOI: 10.1158/1078-

0432.CCR-09-1339.

TRIEBEL F, JITSUKAWA S, BAIXERAS E, et al. LAG-3, a novel

lymphocyte activation gene closely related to CD4[J]. J Exp Med,

1990, 171(5): 1393-1405. DOI: 10.1084/jem.171.5.1393.

[6] TOPALIAN S L, HODI F S, BRAHMER J R, et al. Safety, activity,

—
W
[}

and immune correlates of anti-PD-1 antibody in cancer[J]. N Engl J
Med, 2012, 366(26):2443-2454. DOI: 10.1056/NEJMoa1200690.
[7] GROSSO J F, GOLDBERG M V, GETNET D, et al. Functionally
distinct LAG-3 and PD-1 subsets on activated and chronically
stimulated CD8 T cells[J]. J Immunol, 2009, 182(11): 6659-6669.
DOI: 10.4049/jimmunol.0804211.
SILBERSTEIN J L, DU J, CHAN K W, et al. Structural insights

—
oo
[}

reveal interplay between LAG-3 homodimerization, ligand binding,
and function[J/OL]. Proc Natl Acad Sci USA, 2024, 121(12):
€2310866121[2005-09-11]. https://pubmed. ncbi. nlm. nih. gov/
38483996/. DOI: 10.1073/pnas.2310866121.

[9] MARUHASHI T, SUGIURA D, OKAZAKI I M, et al. Binding of
LAG-3 to stable peptide-MHC class Il limits T cell function and
suppresses autoimmunity and anti-cancer immunity[J]. Immunity,
2022, 55(5): 912-924. DOI: 10.1016/j.immuni.2022.03.013.

[10] WANG J, SANMAMED M F, DATAR 1, et al. Fibrinogen-like
protein 1 is a major immune inhibitory ligand of LAG-3[J]. Cell,
2019, 176(1/2): 334-347. DOL: 10.1016/j.cell.2018.11.010.

[11] GUY C, MITREA D M, CHOU P C, et al. LAG-3 associates with
TCR-CD3 complexes and suppresses signaling by driving co-
receptor-Lek dissociation[J]. Nat Immunol, 2022, 23(5): 757-767.
DOI: 10.1038/s41590-022-01176-4.

[12] TAWBI H A, SCHADENDORF D, LIPSON E J, et al. Relatlimab and
nivolumab versus nivolumab in untreated advanced melanoma[J]. N
Engl J Med, 2022, 386(1): 24-34. DOI: 10.1056/NEJM0a2109970.



+ 1218 -

rhE R AE IR T 2R &, 2025, 32(12)

[13] HUARD B, GAULARD P, FAURE F, ez al. Cellular expression and
tissue distribution of the human LAG-3-encoded protein, an MHC
class Il ligand[J]. Immunogenetics, 1994, 39(3): 213-217. DOL:
10.1007/BF00241263.

[14] WORKMAN C J, DUGGER K J, VIGNALI D A A. Cuiting edge:
molecular analysis of the negative regulatory function of
lymphocyte activation gene-3[J]. J Immunol, 2002, 169(10): 5392-
5395. DOLI: 10.4049/jimmunol.169.10.5392.

[15] JIANG Y, DAI A R, HUANG Y W, et al. Ligand-induced
ubiquitination unleashes LAG-3 immune checkpoint function by
hindering membrane sequestration of signaling motifs[J]. Cell,
2025, 188(9): 2354-2371. DOL: 10.1016/j.cell.2025.02.014.

[16] MAEDA T K, SUGIURA D, OKAZAKI I M, et al. Atypical motifs
in the cytoplasmic region of the inhibitory immune co-receptor
LAG-3 inhibit T cell activation[J]. J Biol Chem, 2019, 294(15):
6017-6026. DOI: 10.1074/jbc.RA119.007455.

[17] LI N 'Y, WORKMAN C J, MARTIN S M, et al. Biochemical
analysis of the regulatory T cell protein lymphocyte activation gene-
3 (LAG-3; CD223)[J]. J Immunol, 2004, 173(11): 6806-6812. DOI:
10.4049/jimmunol.173.11.6806.

[18] LUCA V C. LAG time in the era of immunotherapy-new molecular
insights into the immunosuppression mechanism of lymphocyte
activation gene-3[J/OL]. Immunol Rev, 2025, 330(1): €70002[2025-
09-11]. https://pubmed.ncbi.nlm.nih. gov/39887765/. DOI: 10.1111/
imr.70002.

[19] MISHRA A K, SHAHID S, KARADE S S, et al. CryoEM structure
of a therapeutic antibody (favezelimab) bound to human LAG3
determined using a bivalent Fab as fiducial marker[J]. Structure,
2023, 31(10): 1149-1157. DOI: 10.1016/j.5tr.2023.07.013.

[20] ADAM K, LIPATOVA Z, ABDUL GHAFOOR RAJA M, et al.
Cutting edge: LAG3 dimerization is required for TCR/CD3
interaction and inhibition of antitumor immunity[J]. J Immunol,
2024, 213(1): 7-13. DOI: 10.4049/jimmunol.2300673.

[21] BAIXERAS E, HUARD B, MIOSSEC C, et al. Characterization of
the lymphocyte activation gene 3-encoded protein. A new ligand for
human leukocyte antigen class Il antigens[J]. J Exp Med, 1992,
176(2): 327-337. DOIL: 10.1084/jem.176.2.327.

[22] HUARD B, MASTRANGELI R, PRIGENT P, et al
Characterization of the major histocompatibility complex class I
binding site on LAG-3 protein[J]. Proc Natl Acad Sci USA, 1997,
94(11): 5744-5749. DOLI: 10.1073/pnas.94.11.5744.

[23] MARUHASHI T, OKAZAKI I M, SUGIURA D, et al. LAG-3
inhibits the activation of CD4" T cells that recognize stable pMHC
II' through its conformation-dependent recognition of pMHC II [J].
Nat Immunol, 2018, 19(12): 1415-1426. DOI: 10.1038/s41590-018-
0217-9.

[24] MING Q Q, ANTFOLK D, PRICE D A, et al. Structural basis for
mouse LAG-3 interactions with the MHC class Il molecule [ -Ab
[J/JOL]. Nat Commun, 2024, 15(1): 7513[2025-09-11]. https:/
pubmed. ncbi. nlm. nih. gov/39209860/. DOI: 10.1038/541467-024-
51930-5.

[25] PETERSEN J, LLERENA C, GOLZARROSHAN B, et al. Crystal
structure of the human LAG-3-HLA-DR1-peptide complex[J/OL].
Sci Immunol, 2024, 9(102): eads5122[2025-09-11]. https://pubmed.
ncbi.nlm.nih.gov/39671469/. DOI: 10.1126/sciimmunol.ads5122.

[26] DUBISKI S, CINADER B, CHOU C T, et al. Cross-reaction of a
monoclonal antibody to human MHC class Il molecules with
rabbit B cells[J]. Mol Immunol, 1988, 25(8): 713-718. DOI:
10.1016/0161-5890(88)90107-1.

[27] WORKMAN C J, VIGNALI D A A. Negative regulation of T cell
homeostasis by lymphocyte activation gene-3 (CD223)[J]. J Immunol,
2005, 174(2): 688-695. DOI: 10.4049/jimmunol.174.2.688.

[28] DO J S, VALUJSKIKH A, VIGNALI D A A, et al. Unexpected role
for MHC Il -peptide complexes in shaping CD8 T-cell expansion
and differentiation in vivo[J]. Proc Natl Acad Sci USA, 2012, 109
(31): 12698-12703. DOI: 10.1073/pnas.1207219109.

[29] MING Q Q, CELIAS D P, WU C, et al. LAG3 ectodomain structure
reveals functional interfaces for ligand and antibody recognition[J].
Nat Immunol, 2022, 23(7): 1031-1041. DOI: 10.1038/s41590-022-
01238-7.

[30] TIAN T G, XIE X, YI W W, et al. FBXO38 mediates FGLI1
ubiquitination and degradation to enhance cancer immunity and
suppress inflammation[J/OL]. Cell Rep, 2023, 42(11): 113362
[2025-09-11]. https://pubmed. ncbi. nlm. nih. gov/37938970/. DOI:
10.1016/j.celrep.2023.113362.

[31] DESAI S S, SANMAMED M FE, WANG 1J, et al. OA09.04 spatial
mapping and clinical significance of the LAG-3/FGL1 pathway in non-
small cell lung cancer using high-dimensional tissue imaging[J/OL].
J Thorac Oncol, 2022, 17(9): S25[2025-09-11]. http://dx. doi. org/
10.1016/j.jtho.2022.07.049. DOI: 10.1016/].jth0.2022.07.049.

[32] KOUO T, HUANG L Q, PUCSEK A B, et al. Galectin-3 shapes
antitumor immune responses by suppressing CD8" T cells via LAG-3
and inhibiting expansion of plasmacytoid dendritic cells[J]. Cancer
Immunol Res, 2015, 3(4): 412-423. DOI: 10.1158/2326-6066.CIR-14-
0150.

[33] XU F, LIU J, LIU D, et al. LSECtin expressed on melanoma cells
promotes tumor progression by inhibiting antitumor T-cell responses
[J]. Cancer Res, 2014, 74(13): 3418-3428. DOI: 10.1158/0008-
5472.CAN-13-2690.

[34] MAO X B, OU M T, KARUPPAGOUNDER S S, et al. Pathological
a-synuclein transmission initiated by binding lymphocyte-activation
gene 3[J/OL]. Science, 2016, 353(6307): aah3374[2025-09-11]. https:
//pubmed.ncbi.nlm.nih.gov/27708076/. DOI: 10.1126/science.aah3374.

[35] SOURI Z, WIERENGA A P A, KROES W G M, et al. LAG3 and its
ligands show increased expression in high-risk uveal melanoma[J/OL].
Cancers (Basel), 2021, 13(17): 4445[2025-09-11]. https://pubmed.ncbi.
nlm.nih.gov/34503258/. DOIL: 10.3390/cancers13174445.

[36] MARTINEZ-LOPEZ S, JUANOLA O, GOMEZ-HURTADO 1, et al.
LSECtin attenuates hepatic Th17 expansion in a murine model of
cirrhosis and signals through the LAG-3 receptor[J/OL]. JHEP Rep,
2025, 7(9): 101482[2025-09-11]. https://pubmed. ncbi.nlm.nih. gov/
40810102/. DOI: 10.1016/j.jhepr.2025.101482.

[37] FREEZE B, ACOSTA D, PANDYA S, et al. Regional expression of
genes mediating trans-synaptic alpha-synuclein transfer predicts
regional atrophy in Parkinson disease[J]. Neuroimage Clin, 2018,
18: 456-466. DOI: 10.1016/j.nicl.2018.01.009.

[38] EMMENEGGER M, DE CECCO E, HRUSKA-PLOCHAN M, et al.
LAG-3 is not expressed in human and murine neurons and does not
modulate a-synucleinopathies[J/OL]. EMBO Mol Med, 2021, 13(9):
e14745[2025-09-11]. https://pubmed. ncbi. nlm. nih. gov/34309222/.



FEERAE, 55 Rk & R LAG-3 I DI RERLH 51

ZSNAE

+ 1219 -

DOL: 10.15252/emmm.202114745.

[39] MAO X B, GU H, KIM D, et al. Aplpl interacts with Lag-3 to facilitate
transmission of pathologic a-synuclein[J/OL]. Nat Commun, 2024, 15
(1): 4663[2025-09-11]. https://pubmed.ncbi.nlm.nih.gov/38821932/.
DOLI: 10.1038/s41467-024-49016-3.

[40] DUAN Q R, ZHANG Q X, JIANG S L, et al. Transmission of
peripheral blood a-synuclein fibrils exacerbates synucleinopathy and
neurodegeneration in Parkinson’ s disease by endothelial Lag-3
endocytosis[J]. Am J Physiol Cell Physiol, 2025, 328(3): C836-C855.
DOI: 10.1152/ajpcell.00639.2024.

[41] WORKMAN C J, VIGNALI D A A. The CD4-related molecule,
LAG-3 (CD223), regulates the expansion of activated T cells[J].
Eur J Immunol, 2003, 33(4): 970-979. DOI: 10.1002/¢ji.200323382.

[42] IOUZALEN N, ANDREAE S, HANNIER S, et al. LAP a lymphocyte
activation gene-3 (LAG-3)-associated protein that binds to a repeated
EP motif in the intracellular region of LAG-3, may participate in the
down-regulation of the CD3/TCR activation pathway[J]. Eur J
Immunol, 2001, 31(10): 2885-2891. DOI: 10.1002/1521-4141
(2001010)31:10<2885::aid-immu2885>3.0.c0;2-2.

[43] AIGNER-RADAKOVICS K, DE SOUSA LINHARES A, SALZER
B, et al. The ligand-dependent suppression of TCR signaling by the
immune checkpoint receptor LAG3 depends on the cytoplasmic
RRFSALE motif[J/OL]. Sci Signal, 2023, 16(805): eadg2610[2025-
09-11]. https://pubmed.ncbi.nlm.nih.gov/37788323/. DOI: 10.1126/
scisignal.adg2610.

[44] CHOCARRO L, BLANCO E, FERNANDEZ-RUBIO L, et al. PD-1/
LAG-3 co-signaling profiling uncovers CBL ubiquitin ligases as key
immunotherapy targets[J]. EMBO Mol Med, 2024, 16(8): 1791-1816.
DOI: 10.1038/s44321-024-00098-y.

[45]1 DU J, CHEN H, YOU J, et al. Proximity between LAG-3 and the T
cell receptor guides suppression of T cell activation and
autoimmunity[J]. Cell, 2025, 188(15): 4025-4042. DOIL: 10.1016/j.
cell.2025.06.004.

[46] LI N Y, WANG Y, FORBES K, et al. Metalloproteases regulate T-
cell proliferation and effector function vie LAG-3[J]. EMBO 1J,
2007, 26(2): 494-504. DOI: 10.1038/sj.emboj.7601520.

[47] ANDREWS L P, SOMASUNDARAM A, MOSKOVITZ I M, et al.
Resistance to PD1 blockade in the absence of metalloprotease-
mediated LAG3 shedding[J/OL]. Sci Immunol, 2020, 5(49):
eabc2728[2025-09-11].  https://pubmed. ncbi. nlm. nih. gov/
32680952/. DOL: 10.1126/sciimmunol.abc2728.

[48] GORGULHO J, RODERBURG C, BEIER F B, et al. Soluble
lymphocyte activation gene-3 (sLAG-3) and CD4/CDS8 ratio
dynamics as predictive biomarkers in patients undergoing immune
checkpoint blockade for solid malignancies[J]. Br J Cancer, 2024,
130(6): 1013-1022. DOI: 10.1038/541416-023-02558-7.

[49] LI N, JILISIHAN B, WANG W, et al. Soluble LAG-3 acts as a
potential prognostic marker of gastric cancer and its positive
correlation with CD8" T cell frequency and secretion of IL-12 and
INF-v in peripheral blood[J]. Cancer Biomark, 2018, 23(3): 341-
351. DOLI: 10.3233/CBM-181278.

[S0] LI'Y, WANG W W, TIAN J L, et al. Clinical significance of soluble
LAG-3 (sLAG-3) in patients with cervical cancer determined via
enzyme-linked immunosorbent assay with monoclonal antibodies[J/

OL]. Technol Cancer Res Treat, 2023, 22: 15330338231202650

[2025-09-11]. https://pubmed. ncbi. nlm. nih. gov/37968933/. DOI:
10.1177/15330338231202650.

[51] XIONG X, DUAN Z, ZHOU H, et al. The relationship between soluble
lymphocyte activation gene-3 and coronary artery disease[J/OL]. Front
Cardiovasc Med, 2022, 9: 988582[2025-09-11]. https://pubmed.ncbi.
nlm.nih.gov/36247429/. DOIL: 10.3389/fcvm.2022.988582.

[52] ROY A, CHOUDHURY S, BANERJEE R, et al. Soluble LAG-3
and toll-interacting protein: novel upstream neuro-inflammatory
markers in Parkinson’ s disease[J]. Parkinsonism Relat Disord,
2021, 91: 121-123. DOI: 10.1016/j.parkreldis.2021.09.019.

[53] ANDREWS L P, VIGNALI K M, SZYMCZAK-WORKMAN A L,
et al. A Cre-driven allele-conditioning line to interrogate CD4"
conventional T cells[J]. Immunity, 2021, 54(10): 2209-2217. e6.
DOI: 10.1016/j.immuni.2021.08.029.

[54] WOO S R, TURNIS M E, GOLDBERG M V, et al. Immune
inhibitory molecules LAG-3 and PD-1 synergistically regulate T-
cell function to promote tumoral immune escape[J]. Cancer Res,
2012, 72(4): 917-927. DOI: 10.1158/0008-5472.CAN-11-1620.

[55] DO J S, VISPERAS A, SANOGO Y O, et al. An IL-27/Lag-3 axis
enhances Foxp3™ regulatory T cell-suppressive function and
therapeutic efficacy[J]. Mucosal Immunol, 2016, 9(1): 137-145.
DOI: 10.1038/mi.2015.45.

[56] OVERACRE-DELGOFFE A E, VIGNALI D A A. Treg fragility: a
prerequisite for effective antitumor immunity?[J]. Cancer Immunol
Res, 2018, 6(8): 882-887. DOI: 10.1158/2326-6066.cir-18-0066.

[57] GAGLIANI N, MAGNANI C F, HUBER 8, et al. Coexpression of
CD49b and LAG-3 identifies human and mouse T regulatory type 1
cells[J]. Nat Med, 2013, 19(6): 739-746. DOI: 10.1038/nm.3179.

[58] ANDREWS L P, MARCISCANO A E, DRAKE C G, et al. LAG-3
(CD223) as a cancer immunotherapy target[J]. Immunol Rev, 2017,
276(1): 80-96. DOI: 10.1111/imr.12519.

[59] HUANG C T, WORKMAN C J, FLIES D, et al. Role of LAG-3 in
regulatory T cells[J]. Immunity, 2004, 21(4): 503-513. DOLI:
10.1016/j.immuni.2004.08.010.

[60] KIM D, KIM G, YU R Z, et al. Inhibitory co-receptor Lag3
supports Foxp3' regulatory T cell function by restraining Myc-
dependent metabolic programming[J]. Immunity, 2024, 57(11):
2634-2650. DOI: 10.1016/j.immuni.2024.08.008.

[61] WORKMAN C J, RICE D S, DUGGER K J, et al. Phenotypic
analysis of the murine CD4-related glycoprotein, CD223 (LAG-3)
[J]. Eur J Immunol, 2002, 32(8): 2255-2263. DOI: 10.1002/1521-
4141(200208)32:8<2255::AID-IMMU2255>3.0.CO;2-A.

[62] VASILYEVA V, MAKINSON O, CHAN C, et al. LAG3 marks
activated but hyporesponsive NK cells[J/OL]. Eur J Immunol,
2025, 55(7): €70009[2025-09-11]. https://pubmed.ncbi.nlm.nih.gov/
40705324/. DOI: 10.1002/¢ji.700009.

[63] GE H, GUO N, LIU Y, et al. The inhibitory receptor LAG-3 affects
NK cell IFN- vy production through glycolysis and the PSAT1/
STAT1/IFNG pathway[J/OL]. mBio, 2025, 16(6): ¢0023025[2025-
09-11]. https://pubmed.ncbi.nlm.nih.gov/40298450/. DOI: 10.1128/
mbio.00230-25.

[64] LINO A C, DANG V D, LAMPROPOULOU YV, et al. LAG-3
inhibitory receptor expression identifies immunosuppressive natural
regulatory plasma cells[J]. Immunity, 2018, 49(1): 120-133. DOI:
10.1016/j.immuni.2018.06.007.



+ 1220 -

rhE R AE IR T 2R &, 2025, 32(12)

[65] HU S, TAO Y, HU F, et al. Diminished LAG-3" B cells correlate
with exacerbated rheumatoid arthritis[J/OL]. Ann Med, 2023, 55
(1): 2208373[2025-09-11]. https://pubmed. ncbi. nlm. nih. gov/
37143367/. DOI: 10.1080/07853890.2023.2208373.

[66] GREBINOSKI S, ZHANG Q X, CILLO A R, et al. Autoreactive
CD8" T cells are restrained by an exhaustion-like program that is
maintained by LAG-3[J]. Nat Immunol, 2022, 23(6): 868-877.
DOI: 10.1038/s41590-022-01210-5.

[67] WHERRY E J, HA S J, KAECH S M, et al. Molecular signature of
CDS8" T cell exhaustion during chronic viral infection[J]. Immunity,
2007, 27(4): 670-684. DOI: 10.1016/j.immuni.2007.09.006.

[68] GROSSO J F, KELLEHER C C, HARRIS T J, et al. LAG-3
regulates CD8" T cell accumulation and effector function in murine
self- and tumor-tolerance systems[J]. J Clin Invest, 2007, 117(11):
3383-3392. DOI: 10.1172/JCI31184.

[69] SEIFERT L, PLESCA I, MULLER L, et al. LAG-3-expressing
tumor-infiltrating T cells are associated with reduced disease-free
survival in pancreatic cancer[J/OL]. Cancers (Basel), 2021, 13(6):
1297[2025-09-11]. https://pubmed. ncbi. nlm. nih. gov/33803936/.
DOI: 10.3390/cancers13061297.

[70] DENG W W, MAO L, YU G T, et al. LAG-3 confers poor prognosis
and its blockade reshapes antitumor response in head and neck
squamous cell carcinoma[J/OL]. Oncoimmunology, 2016, 5(11):
€1239005[2025-09-11].  https:/pubmed. ncbi. nlm. nih. gov/
27999760/. DOI: 10.1080/2162402X.2016.1239005.

[71] NGIOW S F, MANNE S, HUANG Y J, et al. LAG-3 sustains TOX
expression and regulates the CD94/NKG2-Qa-1b axis to govern
exhausted CD8 T cell NK receptor expression and cytotoxicity[J].
Cell, 2024, 187(16): 4336-4354. DOLI: 10.1016/j.cell.2024.07.018.

[72] ANDREWS L P, BUTLER S C, CUI J, et al. LAG-3 and PD-1
synergize on CD8" T cells to drive T cell exhaustion and hinder
autocrine IFN-y-dependent anti-tumor immunity[J]. Cell, 2024, 187
(16): 4355-4372. DOI: 10.1016/j.cell.2024.07.016.

[73] CILLO A R, CARDELLO C, SHAN F, et al. Blockade of LAG-3
and PD-1 leads to co-expression of cytotoxic and exhaustion gene
modules in CD8" T cells to promote antitumor immunity[J]. Cell,
2024, 187(16): 4373-4388. DOI: 10.1016/j.cell.2024.06.036.

[74] THUDIUM K, SELBY M, ZORN J A, et al. Preclinical
characterization of relatlimab, a human LAG-3-blocking antibody,

alone or in combination with nivolumab[J]. Cancer Immunol Res,

2022, 10(10): 1175-1189. DOI: 10.1158/2326-6066.CIR-22-0057.

[75] HAMID O, LEWIS K D, WEISE A, et al. Phase [ study of
fianlimab, a human lymphocyte activation gene-3 (LAG-3)
monoclonal antibody, in combination with cemiplimab in advanced
melanoma[J]. J Clin Oncol, 2024, 42(24): 2928-2938. DOI:
10.1200/JC0O.23.02172.

[76] LIN C C, GARRALDA E, SCHOFFSKI P, et al. A phase 2,
multicenter, open-label study of anti-LAG-3 ieramilimab in
combination with anti-PD-1 spartalizumab in patients with
advanced solid malignancies[J/OL]. Oncoimmunology, 2023, 13
(1): 2290787[2025-09-11]. https://pubmed. ncbi. nlm. nih. gov/
38170160/. DOI: 10.1080/2162402X.2023.2290787.

[77] NAING A, GAINOR J F, GELDERBLOM H, et al. A first-in-human
phase 1 dose escalation study of spartalizumab (PDRO0O01), an anti-
PD-1 antibody, in patients with advanced solid tumors[J/OL]. J
Immunother Cancer, 2020, 8(1): €000530[2025-09-11]. https://doi.org/
10.1136/5itc-2020-000530. DOI: 10.1136/jitc-2020-000530.

[78] ARMAND P, ZINZANI P L, TIMMERMAN J, et al. Estimating
efficacy of favezelimab plus pembrolizumab relative to pembrolizumab
in anti-PD-1-refractory Hodgkin lymphoma[J]. Blood Adv, 2025, 9
(19): 4987-4995. DOI: 10.1182/bloodadvances.2024014654.

[79]1 LUKE J J, PATEL M R, BLUMENSCHEIN G R, et al. The PD-1-
and LAG-3-targeting bispecific molecule tebotelimab in solid
tumors and hematologic cancers: a phase 1 trial[J]. Nat Med, 2023,
29(11): 2814-2824. DOLI: 10.1038/s41591-023-02593-0.

[80] KRAMAN M, FAROUDI M, ALLEN N L, et al. FSII8, a
bispecific antibody targeting LAG-3 and PD-L1, enhances T-cell
activation resulting in potent antitumor activity[J]. Clin Cancer Res,
2020, 26(13): 3333-3344. DOI: 10.1158/1078-0432.CCR-19-3548.

[81] ANGIN M, BRIGNONE C, TRIEBEL F. A LAG-3-specific agonist
antibody for the treatment of T cell-induced autoimmune diseases[J].
J Immunol, 2020, 204(4): 810-818. DOI: 10.4049/jimmunol.1900823.

[82] YANG Z Z, KIM H J, VILLASBOAS J C, et al. Expression of LAG-
3 defines exhaustion of intratumoral PD-1" T cells and correlates with
poor outcome in follicular lymphoma[J]. Oncotarget, 2017, 8(37):
61425-61439. DOI: 10.18632/oncotarget.18251.

(ks HEAT  2025-09-27 [f&EBHA]  2025-11-11
[Axx4wiE]  EdE



