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Advances in glycosylation and targeted therapy of B7 family immune checkpoints
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4 9% K6 A5 15 FBH B Gimmune checkpoint blockade,
ICB) &AL Z M a7 Th IS 1 BRI sh™, 1
R SN Vi <0 I S /I 5 O G S A - = |
(programmed death-1, PD-1)/F2 J5 14 %€ 12 e 44 -1
(programmed death ligand-1, PD-L1)J7i%. #R1, 532
A PRATS A2 2 AT MR VR T ) SR R H Rl
O, SR B o T 2 AR A SR B i 1
ISR % N B AR o BRI AL R A
R BRAE H T R B SR #% 22 B O 0 R 8 TR TR
e CUn R AWt i« 22 2% 75 A IR D T R b 7 B (1) o
o BREZAEY WS T & E B (W EE B
Mo EDO R i+ E M EENEE G2 —,
R 5 A 30 o A 5 A B KD 5 A R AE L R E A B
J A o AR R B A B 2 e A L B SR AR
M 73 9 N-WE AL L O-WE BE AL C-WE BE 4k, 0 Jk i i 19k
L% (glycosylphosphatidylinositol, GPD) % & Al O 3%
PN RIS . o, N-BE IS4 AT O- Wl JE A0 A2 i
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R A A 00 110 B 358 43 388 I 5 W 70 B R a1 L A G
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1.1 PD-LI1

B7 [{JE4) 1(B7-HD) , tH#% 4 PD-L1 8{ CD274 , /&
1 N-FE AL B7 KR e B R B R ek i 2 — , A
B4 N-FEFEALAT 55 - N35.N192.N200 AIIN219%, 24
1 FH P9 7007 J2 156 DK -N- 7 EF 8 F (peptide-N-glycosidase
F, PNGase F) 2 [ 84> N-FE 4544 J5 , PD-L1 0 F& M
45 000 3> F 33 000

2 P 25 A0 1 iR 20 B b R A U B N- R BRI
PD-L1, 04 F A 2000 LI it A g B e 4
R ATk g % e 344k 3 (asparagine-linked glycosylation
3, ALG3) & Z 5 N-HEA0 2 1) oG BEme , 78 /M8 240
LA 0 G 28 S PR B 1 1 b B R S R R4
JEAZIF , ALG3 5 PD-L1 (3R A /KT R IEM G, $#R
ALG3 1T BeE 940 e PD-1 BEIT i 2414 0 75 2E
YIbRED" . PD-L1FESEAL 6 H AR (15 A% e M A
HARH R CHEE, I HIXPMEmIEEE 1 Mg e ikif .
AL W, il 20 B AS49 L H1299 4 it AL i
BT-549 .BLBC 4 /it PD-L1 (1] N-F# B Av 4| L 45 &
FDA #tifE (1121 1% PD-L1 $ik el 28-8) . HHTi2 1T
PEBUAA TG 5 R IO B Hh B 2 A A2 1 1) PD-L1
T aA, FEURRCHRAEZ R , {85 % 5
7] PD-1/PD-L1 it 44 5 97 (Wl 2x . tk4h, PD-L1 B%
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FE 4k 1T B8 B (KA YT M PD-1/PD-L1 Pk BT E /71,
A g A& — LM S B IR T I RIS e ) SR Rl 2 — o
12 B7-H3

B7 [F¥54) 3(B7-H3) , B #7 A CD276, /& BT %)%
HEERGER 5 — ™, £ 2 Mg Al R b T2 R
M, 2 5 R 4N f 3G 5 T RS VIR 2B L I AR R
BEART AT N 24545 , E ELXT T 4 i B A 52 4]
PER™, B7-H3 (105 BB 2 4> N-3% $2 0l 56
fE AL A, B N9T. N104. N189. N215. N309. N322,
N407 FIN4330"9, C A SCHERMHRGE < >k B ER A I
L b B 40 SG AR IK 1Y B7-H3 LA R 2 ik =
5 1T 10 s 65 DR 41 AR e 4 i Ca9-22 3k (1) B7-H3 I
B B IE , U R TE N104/N322 FIN189/N407
B o B7-H3 57 bl Ak 3 2 ph o i i R RS il
Wiz, 25 7 =¥ 1% 7L % (triple-negative breast
cancer, TNBC) fJiRi it J i 21, Bl it 75 B
N91/309 F1 N104/322 %} T B7-H3 £ 4H ffd 3% 1 5t 1 11
T 58 67 LA S A T 40 B s e AE 2 B /H 1. —
BLIX A 05 kA R AR, B7-H3 P i I (endoplasmic
reticulum, ER) 2| 15 /R & 44 [ 17 12 4 45k BHL Wb , 4 L 76
ER 1 8 JF il ERAHC SR IR . /R B7-H3
e MNEEM PR ST BB T H 2R AR
BT, 25 JF BB R0 1% 53 1 (R 25 40 1 TR Y . TRk
U B7-H3 1 5% B8 N- B 5= 40 AL 50 0] 5 A FF R 3 1m)
B7-H3 (1 BT 12 i 44 L R R 2 AR e ik gk — 22 1

5o

13 B7-H4

B7 [ 4(B7-H4) , 4 #5 A B7x - B7S1 8%
V-set 28 H41 355 14T T 201 ff 3% A6 #0 1 ERL - 1 (V-set domain-
containing T-cell activation inhibitor 1, VTCN1). B7-H4
T 22 Fh 88 210 B R0 i3 A G B Wt i iy A .
FAAEME) B7-H4 43184 75 000 5L 60 000, JEREEEAL
&1 B7-H4 4y T 54 28 000, B7-H4 j&—Fh [ s
JEEEH, A — gV 25— 1gC ity Hor
IgV 4IRS T A E AR AECAAREZ PR 45 4, dkifii ) T
AL ERAHIE 52, B7-HA I 1gV S5 R NALAE 112~
1407 5 A — A N-EAR IR AL 3, T 1gC 45093805
B 6N N-TEFRERALAT 5, XS] REFHAS PUASE S
PEREE ] 1gC S5 PR EE &) 32 BB RAL I s,
HB7-HA Btk 5HUE IS GREST T FES . EH AN, ¥
7] B7-H4 1] 1gV &5 M3 54k nT 5 B A 58 58 1 P s
TER o g% 0 ) 5 8 R IS A8 U A2 1 Bk TNBC 230
AT IR RN 2 >, SONG 57K T B7-H4
)5 S N-BEFRAL AT A (N112.N140.N 156 .N160 FIN255)
IR G e e R I E AL . B7-H4 (R IEAL RS
H BB LS Bl STT3A M1 UGGG ik . BEIEALAE T

7 B7-H4 55247 ER [ B3 72 R IEH: H 8 50 A
524 (autocrine motility factor receptor, AMFR) FI#H H.AE
F Rz Z2AC PR R , 3 B7-H4 (R e /I8, 4k
1) T 44 B %) By B FEA2 328 T I8 G 28 4 b SR B R TR o
1.4 B7-H5

B7 [FIYE4) 5(B7-HS) , ARG BRE (1 V X H05H] T
20 Hf & Ak 19 0 i) BT ¥ (V-domain immunoglobulin
suppressor of T cell activation, VISTA) , ;& 7EAEHZ&F
YEFRE T AHARAIBE R ANM 3 SRS IO BT % kot
22—, EEAEN T ,B7-HS £ ERIALEHE R AT R
YL AELZE bR o, B7-HS 0 78 6 £ 30 ) 40 g
(myeloid-derived suppressor cell, MDSC) - 88 ¥ i [1]
R E2 41 A Ctumor infiltrating lymphocyte, TIL) Fl47 5 #2
E4HfM B, EMALDI %68 5 N DB S PNGase F
Ab 3 %5 5E Y B7-HS 19 N- H 2E 40 % (o 1 8940
000~58 000) FAEFEIEAL, B7-H5 (4 T8N 36 500, I
s 1 B7-H5 1 54> N-FEEEALA7 55 (N49 .N91.N108
NI28 FIN135. £~ N-HlE:AL 5B 52 B7-HS & [ 7E
S 6L R S, BRI BITAR B — R A T i R AR S TR R
(N/ADBUR A 2~4 MR FE T B & N/A RAZIS, B7-HS 43
TR AT -5 24 5 D N-PESALTRIE A 588
I, B7-H5 %2 H AR 5T 1T A i o A B |2
SR, N-FE IS0 X B7-HS 5 HBCAAR I AH BAE FH B HoAr
SN AR T A E R R et
IAE A B A
1.5 B7-H6

B7 [FIYE4) 6 (B7-H6) , A& —Fifisl NK 4H o 4 g 75
PRI R IRECAAR S 454 N EEFR A i) T AL 5 L pE
. B7-H6 & A 6 AT N-FEF A0 AL g1, Horp
N43 FIN208 BEHA AL RSB E ] o XML A
IAEA R T G AT, 42 B7-H6 fit & NK 41L&
FEARFEIE ) OB A7 i o — J7 1T, NA3 LA 08 1
B7-H6 5 NKp30 [ AH BAEH &A1), i fr B7-H6 B2 H
FREE ;s 55— 71, N208 LA 3 i 1 JE |- f¥) B7-He
FEAfRE N, by b AT AR

2 BERERE RS FREEAIETT R

H ATHE ) B7 KR G2k 25 f o> FHE 3L R T
SR A AN G H 2R T 208 1 % o T LR SN oy
2454, SO0 R S A AS A AR OC B FH DR 1S S P
&, BB 1 pR.
2.1 Phetm R IR R & & KA AL T

LI &%) H 2% 22 983 £ R i 16 H STM004 Al
STM108 1 it 45 5 14 &5 & # & 16 PD-L1 (1) Hi 1k .
STM108 P 51 N192 1 N200 # 3 AL A7 55 , STM004 iR
S N35 BEIEAUAL 5o 1 LE 1) e 3 A K 38 5 4
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O FEE T A S M 5 TR B 5 KR . kb, A5
pHrodo Red #ric B AR A 3 4 A [F] &5 & #2546 PD-L1
Puikis 5 BT549 41 il 32 1 PD-L1 WAL RE 7 - i, 78
K 10 APk R, KA 3 FhAE IR 5 PD-L1 A N192
1 N200 B % 46 A7 s 1 T AR (STM030. STMO73 Al
STM108) AJ if5 5 PD-L1 3k N ¥ Big 44 I & 28 )y 4k, 1
P N35(STM004.STMO12 1 STM034) B % [ i iH
7 B% £ 4k PD-L1 A1 3E #% % 4k PD-L1 (STM038.
STMO041.STMO71 F1 STMO75) I FLAR % A T ES.
SUN 25031 % 7 —Fh By, STMA418, AT LURE S M R 51
PD-1 f) N5 ¥% 3 4k 47 5 . iZ B 5¢ F il NODSCID-
IL2Rg /)N B i 4k #4555 N PBMC i N JEAL /N BB RS , 749
i MDA-MB-231 Jii £ # f8 5 B 28, & I STM418 1)
PR 1 FH b gy R I BT (nivolumab) A1 R B
FL3T (pembrolizumab) B 5 H HAT R 4F 2241 .

HUANG %F| H 5. B At i iV 6 71 R 1 #E
] B7-H3N91/309 F11 N104/322 Fi FE Ak A7 2 f) 2 v B4t
14 Ab-82. 7£ A549 4HfIHF ¥ huPBMC-NOG-MHC 1/
I1-2 KO/ A, N YR B4 Hu-Ab-82 1597 1T 5
R CAAH B34 T 48 LA 55 9 RRAIE ) S8 s I T 44 i ek
Je A, FLpT R R F 32 LI I 175 5 eyl 4 A RS AR T
B7-H3 WALRIFEAE . R IALT Ab-82 X FA R
BEEAL B7-H3 H A3 H AT B AT B 4 ) BT7-
H3 FIPUIARE B2 P T8 B4 — B 1 SR

JUEEE R B R A OB AL PR B R S
SR AR TR AE A AL 4ERF 2 9% 1O /E R B
IR R A RAE IR s BT — m) 5, L1 20
TR T B AR R ) PR A4k (degrader of glycoproteins
via targeting and clearance, DGlyTAC)$i A, FH T 25 Bk
o 2 TH H An R ERONGRERE . SRR T R
F JUR-N- S iR bre S PR 9K Bk i B2 Rk
PIRE A, RIS TS i ks .
7] PD-L1 # DGlyTAC #£ C57BL/6 /N FHERIEO771
MC38 J AT1 20 far i A6 70 54 HioRg R, HE A b
REAE: PD-L1 PUAARIT RCE AR, X KA B A AR
RGN ARSI B N Y1 L T | A TR A
B AU
2.2 ApdlaE AL IREE
22.1 OSMI-4

O- i ¥ M N- & Bk % % ¥ & ( O-linked
N-acetylglucosamine, O-GleNAc) §E 3 AL A& i /& T 4F Kk
R — b B ) R R R S B, 1E O-IE 2 N-
TR R L4 75 I (O-GleNAc transferase, OGT)1F
AN GleNAc LA O-F 55 2 (5 (14 22 2082 (Ser)/
TRRTR (The) FIFERIEAIE . OSMI-4 & —Fh =21 OGT
I — TR SR B, OSMI-4 AR 41 g N PD-L1

ST il 3 B 28 5 U0V A HE AT [ AR, OSMIT-4 B
B PUPD-L1 RS 7 PEHTAR T B[Rl 2 e AR 3R
2.2.2 CPP-GI fik

JE LR OGT FIRE H /K BN 7 — 26 Al 5
IR YT A%, B T OGT )™ V2 52 Wi 4 fid 1) A B it
12, AL OGT Al e R BA R R M. 5iZ OGT Mg
T VRS AR EE , BERS Ry R PEFEINT OGT 5 %5 7€ S
A A EAE B/ 707458 T RS O — A B A
T ARG . R SAM 7 5 AR T PR
FUW 2 A 1 O-GleNAc #EFEAL , T AE P 3h 42 =) Bl 2=
AL

ZHU S5 i 1 — b B 1) B 40 i A A R - 1 1
1 B 2 BR B ES ) ¥ (hepatocyte growth factor-
regulated tyrosine kinase substrate, HGS) ## 3£ 14, i 5
f*) CPP-G1 & Ik , W] 5% 4+ 4 b 411 1) SK-Hep-1 2 fid 4
HGS 34k . CPP-G1 AL AL F# MK T HGS 70 71
O-GleNAc #E = A 2 i , 17 H. 3 1 4% 58 PD-L1 K3
il A 2 figé T A0 PD-L1 )38, HAS 52 W0 42 /) 1)
O-GleNAc HEFEAL K
2.2.3 NGI-1

PEEERSBEIIA77 (N-linked glycosylation inhibitor-1,
NGI- D2 AL R 2 51 (oligosaccharyltransferase
complex, OST /N7l 771, sEid ] STT3 SEA %
FE I 2 A L T3 A(STT3 oligosaccharyl transferase
complex catalytic subunit A, STT3A) {74 17 $01 1) il iy
TR IG5 1R 2R AT AL . NGI-1 BERE 4] B7-H4
PEEAL S BOLZ AR, R 1 2 R AL B A0 i
e A Y S 8 LA 5 AT 8 5 7 RS SROPR 40 L 8 it 1
FHH5 5 CDS8' T 41 g™ A TFN-y2,
2.2.4 2F-Fuc

%0 R E AN — T S5 4 4 S M P N OB R AL
&M, HH A e HE SR 7 72 I (fucosyltransferase 8, FUTS)
MEACTE B . 5T #2005 B 0 2k AL 2 1 AR fe e
B7-H3 #3& BIAE ), HUANG S50 FH — i 4 ) %
Oy S W 5 A 3 1) 77) 2- 96 -L- 7 5 B (2-fluoro-L-
fucose, 2F-Fuc) AbBEAT1 /N FLNRIEANM . SR E
7 : 2F-Fuc 2 Z 40 7 4T1 403 1H B7-H3 1318 &
FoAZ O B SR , 4K 5 5 T 20 9% 4K, ; 2F-Fuc Bk
4 PD-1 HUA R FEIMA] 4T 1 far R AR AL ) i A
2.2.5 2-DG

% % ADP ¥ Wi % & I [poly (ADP-ribose)
polymerase, PARP]#I | © Ji g — Fiv i ¢ il ) i 9
0 IT SR WG, 5 L Bl 5% PARP I 743 PD-L1 £
AT B e A . A R RO, 2- AR -D-
% (2-deoxy-D-glucose, 2-DG){E A—F# PD-L1 L
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FAL ], HAT W PARP 1] 71 B 47 i1 JE (olaparib) 175
SN 1 , — 5 I06E A 48 9 T 20 o Ji g
MRRIRGife ). BJE, KIMZL L, 2-DG i it %
fik PD-L1 Bf B b K, 5 & kA KE 7 %1%k
(epidermal growth factor receptor, EGFR) #]Il| 71 7% JE
# JE (gefitinib) By [F] 1 5% 4- 1BB PLAALE [F] £ K /N FRAL
Ji e R (R e i 9E 1
226 KEZ

A B & (tunicamycin, TM) s& B — 4145 ¥ AR DL
W R PUAE R B H TR S, w] H0 ] N-BE 5
& JF B W GleNAc-1 B 2 # # B (GlcNAc-1-
phosphotransferases, GPT) . 1% 2 ¥ it $1 il 5 4% 4
L ER w1 R A % B8 -GlcNAc (UDP-GleNAc) [i] i 5
20 T 1) 7% SEL BT i E0C 55 W0 T 4 1) A P 5 i, 2 1
TR N-H8 A0 1 2 ot B AR 7 N-3E 2
Bl R b, SRR I R A BRI R R T 5
wEEREN S S, X HH EE RN ERTS S
SRR EME R RE ., MFhZE RS A RIS E
5 2T 5 35 BR 23 4k 1T @ ik caspase (8614 98 1
IR S A ML T SR, BT N-FE SRk
S Y ELAZ A I A A 1 A i, ab SR A A FH
2 B 7 P R = M Rg Ik R, AT RN IR 2H 2R A
DIt E IR A BN o
227 F RS

o0 1 G, WFRBE B A -N- LI FURE L 3-B-17L
WEFLFEFEI 1 (glycoprotein-N-acetylgalactosamine 3-beta-
galactosyltransferase 1, CIGALT1) , FoAE A O-Fi%E it K
FR) Dl , AN B SRR TE IR 28 3B A 2 MR
YP R A s iki% . CIGALT1 A O-FF Ak i@ it
IL-6/IL-6R 3 % 2 5 M8 G RE AN I OA R O T Bl B
i BRI S — Fofr 0 L B 57 i 4 CIGALT1 /3
O-Fl A FHTIOR R P A 0 25 T Ik E2 4t P
Thie , W0 IR il A 55 (tumor microenvironment, TME)
A BEAMIRAS o R , £ T FRE A B 48 5 Sk 25035
Jé PD-1 HUAAR 1) S 097 ROR
23 TRz FEHEIMIAE

% J PD-L1/PD-1 N-3 #4540 1) G B 5 5 18
% £ A5 : IL-6/IL-6R . EGF/EGFR . EMT/p -catenin/
STT3 4™, R, B 7 5 1A) f e i 25 mUE B AL AT
A, HE )X 63 6 AT B2 2% PD-1/PD-L1 KE ALK
S AT A R AR A

TSI — M2 R T 2 BB PRI 2454 o
AWTFIRIN, — HXUIGE S AMPK AS 53885 17175
T PD-L1 KRR MERAL S AR . 5 — TR e 3R 0, A
A = FOOUITAL 2 /5 fi 89 40 i PD-L1 7K P F# A% 2
XHIRZEL ) 70% 22 A7, — WA 2-DG Bk & A2 Ja

PD-L1 HE AR BRI 2250 HEZHL 1) 20% 2o A o IX—4
FRWY, ZHXUIA 2-DG 2 [A /AR AE B RIE A
E B A MDA-MB-231 41 ffi i) N-#% 31k 15 5 ER
RE. SR, BAREHr RINLHIA e — PR

I 2 i B 5 A T R TR AN A I R] 23 5
BRI R T — R FIT-H PD-L1/PD-1 A1 HAE H #1715
TR Hr, MR G Y 2 — & BMS1166.
BMS 1166 43 5 P40l PD-L1 FkE R AL , Al T8 7258
JSE Ty ) B A0 5 AT BEL L 3 e oA 56 4 bR AR Y
PD-L1 M ER [f] /R Ak 0a , R EULAE ER PR BT
e i AR PR A

kB Bt S B2 A4 JE PR 1 1Y) T 9k B2 4 i (chimeric
antigen receptor gene-modified T lymphocyte, CAR-T)
BT SRR R I AT AE ML) 2 — 2 PD-1 3l B 05 175
T CAR-T 4H i FE35", [K ¥ ) PD-1 4 2540 v BAIG
CAR-TTi 251 . Bl hn, 76 N74 47 s 5] N £ 5481
i T CAR-T 41 F PD-1 _F i —> N-BE Ak A&
T8 I P ) 22 1 PD-1 F 2528 17 12 14F CAR-T 48 Jfd 1 3
FEANAHL R 7 1= . T4k PD-1 55 548 TREAL
CAR-T4HMAEZE | P e ML A2 0 b g e I 42 v /)N
B AR TS R

3 HBEEEEEFEECHYIRIGRNF

2 i 2 i e B E R TR T MU R
FEk #.T (camrelizumab) 75 45 A PD-1 ) NS8 #E JE 407
R NS AL AR 5 8 3 g A o AU BRI B BE T
PD-1/PD-L1 R RS, g5 MR 01, gh R e
Uil &h & 2475 PD-1 ) NS8-BE AL AL 25 [F] o7 B AT
TR %A R B A B S 555G . T
RESLIRE S, NS AT it PRI A R g G T
PO PD-1 IZ5 G- A1, BN —E 45 G2 H PD-1 1gV
SERMIAMOINIRE S 1. BT BRIk gV 45
P39 PD-1 5 B HUAR B R BE AL S BN R 5%
FEAE KA 2R . BiRg 20 A A YR PD-1 [ERIE
T8 A PR IR E I O, B R PD-1 IgV £S5 R85
A EFIC RS TIETT AR AN PD-1 B3 E H A i el
AR 52 F A, n] DSR2 B T 2 R R 9697 .
SR, 45 6 B JIAN RS 540 gy )R e B e 5 R e
PEFIFEA K FAF (immune-related adverse event, irAE)
fR) A A R e TR BB JEAL PD-1 B R B FIER AL, — T
[ B R T o, et 7202141 1 H 422024
7 A 31 H T A E#EY; N REEBEHZZ PD-1 077697
300 1 B (PR A R R 36, L2 SR o m gl R s
LA 1L 2.86% , TR Fi FBR FLHTZHA N 0.34%. o) —
IOt LG HEAR G5, W 284 25 RE 73 A1 7 03 S 4 363 151
BB PD-1 I ST IEE o 45 R R R
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] BT (tripalimab) 5 1 F1 H.47T (sntilimab) 57 R 5 )
BREPUBCA T IR B A T R A A R A
R fR2 T AR TSR DG BB & A0TT , B 5
FIEREBU it AE RAF B REFIEREIINA R R
IO 2 A s N R FER B A LA P R 8 A, S AT A
TEH A P R A B R TA AR S A B R I 52 A O

REGFIBRBLPUEE A I ML P B s R R AT 5 K
AEMRER R, 51 R R kBN b A . AT
AP rAE FEBA e FEW0E 51 R 1) HR AR 48 i
REE, PTG ANE PD-L1 265 7K1 2 078 141l 1

R BB VTAS 5 R PD-1 3075 A Bt &
B P Bk BT L B 5 P BR B3 (tislelizumab ) 49 50 ¢ B
PRI ER BT e A R AR L, B R
F R BPTLAE PD-L1 KIE > 10% B T R0 23
T E i A BR BTN PD-L1 < 10% F B E A 3. Hitt
HEM X — 2 7T REAE T PD-1 (OREIEAL 81 /= PD-L1
IRFE R 1 B e R IR ML . R A B
R AT 3G 5 PD-1 AsuE M, TR BRI Bk SR prd i
B BE AL 2 7 B PH T ZOE S . PR UE, R B R
PUT 2 R S o LT R

T 41 (’ -
=
v S
N \\.Bws
o :
Pttt
\ "\Dm EGF  IL-6
RERA L} "0 =y T
BM81166—|] o E(iFR
L gacarn— o, e) /4 o mi0NTS
I %iﬂm ) D-H B
A ° q -
il STM004 fﬂm .
@MUBD@ANzA)CGLTIDD[ 1 F/RER A

s

O FEEALBH @ ZRLEN © BRILBH

| I Ab-82 —
STT3A /%
ppLl T L -

%&

B RAER

i)

NKp30: H SR 3514 fih /< 52442 : 3BB3GNT3: B-1, 3-N- ZIE A B e SL e F l 3; GMPS : 1 R sl ; B-catenin : B-1E R
E1 BEEAEIGBTRERRRE RS FRIERLS R E R

4 HESRE

S HE ) G PR AT A 2SI e BRI AT T4
Sk AT i 2 kAl . RIS R RS
FHELAE RIALH 00 R 2% 3R 28 IR Bl B8 5 ot 1k B
H AR T 1) BN 22 5 OV AE AL T AR 2 — Tl A% o
155 . BRREMERERNED KDY T2 5
R MRS R PR B IR K2 B %

K s TSR AN 20 e — . R
(1 G BEIE T 48 UK I R S L I RIE FE T 43 SR e 5 73
T HHE AL S B B 1 7 5 T AU ST R AR
H HIRIEAKT . Bt B AR A B 1 (0 S B iR )T 7
FRPAWIRER , XL T7 AT B IR e &
BEL BT 25 AT 243 28 47 KT A 52 B R B A . AR
ERIB Yo AR A VDB S AU AL 1) B B RO B 2R AR ¥R T 3R
W, A B TR R i AR R S 1 J R i 245 AL ) B



168

F [ R R PDIR9T ARE, 2026, 33(2)

[6] G LRG0 OB R AT IR IR o AR T, T AT B v
PR G BEAGLAE  WE JE AL S AR RO A RS BT
BTG 2167 T e P 5 2Pk

(& £ xx #]

[17] MERIC-BERNSTAM F, LARKIN J, TABERNERO J, et al.
Enhancing anti-tumour efficacy with immunotherapy combinations
[J]. Lancet, 2021, 397(10278): 1010-1022. DOI: 10.1016/s0140-
6736(20)32598-8.

[2] HOLDER A M, DEDEILIA A, SIERRA-DAVIDSON K, et al.
Defining clinically useful biomarkers of immune checkpoint
inhibitors in solid tumours[J]. Nat Rev Cancer, 2024, 24(7): 498-
512. DOI:10.1038/541568-024-00705-7.

[3] ROTH J. Protein N-glycosylation along the secretory pathway:
relationship to organelle topography and function, protein quality
control, and cell interactions[J]. Chem Rev, 2002, 102(2): 285-304.
DOI:10.1021/cr000423;.

[4] SCHJOLDAGER K T, NARIMATSU Y, JOSHI H J, et al. Global
view of human protein glycosylation pathways and functions[J].
Nat Rev Mol Cell Biol, 2020, 21(12): 729-749. DOI: 10.1038/
s41580-020-00294-x.

[5] LEITE-GOMES E, SILVA M C, DIAS A M, et al. T-cell branched
glycosylation as a mediator of colitis-associated colorectal cancer
progression: a potential new risk biomarker in inflammatory bowel
disease[J]. J Crohn’s Colitis, 2025, 19(4): jjaf043. DOI:10.1093/ecco-
jec/jjaf043.

[6] CHANG X Y, OBIANWUNA U E, WANG I, et al. Glycosylated
proteins with abnormal glycosylation changes are potential biomarkers
for early diagnosis of breast cancer[J]. Int J Biol Macromol, 2023, 236:
123855. DOI:10.1016/j.ijbiomac.2023.123855.

[71 XU X M, PENG Q, JIANG X J, et al. Altered glycosylation in
cancer: molecular functions and therapeutic potential[J]. Cancer
Commun, 2024, 44(11): 1316-1336. DOI:10.1002/cac2.12610.

[8] LIC W, LIM S O, XIA WY, et al. Glycosylation and stabilization of
programmed death ligand-1 suppresses T-cell activity[J]. Nat
Commun, 2016, 7: 12632. DOI:10.1038/ncomms12632.

[9] LUO B, LIU X D, ZHANG Q, et al. ALG3 predicts poor prognosis
and increases resistance to anti-PD-1 therapy through modulating
PD-L1 N-link glycosylation in TNBC[J]. Int Immunopharmacol,
2024, 140: 112875. DOI:10.1016/j.intimp.2024.112875.

[10] TANG P J, HAN Z W, ZHAO Y M, et al. ALG3 as a prognostic
biomarker and mediator of PD-1 blockade resistance in
hepatocellular carcinomal[J]. Front Immunol, 2025, 16: 1589153.
DOI:10.3389/fimmu.2025.1589153.

[11] LEE H H, WANG Y N, XIA W Y, et al. Removal of N-linked
glycosylation enhances PD-L1 detection and predicts anti-PD-1/
PD-L1 therapeutic efficacy[J]. Cancer Cell, 2019, 36(2): 168-178.
e4. DOI:10.1016/j.ccell.2019.06.008.

[12] KAUFMAN B, ABU-AHMAD M, RADINSKY O, et al
N-glycosylation of PD-L1 modulates the efficacy of immune
checkpoint blockades targeting PD-L1 and PD-1[J]. Mol Cancer,
2025, 24(1): 140. DOI:10.1186/s12943-025-02330-w.

[13] CHAPOVAL A I, NI J, LAU J S, et al. B7-H3: a costimulatory

molecule for T cell activation and IFN- y production[J]. Nat

Immunol, 2001, 2(3): 269-274. DOI:10.1038/85339.

[14] ZHAO S, ZHANG H, SHANG G. Research progress of B7-H3 in
malignant tumors[J]. Front Immunol, 2025, 16: 1586759. DOI:
10.3389/fimmu.2025.1586759.

[15] WU S, HU C X, HUI K Y, et al. Non-immune functions of B7-H3:
bridging tumor cells and the tumor vasculature[J]. Front Oncol,
2024, 14: 1408051. DOI:10.3389/fonc.2024.1408051.

[16] SUTTON M N, GLAZER S E, MUZZIOLI R, et al. Dimerization
of the 4Ig isoform of B7-H3 in tumor cells mediates enhanced
proliferation and tumorigenic signaling[J]. Commun Biol, 2024, 7:
21. DOI:10.1038/542003-023-05736-8.

[17] CHEN R, JIANG X N, SUN D G, et al. Glycoproteomics analysis
of human liver tissue by combination of multiple enzyme digestion
and hydrazide chemistry[J]. J Proteome Res, 2009, 8(2): 651-661.
DOI:10.1021/pr8008012.

[18] CHEN J T, CHEN C H, KU K L, et al. Glycoprotein B7-H3
overexpression and aberrant glycosylation in oral cancer and
immune response[J]. Proc Natl Acad Sci U S A, 2015, 112(42):
13057-13062. DOI:10.1073/pnas.1516991112.

[19] HUANG Y, ZHANG H L, LI Z L, et al. FUT8-mediated aberrant
N-glycosylation of B7H3 suppresses the immune response in triple-
negative breast cancer[J]. Nat Commun, 2021, 12: 2672. DOI:
10.1038/s41467-021-22618-x.

[20] HUANG Y, ZHONG W Q, YANG X Y, et al. Targeting site-specific
N-glycosylated B7H3 induces potent antitumor immunity[J]. Nat
Commun, 2025, 16: 3546. DOI:10.1038/s41467-025-58740-3.

[21] GETU A A, TIGABU A, ZHOU M, et al. New frontiers in immune
checkpoint B7-H3 (CD276) research and drug development[J]. Mol
Cancer, 2023, 22(1): 43. DOI:10.1186/s12943-023-01751-9.

[22] YAN X T, HONG B, FENG J, et al. B7-H4 is a potential diagnostic
and prognostic biomarker in colorectal cancer and correlates with
the epithelial-mesenchymal transition[J]. BMC Cancer, 2022, 22(1):
1053. DOI:10.1186/s12885-022-10159-5.

[23] LEONG S R, LIANG W C, WU Y, et al. An anti-B7-H4 antibody-
drug conjugate for the treatment of breast cancer[J]. Mol
Pharmaceutics, 2015, 12(6): 1717-1729. DOI:10.1021/mp5007745.

[24] PRASAD D V R, RICHARDS S, MAI X M, et al. B7S1, a novel B7
family member that negatively regulates T cell activation[J]. Immunity,
2003, 18(6): 863-873. DOI:10.1016/s1074-7613(03)00147-x.

[25] MARCHESE E, DEMEHRI S. Posttranslational protein modifications
as gatekeepers of cancer immunogenicity[J]. J Clin Investig, 2024, 134
(10): €180914. DOI:10.1172/jci180914.

[26] SONG X X, ZHOU Z, LI H C, et al. Pharmacologic suppression of
B7-H4 glycosylation restores antitumor immunity in immune-cold
breast cancers[J]. Cancer Discov, 2020, 10(12): 1872-1893. DOI:
10.1158/2159-8290.¢cd-20-0402.

[27] YUAN L, TATINENI J, MAHONEY K M, et al. VISTA: a mediator of
quiescence and a promising target in cancer immunotherapy[J]. Trends
Immunol, 2021, 42(3): 209-227. DOI:10.1016/5.it.2020.12.008.

[28] IM E, SIM DY, LEE H J, et al. Immune functions as a ligand or a
receptor, cancer prognosis potential, clinical implication of VISTA
in cancer immunotherapy[J]. Semin Cancer Biol, 2022, 86: 1066-
1075. DOI:10.1016/j.semcancer.2021.08.008.

[29] EMALDI M, ALAMILLO-MAESO P, REY-IBORRA E, et al. A
functional role for glycosylated B7-H5/VISTA immune checkpoint

are



b

SRAZI, 55 BT SR G B A 3T BRI 1 S LB )R T ik Uik - 169

protein in metastatic clear cell renal cell carcinomal[J]. iScience,
2024, 27(9): 110587. DOI:10.1016/j.is¢1.2024.110587.

[30] BRANDT C S, BARATIN M, YI E C, et al. The B7 family member
B7-H6 is a tumor cell ligand for the activating natural killer cell
receptor NKp30 in humans[J]. J Exp Med, 2009, 206(7): 1495-
1503. DOI:10.1084/jem.20090681.

[31] SKOREPA O, PAZICKY S, KALOUSKOVA B, et al. Natural
killer cell activation receptor NKp30 oligomerization depends on its
N-glycosylation[J]. Cancers, 2020, 12(7): 1998. DOI: 10.3390/
cancers12071998.

[32] CHEN H Q, ZHANG Y, SHEN Y, et al. Deficiency of N-linked
glycosylation impairs immune function of B7-H6[J]. Front
Immunol, 2023, 14: 1255667. DOI:10.3389/fimmu.2023.1255667.

[33] LI C W, LIM S O, CHUNG E M, et al. Eradication of triple-negative
breast cancer cells by targeting glycosylated PD-L1[J]. Cancer Cell,
2018, 33(2): 187-201.e10. DOI:10.1016/j.ccell.2018.01.009.

[34] SUN L L, LI C W, CHUNG E M, et al. Targeting glycosylated PD-1
induces potent antitumor immunity[J]. Cancer Res, 2020, 80(11):
2298-2310. DOI:10.1158/0008-5472.can-19-3133.

[35] CASTELLI M S, MCGONIGLE P, HORNBY P J. The pharmacology
and therapeutic applications of monoclonal antibodies[J].
Pharmacology Res & Perspec, 2019, 7(6): e00535. DOI: 10.1002/
prp2.535.

[36] LIL, WU J J, CAO W Q, et al. N-deglycosylation targeting chimera
(DGIyTAC): a strategy for immune checkpoint proteins inactivation
by specifically removing N-glycan[J]. Sig Transduct Target Ther,
2025, 10: 139. DOI:10.1038/s41392-025-02219-6.[ LinkOut]

[37] ZHU Q, WANG H X, CHAI S, et al. O-GlcNAcylation promotes
tumor immune evasion by inhibiting PD-L1 lysosomal degradation
[J]. Proc Natl Acad Sci U S A, 2023, 120(13): ¢2216796120. DOI:
10.1073/pnas.2216796120.

[38] CHENG J H, XIA L, HAO X H, et al. Targeting STT3A produces
an anti-tumor effect in lung adenocarcinoma by blocking the
MAPK and PI3K/AKT signaling pathway[J]. Transl Lung Cancer
Res, 2022, 11(6): 1089-1107. DOI:10.21037/tlcr-22-396.

[391 SHAO B, LI C W, LIN S O, et al. Deglycosylation of PD-L1 by
2-deoxyglucose reverses PARP inhibitor-induced immunosuppression
in triple-negative breast cancer[J]. American journal of cancer research,
2018, 8(9): 1837-1846. PMCID: PMC6176188.

[40] KIM B, SUN R X, OH W, et al. Saccharide analog, 2-deoxy-d-glucose
enhances 4-1BB-mediated antitumor immunity via PD-L1
deglycosylation[J]. Mol Carcinog, 2020, 59(7): 691-700. DOI:10.1002/
mc.23170.

[41] WU J, CHEN S, LIU H, et al. Tunicamycin specifically aggravates
ER stress and overcomes chemoresistance in multidrug-resistant
gastric cancer cells by inhibiting N-glycosylation[J]. J Exp Clin
Cancer Res, 2018, 37(1): 272. DOI:10.1186/s13046-018-0935-8.

[42] BANERJEE S, ANSARI A A, UPADHYAY S P, et al. Benefits and
pitfalls of a glycosylation inhibitor tunicamycin in the therapeutic
implication of cancers[J]. Cells, 2024, 13(5): 395. DOI: 10.3390/
cells13050395.

[43] LIN M C, CHUANG Y T, WU H Y, et al. Targeting tumor

O-glycosylation modulates cancer-immune-cell crosstalk and enhances

anti-PD-1 immunotherapy in head and neck cancer[J]. Mol Oncol,
2024, 18(2): 350-368. DOI:10.1002/1878-0261.13489.

[44] DUAN Z 'Y, SHI R H, GAO B, et al. N-linked glycosylation of PD-
L1/PD-1: an emerging target for cancer diagnosis and treatment[J].
J Transl Med, 2024, 22(1): 705. DOI:10.1186/s12967-024-05502-2.

[45] CHAJ H, YANG W H, XIA WY, et al. Metformin promotes antitumor
immunity via endoplasmic-reticulum-associated degradation of PD-L1
[J]. Mol Cell, 2018, 71(4): 606-620. ¢7. DOI: 10.1016/j. molcel.
2018.07.030.

[46] REPAS J, ZUPIN M, VODLAN M, et al. Dual effect of combined
metformin and 2-deoxy-D-glucose treatment on mitochondrial
biogenesis and PD-L1 expression in triple-negative breast cancer cells
[J]. Cancers, 2022, 14(5): 1343. DOI:10.3390/cancers14051343.

[47] CHEN F F, L1 Z, MA D W, et al. Small-molecule PD-L1 inhibitor
BMSI1166 abrogates the function of PD-L1 by blocking its ER
export[J]. Oncolmmunology, 2020, 9: 1831153. DOI: 10.1080/
2162402x.2020.1831153.

[48] MCGOWAN E, LIN Q M, MA G C, et al. PD-1 disrupted CAR-T cells
in the treatment of solid tumors: Promises and challenges[J]. Biomed
Pharmacother, 2020, 121: 109625. DOI:10.1016/j.biopha.2019.109625.

[49] SHI X J, ZHANG D Q, LI F, et al. Targeting glycosylation of PD-1
to enhance CAR-T cell cytotoxicity[J]. ] Hematol Oncol, 2019, 12
(1): 127. DOI:10.1186/s13045-019-0831-5.

[50] CHU C W, CAVAL T, ALISSON-SILVA F, et al. Variable PD-1
glycosylation modulates the activity of immune checkpoint
inhibitors[J]. Life Sci Alliance, 2024, 7(3): ¢202302368. DOI:
10.26508/152.202302368.

[51] TAN S G, ZHANG H, CHAI Y, et al. An unexpected N-terminal
loop in PD-1 dominates binding by nivolumab[J]. Nat Commun,
2017, 8: 14369. DOI:10.1038/ncomms14369.

[52] KLEFFEL S, POSCH C, BARTHEL S R, et al. Melanoma cell-
intrinsic PD-1 receptor functions promote tumor growth[J]. Cell,
2015, 162(6): 1242-1256. DOI:10.1016/j.cell.2015.08.052.

[53] ZHAO P F, YU L H, MA W M, et al. Clinical manifestations and
risk factors of liver injury induced by PD-1 inhibitors in patients
with malignancies: a case-control study[J]. Ther Clin Risk Manag,
2025, 21: 309-320. DOI:10.2147/tcrm.s510973.

[54] TIANJ Z, ZHANG L, LIN F Y, et al. The efficacy and safety of PD-1
inhibitors combined with chemotherapy treatment for advanced
esophageal cancer: a network meta-analysis[J]. Front Med, 2025, 11:
1515263. DOI:10.3389/fmed.2024.1515263.

[55]1 QIU Y Z, SU G L, ZHANG L, et al. Association between reactive
cutaneous capillary endothelial proliferation and the efficacy of
camrelizumab in esophageal cancer: a retrospective cohort study[J].
J Thorac Dis, 2025, 17(4): 2453-2472. DOI:10.21037/jtd-2025-366.

[56] YANG F, DAN M, SHI J D, et al. Efficacy and safety of PD-1
inhibitors as second-line treatment for advanced squamous
esophageal cancer: a systematic review and network meta-analysis
with a focus on PD-L1 expression levels[J]. Front Immunol, 2025,
15:1510145. DOI:10.3389/fimmu.2024.1510145.

[WisHER]  2025-04-07
[RxHwE] &

(&= HEA] 2026-01-07



