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Advances in research on immune checkpoint and its inhibitors in glioma

CHEN Wenting, LIU Jun"
Center of New Drug Screening, China Pharmaceutical University, Nanjing 210009,China

Abstract Conventional treatment of glioma has not significantly improved the prognosis of patients, so people
pay more attention to the potential of immuno-checkpoint inhibitors in the treatment of glioma. This article reviews
the expression and mechanism of some negative immune checkpoints in gliomas, such as programmed death-1
(PD-1), programmed death ligand-1 (PD-L1), cytotoxic T lymphocyte antigen-4 (CTLA-4), T-cell immunoglobulin
and mucin-domain containing-3 (TIM-3), lymphocyte-activation gene-3 (LAG-3), T cellimmunoreceptor with Ig
and ITIM domains (TIGIT), B7-H4 and V-domain immunoglobulin suppressor of T-cell activation (VISTA), as
well as progress of immune checkpoint inhibitors in clinical research, with a prospect of their future in immuno-
therapy.
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FBEIR YT (WFR N G i =7 ) BRAE BN S B I
BT ISR TR SR, 20 th T S A A i 410 1
R B PR 2R i e PRI AT 1 AT R A A R
B o RPERAT AT I AT T AR E S b
JELRR) SR 8 S ok R B SR8 1) A i, {H 22 1
R — R PR A S 2R G U A0 I Y B, A )
{14 B A A 5 AR T AL A AR )7 A 23
BT BRS39S R e Y
BIFFEBRAR , S R 28 FIAIE K B8 O A 88 B S B3R 7 O
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1.1 #HpHT&a-1 A LmK(PD-1/PD-L1)

PD-13R3K8 FIH AL 0 T 40 B 40 SRA% 40
B2 0k 41 i (dendritic cell, DC) F1 H 4% 2545 40 )i
(natural killer, NK), PD-L1 42 PD-1 fit] 3 %5 fig 44
A5 e A LR PR 60 2R A D LR
i g8 55 22 P i oigg 4H 2 2 68, PD-1 5 PD-L1
S54 T LA T 4H 32 0T e 095 -5 A%, DT BH
T T 4 B 3% 1k ) 55— 15 5, BHLIE T 4 A A 35 56, £
T Ak T A0 RE 0 08 T, 00 5 o 200 e BT 1 A
UM BN T A A R 1T B R
PD-L1 [ 23K 5 1 e Jo3 983 0 30 4 9 i) 1E A O HLAE
il A Rt 2 B3 R O (E AR R AR
JI2 5 248 /s A4 B rh s A5 % B PD-L1, 1 PD-1 3R
K T IR I T b L A0 B (TIL) |, H— B4R 7 15
JELFRL, I AR 2 e 220, 1 Py 42 T ik 2L 40 g e
REAN 25 Ty 1B 7% 3 G 5 300 il 1) Jieb 9 Tl PR 45 o, T A
A8 J8 il AR BELAE 2. Nduom 2525 3 fifryeg i (A
ZH K 7% (The Cancer Genome Atlas, TCGA) 54 % ,
IR PD-1/PD-L1 iR AKF- 5 15 ot Bk 240 e g 8
PG 5 R G (H I W s AT A AR I A, Bk
Ji S 988 Y A % -10 (interleukin-10, 1L-10) {5 5 1%
Y VR T BB 20 R e v A
i JfL v PD-L1 (Y 3R 35, fiff L7 A8 Sy 4o 92 10 ) 3R
AU PD-1 505 A S A B A T 25 7E /N B
i g Jo g A AR e A T I S A AL PD-1 A )
HR A TR A8 5 R 240 L i SR B mA Jg Ak 7 T SE
SEME AR, B P SN R AT R 5 Toll
FE2Z 1K 3 (toll-like receptor 3, TLR3) i sl F B &6
I ki S SO 9RE 3 1A 2 R 4 M Ak RN T 28 i
HagE

1.2 #mfa et Tk & 2 i Ae X 4R -4 (CTLA-4)
CTLA-4 FRFETE AL I 5 P T 4t Al (regulatory
T cell, Treg) R Ifil , 1] 38 5o 5 3 i or 7 CD28, 32
Gk 45 G i 2 28 4 Y (antigen-presenting cell,
APC) 2 TH] ) L 14 B7-1 1 B7-2, 400 3 ) 0 38015
5, HETA0 I T 40 M7 Ak, 35 58 Treg T0 32 410 3 7
A FHIEREIR ", Fong %512 K BRI 28Ik 41
JLYE v T RS o RE 40 R AR B AR A RS CD4ATAI
CD8'T 43 |- F3k 1) CTLA-4 7K P B2 FUADE . X
FEUALER SR AN RE B AOAFAE T B T 4 A
AR EEPE T 40 L REAR CTLA-4 1235 T IE K AR 3
A=A, DA 4 53 0 J g S 8 S . IS A B
CTLA-4 75 =5 2 B e J 8 h i 2k v TR
J 9 S s A A IR I S (isocitrate dehydro-
genase , IDH ) B A= 858 R v (1) 2258 55 T IDH 2848
AU T8 8] 50 50 43 A8 R R0 v i R A 1
e 1 A 23 R R TR AR 5 gE— 2D A R B
0 Js2 596 8 T CTLA-4 3Rk /KPR , HL g =
I VbR UL 200 6 10 92 T R R Ry, A A R IR, TR
CTLA-4 R AE 11 J6¢ 58 B4 B IR 32 . CTLA-4
B 45 57 14 B 52 B 44K (monoclonal antibody, mAb)
REL BT 700 2. 75t 0 e e Tl Ak, T R AT /) B e I
Jei B AU CD4 FoxP3* Treg 21 it %) LL 51, I 42 /55 /1
BP9 3, 365 PD-1 5 PD-L1 50 5 3 i %
3k 75% 2 [A) B, CTLA-4 Tk BEL WG A3 4 i B
AR R 200 L v AR
1.3 Ttz sk a ik a4 F-3(TIM-3)
TIM-3 BE 15 T T 41 i A 2R 41 L g4
Hi NK, AR IR A ek . TIM-3 SRCR7L
Bt 2 -9 (galectin-9) F JIE 1 22 2 2 (phosphatidyl-
serine, PtdSer) &5 &, 5 5 T 4B 1=, 34 N & A
FH VA 58 0 B DR - 1 20 D T i e 2B
AWFFEPR TIM-3 38 32 5 BRI 2R s BT S AR 5C
41 B %5 Bt 43 F 1 (carcinoembryonic antigen-related
celladhesion molecule 1,CEACAM-1) f 5K -& FH KT 7T
W0 /N B CT26 25 17 i i) B0 e 988 B 8 B vy >
A, 5 i #5581 H B1 (high mobilitygroupbox 1,
HMGB1) /& TIM-3 ) 75 — HC A, Jiiv s AH SCB Z AR 2
R TIM-3 38 i T4 HMGB1 /- SRR AL IR &
GERYWO M e RAERZIR G e V& TIM-3
SITE B 40 AR AT IDH BT AR R R b e
ik, I A R) 38 5T 43 028 R v A 2Rk K
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WE LI B S R Y e D ae s U AR G,
JUH R T 40 A5 0 T 240 L 6 95 Dy 285 R B X6 i
Je8 411 BEL () 4 BfL 75 P o 38 3 Kaplan-Meier 3 43 A7
1024 5 e g £ B B U L B TIM-3 3Rk 5 1
H WG S A ARE CD4* AT CDS'T 41 i
TIM-3 5 (5 2R ik, H 5 i e o7 988 0% 4 9% 53] 1F A
S0 i BB 40 R JRE N CDAYT 41 i Hp TIM-3
TR R 2 o A SR /)N B e S e A 7
TIM-3 2235 T W BT 40 M AT 40 . X6 i e okt 7 A
TR 1) i 28 200 6L R0 XSO0 A il > 1R 448 A 1 Bl R B
Jib 82 1241 (Y CD11b*CD45™ g S 4 A H TIM-3 263k
BEAR, T A RE 2 B CD8'T 41 it TIM-3 358
Y XY AT AR L, PD-1 AR TIM-
39 A SRR = 3T A e B T g 2 A
ANERIAE AR HET, 4Bk Joht TIM-3 (bt 4
25 W) At b, — T AR 28w A ) MBG453
(TIM-3 450 ) 1 PD-1 41 1 550 7 52 A e Je Joia 1 240 i
BB EEG, E R IE T T R KR R
(NCT03961971) .

1.4 #hemiFiAn-3%8(LAG-3)

LAG-3 EEZ 0 T4 ig (CD4* .CDS'T 41 Jitd Ay
F) R NK B 2R 0 B 40 3k ) — Bl s
BRAE T, AT 0T 20 3 A R A R Y
LAG-3 745449 I+ 5 CD4 [A) i, 38 i 255 Pt 2 3 4
M b B BB LA E A - 1 (major histocom-
patibility complex-I1, MHC-II) 1% 3% f1 #1 {5 5 , {2 it
Treg A5 (0 e AP o bR AH DG L o 4 it | ¢
ik 121 FLEE 2 -3 (galectin-3 ) 188 40 i ¢ 35 114 1T
55 N 2 41 it 48k 4E K (liver sinusoidal endothelial cell
lectin, LSECtin) BRI A /& LAG-3 (Y FLIA , 547 14
Tk HOBE BLAR A7 5 5 LAG-3 454, BELIrZ AR 1 Al
KR CD8* T 41 L 43 W IFN-y I BE S35, b, &F
4t % M R A & 25 1 (fibrinogen-related protein,
FGL-1)5 LAG-3 A9 D1 fll D2 25 ¥ 3 25 & , th ml AF
A K AEVE R AE A AR S AT A TR
FEA R LAG3 7 5 15 30% F) CD8* fif I 12 11 ik £
20 H 5 P 7E CD4Y 20 i S IR R
WF5E % B, LAG-3 Fil PD-1 i 2[R e ik Ar i 2 T 40
it e v RN B 55 bR B R 32 . P LAG-3 Al
Hi PD-1 Hi A 4 2 [F] 4 RGBT % B — 4 2 it 24
I8 )3 o o, A58 T B A R 4 . LAG-3 11
R38R UE LT, H AT A B 58 5t 6 2 A

F % B BMS-986016 (relatlimab, LAG-3 Bid1) 54t
PD-1 BAHT 90 B BAHT (nivolumab) B- T, IEFE#E4T T
W RIS (NCT03493932)
1.5 T#ahe 53875 & F= ITIM 45 #38% & (TIGIT)

TIGIT J& —Fl 5 B 2 1, 35 T CD8" . CD4'T
Y Treg FINK 40/ . TIGIT 5 CD96.CD226 JE
BT 24 F CD28/CTLA-4 Y38 % : CD226 J2 H il
2R 1 TIGIT 5 CD96 J2: A 52 44, 7T 55 4
ZE B CD155, 107 NK 4035 PE 4 ZEJLRh R
Jed/INERURE Y oy | BELET TIGIT ] BH 1 NK 41 i 2838 , i
AT SN R S T A g, 1 5 PD-1 BT RIR
J7 - 7E R P O R h A R R . X R
TIGIT 7& NK 4 ffg v B A HZAEH], s sk &
bR Ay A 0 T — B AT AT BT R TR R
JO B 248 J 96 8 2 1% PR V2 T A L 40 L TIGIT 3%
KT, ¥R TIGIT A B2 A M E IR T S o B2
i 6 B A5, TIGIT A1 PD-1 LU 50 B¢ FH AT 48 4170
SR o g A5 780 v 4 i B P CD8 T 4l , 9 /D Treg
IR AT R, SRANAYTAM L, G 25 m]
DABGSRALN, T 4 D) RE 00 5 Fe e v e v R 248 i
FEAEN HRTL P TICIT TR 25 ik R L,
. TR A I AR ST 6t A 1 FH 7 i e I g 4.
1.6 ittt FE & #l# 45T B7-H4

B7-H4 3@ i /] CD4*F1 CD8'T 41 i 4 5 . 41 ity
PRI =73~ DA 711 248 L ) S99 70 1) 9] 425 T 248 L ) B 98 D7
& NI S g i, 24k, B7-H4 (3%
g A R B, AT W58 3R I L A2 AR P B ZE TR AR 1 T
AN 12635 ; R B7-H4 LU TE ] s B A7 AE
TEA T Igg 2H 21 rh 80 3Rk, AT AR iz Wi b Jed i
Wb, 5 R BTG Kos E &R EY)
AHOEH S CD133" 2 i 2 M fise J5 988 174 ik 98 T &4t i
(tumor stem-like cells, TSC) , 1M A 983 T 20 i@ B I\l
TE IR 118 5 RO T 5 AT R AR R R
YEF o Yao 247 % B8 T B7-H4 75 N5 & M i e
VB B 200 BE R 1% kR 4t i rh 3445 32368, B7-HA #E 53
PER) CDI33 it A £k 53— 1, Yao
S RIE T B7-H4 (1 235 /K V-5 10 e 58 119 8%
PEGN A DG, A SR 508 T fs AN B 1% T 7 Tl
¥ RPEFNTIUET T B7-Ha 7€ B W4 e/ /N
2 o 200 it rp ik HL R R L 2 L v e
e 96 48 4= A 408 3T i 2 4 30 1) 3k JRe £ 928 W PR A
Ko 5515 S 55 305 3(signal transduc-
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tion and transcriptional activators 3, STAT3) 5 B7-
H4 [ 55 3 F 7 s 45 4, 4 [L-6/Janus 3
(Janus Kinase, JAK)/STAT3 {5 5 il % [ % B7-H4
AR R IE . $1B7-H4 BH0 25 Wb Rt o Bl
Hfr A w130 I R 3 5 (NCT01878123 Al
NCTO3514121) 1EAE AT , {H30 2 17 FH T il e 5 7
PRI

1.7 TS E 47 Y sk & 8 o1 X 45 3%
(VISTA)

VISTA 2 2011 45 % B Y — Bl B B4 6 52 A6 £
SLIET T RIS EE R, MM ke H R
X (immunoglobulin variable region, 1gV )55 PD-
1 AH AL, i XCFR PD-1 [F] ¥ 49 (PD-1 homolog, PD-
1H)™=*', VISTA 7£ CD11b' ({4 2 41 it 7 F1 CD4" |
CD8'T 4 il I #5383k , 76 B AL 3Rk 485, H
1T, VISTA BYECAAED VSIG-3(V-Set and Immunoglob-
ulin domain containing 3) , M FR 0 BREE 8 2 %
11 (immunoglobulin superfamily member 11, IGSF-
11) 2B B, AT LA T 20 i 38 56 0 40 i EA 5~ 7
FEAERYS 53— T, AT ARGE VISTA J2: Pt R i
F1 L {4 1 (P-selectin glycoprotein ligand-1, PSGL-1)
AR 1 pH e BEPEBC A, B2 Sz By nl 3 5 A o 1R
PEPR AR G A AT TR . Wang SR LT
e A0 FE R A VISTA T4 17 /N N 47
Wb IR S 8 SIS i A 22 B kR P i A2 BT VISTA
e FEk Y B — 0 Meta 3BT PPAL T VISTA 7£

R QIR A R INB TR PR DS

10 Fofr ST A4 Jifrsgg v A W00 A0 A, 2 30 VISTA #9555 3=
K5 R E A LA K CD8* g 15 i Ik £ 400 it
T A O, 31X 2 B VISTA J2& — Tl v 1 1) S 4R 98 i
JE A MIRR Y L Flies 25 FE 3 Z USRI
/0N R J2 PR A AR v 2 B, VISTA i 535 B L BB A4 7Y
BB B IR b A= 1<, R B VISTA 367 i i ot
Jed 77 THT AT VE R G e U8 S S TS T o /N T 4
SR RGN BE R AN, B S 414U A
MO T e, Wb I AR A A L A0 PR R
B IR F IR SS . AR AT AFSE & B VISTA B AE
X Ao 25 22 5 110 /DN B o 4 i 238, mT g o A 2ok e
G A0 L PR G I A 43 RS AR PR T e
AT AR o R 40 e ek R Liv T &
P55 VISTA BA 4 /N BLEE PD-1 20 8 1% /D BUAH
Eb | RUHE PR Bk /DN BRUPE 32 B A R B R ek )5 T 40
J ) 2 o e B P ) 38, SR T VISTA il PD-1
i P AR IO A S e I AE AT . VISTA F1 PD-1 /Y
v BEBUR AT I BEWTIA T, AR T Ee i
JEE BRIAITROCR . B ETC A $T VISTA B 58 Bt
& (JNJ-61610588/C1-8993) f 1 1 I K ik 4%
(NCT02671955) , H A Jij FH T 10k s Jo 9o 59 o

G JE A o5 A TG G TR T A 5 LR 1, A
AT 54040 B AT 96k B 440 i 26 K (B- and T-
lymphocyte attenuator, BTLA )45 75 I i Ji 988 v 4 i
FLESAT

G PERGAY 1 [LRE NN I e v Fr) R R AR L HEBEWRNER
PD-1 PD-L1; PD-L2(CD273)/ - 81 e 2 94K L 24 121 FEE4Y 1)
PD-L1 - /PD-118] oo A L 5 /N2 I 40 L/ I 4 10121 AEAESL1213]
CTLA-4  B7-1(CD80); B7-2 (CD86)/ - 1% CD4*; CDS*T 4fiJff1120) HAR DGR
TIM-3 galectin-9; PtdSer; CEACAM-1; HMGB1/ - 125271 CD4*; CD8*T 4H Il ; b 4 it 5 s o 4 Jifa 20-311 HAH GRS
LAG-3 MHC-II; galectin-3; LSECtin; FGL-1/ - 13+37] CD4*; CD8*T 4 g3 -

TIGIT CD155/ - 141 I e 52 1 Ak L 24 -
B7-H4 -/ -1l CD133* 138 T4 5 /IS T 40 /e 4 7481 HAH OGS
VISTA VSIG-3 (IGSF-11)/PSGL-1151-52] -

R v

2 RERESHEFIERST KA R R R T AR o 33X Sl R g0 I g A A

UTAEAE , ST A 24 i M A B (FDA) At vfe
T A R T A E AN (] B R R A TR R
JYRL (3 2) , AT I I TR 1 ) e PR i 4

Tl A Ay B 24 BB B0 YR T A S TR T Y
SRk, T EAE P EHL PD-1/PD-L1 Fl CTLA-4 B 54
WF5E, (H K 2 E A F T 98 1399I PR F 75 B
Br(£3),
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T2 FDA TAMER) Gt A s il )

o ORI e i i
R 44
PD-1 Nivolumab/Opdivo EHR SR T 20144 BB/ I g R P /N 200 e il s e 30 A o A A
PR 98 S S 6l R 200 s S /P A P B L B s 205 I i A s
PD-1  Pembrolizumab/Keytruda 2k 7% 20144F PR ZRIRT AR/ INAT AT /I A0 9 Sk 20050 Sl R 200 M i 2 4 VA EEL 9
R B AR CLR R S - B s T e S U AT g s R T K 2
g o A R PR
PD-1 Cemiplimab/Libtayo AT IEETE 20184 FLAS M e IR BA bR 20 A0 88 - Jm 1S G 3D 1 JEk bR 4 e e
PD-L1  Durvalumab/Imfinzi i 4407 ) 20174F  WRII/AL R MR IR i b R 988 T E B T30 11 /N AT At it g
PD-L1  Avelumab/Bavencio WSty 20174F  FEASPEBRTE R ANAG I PR I b 1 9 60 00 B AT A (BBK A5 axitinib )
PD-L1  Atezolizumab/Tecentriq %' [ 20164F PRI b p g A /DN R s s = [P 1 L B/ A
CTLA-4 Ipilimumab/Yervoy ERSEME R 20114F R T UIBREEE R M B (0 2008 R IR 2 € R B A AR (IS nivolumab)
F 3 LR S R L R SRR T I R 5T
- HpipE Rt S Fhh M e s e
B ke mksk me omE IR e WS ATE
PD-1  Nivolumab NCT02667587 11 2016.05 MGMTH 3L 693 IEZEHE T RS G nivolumab 5142 B
(CheckMate548) 4 S S5 B 4 L Xof TS W e ot B 2 e A6 A Y e
e B IRITIFE
PD-1  Nivolumab NCT02617589 I 2016.01 MGMTAH I 550 EAEBEA T Nivolumab 5535 Bl He 45 1 G0 2
(CheckMate498) Al RS TRIT RIS o R0 8 A A T RO
JiukEsEa BIT
PD-1  Nivolumab NCT02017717 1 2014.01 & RVMERFER 626 IEAE#EFTH Nivolumab 45 bevacizumab .nivolumab
(CheckMate143) A R S A HNEGR I ipilimumab 3657 KBB4
JOLIEE 1A M RN e A P I LA T
PD-1  Pembrolizumab NCT02852655 1]  2016.09 JKEFHMIE 35 EAEREAT R WG R T B R S TP A
(MK-3475) g pembrolizumab [ .35 7% 24 1))
SR MM 5
PD-1  Pembrolizumab NCT02337491 1]  2015.02 & &M HEE: 80 W95 Pembrolizumab ok ASEX FH bevaci-
(MK-3475) A R A zumab YR 5 M I T R A R
PD-1  Cemiplimab NCT03690869 1 /1141 2018.10 #I&sE &M 150 IEFERSE X R Pt ] S R A 22 R
(REGN2810) ey ey B IR e R T S IRAS T %
S A7 S M R TR 1) 2 A M AT 2K
PEPEAN
PD-1  Cemiplimab NCT03491683  1/I1#] 2018.05 FTkE4nfIR 52 IEFERE T B ZELER A Cemiplimab {G57 B2 W0
(REGN2810) B i B 4T R
PD-L1  Durvalumab NCT02336165 11 2015.02 BRI 159 IEZEHEA T ARk I T £ R AP RO 5
(MEDI4736) B
PD-L1  Durvalumab NCT03991832 11 2020.01 MR #H 78 R AASE Olaparib fil durvalumab 7 IDH %845
S R ISR
PD-L1  Avelumab NCT03047473 111 2017.03 JBRE4NM0E 30 IEFEHEFTH Avelumab 7652 W7 At e 5 B 20 ff e
e I
PD-L1  Avelumab NCT02968940  [1#]  2017.03 JTEE4NR 43 W95 Avelumab BA IR B FIAYT BN
e 1D H 2 28 #4 Ji5g Jo 1) 241 a8
PD-L1  Atezolizumab ~ NCT03174197  1/I#] 2017.06 #HiZWityheHi 60 IEAEHRSE WG S e BT T IR YT RS WY
BN g B T2 TR A R
PD-L1  Atezolizumab ~ NCT03673787  1/I#H 2018.08 MElAMEIFLE4N 51 EAESE T B4 ipatasertib A RAFSE

N i
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HipE Rtk 5% bR

o R T R

B2 ImRSE BB mE

e

CTLA-4 Ipilimumab NCT02311920 1]

NCT03367715 11 1]

CTLA-4 Ipilimumab

TIM-3  MBG453 NCT03961971 1 4]

2015.04 HZWiRIE 32
BRI B

2018.02 FrZWinIe 24
AR

2020.02 EERMERFEE 15

EfE g T Ipilimumab F1/8¢ Nivolumab B4 %25
BEMRIHETA YT T 12 W 14 1B o A
Nivolumab . ipilimumab FIEF2E T
RITHNSITRI A MGMT ok HYEAE
JE BB A R

EAEREF T HUTIM-3 8- A4T PD-1FI SRS VAT A

TS

i R 3 SV IR 240 SRR (I R AT 5T
LAG-3 BMS-986016  NCT03493932 11l 2018.09 & EVERGiEE 25 IEAER S 2116 PR s A e I 4 g
YA FEE R o5 BELIT %) S st 28 W

MGMT: Methylguanine methyltransferase, 55 NG THILELREf; SRS:Stereotactic radiosurgical surgery S7AASE W) iU AMEHA YT

(B R www. ClinicalTrials. gov, ZEiT#k1E H: 2020. 06. 10)

T8 — 35T 24 191 i 5 53] e Jo 98 A6 5 2 32 40 PD-1
PAYT IR W FAHT (pembrolizumab ) 16 77 A9 256 A (7]
JUPEPPAL T e R R o B R T
P A A7 ] (progression free survival, PFS) A 1. 4
A, WAL B A AR (overall survival, 0S) 7 4 >
A 5 —1 [ W (NCT01375842) Ilfi IR 52 5
16 1911 52 11 e Jo B 200 e £ 283 PD-LL1 B4 ]
R PP (atezolizumab ) IR T, 3 18] i 32 M K 4F,
R E A R FE . Gorsi % 10 4]
52 R M 598 L R 8 mivolumab 1697 #E4T T
[l Joi 4 43 A1, % B PD-L1 BHAE £ 34 i v 457 28 A7 1
13,7 JE T PD-L1 B B e A A
4.2 J& , $2 75 nivolumab £ JL ST 0 A4 1 FH X Ry
FIiEPD-L1 1Y 8 AR . Carter VAT T
20 191 J5¢ 5 B 240 it 958 26 2 K A 14T CTLA-4 B4t
B DT B4t Cipilimumab ) FT I 45 A8 A% 25 9 DL £ ok
Ba3T (bevacizumab , [ ih 44 Avastin) [IIBFST , & PLEX
B2 BoR  BAF 2500 v R/ TR
Hipilimumab T 7= A= B 7 1

SRIMIAE CARIE Y T IV PRI (NCT02017717)
H, Omuro 552K 40 {51 52 i J& J5 B 240 I8 KR 53
340, P nivolumab 5 ipilimumab . FH ol 5 FH %) 22
PR 2 . & B nivolumab BL256 7 i A2 PEAG
7 nivolumab + ipilimumab BE 2 iz &2
P27 ipilimumab 7 & A 5200 o {H 32 50 50 fe 2 PRl
PG FH 2507 B8 7 AR 25 AN R SOV B
JEEE L 40% WY E BRI 2 iRy i k. fE
X5k Checkmate-143 ) I3 1l AR 56 v, 647 T

nivolumab F bevacizumab . 24578 7 & & 1 B8 i £
Y1 IR R R A T PEAY R RS 369 A,
X RO PD-1 #0500 247 1 KR B AL I PR ik
B, BRI, 2017 AR AT R AL A R R, S
ZACST T B 5 P e 5T B 40 R AR
nivolumab .25 [I6Y7 SR 55 bevacizumab A1 [t , Jf
AT B3 BGE B BUS o 107 R JEE A Al BE 2
HT T80T 5 RS £ 9k L 40 s 2>, £ 45 £ 5 % PD-1
) N 28 BRI o d5 3 BF 58 & W nivolumab F1
bevacizumab [ % 4= — 2, (HIBG FH 245 90 4 e 38
BHBAFN . SUeFEES, P KR I BE AL
% (NCT02617589 F1 NCT02667587) iF 7E Wl ixk
nivolumab X F J 5 IEEHA HI JL A4 F2 il (methylguanine
methyltransferase, MGMT) H JE Ak ol 4F B 34k i
B} 20 R A8 AT AL, IS R T RE DA S R A A
SRR R g

3R E

GBEST 12 bR IR I SR P ) i 2 G
3, e G e A A ) R A 22 b S AR R T
Wi T H R . AR5 L L B R 25 ) A
FE, ek A s MR A IE W AV, A R
BT MR BERRARG , (5L A6 38 10 2 R AR X AR, 7
JI52 T B 240 B PR JC AN o I TR 00 R e e
TR IE F S 5 00 o R 2 A v, T I 9 P A 2 3 B
Wt B BEAEIR T ORGSR
5 AU IO 2R O A A0 1 T R A 2 o B A A
A BELVBT P i A 7 AR AL T 14 SR
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FIIT, S 2 6 2 i BEL 6 o il 2 SRR 8 B 5

WAL e A B B o B2 SR G A a5 A i 16 T Ml
Ji58 TR S5 A RCR AN, TR T ik A5 A ik BB
iz 3 o E AN RSN ERAE o Al 7 ik i
JRORE (3R 7 A RS A U505 S R/ T B
BLWEJIE bevacizumab 55 AR PR ERT S, X 4824
Wy ) A8 T 75 5 AU i Wl 0 AR EL A P AR OG , LA
LAy SRR B YR T 5 R A AN RS ) A
WP fif e .

References

(1]

(2]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

Preusser M, Lim M, Hafler DA, et al. Prospects of immune
checkpoint modulators in the treatment of glioblastomalJ]. Nat
Rev Neurol, 2015, 11(9) : 504-514.

Lim M, Xia YX, Bettegowda C, et al. Current state of immuno-
therapy for glioblastoma [J]. Nat Rev Clin Oncol, 2018, 15
(7): 422-442.

Hung AL, Garzon-Muvdi T, Lim M. Biomarkers and immuno-
therapeutic targets in glioblastoma [J]. World Neurosurg,
2017, 102: 494-506.

Sharma P, Allison JP. The future of immune checkpoint therapy
[J]. Science, 2015, 348(6230) : 56-61.

Kelly PN. The cancer immunotherapy revolution [J]. Science,
2018, 359(6382): 1344-1345.

Ribas A, Wolchok JD. Cancer immunotherapy using check-
point blockade[ ] |. Science, 2018, 359(6382): 1350-1355.
Sharma P, Allison JP. Immune checkpoint targeting in cancer
therapy: toward combination sirategies with curative potential
[J]. Cell, 2015, 161(2): 205-214.

Chen LP, Han X. Anti-PD-1/PD-L1 therapy of human cancer:
past, present, and future [I]. ] Clin Invest, 2015, 125(9) .
3384-3391.

Boussiotis VA. Molecular and biochemical aspects of the PD-1
checkpoint pathway[J |. N Engl ] Med, 2016, 375(18): 1767-
1778.

Yao Y, Tao R, Wang XM, et al. B7-H1 is correlated with
malignancy-grade gliomas but is not expressed exclusively on
tumor stem-like cells [J]. Neuro Oncol, 2009, 11 (6) :
757-766.

Heiland DH, Haaker G, Delev D, et al. Comprehensive analy-
sis of PD-L1 expression in glioblastoma multiforme [J]. Onco-
target, 2017, 8(26): 42214-42225.

Berghoff AS, Kiesel B, Widhalm G, et al. Programmed death
ligand 1 expression and tumor-infiltrating lymphocytes in glio-
blastomal J ]. Neuro Oncol,, 2015, 17(8) : 1064-1075.

Nduom EK, Wei J, Yaghi NK, et al. PD-L1 expression and
prognostic impact in glioblastoma[J]. Neuro Oncol, 2016, 18

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(2): 195-205.

Bloch O, Crane CA, Kaur R, et al. Gliomas promote immuno-
suppression through induction of B7-H1 expression in tumor-
associated macrophages [T]. Clin Cancer Res, 2013, 19(12) :
3165-3175.

Zeng J, See AP, Phallen J, et al. Anti-PD-1 blockade and ste-
reotactic radiation produce long-term survival in mice with
intracranial gliomas [J]. Int J Radiat Oncol Biol Phys, 2013,
86(2): 343-349.

Park J, Kim CG, Shim JK, et al. Effect of combined anti-PD-1
and temozolomide therapy in glioblastomalJ]. Oncoimmunology,
2019, 8 (1) : e1525243. doi: 10.1080/2162402X. 2018.152
5243.

Antonios JP, Soto H, Everson RG, et al. PD-1 blockade
enhances the vaccination-induced immune response in glioma
[J]. JCI Insight, 2016, 1(10) : 87059.

Garzon-Muvdi T, Theodros D, Luksik AS, et al. Dendritic cell
anti-PD-1  mediated
against glioblastoma [ ] ]. Oncotarger, 2018, 9(29) : 20681-
20697.

Wing K, Onishi Y, Prieto-Martin P, et al. CTLA-4 control over
Foxp3* regulatory T cell function [J]. Science, 2008, 322
(5899): 271-275.

activation enhances immunotherapy

Fong B, Jin R, Wang XY, et al. Monitoring of regulatory T cell
frequencies and expression of CTLA-4 on T cells, before and
after DC vaccination, can predict survival in GBM patients[J ].
PLoS One, 2012, 7(4): €32614.

Liu FK, Huang J, Liu XM, et al. CTLA-4 correlates with
immune and clinical characteristics of glioma [J]. Cancer Cell
Int, 2020, 20: 7.

Fecci PE, Ochiai H, Mitchell DA, et al. Systemic CTLA-4
blockade ameliorates glioma-induced changes to the CD4* T
cell compartment without affecting regulatory T-cell function
[J]. Clin Cancer Res, 2007, 13(7): 2158-2167.

Reardon DA, Gokhale PC, Klein SR, et al. Glioblastoma eradi-
cation following immune checkpoint blockade in an orthotopic,
immunocompetent model [J]. Cancer Immunol Res, 2016, 4
(2): 124-135.

Field CS, Hunn MK, Ferguson PM, et al. Blocking CTLA-4
while priming with a whole cell vaccine reshapes the oligoclonal
T cell infiltrate and eradicates tumors in an orthotopic glioma
model[ J]. Oncoimmunology, 2017, 7(1): e1376154.

Das M, Zhu C, Kuchroo VK. Tim-3 and its role in regulating
anti-tumor immunity [J]. Immunol Rev, 2017, 276 (1) :
97-111.

Huang YH, Zhu C, Kondo Y, et al. CEACAMI1 regulates TIM-
3-mediated tolerance and exhaustion [J]. Nature, 2015, 517
(7534): 386-390.

Chiba S, Baghdadi M, Akiba H, et al. Tumor-infiltrating DCs

suppress nucleic acid-mediated innate immune responses



HS2EH 1 R SCIEE | 55« S B G 2 it R A i 9 7 M FSRg w5 111

[30]

[41]

through interactions between the receptor TIM-3 and the alarm-
in HMGB1[J]. Nat Immunol, 2012, 13(9) : 832-842.

Li GZ, Wang Z, Zhang CB, et al. Molecular and clinical char-
acterization of TIM-3 in glioma through 1, 024 samples [J].
Oncotmmunology, 2017, 6(8): e1328339.

Han S, Feng SZ, Xu LS, et al. Tim-3 on peripheral CD4* and
CD8* T cells is involved in the development of gliomalJ]. DNA
Cell Biol, 2014, 33(4): 245-250.

Goods BA, Hernandez AL, Lowther DE, et al. Functional dif-
ferences between PD-1* and PD-1- CD4* effector T cells in
healthy donors and patients with glioblastoma multiforme [J].
PLoS One, 2017, 12(9): e0181538.

Kim HS, Chang CY, Yoon HJ, et al. Glial TIM-3 modulates
immune responses in the brain tumor microenvironment []].
Cancer Res, 2020, 80(9): 1833-1845.

Kim JE, Patel MA, Mangraviti A, et al. Combination therapy
with anti-PD-1, anti-TIM-3, and focal radiation results in
regression of murine gliomas [J]. Clin Cancer Res, 2017, 23
(1): 124-136.

He YY, Rivard CJ, Rozeboom L, et al. Lymphocyte-activation
gene-3, an important immune checkpoint in cancer[J]. Cancer
Sei, 2016, 107(9): 1193-1197.

Grosso JF, Kelleher CC, Harris TJ, 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.

Kouo T, Huang LQ, Pucsek AB, et al. Galectin-3 shapes anti-
tumor 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.

Xu F, Liu J, Liu D, et al. LSECtin expressed on melanoma
cells promotes tumor progression by inhibiting antitumor T-cell
resp()nses[]]. Cancer Res, 2014, 74(13): 3418-3428.

Wang J, Sanmamed MF, Datar I, et al. Fibrinogen-like protein
1 is a major immune inhibitory ligand of LAG-3 [J]. Cell,
2019, 176(1/2) : 334-347.e12.

Liu ZJ, Meng QD, Bartek J Jr, et al. Tumor-infiltrating lym-
phocytes (TILs) from patients with glioma[J|. Oncoimmunolo-
gy, 2017, 6(2): 1252894,

Grosso JF, Goldberg MV, Getnet D, et al. Functionally dis-
tinct LAG-3 and PD-1 subsets on activated and chronically
stimulated CD8 T cells[ J]. J Immunol, 2009, 182(11): 6659-
6669.

Huang RY, Eppolito C, Lele S, et al. LAG3 and PD1 co-inhib-
itory molecules collaborate to limit CD8" T cell signaling and
dampen antitumor immunity in a murine ovarian cancer model
[J]. Oncotarget, 2015, 6(29); 27359-27377.
Harris-Bookman S, Mathios D, Martin AM, et al. Expression
of LAG-3 and efficacy of combination treatment with anti-LAG-

3 and anti-PD-1 monoclonal antibodies in glioblastoma [1]. Int

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

J Cancer, 2018, 143(12) : 3201-3208.

Dougall WC, Kurtulus S, Smyth MJ, et al. TIGIT and CD96:
new checkpoint receptor targets for cancer immunotherapy [J].
Immunol Rev, 2017, 276(1): 112-120.

Zhang Q, Bi JC, Zheng XD, et al. Blockade of the checkpoint
receptor TIGIT prevents NK cell exhaustion and elicits potent
anti-tumor immunity [J1]. Nat Immunol, 2018, 19 (7) :
723-732.

Hung AL, Maxwell R, Theodros D, et al. TIGIT and PD-1 dual
checkpoint blockade enhances antitumor immunity and survival
in GBM[J ]. Oncoimmunology, 2018, 7(8): e1466769.

Zang XX, Loke P, Kim J, et al. B7x: a widely expressed B7
family member that inhibits T cell activation [J]. Proc Nail
Acad Sci U S A, 2003, 100(18): 10388-10392.

Wang JY, Wang WP. B7-H4, a promising target for immuno-
thcrapy[.]]. Cell Immunol, 2020, 347 104008.

Yao Y, Wang XM, Jin KL, et al. B7-H4 is preferentially
expressed in non-dividing brain tumor cells and in a subset of
brain tumor stem-like cells [J]. J Neurooncol, 2008, 89(2) :
121-129.

Yao Y, Ye HX, Qi ZX, et al. B7-H4 (B7x) -mediated cross-
talk between glioma-initiating cells and macrophages via the
IL6/JAK/STAT3 pathway lead to poor prognosis in glioma
patiems[.]]. Clin Cancer Res, 2016, 22(11): 2778-2790.
Wang L, Rubinstein R, Lines JL, et al. VISTA, a novel mouse
Ig superfamily ligand that negatively regulates T cell responses
[J].J Exp Med, 2011, 208(3): 577-592.

Flies DB, Wang SD, Xu HY, et al. Cutting edge: a monoclo-
nal antibody specific for the programmed death-1 homolog pre-
vents graft-versus-host disease in mouse models [J]. J Immu-
nol, 2011, 187(4): 1537-1541.

Wang JH, Wu GP, Manick B, et al. VSIG-3 as a ligand of VISTA
inhibits human T-cell function [J]. Immunology, 2019, 156
(1): 74-85.

Johnston RJ, Su LJ, Pinckney J, et al. VISTA is an acidic pH-
selective ligand for PSGL-1 [J]. Nature, 2019, 574(7779) :
565-570.

Wang G, Tai RS, Wu YS, et al. The expression and immuno-
regulation of immune checkpoint molecule VISTA in autoim-
mune diseases and cancers [J]. Cytokine Growth Factor Rev,
2020, 52: 1-14.

He XL, Zhou Y, Lu HZ, et al. Prognostic value of VISTA in
solid tumours: a systematic review and meta-analysis [J]. Sci
Rep, 2020, 10(1): 2662.

Flies DB, Han X, Higuchi T, et al. Coinhibitory receptor PD-
1H preferentially suppresses CD4* T cell-mediated immunity
[J]. J Clin Invest, 2014, 124(5) : 1966-1975.

Borggrewe M, Kooistra SM, Noelle RJ, et al. Exploring the
VISTA of microglia: immune checkpoints in CNS inflammation

[J1. J Mol Med (Berl), 2020, 98(10): 1415-1430.



112

‘*’ @A B # x # ¥ #2 Journal of China Pharmaceutical University 2021,52(1):104 — 112

52 &

[57]

[58]

[59]

[60]

[61]

LiuJ, Yuan Y, Chen WN, et al. Inmune-checkpoint proteins
VISTA and PD-1
responses [ J ]. Proc Naitl Acad Sci U S A, 2015, 112(21) :
6682-6687.

nonredundantly regulate murine T-cell

Reiss SN, Yerram P, Modelevsky L, et al. Retrospective
review of safety and efficacy of programmed cell death-1 inhibi-
tors in refractory high grade gliomas|J . J Immunother Cancer,
2017, 5(1): 99.

Lukas RV, Rodon J, Becker K, et al. Clinical activity and safety
of atezolizumab in patients with recurrent glioblastoma (J.J
Neurooncol, 2018, 140(2) : 317-328.

Gorsi HS, Malicki DM, Barsan V, et al. Nivolumab in the
treatment of recurrent or refractory pediatric brain tumors: a
single institutional experience [J]. J Pediatr Hematol Oncol,
2019, 41(4): e235-e241.

Carter T, Shaw H, Cohn-Brown D, et al. Ipilimumab and beva-
cizumab in glioblastoma [J]. Clin Oncol (R Coll Radiol) ,

[62]

[63]

[64]

[65]

2016, 28(10): 622-626.

Omuro A, Vlahovic G, Lim M, et al. Nivolumab with or with-
out ipilimumab in patients with recurrent glioblastoma: results
from exploratory phase I cohorts of CheckMate 143 [J]. Neuro
Oncol, 2018, 20(5): 674-686.

Reardon DA, Omuro A, Brandes AA, et al. 0S10.3 random-
ized phase 3 study evaluating the efficacy and safety of
nivolumab vs bevacizumab in patients with recurrent glioblasto-
ma: CheckMate 143 [J]. Neuro Oncol, 2017, 19 (suppl 3) :
iii21.

Wang X, Guo GC, Guan H, et al. Challenges and potential of
PD-1/PD-L1 checkpoint blockade immunotherapy for glioblas-
tomal J . J Exp Clin Cancer Res, 2019, 38(1): 87.

Reardon DA, Brandes AA, Omuro A, et al. Effect of nivolum-
ab vs bevacizumab in patients with recurrent glioblastoma: the
CheckMate 143 phase 3 randomized clinical trial [J]. JAMA
Oncol, 2020, 6(7): 1003-1010.

<o Pharmac,,
A Uy,
§© ooy

Jou,,
Py,
i~
s

YAEHRG

BiRS: 28-115, YRIOTTER , IRILDIZGS !

PARHXRE 24

VDR RO v R R R
O SO v R R 5 | OB A YT T

fl i 1 24 B BRI MR L 55 e
R g T
REHFTENAAEE RBRFNEFRANR
Bl AESR
REEGRZRFNE HR¥ATRNTFA
HARIEX
REMAREY EREABSRABRSTHIEX




