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Abstract: Tumor immune checkpoint therapy is a clinical treatment strategy developed based on the new
principle of the inhibition of negative immune regulation. In this article, the tumor immune checkpoint therapy and
the drug delivery strategies were reviewed, mainly including immunity and tumor therapy, tumor immune
checkpoint therapy and its mechanism of action, clinical application of tumor immune checkpoint therapy and
therapeutic drugs, immune resistance of programmed cell death protein 1 (PD1)/programmed cell death ligand 1
(PDL1) treatment and countermeasures, drug delivery strategies for tumor immune checkpoint therapeutic agents,
etc. As a revolutionary new immunotherapy strategy, tumor immune checkpoint therapy has shown obvious
superior therapeutic efficacy in a variety types of tumor. However, tumor immune checkpoint therapy is also faced
with a big challenge, namely, immunotherapy resistance. With the discovery of new mechanism, the continuous
development of new therapeutic drugs and delivery strategies, tumor immune checkpoint therapy is expected to
further improve the clinical efficacy of tumor.
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1 "ERHEMERTT
1.1 REHWSHERE

G 9% 71 (immunity) A2 8 A1AR P50 A3 Bk 28k N
R BUIR B A P 9% 738 B 3 22 AT M - 4 e LA P 3R S5 A2 e
RE TSR, g% ) R N B & B AL, A
XTSRRI B A, LR A R R A SRR
RN E BT VR, i B RIS R AR N B B E 4R
T AL A R BN S AR M R RE T o T DA o0t A AR I £
RER B L5 MR kA R RS g M A B
DIReF VIM G, e R fedt T RS KE.
1.2 MERERE

2002 4, J% [ Jph 8 £ M) 2 5 A 7 A (Schreiber) $i2
H“ IR 9% Ym %R (cancer immunoediting) R i
SEAMIAENR N KA S KRR — R RS54
JAH FLAE BB A L R, S s 5 GEAE T BR — L8 b Rs 4
i P4 R B, AR T 5 — S iR 20 g 1 A 4 2 R (e
IR BB R ) AT EE ¥ (reshape), 7R Bl “ G % dmiE

oI5 Z2 45 5 I JRa ) 928 G 6 0K R 00 N = AN [ 1)
RE: © F—FRIREFRNIER” (elimination). 7EXA
RN, BT AR 0 I B B0 PR 1, 5 e
P R GR R HERR, @ — 284 1 (1) i 4 ik i
T G B ) 0 R AR I AETE R OR, 5 R Rtk
NFA7” (equilibration) JIRZS, I FIAMRLRE, A
SR B o RAFVERR S G2 S B A2 4 FF X F AR
B EENH] @ F _MPERIRES ISR, LR
AL I TSP F TR, A S R G S IR ) Ok RN
ZANIRES, BB IR (escape) B o FEIX AN B e
Y AT LU= AE — RAIDEMER A, WA RERIE 2 S
HYEE A 18 (major histocompatibility complex, MHC)
53, BRANRE ™ AR IR K, o I it e 9 R A o

W6 A, R 2 i ) R TS Sl o R AR R A, A A
925 2011 FRL 35 5 110 e R 40 P 9 T WL K k. TR BT, i oRE 4
L BRI A TR S P i 98 2 77 A — AN 0] 7 9% 240 L ) 1
PRBG, FEIX AR BT b, iR 0 2 B TR — 28 B Sk
k) Dy a8 1) 1, WA AE K AV Al A 3R -10
(interleukin-10, IL-10)"4%, JFRES S A RIA MM ENET
IRE4H B AH 5% 5> F 4 (cytotoxic T-lymphocyte-associated
protein 4, CTLA-4) {187 T 40 fg, % FoAth 4 2 40 g 7=
AEFRIE R, 330 2R G0 A0 IR R S i 32,
REK TR KRBT 2R,
1.3 MERERST

Ji IR g% I6 9T S FR 8 E R S Bl BSOS AR
77, VR SR IEH BPT IR G2 S S, AT 428 1] 5 75 Bk
Ji R ) — Bl 9T U7 ik, LA BRSO RE PR S S A A
F 0] IR IT PR PR e R B A R T RN

il 7748

AR, IR S e ¥R YT CUFE 2 P o an R AL 3K
A /I 200 T g Y 9 AR A0 g S5 SR RTVR T R R
I SRR A F RS T, 2 AR S IR ST A 23K
322 H & 5 2 5 I B B (Food and Drug Adminis-
tration, FDA) LR FH TG IK . 55 1A 52 BRI PR B H
M) S P for B UBUAR 25 ) 72 Bt CTLA-4 73 1 I B o B L
AR UG 54T (ipilimumab), 2011 £E 3545 55 [F FDA #E ik .
2014 4, FDA it #E 8 A PURE 5° PR S8 T2 %2 48 1 (pro-
grammed cell death protein 1, PD1) L §T Yk 4 ¥ i1
(pembrolizumab) 1 4% & ¥ 4T (nivolumab) & 77, Pr 4l
Jit B2 J7 1 B8 T2 2 K BC 4K 1 (programmed cell death 1
ligand 1, PDL1) 5 T Bl % Bk ¥ 3 (atezolizumab) 7E
2016 3R T,
2 MEREZRRESUATT REERNE
2.1 HPHIER e R AT ML

H AR 50HR K 27 & 5 Bt # 9% % KA JE A (Tasuku
Honjo) 1 X3 B IF4)iE T PD1, JFUESE PDLI 7] 5 PDI
SEGMANG] T M DR . 58 R v 5 0 K 2e 2 s A
Jort i HH 00 IR 2 T S O M - ORI AR (James Allison) 2
Je 4 S B R A I E S, T ORAE /N B N S
CTLA-4 iR e Mg fEH o X PR IUR B 3L [F R 12 T
] Y 0 B 5 R AL AR ) e R S T v 0 7 AR R, R
PD1/PDLI1VGYT HiME . — AJL[FFRAT 2018 4538 DURE
AP EREE 2 . AU, IXOMAR A G ST VR R T A%
G R I RE YR IT A% Ry, FLAE 4R e W ST 7% e e BB A 1
SAAEAR R T AR T BRI R .
22 MERERERIATT

G5 Ror A ALY VB I B T I X G 2 3 K R
RAFAEFH, 38 9 N AA G 95 28 GERT i g 1) 400 1) = 3% 4 3
Mo HAT, BRI AR B Z A AR R a8
J7 40 25 PD1.PDL1.CTLA-4 J% CD47. F|Hix L4
FUT R BRI 77 VA8 JE /)N 20 i fi e PR € 2 98 R 2k
R AR 4 B e 2 bR v s BT TR T R £
Tl BT (0 100 ) 9 0 B B SR B IEFEAIE 98 O T 4 Mg AH 1
I B Uk B 4 B VS 4k 2L K] -3 (lymphocyte-activation
gene 3, LAG3)". T 41 ffi 42 #£ £k 5 -3 (T cell immuno-
globulin mucin-domain protein 3, TIM3)". % & 5% &
i 0 TR 100 1) A7 i 25 KA A 1 T 4 Y e B 2 AR (T cell
immunoglobulin and immunoreceptor tyrosine-based
inhibitory motif domain, TIGIT)™ T 40 Jg 35 4k 1) V 15 Ig
4] R 7 (V-domain Ig suppressor of T cell activation,
VISTA) ™. B7 homolog 3 (B7-H3)"". adenosine A2a
receptor (A2aR)!"1.CD73!" B FI T 4 Jitd itk E= 4411 Ji0 32 )ik
% (BTLA)"4E; @ JE T 4H M AH ¢ 138 - 10 AR K A
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F f (transforming growth factor beta, TGF-8)". 5 15
B e BREE H FE 2 4& (killer immunoglobulin-like recep-
tors, KIRs)!"*. i i fk U1 B2 3- B4 g 119 y 5 44 & (phos-
phoinositide 3-kinase gamma, PI3Ky) "% fll CD47"7 &% ;
) HoAth b 2 AH I B - toll £ 324K (toll-like receptors,
TLRs)!"™ . 15| W Ji&z 2,3- X Jin1 42 /g #1551 (indoleamine 2,
3-dioxygenase, IDO)!" I [1 /> & -2 52 & (interleukin 2
receptor, IL-2 receptor)*”,
2.3 PD1/PDL1 %&EHE ST 1ERALE
THME G —F 42 NPDIIEH. 15 AR/
(2T x3RiA PDL1 & H . TYIfUKIE I PD1 &AM IE
WA PDLL 2R A4S G5, & RIS B
AMEE . B, — B H IR 4 M, H R 1% A PDLI
FE A, T 406K A3 18 PDL1 25 [ A0 o 40 Bl 1R 71 5F:
A3, 3X 72 T 240 B R i I 3% 3 e e 240 B rr) 4 P AL 1)
SR, AR 2 i 40 i o> Ak, E HR T AR IR TR R
X PDLI H H, AT Dy 287 s IR W A4 i, ] Bl
T 403 1 PD1 257, X 181 2 3 T 40 i ef 3G A 922 s AL A
AAE M . PDI/PDLI % v 97 1E /& I B 3 /N4 A,
SR G 2R 7 s P T SR 0% © PDI1 24 £ s FH T VA
J7, FIFI PDL1 & (12595 T 4 4L 1 PD1 521645 &,
MIMTFELWT T T 40/ PD1 5 R 40 i PDL1 45 &, {45 T
4 i fe 9% BHT IR IR R Al i, @ PDLI Ak
s BTG 97, R PD1 2R B 2459 5 i 63 40 g PDL
g5, BT 7 T 4L PD1 5 MR 40 ) PDLI 45 &, {453
T 24 0 f36 88 BRI R0 5 2% 43 g 4 . (11 1)
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Figure 1 Mechanisms of programmed cell death protein 1 (PD1)
and programmed cell death 1 ligand 1 (PDL1) immune checkpoint
therapy
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I I8 T A B R G VE 2 G I oy T AR ALE, i i
X A 1] 3 1) Ty gk T A R S B O R I
PEVRIT MG AZ R T HA .

CTLA-4 52 A 43 A B S5, T 20 ()6 e 4 i e
WA ) bR — PR B 2 AR, B TS T 40 Th g,
1 B 2 38 I 5 e 5 4 B T P 2 A 5, AT S

FITF B, &1L 5% e B o T CTLA-4 0 1) 7538 i
F# CTLA-4 4> 1, W AEAE T 4H i A H 38 B L T < I osg
AN, A BB RN (B2).
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Figure 2 Mechanism of cytotoxic T-lymphocyte-associated

protein 4 (CTLA-4) immune checkpoint therapy. MHC: Major
histocompatibility complex; TCR: T cell receptor
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H 55545 % A o (signal regulatory protein a, SIRPa)
FHEAER, FEN“RINZIR7 (M55, 40P 2 0 20 i
(antigen-presenting cells, APCs) X fift 83 41 ffd 1) 7% Wik /F
F o FIFH CD47 BRI o] LA 60t & 7 B0 e 88 25 o

IDO & —F 4 2 R B AR I, Rl IR I R R
TR RIREARBENLIE Treg /ML AE 1, PEIKCDS T
S i () B FE T, S B I A A . IDO I
1) 7710 B R T bR P 95 £ IR 1 R, R S R
FREE R T 4 38 5 52 A0, ORIV AR (9 S 1R T SRS
3 GRERETSATHIRRRBEREZY
3.1 PDI1/PDL1 ;AT HIIIGK R A

G IR YT B 25 PD1 AN 7 Th b, T e vk
AR/ S VT, BE I SSEA RS T 4
5 (4% T+ 2 16%), F T 0 1 B AR IT, B SE
AR B T 465 (10% 7 3 38.7%) . H #r,
PD1/PDLI1 697 SR HE A T~ 15 Fl LA - 1y 06 3 s 4408
AR 6 T, an B B 208 AR /N B e L
B L 9 B e L PR B b e L EE A AR R L 4
L R A NCE N N AN i )
et A1 R A
3.2 PD1/PDL1;&IT %54

H A, & L PD1/PDLI ¥ J7 2459 3= B 7 A 2k
A D PDI ey £ pi PHIWTVAIT 254); @ PDLI ¥
62T A LT YA T 259
3.2.1 PD1REXRETSMEEIATAY FIHPDLI &
259, 2 5 TY i _E PD1 45 &, M BE b7 kg
PDL1 5 T4 L PD1 454 . 7 25 ass: © gyln
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Pt, —Fh NEAL 1gG4 H1 PD1 B3, 2015 4E FDA it ik
TRI7 e/ N @ JRWEFRPT, —Fh N JEAL 1gG4
kappa T PD1 ¥4, 2014 5= FDA it 7 H TiRI7 %
T B 2 ) PERE R T (cymplimab), —FFHTPD1
BT, Bl 3R FDA WAL FH T 0 30 R SR BRI V6 7
322 PDLIREXRESMEMATHAY FIHPDIE
259, 1 2 598 L PDL1 45 &, M BT T 40 g L
PD1 54 s - PDL1 &5 & . WRIT e © B
FRER BT, — R AJRAL 1gG1 BB, 2016 4F FDA #itvE
TYARYT IR b 5z 9 PDL 0 751, 0B 8 15 I g 0 5L
IR SR 25 @ B4k B4 (avelumab), — Fh 58 45 AR
PEPLPDLI (19 1gG1 ¥41. H AT, FDA T8 52 B 4 $ bt
FH T30 97 1 B 1 BR 5 7R 40 i s VF AT HTE, 2021 48 1 A
R SR AL LR T 1 B PR % B R IR YR T

It 4k, PD1/PDLI &7 1 55 HoAth G 2 4 1) 71 1B 5 2
H, Wn PD1 HEHLAI CTLA-4 01 5B, T SRR,
B B el N A B SR T . R
45T HT4 FDA #t#E )5t PD1/PDL1IGYT Zi4)
4 PDU/PDLIATTREMAMSIIR

SRR AR M 2 P57 E, 845 S B R A a4 ]
TBIT S TR KM R, (R 2 REA BREE 1) 3
F B RF SR B PRI 97 B, SR AT 4 B TE VAR TR
IT R G R T AU (SR 1 T 24) BREE O 4% i
— BN IA] Ji5 PR H B gk GERTS MR T 24)
4.1 FEAMRERAMHT
4.1.1 MEREZEEMARE PDI/PDLIFHWHIT I~
A B R RO, AT IR R 5 b R e R T 4
Ji i 97 P IX T B SR 40 B (dendrritic cells, DC) £
P S CDST T 41 f Al R e vE e . R R P
R SRARGE I .CD8™ T 41 f & A 2, S E PD1/PDLL IR

IT G B 2 o SR I B T il DA 3 5 P98 (1) 6 8
PE, A2 PD1/PDL Y557 % i8d (1) G2 2547 e 71
4.12 BEEMREINEERER  GEYReEisrEAE =
AL R M E AR (major histocompatibility complex
I, MHC I) DI REFERG . T4 2 y (interferon y, IFN-y) /5 5
T8 % 52 A0 22 2 JE 0 1) BRI (mitogen-activated
protein kinase, MAPK) 15 5 18 4% [ 5 45 .

Bl 40, MHC 1368 B 5 48 75 MHC 15 & & K35 1)
TEOLT, gl e B T 4 e 0 R A5 7 L, 3T KT PD LY
PDLI1 G772, iR T i 51k B2M R 45 MHC 1R
ARG . JEIL PDI/PDLI FHLIKT 5 i 4k 14 20 i BBk 29
R0 T e I R S R R T = N TR AR
MHC 1Y) fgketig .

S, TFN-p {5 5 38 B4 1 i 5 i b g 574 g
IFN-y 38 % 37 B JAK 1/2 2848 1 i i PD1/PDL1 ¥4
TN 24 1, AL 5 30 20 57 5 00 1 TFN-p B ] (2
CD274) 13 5%, 50T 40 A% Il Ja 4R 7 7 21 43 2800 B
KB, J@ ik PD1/PDLI 5 HoAthy7 vk BB &, Qi ik B
B8 10) BRAF B[R 5878, W15 T 40 J 12 V@ A1 IFN-y 5 5
T I 5, AT 3 SR TG T R
4.13 THEARTSEFEE THRFEEWIANEHT
i 96 e s R 8 A 45 K A G 5 A 1T 5 B — b
RE SRS, FER Y CD8' T 41 i K35 £ Fh ] o
AR, BLEG PDLLT 4 i % 9% Bk & (1 F1 TIM3 . LAG3 Al
CTLA-4. $itPD1/PDL1 $i44 A G v /I M6 fo A 155 v 11
oGNS S, %I 5L A7 AR 58 2 (10 H A A X7
B 45 BT S D RE Ak 2R M FER
4.2 REMHREMAM
42.1 GHEREMTWH %X PDIEPDLI M4k
I7 R REH T VF 2 G B 2 2R i — A, (E Mg 475G 7T

Table 1 Summary of anti-PD1 and anti-PDL1 antibodies approved by the FDA. NSCLC: Non-small cell lung cancer; HCC: Hepatocellular

carcinoma; HNSCC: Head and neck squamous-cell carcinoma; CSCC: Cutaneous squamous cell carcinoma; RCC: Renal cell carcinoma;

TNBC: Triple-negative breast cancer; MCC: Merkel cell carcinoma; FDA: Food and drug administration

Target Generic name Trade name 1gG class Company Tumor type Approved year
PDI1 Nivolumab Opdivo, BMS936558, Humanized 1gG4 Bristol-Meyers  Melanoma!"’; 2014
MDX1106 Squibb squamous NSCLC™;
Hodgkin lymphoma;
HCC;
NSCLC
Pembrolizumab  Keytruda, MK-3475, Humanized 1gG4 Merck Advanced melanoma®; 2014
lambrolizumab advanced NSCLC®¥;
urothelial carcinoma;
HNSCC
Cemiplimab Libtayo, REGN2810 Humanized 1gG4 Sanofi Advanced CSCC 2018
PDL1 Atezolizumab Tecentriq, MPDL3280A Humanized 1gG1 Roche RCC; 2014
breast cancer
Avelumab Bavencio, MSB0010718C  Fully humanized IgG1 Merck, Pfizer MCC; 2016

NSCLC




IRBI AL R S A A R T R L 2 i 3K SR s 17

RE I T T A A B A 45 B PDL 3R 08 Sk ik
WEG VR YT o AEPUPDI/PDLL IRIT Hh, 77 AR T 245 1 1
i gga i 3 1A SIS 5 R IA I b, X 345 1 24 B
KA A, MTTBR ] 7 PD1/PDL1 JT 2 i R 22 1,
B T A R AR I 245012

422 BREIGITIGEE Gy BRI AN TR A2 FR i i ik
JESTH PD1PDL1 & 1 254, 1€ MG a& 4 2% (b
PRz AR B ERGR A BIEERNER, 5
BITH A A TERESS, M LUA B H AR =M PDL S
PDLI1 45 &, I BEAS T 9897 JCR, S BRI 2, 7=
o5 VE T AR o

423 FEMRBINEERERT 5 KM GRS
A T A 2 7 i PD1/PDLI 697 S 801, K7 &
YEIT O R PR AN i it R JA PDL 2R 1, i & iR 4
Mif) PDL1 & (il 5 T ML) PD1 45 & 774 T g%
MR, FECT 5 R R ME G T RE RS A LU IR
4.3 SRR AR RES

BT bR R S 25 I 5%, BHE 5% PD1/PDL1
09T 5 H A SRS AR 45 A ST A I I AR 4 SR,
A, BEE VR T SRNE 2 LA TR 7R3 i T 40 M R0 30
T 41 M %2 v 3900 T 40 M35 31 - 2508 T 40 o R % o
TR B S (R 2)P,

Table 2 Strategies for overcoming anti-PD1/PDL1 resistance. T-VEC: Talimogene laherparepvec; HLA: Human leukocyte antigen; HMB:

Melanoma marker (HMB45); NY-ESO-1: New york esophageal squamous cell carcinoma 1; GBM: Glioblastoma multiforme; PI3K: Phos-

phatidylinositol-3-kinase; TGF-4: Transforming growth factor beta; ICB: Immune checkpoint blockade; IDO: Indoleamine 2,3-dioxygenase

Mechanism Strategy Example Tumor type Effect
Enhancing T cell Chemotherapy Pembrolizumab plus Metastatic squamous NSCLC ~ Improving overall survival and
priming carboplatin and paclitaxel progression-free survival®®

Oncolytic virus
Vaccine

Radiotherapy

TLRs agonist

IFN-a

Reversing T cell Other ICBs

exhaustion

Costimulatory agonist

Increasing T cell Costimulatory agonist

infiltration
Improving TGF-f blockade
immunosuppressive
microenvironment
Chemokine/cytokine

receptor blockade

Pemetrexed and a
platinum-based drug plus
pembrolizumab

T-VEC plus pembrolizumab
Multi-peptide vaccine plus
nivolumab

Neoantigen vaccine plus
pembrolizumab

Previous radiotherapy plus
pembrolizumab
TLR3-specific RNA agonist
(ARNAX) plus anti-PDL1
antibody

TLRO agonist lefitolimod plus
anti-PD1 or anti-PDL1
antibody

IFN-a-anti-PDL1 fusion
protein

Anti-TIM3 blocking antibody
plus nivolumab

Anti-TIM3 blocking antibody
plus nivolumab

Agonistic anti-CD40 antibody
plus anti-PD1 antibody
Antibody-guided LIGHT
fusion protein plus anti-PDL1
antibody

TGF-f1 blockade plus
anti-PDL1 antibody

TGF-f1 blockade SRK-181-
mlgGl plus anti-PD1 antibody
CSFIR blockade plus
anti-PD-1 antibody
Anti-CCR4 mAb

Metastatic non-squamous
NSCLC

Stage ITIB-IV melanoma
HLA-A*0201 positive,
HMB45, NY-ESO-1, and/or
MART-1 positive resected
tumors

Stage I1IB/C and IVM 1a/b
melanoma

NSCLC

EG7 cell line

A20 and CT26 cell lines

A20, MC38, BI6F10, and
1929 cell lines
NSCLC

GBM

BALB/c renca renal carcinoma

CS57BL/6 AT3 mammary
adenocarcinoma

EMT6 and MC38 cell lines

EMT®6, Cloudman S91 and
MBT2 cell lines
Pancreatic ductal
adenocarcinoma
Melanoma

Improving overall survival and
progression-free survival®”

Ongoing™
Tolerated"”!

Tumor regression'*”!

Longer progression free and
gCT prog

overall survival™*"

Tumor regression'*”!

Tumor regression'*!

Tumor regression'*!

Reversing resistance to
anti-PD-1 in PBMC from lung

cancer patients'*”’

Improving overall survival*!

Downregulating PD-1
expression tumor regression'*”!
Increasing T cell infiltration

- [48
tumor regresswn[ ]

Facilitating T-cell penetration

- [49
tumor regressmn[ !

Facilitating T-cell penetration

tumor regression””

Tumor regression''!

Depletion of effector Tregs™”!
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Continued

Mechanism Strategy Example

Tumor type

Effect

Anti-CXCR2 mAD plus

anti-PD1 antibody
PI3K inhibitor
anti-PD1 antibody
Epigenetic modulators
PD1 blockade
IDO inhibitor
plus anti-PDL1 and
anti-CTLA-4 antibody

Adenosinergic pathway ~ A2AR antagonist ciforadenant
plus anti-PDL1 antibody
A2AR antagonist ciforadenant

inhibitor

plus atezolizumab

CD?73 inhibitor MEDI9447

plus anti-PD1 antibody

Combination with Oncogenic pathway
other therapies inhibitor
antibody

Dabrafenib and trametinib plus

pembrolizumab
Commensal microbiota ~ Oral administration of
bifidobacterium plus
anti-PDL1 antibody
Fecal transplant plus

anti-PDL1 antibody

Selective PI3K inhibitor plus
DZNep and 5-AZA-dC plus

IDO inhibitor INCB23843

BRAF inhibitor vemurafenib
plus anti-PD1 or anti-PDL1

Mouse rhabdomyosarcoma

B16 cell line

Moue ovarian cancer

B16 cell line

MC38 cell line

Renal cell carcinoma

Mouse 4T1 cell line and
human MDA-MB-231 cell line
Mouse BRAF mutated tumor

BRAF"*“-mutated metastatic
melanoma
Melanoma

Tumor regression'™

- (54
Tumor regressmn[5 1

Slowing down tumor

progression’™

Tumor regression”™!

Tumor regression improving
survival®”

. 58
Tumor regressmn[ !

Tumor regression in
preclinical study™”
Tumor regression prolonged

survival®!

Durable response!®'!

. 62
Tumor regressmn[ !

1631

Melanoma Tumor regression

5 GERNRE AT YIRS E R

5.1 RERE S HIHIEE R EE R

511 EFEFHEBRMNEMA DNA % i) 5 5 b ik
(DNA-encoded monoclonal antibody, DMAD) & — Ff |7
FIARAL [ DNA g i J5i bz, 753 N A J5 AT it A% 5
SO B2l = B Gl M PN NN 57 N N R B S L /I RN
HH o X R T R B R R IA PR 25 U, W R
o H R S A A A 2 A% SR, 4 25RO
Jay PR P . Duperret Z I Kk T — Fh TR N 55 2
CTLA-4 H 30 BEHUA 10 DMAb iR &, Hods 40 b
TG AT 9 A DMAD 9 50RL B #HevE 55 2L, H
HL 2 FL IR D7 V25K R HL A N P, A5 Kz £ 241 i A
REfE B8 i R IE, IR R IA P M) Bl CTLA-4 B 5e B
Uit 2 M Ah, R AR B8, HB v i) v
PURREER TR E T C AT IR L. X%
TR I BEAT 13 0% 1 R0 AL, DA 5 ot ks £ IR L 50
PRI . S5 R, R R TR DMAD BRI AT
A R A 5T CTLA-4 ¥ 50 [ LR ALE 1A A 2238, I 7T #F
BRIBBAMETEE S 2. [FI, DMAb fE 4 155 %
A PR 2 e B, CD8” T 20 i 2 v 1 S5 448
Treg 4t o £ & Jak /b

5.1.2 REEHAE RNAFHE (RNAL) 0] HRUTER H 1
FEHMERIL . Hi, /N3 RNA (siRNA) 75 £ 55KF
15 34 mRNA P e —Fh £ TTERBLH . (H2

HMIE SIRNA K A 3 328 T i 25 38 I 1814 L 2 51 K e
P AN RSN R . T FUAIE S, TN A P Y
miRNA-30, 4 H 5 75 7 51 F shRNA [ XU 45 1) 5 #t,
AR AT RE AR A PN I H L 1T 15 2 miRshRNA, A BL
RAEH sIRNA — R D280, ) B0 o 2 52 300k
(retroviral replicating vectors, RRV) A 75 1) i 1£ 5
SRS E M S B A T 40 R R R AL, DLk i B
Ko FEF Ik, Lin 9% 1 F 7 —F i Pol T/ S 3171
N PDL1 A 38 5 5% 25 2 fill {4 2 RRV-miRPDL1 -
ERER, AR RN MO, JF HAE PDLI =&k
FR 240 10 2R o v ORI UCER Th €, {4 PDLI 2R 3R
BN R 75%. 6 RRV-miRPDL1 3E A7 %92 5% 3L
L EPRAl, AR AN s, 5 B ERINGE ST PDL 4%
A AR AH B, P AT VA3 T LA CDS™ T 4 i,
PR LAY R0RE, SR TUM R S S . [, a0
5K 9% 7% & 14K & RRV-miRPDL1 A {£ 4 PD1/PDLI %
PG A A AT ) A0 P A B AT T

& A 2% 9% % (adeno-associated virus, AAV) %K &
A 2y e 285 2 TR 1 3t 3 Bk 22—, T 22 %o g 4
JIED Y B v a2 B A T DROK B ) 1 L SEZBR B2 HT - Reul 451
F& T 0 B AR U S g, BRI AR A
DARPins {2 5] 7 51 5 9% B 4K 52 5 1 VP2 B 2E R 751
AR, SR AN S A R R A T ERIA . BRI
it /& 2 1 DARPins 5 Her2/meu" ] 2L i3 9 41 B B &
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o1 RN 730 R R AR ELAE L, DT TG > 9 25 08 126 B A B 1)
TR A0 A RE I o N SR S R PD L A
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AT DL S5 S ) 2 R 2L 1, O B R AR BT
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SYVETRE R, TN AT E— 5 M IE 22 /N BRI R A K, R
568 P17 8 T 288
5.1.3 HHEEMA  JREEI IR A TR MR Gk
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LA . Zhao TF G G B K AT AL AN 7 PD1 Y siRNA
RGN & A WA e S DR N <k R AN N E R
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5y F 25 VG SRR I A 4 A N, B nT 3% S 40 A R A= VA
T2, JRAE 3G 50 0 % Th g, 20 R 15 B2 BT R Th 3.

Gurbatri S i T U R AL T 52 0 21 1 2
FR I R IR 2 20, A5 5 b IR 08 7 B A P R R AR, Rk
Yo 2 AR () R AR, TR REGE CREF RS 0 WA R (1 1 A
7o A TE R S A7 B Ok B R B I R R, (E
Al E 5 2L R PDL1 M CTLA-4 4 K4tk . 5 H i
Il PR _E B A B O AR AR L, 3X R T RE AL 40 B 3% R 4t
BRI S B AT P A R ) e . MHA A,
AW 380 /0 B A B 1 G 28 s S Y BiR, i Ak T 48 B £
H 3800 4> B 42 T 20 B S 250 H 38 0 A0 ] 7 A 32 vify
FIE RN o FFUE— B Z 9K ok 5 40 K7 R
JH6— 5 24 o 2 9 I R A A S 8 T VR B, R
AL RO IG5 6F /)N BRI L A8 6 97 3R
5.1.4 BERZNKEE  Oberli RS T —Fh I g i
g0 oK R AL 2 g B i RE AH OC Bt R gp100 A1 TRP2 )
mRNA [T 615 & o [l AR T 49 KR A 35 n) fL g
JiE 5 T I L 2 R O 11 3R 2 e e LAt A Al Bk
4% o ] HL B ) g R AE AR pH B IS IE B, W] 5 B HL
mRNA 46 &, F4 BT S 88 48 o 5 BCRN M P e 4 o
R . AR R RE [ T T gl KR G R e M D L B
M5 20— BEAL IR o AT 7 1k gl Kok B 4k, A Bh T A
PR B A 3 AT, 20 7 18] f AR S P A ELAE A
TEAZ 22 1% B16F10 8 €4 2398 /I BB 2 ol ikl 1 3% [ 4
U5 490 AL 388 A 9 T 1 T 288, R IR S92 i BT A %% 2
K1 CD8" T 20 M 9t 38 vis , /I B0 g A4 A i 2 4 /N
Tf I8 /N RS R AT R R E T R

TR i PR L £ R B0 9 1 5 R 4
%o 92 G 2 A0 A1) 751 P BB A 2 v G R A e 2
WIEIT R Ko< B . Song 250K 4 5 A 7 55 PDI Y
J A &5 b oE i B B Sk SR B R A R ) = R Ak

SERIARRLG, Yt 3] 7 b5 bR 4H i 2 1 ¥ PDLI
E A B A W SR PDLL 4 38 28 11 (PD-L1 trap).
5171 PDL1 $ii 44 A0 b, PD-L1 trap [ PDL1 35 il
JIHERE T 1000 245 . Sz =R ORI A7
L ) E e ME Rk, B PD-L1 trap it RL 5 BH B
Ko 2 A 4, TE U B8 A% O, P 9 28 1 1 [ 4 IR
Ji AL HEAT LA AT 25 Ik . AE X IR ST, AT
FEN 53R D ] 4 Jig 5T 40 oK hE B0 44 ) B AL EE (2,3-
T I S - T R )- — R A (1,2-dioleoyl-3-trimeth-
ylammonium-propane chloride, DOTAP). fiH [&] fg F1 —
A 1 T 5 Tl IR T 0 9 V- 3R & % 00~ B & 1 T TG
& (1,2-distearoyl-sn-glycero-3-phosphoethanolamine-
N-methoxy polyethyleneglycol,,,-aminoethylanisamide,
DSPE-PEG,,,,-AEAA). & & % 14 77 Wt i (AEAA) i
A BRI AE T RT S B KR0S ik e 2H 23 A 3k — 2D EE ) 4
K17 I I 5 40 KR 55 BV D R B B D AE /D BB T B
FAIMLEEE) [ PD-L1 trap 1 & 2 R iA, R H R 471
TUIHIR S BV T ROR
52 fREKRESHIFIFIE B ARSI R
520 IRGEBRHE FETAY TR RRA
0 JE TR A BN, 7 AR ) R o A e I HE AR COR AL
Zhang 574 5 4 DsRed 8 A8 %5 1) /) i PD1 8 [
cDNA Fr31 s B ki, I REE LAtk A RIL PD1
B Rz TR Y 2 HEK 293T 40 i DA 37 A8 e 1)
A AR, K597 I 2L HEK 293T 4H g LA 53 25 4 i i,
2 TR ORIR R S ) R S 5% ., BT 159 3 3R 1& PD1 S 1Y
TREAL YR M 95 K FE ) (PD1 NVs). PD1 NVs i i BH
PD1/PDL1 G 4@ R, A7 20 & CD8™ T 4H i i)
B JIREYE, LAY SR U e SN o B4k, PDI NVs ik
A LR HAt G T 29 3 18 AR BT IR A 4n 2.
n, K IDO /N 731 H il 571 1- F RE - B BR (1-MIT) Hf 4%
FPD1 NVs i, FJ 2 25 1 5 i MR G e R8E . IDO 72
s 7 A SR R AR O B GE B, AL € R B A
NRIREIR . 4 PhR IR 58 o 0 R 75 el mT 41|
T 200 13 P 23 A 5 B T 440 1 G B B2 D, TR PR R 4
B4 % A T 40 M S e DR . AL, R 1-MT @k
PD1 NVs i 2| 7k Py, AT 1] IDO 3 1%, I /bt 2 IR (1
Bee fife LASE 9 T 40 0 70 AL 88 5, F B, PD1 NVs ZEif03L
P B R AE PD1 B HTIAR TT RUSE, AT AT S B 1 =) b
T8 G VR IT RN

XF T SRR HVE T, H AT R _EATI IR DL R AR B
NE . AR, TR ST H 7 SR 5 AT b
Fe R r) L, BRI — e W DL ST R . T S
oA S A 0 R 7 22 o I bR i) iR 97 h R AR B TR
B HIVE T BCR, TR — Ry BRI R 5 DL iR
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ST 7. T I, Zhang 7% B A% 40 Mo 40 g (MK)
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YH FE I 98 B0 355 R I Tregs 2, AT FEAR MR 0 2
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T2 Rk, K 25 ik 32k 3 b R A B A S . 2T I, Wang
EPURE T — BT W R, TT DUAE BRI R 0
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FHZS MM R B R R 5 pH ABURR 1 58] SR 4 oK R 4
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FORFN I B HL, X P 2k SRS ] DL S HoAth
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Ye SV T — PR W A PR I S VR 9T SRS
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IDO #IHI55) 1-MT, F LARIT B 308 . W i 3R
B A 1-MT 193 31 5T BR 44 K pr 4 A%, PD1 2 U] ik
NAEIZ B J BRI oKL 30 . 3 L —Fh 25 A kit
&5 — R AW G W R B A T S, BRI TR
BIT A AR EE) . B RN, TE B AR AR /D
SRS R 2 UG BR S I0OE T 41 HE S B B T R IR
G B A, 45 5 A B P IE D AL
523 JKEESEA HR, PDUPDLI FAWTETES
AR va o7 b SR Y SR K BRI Th R, B AT — L
Jie 96 1 e 441 L £ R R, R R A DG B i R A UK T
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W 7 A B 3L 4L ) (hypomethylation agents, HMA)
AT DL IEE i 75 5 R A T R (1 3R SR 1 SR P e e g
SN o Ruan SV TE T —FlOXUA= e 75 1 e, T
G PERS AT s HP 1 55 PD 1A Y 2% 4k 1 755 77 zebularine
(RFL [FEIR o BRI A TR TS5 PR R P AR v i 1R 2
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TE5 4 (reactive oxygen species, ROS) M i M /K A%
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ROS M 3 M 2 5k N'-(4-11F 58 -N-(4-1R 7K 3E)-N' N N,
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Je 20 FR P H 2 DR, I LA BT 39 A o A 85 b i)
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TP, WO R VR TT RS . INEE R B, BE
P28 1 B0 1 B — ) B B A A A R B, # AN
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AL KN BRI AR AR, A RO e B s K
525 EAYEM SimaZEUVE R T — R EY AT E
11 % & W+ kL pLHMGA (polylactic-co-hydroxymethyl-
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TRI NI B 2 K25 0 T R R ME PR P . A
T 28 RV 28 R SR, SR8 2 LM R & okt
(12~15 pm), ZA0RE AT 36 S 4 R 40 f A ik o ok
A0 38 b A [ £ S5 T PR AR, T CTLA-4 #1771
F1TCDA0 B3N 75, 5 Fh i 42 1 B0, 35 28 35 1T ik 85% LA
bo MRAMEETAOE I AR B, B P B 5 S W ORL L BT
0.5 hfFAERFEIL R, BT 20% 254, SR 75 30 K
W G218 R SR, el R JBCE P IA 80% . TE A 45 i i /)N
BRUBE 2R v FRIOKE 52 5  AAR 1) 7 6 T LR R B (R 7 v e
D, B3 e K /D BRI AR . JF B, ok 2 A
YT AR, EAR PN B 78 A RO

BT PR TR 5 v R Gl 2 A I RFAE, Wang
SR T — B A0 G 5 A A AT 1) PDLL ) i
NSRS Ak, LA S B 52 1% (B 1k e 2
RN . FIFH MMP-2 0 B 1 2R B MR 4
B KCHE AT LRy — R ARAR L, X5 AR RS
Wyl oK okL 5 6 BRI I Wk FE S PDLL B2 — [F IR 8,
HARERYKRE Y. 290K E ST AE MR A6

Hh b i IR P B2 2R G AR AR e MR AR T MR 4 4,
I AE b8 SO 85 MMIP-2 i (¥ i %, B PDL1 2
A2 [FIE, 99K AP 0G| Wk SRk m] ik — 25
N FMBSTIE TSR UM Th A BT Rk A
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O] AR A 98 4 i 2 % iR 1 4 M BE T AN IO Bt
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AIE R U R . XAk E AR R A
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17T SRR FIVERR: © Sy )5 MIRaTT: Sl SR Ak
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Table 3 Summary of advantages and drawbacks of delivery systems for agents of tumor immune checkpoint therapy

Delivery system Advantage

Drawback Ref.

DNA-encoded
plasmid

Stable expression in vivo;
low production cost

Viral vectors
high expression of therapeutic antibodies;

ability to integrate multiple genes at the same time

Bacteria vectors Active targeting tumor site;

Capacity for integrating into the targeted genome;

Pains associated with electroporation site; [3]
low transfection efficiency;

restricted to protein therapies

Possibility to restore virulence in vivo; [4,6]
mutual interference between antiviral response

and checkpoint immune therapy

Risk of genetic instability and gene mutation [7,8]

preferred accumulation and proliferation at tumor site;

ability to stimulate the immune system itself;
potential for oral administration
Lipid nanocarriers High encapsulation efficiency;
multiple methods for targeting delivery;
potential for industrial production

Engineered vesicles Biocompatibility;

Many variable factors influencing the [9,10]
preparation process

Risk of genetic instability and gene mutation [11,12]

Microneedle patch
carriers
Hydrogel carriers

Platelet carriers

Complex carriers

broad range of sources and readily accessible;

new delivery properties obtained by genetically engineering
Suitable for diseases originated on the surface of the skin;
convenient administration

Biocompatibility and biodegradability;

drug reservoir at tumor site;

slow and controlled release

Biocompatibility;

broad range of sources and readily accessible;

ability to active homing to tumor sites and wounds
Functional diversity;

potential for combination of various therapies

Disability for treatment of deep tumors;
limited application

Poor mechanical stability;

limitation for hydrophobic drugs delivery

Difficult obtaining;
restriction in storage and transportation

Instability in vivo

[13,14]

[15,16]

[17,18]

[19,20]
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