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Abstract: In recent years, cancer immunotherapy has become an important field of basic and applied researches
of cancer immunology. Cancer immunotherapy mainly includes cancer vaccine, oncolytic virus therapy, chimeric
antigen receptor T cells (CAR-T cells), immune checkpoint blocks, monoclonal antibodies, and other strategies.
Among them, monoclonal antibody-based cancer immunotherapy has the fastest development. In the past 20 years,
monoclonal antibody has become one of the drugs with remarkable curative effect and novel type for human
malignant tumors, especially the monoclonal antibody targeting immune checkpoints, play an important role in
immunotherapy. In this review, we will summarize the current situation of monoclonal antibody-based cancer
immunotherapy, potential immune modulatory mechanism, antibody targeting molecules and its immunotherapeutic
agents, and explore the trend of monoclonal antibody-based agents in cancer immunotherapy.
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(chimeric antigen receptor T cells, CAR-T cells) F1 XU 4#F
FVEPUIAR O 2 N T IR T, DA i G g 0 )
AVELER T A0 MOFE R o 5K, R S 16 J7 1) 5 VH
BAEEA W, CAE 2 Fh MR an 26 298 | A/ 48 i i
T RN A 4 e S5 SR KR T TR R R Y T R OR
FIPUI IR P . 22 M MR S VR T 25 &3R5 R
FDA (Food and Drug Administration) ftt#E ] -1 IR, 45
Sl 2 B R TP R e R G 5 VR 9T R BRI SR FE
PR, B TR L 1) R DG 0 AR 52 A 4 A BELIBT P A | g
o 0 A5 L o AA i AN B A P AR 45 4 180 CAR-TINK
(natural Killer) 2 fifd 32 432 4 955 24H A ) XOUs 9 A 70 4 A
T 40 32 AR FE HTAR 252,

HZE 11 HIK, 2019 F & 2.4 5 M # LR 167 7
7 5% [ 8RR B 345 1 e, A 13 BB PR IR T
4 ELERAT B A AL . H AT, 3G 79 BB bk EAE
BEAT J5 S PR 50 0 A8, e vh 40 Bh Dy JRE VR 9T 1 BT
&, 4591 PD-1 (programmed cell death protein 1) $ifk
104 .#i PD-L1 (programmed death-ligand 1) $i{%& 4 /.
$t HER2 (human epidermal growth factor receptor 2) #it
& 3 /> . §L CD20 $it & 2 4~ . HL CTLA-4 (cytotoxic T
lymphocyte antigen-4) Fit {4 2 A~ XOURE R PUAAR 5 A ik
A A JUAS S o A 05 BELA P, — LA oA ia
SV . XSS G RV I B A T A 9 Ak
A B TE 2019 4P i B 2020 4F 3 N I & o A, Ho 44K
G PRS2 25 P A P AR

I R S R T A R T AR 0 R S %
TBIT R B, 12 20 24 L O A 30 2 MR YT I pLiE
2Pt E BT, B BUAR OO B N S R
JT AR HRAUH B 25 2 — o IR Sy v yT il
EU b B3 T80T AT £E A I R SRR T T i A B
PR o KRR S A A AR YR T, AR AL AR
IEAFZ R, R RGT LLONGRic iz g, fEi68T
58 R AT AR IE 4R AR B0 8 e 5 2
1 iR S AT ROAE A #LE
1.1 $EEMEREXIERERMLE] B MR A G
PR (tumor-associated antigen, TAA) (1) ¥4 J7 P 4 44 Af
DLIE I AN [R] g 42 R A A TR A i, = ZEHLHI A O it
A4 40 H5 4 B A 5 80 48 i 55 /E B (antibody-dependent
cell-mediated cytotoxicity, ADCC); @ FMAf #fi 11 4 fit
# 1% F (complement-dependent cytotoxicity, CDC); @
U 5 PE 40 B & W A (antibody dependent cellular
phagocytosis, ADCP) (& 1); @ #i & B # 5 3 40 Ji2
HT.

ADCC [FJ1E FHHLHZ BTk 11 Fab (fragment antigen-
binding region) Bt 4% & i 83 4 Jf 1) Bt J K AL, H Fe

(fragment crystallizable region) B 5 4% 4 41 iz 40 NK
1 MO W A R A Y S5 SR TH Y Fe 2 4R (Fe
receptor, FCR) 25 &, i 5 A% 4% M8 48 A, G b s 40 1
NK 41 i B8 5 B8 7802 FL 2 UKL G S5 40 i 35 0 L, L
A5 ey BRI . E X R A A Y, NK 40 PR A
S ADCC ¥ E Z 4l !,

CDC [ 1E F AL P4 ¥ Fab B 25 -4 i 83 40 i 11
PR R AL, H Fe B 5 #hMA Clg 45 &, #:% s C2-C9
AME RS, 12 MR A R R T SRS &4, S EUM
1 6 140 2R R, X T 8 SR g A R 1 20 B B A S
1R Z P i3 HT R #6 AT LA 5| 2 CDC fE I, W4t CD20.
CD52.CEA (carcinoembryonic antigen) 24714

ADCP [ 1E FALHI 2 2 T —Fh B A W8 g 1) &k
T (T e 24 LR B 2 L) P A L (e
4IHR) A AR . PriE I S PR IR 4 A B
g b, B SR A A i S Fe B dh A B gE R |
— B 5 RIEM K FCR 45 &, B Anat i BRI Bl 0k, 7
P 5 9 BVl A I PR AR, XA I R I T B RN 41 i
FEAE AT R, A B )R B R SR B G RN

Figure 1  Antibody-targeted immune cells and its mechanism of
action. Ab: Antibody; scFv: Single chain variable fragment; CAR:
Chimeric antigen receptor; ADCC: Antibody-dependent cell-medi-
ated cytotoxicity; CDC: Complement-dependent cytotoxicity; MAC:
Membrane attack complex; ADCP: Antibody dependent cellular
phagocytosis; NK: Natural killer; TRBA: T cell-redirecting bispe-
cific antibody; CAR-TA: CAR-T cell activation; ICI: Immune
checkpoint inhibition; Tregs: Regulatory T cells
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(immune checkpoint) 43 PD-1.PD-L1.CTLA-4.TIM-
3 (T cell immunoglobulin and mucin 3 domain).LAG-3
(lymphocyte-activation gene 3). TIGIT (T cell immuno-
receptor with Ig and ITIM domains).CD73. VISTA (V-
domain g suppressor of T cell activation). B7-H3 [ |
2 T 40 B BT R i 1k 1 S LT, Jh, B AR
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RN T 1 A 5 T & CTLA-4 FIPD-1, 4 A
I PR b B S R HUAAR IR 9T 25 P01 32 ZEAE P AR A5

CTLA-4 7E i T 40 i G 3% 7 1 S 25 42 5% 5 211
1 e, HFid 44 f& CD80 Al CD86. CD28 1 N —f 5
CTLA-A IR AI/ELIHE T 4l L3Rk, SHuE 2id
41 B (antigen-presenting cell, APC) _I 1) CD80 1 CD86
SEA R AR T 4054k, T CTLA-4 5 T 40 M4k 5 1
2 KW FRIEHE N, CTLA-41E Treg (regulatory T cell) I
R RIE, HAEST Treg AIAR S AN G Th fg b & 15 &
BAEH . CTLA-4 5HKE GG, HRUIESE S
AR KR EARAR RS0, Bk 2 fE g 2 W,
CTLA-4 ¥ 2 i 3% 4+ CD28 5 CD80 F1/a, CD86 [1) 45
Aok R FEFANGIThRE . BLAk, B IR, CTLA-4 T iff
APC ) CD80 11 CD86, M ifii #i il CD28 /i 3 [ L il
WA 5. P CTLA-4 HuiAim il fH b CTLA-4 5 CD80
H1/5¥, CD86 1) 45 4, it i3t CD28 5 CD80 Ml CD86 fi 4%
, S T 40 B4k, 33 T 2R 45 P Re 40 A

PD-1 1 Ay B 4 1 2 K P 4 928 e 7 ) 4400 okl L7,
TEVS A6 T 40 i - NK 40 A2 B bk B 40 B« (5 Wk 40 i
W9 AR 41 B2 (dendritic cell, DC) A& 41 iy i 5 %
1K, FRTEME R T Em Rl . fEAERAMNT,
PD-1 fi M 15 T 40 B3t 14, 2 45 o i G % i 52, JeE e
GoZ R H AR . BB S AL AR PD-L1 A1 PD-L2 25450
SEIL, AT OE 48 M N T s R W IR e, e 0 = 5 T
RO 1 R RS S AR T, BRAR T 40 1) 3 5 A
VRS T A 0EE . PD-1 & — Fh B A 16 T 48 i A
B 2 il 35 [ L4 ) 52 4k . SEIG AT FU R B, PD-L1 R
5T NZEE, PD-1/PD-LA ¥ A B4 F ZE F0 ] TAA %S
514 CD8* T 4 fiu s . #5 Th g Hh &3 /EH . PD-153L
Bic 44 PD-L1 8% PD-L2 45 &, 3 SUM R il PR 58 v T 48
Ty e 5 5 A1 4 % T 52« Pt PD-1 8371 PD-L1 T {4 J8 ik
BH BT PD-1 38 4 SRk & “F2 358 7T 41 R Th g, 175 541
FREFPPEBET, T =26 2 25 i o g v v o
13 EEIFEMAFREZEMIERANS CAR-T4YH
2 I8 B AR R E 1 A B ) 2 & (chimeric
antigen receptor, CAR )& [Kl 4 A\ H /B 5 4 T 41 Jifd 1fij
FEAEM . CARZ UYL R TAE T4 3244, LA
R S VR0 R B B P T A I B AR S R (PR B
1A < 55 T 4 RS0S4 R ) L P 5 A el 2L i, LA
FA AL Jd ik DA 32 22 40 2L 25 1 2 A 4 (major histo-
compatibility complex, MHC) i 37 J5 2 (1) 470 J5 4 S 1
PR, JE I 92 A7 AR T SR R UG R T R Ak, TE AR Y B
TE T 20 A, AT S04 M R 20 0, K &R IR Fh AU
KT, A K R 40 i, 1A 203697 R i H e,

CAR-NK 4 il /2 i It 93 25 448 7 72 11 CAR 2

DAL N N ZE T 72 26 1 o NI 200 PR 7 P g 0 e
PEEBIAE A, % 2 POl s AT 4 B 2R 0k, AL EE
M St 2 B840 i (1 195 (acute myeloid leukemia,
AML) . 12 ¥ 3k B 41 g (1 1 9% (chronic lymphocytic
leukemia, CLL). £ & 1% & #& /8 (multiple myeloma,
MM), PL K VF 2 SERJR, i 22 REA R\ 90 08 | &5
Jor e AN B AN B R . B, F R MR R R T ik
B MG, DA [ B NK g0 A {5 . 0 — 28 5 i
3 Rk B9 440 PR R 5 N 1 Al BB B iR (human leukocyte
antigen, HLA) 751 1) =y 32, 15 1 240 NK 48 Jifd i) 2
o, Bl S I S NK 1R 52 08 S 5 B .
BRI, 15 2 W 9035 AR 3R 17 3 o NK 4 i 7% 12 1) SR B
s NK 4 2E e 5 M U0 b8 1) CAR, #E— 25 T
ST VR N R A o A PRI RE T o MR i) R 4 2
J& , NK G 38 G 88 T8O A3 A0 ot 2 L 22 FIUR0RE 16 £ 4
4 M 3 T2, I 38 i 22 38 TNF (tumor necrosis factor)
WGy 5 0 R R 5 A A0 e R A et
1.4 FERBMEMIEFFEMAERNG  Hal, In
PR H A oK 22 HOOURS 5 M Bt A& (bispecific antibody,
biAb) J& % 4 il 2 5 (), ClinicalTrials.gov M I $it &
(1) 57 AN i A 5% biAb H, 7 38 AN A& 31X i 28 B [ 44,
XA 36 AN i T 5 T 4 i 52 #&k CD3 45 &, M ix 36 1
PrA A 18 /N HIE [v I V0 1 S R AR T B ) S A
JEM, BiAb B Bt MR 1 F AL 2 i o — R B e i
JEAM MR Sk, J1— RS ENBUE T4, ¢ —
753 A AN BV I AE B R A 2 T 40 P A R
S it 5] BN B biAD 45 G I, A3 T T 20 5 iR 4
TE) P 200 0 75 A % ik PO T G, 12 4000 OV FE 9 Ao 055 T 4
J R IR FL I BB (1 (58 L ER) A4 i 25 14 FORL B B,
SRR AL R AT . % E I AERSME BIUE A, FETT
DU S AR R SR . (R R R, B
AN ESL R, bIAD 5 TR 4E A R A REBE T
Y i o

AN, TEie T 43244 (T cell receptor, TCR) 45 5%
PRI MHC 20 {7 B 1, biAb 24 0] [7] B 35 50 T 41 2 CD3
HUTAA, MR 50 T 40 1 5 e 40 B AT B o X A2 Bk
# 2 BUT 40 H IS 10 FH B 4 1 20 i =5 1, 1 40 P R T
L2 1) 5 5 T R — 2 ik R X 408 I A A 1) 55 3
JNE, A A% R 32 b e A Y, R AR R LA f B, {5
¥ A S B A2 3 T AR 2 o AV DR R )
P, G2 0 i SR A P A RO ks 23 52 31 biAb XU 1Y
RN T B S22 52 BT ATLE T 40 M A0 iR 4 i 1
FRREAR (1 R AL 2% FE AR BN P (1 #E)
2 MERRETIERESF

H 1986 4 LAk, 3 [H s et i YAttt 90 /Mih
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TR S Bl Hod, PUMOE BUIA 2 351, 3k
A 40 Z A AN 1 Jie e 3 SE o T PR B 4y U 21
A, B HIEL T 2 A ik, Bltn$t PDL/PDLL H4
A 6191 CD20 HLpiH 54 HLHER2 B4 4 1~ 41
EGFR (epidermal growth factor receptor) #3145 3 4.
P VEGF (vascular endothelial growth factor)/VEGFR
(VEGF receptor) ¥ 414 3 /> . $it IL6 (interleukin 6)/
IL6R (IL6 receptor) ¥y 244, Ak, F T fif 8 (1)
Z FEVERURR kA 55 22 16 i 8 A DG B 4y - £ gk
—H R

21 HRMMEEXRE TAAG FEZMNE L
PR RERE . IR BT U S
$&: CD20.EpCAM (epithelial cell adhesion molecule).
CD3.HER2.EGFR.VEGF.CTLA-4.CD30.VEGFR2.
PD-1. CD19. CD52. GD2. CD38. SLAMF7 (SLAM
family member 7). PDGFR- «a (platelet derived growth

factor receptor alpha). PD-L1.CD22.CD33.CD79b #l
nectin-4 %5 . 7EIX ST VEBUIR AR, V2 R
Pifkid it ADCC.CDC F1 ADCP HLi 3 15 g 4l 4
1997 4£, 55 1 /M9l 36 [F FDA ftk#E 117 /) Ht CD20 ##k &
PUi R 2z 8 g (G2 HR), TR0 AR A e itk
1998 4, 55 1M1 HER2 N JE AL 44 il 2 Bk bt (k2%
1), F T a7 AL, 2006 4F, 25 1 4B EGFR AR Hi
PRiE Je SR BT (YE e B E), TR S H s . X
SeAR SR 745 B JE AR RE IO S R G AR KR 4
Flel, gb Ak, B A — L EE 31 Gl c-Met (tyrosine-protein
kinase Met). uPA (urokinase plasminogen activator). i
S (B S S0 L ALY 5L ) . DR5 (death
receptor 5) . TRAIL (TNF-related apoptosis-inducing
ligand). CEA. TNF-a. & ft. [l F 32 f& CXCR4 (C-X-C
chemokine receptor 4) il CXCR7 % . H I, 1 £ ¥t
TAAFURIEALE IR IRAT T (R 1)

Table 1 The targeting molecules and mechanisms of antibodies related with cancer immunotherapy in clinical trials. TAA: Tumor-associated

antigen; NHL: Non-Hodgkin's lymphoma; CLL: Chronic lymphoblastic leukemia; HER2: Human epidermal growth factor receptor 2; AML:

Acute myeloid leukemia; EGFR: Epidermal growth factor receptor; VEGF: Vascular endothelial growth factor; VEGFR: VEGF receptor;

ALL: Acute lymphoblastic leukemia; PDGFR-a: Platelet derived growth factor receptor alpha; CTLA-4: Cytotoxic T lymphocyte antigen-4;

APCs: Antigen-presenting cells; PD-1: Programmed cell death protein 1; DCs: Dendritic cells; LAG3: Lymphocyte-activation gene 3; TIGIT:

T cell immunoreceptor with Ig and ITIM domains; TIM-3: T cell immunoglobulin and mucin 3 domain; VISTA: V-domain g suppressor of

T cell activation; CEACAML: Carcinoembryonic antigen related cell adhesion molecule 1; GITR: Glucocorticoid-induced tumor necrosis factor

receptor; 1COS: Inducible T cell costimulator; CNSL: Central nervous system lymphoma; MSLN: Mesothelin; PSCA: Prostate stem cell

antigen; CLDN18.2: Isoform 2 of the tight junction molecule claudin-18; EGFRvIII: Epidermal growth factor receptor variant 111; BCMA:

B-cell maturation antigen; CSPG4: Chondroitin sulfate proteoglycan-4; MUC1: Mucin 1; CLEC12A: C-type lectin domain family 12

member A; GPC3: Glypican-3; CEA: Carcinoembryonic antigen; scFv: Single-chain variable fragment; EpCAM: Epithelial cell adhesion

molecule; PSMA: Prostate-specific membrane antigen; MPS: Myeloproliferative syndrome; DLL3: Delta-like ligand 3

Antibody type Target molecule

Major targeting cell

Mechanism of action

ADCC and CDC

Signal block and ADCC
ADC-DNA break and ADCC
ADCC and CDC

TAA antibody
CD20 NHL and CLL
HER2 Breast cancer
CD33 AML
CD52 CLL
EGFR Colon cancer
VEGF Glioma, lung, kidney, and colon cancer
CD30 Lymphoma
VEGFR Colon, breast, and lung cancer
CD19 and CD3 ALL
GD2 Neuroblastoma
CD38 Myeloma
PDGFR-«a Soft tissue sarcoma
CD22 ALL
Checkpoint antibody

Co-suppressive CTLA-4 APCs
PD-1 DCs and macrophages
LAG3 APCs
TIGIT NK, T, and Tregs
TIM-3 T cells and Tregs
VISTA T cells and Tregs
CEACAM1 T and NK cells

ADCC and CDC

Signaling molecule block
Anti-microtubule and ADCP
Signaling receptor block
Activated T cells

ADCC and CDC

ADCC, CDC, and ADCP
Signaling receptor block
CDC and ADCC

Activated T cells and Tregs

Activated B, T, NK cells, and APCs
Activated T, NK, B, DC, and Tregs

Activated T, Tregs, and NK cells
Activated T cells

Activated B, T, NK, and APCs
Activated T and NK cells
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Continued

Antibody type

Target molecule

Major targeting cell

Mechanism of action

Co-stimulatory CD28 APCs
0OX40 DCs, B cells, and macrophages
CD137 (4-1BB) APCs
GITR APCs

ICOS APCs, B, DCs, and macrophages
CD27 Lymphoma
Antibody-based CAR

CAR-T cells CD19 CNSL and synovial sarcoma
MSLN Mesothelioma
PSCA Pancreatic, gastric, and prostate cancer
CLDN18.2 Gastric and pancreatic cancer
EGFRuvIII Glioblastoma
HER2 Sarcoma
GD2 Neuroblastoma
BCMA Multiple myeloma
CSPG4 Leukemia, glioblastoma, and breast cancer

CAR-NK cells CD19 Leukemia and lymphoma
CD7 Leukemia and lymphoma
CD33 CD33*AML
MUC1 MUCL1" solid tumor

Bispecific antibody

Full antibody CLEC12AxCD3 AML
CD20xCD3 Lymphoma and CLL
GPC3xCD3 GPC3* solid tumor
CD123xCD3 AML
BCMAXxCD3 Multiple myeloma
CD38xCD3 Multiple myeloma
HER2xCD3 HER2" solid tumor
CEAXCD3 CEA" solid tumor
GD2xCD3 Neuroblastoma and osteosarcoma
GPC3xD3 Advanced solid tumor

Single chain antibody (scFv) CD19xCD3 Acute lymphoblastic leukemia
EpCAMxCD3 Lung, stomach, colon, and breast cancer
CEAXCD3 Gastric cancer and adenocarcinoma
PSMAxCD3 Prostatic cancer
BCMAXCD3 Multiple myeloma
CD33xCD3 AML and MPS
CLEC12AxCD3 AML
HER2xCD3 HER2* solid tumor
DLL3xCD3 Small cell lung cancer
GPC3xCD3 GPC3* solid tumor
GD2xCD3 Neuroblastoma and osteosarcoma

Activated T cells

Activated T, Tregs, and NK cells
Activated T, NK, B, and DCs
Activated T, NK, and Tregs
Activated T cells

Activated T and NK cells

Activated T cells
Activated T cells
Activated T cells
Activated T cells
Activated T cells
Activated T cells
Activated T cells
Activated T cells
Activated T cells
Activated phagocytosis
Activated phagocytosis
Activated phagocytosis
Activated phagocytosis

Activated T cells
Activated T cells
Activated T cells
Activated T cells
Activated T cells
Activated T cells
Activated T cells and signal block
Activated T cells
Activated T cells
Activated T cells
Activated T cells
Activated T cells
Activated T cells
Activated T cells
Activated T cells
Activated T cells
Activated T cells
Activated T cells and signal block
Activated T cells
Activated T cells
Activated T cells

TCR R4 BE % 11 iR 5 7 k470 JR 22 IRIMHC
245, 558tk ADCC.CDC fl ADCP ¥ %, I %1%
it JRE 20 e, b AL, TCRFEHUAR FT 4% 4k A CAR 4514,
A TYHH (40 CAR-T 4H ) of b Jed 240 Jfa i) 5 S 428 1R
Ao EARRE R IEZ KA 7 42K © YRR DU,
41 EBNA1-3 [EBV (Epstein-Barr virus) nuclear antigen
1-3].EBV [LMP (low malignant potential) 1 1 2] HBV
(hepatitis B virus) (HBV X protein, HBx).HCV (hepatitis
C virus) (NS3 Al NS5A). HPV (human papillomavirus)
(E5- E6 A E7) 1 CMV (cytomegalovirus) (PP65) 4 ;
@ iR A0 M G AR R R AR ), N - IE M R E
(S37F). a- WL 3 £ (1 -4 (K122N). # 1K 58 & [ 70-2

(F2931).K-ras (G12D).MYD88 (myeloid differentiation
factor 88) (L265P). BCR (breakpoint cluster region
protein) -ABL (Aberlson murine leukemia) @l & & [ ;
@ M- PR, @ I A MK D B B 2 1 i
TIPS, W IAPUE (CEA) R & MR s 10 2507,
W2 RBEE S T LML SPiias &, K
g HE ) R TR MM T, B E MR 2
(1L-2) Kz 2 i — =k 240 i 4 % o) 3818 5 (granulocyte-
macrophage colony-stimulating factor, GM-CSF). it J&
RBEH 5 -0 (TNF-ar), H A IL-12 CUEIE S BE 72 i A&
Hrb gl AR PR AR Y Im PR R 2 o X L2 g BT 1 1 T B R A
& 5 3R PR R P 75 1) v I 24 Ak R A O 1 7
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LR, BT S PR ERE S, R T
PUik & B E (g0 1), I s 4 i i
FLFREL 1) MR, BRI R T 4 i B 1 A iR VR T P AR
e, [ S T A RIS A RS . B 4
PR~ R 4% 0 o e A FH R B o) o 5 3 e S L, 0, 9
IFNy (interferon gamma) 734 . T 4H i AT NK 4 ff v 14
ADCC 35 | 22 JF A% Zob Bt A0 Bt S50 2081, 45 717 41 g [A]
TR — AR TR N BT R S, i@
| B30 (AL 45 IFN-a. IFN-A. IFN-g. IFN-x £ IFN-v)
I I 5 e A I N 48 i DC L LR 40 i A BT 4
MEHIEAL RS o AN E 2 5 1 1 S R P A
T N @ A R IR BE R 88 e R 04 14 (tumor
necrosis factor superfamily member 14, TNFSF14), X #x
N LIGHT, 52 1l T T s AL I 3L sy 72—, ©
IL-2 52— 2 M4 M R -, mT g e R ) s 5
NK AT 4 g Y. H AT, s R DT PR il & &
[ 45 6 F, A3 41 EDB (extradomain-B)-1L-12. %7 EDB-
IL-2. T EDB-TNF-a. HT L &5 1 C-1L-2. #T GD2-1L-2
At CD20-IL-2 @il & & A, 4L K 7 A IL-12.1L-2 F
TNF-o, £ %} ¥ TAA /& EDB. L& 11 C.GD2 f1CD20.

22 RERESEST REMEKAERELRES
LN T S B AL, (A R Bt ik e G 158 L 2 AT
WA o I Ak AN N G 5 AR G 5 2N R0, B
BroGvEgn e . 2013 4F, BT A0 1 S A A 2 K
CTLA-4 1 PD-1 2 5 87 175 3 S e 40 1) (¥ T 20 g 3k )
I 735~ B LT L, T 88 S e v o A S5 35 ) R
2011 4%, 38 [t #EPT CTLA-4 JHIT A g0, I T i897 %
T M HA f5 38, 2014 AR AL HE B i PD-1 e 1R 2k 5 it
(AT k) A e sC Bt (BRAKIR), 11697 MRt 2 A
AE /)N 240 Jt Jiti et ; 2016 4F 4L IHE T 44 PD-LL B 5 e 47,
W TRIT S o St &5 AR RISy T R AT
Y1 i NK 40 i L Treg AT E 40 i 2655, DA R AE PR
Bt 5L 20 A bR A BRI . For, — PR s S
A ¥ : CD28/CD80, 86 (B7.1/2). CD137 (4-1BB)/4-
1BBL. OX40/0X40L. CD27/CD70. ICOS (inducible T
cell costimulator)/ICOSL (B7RP1). GITR (glucocorti-
coid-induced tumor necrosis factor receptor)/GITRL.
TMIGD?2 (transmembrane and immunoglobulin domain-
containing protein 2) (CD28H)/B7-H7 (HERV-H LTR-
associating protein 2, HHLA2). HVEM (herpes virus
entry mediator) (CD270)/LIGHT.CD40 (GITR)/CD40L .
DNAM-1 (DNAX accessory molecule-1) (CD226)/PVR
(poliovirus receptor) (CD155). 2B4 (CD244)/CD48.
SIRPa (signal-regulatory protein alpha)/CD47. CD94/
NKG2 (natural Killer group 2)/MHC-1.CD2/LFA3 (lym-

phocyte function-associated antigen 3) (CD58). LFAL/
ICAM (intercellular adhesion molecule) 1 TCR/CD3/
MHC-I, Il; 53 — Ff & 4 7% 3% 40 &1 B 7~ : CTLA-4
(CDD153)/CD80, 86 (B7.1/2).PD-1 (CD270)/PD-L1, 2.
B7-1 (CD80)/PD-L1 (CD274). IDO (indoleamine-pyr-
role 2, 3-dioxygenase) 1, 2, TDO (tryptophan 2, 3-dioxy-
genase). BTLA (B and T Ilymphocyte attenuator),
CD160/HVEM (CD270). TIM-3/GAL9 (galectin-9),
HMGBL1 (high mobility group box 1).CD96, DNAM-1/
PVR (CD155).CD112R, TIGIT/PVRL2 (CD112).A2aR
(adenosine A2a receptor). CD200R/CD200. IL20RA (in-
terleukin 20 receptor subunit alpha)/B7-H3 (CD276).
VISG-3/B7-H5 (VISTA). KIR (Kkiller immunoglobulin-
like receptor)/ MHC-1 #1 LAG-3/MHC-I, I, PGL1 (para-
gangliomas-1) ££13 191,

ik B 92 A8 Y 05 A1, A A S £ 65 (phagocytosis
checkpoints) I F 4 IE . IR G £ ol o 7 ik
B FH 05 P 40 A DU RS e, 0] R AR S B L2,
T Ji 83 A1 T 1) 9 16 it v A9 L O BRE DRI RT
B9 P S BT T TR TR A A S 200, [ IR 2 i o e 4
i ) A W AR 52 3 VF 2 B AR A AR (A
EiU78 A WERSH DN e LR 0K T N S A
S ik, 145 CDA7.PD-L1. p2- 1 Bk & A (beta-2
microglobulin, B2M). BA J& JC AR L 44, ‘& 4115 LILRB2
(leukocyte immunoglobulin like receptor B2) 4% &, i1
GWEAN P ) A WEAE R . CDAT 1E 2 R e vh i R 1A,
Fe R I — AN A RIS R F o I PR AT S I PR AT 5
C&HE 1AW A A, WCDATFE ST E A a
(SIRPa) il ) S 22 ¥6 97 15 1, #E 1) CDAT HVR YT 254 v]
DRSS H, AT DS HAh i 25 K& B FH . H R,
I PR _E F 58 1) i Wk s 2 BEL W 470 44 g Bt CDAT Bt
'E B W CDAT B “ AN EEZ 375 =, w19 I B 40 g A
FHIEMRAE L, T B 5 o S AR
23 BMAEMINEHIEE CAR BT T F
CAR 41 Hid /2 & A M #h 585 B4k (single chain variable
fragment, scFv) &5 14 38 1Y) G 2 40 i, Lk T A AR
CAR4Hf. 25 —4R, CARHE#E M N 451438 CD3¢, LA
T AR ARG S, 5 AR, A LRI,
41 CD134.CD28.CD137 5§ 4-1BB, iX L2 41 ffd Py 15 5 45
FIR K 2 5 25 1 20 B R 23 0 T 4 L 4 L i
ZLfR AP T8 [ 3R 9A, W Bel-xl (B-cell lymphoma-
extra large); &% =X, B & 2 N el P gk M8k, 11 CD28-
OX40.CD28-41BB 5 CD137, LAt 5 T 41 i3 14 &5 P
A, 2 T 20 A SR S A R IL-12 W8 0 1 A 1) A
T, DAY SR T 40 B 109 5K R A VE RN OR v 1 5
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TAR, AEWEE L IL-2RA A1 STAT3 (signal transducer and
activator of transcription 3) 2% & 57 55 11 4H i P4 25 1) 35,
7S TS 5, MM B JAK (Janus kinase) -
STAT3/5 {5 5l g,

CAR 40 il 5 2 V5 I7 2 B A7 BT 38 16 BLAR b g v 97
Tk —. 251k, RAT 2 F i CD19 1) CAR-T 4
J 7 4 B (Kymriah) #TH 4545 (Yescarta) #% 5%
FDA S HE, FH 1697 bk B BR 40 i 5 10995 A1 B 40 i bk 2
IR, I b 555 4 B AN R DR o S — A B B R A,
KHILLK, B CAR-T 40 4 il Se AR 98 — B 2
B A VR IT AT S5 2 — o B ALE R A 4 B4 i e
S AT AT 2 AN RS 2R CAR-T 20 i ) i
PR Ak, ABATS A VF 2 B G BELAS A AT13RA5 A U8R T7 R,
5B hi A —RE, CAR-T 40 A 2 fE 1R 591 i 88 20 o Jit
EERIEH TAA. CARH: 3 T 4 i #2171 TAA L35
CD19.MSLN (mesothelin). GPC3 (glypican-3). BCMA
(B-cell maturation antigen). CLDN18.2 (isoform 2 of
the tight junction molecule claudin-18). CEA. CSPG4
(chondroitin sulfate proteoglycan-4). FOLR1 (folate re-
ceptor 1). GD2.GD3. CD30.CD133. CD138 fl1 HER2
vl

K2 # CAR-NK 41 ifg ids Ab 75 i PR 5T BF 78 B B, 3
#A) f) TAA fL45: CD19. EGFR.HER2,GD2.CD20.
CD33. CD133. CD70. CD138. EpCAM. CS-1. PSCA
(prostate stem cell antigen). IL-13Ra2. EGFRVIII
(epidermal growth factor receptor variant I11). EPHA2
(erythropoietin-producing hepatocellular receptor A2) #
CSPG4 &loz24, A 47 CD19 CAR-T 4ii il J7 7% 7E B
2T 0 g i A L SR 2 I R T &%, SR T CAR-T 4 g
A5 B A0 FE AR, & 1 1 Bt CD19
CAR-NK 4 g F 7 5 iR ix 28 =y B PE ff 98 02, 721
AR R 5, X 10 1 55 BlOHE v 74 CD19 FH 4
A8 AT < bk 2R BN 1k b 2 n B v 3 MRS (chronic
lymphoblastic leukemia, CLL) i # % T #1 CD19 CAR-
NK i, 455 5on, CAR-NK 41 il ()45 25 5 i IR+
O ER G AE A B I B Y e 320 IR R A TGO,
I HALHE 1L-6 78 N 1) 98 P4 40 i DR -1 1) 7K1t 05 3
e FERESZIBIT I 1L AL 835, A 847 (73%) A ML,
BTOL AFIMHEREEMIB CLLEH) &%, A
LALER 4y G2 ff, 1B CLL RREEAFAE, H R s, Jf HAE
BT EACE S R 30 K. FFAL IR KZ
R0 CAR-NK 41 g 6 J7 A B2, HRAH I E
KEFMMERM. BRI, CAR-NK 41 )7 4 2 N
FPEIETT T -

24 WHEHFMIMAESF 20144, 5 E FDA L #E

Pt CD3xCD19 T 4H Jitd 45 A& WURF 5 PE P4k (T cell-bind-
ing bispecific antibody, T-biAb) i 3€ # % 471, H T4
I7 RN L HE VA B S R P AT B 4 S b A
E IR G P VA 97 M RURE S PP T 43 9 3 2K 4
I P 0N 4 i S T AR R S I % R T P A
HIE G 2 A5 HrakRe . Horp, (O 40 B35 14 2803 40 i
HE [ Pris: F 2 T 40 M E E M), T-biAb 2 5 it
AH PR AN T 40 i 52 A/ICD3 2 A W i, M H &
) T 4 R0 TR PR A0 ) B 1 o X A R — 2 0UE
F R EEIT R, A2 Mk &Y 2 B, HiF 2 T-biAb IE
LEG R HF R R . 3% ARG T 40 i 25 5 1) K7 A CD3,
il J8q #4374 CD19.EpCAM. CD20.CD123.BCMA.
B7H3. CEA. PSMA. EGFR. HER2. HER3. CD95 !l
CD63 45, 5 AT 2 %475 e 1) o — Fh 7 152 K NK
2 160 1 20 A M DD A B E IR I O 2 W P g i,
F ¥ NK 48 i 5 3¢ [/ 5+ 24 CD16. NKp30. NKp46.
NKG2D #I DNAM-1, if J& 4& 73 -+ 2y CD30. CD33.
EGFR #1 BCMA 50 @) i 6 #E [ 5 8 1 15 Hudae: 2
— B DS UR R M SR YT R, A2 5 TAA R S % i
T Z AR (W1 CD40 5% 4-1BB) 454 1 biAb. X Ff biAb i
W BT BAE 5 R B SR A A AN EAE A, AT K
o 5 il € A7 1 ek e RS b T I o /s 55 44 Atk EB A
() G B0 o XA B 5 R R S 1k T4 P iR K
T, PR R A S g8 AH SR AN RS 1 XU, el S o) oy
- CD40 5% 4-1BB 5 Jif 83 #E 4 - HER2. FAP (familial
adenomatous polyposis). trophoblast glycoprotein (5T4)
T LI biAb; @) WU 4 % Il Wik 4G 2404
] % $E 4 F 1 biAb. XA A T2 45 & 2 A
[F1) 58 R T R A (B R) 20 T 4 P 7 U AR) AL
K5 7 M biAD, 38 # 45 4 PD-1/PD-L1 il LAG-3/TIM-3.
FF 2 T L — R e M PR X [R] — 2 s AR
JHRE G %, AH A HE 2> 74 PD-LIXTGF-4 (transforming
growth factor beta).PD-1xLAG-3.PD-1xTIM-3.PD-1x
CTLA-4 1 CTLA-4xOX40 %%,

A0 2B, HEMHER TREARE 7502
Fl biAb, L A T-biAb (5 4 = T H A7, b 2 XU 57 7
scRv LA — Bl D AT /T 0 e 2 i67 - 6. I
PRAJEFE ) T-biAb 7] PA 3 J9 10 FE7, G145 7 4 K it
& Triomab.Duobody.1gG-cLC.IgG-Crossmab.XmAb.
BEAT 1 ADAPTIR, H R fE 2 & L w &K, Af
ADCC F1 CDC 1E H; LA J 3 Fh Fe Bk 2k fiufA: BIiTE.
DART #1 TandAb, FF1iE & Gt = Fc 45 #35, v] BEAICqE ik
BEVET 4 MvE Ak, /Ny T T B 258 % 7). T-biAb
S MR T A 71 TR, IR RH 9T R B HAE K &R 4
AR bR B AR SR B R AR A
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3 HFEMEESHRIEDR

G R GBI TIEIAR T B4 R, B4 2400
YBIT T VEA PR T 3B o e hE R BRI 2, HohiF 2
BRI PR 3R 28 AR A B A M 38 I 1 TH B U P AR 45 4
8, DASE It pA g bR 0 IR FE AR R SR AN g, s i #R 2
UK Foy S5 a4, LA I Hxf Foy 32 AR (136 R0 7y, W] 3
SRR 535 A0 T 40 S Ak BE ok 23 ADCC RN ;
A DU iR e AR S P A 5 A (R 7 2 3 1
7 (B Toll 52 &3z 771) SR (9t CTLA-4 $it44k) B¢
T 20 B s B FL At o R 45 S A . LR R e R IR T
., ADCC 4 3 i JLFI AT I S R 97 P pi A % S
IR T 4B AT o EoR it 7t R, RURE ST
25 Yyt & B E R I8 R € T N R 4 i,
FH T mTOR (mammalian target of rapamycin) #1PD-L1
RUE TR, W3 B Ry T 28, Ak, TR )
IR TT 43 1 IR B e B BRI AT AE AN Wk AT
A0 A R 7 2 AR B W B AR i) 7. AE 23 i N S i
Jeih, CXCR4 J& fi i i FRIE B B 1 32 4, Hi iAo
CXCL12 (C-X-C motif chemokine ligand 12), CXCR4
)3 Rk 5 M 4 M A7 L AR A I AR R B RS R
PLAPEA G . U1k K 7 %2 f& CXCR4.CCR2 (C-C
chemokine receptor type 2) F1 CCR4 ] ¥ 73 B A H T
T SE VR TT 1 AR Be R A AT 2o,

iR G 8 U T A B B B BT A R A A B A
FI G 028 SN AN A YA T (0 CAR-T), B3 1 i 2B 3 11
TG ARG & AER, AT RE 2 I EE A A S A
MIAS R SE, E R A R AR A & 2k, 2 T30
ORI CAR 4H I 0 2 16 97 B FH 1R 2 /4 [ i, HG 5] 1
ARRPORIS T E, R HIAET . g1 K
T (B2 B DR 7 BRI 25 B AIE) 72 S VR 9T I — P
1 R I RAE, & v FERAEYPUE FRRE . REIRTT
IR 2 50 RO A2 & IR 8 4 2003 B T 4 A
RG] ES Y, 5 B AP B0 R ARG P i A,
P gk R TSR R . B RUE R BUA (W T-biAb)
T Ji 983 2H 2R 1) JiR A7 3 1k T A G B I AR 0, B
i @ %R EE (oncolytic virus, OV) A HI# R 4itE
P28 IS8, 326 95 1P BT e AR R 4 T A 5 T g e 4
AN, o EATTHEAT BT RN B0 I T 3 C B g A VA
I 1 e B DR SR o A7) T e 8 A S 2 T ik 1)
REE T-biADb 1] 38 s ide M R A% R AE T o 3R ol R
ARSI SRR BRGS0, B EBOE 17X T-
biAb fill £ F1 41k 1 75 =K o £ XS T-biAb R IA AT T2
Ui I OV L HE I 25 AN BR 92 8 2, 45 FH IR i 55 1) DA
4 CD3/FAP T-biAb i 1% 31 i 87 AH 5% 1) 5 21 4k 48 Jd .
b4k, Bt CD3XEGFR [ T-biAb J& K A1 470 -EGFRVIII

(1) CAR JE R [F] B 3 N T 41 B, AT A e Jofr g S o 14 i) 8
IF PR il T-biAb 72 iR 2 H R 18 @ CAR-T Y #:
JE M #2 T-biAb Fl CAR-T HJ#7 # &, RI“ 7T 1) #: CAR-
T, B AR SR B AL SR AR I IOE . DUk biADb ]
AL TR AN o e DU 2 3 Y T 7/ - & )
PEARHRCIR 25 19 CAR-T. CAR-T F 3 4 F14%5 57 8 H X0
R VR AT R s, DT ORI 1 A i DT 1 X 2%
FoAth AN R 12,

JE AR G P2 IR 9T AE IR VR T TR A T R
Je& | AEG T AR B — 3 Y A X A 55 1D 2B LA % e g i 25
PEATY SR A2 5 L AR AT AR R ) 8o e RS 245 7 T BB 7R
B[R] EL T 32 B s RE H B R S B A 2
YIS G IT @ BUARFIgE i 3 v (L7 T B
WG B A IR TT @ ] S B A RURI/ERAE
K 2 AR 1) R S BE DU S IRYT, @ SR A BT
JE (FIRAA) sF —Pua (FIRH ) AR R AL 5%
SRR TT o ASAM 2 T I G 3 A 1) B L R B A )
RE AN MR VR T 1 BT Bz — B0, TR R S IR A
LW 2L A AR A 0 Y, WO AR Foy
Ak (Fey receptor, FeyR) AT LA ) 1 15 fif J8g B 422 4 1)
PUARVRTT IEVE, A B o L 28 2 Hop S8 I ()R
FERARAIER . BRI FoyRs 76 4% 1 % 2% P/ 5 i A
(ks A s3I 7)) o7 2807 A RALE R, S
il VE B AS EE A FeyRIIB Y #E ) BH W7 A Bl T 5 iR i 24
PEFEB = PR TR AE S 2 VR 7 P e PERY . YR YT
A0 1) ek SR ) A AR S P2 A R RNH
K, XA R R BLRBAT B & o B, Ak, REVE
2 YRR T KB T S G AT A BT P A S B R A, H X
iR H (R AR DR — 000 e 26 2 R I R R 2 —
MR DRI, TE MR S VR T R SR v IR 245 4 1
HHRIT T B R B0E 2 1 7 0K 2 2 35 S0 IR K
ORI,

gk bR, BT U R e ie T B R A
FAE AL 22 R R ROR 38 S50, R I PR %
BT RIEEEAER . ASRBUA IR S 10T A E
TERE 70 SR LS T PR R FBE A L e IR MR
X B AR PR 52 R A1 200 R R 7 DX % 55 2 I A FH R R
FAN I I G VR T R B A L
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