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Tumor immunity and immunotherapy: opportunities and challenges

GU Yan, CAO Xuetao (National Key Laboratory of Immunology & Institute of Immunology, Naval Medical University, Shanghai
200433, China)

[Abstract] With the development of new technology and the innovation of research mode, tumor immunological research has achieved
rapid development, and tumor immunotherapy has also shown remarkable clinical efficacy, jointly promoting the improvement of tumor
immunology from mechanism research to clinical transformation and from single discipline to multi-disciplinary integration. However,
multiple challenges still exist in tumor immunological research, such as the animal model replication for clinical tumor study, the
complexity of tumor intrinsic regulation and its relationship with host microenvironment, and the screening of immunotherapy targets
and the prediction of treatment effect. These problems limit the further development and application of tumor immunology, but also
bring research opportunities to basic and clinical immunology researchers. Therefore, this review summarizes the research status and
challenges as well as looks into the future of tumor immunity and immunotherapy in five aspects: the change of research model, the

innovation of mechanism, the exploration of research objects, the screening and evaluation of therapeutic targets, as well as the

application and innovation of new technologies.

[Key words] tumor; tumor immunity; immunotherapy; immune regulation; tumor microenvironment; immune checkpoint
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W 2 i S o % 48 BT 5 38 AE B8 ROS, R A B p53 F] A
BvE JAK-STAT 15 5 3@ % , N1 B & Bk 40 Je . o M AL
47 i % , ¥ CD8' T 48 M o s ™™o & A [ MYC 7 LL%
B CCLO A IL-23 %1k, CCLONFE R MM EE . I
T R BT 28 M B 4E AR B T BE 2K R, TL-23 37 %] NK 48
Ji o T 28 B A2 it o B9 3R 1 SV M MYC 3 3E CCL5S
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PO b 40 B B B Y, BB 40 B P Notch By
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R fiF JE A K B v 40 B B9 3 &, WNT/B-catenin
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o &, & # Treg Ak 2 fn 2 g8 %,
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MAEEBEL2H R, MELENHBEAR, £ &
TR THERH, T kEFANES.

4 JETTESMIFESITHE SR S 58N

4.1 FreyIK
4.1.1 FEMEHAURE MFERRGTEX T M
BRAEEREE, RERARANHESZERR
(tumor specific antigen,TSA) % 3F [7 X # & H 1k
T & (single nucleotide variant, SNV) ¥ 41 &
HtZ B X ENMHBERRERETEHREG . TXY
B REAE RS AL W IR F # K F & (endogenous
retrovirus,ERV) %,

SNVHFHR&E X KT, H2FHEEARWERX
A, T f & B R S T 4 B RS, E AR O Y B
FREEA —ERRE, BEeNENZEE AN
ERETRNRT AZREERENE, mEE X
B%. SONVHTETE, THAEFHTSAT—Z A
RTEENSEF. MEHRSoFER, — L
SNV 1K By B Jg & F e S FE M TSAM R 35, flam, &
20 HE B 2B R R — R S A A R A AR R AROR B
i, A BRI SNV Gt , (H 5 R IA A R R FH AR
Ao fi g A R ERVILR™, B, AR E S KW
TSAF[ R ie T MRS e m e TR R TFEHEE
EE

ERVEET MBS, L 5MBHN L &AL RE
B YIAE X (o B F 08 90 B0 R PR A B )
LAY g B SR ERV B UL 1 £ A AL s B R AR
TR RE RS, ERVE T @ L B A %ZIRA XK
(4 RIG-1) R 5% & RNA, 5| A& T i NF-«B & L. fo |
BT =B, N IIER R, WA ERVIE M &
B LR 55 B 4R T 48 B A5 R R M R R
Ko [ M, fib 8 4F 5 1 ERV 40 R ¥T T 470 fiF 98 48 i v
T ARG T R L ERV B9 R A 5 e R TG f % e
IR AR A RBNE A, TH, ZTWHARERT

B 40 B ERV R AWM BB AL A . i F X R
METTL3-METTL144 & & & &1/~ F 8 m°A RNA ¥ E At
Be 44T ) B8 28 B ERV B R 21, AR B+ F Ay
LSD1 {22 7 M/ BB ERV E WV E B LI k1L, &
BT A T3 & B9 BE , TR B AR 8 T 4 e ez ot
3045 b A KT
4.1.2 $EARBAEHIE R ZET MWER
JEIETT , R E B HLTIT % (CAR-T 40 JL 67 4,
EREETFRETREANER . BE5THL) BH
MK AR, FHik, A3 EHEMFEFNT
20 B BE A 40 B A A 40 R R B AR R R
BRIt R E R, 2z E & W7 & 2 10 F ok i
BRBIETRAREW B E, £ 5 W EF RE
TEERNR, RAUBEHAAEITREL W AR
BEASTF HARELAERELRS TRIAW
A FRIN AR & L EEE ST ERR
MR  RAFEZTEAERESHEEE™, H
WERFARRERRK S , AKX HATHEANS.
4.1.3 FHRTN AR5 e £ BETRRATE
B 4%t CTLA4 5% PD—-1(PD-L1) 89 % 7% # & & FEL o 77
FEBTAREAMRBEFERE T RARK. &
W, AE -y RE N FZE. FIb, ENREE
TRAWEAEE FRTANEREXEE, 5
BEEMHAANTRE L HEENT T, XEHEY
B R e # I 4H % F 3R 15 ¥ PD-L1ACE B 30
FEULR A%,

B A, R BT AR AT R MR R R R A
B b, T A K 4T XS % 40 R EY R T 9A T BT
Me ot Ll TENBRREAEENHTR
o AE RN T A RENFEANEKERAMHE
BT BABAR. AEAFKEFRRAAT ™A A
Smart | JF # A (Smart—seq) 2 % 7 ffiJ&E Fo 45 7 9%
T 48 o /2 2 20 K- o9 e B, 2 E AT T PR
ETHME LA AR RE AL HURY
Wise R IR BT T 4 ML T RS MOR IR R el
AT M., FEA, Nature Xk T R B Z X RIA
RTBMBEAE =R MEEHHR™, LI
JEAS PHCD20 HMEB A fn =AM EEHFE,
AR = itk 8 4 A o b T AR L B RE B R T T
TR E F, £ 22 BT FEM B
42 &6 Pk

MEBEAEANERAERZARANLE, TET I
BHRETNER, B8R EENERIET. EHIL, T
WEFNFEATRAGENRE T ESBEEE
FFH AR BT HERETN A A BEZ, It
S, MR % MR TR B B0 R SF 1 B8 4 R OB F R E
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BFUR , A& A A4 S R ) B 5 52 BT
BT A — B R

& T B8 MR B9 %R 6T R B R B T
RoMFERE ETAMEE A Flw, A4 22 %E
— o B BRI IT AT W Tt AR R it
TR E LA BT 2 ie T & R R R ? o
6T B AR FF 8 S B TR I S VBT T R REAL?
%o MBEWHA RN EREURIEEE R,
T A RE R — B A AT S A ok B R RR IR
THHR. A, FERT— M EFENE-EEZHE
ER 2 S MPER, MNERFELE 6T
B 28 2L B 3K 48 2 AT AE , 4 B g A T AL F L RNA
FURRTIFMPD-LLRIE Eftiie & 54 F RiAA
KBt B T S AR B S R A e T %

5 ARBANEHRSNA HEHMERR B

MaEEEAY x4y Eady Ri#dx
A BEANIW R R, L HELHMAFNA
FRA, EHEHBLRFFEANLEANANE
TR B AT RN, o, 2EE £
HUREERNKEEANEE, WA T 4
HeL 18] 25 8] % A DA B S 9% RO B BT LA T o
5.1 PIB AR 69 2 tm e T 5
5.1.1 Haf#xaAmERARR HLAREX
ANMFERAMBFRARNEET R, 2N F
TE 520 L K T 9 AT 48 P e A T R SR AR AR, AR BB AR AE
MHEEERL, BEFNERTAE, B, ERAE L
A, B2 B JF 77 v = Smart—seq2 F1 10xGenomics ™,

520 i R AR A F BOR T 5 RNA Rk A B AZ H
B % %51 (single nucleotide polymorphism,SNP)#
&G, U R RN % 5 2 5 B R R 5 vk
Ho m¥t, BHRT AMEFATNFEAR, 2472
MR ENEREFE,TUEBGIHET Hx
MEHARRME. WH, BEAM L 5K ENKE
] A BN KT R B AT R W AR T 4 A AR R
B, to g @ 4 B R B T M A B T
#r (single cell assay for transposase accessible
chromatin—seq, scATAC—seq) ™" . 2 21 i, I % B &, 3h I
J#(single—cell bisulfite sequencing,scBS)™ &
oo A e A A AL ER S 7 (single—cell whole
genome bisulfite sequencing,scWGBS)®", xf[E]—2
J o % MR AR AT 2 — MR R AT, 4
HL A F e S T (single—cell methylome and
transcriptome sequencing,scM&T)F £ F Smart—seg2
A1 seBS A A0 o ACF HAT R E & F A &
KR FAT Mo scM&T % T % [F 4 A 4% AN F

(genome and transcriptome sequencing,G&T-seq)
W, EAEH L EEHY I (ultiple displacement
amplification, MDA) # A HEAT DNA M7 , T & B F scBS
SEAEEDNA AL R Hofl AT A 40 B A
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