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Abstract: Cancer is a highly heterogeneous malignant disease. Currently, precision medicine in oncology
urgently requires experimental models that can faithfully simulate the individual tumor characteristics of patients.
Traditional two-dimensional cell lines and animal models exhibit significant limitations in preserving tumor
heterogeneity, microenvironment, and predicting treatment responses. Organoid technology, with its three-
dimensional structure and high fidelity in recapitulating the histopathological and molecular features of primary
tumors, has emerged as a transformative tool in cancer research. This review systematically outlines the
development of organoid technology, highlighting the methodologies and applications for modeling various solid
tumors, including lung cancer, breast cancer, gastric cancer, renal carcinoma, and colorectal cancer. It encompasses
multiple aspects such as investigations into tumorigenesis mechanisms, drug screening, personalized therapy, and
immunotherapy assessment. Furthermore, the current challenges and future directions of organoid technology are
discussed, with the aim of promoting its broader application in cancer research and clinical translation.
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TR LM, HAE A AL AR A AR AR AL AR i), 2
e 2R R 0 e S DT M = A 5 R RO SRR R
I8 S AP AZHE (patient-derived xenograft, PDX) &5 zh ¥ #5
REFR S DR B T IR 2 SRR, (R AR TG L AR
e e, LR 22 S M DAE B AL AO N A A 1R IR AT
FNEGH) 87, AR 355 0 5 B 1 3 240 e o o 5 A
I, e RE R ORG VHE % 97 38 1) 5 S U 1 e muk Ak i b R
SR MR R AR . Al B R Rt b i A T
KA EHAR, HT ARSI =420 21, 1X 220 23 D4R
A e 8 5 9 A 2 B I R g 1) S5 ) VR SE DI RE O T
RRAIE 22 DR 40 50 3 0 1% R RS A B (tumor micro-
environment, TME). 448 BB O RO K BLIE(E
YRYTHE RO T AL SR S TR

2% E (organoids) J& H 2 A8 T- 40 0 - 4 T 401 il
B 2 2 E = 4 T b 2R O U S R A
4, B B IRTH 2 ) oAk S J AE 2 2 ) BE )RR
P KRB EIEL WA IIRE LB EAH R, HORFFH
SR 22 2 S o O BRAREAE, TT B AN R
B IE B0 AR 20 A rh PR ST, MR T AR L T
SRKME 6. 5 PDXEERIAHLL, KA B @R LT EE
b B IS () A B/ B 2 2, RS K R AR AR, R4 B R
58 Hi DR T R i 8 1R DS BERRALE, [ B, A4 1 B PR A
XA E DT . PRk, SRE8 B AR RSN S
Jo R AEFERE E R AL S5 T A, TR At 70 b SR I
BRI /1. BT, eI 7R A 2 M A
SRR E . ALK R G 2548 B K
Jee [y s, SEAE T A B ARR SR A (it  FL MR B
g 4 L) TR SR R N 22 AN
1 AFBERARER
11 EBF[EWMERASE 1907 4, Wilson" W 52 £ Hl
B 25 ) U 4 4 N e BT ) 4H 2 e B A AR %Sk

W UGEW] T ZanM A BN RE ST . 1997 4F, £
ZofR IR AL BRI 3T3-02 BUAF A R W37 2 b, S T A
£ 6 2 T 40 M R AR A0 388, JER 1 1 T 48 i 72 1l 2
A B E IR R, 2009 4, /£ AR E AK T4
B [P 1% 77 25 F1 Matrigel = 2 3 5T, B RO D 15 7%
BARE-SEBFES RN B0, XA A 8
HAE T HTE FEN a4 R A, H6e B 3R
KR IR . B JE, B R E LB 7Y M A2
it T 4l Bd (human pluripotent stem cells, hPSCs), i 7
RS AR K NS = NN D
H; 2016 4F, Takasato ] AR S 18 7 B JIE 28 4%
MR IR 2016 5 )5, A8 B T FT BUR IZSE AN,
220254 7 H, #5 PubMed %4, 2845 B 1 2% AH K 2
R A8 SCIE 300 000 f, Her 8 623 F (£929%) J& T i
R AU (B 1),

12 T ZRMASE REEHEAREMCAEZ
JEILH BRI 77, R BB 7T B AR R 2 V2 0k 7
PEMN RGBS T A A AT 2 M . 2011 4F,
N Z BT 4 M e = 43 77 v i Th 5 3 B A 2% B
WA 8B (optic-cup organoid)”, SZIL T 44K #MEE L
JiE AR 19X I A 1 O B AR Hu SRR T — i =4
KBTI RRG, IS T DrRe i/ B 40
JH PRI K BT 3G, GIE B 8 A 40 MR R 1 S 4% B & A
WRAEAE I 1, I3 V8 97 S 4L T 37 1 40 f B 4K
Fel& o BEG, W S0 ORI 45 B e SR A8 T
Xt 2R Jz A K KT 524K (epidermal growth factor receptor,
EGFR) il 71 TR 25 1%, AT 45 5 250 BRAF/MEK B¢
HITIE, 58 AR A 25 O™, 2025 47, K N 28 IE
KREELHAIBARL G, Rk H ARG A PE 7
157 BE AR T (drug-induced liver injury tracer, DILITracer),
S A ERE A RE LI R R /K I AR, SR
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Timeline of the development of organoid technology. iPSCs: Induced pluripotent stem cells; DILITracer: Drug-induced liver
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i 2 AT 3k 82.34%, £ IR AF DILL AL 54 J5 1 58 4 #E
fff, IS 2 T 90.16%""; FI I 73 28 4% B, UF 55 1M K 9k
#* ¥ 4L B 2 (angiotensin-converting enzyme 2, ACE2)
SRR H RN O, R T EZ AR E N
2 (transmembrane serine protease 2, TMPRSS2) 1 iJf J&&
LI ML

[F) A, i Jed 285 s BRI DAAE D48 7= i i Bk 5 ) o 2
AL, ) FH R o B 4 AR R 2 A B A AT R BN, 28R B
(Zika virus, ZIKV) 75 Jii £} 41 ff 57 2 88 B Rk 57 1 J
eI CD133 "1 o BR 20 HusRd T4 A, #0113 B3 FREE 8T
RE 77, AT UE B RE 0 B RS AR R [ 0 4 M, ST 24
Ji o B4 R BT VA, 2020 4, Raimondi &5
Ji R B3 R YR 2R 3% B (patient-derived organoids,
PDOs) H1 58 B9 i # LOAA703 P i, HF 5 F m) 2
375 B) J5 ¢ B, I G gt A4 M S P 2R 6 DR B R
(stimulator of interferon genes, STING) i %, %5 5 7%
K F U131 % - (interferon-beta, IFN-8) F¢Jil, PDOs A
VIR T 1) 00 2R 5 e TS S80S B AR v N 1
PREGIEAY o JiRg 28 B ARORAR BE OR BE AN 11 3
JiR A, OB E AT A A TR
2 EoMEARENRIESE

RSB AT R A AL B v S B ER R AR AL
% (enzymatic digestion) 5 ML i fif &5 ¥% (mechanical
dissociation). 1% 4t ¥ g fift v e i ik Jie Jot Il B 1 2 1
Pty 4k B SR H vy 40 FEE (1) P 4 R, R R Y A A A
N2 B) 1 R B e S R N, W 5 s kb A e
2R GEH T 90 S SO 99 WA 1) & 2k o DRk, 2 T il
%% F (lung cancer organoids, LCOs), & H T — Fi it
A FRIATL AR P 2 SR, 3 I 3 T B DR 2H 2 URS 4 n TR
251 mm’® AL 238, B J5 5 Matrigel 1R A 1T = 4E 55
FRM W R, T VEANAE 3 RN SR T &k
79% I i AR B D 2, B E I 5 Bk IR B K A 4 Ak 4 230
— DRI TR IR AR E M . UMY A VA R T 5
BT T U MRR Y I P 55 0 WS T I 4%
X TR 24 T A B A FH ) 4 A R ke T TR Y AL R
MRS N, T AE R T AE R RS S R i tE B E
B2 JE AR (tumor in situ) A R AR,
2.1 MEXAREEFNXBECSEYERE MW
TR AR B A T 2 M R AR SR, IR R A
B 28 HE N g i 506 R MR A S E e, B
TEA MR A A 2 (B12). MBRESER R ES
W 2 RF 32 BT 48 B 0 5 o B L X A B S R
SE 1) AR K R L AN OB /N 43 - 0 550 4 B R4
eSS B i a Bt 5, WS i Sr T br it Al R 97
FEA% O 2H 53 R B AR K R F (epidermal growth factor,

EGF) UKzl | 57 41 g 34 58 ; R-6#E 2 1 1 (R-spondin 1)
WG E S RAMRELFINGEAMIKZIAKS
(leucine-rich repeat-containing G protein-coupled receptor
5, LGRS) W& Wnt {5 5 18 % (Wnt signaling pathway),
YEFFT40 M B TR Sk E (Noggin) WS HIE TS
& 4= 1 (bone morphogenetic protein, BMP) il % LA
By 1k 55 Ak o 9 1 N R e TP, R IR AR R R
5l N#& AL A= K [ -F--B (transforming growth factor-beta,
TGF-p) #i1 il 71 (A83-01) B p38 22 Z4 Jif vi& 1k B (1 L Iy
(p38 mitogen-activated protein kinase, p38 MAPK) /I
FI AR AR I L) 3 S 4% 77 THT, Matrigel 505 A
IKEEE (W PEG I% W15 BR) 472 FH T A5 40L 40 il o Kk
Ji (extracellular matrix, ECM), ‘& 1111 $2 44t HL Ak B
£, & BE 5 5 b 9 A A Ak 5 1B R 00 AR A B = 4
SERUST. LRI AR T R AR R IR A A AR AOS R, Bl
1b 2R B T2 A7 3 I R B, ROCK 1 ] 71 Y-27632 fig
B R LBl Bk 2 A U 4E, B33 AR 2 S 4l B B A
RV, B, Lin %5 0 %4 B 9% F2 (conditional
reprogramming, CR) i R, F| H Y-27632 B [A] %5 1 1
Swiss 3T3-J2 1737 )= 4l i, i@t 18 ANp63a (p63 & H
[N ity R0 1Y) F1 -3 R B (1 (B-catenin) 55T 41 i
om0, A TR A 8 A i A AS 508 5 ERRL R i 2 T 3K
RTCIRIETERE /). B 7R 5 o N AR A AT 3 o
KA E W4 R K, EFLIRREE T 7L R, £
bR EGF 2> 5 250 24l 24 g L 451 b T &% Mucin-1 1 i
2 % Heregulin-B1 5% FGF Sk [R 7 2 240742 s #H 40 i 43
A1i; 1025 Bk B27 WA Bl T3> CD73/CDY0 FH A ) 2k i
i, X — R IR B, R R KR T 5
HIFII2H G, W] € M) 5 S KA H R E 4 THRHE S A
AES TP
2.2 ffifE Bl (lung cancer, LC) J& IR T >0 S & A
JE B b Rz B AR, i 2 R R 2R R A,
A AR /N 4 M il JE  (non-small cell lung cancer,
NSCLC) /N it (small cell lung cancer, SCLC),
JE A ERERE SR 1 A . 2019 4F, Kim 252 g 3 #) 2
EGFR R 7% 7 5 [a] 48 ¥ % B 98 ¥ B (anaplastic
lymphoma kinase, ALK) fil & B 2K 28 H , IX 4& LCOs 7
MAMC AL R 78 0GR B T A R B A LC KBS
SFH L RE L R BRI A 5, HAE RS B
s AR ) J52— S50 P35 88%

AR, R OR B 2 (I 5T R I T LCOs 1 W] AT M
O ek o 38 L 7R il i 2 2 b B 41 g (alveolar type 2
cells, AT2 cells) Hif5 5 1A KRAS®"P, & i Hdb 3 fh
AN 6] e 55 FL g R, 1% 9 AE il 2R 48 B IR SE KRAS
i B DR I B 4 R B I e 4 IR B R M A
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Figure 2 Flowchart of tumor organoid establishment process. ASCs: Adipose-derived stem cell
23 FBRFE  ANRIE (breast cancer, BC) X FRFLIE, /& 91.7%™,
2 DL RS A bR, L L R 4 e ) 8 5 2k 5 T B SR A R (Y BRI AL B HES T8 e A AL
TEH. Sachs %P ST 1 o 95 1] B AE A 1 7L R e FIWEFT, S UG 2E R — b B e e BT AL, Ay AR TR

PDOs *E W) e, % P AL & ME W3 52 M BH 1% (estrogen
receptor-positive, ER") A & & A4 K R+ 52 44 2 FH 14
(human epidermal growth factor receptor 2-positive,
HER2") K = [ 14 FL A9 (triple-negative breast cancer,
TNBC) WA, i S5 38 25 5 v B2 OR B 5L 46 Ji 83 1 s 2
AT B P AR

BT 48 191 55 7% 1 FL e S HEAT 5 Pl R B
FAAGTT 250 248 B 25850 M, 45 SR % 30 H v 44 4
PG W PR SE BRI 28, S 2% B T00 VA o7 0 S P 4 1 0k
91.7%; [F) Bsf 1) FH 288 8% B 07 02 ) 50 MR — Wl R A B 3R
4 (poly ADP-ribose polymerase, PARP) 11 1] 71| fif 24
BrEE S, JFiE i CRISPR/Cas9 & & 5 uE FL Ih g, MBS
F 25 SR AR HE
24 B [ (gastric cancer, GC) & JE T H
S L ) SR P SR, DA e B O WL, R A RS TR
DL, RO RS LR BT, B
JEE S B B S A2 TR 3 R YR T S B 22 S K TR AR A
Seidlitz S I T — L 22 HIAEA K H 8K
AW, Z PR R T E R R 4 B (the Cancer
Genome Atlas, TCGA) 43 84 v ) 32 437 4, ] i) A
Fl CRISPR/Cas9 32 A XJ /) 5 B 42 B S 48 5 #E 47 2
B, 5l N TP53 5 KRAS A%, DAL 1 1 8 (1 R AR
R A FET 73 48 R A
1 57151 PDOs BEAY ) [a] I 4 HL A% A 3/ B AR N 1HEAT 24
ROIRAE, I BRI 25 ) I S P 5 12 44 &
S B B W R 6 T 280 R e B — B, SR v Ak B

M EHERTIR, R ZR % B e SO T A s A8 A i 2
[t I B o i CRISPR/Cas9 H A £ 52 2 150
B H (cortactin) g B ) 5 B 0GR AR BB, AT H T
W 58 FCAE AR A AN A B e O e I AR T IR MEVE S
9 25 R W Rz 2 L8 2R 3 A s w8 AR 2 i e s 3 7
SEAR A, Gl 3 0 A WAA (exosomes) 43, BUAR iR
AL R, £ 5 B AR E A R [a) 5 S48 1) 35
HELFER,
2.5 B 'S40H0JE (renal cell carcinoma, RCC) J&jtt
PTG N b R 2 B P R e PR, o RN SR TR 1
2%~3%, 3= B A 53 W 40 i 40 (clear cell
renal cell carcinoma, ccRCC)- L3R & Al e fi (papillary
renal cell carcinoma, pRCC). & & 41 Jitd 5 40 i &
(chromophobe renal cell carcinoma, chRCC) F1 H fih 5%
LKA (4 & ). 2020 4F, BLIhEESL T A Bk A
U B L e B SRR s B AR R, R A
SRS E B TR, DL T MR B O S5 AT

W FCEAEH) F 28 4% B Y R 47 v 18 B 24 W) T e
SEEG . A # PRCC-TFE3 & 5 R 24 5 17 7 B 4
i J& (translocation renal cell carcinoma, tRCC) 2K 2% B
A, mRE R RIE 11 816 Bk & 4, K I v M Je i
P& JE S JQ-1 AT i 3 4| tRCC K 2% F 3 58 7 155 =5 1
oo [RIB, A 505 ccRCC 248 B (1 17 25 P iX 45
SR 5K, foretinib (25 #1516 220 IR W g 4170 1) 7)) g ) 28
AR 1k 2 (38 B (phosphorylated AKT, pAK )/
FR AL AN A ME 5 U8 15 B4 BE (phosphorylated extracellular
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signal-regulated kinase, pERK) 3858 {5 5 F3803d 2 e <
A -3 (Caspase-3) T T3l 8, JL97 4R T K 19 8 B -
WY S R 5 T =P

2.6 HERMRE 45 HMJE (colorectal cancer, CRC) /&
R A AE G5 g B R R SR A TR, £ 95% iR
FE, R REAEA RIE T M LR Z —. 2011 £, Sato
SRR T E & Wt £S5 508 B (1 Matrigel PRES, B RS
TR B N RIEH 4 45 1 1998 LA & Barrett 8 I
B LA R B KR SN S A = 4R TR .

G5 L 2R A% B I OO S A B R B I
PRIGIT S0t 17397 (0 TR, 0F 5% 1 BA R FH 5 7% 14 45 B
Jes FR A R BT 4L 40 ST T PDOs, FELEAR AR T Ix 2
B BRI 2 R YT 7 %, KL PDOs 7E 1K 41
Xof 24547 14 00 0 AP AR N i 245 1 ) A 2% 40 ) A B
88% F1 100%, H 7. PDOs H i3k 17 25 2 3 Br 75 i 1)
BRI, IX AT I AR W] SR A B LAY A DAAE SR IR YT R
Ol 8 5 Ja R T Y B, SRR IE RN T .

PDOs [ B3 2 5 AL W 2 ik BT 2 25 1) b
R, TR R M R TE PDOs #4 E l Th 28 AR AR AR
KR 1k S 0 B R AR OR B ORE S5 5 Y AR AR ROK =
S (ER U120
3 ARERREEREMRPHEA
30 KMBEALREEDHERENBE L850
i3 2H 2R = B AR R A B S D) B, AR T
EF S HB AL 2T, A B BRI E S LT RAE)
FEARFE" NPT RE . SRS RARLL, iE AR E
FEAPERE W5 78 o S0 )02 I S8 8 A, E9E M DLAE — 4
A N R SRR R AE VA . van de Wetering” " 4 37,
M EL 5 20 9] 45 B e B IR SR R B R, W 1T
oy A, i EEE N, dEos TR S 245
R =0 EPS G SN € 50 N o )il e S /L At
W TFFEASPEAL 25 0 0 S AR 2Rl R R B B
PRft 7 E R B A 6P,

32 MERR WIMERESLHEIEIRR  ARE

A5 TT 1, Broutier 8P VHE N7 7N JEUR A I B SR
4% B (primary liver cancer patient-derived organoids,
PLC-PDOs) K WA Rs 7844 28 o %45 B 1l o 15 B S i
T LA GE ) R DR A ARRAE S o0 10 B, IR W L fe
TR S o 1 e RV . AR T PR T
FF AL ZR B E RV ES F (melanoma patient-derived
organoids, MPDOs) K7 5. ¥ fift 85 i B 0 2598 21 21
43 AL T Matrigel 5% S5 e H, BT #3 MPDOs J& JL
Pk R 1) S P, OF 6L A 2 R G B Al Y. 2025 4
2 1, R APHRGE 1 — 308 B B A AR A 58 25 iR
2K %% B (individualized patient tumor organoids, IPTO)
BRI, RIE 5T A BACKE £ 25 SR U8 1 ik 968 AL 2N e 5 31
% fe T 4l B (induced pluripotent stem cells, iPSCs) %
SN 2RSS B (brain organoids) 29, IR T R
MMAER A IS A K SRR EId X Tk, @
ST A E 326 {5 i PR S AR B PR, R R T 48 i 8 b
JERAY, eI 25 AR B L IPTO BOR Dk 2] 7 Fi il
P PR RSS2 F) A, 7T DA T I R SR B

I T A R S AR R S g O A O R AT 4 A i
(cancer-associated fibroblasts, CAFs) H L5 37k R, i
FEF AR N T FE 0T A YA AE 4 R bR VR A AT
i 245 o B SR BEAE o FEJR I SR A B AR B h e T
Fh Dy REARIR AN [F] B CAF MERE, 7399 1 5T SAE 175 3 A3k
JRUTRA, 3 — R I EEAL G HE A S IIBY Beah, A
PR Py SR S “ 2R 4% B -0 7 "R, e
IR A0 i 7 0 A BE HENTE IS R GE (WIE) PR
FEIE I a5 B E M (AME) MBS AR, D9 PE Wi #e 7
FRAL T BT RO L AR

£ R B IR 73 5 )= 18, 38 1 CRISPR/Cas9 £ A
FEIEH Nl R4 5 g8 51 N 45 B i) S I
B2 (145 APCKRAS M1 TP53 %), B 78 & P IE H
40 ) PO T Wnt 45 S, SR AE 5l N APC RAE
J&, e E BIME7E B AN Wt e /& 1500 T mT
W HG B o iE— 2P SC IR IE S, APC T e I Bk Ok 3 B

Table 1 Summary table of modeling success rates and characteristics of primary cancer types for PDOs. PDOs: Patient-derived organoids

Cancer  Establishment  Clinical predictive . L
Key characteristics and applications Ref.
type rate accuracy
Lung 79% 88% Optimized mechanical dissociation preserves cell clusters; predicts responses to [14,20]

cancer EGFR/ALK inhibitors

Breast 80% 91.70% Faithfully captures ER'/HER2/TNBC heterogeneity; enables identification of PARP  [22,23]
cancer inhibitor resistance mechanisms

Gastric 78.10% 91.70% Recapitulates TCGA molecular subtypes; used to study cortactin-mediated malignant  [24-26]
cancer transformation

Renal ~70%-80%  Superior to standard Includes childhood (Wilms tumor) and adult (ccRCC/tRCC) biobanks; supports high- [27,28]
cancer regimens throughput screening of > 1 800 compounds

Colorectal  80% Sensitivity: 88%/

cancer resistance: 100% treatment failure

Most mature Wnt-driven system; enables therapeutic guidance before clinical

[15,29]
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B-catenin 5% A R, T IRBN 40 M & AR B 1365, I
FIAE 7 O0F R o S AR S AL AR . 12 T BAAE S 28 T
A e B e AR I R b T A R AR 2SR T 1) B A T
AR, FE TR APC RAL 72 45 E i It 25 Ao 5 1 428 1) O
AR AR
3.3 HYTEENMMMORT SMAITEN KaTaEd
e PS5 AR AU A5 2 R ) AR ) SRR AL, SRR T m e =
25V I A . W AT N TR IR S IR (pancreatic
ductal adenocarcinoma, PDAC) 2545 B 347 KA 254
ik, 4 1d 8 76 FhELIE AL ST 251 VB 5] 24 45 2 W A,
,u%uzﬂ“%%ﬁﬁﬁi?h?ﬁ%gﬁﬁdﬂhﬁqﬂ RERS = B T
S I R SO, R 2R 3 B SE AR RE VR T
PO T A N SER S R BT HER2 9875 fith i g 2%
% H R PDX A5 A (1) 25 R0 7 A B, bk s B Je fE A4 4 K
ZIN GRS P 350 3 2 ) iR A, HRCRAL TR B e o
X — G50 B S AE 100 I R 56 v 45 30 56 40E - 7E 45 7
HER?2 exon20 i \ 5222 {1 3 /N 40 1 Fifi gt 56 o, Wit gt
B JE R TT 10 % W 2% fife 2 38 B1) 53.3%, Az T i3k JE AL A
WL 6.4 AP R NJEEE8 B AT JE PRI 2 (R
A R T AR SO E . W
Shinozawa S5 1) =8 & 1 2848 B 0 1k R 4, H
U DILT (B 525 A0 T4 48 — 4E A s Y
b6 & 11k 15 BX 25 ¥ (antibody-drug conjugate,
ADC) ZEF BT VA DG, SRA8 B Ml 1R HoF
SR RCR AR . AN TN F 2%, ADC
MW T VRS N ELRIERERIE RS — R
FIE A e . = 4E MRy, LSy B 5k Rk

Z, AR T IR R TH PR R E K, B E T 4H
EN% HL S R ADC 29 7E = 4k 4 21
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Figure 3 Summary diagram of tumor organoid applications

HH ) % 35 fg RN« 55 W 3 N (bystander effect), A1l
o — R BRI T A R S AR IR
34 FIAXR[EIFGRERIAT MBEERHEHELNE
A HPEAL o B V8 T A BOAE F 2 R, JHG 3R e A AL e
T o E TR B, R S BN T AL 9 LT AT A I
I RACIRAL T — B8 & . 2018 4F, Dijkstra 251
JE a3k BE % R A A bk EL 40 MY (peripheral blood
lymphocytes, PBLs) 5 H /4 i1 K48 B, L h4 3 Hh i
Jo ISR T A G, IX ST 40 i T v 2R 1 B AR SRR 1
JifJRE R 28 E, HAAEAR A IO B 77 BE % A A T iR
X PD-1 #1556 T B9 1w R Wi 2, 5 7 22 15 88.9%, M
I AL B IR TT R SR AL OB TR . O SR A
B 5% iR S PR 3246 T 40 i (chimeric antigen
receptor T-cell, CAR-T) JL 1% F& A Y| &5 & 3% 41 i
B ILIRAE B IR BT SRR, FE =R T
SIS s BT AL T CAR-T 40 S S48 B (IR A VR &
AR, FEFE 534 7 R A5 T 4 BB T8 4
DR T3 . F 783 I448 F CRISPR/Cas9 4% AR i b 25 4
B PR 8 B B S A A ARS8 F (W PD-L1), AT
T 723X L8 [K - X7 CAR-T 4H f J7 2% (1) 5% ™, itk 4F,
Koh Z55H H B e 28 48 B 5 S 40 fR AL B JR 0 70 1 i
P8 PE HD %) 40 B2 (myeloid-derived suppressor cells,
MDSCs) 1) % % $ il Th g, & 8L PD-L1 7& § % H %2
mTOR {5 5 i H i 4% .

gx ] WL, e KA B B R N MR RO BRI
AL R F R R VR T IR R IR AL T T A
B, WO IR ke 3 B O S ST S

MBORIT FE S REBIE FEIT ke 1B i AR, eI B A
55 1 RS I 0 (1 3).
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