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Abstract
ment) that traditional 2D cultures and PDX (patient-derived xenograft) models cannot fully recapitulate. BTOs (brain

Primary brain tumors exhibit profound heterogeneity and a complex TME (tumor microenviron-

tumor organoids), generated via the self-organization of pluripotent stem cells or CSCs (cancer stem cells) into
three-dimensional structures, preserve the genetic and phenotypic diversity of the original tumors while incorporat-
ing key elements of the human microenvironment. This review systematically summarizes three principal strategies
for BTOs construction—patient somatic cell reprogramming, direct derivation from tumor specimens, and gene-
editing-driven approaches—and details their applications across major tumor subtypes, including glioblastoma,
medulloblastoma, and diffuse intrinsic pontine glioma. In this review, recent advances in leveraging BTOs to dis-
sect pathogenic mechanisms, study TME interactions, screen therapeutics, investigate drug resistance, and develop
personalized precision therapies are highlighted. Additionally, critical challenges in model standardization, micro-
environment complexity, and ethical-biosafety considerations are discussed. Emerging innovations—such as refined

gene-editing protocols, multi-omics integration, microfluidic platforms, and Al-driven analyses—are also explored,

with the goal of offering new insights and tools for brain tumor research and treatment.
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29 =M, BeH DL R REAH MR (glioblastoma,
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2 W IR WA A% AR 3% 2 T 5038 7 b g sk A A A
LR B = YEEER, (R N S o A PR Lk = A L
YERTS e ION S5 5 2% () IR A 5 (tumor microen-
vironment, TME)®); 5 K5 5 FhF£ 1H (patient-derived
xenografts, PDX)# 4! f fE R B TME, 4ERF i & g
RSk, SR ZE R SRS RA - HAF
FERIZAR AN A 15 55 7] L ©); PDX R B
JRAL TMEZH i 4 S0 T i A AR ) A7 i I TR ety 7 1
Ae 7 22 S PR EXE L U0 AE TS S5 LI T AR ) fi e
JE2RA B (brain tumor organoids, BTOs)H; Ak A%
A6 T4 i B RS T 41 Y (cancer stem cells, CSCs) H 21
B = L2540, AL RERS AU SR, 4
FF 2 4l 2280 52 0 4 M )38 R Y, S R OR B SR AR
I B DR RN S o P IR A1 U TME™, AHEE T
PDX H A #) i A . Bl 2 va BT KRG 7R or
EVIREAPEREARSS, BATC) 2 N T-CSCstt 78« Tt
AL AT 5 A0 1 BTOSTE v e i 78 Fh N T

brain tumor organoids; tumor microenvironment; drug screening; precision medicine
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1 BTOsHIFIE REE
1.1 BEAEABRLITERBTOs

073 o e 988 ) 2 973 WL 55 R AR DA O
KR HEMERGRE Wk O 8 sh It kgt
J& o Bt toF I A I T I P A L BB = il e, )
5 SRR 0 VA 200t (47 D ot R T PR R R i 4T 4
YA )RAT E YRR, W IR B B R S I DR A
#1155 5 £ B T4 (induced pluripotent stem cells, iP-
SCs). il it i ] 7L HAR, X ELiPSCs 1] ¥ B A 75 e
IS B (B 1), RRAE R SE N2, MR Rk
P B B PR, RS B R B B M
BeA R B Ry 1. S RS mEEN T
JEUJZ PR (R AL S L ST PR A 2 TS S 4%
RTRNAR T M B 988 1140 97 WL ot R 24 40 7 a2 S £
THEAPSEIF G . H TR 7 V2R v g A
R 50 R A0 22 2 g US4 1 PR AL DR 45
FI5E
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Fig.1 Construction strategies of BTOs [image material from BioGDP (https://biogdp.com)]

JE SR NI R = 4R A B A (B 1) XM Al
RE 0% T BT S M S Bt B8 55 ORE S ) IR a8 A% 1 . A
Jio S o 14 DA A TMER S %R 1, DR T4 )3z 2 T i
T HURIRIE T . 24 W 0 e RIORG HE 1% 7R 9T 3R
IR ZR . WEFC RN, BTOSYE 2 Fie if 72 b R Bl
BRI 7y, HdB s e 8 A . 43 & A
IR SRR B A BT 22 7 P SRR FR O i
T T Z M BTOsHA , A 45 GBM!"*'24, HiEt}
ZH ¥’ (medulloblastoma, MB)®5281 i 2 751l i 5 7
(low grade glioma, LGG)®**=1, 538 P iy #r it Joa T
(diffuse intrinsic pontine glioma, DIPG)P, /b5 Jifi
AR B, = IRIH (ependymoma, EPN)PO. i fi
J& (meningiomas)®*. 128 RE4H ffl¥ (neuroblastoma,
NB)24,
1.3 HEEYRIBIRRIEREMEL

I 35 5 4 4 4 R (40 CRISPR/Cas9) e K &
HH R I 2 3 B R S ONRR SE I R A SCRAR, ReE
BERSEF N SIS i P e ) AR A0 R il 7 (B 1) . X b
J7 V%8 Je i@ i iPSCs B G T4 e (embryonic stem

cells, ESCs) @ . = 4Efixi K a5 B LAY, 28 )5 F FH i
B B0 IR HORORS T 5] N R K B ik DR 1) R
A PRI B R R A SRR . A, E
F- 40 i 51N BoE AL R AR R E R S 3O R
MiRAR T, tHEEM @, BTOSHL Y . il 5 Ji i s £
SR, RN A S A R S T BN IR LR A
BEATIR NG M, LA 7 o8 4 B ) 3 5 . AT R
AR AL SR, JF IR LA LS RN, G
1 1% 77 8 ST BTOsIE SCHF 245 ) 37 1 AN AL K
TEE ST AR R o N IX — 7 v 4 ST 1) i firk g A58 284
FLFE GBMIS3381 0 MBI 5 1l 22 0 IR J2 il 98
(primitive neuroectodermal tumor, PNET)!", 3k
MR W I B A8 SRR SR (atypical teratoid rhabdoid
tumor, ATRT)"4%,

2 BTOstEHLAY i BrhJEE I BY

J FH AT TR I BTOs A R A2 7 1%, W FE N
ROEGE T 2RI BTOsHE AL, KX AN ]
WAIBTOs/@H Rk
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R P v (M R BT, VT 22 I AR P R 3 R TR
(22 daéﬂﬂﬁ’@ B TR IR T2 e B 2R
B I GBM P A& OB B AT T BTOs 45
(1)

Em

I GBMT4IL, J9it s A AR SR AL T S
T 20194, LINKOUSZ: bl GBM K 1K 7
IR T2 1 (glioma stem cell, GSC)FIIEH# ESC% 51
S 2% B LR IR, AL T RS B IR IR (cerebral
organoid glioma, GLICO)IAY, K HL T GSCLfi & i}
[FI) HE A% T 169 G R 5 B R B b, 1B GSCHR
BT e, IR A F A K RHE, XA RS H

20164, HUBERTZ: ' GBM F & FEA R 2 N
FRANA, FEIRNFE R 57 T GBM BTOs, Z AR Y
AE T I GBM I 40 il 2 FEVE AT TME, J HAL S ASFPIR

K EH TR GBMEFH A K.
E%ﬂ%ﬁ] B 1) GBM & & FEA S
BT AL A G B A AT P B 200 M P FD 248 T A T

=1 HAEMRPEILINTREBTOSs
Table 1 Different BTOs established in current studies

20204F, JACOB% 24
5 BTOs, %A

1 g A AR SRV RFS {8 I 2 At 27 R

Brain tumor model Establishment method Cell application References

GBM Three-dimensional culture of tumor cells Patient derived GSCs [12,30,73-75]
Three-dimensional culture of tumor masses GBM tumor tissues [24,76-80]

DIPG

LGG

EPN

MB

Meningioma

NB
ATRT

PNET

Co-culture of GSCs and normal organoids
TP53"/HRas""> ¢

CDKN2A4"/CDKN2B""/EGFR°*/EGFRvIII’®
PTEN"/TP53""/NFI"~
CDKN2A4 " /EGFRvIII’*/PTEN "~

EGFRvII®®

PTEN"/TP537"
PTEN"/TP53"/CDKN24™"/CDKN2B™"
PTEN"/TP53""/NFI~
PTEN/TP53/NFI-
NFI7/PTEN"/TP53" (p537)
TERTpC/TP53%4Q
TERTp™"/PTEN"INFI™-

Co-culture of patient cells with normal organoids

H3.3%"/ATRX "/TP53 "

Three-dimensional culture of tumor tissues/cells

Three-dimensional culture of tumor tissues/cells

ZFTA-RELA
YAPI-MAMLD1/YAPI-FAM118B

Three-dimensional culture of tumor cells
Three-dimensional culture of tumor masses
Co-culture of tumor cells with cerebellar organoids
Otx2°%/c-MYC®

PTCHI™

Three-dimensional culture of tumor tissues/cells
Three-dimensional culture of tumor cells
Co-culture of tumor cells with organoids
Three-dimensional culture of tumor cells
SMARCBI™

MYC®*

Patient derived GSCs/H9-hESCs

[14,45,81-84]

H9-hESCs [35]
H9-hESCs [15]
H9-hESCs [36]
iPSCs [37]
H9-hESCs [46]
H1-hESCs/H9-hESCs [47]
H1-hESCs [38]
Patient derived tumor cells/H9- [32,49-50]
hESCs

H9-hESCs [51]
Tumor tissues/cells of LGG pa- [26,29-31]
tients

Tumor tissues/cells of EPN patients ~ [26,54]
H9-hESCs [53]
Patient derived GSCs [27-28,57]
Tumor tissues [26]
iPSCs/SHH-MB cell line [25,58-59]
iPSCs [39-40]
iPSCs [41]
Patient tumor tissues/cells [34,62-65]
Patient tumor cells [32,66-71]
Tumor cell lines/iPSCs [59]
Patient tumor cells [72]
iPSCs [42]
H9-hESCs [15]
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R FH R 10 S T M, JHG 6 R 3 TR A R 55 A% vy P2 AH
he SRSV Z AN AR L EASF J7 335 1M
] GBM BTOs, J£44 3 5 T i 8 A S AL 1l T 72
ML [T VETT K

B 7B S AN i i ST AR A AL, A K]
U 4T VEAE SRR B AN R BT NS0 B8t ml ST
HIRLIGBM BTOs#A . 20184F, OGAWAZESI7E 4y
a4~ A G 2R 28 B it ik HRas Y IR TPS 3,
PEAE T SR GBMIK) IR, HLE DR S 1 X 5 1) 78 o
WA GBMIAL . it i 5% J88 5~ A1 CRISPR/Cas9 /1 3
WA, ERAE I JZ 4 5] AANF )
RAZBRA A &, BIANSE IS | R vk e o B
(neoplastic cerebral organoid, neoCOR), 1Z A% 7Y [ 5%
SRAURFIE S GBMARE 2L, 4R Ft e 4 i 5
R H 232 18] (R AH B F DA MR8 (142 2847 ud it
TR K HAHE #7572, TAUBENSCHMID-
STOWERS & IFE 2 2% B il 22 A1V = 200 . v i o o
NI LK TP53. NFIFIPTEN, %7 7 GBM BTOs,
FH K 0 0 0 g 2 K RN 25 Ak . KIM 3 BOIR,
] CRISPR/Cas94% A¥t EGFRvIIIHE R AZ 44 5] A H9-
hESCsH?, R HFE SRR, XMedt 1 2P
IR A B I LA A4k, IF LG 0% 1 AR BRIE A, AR
PAZAAL AT DL - £ I HIGBMZS ) . A AT
FRAGGN T T Tet-OnRSt, HZ MR LH 2
H 258 E, Bl Nestin)& )7 X8 ) shRNA [F] B
BXPTEN. TP53FINFI, @37 T Hi#H 44 GBM BTOs,
FLAEHT 58 GBMIRI R ah Ak e 77 T B AT S 2240 17,
20244F, WANG PI#E N iPSCsH' R F CRISPR/Cas9
BORGINFFE RBAS, IR FHRMEEE,
AL T GBMAERERE, FRVSEE = TR GBMAE L
H (laboratory-engineered glioblastoma-like organoids,
LEGOs), LEGOsAE Kk, 11~ H Ja st I A% 7 2
PE, I 7 GBMZH AL 5 5 M 1) SGBERAE , H DNAFH
B AR A A AE A [R5 T2 B Besh 5324k, B
AR EERREHEGHFAERR. &il, ISHAHAK
55 SN F Cas9HE 20 85 G ) 8% 5] 53 RNAsHL
JLhESCs, 512 TERTHI TP535378 , 54 i PTENAI
NFI1, #5377 TR F GBMZE 2% B (engineered GBM
brain organoids, eGBOs), 5| A ] GBM*F 5714 RAFH
T IER I E R G R, SECREEH
0 2H SORT 7 [ ZH ZA 85 4 R A T ARk, I HAE /NI
TR, eGBOSHENS T BRI EE, FLe s 4 A0 7 [) 73 A1 R

15 NEGBMAEA s E AL -

DIPG & — Pl MR A i i g, 4 % T )L
FA/AE, 54 5 RV,
ZWF TR %R AN S IR R B Rk A R R o
T BTOsHR A 3249500 Sy e 4 Pl i (1 25 4 i e S 3t 17
ERI TR 7R — M 8 1 H3.39%
SRAR () T 2 I S SRR, A5 T FAE hESCs HH Ik A5 Bl 2%
ATRXFI TP53, % HERE M i i 175 = 10 07 = A2 2R 4
B, BT IR I R TR BTOsR AR,

H AT, LGG BTOsH A [y 37 L -F-# B T
SKIRPIH LS. (R IR 2R 1~3 1R 5
T, TR TR 2 M SR AN /D SR IR BTOs 43 7l AS [ (1)
WF TN G2 8 A7 26231 R SR B B (Y T B b AT
T T ot S, g 2 A T R VA P A D38t A% 2, T
AR B b S 5 A S T8 (16 R BT AR 7, R 2 55 i
R MR S AH EAE R . BT 2R AR
SRTE ST SN ML (1A A DR A G R 7

EPNE —R R AT LB BURFE NP X4 &
4 (central nervous system, CNS)i¢JF &, 18 7 AL T4
JE e BOR 6 Y. AR FUAE hESCsH 3 N EPNAFAE
PE S5 A& 3 Kl ZFTA-RELATY, YAPI-MAMLD1/YAP1-
FAMIISB, 34315 5 2888 5, 50 T AL EPN
BTOs, HAEHZ 2 5r+2% FSEPNIYR 42 EH A
A3, [RIRYE, o EPN AR 25 (¥ e 20 2l 4 gk AT =4
K57, AT DT ENP A RIE 1 (1 BTOsHL Y | 245
RUNET 20 B PR AT LA B R (2,
2.2 MB

MB 2 ) L2 5 WL 1D 28 1o i 8, 7 28 319 49 2%
o I 4RI Wnt. SHH. Group 3F1Group
4, AEEEY 2 m) 9 3 22 i ok, A AR st 4%
HURRHAE , B3 A A7 AN A 5520, i) A8 2ok
JiRg AH 2 A M, g 57 T 2 FPE A MB (L 4G SHH.
Group 3F1 Group 4)) BTOsHY 2628571 MBZH
ZDOAY® | USP13-Med™. ICb-1299. CHLA-
01-MEDE{ CHLA-01R-MED®" 5 IE & K2 2% B 3
FEFR, RIX LM A i 3R B 5 AR IR AR AL, R
GBI T A% Gk AMEL RS | 7R B A 2454 0% 75 T
B,

MYCit ik # Group 3307 MB 5 7 11 15t 4%
FRAE B, A1 7045 iPSCsihs /M S B B, AERS 7
FIHE3SRE, @ A7 TR R B H A &
iKe-MYCRIOTX2, P24 T MBFEZR 88 B, FEDNA 3%
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K5 Group 337 % MBAHALLCY, Ji& 445 0F 58 % H
IR IEAT T 25903 0, PTCHIFEN 5 SHH Y 7Y
MB35 B2 YA 3¢, A W S0 mc ¥ PTCH 15 A
iPSCE S /MK SRS e, PTCHI 4l & Bk 2528 B
AR, R E AN 5 SHEE P% AH G 1) S R %=
LR B, AT SHHIE BIMB HRFERY,
2.3 H{thhx Az

L5 1 R A MBAR LE 2 FH R 25 2% B A A0 I
At o e 83 PRI BIT S AE X LD, I T R I 2 R R
AR, LA IG5 F AL AN B Aff A K10,

10 FIEE 9 2 55 5 DAL P Jir R 1 NS Rg , A YT i
IR H F ke O JIES R 200 A 1010 S I G S R TR A 4 B
R 20 L (2T A T = RS IR 2N T I B AT
195 N R E I i 5 R BTOSKARY . SR IS 5 1%
NB BTOs 7t gl 2 37 52671 H i A0 %2 o7 T4
SN, CE I R S A BB 77

ATRT S — PG PE R g, & & T )L, FHALH]
FEW K B gmit e o Y BAF R S SMARCBI
BRI I, 1R EERE R B I R iy A e O,
AW FURG B SMARCBI)iPSCsifs 5 N K25 88 & ,
LT R I BTOSE Y, 3871 T SMARCBIAR
HWE RS Z R BB TEOCEK, $24L T X ATRT/
J& R AE ML BT DL AR . ¥ ATRTZH M &R (11USP7) 5
B R4 B L85 7%, v DL TR AR #1E
JLEECNSHE /R . [RIRE, 23 e 4 i R 5
() ATRT BTOs 4 #4582 71, SApiZ g A [5) M. 25 1) R
AT KRR T

PNET/Z —RF UM B mEEERmE R
SR, EERm LRI DA X R YR
FX A 28 28 G 110 Ji s i 28 A S JE 40 P, 308 7 o 350
B R AERCHT I CNSIHE 2r 2, PNETH:
SRR AN 2 IR 1, A5 I SUAE KNS B B A Ak
IR Z 20 it FIEMYC, EhREE 7 %A ) BTOs
FRAL0S],

3 BTOsHYRF
3.1 FBNIE KR LB ARAT

R R AR — A 2 R, 2B,
Foittt . RAEAES L T REE O, RBRETHA
SRR 1 R LR A T — AN BT (]
2)8), FEIX—ATUS, Z 5% BRI R AL R 4
(AR L DR AR DL AP v 6 4 o 5

M), $B 7R 1 AR PR R A R S o T R I

HERE Ae s DU R P R R R AR R
T3 B 70N SR NI T2 e G AR o] 3 508 (1)
KA. B, BIANS: USIE 4 @A & EGFRY 11
TP53587% ) GBMZEZRE , KILEGFRIE 5 5 W&
FEPIBK/AKT/mTORME B RF L5 A, DRE e 41
WEAFIR 28 R TP53JTE B3 Bl MMP-93RIA
(R T A4 6 1 O oA S e ¥ o I A B IDH TR
I BTOSIE Y | 37~ 1% 584 i # i) 4 B 1 2
1hBEKDMABEIE, T84 3 K 2 DNAGEE H 54k J2 41
JL 43 A BEL

X T IR G ISR, /N 225 B A5 2 4 7 SHHTE
B MBI IR T WU A 2 e TR 4H M & 5%, PTCHI
I F 3L Smo-GlifE 5 428 B4, 7E EPNZRZR B A A I
ZFTA-RELAR A F5 R ik 21 s 30 NF-«Bil 4% , $8
BLAHE B FE 7 IR BN R ke A2 B3, LR IR R 2B ML
M, BLAH HT 4 A 2R A B LR IR R IR R A
JHLS I/ 42 28 1K i Neetrin-1/DCCHl{E 5 1, DIPG4H Y
RN B ERG S B S R BUH AR A 3

B T BRI TRAR A, SR A% 2% A 7 i Ji R 119
JRMLE PR E R EER . R B AU AT DU
R AR, 3 fie v =1 I 968 20 P A 3R L 1A% )= T 7
Ak BFARI, RIET EE M GBMAEER B I 5 T
MGMTE 8 FHEEAOIRE , TER W I AL 2 I i B R
B, UEBH 7S BRI DNA AL T T
IR EEE B, X LEGOs DNA H 3E 4 HE4T R GEHE X,
RIS E B AE AL KPR X BT 7 iPSC,
[ B (R B T R AR S 1) FR SRR 76 BT o BB R
(1) GBM A% B 1#EAT 25 10] 43 1% 1) 2 W0 13 % 2y g ik [
Gk, %58 H WDRSTESOX2 & I 241 CSCsfik
BT A N B R IS A4 R 7 e, i3k —25
WEBA T 2 AR B AE SR 38 B P (RS HEASTADUAN B [ 1]
FT e,

CSCs i\ Ay 2 i s 52 & AR IR, K5l & 7E
GBMZ = H R 2R . KRB ERARRES
RHARALCSCs AP Rk, FEWIW 5% T #RECSCs
e e Ik B R A AR kR (S i .
41, HUBERTSS I ST [ GBMZKR 28 B AL | RN 5
P TR FE AN CSCs i 7 it 14, X A I ARCSCs7E i
LA ST AT AL T8 . 25Ul JACOB
2 P R SRR ) GBMR 2 B AR e | ik — D4R
7N T CSCsunfa 5 G 5 41 i Je 55 o3 240 M i3k 4T 2h 548
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L, N AR R (0 B2 R A e e ik itk . Sl AT AT
5 S A R SR GBM R, KILCSCsilid
S UAIL-6+ TGF-BEEAMI A, =31k PD-L1, &
HTME, #E1f 75 F e iy 52, #Ek 6% W An, fe it i
R 1P, A B BRI TE A CSCsXf b7 Al
I7 TR ZG AL 7 TH s B EAAE . B, KA E
BLAY o ) CSCsTEAYT 5 R B H BE 32 (1) DNAE S g
71, SR 25 = AR — 7, gk, it ¥ m)
Notch/5 5@ H , A 0] CSC [ B 5 H H 150 H X v-
SR U, $RR R R IO B A 5 BT IR CSC
IX B i 24 1258
3.2 TMEE{E#Z

TMETE B 8 i R A2 R B FNGTT [ B H
FHORBAEM . Mmani S g, G
(A7 76 2 A4 BIAE 5 28It , X e A B R FH 5 i 4 i
R, REMGERR. @51 KW
5 E L RE IR, R A0 M R 6% 7E B2k AR B AR 1 3R
B A K, IR T AR g g e B R
N LS AOR S AR Y Bl T AR e 1 R
M HF, S5 BBBZIE A EAEF 'Y, {E
Ji IR A AR 2B 2K B B T e, AR B AT LA R
b AT B PR 4 O R A AU LB, TR R R
WA FE A A 858 R B A A 1R 2847 9 (B 2) . 31X
X T 78 TME B9 4 5 e 36 %) 15 28 14 i 988 240 fw 47
poL AL S AL I o N A 7 RS g
B LR IRET, R 40 M TE 284 B R AL R G B
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