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Advances in Integrated Brain Organoids and Their Applications
in Modeling Development and Disease

CHU Siyuan”, CHEN Sisi’, XIANG Yangfei*
(School of Life Science and Technology, ShanghaiTech University, Shanghai 201210, China)

Abstract  Brain organoids are three-dimensional neural cultures derived from pluripotent stem cells, which
can recapitulate certain structural and functional features of the brain. Region- or subregion-specific brain organoids

closely resemble the cell types, structures, and physiological functions of specific brain regions or nuclei. Integrated
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brain organoids contain multiple brain regions or cells from distinct lineages. The former can be used to study neu-

ronal migration, neural circuit connections, and brain region development, among others, while the latter includes

vascularization, brain-immune interactions, and others. Brain organoids have been utilized to model neurological

disorders, dissect disease mechanisms, and discover therapeutic strategies. This review focuses on recent progress

in brain organoid technologies, including the development and application of integrated brain organoids.
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Fig.1 Brain region-specific organoid models derived from pluripotent stem cells
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LR KB EAEE A RE MR I N SR

5 LSV IO DR B 2R mT LR P 00 X A 2 B v AL
YR AL () o A dris , IXIE N T NSRRI R E
BURIE 7, BA BEAEIR YT MR 118 52 07 T R 458 4E
o sk, MMERSR EAEARMRARN T HE
PEHAT R 1 ORI,

ik 26 X T4 CNS [ F e Al IR AR B D) RE 22
KEE, SAKAGUCHIZ PIE J5 by it 37 J R 2R 2 B
(3 A 7 S kA B 1, 3 I I A CHIR9902 1M1
A & A& 1 4(bone morphogenetic protein 4, BMP4)
IR T k4 MR 38 E . PELLEGRINIZS PUSF R
ke MR E R A mERE RN SHLTE, 7]
T B A R W % . JACOBAS PIH )
ok 2% MR 28 B HA 54 WAL B R Rk 1 i, Ak
AR ILH AT SARS-CoV-2 AT i 5y I, A mT H
THIFCSARS-CoV-2/ AR . PN SIS AR E
FHIC IR P B 27 T i 25 Ik 26 MBS, A 7 5 i o
VB ik 2% MR 3 B 04 T7 22 i Ak Ak BRI AL
CHIR99021 8¢ BMP4 ¥ B DL e Kb BRI [R] Ry 2t 1
IRRIRE, SRR E A DRe v 5 A4 BRI A
HERR B2 T,

HEAh, XTIANGES Wil L i SMADIE ¥ . ¥
TN 5 2R Se IR 2 AR IR Z LR AL, i — DR
I 24 K428 H 7(bone morphogenetic protein 7,
BMP7)% 15 S 774 1 RS H o« SHINSEHIZE 14y
TR b R 2211 .28k & S B A 4 T
FIR JoT 40 B e s A, 2 T S0 i ey 5% ) e B A
K. QIANZE Pl I HI SMADH I, W% WNT3A.
SHHE Sl @ 1 IR E . XIANGEPIE
N SMADGE % DL &% WNTIE M, P8 i 78 AL o5 iR
(retinoic acid, RA). SHH. Purmorphaminet4 % | i
0] it F P 0] 80 22 75 B A (medial ganglionic eminence,
MGE)E#HE .
22 HRERE

Hh i 22 T i e A 22 0 5 22 Fhopi 42 1R AT 95 0 AR
X, WIH 4 A% (Parkinson’s disease, PD). F L
9% (Huntington’s disease, HD)%§, [A b HH X2 4%
HXH ] ZRE, HICEH Z M NERE
5 Z 00530 JOSE I 20 164F E IR &5 A )
REE P i 2 E e 2 o I i 2R 28 BB AY ) FE I
5 Y v n] DU W 2 22 TR ) 7 A, LR WL &% 3 2k
Bl 22 5 2R B ORL, T RE 1R P BRI XA O
NOLBRANT#% "jii id #i il SMADI# % , ] SHH

ATCHIR99021 53 5 75 AR M AL AT M 4L, 45 Tn
AT 4 41 i A K [T 8b(fibroblast growth factor 8b,
FGF8b)ffi & T i J5 i 5, lTh i 7 & F 2 El%
REFHZ JGI K38 E . 1T REUMANNES B
SHH % #: A Smoothenedi# 1% 7] (smoothened agonist,
SAG)Ki%E ML . ZHUSE B H SHHA SAGK
HFOAZEERMA TR E . WUEDT
FESLELAL B R SR, DRSNS T T
Wi BB R, SECIRIRRA BRI T 7 E
T3 PR 22 TO R BRRE , 3X A FE AR 2R AT M 4
it 7R A
23 ERERE

R LG A N AU B0 i ANy 11 i 0}
KRG R, SMRH, B rfioE g Mx ks e
28U/ . MUGURUMA %5 P43 I 75 A 2T 248 240 1
K A ¥ 2(fibroblast growth factor 2, FGF2). Ji#
53 (insulin) (e #ER A5 5 R &AL, @57 1 5 iKid
FrEE R, FEa i gk — 0 U B A 4 40 i AR K R
19(fibroblast growth factor 19, FGF19). 5 4y
74 A F--1(stromal cell-derived factor-1, SDF-1){f¢
BE TN B B AU e . ATAMIANSS UOF
20245 FF L T E G D RE TR A AR /0 i 2 3
AR WF AT 8 FGF8bHf & H 5 M il S RRAIE
FF F CHIR9902 1 i WNTI@ I, i 3 2 Mk, {2
B SN E RN A Is oAk . /NI AR B RE
7 I 1 2 T AL I i R AR E5 4, BB AR
SERI PG T REMI 45 . VALIULAHIZS S H 7 —
P hPSCsifs F A4 & 5-F2 t4)lz (5-hydroxytryp-
tamine, 5-HT)# £ o 1 J5 Bxi 2 2% B LAY 7 3%, Wi
Fi I A M RAGR ML, I3 1 %8N Purmor-
phaminel#iiF SHHAE il B R (2 AL, 3R15 T
TA SO TR R NS AR . ZIVKOZE B
WLV SHHA FGF4, #5717 &4 S-HTREM A 0
() J T S 2 B AL, 0 L S FH T VA B R 2 i R
Ji (Alzheimer’s disease, AD) 35 I £ 4 etk
R FE A WIE T M 22 e, R HoAth i 2 K65 pohE
R I RS PEAL TRt T 22 . i+ 2 KN
() JE I, 4 KM = 5 8E, B, i
FISERE =3 7 . EURASE PR Ih S T &
Ji/J A AR AR 25 WS B IR ER B S H B RE B 42 T
% LG RE A1 42 0 DA B 4 20 U8 5 25 201 PR 10 i 1 2R 2%

e

B o
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24 #ZAFFMHASEE

BB CAR Y T 2R X R REE,
{H A P ILRE S Ve A T 1 2 28 B AR AL 7 Ak T L S
BRIOA38 KIR ALSEUILE I Fi 4 7 1) e i SR a8 B 7 7%
Fefih B sl v SHHEOE IG5 id g, i)
BN TN SRS, RIS e IR AR RRAE o
HUANG# "l i 2 Fi/N 73 1 IBC& 0% SHHYE 51l
P, FFA0H WNT#ER , A% 7 BA 5 WA RFE )
TS E . PANGAE PVl il #h 7§ CHIR99021 A1
RAKREE RS S, FTFR T —MBEG =X Mas
W H%(spinal trigeminal nucleus, SpV)RFIE A AEHESS 45
B, AT T F I 0 R 1) = AT R RRIE
TERR 1 S A SR 1) 2 Bk o

3 EELARERAN

NS B0V 22 A4 T3R5 B T2 5 8 B B 1D 0 58
T DIM e, ELFE L S N 530 2 G P IR BOR 4 W AN
SR B, DL R CNSHEE R KA 5 R 4 R
M RAL . BARE G B — 25 B8 B AR A m DA
PURF s LU R B RRAE , (B LS B8 B [0 R 441
R HAE, THRME R Y805 b 2 0 X PR ThAg
BERG. BEE R AR I, K sk 271
b [X A RSB B R, W AR R X 4L R (3R
2). IXFPABERT] DAL A 2R R A B 2R MR IX
R IAAR EAE A, B S AT B R A A A T
B [F]— 2R 28 B AT RS, a0 XTANG 4] BA A
R [ 7 A SRS A 2 1 SpVRAR B AL, L o
Wi R ERATRS, INE SpVIHE LS
i p e e 2 (AR ST T i . R ARA E HR M B
SR TR S A 2 G 4N 8] RO AR S B X [
S AR R B IR T s R,
3.1 METIEBE

P TLER 2 KN R B %O g e—
FA AR, T3 30 KM (0 5 2 DX 3 DA gk 46
1) B R P B T . AR AT R
KR, m A MR R PR A BT L
fibAs 2R (n /IS B ) SE i afE AR UL 1), i 3 T 22 i
X%, Dhh e G RS RN E A MRS
B, MR R LTS R IR T A 2
P,

BF NRLZ TR S MAREA, 4525
P MR R RS T B N X M & oniE B et T,

KA e y- R T R e P A4 22 76 (GABAergic inter-
neurons) FIEAE N 4% o A 70N D384 155 52 B
JE 0 3 i MGEZR 28 B 5 15 0 je J2 28 3 B b AT =4k
LR IR L IR T HAA D REE w48 T 1 5 i
XEGRBEBA, RB =g FR RGBS
TCK B WM EE, FEEh A AT B ph 2 i % Hh 4
MREAE. 73T LIRS HLEH . BAGLEY
U EAE S5RKEE, B 7 CXCR4E Tl
PEAEIEREH IIME A ; XIANGHIPA BILA MGEZR 2 B N
WA S, BT AENLA B IER & A 1 TR 12 3)
IR .

WAL, 2H A4 AT LR KA T 1k 20 085 248 o 7%
FERRE . WA RITE Z W 4
AR S5 R 53 B A M T R E A FH PR R 4 04550 o ph
s 40 i 5 ph 20 R A8 B AL AT B AT, ] AR R 4
P22 U 4 T i 3 € B 5l B S5 R E 4y T AED
R 0, (EAE R, G RASE P sk
28 U I T R SRR | X I I X A
AL G PP A B R B R ANEE I D RE VA 22 TRy
fiE.

3.2 IFEREREIRTL

MR E T, AT 2 B AR XIE0E AL 7,
JWR G2 53 WA 5 A A DR 1 (12 g b SRAE P 22 TT A
BErp (A 8, X — G H K B BRI T i R 7
AU 0 248 i 285 B 29—~ 2 T ) 9 [ 42 19970, CNIS R
PREE TCLH 2R BT — 8 75 (A1 e M 1 D) 8% BRI
H I RETE B EH A [R) Ao DX R Je) 3040 28 20 4% (40 K 44 B0
ARG U L R Pese U, DRGSR B A 3SR A 1)
HI AT DA SO0 20 4 B 1) ) B A A BAE T,
FORBHRIAI G T . 20194, XIANGSS FE MR 41 3
ST EA SRR A LAY G hESCshd) 2
T EMESRE, P REREEHIT TS, BIK
I T Fe i — 5 2 2 TR R Xl 4555, Dt 48 30 1% 1Y)
WSRO 7R . AR, IR AME B2 O PR
PR A RF RN Bt e B35 . WEF N A N 28
KM 7 JZ2 25 2% B (human cortical spheroids, hCSs)5
SRR ZEAR H (human striatal spheroids, hStrSs), %
ey gt Je J72 —BUIR MR 2 B AR A | PR3 hCSsH £ Tt
7] hStrSs 7 [ il S8 35 5 Al S fidude e #2 U721, R
B b, TR SR B R SCIRAR AN =
HLPH RN EERAEE, DU b2 ke
PRER T A] H b DX A 81, 5T o fig — S80Ik
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Table 2 Applications of assembloid models
AL R KA B2 5% 27 Wk
Assembloids Patterns Applications References
SpV-thalamus-cortex assembloid Fusion of SpV-specific organoids with Modeling axonal projections from SpV to [58]
thalamic and cortical organoids thalamus and subsequent synaptogenesis
Ventral telencephalon-dorsal cortex ~ Fusion of MGE with cortical organoids Modeling migratory defects observed in [13]
assembloid I Timothy syndrome
Ventral telencephalon-dorsal cortex ~ Fusion of hCS (human cortical spheroids) Reproducing CXCR4-mediated migratory [14]
assembloid II with hSS (human subpallial spheroids) signaling
Ventral telencephalon-dorsal cortex  Fusion of MGE with cortical organoids Reproducing the role of nonmuscle myosin [3]
assembloid IIT II in migration of human MGE progenitors
Thalamus-cortex assembloid Fusion of thalamic and cortical organoids Modeling reciprocal axon connectivity [4]
between human thalamus and cortex
Cortex-striatum assembloid Fusion of hCSs with hStrSs Modeling axonal projections from cortical [72]
neurons to striatal organoids and subsequent
synaptogenesis
Midbrain-striatum-cortex assemb- Fusion of ventral midbrain, striatal and Modeling the dopaminergic projections into  [8]
loid cortical tissues striatal and cortical tissues
Cortico-motor assembloid Fusion of cortical, spinal cord, and skeletal Forming an intact, three-component cortico-  [74]
muscle organoids motor circuit
Ascending neural sensory pathway  Fusion of peripheral sensory neurons, dorsal ~ Modeling a four-component ascending sen- [75]
assembloid spinal cord (and hindbrain) projection neu- sory circuit going from peripheral sensory
rons, thalamic neurons and glutamatergic neurons to cortical neurons
cortical neurons
Neuromusculoskeletal tri-tissue Co-differentiation of hNMSOs (human Modeling motor neuron regulation of skel- [76]
organoids pluripotent stem cells into NMS tri-tissue etal muscle contraction via NMJs (neuro-
organoids) muscular junctions)
Vascularized cortical organoid I Ectopic expression of ETV2 in cortical Forming functional vascular networks, [81]
organoids to induce endothelial cell genera-  enhancing cellular viability
tion
Vascularized cortical organoid 11 Co-culture of hESCs with HUVECs (human ~ Modeling neuro-vascular interactions in [82]
umbilical vein endothelial cells) cortical development
Neural-perivascular assembloid Fusion of PLCs with cortical organoids Modeling of SARS-CoV-2 neuropathology [84]
Vascularized brain organoid I Fusion of vessel and brain organoids Modeling interactions of neurovascular [86]
Vascularized brain organoid II Fusion of brain and blood vessel organoids Modeling blood-brain barrier formation and ~ [87]
cerebral cavernous malformations in human
PSC-derived organoids
Microglia-brain organoid assemb- Co-culture of brain organoids with primi- Modeling interaction between neuronal [88]
loid tive-like macrophage cells and microglia
Adhesion brain organoids system Long-term culture system enriched with Modeling interaction between microglia and ~ [89]

astrocytes

neurons and mechanisms of Alzheimer’s
disease

RBE TG, GFPFRCH it & o al LI
R B LURE RS B IE T R A T e 2 , RS R
2% 'F [8] 38 % (inter-organoid pathway, IOP) I /77E),
HHlT, R ERENZMMAETne,
U HRINIRIZ 3N T, BRI SEE B 1K
woE T R ERERE . AN AR T S
R B B S | = 18 8 4R 3440,

A ARG B JZ 0 UL WS i ) TR AR TR i
[l R, AR S RESEA B Nk, AT R
SN 15 B AL B B PRI RS AR T,

B ARG E BORFEAS [ X AT 1 B 28 0
FAEAPAN R A AR T AR 18 Id 2 ALK H NS,
I AT ABEADAR b5 T 5 A e I 6 A S 1] R AR DR 1
FERGT W FE T, XIANGHIBL "R N3 2 fe T4
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FSCEL T & WU, E 8% =R A0 R 401k,
QR T 123 M & nid it T e 1 b 2 LR 42 Sk 6 1 1
B LR BRI R S, Z R T M
WER R B I RE, I I 705 i X (8] 4 22 EAE SR it
TEEMEINEE.

33 MEHASFEWE

122 70 5 A R 4 P 1 R ELAE o R R
BEOCHE BN @ 2 W Z A (IR JZ SR IR
(10 1L 2E 23 R S e 4 ) U AE ELAE . R R
A AGTE R R B I FE R3S AE T, TER R A
S EFRYRSEKE TR ER U 82 il
B SR RITERR . SRS T R =
DhfePE I, 5 MO XA B . & R YR
B = A28 B RS2 PRAE [ E, BHLAS X K k& it
PRI 7, BN T e 2k R b, 2R3
B RGHRGEIVE, WA R IR SRR 41 i R
HAT = 4R 7%, BCAOLAH A () AH B AR B0, sB A A i
KA E WM.

HAT, M ERHEARCAAEZFITE. CAKIR
S5 BUTE hESCs 5 BF A B AH il Hh FRIX ETV2, JE M5 %
B 2228 B P Y B A AR . BT Ak
T >R P LA PN R 0 N 5 ik P 2 4 L 5 i 24 2
B L IR AL A B B A SR IR
75 A T 51N 50 L A 5% At Atk 40 i dn A
SRR B, WANGEE B0 F5 40 B A 20 2 (pericyte-like
cells, PLCs)# & 3 2 JZ R B, g 7 ph &I
HAHEAL MTIAHL T SARS-CoV-2IE YL fir 5 & F) 4
LR ERARAL T T AR AT TR WL SR At T
FHAR B AE . fERCH IR 7T, QINEBA B2k 4k
MEBHARBLEDZHMBRETRERG T, IG5 AR
M RN IR R AN /I8N o 40 i FH R 22,
RIS I T I i g e 45 A Rk 22 0L BT IR BN AS L
k.

o3 ARG F LA S A B S R A R RS R R
TR D S e 22 2 28 A 11 I3 A 5 S B0 S L
RRAE B, 38 3 1% 7 VA8 R 1) I A 2R 38 B T AT Ak
SR G50, SIHEHMXZER., RAR
¥ B3~ I B 5 HERL N IR
I 2% B Rl A, DABE Ui 7 e S ) 7 7 A4 Ak
BRI PG IR SR T S L Ra A M T2k
JARE TR PR D IR BRI R, D i 0B 9 o G At g B
W T PR A T 0 A BOIR S A AR A AL

34 RERYHREA BB L ETS

HERBEHACH N TEREMNETIER.
IRERAEAL I AR BRI T, (RN R A R K
AL AT E AT TR BHARES
% He 120 M 5 75 10 /05 J 0 200 L 5 i 2 2 i R R
IR T /N T AN B 5 4 22 G AEL 40 B ) E R A S 1
FAEAE F& 42 5, CHENZE BT 120 I I 25 28 B
FEuE R TR RN K E —FEL R, BHE
R TR T AN, e 4 3 /N i o 4 < B A7 3 52
HESZRE, AL IO S RFA. K540
JEL ] BRI AF LA FH DA% BT R 2 1 R 0 S5 00 1R R I B
HIPRHL T AR . MPEETERINR BRI
iR AL A 2 ST AR T BMP (RS 45 5 )1 SHH(E
WA 5 ) BRI R B Ao B 3R A7 14 Y H LUO%E PITF
R “ORDER”HiA , 301 7F 1 45 41 IR JZ 41 it [ 5 ity
43 S N 2% % BMP4AAT SHH 40 i 4 95 s il
R, TERLT B RN RCPAT I SO, AT
5 ONBIRRE A f s AR o 2 A 2R e . Z R
BT —/MREUE R ORIE R 2 E R E , BIEN
N TG SR A MR AE 5 7R i ] ReARAE AL B AN FR e
PE, W& 77 Ak — AL

4 BEEERERARREREI

1 S 2% B e 6 Lu B U zh ) B 440 i s 7R 5
LF I B AR, BB SR I 1 B e AN
B 22 R (1) 4 i 28 092, R R R SRR 15 5 £ g
T-4H i (induced pluripotent stem cells, iPSCs)E5 77 K
WA B, W RAv IR AL 5 7 WA A i K
B 2 R EPR R B ) 124, FE Al B, B
A NS B R R IS AE = YR 5 5% 2 Fh g i 5L
2L, AR BN A 2k H e B AR BURAS
MR (&12) o X SehR A 5 5 2R 4% B HORTE B
RE BT E B, G TR TR,
T AV T SRR T K . H AT N A O
FHAZECAR DAL, 22 Al N 6 900
4.1 HERITHERR

PR IRAT PR A 48 AR A & R 45 (i A
Bl ) A 22 T SR B A M e SR A 5 R R A . H
TRXREMPAEL R WEHERIAR, —HRE
T, dEMAT AEARE 5, i RECN AT A
LU0, R ARG IR AT PR IR 7= A2 B3, R DL )
ZIRATYEGR AL45 . ADY PD. HD. WIZEZE M R #
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Neuronal migration Viral tracing Optogenetics / \7(\,;
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#
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Timothy syndrome
(e.g., ASO) array

Multi-electrode

Endothelial cell/ R
: Organoid
pericyte
o
N
Calcium Vaseulariza
imaging ascularization

Ar PR TTITR A B N . N R BRIRIAR(WCS) 5 B2 N ERIRMA(hSS) il &, FTEMR A1 H 2 GABARE T RIFH £ To ] K R IT A i . i
T R SRR AT RR(ASO), AT & Timothy £5 S AESE M2 K B B IR BRI S 2R B 8 o B PR B DU REARMT . Il D =i X R A Y,
PR 2 XA IR B (S 2 AR SRR R BRI AL . 6 A BR A T BL L oW B om B . LIl (%22 . BORRMEFI(MEA) FIES i 4. C:
MR . N2 RT3 20 o MU P 5 S/ R A, I 55 28 B S B 370 UL A I 286, 41 i 288 [ e 32

A: modeling neuronal migration and disease applications. The fusion of hCS (human cortical spheroids) and hSS (human subpallial spheroids) enables
the reconstruction of GABAergic interneuron migration towards the cortex in vitro. The ASOs (administration of antisense oligonucleotides) can res-
cue migration deficits and associated neural circuit abnormalities observed in neurodevelopmental disorders such as Timothy syndrome. B: functional
neural circuit analysis. The schematic illustrates a tri-regional fusion model capable of simulating reciprocal projections (indicated by solid and dashed
arrows) to establish complex circuit models. Common techniques for circuit interrogation include viral tracing, optogenetics, MEA (multi-electrode
array), and calcium imaging. C: construction of vascularized models. hPSCs can be differentiated into endothelial cells and pericytes. Subsequent co-
culture with brain organoids facilitates the formation of functional vascular networks, enhancing the maturity and complexity of the organoids.

E2 EARERERENBESNA

Fig.2 Integrated construction and application of brain organoids

{LFE (amyotrophic lateral sclerosis, ALS). % & PEI#
ALE (multiple sclerosis, MS)%% .

Ak, BEMEREHANEKERERIAT
P B AR R () AR . PARK SR POIRE S b 22 56
BI85 /N BT A, W0 21 /) 152 5 48 A )
P A8 DX e AT A S AR 48 R (WITL-6 TNF-a) Bl
L2 70 R I 23 G, T 3 IR T 4% Ge i 7R
DMF BRI R = SR % HAER R BRI, WU
S5 VR HD B8 35 RS 1) iPSCs M & 1 SUIRIAR AR B
MRS E I H K, ARSI T SURAER I R
WRPR 2 TR ST BEAG, RSN S HD3R AL 1A 280 )t
FUBAL . b, B FE BB N o I 2R 8 B A AT
it f [7] 78 51 T 41 i (BM-MSC) 73 W4 Je AN R 45 245
BARAEWM SR IGITIE )1, KILBM-MSC4 it
YIS 2 Fg R g & o A K AAEIE P 1
BAT BT, BHEN ROTT R T N5 SR 8% B Ak
J I TR ) LG TR A, B0 1 T4 o ixi e

SRR ELAE FH AR T8I 4 AR 098 1480 28 G 02 1 4%
PURIER AL T E R A BRI 6 P8, I 4511
AR E T R8T A OR 5, I8 DU FLs
{1375 B T 4% P 503 1 FE LA
4.2 HWEZKERER

PR B AT NG ) LB LR T, DR 3ok A 5k
HBHEESEWPRMERE R T RE N — L%
P 101000 R R Y 125 2 3 A 24 UIE 3 2 P I 2R 2
mEERAEN . HRT, HA AR H BRI 1
BAE R RATE 2, S iE MR &G, &
LR A P IRLZEAIE. RettZi &1k
MEtEXSEAHE . RAESEAAE. TimothyZg &% .

P22 R B T 7 IR A BIR ) AE 2R RTE T 4%
PRI AL TS, R AR B H AN R BN
FEBAE R RIRME T H 5%, U Timothy L8 &1 N
151, 6 B oG 4L 2 A R v A 52 3] R 2 7 2 GABAE
T[R4 T A E R S, RIUAM & G R Bk iR
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K 48 1T Bk R AU 3 o 1O AR A b, A AT
FHBATF R 7 3T R SUZ A BR MR 7 SR, J8 i 4
TE B ARG T BB P B0 2 G T B R P
Fo A 2 IR S i 102, 4 2 03 B BB B 7 Retts
A B I A R g W52 B . SAMARAS-
INGHEZ "R I 5 4 25 88 B HAR AR R i iz 25—
ST (Cx+GE) AL 244, EThAE b Xds M A4
FIPERI TSI 7R, UESE T M RN 2K Th g
R AR G a8 T 254 TPS 34 a7 15 F
o1 RL
4.3 1EHETR

RGP — 2RI E S OB Je A S8
T, KIKNThAE R S BONRThRER . K
PR B IR . A OIRREAT S IR R R I . &
DL PR R0 F AL HE [ PR R SRS . I
FEM 2O . DTS PR AS . SRIESE . BRRESE.

R, NRSCRIBIEME R E RS
LT RE RS, T TAC3E 5k 1 4) Z4RE A ¢
Fploa1031 RUE H JT Ik R4 28 03 E A AU 19 A B
(BRI TAC3H [ AP 22 0 I 28 2% B B2 1 5 8UIR
BB EHTHLE, AEBR R HERE . R
PRI VR ML 2, Beah, W 78 A E /R b
BT NIERIWBE JZ —BUR AR — B i — 57 J2 18] 26 1) 41
A DS i F - 90 5 1 PDE 1S R s A ) 1
SEANEAR DG ASH LB R 5742 (f 9 BEHL A, ELARAT]
MEF T 7w FD WA ItiEsh . XN R AR
IR B A 1 B2 J2 —BUIR AR — e il — 52 J2 2] 6 4
T HHr &,
4.4 PxBdiE

b LR FE S 2R 1T 5 R B E PR AL,
2 IR A B ARG Bl S T o e 9RE 25 7 D ) A
Feo RMFF N 3 38 3k A 0L 80 4 L 5 1 S A B ) &R
F AR, T LA T R e AN I R G O
(1) 22 AT IR SR 38 B AL, D 3L PR 112 28 L
)T R L 7 Y PR T L

Horp, R FREAN SR (glioblastoma, GBM){E N
e R W e ELAR Z8 M 1 ik M g, R
A5 KA ZE I . MEAMERERER
T I A BB A ORI 1) R 4T A 5 N i X S 2
FRE, AT DLFR IR R R 1R B AR L A0 R R R
PE R 5 5 R BE B EAE U8, i, AMANDA
26 DON o 5% e b i 19 25 3 e U5 e 5 98 41 i 5 1

' hESCsK IR 1 28 8% B #HAT IR 7%, fEARSMEAL
T GBMYE IE# x4 2w (942 2% . 7 Sl B A
i, MEGHANZ: M@K GBMR B B 5B # H
& CAR-TZH M SL3E7% , v LAVEAS CAR-THH M vA 7 %)
GBMIAER (R AR A, M HESh AL S % iR T
(1R

5 WitSRE

T AR R S A B 0 TR TG , (HATIIRAT A2 VF
ZHRSRIR . RAIZ S35 B e BALIRS 5 % [ Y
MU EMAL LI, R NIZIIR E - M4k
TSN A 22 20 A S ST T PR I SRS A AR
S H AT DR S P SR 3 B I ROR X 58
e, AER AT G [X 2 2 B BVRS 40 A% 141 2K 3 B I BOR
AR Bhah, RS2 BR T P S A )
R B A, WA B LRI IR, EHLAE Tk
JE MR B o iR oK L L, B TEN B CF R
il LR IREOR . A ME M. AL
PIMPRISCEE. Z ARG IR A R R 55 SRS oK
AR A B . RO IRAE L BT
ST YN R ARSI 7R U R IR IEE 9 2% 140 1
F) L I 28 T 4 FECSC 2R MRS R B AR D e K
s IR R ] REH IR GRS, RE SRR Y
BEFRI 1) (RS m B b, TS R SR B B 2
NEUAR A, T AR DL P A BEORFRAT B O R 1
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