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[ Abstract ]| Objective To establish and verify a mature and stable glioblastoma (GBM) organoid model, so as to provide
an accurate and personalized preclinical model for the research and treatment of GBM. Methods Fresh GBM tissues obtained
through surgical procedures were initially processed, and then GBM stem cells (GSCs) were isolated using stem cell culture medium
and were identified. Subsequently, GSCs were cultured in organoid culture medium for 3D cultivation, and GBM organoids were
successfully obtained. The histological morphology of GBM organoids was observed by hematoxylin-eosin (H-E) staining; the
stemness and similarity to the parental tumor were identified by immunofluorescence staining; and the in vivo tumorigenic
ability of GBM organoids was identified by orthotopic tumorigenesis experiments in nude mice. Results A total of 7 GBM
organoids were constructed from 9 human GBM samples, with a morphology resembling “neurosphere”, and the average
duration for organoid formation was 1 week. H-E staining results showed that the histological morphology of GBM organoids
under high-power microscope was very similar to that of GBM tumor tissues; immunofluorescence staining results indicated
that the GBM organoids possessed stemness characteristics and histological cellular similarity; and GBM organoids had a
stronger tumorigenic ability compared to ordinary GBM cells in nude mice. Conclusion This study presents a stable and
reliable method for constructing GBM organoids retaining the histological characteristics of the original GBM tissue, which
providing new insights for future GBM research and clinical practice.
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1.1 ZAgirAEEA  AJEGBMRA¥K H 2022—
2024 A AR R R AR — IR I B ph AN RHBGR

) 21 BT F AT I L ARG i BLUESE A WHO IV
2% GBM B3, HAHF 13 4, L 8 fl, 4% 51~76
%, PAERE 64 % . IARRIE: (1) ZRHEH 2
F) WHO IV GBM;  (2) RETARIZEZ BT ALIT;
(3) MR LEARSTEEBIEFF AL TR, (4) B
B LR IRBEVTORE . AHIFSE E ol i i 4 42 B K
HEZE 512 d it (CHEC2022-032) , rfg s M
HE @B B R E .

WA e R 40 i 2R UST I [ H R A e 4
Mz (i), AL 82 G (100 U/mL ) |
Bt % & (100 mg/mL ) Fl 8% FBS A DMEM &%
F%, JFE T 37 °CHIR. % 5% CO, 1R 25 <Y
Y LB S5 46 D 8 97, SPF MEVE RN Rl i
7 Jili Bl B B SPF 2% 2l ) 55 9% =5 [ 8l ) A 7 1 A
IE 5. SCXK (¥' ) 2022-0011] #& fit, 410 Ji &5
% ML/ Mg~ 26 [ Thermo 23 &) 77 i 7 B 2 /5
% E W i (1% 5 15140-122) . DMEM/F12 4
F& (525 11330032 ) . Hank - ffif 35 % W& (4%
5 14175095) . T 4 B R U 0 B N2 (B
5 A130701) . T MG SR N 7 B27 (525
17504044 ) . JEHiEE N (535 1925916 ) W H %
Gibco /A Fl; i 1 il -EDTA ¥ W ( TrypLE,
5 T4049 ) | Y-27632 —H MR ih (525 129830-
38-2) . ZEMAMR (575 P1399) . hHEE
dispase II (5% 5 D4693) 4 [ 3£ [# Sigma-Aldrich
oyl AT 4k A il A K B (fibroblast growth
factor, FGF) (485 C046) . £ ALK AT
( epidermal growth factor, EGF) (475 C029) iy
F 75 M 3 R AR R By A BR A FL IR AN
245 1170GR005 ) 1 [ 7% [¥] BioFroxx 2~ wl; ik
AR B AR B (5255 356231) W H 32
[# Corning /A #l; CDI33 Hif& (4% 5 abl6518) |
JiE Ji 21 4k iR 1 85 1 ( glial fibrillary acidic protein,
GFAP) Fifk (995 ab33922) . H 1 (nestin)
Pifk (555 ab11306 ) W [ 95 [E Abcam A ], P51
P E X Y HE & 2 (sex determining region Y box
protein 2, SOX2) Hifk (175 66411-1-1g) . B I
WAEEH (class I B-tubulin, TUJL) il (75
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10094-1-AP ) 15 [ 35 [# Proteintech 23] 5 HoAth i 5
FFEM I A AT A TR (B ARAF,
1.2 X A s (1) dispase 1. HI A= B 5 7K
Wit dispase 11 B3R, kN 75 UmL, sr36 %
0.5 mL B0, —80 °CLRAFE&H, MRRIE 4 °C
Y W (W = My | e W 1| R = S
(2) T4iff DMEM/F12 553535 . T2 s i)
N2 F1B27 H —20 °CHUH, 7E 37 °CRIBH il 7R,
UNJnF DMEM/F12 533k, N2 Fl B27 L9k o
BIH 1% F1 2%, R 1% B e las in s 25 % / 4%
BRI, 7EEE S0mL B0E T, 4 CIAFA .
TR 7 FGF . EGF MF 2 4h7ed R IE 1 -
2500 BB M. (3) KEEREFRE: £ T4
DMEM/F12 15773 A LAt 42 B8 10 nmol/L Ak &
NI Y-27632 —EhEREL, BB
13 #HALELEXBERA, KR, AGL5 L%
13.1 BEARGSCH®RI, #FH BT ARIRILHr fef
GBM 4 41i2 I 7E 4 °C T4 ) DMEM/F12 G Ifil 5
R, BT kET, 2h N ESERE, A
TR R /B E AU Hank S 25 5 000 16 b i
A2 R, FH K TR I I s AR B BT 51 B SR At 40
SUMBA R I s FHBY )BT REA 2, e S a8
SRS 2 2R H B 51305, A 37 °CHUAR &
dispase Il f) DMEM/F12 JCIfil i K5 #7E, 37 °CiHfk
20~30 min, & M RMHHLHL IR SRR
YISO, WSe H PBS M Bk 200 H IE M, 7EiH Ak
FILH LIS AR DMEM/DF 12 85373, #
BET 200 HIEM, KEIEHE L (CALLAn g
B, AT | mL 2T 40 i 2k, =5 IR 2L
1 min) , .05 MG & T 40 DMEM/F12 #5555
HE, W ERIFEAQ M 6 fLAR PR R, 5
FRi R, A 48 h RIEITHR, 55 3~4 KAl hm
1 mL T4l DMEM/F12 5385, sS40 )5
B EE T 40 s DMEM/F12 ¥ 3R SE i A, FB i m [ul
LN ARE 57
132 EBEEF  LE24 LA R 2K E
A 40 pL A A 4 PR 7 A LR IR L o s K A T
BRI, H14 R 2 000 A4S /uL B4 iR, 7E 3
O A #5140 Ak A 4% B FL 20 000 2 it
(10 uL) FEAEETTEN; H 24 FUAR/INO B IS TE
5% CO,. 37 °CHy4HMIREF=AE P EIE 15~30 min,
LT Al . RS /OB E R LB (B

1B 3 T G B AR R SR AR T ), ZEFL /O A
500 pL BRI E TR, 25 R 2~3 d B 1 IREAR
BRI E RN 7K, WS R R A S Y-27632
TERERAY T4 DMEM/F12 £ 353
133 XBEHR WERFEPHRGEE
15 mL & 0> %, 50 0.5 mL TrypLE 7£ 37 °C T il
65 min (BCEFEIR ), S mL % 5% FBS Y
DMEM/F12 35 55 H 2 ETH Ak, 4 °C. 200X g &5 .0
5min, fIIA 80 uL JEJT e dE B UTHE, 2 40 uL/ £Ljm
A 24 FLARH CEP L = 2484%) o H 24 FLARE Bk
AIEFERH 15 min fEEEFTHL A, BALITA 500 pL
TR R T R IR, AR R4 TP 4k SR 37,
2~3 d FHRARE R E 7 K MG R
A 5 Y-27632 — £ iR £5 19 T 41 Jiit DMEM/F12
B
134 XRBEAFHSEH WERANEEFRE N
1 mL A&k HC 1 mL TrypLE ( % 10 nmol/L Y-27632
bR ) EERK, HEREHE 15 mL Bl
&, 37 °CIEE 5~10 min (MJ{E B 5 H 1 mL
FE SR WRAT A BRI ), B0 10 mL 4 °CfIGIR
KISEIEFRHEL, 4°C. 200X g .0 5 min, 43K
H T 24 FLAREEFR AR H H 500 uL VRAFIR R &,
R B RAAE, AT —80 °C (K 14H),
RGBS 1A BB EWARE. 2o, H
37 CIKIE AR, W RAEE T IER G 2 15 mL
BLOET, JRIRINZEER E SR, 4 °CL 200X g B
L 5min, LW, HEREGKES,
14 GBM (B EHBANKAFMHERE T
FRAAS RIS ) s 70 (3 A N B A BB S
IR, X TR R RERE, WA,
A PBS 2L 1~2 K, B 5 min; A 4% 2%
HBE 2= 5 T [ 22 30 min, FFZ2RHEE, FH PBSIRYE
3K, BHK 5 ming 433128 70% LBE 3 min, 85% 4
5 3 min, 95% £ 3 min, Jo/K ZE 3 min #EF T
AKALER, —HIZK 10 min 1 TiEIIALH, B8 A ISR
R A IR S48 DL 4 mm BEHATY A, i
R T2k B A b, 7E 45 °CHEAE TP 4% F 30 min;
THETI R 4 =W (1) 10 min, —H%
(IT) 10 min, —HZ& (1) 10 min 3 17 58 5 &b
B, JC/K W3 min, 95% £ W 3 min, 85% £ [
3 min, 70% £ 3 min, ZEMH7K 3 min #E177K 4B AL
O RAKE Y 5 min, FR/KMWEE 5 min, 1% Eh 1%
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SRR 30s, KBk 30s, Z&MKIFEESs, 0.5% e
WA 1~3 min; Y) 7 HKIREZEIK 3 min, 70%
Z, % 3 min. 85% £, % 3 min. 95% £ ¥ 3 min.
ToK 1 3 min AT KALEE, —HI2K 10 min 4 7
BIAALBE, P Rt
15 %9k E %% GSC, GBM £ B FH T
B-Faotese sy X RIRBOTRE R RIIH GSC,
We 25 40 M 5 5% 55, A PBS IR ¥ 1~2 1Kk, HEIK
5 min; fiIA 4% 2 R H i = | EE 30 min, 72
RH®E, HPBSEVE3 K, &K 5 min; fIA 0.5%
Triton-100 %5 ¥i % 7 20 min 7 fL, 3 Triton-100,
PBSZ Uk 3 ;s H 5% 4 Il H & 1 = il 3
2 h, WEEMW, MAGEEERN—dL (SOX2.,
CD133. nestin, TUJ1. GFAP#if{k ) , 4 °CiE &
WE R, Wk —PEHPBS EIIEE3 IR, &
K5 ming T INSEOE b, EREDOLEE 1 h, A
PBS 2%k 3 ¥k %/ DAPI & YL 40 ik, oG E
20 min, HIPBS = i 5 R 2 PR 4 L 3 Ik, &Ik
5 min; Yt £ 431 DAPL, F PBS &5 7E2¢ 8
W FULEE . M. GBM 828 B e vt e o
Jr kAl b, Hioer—$i o SOX2, CD133. nestin,
GFAP. Ki-67. caspase 3 $iii&,
1.6 GBM X B ER/DNRBRILRG FH N TEE
GBM 88 B WK N g e 1, %648 7 JA i SPF ¢
SHEPE RN SRR 7 A5 PN B R S K 2 BRI FR &
FUERASM GBM 248 E (12#. 17#) THIL/ETTEL
YA, FH PBS e B 5L e 5 LU TR & o il 28
1X10° 4~ /uL B4 B0 B T ok &, il Rl RE
B 7 I MR B N 1X10° A4S /ul 59 UST 41 il & &
WA AT, Sy 6 41, 43 {1 Us7 4l
RO 126 RAVE R 17# 288 B AT N SR B S
¥, BERPRRE AN B 2 iR, B
2.5X10°A4/ LA S X10° 4/ Ho PRt 3%
I3 E 243 30 mg/kg JE IS T SRR HRE /N R, FF
BRI E, FHFARTT R AT VIR N EUE k5B
FERR, 2 R, AR 2 e E D U K B 42
B, THWIREERTX, DART X E AR S S
oy, FEAT 1 mm. SESMIU 2 mm VE S E, R
5 mL &Sz AT 1L

FERR N R 2 A i S AR e AR L, R e
SRR AR B 21 R WO I T S s TR A T e R
SET S B A B, [ A G S, R AN ST

PE B AN B FLAL 2 ELFEEE 3.5 mm (27 2 5 1P
R B, LT RN AL ), AR
A1 min I ZEABHEA o ESTEEES 5 30 s,
[l i ol 0 A i, S Sk Bz A ST BRURY
MLORE L WESIMELL. 30 dJRARSERRV/IN L, ORI
BT 4% ZR PR EE, HATY0 R Ko AL H-E
e, BT o

2 # R

2.1 RARGSCE 2 M 21 il 5 & 3K B AR
GBM PRARZe it W12 A B 76 T4 i b 32 3k idb 4 7
B ge B AL G, 193] T 9 BR AT LIRS B 3% R ABAR
1) GSC, HIEAA TR, M A2 iRl T
GBM (5 gtk (& 1) o HUH A 3 #k GSC it 47
SOX2 (& THMbrEY ) . GFAP (IH{LETEK
A abr 59 ) A1 CD133 (i T 4 i 4 5 %
B ) RPED Y, L5 T R SR 44 R
PR (B 2) o LIRSS RIS 2040 B
Jiged - 2m AR, T LUHIE S GSC,

22 GSCZE =¥ AWM GBM £ ZF Kifii
5555 W B GSC 8 FH 47 52K 14 JIG L 975 355 5 R A Ok o e
AT S 4EsE SR, Ol THEFRA 40 140 21 KTE
{55 5 I5E T 8 GBM R I BB A, 4559 R,
GBM R BRI 1 FINEIJF R 28B4 K, B
B, HgBR” (E3A) o ASAFFE UG b5 b
AR EEECEN ) 9 BRAS U 55 R R AL AR GSC R =
e FR BRI T 740 GBM KLY E, Rigenl
TIZNh 77.8%, a8 EIE B EE 2 1, T2 AL
FIZEEEE T LAME (B 3B) | B ERIRAERIE I3
PR FE A 8 JH A GBM AN EATIE 2 . A1 i f
VIR R M H-E Qe fa, 250 578, GBM REVETE
e N U LUEAIES S GBM I 4l 48U R AR B
(K4) .

23 GBMEZEELFAMB AL 05 4
ke GBM 2S48 H B R T 40 B i SR ok, 1Y
AE NS B 400 IR R R I L A Z5 M RN B, (38
et 2 240 Jt A P B R, T g A0 i )
XTI € J5 1) GBM 26 £ B # 47 SOX2. CD133
nestin FPEDIEGL(, G5R TR, 7 GBM 2EgE
O S G H AT K E] SOX2 . CDI133 M nestin 13
ik (ES) , Ui IR 1) GBM 2588 B HA Tk
FFIE

=3
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ik HEY 9 BRISEIRS THY GSC
Fig1 Nine stable GSC lines derived from different patient-derived GBM specimens
GBM: Glioblastoma; GSC: Glioblastoma stem cell.
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B2 AR GBM #RAEFHRHE GSC R E
Fig2 Immunofluorescence staining of GSC lines cultured from human GBM specimens
GFAP is a glioma cell marker, and SOX2 and CD133 are tumor stem cell-specific markers. GBM: Glioblastoma; GSC: Glioblastoma
stem cell; DAPI: 4°,6-diamidino-2-phenylindole; SOX2: Sex determining region Y box protein 2; GFAP: Glial fibrillary acidic protein.
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Fig3 Morphological characteristics of GBM organoid culture and passage

A: Primary organoids; B: Passaging organoids. GBM: Glioblastoma.

Parental tumor GBM organoid

1 mm 1 mm

4 FEAMESE 8 Al GBM XREAHLAEREILL
Fig4 Histological morphology of parental tumor tissue and GBM organoids at week 8

Hematoxylin-eosin staining. GBM: Glioblastoma.

Edge Central area
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5 GBM EBEBLKHL SOX2. CDI33. nestin RE R EE
Fig5 Immunofluorescence staining of SOX2, CD133 and nestin at the edge and central area of GBM organoids

SOX2, CD133, and nestin are neural and glioma stem cell markers. GBM: Glioblastoma; SOX2: Sex determining region Y box

protein 2; DAPI: 4°,6-diamidino-2-phenylindole.
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GBM HZA PR % —2, R Ki-67 #1 GFAP
TE I8 1 2% v 2 ik . I JRd v o0 2 38 A 6 BRI,

Edge

1] caspase 3 7E R 111 2% 42 ik
ﬁgm.m

B R L ARk

Central area

DAPI/Ki-67/merged

100 um 100-um

DAPI/GFAP/merged

100 um 100 um

DAPI/caspase 3/merged

100 um 100 um

100.um 100 pm 100 pm 100 pm
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100 pm 100 pm 100 pum

100 um
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El 6 GBM EREBHRFLXIE Ki-67. GFAP. caspase 3 SE WL E

Fig 6 Immunofluorescence staining of Ki-67, GFAP and caspase 3 at the edge and central area of GBM organoids

Ki-67 is a cell proliferation marker, GFAP is an activated astrocyte marker, and caspase 3 is a cell apoptosis marker. GBM: Glioblastoma;

GFAP: Glial fibrillary acidic protein; caspase 3: Cysteine aspartic acid specific protease 3; DAPI: 4°,6-diamidino-2-phenylindole.

24 GBM(ZBERARBRALET FKAEPR
JRUE AR S 56 W8 GBM 2K 88 B N U i 1), 4%
SRR EST GBM 2t B 4Bk 30 d s, #VhER
BIH IR . ATEARRAERER . ARSERR N RS R

faise Rl . [, AR @JHIT ¥ H-E
Yefa 45 HPLIR 2.5X10° F1 5X10° A4/ B 1

2.5X 10 cells per mouse

17#

174 @&

B 7 GBM %

5% 10’ cells per mouse

GBM 245 B 4l B4 ml URAIE s ( 1 7 );
5 U87 4L ZRAHLL, #mAHE R GBM 2548 B 4
B INERAAR TR B I AR B TE G, B AR L
TR 4l R, GBM K4 B 78 7 Fi Bt sh 1k N
RESE A IR S5 AR K, R R BE s

2.5X 10 cells per mouse 5% 10’ cells per mouse

12#

ug7

ERERNREMAEELIGER

Fig 7 Orthotopic tumorigenesis of GBM organoids in nude mice

Compared with tumor cell line U87, tumor organoids show stronger tumor-forming ability in vivo. Hematoxylin-eosin staining. GBM:

Glioblastoma.

3w
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FWEHITEA R — B [ AT T U, (BAZSE R A
GERLHLAN — AR A0 M R 5 . N TR IR 20 P S A RS A
( patient-derived xenografts, PDX ) &£ 5 &1F 5
MR 2E IR, TCATADUING R84 LS A 2
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GSC 8 ## (225 B T LA IR A MBI 58 38 T 7 #R TP
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FUBH & B n] T . AN SR ik T B 517,
TE A e 0 RS ES, [RIAORRE T R A T R
FITEE M, X — X T2 AR YT R
WS R R, (3) KRR ] &2 05
ARAFFE R TT v o i GBM 2R 88 B #EAT KA R
PRAFRIR IR, XM T IR —A mT & A Y
GBM A8 B REA R . 3R IR P ] 42 5k
SHASR RIS RN PRIV FH AR AL T 5 S e U

A FE B AFTE—E W R BR M, 4 J5 75 B ik —
BB ER. (1) BRFMN. KEEN
BT B E AR R R, DR R A A

KA, X5 H AT SR A 8w . ok, R8s
BB IR AT RE S e R AT RE, Wik
DAL IR 56 DL AR o A5 R Y A2 PR R0 AT 5
(2) MRS R, SREATFFA R GBM
AV E RENS IR B LR iR 1) S B M R A H VAR )
AR, H T GBM US55 IH T A AL,
THR BEXT AR . IRV / Bl R 5% S5 A SR AR
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