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The Construction and Characterization of Chordoma Organoid Models
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Abstract Chordoma is a rare type of bone tumor that arises from remnants of the embryonic notochord.
These tumors typically develop in anatomically challenging locations near the critical blood vessels and nerves,
making complete surgical removal difficult. Additionally, chordomas are generally unresponsive to radiotherapy and
chemotherapy, leading to high rates of recurrence and poor overall prognosis. Current treatment options for chor-
doma are limited, underscoring the urgent need for novel research models to better understand its pathogenesis and
to develop more effective therapies. Traditional cell line models fail to accurately mimic the in vivo characteristics
of chordoma, whereas organoid technology offers promising new avenues for disease modeling and drug screening.
Here, describe a protocol for generating chordoma organoids from patient tumor tissues, detailing processes such as
tissue dissociation, organoid culture and passage, and verification of specific gene expression. Using this method,
Chordoma organoid models were successfully established and confirmed to express chordoma-specific markers
such as Brachyury and KRT19, demonstrating their ability to faithfully recapitulate the features of in vivo tumors.
This model provides an important in vitro research platform for studying the molecular mechanisms of chordoma
development and progression, as well as for drug development.
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tylcysteine, Nicotinamide. A B£F 4 2 i A= K K+
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R-spondinZk FE5 773 . 4% Nogginzk 55 72 5L W H
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Table 1 Establishment of primary cells and organoid models in the experiment

e T bR P ML B =
Patient ID Pathological type Sex Age Tumor location Outcome
Ch-1 Conventional chordoma Male 49 Sacrum Failure
Ch-2 Conventional chordoma Female 53 Cervical spine Failure
Ch-3 Conventional chordoma Female 38 Sacrum Success
Ch-4 Conventional chordoma Female 67 Sacrum Success
Ch-5 Conventional chordoma Male 62 Sacrum Failure
Ch-6 Conventional chordoma Male 70 Sacrum Success
Ch-7 Conventional chordoma Male 52 Sacrum Success
Ch-8 Conventional chordoma Male 65 Sacrum Failure
Ch-9 Conventional chordoma Male 26 Cervical spine Success
Ch-10 Conventional chordoma Male 59 Sacrum Success
Ch-11 Conventional chordoma Male 56 Sacrum Failure
Ch-12 Conventional chordoma Female 64 Cervical spine Success
Ch-13 Conventional chordoma Female 54 Sacrum Failure
Ch-14 Conventional chordoma Female 55 Lumbar spine Success
Ch-15 Conventional chordoma Female 80 Sacrum Failure
Ch-16 Conventional chordoma Female 60 Cervical spine Failure
Ch-17 Conventional chordoma Female 74 Sacrum Success
Ch-18 Conventional chordoma Female 66 Lumbar spine Success
w2 AMARZARRECH

Table 2 Formulation of red blood cell (RBC) lysis buffer
K A&
Name Dosage
WK 500 mL
KHCOs 05g
NH.4ClI 4.15¢g
EDTANa,2H,0 0.0205¢g

B AT PR A 7D KPR 7 3O AL B Kb &
FEAR TN R XA DM B FR A = 5 (3] 8 A
% B H 15 [E ZEISS A 7] 2% .

17 & R EH AR 7

eI hI b e i IR A, T N Bk
3PN . $ER 3NTPCH e ARG IR AL, A Ao i B A B 7R
e AN TR A1 3% % DMEM/F12. HEPESZE PHifl -
Primocin. 1% H 5 & /AR RIAEW . 1% GlutaMAX-I
w7, FHEFRRS.

X T 2H 23 A RS S5 I TT(C o LIT) R BC 1), 7]
200 mLIEEREESFRIEIIANL g Colll. 20 pL Y-276327R
2], F0.22 pmid JE A I BE RN 15 mLES O, 22N
8 mL/37, HE T 20 CCUKFKIAMRAT ; X Tl vl

(wash buffer) (LA, HX 500 mL RPMI 164037 77 % |
BIA 1 mL primocin. 50 pL Y-27632, 855, BT
4 CCIRESRAFIE A X T 10x FriE b5z 5
TR 3 BIFREL 1.825 g L /KFTFAEER (CoH:O7) Fl
11.910 g /KA FF IR —4H (Na;CHs0,2H,0), 4 L
AR T 800 mLAZE/K 1, SR J5 Ak Eh B i pHAE
F 6.4, BJF MWK ERZE 1 000 mL, SO AT,
BHFRE 1x THEWRE.

BRBAREREME
TEFACH 2RISR IR AR o, TR 4L

G IARTAN 4 CCHI (LA IR L o, IR E T UK
&, 24 hREAT AR TR M FE A BN T,
ST HE S I KB TR, K TR R g B T =
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Table 3 Formulation of organoid culture medium
4R M
Name Dosage
Advanced DMEM/F12 500 mL
HEPES Buffer 10 mmol/L
Primocin 50 mg
1% Penicillin-streptomycin SmL
1% glutaMAX-1 SmL
ALKS inhibitor 500 nmol/L
Y-27632 10 umol/L
N-acetylcysteine 1.56 mmol/L
Nicotinamide 10 mmol/L
FGF10 Sug
1x B27 supplement 10 mL
Forskolin 10 pmol/L
30% Wnt3A conditioned medium 150 mL
2% R-spondin conditioned medium 30 mL
4% Noggin conditioned 20 mL
R, Matrigel I B Tvk EARVR (7 LSRRI AR SREREER

o, 3 N7 38E s S BV ik DA 2 e L A A e e R R
BV, FERE G, I R e VT e 230 e % e
JALZ, FH K B I B AR HR L B 51 B YR B 41 4R
A S I 5 TS BY R A0, T B AR A A i 21
2, BE50 mgHAF IS mg/mL AR JEEF L mL, F &
B RIHR AR BY BT, K 2H 23 2 291 mmx1 mmx1 mm
KA (E1B). KBRS E T 208, 78
37 °CilAf o TR BN b, T AT () PTAR 4 4 2R R
A5 38 24 1 % G H N 30~60 min), B ZE PIHR A %2
ToH R R S e, BT /R AR A R
g s IR . OB L, 1500 t/minfE
HEI T 03 min, Z 5 HERBIETEDTEY, FIR
JENEG AL 500 r/min, 7E %R 250 3 min, 7 &
T BRI, IIA200 pL 2140 i R
AT, 4 minf5iE 3RS PBSZ 1L, FEEIR F O
3 min(1 500 r/min), 7* B3, FIGEBERIG R DTTEY) .
FE R R B3 min(1 500 r/min), FEEE EIE; R
P 5 HOUL I 2] 1) 4 i 5 v s o A L ) AL, 6L AR
AT 200 pL/AL5e 485 97 45 % 150 pL/fL Matrigel
2, B L2 ARPIRVEN, HAH R R 58 A1 77 2
i Matrigel iRTR 2 )5, 78 6L A (B 10). T5%
CO,. 37 °CHy4HMREF= 48 % E 30 min, [ Matrigel
AL, B S AT AN 2 mL/FLse 4 gtk 2 54
VORI, 65 TR B4 AS .

TR FRILA AT 40, B 2K 2 B4 i B 3F
FEFER 1S mLEOEN, ZEZIE T 1 500 r/min
(033 min, 2 _EiE(ATE1~2 mL); 508 FRE 7 ML %
N2 mLAPBSIEYE, IR E0F, 1 500 r/min
203 min, 7 L. 45 LIS WOCE T M Matrigel %,
WAS LW, B IEMRGE SRR, nIin N PBS4k4E7E =
#HF1 500 r/min 03 min, 2= FiE; BE S INAAH RN
PRAR ) 58 4 15 97 5 K Matrigel i, 4 1:24648, Fiii
7E6FLI L 5% CO,. 37 °CHIZN M F= A6 E
30 min, {87 Matrigel & [& 44, %[l 5 77 A 2 mL/AL
SEARE IR, 2 JRE IR

EEENEREREN

THFRALNBRBEWAT, LBk Matrigelik, B3IK
LR BB 15 mLEOEN, AR T
2023 min(1 500 r/min); % i, 81 mLE53REHH
1 mL 1R VAR A8 FH e KRR R A 28 0 S KR 50
WA B0 AR FR LS A2 mLAPBSE Ve,
EEBOE, £ FE03 min(1 500 r/min); 7 F
Ho & LIBWA M Matrigel /52, BTN\ PBS4% 42 B
23 min(1 500 r/min), 23 3&; HRAELHHEINAE10%
DMSOM) 8455774, M RNGAFE ; IR E TN
A 2 4 CHIGRAE&, NG IR &7 22 -80 °CUK
i 7E-80 °CUKMM B G, KRB 2
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A YRS R AR A, B KR BB 2OR bR A BT 5i3~4 mmi¥) /N C: AE6 LI b2 50 5F
A: collected chordoma specimens; B: the collected chordoma specimens were cut into 3-4 mm small fragments; C: uniform seeding on a 6-well plate.
Bl WUERHE RE R ARSI T E

Figl Processing of collected chordoma specimens
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EII . TRFIANEREXET, 2Bk Matrigel i, B
FRZHAM BT . & EZ 15 mL EPEN; /£
F IR R0 3 min(1 500 r/min), 5 EiE, B 1 mLA
FRr IR AL, BB AR FRILS N2 mLAPBSIH ¥,
WA R B0, =3 T #5403 min(l 500 r/min), 7 L
o 5 BISWOE VM Matrigel 5, R EEI & | B ik
WE A, PTIIAPBSZE SN &0 AL, 1 500 r/min
B0 3 min, 2 B3 ; JIAPFAE 5E 10 min; #2251,
PBS&¥E3i, 2.0>3 min(1 500 r/min), % FiE; KK
N T5%IBE RS, 75% B RS, 95% s ; To/K LTI
oK ZEENERIEE 10 mind#k 47K, 2 J5 7 —
25 DA H 2R TR %929 15 min, fF B BIAL ; 58k
HRNE, HEREATERIT IR AR, AR
JAE6S CCHERTIE R A kS T . BEFR30 minFE 4 11K
I, —ILRMIIK, BRI PR FRE R 15582 hy
PERTHT A S AL, TR A S 2 65 °C, 1
0,1 1) 4 R S BUTE AT W R AR R T, AR S
KA EHLE TEIRFCH R, FRING AR,
AU GRS, FraAfal &b inNERR
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W] o AP A e D) P BUEEAT D) 9 BB IR
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S wmi R, 137 ORI Fih, R T ER
RIBUR( S

H&EZR &

VBRI (U0 i #e 200 Bl 9% AL B R
265 °C, #5 12 h; KU 65 CCHMER A HH 5 i
B HMANZH RIS H, ERRIVIFI0FH TR
I, ZJERIRER FAERIKS . ZHIR2S,
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B2 15, 95%Z 8525 . 75%BERKHHE S min;
F _EaR AL B B EBRK S, T TRR R G
AT THET S min, A5 FLK SR S ming 1R
1 s, IRWE AT AT, ZREEIR /K ES ming F 2L G
t8s; (E75%LIE 80% LI 95% L 1E . To/K LBE
15, k2S5, WIS, ZHXR25, —H
R3S CES min, FER TR E B ORAE, R
BEgL.
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B5 min. FRERTAKB I > AP RREN DT RS 2 (I
77920 1.3), g Hon# A v sk, K1 KT 100 °CK
WIMH HEAEE 20 min; B2, KU BN
e B E B PBSIEYE S min, JETEI B TR L, #iE
N20 r/min; FHEKEEEE, KU NGy &5, A
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IS B BRI IHKE N, S5 K E
50 pL, L1 by BB IAER &SN, 3 A
WK B 5 — i B B T T B 2R, Je B ]
W, ASHEDE. ALK FH Keratin 19(BA17) Mouse
mAb & Brachyury$i {4 (A-4): sc-3743214E N—¥t, 47
J4%1:800 K 1:500 LU @A RS, 1k —Hie 2B s F R
KEBE, BET4°CUKFE, WEIA; HUI AL
& H, FHPBS-tiF 3R, K5 min, IGVEN B TR
b, F#A20 v/ming FIIANAEYZ ARG L ETUR/ R
IgGE A, =R E 30 min, W H L H G THEK L
FIPBSTHE3K, FHIKS min, $434°420 r/min. NN
BAREEAR 08 S 0N (12 TAEW, %0557 & 30 min, 7
H 4G THER EFH PBSTYE 37K, 457K 5 min, ik
820 r/min, 2FEEE; S ELHI L DAB TAERIIA
Hi/KE W, B E 2 1.5 min i 48 ()5 57 %136 A\ PBStZ
1B, WK YE S ming B Fk b BT 1B 2R
KRGy, T AR R YT G o, T3 min, FHRK

PHBES min; R s, R HTRE KT, 2REEHUK M
5 min; FJ SREAN T FRRTEE S, 00 A R R
JrRAE, BB

BRBLAEEEREWEILFER

AW FARFE LK AEE L, RE 181 F RH
BEFARRA, R 3F~, LW E RN
ZMMEE R, MR E T, BRI 124, B
HERhIEE 44, FEEAERT 24 . AT T 104
BRBEBDEER, I N55.6%. HkH
B IR 64, Sk H EAE B iR 24, ok B A 1) 2
Ao AUMA SIS 2R3 B E KRG, JEE
R b o K T HE R, R 2
o STME R A A AR AR BN, BT R TR S R B
A0 Sk, A DASCER 2 B8 1 2R R i e 4 i
T B AE R A A AR AR B R, BARTE S emBL B
JEERIAEE IR AR DL, TR 5 RAR B LR LB R
ZIR M 4H

BRELFENRREFRAESFEUER

B 2T, TS T AR BRI 2R B R AR
EH L 7y 13K, OB WAER 8 LKA
ARFAE . FRHTE 6TLAR b 145 BRI AN 7E e B T
AT LA KN, 10~50 um, JEARECA A
A, WA Y, AT B R
PHHLHCH AW %, TR TRIE 8 13 R E I
Y5 1 IR SR P 454, 40 O ) o
Bk, TR O FRAR L, 5 ERERE
BRI — 3

E2 RTUEMEINFIBERELFENEKER

Fig.2 Microscopic observation of the growth status of the established 10 cases of chordoma organoids
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PO: JEARH R, PLA R AEAR.
PO: primary culture; P1: first passage.

E3 BREABEHLS
Fig.3 Morphology of chordoma organoids
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Sk 2888 B IE A AR D) R FHH&E . KRT198Brachyury B (. A 2828 B AT BL 1 BEARTIR KRR .

Bruchyury

i, M e s

Formalin-fixed paraffin-embedded sections derived from organoids were stained with H&E, KRT19, and Brachyury. All organoids recapitulated the his-

tological and molecular features of the parental tumors.

El4 BRBEAPEHEATNNEBZENARFZ MG RARFEF R

Fig.4 Histological and immunohistopathological characterization of chordoma tumor samples and corresponding organoids
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TUE I Z 228 B AR TR A v B S I 2R R0 PO Y ARRALE
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REE (organoids) B A SE I AEFr M4 1) —Fh A
A 3YELE I — P 7 TR . — T LR G T4
Jfd (embryonic stem cells, ESCs). 5% % g T 41l i
(induced pluripotent stem cells, iPSCs). &4 s T4

Jitd(somatic stem cells, somatic SCs)LA K £ 55k
5 e A0 PRLCE AR 8 1) = 4R IR R R RS R A
Ak, B IR AN B 5 KR, Bk 2 i
JEAH G FLike 3 T RSB ERHAE A AL TR, H
201455 20245F 8], S48 H BOARM KW T 2 DL 2L
Kitady , FAE M 2B 70 b B OB E FH (ks A AL
R AR L 25T SRR T 5 ) ©3R 1R
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DAL, SR 285 H A4 5 i A A 2 i 7 IR kA e
i 3 i 1R S AR A TR AE SRR TR IR R A S
FEIILH BRI 50,

SR, BT N O T RIS B R T4 A
THEBH B, MHRSCIRIRE BN A IR . 5 HAhH W,
JHeE (angh B . FUMVE )R E R, B R
SRR BRI R AR g — AR bR e 7E
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REESLIIAT , AARALUAE BT A WAL R £
SRR B 9R 3 il AR AL (AR A7 B
REWE ) =Yl F7 5 B A F DL R AR AR IR 1Y
PRAEAL AR ST, 5Bk = R GENE I TC R0 SCH -
BEAR, H T BRI A B IR R BAIR, FEASTRIUHE S
R, IR — 2 IR T AHSRHE TR TT o R,
HAARE . FTEERERBARBER R TRE, I
SERVEAL RIS , X T HES) 1% ST Bt e
Al PRGN B BB o

BRBELARERENE

AWFFHR T — AN IR AL b @ a3k
S EBEIRMINA ROE. ARSI RA B RALE
AR SR ShE KGR /), BT E4 °C R
i AE AN R s 72 58, IR R b A A A H &
GEAF K TS . AT Fead I A B I
>J LTI R P 70 2 e ot A b T8 2 i B AR s
KEE. MIPIMERASRE, OB EERA
SR R GE RS AS B R TR B A, dld
SRS FRE AR TR, RAHE Eas
FIRRA H R O RGN T o Wt R 2 2R
HYRZR AR A AR (B b R B AR ) n] BERZIA
KA EAEAMARKAEER R R, FA TR 1 kst
FEFR AR SR o Ry TR A S N Wint3 AHIR-spondin1
B 7E P[R0S Wnt/B-catenini@ i, 1X X T 4EFFE 208
AR AT 2 L 1 FGF100) v] fg il (et b R
A G, AR B R A KB T .

AHIFFT DA 2R 2 18418 2 B TR
PR, FF 23 3% 106 IR 28 38 BB, 1597 i)
HN55.6%. I A, JeniE RIS BRI
S AT AT e A4 M ZH 2B i o b 22, o A
T, X LAV AL 56 4 3 B0 A0 e B b g 4 i A
B, DL, BRDTHER, B R 2 T84
Mg R 25 . RN, R E R RRE
R RI — KRR AT IRETRBERRE
IIFAIE 2, LE R 2 T b, JATUHRI B J LA 7 T
AT Sk UM I e 3 T MR BT 2H 21, e G0 R 3R
FEEBr, FEAR T R OC R IR, gy AR
AR E IR A S, I o5 7207 DL i b
XRPRBE ALK, WDl o, AT
PR AR R R A BRI, NE
ZERT SR AL B AT SE R T A .

HRRAR BT, W AT LI BT
LB — LRI AT A Ak
Wb 7 A R T SRR 7% 2 4L
H 3.5 OB o SRR 0I5 4 (P 2), JF T {5 0t
HEAT S VAR

MEVBERBELFECEDT R NI E
FFAERY IR IE

TEAR SIS A0 F R R E LA IR UE i
JR S A B R IR A 2R A 2H S 3 2 B — i
EE S S GIBN W N U2 A S S S PR LS E AT A R 28 CRai 8
SER, AWFTLIERE T KRT-19 & Brachyury B Ff 314 7=
YINE NI UE T 2RI R4 B e 15 200 S5k s 2 23
TERIFR EA, KRT-192 — bR AR = edn 547,
£ 2 PR (45 2RI, T Brachyury & —
PR, AN B BB R R ED Y, 5
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