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Development of a tumor organoid culture system with
peptide-based hydrogels
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Abstract: Peptide-based hydrogel, the polymer materials with a special network structure, are
widely used in various fields of biomedicine due to their stable properties and biocompatibility.
Environment-responsive self-assembled peptide aqueous solutions can respond to environment
changes by the self-assembly of peptides into nanofiber networks. Peptide-based hydrogels well
simulate the extracellular matrix and cell growth microenvironment, being suitable for 3D cell
culture and organoid culture. To establish a tumor organoid culture system with peptide-based
hydrogels, we cultured Panc-1, U87, and H358 cells in a 3D spherical manner using CulX II
peptide-based hydrogels in 24-well plates for 15 days. The organoids showed a 3D spherical shape,
and their sizes increased with the extension of the culture time, with a final diameter ranging from
150 to 300 um. The organoids had a large number, varying sizes, good cell viability, clear edges,
and a good shape, which indicated successful organoid construction. The tumor organoid culture
system established in this study with CulX II peptide-based hydrogels provides a model for
studying tumor pathogenesis, drug development, and tumor suppression.

Keywords: self-assembly; peptide-based hydrogel; organoid; 3D culture; tumor

B 2 — o 45 88 S K P = 2 o 245 B M A
Bh, TEK P RER P SOR 5K 5y, RS K
HARSHR Y KEERAE D —Fh 2R
B N H T A E SRR 2 A, AT
T2 3Wikak . A =4k (three-dimensional, 3D)
B AR L RIETR YT AR B 2 OKEES &
— i DA R A T2 B A KB I A BT AR
P TE W 2 AT 43 1 27 S8 3K R 7K Je 47 24
IKEERE® Py PR K 8 1 3 2 43 P R 43T ]
1) A 2T B, HAE R R IR TR AN A
TERT, AU #saEERN . Bk
ARV non R 7 42 2 OK BER R
YRR BERE DS, 8 R S A O Z5 1

http://journals.im.ac.cn/cjben

KIEH T EME N T RIGOKRGYE, 2 HRA
AR K BB 100 245 T2 R I ) IR 23 S K B
Mt T UL LE A A I A e, ol LA
N T HEPNE AR P B R AR — 1 A
2% 22 IR OK BE I 5 40 i Hh ik 57 FL A A AL B 4
Hey, HFCR A AR 5 1/ 22 2 AU A R R A I
N, PR iz AEH A TR 40 3D &5
Fr SR,

A A — M AR T 20 s 22 B T 4
MEREAT RSN 3D B il s HoA — 5 25 [l 45
Fey FF B UL L S iR DI RE Y L BRI
Jetn B n] DURGE HuOR B 45 B 00 20 SR B RRALE o
e R IR A LA i A AR DL AR P A I 4 21



ITER F | EFSROKERMRMMELBRTERERNETL 4159

B A RS RE, ARt S5 AR
JE— S AR PO R g R e
N A 3 AR AL 288 B 5 g PR AR AT .
2 RIS RIZH AL, AL FE b A . 8 [ 4
925 24 FH A SRR AN IS AR, X A i 2R AL TR
iR 2R 48 B AR BAE T, T S T LSS R
POAEE . M BRI A Z R, W]
DA AR 5 A 90 S o 2 AR 245 40 i e AR 1 19 4
MIZH B e 2 8% B R SER M E B 5% Al IR 25
RZ I 2 BE PR HE T B pL a8,

AR, KA H BORTE IR K e b i ok
GEVHTE N, R T 24 1y U R RS T R 2 T
. HBERFERZEEE (patient drived organoid,
PDO){& At 17 R0 I PR AT AEAE AL, BB 4 Hh
BEADL I RT 2 2 A0, 3 T DR B AR A A 3L
#1920, PDO H MR N 22 R VA LA K
S B T MR S, ORI R AL T
DR IRPH RREORIR B IR AR B R R DI bR
PN IR 2 2 i LA R 35 Bk T g4,
H i & A s Mg 1 2187 T KR PDO A1
R, AAESEG . FPAERY . B0 RO R
L A 2SR B A g 200 A I Sk Z i R 24 i 98 B A
B, RS B AR R A R AR T R R
UF R RER Y, Ry BB MR IR T BRI T AT B,
SR, B ET MR S AR B AR AN R SR A IR N AR
B, IR 143, IRIME TR R
IR E e, Wi, FRFBLM 3D ik
PERE, e BN 50 38 B B SRR R T 2 g
ERREA RS L, R, AHEZHOK
BEWC I AT, I e B AR AN S TR IR R Y
HPRAL T B TTRE, B IR ) & A R YT
AL T THL, ABFFR RSN 3D BiFRE
A, R B 43 2 BOKBER A B S T —FosT
PR B R R, WX I RS R
DMEE . RS . Rg G AE . A i

&: 010-64807509

Qe sF 07, (ERSMEEE T 2 P 40 iR IR AY
IREARE, XSRS AR B RN 1A A
(8 A AL A L 36Ty T ik AR M T T

1 MR

L1 ##
1.1.1 ZARE AR

NJHERRIEE A Panc-1. A & IE i B 21
JLsEE U87 A /INaH a9 20 i H358 ok A K
A Py T A S T 240 O R /P [ R 2R R B
fith = 2 BfF 5 e A A 0 o0
1.1.2 FERF

BT E LR R AR R AR TR
CulX 1T (K HH B AE PR A BR A |, 240 A
Fi SR DMEM (FEBR CHERBHEABRAFD), ik
JGE R S A B B AR AR () N RS [ B 2R W R A
FRAED, BA4-mis . RS REA]R . HEA
AR LA YRR A BR A |]), PBS Z2 il
(R E AR A A, CCK-8 il &t
FRAG R R A R F]), Caleein-AM/PI 15 3E
2t 7t 2 232500 (T SRR 5 AT RS FD) , DAPI
e (FiEE B RAEWHARARAE), YF488
Fric 25 3R Ik (Y F488-Phalloidin) () MM 2F 5Lk )
BHEARAF), AP 199 (CA19-9)
ELISA i) & At s A& il AR A BRA F)
1.1.3  CulX 1% BA7KEERR 1 #17K 38 itk 89 B il

22 IROK BE A BHZR T8 Cul X T [ K
MR A B A A, Fi IR UL . TR FR
1 100 mg CulX IVETHT 15 mL JCH .08
W, I S mL 24K, el A 2.0% (i E 4
FOR) CulX IZ BRAK B AT B, A iER
A7, 121 °CKH 25 min, ZiRARAE .
1.1.4 YRR EEFFEREH

TEA M RLR R 37 3L DMEM. R4z Fe 9 5 m
10% (RFVE 4 FORG 2R M35 A 1% (RFUE 43 H)

B<: cjb@im.ac.cn



m ISSN 1000-3061  CN 11-1998/Q  A:#y T'#22£4}z  Chin J Biotech

M EEERIEGW, R, 4°CRIF.

1.2 7%

AT 5 AL 9 5 T 3 5 91
T B SR BE AT
1.2.1 SR

BRI TE 37 CCoK 140 v b 12 5%
fREVR, B0 T LR WA, RO AT 0 20 i ks
FEHG S EBANMIIE , 7% 2 s
WIGE R AL, KPR ERESR 3 W, BT
MM IR REFR(37 °C 5% COy), 48 h T
o R Fe 3k
1.2.2 {ApEfER

20 i A K % B IR B 80%—90% RV AT 4T
AR, Fo LR3I BE, N PBS 22 g 2 IR,
FAIREE AR AL an i, FRIE AL SE 2 ARG 3+
RZOEWAE, B0 R, ERAETIE S
O BN a7 B R Y AW 58
1.2.3 CCK-8 i i HE5E #ir o Bh 2% 45

AR X B A K B A e, THEk,  Be
—E W EE AN MM, %A 100 pL T 96 fLAR
W R R A A0 R R AR R R B AL
200 000, 100 000, 50 000, 25 000, 12 500,
6250 1>, BAEEEER 3 A FAT, HiFR 4-6h il
AN RE LSRRI A, WERE S BEFLIA 10 uL
) CCK-8 il &, W& 3 h, f AR
D2 7 450 nm b W6 REAE, LLAR i 42 Fp it oy
BEAR bR, WOGREME AR AR, 22 il 40 B 3 B A
HERZE
1.24 MIELBEIEF

W A X B A K WA g0 B, TR R vk R A
5x10° YIHE/mL AN, MFTIR AT 5 HL
18 pL A 40 BB 12 pL (1 2.0% (5 & 45
F) A CulX 1122 BRK BE M B K W, 2218 Ik
SIIGTEINAE 24 FLAR B LA g, AL R
5 000—10 000 4HAE, F5FFFPIEF 1 h il CulX 11

http://journals.im.ac.cn/cjben

W BER AL, Z S50 500 pL (4 20 i 55 77 4k
SL3ESE, B3 d BT SR A
1.2.5 MELS[ENRSUEFMK NGt

TE R NS IR R A B B, TE8s
I T A AS [R) B[] BT T 3 B A B3
HAERNAT G, Bk 3 N, ER
3.
1.2.6 CCK-8 X fRARE ML E B IE AT
1EIE

75 24 FLAR L 500 uL 40 M 55 3
T 50 uL i) CCK-8 i &ia i, RE =46 i
B 3 h, HFHEERGNE 3B R FREEAE 450 nm
Ab TSGR, 45 AN M3 BE An v i R 2R AT
A B JRE 2 0 B 5 IR 0L R op A0 2R TG ) N
TH
127 FREREMEBLARENMERENEE

FHBEBEDT L 19-9 (CA19-9)ix 57 £ S 461l
T 98 P g SIS A 8 R L R R B IR AR R
CA19-9 MyFRIKN R, XTI L da i g 2R 4 B R A 7 4
TE o BRI 2R AR B B SR R E R R L
1 000xg #5.0> 20 min, HCEyERM . H BEEAE UG
AR Y AR £ i R I TR -HRP IR A
JEY) B, & ILW, 7E 450 nm AN IS A e
FLFIARE AL WG BEAR o AR A v it B s o it
A AR CA19-9 A&, MHRERE IR
B9 Panc-1 2 ffd 25 A5 BAPE X BE, G0 g 2 8
B R B IR bR R B R A
128 MEBLERBRENS S

FRda R RAR BN B R R, A 10 mL
LI B RS IR CulX T2 JIK K B e 1 R0, 32 1
REEBIZE 15 mL &0, H 10 mL () PBS
DL PRI, 2R WET i CulX T2 koK &
AL 380, A e 2 25 DA 22 BROK B i 3 15
WOk, EOTRRERERSE, EE 2Kk, K
AR I M A B T Ia 850 .



ITER F | EFSROKERMRMMELBRTERERNETL 4161

1.2.9 FRBRFEMIEZ A E BY Calcein-AM/PI ZH Al
TEIERE

Calcein-AM/PI &2 & Y A% W BC il : 7 5 mL
) PBS M FRAINA 10 pL f4 Calcein-AM YL (il
120 pL 19 PT R, TRAT, B s e 210y i
R E U T, RALMZEERE N 500 pL Y
Calcein-AM/PI & & Y0, BG4 H bt g
30 min, 43HI7E 490 nm F1 535 nm 3K &t
VLML TE ALY BHOR , PPAL R 2R A
TR LR P A A0S 1 I o
1.2.10 FRERFEMIZBLEZIZER DAPI FIREIR
e

7t 2 mL /) PBS 2P A 500 pL i
4',6- — Jpk HE -2- ZE JL 5] M (4',6-diamidino-2-
phenylindole, DAPT)J4 (A F1 10 pL i) 2 FF K
e, 1R, ¥ s B b e & B i
frgeta, BRI E TIA 500 pL A5G4
R, SEFAATEDEIEE 30 min, 439 7E 340 nm
490 nm KRG VLS A M 58 S e sk
B, M MIRERENEHIES, FEEAN
DX 501 240 L 1 240 B A 5 A L 4B 3

2 HZRE5OM

2.1 FRBREMEEXBERRSURF KN
St

WEREANNE R DLAY 3D iFRUrik, KB
SRS 240 ) R REE Sk , 608 200 D 0 K 5 ) 20 K £
Y POARZE G SRR, FERE IR A R R SL AR A

TS AN 3D B (18 1), MR SEas B nyss
FHLEANE 3D FEFRM R8N, B
BRpAR . AR R R O U S TR B
FE(F 1) AR B 1% 7 PR BT 42 30T 40 i 5
SRR, 22 BROK BRI A0 2R B S A AT LA 4
ORI A, S A R E SR

MRS Panc-1 41 28 H & 8% 5% 1 b Rg
RKEFEERFRW 15 dFi)S, 24 LN CulX I
Z WOKEERTE B FEA—F CulX 112 oK BER HE
HE T MU B ) SRR AR R
15 d B N gERER S BB S G R, B
s B,

FERR NI I A B s R L R, B
PR R 34 AT USRI R /INAS— | SBJER I T 1) e
KAE, RISFAAEDEZFR A AHEE 2),
R FR 3 d, AT IR R AR, A —SE A Bk,
LR AR BLARTE 60 pm oAy, 535 7d, 40
MOBRECE P Y 2, AHBRIRFHER A, fE4E
FLAS Z I AnER , 250 AN iEER B4 %) 100 pm.
B 15 d, BRI L 2 B Bk LAY
KEE, HARLE 270 um 4 (F 3), ForEKR
) LA A A8 1 AR A B 390 pm, FEIAL
PRBRTY | G . BRI 2), B
15d )5, 7€ 24 fLA P JenT LB g £ CulX 1T
2 MOKBE M B 2 36 R4 B IIAEAE, e
2RI EKAIEA, 0T 2 IOKBER
ENEIA (GRS

Medium

Materials

—

Organoids o SN

° °
—0 Qo0 O O

/ Medium
1 e Materials
o @3 '
Q 9 . Organoids

E1 4HB6 3D IEF(A)MEREEFHNTEE

Schematic diagram of cell 3D culture (left) and organoid culture (right).

Figure 1

&: 010-64807509

B<: cjb@im.ac.cn



4162 ISSN 1000-3061 CN 11-1998/Q 4=4# T #2244k  Chin J Biotech

500 um

100 pm

2 BRREMBEREEER 1ISdAFEATF THRS

Figure 2 Morphology of pancreatic cancer tumor organoids under different fields of view during 15 d of

culture.
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Figure 4 Gelatin hydrogel shapes on a 24-well
plate before (left) and after (right) 15 d of pancreatic
cancer tumor organoid culture.
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Figure 5 Viability measurements of pancreatic
cancer tumor organoids during 14 d of culture.
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Figure 7 Cell proliferation curve of pancreatic
cancer tumor organoids during 14 d of culture.
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Figure 8 Live/dead cell staining effects under different fields of view in pancreatic cancer tumor organoids

cultured for 7 d.
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Figure 9 Live/dead cell staining effects under different fields of view in pancreatic cancer tumor organoids
cultured for 14 d.
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Figure 10 Cell structure staining effects of pancreatic cancer tumor organoids cultured for 7 d.
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Figure 11 CA19-9 expression levels of pancreatic
cancer tumor organoids and Panc-1 cells.

500 pm

12 AMEERRBEREERENRS

NAE/INAH e eI 2R B SR ZEB AN CulX 1T
22 WK BE R AR T B i 2 28 B B R IR R
PRI, ARG SR 7 22 5 IR Panc-1 4
L& —3
261 AREERRESMEMEBELRSEHES
o P B e Jo 9 25 4 1 S AR Ak G 9 3 d, UBT
24 L S5 300 LR %) 4 PR R (R R BT A i e S5 e
REERKNAR— R, DT 2%
1 AR BER A, dkEREE SRR 1S d,
MR B RN 2 . BB R, ZHMR
i E EHARTE 180-250 um YL [FI N, #4r HAR A H]
300 um 24T, EIHIAGEOEN . e Wi a4
MIBRATE A, i e B 2 e B ik 3 — R
rh e O B IR 2 IR (A 12),

500 pm 200 um _ S 00 pm

100 pm

200 pm

Figure 12 Morphology of human brain astrocytoma organoids.
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Figure 13 Morphology of human non-small cell lung cancer tumor organoids.
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