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Abstract

Objective: To explore the feasibility of 3D bioprinted model of MDA-MB-231 breast cancer cells
and its application in drug sensitivity test of resveratrol and cinobufagin. Methods: The 3D model
of breast cancer was constructed by 3D bioprinting, then the model was used to test the drug sen-
sitivity of resveratrol and cinbufosinthe, and the results were compared with those under 2D cul-
ture conditions. Results: The results showed that, in 3D/2D culture, the survival rate of breast
cancer cells decreased with the increase of the concentrations of resveratrol and cinobufagin. The
drug sensitivities of resveratrol and cinobufagin to breast cancer cells in 3D culture was signifi-
cantly lower than those in 2D culture. Conclusion: The results indicate that the breast cancer
model constructed by 3D bioprinting technology may better simulate the microenvironment of
breast cancer in vivo, so as to improve the prediction ability of preclinical drug research and the
clinical transformation of drugs.
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1. 518

FUBRSE R L SR ORIE T8 KR A [L]. AR L4 AR RBV/NOTUIRE 25845 20t
FON AR . —2E(2D) A1 = 4% (3D) 8 4 A 1 S S 1Y 2 W] (I 245490 S SEAEAE ANl o PR 2D AR HMEL LB FE ik =
FERERE M R P R AR I R 2 T S AS R4 - 240 (5 A2 i - BT ELAR T, SR= 4R ECM 3 [E) A=
WAL, YU UK, FrLAE R SN 2D BFFCH RIS R AR L RS B FE AR [2]. (R,
MIAERIRT 2D BRI A IGUE LY. SIS 2D JIRALL, Phoh 3D i R ey 5 4 s AR A
FAEFAA[3], S TR - SEBIER I, DUIRSS TR D ARSI LR 0 75 2, JF R T AR
M ARSI R G, U7 QUEAMZ5IIR[4]. 3D AT BN AL i SR (LA i - R 45 & s A
e Eys 40 ML 5 HAMIA ST 2 M B P, BN ARG [5], AT Sl 1 AR AR B JE AR R RN 2 i A
WY RENS T 4 3 52 o) 15 R 26 PHURT S 407 1 T 249097 2K 6] - PRI, 3D AT BN AL sl At FLa it 1
— AR AN RS, ORI TR AL SR AL 1 2 BTN Kl . R AR R Y T
fift, FEEALNImIK B E AP TG . 2D 5 3D B AT E 25T R R rh BN, IR A A4 2D A
3D Zr#ir, SEANAT T . USSR TN A NP RE AT BRI PR R R SR TBOAU R o 3
ey B TR A6 T X SEBOR M KRR R, Refi s LS4 AT e Seid B T sl I PR i e AE AR TR 1)
A7

I PR b FURREE S8 H RTS8 T AT, SRS T 29 AE M AN BR8], TR EGIR)T R
IR B i) B B AR oy, A BRI B e R By g i, L 2R RIPER/NBORARR RS, IR K
AN TEM BT, AT LA MRAE IR, I8 T A0 R AR, IR B R A [9]. Hh BR 250 FLARE K
PR BAT 3 BB SRR I RS, 45 0l 2 A LA S el 4 T B MR A e ey, 2] LUE IS B i
G SN R A AE U FI[10]0 Fop 5 WL 3 B2 o IR 40 A 52, A9 g 240 B¢ - TR B 4k
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(EMT)LAE, 060 PRam it ie . & & MEER[11] [12]. BRI, ThZ0 R SR 25 Mt e iy sl 2 2 |2
R Zdcn), BAZHEE BUER/MOMEALE, FTEABUGT KR BRI VE[13]. AR E
WA R IR T A EARIE . R REAE 2 RS TR R R, AL R IPUE rERE[14] [15]. 1
W 3R ORI ek B BRI, R B B s R N TR SRR AY, T DA Ik AN [ S o) Frf g 4 B 2 G [ 16] [17]. B
FEHEUFSE, Ao 30T 52 Bax Al Bel-2 (FRIA, FEARSMIEIFL IR MCF-7 4H A i A4 K5 51 A 40 a7
T-[18]-

3D AT BN VR AE B 2% (2548 AR AR A AR 2 ARV R VG A PR, AR AL 1 — b B 4 L PE R A 2 ) A2
VI G RE SE I 0. TERSHURE AR S AL A IR R B8, DA K S 2 R A BAE G T 2os T BRI )
[19]0 ASHGIE i 4 A B R BN AN B R 15 B G KB IR, K K BER AN AL MDA-MB-231 iR &,
I 3D AT AR FLME 3D AL AR A AR AR O AU MDA-MB-231 4 it
ITHIEEAES, FH Live/Dead Y i ikt il 3D 1554 ST 48 Py FLIRM R A A A= KAFVE I L. JF5 2D BraRbA.

2. M5 5%
2.1. #8

FLRRE MDA-MB-231 4iiffla(-F Rt L4 E); L15 K533 (HyClone, 77 fh4i's: AG29798283);
G4 1% (Procell, b5 : SA211028); #E:FR4H(Sigma, 7745 : SLBD5650V), HIfZ(Sigma, 77
5: SLBB0914V), 535 4¢ % -AM (Solarbio, /=i %w*5: NO405A), Mtk HIE (Solarbio, 7= it 45 : N1025A).
F 2 (meilunbio, 77 5i%% 5 : J1101A): MEMEZRGEWAR, %5 : H854446); CCK-8 il & ( LikF
FAMFHEARAR, =i’ : C8001420). 3D AT ENHL(BioScaffolder2.1, fH[H GESIM AH]);
el B BB £ IhRERER (L P A A PR A D)

22. B

2.2.1. R
IRPETSLIR 25 5, W 2P SRIEZOR ORIy Je /b & IR WRVE#E, 0.22 um FRALE I8 38 1 g,
T 58 4B 3 3 (7 10% 6 4 I35 (0 L15 8597 55) 0 e B Ak TR IR Z: 12, 24, 48 pg'mL ™,

2.2.2. LBEAAET 2D 1EF TAHERE

FLIE MDA-MB-231 41 i ffi &% 10%fi62F MG 1) L15 #5375, T 37°CHI 5% CO, 7RI+,
W AARA. XU A K ) MDA-MB-231 411, #i)% 1 x 10* cellsmL ™" 40 g B 3%, 100 uL-fL '3
S1HEFPF 96 FLIR . 37°C L 5% CO, ¥ 415 7% 24 h J&, 75 13, 404 B IR [FIR B (12 24 48 pgmL™)
(e 2. fedssR, 100 LAl RENREESE 3 ML, 4k853% 48 h J5, &F4LI N 10 pL CCK-8 ¥
W, MREEREFE 4 h, BEARCNE 450 nm &b OD fH. 4HHEAFIGE = JnZG4abH OD H/ R InZ54b3E OD 15 x
100%.

2.2.3. 3D EYHTEN a2 FLBR AR 15 BY

¥ 1.2 g WK AR . 1.6 g HEHEERANAS A 43 BIVE T 10 ml 0.9% NaCl ¥+ . £k 70°C . 30 min /K —
W, B3 K, XTPEFNARGET KE. % MDA-MB-231 ZH il 1 x 10° cellsmL ™ 40 £, 5 IR
TR FERRANVA T A 1:2:2 B FR L3 1R & A PRI /KR, B NTERFTER TR, 2000 r-mint B0
2 min RS, 37°C/KIBINFA S min, EENRZ 0.17 mm FTEIE L, 33) 3D EMITEINL L. FTEI
IR H AR I S5 A6 1, AR 45499 10 mm x 10 mm x 0.8 mm. ZRIR &5 4k i B HRIR M2 B 258
BHERUE . RIS 37°C, UK 150 kPa, fTENEEE 15 mm-s™t, HEHEME FHEHI%. KHTEN L 3L
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JU e 4 B 7K it fi 5 R A4 ST RIS i 5% CaCly 4b 422 Bk 5 min, B4 3D FLERERAY . PBS A2V 2~3 Ik,
TN 24 FUARH S 9%, LN 1 mL K575,

2.2.4. 3D T #M MDA-MB-231 4RFA 254 8UR1¢

L3k 3D AL IR 1 KJE, BRI, RIS AR TAEREE (12, 24, 48 pg-mL ™)
FIREEE, fRiEER, BN mL, BANRER 3 ANE L. 4kSRIEFE 48 h J5, 4 Live/Dead XU YL 7
4 uM B4R Z-AM A 2 pM L I v & 9 FiE T 0.22 um 1 JERS, 51 NT 3D AR A |, F 37°C
WA THEE 30 min, PBS Piigk 3 K. POGMEIE RS/ ITE 488 nm (B4R R -AM MUK IEK) I
543 nm (TAk P e O BR) A IEAT BHECR 4R « T MREASE B = ANBENLAL B, A —07 8 L IR,
SEEONTEANNE, NI, FHEAIFESEERG . AT R = (ShE YL Egn i Hy4n i 5 %) x 100%.

2.25. Gitsrth
{# | GraphPad Prism #4740 iH 2240 B . BRI RIA X £s Ron, P <0051, INNERFSIH#E
e
3. &R
3.1. 2D BFEHT 2 #idh 5 5 HUT 7L BR & 4 fE 5E RO 20

3.1.1. BFEAEEX 2D 1B I RE A KA
GERULE 1, AP EERIE 12 ugmL i, MDA-MB-231 41 & A — e R A d] . 24k
24 ug-mL U IsE, AR BA Y S AV E . SAIRE 48 pg-mL I, 4R K ESET.

0 pg mL! 12 pg-mL! 24 pg-mL! 48 ug-mL™!

Figure 1. Effects of different concentrations of resveratrol on the survival of 2D cultured
breast cancer MDA-MB-231 cells (100x)
1. NEKE AZEAEEST 2D 157 2LARE MDA-MB-231 4RAf 77 5& A #2016 (100x)

3.1.2. HEMEFERT 2D 15T FLAR AR LH R A KAV

SERL L 2, 24 RiE ZOR P 12 pg-mL I, MDA-MB-231 40 it O 4% — 52 FEE A3 o 249K 24 pg-mL™
I, 4R BN R AR . 4IKEE 48 ugemL U, AR ZBANMCAET . HaE R AR R
AR o

0 pg-mL! 12 pg'mL™ 24 pg-mL™! 48 pg-mL™!

Figure 2. Effects of different concentrations of cinobifagin on the survival of 2D cul-
tured breast cancer MDA-MB-231 cells (100x)

2. NEIREEIERTT 2D 155 FLARE MDA-MB-231 4Aa % EAYSZ0E(100%)
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3.2. 3D &M 2 #hzh%t MDA-MB-231 R4 B9S2

3.2.1. 3D £HTBEEX MDA-MB-231 a4 KiEHEAIR D

DLIE 3. 75 3D B384 T AN AR B 1 22 P Besxod FLIE 40 M - /K BEAR &5 4 7 MDA-MB-231 4 a3
BEEVEIISAM . B RS IR A8 1, MDA-MB-231 ZHIAEIE 28T N . 24 38 48 pg'mL™
i), MDA-MB-231 % 40 it 450 & B k2>, JE4Bf0 S E W R ig % .

12 pg-mL! 24 pg-mL’! 48 pg-mL™!

Figure 3. Effects of different concentrations of resveratrol on the survival of 3D cul-
tured breast cancer MDA-MB-231 cells (100x)
B 3. FEIKERZEAEST 3D 1E57 FLARRE MDA-MB-231 417755 BYSZAE(100x)

gE LR, ANIEK I A 32 P IEAE 3D RE 3R 4514 F 4 MDA-MB-231 FL AR 41 B 11 24 it 15 B K T
2D RiFRAE R 2yt . RIS 2D 859 EL, 3D 4k R 1M 250k B E . VERLE 1.
Table 1. Effects of different concentrations of resveratrol on survival rate of MDA-MB-231 cells under 2D/3D culture con-

ditions (X+s,n=23)
52 1. 2D/3D HEHFE U TAELRE B AEEXT MDA-MB-231 7 ERAEN(X+s, n=23)

FA IR (ng mL ) 2D B FRANIATE 2 (%) 3D B UM 2 (%)
12 50.47 £5.24 62.55 + 7.21°
24 21.26 £2.38 51.17 + 5.26"
48 3.03+£0.65 38.34 + 4.10°

5 2D B3 guiuAziE R AH M, P <0.05, °P <0.001, °P <0.0001.

3.2.2. 3D FHTEIEE S MDA-MB-231 4 K 5EEA RN

ANTRIR AR 2R 3D B3R 5 AF R LRI AN A — AR 2584 7 h MDA-MB-231 201 i 3 43 1 (1 52
M BB WS RIR S (i%3E, MDA-MB-231 i& 41 LL iz #i PA%, JEAN LBz £ . 4R EoR{EE
i 2 48 pg'mL i, MDA-MB-231 iE 40 A W kb, JEANpRECE A B . WK 4, 455 g3
WA FH AR o

12 pg-mL™! 24 pg-mL™! 48 pg-ml!

Figure 4. Effects of different concentrations of cinobufagin on the survival of 3D
cultured breast cancer MDA-MB-231 cells (100x)
& 4. TREIKEEEZYT 3D 157 FLAREE MDA-MB-231 4Ria7E ERIS2ME(100x)
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EHE %

52D B4 FAI L, SRR e Z257E 3D BE3 4444 F % MDA-MB-231 L 5 40 i 1 25 4 i
B AT 2D #5595, RIS 2D REgAHEL, 3D gHMuds IR 25t g . PN 2.

Table 2. Effects of different concentrations of cinobufagin on survival rate of MDA-MB-231 cells under 2D/3D culture con-
ditions (X+s,n=3)
52 2. 2D/3D B FHFE U TARIIREEIEZ T MDA-MB-231 MHEE7FERAMENI(X+s, n=3)

EHEFIRE (ngmL ™) 2D B FRAUMAT I 2R (%) 3D B FRAIMLTF I 2R (%)
12 49.28 +5.31 68.89 + 6.35%
24 25.97 £3.55 54.07 + 5.64
48 2.74 £ 0.60 36.16 + 4.29°

55 2D BSR4 AEIE AR, %P < 0.05, °P<0.001, °P <0.0001.
4. +ig

FLIR e A2 16 T 00 LA R B B WK R 2 —, ATk, ROR R RIBAE BT RS . JCHAE L
KT O BRE MR AR R e A, 2 H AT 2ot e FZ A RESE T IR I 2 —[20] [21]. HerpR
Ja 2R R M LR BT R TG B 22 5 N = [22]. YRR seIe skl 2D B R sish s Ak, 2D
B TEVE TR N7 R BT B S 2B m A . TR WAL TR A%, BIEI A
R E (A0 HD - 20 1R] s i - 4B AN (R AR ELAE . BRI, PSRN ORI 2 M e 1n] 3D AR AMAH 41
TR — P 4T 307 %8 . 3D 4H M3 TR 8 RO E AP AR | 2D BRI A AL 2 (Al 2
Pem RREAY R DL DI 22 23] 3D AT EIHRAE | R4 G 2 2% 1) 3D 45t RE ). 3D AT ENFLIR
AL S 3D B AR, DAL S AR BEAH O A0 AR - 4R ANAn i - BEPAH BAER . LhAR S 2D
B T WM [24] . BETE AERH P I R SR IR B 5 M A AR ) 2R I . BN SR R G REIE )
TN, TEZ5AR RN 5 R AR B A S VE FH[25], B RSh 2D A% 37 5 7k Py S 56 2 (8] R 42 [26]
[27], R—FrEAEAE ] RG24 K T

ANFT 2D WE, 7E 3D HEFIH A A 23 S R Fe A28 TR AR [28], [Rltk, AT e
SH M AR REIRAT RS I e B HER, IR IE AR AR GUA [ 1 25U, 451 G e i 20 PR AE L A SR A T A
K[29]. 5 2D #HtL, 3D FEFRMGEMIAT AFIERFE KA T2, SENAR A EF R ek,
P, BB EERAE NI &, RerEbumia T PR B . BT A . 2
SRR, VR MR B E AT 9N, B AR AT I R BTN 257 R 2, AT S UM R Y
BOREURFE FETI[30]. T HIX i 25 VEAEAST AT RARMETREN 1), AT R ORI & A AT 77 SR AN B 221K,
2 SHEE G2 ATFIRFAEITR LIS R [31]. 3D AW BT 2 R AT e R AR LA P g
ORI R [32], AT L. 259 RE AL ST (KRS i T EL[33]. 3D ZEMDAT ENZKIBEIL I
PEIAAE T R BE A1t S 07 40 g A1 5 [34], LA S HAG v 208 B K A s o AR 58 25 T 88 HRY 4 i e 75 485 4 A
ERIRE S, BAEEMAB5], MAEIEIT Y R IA & 2 S HEEH[36].

I I R 22 586 22 R AR LSBT AT 107 AT IR YT, SR FL I 4 M i) g A= e 2 1 —
SE PR ABATAT: [R) B 0 B8 () S A P AR ORI BRI 45 BB i R 1 ORI 7 ™ B I AN RS,
EXEFE MM R . PEASIEHURNT A R EIER, TAPUSERRA 2R 25
T ZRSIRE A, RV LURGRAT, BERIMERAC, BRIREAUERIE T, A G PR AR A 1E[37]. R
YRYT B T BR 255 R T FLIRE OB B 2 I R sz, R 2R T AT A B I BEARIR YT, X
FEAEEIERN, RIT oot B R A iR [38]. R AE ST S, BRAEREEFHEEAE. G
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PRI G ARREIR IS T BIME AT, WIAEA I R G YT FL I th e REAI[39], HhH B 45 & iR)T
BN B RTT B

5. &g

S EE RN, (£ 3D/2D ¥iFR T, BEE 2 P 25(E R TR S RS 2R EE I T, PR A A
RENEEHA; X 2 P Z4i7E 3D Br R T FLIRE A M ) 2 U BT 2D K9k, I 2D kiR
AHEG , FLIR 4 3D 55 37 IR 24 14 5 35 B 0 o &7~ v] B[R DN 3D K5 7% U7 VAR RE U 4E R 40 M AR K AT IR T
FVFA RS B o 2 (B A B, VT R S L S PR MO SE, P RE LG RS A0 s 5 SR BT A oy AR
KHIES.

2z FRrik, (3D AT ENF AR A MDA-MB-231 7L 558 40 i /K B 45 K14 (3D L e 1 784 )
HAL 2D IR w2, AR 77 (0 2 1A 4k FE R H 5 35 o 2 T) (1 AH EL AR B 24P RO 247 1k P A A
RELW. MT 2D £53%, H 3D AW ENBIAM G 1 LAY, AT B 5 AF s ASADL A4 P 2L e e e
EREE, DASRSIG PR AT 2500 T T RE 77, B 2GR IR AL .

E&WmE

AT P EE 2GR E (5 H 445 2021ZB080, 20227ZB223, 2022ZB224, 2023ZL358); i
e AR 55 2% AL R LRI (O H 405 KYYB202103); #4525 P A BH LI 300 B (0 H 90 5
2021KY126, 2021KY645, 2022KY137, 2022KY727, 2022KY730).
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