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Abstract

Objective: To investigate the feasibility of generating three-dimensional (3D) breast cancer tumor
spheroids using MDA-MB-231 cells cultured in AggreWell™800 plates, and to evaluate the effects of
matrine on the secretion of invasion- and migration-related proteins in these cells. Methods: MDA-MB-
231 cells were seeded into 24-well AggreWell™800 plates to generate three-dimensional breast cancer
tumor spheroids. The expression levels of matrix metalloproteinases (MMP-2 and MMP-9) and Epithe-
lial-Mesenchymal Transition (EMT) markers, including E-cadherin, N-cadherin, and Vimentin, were
quantified via ELISA in the supernatant of the 3D tumor spheroid cultures under varying concentra-
tions of matrine. These results were subsequently compared with those obtained under conventional
two-dimensional monolayer culture conditions. Results: Matrine significantly suppressed the expres-
sion of MMP-2 and MMP-9 in both 2D and 3D culture systems in a dose-dependent manner. Further-
more, matrine inhibited EMT, as evidenced by the downregulation of N-cadherin and Vimentin protein
expression and the upregulation of E-cadherin. However, the inhibitory effects observed in the 3D cul-
ture model were markedly less pronounced than those in the 2D model. Conclusion: This study demon-
strates that the 3D cell model generated using AggreWell more accurately reflects the tolerance of
breast cancer cells to matrine compared to the conventional 2D model, indicating its potential ad-
vantages in preclinical drug screening applications.
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FLIRE 2 Lo b S DL IR R IR [ 1], i AH DGR T Ao 1 2 S (R o T 2L e 4 M ) s
SR, ARG IR AN TR SRAFAEAR KW R bR M. IRk, TR R AR iR, AT R et
HIIRTT RIS HR T B R BT, DAB TR SR ALK 299 N ARTT R, B 6 seie iRl 2], LA
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AW FLR AT SRR AT S0 Wnt/B-cat 38 BRI, @5 fd R k8 TR0 _F R (RS L AG(EMT), 5 =B
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2.1. @5

FLIE MDA-MB-231 Z(FEAM): WS ME W), HE e AN HKE. L15 Bl
(Hyclone), Jifi4F1i(Gibeo), AggreWell™800 24 fLH(STEMCELL Technologies). MMP-2. MMP-9. E-
cadherin. N-cadherin. Vimentin Fiff ELISA {7/ & (&3EAN). BikGiIEIEPEM Anti-Adherence Rinsing
Solution (STEMCELL Technologies). {5 & fHZ% &£ (1X73, Olympus), CO, 35775 (Thermo BB150), £ 1)
REBEAR X (I P
22. G SRS

F AR MDA-MB-231 40 f# 1 L15 584859535 (% 10%FBS. 1% 5585 %) T 37°C. 5% CO, #3746
LR R, L 0.25% R EE T EgTH AL . K. BT EU AR K MDA-MB-231 4, FCHilR 1 x 10°
cells-mL ! 20 29K -

2.3.2D =CI%

Hy “2.2.7 THI4 ) 1 x 10° cellssmL™! MDA-MB-231 450, MAE 24 FLIEEFRG 1.2 ml/AL,
Bi9% 24h, W REFREE . A AU [ER E 75 2050, 120, 240,480 pg'mL™"), 1.2ml/FL, 4k4%59% 48 h,
W Y 5% IE AR ARSI

2.4. 3D SCI&

AggreWell™800 24 FLIR A F 5 75T TAF & LRAME RS 30 min. [7] AggreWell™800 24 #Z il 1 mL/
FLEIPT R IEIE Y, =i, 2000 x g, BSOr Smine BRI/ VO IR A, TR, B “2.2.7 T
Hil45 1) 1 % 10° cells'mL ™! MDA-MB-231 Al &, A FRALERH) AggreWell™800 24 fLEFFIRH, 1.2
ml/fL. 100x g, B0 3min, KEEFRB/NOHIIN 37°CL 5% CO, KI5 374 . 24 h G R FR%E . ARG
I3 BN [FR (0, 120, 240, 480 pg-mL )KIF5 S0, 1.2 ml/fL. 4kSER5F% 48 h, WU 77 LB HAE S
W

2.5. ELISA & 2D/3D &5 LiERPIREREZEELRE

W& “23.7 . “24.7 TiRIREFE RIS, 3000 rmin! 550 15 min, WH FiEW . %08 ELISA &7 &
Vi IR, KD B 4R B I EFE(MMP-2. MMP-9), L& L= R [a] 5 #% AL AR ic ) (E-cadherin . N-cadherin.
Vimentin) TP EE IR .

2.6. Giit 4

{# F GraphPad Prism 9 3T G244 HTACEE . B TORE DL X 5 Row,  PRALIA] LR A ST RE AT
Xt ¢ KIS

.ER
3.1. AR R mpaIE SR R

FLIRE MDA-MB-231 400538 24 FLIEIe 9% 24 h e, A KAEE, WHE 1(a). FLAEE MDA-MB-
231 PR T AggreWell™800 24 FLIR S 9% 24 h &, W TRl spbek, WA 1(b).
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Figure 1. Inverted microscope observation of breast cancer MDA-MB-231 cells cultured for 24 hours. (a) Cells cultured in a
common 24-well plate exhibit robust growth. (b) The AggreWell™800 24-well plate enables the formation of cellular sphe-
roids within microwells during culture

E 1. FLEYE MDA-MB-231 413577 24 h J5 51 B BB S . () i@ 24 FLEEFRRIGFRME, AAEKEE. (b)
AggreWell™B800 24 FLAREETR, AT T-H0FL TR BRI R

Table 1. The effect of Matrine on the secretion of MMP-2 and MMP-9 in the supernatants of 2D and 3D cultured breast cancer
MDA-MB-231 cells (x +s,n=15)
= 1. HSWAELARE MDA-MB-231 40/ 2D/3D &7 _£i&Fif MMP-2. MMP-9 3 ihISM(x +5, n=>5)

MMP-2/ng-m™! MMP-9/ng-mL™!
25 E/ug-mL!
2D 3D 2D 3D
0 (*HHR4H) 133.68 £ 10.29 139.32 £ 11.55 375.45+31.16 386.37 £ 33.05
120 115.03 £9.85D 127.55+10.36% 330.89 £29.21D 359.49 + 30.86
240 93.24 + 6.98Y 117.63 +10.2029 266.74 +22.859 321.76 +26.832
480 76.84 + 6.32% 106.26 + 8.13%9 217.83 £17.59% 282.03 £23.7739

5xlBAMEL, DP<0.05, YP<0.01, YP<0.001; 52D EFHEMEL, YP<0.05, FP<0.01, 9P <0.001.

3.3. HSEX 7L ARE AAE T LA LB REF ARSI 2 i B9 R

ELISA frllE R R, & 2iEH 48 /NS, T 2D/3D 44FF, 0 SEFLIE MDA-MB-231 4
e 43¥ N-cadherin. Vimentin /523 N, UL E-cadherin 43033600, 2RI EMKHME. H 3D 350 W
N-cadherin, Vimentin [ 53 B 542 T 2D #5575, MMiZrih E-cadherin (3G LS T 2D #5598, KB
T 2D/3D B3R 4ME T, T SHAG B MDA-MB-231 40 bz [ i 464k, ELXF 3D 15 % i3] 2 Z I
TXF 2D EEFEIIIH] . AR WK 2.
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Table 2. The effect of Matrine on the secretion of EMT-related proteins in the supernatants of 2D and 3D cultured breast
cancer MDA-MB-231 cells (x £5,n=15)
5% 2. BEWXILARE MDA-MB-231 40 2D/3D 15 L& EMT X ER S MMIEN(X+s,n=5)

E-cadherin/ng-mL™! N-cadherin/ng-mL"! Vimentin/ng-mL™!
T 2 /ug mL !
2D 3D 2D 3D 2D 3D
0 (XFHR4) 179.46 £ 1533  172.23 £ 14.76 20.31+1.77 22.10+1.89 2.19+0.18 225+0.19
120 196.69 + 17.64"  185.10+16.68 17.93+1.54D 2034 +1.81Y 1.88+0.14D 2.16+0.19%
240 215.97 £17.78% 197.52+17.30D 15.77+1.299 19.42+1.66" 1.67+0.15 2.08+0.17Y9
480 239.75 +£20.49% 206.33 £ 18.45Y% 14.08 +1.239 18.68 +1.5029 1.43+£0.12 1.95+0.1529

x4, YP<0.05, PP<0.01, YP<0.001; 52D BFEMHEL, 9P <0.05, YP<0.01, 9P <0.001.
4. #ig

BT 2R, FLIREAR R IET R B K . R4 3D MR AL AR 2 25 iR A 1 e
SEIRBAL A TS T, A T DABEADL R 1) S S VE (8]0 dpell i Rg - F 78 AR A iRy ik e, (B S
AT IR R AR SR PR . 2D A MR 3R 7 AR IR A FT (A AR B T IR1S 0 WA
R ARG, U BATTARE AR 20 S MR SR B, 2ot 4 N LIRS 0 S Jo Mgk AT A5 [9]. v T B
L 1 AERR R, —ANRTEER) 3D AR AMERY R AT . RUONAR G 2D 55 7744 23 HH 20 A ) 3 s
179, R FUIE RS A 7852 2R . T 3D e SR S G MO P9 IR I A B2, AT F SRITAS 25 00t
MR ERTE 77 RN T2 . B TEOL T, 3D YR Bk 5 M BUS AR T 2D 20, X 0T LS
BTG PR I 2505 O . FEZ3WHT R IIG IR AT B, 3D Mo BRI AL L 2D B8 B B m i P, ml 4
PR SR SEEE, EIRE T 2D SRR A SRR 5T 2 R 22 RE [ 10]. I HAEVFZIER, 1]
DA — 25 BUARAA P 35 0E 1R 25K [8]

AggreWell J& —Fid ik S EACHAT 3D A RESREFRN RS, BAH—M. TEEME, &8k,
., AT W R EERR 1] B SR TSRS TR AR E 2 R IR I, RERSTE R RE . B E R
MBS AR ) 2 AR, BT T IR ER AR, DA R AR ) 2 L 2B Ve RO BT SR AR [12] [13]
AggreWell FER T HEE—MbriEAt . il E BT 3 0 072k A m 3D sk, WOKHHES)) 1 koM i
IR FE[14]. AggreWell BRI TR MRIER N, 22 BIRTE SR T SR8 ) A 3R L . B4R SME NI BE TS
BRIARAL, a2 9ER RS A, o0 B TR SME YR EZ, HIE T BIRTER 4. X
g 2D REFRICTESRILRT, X TR AR AR A AR AE AU G E L, B N BRI AT AT Rk T e
BRI bR AELL, SN 1 2D RS IR 5 B AR A N S AL 2 (RIS i, RAE 259 TF R HLsIBE s A
PEA I 7 S5 e 44 Ok B L MR [ 15]. PRI 90N G2 e FE S0 e FL S R I AR BRIA B R, R4
WO RS AP, VIS IE SRR, DUSOH 27 85 ik .

T SE TR AEY)E Z 1 FEEEERCy, BRI UM E e[ 16], AR AN A G T | (%
2. %, (Edbma s T A ERES] [17], W2 M. S PUREHA B R, M
SRR, 2R SEIN . FEAAE: TR R 4 MG T, PR 4 A B, A
T G1 HABR S B, AT FH (-4 A 4 AN 5 . DL SIS SR 4 s T2, BOR4iiRm e “BET iR, bk
PRI T B AW Bax), #IHIPTIETEEA@ Bel-2), SEURNME EFRBK . H T kg 40 iz 22 fik
¥, ) _E R IR R AL(EMT), R 3A N-cadherin. Vimentin %35 R, E-cadherin ik Fif[19], X &
MR IR RE I RO IR . 4] A 4 8 B A B§(MMPs) R IE, 41 MMP-2 Al MMP-9 ik
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N3] [5], AT A 4 T R L 2E R B A AR 28 . A SR W 2 @ aE LINCO1116/miR-9-
Sp/ITGB1 i 15 L B 40 i 4 58 AT EMIT [18], J8id NF-«B I8 T MMP-2/9, il 2 SAHLHi v 1T 51
[ T A AR 2R (3], BRIk, & S HeRT AR AR B BU AL Ve T 0 — A A R A [17]. B T BadRriE
Gb, SRS AN IR A AR R R 2 A A TR, DR ERSER . S SCRIET
KAR, BIVERIAIRTE N, HAYUE S EER . B2 E o B NRBGI T 259, maE—&uE L
DE3W . ST T 5 A7 2R [ 24, ERePUR VR AR 5, R LA BRf R T R fe
T IIARYA -

5. &g

AT, AggreWell #4721 3D R AT G b A% 48 2D A58 B fE Fse 1 7L foe 40 MO X 7 25 B 1 i 52 42
SR FLAE I PR AT 20 0k v] e LAV R 54

ELWMEB
WL AE R R 25 R HS TR H (2023Z1L358); WL mile 3 AR 4 2 L I 7% Bi(KY'YB202103)
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