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Abstract

Objective: To investigate the feasibility of constructing a lung cancer model with three-dimensional
(3D) polyurethane foam scaffold and using sinomenine hydrochloride to influence the secretion of
invasion and metastasis protein in A549 cells of lung cancer. Methods: A three-dimensional lung
cancer model was constructed with polyurethane foam scaffold, and the effects of sinomenine hy-
drochloride on A549 cells were tested. The expression of matrix metalloproteinases (MMP-2, MMP-
9) and epithelial-mesenchymal transition (EMT) markers E-cadherin, N-cadherin and Vimentin in
the supernatant of A549 cell culture was determined by ELISA, and the secretion of migration and
invasion related proteins was observed. Results: Sinomenine hydrochloride could effectively in-
hibit the expression of MMP-2 and MMP-9 in the supernatant of A549 cell culture, and effectively
inhibit EMT, such as down-regulating the expression of N-cadherin and Vimentin, and up-regulating
the expression of E-cadherin. With the increase of sinomenine hydrochloride concentration, the in-
hibition increased in a dose-dependent manner. The inhibition of 3D culture was significantly lower
than that of 2D culture. Conclusion: Compared with 2D culture, the 3D lung cancer model based on
polyurethane established in this study may better simulate the pathophysiology in vivo, and has
more ability to predict and analyze drugs.
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il 2 A BRREAE AR RPE T SR, iR R, R et AR T N 2 i,
FEREPE S, FIHER AR ARITINE ] REEZVIHC L WAE TR IR, Hiay)
BT SO RRIT 77 5o XTI, 7 BN AE R FOR T T MG 2], 141
T HEDYRANE IR R Gl TR T BRI = 4EGD)HMIRE, T SSRGS YR AR ST AR 2 BN AT
PERME B B AR o JLEEK, R4k 3D MR R FL AT B R k. PR B 31D 25 18] 45 M A RC AR 80 1 £ T AE T 7T
1R 7K RTE. AL TR 3D PRAMER REfS S 4y SR I A R ik, AT DU 35 e v e AR
PR, FEAE BT 1 I ACE A ARG T 7531, Bk, WFFEN OB 2 e ) 3D (RAPHAZAT
ROy —FA I T o7 SR [4]. B A0 ReA 5 3D 159% R GE T e SEIE & 1 I ule 40 i 1%
2RI 3 AN Je 240 X 0 G DI BURAE S T BRI — R AN b 2457 Bk rh SR I A MR e &, R — T
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Xof 1E 5 40 G W SR O A R B AR FH (6] 75 R B A AT AR M OB e A FH = oa i (i gk 4 o TR0 |5 g, 41
HIAHMI e . AR, BRI TT BUBME SN R . ARSI R A R A BRI S 3D M
R, 34T LR T B B AS49 TEISENG, ELISA VAR 3 1 i b 3 77 4 )& 5% (1 B (MMP-2, MMP-9)
N _E % 18] AL (EMT)FRiC Y E-cadherin. N-cadherin. Vimentin )ik, MEITH AR B E A H W
Hil. 35 2D B R th#,

2. M55
2.1. AR5

JitifeE AS49 dHfI(iCell), RIFT N EIE/INH i fies 56 JS b Bz 4t () S R Pk i g, & — )2 A A
iR, BB EEMENE, ST SR A . DMEM SR 72 5(GIBCO), M4 ik (Procell), §
B I R (R A YD), R BE(ZE oK) MMP-2. MMP-9. E-cadherin. N-cadherin. Vimentin F.5
ELISA 7 & (i = AEW) .48 FLANM RS 728K (Corning) « R ZERIEIE (T MITZR), CO, K5 #7746 (Thermo BB150),
Z ReBEAR L (T )

2.2. BEARCIER REEM

ZIRSCHR[7], AT RABRACFE K 1 B R R & o B R A BRI A M BB BT B AZ 8 mm, /& 2.5 mm
FIBI AR . 2 B ERARACEE . FEFETEVE. 2R . 48 FLE IR FLIE 1 A28, )5, B2 mg-mL™!
R T YRR 50 pl 378 T A REEREK SC 48R0, 37°C, 20 min. Bl 5 B 4740 M A AR .

2.3. PSS ARERTIE

SWCHR7], e AS49 4 F DMEM =52 & 15 7755 (& 10% FBS. 1% H 5% %) T 37C. 5%
CO, B FET WG TR, DL 0.25%BREE LI AL . A2AX . USEEXS B A= K AS49 4iiffa, 43 BT Rk 3.75
x 10% cells'mL™"\ 5 x 10° cells-mL~" A549 4 =% .

2.4. ELISA #31 2D/3D 5 LER P IR EEZERIRE

HY 3.75 x 10 cells-mL™" [ A549 20l £ 400 pL AT 48 FLH-FL7", 1E N 2D B/, B 5 x 10°
cellsmL™" ) A549 ZHEE 30 uL L2482 T “2.2 W17 & 1 RSB SR A BE S e b, 37T CRFRAIE
1h, SRJEEINSEA IR 370 uL- L', 1FEN 3D Fi8. ¥ ik 2D/3D Ml i 9% 24 h J5, 3 LRI+
o DRIIINE G ASER FE TEBR T (0, 50, 100, 150 pg-mL )52 4895 5E, 400 pL-fL7'. 1%9% 48 h.
W BE L F7 BIE W 3 000 r-min~! B0 15 min, WHL E3E, —80CIR1F. #ZHR ELISA {7 & Ui B T 1E, K
MMP-2. MMP-9. E-cadherin. N-cadherin. Vimentin TLFh & K IE, B MKER 5 MEL.

2.5. Geit

f# 1] GraphPad Prism 9 #EAT Gt it2A 0 Ak B . B 5Ok DL X £5 o, PIALIA] ELBCR FH AR AZAE A T
X AR, 2 P<0.05 B, INNERA SR

3. 458
3.1. EhEGE R AR 4 pRiE I _ESE R MMP-2 F1 MMP-9 BB 43RS

ELISA ) Sl gl B EoR, AW E RS BR S T 2D/3D 24 FEH TilikE AS49 41 48 /)
B, ¥l SE MMP-2 fl MMP-9 K1 R, FFEF BRI . SRMZGXRAEMLE, #2KEH MMP-
2 f1 MMP-9 & (140 A8 2 PP 3D #5375 15 MMP-2 F1 MMP-9 5 [ 2 AU B (1 Bkt B2 i B 18 T
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2D FEFRHRA . SRR 2D/3D FEIRAAIE N, BRIRTT RO ] AS549 4ilfifll MMP-2 Al MMP-9 4
frr s, JEREFIEMRKE . HX 3D BEIRRgHMH R E 8T 2D BioR. 4R ILE 1.
Table 1. Effects of sinomenine hydrochloride on protein secretion of MMP-2 and MMP-9 in 2D/3D culture supernatant of

AS549 cells (x£s,n=5)
2 1. BEREEEEXT A549 48A6 2D/3D 1555 Li&E&R MMP-2, MMP-9 EH M RIZM(X £5,n=5)

PN MMP-2/ng-mL™" MMP-9/ng-mL™!
/pgmL™! 2D 3D 2D 3D
0 AT HEZH) 121.54 + 10.16 127.25+12.36 356.29 + 37.03 361.02 +32.20
50 105.16 £ 10.03 118.06 + 13.49" 301.27 +30.77Y 343.18 +32.379
100 83.69 + 7.83? 106.08 + 10.4729 264.94 +25.08% 316.75 £ 27.66D9
150 71.33 +6.88 95.11 +£9.7039 222.97 £21.56% 289.06 £ 26.5729)

5xtiEAEEL, D P<0.05, 2P <0.01, ¥ P<0.001; 52D #EFEHMEL, 9P <0.05, YP<0.01, 9P <0.001,

3.2. ERESHEER R 4R pEiE 7 5B E-cadherin, N-cadherin, Vimentin & B 933895200

ELISA 5@l as R &R, ARWEZRERBRT BT 2D/3D S 4F NMEH Ttk A549 401 48 /)
I, ¥J7T 32 N-cadherin, Vimentin 8 F 70 WD o 5ARINZG X RAAHLE, Bl £6 R 75 B mR B2 1 19 »
FWPEE N-cadherin, Vimentin 5 70 WA 3 TR, 2FIEMBE. 3D BEAUEEIR G N-cadherin.
Vimentin & H 70 WK LR N FEIE Y BT EAR T 2D SRR, SR WAk 2. S, BEAE SRR T R FE 1Y
s, BB AT 33 E-cadherin 8 A /-0, RAEABITE. SARMZAX AL, SWKEH E-
cadherin 2 (450 B . 3D 3537 1T E-cadherin £8 [ 400U 5 IR 1 NS B 3 B 248 F 2D 85 3%
SRERWIT 2D/3D IRAAAE T, hIR T AT R A549 401 bRz RI i de 4, RILA T I N-cadherin.,
Vimentin & [A3Ki%, [ BE-cadherin & F3RIA. HXF 3D Fi 3l B E KT 2D K59, g5 R W% 2.
Table 2. Effect of sinomenine hydrochloride on EMT-related protein secretion in 2D/3D culture supernatant of A549 cells

(Xx+s,n=5)
5% 2. BEREFREXT AS49 4RAE 2D/3D 1555 LiER EMT < EB DA (X 5, n=75)

T R E-cadherin/ng-mL™! N-cadherin/ng-mL"! Vimentin/ng-mL™!

L

/ug-mL™! 2D 3D 2D 3D 2D 3D

0 CWPHEAL)  167.68+1735  160.09+14.96  2296+231 2520+237  2.07+0.18  223+0.20

50 183.69+16.78  173.85+17.50  20.25+1.80Y 24.29+£2229 1.78+0.15D  2.10+0.19Y
100 204.78 +18.26” 182.93 £19.46MY 17.12+1.75Y 2248 £2.10" 1.60=0.152  1.94+0.20D9
150 225.37+20.05Y 190.13 £17.9599 1535+1.62Y 21.09£1.9729 1.39£0.11Y 1.82+£0.1529

HxfmEAME, Y P<0.05, 2P<0.01, Y P<0.001, 52D #FML, 9P<0.05, YP<0.01, ©P<0.001.
4. g

it 2 4 BRIERE A OB T 1) B A . ply T e 4 e 1 B 2 1) R AL (EMT) S B0 R AL % 114 1 16
[8]. R EEAAATIR 24 WAL T A Ry T KRR, (HEVIFHEFRBET iR STHAREM, &

TN FE R RBIT TR RIS N IR (9] Ik, — KSR, MR 3D R AMERLR T4 i (= 2%
W FEAN 20 0k 1R A AR 7R ELAN[10]. RAMERERL AT T A h B 2L, 1 3D BB AETR & 2D
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SR FE AR AR 2 () 2200 . ThAg 3D BEAEL 2D BORY SH REAR AR N I VLRI IR A4 1] (BB AT R
ZHURIMEIERRUN IR A 880 2D s 72460 Belr, WF7C A2 2R FH BB 3D #5578, DLkt i
AN I 12]. 3D MRS AE 8 TE L SR A IR (R 2% 1, mTE A% 40 2D B5 3= AR N 7
Z IR ERFR, C43R8 TN . 3D difife ks 955 AR 1 B i L 3 B oA 3 AR 131

FRT, A7 2 K25 R B8 Y7 5k SR, A0IT BTN 25 R0V 22 A R BB R LB /1) 1 497 1
i o PRI, BRSRIER 22 (A 5T 4 T 70 B AU R B P 2 (R e L[ 14]. T R — PP M\ B 2 R
VU AR 25 R SR E ) SRR A R o T A SR S R I T TR LR I F R R A . BB . RENIES
ST, X2 P B A HSIERI[15]. BhIR T B SH) @ IS AMPK-mTOR #5754 v,
P NSCLC (AE/INH e s )20 B (AR K[ 1610 22 TRIE R 72 31E B 75 ol & SL AT A= vt SURRSE o i
e R B, VAR, B RS R A B MR, v S R A TR E AR T,
iR 4 (0 3G L SR AR 28, 38 o e e 20 B BT I BB RIS 2 R AL R 2 14].
P T R B AT B AIE MMP-2. MMP-9, DL R 2 238 0 b R bR ic ) E-cadherin [193RIA, {H[R]FFEAK AT bR ic 42
N-cadherin Al Vimentin 21k, 817 BTG ZENH EMT. Bk, & #6ATLUE—MA 8004 Btk
STAGIEAP[17]0

B 4R R G (MMPs) & —FUELAT 220 AR AL DA% 16 P9 K, PO @ ok o4 fAe 200 4/ J2 I 41 3 A P P 42
FERNEERS[18] [19]. HA ) MMP-2. MMP-9 [Afi IV BUR R, 78 08 40 f 12 22 5 8 3 M i TR il b iR 5
FE20] [21]. 5 BEOR AT FAME MMP-2. MMP-9 FiI3E i 4 8 2 (A B 40 i 40 55 5577 (EMMPRIN/CD147)
mRNA [JFRIEKF. Boh, FEERAT N HEUE microRNA-21 (miR-21), FRAKLIIRZZERE SI[15]. 16 &P
SEH, MMP-2. MMP-9 1) E il 5 83 AR BEACH R[21]. 117 EMT #A N 2 A2 28 PEAEL £2 11 s 41
PRI 22], AR S AN M- ARG S S8, T AN SR B AR B e, SRR . L
ST 2GR R 1 [23]. CUBIEIATE R R AE D Rl B OCH B AIER, EMT Mdr @ e BU4m 3 i
H(N-cadherin). ¥ 8 H(Vimentin) i FE, 1 5 89458585 F1 (B-cadherin) i) R [24] [25]. A 7L K BLEL
TR 5 Bl SH) YA I X5 4 1325 W 240 B ' 4 P88 (ccRC.C) 2 B A K B AT ) B AT TR A s . SHL A B8 ] S 2410
444t ccRCC AMEAIER . REMERIME AR TENLHIE, BFFFCRI SH AbFLE N T % 557 Snaill
Al Twist £ ccRCC 4l g i () FRIE K BT EMT. X496 RIE B SH 7E ccRCC A B buUElEH, 148
7~ T Smad/EMT Hi7E ccRCC & AEAE F HITETE 4> FHLH « Smad/EMT Fli )it B i0E 5 i Fofeg fiE 2 Y A 41
MGG 3T REBMERIME ARG 5%, SH T DME N —Fa U A BT £ 254, #E) ccRCC ¥
ff) Smad/EMT #i[17].

AU L R LH, TR R A 2 T MMP-2. MMP-9 (&%, a4 2 3M#H EMT, RILAF
i N-cadherin. Vimentin 25 H# 1A, i E-cadherin FEAFIA. WEF SRS M HX 2D 8375
MR RERT 3D Bl ROAVIAE 2 FLIR G SO AE $h R T R OHT fiies 4 0 12 28 54 B B 11 2 WA 2 A 9
HEA—ERNE T, BRI TT IRE .

RABGIR AR B B R IG5 )15 kR [26], A2 fL4M, FLIRTHEMELE, fLBE LFrES
FHATALAEE[27], LUEISA], SRR . AR T AR R E IR, TS, HEbR R
BH28][29]0 HMR/KZ R AF, AFCARICKERI/KG, AR5 28 A i i A K [30]. & B AE N =4k
Y RE TR

5. &t

ARSI R H R A BRI N SR, i 1 3D RSN IR Y . AR SLIe 45 R, 2 T A
41 3D R B ER TR T R RO X R N 2597 BB B L TN . S 4EH) 2D 4RI s R AH
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tt,

3D WAL TR Ml AS49 ZRITR 2V S o, BRI B, SRR A R AR NS DL, RERS T4t

PP GBI 1R 2% STREAT Y, IR N BUIRE 25 MR AN I 28, DR 29t R A PR FH 23R LR 4R 2
HAHSR BB A Rt — RN HIBT I o

E&WE

BN B 27 Bt et 52 2 A R F Ml 55 9% S fih B 9F 200 H (KY'YB202103) ;#7148 7 B= 25 B i Rl i H

(20227B224,20237Z1.358); Wil =2 AR THRITH (2022KY730).

SE

(1]

(3]

(4]

(6]

(7]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

Ortigosa-Palomo, A., Porras-Alcala, C., Quifionero, F., Moya-Utrera, F., Ortiz, R., Lépez-Romero, J.M., et al. (2023)
Antitumor Activity of Bengamide II in a Panel of Human and Murine Tumor Cell Lines: /n Vitro and in Vivo Determi-
nation of Effectiveness against Lung Cancer. Biomedicine & Pharmacotherapy, 168, Article ID: 115789.
https://doi.org/10.1016/j.biopha.2023.115789

Balazova, K., Clevers, H. and Dost, A.F. (2023) The Role of Macrophages in Non-Small Cell Lung Cancer and Ad-
vancements in 3D Co-Cultures. eLife, 12, €82998. https://doi.org/10.7554/elife.82998

Bassi, G., Grimaudo, M.A., Panseri, S. and Montesi, M. (2021) Advanced Multi-Dimensional Cellular Models as Emerg-
ing Reality to Reproduce in Vitro the Human Body Complexity. International Journal of Molecular Sciences, 22, Article

1195. https://doi.org/10.3390/ijms22031195

Hoarau-Véchot, J., Rafii, A., Touboul, C. and Pasquier, J. (2018) Halfway between 2D and Animal Models: Are 3D
Cultures the Ideal Tool to Study Cancer-Microenvironment Interactions? International Journal of Molecular Sciences,
19, Article 181. https://doi.org/10.3390/ijms19010181

Doillon, C.J., Gagnon, E., Paradis, R. and Koutsilieris, M. (2004) Three-Dimensional Culture System as a Model for
Studying Cancer Cell Invasion Capacity and Anticancer Drug Sensitivity. Anticancer Research, 24,2169-2177.

Li,R.Z., Guan, X.X., Wang, X.R., Bao, W., Lian, L., Choi, S.W., et al. (2023) Sinomenine Hydrochloride Bidirectionally
Inhibits Progression of Tumor and Autoimmune Diseases by Regulating AMPK Pathway. Phytomedicine, 114, Article
ID: 154751. https://doi.org/10.1016/j.phymed.2023.154751

RS FEIRAS, R, 5K SO0, . SR R — 4 i BT )l T R 22 8 R ARG ()] 25 4K 4,2025,13(1): 11-18.
Gao, M., Lai, K., Deng, Y., Lu, Z., Song, C., Wang, W., et al. (2023) Eriocitrin Inhibits Epithelial-Mesenchymal Trans-
formation (EMT) in Lung Adenocarcinoma Cells via Triggering Ferroptosis. Aging, 15, 10089-10104.
https://doi.org/10.18632/aging.205049

Mei, Y., Wu, D., Berg, J., Tolksdorf, B., Rochrs, V., Kurreck, A., et al. (2023) Generation of a Perfusable 3D Lung

Cancer Model by Digital Light Processing. International Journal of Molecular Sciences, 24, Article 6071.
https://doi.org/10.3390/ijms24076071

Jiang, R., Huang, J., Sun, X., Chu, X., Wang, F., Zhou, J., et al. (2022) Construction of in Vitro 3-D Model for Lung
Cancer-Cell Metastasis Study. BMC Cancer, 22, Article No. 438. https://doi.org/10.1186/s12885-022-09546-9

van der Merwe, L., Svitina, H., Willers, C., Wrzesinski, K. and Gouws, C. (2022) A Novel NCI-H69V Small Cell Lung
Cancer Functional Mini-Tumor Model for Future Treatment Screening Applications. Biotechnology Progress, 38, €3253.
https://doi.org/10.1002/btpr.3253

Mazzocchi, A., Dominijanni, A. and Soker, S. (2022) Pleural Effusion Aspirate for Use in 3D Lung Cancer Modeling
and Chemotherapy Screening. In: Rasooly, A., Baker, H. and Ossandon, M.R., Eds., Biomedical Engineering Technolo-
gies, Springer, 471-483. https://doi.org/10.1007/978-1-0716-1811-0_24

Vega, V.F.,, Yang, D., Jordan, L.O., Ye, F., Conway, L., Chen, L.Y., et al. (2023) Protocol for 3D Screening of Lung
Cancer Spheroids Using Natural Products. SLAS Discovery, 28, 20-28. https://doi.org/10.1016/j.slasd.2023.01.005

Zhu, J., Zhu, H. and Gao, J. (2023) The Anti-Tumor Potential of Sinomenine: A Narrative Review. Translational Cancer
Research, 12, 2393-2404. https://doi.org/10.21037/tcr-23-267

Shen, K., Hung, J., Liao, Y., Tsai, S., Wu, M. and Chen, P. (2020) Sinomenine Inhibits Migration and Invasion of Human
Lung Cancer Cell through Downregulating Expression of MIR-21 and MMPs. International Journal of Molecular Sci-
ences, 21, Article 3080. https://doi.org/10.3390/ijms21093080

Li,R.Z., Guan, X.X., Wang, X.R., Bao, W., Lian, L., Choi, S.W., et al. (2023) Sinomenine Hydrochloride Bidirectionally
Inhibits Progression of Tumor and Autoimmune Diseases by Regulating AMPK Pathway. Phytomedicine, 114, Article
ID: 154751. https://doi.org/10.1016/j.phymed.2023.154751

DOI: 10.12677/wjcr.2025.153014 113 SR k7T


https://doi.org/10.12677/wjcr.2025.153014
https://doi.org/10.1016/j.biopha.2023.115789
https://doi.org/10.7554/elife.82998
https://doi.org/10.3390/ijms22031195
https://doi.org/10.3390/ijms19010181
https://doi.org/10.1016/j.phymed.2023.154751
https://doi.org/10.18632/aging.205049
https://doi.org/10.3390/ijms24076071
https://doi.org/10.1186/s12885-022-09546-9
https://doi.org/10.1002/btpr.3253
https://doi.org/10.1007/978-1-0716-1811-0_24
https://doi.org/10.1016/j.slasd.2023.01.005
https://doi.org/10.21037/tcr-23-267
https://doi.org/10.3390/ijms21093080
https://doi.org/10.1016/j.phymed.2023.154751

i %

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Zhao, B., Liu, L., Mao, J., Liu, K., Fan, W., Liu, J., e al. (2017) Sinomenine Hydrochloride Attenuates the Proliferation,
Migration, Invasiveness, Angiogenesis and Epithelial-Mesenchymal Transition of Clear-Cell Renal Cell Carcinoma
Cells via Targeting Smad in Vitro. Biomedicine & Pharmacotherapy, 96, 1036-1044.
https://doi.org/10.1016/j.biopha.2017.11.123

Kasurinen, A., Tervahartiala, T., Laitinen, A., Kokkola, A., Sorsa, T., Bockelman, C., et al. (2018) High Serum MMP-
14 Predicts Worse Survival in Gastric Cancer. PLOS ONE, 13, €0208800. https://doi.org/10.1371/journal.pone.0208800

Sun, Y., Zhou, Q., Lu, Y., Zhang, H., Chen, Q., Zhao, M., et al. (2019) Resveratrol Inhibits the Migration and Metastasis
of MDA-MB-231 Human Breast Cancer by Reversing TGF-f1-Induced Epithelial-Mesenchymal Transition. Molecules,
24, Article 1131. https://doi.org/10.3390/molecules24061131

Wu, Z., Wang, T., Fang, M., Huang, W., Sun, Z., Xiao, J., et al. (2018) MFAP5 Promotes Tumor Progression and Bone
Metastasis by Regulating ERK/MMP Signaling Pathways in Breast Cancer. Biochemical and Biophysical Research
Communications, 498, 495-501. https://doi.org/10.1016/j.bbrc.2018.03.007

Liu, B., Cui, J., Sun, J., Li, J., Han, X., Guo, J., et al. (2016) Immunolocalization of MMP9 and MMP2 in Osteolytic
Metastasis Originating from MDA-MB-231 Human Breast Cancer Cells. Molecular Medicine Reports, 14, 1099-1106.
https://doi.org/10.3892/mmr.2016.5374

Bure, I.V., Nemtsova, M.V. and Zaletaev, D.V. (2019) Roles of E-Cadherin and Noncoding RNAs in the Epithelial-
Mesenchymal Transition and Progression in Gastric Cancer. International Journal of Molecular Sciences, 20, Article
2870. https:/doi.org/10.3390/ijms20122870

Loh, C., Chai, J., Tang, T., Wong, W., Sethi, G., Shanmugam, M., et a/. (2019) The E-Cadherin and N-Cadherin Switch
in Epithelial-To-Mesenchymal Transition: Signaling, Therapeutic Implications, and Challenges. Cells, 8, Article 1118.
https://doi.org/10.3390/cells8101118

Luo, W, Liu, Q., Jiang, N., Li, M. and Shi, L. (2019) Isorhamnetin Inhibited Migration and Invasion via Suppression of
Akt/ERK-Mediated Epithelial-To-Mesenchymal Transition (EMT) in A549 Human Non-Small-Cell Lung Cancer Cells.
Bioscience Reports, 39, BSR20190159. https://doi.org/10.1042/bsr20190159

Mohebi, M., Ghafouri-Fard, S., Modarressi, M.H., Dashti, S., Zekri, A., Kholghi-Oskooei, V., ef al. (2020) Expression
Analysis of Vimentin and the Related IncRNA Network in Breast Cancer. Experimental and Molecular Pathology, 115,
Article ID: 104439. https://doi.org/10.1016/j.yexmp.2020.104439

Kojio, K., Furukawa, M., Nonaka, Y. and Nakamura, S. (2010) Control of Mechanical Properties of Thermoplastic Pol-
yurethane Elastomers by Restriction of Crystallization of Soft Segment. Materials, 3, 5097-5110.
https://doi.org/10.3390/ma3125097

Pereira, L.X., Viana, C.T.R., Orellano, L.A.A., Almeida, S.A., Vasconcelos, A.C., Goes, A.D.M., et al. (2017) Synthetic
Matrix of Polyether-Polyurethane as a Biological Platform for Pancreatic Regeneration. Life Sciences, 176, 67-74.
https://doi.org/10.1016/j.1f5.2017.03.015

Gabriel, L.P., Santos, M.E.M.d., Jardini, A.L., Bastos, G.N.T., Dias, C.G.B.T., Webster, T.J., ef al. (2017) Bio-Based
Polyurethane for Tissue Engineering Applications: How Hydroxyapatite Nanoparticles Influence the Structure, Thermal
and Biological Behavior of Polyurethane Composites. Nanomedicine: Nanotechnology, Biology and Medicine, 13, 201-
208. https://doi.org/10.1016/j.nan0.2016.09.008

Asadpour, S., Ai, J., Davoudi, P., Ghorbani, M., Jalali Monfared, M. and Ghanbari, H. (2018) /n Vitro Physical and
Biological Characterization of Biodegradable Elastic Polyurethane Containing Ferulic Acid for Small-Caliber Vascular
Grafts. Biomedical Materials, 13, Article ID: 035007. https://doi.org/10.1088/1748-605x/aaa8b6

Sun, L., Wang, X., He, Y., Chen, B., Shan, B., Yang, J., et al. (2023) Polyurethane Scaffold-Based 3D Lung Cancer
Model Recapitulates in Vivo Tumor Biological Behavior for Nanoparticulate Drug Screening. Regenerative Biomaterials,
10, rbad091. https://doi.org/10.1093/rb/rbad091

DOI: 10.12677/wjcr.2025.153014 114 SR k7T


https://doi.org/10.12677/wjcr.2025.153014
https://doi.org/10.1016/j.biopha.2017.11.123
https://doi.org/10.1371/journal.pone.0208800
https://doi.org/10.3390/molecules24061131
https://doi.org/10.1016/j.bbrc.2018.03.007
https://doi.org/10.3892/mmr.2016.5374
https://doi.org/10.3390/ijms20122870
https://doi.org/10.3390/cells8101118
https://doi.org/10.1042/bsr20190159
https://doi.org/10.1016/j.yexmp.2020.104439
https://doi.org/10.3390/ma3125097
https://doi.org/10.1016/j.lfs.2017.03.015
https://doi.org/10.1016/j.nano.2016.09.008
https://doi.org/10.1088/1748-605x/aaa8b6
https://doi.org/10.1093/rb/rbad091

	聚氨酯三维肺癌模型用于盐酸青藤碱对肺癌细胞侵袭转移蛋白分泌影响的研究
	摘  要
	关键词
	Establishment of Three-Dimensional Polyurethane Model of Lung Cancer and Effect of Sinomenine Hydrochloride on Invasion and Metastasis Protein Secretion of Lung Cancer Cells
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 药品与试剂
	2.2. 聚氨酯处理及表面修饰
	2.3. 细胞培养与细胞悬液制备
	2.4. ELISA检测2D/3D培养上清液中迁移侵袭蛋白浓度
	2.5. 统计分析

	3. 结果
	3.1. 盐酸青藤碱对肺癌细胞培养上清液MMP-2和MMP-9蛋白分泌的影响
	3.2. 盐酸青藤碱对肺癌细胞培养上清液E-cadherin、N-cadherin、Vimentin蛋白分泌的影响

	4. 讨论
	5. 结论
	基金项目
	参考文献

