WP EH K F ¥R 2025 4F 8 1585 45 %447 8 )
1434 Journal of Hunan University of Chinese Medicine Aug. 2025 Vol. 45 No. 8

AXGIM: B M, TECEE, 2, BI0UR, RIS, & S0 RIFERNESE 277 52 M R LS A MDA-MB-231 [A15T- 1 ALy

PURIRITTE AL, IR B 25 K224, 2025, 45(8): 1434-1442.

AE*NEER A F A MBS H ZLIRESE MDA-MB-231
8] - R A BOPL B 53 LE 3R

2 WLTHE' A BLNR kA E L
Ligimg o EE 2 R — W E B g Rk s K1 410005 ;2. [E ih ERL =R BT BE B s Bl JE 5T 100102

(HE) B W E EF AN BB RN & 2 o T AL AR 20 A 1) - B ey B R 5 o FILEL, ik B
S FL AR 40 it MDA-MB-231 Fot i B BT R 40 s MC3T3-E1 35 /48 8L o2y ok B0 AR AV 241 4B BB 7 41 4B B o7 41 TR jE 3XCHE
7 4 v e BB A SRR 4 S o B 20 SRR 4B LG R R R R A R R AL B A R A AL SR N 10%%
3 NG PR F A R T AL B PR OR RN AL SRR AN 1094 B 2 f i 46 25T 24 48,72 h J5 R A CCK-8 Al 3L AR
FELITE B R R e MRS, 9% 48 h 5, 40 i XK 52 3o A M) 5L IR0 40 JAE B ik A o X 40 e A A I LB 4 fl ] 3
FaJH 1033 9% 48 h /& qRT-PCR 2 Western blot # | E-45 £ % & (E~cad) N-45 £ % & (N-cad) %% [R £ & 5 43(Cx43) 77 dick-
kopf 4% & & 1(Dkk-1) mRNA #xfFk 3k K Pk gkt &, R 5k 0B 4 e HA 41 5L B0% 40 178 77 38 A (P<0.05) | 41 fig % 8
TR T (P005), 40 HE A 7R Go/ME 40 i3 % (P<0.05),Go/ G, #1.S 3 48 195V (P<005) ;E~cad N—cad ,Cx43 F Dkk-1 mRNA #
Atk AR TAE ARREY EA(P<005), SEE AR, FNE B4 GG E 7R A s A A R R (P
0.05) , 41 fig ¥ 8 = F 3 4m (P<0.05) , 40 B B AL I 7R Go/ Gy #4883 % (P<0.05) ,Go/ M ¥ 40 L8 2 (P<0.05) ;E—cad N—cad ,Cx43 1
Dkk—-1 mRNA A8 % % 3k K -FH0 & B &3k B T M (P<0.05), G518 WF AR 240 e MC3T3-E1 3 3% Bl il - L & 4% b (% 30 5L B8 40
MDA-MB-231 77 7% ; K Al 4G 2 b 25 T H RS A G | 3 90 % 9L B0 40 i 08 ) (R 20 = HLa1 5 301 18] - b gk e /2, TR
* 4 7% & mRNA(E—cad N—cad.Cx43 fn Dkk-1)th & ik 483,

(k$iR) FLH0E ; & % % ; MDA-MB-231 41 /ig ; MC3T3-E1 41 /it ; 8] - £ g 4 (e 4 R b 2

(HESHESIR285.5 (ZEkFRAEFD A (X ELHS )doi:10.3969/j.issn.1674-070X.2025.08.006

Comparative study on the mechanisms of inhibiting mesenchymal-epithelial
transition in breast cancer MDA-MB-231 cells by drug—containing sera

from different kidney—tonifying Chinese medicine formulas
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[Abstract] Objective To explore the efficacy differences and molecular mechanisms of drug —containing sera from
Bushenyang Formula (BSYAF), Bushenyin Formula (BSYIF), and Yin-yang Shuangbu Formula (YYSBF) in intervening mesenchymal-
epithelial transition (MET) in breast cancer cells. Methods A co—culture model of breast cancer cells MDA-MB-231 and osteoblast

precursor cells MC3T3-E1 was established. Groups included the control group, model group, BSYAF group, BSYIF group, and
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YYSBF group. In the control group, breast cancer cells were cultured alone, while the other groups adopted the co—culture model.
The culture medium of the control group and the model group was supplemented with 10% normal serum, while that of the BSYAF,
BSYIF, and YYSBF groups was supplemented with 10% corresponding drug—containing sera. After 24, 48, and 72 hours of drug
intervention, the viability of breast cancer cells was determined using the CCK-8 assay, and cell morphology was observed through
crystal violet staining. After 48 hours of co—culture, the migration ability of breast cancer cells was assessed using a wound healing
assay, and the cell cycle and apoptosis of breast cancer cells were tested by flow cytometry. After 48 hours of culture, the relative
mRNA expression levels and protein expression amounts of E—cadherin (E—cad), N-cadherin (N—cad), connexin 43 (Cx43), and dickkopf-
related protein 1 (Dkk-1) were measured by qRT-PCR and Western blot respectively. Results Compared with the control group, the
breast cancer cell viability in the model group increased (P<0.05), the total cell apoptosis rate decreased (P<0.05). Cell cycle analysis
showed an increase in the number of cells in the G/M phase (P<0.05) and a decrease in the number of cells in the G¢/G, and S
phases (P<0.05). The relative mRNA expression levels and protein expression amounts of E-cad, N—cad, Cx43, and Dkk-lall
increased (P<0.05). Compared with the model group, the cell viability and migration healing rate in the BSYAF, BSYIF, and YYSBF
groups decreased (P<0.05), while the total cell apoptosis rate increased (P<0.05). Cell cycle analysis revealed an increase in the
number of cells in the G4G, phase (P<005) and a decrease in the G/M phase (P<005). The relative mRNA expression levels and protein
expression amounts of E-cad, N—cad, Cx43, and Dkk-1 decreased (P<0.05). Conclusion Osteoblast precursor cells MC3T3-El
promote the survival of breast cancer cells MDA-MB-231 through mesenchymal—epithelial transition. After intervention with kidney—
tonifying Chinese medicines in the co—culture model, the viability of breast cancer cells can be effectively inhibited and apoptosis
can be promoted. The mechanism is related to the downregulation of the expression of key proteins and mRNAs (E—cad, Cx43, and
Dkk-1) involved in mesenchymal-epithelial transition.

(Keywords] breast cancer; bone metastasis; MDA-MB-231 cells; MC3T3-E1 cells; mesenchymal —epithelial transition;

kidney—tonifying Chinese medicines
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Table 1 Primer sequences for qRT-PCR

HFR Bzl KB /bp
E—cad 1E[A] : TCCTCTATTCTCATGCCGTGT 125
JZ 1] : GTAAACTCTGGCCTGTTGTCA
N-cad 1E[A] : CCATCATCGCTATCCTTCTGT 130
S 1A] : CTCTTACATCATCTTCTGGGTCA
Cx 43 1E[A] : ACTGAGCCCATCCAAAGACTT 43
JZ 1) : CCAGTGACCAGCTTGTACCCA
Dkk1 1E[A] : TTGACAACTACCAGCCCTACCCTT 35
JZ 1] : GTGCCTCATGCAGCGCTTCC
B-actin 1E[A] : CTCCTGAGCGCAAGTACTCT 43

J2 ] : TACTCCTGCTTGCTGATCCAC
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Fig.1 Effects of the kidney—tonifying CM formulas on the morphology of breast cancer

cells (crystal violet staining, x 200)
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Table 2 The proliferation rates of MDA-MB-231

cells in each group

54l THi24 W%  TH4A8 W%  TH 72 W%
payiitiil 99.91+0.27 110.59+1.84 112.07+1.84
FEAIZH 114.28+2.75%  130.55£1.66%  133.28+1.70%

ANEPHTAL 107.70£1.30%  101.54+0.88%F  68.80+1.25%

R(P<0.05), SR st #ME P 4 AN RA T VBRI 109.80£1.65%  102.12£1.84%  72.9410.55%
, : RAANTAL 103.2622.19" 99.79+1.54%  64.20£1.25%"
AL BRI 74 24 48 b AT R A gy DDA
. TE: X IRALLEEE, *P<0.05 ; 54514 ,¥P<0.05,,
(P<0.05). I 2, T S0 IR gL, P SHRILE LA, <
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Fig.2 Inhibitory effects of kidney—tonifying CM formulas on the migration of

breast cancer cells

T SRR H , #P<0.05 ; S5 RIZH oAt , #P<0.05
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Fig.3 Promoting effects of kidney—tonifying CM formulas on the apoptosis of breast cancer cells
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Table 3 Comparison of apoptosis rates in each group

of breast cancer cells

Iy

A TR%

W T %

SIATRI%

Xof HRZH 0.19+0.06 3.05+0.12 3.24+0.07
FEAIZH 0.17+0.08 2.18+0.18* 2.35+0.20%
ANEFFH 2 0.22+0.10 17.56+0.16+* 17.77£0.07+*
#NEEA A 0.12+0.04 10.28+0.17%* 10.39+0.20%*
B BHXCRR 521 0.57+0.32%* 21.58+0.84%" 22.15+0.56+*

T 5T REH LA, #P<0.05 ; SRR HLA , #P<0.05,
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80 7] 4N: 41.35% [: 25450, ov: 23.1%] P 4N:22.6% (u: 70080, cv: 14.8%]
Ratio: 1.74 | Ratio:1.77
10 |
6.0 7
40 7]
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Fig.4 Blocking effects of kidney—tonifying CM formulas on the cell

cycle of breast cancer cells
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BRI L, AN E R 7 4 9T B3R 74 MDA-MB-
231 i Go/G, B 1IN (P<0.05) , G/M 1 41l g 44
FA (P<0.05) ; #MEFBHO 41 MDA-MB-231 4ilfifg S 1]
THiE (P<0.05) , B FHXU#N J7 24 MDA-MB-231 Zififd S
WIFER(P<0.05), UL 4 3k 4,

®4 RAIREMEEARBRILE
Table 4  Comparison of cell cycle status of breast

cancer cells among different groups
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Table 5 Effects on relative mRNA expression levels of
key genes in mesenchymal—epithelial transition among

different groups
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Fig.5 Effects of kidney-tonifying CM formulas on key proteins in mesenchymal-epithelial transition
T 0TI HUAR, #P<0.05 5 SR LA, P<0.05



2025 455 45 %

IR H S 25 K222 3] hitp:/fhnzyydxxb.hnucm.edu.cn 1441

T (ARE R, T AR 9 R BRI S 2 - TR R W] LA GE
T B | bR % 4 A T O e LR 4 L
AR A A S T X E—cad N—cad
Dkk—1 85 B PR SRR 1 8 HA PR 1 RIS,

B R BT b s A S LR R A M MET 5%
b, A1 T 9 200 M 1) 8 A RN AE TG ™, e B R R Ry
B, IR kiR A Hy - e AR Ak Sy ) 78 BT e U
T IR AL ZRRE 1™ A e A T A TR
I U AN SR AR MET S50 LIRS 2T
FIUALE E—cad .Cx43 N—cad 2525 I F B 25E P2
FLRRIE U A 0 S 20 A0 T i 4 L L o
2 I 1% 50 i 4 IR 57 17 P T T 2 B 4
AR 2 22 s 200 ML /S B A S S b e A, R 4
133K N—cad FIHEANAE A E—cad 181t S Y 1% 4
147 A 298 4 R A R 3R ) R B AR TR, ISR R
W, E—cad 2RIl 55 3 b #5 B A8 AL 1) AP AE K Y g
H1, LB O R RO/ D 15 59, ITARERFIE R,
LB 240 LT 08 M U 2R 2 A KT Do R A e A T
B, 15 I AN 5 25 E—cad JE B MET %4k, JE0
TE A v 2 PR S 28 A E 2 R B TP,
Cx43 7£ MET i fe b B S 2R ] KAZAN 25295 1
1t Fik Cx43 B8 LM E—cad (335 8 40 M AR B
20 I 2 M X AT R ) Cxd3 63K, A 4 o i
Cx43 i Ca® & ] I A 4H M Y AR 245968 20 I 2 A, I
G BT BREA VS B PR B RS R 1 LB 240
IR 40 i 4 v #e 5k Dk—1, 4 Dkk—1 J5 REf%
T B AR B ) AT, ASBISE T MDA-MB-231
YA FT MC3T3-E1 4 235 32508 | 45 2 /s ity
2 AR 1 LR A A D A E T MDA -
MB-231 #ififi G/M W% 2  GyG, ] .S W4 il
/D et E-cad N—cad ,Cx43 11 Dkk—1 & 4 flmR-
NA AHXFERIEAKF

AT T BHBURN 75 R R SRR RN ERE L TRR
Ea 252y N TR T ONITELTE /AN ST AN TR N = e
LR AEAE ANE TR RN R AR, 0B BA O A A
B LZRBAILLZG DB 2T 2 R T LA 4 BTG
P AR FEIE T, 40 5 BERCRM 540 i 9 4 3% g, B
FEAMIAE GJ/G, 31,17 S 91 .G/M I LU B RAIK , B
AL E—cad N—cad .Dkk—1 HI Cx43 & [ HImRNA

Feak | F WM B 24 v 2456 LR 98 o 20 M B METY%
AT IHIE R, AR RN B 25 B R 5T 7 4
HA 25, WU SGEPSR FTR BB 5 & 24
VI B AR R AL  REBELLE Jagged 1 2R FH/
Notch 38 [ 2 [0 (15 5 B Pt , 1B 22 2L Mg B e R it
J& . BRSSO HN B iy T U R kL,
48 L 2 RN B U I 7 3 o o ol R UL 3R/
FE I B 38 [ ) 559 10 B A ) e R A
Jif & A A R A RE ) RTRY T FLIER B R

25 b AR ST ST B A0 A 0 L A A A
T BRILTH S AN B b 25 1 T B4R, 45 528 A L AR
20 MDA-MB-231 F1AL AT H2E 40 id MC3T3-E1
R F538 1 MET 5% A6 A2 08 g 240 B A7 005 5 #h 2%
rh 2 40 LR AR TS ) (R T AL AT RE S
&Ik E—cad N—cad .Dkk—1.Cx43 %5 [1F1 mRNA %
R,

S22 3Lk

[1] XU D C, TANG M X. Advances in the study of biomarkers re-
lated to bone metastasis in breast cancer[]J]. British Journal of
Radiology, 2023, 96(1150): 20230117.

(2] MikEdE, Wi, OB, . AT R RE O B R R
W UM R AE VAT B R L B R (A6 PR T B xR
G R i [J/OL]. PGS IE R, 2025: 1-20. (2025-04-11).
https://link.cnki.net/doi/10.13412/j.cnki.zyyl.20250411.004.

[3] ZETHE, FlEE, XIRA. FET W AR A B B AR
TRIT BB, HPEESAR, 2024, 39(11): 2306-2310.

[4] R3CHE, A 5. FLIE R Fe R Tt RRL)). 2, 2024,
48(8): 625-632.

[5] XIN Z F, QIN L 'Y, TANG Y, et al. Immune mediated support
of metastasis: Implication for bone invasion[J]. Cancer Communi-
cations, 2024, 44(9): 967-991.

(6] =& Bk b, BUREDY, &5, FUMRBE R I E 1 B he ik
L AR ARTRALHTIE]. MR IR IR, 2024, 51(13): 695-702.

[7] DAI R C, LIU M F, XIANG X C, et al. Osteoblasts and osteo-
clasts: An important switch of tumour cell dormancy during
bone metastasis[]J]. Journal of Experimental & Clinical Cancer
Research, 2022, 41(1): 316.

[8] ZHANG W J, XU Z, HAO X X, et al. Bone metastasis initia-
tion is coupled with bone remodeling through osteogenic differ-
entiation of NG2* cells[]J]. Cancer Discovery, 2023, 13(2): 474-
495.



1442 TR H S 25 K222 3] hitp:/fhnzyydxxb.hnuem.edu.cn

2025 455 45 4%

[9] PADMANABAN V, KROL I, SUHAIL Y, et al. E-cadherin is
required for metastasis in multiple models of breast cancer[]].
Nature, 2019, 573(7774): 439-444.

[10] WU Q Y, TIAN P, HE D S, et al. SCUBE2 mediates hone
metastasis of luminal breast cancer by modulating immune —

suppressive osteoblastic niches[J]. Cell Research, 2023, 33(6):

464-478.
[11] AERRER, FBI73k, o Bk, 5. TR SRITHSIRE SR
WM. LT EZRE, 2025, 52(4): 21-24.

[12] LI B H, CHEN Z C, ZHANG Z Y, et al. Zuogui pill disrupt
the malignant cycle in brest cancer bone metastasis through
the Piezol-Notch—1-GPX4 pathway and active molecules fish-
ing[J]. Phytomedicine, 2024, 123: 155257.

[13] REF, INGF, X . BT sk thme g L B ik
A BRPTERD]. e EZiA%E, 2024, 39(11): 5844-5848.

[14] B4R, BAPHXUHN 16T FH R 2R e R AL AR SR R e PR

SFRWIFID]. Jbat: JEth EZRAE, 2023.

[15] Bk aF. WEG2G s iksA M. 2 . dbat: AR T H AR,
2006: 1261.

[16] HUANG Q L, NING H J, WANG J, et al. Wenshen Zhuanggu
formula inhibits tumor—exosomes induced bone pre-metastasis niche
formation in primary breast cancer mice[J]. Chinese Medicine,
2025, 20(1): 88.

[17] & 4. NP2 AP 243855 LR B 5 B 2R 256 B/ T AL A 4
FE[D]. dbat: demihBEZREE, 2021.

[18] WANG H, YU C J, GAO X, et al. The osteogenic niche pro-
motes early—stage bone colonization of disseminated breast can-
cer cells[]J]. Cancer Cell, 2015, 27(2): 193-210.

[19] & W, 5, B 8, % RS R T LI
R FHBLRIRITI]. g B2 B4k, 2020, 26(4): 262-
269.

[20] 2RI, BokEE, 1R W, S5 BRI RIE ORI U],

R E A A oot AR, 2025, 47(5): 1158-1168.

[21] STANGER B Z, WAHL G M. Cancer as a disease of develop-
ment gone awry[J]. Annual Review of Pathology, 2024, 19: 397-
421.

[22] ZHANG X H, MA H J, GAO Y, et al. The tumor microenvi-
ronment: Signal transduction[J]. Biomolecules, 2024, 14(4): 438.

[23] WANG X X, ZHANG T J, ZHENG B X, et al. Lymphotoxin—f3
promotes breast cancer bone metastasis colonization and osteolytic
outgrowth[J]. Nature Cell Biology, 2024, 26(9): 1597-1612.

[24] BADO I L, ZHANG W J, HU J Y, et al. The bone microen-
vironment increases phenotypic plasticity of ER+ breast cancer
cells[J]. Developmental Cell, 2021, 56(8): 1100-1117.

[25] ZHANG W J, BADO I L, HU J Y, et al. The bone microen-
vironment invigorates metastatic seeds for further dissemination[J].
Cell, 2021, 184(9): 2471-2486.

[26] KAZAN ] M, EL-SAGHIR J, SALIBA J, et al. Cx43 expres-
sion correlates with breast cancer metastasis in MDA-MB-231
cells in vitro, in a mouse xenograft model and in human
breast cancer tissues[J]. Cancers, 2019, 11(4): 460.

[27] CHU T Q, TENG J J, JIANG L Y, et al. Lung cancer—derived
Dickkopf1 is associated with bone metastasis and the mecha-
nism involves the inhibition of osteoblast differentiation[J]. Bio-
chemical and Biophysical Research Communications, 2014, 443
(3): 962-968.

[28] WU C Y, CHEN M C, SUN Z P, et al. Wenshen Zhuanggu
formula mitigates breast cancer bone metastasis through the
signaling crosstalk among the Jagged1/Notch, TGF-f and IL-6
signaling pathways[J]. Journal of Ethnopharmacology, 2019, 232:
145-154.

[29] BREE, K %, BIH3E, & T PIBK/AKL {5 SHHRTTHN
T MUATRST LB AR IO MLRI T, TR P BE 2 R4

2023, 43(2): 232-239.
(KL m3E \HEW)



