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[ Abstract] This study aimed to elucidate the mechanisms of diosgenin, a natural compound derived from traditional Chinese
medicine, on the triple-negative breast cancer cell line MDA-MB-231, with a focus on its induction of cell cycle arrest and inhibition of
cell migration. Multiple experimental approaches were employed, including RNA sequencing analysis, flow cytometry for cell cycle
detection, wound healing assays to evaluate migration capacity, F-actin staining to observe cytoskeletal changes, transmission electron
microscopy (TEM) to examine cellular morphology and filopodia alterations, as well as Western blot and immunofluorescence staining
to detect the expression of related proteins. RNA sequencing revealed significant gene expression differences between the diosgenin-

treated group and the control group, with KEGG and GO analyses showing enrichment of differentially expressed genes mainly in
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pathways related to cell cycle and migration. Flow cytometry demonstrated that diosgenin induced G,/G, phase arrest in MDA-MB-231
cells in a dose-dependent manner. Further Western blot and immunofluorescence assays indicated that diosgenin regulated the cell cycle
via the CDC25A-CDK2/4/6 axis. Wound healing assays showed that diosgenin significantly inhibited cell migration. F-actin staining
indicated that diosgenin suppressed F-actin formation and disrupted its structure. TEM observations revealed a reduction in filopodia
formation on the cell surface after diosgenin treatment. Moreover, Western blot and immunofluorescence results demonstrated that
diosgenin inhibited migration by suppressing epithelial-mesenchymal transition (EMT) and the RhoA-ROCKI signaling pathway. In
conclusion, diosgenin induces G,/G, phase arrest in MDA-MB-231 cells by regulating cell cycle-related proteins and significantly
inhibits cell migration by suppressing F-actin formation, reducing filopodia on the cell surface, and inhibiting EMT and the RhoA-
ROCKI1 pathway.
[ Key words| triple-negative breast cancer; diosgenin; cell cycle arrest; EMT; RhoA-ROCK1 pathway
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Fig. 1 KEGG(A) pathway and GO(B) functional enrichment analysis of DEGs

2.2 EWREITHESMMEY GG, A R
JH i 2 40 AR ARG 0 AN [ e B S 5 R T X MDA-
MB-231 4 it JE] 901434 (0 52 ), A v ) R P AR S 3 5
SHORSRRS i B kL, X BR 4 G,/G, BB 4E I EE )
53.57% 1% 15 .30 .60 wmol - L™ 255 i 1 T Ab B
5, Go/G, 11 4 Jf be 451 43 0 b & 61, 02%

518

66. 00% .73. 69% , SXIEA] i, 27 2 oAb #R
%21 MDA-MB-231 il G,/ G, 140 it Lb f5i) &k =
R, HLME R A TR RN, G/ G, B4
LA AR T e S5 25 R W, SR A oo T il
MDA-MB-231 4 i T G,/ G, 9, H HFH i 1E
Bl 5 S TR R s WA 1,



2026 4F 1 H | 51 B2

P TETHLEL

Vol. 51, No.2 | January, 2026

CHINA JOURNAL OF CHINESE MATERIA MEDICA

F 1 EHE B TR MDA-MB-231 41 Jid 5 55 B9 52 Wi (%,
n=3)
Table 1

cells (x+s,n=3)

Effect of diosgenin on the cell cycle of MDA-MB-231

diosgenin/

Go/Gy W1/ % S /% G,/M /%
wmol - L7
0( control) 53.7320. 15 33.30=0. 38 12.98=0. 31
15 61.35£0.29"  28.05+0. 13¥ 10. 60+0. 22%
30 65.62+0.40°  24.25+0.52% 10. 13+0. 30%
60 73.1920. 46>  18.13x0. 34" 8.69+0. 18%

7 : diosgenin. 2 LY IT ; control. XTHRLL (K 2~5 % 2~5 ),
5 control LAY P<0. 05,2 P<0.01,% P<0.001(% 2~5 ),

FRR 50 wm (4 7).
2

2.3 EBEHITHERIHAHCEARSE SXR
HA L, 22 15,30 .60 wmol - L™ 2 #i ¥ ¥ e &b B3
J& ,MDA-MB-231 #ii g 1 p21 . Cyclin E1,Cyclin D1
FEHFRRKFEY R E LE, [FEF, CDC25A ,CDK2
CDK4 ,CDK6 [ 3R ik /K 7 ) i 25 R, e g ok
e o 25 e gk — A E 52,30 wmol - L™ 3 # B AE T
b ¥ W] % AR MDA-MB-231 4 Jfd 1 CDC25A Al
CDK4 fy3Rik, 45 FW , EHe oo % T
CDC25A #3354 CDK2/4/6 ik ; [F T,
p21 .Cyclin E1 1 Cyclin D1 75 1 % 3k K F ) @ 3%
LA W 2 K2,

EHUEH ITX MDA-MB-231 41 it JE 91 AH G 2 1 2R Y2 R (et

Fig. 2 Effect of diosgenin on the expression of cell cycle-related proteins in MDA-MB-231 cells (immunofluorescence )

*2

B R JCAT MDA-MB-231 402 CDC25A .p21 ,CDK2 . Cyclin E1,.CDK4 ,CDK6 Cyclin D1 5 [ F A BRI (x2s,n=3)

Table 2  Effect of diosgenin on the protein expression levels of CDC25A,p21,CDK2, Cyclin E1,CDK4,CDK6,and Cyclin D1 in MDA-

MB-231 cells(xxs,n=3)

diosgenin/umol - L™! CDC25A p21 CDK2 Cyclin E1 CDK4 CDK6 Cyclin D1
0( control ) 1.00£0. 09 1. 00+0. 07 1. 000. 08 1. 00£0. 08 1. 00+0. 08 1. 00+0. 08 1. 00£0. 06

15 0.80+0.06”  1.52£0.01Y  0.92x0.11 1.2920. 06>  0.91x0.07 0. 71x0. 04 1.38+0. 07"

30 0.46+0.02”  1.50+0.09%  0.67+0.08”  1.53+0.09”  0.50+0.03%  0.49+0.05  2.42+0.25"

60 0.38+0.02"  1.55+0.06Y  0.39£0.05”  1.89£0.09>  0.19+0.01¥  0.22+0.01° 2.54x0. 197

2.4 EFRFFICHH MDA-MB-231 4 L i # , 1)
AN F-actin £ IF /DA R TN RIUR
AL R R, X IR A, A R AT oAb

PRI RS R B E AL, RIAEH B ool A

M| TNBC MDA-MB-231 21 ffd (1) — 4 iF 7% RE

K H Fluorescein 55K i) U2 2 34 BK A1 Hoechst 33342
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A.0.24 h R ST AR R MEEMR; B, X IR 5 5 R 1 oAb A
(30 pmol - L") B (1Y Foactin JMLE 4L (LR €0)  AIHLRL S
Hoechst 33342 B8 (#5(5) , 45 R 50 wm; C. %J 20 5 28 508 HooAb
L (30 pmol - L™ ) P R ASHI A R ANE B ST 7 5 BB R, 1 €
R5 pm, BEASRR 3 pm,

3 EHHEEATCIE MDA-MB-231 4iEiERs M F-actin
Az I

Fig. 3 Diosgenin inhibits MDA-MB-231 cell migration, sup-

presses F-actin formation, and reduces filopodia
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F3 EHURATTX MDA-MB-231 4 i 3E £ BE 71 195 1
(xxs,n=3)
Table 3  Effect of diosgenin on cell migration of MDA-MB-231

cells (x+s,n=3)

diosgenin/wmol + L™ TR R
0( control ) 1. 00£0. 03

15 0.790. 05%

30 0. 44x0. 06>

60 0.22+0. 03%

2.5 EFRE U L R-RFEL (EMT) M 568
FiE EMT gl 2L 5 45 1 SC s )
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Jil, Western blot SZE0 45 S B 7R, X A A L, 2
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Vimentin MMP9 FI ZEB1 £ H #£iE/KFH B ET
P, PER Y A R — P UE S, 30 wmol - L7125
Pt b A e Ak B AT I MDA-MB-231 40 Jifd Hf' N-cad-
herin 1 Vimentin (5235, 45520 2 Hoonl
WIS H] MDA-MB-231 40 g EMT 32 17 30 il 40 At
TRRES, WE 4 %4,
2.6 EFHEFICHTE RhoA-ROCKI (55 E 1 %
R AT oAb B 2 AR T MDA-MB-231 41 Jifg
RhoA I ROCK1 (2 Ak K T, G55 E£H, EH
FAF 0 A W 5 RhoA-ROCK 5538 5 11 il 7L At
FEANME ) EMT SER2 , o i 3 il 40 2 8%, WLIE S
%5,
3 e

FLARIEAE Ay 4 BR At v R0 3 B E A T A
R St O P e, s B S P S USR] 43
TR R UG FA ST SUSME e B 22 R,
Horp TNBC R 5k 2 A5 %000 9697 AT A S BLAR
MR B ik 2z 5 R R R REE R 1 Ry
SR 30% [ R E A B AL R H AT, IR R
FBARG S AZ BE R A ALY 7 23697 TNBC, {H
Jifrge S o 1 5 AR A ki 2 B B R R AR AR A
e, BN, e A S R B2 e R R R 5%,
INZARSF FPE R BRI , 1R 75 FF % s 7 B G
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Bl 4 B3R ITIEE MDA-MB-231 4l EMT #5678 1323k (FuEset)
Fig. 4 Diosgenin modulates EMT-related proteins in MDA-MB-231 cells ( immunofluorescence )

F£ 4 BEFBA IO MDA-MB-231 40/l N-cadherin , Vimentin MMP9 L) }2 ZEB1 & [13E AU (x+s,n=3)
Table 4  Effect of diosgenin on the protein expression levels of N-cadherin, Vimentin, MMP9,and ZEBI in MDA-MB-231 cells (xs,

n=3)
diosgenin/pwmol - L™ N-cadherin Vimentin MMP9 ZEB1
0( control) 1. 00+0. 05 1. 000. 06 1. 00+0. 04 1. 000. 03
15 0. 79+0. 02% 0. 78+0. 09% 0.77+0. 08% 0. 90+0. 09
30 0. 81x0. 05” 0. 75+0. 02? 0. 5420. 01% 0.87+0.01"
60 0.73x0. 01" 0. 72£0. 04? 0. 4120. 02% 0. 66=0. 03*

diosgenin/pmaol- L'

control 15 30 60

wor [ -

fractin | S — — —

5 Western blot il RhoA 1 ROCK1 £ H &k
Fig.5 Western blot detected the expression of RhoA and
ROCKT1 proteins

#5 HHRH T MDA-MB-231 401/l RhoA Lk J2 ROCK1
HHRIBHYRE (xxs,n=3)
Table 5 Effect of diosgenin on the protein expression levels of

RhoA and ROCK1 in MDA-MB-231 cells (x+s,n=3)

diosgenin/ wmol + L™ RhoA ROCKI1
0( control) 1. 00+0. 04 1. 000. 01
15 0. 90+0. 05 0. 97+0. 02
30 0.79+0. 06> 0. 78+0. 027
60 0. 500. 07 0.24+0. 10%
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