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Impacts of Formononetin on the Proliferation, Invasion,
and Apoptosis of Oral Squamous Cell Carcinoma Cell SCC-25
by Regulating RhoA/ROCK Signaling Pathway
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(Department of Oral and Maxillofacial Surgery, Wuxi Stomatological Hospital, Wuxi 214000, China)

Abstract This study aims to discuss the impacts of formononetin on the proliferation, invasion, and apop-
tosis of OSCC (oral squamous cell carcinoma) cells by regulating RhoA/ROCK signaling pathway. After inter-
vention of the human OSCC cell line SCC-25 with different concentrations of formononetin, CCK-8 experiments
were performed to screen for the optimal intervention concentration of formononetin. SCC-25 cells were randomly

assigned into normal group, formononetin group, formononetin+pcDNA group, and formononetin+tpcDNA-RhoA
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group. After grouping and intervention with formononetin, empty vector plasmids and RhoA overexpression plas-
mids, Western blot experiments were performed to detect the RhoA/ROCK signaling pathway related proteins in
each group. CCK-8 and clone formation experiments were conducted to detect cell proliferation in each group.
Flow cytometry experiments were conducted to detect apoptosis of SCC-25 cells in each group. Transwell and
Western blot experiments were conducted to detect the invasion and EMT (epithelial-mesenchymal transition) re-
lated proteins in each group. OSCC transplanted tumor nude mice were prepared by subcutaneous inoculation of
SCC-25 cells, and were grouped using the same method and intervened with formononetin, empty vector, and RhoA
overexpression plasmids, and the mass and volume of transplanted tumors in nude mice were measured in each
group. Western blot experiments were conducted to detect the EMT and RhoA/ROCK signaling pathway related
proteins in transplanted tumors of nude mice in each group. Compared with the normal group, the cell viability, col-
ony formation number, number of cell invasions, tumor mass and volume of transplanted tumors, RhoA, ROCKI1,
ROCK2, N-cadherin, and Vimentin protein expression levels in the formononetin group and formononetin+pcDNA
group were lower (P<0.05), while the cell apoptosis rate and E-cadherin protein expression level were higher
(P<0.05). Compared with the formononetin group, the cell viability, colony formation number, number of cell inva-
sions, tumor mass and volume of transplanted tumors, RhoA, ROCK1, ROCK2, N-cadherin, and Vimentin protein
expression levels in the formononetin+tpcDNA-RhoA group were higher (P<0.05), while the cell apoptosis rate
and E-cadherin protein expression level were lower (P<0.05); there were no great changes in the indicators of the
formononetintpcDNA group (P>0.05). Formononetin can inhibit the activation of RhoA/ROCK signaling pathway,
thereby hindering the proliferation, EMT, and invasion of OSCC cells, and promoting their apoptosis.

Keywords  formononetin; RhoA/ROCK; oral squamous cell carcinoma; proliferation; invasion; apoptosis
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Fig.1 Effect of different concentrations of formononetin on the cell viability of SCC-25 cells
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A: normal group; B: formononetin group; C: formononetintpcDNA group; D: formononetin+pcDNA-RhoA group. ¥*P<0.05 compared with the normal

group; “P<0.05 compared with the formononetin group.

2 Western bloti&lISCC-254IRhoA/ROCK 5 S BB HHX T A RIEE R
Fig.2 Western blot detection of RhoA/ROCK signaling pathway related protein expression of SCC-25 cells
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Fig.3 Cell viability of SCC-25 in each group
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Fig.4 Cloning formation experiment to detect the colony formation of SCC-2S5 cells in each group
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Fig.5 Flow cytometry detection of apoptosis rate of SCC-25 cells in each group
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Fig.6 Western blot detection of proliferation and apoptosis related protein expression of SCC-25 cells
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E7 Transwell LI & LHSCC-25MMIREIF R
Fig.7 Transwell experiment detects the invasion of SCC-25 cells in each group
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Fig.8 Western blot detection of EMT related protein expression of SCC-25 cells
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Fig.9 Tumor images of SCC-25 nude mouse transplanted tumors in each group
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Fig.10 Tumor mass and volume of SCC-25 nude mouse transplanted tumors in each group
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Fig.11 Western blot detection of EMT related protein expression in SCC-25 nude mouse transplanted tumors
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Fig.12 Western blot detection of RhoA/ROCK signaling pathway protein expression in SCC-25 nude mouse transplanted tumors



1928

BRI

AR, R S AT e R R A
AR FIEEFSUS, BH 1 RhoA/ROCKAS 5 3 B4 0% v A
R G L3 1) EMTARIR 28 U0, 3 ] $0 i) 5% I e 41
i ) 48 B A2 2820, H FERNANDEZ-PAREJO%5 A
F1.3 B Rho A/ROCKAE 5 18 i nJ 18 iod 1 4% A2 i A4 2
YR ISFYERFOSCCAN M it AR BEFE AR, kT
X1, RhoA/ROCKJE15I7 OSCCHITEE#E R . AHTFFT
SEREIR, TR BT R 0] PRI SCC-2540 i L oA 1
JE AR B RhoA. ROCK1. ROCK2%E A #ik/KF, it
M #27~RhoA/ROCKAE 518 2% 5 T AE 3 22 X OSCC
Y1 B A P A 5% 1 308 Rho AT ik 55 5 W A6 5
M TN OSCCHYH B 5 . EMT 512 22 1411
TER, JEBREIT OSCCAn T IR EE R, Hbid
XTOSCCREAER MR R AR P9 M 28 KRR A, fed%
WL TERRAE B R AT OSCCYN M LI /F F, #8725 154
TEE Z A OSCCHN M ¥E 5 5 17 28 LA & 5 S HL I T
Je il N HRhoARIE LI .

M2, RWFFEUESE T T 6 8 2 AR A4 9 A0
il OSCCHH M I EMT AN 58 , BHAS HARIMZ 28, &
2% OSCCH T T8 1 B4R P g AR, PoAR AR 3 305
OSCCHH 2 3| bR Hie 1 F (1) 25 BRAL I 7] g A2
1 RhoA/ROCKAE Tl B 1At T, AB T UESE 1+
WAL IS 20 OSCCIYRTTIE 71, WP IR T H 253
HUHI, TR S N H T OSCCHITRTTIR(E T £
Bl GRS B FLA, AR T U B3R B PR AR
KRR o AR TN TP 4L 35 2 I RhoA/ROCK
55 I S I AR L IR A A A, AR AN
B, BT B L2 | 4T X B SRR AT IR AR,
b, TERRAETE 3 TG PR A8 75 R R
T8 I I PR SR BOAR T 2 BRI AR N S 7

SEHk (References)

[11  ZHIY, WANG Q, ZI M, et al. Spatial transcriptomic and metabolo-
mic landscapes of oral submucous fibrosis-derived oral squamous
cell carcinoma and its tumor microenvironment [J]. Adv Sci, 2024,
11(12): €2306515-36.

[2]  ZHANGJ, NI Z, ZHANGY, et al. DAZAPI phase separation regu-
lates mitochondrial metabolism to facilitate invasion and metastasis
of oral squamous cell carcinoma [J]. Cancer Res, 2024, 84(22):
3818-33.

[3] OH S Y, JANG G, KIM J, et al. Identification of new pathogenic
variants of hereditary diffuse gastric cancer [J]. Cancer Res Treat,
2024, 56(4): 1126-35.

[4] DUK, WANG P, LIU J, et al. Activation of RhoA/ROCK2 signaling
by hypoxia-inducible factor 1o in promoting tumor growth and me-

(5]

(6]

(7]

(8]

91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

tastasis in human colon cancer [J]. J Gastrointest Oncol, 2024, 15(1):
237-49.

FERNANDEZ-PAREJO N, LORENZO-MARTIN L F, GARCIA-
PEDRERO J M, et al. VAV2 orchestrates the interplay between
regenerative proliferation and ribogenesis in both keratinocytes and
oral squamous cell carcinoma [J]. Sci Rep, 2024, 14(1): 4060-75.
JIAW D, BAI X, MA Q Q, et al. Synthesis, molecular docking stud-
ies of formononetin derivatives as potent Bax agonists for anticancer
activity [J]. Nat Prod Res, 2025, 39(3): 423-37.

LIU H, WANG Z, LIU Z. Formononetin restrains tumorigenesis of
breast tumor by restraining STING-NF-kB and interfering with the
activation of PD-L1 [J]. Discov Med, 2024, 36(182): 613-20.

OH J S, KIM T H, PARK J H, et al. Formononetin induces apoptotic
cell death through the suppression of mitogen-activated protein kinase
and nuclear factor-kB phosphorylation in FaDu human head and neck
squamous cell carcinoma cells [J]. Oncol Rep, 2020, 43(2): 700-10.
CHEN Y, JIN H, WEN W, et al. Targeting RhoA expression with
formononetin and salvianolic acid B to mitigate pancreatic cancer-
associated endothelial cells changes [J]. J Ethnopharmacol, 2025,
336: 118711-47.

RLTHE, RAmAR, T3, USPLLAT IGF2BP3 /15 M fiiR 4l
JHL S 200 L e AR 22 WL E D). 5 I IR 2 2 5 (GUO
HY, WU FY, WANG S W. USP11 mediates the proliferation and
invasion of OSCC cells via regulation of IGF2BP3 expression [J]. J
Pract Stomatol), 2024, 40(3): 377-84.

SUR S, DAVRAY D, BASU S, et al. Novel insights on oral squa-
mous cell carcinoma management using long non-coding RNAs [J].
Oncol Res, 2024, 32(10): 1589-612.

TIAN Q, JIANG L, DAI D, et al. Impact of postoperative radio-
therapy on the prognosis of early-stage (pt1-2n0m0) oral tongue
squamous cell carcinoma [J]. J Clin Oncol, 2024, 42(15): 1754-65.
HARLEY R J, IHEAGWARA U K, FARAIJI F, et al. Postoperative
radiotherapy and survival in oral cavity squamous cell carcinoma
with mandibulectomy [J]. JAMA Otolaryngol Head Neck Surg,
2024, 150(3): 233-9.

LIJ, HUANG Z, WANG P, et al. Therapeutic targets of formonone-
tin for treating prostate cancer at the single-cell level [J]. Aging,
2024, 16(12): 10380-401.

MA G, PANG X, RANY, et al. In silico and in vivo verification of
the mechanism of formononetin in treating hepatocellular carcinoma
[J]. Ann Med, 2024, 56(1): 2404550-63.

YU H, QU J, GOU H, et al. Formononetin suppresses the malignant
progression of papillary thyroid carcinoma depending on downregu-
lation of CBX4 [J]. Exp Ther Med, 2024, 28(6): 456-65.

JIANG P, JIANG W, LI X, et al. Combination of formononetin and
sulforaphane natural drug repress the proliferation of cervical cancer
cells via impeding PI3K/Akt/mTOR pathway [J]. Appl Biochem
Biotechnol, 2024, 196(10): 6726-44.

CHEN X, CHENG G, ZHU L, et al. Alarmin SI00A8 imparts
chemoresistance of esophageal cancer by reprogramming cancer-
associated fibroblasts [J]. Cell Rep Med, 2024, 5(6): 101576-601.
SUN X, GUO Y. Chemerin enhances migration and invasion of OC
cells via CMKLR 1/RhoA/ROCK-mediated EMT [J]. Int J Endocri-
nol, 2024, 2024: 7957018-28.

TUCCI F A, PENNISI R, RIGIRACCIOLO D C, et al. Loss of
NUMB drives aggressive bladder cancer via a RHOA/ROCK/YAP
signaling axis [J]. Nat Commun, 2024, 15(1): 10378-401.



