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Abstract

Background Scutellariae Radix (SR), a traditional Chinese medicine, has been shown to have potential anti-cancer
properties.

Purpose To explore the mechanism of inhibiting ovarian cancer (OC) progression by SR.

Methods The key active ingredient (5,7,2,6"-Tetrahydroxyflavone, TF) and key targets (ACTB and HSP90AAT) of SR were
screened by the network pharmacology method. CCK-8 reagent, Transwell assay, and Annexin-V-FITC kit were used to
evaluate the effects of TF on OC cell viability, migration, and apoptosis. The upstream microRNAs (miRNAs) of ACTB and
HSP90AA1 were predicted by the starBase database. Important miRNAs related to OC were mined using gene expression
datasets in the GEO database. RT-qPCR and Western blotting experiments were used to detect miRNA or gene expression.
Results TF inhibited OC cell viability/migration and induced apoptosis in a concentration-dependent manner. Hsa-miR-
495-3p was identified to be a key miRNA in OC, whose expression was lacking in OC cells. ACTB and HSP90AA1 expressed
highly in OC cells. Hsa-miR-495-3p mimics reduced ACTB and HSP90AA1 expression. Hsa-miR-495-3p inhibitor and
overexpression of ACTB or HSP90AAT1 reversed the inhibitory effect of TF on OC cells.

Conclusion TF, an active ingredient of SR, hindered OC progression through the hsa-miR-495-3p-ACTB/HSP90AA1
pathway.

Highlights

1. SR has the potential to inhibit OC progression through multi-target and multi-pathway.

2.TF was identified as an important active ingredient of SR in inhibiting OC progression.

3.TF inhibited migration and induced apoptosis of OC cells through the hsa-miR-495-3p-ACTB/HSP90AA1 pathway.
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1 Introduction

Ovarian cancer (OQ) is the deadliest gynecological cancer in the world, killing more than 152,000 people each year
[1]. The 5-year survival rate for patients with OC is only 47% [2]. The drug treatment of OC is mainly chemotherapy
drugs, such as paclitaxel, and some platinum drugs such as oxaliplatin, cisplatin, carboplatin, and so on [3]. However,
these drugs are prone to many side effects in the process of use, such as nausea, hair loss, liver and kidney function
abnormalities. Drug resistance caused by the long-term use of chemotherapy drugs is also a difficult problem in OC
treatment.

Traditional Chinese medicine therapy has a long history in China with a gentler role, and there is much evidence for
its use in the treatment of cancer. Such as Scutellariae Radix (SR), whose dried root is a traditional Chinese medicinal
material, which has the functions of clearing heat and drying dampness, purging fire, and detoxifying [4]. The ingre-
dients of SR, baicalin, baicalein, and wogonin, all showed significant inhibitory effects on cancer. Baicalin obviously
lowered the viability of OC and bladder cancer cells and inhibited the growth of tumors in mice [5, 6]. And baicalin
can induce the ferroptosis of bladder cancer cells by down-regulating FTH1 [7], and of osteosarcoma cells by the
Nrf2/xCT/GPX4 axis [8]. Baicalein reduces the ability of OC cells to invade through downregulation of MMP-2 expres-
sion [9], and is able to cause apoptosis in lung cancer cells by inhibiting glutamine/m-TOR pathway [10]. Wogonin
inhibited the proliferation of several OC cells in a dose- and time-dependent manner, and increased their sensitiv-
ity to cisplatin in the study by Feng et al. [11]. The total flavonoid aglycone extracted from SR by Liu et al. showed
antitumor activity in pancreatic cancer, inducing apoptosis and autophagy through the PI3 K/Akt/mTOR pathway
and inhibiting tumor growth [12].

All these pieces of evidence suggest that SR is a promising anti-cancer herb. Based on the method of network
pharmacology, 5,7,2,6'-Tetrahydroxyflavone (TF) was screened as a key active ingredient of SR, and beta-actin (ACTB)
and heat shock protein 90 alpha family class A member 1 (HSP90AA1) were identified to be the key targets of SR.
Here, we explored the roles of ACTB and HSP90AAT1 in OC, and the effect of TF on OC progression and its mechanism
of action through related experiments.

2 Materials and methods
2.1 Databases

The TCMSP database (https://old.tcmsp-e.com/index.php) was used to screen the active ingredients of SR by set-
ting the screening conditions of oral bioavailability (OB) >30%, drug-likeness (DL) > 0.18, and Caco-2 permeability
(Caco-2) = - 0.4, whose targets were searched using the ETCM database (http://www.tcmip.cn/ETCM/index.php/
Home/Index/) and the HERB database (http://herb.ac.cn/). The GeneCards database (https://www.genecards.org/)
was used to search the genes related to OC. The protein—protein interaction (PPI) network was constructed using
the STRING database (https://cn.string-db.org/) and was visualized by Cytoscape 3.7.1 software. The Weishengxin
platform (https://www.bioinformatics.com.cn/login/) was used for making a Venn diagram and performing KEGG
analysis. The GSE119056, derived from the Gene Expression Omnibus (GEO) database (https://www.ncbi.nlm.nih.
gov/geo/), is a dataset of gene expression in ovarian tumor tissue and normal tissue. The starBase database (https://
rnasysu.com/encori/index.php) was used to predict upstream miRNAs of genes.

2.2 Cell culture and treatment

OC cell lines (TOV-21G and SK-OV-3) derived from ATCC (America) was cultured using RPMI 1640 medium contain-
ing 10% FBS and 1% penicillin/streptomycin. Human ovarian epithelial cells (hOECs) were purchased from Procell
(China) and cultured using the hOECs complete culture medium (CM-H055) from the same company. The cell lines
listed above have been grown at 37 °C with 5% CO,.

TF from MedChemexpress (America) was dissolved into a 10 mM solution with DMSO and stored at — 80 °C. Dur-
ing the experiment, it was diluted to the corresponding concentration. OC cells were treated with 5, 10, 20, 40, and
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60 uM TF for 24 h to explore the effects of different concentrations of TF on their functions. OC cells were treated
with 20 uM TF for 24 h for the mechanism exploration. The corresponding volume of DMSO was added as a control
(DMSO was diluted at least 166 times).

2.3 Cell viability assay

Cell viability was assessed using Cell Counting Kit-8 (CCK-8) from DOJINDO (Japan). First, cells were infected into a 96-well
plate with a density of 3000 cells/well. After they were treated by different concentrations of TF for 24 h, the medium
containing drug was removed, and then 100 pL of normal medium containing 10% CCK-8 regent was added to each well
for 2-h incubation at 37 °C. Lastly, the optical density (OD) value at 450 nm absorbance was detected by a microplate
reader to calculate cell viability: cell viability =[(experimental group OD—blank group OD)/(control group OD—Dblank
group OD)] x 100%.

2.4 Transwell migration assay

Cell migration was assessed using transwell inserts (pore size 8 um, Corning, America). When the OC cells was treated with
TF or transfection, they were digested with pancreatic enzymes and centrifuged. The cell precipitation was resuspended
in a medium free of FBS, and then 100 pL of cell suspension (about 4 x 10* cells) was added to the upper chamber. The
lower chamber was filled by 500 pL of complete medium containing FBS. After 24 h, the cells in the upper layer of the
membrane were erased and the cells in the lower layer were fixed with 4% paraformaldehyde for 15 min and then stained
with crystal violet for 20 min. And finally, the positively stained cells were counted under a microscope.

2.5 Detection of apoptosis

Apoptotic cells were detected using an Annexin-V- FITC kit (BD Bioscience, America). The OC cells with TF treatment or
exogenous transfection were collected after trypsinization and centrifugation. A binding buffer was added to resus-
pend the cells to be a suspension with a density of 1x 10° cells/mL. The cell suspension (100 uL) was mixed with 5 L of
Annexin-V-FITC and 5 pL of Pl in an EP tube and incubated at room temperature for 15 min without light. After adding
to 400 pL binding buffer, the cells were analyzed using a dual-laser FACS VantageSE flow cytometer (BD Bioscience) to
evaluate the percentage of apoptotic cells.

2.6 RT-qPCR

Total RNA was extracted from cells using TRIzol reagent (Takara, China). RT-qPCR was performed using the QuantiTect
SYBR Green PCRKit (Sangon Biotech, China). GAPDH and U6 were used for gene normalization. The primer sequences are
as follows. Hsa-miR-495-3p: 5'-CGCGTTTGTTTGTACCACGT-3' (F) and 5'-AGTGCAGGGTCCGAGGTATT-3' (R); ACTB: 5'-AGA
TGTGGATCAGCAAGCAGG-3' (F) and 5'-TGCGCAAGTTAGGTTTTGTCA-3' (R); HSP90AAT1: 5'-GAAGATGACCCTACTGCTGAT
GATACCAG-3' (F) and 5-CGTTACCCCAATCTGTGAAAATAAACCAAC-3' (R); GAPDH: 5'-GAAACCAGCCAAGTATGATGA-3' (F)
and 5'-TCACTCCTTGGATGCCATG-3' (R); U6: 5'-GCTTCGGCAGCACATATACTAAAAT-3' (F) and 5'-CGCTTCACGAATTTGCGT
GTCAT-3' (R). The relative expression of gene or miRNA was calculated by 2722 method.

2.7 Cell transfection
The transfection experiment was performed in a 6-well plate, with a 2 mL system which contains 2.5 ug of ACTB/
HSP90AAT or 100 nM of hsa-miR-495-3p inhibitor/mimics, 6 pL of Lipofectamine 2000 (Beyotime, China), and the remain-

ing volume was supplemented by OPTI-MEM medium (Gibco, America). After leaving the mixture for 15 min, it is added to
the cells. After 8 h, the transfection mixture was removed, and a fresh medium was added for the follow-up experiments.

2.8 Dual-luciferase assay

TOV-21G cells were transfected with 100 ng of a dual-luciferase reporter vector carrying the wild-type (Wt) or mutant
(Mut) ACTB/HSP90AA1 fragment (RiboBio, China). Then, 5 nM of hsa-miR-495-3p mimics (mim-495-3p) or negative control
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(NC) (MedChemExpress, America) was co-transfected. At 48 h, the luciferase activity was measured using a dual-luciferase
reporter gene assay kit (Promega, America) according to the manufacturer’s protocols.

2.9 Western blotting

The cells were lysed with RIPA buffer for 30 min on the ice. Then the cell lysate was centrifuged (12,000 rpm for 20 min,
4 °C) to obtain protein supernatant. After the proteins (50 ug) was separated by 10% SDS-PAGE, they were transferred
onto the PVDF membrane, which was being enclosed by 5% skim milk for 2 h firstly, and was then incubated with primary
antibodies against ACTB (1:1000), HSP90AA1 (1:1000), and GAPDH (1:2000) at 4 “C overnight. The next day, the mem-
brane was incubated with the secondary antibody (1:20000) for 1.5 h at room temperature. Finally, the protein signal
was evaluated using a BeyoECL Plus Kit (Beyotime) and quantified by ImageJ software.

2.10 Statistical analysis

All statistical analyses were performed using the GraphPad Prism 6.0 software. Students’test was used to compare the
data between the two groups, and the one-way ANOVA method was used to compare the data among multiple groups.
The data were expressed as the mean + standard deviation. p < 0.05 was set as statistically significant.

3 Network pharmacological analysis
3.1 Potential targets of SR

There were 34 active ingredients of SR were identified through the TCMSP database (Supplementary Table 1), with
screening conditions of OB >30%, DL >0.18, and Caco-2 > — 0.4. A total of 175 target genes of these ingredients were
retrieved using the ETCM and HERB databases to construct the ingredient-target network diagram in the Cytoscape 3.7.1
software (Fig. 1). The node degree value of each ingredient was calculated by the cytoHubba method. The top 5 active
ingredients were TF, dihydrooroxylin A (DDRA), 5,7,4'-trihydroxy-6-methoxyflavanone (574-T-6-Ma), wogonin (WGN), and
5,8,2"-Trihydroxy-7-methoxyflavone (582-T-7-M).

3.2 SRtargets plentiful genes related to OC

We used the GeneCards database to identify 10,763 genes associated with OC, of which 139 genes were targets of SR
(Supplementary Fig. 1). By inputting 139 genes into STRING11.0 and setting the minimum interaction score to“ > 0.4",
136 genes were obtained. Then, the PPl network diagram was produced via the Cytoscape 3.7.1 software, and the top
20 genes with node degree were selected by the cytoHubba method (Fig. 2).

3.3 KEGG analysis

KEGG analysis of 20 genes displayed that they were enriched in a variety of signaling pathways, including the IL-17
signaling pathway, TNF signaling pathway, C-type lectin receptor signaling pathway, and so on (Fig. 3). The figure only
shows the signal pathways with the top 10 pathways with p-value, and others were shown in Supplementary Table 2.

These shreds of evidence suggest that SR has the potential to inhibit OC progression through multiple targets and
pathways.

3.4 Inhibition of TF, an active ingredient of SR, on OC progression

TF is the active ingredient of SR with the highest node degree value (56), so it was selected for the mechanism study of
this research.
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Fig. 1 The ingredient-target network diagram of SR
3.4.1 TF inhibited the functions of OC cells

OC cells were treated with different concentrations of TF for 24 h to detect viability, migration, and apoptosis. The CCK-8
assay displayed that TF concentration-dependently inhibited the viability of OC cells, and inhibited their viability to half
at 20 uM (Fig. 4A, B). Therefore, 20 uM of TF was selected for subsequent mechanism experiments. TF also concentration-
dependently prevented OC cells from migrating and promoted their apoptosis (Fig. 4C-F). In addition, CCK-8 results
showed that 20 uM TF had no significant effect on the viability of hOECs (Supplementary Fig. 2).

3.4.2 Regulation of hsa-miR-495-3p on ACTB and HSP90AA1 expression

Among the top 20 OC-related genes with node degree value, 4 genes were the targets of TF, including ACTB, AKT1,
ESR1, and HSP90AAT1 (Fig. 5A). Since ACTB and HSP90AAT1 are rarely studied in OC, we took them as the genes we were
interested in. To further explore the mechanism of TF in OC progression, we predicted the upstream miRNAs of ACTB
and HSP90AAT1 through the starBase database, respectively, and hsa-miR-26b-5p and hsa-miR-495-3p were shared with
the miRNAs whose expression were missing in OC tumor tissue (GSE119056) (Fig. 5B). Hsa-miR-495-3p showed higher
fold change (p< 0.01, log FC =— 3.9) with GEO2R analysis in the GEO database, and it was less studied in cancer, so we
chose it as our study object. Supplementary Fig. 3 A and B show the binding sequences of hsa-miR-495-3p to the mRNA
of ACTB and HSP90AA1. Hsa-miR-495-3p mimics (mim-495-3p) significantly weakened the luciferase activity in OC cells
transfected with the luciferase vector of (wild-type) wt-ACTB or HSP90 AA1, but hardly affected the cells in (mutant) mut-
ACTB transfection group (Fig. 5C, D). In addition, hsa-miR-495-3p mimics significantly inhibited the expression of ACTB
and HSP90AAT1 (Fig. 5E, F).
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3.4.3 TF regulated the expression of hsa-miR-495-3p/ACTB/HSP90AA1

As shown in Fig. 6A-C and G-I, hsa-miR-495-3p expressed low in OC cells, while ACTB and HSP90AA1 expressed
ascendingly. TF significantly upregulated the level of hsa-miR-495-3p (Fig. 6D) and inhibited the expression of ACTB
and HSP90AAT1 in OC cells, including mRNA (Fig. 6E, F) and protein level (Fig. 6G-I).
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Fig. 4 Effects of TF on OC cell functions. Effect of TF on OC cell viability (A, B), migration (C, D), and apoptosis (E, F). *p < 0.05; **p< 0.01;
*R*
p<0.001

3.4.4 TF exerted anti-cancer effect through the hsa-miR-495-3p-ACTB/HSP90AA1 pathway

Inhibitor of hsa-miR-495-3p and overexpression of ACTB or HSP90AA1 reversed the decrease of OC cell migration induced
by TF (Fig. 7A). In addition, TF up-regulated E-cadherin and down-regulated Vimentin, which was reversed by the hsa-miR-
495-3p inhibitor and ACTB or HSP90AA1 overexpression (Fig. 7B, C). Moreover, Up-regulation of hsa-miR-495-3p enhanced
the promotion of TF on E-cadherin and Vimentin expression, which was reversed by co-transfection of ACTB/HSP90AA1
overexpressed plasmid (Fig. 7D-F). These findings suggest that TF impeded the epithelial-mesenchymal transition (EMT)
process through hsa-miR-495-3p-ACTB/HSP90AAT pathway, thereby preventing OC cells from migrating.

In addition, down-regulating hsa-miR-495-3p or overexpressing ACTB/HSP90AA1 reversed the increase of apoptosis rate
induced by TF (Fig. 7G). RT-gPCR assay showed that TF promoted y-H2AX and inhibited RAD51 expression, which were
reversed by inhibition of hsa-miR-495-3p and overexpression of ACTB or HSP90AA1 (Fig. 7H, I). Western blotting displayed
that up-regulation of hsa-miR-495-3p collaborated with TF to promote y-H2AX and suppressed RAD51 expression, and
these effects of hsa-miR-495-3p were weakened by ACTB/HSP90AA1 overexpression (Fig. 7J-L). These results indicate that
TF promoted the DNA damage response (DDR) of OC cells through hsa-miR-495-3p-ACTB/HSP90AA1 pathway, thereby
leading to the increase of apoptosis rate.
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4 Discussion

Network pharmacology is a new subject that selects specific signal nodes to design multi-targets of drugs through
network analysis of biological systems [13]. This method that was usually used to predict the efficacy and the latent
mechanism of drugs by constructing the network of drug-target-disease, and can efficiently screen out the key targets
and pathways of drug action on a disease. In this study, using the network pharmacology method, TF, a flavonoid, was
identified to be a key ingredient of SR in inhibiting OC progression. ACTB and HSP90AA1 were screened as the key
targets of SR to interfere with OC progression. As we described in the introduction, many studies have shown that flavo-
noids derived from SR, including baicalein, wogonin, etc., which have extensive anti-tumor activities [5, 6, 9-11, 14]. We
demonstrated that TF inhibited OC cell viability in a concentration-dependent manner and it restrained EMT-mediated
migration and promoted DDR-induced apoptosis through the hsa-miR-495-3p-ACTB/HSP90AA1 pathway in OC cells.

ACTB is a highly conserved cytoskeleton protein widely distributed in eukaryotic cells and plays an important role
in cell division and migration [15]. ACTB has been reported to be involved in the development of diversified can-
cers. ACTB is de-regulated and high-expressed in multiple cancers, such as liver cancer (LC), colorectal cancer (CRC),
breast cancer (BC), OC, and so on [16-19]. LC cells with high ACTB expression showed greater aggressiveness [20].
The transduction of MDA7, a tumor suppressor, can significantly decrease the level of ACTB protein, and destroy the
cytoskeletal structure to induce the apoptosis of CRC cells [21]. ACTB mediates BC resistance [22]. Salicylic acid can
down-regulate ACTB to induce apoptosis of BC cells by [23]. In general, although the abnormal expression of ACTB
in cancer has been widely confirmed, the molecular mechanisms involved have rarely been explored.

HSP90AA1 is a molecular chaperone that regulates target proteins involved in cell cycle and signal transduction.
HSP90 AA1 promotes lymphatic metastasis of hypopharyngeal squamous cell carcinoma by inducing EMT [24].

@ Discover



Discover Oncology (2025) 16:817 | https://doi.org/10.1007/512672-025-02570-8

Research
A B " C Kok %k
* k%
_ 1.5+ 2.0 B 2.0+
: *ok K ? * % 5 ok
3 z <
(=3
«Q < 1.5 % 1.5 —_
L 1.0 —— E —L_ - = I
V p—
g - ; 104 ERTE ——
& T < 2
2 0.5+ i 2
e £ 0.5 = 0.5
s = 2
= o) -
I~ & o
0.0_ T 0.0_ T c: 0.0_ T
b G » ® G » o < >
@C’ » 04 @C’ > OA @C’ AN 04
& & & &
L 9 A\ S < S
D E F
2.01 mm DMSO =3 TF 154 mm DMSO == TF = 15 == DMSO =3 TF
;': $ok ok ok % 3 *okk *ok ok z * %k % *kk
= 2 <
o Z
0 1.5 < g
& = T Z 1.0+ 1 E 1.0 ua
Z 104 u oL § S
Ex = T s L
& Q T S -
2 i 0.5 »n 0.5
2 0.5 2 =
£ = 2
g & E
0.0- T T 0.0- T T x 0.0- T T
TOV-21G SK-OV-3 TOV-21G SK-OV-3 TOV-21G SK-OV-3
G H 1.2 I 3 15-
b E il ** £ kkk Kk
3 1.0 I I £
ACTB| v w—— £ T e
l 40 £ 0.8 & 1.0 T
- T y—
@ 0.6 p’
@ 0.
HSPIOAAT | w e e 80 3 — § —_
< 0.4 &% 0.5
Q =
'4': D
GAPDH | i Siul S 30 = 0.2 %
: % 00 2 0.0
.0 x 0.0- T
(&3 \G (‘Q I
\‘OQ)(‘O\]:L ')\GX OQ)CS < 3‘\0 G"‘Q OQ’CS qﬂ»\G GX(‘Q
<0 ’ A Ny qﬂ&\ » <0 q,’b\
"0 (QO

Fig.6 TF regulated the expression of hsa-miR-495-3p/ACTB/HSP90AA1. A-C The expression of hsa-miR-495-3p, ACTB, and HSP90AA1 in
hOECs and OC cells. D-F Effects of TF on hsa-miR-495-3p, ACTB, and HSP90AA1 expression. G-I Effect of TF on the protein expression of
ACTB and HSP90AA1

Upregulation of HSP90AAT is associated with lower overall survival in BC patients [25]. In CRC, DAB2IP can down-
regulate HSP90AA1 to restrain the malignant phenotypes of tumor cells [26]. HSP90OAA1 has been shown that increase
chemotherapy resistance of osteosarcoma cells by inducing autophagy and inhibiting apoptosis [27]. Apigenin can
hinder the development of colon cancer (CC) by targeting HSP90 AA1 [28]. There is only one report on the function
of HSP90AA1 in OC: HSP90AA1 has been certificated to aid OC cell survival, and its high level can increase OC cell
resistance to cisplatin [29].

MiRNAs are a class of short non-coding RNAs that are widely involved in human diseases. The anti-cancer effect of
hsa-miR-495-3p has been reported in many studies. Hsa-miR-495-3p can prevent CC cells from growing and migrating by
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Fig.7 Mechanism of TF inhibiting OC cell functions. Effects of hsa-miR-495-3p, ACTB and HSP90AA1 on migration (A) and apoptosis (G) and
the expression of E-cadherin/Vimentin (B-F) and y-H2 AX/RAD51 (H-L) in TF-treated OC cells. *p < 0.05; **p < 0.01; ***p < 0.001;
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inhibiting HMGB1 [30]. Hsa-miR-495-3p targeted CDK1 together with hsa-miR-143-3p, thereby inhibiting the progression
of cervical cancer [31]. LncRNA FAM83 A-AS1 aggravates the malignant progression of esophageal cancer by reducing the
hsa-miR-495-3p level [32]. LINCO1133 reduces its cellular level by adsorption of miR-495-3p, thereby promoting TPD52
expression, which contributes to the transfer of epithelial OC [33].

The process by which cells lose their epithelial properties and gain the interstitial properties is called EMT, which
contributes to the metastasis of cancer cells [34]. Deletion of E-cadherin expression and abnormal expression of Vimen-
tin are markers of EMT and are relevant to an enhancive risk of cancer metastasis [35]. Cancer cells can resist death and
drug treatment by escaping DDR, accompanied by inhibition of DDR-associated proteins (such as y-H2AX) and abnormal
expression of DDR repair proteins (such as RAD51) [36]. The results of this study displayed that TF significantly up-regu-
lated E-cadherin and y-H2AX, and down-regulated Vimentin and RAD51 in OC cells, which were reversed by inhibition of
hsa-miR-495-3p and overexpression of ACTB or HSP90AAT, suggesting that TF could inhibit the migration and promote
the apoptosis of OC cells by the hsa-miR-495-3p-ACTB/HSP90AA1 pathway-mediated EMT and DDR.

In summary, we have identified a new flavonoid derived from SR, that is TF. TF effectively inhibited the functions of
OC cells through the hsa-miR-495-3p-ACTB/HSP90AA1 pathway. Our study will provide a valuable theoretical basis for
the application of SR in OC treatment.
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