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1.  Introduction

In countries with a very high human development index, 
endometrial carcinoma (EC), as reproductive tract malignant tumor of 
female, continues to increase with an annual incidence rate of about 
 1%, which is much higher than breast cancer (0.5%)[1]. According 
to the latest statistics of 2021, the United States alone reported 
66 570 new cases and 12 940 deaths of EC[2]. In spite of the 
continuous progress in medical care advancements,  the past two 
decade data reflect the acceleration of the death rates from 0.3% per 
year from 1997 through 2008 to 1.9% per year from 2008 through 
2018, which is twice the pace of the increase in incidence[3]. The 
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more alarming situation arises where the EC incidences are not 
only reported in postmenopausal women, but there are reports of its 
dramatical increase in  younger women as well[4].

For early-stage disease, the current practice is to perform 
radiation and/or  chemotherapy after surgery. Due to the unavailability 
of cure for  advanced stage of the disease, chemotherapy is seen as 
the mainstay of treatment for most the EC patients. Due to the high 
tolerability and toxic side effects of traditional antineoplastic drugs, 
only few trials have investigated the use of  chemotherapeutic agents 
in settings usually classified as high- or intermediate-risk disease[5]. 
In this scenario, the studies on natural compound therapies with exact 
targeted strategies along with low side effects open up new avenues 
for novel drug development for EC patients.

Among the important medicinal foods in China, the fleshy 
rhizome of Polygonatum sibiricum (PS) has been intensively 
characterized as a medicinal and nutritional supplement, and 
the biochemical  consti tuents  (polysaccharides,  saponins, 
homoisoflavanones and agglutinates) of PS have been endowed with 
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various health effects such as antioxidant[6], anti-tumor[7], anti-aging[8], 

and immune regulation[9]. The use of Polygonatum genus in traditional 

medicine has relevance to female reproductive disorders[10-11] as well 

as to cancer[12]. Xu et al.[13] extracted two saponin components from 

PS, including dioscin (diosgenyl 2,4-di-O-α-L-rhamnopyranosyl-β-

D-glucopyranoside). While several studies have extensively shown 

that dioscin has an effect on inhibiting the proliferation of various 

human cancer cell lines[14-15]. In addition, dioscin has been reported 

as a potential therapeutic agent for postmenopausal osteoporosis, 

promising to avoid the side effects associated with hormone 

replacement therapy including increased risk of endometrial and 

breast cancer[16]. Our previous study showed that dioscin had potential 

health benefits in inducing cell cycle arrest and apoptosis[17]. The 

recent data pointed out that the increased risk of developing EC was 

more strongly associated with a variety of factors, including estrogen, 

obesity, diabetes, high blood pressure, and reproduction[18]. This 

indicate that the clinical efficacy of chemotherapeutic approaches 

for EC was of variable performance, suggesting that novel molecular 

therapies targeting specific cellular processes related to cell death, 

treatment sensitivity and drug resistance, such as autophagy, can be 

targeted to improve the efficacy of EC treatments. Dioscin was found 

to activate autophagy in hippocampal neuronal HT22 cells to prevent 

neurotoxicity[19]. Also, dioscin has been shown to promote autophagy 

in alveolar macrophages to reduce lung inflammation[20]. Furthermore, 

dioscin could induce autophagy in ulcerative colitis mice[21]. 

The complex crosstalk, interaction, and regulation of the two 

programmed cell death pathways, autophagy and apoptosis, on the 

survival or death of malignant cells have brought breakthroughs in 

the treatment of various tumors and other diseases. As a degradation 

pathway to eliminate abnormal proteins or damaged organelles in 

cells, autophagy is activated in response to cellular stressors. It has 

been revealed that regulation of both intracellular nutritional status 

and metabolic function (damaged proteasomes, unfolded proteins, 

protein aggregation and damaged organelles) can regulate the 

autophagy levels. At the same time, endoplasmic reticulum (ER) 

and mitochondrial dysfunction, DNA damage, and oxidative 

stress caused by external stress or stimuli can lead to the efficient 

induction of autophagy[22]. Nevertheless, emerging evidences 

have demonstrated that autophagy, triggered by the regulation of 

multiple signaling pathways, is involved in tumor suppression in 

EC[23-24]. However, it remains elusive whether dioscin can affect 

EC cells by activating this process.

Accumulating evidence suggested that aberrant expression of 

miRNAs had critical effect on the treatment resistance of numerous 

malignant tumors[25-27]. The positive response of miRNA-mediated 

gene expression regulated by natural compounds or phytochemicals 

in tumor therapy represents a potential molecular target in therapeutic 

clinical approaches. However, elucidating the effects and regulatory 

mechanisms of dioscin on EC from the perspective of miRNA omics 

has not been studied so far. Herein, based on miRNA omics data, 

we explored dioscin-regulated apoptosis and autophagy induction in 

Ishikawa cells through dynamic interactions among different signaling 

pathways. Further we also screened the functional miRNAs and their 

target genes to aim these pathways for novel therapeutic strategies.

2.  Materials and methods

2.1  Chemicals 

The stock solution of dioscin was prepared by dissolving in  
50 mmol/L dimethyl sulfoxide (DMSO) (Lousis, MO, USA) followed 
by storage at −20 °C until use. 

2.2  Preparation of dioscin

Dioscin was obtained from the ethanolic extract of the rhizome 
of PS (Qingyang, China). Firstly, the PS powder (washing, 
drying, crushing, and sieving) was subjected to ultrasonic (60 °C,  
75 min) assisted ethanol (80%) extraction. A crude sample solution 
was prepared by dissolving the light brown solid obtained after 
evaporation under reduced pressure to no n-butanol[28]. Silica gel 
columns and Sephadex LH-20 columns were used to purify the crude 
product. While passing through a silica gel column, chloroform-
methanol-n-butanol-water (10:5:1:4, V:V) was used the eluent, and 
when passing through a Sephadex LH-20 column, ethanol-water 
gradient was used as the eluent. HPLC (Thermo Fisher, USA) was 
used for purity analysis. Ultra performance liquid chromatography-
time of flight-tandem mass spectrometry (UPLC-TOF-MS/MS) 
(Waters Corporation, Milford, MA, USA) was used to perform 
molecular weight analytical determinations in positive ion detection 
mode. VNMRS600 Nuclear magnetic resonance (NMR) spectrometer 
(Agilent, USA) was used for molecular structure determination. 

2.3  Cell culture 

According to our previously reported method[17], human EC cell 
line, Ishikawa and human embryonic kidney cells (HEK293) were 
cultured after procurement from Wuhan Procell Life Technology Co., 
Ltd. (China).

2.4  Cell viability assays 

For this, cells (8 × 103 cells/well in 96-well) were seeded 

overnight followed by treatment with several concentrations of dioscin 

(0, 1, 2, and 3 μmol/L) for 24 h. According to the manufacturer’s 

procedure, 10 μL of CCK-8 reagent (Beyotime, Shanghai, China) 

was added to each well and cells were further allowed to incubate for  

2 h. The cell growth was assessed in terms of the absorbance (A450 nm) 

using a microplate reader (Bio-Rad Laboratories Ltd., China)[29].

2.5  Tumor xenograft models 

According our previous study[30], specific mice model was obtained 

by subcutaneously injecting the Ishikawa cells (1 × 107 cells/mL)  

under specific pathogen-free conditions. The mice were randomly 

divided into dioscin group (24 mg/kg)[31-33] and control group (treated 

with equal volume of DMSO) (Con group). Mice body weight and 

tumor volume were monitored every other day over a 21-day period 

of i.p. dosing. Finally, the treated mice were sacrificed at the end 

of the treatment, and 4 micron-thick serial sections of xenograft 

organs and tumor tissues were used for terminal deoxynucleotidyl 
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transferase-mediated dUTP-biotin nick end labeling (TUNEL) and 
hematoxylin-eosin (H&E) staining.

2.6  RNA extraction, library construction, and sequencing 

The dioscin (2 μmol/L) treated and the control groups were 
set for 3 biological replicates. After the total RNA isolation using 
TRIzol reagent (Invitrogen, CA, USA), its auality and quantity were 
assessed using a 2100 Bioanalyzer (Agilent Technologies, Santa 
Clara, CA, USA). For RNA-Seq (Hangzhou Lianchuan Biotech (LC-
Bio) Technology Co., Ltd., library construction procedures were 
performed by standard Illumina sample preparation protocols. The 
mRNA sequencing was outsourced using the Illumina Novaseq™ 
6000 platform[30].

2.7  Analysis of DEMs and DEGs 

The differential expression of mRNA and miRNA between 
the dioscin group and the Con group was analyzed using DESeq2 
package in the statistics software. Differentially expressed miRNAs 
(DEMs) were identified to setup the fold change (|log2 FC|) > 1 and 
q value (adjusted P-value) < 0.05. The genes with |log2 FC| > 1 and  
P < 0.01 were regarded as differentially expressed genes (DEGs). 
These results were visualized using volcano plots and principal 
component analysis (PCA) built by the R language[34]. 

2.8  Function enrichment analysis and miRNA-mRNA 
regulatory network analysis 

The targets of miRNAs were predicted using Targetscanb and 

miRanda softwares. A Gene Ontology (GO) enrichment analysis 

was performed on target genes with GOseq R package. All the 

target genes were also subjected to Kyoto Encyclopedia of Genes 

and Genomes (KEGG) enrichment analysis. Cytoscape software 

was used to screen out core regulatory genes based on the protein-
protein interaction (PPI) network and visualize the interaction 

network between miRNA and mRNA[35].

2.9  Transmission electron microscopy analysis 

Based on our previous study, dioscin treated ishikawa cells  

(2 μmol/L) and control group were harvested followed by 4 h of 

fixation (2.5% glutaraldehyde) at 4 °C, phosphate buffered saline 

(PBS) rinsing, and then further 2 h of fixation (1% osmium tetroxide). 

The after, the dehydration of samples was performed in a gradient 

of ethanol solutions followed by embedding in Araldite 812. The 

selected areas were cut using the Leica UC7 ultramicrotome with a 

diamond slicing knife. Ultrathin sections (60−80 nm) were stained 

with 2% uranyl acetate saturated alcohol solution and 2% lead citrate. 

Subsequently, the samples were observed under transmission electron 

microscope (TEM) system (HT7700, Hitachi, Japan)[36].

2.10  Immunohistochemistry and immunofluorescence assays 

Tumor sections were prepared following the standard protocols. 
Sections were incubated with antibodies against caspase 9 (1:100, V/V),  

p-AKT (1:200), Beclin-1 (1:2 500) and p-p53 (1:200) overnight, 

followed by the addition of secondary antibodies and incubation for 

0.5 h. Diaminobenzidine was used for the color reaction[37]. 

For immunofluorescence, following steps were involved: PBS 

washing of the treated cells, 4% paraformaldehyde fixation, 0.1% 

Triton X-100 permeabilization, and 0.1% bovine serum albumin 

(BSA) blocking. After the above steps, cells were incubated with 

anti-LC3B (1:200, V/V), secondary antibody, and 4’,6-diamidino-2-

phenylindole (DAPI) overnight (4 °C) and for 1 h (room temperature), 

and for 30 min, respectively. Lastly, the cells were examined and 

analyzed under a fluorescence microscope (Olympus, X51, Japan) 

and Image Pro Plus (version 6.0, Media Cybernetics Inc., Rockville, 

MD, USA), respectively[38].

2.11  Western blotting analysis 

Total proteins from Ishikawa cells and tumor tissues were 

extracted using lysate containing protease inhibitors,  and 

quantified using BCA protein assay reagent (Thermo Scientific, 

USA). The total protein (same amount) from each sample was 

separated by 10% sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis (SDS-PAGE) and then electro transferred to 

polyvinylidene fluoride (PVDF) membranes (Millipore Darmstadt, 

Germany) for immunoblotting. After blocking, the membranes 

were incubated with 1° and 2° antibodies overnight at 4 °C and for 

1 h at room temperature, respectively. Protein band detection was 

accomplished with enhanced chemiluminescent Western blotting 

reagents and protein expression was calculated using ImageJ 

software[39].

2.12  Validation of mRNA and miRNA expression by qRT-PCR

The mRNA and miRNA expression were verified using real 
time quantitative polymerase chain reaction (RT-qPCR) analysis 

and primers used were listed in the Tables 1 and 2. The cDNA was 

synthesized by Evo M-MLV RT Mix Kit (AGbio, Hunan, China), 
according to the manufacturer’s protocol. For mRNA and miRNA 

quantitative PCR analysis, SYBR Green Premix Pro Taq HS qPCR 

Kit (AGbio, Hunan, China) and miRNA fluorescent quantitative 

PCR (dye method) kit (Sangon Biotech, Shanghai, China) were 

used on Real-Time PCR System (LightCycler® 480 SYBR Green I 
Master)[24]. 

Table 1
microRNA primers for qRT-PCR.

miRNA Sequence (5’-3’)

mir-1246-p5_1ss17AG GGATTTTTGGAGCAGGGAG

mir-2887-1-p5 GACCGGGGTCCGGTGCGGA

mir-6236-p3_1 AATGGATGGCGCTGGAGC

miR-19b-3p TGTGCAAATCCATGCAAAACTGA

miRNA-1260 ATCCCACCGCTGCCACCA

miR-1180-5p_R-1 GGACCCACCCGGCCGGGAAT

miR-1287-5p TGCTGGATCAGTGGTTCGAGTC

miR-10395-3p ATGTATTCGTACTGTCTGATG
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Table 2
Gene primers for qRT-PCR. 

Gene Forward primer (5’-3’) Reverse primer (5’-3’)
NGF GGCAGACCCGCAACATTACT CACCACCGACCTCGAAGTC

LAMA3 CACCGGGATATTTCGGGAATC AGCTGTCGCAATCATCACATT
FGF2 AGAAGAGCGACCCTCACATCA CGGTTAGCACACACTCCTTTG
IL4R CGTGGTCAGTGCGGATAACTA TGGTGTGAACTGTCAGGTTTC

GADD45A CCCTGATCCAGGCGTTTTG GATCCATGTAGCGACTTTCCC
TP53AIP1 CGGGGAATAGAAGCTCTGTCA CTGGAGAGACCTAGACCAAGG

PRLR TCTCCACCTACCCTGATTGAC CGAACCTGGACAAGGTATTTCTG
LPAR3 GCTGCCGATTTCTTCGCTG AGCAGTCAAGCTACTGTCCAG
β-actin TGTCACCAACTGGGACGATA GGGGTGTTGAAGGTCTCAAA

2.13  Statistical analysis 

Results (mean ± SD) were processed for statistical significance 
using one-way analysis of variance (ANOVA) in SPSS software 
version 19.0 (SPSS Inc., Chicago, IL, USA) at P < 0.05.

3.  Results 

3.1  Dioscin extraction from PS 

The extracted compound was reported with 97.14% as the 
main peak situated at 2.86 min (Fig. 1A). And [M + H]+ peak at  
m/z 869.488 0, [M – Rha + H]+ peak at m/z 723.430 2, [M – 2Rha + H]+   
peak at m/z 573.372 7, and [M – 2Rha – Glc + H]+ peak at  
m/z 415.320 0 revealed the molecular weight of the compound as 
869.04 Da (Fig. 1B), which corresponded to the earlier reports[14,40]. 
According to the NMR data, the obtained compound was identified as 
dioscin (Figs. 1C-E). 13C NMR (151 MHz, DMSO) δ: 152.34, 140.72, 
121.69, 108.84, 100.94, 100.74, 98.61, 88.01, 80.62, 77.39, 77.05, 
76.68, 76.56, 75.67, 72.34, 71.16, 71.04, 71.01, 70.87, 69.08, 68.39, 
66.35, 62.23, 60.43, 56.21, 50.00, 41.53, 40.34, 40.22, 40.20, 40.06, 

39.92, 39.78, 39.64, 39.55, 39.50, 38.03, 37.25, 36.83, 31.96, 31.92, 
31.41, 31.38, 30.25, 29.46, 28.91, 20.82, 19.40, 18.25, 18.20, 17.53, 
16.46, 15.11. 1H NMR (600 MHz, DMSO-d6) δ: 5.30 (d, J = 5.0 Hz, 1H),  
5.00 (d, J = 1.6 Hz, 1H), 4.72–4.62 (m, 5H), 4.57 (d, J = 4.3 Hz, 1H), 4.46 
(dd, J = 15.6, 5.8 Hz, 2H), 4.37 (d, J = 7.9 Hz, 1H), 4.25 (q, J = 7.3 Hz, 1H),  
3.96 (dt, J = 9.3, 6.1 Hz, 1H), 3.83 (dq, J = 9.4, 6.2 Hz, 1H),  
3.60–3.53 (m, 2H), 3.48–3.34 (m, 6H), 3.23–3.14 (m, 3H), 3.15 (s, 2H),  
2.41–2.35 (m, 1H), 2.17–2.10 (m, 1H), 1.89 (ddd, J = 19.0, 15.1,  
10.1 Hz, 2H), 1.77 (qd, J = 12.3, 11.0, 5.7 Hz, 3H), 1.69–1.62 (m, 2H), 
1.62–1.48 (m, 4H), 1.49–1.38 (m, 4H), 1.14 (ddd, J = 24.4, 12.9, 5.1 
Hz, 2H), 1.07 (dd, J = 9.4, 6.1 Hz, 7H), 0.96 (dd, J = 13.7, 4.2 Hz, 1H),  
0.93 (s, 3H), 0.88 (d, J = 6.9 Hz, 4H), 0.71 (t, J = 3.2 Hz, 6H).

3.2  Dioscin decreased Ishikawa cell viability 

The viability of dioscin treated EC Ishikawa cell was reduced in 
a concentration-dependent manner (Fig. 2A). In contrast, the effect 
of dioscin on the cell viability of the normal cell line (HEK293) was 
higher than 80% at the concentration of 0−4 μmol/L (Fig. 2B). Based 
on the comparative results in Fig. 2C, we selected 2 μmol/L dioscin 
treatment on Ishikawa cells as the most suitable concentration for 
subsequent experiments. These results indicated that dioscin was a 
natural compound with better anti-cancer effects.

3.3  Dioscin inhibited tumor growth 

Our in vivo results (effects of dioscin on tumor growth) showed that 
tumor size was suppressed after treatment with dioscin (Figs. 3A-B).  
A noteworthy decrease in tumor volume (Fig. 3D) and weight 
(Fig. 3E) was confirmed after treatment with dioscin (24 mg/kg) in 
comparison to the control group (P < 0.05). Fig. 3C revealed the 
upward trend in the body weight of mice but without any significant 
difference between the treated and control groups. In addition, 
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histological analysis was utilized to detect apoptosis of tumor cells  
in vivo (Fig. 3F). The dioscin treated tumor tissues exhibited significant 
tissue disorders and larger necrotic areas. More tunel-positive cells 
were found in xenografts treated with dioscin in comparison to the 
control group. These results further established the inhibitory effect 
of dioscin on endometrial tumor growth in vivo and indicated the 
association with the apoptosis induction in Ishikawa cells.

3.4  Identification of differential expressed miRNAs 

The PCA in Fig. 4A more clearly showed the within-sample 
similarity and between-sample variability. The volcano plot  
(Fig. 4B) and heat map (Fig. 4C) directly reflected those 62 miRNAs 

which had significant changes (P < 0.05) in the treatment group, with 
25 miRNAs increasing and 37 miRNAs decreasing trend. Table 3 
presented the DEMs after dioscin treatment.

3.5  Function enrichment analysis of DEMs target genes 

The target genes of DEMs were predicted using TargetScan 
and miRanda software, and further functional enrichment analysis 
was performed. Fig. 4D revealed the target genes of DEMs mainly 
involved in the signal transduction process ontology of biological 
process ontology, protein blindness of molecular function and cell 
membrane of cellular components. Notably the KEGG enrichment 
results showed that the target genes of DEMs were mainly enriched 
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in PI3K/AKT, p53, and autophagy signaling pathways. This aroused 
our keen interest to continue to unravel thev possible regulatory 
mechanisms of dioscin on Ishikawa cells to inhibit EC progression.

Table 3
Total DEMs in dioscin group compared with the control group. 

miRNAs P value log2 FC Expression
Upregulated miRNA

miR-2904-2-p5 2.49 × 10−3 1.99 High
miR-1246-p5_1ss17AG 2.95 × 10−3 2.42 Low

miR-2887-1-p5 3.39 × 10−3 2.27 Middle
miR-2887-1-p5_1ss21AT 7.65 × 10−3 2.11 Middle

miR-2887-1-p3_1ss11AT_1 1.13 × 10−2 1.38 High
miR-2887-1-p3_1ss11AT_2 1.13 × 10−2 1.38 High

miR-6236-p5_4 1.59 × 10−2 1.91 High
miR-6236-p5_1 1.59 × 10−2 1.91 High
miR-6236-p3_4 1.59 × 10−2 1.91 High
miR-6236-p5_2 1.59 × 10−2 1.91 High
miR-6236-p5_3 1.59 × 10−2 1.91 High
miR-1246_L+4 1.91 × 10−2 3.49 Low

miR-19b-3p 2.23 × 10−2 1.19 Middle
miR-12136_R+8 2.25 × 10−2 4.31 High

miR-6240-p3_1ss10TG_2 2.44 × 10−2 2.18 High
miR-6240-p3_1ss10TG_1 2.44 × 10−2 2.18 High

miR-6236-p3_1 2.45 × 10−2 1.51 Middle
miR-6236-p3_3 2.45 × 10−2 1.51 Middle
miR-6236-p3_2 2.45 × 10−2 1.51 Middle

miR-27a-5p 3.21 × 10−2 1.06 Middle
miR-1246_L-1R+3 4.07 × 10−2 2.68 Middle
miR-1246_L+4R+1 4.35 × 10−2 3.40 Middle
miR-1246_L+5R+1 4.42 × 10−2 4.06 Middle

miR-2904-2-p3 4.60 × 10−2 1.47 High
miR-1246_L+1R+2 4.85 × 10−2 3.73 High

Downregulated miRNA
PC-3p-45158_31 1.68 × 10−3 −inf (negative infinity) Low

miR-1260b_L+1_1ss10AG 4.72 × 10−3 −inf Low
miR-4454_L-2 7.41 × 10−3 −2.32 Middle

miR-24-1-p5_1ss2GC 9.07 × 10−3 −2.21 Middle
miR-429-p5 9.59 × 10−3 −inf Middle

miR-9995-3p_L+1_1 1.12 × 10−2 −inf Low
miR-9995-3p_L+1_2 1.12 × 10−2 −inf Low

miR-4787-3p 1.21 × 10−2 −inf Low
miR-8903_R-2_1ss17CT 1.48 × 10−2 −inf Low

miR-378d_R-2 1.54 × 10−2 −1.44 Middle
miR-1260 1.56 × 10−2 −1.62 High
miR-940 1.62 × 10−2 −1.59 Middle

miR-1260b_R+1_1ss9AG 1.93 × 10−2 −2.74 Middle
miR-3180_R+2 2.14 × 10−2 −inf Low
miR-1260_L+2 2.16 × 10−2 −1.20 Middle

miR-877-3p_R+1 2.17 × 10−2 −1.02 Middle
miR-1180-5p_R-1 2.25 × 10−2 −2.57 Middle
miR-1260b_R-1 2.39 × 10−2 −1.05 Middle

miR-135a-2-3p_R-1 2.40 × 10−2 −inf Low
miR-339_R+1_1ss21AT 2.40 × 10−2 −inf Low

PC-5p-57106_14 2.42 × 10−2 −inf Low
miR-1287-5p 2.72 × 10−2 −2.60 Middle
miR-328-3p 3.00 × 10−2 −1.21 Middle

miR-125b-2-3p_L-2R+2 3.05 × 10−2 −1.04 Middle
miR-9993b-3p_1ss1AT 3.29 × 10−2 −1.45 Middle

miR-1246_L+1R-2 3.33 × 10−2 −1.75 Middle
miR-1273c-p3 3.65 × 10−2 −1.98 Middle
miR-10395-3p 3.72 × 10−2 −2.07 Middle
miR-551a-p5 3.83 × 10−2 −inf Low

miR-9993b-3p 3.89 × 10−2 −1.27 Middle
miR-3944-5p 4.08 × 10−2 −2.81 Middle
miR-1908-5p 4.24 × 10−2 −1.47 Middle

miR-338-5p_R-1 4.45 × 10−2 −2.31 Low
miR-9933_L-4_1ss12AT 4.48 × 10−2 −2.36 Middle

PC-3p-41724_41 4.48 × 10−2 −2.27 Low
miR-1260_L+1 4.61 × 10−2 −1.51 Middle

miR-550a-5p_R-2 4.73 × 10−2 −1.16 Middle

3.6  Dioscin prompted apoptosis and autophagy 

Based on the experiments in which dioscin reduced the viability 
of EC cells and inhibited tumor proliferation in mice, and in 
conjunction with the high-throughput histological studies, the final 
enriched cellular pathways were found to be mainly involved in 
the autophagy-apoptosis interaction regulatory signaling pathways 
PI3K/AKT and p53, and it is reasonable to infer that dioscin is more 
likely to act on autophagy and apoptosis. In our previous study[17], 
it was confirmed that dioscin induced apoptosis through cell cycle 
arrest and mitochondrial pathway. Here, we further confirmed the 
effects of dioscin on apoptosis and autophagy in Ishikawa cells by 
tumor immunohistochemistry. The increase of bright blue cells in 
DAPI staining indicated that dioscin indeed triggered apoptosis  
(Fig. 5A). The enhancement of red light in LC3 staining also tentatively 
indicated that dioscin regulated activities related to cellular autophagy 
which was further confirmed by TEM assay. Comparison of the control 
and the treated groups revealed an increase in autophagic lysosomes in 
the cells in the dioscin-treated group (Fig. 5B). 

The effects of dioscin on apoptosis and autophagy marker protein 
expression were further examined at the in vivo and in vitro translation 
levels. Western blot results (Figs. 6A-B) demonstrated that the protein 
Bcl-2 and PARP were significantly decreased, and protein Bad and 
c-PARP was significantly upregulated in the dioscin-treated group  
(P < 0.05). The levels of autophagy-related protein Beclin-1 and the ratio 
of LC3II/LC3I were significantly increased and the expression of p62 
protein was decreased (P < 0.05). In addition, immunohistochemical 
analysis (Fig. 6C) also showed that treatment with dioscin reduced the 
level of tumor protein caspase 9 and increased the positive expression of 
Beclin-1. The results demonstrated the promotion of apoptosis and 
autophagy in Ishikawa cells under the effect of dioscin. Combining 
with the histological data, we next investigated the PI3K/AKT 
pathway and p53 signaling pathway at the in vivo and in vitro protein 
levels, respectively, to further explore the underlying mechanism of 
dioscin effects on Ishikawa apoptosis and autophagy.

3.7  Inhibition of dioscin on PI3K/AKT pathway 

In the aforementioned results of this study, high-throughput 
sequencing  and  gene  enrichment  studies  revealed  a  close 
association between the target of dioscin and the PI3K/AKT 
signaling pathway. The protein immunoblotting assay observed 
that dioscin downregulated PI3K expression in Ishikawa cells. 
The total protein levels of AKT and mTOR did not change 
significantly, while the phosphorylation levels of mTOR and 
AKT were significantly decreased (Fig. 7A). The same protein 
expression results were also shown in dioscin-treated mouse tumors  
(Fig. 7B). Immunohistochemical results also confirmed the 
diminished p-AKT protein levels in vivo (Fig. 7C). We next examined 
apoptosis and autophagy marker proteins using AKT inhibitor and 
AKT phosphorylation activator (SC79), respectively (Fig. 7D). We 
found that dioscin and inhibitor III had the same regulatory effect 
on p-AKT expression. Compared to the dioscin-treated group, 
the down-regulated phosphorylated AKT levels were found to be 
increased when Ishikawa cells were treated with SC79 and dioscin 
in culture. This suggested that dioscin was involved in regulating 
the PI3K/AKT pathway. And in this process, when SC79 stimulated 
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the p-AKT level to rise, p62 rebounded and caspase 3 was activated. 
Besides, the addition of dioscin significantly attenuated p-ATK after 
SC79 treatment of Ishikawa cells in culture. At the same time, the  

up-regulated apoptotic protein caspase 3 and autophagy protein p62 

were also decreased. This confirmed that dioscin promoted apoptosis and 

autophagy in Ishikawa cells by suppressing the PI3K/AKT pathway.
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3.8  Activation of dioscin on p53 pathway 

The p53 protein was considered a tumor suppressor that can 

regulate both apoptosis and autophagy. Under conditions such 

as DNA damage, the p53 gene was activated in cells and it could 

promote apoptosis by upregulating the expression of pro-apoptotic 

genes. Upon stimulation, p53 migrated to the nucleus and bound to 

the pro-expression region of the autophagy-promoting gene AMPK 

to increase the level of autophagy. In the KEGG enrichment analysis, 
the p53 signaling pathway was recognized as a high significance 

and enrichment factor (Fig. 4E). Thus, the potential of p53 signaling 

in the treatment of EC was further explored. As shown in Fig. 8A, 
after treatment with dioscin, cellular p53 protein expression was 
reduced, while phosphorylated p53 protein expression was enhanced. 
Also, the decrease of MDM2 and the enhancement of GADD45a 
protein expression confirmed that dioscin treatment activated the p53 
signaling pathway in Ishikawa cells. In mice tumor constructed from 
EC Ishikawa cells, WB results also showed that dioscin significantly 
increased p-p53 and GADD45a in p53 signaling pathway (Fig. 8B). 
Immunohistochemical results also showed enhanced expression of 
p-p53 protein in tumor tissues of the dioscin treated group, indicating 

that the anti-EC activity of dioscin was related to activation of p53 
signaling pathway (Fig. 8C). The use of p53 inhibitor led to a decrease 
in p53 protein and a significant decrease in LC3II/LC3I, and the 
decreased autophagy protein rebounded after dioscin treatment. It was 
also confirmed that the use of p53 inhibitor pifithrin-α (PFT-α) was 
able to significantly inhibit the increase in autophagic flux induced by 
dioscin. Whereas after the p53 pathway was inhibited, caspase 3 did 
not change significantly, but was subsequently activated by dioscin 
treatment (Fig. 8D). This indicated that the dioscin induced p53 
pathway was mainly involved in affecting the autophagy of Ishikawa 
cells and did not significantly dominate the process of apoptosis.

3.9  Relationship between dioscin-induced autophagy and 
apoptosis in Ishikawa cells 

Dioscin increased the LC3II/LC3I protein ratio in Ishikawa 

cells, while the addition of the autophagy inhibitor 3-methyladenine 

(3-MA) attenuated the promoting effect of dioscin on LC3II 
expression (Fig. 9A), confirming that dioscin does act as an 

inducer of cellular autophagy. Meanwhile, compared with the 

dioscin treated group, the 3-MA + dioscin group showed a further 
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decrease in the caspase-3 protein expression level, indicating that 
caspase-3 was activated to produce more shedders, suggesting that 
inhibition of autophagy could promote dioscin-induced apoptosis. 
Fig. 9B flow cytometric assay also revealed a higher percentage 

of apoptosis in 3-MA + dioscin treated group compared to dioscin 

treated group, indicating that the addition of 3-MA further 
promoted the onset of apoptosis. This also further suggested that 
there was a mutually antagonistic relationship between autophagy 

and apoptosis in Ishikawa cells.

3.10  Validation and regulation of miRNA and mRNA 

Thus far, we have demonstrated that dioscin promoted apoptosis 

and autophagy in EC cells by inhibiting PI3K/AKT pathway, and 

dominated autophagy by activating the p53 signaling pathway. 
Subsequently, the expression of miRNAs and mRNAs was verified for 

the histological data in vitro cells and in vivo tumor tissues. As shown 
in Fig. 10A, the results of the validation assay showed that the miR-
1246-p5_1ss17AG, miR-2887-1-p5, miR-6236-p3_1, and miR-19b-
3p were enhanced, and miR-1260, miR-1180-5p_R-1, miR-1287-5p, 
and miR-10395 -3p showed a decreasing trend. The mRNA levels of 
NGF, LAMA3, FGF2, IL4R, and GADD45A genes were significantly 
increased, and mRNA levels of TP53AIPI, PRLR, and LPAR3 genes 
were significantly decreased. The validation results of RT-qPCR 
in vitro and in vivo (Fig. 10B) demonstrated the consistency and 
reliability of histological results. To further elucidate the regulatory 
relationships between DEGs and DEMs dysregulated in PI3K/
AKT and p53 signaling pathways, the miRNA-mRNA regulatory 
network relationship map between miRNAs and their potential target 
genes was established using Cytoscape software (Fig. 10C). Table 4  
demonstrated that there was a negative regulatory relationship 
between 41 DEMs and 21 DEGs. The miRNAs and genes without 
negative regulatory relationships indicated the indirect interactions 
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between them. Among them, miR-1260, miR-1246, miR-940, and 
miR-9933 were more prominently linked, indicating that they may 
occupy key positions in the PI3K/AKT and p53 signaling pathways 
regulated by dioscin. The mining of these data provides a basis for 
exploring new therapeutic strategies for key miRNA regulation 
against EC.

Table 4
Regulatory relationship between genes and their corresponding DEMs of 
PI3K/AKT and p53 signaling pathways.

Genes Regulation miRNA Regulation

TNC Up miR-1260b_R+1_1ss9AG Down
miR-1260 Down

miR-125b-2-3p_L-2R+2 Down
miR-1260b_R-1 Down

miR-551a-p5 Down

LAMA3 Up miR-9933_L-4_1ss12AT Down

miR-1246_L+1R-2 Down
miR-940 Down

ITGA3 Up miR-550a-5p_R-2p Down

miR-339_R+1_1ss21AT Down
miR-8903_R-2_1ss17CT Down

miR-940 Down

miR-3180_R+2 Down
miR-551a-p5 Down

LAMB3 Up miR-1908-5p Down
CREB5 Up miR-1246_L+1R-2 Down

miR-1260_L+2 Down
miR-9933_L-4_1ss12AT Down

miR-125b-2-3p_L-2R+2 Down
miR-940 Down

miR-551a-p5 Down

miR-1287-5p Down

NGF Up miR-1908-5p Down

miR-3180_R+2 Down
miR-877-3p_R+1 Down

THBS1 Up PC-3p-41724_41 Down
miR-1260_L+2 Down

miR-9933_L-4_1ss12AT Down

miR-4787-3p Down

miR-940 Down

BDNF Up miR-9933_L-4_1ss12AT Down

miR-1287-5p Down

miR-328-3p Down

FGF2 Up miR-877-3p_R+1 Down
IL4R Up miR-8903_R-2_1ss17CT Down

miR-125b-2-3p_L-2R+2 Down
miR-1908-5p Down

miR-940 Down

miR-1260b_R+1_1ss9AG Down
miR-1260 Down

miR-1260b_R-1 Down

miR-339_R+1_1ss21AT Down
PDGFRA Up miR-1908-5p Down

miR-338-5p_R-1 Down

miR-378d_R-2 Down

miR-550a-5p_R-2 Down

miR-877-3p_R+1 Down
miR-10395-3p Down

TCL1B Up miR-940 Down

TNXB Up miR-8903_R-2_1ss17CT Down

Genes Regulation miRNA Regulation

miR-9933_L-4_1ss12AT Down

miR-378d_R-2 Down

miR-877-3p_R+1 Down
miR-339_R+1_1ss21AT Down

FGF4 Up miR-9933_L-4_1ss12AT Down

miR-1908-5p Down

miR-3180_R+2 Down

miR-338-5p_R-1 Down

miR-551a-p5 Down

SERPINE1 Up miR-9933_L-4_1ss12AT Down

miR-125b-2-3p_L-2R+2 Down
GADD45A Up PC-3p-41724_41 Down

miR-135a-2-3p_R-1 Down

SFN Up miR-1908-5p Down

miR-9995-3p_L+1_1 Down
miR-9995-3p_L+1_2 Down

RRM2 Up miR-1260b_L+1_1ss10AG Down
miR-1260_L+1 Down

PC-3p-41724_41 Down

miR-877-3p_R+1 Down

miR-551a-p5 Down

miR-8903_R-2_1ss17CT Down

miR-378d_R-2 Down
TP53AIP1 Down miR-1246_L+5R+1 Up

LPAR3 Down miR-1246_L+4 Up
miR-1246_L+4R+1 Up

PRLR Down miR-6236-p3_4 Up

miR-6236-p5_4 Up

miR-1246-p5_1ss17AG Up

miR-12136_R+8 Up

miR-6236-p5_3 Up

miR-1246_L+4 Up
miR-1246_L+4R+1 Up
miR-1246_L+5R+1 Up
miR-1246_L-1R+3 Up

miR-27a-5p Up

miR-6236-p5_1 Up

miR-6240-p3_1ss10TG_1 Up

miR-6240-p3_1ss10TG_2 Up

4.  Discussion

In our present study, the dioscin component was extracted and 

purified from PS and structurally characterized. Several studies 

have indicated that dioscin exhibit remarkable anti-cancer, anti-

inflammatory, immunomodulatory, hypolipidemic, antiviral, 

antifungal, and anti-allergic effects[21,29,41]. For the past few years, 

numerous studies have focused on exploring dioscin against a variety 

of cancers. As a natural product, dioscin has been reported to have 

certain inhibitory effects on breast[42], stomach[41], lung[15], and liver 

cancers[14], acute myeloid leukemia[43] as well as melanoma[44]. In this 

study, we preliminarily determined the anti-EC activity of dioscin 

by inhibiting Ishikawa cell viability and the tumor growth in mice. 

Through the review of previously targeted pathways and molecular 

mechanisms, dioscin was found to exert its anti-cancer effects by 

triggering DNA damage, inducing cell cycle arrest, increasing 

apoptosis rate, activating cell autophagy, inhibiting tumor stem cells, 

Table 4 (Continued)
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stimulating mitochondrial damage, increasing intracellular reactive 
oxygen species accumulation, and Ca2+ release[14,21,42,45]. Our past 
findings have explored the dioscin induced apoptosis through cycle 
block and mitochondria-related pathways[17], but the specific anti-
cancer mechanism of dioscin action in EC still remains elusive. 
Dioscin-induced Ishikawa cell death was a very complex biological 
process involving differential expression of a large number of genes 
and regulation of multiple biological factors such as transcription 
factors and miRNAs. Therefore, we used high-throughput sequencing 
to initially explore the possible regulatory mechanisms of dioscin 
against EC from the perspective of miRNAomics. Then, based 
on multi-omics data and in vitro and in vivo models, we validated 
multiple signaling targets and further screened the functional 
miRNAs. The enrichment analysis of histological data indicated that 
dioscin exerted anti-EC effects via PI3K/AKT and p53 pathway, two 
interactive signaling targets of apoptosis and autophagy.

The natural compounds are reported to involve multiple 
regulatory pathways and molecular mechanisms. Apoptosis, as 
the first programmed cell death procedure to be identified and its 
regulatory network have gradually been recognized[46]. Caspase 
proteins, a group of structurally similar cystatin proteases found in the 
cytoplasm, are closely related to apoptosis[47]. And the Bcl-2 protein 
family, which contains pro-apoptotic and anti-apoptotic proteins, 
also triggers a series of apoptotic events[48]. In this study, we found 
that there was a significant concentration-dependent increase of Bad 
protein in Ishikawa cells with the increasing concentration of dioscin 
administration. The tumor protein results indicated a significant 
decrease in PARP and Bcl-2 proteins, and a significant increase 
in the apoptosis marker protein of c-PARP. Immunohistochemical 
results showed a decrease in caspase 9 intensity in the dioscin-
treated group, suggesting activation. These results suggested that 
dioscin had a better effect of promoting apoptosis in EC Ishikawa 
cells. Furthermore, apoptosis was not the only autonomously ordered 
death process that was controlled by a specific base. As research has 
progressed, autophagy occurrence in bioactive components used as 
functional foods has been explored as a co-regulator of cell death with 
apoptosis[49]. Initially, autophagy was thought to play an important 
role only as a cellular self-protection mechanism against nutrient 
deficiency and removal of damaged organelles and macromolecules 
from the cytoplasm. But there is growing evidence that autophagy has 
contributed its own power in tumor development[50]. It has been found 
that activation of autophagy significantly inhibited the proliferation 
of a variety of cancer cells[20-23,38]. Furthermore, emerging evidence 
suggested that autophagy and apoptosis triggered by the regulation of 
multiple signaling pathways were involved in tumor suppression in 
EC[23-25,51-52]. The formation of autophagic lysosomes was critical in the 
autophagic process. We detected a significant increase in autophagic 
vesicles in Ishikawa cells after dioscin treatment, suggesting that 
dioscin promoted autophagic activity in Ishikawa cells. The increase 
in red light intensity in LC3 staining also tentatively suggested that 
dioscin regulated activities related to cellular autophagy. LC3 was one 
of the signature proteins of autophagy, and LC3 translocated from the 
cytoplasmic type (LC3I) to the autophagosomal membrane (LC3II) 
during autophagy regulation[38]. Beclin-1 and p62 were also important 
markers of autophagy, and both of them can clearly reflect the level 
of autophagy in cells. Beclin-1 protein expression level positively 
regulated autophagy, while p62 protein negatively correlated with 

autophagy[53]. The detection of protein levels revealed that the 
LC3II/LC3I ratio and Beclin-1 levels increased significantly with 
the increase of dioscin treatment concentration, and the p62 protein 
expression level decreased significantly. Immunohistochemical results 
showed that the intensity of Beclin-1 was enhanced in the dioscin-
treated tumor sample group. All these results suggested that dioscin 
induced the occurrence of cellular autophagy. We hypothesized that 
dioscin activated the process of autophagy and apoptosis. Similar 
results were seen in human EC cell lines Ishikawa, HEC-1A and 
RL95-2 cells, where apoptosis and autophagy were induced by 
Isoliquiritigenin[54].

Different from the unidirectional regulation of cell death by 
apoptosis, in some cases, autophagy inhibited apoptosis and was 
responsible for the cell survival pathway[55]. However, autophagy 
itself also elicited cell death acting in conjunction with apoptosis or as 
a backup mechanism to induce cell death in the presence of defective 
apoptosis[50]. Apoptosis and autophagy were interrelated and mutually 
regulated. Although autophagy and apoptosis are significantly 
different in terms of metabolic pathways and morphology, their 
signaling pathways were found to be inextricably linked. The multiple 
interaction modes of apoptosis and autophagy necessarily shared 
common signal transduction and regulatory proteins. Based on our 
histological results, we focused on exploring the dual regulatory roles 
of PI3K/AKT and p53 in dioscin induced autophagy and apoptosis 
in Ishikawa cells. As one of the classical tumors signaling pathways, 
PI3K/AKT has been proven to exert anti-tumor effects by regulating 
both apoptosis and autophagy[20,23,28,56]. When PI3K binds to the growth 
factor receptor, it can activate the downstream AKT and affect the 
activity of downstream substrates, thus regulating cell proliferation, 
apoptosis and autophagy. We found that the relative expression of 
p-PI3K, p-AKT and p-mTOR proteins in Ishikawa cells by dioscin 
was reduced, suggesting that dioscin could inhibit PI3K/AKT/mTOR 
signaling pathway in Ishikawa cells. As a downstream regulator of 
PI3K/AKT, mTOR regulated a number of life activities, especially 
played an important pivotal role in the occurrence of apoptosis and 
autophagy. Studies have revealed that mTOR negatively modulated 
autophagy, while having a dual effect on regulating cell apoptosis[26,42]. 
Our experiments showed that mTOR exhibited negative feedback 
regulation on both autophagy and apoptosis. The addition of AKT 
inhibitors and activators reinforced that dioscin induced apoptosis 
and autophagy in Ishikawa cells, associated with inhibition of PI3K/
AKT/mTOR signaling pathway expression. The results of Liu et al.[57] 
elucidated that mTOR could be a target for the treatment of progestin-
resistant EC. The results of Lin et al.[36] similarly demonstrated that 
regulation of the PI3K/AKT/mTOR signaling pathway promoted 
autophagy in the Ishikawa EC cell line. Another study demonstrated 
induction of EC cell apoptosis and autophagy through inhibition 
of PI3K/AKT/mTOR pathway by establishing xenograft model 
experiments[23].

p53, widely known as the “guardian of the genome”, is a tumor 
suppressor gene. The p53 protein signaling pathway can respond to a 
variety of different cellular stress signals leading to different types of 
DNA damage and disruption of DNA template integrity to suppress 
cancer. Once activated, p53 reflects a complex signal transduction 
network to play a single or interactive role in inducing apoptosis and 
regulating autophagy[58-59]. In this study, we found that the expression 
of p53 and MDM2 proteins was decreased, while the expression of 
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p-p53 and GADD45a proteins was increased after treatment with 
dioscin, suggesting the activation of p53 signaling pathway. Therefore, 
we have reason to believe that dioscin can induce increased levels 
of cellular autophagy by activating AMPK and inhibiting mTOR 
activity. As a convergence point of multiple signaling pathways, 
mTOR mainly participated in cell apoptosis, energy metabolism, and 
the growth of various tumors[21]. Its inhibition in the regulation of 
autophagic process could reduce the level of ULK1, a key regulatory 
protein of autophagy, which in turn promoted Beclin-1 expression 
and LC3I to LC3II conversion, thus enhancing the level of autophagy 
in EC. This was consistent with the electron microscopic observations 
and the trend of p-p53 immunohistochemistry results. The use of p53 
inhibitor revealed that the dioscin-regulated p53 pathway was mainly 
involved in affecting autophagy in Ishikawa cells without significantly 
dominating the process of apoptosis. Interestingly, p53 has been 
shown to be a crossroads between autophagy and apoptosis. On the 
one hand, p53 regulated Bcl-2-related proteins and signaling pathways 
to promote apoptosis[60], and on the other hand, p53 harmonized the 
development of autophagy in tumor cells. Induction of autophagy in 
HCT116 colon cancer cells was p53-dependent[38]. It has also been 
reported that apoptosis was attenuated, and autophagy impairment 
was improved by targeting the p53 pathway in AC16 cell line[61]. 
Johnson et al.[62] showed that inhibition of p53 resulted in reducing 
apoptosis and increasing autophagy in H9C2 cardiomyocytes.

It was shown that autophagy has a dual role in the prevention and 
treatment of EC. On the one hand autophagy negatively regulated EC 
and autophagy inducers may contribute to the chemoprevention of EC. 
Conversely, autophagy is reported to promote EC[22]. This idea led us 
to probe the relationship between dioscin-induced cellular autophagy 
and apoptosis using the autophagy inhibitor 3-Ma. It was found that 
inhibition of autophagy promoted dioscin-induced apoptosis. The 
addition of the autophagy inhibitor 3-Ma further promoted apoptosis. 
It has been suggested that chemotherapy-induced autophagy triggered 
chemoresistance in EC cells, so the combination of chemotherapy 
and autophagy inhibitors may be an effective therapeutic option 
for EC patients[63]. Song et al.[64] reported that the combination of 

Tanshinone IIA with 3-MA resulted in enhanced Tanshinone IIA-
induced apoptosis in human monocytic leukemia cell line THP-1 
cells. The combination of compound with autophagy inhibitors acting 
on apoptosis can be a novel and effective combination therapy with 
potential application in clinical treatment.

In tumor therapy, miRNA-mediated gene expression regulated by 
natural compounds or phytochemicals represent a potential molecular 
target in therapeutic clinical approaches[61]. Validation of the 
histological results demonstrated the reliability of enrichment analysis 
based on histological data. Regulatory networks were also analyzed 
for relevant hub miRNAs and genes. Apoptosis and autophagy were 
also regulated by other interacting pathways and multiple modulatory 
elements such as miRNAs and long-stranded non-coding RNAs[24]. 
Here, we explored the possible connection between apoptosis and 
autophagy and PI3K/AKT and p53 pathways in dioscin treated EC 
Ishikawa cells. The specific in-depth interactions between apoptosis 
and autophagy and other regulatory pathways or molecules need to be 
further verified by subsequent experiments such as using knockdown 
techniques.

On the other hand, it has long been established in the field of 
molecular biology that tumors as a genetic disease create aberrations 
in the genome through DNA nucleotide sequence alterations. And 
the regulation of the genome through epigenetic alterations adds 
complexity. Increasingly, studies have shown that epigenetics, which 
do not depend on DNA sequence alterations leading to changes 
in gene expression levels, are revealed to play an important role 
in tumor formation, intersecting with genetic mechanisms that 
exist together to promote tumor formation. To understand whether 
dioscin induced apoptosis and autophagy mechanisms in relation to 
epigenetic regulation, we further evaluated the methylation status of 
genes (AKT, p53, caspase 3, and LC3B) in cells in vitro as well as 
in mouse tumor tissues in vivo. As shown in Fig. S1, the promoter 
regions of AKT, p53, and LC3B genes were completely unmethylated 
in the Ishikawa cell line as well as in the tumor tissues of endometrial 
cancer mice, and no methylation status was found. Methylation of 
the promoter region of caspase 3 gene in cells and tumor tissues 
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suggested a possible involvement in the development and progression 
of endometrial cell carcinoma. Furthermore, no alteration in the 
methylation status of the promoter regions of these 4 genes was 
found in vitro and in vivo levels after dioscin treatment compared 
to the control group, and our results tentatively suggested that the 
mechanism of dioscin in fighting endometrial cancer may not be 
closely related to epigenetic regulatory mechanisms. In addition, the 
epigenetic mechanisms of endometrial cancer development and the 
relationship between nutritional epigenetics and dioscin function also 
need to be investigated in more depth and comprehensively by whole 
genome DNA methylation sequencing.

5.  Conclusion

In conclusion, at first, we determined the anti-EC activity of 
dioscin by suppressing cellular viability and tumor growth, which 
was followed by uncovering the signaling targets of dioscin-induced 
apoptosis and autophagy based on miRNA omics data enrichment 
analysis. The interactive regulation of PI3K/AKT and p53 signaling 
pathways on apoptosis and autophagy in Ishikawa cells was clarified 
by in vivo and in vitro validation experiments. The results suggested 
that dioscin promoted apoptosis and autophagy in Ishikawa cells 
by inhibiting PI3K/AKT/mTOR signaling pathway and dominated 
autophagy by activating p53 signaling pathway (Fig. 11). And after 
the addition of the autophagy inhibitor 3-Ma, the level of dioscin-
induced apoptosis was further promoted. Ultimately, multiple 
signaling targets were validated and functional miRNAs were 
further screened to provide a basis for exploring the new therapeutic 
strategies for anti-EC activity of dioscin. This study presents the 
multiple signaling targets and potential molecular mechanisms of the 
anticancer effects of dioscin with a particular emphasis on EC.
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