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Abstract. Endometriosis (EMs) is a common gynecological 
disorder characterized by abnormal growth of the endometrial 
stroma and glands outside the uterus. Tanshinone IIA, the 
active component of Chinese medicine Danshen (Salvia milt‑
iorrhiza Bge.), has a number of pharmacological effects such 
as anti‑inflammation and anti‑oxidation and serves a signifi‑
cant role in the treatment of EMs. In the present study, network 
pharmacology and experimental validation were used to eluci‑
date the potential mechanism of tanshinone IIA for treating 
EMs. Several databases were used to collect information on 
EMs and tanshinone IIA and cross‑targets for tanshinone 
IIA and EMs finally obtained. A total of 64 common targets 
were found between tanshinone IIA and EMs. Subsequently, 
a protein‑protein interaction network was constructed, a total 
of 14 core targets were screened for enrichment analysis. 
Furthermore, Gene Ontology and Kyoto Encyclopedia of Genes 
and Genomes pathway enrichment analysis were performed. 
The network pharmacology showed that intercellular adhesion 
molecule (ICAM)‑1, MMP‑9 and VEGF are the core targets 
while PI3K/AKT pathway and mTOR pathway are the main 
signaling pathways through which tanshinone IIA regulates 
relevant biological processes to intervene in EMs. Finally, the 
therapeutic role and mechanism of tanshinone IIA on EMs 

was verified in vivo. Female Sprague‑Dawley rats were treated 
by autologous transplantation to establish EMs.

Serum inf lammatory factors were detected by 
enzyme‑linked immunosorbent assay (ELISA). The expres‑
sion of ICAM‑1, MMP‑9 and VEGF in ectopic endometrial 
tissues of rats was determined by immunohistochemical. 
The expression of PI3K/Akt/mTOR pathway‑related proteins 
and genes was detected by western blotting and quantitative 
PCR. It was found that tanshinone IIA treatment significantly 
decreased the formation of ectopic endometrium by reducing 
serum levels of TNF‑α and IL‑1β, and down regulating the 
levels of ICAM‑1, MMP‑9 and VEGF in ectopic uterine tissue. 
In addition, tanshinone IIA can also block the activation of 
PI3K/Akt/mTOR signaling pathway by reducing the expres‑
sion of related proteins and genes. In conclusion, tanshinone 
IIA can regulate adhesion, invasion and angiogenesis, thereby 
improving the pathological morphology of ectopic endome‑
trium and inhibiting the formation of ectopic lesions. The 
PI3K/Akt/mTOR signaling pathway may play a key role in 
controlling this process.

Introduction

Endometriosis (EMs) is a chronic inflammatory sickness 
marked by the presence of endometrial glands and matrices 
outside the uterine cavity (1). The common clinical symp‑
toms are progressive dysmenorrhea, chronic pelvic pain and 
difficulty in sexual intercourse in women of childbearing 
age. In addition, it can also cause menstrual disorders, 
infertility and other adverse consequences, which seriously 
affect the living standards and lifestyle of patients with EMs. 
However, the pathogenesis and pathophysiology of EMs are 
currently unknown. In recent years, research has concentrated 
on the theories of inflammatory stimulation  (2), cellular 
immune monitoring deficiency  (3), retrograde menstrua‑
tion and coelomic metaplasia (4). According to the classical 
implantation theory, ectopic endometrial adhesion and implan‑
tation, angiogenesis and proliferation are the most prominent 
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pathomorphological features of EMs (5). Increasing evidence 
shows that cell adhesion and invasive molecules involved in 
inflammatory and immune processes play an important role in 
endometrial pathophysiology. Researchers have also proposed 
the ‘3A model’, which hypothesizes that the progression of 
EMs is inevitably accompanied by pathological processes of 
adhesion, invasion and angiogenesis (6), thereby promoting the 
implantation and growth of counter‑current endometrial cells 
in the pelvic and abdominal cavities and then infiltrating to 
form lesions under the influence of the immune response and 
hormones.

In recent decades, the onset age of EMs has gradually 
become younger with the change of social life style and the 
increase of uterine surgical procedures such as abortion and 
caesarean section (7). EMs is challenging to treat at present 
due to its unique pathogenesis and estrogen‑dependent 
characteristics (8). Pharmacological treatment is often the 
first choice for patients with EMs due to its features such as 
ease of use, safety, quick effect and minimal trauma, among 
which hormonal agents such as combined oral contraceptives, 
danazol, gonadotropin‑releasing hormone agonists (GnRH‑a) 
and non‑steroidal anti‑inflammatory drugs are often used 
as first‑line treatment for EMs (9). However, a number of 
patients often have to discontinue treatment due to inevitable 
side effects such as breakthrough bleeding, peptic ulcers 
and osteoporosis as well as short‑term curative effect and 
frequent relapses (10). Therefore, surgery is frequently used 
as the standard treatment for EMs, with complete removal 
of the ectopic lesion, relief of pelvic pain and improvement 
in quality of life as the clinical outcomes  (11). However, 
postoperative complications and a high recurrence rate are 
also significant issues that trouble clinicians today  (12). 
Consequently, it is crucial to seek an EMs treatment strategy 
with low recurrence rate, few side effects and broad adapt‑
ability.

Traditional Chinese medicine (TCM) has a long history of 
clinical application in China and is able to treat a number of 
complex diseases through multi‑target action. Tanshinone IIA 
is a lipid‑soluble component of the Chinese medicine Danshen 
(Salvia miltiorrhiza Bge.), which has anti‑inflammatory, 
antioxidant, antibacterial, anti‑tumour, anti‑fibrosis and neuro‑
protective effects (13). It is mainly used for the treatment of 
cardiovascular and cerebrovascular diseases, cancer, bone and 
joint disease (14‑16). Studies have found that tanshinone IIA 
is also effective in treating polycystic ovary syndrome (17), 
adenomyosis (18), EMs (19) and other diseases. For the forma‑
tion of EMs ectopic lesions, tanshinone IIA can significantly 
inhibit the levels of HAS2, CA‑125, IL‑8 and TNF‑α, and 
impede the ectopic endometrial epithelial‑mesenchymal 
transformation (EMT) process, thereby inducing apop‑
tosis to achieve antifibrosis, and reducing endothelial cell 
proliferation and lesion infiltration (20,21). In addition, our 
previous study demonstrated that tanshinone IIA can reduce 
mechanical hyperalgesia in EMs rats by lowering the level 
of E2 and inhibiting the endogenous expression of dorsal 
root ganglion renin‑angiotensin system, while preventing 
the invasion and growth of ectopic lesions (22). However, the 
potential therapeutic effect of tanshinone IIA on EMs and its 
detailed pharmacological mechanisms still need to be further 
investigated.

Network pharmacology is a new subject based on the theory 
of systems biology, which analyzes biological systems and 
selects specific signal nodes for multi‑target drug molecular 
design (23). Network pharmacology explains the occurrence 
and development of diseases from the perspective of system 
biology and biological network balance, understands the inter‑
action between drugs and the body from the perspective of 
improving or restoring the balance of biological network, and 
guides the discovery of new drugs (24). The research strategy 
of network pharmacology is holistic and systematic, which 
conforms to the principle of holistic view of TCM, so it is 
widely used to elucidate the mechanism of TCM in the treat‑
ment of diseases (25). The core targets and pathways obtained 
through network pharmacological screening can provide an 
improved basis for follow‑up experiment. The present study 
combined network pharmacology with experimental valida‑
tion to clarify the main targets and potential mechanisms of 
tanshinone IIA in treatment of EMs.

Materials and methods

Acquisition of target genes related to tanshinone IIA and EMs. 
The related targets of tanshinone IIA were predicted by using 
the TCM systematic pharmacology database (old.tcmsp‑e.
com/tcmsp.php) (26). In order to collect targets of tanshinone 
IIA in a more comprehensive way, target prediction was further 
performed through the PharmMapper database (https://lilabe‑
cust.cn/pharmmapper/). Human protein targets were reset only 
in the PharmMapper database and the default settings kept for 
other parameters. The PharmMapper server automatically 
matches small ligand molecules with pharmacophore models 
in the database and ranks them based on their match scores. 
Normalized fit score >0.8 was used as the filtering criterion. 
In addition, the targets of tanshinone IIA were predicted by 
Swiss Target Prediction database (https://www.swisstarget‑
prediction.ch/) and probability value ≥0.10 was employed 
as criteria to filter for targets. The selected targets from the 
three databases were combined for deduplication, and then the 
targets were converted into standardized gene symbols using 
the UniProt database (https://www.uniprot.org/). 

All gene targets related to EMs were collected from 
Genecards database (genecards.org/), OMIM data‑
base (https://www.omim.org/) and DrugBank database 
(https://www.ncbi.nlm.nih.gov/gene). Key word ‘endome‑
triosis’ was entered into the search column to obtain target 
information. The targets obtained from the three databases 
were combined and deduplicated, sorted by score, and 
those with higher than the median score were considered 
as endometriosis targets. The targets of tanshinone IIA and 
endometriosis were uploaded to the online analysis tool of 
Venny2.1 (https://bioinfogp.cnb.csic.es/tools/venny/) to screen 
out the common targets.

Construction of the protein‑protein interaction (PPI) network 
and selection of core genes. The intersection targets of tanshi‑
none IIA and EMs were submitted to the STRING database 
(https://string‑db.org/) with the species set to Homo sapiens. 
Then, the highest confidence level was set to the minimum 
necessary interaction score (0.9) for the filter, hiding the 
discrete points in the network and leaving the remaining 
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parameters as defaults. The PPI network download was saved 
in tsv format and imported into Cytoscape 3.7.2  software 
(cytoscape.org) for visualization. Cytohubba can assign a score 
to each gene in the PPI network through its 12 algorithms, and 
then select the top gene as the key gene based on the gene 
score. Therefore, cytohubba network analysis plug‑in was used 
to calculate the degree of connectivity between proteins. The 
greater the degree value, the more interacting protein nodes 
and the greater influence on the network, Finally, target nodes 
with degree centrality, betweenness centrality and closeness 
centrality values higher relative to the corresponding median 
values in the PPI network were chosen for subsequent analysis.

Enrichment analysis of Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG). Pathway 
enrichment analysis for GO and the KEGG were achieved 
by the cluster profiler program in R software  (27). The 
screening conditions were set to P‑value cutoff=0.05 and 
q‑value cutoff=0.05 and the items with the highest P‑values 
selected for data visualization analysis. GO analysis was used 
to screen the biological process (BP), cell components (CC) 
and molecular function (MF). KEGG enrichment primarily 
revealed pathway related content.

Animals. A total of 36 mature female Sprague Dawley rats 
(age, 6‑7 weeks) at SPF level weighing between 180‑200 g 
were donated by Beijing Vital River Laboratory Animal 
Technology Co., Ltd. (license no. SCXK 2016‑0006). All 
rats were housed in standard cages at 22‑24 ˚C and relative 
humidity (40‑60%), with a regular 12 h light/dark cycle and 
ad libitum access to food and water in accordance with rat 
care protocols. The Animal Care and Welfare Committee of 
the Capital Medical University (approval no. AEEI‑2018‑031) 
reviewed and approved all experimental procedures. 

Experimental design and treatment. According to our 
previous study, the EMs rats model was successfully prepared 
by autologous transplantation (22). Rats were randomly desig‑
nated to five groups: Sham, model, positive, tanshinone IIA 
low dose and tanshinone IIA high dose (n=6 in each group). 
Rats in both sham group and model group were adminis‑
tered solvent. Positive group rats were intragastrically given 
2 mg/kg/d medroxyprogesterone acetate (Zhejiang Xianju 
Pharmaceutical Co., Ltd.). Rats in the tanshinone IIA low 
dose and high dose groups received 3 and 12 mg/kg/day 
tanshinone IIA (Shanghai No.1 biochemical pharmaceu‑
tical Co., Ltd.) respectively via intraperitoneal injection. At 
21 days after medication, blood samples were taken from 
the abdominal aorta under anesthesia by intraperitoneal 
administration of 40 mg/kg pentobarbital sodium and serum 
was extracted and kept at ‑20˚C. After blood collection, the 
rats were deeply anesthetized by intraperitoneal injection of 
pentobarbital sodium 150 mg/kg and subsequently sacrificed 
by cervical dislocation. Following sacrifice, the animal's 
death was confirmed from loss of pain response, failure to 
respond to toe pressure with hands or tweezers and observa‑
tion of cardiac and respiratory arrest. The ectopic lesion was 
resected and part of the tissue was fixed in 4% paraformalde‑
hyde for 24 h at room temperature, while the remainder was 
frozen at ‑80˚C.

Hematoxylin and eosin (H&E) staining. The tissue that had 
been fixed was withdrawn from the paraformaldehyde solu‑
tion, dehydrated by gradient ethanol, transparent by xylene, 
embedded in paraffin and then cut into 4‑µm pieces. After 
xylene deparaffinization and gradient alcohol dehydration, the 
sections were stained with H&E staining at room tempera‑
ture for 3 min and evaluated under a BX53 light microscope 
(Olympus Corporation) to investigate pathological morpho‑
logical alterations.

Enzyme‑linked immunosorbent assay. After centrifuging 
the blood for 10 min at 1,200 x g at ‑4˚C, the supernatant 
was gathered and stored at ‑20˚C for further examination. 
The concentrations of TNF‑α and IL‑1β in the serum were 
determined using ELISA (CSB‑E11987r, CSB‑E08055r) as 
the protocol provided by the manufacturer (Wuhan Huamei 
Biological Engineering Co., LTD, China). The luminescent 
signal produced was measured at 450 nm using a microplate 
reader (Thermo Fisher Scientific, Inc.).

Immunohistochemical staining. Following xylene deparaf‑
finization, the sections were rehydrated and treated with a 
buffer containing 0.01 mol/l sodium citrate. Next, the sections 
were treated with 3% hydrogen peroxide for 20 min to block the 
activity of endogenous peroxidase. Incubation with 2% bovine 
serum albumin (Beijing Dingguo Changsheng Biotechnology 
Co., LTD) inhibited non‑specific binding. After the non‑specific 
antibodies were blocked, the primary antibody anti‑MMP9 
(diluted 1:400; Bioss, bs‑4593R), anti‑ICAM‑1 (diluted 1:400; 
Bioss, bs‑0608R) and anti‑VEGF (diluted 1:400; Abcam, 
ab46154) was incubated with the tissues overnight at 4˚C. The 
antibody labeled with horseradish peroxidase HRP (1:200; 
Beijing Dingguo Changsheng Biotechnology Co., LTD, 
IH‑0061) was treated for 60 min at 37˚C. Following that, the 
sections were rinsed with PBS and stained with 0.01% DAB. 
Finally, the optical microscope image was captured under a 
BX53 light microscope (Olympus) by randomly selecting five 
fields from each section. The average integral optical density 
was measured using Image‑Pro Plus 6.0  software (Media 
Cybernetics, Inc.).

Western blotting analysis. The eutopic and ectopic endome‑
tria were lysed in RIPA) lysis buffer with protease inhibitors 
(Beijing Dingguo Changsheng Biotechnology Co., LTD, 
Beijing, China). Then, lysates were centrifuged at 12,000 x g 
for 10 min and the protein concentration of the superna‑
tants were measured by BCA assay kit (Beijing Dingguo 
Changsheng Biotechnology Co., LTD, Beijing, China). Each 
lysate supernatant was loaded onto 10% SDS‑polyacrylamide 
gels with 80 µg total protein. After the protein samples had 
been transferred to PVDF membranes, they were blocked 
for 1 h at room temperature with 5% nonfat milk. The prin‑
cipal antibodies used overnight at 4˚C were: β‑actin (diluted 
1:5000; Immunoway, YM3028), PI3K (diluted 1:500; Bioss, 
bs‑0128R), p‑PI3K (diluted 1:1,000; Bioss, bs‑3332R), Akt 
(diluted 1:1,000; Bioss, bs‑6951R), phosphorylated (p‑)Akt 
(diluted 1:1,000; Bioss, bs‑5182R), mTOR (1:1,000; Bioss, 
bs‑1992R) and p‑mTOR (diluted 1:1,000; Bioss, bs‑3495R). 
The internal reference was β‑actin. After 1 h incubation 
at room temperature with a HRP‑labeled goat anti‑rabbit 
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IgG secondary antibody , the bands were detected using 
superenhanced chemiluminescence detection tools. Images 
were captured immediately after color development using 
a gel imaging system (Bio‑Rad Laboratories, Inc.). ImageJ 
was used to analyze the band intensities (v1.46; National 
Institutes of Health).

Reverse transcription‑quantitative (RT‑q) PCR. TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used 
to extract total RNA from the tissues of the eutopic and 
ectopic endometria according to the manufacturer's instruc‑
tions., and the microultraviolet spectrophotometer (Quawell 
Q5000) was utilized to assess the RNA content. cDNA 
synthesis was conducted with M‑MLVReverseTranscriptase 
reagent kit (Invitrogen, AM2044) in a reaction volume of 
20 µl. Following the guidelines provided by the manufacturer, 
RT-qPCR was conducted utilizing an Applied Biosystems 
7500 system (Applied Biosystems) and SYBR Green Master 
Mix (Invitrogen; Thermo Fisher Scientific, Inc.). The condi‑
tions were as follows: 35 cycles of pre‑denaturation at 95˚C 
for 2 min, denaturation at 95˚C for 15 sec, annealing at 62˚C 
for 30 sec and extension at 72˚C for 30 sec. GAPDH served as 
the internal standard. Each sample was run in triplicate and 
GAPDH was used as the reference. Foldchange of gene expres‑
sion was calculated using 2‑ΔΔCq method (28). Table Ⅰ lists the 
RT-qPCR primers.

Statistical analysis. SPSS 22.0 software (IBM Corp.) was used 
for data analysis and the measurements were presented as the 
mean ±  standard deviation. One‑way analysis of variance 
(ANOVA) and the Bonferroni post hoc test were used to observe 
the difference between multiple groups. The Mann‑Whitney 
rank sum test was used to perform a nonparametric analysis. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Common targets for tanshinone IIA and EMs. The retrieval 
process yielded information on 172 drug targets and 1,090 
disease targets. A Venn diagram showed that there were 64 
overlapping genes between EMs targets and tanshinone IIA 
action targets (Fig. 1).

PPI network construction and analysis. Based on the species 
Homo sapiens, a PPI network with 64 nodes and 454 edges 
was created in the STRING database, and the analysis results 
were loaded into Cytoscape 3.7.2 for visualization. As shown 
in Table Ⅱ, the cytohubba plugin was used to analyze the nodes 
in the network diagram and finally selected 14 core genes; 
VEGFA, MMP9, EGFR, SRC, MMP2, ESR1, HRAS, ICAM1, 
PPARG, ANXA5, MAPK8, IL2, NOS3 and MAPK1. Degree 
value of the node and the number of biological functions in the 
network increase with the color of the node and the greener the 
color, the more important it is in the network (Fig. 2).

GO enrichment and KEGG pathway analysis. The GO func‑
tions of common targets were enriched in 182 BP, 109 CC and 
64 MF (P<0.05). The top 10 items of the BP, CC, and MF gene 
ratio were selected to make a stick chart (Fig. 3). As shown in 
Fig. 3, BP mainly involved ‘positive regulation of cell migra‑
tion’, ‘positive regulation of cell motility’, ‘positive regulation 
of locomotion’, ‘positive regulation of protein phosphorylation’ 
and ‘regulation of kinase activity’. CC mainly involved ‘plasma 
membrane raft’, ‘extracellular matrix’, ‘transcription coacti‑
vator binding’, ‘membrane raft’ and ‘membrane microdomain’. 
MF mainly involved ‘vesicle lumen’, ‘nuclear receptor activity’, 
‘ligand‑activated transcription factor activity’, ‘nuclear steroid 
receptor activity’ and ‘nuclear receptor binding’. In addition, a 
total of 198 items were enriched by KEGG analysis (P<0.05). 
Fig.  4 depicts the initial 20 signaling pathways, mainly 
including ‘relaxin signaling pathway’, ‘PI3K‑Akt signaling 
pathway’, ‘MAPK signaling pathway’, ‘Ras signaling pathway’ 
and ‘mTOR signaling pathway’.

Construction of compound‑target‑pathway network. 
Traditional Chinese medicine compounds are characterized 
by multiple components and multiple targets, and the relation‑
ship among the components, core targets and pathways can 
be more clearly demonstrated by constructing the network 
of compound‑target‑pathway network (Fig. 5). A total of 35 
tanshinone IIA targets were implicated in network regulation 
and the effect of tanshinone IIA on EMs may be mediated 
by the PI3K‑Akt, MAPK, Ras and mTOR signaling pathway. 
Based on the above results, it was hypothesized that tanshinone 
ⅡA participates in the treatment of EMs by regulating adhe‑
sion, invasion, angiogenesis and inhibition of PI3K/Akt/mTOR 
signaling pathway. This hypothesis was further tested with 
animal experiments. 

Histologic analysis. As depicted in Fig. 6, the endometrial 
epithelial cells in the sham group were organized in an ordered 
fashion, with recognizable glandular structure and noticeable 
glandular lumen. Interstitial changes such as edema, hemor‑
rhage and inflammatory cell infiltration were not observed. 
In the model group, the epithelial cells were disordered and 
appeared lamellar or pseudolamellar. In addition, subnuclear 
vacuoles could be observed in some epithelial cells. In the 
positive group, endothelial epithelial cells showed more 
necrosis and apoptosis, but the glandular structure was clearer 
than in the model group. The epithelial cells in the tanshinone 
IIA (L) and tanshinone IIA (H) groups were arranged as a 
single layer, the number of glands was diminished, and the 
ectopic endothelium was atrophied and thinning. The effect 

Table Ⅰ. Reverse transcription‑quantitative PCR primer 
sequences.

		  Product
Gene	 Primer sequences (5'→3')	 size (bp)

GAPDH	 F: CCTGGGCTACACTGAGGA	 164
	R : TGAGGTCCACCACCCTGT	
PI3K	 F: GTAGGCCCGAGTAAGCTGAA	 206
	R : CCGTAGGTGAGACCCCAAGT	
mTOR	 F: ATTCGCATTCAGTCCATAGCC	 179
	R : AAACAAACTCGTGCCCATTGC	

F, forward; R, reverse.
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of tanshinone IIA (H) group was more prominent than that of 
tanshinone IIA (L) group.

Effect of tanshinone IIA on the expression of TNF‑α and 
IL‑1β. The levels of TNF‑α and IL‑1β in the model group were 
greater than that in the sham group (P<0.01). Compared with 
the model group, serum levels of TNF‑α and IL‑1β in the posi‑
tive group and tanshinone IIA (L, H) groups were significantly 
decreased (all P<0.01; Fig. 7).

Effect of tanshinone IIA on the expression of MMP‑9, ICAM‑1 
and VEGF by immunohistochemistry. When compared with 
the sham group, the expression levels of MMP‑9, ICAM‑1 
and VEGF were considerably greater in the model group 
(P<0.01). When compared with the model group, the expres‑
sion levels of MMP‑9, ICAM‑1 and VEGF were considered 
to be particularly lower in the positive group (P<0.01). It 
was also discovered that tanshinone IIA (L and H) therapy 

resulted in a considerable decrease in the expression levels of 
MMP‑9, ICAM‑1 and VEGF compared with the model group. 
Moreover, the tanshinone IIA (H) group experienced a higher 
reduction than the tanshinone IIA (L) group (Fig. 8).

Effect of tanshinone IIA on the PI3K, p‑PI3K, Akt, p‑Akt, 
mTOR and p‑mTOR expression assessed by western blotting. 
The results showed that the expression levels of PI3K, p‑PI3K, 
Akt, p‑Akt, mTOR and p‑mTOR were considerably greater in 
the model group than those in the sham group. Positive and 
tanshinone IIA (L and H) groups had substantially lower rela‑
tive expression levels of PI3K, p‑PI3K, Akt, p‑Akt, mTOR and 
p‑mTOR compared with the model group (Fig. 9).

Effect of tanshinone IIA on gene expression of PI3K and 
mTOR. RT‑qPCR was used to investigate PI3K and mTOR 
mRNA levels. The PI3K and mTOR mRNA levels in the 
model group were notably greater than those in the sham 

Figure 1. Venn diagram of the target of tanshinone IIA and the target of endometriosis. EMS, endometriosis.

Table Ⅱ. Core targets of tanshinone IIA in the treatment of endometriosis.

Gene	 Degree	 BetweennessCentrality	 ClosenessCentrality	 ClusteringCoefficient

VEGFA	 47	 0.14	 0.80	 0.32
MMP9	 41	 0.08	 0.72	 0.37
EGFR	 36	 0.06	 0.70	 0.40
SRC	 33	 0.04	 0.67	 0.46
MMP2	 32	 0.03	 0.66	 0.46
ESR1	 31	 0.11	 0.65	 0.37
HRAS	 30	 0.03	 0.65	 0.49
ICAM1	 29	 0.03	 0.62	 0.46
PPARG	 28	 0.09	 0.64	 0.40
ANXA5	 26	 0.01	 0.62	 0.60
MAPK8	 22	 0.01	 0.59	 0.65
IL2	 22	 0.01	 0.57	 0.57
NOS3	 22	 0.02	 0.59	 0.53
MAPK1	 21	 0.01	 0.59	 0.62
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Figure 3. Gene Ontology enrichment analysis. Biological function, cellular function and molecular function were selected and sorted according to the impor‑
tance of‑log10 (P‑value). BP, biological process; CC, cell components; MF, molecular function.

Figure 2. PPI network analysis. The nodes represent the target protein, and the color of the nodes is adjusted according to the degree value, the larger the degree 
value, the greener the color. PPI, protein‑protein interaction.
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Figure 4. Kyoto Encyclopedia of Genes and Genomes pathways. Abscissa represents gene proportion, ordinate represents pathway name, size of the bubble 
represents the number of targets in the pathway and the color represents P‑value.

Figure 5. Compound‑target‑pathway network. Purple represents the target, green represents the pathway, and the larger the node area, the larger the connec‑
tivity value.

https://www.spandidos-publications.com/10.3892/mmr.2023.13108
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group. Treatment with medroxyprogesterone acetate or tanshi‑
none IIA (L and H) substantially lowered PI3K and mTOR 
gene expression levels when compared with the model group 
(Fig. 10).

Discussion

EMs is a multifactorial benign gynaecological disease with 
a high incidence and complex pathogenesis for which there 
is no well‑established clinical treatment. The traditional 
surgical treatment is usually to remove the ectopic lesion 
as the ultimate goal, although it is easy to relapse after 
surgery  (29). Commonly used medications include oral 
contraceptives, danazol, GnRH‑a and aromatase inhibitors. 
However, long‑term use of these drugs can cause a variety 
of adverse reactions, such as bleeding, pelvic pain, hirsutism, 
acne and osteoporosis (30,31). As a result, researchers are 
also exploring new strategies for treating EMs. The present 
study revealed the regulatory network in EMs and identified 

tanshinone IIA as a candidate drug for EMs. The network 
pharmacology analysis revealed the tanshinone IIA related 
molecular functions and pharmacological targets for treating 
EMs and the therapeutic effect and mechanism of tanshinone 
IIA were verified in vivo.

Tanshinone IIA is a lipid‑soluble component extracted 
from the Chinese herb Danshen (Salvia miltiorrhiza Bge.), 
which can effectively inhibit cell invasion, proliferation and 
apoptosis. Previous research by our team demonstrated that 
tanshinone IIA could significantly inhibit the growth of EMs 
lesions, inhibit the expression of proteins including angioten‑
sinogen and Ang II in the dorsal root ganglion by reducing 
E2 levels, and alleviate the general hyperalgesia of EMs by 
regulating dorsal root ganglion sprouting via renin‑angio‑
tensin system (22). Network pharmacology combined with 
bioinformatics technology is a popular tool for studying the 
pharmacological mechanism of drugs in recent years. Through 
the construction of drug‑target‑disease interaction network, it 
provides valuable predictive guidance for further elucidation 

Figure 6. Results of hematoxylin and eosin staining in each group. Magnification, x200.

Figure 7. Changes of serum inflammatory factors in rats (n=6). (A) Effect of tanshinone IIA on the level of TNF‑α in serum of rats. (B) Effect of tanshinone 
IIA on the level of IL‑1β in serum of rats. Data are presented as mean ± standard deviation. **P<0.01 vs. sham; ##P<0.01 vs. model group.
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of the mechanism of drugs for disease treatment (32,33). The 
present study analyzed the relevant targets and mechanisms 
of tanshinone IIA in the management of EMs using network 
pharmacology. 

The present study first used the network pharmacology 
approach to screen the target genes related to tanshinone 
IIA and EMs. After screening and matching, 64 common 
targets were obtained and used for further study. Through PPI 
network construction, it was predicted that the core biological 
targets of tanshinone IIA for EMs treatment such as VEGFA, 
MMP‑9, ESR1, ICAM‑1 and IL‑2, involving the pathological 
effects of adhesion, invasion, angiogenesis, inflammatory 
response and cellular immune response. To illustrate the 
functional and signaling pathways of the 14 protein targets 
associated with tanshinone IIA for EMs, GO and KEGG 
analyses were performed. The results showed that the target 
genes were mainly enriched in the positive regulation of cell 
migration, positive regulation of cell motility, positive regula‑
tion of protein phosphorylation, regulation of kinase activity 

and other biological pathways. KEGG analysis showed that 
14 target genes were enriched in 198 signaling pathways, 
indicating that tanshinone IIA acts as a treatment for EMs 
by regulating multiple signaling pathways. Among them, 
the PI3K‑AKT pathway and mTOR pathway showed high 
enrichment. Therefore, it was hypothesized that tanshinone 
IIA might regulate the adhesion, invasion and angiogenesis 
of EMs via PI3K/Akt/mTOR signaling pathway. Based on the 
above results, the therapeutic role of tanshinone IIA on EMs 
was detected.

EMs is known to be an inflammatory disease. Studies 
have found that the presence of a large number of macro‑
phages in the peritoneal fluid of patients with EMs can release 
more pro‑inflammatory cytokines such as IL and TNF‑α to 
participate in the intercellular communication modifica‑
tion, promote fibroblast mitosis, adhesion and maintain the 
adhesion of ectopic endometrial tissue (2,34). In the present 
study, the serum levels of TNF‑α and IL‑1β were upregulated 
in the model group. After intervention with tanshinone IIA 

Figure 8. Effect of tanshinone IIA on MMP‑9, ICAM‑1 and VEGF measured by immunohistochemistry (n=6). (A) Positive staining was visualized in brown 
color; magnification, x200. (B) Quantification of MMP‑9, ICAM‑1 and VEGF expression. Data are presented as mean ± standard deviation.  **P<0.01 vs. sham 
group; ##P<0.01 vs. model group. ICAM, intercellular adhesion molecule.
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(3 or 12 mg/kg), the serum levels of TNF‑α and IL‑1β were 
downregulated, suggesting that tanshinone IIA may play an 
anti‑inflammatory role in EMs.

ICAM‑1, MMP‑9 and VEGF are essential cytokines for 
the adhesion, invasion and angiogenesis of ectopic endometrial 
tissue in the pelvic and abdominal cavities of EMs. As the most 
potent cell adhesion molecule in the immunoglobulin super‑
family, ICAM‑1 plays a crucial role in regulating cell‑to‑cell and 
cell‑extracellular matrix adhesion (35). In EMs pathogenesis, 
the concentration of ICAM‑1 increases significantly and reduces 
the toxicity of natural killer cells, which mediate a defective 
immune surveillance response mechanism and promote the 
adhesion, implantation and proliferation of ectopic tissue (36). 
MMP‑9, an inflammatory mediator associated with inflamma‑
tion and angiogenic remodeling, can be significantly upregulated 
in EMs progression by TNF‑α. MMP‑9 promotes ectopic tissue 
invasion and ectopic lesion formation by degrading extracellular 
matrix components (37). It has been found that macrophages 

Figure 9. Protein levels of PI3K, p‑PI3K, Akt, p‑Akt, mTOR and p‑mTOR in rats (n=6). (A) Representing western blotting analysis of PI3K, p‑PI3K, Akt, 
p‑Akt, mTOR and p‑mTOR. (B) Quantification of PI3K, p‑PI3K, Akt, p‑Akt, mTOR and p‑mTOR expression. β‑actin was used as a loading control. Data are 
presented as mean ± standard deviation. **P<0.01 vs. sham group;  ##P<0.01 vs. model group. p‑, phosphorylated.

Figure 10. Effect of tanshinone IIA on gene expression levels of PI3K and 
mTOR (n=6). Data are presented as mean ± standard deviation. **P<0.01 vs. 
sham; #P<0.05, ##P<0.01 vs. model group. 
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in EMs peritoneal fluid are the primary source of VEGF (38). 
Macrophages release pro‑inflammatory cytokines TNF‑α and 
IL‑1β, which induce upregulation of VEGF expression through 
the COX‑2 signaling pathway, thereby stimulating peripheral 
endometrial angiogenesis and proliferation of ectopic endo‑
metrium (39,40). Immunohistochemistry was employed in the 
present study to detect alterations in the expression of ICAM‑1, 
MMP‑9 and VEGF. Results showed that the expression levels 
of ICAM‑1, MMP‑9 and VEGF were significantly elevated in 
the EMs lesions of rats in the model group, whereas they were 
downregulated in the tanshinone IIA (3 or 12 mg/kg) treatment 
groups. There were no statistically significant changes between 
the positive group (medroxyprogesterone acetate) and the 
tanshinone IIA group. This suggested that tanshinone IIA can 
limit the infiltration of ectopic lesions in EMs by modulating 
adhesion, invasion and angiogenesis.

Angiogenesis plays a crucial role in the formation of EMs. 
As the most important angiogenic factor, VEGF and its recep‑
tors can upregulate CD62E and CD105 levels by inducing the 
PI3K/Akt signaling pathway, thus leading to a large number 
of neovascularization of vascular endothelial cells in an EMs 
environment, which is conducive to the occurrence and develop‑
ment of EMs (41,42). Other studies have shown that blocking the 
mTOR signaling pathway can significantly inhibit the formation 
and progression of ectopic lesions in EMs rats (43,44). As is well 
known, EMs is also an estrogen‑dependent disease, and studies 
have proven that the estrogen signaling pathway is implicated 
in the formation of EMs  (10,45). By participating in EMs 
estrogen‑signal transduction pathway, the PI3K/Akt/mTOR 
signaling pathway affects endometrial homeostasis and 
increases vascular permeability, participates in cell adhesion, 
invasion and angiogenesis in ectopic endometrium, and ulti‑
mately leads to the formation of EMs (46,47). The present study 
found that the expression of PI3K, p‑PI3K, Akt, p‑Akt, mTOR 
and p‑mTOR proteins in the ectopic endometrium of rats in 
the model group was significantly increased, suggesting that 
the PI3K/Akt/mTOR signaling pathway may be involved in the 
progression of EMs. Following treatment with tanshinone IIA, 
the protein expressions of PI3K, p‑PI3K, Akt, p‑Akt, mTOR 
and p‑mTOR were significantly downregulated. RT‑qPCR also 
showed that the mRNA expressions of PI3K and mTOR in the 
ectopic endometrium of rats treated with tanshinone IIA was 
downregulated. Therefore, it was hypothesized that tanshinone 
IIA may prevent the excitation of PI3K/Akt/mTOR signaling 
pathway, thus further restricting the progression of EMs.

At present, the pathogenesis of EMs is not fully understood 
and its treatment options are still limited. TCM is effective 
in treating EMs and deserves further study. There are several 
suggestions for future work. First, make good use of network 
pharmacology tools to predict the core targets of TCM and 
combine experimental verification to promote the develop‑
ment of new TCM drugs. Second, combined with the latest 
progress in the pathological mechanism of EMs, the principle 
of multi‑pathway and multi‑target action of TCM should be 
expanded as far as possible. Finally, combined with clinical 
trials to further confirm the relevant efficacy of TCM, to form 
expert consensus, to provide reference and basis for the formula‑
tion of disease guidelines.

In conclusion, the present study used a combination of 
network pharmacology and animal experiments to explore the 

mechanism of tanshinone IIA in treating EMs. It found that 
tanshinone IIA can inhibit secretion of inflammatory factors 
TNF‑α and IL‑1β, inhibit the expression of ICAM‑1, MMP‑9 
and VEGF and regulate the adhesion, invasion and angiogenesis 
of ectopic endometrial tissue, thereby preventing the formation 
of ectopic lesions. In addition, the PI3K/Akt/mTOR signaling 
pathway plays an important role in regulating this effect. The 
present study provided a new therapeutic strategy for EMs and 
provided a reference for further study of the pharmacological 
mechanism of tanshinone IIA.  
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