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ABSTRACT
Schisandrin A (SchA) has been reported to have good anti-cancer effects. However, its anti-cancer 
mechanism in breast cancer remains unknown. This study aimed to explore the mechanism of 
SchA in breast cancer treatment using bio-informatics analysis and in vitro experiments. The 
Cancer Genome Atlas (TCGA), Genotype-Tissue Expression (GTEx), Gene Cards, and 
PharmMapper databases were used to screen the candidate targets of SchA against MDA-MB 
-231 cells selected as the tested cell line through MTT analysis. The functions and pathways of the 
targets were identified using Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) enrichment analysis and further analyzed using DAVID 6.8.1 database. Network pharma
cology analysis revealed 77 candidate targets, 31 signal pathways, and 208 GO entries (P < 0.05). 
The targets regulated serine-type endopeptidase and protein tyrosine kinase activities, thereby 
promoting the migration and inhibiting the apoptosis of MDA-MB-231 cells. Comprehensive 
analysis of the ‘Protein–Protein Interaction’ (PPI) and ‘Component-Targets-Pathways’ (C-T-P) net
works constructed using Cytoscape 3.7.1 software revealed four core targets: EGFR, PIK3R1, MMP9 
and Caspase 3. Their docking scores with SchA were subsequently investigated through molecular 
docking. The wound healing, Hoechst 33342/PI, and western blot assays confirmed that SchA 
significantly down-regulated EGFR, PIK3R1, and MMP9, but up-regulated cleaved-caspase 3, thus 
inhibiting the migration and promoting the apoptosis of MDA-MB-231 cells. Reckoning the 
findings of the study, SchA is a potential adjuvant treatment for breast cancer.
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Introduction

Breast cancer is the leading cancer affecting 
women and is characterized by high morbidity 
and mortality [1]. There is an annual increase of 
about 2 million breast cancer patients and 685 
thousand deaths attributed to the cancer. Modern 
treatment measures have not significantly 
improved the overall survival and prognosis of 
breast cancer patients. Therefore, there is an 
urgent need for high-efficiency and low toxicity 
drugs for breast cancer.

The remarkable curative effects of traditional 
Chinese medicines (TCMs) against breast cancer 
have attracted researchers’ attention in recent 
years [2]. For instance, SchA, an important bio- 
active lignan extracted from Schisandra chinensis 
(Turcz.) Baill possesses inhibitory effects on the 
growth of ovarian cancer by regulating 

endoplasmic reticulum stress [3,4]. Moreover, it 
can reverse the multidrug resistance in human 
osteosarcoma and colon cancers [5]. But how 
SchA affects the progress of breast cancer remains 
unclear.

Significant progress has been made in studying 
the pathogenesis of cancers with the development 
of bioinformatics. Messenger RNAs (mRNAs) play 
an important role in the occurrence and develop
ment of numerous cancers, including breast cancer 
[6]. Identifying the differentially expressed genes is 
an important route to analyze the mechanisms of 
drug resistance in breast cancer. Researchers have 
identified differentially expressed genes in emphy
sema, atherosclerosis, and lung squamous cell car
cinoma from clinical samples in the GEO and 
TCGA databases, thus providing invaluable 
insights for their clinical treatment [7–9]. The net
work pharmacology concept is consistent with the 
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characteristics of TCMs, which involve treating 
diseases through multi-components, multi-targets, 
and multi-pathways. Combining network pharma
cology with molecular docking, R software, and 
other bio-informatics tools is thus suitable for 
studying the active components and mechanism 
of TCMs in disease treatment [10].

This study aimed to identify the mechanism of 
SchA in breast cancer treatment. The cell meta
bolic activity of the tested cell lines was deter
mined using the MTT assay, and the candidate 
targets of SchA against them were subsequently 
analyzed using bio-informatics tools. The core tar
gets of SchA were obtained after analyzing the 
targets’ biological functions and their relationships 
with SchA. The results of these analyses were sub
sequently confirmed using AutoDock4 and 
PyMOL tools. The core genes were deemed to 
play essential roles in the mechanisms of SchA 
against the MDA-MB-231 cells. In vitro assays 
further revealed that SchA significantly regulated 
the core targets, inhibited migration, and pro
moted the apoptosis of MDA-MB-231 cells. The 
graphical abstract accentuates the work of this 
study.

Material and methods

Cell culture

Breast cancer cell lines, MCF-7, and MDA-MB 
-231 were obtained from Wuhan University 
(Wuhan, China). The cells were cultured in 
Dulbecco’s modified Eagle medium basic 
(DMEM, 1×, Gibreast cancero, MD, USA) supple
mented with 10% fetal bovine serum (FBS) 
(Gibreast cancero, MD, USA), and 100 U/mL 
penicillin G, and 100 µg/mL of streptomycin. The 
culture was maintained at 37°C in an incubator 
(DHP-9270, Shandong OLABO Instrument 
Equipment Co., Ltd, China) under 5% CO2.

Cell proliferation assay

The MCF-7 and MDA-MB-231 cells were incu
bated in 96-well plates for 24 h at a density of 
8.0 × 103 cells per well. Once the cells had adhered 
to the well walls, they were treated with different 
concentrations of SchA (0, 10, 20, 40, 80, and 

160 µM) for 24 h. After that, 20 µL MTT (Sigma, 
MO, USA) was added to each well. After 4 h, the 
culture medium in each well was sucked away. The 
formazan product was dissolved in 150 µL 
dimethyl sulfoxide (DMSO) (Sigma) and stirred 
for 10 min on a QB-9002 microporous quick sha
ker (Beyotime Biotechnology Co., Ltd, Shanghai, 
China). The absorbance was read at 490 nm using 
a Thermo scientific varioskan LUX microplate 
reader (Thermo, Shanghai, China).

Schisandrin A information collection

The Traditional Chinese Medicine Systems 
Pharmacology Database and Analysis Platform 
(TCMSP) (http://lsp.nwu.edu.cn/tcmsp.php) col
lects the pharmacokinetics parameters of numer
ous components and provides valuable reference 
for the research and development of new drugs 
[11]. Pubchem database (https://pubchem.ncbi. 
nlm.nih.gov/), Pubreast cancerhem CID, and 
Canonical SMILES contains common names of 
components, and data on various components, 
which helps to ensure correct identification of 
components [12]. SwissADME (http://www.swis 
sadme.ch/index.php) and pkCSM (http://biosig. 
unimelb.edu.au/pkcsm/prediction) databases con
tain many ADMET component parameters, which 
have been confirmed through various experiments 
[13,14]. It lays a foundation for ADMET para
meters analysis of components by the algorithm 
themselves [15]. This study used these four data
bases to collect information on SchA, hence ana
lyzing its ADMET parameters.

Schisandrin A-related targets

The SwissTargetPrediction database (https://lab 
worm.com/tool/swisstargetprediction) contains 
more than 3,000 proteins of 370,000 known active 
drugs [16]. PharmMapper (http://www.lilab-ecust. 
cn/pharmmapper/submitfile.html) database identi
fies potential targets of candidate components by 
pharmacophore mapping [17]. Consequently, the 
3D structure of SchA was imported into both of 
databases to match the related targets after setting 
the species as human. The Retrieve/ID mapping of 
Uniprot (https://www.uniprot.org/) was used to 
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obtain the Gene official symbol formats of the 
targets [18].

Candidate targets of Schisandrin A against 
breast cancer

TCGA (https://portal.gdc.cancer.gov/) database 
collects various clinical data on 33 types of cancer 
[19]. GTEx (https://gtexportal.org/) is a specialized 
database containing information on normal 
human clinical samples [20]. The RNA sequencing 
data of 1,480 breast cancer samples and 572 nor
mal samples were downloaded from the TCGA 
and GTEx databases. All the samples were classi
fied and compared by R software where ggplot2. 
P < 0.05 was considered statistically significant. 
Limma package was used to study the differentially 
expressed mRNAs with the thresholds that 
adjusted P < 0.05 and |Log (Fold Change)| >1. 
Gene Cards database (https://www.genecards.org/ 
) includes comprehensive information on human 
genes sourced from 150 web sources [21]. Drug 
Bank (https://www.drugbank.ca/) is a professional 
tool for analyzing the interactions between drugs 
and proteins [22]. The breast cancer-related genes 
were obtained from these two databases by search
ing for ‘breast cancer’. Venn 2.1.0 database 
(https://bioinfogp.cnb.csic.es/tools/venny/) was 
used to obtain the overlapping targets for 
them [23].

GO Entries and KEGG pathways enrichment

The candidate targets of SchA against breast can
cer were imported into the Database for 
Annotation, Visualization and Integrated 
Discovery (DAVID) database (https://david. 
ncifcrf.gov/), which is widely used for gene func
tion annotations and enrichment [24]. The 
Identifier as ‘GENE OFFICIAL SYMBOL’ and spe
cies as ‘Homo sapiens’ were selected for GO entries 
and KEGG pathways enrichment. In order to 
intuitively visualize enrichment results, the 
Omicshare database (http://www.omicshare.com) 
was used to plot the top ten KEGG pathways and 
GO entries (P < 0.05) as bubble plot and circus, 
respectively [25].

Construction of ‘C-T-P’ network

Cytoscape 3.7.1 software (https://cytoscape.org/ 
download.html) is an analytical tool frequently 
used to visualize the network constructed by bio- 
informatics [26]. A ‘C-T-P’ network was con
structed by Cytoscape 3.7.1 to analyze the associa
tion among SchA, candidate targets, and the top 
ten KEGG pathways. After the analysis of each 
node, the critical candidate targets were selected 
according to their degrees.

Construction of ‘PPI’ network and acquisition of 
core targets

STRING database (https://string-db.org/) contains 
over than 52 million proteins, and has open access 
to analyze their interactions [27]. The PPI network 
of 77 targets was created using STRING and 
Cytoscape tools, which helped decipher their rela
tionship [28–30]. Cytoscape 3.7.1 software was 
used to download the TSV format of the ‘PPI’ 
network for visualization analysis. According to 
the median principle, the node with a higher 
degree value than the median is considered an 
essential target. In order to ensure the accuracy 
of this study, the CytoHubba plug-in was used to 
screen the top 20 targets according to their 
degrees. Based on the results from the ‘PPI’ and 
‘C-T-P’ networks, the potential core targets of 
SchA against breast cancer were obtained.

Molecular docking analysis

The potential core targets were imported into the 
RSCBPDB (https://www1.rcsb.org/) database to 
download the PDB formats of their structures 
[31]. Then, the 3D structure of SchA was down
loaded from the Pubchem database, and its energy 
was minimized by Chem Draw software [32].

AutoDock4 and PyMOL are used for visualiza
tion analysis of molecular docking using the prin
ciple of semi-flexibility [33]. Therefore, processed 
SchA structures and targets were imported into 
AutoDock4 and PyMOL software to be hydroge
nated and charged. The docking conformations 
were set to 20, and the molecular docking results 
were classified according to the clusters. Then, the 
conformation with the lowest energy was selected 
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for analysis. Via PyMOL software, the 3D docking 
results of SchA and its core targets were created. 
The amino acid residues, functional groups and 
hydrogen bonds were displayed in different colors 
and shapes. In order to make the docking results 
more reliable, the length of hydrogen bond was set 
below 3 nm, and the docking scores threshold was 
−4 Kcal/mol. Comprehensive analysis from the 
above results created the hub targets of SchA 
against breast cancer.

Wound healing assay

Logarithmic growth phase MDA-MB-231 cells were 
inoculated into 6-well plates at 6.0 × 104 cells/well. 
After the cells had adhered to the walls, a 1 mL 
pipette tip was used to mark the bottom of each 
well gently. Then, the floating cells were moderately 
washed with PBS, and each well photographed 
under a fluorescence microscope. The MDA-MB 
-231 cells were thereafter preincubated with SchA 
(0, 40 and 80 µM) for 24 h, photos were taken under 
fluorescence microscope. Changes in the scratch 
area of the cells were analyzed and compared.

Hoechst 33342/PI staining assay

Logarithmic growth phase MDA-MB-231 cells in 
logarithmic growth phase were inoculated into 
6-well plates at 6.0 × 104 cells/well. After the cells 
had adhered to the walls, they were incubated in 
different concentrations of SchA (0, 40 and 80 µM) 
for 24 h. After this, the cells were fixed with 4% 
polyoxymethylene, washed 3 times with PBS, incu
bated in 10 µg/mL Hoechst 33342 (Beyotime) 
staining solution for 15 min at 4 °C. 
Subsequently, 1 mL PI (30 µg/mL) was added to 
each well for 15 minutes at room temperature. 
Cells were washed twice with PBS and observed 
using a fluorescence microscope. Image J software 
was used to analyze the results.

Western blot assay

The MDA-MB-231 cells were seeded in 6-well 
plates at a concentration of 6.0 × 104 cells/well 
and treated with SchA (0, 40 and 80 µM) for 
24 h. RIPA lysis kit (Beyotime) and protein analy
sis kit (Takara, Kyoto, Japan) were used for cell 

lysis and total protein quantification analysis, 
respectively. The total protein was then separated 
on 10% SDS-PAGE gel electrophoresis and after
ward transferred onto a nitrocellulose membrane 
by electroblotting (Millipore, Billerica, MA, USA). 
After blocking the membrane using 5% BSA for 
2 h at room temperature, it was incubated over
night at 4°C with primary antibodies (p-EGFR, 
PIK3R1, Cleaved-caspase 3, AKT1, p-AKT1 and 
MMP9), in a dilution of 1:1000, (Cell Signaling 
Technology, Danvers, MA, USA). They were then 
incubated with secondary antibodies at room tem
perature for 1 h. Later, the membrane was washed 
in three tris buffered saline + Tween (TBST) cycles 
for 10 minutes. The proteins were then visualized 
by adding ECL (Thermo) and subsequently 
scanned and imaged using a FluorChem FC 3 
system (ProteinSimple, USA). Finally, image 
J software was used to analyze the results.

Statistical analysis

Statistical significance was assessed using the stu
dents’ t-test. All statistical analyses were performed 
using SPSS 22.0 software (IBM, USA). Data were 
expressed as the mean ± SD. All experiments were 
repeated in triplicate and P < 0.05 was set as 
a significant threshold.

Results

This study aimed to explore the mechanism of 
SchA against breast cancer via bio-informatics 
analysis and in vitro experimentations. Based on 
the data from TCGA, GTEx, Gene cards and Drug 
bank databases, differentially expressed genes asso
ciated with breast cancer were obtained through 
the R software. By analyzing the ‘C-T-P’ and ‘PPI’ 
networks constructed by Cytoscape 3.7.1, we 
hypothesized that EGFR, PIK3R1, MMP9 and 
Caspase 3 were the core genes of SchA against 
breast cancer. Molecular docking results showed 
that SchA had increased affinity binding to the 
core genes. In vitro experiments also verified that 
SchA significantly regulated the expression of core 
targets, besides inhibiting the migration and pro
moting the apoptosis of MDA-MB-231 cells.
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Schisandrin A decreased proliferation of MCF-7 
and MDA-MB-231 cells

MTT analysis showed a significant decrease in cell 
viability of the treatment groups compared to the 
control group (P < 0.01) as the concentrations of 
SchA increased. Therefore, SchA inhibited the 
proliferation of MCF-7 and MDA-MB-231 cells 
in a concentration-dependent manner (Figure 1 
(b,c)). It was noteworthy that SchA had a better 
inhibitory effect on MDA-MB-231 than MCF-7 
cells, and the half-maximal inhibitory concentra
tion (IC 50) values for them were 26.6092 µM and 
112.6672 µM respectively.

Schisandrin A information data

The TCMSP, Pubreast cancerhem, SwissADME, 
and pkCSM databases were used to establish an 
information table of SchA. The two databases with 
the essential information, Pubchem CID and 
Canonical SMILES were used to identify the 
ADMET parameters and potential targets of 
SchA. The parameters of ADMET revealed that 
SchA provided good pharmacokinetics properties 
in vivo. Absorption and distribution parameters 
confirmed that SchA is easily absorbed orally and 
utilization, and evenly distributed in the body. 
CNS and total clearance analysis confirmed its 
metabolism in vivo. Toxicological study results 
showed that SchA was nontoxic to skin and liver, 
and the max accelerated human dose was 0.058 
(log mg/kg/day). Based on these characteristics, 
SchA can be developed into a drug. All the SchA 
data is shown in Table 1, and its structural formula 
is shown in Figure 1(a).

Acquisition of candidate targets

The results in Figure 2(a) show that there were 
significant differences in the races, cancer stage 
and treatment method among different groups of 
patients, which confirms the randomness of the 
data obtained in this study. A total of 3,937 differ
ently expressed genes were obtained, including 
2,330 up-regulated genes and 1,643 down- 
regulated genes (Figure 2(b,c)). Using the Venn 
2.1.0 database, 15,247 genes in Gene Cards, 3,973 
genes in TCGA and 235 genes related to SchA 
were compared and analyzed. Finally, 77 candidate 
targets of SchA against breast cancer were 
obtained, including 40 up-regulated targets and 
37 down-regulated targets (Figure 3(a)). The spe
cific information of the candidate targets is shown 
in Table 2.

Functional enrichment analysis of candidate 
targets

Using the DAVID 6.8 database, 31 KEGG path
ways (68, 88.3%), 130 GO BP (77, 100%) entries, 
24 GO CC (77, 100%) entries and 54 GO MF (77, 
100%) entries were obtained (P < 0.05). It con
firmed that almost all 77 candidate targets were 
widely involved in the GO entries and KEGG 
pathways. 18 of these pathways were directly 
linked to breast cancer. The visualization results 
of the Omicshare database showed that these tar
gets regulated serine-type endopeptidase and pro
tein tyrosine kinase activities, thus promoting the 
migration and apoptosis inhibition of MDA-MB 
-231 cells (Figure 3(b,c)). These results suggested 
that SchA against breast cancer by regulating the 

Figure 1. Effect of SchA on the viability of these two breast cancer cell lines. (a) The chemical structure formula of SchA. After 
treatment with SchA for 24 h, the cell viability of MCF-7 (b) and MDA-MB-231 (c) cells was measured by MTT assay. **P < 0.01 vs. the 
control group.
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targets related to cell migration and apoptosis. 
However, these findings need to be validated 
using in vitro experiments.

Construction and analysis of ‘PPI’ and ‘C-T-P’ 
networks

By STRING and Cytoscape 3.7.1 databases, a ‘PPI’ 
network with 71 nodes and 355 edges was 
obtained to analyze the interaction between the 
77 candidate targets (Figure 4(a)). The weak cor
relation between 6 of these targets and other 71 
targets caused them not to be visualized in this 
network. Via CytoHubba analysis, the top 20 tar
gets were further analyzed, where their colors were 
directly proportional to their degrees (Figure 4(b)). 
In order to ensure the accuracy of core targets, 
a ‘C-T-P’ network with 87 nodes and 177 edges 
was constructed (Figure 4(c)). The yellow node in 

the network represents SchA, purple nodes repre
sent KEGG pathways, while red and green nodes 
represent different targets. By comprehensively 
comparing the degrees of the top 20 targets in 
‘C-T-P’ and ‘PPI’ networks, 16 overlapping targets 
were obtained. Based on the median principle, the 
degrees of EGFR (degree = 45), MMP9 
(degree = 41), PIK3R1 (degree = 36), caspase 3 
(degree = 33), HSP90AA1 (degree = 32), IGF1 
(degree = 30), GRB2 (degree = 37) and KDR 
(degree = 37) were greater than the median 
(degree = 25). Therefore, they were the SchA 
core targets.

Molecular docking and analysis

Based on the ‘PPI’ and ‘C-T-P’ networks, the core 
targets were screened and docked with SchA. 
Specific docking scores, functional groups, and 

Table 1. Information about SchA.
Properties Parameters SchA

Identity information Pubreast cancerhem CID 5280460
Canonical SMILES CC1CC2 = CC(=C(C(=C2C3 = C(C(=C(C = C3CC1C)OC)OC)OC)OC)OC)OC
Molecular Weight 

Water solubility
416.5 

–5.359 (log mol/L)
Absorption Caco-2 permeability 0.971 (log Papp in 10–6 cm/s)

Intestinal absorption (human) 97.864 (% Absorbed)
Skin Permeability −2.67 (log Kp)

P-glycoprotein substrate Yes
P-glycoprotein I inhibitor Yes
P-glycoprotein II inhibitor Yes

Distribution VDss (human) 0.331 (log L/kg)
Fraction unbound (human) 0.019 (Fu)

Metabolism BBB permeability −1.013 (log BB)
CNS permeability −2.736 (log PS)
CYP2D6 substrate No
CYP3A4 substrate Yes
CYP1A2 inhibitior No

CYP2C19 inhibitior Yes
CYP2C9 inhibitior Yes
CYP2D6 inhibitior No
CYP3A4 inhibitior Yes

Excretion Toxicity Total Clearance 0.21 (log ml/min/kg)
Renal OCT2 substrate No

AMES toxicity No
Max. tolerated dose (human) 0.058 (log mg/kg/day)

hERG I inhibitor No
hERG II inhibitor Yes

Oral Rat Acute Toxicity (LD50) 2.637 (mol/kg)
Oral Rat Chronic Toxicity (LOAEL) 1.459 (log mg/kg_bw/day)

Hepatotoxicity No
Skin Sensitization No

T.Pyriformis toxicity 0.652 (log ug/L)
Minnow toxicity 0.63 (log mM)
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amino acid residues are shown in Table 3. The 
docking scores of SchA with all targets were less 
than the threshold, which confirmed that it had 
a high binding affinity with them. Comprehensive 
analysis of the above results, EGFR, MMP9, 
PIK3R1, and Caspase 3 were ranked as the top 4 
in each stage of bio-informatics mining. Therefore, 
they were more closely related to SchA and breast 
cancer. As is expected, tyrosine kinase receptor 
EGFR was involved in the proliferation, angiogen
esis, invasion, metastasis and apoptosis of cancer 

cells. Phosphorylated EGFR significantly up- 
regulates the expression of PIK3R1 and MMP9, 
thus promoting the migration of breast cancer 
cells. Caspase 3, the core protein in apoptosis, and 
its critical interaction with SchA stipulate that it 
could enhance the apoptosis ability of breast cancer 
cells. Though these results were consistent with 
previous GO and KEGG enrichment analyses, they 
need to be verified. The PyMOL software was used 
to envisage the chemical formula of SchA and the 
proteins’ amino acid residues, visualizing them as 

Figure 2. Differentially expressed targets in breast cancer and normal samples from TCGA and GTEx databases. (a) Information 
classification and comparison of 1480 breast cancer samples in TCGA. (b) Volcano plot of 3937 differentially expressed targets. (c) 
Microarray map of the top 100 differentially expressed targets.
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Figure 3. Candidate targets of SchA against breast cancer and the functional enrichment analysis of them. (a) Venn diagram of SchA 
and breast cancer related targets. (b) The circos of the top ten GO BP, MF and CC entries. (c) The bubble plot of the top ten KEGG 
pathways.

Table 2. Candidate targets of SchA against breast cancer.
Gene Official symbol

CHEK1 SORD SDS CASP3 NOS3 PGF ELANE
AR MMP12 CTSS HMGCR AKR1B1 RBP4 MME
CA2 GSK3B MMP9 HPRT1 HSD11B1 ABO CTSG
MAPKAPK2 ME2 ERBB4 STAT1 PPARG PDE3B FGFR1
HSPA8 NQO1 PAPSS1 GRB2 ANG FABP4 KIT
LCK CCNA2 CRABP2 F7 EGFR MET PLA2G2A
ESR1 HSP90AA1 HSP90AB1 SPR CFD FABP5 TEK
GSR MMP13 CCL5 BMP2 NR3C2 F10 GSTM2
CTSB SULT2B1 ARF4 GSTP1 KDR IGF1 PIK3R1
KIF11 AURKA ATIC AKR1C2 AKR1C3 CLK1 AK1
TYMS DCK VDR CMA1 DUSP6 NR1H3 ADAM33
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rods with different colors. Besides, the length of all 
the hydrogen bonds was less than 3 nm, which 
confirmed the accuracy of the docking results 
(Figure 5). However, these results still needed to be 
verified by molecular dynamics simulation 
experiments.

Schisandrin A inhibited the migration of 
MDA-MB-231 cells
Based on network pharmacology and molecular 
docking results, the effect of SchA on the expres
sion of the four hub targets needed exploration. 

These targets were involved in EGFR-PI3K-AKT- 
MMP9 pathway, widely reported to be associated 
with the migration and apoptosis of cancer cells. 
Herein, the wound healing assay was used to 
investigate the effect of SchA on the migration 
ability of MDA-MB-231 cells based on the MTT 
assay. Compared with the control group, the 
migration of MDA-MB-231 cells treated with dif
ferent concentrations of SchA (40 µM and 80 µM) 
was significantly inhibited in a dose-dependent 
manner (Figure 6). Western blot analysis showed 
a significant decrease in the expression of EGFR, 
PIK3R1, p-AKT, and MMP9 in the groups treated 

Figure 4. Construction of ‘PPI’ and ‘C-T-P’ networks. (a) ‘PPI’ network. (b) The top 20 targets. (c) ‘C-T-P’ network.
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with different concentrations of SchA in compar
ison to the control group (*P < 0.05 or **P < 0.01). 
However, no significant difference was observed in 
the expression of the total AKT between each 
group. Therefore, SchA inhibited the migration 
of breast cancer cells by regulating the expression 
of these targets in the EGFR-PIK3R1-AKT-MMP9 
pathway.

Schisandrin A promoted apoptosis in MDA-MB- 
231 cells

To identify whether SchA promoted apoptosis in 
MDA-MB-231 cells, the cells were preincubated 
with SchA for 24 h. The cells in each well were 
then stained with Hoechst 33342/PI and observed 
using a fluorescence microscope (magnification, 
×200). Compared with the control group, apopto
sis in cells treated with different concentrations of 
SchA (40 µM and 80 µM) was markedly increased 
(Figure 7). BAX and BCL-2, as key downstream 
proteins of PIK3R1-AKT pathway, play important 
roles in the apoptosis of breast cancer cells. Many 
studies have confirmed the close relationship 
between these proteins and Caspase 3. Therefore, 
the effect of SchA on the expression of these 
targets was investigated through western blot 
assay. Compared to the control group, cleaved- 
caspase 3 and BAX expression increased in the 
groups treated with SchA in a dose-dependent 
manner (**P < 0.01). And a significantly decreased 
expression of BCL-2 was observed in the groups 
treated with different concentrations of SchA 

when compared with the control group 
(*P < 0.05 or **P < 0.01). Therefore, SchA pro
moted the apoptosis of MDA-MB-231 cells and 
regulated the expression of caspase 3, BAX, and 
BCL-2.

Discussion

Breast cancer has huge negative impacts on the life 
of women across the world because of its high 
incidence and mortality rates attributed to a lack 
of effective drugs and preventive measures. 
Numerous TCMs have been widely used in cancer 
prevention and treatment in China [34]. SchA is 
the main active component of Schisandra chinensis 
(Turcz.) Baill and possesses good inhibitory effects 
on colon and breast cancer. However, the mechan
ism of SchA against breast cancer remains largely 
unknown. Integrated bioinformatics analysis is an 
important route of identifying core genes and 
pathways involved in disease pathogenesis 
[35,36]. Network pharmacology and molecular 
docking have been widely used in the research 
and development of new drugs in recent years 
[37]. This study aimed to explore the mechanism 
of SchA against breast cancer through integrated 
bio-informatics analysis and in vitro experiments.

Based on ADMET parameters, SchA is a natural 
component with high oral bio-availability and 
drug-like properties and no toxicity to the liver 
and skin. It thus possesses the potential to be 
developed as a drug. Network pharmacology ana
lysis of SchA revealed that it regulated the 

Table 3. Docking scores and bonds of the proteins and SchA.

PDB ID Docking scores (kcal/mol) H bonds formed between proteins and SchA

Protein residues formed hydrophobic interactions with SchAFunctional groups Protein residues

6DUK −11.42 OCH3;2 ASP-770 F ARG-999E 
GLU-1004E 
PRO-430B 
PHE-396A 
PHE-1666A  

ARG-79A 
VAL-207A 
LEU-220A 

PHE-1010B 
LYS-1171B 

LYS-56B 
PRO-59B 

ASN-214A 
LYS-1110A

ALA-1000E  

PHE-396B 
GLU-427B   

LYS-82A 
LYS-204A 
ILE-218A 
GLU-1043B  

HIS-58B 
VAL-231A 
ILE-1111A

5TH6 −7.50 OCH3;6 ARG-143A

4YKN −7.37 OCH3;6 
OCH3;5

HIS-1670A 
CYS-1838A

3 KJF −6.74 OCH3;1 VAL-85A
4BQG −6.68 OCH3;1 LEU-220A

3LVP −6.29 OCH3;6 
OCH3;3

SER-1009B 
LYS-1171B

1GRI   

2QU6

−5.71   

–5.12

OCH3;3 
OCH3;3  

OCH3;2 
OCH3;4

ASN-188B 
ASP-187B  

LYS-1070A 
GLY-1108A
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expression of multiple targets and affected multi
ple pathways against breast cancer. The primary 
biological function of these targets was to regulate 
the migration and apoptosis of cancer cells, which 
was consistent with the KEGG pathway analysis 
results. Several databases, including STRING and 
Cytoscape 3.7.1, were used to construct ‘PPI’ and 

‘C-T-P’ networks to screen the core targets. 
Comprehensive analysis of the networks revealed 
EGFR (degree = 45), MMP9 (degree = 41), 
PIK3R1 (degree = 36), Caspase 3 (degree = 33), 
HSP90AA1 (degree = 32), IGF1 (degree = 30), 
GRB2 (degree = 37) and KDR (degree = 37) con
formed to the median rule and were the core 

Figure 5. 3D docking diagrams of SchA and its core targets. (a) EGFR (6DUK). (b) MMP9 (5TH6). (c) PIK3R1 (4YKN). (d): CASP3 (3 KJF). 
(e) HSP90AA1 (4BQG). (f) IGF1 (3LVP). (g) GRB2 (1GRI). (h) KDR (29U6).
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targets of SchA against breast cancer. These find
ings were further confirmed by those of molecular 
docking, thus strongly suggesting that EGFR, 
MMP9, PIK3R1 and Caspase 3 were the core tar
gets of SchA against breast cancer.

Numerous of studies postulate that EGFR, 
MMP9, PIK3R1, and Caspase 3 are widely 
involved in regulating tumor cell migration and 
apoptosis [38]. EGFR is a transmembrane receptor 
and the primary receptor of EGF [39]. A synergy 

Figure 6. The wound healing and western blot results of different concentrations of SchA on the migration of MDA-MB-231 cells. (a) 
The wound healing results of the control group. (b) The wound healing results of the group treated with 40 µM SchA. (c) The wound 
healing results of the group treated with 80 µM SchA. (d) The western blot results of these targets. (e) The calculated gray values of 
these targets.

BIOENGINEERED 7689



of EGFR and growth factors affects many down
stream pathways, including the PI3K-AKT path
way, which promotes proliferation and reduces the 
apoptosis of breast cancer cells [40]. This report is 
consistent with the GO enrichment analysis of 
EGFR. In this study, SchA docked with several 
amino acid residues of EGFR. Moreover, different 

concentrations of SchA significantly reduced the 
expression of EGFR in MDA-MB-231 cells, thus 
making EGFR a hub target of SchA against breast 
cancer. Heterodimer of a regulatory subunit 
PIK3R1 and α p110 catalytic subunit via SH2 
domains, which interacts with CCDC88A/GIV 
25. The interaction enables PIK3R1 to the EGFR 

Figure 7. The Hoechst 33342/PI and western blot results of different concentrations of SchA on the apoptosis of MDA-MB-231 cells. 
(a) The Hoechst 33342/PI results of the control group. (b) The Hoechst 33342/PI results of the group treated with 40 µM SchA. (c) The 
Hoechst 33342/PI results of the group treated with 80 µM SchA. (d) The western blot results of BAX, BCL-2 and Cleaved-caspase 3. (e) 
The calculated gray values of these 3 targets.
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receptor, enhancing PI3K activity and promoting 
the phosphorylation of AKT and MMP9. In addi
tion, MMP9 promotes the release of growth fac
tors, thus activating the MAPK and PI3K/AKT 
pathways that activate MMP9 and MMP13 by 
regulating the negative feedback [41]. Activated 
MMP9 degrades the tumor basement membrane 
and ECM, thus promoting the formation of blood 
vessels and migration of tumor cells. This phe
nomenon is attributed to the MMP9 strong rela
tionship between MMP9 and VEGF activation. 
Western blot analysis results further revealed that 
SchA significantly decreased the expression of 
PIK3R1, p-AKT, and MMP9 in a dose-dependent 
manner. The three proteins: PIK3R1, p-AKT, and 
MMP9 affected the migration of the MDA-MB 
-231 cells by activating the PI3K/AKT pathway. 
However, SchA had a good inhibitory effect 
against them. These results were confirmed by 
the wound healing assay.

Apoptosis is a process of programmed cell 
death that is closely related to cell morphology 
and biochemical changes, including endogenous 
and exogenous pathways [42]. The apoptosis of 
tumor cells is inhibited. Caspase 3 is an impor
tant terminal splicing enzyme in the apoptosis 
process and part of the CTL cell killing mechan
ism. Oligomerized BAX is an important down
stream protein of the PIK3R1-AKT-MMP9 
pathway that forms an oligomer with BCL-2 on 
the mitochondrial membrane, thereby enhancing 
the permeability of the mitochondrial membrane 
and release of cytochrome C [43]. Moreover, it 
also activates the cascade reaction of the caspase 
protease family, leading to the apoptosis of can
cer cells. Exploring the effect of drugs on the 
expression of BAX, BCL-2, and cleaved-caspase 
3 is thus an important way to judge whether 
drugs can promote apoptosis of cancer cells. In 
this study, Hoechst 33342/PI staining and wes
tern blot assays revealed that SchA decreased the 
expression of BCL-2 but increased the expres
sion of BAX and cleaved-caspase 3, thereby pro
moting the apoptosis of the MDA-MB-231 cells 
in a dose-dependent manner.

Reckoning the study findings, SchA is 
a potential adjuvant treatment for breast cancer 
based on its ADMET parameters. Nonetheless, 

these results should be verified further using 
in vivo experiments.

Conclusion

This study reveals that SchA reduces the activation 
of EGFR, PIK3R1, and MMP9 and increases the 
expression of cleaved-caspase 3, thereby inhibiting 
the migration and increasing the apoptosis of MDA- 
MB-231 cells. Reckoning the study findings, SchA is 
a potential adjuvant treatment for breast cancer 
based on its ADMET parameters. Nonetheless, its 
specific effect and mechanism on breast cancer 
should be verified further using in vivo experiments.

Research highlights

● SchA has a better inhibitory effect on MDA- 
MB-231 than MCF-7 cells.

● SchA inhibits the migration but promotes the 
apoptosis of MDA-MB-231 cells.

● EGFR, PIK3R1, MMP9 and Caspase 3 are the 
core targets of SchA against MDA-MB-231 cells.
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