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Abstract. In the present study, due to the complex and numerous 
targets of Sarcandrae Herb (also known as Zhong Jie Feng), 
network pharmacology was performed to analyze its therapeutic 
effect on 2 cervical cancer cell lines, which could assist with the 
development of novel therapies. The results suggested that the 
natural flavonoid quercetin (Que), the effective antitumor ingre‑
dient in SH, which is widely present in a variety of plants, may 
depend on the target, EGFR. Previous studies have shown that 
EGFR serves a crucial role in the occurrence and development 
of cervical cancer, but its downstream molecules and regula‑
tory mechanisms remain unknown. The anti‑cervical cancer 
cell properties of Que, which are present in ubiquitous plants, 
were examined in vitro to identify the association between Que 
and its underlying pathway using MTT assays, flow cytometry, 
western blot analysis and Transwell assays. It was found that 
Que reduced cervical cancer cell viability, promoted G2/M 
phase cell cycle arrest and cell apoptosis, as well as inhibited 
cell migration and invasion. The Tyr1068 phosphorylation 
site of EGFR and the corresponding ERK target were also 
examined and the 2 kinases were markedly activated by 

Que. Furthermore, the EGFR inhibitor, afatinib and the ERK 
inhibitor, U0126 blocked the increase of EGFR and ERK phos‑
phorylation, and resulted in a notable enhancement of apoptosis 
and cell cycle arrest. Therefore, to the best of our knowledge, the 
current results provided the first evidence that EGFR and ERK 
activation induced by Que could resist Que‑induced anticancer 
activities. On this basis, the present study determined the role 
of EGFR and the underlying signaling pathways involved in the 
anti‑cervical cancer malignant behavior induced by Que and 
identified the negative regulatory association.

Introduction

Globally, as of 2017, ~500,000 women were, and ~288,000 
patients died from cervical cancer (1). In addition, there are 
~135,000 new cases in China each year, accounting for 1/3 of 
the global incidence rate  (2,3). Cervical cancer is highly 
malignant, progresses quickly and has a poor prognosis. 
Furthermore, its occurrence is affected by genetic and envi‑
ronmental factors  (4). The main treatment is radiotherapy, 
chemotherapy and surgery; therefore, it is important to develop 
novel drugs, as well as diagnostic and prognostic markers (5).

Traditional Chinese Medicine (TCM) serves an increas‑
ingly important role in the comprehensive treatment of 
cervical cancer, and may be a new direction for the prevention 
and treatment of this disease in the future (6). Qian et al (7) 
reported that Erhuang powder had significant clinical effects 
in the treatment of high‑risk human papillomavirus (HPV) 
infection with mild cervical epithelial neoplasia and moderate 
cervical epithelial neoplasia. At the same time, the serum 
concentrations of IFN‑γ and TNF‑α in patients with cervical 
cancer were increased, and IL‑4 and IL‑10 concentrations 
were reduced. Furthermore, Chen et al (8) revealed that the 
Houttuynia cordata decoction could effectively increase the 
HPV negative rate of cervical intraepithelial neoplasia.

Sarcandra Herb (SH) is an integral component of Castanea 
mollissima named grass coral in China, with an apparent thera‑
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peutic effect (9), has become a highly researched Chinese herbal 
medicine due to its significant clinical effects, and its main 
method of use includes Zhong Jie Feng injection and grass coral 
lozenges (10). Several monomers in SH, showing significant 
research value, have been analyzed and screened using network 
pharmacology. Researchers in China have previously reported 
that the caffeic acid, 3,4‑dihydroxyphenethyl ester monomer, 
isolated and extracted from SH, could selectively activate the 
phosphorylation of p38 and ERK1/2, in the MAPK signaling 
pathway, in cervical cancer cells, and could promote apoptosis 
and autophagy (11). In addition, Trusov et al (12) examined 
the effect of the natural flavonoid, quercetin (Que), found in 
SH, on tumor growth inhibition and the prolongation of the 
survival time in C‑57 mice. These authors identified that Que 
had an inhibitory rate of 20.7‑60.1% on the solid tumors from 
the mouse liver cancer cell line, S180, and a 36.8% survival 
time extension rate for the S180 ascites model.

The aim of the present study was to investigate the anti‑
tumor activity of SH to identify the target that plays a role in 
the biological functions of cervical cancer cells, and analyze 
the positive and negative regulatory effects.

Materials and methods

Reagents and antibodies. Que was purchased from Sigma 
Aldrich (Merck KGaA). The following primary antibodies 
were used in the present study: phosphorylated (p)-EGFR 
(Tyr1068) (1:1,000; cat. no. 3777; Cell Signaling Technology, 
Inc.), p-MEK (1:1,000; cat. no.  2338; Cell Signaling 
Technology, Inc.), p‑cell division cycle (Cdc) 42 (1:1,000; cat. 
no. 2461; Cell Signaling Technology, Inc.), EGFR (1:1,000; 
cat. no. 4267; Cell Signaling Technology, Inc.), MEK (1:1,000; 
cat. no.  9122; Cell Signaling Technology, Inc.), p‑44/42 
MAPK (ERK1/2) (1:1,000; cat. no.  4370; Cell Signaling 
Technology, Inc.), caspase‑3 (1:1,000; cat. no.  9664; Cell 
Signaling Technology, Inc.), GAPDH (1:3,000; cat. no. 5174; 
Cell Signaling Technology, Inc.), β‑tubulin (1:3,000; cat. 
no. 10094‑1‑AP; ProteinTech Group, Inc.), cdc42 (1:1,000; cat. 
no. 10155‑1‑AP; ProteinTech Group, Inc.), Bax (1:1,000; cat. 
no. 50599‑2‑lg; ProteinTech Group, Inc.) and Bcl-2 (1:1,000; 
cat. no. 12789‑1‑AP; ProteinTech Group, Inc.). The secondary 
antibodies, HRP‑conjugated goat-anti-rabbit (cat. no. L3012) 
and goat-anti-mouse (cat. no. L3032) IgG were purchased from 
Signalway Antibody LLC. The small molecule inhibitors, 
aftinib, PD98059, U0126, ML141 for EGFR, MEK, ERK and 
Cdc42 were purchased from MedChemExpress.

Cell culture. The human cervical cancer cell lines (HeLa and 
SiHa) were purchased from Shanghai Zhongqiao Xinzhou 
Biological Technology Co., Ltd., and were cultured in RPIM-
1640 medium (Biological Industries), supplemented with 10% 
FBS (Biological Industries), 100 units of penicillin and 100 µg/
ml streptomycin at 37˚C in a humidified incubator with 5% CO2.

Public data collection. Prediction and screening of the 
anti‑cervical cancer effects and disease targets of SH ingredi‑
ents from TCM systems pharmacology database and analysis 
platform (TCMSP), GeneCards and OMIM databases were 
conducted. The chemical compositions and genes associated 
with SH in 3 separate databases were searched: i) TCMSP (http://

ibts.hkbu.edu.hk/LSP/tcmsp.php), oral bioavailability was set to 
>30% and drug‑likeness was set to >0.18, to obtain the chemical 
composition of SH; ii) the molecular structure was confirmed 
using PubChem (https://pubchem.ncbi.nlm.nih.gov/), the targets 
associated with the effective components of SH could also be 
exported in batches in TCMSP; and iii) the UniProt database 
(http://www.uniprot.org/uniprot/) ID number was down‑
loaded to convert the entire documents using Perl codes, then, 
the association between drug and disease was evaluated.

Screening of key words (cervical cancer) was performed 
to obtain related targets in the GeneCards (http://www.
genecards.org/) and OMIM databases (http://www.ncbi.nlm.
nih.gov/omim) by eliminating duplicate and pseudo‑positive 
genes. These were then matched with potential targets for 
the anti‑cervical cancer effect and the common targets 
were presented as a Venn diagram. The Protein Analysis by 
Evolutionary Relationship database (PANTHER; v11; http://
pantherdb.org) contains comprehensive information on the 
evolution and function of protein‑coding genes from 104 
complete sequenced genomes. The PANTHER software tool 
allows users to classify new protein sequences and analyze 
gene lists obtained from large‑scale genome experiments. The 
Search Tool for the Retrieval of Interacting Genes/Proteins 
database (https://string.db.org/) contains known and predicted 
protein‑protein interactions. Thus, the protein interactions in 
tab‑separated values format were obtained. Cytoscape3.7.1 
(http://www.cytoscape.org/) software was used to generate the 
Zhong Jie Feng‑Target network diagram. Nodes‑1 and ‑2, and 
the combined score information in the files were inputted into 
Cytoscape to create the interaction network; the style option 
from the statistics tool (Cytoscape>Tools>Network>Analyz
er>Analysis>Generate) was used to apply the node size and 
color settings to reflect the combination degree. R software 
(v.3.7.1; https://cran.r‑project.org/bin/windows/base/) (13) was 
used for bioinformatics analysis.

Staining using 5‑Ethynyl‑2'‑deoxyuridine (EdU). The detailed 
steps of the experiment were conducted according to the 
manufacturer's instructions (Guangzhou RiboBio Co., Ltd.). 
Approximately, 10,000 cells/per well in logarithmic growth 
phase were seeded in a 48‑well plate, cultured to the normal 
growth stage, then Que (40 µM) was added after 8 h. EdU 
solution was diluted in complete medium at a ratio of 1,000:1 
in 200 µl, then added to each well and the cells were incubated 
for 2 h, then washed with PBS twice, for 5 min each time. 
Subsequently, 100 µl PBS, containing 4% paraformaldehyde, 
was added to each well, then the cells were incubated at room 
temperature for 30 min and 200 µl 2 mg/ml glycine solution 
was added. The cells were incubated for 5 min on a shaker, 
following which 200 µl PBS was added to wash the cells, 
then 200 µl 0.5% TritonX‑100 was added to each well and 
incubated at room temperature on a shaker for 10 min. Next, 
the cells were washed with PBS once for 5 min, then 100 µl 
1X Apollo staining reaction solution was added to each well, 
and the cells were incubated at room temperature for 30 min 
then the solution was discarded. Subsequently, the cells were 
washed with 200 µl 0.5% TritonX‑100 twice for 10 min each 
time, then 200 µl 1X Hoechst 33342 reaction solution (diluted 
with deionized water at ratio 100:1) was added to each well 
and the cells were incubated at room temperature for 30 min in 
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a shaker. Lastly, the cells were washed with 200 µl PBS twice 
and the images were captured using a fluorescence microscope 
(x40; Axio Scope.A1; Zeiss AG). The red signal that was 
observed indicated a positive signal and lower levels indicated 
that the cell proliferation ability was lower.

MTT assay. Logarithmic growth phase cells were seeded in a 
96‑well plate, in triplicate, at a density of 5x103/well (the edge 
holes were filled with sterile PBS). Different concentrations of 
Que (0, 20, 40, 60, 80, 100, 120, 160 and 200 µM) were used 
to treat the cells for 24, 48 and 72 h, MTT solution (0.5 mg/ml; 
0.05% MTT) was added to each well and the culture was 
continued for 4 h. Then, 150 µl dimethyl sulfoxide was added 
and the plate was placed on a shaker at low speed for 10 min 
to fully dissolve the crystals. The absorbance was measured 
at 490 nm and the IC50 was calculated using SPSS software 
(v20.0; IBM Corp.).

The inhibitors, afatinib (2 µM) and U0126 (10 µM) were 
also used to measure cell viability and added to the cells 2 h 
before the cells were then treated with Que for 24 h.

Detection of cell cycle. The cells were treated with Que (120 µM) 
for 8 h, then digested and resuspended using 1 ml pre‑chilled 
70% alcohol, administered drop by drop. After fixing overnight 
at ‑20˚C, the samples were centrifuged at 3,000 x g for 5 min 
at 4˚C to remove the ethanol. Then, 5 µl RNase was added and 
the samples were incubated in a 37˚C water bath for 30 min, 
following which 100 µl 1X binding buffer and 5 µl PI staining 
solution (Becton, Dickinson and Company) were added into 
each sample and incubated at room temperature for 15 min in 
the dark. Subsequently, the cell cycle was detected using a flow 
cytometer (BD FACS Calibur; Becton, Dickinson and Company) 
and analyzed using FlowJo software (v10; Tree Star, Inc.).

Wound healing assay. The HeLa and SiHa cells were seeded 
into a 6‑well culture plate with horizontal straight lines at the 
bottom, at a density of 5x106 cells/ml per hole. The cells were 
gently scratched according to the middle line using a pipette tip 
after 24 h. Then, the plate was washed with PBS to remove cell 
debris, then cultured again for 24 and 36 h. At the beginning, 
the degree of confluence at 0 h time point on both sides of the 
wound was checked using a microscope (x40; Axio Scope.A1; 
Zeiss AG) and was 80‑100%. Images of all the groups at 0, 24 
and 36 h were captured, and the wound healing difference after 
Que administration at the indicated concentration (0 and 80 µM) 
in serum‑free RPMI-1640 medium (Biological Industries) were 
detected. The cell scratch area was used as an index to evaluate 
the degree of wound healing and was analyzed using ImageJ 
software (v1.8.0.112; National Institutes of Health).

Transwell assay. For the migration assay, the HeLa and SiHa 
cells, in the log‑phase, at a density of 5x104 cells/ml, were 
added to the upper chamber, in a 200 µl suspension diluted 
with 1% FBS‑containing RPMI-1640 medium (Biological 
Industries). Next, 600  µl RPMI-1640 culture medium, 
containing 10% serum, was added to the lower chamber 
for a 24 h incubation. Each group had 2 replicates. For the 
invasion assay, Matrigel was dissolved overnight at 4˚C and 
diluted with basic culture medium at a volume ratio of 1:7. 
Then, 20 µl Matrigel was placed on the Transwell chamber 

in a sterile 24‑well plate at 37˚C for 30 min. The subsequent 
methods used were performed according to the same protocol 
as the cell migration assay. After the Matrigel solidified, the 
non‑migrated/invaded cells on the membrane were removed 
using a cotton swab and PBS. The cells were fixed with 4% 
paraformaldehyde solution at room temperature for 10 min, 
then stained with crystal violet at room temperature for 5 min. 
The number of migrated and invaded cells, and the average 
value for each sample were observed and calculated using a 
light microscope (x40; Axiolab 5; Zeiss AG).

Annexin V‑PE/7‑AAD double‑staining assay. Cell apoptosis 
was detected using a double staining Annexin V‑PE/7‑AAD 
(BD Biosciences) method. The cells were treated with Que 
(0, 40, 80 and 120 µM) for 24 h, then digested with trypsin, 
without EDTA and rinsed with sterile 1X binding buffer, diluted 
with PBS. The cells were subsequently incubated at room 
temperature for 10 min in the dark with 5 µl Annexin V‑PE 
and 5 µl 7‑AAD. FACS flow cytometry (BD FACS Calibur; 
Becton, Dickinson and Company) was performed to detect 
apoptosis and the data were analyzed using FlowJo software 
(v10; FlowJo LLC). The number of cells in the upper right and 
the lower right quadrants of the flow cytometry plots represent 
the proportion of late and early apoptotic cells respectively, 
and the sum of the two represents the proportion of cervical 
cancer cells undergoing apoptosis.

Western blot analysis. RIPA (Beijing Solarbio Science and 
Technology Co., Ltd.) was used to extract the total protein 
from the cells and the BCA method was used for sample 
concentration determination. In total, ~20 µg total protein 
was used for separation using 8‑12% SDS‑PAGE, following 
which the separated protein was electro‑transferred to a 
PVDF membrane, and the primary antibody was added and 
incubated overnight at 4˚C after blocking with 5% skimmed 
milk at room temperature for 1  h. The membranes were 
washed 3 times with 1X TBS‑Tween‑20 (at a ratio of 1,000:1), 
for 10 min each time, then the membranes were incubated for 
2 h with the corresponding secondary antibody (1:3,000) at 
room temperature. The expression of each target protein was 
detected using an ECL reagent (EMD Millipore) and a multi‑
functional molecular gel imaging system.

The following inhibitors, afatinib (2 µM), U0126 (10 µM), 
PD98059 (5  µM) and ML141 (10  µM) were added to the 
cells 2 h before the cells were then treated with Que for 8 h 
at different combinations, to also measure protein expression. 
Each experiment was repeated at least 3 times and the repre‑
sentative results are presented.

Statistical analysis. GraphPad Prism v8.0 software (GraphPad 
Software, Inc.) was used to analyze the data. One‑way ANOVA 
followed by Tukey's post hoc test or unpaired Student's t‑test 
were used to evaluate the statistical differences between >2 or 
2 groups, respectively. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Que in SH targets EGFR. There were 92 targets predicted 
by TCMSP, for the active ingredients of SH, and a total of 
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6,673 targets, associated with cervical cancer, were searched 
in the GeneCards and OMIM databases. In addition, the total 
number of drug‑related targets was 92, with 79 common targets 
following the intersection with disease‑related targets. The 
drug component‑target‑disease relationship network diagram 
was established using R software (Fig. 1A and B). The yellow 
ellipse represents common targets of cervical cancer and the 
drug, while the blue triangles represent the active ingredients 
of SH. The same targets, corresponding to different effective 
ingredients, are presented in Fig. 1B, which shows the charac‑
teristics of the multi‑components and multi‑targets of TCM. It 
can also be seen that Que has an intersection with almost every 
target, which proves that it has strong research value (Fig. 1B). 
In Fig. 1C, the color and thickness of the lines represent the 
strength of the association and the final functional protein 
network diagram is presented. The obtained network revealed 
the node, EGFR as the hub gene, suggesting that it may have 
important biological significance in SH‑induced anticancer 
effects in cervical cancer cell lines (Fig. 1C and D).

Que reduces cell viability. To determine the cytotoxic effect 
of Que on the human cervical cancer cell lines, the cells 
were treated with increasing concentrations of Que for 24, 
48 and 72 h, then a MTT assay was performed to measure 
cell viability. The IC50 of SiHa and HeLa cells at the three 
time points was 150.21, 112.06 and 83.3 µM, and 132.12, 
95.25 and 70.12 µM, respectively (Fig. 2A). Consistently, 
the EdU staining results also suggested that Que inhibited 
the proliferation and division of the cervical cancer cells 
(Fig. 2B).

Que induces G2/M arrest. Next, it was investigated whether 
Que was associated with the cell cycle of the cervical cancer 
cells. The HeLa and SiHa cell lines were treated with Que 
for 8 h, following which flow cytometry was performed. The 
results demonstrated that Que significantly increased the 
percentage of SiHa and HeLa cells in the G2/M phase. It was 
found that the percentages of G2/M cells were 29.3 and 62.3% 
for the SiHa cells and 29.7 and 54.7% for the HeLa cells, at 

Figure 1. Quercetin in Sarcandrae Herb targets EGFR. (A) A total of 92 targets were predicted by Traditional Chinese Medicine systems pharmacology 
database and analysis platform and 6,673 targets, associated with cervical cancer, were searched in the disease databases, from which 79 common targets were 
screened using R software. (B) A network diagram revealing the drug component‑target‑disease relationship. (C) The size, color and number of the nodes 
reflect the strength of the relationship. (D) how many other nodes are associated with each node, reflecting the importance of this node.
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0 and 120 µM, respectively (Fig. 3A‑D), indicating that Que 
induced G2/M arrest in the cervical cancer cell lines. Western 
blot analysis revealed that Que caused a decline in p‑Cdc42 
and p21 protein expression level in a time and concentra‑
tion‑dependent manner, respectively, which served a key role 
in the regulation of cell cycle (Fig. 3E). Collectively, it was 
suggested that Que notably blocked the cervical cancer cell 
cycle in the G2/M phase.

Que inhibits cell migration and invasion. A wound healing 
assay was performed to investigate whether Que inhibited 
cervical cancer cell migration. It was identified that Que 
significantly suppressed the wound healing rate of the HeLa 
and SiHa cells (Fig. 4A). Furthermore, a Transwell assay was 
conducted to determine whether Que inhibits cervical cancer 
cell migration and invasion. The number of cells passing 
through the membrane and Matrigel to the lower chamber was 
decreased with Que was gradually decreased with increasing 
Que concentrations (Fig. 4B), suggesting that Que suppressed 
the migration and invasion of the SiHa and HeLa cells.

Que promotes cervical cancer cell apoptosis. The cells treated 
with Que for 24 h presented with the morphological features 
of apoptosis, including shrinking in size, becoming round, 
losing connections and breaking away from the surrounding 
cells (data not shown). Subsequently, Que‑induced apoptosis 
was further evaluated using Annexin V‑PE/7‑AAD staining. 
As presented in Fig. 5A, the proportion of cells undergoing 
apoptosis was gradually enhanced with the increasing Que 
concentrations compared with that in the control group.

Caspase‑3 serves an important role in cell apoptosis and 
this process can be blocked by Bcl‑2 (14). The results demon‑
strated that Que significantly promoted the activation of 
caspase‑3. Furthermore, Que increased the expression levels 
of the pro‑apoptotic protein, Bax and decreased the expression 
level of the anti‑apoptotic protein, Bcl‑2 (Fig. 5C).

EGFR and ERK activation resists Que‑induced cytotoxicity 
in cervical cancer cells. According to the results of network 
pharmacology, EGFR may be associated with the Que‑induced 
anticancer effects in cervical cancer. The results indicated that 

Figure 2. Que suppresses the viability of cervical cancer cell lines. (A) The SiHa and HeLa cell lines were treated with the indicated concentrations of Que for 
24, 48 and 72 h, then the cell viability was measured using a MTT assay. (B) The cervical cancer cells were treated with 40 µM Que for 8 h, then EdU staining 
was performed and the results were (C) statistically analyzed. ***P<0.001. EdU, 5‑ethynyl‑2'‑deoxyuridine; Que, quercetin; CON control.
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Figure 3. Que promotes cervical cancer cell G2/M arrest and affects the expression levels of G1 phase‑related proteins. The (A) HeLa and (C) SiHa cell lines 
were treated with Que (0 and 120 µM) for 8 h, then flow cytometry analysis was conducted to investigate the cell cycle and (B) and (D) statistically analyzed. 
(E) The cervical cancer cell lines were treated with Que (0, 40 and 80 µM) for 8 h or Que (80 µM) for 0, 2 and 4 h, then the protein expression levels were 
examined using western blot analysis. GAPDH or tubulin were used as the loading control. n=3. **P<0.01, ***P<0.001. Que, quercetin; p, phosphorylated; CON, 
control.
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Que markedly increased EGFR activities, but suppressed the 
activity of Cdc42 (Figs. 6A and 3E, respectively). It has been 
well‑documented that EGFR activation leads to downstream 
MEK/ERK pathway activation (15). As shown in Fig. 6A, Que 
notably induced ERK activation, but only marginally affected 
the activities of MEK1.

To further examine the role of EGFR and ERK in 
Que‑induced anticancer effects, afatinib and U0126 were used 
to block the activities of EGFR and ERK, respectively. It was 
found that both afatinib and U0126 effectively inhibited EGFR 
and ERK activation induced by Que. EGFR is the upstream 
signal of ERK; therefore, if Que acts on EGFR, then the 
EGFR inhibitor afatinib will reverse the activation of ERK 
under the action of quercetin. Unexpectedly, afatinib did not 
reverse Que‑induced ERK activation, indicating that Que may 

increase ERK activity in an EGFR‑independent manner. In 
addition, PD98059 and ML141 were used to detect the Ras/
Raf/MEK/ERK/MAPK signaling pathway, ML141 further 
promoted the reduction of Cdc42 protein expression in combi‑
nation with Que (Fig. 6B).

Next, it was investigated whether EGFR and ERK were 
associated with Que‑induced anticancer activities. It was 
found that the suppression of EGFR and ERK, using the 
afatinib and U0126 inhibitors, enhanced Que‑induced cell 
viability inhibition (Fig. 6C), cell cycle arrest and apoptosis 
(Fig. 7A‑D). For example, the apoptotic rate of the HeLa and 
SiHa cells with Que alone was 43.3 and 40.71%, respectively, 
but when afatinib and Que or U0126 and Que were added 
together, the apoptotic rate increased to 60.92 and 63.4%. The 
G2/M phase ratio in the HeLa and SiHa cells with Que alone 

Figure 4. Que inhibits the migration and invasion of the cervical cancer cell lines. (A) The cells were treated with 0 or 80 µM Que for 0, 24 and 36 h, then the 
degree of wound healing was measured. (B) In total, ~10,000 SiHa and HeLa cells were seeded in the Transwell chamber in 200 µl FBS‑free medium with 
the indicated concentration of Que for 48 h. Matrigel was added onto the microporous membrane in advance to simulate the environment of the extracellular 
matrix was only used for the invasion assay, and then the cells that penetrated the membrane were stained with crystal violet for subsequent examination. n=3. 
**P<0.01, ***P<0.001. Que, quercetin.
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was 41.5 and 40.0%, but when U0126 and Que were combined, 
the ratio increased to 65.6 and 62.4%, respectively suggesting 
that EGFR and ERK activation had a cytoprotective role in the 
Que‑induced anticancer effects in cervical cancer cell lines.

Discussion

At present, the morbidity and mortality rates of cervical 
cancer are at the forefront of malignant tumors, which seri‑
ously threatens the health of women (16). In recent years, 
plant‑derived compounds, with the potential to inhibit the 
development and the proliferation of tumors, have attracted 
increased attention from scientific researchers (17‑19). In the 

present study, based on network pharmacology, Que is one 
of the effective ingredients of SH, then the hub gene, EGFR 
was identified, which could be associated with Que. Que is 
a natural flavonoid compound, widely present in numerous 
plants, such as onions, shallots, asparagus, cabbage, mustard 
greens and green peppers and has a preventive and therapeutic 
effect on a variety of cancer types, including stomach, breast, 
liver and cervical cancers (20). Most in vivo and in vitro studies 
have shown that Que was not carcinogenic (21‑23). In 1999, the 
International Agency for Research on Cancer classified Que 
as a non‑carcinogenic substance to human (24). Phase I and 
Phase II clinical trials in England have confirmed that Que 
inhibited the progression of a variety of tumors, and it has 

Figure 5. Que promotes cervical cancer cell apoptosis and affects the expression levels of apoptosis‑related proteins. (A) The cervical cancer cells were treated 
with Que (0, 40, 80 and 120 µM) for 24 h, then flow cytometry analysis was performed to investigate cell apoptosis and the difference was (B) statistically 
analyzed. (C) The cervical cancer cell lines were treated with Que (0, 20, 40 and 80 µM) for 36 h, then the protein expression levels were examined using 
western blot analysis. Tubulin was used as the loading control. n=3. **P<0.01, ***P<0.001. Que, quercetin.
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been circulated as a commodity in the United States and some 
European countries (25,26). Nutrigenomics aims to understand 
how the active ingredients of food directly or indirectly affect 
the changes in the human genome structure, and to investi‑
gate the effects of dietary factors and nutrients on the human 
genome. In addition, to investigate which chronic or hereditary 
diseases, such as irritable bowel syndrome, musculoskeletal 
pain, chronic pelvic pain and dry eye are susceptible to dietary 
factors, and explore the differences in the sensitivity of healthy 
humans and diseased patients to different dietary factors based 
on differences in human genetic polymorphisms (27).

The occurrence of cervical cancer may be associated with 
the activation of certain proto‑oncogenes, such as EGFR, which 
is widely distributed in mammalian epithelial cells and binds 
to EGF or TNF (28,29). EGFR is a glycoprotein that belongs 
to the tyrosine kinase type receptor family and its different 

phosphorylation sites regulate various downstream signal 
pathways, such as PI3K/AKT and Ras/Raf/MEK/ERK (30). 
The current study focused on signaling regulation after activa‑
tion at Tyr1068. Tyrosine kinase receptor, which is activated by 
growth factors, binds to growth factor receptor‑bound protein 2 
(GRB2) directly or indirectly, following which GRB2 recruits 
the guanylate exchange factor, SOS (Ras/Rac guanine nucleo‑
tide exchange factor 1), which is located on the cell membrane 
adjacent to Ras and a series of cascade amplification reactions 
occur after Ras is activated (31,32). The transcriptome refers to 
the collection of all transcripts in a specific type of cell. In other 
words, it is a snapshot of the expression profile of a cell at a 
specific time. In the transcriptome, it includes both the familiar 
messengers that encode proteins (mRNA), non‑coding RNA, 
such as microRNA, which does not code for protein and long 
non‑coding (lnc)RNA, which are newly discovered (33,34). 

Figure 6. EGFR and ERK exert a protective role in Que‑induced anticancer effects. (A) The cells were treated for different times with Que (80 µM) and 
(B) with different combinations of Que and inhibitors. Expression levels of the indicated proteins, which were activated by Que and blocked with the inhibitors, 
were analyzed using western blot analysis. GAPDH was used as the loading control. (C) The cervical cancer cell lines were pretreated with afatinib (5 µM) and 
U0126 (10 µM) for 1 h, then treated with Que (80 µM) for 24 h to detect cell viability using an MTT assay. n=3. ***P<0.001. Que, quercetin; p, phosphorylated.
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Figure 7. EGFR and ERK protect cervical cancer cells from apoptosis and cell cycle arrest. (A and C) The cervical cancer cell lines were pretreated with 
afatinib (5 µM) and U0126 (10 µM) for 1 h, then treated with Que (80 µM) for 24 h to detect cell viability and apoptosis using FACS assays, or treated with Que 
(40 µM) for 8 h to evaluate the cell cycle. (B and D) The difference was statistically analyzed. n=3. **P<0.01, ***P<0.001. Que, quercetin.
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These RNA transcripts combine to regulate a series of important 
physiological processes, such as cell growth, development and 
apoptosis (35). After autophosphorylation, EGFR binds directly 
or indirectly to the GRB2 complex to activate the Ras protein. 
The activated Ras activates the downstream serine/threonine 
protein kinase, Raf to phosphorylate ERK‑1 and 2. The signal 
is transmitted to the nucleus, leading to the phosphorylation of 
transcription factors in the nucleus, starting the transcription of 
target genes, and ultimately leading to biological effects, such 
as cell proliferation and proliferation (36). In total, 4 major 
MAPKs have been identified: ERK1/2, JNK/stress activated 
protein kinases, p38 MAPK and ERK5 (37).

ERK activation can exert an anti‑apoptotic or proapoptotic 
effects, depending on the stimulation and cell types. ERKs are 
mainly, but not only, activated by growth factors and participate 
in mitosis regulation (38). It also transfers to the nucleus and 
activates transcription factors to produce corresponding biolog‑
ical effects directly after being activated (39). The activation of 
Raf is not completely dependent on Ras and ERK can also be 
activated by other factors, such as SOS and ILs, thus forming a 
complex network regulatory structure (40). The present results 
suggested that Que activated ERK independent of EGFR, and 
published studies have confirmed that receptor tyrosine kinases, 
G protein‑coupled receptors and some cytokine receptors, such 
as Ras, Raf and MEK can all activate the ERK signal transduc‑
tion pathway (41,42). Deng et al (43) reported that Que induced 
human breast cell apoptosis by inhibiting ERK, high‑affinity 
potassium transporter and survivin. In addition, Kim et al (44) 
observed that Que promoted cycle arrest and apoptosis of mela‑
noma cells by increasing the ratio of Bax/Bcl‑2, and inhibited 
the PI3K/AKT and ERK/JNK pathways involved in cell prolif‑

eration and signal transduction, while Balakrishnan et al (45) 
revealed that Que induced MCF‑7 breast cancer cell apoptosis 
by activating AMP‑activated protein kinase, thereby inhibiting 
the expression of cyclooxygenase‑2.

EdU is a thymidine analogue and the alkyne group attached 
to this factor is rare in natural compounds. This group can 
replace thymine into a synthetic DNA molecule during DNA 
replication (46). Based on the specific reaction between Apollo 
fluorescent dye and EdU, DNA replication activity can be 
directly and accurately detected (47). The present MTT and 
EdU assay results demonstrated that Que had a notable inhibi‑
tory activity on the viability of cervical cancer cells, while 
flow cytometry detection identified that Que significantly 
promoted G2/M phase arrest and apoptosis. Furthermore, 
the wound healing and Transwell assays suggested that Que 
inhibited cellular migration and invasion.

Apoptosis and cell cycle processes are strictly governed by 
multiple genes, such as Bcl‑2, caspase and the CDK family (48). 
Caspase‑3 is one of the most important enzymes, which is a 
terminal splicing factor in the process of cell apoptosis and 
plays an irreplaceable role in this process. The main substrate 
of caspase‑3 is poly (ADP‑ribose) polymerase 1, and caspase‑3 
can be cleaved by this factor, leading to an inhibition of DNA 
repair and initiation of degradation (49,50). Cdc42 is a member 
of the ρ family, and serves an important role in the establish‑
ment and maintenance of epithelial cell polarity by regulating 
the formation of microtubules and microfilament skeletons 
and intercellular connection (51). It was found that the protein 
expression level of p‑Cdc42 was markedly decreased following 
the addition of Que; however, its expression after 4 h of Que 
treatment was slightly increased compared with that after 
2 h. This may be caused by the negative feedback regulation 
mechanism, which requires further investigation. p21 was first 
discovered as a downstream gene of p53, and subsequently, 
scientists have conducted numerous studies examining p21 
and have shown that it is an important cell cycle government 
target (52,53). p21 is involved in the process of cell proliferation, 
differentiation, senescence and death (54). At the same time, it 
is associated with the occurrence of tumors and serves a role in 
the physiological and pathological processes. Previous studies 
have confirmed that p21 can form a complex with cyclin D/CDK 
to block the cell cycle in G1 phase and it can also interact with 
proliferating cell nuclear antigen (PCNA) via the C‑terminus to 
block the activity of PCNA‑activated DNA polymerase, thereby 
inhibiting DNA synthesis and arresting the cell cycle (55,56).

MAPK can transduce extracellular signals into the nucleus 
via a 3‑level kinase cascade (MAPKKK>MAPKK>MAPK), 
thereby regulating cell proliferation, differentiation, apoptosis, 
inflammatory response and other biological behaviors, such as 
antitumor effects (57). The RAS/RAF/MEK/ERK axis has been 
the mostly widely investigated of the aforementioned cascades. 
The present study analyzed the negative regulatory effect of 
the activation of EGFR and ERK when the cervical cancer cell 
lines were treated with Que, as both EGFR and ERK inhibitors 
enhanced the Que‑induced anticancer effects. Que activates 
EGFR and ERK and inhibits the activity of related kinases, 
indicating that the activation of EGFR and ERK resists the effect 
of Que‑mediated apoptosis in cervical cancer cells (Fig. 8).

In conclusion, the present study conducted network pharma‑
cology analysis, and the results demonstrated that Que may be 

Figure 8. Model of Que‑induced antitumor effects in the cervical cancer cell 
lines. Que leads to the activation of EGFR and ERK kinases, then affects 
the expression levels of apoptosis‑related proteins to resist cytotoxicity. Que, 
quercetin.
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one of the active components of SH. Furthermore, Que notably 
inhibited the viability of cervical cancer cells, and induced G2/M 
arrest and apoptosis. EGFR and ERK activation was associated 
with the resistance to Que‑induced anticancer activities, as both 
EGFR and ERK inhibitors enhanced the Que‑induced anticancer 
effects. Thus, it would be important to examine the combina‑
tion of Que and EGFR inhibitors in the treatment of cervical 
cancer. Collectively, the present study suggested that EGFR 
and ERK activation served a protective role in Que‑induced 
anticancer activities in cervical cancer in vitro. If Que is used 
for clinical application, the combination of afatinib may enhance 
the antitumor effect of Que one day, but this topic is based on the 
conclusions obtained from in vitro cell experiments and in vivo 
animal experiments have not been conducted, therefore further 
investigation is required to confirm the conclusions.
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