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Introduction

Puerarin as a traditional Chinese medicine, was isolated in 
the late 1950s. Since then, its pharmacological properties 
were widely explored. Due to its wide spectrum of 
pharmacological properties, the beneficial effects of puerarin 
were quite widely, such as vasodilation, cardioprotection, 
neuroprotection, antioxidant, anticancer, antiinflammation, 
alleviating pain, promoting bone formation, inhibiting 
alcohol intake, and attenuating insulin resistance (1). 
However, the direct molecular mechanisms and targets were 
quite limited, especially in lung cancer. 

Lung cancer is a common tumor that seriously threatens 
human health, with high rates of incidence and mortality. 
The majority of cases are in the advanced stage when they 
are first diagnosed. The unlimited proliferation of tumor 
cells is the most difficult obstacle in tumor therapy. After 
years of research, it has been established that tumor cells 
escape radiotherapy and drug therapy through a variety of 
mechanisms, among which is the invasion of tumor tissue 
and metastasis to surrounding normal tissue (2). At present, 
the identification of potential drugs that can effectively 
block the invasion of tumor cells into surrounding tissues at 
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the known important nodes of tumor cell survival is a focus 
of drug research and development. This approach aims to 
limit tumors to a fixed position for easy removal.

Tumor metastasis is a complex, multi-step, and multi-
gene-regulated process, and is the main cause of death (3). 
The process of invasion and metastasis of malignant tumor 
cells is accompanied by the degradation of the extracellular 
matrix, and matrix metalloproteinases (MMPs) are the 
most important hydrolases involved in this process (4,5). 
Gelatinase is an important subtype of the MMP family, 
including MMP-9. It can not only degrade the extracellular 
matrix components, but also degrades type IV collagen, 
which is the main component of the basement membrane, 
destroys the integrity of the basement membrane, and 
provides a basis for tumor cell invasion and metastasis (6,7). 
In addition, previous reports have shown that the increased 
expression of MMP9 in lung cancer is associated with poor 
prognosis (8-10). Therefore, the invasion and metastasis 
of melanoma cells can be inhibited by blocking the effects  
of MMP9.

The process of tumor invasion and metastasis involves 
the abnormalities of multiple cellular signal transduction 
pathways. The mitogen-activated protein kinase (MAPK) 
signaling pathway is an important signal transduction 
system for eukaryotic cells to mediate extracellular signals 
to intracellular reactions. It is activated by phosphorylation 
after stimulation and regulates the processes of cell 
growth, differentiation, division, death, and functional 
synchronization between cells (11-13), including extracellular 
signal-regulated kinase, c-Jun N-terminal kinase, p38 
mitogen-activated protein kinase, and extracellular-regulated 
kinase 5. The ERK pathway is a classic pathway of MAPK, 
which is involved in the regulation of cell proliferation, 
tumor invasion, and metastasis.

Lung cancer exhibits characteristics such as strong 
invasion, easy recurrence and metastasis, and poor 
prognosis. At present, the commonly used clinical 
chemotherapy regimen has strong toxic and side effects, and 
thus, there is a pressing need to identify suitable adjuvant 
drugs that reduce these effects. Kudzu vine is a widely used 
traditional Chinese medicine in the clinic. Puerarin is the 
main extract of kudzu vine, and a previous study has shown 
that it has a significant effect on tumor necrosis factor, 
interferon, and other cytokines (14). At present, puerarin 
is mainly used to treat cardiovascular diseases; however, a 
summary of the previous research literature highlighted 
numerous pathways involved in its treatment that overlap 
with the pathways through which tumor metastasis 

develops. Therefore, this study aims to investigate the effect 
of puerarin on the growth and metastasis of A549 lung 
cancer cells in vivo and in vitro and preliminarily discuss 
its mechanism to assist in the clinical treatment of lung 
cancer. We present the following article in accordance with 
the MDAR reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-22-2246/rc).

Methods

Reagents and equipment

A 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) kit was purchased from Promega (USA). 
MMP9, ERK1/2, and phosphorylated ERK1/2 (p ERK1/2) 
antibodies were purchased from Abcam (USA). An RNA 
extraction kit, reverse transcription kit, and quantitative 
polymerase chain reaction (qPCR) SuperMIX were 
purchased from TAKARA (Japan). Puerarin was purchased 
from Sigma (USA). Matrigel was purchased from BD 
(USA). The gene amplification instrument and fluorescence 
imaging system were obtained from Bio-RAD (USA). 
A microscopic imaging system (Leica, Germany) from 
Germany was also used.

Cell survival rate

The A549 human lung cancer cell line (ATCC CCL-185, 
USA) was cultured with Roswell Park Memorial Institute 
(RPMI) 1640 (GIBCO, USA) with 10% fatal bovine serum 
(FBS) (GIBCO, USA) in 37 ℃ and 5% carbon dioxide 
(CO2). A medium with different concentrations of puerarin 
(10, 20, 40, 80, and 160 μmol/L was added to a 96-well 
plate, and the A549 cells were adjusted to 5×103/well. The 
cell survival rate was detected with MTT [optical density 
(OD) =450 nm] after 24 hours.

Cell scratch

The experimental grouping and dosage were determined 
using the cell survival rate experiment, and doses of 10, 20, 
and 40 μmol/L were adopted. The A549 cells were adjusted 
to 1×105/35 mm tissue culture dish. Each group had three 
dishes. The cells were cultured until they completely 
adhered to the wall, the center of the culture dish was 
scratched with the tip, and the cells were then immediately 
washed with phosphate buffered solution (PBS). Next, 
the culture medium containing different concentrations 
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of puerarin was added, photos were taken under the 
microscope, and the cells were then allowed to continue 
culturing in the standard culture environment for 24 hours. 
Subsequently, photos were taken again to calculate the 
scratch healing rate.

Transwell

The Matrigel was melted at 4 ℃ and 100 μL was added 
into each Transwell chamber, which was shaken gently to 
cover the bottom of the chamber evenly and maintained at 
37 ℃ for 30 min to fully solidify. The cells were adjusted 
with the medium to 1×104 cell/chamber. Next, the different 
concentrations of puerarin (10, 20, and 40 μmol/L) were 
added to each chamber and a control group was set at the 
same time, with three multiple holes in each group. The 
chambers were placed on the 24-well plate with the same 
medium correspondingly, and the bottom of the chamber 
was immersed in the medium. After culturing in a standard 
cell culture environment for 24 hours, the chamber was 
taken out and washed with PBS. The bottom of the 
chamber was fixed using absolute ethanol for 30 min. After 
drying, the bottom of the cell was stained with crystal violet 
staining solution for 10 min. After cleaning and drying, we 
observed and took photos under the microscope, counted, 
and then compared the number of invasive cells in each 
group. 

Gene expression analysis

The experimental grouping and dosages were the same as 
those mentioned above, as determined by the cell survival 
rate experiment. Total RNA was extracted after 24 hours in 
the puerarin-containing medium and reverse-transcribed 
into complementary DNA (cDNA) for fluorescence 
quantitative PCR. The reaction conditions were pre-
denaturation at 95 ℃ for 10 min, amplification cycle 
conditions at 95 ℃ for 10 s, and 60 ℃ for 60 s, for a total 
of 40 cycles. The primer sequences were as follows: (5'-3'), 
and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
was used as an internal reference. The MMP9 primer was 
as follows: (F) GGGACGCAGACATCGTCATC; (R) 
TCGTCATCGTCGAAATGGGC.

Western blotting

The experimental grouping and dosages were the same 
as those mentioned above, as determined by the cell 

survival rate experiment. Protein was extracted from cells 
with protein lysate, and the protein concentration was 
determined using a bicinchoninic acid assay (BCA) kit. 
Next, the protein was separated using sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE), 
transferred to a polyvinylidene difluoride (PVDF) 
membrane, blocked with tris buffered saline (TBS) 
containing 5% bovine serum albumin (BSA) and 0.1% 
Tween-20, and incubated with primary antibodies overnight 
at 4 ℃ .  The membranes were then incubated with 
horseradish peroxidase-labeled secondary antibody, and 
enhanced chemiluminescence (ECL) was finally developed.

Statistical analysis

Data were presented as the means ± standard error 
of the mean (SEM). Normally distributed data were 
compared using the unpaired Student’s t-test for two 
groups comparisons. P<0.05 was considered to indicate a 
statistically significant difference. Statistical analyses were 
using GraphPad Prism 5.0 (GraphPad Software, San Diego, 
CA, USA). All biological replicates were performed at least 
three times. The experiment and analysis were double-
blinded.

Results

Cytotoxic effect of puerarin on A549 cells

The MTT results were used to select the experimental 
concentration of puerarin. After treatment with puerarin 
for 24 hours, high concentrations of puerarin had an effect 
on the survival rate of A549 cells, and the inhibitory effect 
was concentration-dependent. According to the P value, 
>80 μmol/L had a significant inhibitory effect. To reduce 
the influence of the drug’s cytotoxic effect on migration and 
invasion, puerarin concentrations of 10, 20, and 40 μmol/L 
were used in the subsequent experiments (Figure 1).

Effects of puerarin on the invasion and metastasis of A549 
ells

According to the drug toxicity results, three concentrations 
(10, 20, and 40 μmol/L) were selected for detection. The 
cell invasion results showed that compared with the control 
group, the scratch healing rate of the puerarin-treated 
groups decreased significantly after 24 h, suggesting that 
puerarin can inhibit tumor metastasis by inhibiting the 
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migration ability of A549 cells. The cell metastasis results 
demonstrated that the level of cell invasion in each puerarin 
treatment group was significantly lower than that in the 
control group, indicating that puerarin can inhibit cancer 
metastasis by inhibiting metastatic ability. The experimental 
results were concentration-dependent (Figure 2).

Puerarin affects cell migration and metastasis-related 
factors to prevent tumor metastasis

Total RNA and protein were extracted 24 h after puerarin 
administration at 10, 20, and 40 μmol/L. The gene and 
protein levels of the proliferation-related factor, MMP9, 
were detected. The qPCR results showed that compared 
with the control group, the expression level of MMP9 
decreased significantly after puerarin treatment. With the 
increasing dose, the range of change increased in a dose-
dependent manner. The difference between the groups was 
statistically significant. As shown in Figure 3A, puerarin can 
inhibit or activate the messenger RNA (mRNA) expression 
level of MMP9. 

Western blotting further illustrated that the MMP9 
expression levels in A549 cells of the control group 
were high, while puerarin could significantly inhibit this 
expression (Figure 3B). Moreover, the protein expression 
difference was also statistically significant, which is 
consistent with the gene expression level. These results 
suggest that puerarin markedly inhibits the metastasis of 
tumor cells.

Puerarin prevents tumor metastasis by inhibiting the 
phosphorylation of ERK pathways

The upstream pathways ERK were used to further confirm 
the mechanism of puerarin on tumor metastasis-related 
factors. The western blot results (Figure 4A,4B) showed that 
the expression of p-ERK in A549 cells was inhibited after 
puerarin treatment, indicating that ERK pathway activity 
had decreased. In addition, the protein expression results 
highlighted that the difference between the groups was 
statistically significant.

Discussion

Invasion and metastasis are important characteristics of 
malignant tumors and are also the main causes of treatment 
failure and mortality in tumor patients. Considering 
this, the development of new treatment strategies that 
hinder metastasis is expected to improve the treatment of  
tumors (15). Tumor metastasis involves a series of highly 
related biological processes, such as the adhesion changes 
between cells or extracellular matrix, cell migration, and 
cell invasion to the basement membrane and extracellular 
matrix.

The MMP family is closely related to the invasion and 
metastasis of lung cancer. As an important component of 
MMPs, MMP9 plays an important role in the invasion 
and metastasis of tumor tissues and cells. In this study, 
the Transwell invasion experiment results showed that 
puerarin could significantly reduce the number of invasive 
cells. Since MMPs possess extracellular matrix degradation 
and tissue remodeling abilities, numerous stages of 
tumor progression, such as tumor formation, growth, 
angiogenesis, and metastasis, are related to the activity 
of MMPs (16). In particular, the enhanced expression of 
MMP9 plays an important role in tumor cell invasion. 
Several studies have found that MMP9 levels in lung cancer 
tissues are significantly higher compared to that in adjacent 
normal tissues, and are positively correlated with lymph 
node metastasis and clinical stage (17-19). Therefore, the 
invasion of tumor cells can be limited by inhibiting MMP9 
or regulating signal pathways, so as to inhibit metastasis  
(20-22). Puerarin can significantly reduce the protein 
expression levels of MMP9 in A549 cells, suggesting that 
puerarin can inhibit cell invasion by reducing the expression 
of MMP9.

Following in-depth research, the MAPK signaling 
pathway has been established as the key pathway regulating 

Figure 1 Puerarin cytotoxicity assay. Each puerarin concentration 
group was compared with the control group, and more than  
80 μmol/L had a significant inhibitory effect. Data were calculated 
from three independent experiments and were presented as mean ± 
SD. ***, P<0.001, compared with the untreated control.
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Figure 2 Migration and metastasis analysis. (A) Cell migration experiment. The fusion monolayer cells were scratched with tip. After 24 h, 
the phenomenon of cell migration was negatively related to the concentration of puerarin. The higher the dose, the more inhibition of cell 
migration, and the slower the scratch healing. Scale bar: 50 μm. (B) According to the measured and calculated, the cell migration rate was 
inversely proportional to the dose of puerarin. As to the statistical chart, the migration inhibition rate tends to increase. (C) Cell metastasis 
statistical chart. The number of metastasis cell was inversely proportional to the dose of puerarin. (D) Cell metastasis experiment. The cells 
were stained by crystal violet staining solution for 10 min. With the increase of puerarin dosage, the number of cell metastasis decreases. 
Scale bar: 50 μm. Data were calculated from three independent experiments and were presented as mean ± SD. **, P<0.01, ***, P<0.001 
compared with the untreated control.
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Figure 3 Effect of puerarin on the gene (A) and protein (B) expressions of MMP9 in A549 cells. Data were collected from three 
independent experiments and shown as mean ± SD. *, P<0.05, **, P<0.01, ***, P<0.001 compared with the untreated control. MMP9, matrix 
metallopeptidase 9.

Figure 4 Relevant protein expression and data were collected from three independent experiments and shown as mean ± SD. *, P<0.05, 
***, P<0.001 compared with the untreated control. ERK, extracellular signal-regulated kinase; pERK, phosphorylation of ERK; GAPDH, 
glyceraldehyde-3-phosphate dehydrogenase.
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the expression of MMP9. This pathway is an important 
signal transduction system that mediates extracellular 
stimulation to the intracellular response. It also regulates 
cell proliferation, differentiation, and apoptosis; participates 
in the regulation of cell growth and development; and plays 
an important role in the occurrence and infiltration of 
malignant tumor cells (23). Numerous studies have shown 
that the MAPK pathway in the signal pathway plays an 
important role in the process of ERK signal transmission, 
and it is also the most closely related pathway to human 
cancer (24-26). 

P-ERK is the activated form of ERK, and only 
phosphorylated ERK exerts activity. ERK can promote the 
transcription and expression of many oncogene-related 
genes through phosphorylation, destroy extracellular matrix, 
and promote tumor angiogenesis, which is conducive to the 
movement of tumor cells and metastasis. The ERK signaling 
pathway is typically over-activated in several tumors (27,28). 
Also, studies have confirmed that this pathway plays an 
important role in regulating the proliferation, survival, and 
invasiveness of lung cancer cells (29-31). Our results showed 
that puerarin could inhibit ERK signaling. In this study, the 
western blotting and qPCR results showed that puerarin 
had a significant effect on the expression of MMP in A549 
cells; the expression of MMP9 was negatively correlated 
with the dose. These changes were beneficial to inhibit the 
invasion and metastasis of lung cancer.

In 2016, Chen et al. first reported puerarin 6"-O-xyloside 
role in antitumour activities via the induction of the 
mitochondria-mediated apoptosis pathway (32), then 
another several studies reported different mechanisms 
of puerarin, including alleviates the progression by 
regulating the miR-342/CCND1 axis (33); suppresses 
growth, self-renewal and invasion via regulating Akt/c-Myc  
signalling (34); inhibits the proliferation, invasion, and 
migration through regulating miR-490/Denticleless E3 
Ubiquitin Protein Ligase (35); inhibits M2 polarization 
and metastasis of tumor-associated macrophages from 
NSCLC xenograft model via inactivating MEK/ERK 1/2  
pathway (36). Up to now, no research focus on the MMP9 
and ERK pathways. 

In conclusion, puerarin is an anti-tumor drug with broad 
prospects. It exerts an obvious inhibitory effect on tumor 
metastasis. Further research and development will be 
carried out in future research to provide a technical basis for 
the development of potential lung cancer treatment drug 
candidates with low toxicity and high activity.
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