MOLECULAR MEDICINE REPORTS 15: 2415-2422, 2017

Matrine reduces the proliferation of A549 cells via
the p53/p21/PCNA/elF4E signaling pathway
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Abstract. The aim of the present study was to investigate
how matrine affects the proliferation of A549 human lung
adenocarcinoma cells via the p53/p21/proliferating
cell nuclear antigen (PCNA)/eukaryotic translation initiation
factor 4E (eIF4E) signaling pathway. The effect of different
concentrations of matrine on the proliferation of A549 cells
was investigated using a 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT) assay. The migration
of A549 cells following exposure to varied concentrations
of matrine was detected using a Transwell cell migration
assay. The effect of 240 mg/l matrine on the apoptotic rate
of A549 cells was determined using flow cytometry. The
change in the mRNA and protein expression levels of p53,
p21, PCNA and eIF4E following exposure to matrine were
detected using reverse transcription-quantitative polymerase
chain reaction and western blotting, respectively. The increase
of matrine from 60-240 mg/I led to reduced cell migration
and inhibition of A549 cell proliferation. The apoptotic
rate of A549 cells when treated with 240 mg/l matrine was
significantly different when compared with the untreated
control. The mRNA expression levels of p53 and p2l in
the group treated with 240 mg/l matrine were significantly
higher compared with the control group. The mRNA expres-
sion levels of PCNA and elF4E were significantly lower in
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the 240 mg/l matrine-treated group compared with the control.
The protein expression levels of p53 and p21 were significantly
higher in the 240 mg/l matrine group compared with the
control group. Treatment with 240 mg/l matrine reduced the
protein expression levels of PCNA and eIF4E. Matrine also
reduced the migration ability of A549 cells and inhibited their
proliferation, which may be associated with the overexpression
of p53 and p21, and the reduction of PCNA and eIF4E expres-
sion levels.

Introduction

Lung cancer is one of the frequent clinical malignancies (1).
Chemotherapy has been adopted as the primary treatment
method. However, the majority of lung cancer patients have not
been sufficiently sensitive to traditional chemotherapy treat-
ment (2). Matrine (C,sH,,N,O)is analkaloid (3), whichmay inhibit
the proliferation of A549 human lung adenocarcinoma cells (4)
and non-small-cell lung cancer cells (5).

p53 is a well-known tumor suppressor gene (6), and in
numerous types of cancer patients often have a dysfunctional
p3S3 (7). p21 is an important member of the Cip family (8)
and the cyclin-dependent kinase inhibitor family (9). A muta-
tion in the p21 gene is associated with pancreatic cancer (10)
and the differentiation of other malignant tumor types,
including to the depth of invasion, proliferation and metas-
tasis. Additionally, p21 has prognostic value; p21 expression
has been documented as a poor prognostic marker in human
lung cancer (11). Proliferating cell nuclear antigen (PCNA)
is a protein expressed in proliferative stage cells or tumor
cells (12). PCNA expression levels have been observed to
change periodically throughout the cell cycle (13). The detec-
tion of PCNA expression in cells may be used as an indicator
of the proliferation status of pancreatic cancer cells (14).
Eukaryotic initiation factor 4E (eIF4E) is a cytokine asso-
ciated with pancreatic cancer (15) and other malignant
tumor types, which is important in the initiation of protein
synthesis (16) and is closely associated with tumorigenesis,
invasion and metastasis.

Therefore, the present study investigated if matrine is
capable of reducing the proliferation of A549 lung cancer cells
via the p53/p21/PCNA/eIFAE signaling pathway.
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Materials and methods

Cell culture. Human lung adenocarcinoma A549 cells, were
obtained from the Chinese Academy of Medical Sciences
Tumor Cell Bank (Beijing, China). These cells were maintained
in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA), supplemented with 10% fetal bovine
serum (Gibco; Thermo Fisher Scientific, Inc.) and incubated
at 37°C in a 5% CO, atmosphere.

Cell toxicity and proliferation assays. Adherent A549 cells
were cultured by digestion. The cells were seeded at a density
of 1.0x10° cells/well into 96-well plates. A control group and
four groups of cells treated with different concentrations (60,
120, 180 and 240 mg/1) of matrine (National Institute for the
Control of Pharmaceutical and Biological Products, Beijing,
China) were used. The control group was exposed to identical
quantities of medium. The drug was diluted with distilled water
and served as a vehicle control. Every 48 h, the medium was
replaced with fresh medium containing the specified concentra-
tion of the drug. The cell groups were cultured for 6 days. A
total of 20 pl (5 mg/ml) 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT; Hangzhou Sijiqing Biological
Engineering Materials Co., Ltd., Hangzhou, China) were
added to each well, and the samples were incubated for 4 h
at 37°C. Following incubation, the absorbance (A) values of the
microplate wells were determined at 570 nm. Cell proliferation
inhibition rate = (1 - A caument group / Acontrol group) X 100.

Transwell assay. Cells were seeded at 4x10°/ml in two 6-well
plates and treated with 1 ml 10% FBS, 1% penicillin/strepto-
mycin and RPMI-1640. After 24 h, varying concentrations (60,
120, 180 and 240 mg/l) of matrine were administered to the
different groups and the cells were maintained at 37°C for 48 h.
The top of the transwell chamber contained 150 pl suspension
(1x10° cell/ml), and the bottom contained 600 1l 10% FBS.
The cells were gently removed from the top chamber with a
cotton swab prior to staining with crystal violet. A total of
three visual fields were randomly selected and images were
captured using a fluorescence microscope (BX53; Olympus
Corporation, Tokyo, Japan). Migrating cells were counted
and statistical analysis was performed on the data obtained.
The inhibition of cell migration inhibition = (1 - number of
migrated cells in the intervention group / number of migrating
cells in the control group) x 100.

Flow cytometry. The A549 cell suspension (3x10*/ml) was
placed at 2 ml per well into a 6-well plate and incubated for 12 h
at 37°C in a an atmosphere of 5% CO,. After 12 h, the media
was aspirated and the matrine was added at the aforemen-
tioned concentrations. Media with no cell suspension served
as a blank control. Each treatment was performed in triplicate.
The cells were trypsinized and collected, washed with cold
phosphate-buffered saline (PBS) twice and 100 pl 1X annexin-
binding buffer (Nanjing KeyGen Biotech Co., Ltd., Nanjing,
China) was added. Annexin V (5 pl) was added, followed by
100 pg/ml propidium iodide (1 ul). Following a 15-min incuba-
tion in the dark at room temperature, 400 1 1X annexin-binding
buffer was added. Flow cytometry was performed using a BD
FACSVerse™, BD Biosciences, Franklin Lakes, NJ, USA).
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Figure 1. Growth curve of human lung adenocarcinoma A549 cells following
treatment with various concentrations of matrine. A, absorbance.
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Figure 2. Inhibitory rate, relative to the control, of the proliferation of human
lung adenocarcinoma A549 cells treated with matrine at different time points.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR). Following treatment, the A549 cells were
collected from the control group and the group treated
with 240 mg/l matrine. The total RNA was extracted using
TRIzol reagent (Thermo Fisher Scientific, Inc.) and was reverse
transcribed to obtain cDNA. B-actin was used as an internal
reference. The qPCR primers (B-actin, p53, p21, PCNA and
elF4E) were synthesized by the Shanghai Biological Engineering
Technology Services Limited (Table I). The CFX Connect
Real-Time PCR system (Bio-Rad Laboratories, Inc., Hercules,
CA, USA) and the CFX Manager (Bio-Rad Laboratories, Inc.)
were used for analysis according to the manufacturer's instruc-
tions. Each reaction contained 500 ng cDNA, 10 ul of 2X master
mix, 0.5 ul primers and water for a final volume of 30 pul. A
SuperReal Premix Plus (SYBR Green) from Tiangen Biotech
Co., Ltd. (Beijing, China) was used. The threshold cycle value,
that represents the cycle number at which sample fluorescence
rises to a statistically significant level above the background,
was calculated. CFX Manager uses the comparative Cq method
for relative quantitative analysis, and the gene expression levels
are presented as a fold change (17). All amplifications were run
in triplicate and the mean value was applied for all calculations.

Western blotting. The cells were cultured for 24 h in 6-well
plates at a density of 1.0x10° cells/cm?. Following incubation, the
cells were collected and washed three times with ice-cold PBS.
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Table I. Primer sequences for polymerase chain reaction.

Gene Forward (5'-3") Reverse (5'-3") Length (bp)
[(-actin CCCATCTATGAGGGTTACGC TTTAATGTCACGCACGATTTC 150
p53 ACCTATGGAAACTACTTCCTGAAA CTGGCATTCTGGGAGCTTCA 141
p21 AGTCAGTTCCTTGTGGAGCC CATTAGCGCATCACAGTCGC 184
PCNA CAGAGCTCTTCCCTTACGCA GTCCTTGAGTGCCTCCAACA 200
elF4E TTCCTTCTGACTGGGGGACT CCTCCTCTGTAGTCGGGGGA 192

PCNA, proliferating cell nuclear antigen; eIF4E, eukaryotic translation initiation factor 4E.
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Figure 3. Inhibitory action of matrine on the migration of human lung adenocarcinoma A549 cells. (A) Representative images of cell migration following
treatment with matrine (magnification, x200). (B) Cells were treated with an increasing concentration of matrine (group 1, control; group 2, 60 mg/l; group 3,
120 mg/1; group 4, 180 mg/l; group 5, 240 mg/1). The number of cells migrating through were calculated and (C) the percentage of inhibition was determined
relative to the control. The data are presented as the mean =+ standard deviation ("P<0.05 vs. 60 mg/1).
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Figure 4. Matrine induces the apoptosis of A549 cells. (A) Flow cytometry revealed that apoptosis was induced following treatment with matrine. Percentage
of live (lower left), early apoptotic (lower right) and late apoptotic (upper right) populations are indicated. (B) The rate of apoptosis was determined ("P<0.05 vs.
control).

The cells were subsequently centrifuged for 5 min at 300 x g,  to the manufacturer’s protocol. Protein concentration was deter-
and the supernatant was discarded. The total protein was  mined using the bicinchoninic acid assay method (Enhanced
extracted using RIPA (Thermo Fisher Scientific, Inc.) according  BCA Protein assay kit; Beyotime Institute of Biotechnology,
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Figure 5. Reverse transcription-quantitative polymerase chain reaction. (A) Effect of matrine treatment on the mRNA expression levels of p53, p21, PCNA, and
elF4E ("P<0.05 vs. control). (B) Amplification and (C) melting curves. PCNA, proliferating cell nuclear antigen; eIF4E, eukaryotic translation initiation factor 4E;

RFU, relative fluorescence unit.
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Shanghai, China). Aliquots of 150 pg total protein were sepa-
rated by 8% polyacrylamide gel electrophoresis. Tris-buffered
saline/Tween-20 solution containing 1% bovine serum albumin
(Sangon Biotech Co., Ltd., Shanghai, China) and non-fat milk
was used to block the membranes overnight at 4°C. Following
blocking, the membranes were incubated with the following
primary antibodies at a dilution of 1:1,000: Polyclonal rabbit
anti-p53 (cat. no. sc-6243), polyclonal rabbit anti-PCNA (cat.
no. sc-7907), monoclonal mouse anti-p21 (cat. no. sc-271532)
and monoclonal mouse anti-eIF4E (cat. no. sc-271480; Santa
Cruz Biotechnology, Inc. Santa Cruz, CA, USA). The [-actin
antibody (cat. no. sc-47778; dilution, 1:2,000 from Santa Cruz
Biotechnology, Inc.) served as the loading control. The proteins
were visualized using the following secondary antibodies: Goat
anti-rabbit (1:4,000; cat. no. bs-0295G) and goat anti-mouse
(1:4,000; cat. no. bs-0368Gs) antibody, purchased from Beijing
Biosynthesis Biotechnology Co., Ltd. (Beijing, China). The
bands were developed using an ECL system according to the
manufacturer's protocols. ImageJ 1.48 software (National
Institutes of Health, Bethesda, MD, USA) was used to deter-
mine the density of the bands in all blots.

Statistical analysis. When comparing two groups of data
a paired samples t-test was performed. When comparing
multiple groups a one-way analysis of variance followed by
a post-hoc Tukey's test was used. Statistical analyses were
conducted using SPSS version 22.0 (IBM SPSS, Armonk,
NY, USA) and data are presented as means + standard
deviation. P<0.05 was considered to indicate a statistically
significant difference.

Results

Inhibitory action of matrine on A549 cell proliferation.
A549 cells were treated with different concentrations of matrine
(0, 60, 120, 180 and 240 mg/l) for 6 days. The A570 values in
each group were measured using an MTT assay and the obtained
data were utilized to produce a growth curve (Fig. 1).

As shown in Fig. 2, matrine could effectively inhibit A549
cell proliferation. At each time point, matrine exerted inhibi-
tory effects in a dose-dependent manner, from 60-240 mg/1. In
addition, on day 3 following treatment, the inhibition reached
its maximum at all concentrations except for 240 mg/l. Based
on this observation, one possible explanation is that between
days 3 and 4, the cells had already occupied all the culturing
space and could not proliferate any further; therefore, the
inhibitory rate dropped on day 4.

Matrine inhibits cell migration. As depicted in Fig. 3,
AS549 cell migration was reduced as the concentration of
matrine was increased. Therefore, the inhibition rate of cell
migration increased in a dose-dependent manner.

Apoptosis is increased in cells treated with a high concen-
tration of matrine. Based on the growth curve of A549 cells
(Fig. 1), matrine at 240 mg/1 exhibited the strongest inhibitory
effects 48 h after treatment; therefore, 240 mg/1 of matrine was
chosen as the treatment condition. Even higher concentrations
of matrine may lead to early cell death, thus indicating that
other types of cell death may have occurred. Therefore, only
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Figure 6. Effect of matrine on the protein expression levels of p53, p21,
PCNA and eIF4E ('P<0.05 vs. control). Western blotting was performed to
determine the protein expression levels of certain proteins following treat-
ment with 240 mg/l matrine. (A) The relative protein expression levels were
determined. B-actin was used as a loading control. (B) Representative western
blot images. PCNA, proliferating cell nuclear antigen; elF4E, eukaryotic
translation initiation factor 4E.

240 mg/l matrine was used to treat cells in the apoptosis assay.
A549 cells were treated with 240 mg/l matrine in order to
investigate its effect on the apoptotic rate compared with that
of the control group. Flow cytometry indicated (Fig. 4) that
the apoptotic rate in the 240 mg/l matrine-treated group was
significantly higher when compared with the control group
(P<0.05).

Matrine treatment increases the mRNA expression levels
of p53 and p21, whilst reducing that of PCNA and elF4E.
The RT-qPCR findings indicated that the mRNA expres-
sion levels of p53 and p21 were significantly higher in
the 240 mg/l matrine group compared with the control group
(P<0.05; Fig. 5A). The mRNA expression levels of PCNA and
elF4E were significantly lower in the 240 mg/l matrine group
compared with the control (P<0.05).

The Cq values of the RT-qPCR amplification curves
of p53, p21, PCNA and elF4E genes (Fig. 5B) were
between 20 and 40. The results indicated that the p53, p21,
PCNA and eIF4E have been successfully amplified. There
was a steep peak in all RT-qPCR amplification curves, indi-
cating that only one DNA product was formed during the
reaction.

Matrine treatment increases the protein expression levels
of p53 and p21, whilst reducing that of PCNA and elF4E.
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Western blot analysis (Fig. 6) revealed that the protein
expression levels of p53 and p21 were significantly higher in
the 240 mg/] matrine-treated group compared with the control
group (P<0.05). The protein expression levels of PCNA and
elFAE were significantly lower in the 240 mg/l matrine-treated
group compared with the control group (P<0.05).

Discussion

Matrine (C,sH,,N,O) is usually derived from the legume,
Sophora flavescens Ait (18), however the bioactive compound
may also be extracted from other species belonging to
the same genus, including Sophora subprostrata (19) and
Sophora alopecuroides (20). Matrine exerts excellent
pharmacological activity and is beneficial for lowering
body temperature, promoting diuresis, detoxifying, treating
jaundice and preventing liver fibrosis. Previous studies
indicated that matrine may be used as an effective treat-
ment for various types of cancer, including liver (21) and
lung cancer (22), gastric (23) and colon cancer (24), cervical
cancer (25), leukemia (26), osteosarcoma (27), glioma (28)
and nasopharyngeal carcinoma (29), and exhibits potent
activity against various other types of cancer. Lung cancer
occurs in the bronchial epithelium (30) and is character-
ized by a high morbidity rate (31), a considerable degree of
malignancy, a great metastatic propensity in the early stages
and the tendency to recur following tumor excision (32). The
present study aimed to investigate the effects of matrine on the
proliferation of A549 human lung adenocarcinoma cells and
on the mRNA and protein expression levels of p53, p21, PCNA
and elF4E. Additionally the current study aimed to determine
the possible mechanisms by which matrine affects in order to
inhibit A549 cell proliferation.

The main cell invasion and metastasis processes of
A549 human lung adenocarcinoma cells and other tumor
cells involves the adhesion of tumor cells to the basement
membrane, which leads to the degradation of the extracellular
matrix, promoting migration and invasion of cancerous cells,
resulting in metastasis. Therefore, in the event that any of
these stages are inhibited, the metastasis process would likely
be inhibited, leading to of human lung adenocarcinoma A549
cells.

Initially, the present study used different concentrations
(60, 120, 180 and 240 mg/l) of matrine as a preliminary
dosage. Via growth curves, it was established that all matrine
concentrations used had a slight effect on the proliferation of
A549 human lung adenocarcinoma cells. However, the most
marked effect was in cells treated with 240 mg/l matrine

Migration of A549 cells and other tumor cells is an impor-
tant stage between the invasion and metastasis progression.
Therefore, Transwell cell migration experiments were used to
determine the influence of 60, 120, 180 and 240 mg/l matrine
on A549 lung cancer cell migration. As matrine concentration
was increased, the rate of A549 cell migration was inhibited in
a dose-dependent manner.

Apoptosis is a fundamental biological phenomenon in
the cell life cycle, which has been important for the evolution
of organisms as it allows for the removal of unhealthy or
dysfunctional cells. The present study used flow cytometry
to investigate the effect of 240 mg/l matrine on the apoptosis
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of A549 human lung adenocarcinoma cells. The results
suggested that the apoptotic rate following the application
of 240 mg/l matrine was significantly higher when compared
with the control group. It was concluded that a concentration
of 240 mg/l matrine induced considerable levels of apoptosis
in A549 cells.

The p53 gene is a tumor suppressor gene (33), which
is frequently termed a ‘genetic guardian’. When DNA is
damaged, the expression levels of p53 increase rapidly (34). If
the p53 gene harbors a mutation, the activity of the p53 protein
is reduced, leading to uncontrolled cell division and ultimately,
the occurrence of cancer (35).

In recent years, p21 has been identified as an important
member of the cyclin-dependent kinase inhibitor family (36),
which is located downstream of the p53 gene (37). p21 and
p53 contribute to the regulation of the G1 checkpoint of the
cell cycle. As the damaged DNA cannot pass the G1 check-
point without repair, the replication and the accumulation
of damaged DNA can be reduced substantially. Therefore,
the G1 checkpoint is important for tumor suppression (38).
Previous studies (11,22) have determined that the p21 gene
is associated with tumor differentiation, depth of invasion,
proliferation and metastasis of tumors, and is also valuable as
a prognostic sign for tumor progression.

PCNA may be used as an indicator to evaluate the state
of cell proliferation (39). A close association exists between
PCNA and DNA synthesis (40). PCNA is also important for
the initiation of cell proliferation. Previous experimental find-
ings indicated that the expression of PCNA is associated with
the stage of lung cancer, and in the later phases of lung cancer
progression, the expression of PCNA is higher (41).

elF4E is a cap-binding protein (42), which is important for
the initial process of translation in eukaryotes. It is also closely
associated with tumor occurrence, infiltration and metastasis;
therefore, it is highly expressed in human lung cancer and
various other malignancies (43).

In the present study, RT-qPCR results indicated
that the mRNA expression levels of p53 and p2l in
the 240 mg/l matrine group were higher compared with the
control group. Additionally, western blotting revealed that
the protein expression levels of p53 and p21 in the 240 mg/l
matrine group were also elevated compared with the control
group. Therefore, matrine may promote the expression of
p53 and p21 in A549 cells.

The RT-qPCR results also indicated that the mRNA expres-
sion levels of PCNA and eIlF4E in the treatment group were
lower compared with that in the control group. Furthermore,
the reduction of PCNA and eIF4E expression levels following
240 mg/l matrine treatment, was less than that of the control
group. Therefore, it is possible that matrine inhibits the gene
expression of PCNA and eIF4E in A549 cells.

In conclusion, the findings of the present study indicated
that matrine may inhibit the proliferation of A549 cells. The
underlying mechanism may be associated with the induction of
the expression levels of p53 and p21, and the inhibitory effect of
matrine on the mRNA expression levels of PCNA and eIF4E.
PCNA activity in DNA repair increases resistance to chemo-
therapy, and activation of p53 in response to DNA damage is
correlated with a rapid increase in p53 expression level and
enhanced p53 binding to DNA. This leads to the activation of
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various genes, including p21, and affects the phosphorylation of
the eIF4E binding protein. The present study provides evidence
that matrine-induced apoptosis and growth inhibition of lung
cancer cells may be mediated by p53 activation, suggesting that
matrine may serve as an adjuvant chemotherapeutic agent for
lung cancer.
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