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Pinus massoniana bark extract inhibits migration
of the lung cancer A549 cell line
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Abstract. The bark of Pinus massoniana is a traditional
Chinese medicine for the treatment of various health disor-
ders. Previous studies have demonstrated that P. massoniana
bark extract (PMBE) may induce the apoptosis of hepatoma
and cervical cancer cells. However, whether PMBE is able
to inhibit the migration of lung cancer cells requires further
investigation. In the current study, the effects of PMBE on the
viability of human lung cancer A549 cells were detected using
an MTT assay. The migration of lung cancer cells following
exposure to PMBE were quantified using wound healing and
Transwell assays, respectively. The expression levels of matrix
metalloproteinase (MMP)-9 were determined using western
blotting. The results revealed that PMBE significantly inhib-
ited the growth of the lung cancer cells. In addition, the wound
closure rate and the migration of the lung cancer cells were
suppressed by PMBE. Furthermore, the expression levels of
MMP-9 were reduced. These findings indicated that PMBE
is able to restrict the migration and invasion of lung cancer
cells, and that PMBE may serve as a novel therapeutic agent
for patients with metastatic lung cancer in the future.

Introduction

Lung cancer is one of the most prevalent types of malignant
tumor, with 1.83 million new diagnoses per year worldwide, and
is a leading cause of cancer-associated mortality globally (1,2).
The morbidity associated with lung cancer also is constantly
increasing and threatens human health globally (3). The number
of lung cancer-associated mortalities worldwide is expected to
grow to up to 3 million by 2035 (4). Due to the difficulty in
determining an early diagnosis and the high metastatic potential
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of this form of cancer, metastasis develops prior to the diagnosis
of lung cancer in the majority of cases. Approximately 90% of
patients with lung cancer succumb to the disease due to tumor
metastasis (5). Conventional chemotherapy is often ineffective
for patients with metastatic lung cancer and frequently causes
toxic side effects. Therefore, the development of novel thera-
peutic agents for patients with lung cancer is required (6).

Cancer cell migration is necessary for tumor develop-
ment. Previous studies have revealed that tumor migration
and invasion depends on the degradation of the extracellular
matrix (ECM), which forms a barrier to tumor invasion (7,8).
Matrix metalloproteinases (MMPs) are a large family of
zinc-dependent endopeptidases capable of degrading the
majority of ECM components (9,10). Overexpression of MMPs
is frequently detected in various types of cancer and has been
observed to facilitate tumor cell metastasis (11). Therefore, the
inhibition of the activities of MMPs in the ECM may prevent
the invasion of tumor cells and form the basis for an efficient
anticancer therapy.

Pinus massoniana is a tree species native to Southern
China (12) and P. massoniana bark extract (PMBE) is
an established traditional Chinese medicine used for the
treatment of rheumatism, arthralgia, inflammation and
cancer (13,14). The primary active component of PMBE is
anthocyanin series B (15). Certain studies have reported that
PMBE induces the apoptosis of hepatoma and cervical cancer
cells (16,17). However, the effects of PMBE on the migration
and invasion of lung cancer have yet to be elucidated. In the
present study, the effect of PMBE on the migration and inva-
sion of human lung cancer A549 cells was investigated in
order to examine the molecular mechanisms underlying this
process.

Materials and methods

Reagents and chemicals. RPMI-1640 medium and fetal
bovine serum (FBS) were purchased from Gibco (Thermo
Fisher Scientific, Inc., Waltham, MA, USA). Transwells
(polyethylene terephthalate; 8.0-pm pore size) were purchased
from BD Biosciences (San Jose, CA, USA). Antibodies against
MMP-9 (catalog no. 10375-2-AP; 1:500 dilution) and (3-actin
(catalog no. 60008-1-Ig; 1:2,000 dilution) were obtained from
ProteinTech Group, Inc. (Chicago, IL, USA). An enhanced
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chemiluminescence (ECL) kit was purchased from GE
Healthcare Life Sciences (Chalfont, UK). MTT was obtained
from Ameresco, Inc. (Framingham, MA, USA) and PMBE
powder was purchased from Shaanxi Tianrun Pytochemical
Co. Ltd. (Shaanxi, China).

Cell culture. The human lung cancer A549 cell line was obtained
from the American Type Culture Collection (Manassas, VA,
USA) and maintained in RPMI-1640 medium supplemented
with 10% FBS at 37°C in an incubator containing 5% CO,.
The cells were harvested upon reaching 80% confluency.

MTT assay. The cells were plated in 96-well plates at a density
of 1x10%/well and incubated for 24 h at 37°C. Subsequently,
200 ul RPMI-1640 medium containing 0, 50, 100, 150 or
200 ug/ml PMBE was added to the wells. The cells treated
without PMBE served as the control for the MTT assay.
The cells were then cultured for 24 h and incubated with
20 ul MTT solution (5 mg/ml) for 4 h in 5% CO, at 37°C.
Subsequently, 150 ul dimethyl sulfoxide was added into each
well and the absorbance was evaluated at a wavelength of
589 nm in a Multiskan Ascent plate reader (Thermo Fisher
Scientific, Inc.).

Wound healing assay. A549 cells were seeded into 6-well
plates at a density of 5x10*/ml and then the cell monolayer
was scratched with the end of a 200-ul pipette tip. The plates
were washed with phosphate-buffered saline to remove
detached cells. Subsequently, the cells were treated with
0, 25 or 50 ug/ml PMBE solution for 48 h. The cells treated
without PMBE served as the control for the wound healing
assay. The migration of the lung cancer cells was observed
under a phase-contrast microscope (magnification, x40) at
0 and 48 h post-wounding. The cells that had migrated into the
denuded area in each of six random fields were evaluated and
quantified using a computer-assisted microscope (Novel, Inc.
Ningbo, Zhejiang, China).

Transwell chamber assay. The migration ability of the A549
cells was quantified using a Transwell assay. The A549 cells
were treated with 0, 25 or 50 pg/ml PMBE solution for 24 h at
37°C. The cells treated without PMBE served as the control
for the Transwell chamber assay. A total of 2x10° cells in
RPMI-1640 medium without serum were added to each upper
chamber, and RPMI-1640 supplemented with 10% FBS was
added to the lower chamber as a chemoattractant. After 48 h
of treatment at 37°C, the cells remaining on the upper surface
of the membrane were removed with cotton swabs, and the
cells that had migrated to the underside of the membrane
were fixed using 4% paraformaldehyde and stained with 0.1%
crystal violet for 10 min at room temperature. The migrated
cells on the underside of membrane were washed with PBS
and counted under a microscope (magnification, x100).

Western blot analysis. The A549 cells were harvested and
lysed in cold radioimmunoprecipitation assay buffer. The
cells treated without PMBE served as the control group in
western blot assay. Total proteins (20 pug) were separated by
10% SDS-PAGE, transferred to nitrocellulose membranes
using a semi-dry apparatus for 40 min and then blocked with
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Figure 1. Effect of PMBE on the proliferation of lung cancer A549 cells.
The cells were treated with various concentrations of PMBE (0, 50, 100, 150
and 200 pg/ml) for 24 h. The effects of PMBE on the growth rate of the
lung cancer cells were detected using an MTT assay. The experiments were
repeated three times. "P<0.05 and “P<0.01 vs. control group. PMBE, Pinus
massoniana bark extract.

blocking buffer (5% skimmed milk in Tris-buffered saline)
for 1.5 h at room temperature. Specific primary antibodies
against MMP-9 (catalog no. 10375-2-AP) and B-actin (catalog
no. 60008-1-Ig) (ProteinTech Group, Inc.) at 1:500 and 1:2,000
dilution, respectively, were added and incubated overnight at
4°C. Following incubation with corresponding anti-mouse
(catalog no. SA00001-1)/rabbit (catalog no. SAO0001-2) horse-
radish peroxidase-conjugated secondary antibodies at 1:2,000
dilution for 2 h at room temperature, the protein bands were
visualized using an enhanced chemiluminescence (ECL) kit
(GE Healthcare Life Sciences) by Image Lab 4.0 (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). The bands were
quantified by Image J software (National Institutes of Health,
Bethesda, MD, USA). -actin was used as the loading control.

Statistical analysis. Statistical analyses were performed using
SPSS version 13.0 (SPSS Inc., Chicago, IL, USA). The data
were presented as the mean + standard deviation. One-way
analysis of variance with Bonferroni's multiple comparison
test was used to compare between the groups. P<0.05 was
considered to indicate a statistically significant difference.

Results

Effects of PMBE on human lung cancer cell proliferation. The
A549 cells were treated with various concentrations of PMBE
(0, 50, 100, 150 and 200 pg/ml) for 24 h. The inhibitory effect
of PMBE on the lung cancer cells was evaluated using an
MTT assay. The results revealed that PMBE exhibited antip-
roliferative effects on the lung cancer A549 cells. There was a
significant dose-dependent decrease in the proliferation of lung
cancer cells that were treated with PMBE (P=0.0338, P=0.0173
and P=0.0024 for the cells treated with 100, 150 and 200 pg/ml
PMBE, respectively, compared with the control group). The
IC,, value of PMBE was 148 ug/ml for 24 h (Fig. 1).

Effects of PMBE on human lung cancer cell migration. To
investigate whether PMBE is able to affect the migration of
lung cancer cells, a wound healing assay was performed. PMBE
solution dose-dependently reduced the movement of A549
cells in the wound-healing assay (Fig. 2A). With the increase
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Figure 2. Effect of PMBE on wound healing in lung cancer A549 cells. The cells were scraped with a pipette tip and treated with PMBE (0, 25 and 50 pzg/ml)
for 48 h. (A) The migration of the cells was observed using a microscope (magnification, x40) prior to and following injury. (B) The migration of the A549
cells was quantified by measuring the wound closure areas pre- and post-injury. The experiments were repeated three times. “P<0.01 and ““P<0.001 vs. control

group. PMBE, Pinus massoniana bark extract.

in PMBE concentration, the movement of the lung cancer
cells was significantly decreased (P=0.0081 and P=0.0006 for
the cells treated with 25 and 50 yg/ml PMBE, respectively,
compared with the control group). The wound closure/migra-
tion rates of the lung cancer A549 cells treated with 0, 25 and
50 ug/ml PMBE were 66.67, 30.61 and 2.08%, respectively
(Fig. 2B). Therefore, the results of the wound-healing assay
suggested that PMBE maybe suppress the migration of lung
cancer cells.

Effects of PMBE on human lung cancer cell migration.
A Transwell assay was performed to investigate the
anti-migration effects of PMBE on lung cancer A549 cells.
PMBE inhibited the migration of the lung cancer cells in a
dose-dependent manner for 48 h (Fig. 3A). The number of
cells that had migrated to the lower surface of the membrane
was significantly reduced compared with the control group
(Fig. 3B; P=0.0064 and P=0.0028 for the cells treated with 25
and 50 pg/ml PMBE, respectively, compared with the control
group). This result suggested that PMBE is able to suppress the
migration of lung cancer cells.

Effects of PMBE on the expression of MMP-9 in lung
cancer cells. To further investigate the underlying molecular
mechanisms by which PMBE may suppress the migration
of lung cancer cells, the expression levels of MMP-9 were

examined following PMBE treatment using western blotting.
The results revealed that PMBE dose-dependently reduced
the expression levels of MMP-9 protein (Fig. 4; P=0.0049,
P=0.0032 and P=0.0007 for the cells treated with 25, 50 and
100 ug/ml PMBE, respectively, compared with the control
group. These data suggested that the inhibitory effect of
PMBE on the migration of lung cancer cells may, in part, be
due to the downregulation of MMP-9 expression levels.

Discussion

Metastasis in patients with malignant neoplasms is the leading
cause of cancer-associated mortality (18-20). Despite recent
advancements, there are limited effective therapies available
for patients with metastatic lung cancer due to drug resistance
or serious side effects (21,22) Therefore, novel alternative
therapies to prevent tumor migration and invasion are required
for patients with lung cancer.

Plant-derived therapies have been the subject of a number
of studies with regard to their pharmacological effects for
the treatment and prevention of cancer, due to their high
potency and low toxicity (22-24). PMBE has previously
been used in traditional Chinese medicine for patients with
cancer (15,25,26). The present study investigated the effect
of PMBE on lung cancer cells and the potential mechanisms
underlying this process.



1022

MAO et al: ANTI-METASTASIS EFFECT OF Pinus massoniana BARK EXTRACT ON A549 CELLS

120

Migration cells (%)

100 "
80
60
2
0 i ——

25 50

Concentration (pg/ml)

Figure 3. Effect of PMBE on the migration of lung cancer A549 cells. Transwell assays were used to determine the migration of A549 cells treated with PMBE
at various concentrations (0, 25 and 50 ug/ml) after 48 h. (A) Images were captured of cell invasion on to the lower surface of the membrane (magnification,
x200). (B) The number of cells that had migrated to the lower surface of the membrane was significantly reduced compared with the control group. “P<0.01

vs. control group. PMBE, Pinus massoniana bark extract.

A PMBE (pg/ml)
0 25 50 100
MMP-9
PACtin  —— om— e m—
1.2
s 1 :
k]
Z 08 |
E- 0.6 i *.*
Z 04
2
& 02 I ek
0! —
0 25 50 100

PMBE (ug/ml)

Figure 4. Effects of PMBE on MMP-9 expression levels. Lung cancer A549
cells were treated with 0, 25, 50 and 100 pg/ml PMBE for 24 h. Cells treated
without PMBE served as the control group. Proteins from the total cell lysate
were subjected to western blot analysis to examine the levels of MMP-9
protein. $-actin was used an internal control. (A) Representative image from
three independent experiments is presented. (B) Histogram shows level of
MMP-9. MMP-9 levels are expressed relative to the 3-actin loading control
and are normalized to the control group. The bands were quantified by
Image J software. “P<0.01 and ““P<0.001 vs. control group. PMBE, Pinus
massoniana bark extract; MMP-9, matrix metalloproteinase 9.

Firstly, the results of the current study indicated that
PMBE was able to significantly prevent the growth of lung

cancer cells, and that the cell survival rate was decreased
in a dose-dependent manner. A previous study revealed that
PMBE exhibits anticancer effects in murine sarcoma S180
cells (25). In addition, PMBE is able to inhibit cell prolif-
eration and induce apoptosis in human hepatoma cells (17).
These results suggest that PMBE possesses potential anti-
tumor activity.

Furthermore, the present study demonstrated that PMBE
suppressed the migration of lung cancer cells. Further inves-
tigation of the molecular mechanisms underlying this process
demonstrated that PMBE was able to reduce the expression
levels of MMP-9 in the lung cancer cells. MMP-9 is an
important member of the MMP family that is used for the
degradation of the ECM (27). A previous study revealed that
the increased expression of MMP-9 is associated with the
development of lung cancer and the promotion of cell metas-
tasis (28). The results of the present study suggested that the
effect of PMBE was mediated, at least in part, by the down-
regulation of MMP-9 expression in the lung cancer cells.

In conclusion, to the best of our knowledge, the current
study is the first to indicate that PMBE can inhibit the growth
of lung cancer cells. Furthermore, PMBE was able suppress
the migration and invasion of the lung cancer cells, which was
associated with reduced levels of MMP-9 protein expression.
These results suggest that PMBE may be a novel candidate for
the treatment of lung cancer.
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