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Background: The mechanisms by which puerarin prevents and treats lung cancer remain largely unknown.
We aimed to study the roles of puerarin in the invasion and metastasis of lung cancer A549 cells based on
cyclooxygenase-2 (COX-2).

Methods: The effects of different concentrations of puerarin on the proliferation of A549 cells were
evaluated. The in vitro and in vivo effects of puerarin on the invasion and metastasis of A549 cells were
assessed by Transwell assay and an animal model of tumor lung metastasis respectively. The influence of
puerarin on COX-2 in A549 cells was also analyzed in terms of enzymatic activity and tissue level to explore
the role of COX-2 in the inhibitory effects of puerarin on cell invasion and metastasis.

Results: Puerarin inhibited the proliferation of A549 cells in time- and dose-dependent manners.
Compared with the control group, more cells in the puerarin treatment groups were arrested in the G0/G1
phase, but the proportion of S phase cells decreased. Puerarin blocked the cell cycle dose-dependently. After
24 h of culture with 200 pg/mL puerarin, significantly fewer cells penetrated the basement membrane of
Transwell chambers than those in the control group, and the MMP-2/TIMP-2 levels in PUE200, PUE400
and PUES00 groups significantly dropped. For the animal experiments, the puerarin treatment groups had
significantly fewer and smaller tumors with pulmonary metastasis than those of the control group. After
24 h of culture with puerarin, like the indomethacin (IN) group, PUE200, PUE400 and PUES00 groups had
significantly lower enzymatic activity of COX-2 than that of the control group, but the puerarin treatment
groups had similar results. The IN group had lower COX-2 protein expression than that of the control
group, but the puerarin treatment groups had similar expressions to that of the control group, indicating
that COX-2 protein expression was hardly affected by puerarin in A549 cells. Similar to the IN group, the
puerarin treatment groups had significantly lower PGE2 levels than that of the control group (P<0.05).
However, there was no significant difference between PUE200, PUE400 and PUE800 groups. The tumors
with pulmonary metastasis from the puerarin treatment groups had significantly lighter colors of COX-2
positive cells and particles than those of the control group.

Conclusions: Puerarin inhibited the enzymatic activity of COX-2 in A549 cells and its expression in tumor
tissues with pulmonary metastasis. MMP-2/TIMP-2 may be one of the mechanisms by which puerarin
inhibits the invasion of A549 cells.
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Introduction

The mortality rate of patients with lung cancer ranks first
among all cancers worldwide, severely endangering human
health (1). Chemotherapy and radiotherapy, which are
often accompanied by serious toxic side reactions, cannot
fundamentally change this situation. At present, the 5-year
survival rate of lung cancer is still as low as 10% (2), so it is
urgent to find new, effective treatment strategies. Compared
with traditional drugs for chemotherapy, targeted antitumor
agents affect the overexpression or mutation in tumor cells
and molecules closely associated with malignant biological
behaviors instead of directly killing the cells, thereby
suppressing excessive proliferation, angiogenesis, invasion
and metastasis (3,4). Gefitinib and erlotinib have been
clinically applied to treat non-small cell lung carcinoma
(NSCLC) targeting epidermal growth factor receptors (5).
Although the therapeutic effects of targeted antitumor
agents still need further observation, this strategy has
indeed benefited patients with lung cancer, with fewer toxic
side reactions and better compliance. Researchers have
endeavored to find new targets for preventing and treating
tumors.

Cyclooxygenases (COXs) are key rate-limiting enzymes
that decompose arachidonic acid into various endogenous
prostaglandins (PGs) (6). Of the two COXs COX-1 and
COX-2 (7), the latter plays important roles in inflammatory
response, being closely related with the onset, metastasis
and prognosis of lung cancer (8-10). COX-2 is highly
expressed in approximately 70% of lung cancer tissues, and
expressed in about 1/3 of atypical adenoma and carcinoma
in situ (11). In metastatic lymph nodes, the number of
COX-2 positive cells exceeds that in primary tumors (12).
By using in situ hybridization, Paleari er 4/. found in
160 samples of patients with Stage I NSCLC that the
survival times of highly COX-2 positive, moderately to
mildly positive and no COX-2 expression groups were
1.04, 5.50 and 8.54 years respectively (13), with significant
differences. Therefore, the survival time of patients with
early NSCLC in whom COX-2 was positively expressed
was shortened. COX-2 has the highest and widest
expression in adenocarcinoma of NSCLC, followed by
squamous cell carcinoma. In contrast, moderate COX-2
expression is occasionally detected in cases with small cell
lung carcinoma. Besides, it is not or only mildly expressed
in normal bronchial epithelial cells and alveolar epithelial
cells (14). COX-2 affects tumor invasion and metastasis
via diverse mechanisms, including mediation of increase in
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CD44 (cell surface hyaluronic acid receptor) expression to
promote tumor cell adhesion (15), induction of production
of metalloprotease 2 that degrades extracellular matrix
to open the pathway for cell invasion and metastasis, and
induction of deletion of E-cadherin to facilitate tumor cell
metastasis through detachment from the primary lesion.

Puerarin, as an isoflavone extracted from the dried
root of traditional Chinese medicine plant Pueraria lobata,
has high antioxidative capacity (16). In addition, it has
well-documented antitumor activities (17,18), but the
detailed mechanisms remain unclear. To this end, we
explored the roles of puerarin in lung cancer invasion and
metastasis based on COX-2. According to the expression
characteristics of COX-2 in lung cancer, we selected human
A549 cells. Up to now, the influence of puerarin on A549
cells has seldom been reported. In this study, the effects of
puerarin on their proliferation were evaluated. The in vitro
and in vive effects of puerarin on the invasion and metastasis
of A549 cells were assessed by Transwell assay and an animal
model of lung metastasis respectively. The influence of
puerarin was also studied in terms of the enzymatic activity,
protein expression, metabolites and tissue level of COX-2.
Meanwhile, a non-selective COX inhibitor indomethacin
(IN), which has been verified to inhibit the activity and
protein expression of COX-2 in NSCLC, was selected as
the positive control drug (19). The results may provide
valuable evidence for clarifying the signaling pathways
in lung cancer invasion and metastasis, and a potentially
eligible antitumor agent targeting COX-2.

Methods
Cell culture

Human lung cancer cell line A549 (Institute of Radiation
Medicine, Academy of Military Medical Sciences, Beijing,
China) was cultured in DMEM containing 10% fetal
bovine serum (FBS) (Hyclone, Logan, UT, USA) in a 37 °C
incubator with 95% O, and 5% CO,.

Flow cytometry

A549 cells in the logarithmic growth phase were routinely
digested, inoculated into 6-well plates (approximately
1x10%well), and cultured in a 37 °C incubator with 5%
CO,. DMEM containing puerarin (Sinopharm Chemical
Reagent Beijing Co., Ltd., Beijing, China) or IN (Sinopharm
Chemical Reagent Beijing Co., Ltd.) was added 8 h
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later, and the cells were divided into a control group, a
200 pg/mL puerarin group, a 400 pg/mL puerarin group,
an 800 pg/mL puerarin group and a positive control
200 pM IN group. The final volume of each well was 2 mL.
Then the cells were further incubated in the 37 °C incubator
with 5% CO, for 24, 48 and 72 h respectively. After culture,
the cells were routinely cultured, collected into 10 mL
centrifuge tubes, and centrifuged at 500 xg for 2 min, from
which the supernatant was discarded. The cells were then
washed and centrifuged again at 500 xg for 2 min, from
which the supernatant was discarded. Subsequently, the
procedure was repeated, and 100 pmol/mL propidium
iodide (Sigma Aldrich, St. Louis, MO, USA) was added
and reacted in dark at 4 °C for 1 h. Cell DNA content was
detected by flow cytometer (BD Pharmingen, San Diego,
CA, USA), and the cell number in each phase of cell cycle
was analyzed by FlowJo (BD Pharmingen, San Diego, CA,
USA). The experiment for each group was conducted at
least three times.

Transwell assay (20)

A549 cells in the exponential growth phase were cultured
in serum-free DMEM, and cultured in a 37 °C incubator
with 5% CO, for 24 h. Afterwards the cells were routinely
digested and resuspended in DMEM containing 1%
BSA. Then the cell concentration was adjusted and added
into Matrigel-coated Transwell chambers, 4x10* cells/
chamber. The chambers were thereafter placed into a 24-
well plate, with DMEM containing 10% FBS added into
each well outside the chambers. After 6 h of culture in the
37 °C incubator with 5% CQO,, the cells were divided into a
200 pg/mL puerarin group and a control group. The final
volume of each Transwell chamber (Corning, New York,
USA) was 200 pL. Six replicate wells were set for each
group. After another 24 h of culture, the chambers were
taken out, and the cells therein were wiped off by a cotton
swab. Finally, the chambers were washed four times with
PBS, fixed in absolute methanol for 20 min, and stained by
0.2% crystal violet (Gemini Bio-Products, Woodland, CA,
USA) for 30 min. Five visual fields were randomly selected
to count the cells and to calculate the mean. The above
experiments were repeated at least five times.

ELISA

A549 cells in the exponential growth phase were cultured
in serum-free DMEM, inoculated into 24-well plates and
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divided into a control group, a 200 pg/mL puerarin group,
a 400 pg/mL puerarin group, an 800 pg/mL puerarin group
and a positive control 200 pM IN group. They were then
cultured in a 37 °C incubator with 5% CO, for 24 h, and
the supernatant was collected into EP tubes and stored at
-80 °C before use. A standard curve was plotted. In seven
wells, the sample was diluted into the final concentrations
of 8,000, 4,000, 2,000, 1,000, 500, 250 and 125 pg/mL
respectively (100 pL/well). The eighth well was blank
control. Then 100 pL/well culture supernatant was added.
The plate (R&D Systems, Wiesbaden, Germany) was mixed
thoroughly, sealed and incubated at room temperature for
2 h. Afterwards, the liquid was discarded, and the plate was
washed three times and pat-dried. The working solution of
primary antibody (100 pL) was added into each well, and
the plate was well mixed, sealed and incubated for 2 h at
room temperature. Then the liquid was discarded, and the
plate was washed three times and pat-dried. The working
solution of HRP-labeled antibody (100 pL) was added into
each well before another 20 min of incubation at room
temperature in dark. After the liquid was discarded, the
plate was washed three times and pat-dried. Then 100 pL
of color development solution was added into each well and
incubated for 20 min in dark at room temperature. After
50 pL of stopping solution NH,SO, was added into each
well, the optical density at 450 nm was immediately
detected by microplate reader (Thermo Scientific,
Waltham, MA, USA) and corrected by that at 570 nm. The

above experiments were repeated at least three times.

Animal experiments (21)

Healthy SPF male Balb/c nude mice aged 6 weeks and
weighing 20-25 g were provided by Shanghai Laboratory
Animal Center, CAS, China. All experiments were
performed in accordance with the guidelines for the care
and use of laboratory animals and related ethical regulations
of Jiangsu Cancer Hospital. A549 cells in the exponential
growth phase were routinely digested, washed twice
with PBS, filtered by a 200-mesh sieve into single ones,
resuspended in serum-free DMEM and adjusted to the
concentration of 1x10’/mL. The tails of eight nude mice
were immersed in 45 °C water for 2 min to dilate the tail
vein into which the single suspension of A549 cells was
injected through a 1 mL syringe (2x10°/0.2 mL each mouse),
with the needle hole clamped for 2 min. Eight mice were
weighed on the second day after inoculation and randomly
divided into a PUE group and a control group (n=4).
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The PUE group was intraperitoneally given 100 mg/kg/d
puerarin and the control group was given the same volume
of normal saline from the second day after injection of A549
cells. The mice were killed by cervical dislocation 28 days
later, from which bilateral lungs were collected on ice. The
pulmonary metastasis was observed by the naked eye and
under a microscope to determine the optimum time for
further experiments. Finally, the lungs were stored in 4%
formaldehyde solution.

HE staining

The paraffin sections of mouse lung tissues were routinely
deparaffinized, hydrated, stained in hematoxylin (Sinopharm
Chemical Reagent Beijing Co., Ltd.) for 2-3 min, rinsed
continuously by water for 30 min, stained in eosin-ethanol
solution (Sinopharm Chemical Reagent Beijing Co., Ltd.)
for 1-2 min, dehydrated in 95% ethanol for 10 min and
in 100% ethanol for 10 min, transparentized by xylene,
mounted by neutral mounting medium, and observed under
a microscope (Olympus, Tokyo, Japan).

Immunobistochemical assay

Lung tissues of mice bearing metastatic tumors were fixed
in 4% formaldehyde solution. The paraffin sections were
deparaffinized by xylene (10 min, 3 times), dehydrated
by series of ethanol solutions, placed in 10 mM citrate
buffer (pH 6.0) (Sigma Aldrich, St. Louis, MO, USA),
and heated in a microwave oven for 10 min to keep the
temperature at 98 °C. Subsequently, they were taken
out, cooled to room temperature, washed with PBS
(5 min, 3 times), and incubated in 3% hydrogen peroxide/
methanol at room temperature for 10 min to eliminate
the activity of endogenous peroxidase. Then the sections
were washed by PBS (5 min, 3 times), added a drop of
goat serum for blocking after excess liquid was blotted,
and incubated in a 37 °C humidified box for 10 min. After
excess liquid was blotted, mouse anti-human monoclonal
COX-2 antibody (Abcam, Cambridge, UK) (1:100 dilution
by PBS containing 1% BSA and 0.05% Tween 20) was
added into each section, incubated at 4 °C overnight,
washed by PBS (5 min, 3 times), incubated with anti-
mouse biotinylated secondary antibody at 37 °C for
30 min, washed by PBS (5 min, 3 times), then incubated
with HRP-labeled streptavidin at 37 °C for 10 min, and
washed with PBS (5 min, 3 times). The sections were
thereafter color-developed by DAB solution (Boster
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Biological Technology Co., Ltd., Wuhan, China),
observed under a microscope until brownish yellow
particles appeared, washed thoroughly with tap water,
counterstained by hematoxylin, dehydrated with series
of ethanol solutions, transparentized by xylene, mounted
by neutral mounting medium, and observed under a
microscope (Olympus, Tokyo, Japan). The brownish
yellow or brown particles located by antigen were
determined as positive.

Detection of COX-2 protein expression by Western blot

Cells were collected, from which total protein was
extracted. The protein was subjected to SDS-PAGE after
the concentration was measured with the BCA method,
electronically transferred to a nitrocellulose membrane
at 120 mA and 4 °C for 2.5-3 h, and detected by Ponceau
staining. After destaining in distilled water, the membrane
was washed three times with TBST, blocked in TBST
+5% skimmed milk at room temperature for 1 h, incubated
overnight with anti-COX-1 (diluted by 1:300), anti-COX-2
(diluted by 1:500) and anti-B-actin (diluted by 1:1,000)
antibodies at 4 °C, washed four times with TBST, incubated
with HRP-labeled secondary antibody (diluted by 1:3,000)
at room temperature for 1 h, washed four times again
with TBST and finally developed with ECL reagent for

observation.

Statistical analysis

All data were expressed as mean + standard error of
measurement and analyzed by SPSS$19.0 (SPSS Inc.,
Chicago, USA). Inter-group comparisons were performed
by one-way analysis of variance followed by Dunnett’s test.
P<0.05 was considered statistically significant.

Results
Effects of puerarin on the viability of A549 cells

After treatment with puerarin for 24 h, 48 h and 72 h, MTT
assay showed that the growth’s inhibition rate increased
with rising dose and extended time (Figure I).

Effects of puerarin on the proliferation and cycle of A549

cells

Puerarin inhibited the proliferation of A549 cells in time-
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Figure 1 Effects of puerarin on the viability of A549 cells.

and dose-dependent manners (Figure 2A). Since the survival
rate of A549 cells first decreased sharply with increasing
dose of puerarin to 400 pg/mL and then gradually leveled
off, this dose was optimum for inhibiting the proliferative
activity. Flow cytometry showed that compared with the
control group, more cells in the puerarin treatment groups
were arrested in the GO/G1 phase (Figure 2B), but the
proportion of S phase cells decreased (Figure 2C). Puerarin
blocked the cell cycle dose-dependently.

Effects of puerarin on the invasion of A549 cells

After 24 h of culture with 200 pg/mL puerarin, significantly
fewer cells penetrated the basement membrane of Transwell
chambers than those in the control group (P<0.05),
indicating that puerarin significantly suppressed the
invasion of A549 cells (Figure 3A4,B). Besides, the MMP-
2/TIMP-2 levels in the supernatants of A549 cells were
detected by ELISA after puerarin treatment. After 24 h
of culture, the levels in PUE200, PUE400 and PUES00
groups significantly dropped compared those of the control
group, suggesting that the secretion of MMP-2/TIMP-
2 was inhibited by puerarin. The inhibitory effect was
enhanced with increasing puerarin dose, and the MMP-2/
TIMP-2 levels of the PUE8S00 group were similar to those
of the 200 pM IN group (Figure 3C).

Effects of puerarin on the distal metastasis of A549 cells

A mouse model of lung metastasis was established by
injection of A549 cells via the tail vein to evaluate the
influence of puerarin on in vivo distal metastasis. After
successful modeling, there were obvious semitransparent
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Figure 2 Effects of puerarin on the proliferation (A) and cycle (B,C)
of A549 cells. *, P<0.05, compared with the control group.

small-nodular metastatic tumors on the lung surface and
in the lung parenchyma, which were spherical- or oval-
shaped without uniform sizes (Figure 4A4). A large number
of metastatic foci appeared on the lung surface on the 40th
day after inoculation, and the lung texture was rather hard.
Meanwhile, the mice suffered from polypnea, poor appetite
and decreased activity. After intraperitoneal injection of
100 mg/kg/day puerarin for 28 days, the number of
metastatic tumors significantly decreased compared with
that of the control group (P<0.05) (Figure 4B). HE staining
showed that the puerarin treatment groups had significantly
fewer and smaller tumors with pulmonary metastasis than

those of the control group (Figure 4C).
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Figure 3 Effects of puerarin the invasion of A549 cells. (A,B) Transwell assay results (x200); (C) ELISA results of MMP-2/TIMP-2 levels in

the supernatants of A549 cells after puerarin treatment.

Effects of puerarin on the enzymatic activity of COX-2 and
PGE2

After 24 h of culture with puerarin, like the IN group,
PUE200, PUE400 and PUE8S00 groups had significantly
lower enzymatic activity of COX-2 than that of the control
groups, but the puerarin treatment groups had similar
results (Figure 5A). Similar to the IN group, the puerarin
treatment groups had significantly lower PGE2 levels in
the supernatants than that of the control group (P<0.05).
However, there was no significant difference between
PUE200, PUE400 and PUES0O groups (Figure 5B).
Immunohistochemical assay exhibited that COX-2
was mainly located in the cytoplasm. The tumors with
pulmonary metastasis from the puerarin treatment groups
had significantly lighter colors of COX-2 positive cells
and particles than those of the control group (Figure 5C).
Therefore, COX-2 was one of the important pathways by
which puerarin suppressed the iz vivo pulmonary metastasis
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of A549 cells.

Discussion

In this study, more cells in the puerarin treatment groups
were arrested in the GO/G1 phase than the control group,
but the proportion of S phase cells decreased. Thus,
puerarin inhibited the proliferation of A549 cells by
interfering with their cell cycle.

Tumor cells metastasize through at least two repeated
processes of adhesion and invasion of the basement
membrane (22). Tumor cells first bind laminin, fibronectin
and collagen in the basement membrane and matrix
through receptors on the membrane surface. Then they
secrete or utilize various types of proteases (e.g., MMPs)
to degrade the basement membrane and matrix. Finally,
they directionally move and penetrate the broken basement
membrane and matrix to complete invasion (23). In this
study, after 24 h of culture with 200 pg/mL puerarin,
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Figure 4 Effects of puerarin on the distal metastasis of A549 cells. (A) A mouse model of lung metastasis was established by injection of
A549 cells via the tail vein; (B) number of metastatic tumors after intraperitoneal injection of 100 mg/kg/day puerarin for 28 days; (C) HE

staining results (x200), arrows indicate tumors with pulmonary metastasis. ¥, P<0.05, compared with the control group.
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Figure 5 Effects of puerarin on the enzymatic activity of COX-2 and PGE2. (A) Effects of different concentrations of puerarin on COX-2
enzymatic activity; (B) PGE2 levels in the supernatants of A549 cells after 24 h of puerarin treatment; (C) immunohistochemical assay results
(x400), arrows indicate COX-2 positive cells and particles. *, P<0.05, compared with the control group. COX-2, cyclooxygenase-2.
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significantly fewer cells penetrated the basement membrane
of Transwell chambers than those in the control group,
verifying that puerarin significantly suppressed the invasion
of A549 cells.

Tumor invasion is hallmarked by the degradation of
extracellular matrix. Of the protein kinases promoting
extracellular matrix degradation, MMPs play crucial roles
in tumor invasion and metastasis, and MMP-2 is a key
member of this family. MMP-2 has a corresponding tissue
inhibitor TIMP-2 that binds the Zn’* active site of MMP-2
according to a 1:1 ratio. It can also bind the zymogen form
of MMP-2, thereby inhibiting its activity and maintaining a
dynamic balance (24,25). Until now, the effects of puerarin
on MMP-2 have never been reported. In this study, after
24 h of culture, the levels in PUE200, PUE400 and
PUESO00 groups significantly decreased compared those
of the control group, further confirming that puerarin
inhibited the invasion of A549 cells. On the other hand,
we herein prompted for the first time that MMP-2/
TIMP-2 may be one of the mechanisms by which puerarin
suppressed their invasion.

Although the roles of puerarin in tumor invasion and
metastasis remain controversial hitherto, we indeed found
that it inhibited these processes of A549 cells. Compared
with conventional chemotherapeutic agents with evident
toxic side reactions, puerarin did not significantly alter the
diet or body weight of mice, so it was safe for the prevention
and treatment of lung cancer.

COX-2 participates in the growth, proliferation, invasion
and metastasis of lung cancer, as an important molecular
target in prevention and treatment (26). Puerarin inhibited
the enzymatic activity of COX-2 and PGE2 generation
in A549 cells in this study, and less COX-2 was expressed
in puerarin treatment groups than in the control group.
Hence, the COX-2 pathway was one of the mechanisms by
which puerarin exerted antitumor effects. Notably, in vitro
experiments showed that puerarin hardly affected COX-2
protein expression in A549 cells, but iz vivo experiments
displayed that COX-2 expression in the mice bearing
tumors with pulmonary metastasis significantly decreased.
Accordingly, puerarin may affect COX-2 expression also via
other pathways.

Conclusions

In summary, puerarin significantly attenuated the invasion
ability of A549 cells, and reduced the levels of COX-2
and MMP-2/TIMP-2 compared with those of the control
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group, indicating that the inhibitory effects of puerarin
were closely associated with its resistance to tumor invasion.
Nevertheless, whether puerarin suppresses MMP-2/
TIMP-2 directly or via the COX-2 pathway still needs in-
depth studies.
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