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Abstract. Lung cancer is the most prevalent malignant 
tumor type in the developed world and the discovery of novel 
anti‑tumor drugs is a research hotspot. Fisetin, a naturally 
occurring flavonoid, has been reported to have anti‑cancer 
effects in multiple tumor types. The present study found that 
fisetin inhibited the growth and migration of non‑small cell 
lung cancer in vitro. MTT, wound‑healing, cell‑matrix adhe-
sion and Transwell assays were performed and demonstrated 
that fisetin suppressed proliferation, migration, adhesion and 
invasion, respectively. Flow cytometric analysis indicated that 
fisetin induced apoptosis in the A549 cell line by decreasing 
the expression of c‑myc, cyclin‑D1, cyclooxygenase‑2, B cell 
lymphoma‑2, CXC chemokine receptor type 4, cluster of 
differentiation 44 and metalloproteinase‑2/9, increasing the 
expression of cyclin dependent kinase inhibitor (CDKN) 
1A/B, CDKN2D and E‑cadherin and increasing the activity 
of caspase‑3/9 via targeting the extracellular signal‑regulated 
kinase signaling pathway. The results provided comprehensive 
evidence for the anti‑tumor effects of fisetin in non‑small cell 
lung cancer in vitro, which may provide a novel approach for 
clinical treatment.

Introduction

Lung cancer is the most common tumor type in the developed 
world and in 2012 it was the most commonly diagnosed cancer 
(1.82 million) and the most common cause of cancer mortality 
(1.6 million) worldwide (1,2). Lung cancer is classified into two 
major types: Small‑cell lung cancer (SCLC) and non‑small 
cell lung cancer (NSCLC). Most lung cancers are NSCLCs, 
which account for nearly 90% of cases (2). At present, surgical 
resection and chemotherapy are the major means of treating 
NSCLC. Over the last few decades, significant advances 

in diagnostic and therapeutic approaches have been made. 
However, >80% of NSCLC patients cannot be treated with 
surgery due to the high prevalence of metastasis (3). According 
to statistics, the 5‑year survival rate after lung cancer diagnosis 
is only 17.7% (4). NSCLC commonly develops resistance to 
radiation and chemotherapy, and patients are often diagnosed 
at stages beyond surgical remedy (5). Therefore, the explora-
tion of novel drugs or combined chemotherapies for NSCLC 
treatment is urgently required.

Fisetin (3',4',7‑trihydroxyflavonol), a naturally occur-
ring flavonoid, is abundant in several fruits and vegetables, 
including strawberry, apple, persimmon, grape, onion and 
cucumber  (6). At present, fisetin has shown multiple 
biological activities including anti‑proliferative  (7,8), 
pro‑apoptotic (9‑13), neuroprotective (14) and anti‑oxidative 
activities (15). Moreover, fisetin has been shown to suppress 
the proliferation of a wide variety of tumor cell, including 
prostate cancer (16), liver cancer (17), colon cancer (18) and 
leukemia (19) cells, and inhibit the mitogen‑activated protein 
kinase (MAPK) and nuclear factor (NF)‑κB signaling 
pathways in various type of cancer cell, such as colon and 
pancreatic cancer (14,20‑24). Fisetin was also reported to 
reduce the invasive and migratory capacity of the A549 human 
lung cancer cell line via the extracellular signal‑regulated 
kinase (ERK) signaling pathway (25). However, the precise 
impact and associated molecular mechanisms of action 
of fisetin in NSCLCs has remained to be fully elucidated, 
which was therefore the aim of the present study. The results 
showed that fisetin had a significant anti‑tumor effect via 
the regulation of the proliferation, apoptosis, cell cycle and 
invasion of human lung cancer cells. These findings provide 
deep insight into the anti‑tumor mechanisms of fisetin and 
provided a theoretical basis for its application in the clinical 
treatment of NSCLCs.

Materials and methods

Cell lines and culture. The A549 human NSCLC cell line 
was purchased from the Cell Bank of Shanghai Institutes 
for Biological Sciences of the Chinese Academy of Sciences 
(Shanghai, China) and maintained at 37˚C in RMPI‑1640 
medium (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) supplemented with 10% fetal bovine serum (FBS), 
10 U/ml penicillin, 10 Ag/ml streptomycin and 0.25 Ag/ml 
amphotericin B (all from Gibco; Thermo Fisher Scientific, 
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Inc.) in the presence of 5% CO2. The medium was routinely 
changed every 2 days. Cells in the logarithmic growth phase 
were used for all experiments.

Drug treatment. Fisetin was purchased from Sigma‑Aldrich 
(Merck KGaA, Darmstadt, Germany; purity, >99% according 
to high‑performance liquid chromatography analysis). A stock 
solution of fisetin was prepared in dimethyl sulfoxide (DMSO). 
A549 cells were seeded in 6‑well plates and incubated until 
cells were attached to the wells. Subsequently, fisetin was 
added at final concentrations of 10 and 40 µM, followed by 
incubation for the indicated time periods (final DMSO concen-
tration, <0.2%). Cells treated with 0.1% DMSO were used as a 
negative control.

Total RNA extraction and reverse‑transcription quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA was 
isolated from A549 using TRIzol reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) according to the manufacturer's instruc-
tions. RNA purity and integrity were analyzed using an 
Agilent Bioanalyzer 2100 (Agilent Technologies, Santa Clara, 
CA, USA).

Complementary DNA (cDNA) was synthesized using 
an iScript cDNA Synthesis kit (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA) following the manufacturer's instructions. 
All PCR was performed using SYBR Premix ExTaq™ II kit 
(Takara, Otsu, Japan). Total RNA was degenerated at 94˚C 
for 3 min and amplified for 40 cycles under the following 
conditions: 94˚C for 5 sec for denaturation, 52˚C for 30 sec 
for annealing and 72˚C for 15 sec for elongation. Detection 
was set at 62˚C. PCR amplifications were performed in three 
duplicates for each sample. The relative RNA expression was 
calculated using the 2‑ΔΔCq method (26). The specific primer 
sequences are listed in Table I.

MTT assay. A549 cells were seeded at a density of 3x104 
cells/ml in a 24‑well plate, cultured for 24 h and then treated 
with fisetin (0, 10, 20, 30 or 40 µM for 24, 48 or 72 h). The 
cell viability was analyzed using an MTT assay according 
to a previously described method (27). In brief, 1 µl/well of 
MTT (Sigma‑Aldrich; Merck KGaA) was added, followed 
by incubation at 37˚C for an additional 4 h. The medium was 
then removed and formazan was solubilized in isopropanol, 
followed by spectrophotometric measurement of the absor-
bance at 563 nm. Each experiment was performed in triplicate 
and repeated three times.

Cell cycle analysis. To determine the cell cycle distribution, 
A549 cells treated as described above were collected, washed, 
suspended in PBS and fixed in 75% ethanol. The fixed cells 
were stained with propidium iodide (PI) supplemented with 
RNaseA (Sigma‑Aldrich; Merck Millipore, Darmstadt, 
Germany) and analyzed with a FACScan flow cytometer 
(BD Biosciences, Franklin Lakes, NJ, USA). Data were 
collected and analyzed using ModFit software 3.3 (BD 
Biosciences).

Flow cytometric analysis of apoptosis. For detection of apop-
tosis, cells were collected, washed and suspended in cold PBS 
for analysis. Apoptosis was detected using the Alexa Fluor® 

647/7‑AAD apoptosis kit (BioLegend, Inc., San Diego, CA, 
USA) according to the manufacturer's instructions. Apoptotic 
cells were then quantified by flow cytometry (BD Biosciences).

Cell‑matrix adhesion assay. For measurement of cell adhe-
sion, cells were pre‑treated with fisetin (0, 10 or 40 µM) for 
24 h and then seeded in a 24‑well plate coated with 150 µl 
type I collagen (10 µg/ml; Coster, South Elgin, IL, USA) at a 
density of 5x104 cells/ml, followed by incubation for 30 min. 
Non‑adherent cells were then removed by PBS washes, and 
adherent cells were fixed in ethanol. After a staining with 
0.1% crystal violet, fixed cells were lysed in 0.2% Triton X‑100 
and measured spectrophotometrically at 550 nm.

Transwell invasion assay. The Transwell invasion assay was 
performed using the Biocoat Matrigel Invasion Chamber (BD 
Biosciences) according to the manufacturer's instructions. In 
brief, 4x104 cells were plated in the upper chambers consisting 
of 8‑mm membrane filter inserts coated with Matrigel (BD 
Biosciences). The bottom chamber contained RMPI‑1640 
medium with 10% FBS as an inducer of invasion. After 24 h, 
cells on the upper surface were removed and those attached to 
the lower side of the membrane were fixed and stained with 
crystal violet prior to counting under a microscope in five 
randomly selected fields.

Wound‑healing assay. To determine cell motility, A549 cells 
(1x105  cells/ml) were seeded in 6‑well culture plates and 
grown to 80‑90% confluence. After aspirating the medium, 

Table I. List of primers used for polymerase chain reaction.

Primer	 Sequence (5'‑3')

MMP‑2‑F	 GGCCCTGTCACTCCTGAGAT
MMP‑2‑R	 GGCATCCAGGTTATCGGGGA
MMP‑9‑F	 AGGCCTCTACAGAGTCTTTG
MMP‑9‑R	 CAGTCCAACAAGAAAGGACG
CDKN1A‑F	 CGGTGGAACTTTGACTTCGT
CDKN1A‑R	 CAGGGCAGAGGAAGTACTGG
CDKN1B‑F	 CAGAATCATAAGCCCCTGGA
CDKN1B‑R	 TCTGACGAGTCAGGCATTTG
CDKN2D‑F	 GCCTTGCAGGTCATGATGTTTGGA
CDKN2D‑R	 ATTCAGGAGCTAGGAAGCTGACCA
Bcl‑2‑F	 TGCACCTGAGCGCCTTCAC
Bcl‑2‑R	 TAGCTGATTCGACCATTT
CXCR4‑F	 TGACGGACAAGTACAGGCTGC
CXCR4‑R	 CCAGAAGGGAAGCGTGATGA
CD44‑F	 TATGACACATATTGCTTCAATGC
CD44‑R	 GTGTACCATCACGGTTGACA
E‑cadherin‑F	 AGAACGCATTGCCACATACACTC
E‑cadherin‑R	 CATTCTGATCGGTTACCGTGATC
GAPDH‑F	 CATCACCATCTTCCAGGAGCG
GAPDH‑R	 TGACCTTGCCCACAGCCTT

F, forward; R, reverse; MMP, matrix metalloproteinase; CDKN, 
cyclin D kinase inhibitor; Bcl‑2, B‑cell lymphoma 2; CXCR, C‑X‑C 
chemokine receptor.
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the center of the cell monolayer was scraped with a sterile 
micropipette tip to create a denuded zone (gap) of constant 
width. Subsequently, cellular debris was washed with PBS and 
the A549 cells were then exposed to various concentrations 
of fisetin (0, 10 and 40 µM) with serum‑free medium. The 
wound closure was monitored and images were captured at 0, 
12, 24 and 48 h by an Olympus CKX‑41 inverted microscope 
and an Olympus E410 camera (Olympus, Tokyo, Japan). The 
cells migrated across the white lines were counted in five 
random fields for each sample. Experiments were performed 
in triplicate.

Western blot analysis. Western blotting was performed 
as described previously (28). In brief, cells were collected 
and lysed with complete cell lysis (Beyotime Institute of 
Biotechnology, Inc., Haimen, China) with protease inhibitor 
cocktail (Roche, Basel, Switzerland). A total of 10 µl protein 
was loaded and separated by 12% SDS‑PAGE, transferred 
onto polyvinylidene dif luoride membranes (Millipore, 
Bilerica, MA, USA) and then incubated with the appropriate 
antibodies specific for c‑myc (#9402; 1:2,000) Cyclin D1 
(#2922; 1:2,000), COX‑2 (#4842; 1:2,000), phosphorylated 
(p)‑ERK1/2 (#9101; 1:1,000), p‑MAPK kinase (MEK1; 
#9122; 1:1,000; all Cell Signaling Technology, Inc., Danvers, 
MA, USA and β‑actin (1:3,000; Abcam, Cambridge, MA, 
USA) at 4˚C overnight. After washing with PBS containing 
0.1% Tween‑20, the membranes were incubated with goat 
anti‑rabbit IgG‑horseradish peroxidase secondary antibody 
(sc‑2004; 1:1,000; Santa Cruz Biotechnology, Inc., Dallas, 
TX, USA) at room temperature for 1 h. The immunoreactive 
bands were visualized using an enhanced chemiluminescence 
system (Pierce; Thermo Fisher Scientific, Inc.) and images 
were captured using a CCD camera system (Tanon, Shanghai, 
China). The density of bands was measured by Image J soft-
ware 2.0 (National Institutes of Health, Bethesda, MD, USA).

Caspase‑3/9 fluorescent assay. Cells with appropriate treat-
ment were collected and washed with PBS and then resuspended 
in lysis buffer (pH 7.5; 25 mM 4‑(2‑hydroxyethyl)‑1‑piper-
azineethanesulfonic acid, 5  m M MgCl2, 5  mM EDTA, 

5 mM dithiothreitol, 2 mM phenylmethane sulfonyl fluoride, 
10 mg/ml pepstatin A and 10 mg/ml leupeptin). Cell lysates 
were centrifuged at 12,000 x g at 4˚C for 5 min, and superna-
tants containing 50 mg of protein were incubated with 50 mM 
acetyl (Ac)‑DEVD‑7‑amino‑4‑methylcoumarin (AMC; a 
specific substrate for caspase‑3) or Ac‑LEHD‑AMC (a specific 
substrate for caspase‑9; both Sigma‑Aldrich; Merck Millipore) 
at 37˚C for 1 h. The fluorescence of AMC was measured using 
a spectrofluorometer (Hitachi F‑4500; Hitachi, Tokyo, Japan) 
with excitation at 360 nm and emission at 460 nm.

Statistical analysis. All experiments were performed inde-
pendently for at least three times. Values for each group are 
expressed as the mean  ±  standard deviation. Statistically 
significant differences were calculated by using a two‑tailed 
Student's t‑test with SPSS software (version 19.0; International 
Business Machines Corp., Armonk, NY, USA). The graphs 
were generated with GraphPad Prism 5.0 (GraphPad Inc., La 
Jolla, CA, USA).

Results

Fisetin inhibits A549 cell proliferation. The inhibitory effects 
of fisetin on the growth of the NSCLC cell line A549 were 
first assessed. Cells were treated with various doses of fisetin 
(0, 5, 10, 20, 30 or 40 µM) for different durations (24‑72 h) and 
then analyzed for cell viability by an MTT assay. As expected, 
the results revealed that fisetin was effective in inhibiting 
the growth of A549 cells in a dose‑ and time‑dependent 
manner (Fig. 1A). According to the growth curves, fisetin 
concentrations of 10 and 40 µM were used in the subsequent 
mechanistic experiments. The protein expression levels of the 
proliferation‑associated genes, cyclin D1, c‑myc and cyclo-
oxygenase (COX)‑2, were also assessed; the three genes were 
downregulated by fisetin (Fig. 1B).

Fisetin causes cell cycle arrest in A549 cells. Due to the 
anti‑proliferative effects of fisetin on A549 cells, it was further 
investigated whether the growth inhibitory effect of fisetin 
was mediated through cell cycle arrest. For this purpose, the 

Figure 1. Effects of fisetin on the proliferation of A549 cells. A549 cells were treated with fisetin for 24, 48 or 72 h and were then subjected to assays. (A) The 
cell viability was determined using the MTT assay. (B) The expression levels of the proliferation‑associated genes c‑myc, cyclin D1 and COX‑2 in A549 cells 
treated with fisetin (10 and 40 µM) were detected using western blot analysis. The cells treated with 0.1% dimethylsulfoxide were used as a negative control 
in all these experiments. Values are expressed as the mean ± standard deviation of at least three independent experiments. *P<0.05, **P<0.01, ***P<0.001 as 
compared with control group. COX, cyclooxygenase.
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effect of fisetin on cell cycle alterations in A549 cells was 
measured by flow cytometry. As shown in Fig. 2A, fisetin 
caused an accumulation of cells in G2/M phase and a reduc-
tion in G1 phase of the cell cycle. In the 40 µM fisetin‑treated 
group, the percentage of cells in G1 phase decreased from 34.3 
to 17.6% and the percentage of cells in G2/M phase increased 
from 37.1 to 66.2%. Furthermore, the mRNA expression 
levels of cell cycle‑associated genes cyclin D kinase inhibitor 
(CDKN) 1A, CDKN1B and CDKN2D were significantly 
upregulated (Fig. 2B‑D). This finding indicated that fisetin 
induced cell cycle arrest in G2 phase by regulating the expres-
sion of multiple cell cycle regulatory genes.

Fisetin induces apoptosis of A549 cells. To determine whether 
blockage of cells in G2/M phase by fisetin induces apoptosis 
of A549 cells, flow cytometric analysis, using an Alexa Fluor 
647/7‑AAD apoptosis kit, was performed. A549 cells were 
treated with 10 and 40 µM fisetin for 6, 12 and 24 h, and then 
collected for flow cytometric analysis. As shown in Fig. 3A, 
the apoptotic rate of A549 cells was markedly increased 
by fisetin. The mRNA expression levels of anti‑apoptotic 
genes (B‑cell lymphoma‑2, C‑X‑C chemokine receptor 4, 
CD44 and E‑cadherin) were all downregulated, which was 
consistent with the increases in the apoptotic rate (Fig. 3B‑E). 

Moreover, the effects of fisetin treatment on the activation of 
caspase‑3 and ‑9, which have crucial roles in apoptosis, were 
further investigated. Caspase fluorescence assays were used 
to evaluate caspase‑3 and caspase‑9 activity, and the results 
showed that the activation of caspase‑3 and caspase‑9 was 
obviously increased by fisetin (Fig. 3F).

Fisetin suppresses cell adhesion, invasion and migration. The 
potential anti‑metastatic activity of fisetin in A549 cells was 
then investigated. A549 cells were treated with 10 or 40 µM 
fisetin and cell adhesion, invasion and migration were assessed. 
As expected, a cell‑matrix adhesion assay revealed that 40 µM 
fisetin had a significant inhibitory effect on cell adhesion, 
reducing it to 35.4% of that of the untreated control (Fig. 4A). 
A Transwell migration assay showed that the invasiveness of 
A549 cells treated with fisetin was suppressed compared with 
that of the negative control cells (Fig. 4B). In addition, a wound 
healing assay showed that the motility of A549 cells treated 
with fisetin was suppressed compared with that of the negative 
control cells (Fig. 4C).

The present study further examined the mRNA expression 
levels of invasion‑associated genes. The results were consis-
tent with the effect of fisetin on the adhesion, migration and 
invasion of A549 cells, as the mRNA expression of matrix 

Figure 2. Effects of fisetin on the cell cycle of A549 cells. (A) A549 cells treated with fisetin were collected, stained with propidium iodide and the cell cycle 
distribution was analyzed with a flow cytometer. (B‑D) The expression levels of cell cycle‑associated genes (B) CDKN1A, (C) CDKN1B and (D) CDKN2D in 
A549 cells were analyzed by reverse‑transcription quantitative polymerase chain reaction assays. Cells treated with DMSO were adopted as a negative control. 
Values are expressed as the mean ± standard deviation of at least three independent experiments. *P<0.05, **P<0.01 and ***P<0.001 as compared with control 
group. DMSO, dimethyl sulfoxide; CDKN, cyclin D kinase inhibitor. 
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metalloproteinase (MMP)‑2 and MMP‑9 was suppressed after 
fisetin treatment. It is therefore suggested that fisetin inhibits 
the adhesion, invasion and migration of lung cancer cells via 
regulating the expression of associated genes, such as MMP‑2 
and MMP‑9 (Fig. 4D and E).

Effect of fisetin on the MAPK signaling pathway. Since 
ERK1/2‑associated signaling has a crucial role in cancer 
biology and fisetin has been reported to inhibit melanoma 
cell invasion by targeting the MAPK signaling pathway (29), 
the present study further investigated its effect in lung 
cancer cells. First, the phosphorylation status of ERK1/2 was 
determined. Western blot assays showed that p‑ERK1/2 was 

markedly downregulated after fisetin treatment at the low as 
well as the high dose (10 and 40 µM). Since activation of the 
ERK pathway is regulated by MEK1, its activity of MEK1 was 
also assessed. The results were similar to those on ERK, as 
the level of p‑MEK1 was decreased in the fisetin treatment 
group, which suggested that fisetin inhibits the activation of 
the ERK signaling pathway via MEK1/2 to reduce the growth 
and invasion in A549 cells (Fig. 4F).

Discussion

Non‑small cell lung cancer, the most common type of cancer, 
remains a huge challenge to the public health sector. Current 

Figure 3. Effects of fisetin on apoptosis of A549 cells. (A) A549 cells treated with fisetin for 6‑24 h and the apoptotic rate was examined using flow cytometric 
analysis. (B‑E) The expression levels of apoptosis‑associated genes (B) Bcl‑2, (C) CXCR4, (D) CD44 and (E) E‑cadherin in A549 cells were analyzed 
by reverse‑transcription quantitative polymerase chain reaction assays. (F) The activation of caspase 3 and caspase 9 was determined using a caspase‑3/9 
fluorescent assay. Values are expressed as the mean ± standard deviation of at least three independent experiments. *P<0.05, **P<0.01, ***P<0.001 as compared 
with control group. Bcl‑2, B‑cell lymphoma 2; CXCR, C‑X‑C chemokine receptor.
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treatments include surgical resection and chemotherapy, which 
is limited by toxicity and side effects. Therefore, a growing 
number of studies are aiming to find more effective anti‑tumor 
drugs, which may prevent carcinogenesis, curtail its progres-
sion or even cure the disease.

Fisetin, a natural polyphenol abundantly found in several 
fruits and vegetables, has attracted increasing attention for its 
anti‑tumor effect in certain types of cancer cell. In the present 
study, the non‑toxic dietary flavonoid fisetin was found to greatly 
inhibit the growth of NSCLC cells in vitro via inhibiting cell 
proliferation, inducing cell‑cycle arrest in G2 phase, suppressing 
cell invasion and migration, and promoting cell apoptosis.

The MAPK pathways serve to coordinate key cellular 
processes. The ERK1/2 pathway has key roles in the regulation 

of multiple biological activities and constitutive activation of 
the ERK1/2 pathway contributes to tumorigenesis or cancer 
growth, and increases the cell death threshold (30). ERK1/2 
may be activated by MEK1 (31). The results of the present 
study indicated that fisetin suppresses cell invasion by 
predominantly targeting the MAPK signaling pathway as the 
activation of ERK1/2 was markedly downregulated by fisetin 
at a high and low dose, which is consistent with previous 
results (32). Accordingly, it is suggested that fisetin suppresses 
NSCLCs cell growth via the ERK1/2 pathway.

Collectively, all of these results suggested that fisetin effec-
tively inhibited cell proliferation and migration, and induced 
apoptosis in NSCLCs. The present study demonstrated the 
potential anti‑cancer effects of fisetin in NSCLCs and the 

Figure 4. Effects of fisetin on cell adhesion, invasion and migration of A549 cells. (A) Cells were treated with various concentrations (0, 10 or 40 µM) of 
fisetin for 24 h, and were then subjected to analyses for cell‑matrix adhesion. (B) The invasiveness of A549 cells treated with fisetin was measured by a 
Transwell assay. (C) The migration of A549 cells treated with fisetin was measured by a wound‑healing assay. (D and E) Changes in the expression levels 
of cell invasion‑associated genes (D) MMP‑2 and (E) MMP‑9 in A549 cells was analyzed by reverse‑transcription quantitative polymerase chain reaction 
assays. (F) The phosphorylation status of ERK1/2 and MEK1 of A549 cells treated with fisetin was examined by western blot analysis. Values are expressed 
as the mean ± standard deviation of at least three independent experiments. *P<0.05, **P<0.01, ***P<0.001 as compared with control group. Phospho‑ERK1/2, 
phosphorylated extracellular signal‑regulated kinase 1/2; MEK1, mitogen‑activated protein kinase kinase.
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results may provide a theoretical basis to support the applica-
tion of fisetin in the clinical treatment of lung cancer.
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