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Abstract: Cisplatin has been a key chemotherapy drug for treatment of non-small cell lung cancer (NSCLC) for de-
cades. However, the efficacy of Cisplatin is usually reduced by the occurrence of drug-resistance of cancer cells. 
Fisetin is a flavonol naturally found in many fruits and vegetables, which has been reported to suppress cell prolif-
eration and induce apoptosis in various cancers. In this study, we aimed to investigate whether Fisetin was capable 
of enhancing cytotoxicity of Cisplatin in Cisplatin-resistant NSCLC cells, and explore the possible signaling pathways 
involved. Cisplatin-resistant NSCLC cells, A549-CR, was established by repeated subculturing of A549 cells with in-
creasing Cisplatin. Proliferation ability was assessed by MTT analysis and apoptosis was detected by flow cytometry. 
The results showed that Fisetin effectively increased sensitivity of A549-CR cells to Cisplatin, possibly mediated by 
inhibiting aberrant activation of MAPK signaling pathways. This increases the possibility of Fisetin as a promising 
agent for lung cancer therapy.
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Introduction

Lung cancer is the first most common and 
lethal human malignant tumor worldwide, of 
which NSCLC constitutes about 80% of cancer 
cases [1]. The clinical strategy for treatment of 
early-stage NSCLC has been surgery or surgery 
with chemotherapy, with 30%-60% of five-year 
survival after intervention. At the time of diag-
nosis, a proportion of NSCLCs are often in an 
advanced stage and the tumor is unresectable, 
for which systematic chemotherapy has been 
the main treatment method [2, 3]. 

In systematic chemotherapy, Cisplatin, a DNA 
damaging agent, is the most widely used che-
motherapy agent for treatment of a variety of 
cancers, including NSCLC [4]. However, the 
therapeutic effect of Cisplatin is often weak-
ened by acquired resistance of tumor cells dur-
ing the process of treatment [5]. Owing to the 
resistance, relapse and metastasis are com-
mon, resulting in high mortality. It is believed 
that Cisplatin resistance is an important obsta-

cle to NSCLC chemotherapy [6]. For this reason, 
it is necessary to explore the mechanisms 
underlying the chemoresistance and to find 
new methods for enhancing the sensitivity of 
NSCLC cells to Cisplatin. 

Recently, much attention has been focused on 
natural sources of drugs, especially dietary 
sources of drugs. Fisetin (3,7,3’,4’-tetrahydroxy-
flavone) is a natural flavonoid found in various 
fruits and vegetables, such as strawberry, 
apple, persimmon, grape, onion, and cucumber, 
which exhibits a wide variety of functions includ-
ing neurotrophic, anti-carcinogenic, anti-inflam-
matory, anti-oxidant, antiangiogenic and antip-
roliferative effects [7]. In recent years, as a diet-
derived botanical flavonoid, Fisetin has been 
reported to inhibit cell proliferation, migration 
and invasion, and induce apoptosis in several 
cancer types, such as glioma cancer [8], colon 
cancer [9], lung cancer [10], melanoma [11], 
prostate cancer [12], nasopharyngeal carcino-
ma [13] and bladder cancer [14]. Importantly, 
even in some drug-resistant cancer cells, fisetin 
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could provide biological inhibitory effects. For 
instance, reports showed that Fisetin could 
reverse multi-drug resistance by inhibiting P-gp 
function in breast cancer [15], and induce 
apoptosis as well as repress invasion in chemo-
resistant pancreatic cancer cells [16]. Besides, 
several studies have demonstrated that Fisetin 
mediated a series of aberrant signal pathway 
molecules, including Nitric oxide [17], NF-kappa 
B [14], mTORC1 [18], PI3-K/AKT/mTOR [19], 
Wnt/EGFR [20] and MAPK [21]. Moreover, 
Fisetin was capable of enhancing the effects of 
antitumor drugs cooperatively or synergistically 
on some cancer cells. For example, Tripathi et 
al. [22] found that addition of Fisetin to Cisplatin 
enhanced its cytotoxic effect on embryonal car-
cinoma by activating both mitochondrial and 
cell death receptor pathway. Touil et al. [23] 
reported that combination of Fisetin and cyclo-
phosphamide presented improved antiangio-
genic and antitumour activity in Lewis lung car-
cinoma. In addition, Fisetin was reported to 
alleviate Cisplatin-induced nephrotoxicity in 
rats via modulation of NF-κB activation and 
antioxidant defence [24]. These studies indi-
cated that Fisetin might have a potential to 
treat cancer and simultaneously decrease the 
toxicity of common chemotherapy drugs 
through various mechanisms, which led us to 
hypothesize that Fisetin might reverse the 
Cisplatin-resistance of lung cancer cells.

To date, the effect of combined Fisetin and 
Cisplatin treatment on Cisplatin-resistant lung 
cancer cells has not been reported in the litera-
ture. Thus, the aim of this study was to eluci-
date whether addition of Fisetin could increase 
cytotoxicity of Cisplatin on Cisplatin-resistant 
NSCLC cells, and further investigate the possi-
ble involvement of signaling transduction path-
ways during this process, thereby helping us 
understand the possible benefits and mecha-
nisms of Fisetin in treatment of NSCLC. 

Materials and methods

Establishment of cisplatin-resistant lung ad-
enocarcinoma cells 

The human lung adenocarcinoma cell lines, 
A549, was obtained from the American Type 
Culture Collection (Manassas, VA) and main-
tained in Dulbecco’s Modified Eagle’s Medium 
(DMEM, Hyclone, Logan) supplemented with 
10% fetal bovine serum (FBS, Hyclone, Logan, 

UT) in a humidified atmosphere with 5% CO2. 
The acquired Cisplatin-resistant subline of 
A549, A549-CR, was established by repeated 
subculturing with gradual increase of Cisplatin 
(1, 2, 4, 6, 8 and 10 μM) over 6 months, which 
consulted the procedure provided by Selvi, et 
al. [25]. 

Cell viability analysis

The cell viability was evaluated by MTT assay. In 
brief, the cells (1×104) were plated in 96-well 
cell culture plates in DMEM containing 10% 
FBS in a final volume of 0.2 ml. When the cells 
reached 50% confluence, agents were added 
to appropriate concentrations and incubation 
continued for an additional 72-96 h. Then, MTT 
reagent was added to 400 μg/ml and incorpo-
rated for 4 hours. Afterwards, the MTT medium 
mixture was removed and 200 µl of dimethyl 
sulfoxide was added to each well. Absorbance 
was measured at 490 nm by a multi-well spec-
trophotometer (Thermo Electron, Andover, 
USA). 

Cell apoptosis analysis

Apoptotic cells were evaluated using an annex-
in V-FITC kit (Beyotime, China). The cells were 
scraped and stained with annexin V-FITC and 
propidium iodide according to the manufactur-
er’s protocol. In brief, the cells were washed 
with PBS. After 195 µl of the binding buffer was 
added, 5 µl of FITC-labeled annexin V was 
added and incubated for 10 min at 25°C. The 
cells were then incubated with 10 µl propidium 
iodide for 10 min in an ice bath in the dark and 
the apoptotic cells were determined by flow 
cytometry (FACS) analysis.

Western blot assay

The cells were harvested, pelleted by centrifu-
gation, washed with ice-cold PBS, and lysed 
with RIPA buffer [150 mM NaCl, 50 mM Tris 
base (pH 8.0), 1 mM EDTA, 0.5% sodium deoxy-
cholate, 1% NP-40, 0.1% sodium dodecyl sul-
fate (SDS), 1 mM DTT, 1 mM PMSF, and 1 mM 
Na3VO4] that was supplemented with a prote-
ase inhibitor. The proteins were separated by 
10% SDS-polyacrylamide gel electrophoresis 
and transferred onto a nitrocellulose mem-
brane (Life Technologies, Gaithersburg, MD). 
The blots were then incubated in a fresh block-
ing solution with an appropriate dilution of the 
primary antibody at 4°C for 24 h. 
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The sources of antibodies were as follows: 
GAPDH mouse polyclonal antibody (Santa 
Cruz); p-MAPK (Thr202/Tyr204), MAPK rabbit 
monoclonal antibody (Cell Signaling); Survivin 
and Cytochrome C mouse monoclonal antibody 
(Santa Cruz), Caspase-3 and Caspase-8 rabbit 
polyclonal antibody (Santa Cruz). 

After the blots were extensively washed, the 
membranes were incubated with horseradish 
peroxidase-coupled secondary antibody (1: 
2000, Zhongshan Biotech Company, China) at 
25°C for 1 h. The bands were visualized and 
quantified using the Image-Pro Plus 5.0 soft-
ware (Media Cybernetics). p-MAPK band inten-
sities were normalized to MAPK intensities and 
other factors were adjusted by the GAPDH band 
intensities.

Statistical analysis 

Data were expressed as mean value ± SD. 
Differences between groups were analyzed 
using ANOVA or a t-test. These analyses were 
performed on SPSS version 18.0 for Windows 
(SPSS Inc., Chicago, IL). A P-value of <0.05 was 
considered statistically significant.

Results

Establishment of acquired Cisplatin-resistant 
A549-CR cells

Cisplatin-resistant A549-CR was obtained by 
gradual increase of Cisplatin in cell culture. To 
evaluate the chemotherapy sensitivity of A549 
and A549-CR cells, we treated these cells with 

Cisplatin at different concentration (0, 5, 10, 
20, 40, 80, 160, 320 and 640 µM) for 48 h 
incubation, respectively, and then calculated 
the IC50 of Cisplatin. As shown in Figure 1A, 
the IC50 of Cisplatin for A549 and A549-CR 
was 24.27 μM and 176.64 μM, respectively, 
which showed the IC50 of A549-CR was about 
7.25 times higher than that of A549 cells, 
implying the establishment of acquired 
Cisplatin-resistant lung cancer cell line. Notably, 
when the concentration of Cisplatin was 
increased to 10 μM, compared with that of the 
control, the survival rate of A549 cells 
(77.41±5.34%) was significantly decreased 
(P<0.05), whereas the survival rate of A549-CR 
cells (98.41±4.63%) still remained stable 
(P>0.05). The data indicated that the Cisplatin-
resistant A549 cell line, A549-CR was well 
established and cytotoxicity of 10 μM Cisplatin 
was markedly different between A549 and 
A549-CR cells. Therefore, we used the concen-
tration of 10 μM for further experiments. 

The cytotoxicity of Fisetin in A549 and 
Cisplatin-resistant A549-CR cells

To determine the effects of Fisetin on the viabil-
ity of A549 and A549-CR cells, respectively, the 
cells were incubated with various concentra-
tions (0, 5, 10, 20, 40, 80, 160, 320 and 640 
μM) of Fisetin (Sigma, St Louis, MO) for 48 h. 
Then, the cell viability was tested by MTT assay. 
As illustrated in Figure 1B, the cell viability was 
inhibited by Fisetin, and the inhibitory effect 
was strengthened with an increase in Fisetin 
concentration, suggesting that Fisetin could 
inhibit cell viability of both A549 and A549-CR 

Figure 1. A549 and A549-CR cells growth inhibition by Fisetin or Cisplatin. Cell viability was determined by the MTT 
assay. The data is presented as mean ± SD of three separate experiments. *P<0.05, vs control group (0 μM). A: 
Cisplatin. IC50 values of 24.27 and 176.64, as well as IC10 values of 5.46 and 34.75, for A549 and A549-CR cells 
respectively (μM). B: Fisetin. IC50 values of 214.47 and 320.42, as well as IC10 values of 31.91 and 39.39, for 
A549 and A549-CR cells respectively (μM). 
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cells, severally, in a dose-dependent manner. 
IC50 of Fisetin was 214.47 μM for A549 and 
320.42 for A549-CR cells, respectively. 
Likewise, IC10 of Fisetin was 31.91 μM for 
A549 and 39.39 μM for A549-CR cells, respec-
tively. Importantly, according to the measured 
data, when treated with 40 μM Fisetin, the sur-
vival rates of A549-CR cells (89.81±3.21%) 
decreased significantly (P<0.05), compared to 
the controls. Hence, we used the concentration 
of 40 μM for the next experiments.

Fisetin enhances chemotherapeutic effect of 
Cisplatin on A549-CR cells

To determine whether Fisetin could overcome 
Cisplatin-resistance of A549-CR to any extent, 

cells treated with Fisetin or Cisplatin alone, 
indicating that Fisetin made Cisplatin-resistant 
lung cancer cells vulnerable to the cytotoxicity 
of Cisplatin. 

Fisetin reverses acquired Cisplatin-resistance 
of A549-CR cells through MAPK/Survivin/
Caspase pathways

To explore the status of signaling pathways, we 
further detected the signaling proteins by west-
ern blot analysis. As shown in Figure 3, Cisplatin 
alone at a dose of 10 μM could not affect the 
protein expression of phosphorylation levels of 
MAPK as well as Survivin and apoptotic path-
way-related molecules including Caspase-3, 
Caspase-8 and Cytochrome C. Treatment of 

Figure 2. Cell viability (A) and apoptosis (B) in A549-CR assessed by MTT and apoptosis assay, respectively (*P<0.05 
vs Control or †). 

Figure 3. Expression of the MAPK, Survivin and apoptosis pathway-relat-
ed proteins assessed by immunoblotting (C).

we conducted further experi-
ments. A549-CR cells were divid-
ed into four groups and treated 
with 40 μM Fisetin, 10 μM 
Cisplatin, 40 μM Fisetin+10 μM 
Cisplatin, and DMEM as a control 
for 48 h, respectively. Then, the 
cell viability and apoptosis were 
tested. 

As shown in Figure 2, Single use 
of 10 μM Cisplatin had little influ-
ence on the cell viability and 
apoptosis of A549-CR cells, con-
firming that the A549-CR cells 
were markedly resistant to 10 μM 
Cisplatin. Then, 40 μM Fisetin 
alone slightly suppressed cell via-
bility and induced apoptosis of 
A549-CR. However, the combina-
tional treatment of Fisetin (40 
μM) with Cisplatin (10 μM) result-
ed in an intense suppression of 
cell viability and induction of cell 
apoptosis as compared with the 
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Fisetin alone, or combined with Cisplatin, might 
lead to a decrease in the expression of p-MAPK, 
and Survivin protein. Accordingly, an increase 
in the expression of Caspase-3, Caspase-8 and 
Cytochrome C was also observed in these two 
groups, indicating that Fisetin might reverse 
Cisplatin-resistance of cancer cells via inactiva-
tion of MAPK pathway and repression of 
Survivin expression. Thus, the apoptotic signal-
ing might be initiated in A549-CR cells. 

Inhibition of MAPK pathway might partially ac-
count for Fisetin-induced cisplatin-resistance 
reversion of A549-CR cells

To investigate the roles of MAPK pathways by 
which Fisetin reverses Cisplatin-resistance of 
A549-CR cells, we conducted further inve- 
stigation. 

A549-CR cells were divided into 6 groups as I, 
II, III, IV, V and VI, respectively. Group I was 
treated with DMEM for 48 h as a control. Group 
II, Group III and Group IV were treated with 
Cisplatin (10 μM), 10 µM U0126 (a specific 
MAPK inhibitor, Cell signaling), and Fisetin (40 
μM) for 48 h, respectively. For group V and 
group VI, separately, cells were treated with a 
combination of Cisplatin (10 μM) with U0126 
(10 µM) or Fisetin (40 μM) for 48 h. Cell viability 
and apoptosis were assessed by MTT and 
apoptosis assays, respectively.

As shown in Figure 4, when the cells were treat-
ed with any single reagent, we found that treat-
ment with Cisplatin (II) alone could hardly sup-
press cell viability and induce cell apoptosis 
relative to those in the control group (I), while 
treatment with U0126 (III) could slightly induce 
cell apoptosis with the results insignificant. 

Notably, treatment with Fisetin (IV) or 
Cisplatin+U0126 (V) exhibited moderate inhibi-
tion of cell viability and induction of apoptosis 
compared with the controls (I). However, in 
group VI (Cisplatin+Fisetin), an evident effects 
on cell viability suppression and apoptosis 
induction were observed compared with those 
in group IV (Fisetin) or V (Cisplatin+U0126), 
respectively, suggesting that inhibition of  
MAPK pathways might play a role in the mecha-
nisms by which Fisetin reverses Cisplatin-
resistance. However, besides this, other 
unknown mechanisms might also be involved 
during this process. In other words, activation 
of MAPK pathways might play a partial role in 
the acquired Cisplatin-resistance.

Discussion

In the present study, we identified that Fisetin, 
a flavonoid widely found in fruits and vegeta-
bles, had a potential to reverse acquired 
Cisplatin-resistance of lung cancer cells possi-
bly via inactivation of MAPK/Survivin path- 
ways. 

Fisetin is a flavonol, a structurally distinct 
chemical substance that belongs to the flavo-
noid group of polyphenols. It can be found in 
many plants, fruits and vegetables, such as 
parrot tree, honey locust, strawberries, apples, 
grapes and onions [7] and has been thought to 
have a wide variety of biological activities, such 
as anti-aging, anti-inflammatory [26] and anti-
carcinogenic effects [27]. Evidence demon-
strated that Fisetin had extensively anti-tumor-
igenic ability in a variety of cancers with com-
plex mechanisms. Reports showed that Fisetin 
could induce p53 expression (a tumor suppres-
sor) [14] and suppress cancer cell migration 

Figure 4. Cell viability (A) and apoptosis (B) of A549-CR cells treated with DMEM (I), Cisplatin (II), U0126 (III), Fisetin 
(IV), Cisplatin+U0126 (V), Cisplatin+Fisetin (VI) assessed by MTT and apoptosis assay, respectively. (*P<0.05 vs I 
or II; †P<0.05 vs V or IV).
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and invasion through inhibition of MMP and 
angiogenesis [28]. Moreover, Fisetin could 
reverse chemoresistance of cancer cells by 
inhibiting MAPK and NF-kappaB pathways [16, 
29]. 

In the present study, the data showed that 
Fisetin alone could repress cell viability and 
induce apoptosis of A549-CR cells in a time-
and dose-dependent manner. Then, treatment 
with a combination of Fisetin and Cisplatin 
could exhibit strong inhibition effects on A549-
CR cells compared with Fisetin or Cisplatin, 
respectively. These results demonstrated that 
Fisetin could not only induce cell apoptosis by 
itself, but also sensitize Cisplatin-resistant 
NSCLC cells to Cisplatin and enhance Cisplatin-
induced apoptosis through a synergistic action, 
indicating that Fisetin might act as a potential 
agent for reversing Cisplatin-resistance in treat-
ing NSCLC patients. However, the mechanisms 
underlying this process remain little under-
stood. To explore this, we further detected the 
possible signaling pathways involved in this 
process. 

Ras/Raf/MAPK pathways have been indicated 
to play a role in multiple cellular processes, 
such as cell proliferation, apoptosis, transcrip-
tion, and cell migration [30] and thus have been 
thought to have an association with genesis 
and progression of various malignancies [31] 
including NSCLC [32]. Evidence shows that 
hyperactive MAPKs pathway has been associ-
ated with Cisplatin-resistance of NSCLCs cells 
[33, 34]. The results of the present study 
showed that single use of Cisplatin could hardly 
affect the phosphorylation of MAPK expres-
sion, with the cell apoptosis unchanged, where-
as Fisetin alone could slightly decrease the 
level of p-MAPK in A549-CR cells, with a slight 
increase in cell apoptosis. However, combina-
tion of Fisetin with Cisplatin could markedly 
induce cell apoptosis, with inactivation of 
MAPKs pathways, implying that Fisetin might 
sensitize the Cisplatin-resistant cells to 
Cisplatin through inhibition of MAPK pathways. 
The activation of MAPK signaling pathway pro-
vided a survival signal for the Cisplatin-resistant 
A549 cells and the inhibition of this pathway 
presented an apoptotic signal. Nevertheless, 
we found that co-treatment of Fisetin and 
Cisplatin showed strong inhibition effects on 
cells compared with other groups, indicating 
that activation of the MAPK pathway might only 
play a partial role in the acquired Cisplatin-

resistance of A549-CR cells. In addition to this 
pathway, other signaling pathways might also 
play important roles in this process. 

Over-expression of Survivin has been widely 
detected in a variety of cancers and indicated 
to be associated with cancer development and 
drug resistance [35]. Reports showed that 
Survivin contributes to Cisplatin-resistance of 
NSCLC [36] and gastric cancer [37]. In the pres-
ent study, the data showed that low-concentra-
tion of Cisplatin or Fisetin could scarcely reduce 
Survivin expression and failed to cause apopto-
sis in A549-CR cells, while co-treatment of 
Fisetin and Cisplatin presented strong inhibi-
tion of Survivin expression and induction of cell 
apoptosis compared with Fisetin or Cisplatin 
alone. Therefore, co-treatment of Fisetin and 
Cisplatin led to Survivin downregulation and 
increased cleavage of Caspase-3, -8 and 
release of Cytochrome C. The results suggest-
ed that down-regulation of Survivin might be 
involved in the mechanisms by which Fisetin 
reverses acquired Cisplatin-resistance of A549 
cells.

Several limitations might be involved in the 
present study. First, only one cell line, A549, 
was used in this experiment. Future studies 
using other NSCLC cell lines might strengthen 
the significance of the results. Nevertheless, 
A549 is a well-established cell line that has 
been representative of NSCLC in a number of 
studies. Second, the present study had focused 
on in vitro study in order to explore the underly-
ing signaling mechanisms by which Fisetin 
overcomes the Cisplatin-resistance of A549 
cells. Future in vivo studies are needed to con-
firm the results. Third, only a small proportion 
of signaling pathways were evaluated in this 
study. Hence, other pathways that might also 
play critical roles in this process are needed to 
be determined in further investigations. 

In conclusion, we found that Fisetin, a natural 
product, might be a potential agent that might 
reverse Cisplatin-resistance of lung adenocar-
cinoma cells, possibly via inactivating MAPKs 
pathways as well as suppressing Survivin 
expression.
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