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Objective: Alpinetin is a novel flavonoid that has demonstrated potent antitumor activity in 

previous studies. However, the efficacy and mechanism of alpinetin in treating lung cancer 

have not been determined.

Methods: We evaluated the impact of different doses and durations of alpinetin treatment on the cell 

proliferation, the apoptosis of lung cancer cells, as well as the drug-resistant lung cancer cells.

Results: This study showed that the alpinetin inhibited the cell proliferation, enhanced the apop-

tosis, and inhibited the PI3K/Akt signaling in lung cancer cells. Moreover, alpinetin significantly 

increased the sensitivity of drug-resistant lung cancer cells to the chemotherapeutic effect of 

cis-diammined dichloridoplatium. Taken together, this study demonstrated that alpinetin signifi-

cantly suppressed the development of human lung cancer possibly by influencing mitochondria 

and the PI3K/Akt signaling pathway and sensitized drug-resistant lung cancer cells.

Conclusion: Alpinetin may be used as a potential compound for combinatorial therapy or as 

a complement to other chemotherapeutic agents when multiple lines of treatments have failed 

to reduce lung cancer.

Keywords: alpinetin, cell proliferation and apoptosis, drug resistance reversal, PI3K/Akt, 

lung cancer

Introduction
Lung cancer has the highest incidence and mortality rate among malignant tumors 

and significantly impairs human health, especially in People’s Republic of China.1 

According to the China Cancer Registry annual report in 2013, lung cancer had an 

incidence rate of 19.59% and was the highest among all malignant cancer types. 

Approximately 600,000 people in People’s Republic of China are diagnosed with 

lung cancer every year, which also has the highest mortality rate of 24.87%, causing 

490,000 deaths each year.2 With the development of radiochemotherapy and the discov-

ery of molecular targets, significant progress has been made in treating advanced-stage 

non-small-cell lung cancer and in improving the survival of patients. Nevertheless, 

the treatment of lung cancer is far from curative because the overall survival time of 

late-stage lung cancer remains considerably short despite these efforts.3 One of the 

primary causes of the poor prognosis of lung cancer is its tendency to develop multiple 

drug resistance.4 Alpinetin is a natural flavonoid primarily occurring in zingiberaceous 

plants. In the previous studies, potential antitumor activity of alpinetin toward gastric, 

liver, pancreatic, and breast cancers was demonstrated.5–8 However, the effectiveness 

of alpinetin for inhibiting lung cancer cells is unknown. In this study, we examined 

the antitumor efficacy and possible molecular mechanisms of action of alpinetin in 

the lung cancer.
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Methods
cell lines, reagents, and antibodies
Lung cancer cell lines A549, SK-MES-1, NCI-H292, and 

A549/cis-diammined dichloridoplatium (CDDP) were 

purchased from the Shanghai Institute of Cell Biology 

(Shanghai, People’s Republic of China), Chinese Academy 

of Science. The study was approved by the Ethics Committee 

of Shengjing Hospital of China.

Alpinetin was purchased from the National Institutes 

for Food and Drug Control (Beijing, People’s Republic of 

China). Fetal bovine serum, RPMI-1640 medium, and trypsin 

were purchased from Thermo Fisher Scientific, Waltham, 

MA, USA. Dimethyl sulfoxide, thiazolyl blue tetrazolium 

bromide (MTT), and Hoechst 33258 were purchased from 

Beyotime Institute of Biotechnology (Shanghai, People’s 

Republic of China). A dead cell apoptosis kit with annexin 

V-FITC and propidium iodide (PI) was purchased from 

Sigma-Aldrich Co., St Louis, MO, USA, and a transcription 

kit was purchased from Fermentas (Waltham, MA, USA).

Anti-Bcl-2, anti-Bcl-xL, anti-Bax, anti-XIAP, anticyto-

chrome c, anti-PI3K, anti-Akt, anti-p-Akt, anti-MPR1, anti-

MPR5, and anti-P-gp were all purchased from Bioworld (MN, 

USA). All of the secondary antibodies were purchased from 

Beijing Zhongshan Jinqiao Biotechnology Co., Ltd. (Beijing, 

People’s Republic of China), and an EPICS ALTRA flow cytom-

eter was purchased from Beckman Coulter (Brea, FL, USA).

cell culture
The lung cancer cells A549, SK-MES-1, NCI-H292, and 

A549/CDDP were cultured using RPMI-1640 containing 10% 

fetal bovine serum at 37°C and placed within an environment 

containing 5% CO
2
. To maintain drug resistance in the A549/

CDDP cell media, 2 μg/mL CDDP was included in the cell 

media. All of the cell lines were passaged every 3–4 days.

MTT assay
Following digestion with 0.25% trypsin, A549, SK-MES-1, 

NCI-H292, and A549/CDDP cells were seeded into a 96-well 

plate at a density of 1×104/mL in a total volume of 100 μL. 

The culture medium contained a series of gradient concentra-

tions of alpinetin (100 μL/well) according to the experimental 

plan for 24 hours. Then, the medium without alpinetin was 

added to the control wells. A total of 20 μL (0.5 mg/mL) of 

MTT was added into each well after 48 hours, and then the 

cells were returned to 37°C to continue culture for 4 hours. 

The cells in each well were treated with 200 μL dimethyl 

sulfoxide and shaken for 15 minutes. The absorbance of each 

well at 570 nm was then detected by a microplate reader.

Flow cytometry for apoptosis analysis
Following 48 hours of incubation, the A549 cells generally 

reached a density of 1×105 and were washed by phosphate-

buffered saline (PBS) for three times. The cells were then 

resuspended with annexin V-FITC and PI staining solution, 

and the cells were gently mixed well. After incubating on ice 

in the dark for 15 minutes, the cell pellets were obtained by 

centrifuging for 5 minutes at 1,000 rpm and filtered through a 

300 μm nylon mesh. The rate of cell apoptosis was determined 

by FACSCalibur flow cytometer (Becton-Dickinson, Franklin 

Lakes, NJ, USA). A total of 10,000 cells were examined.

caspase activity analysis
A549 cells were cultured in a 96-well plate with 50 μL of 

RPMI-1640 containing 10% fetal bovine serum at 37°C in a 

humidified atmosphere of 5% CO
2
 and 95% air for 24 hours. 

The A549 cells were treated with different concentrations 

of alpinetin (0 μM, 50 μM, 100 μM, and 200 μM) 50 μL 

for 48 hours and then collected and tested for the viability 

of caspase-3, -8, and -9 using a caspase activity assay kit 

according to the manufacturer’s instructions (Beyotime 

Institute of Biotechnology).

Western blot analysis
A549 or A549/CDDP cells were lysed with ice-cold 

LaeμMli sodium dodecyl sulfate (SDS) sample buffer 

(pH 6.8), consisting of 25 μM Tris–HCl, 5% glycerol, 

2.5% 2-mercaptoethanol, and 1% SDS, containing protease 

inhibitor cocktail. The lysates were incubated on ice for 

30 minutes and centrifuged at 15,000 rpm for 20 minutes 

at 4°C. The supernatant was collected as a whole lysate. 

Equal amounts of protein (20 μg per lane) were loaded 

on a 10% SDS-polyacrylamide gel. The cell lysates were 

resolved by electrophoresis and transferred to membranes. 

Membranes were blocked with skim milk, probed with pri-

mary antibodies, washed, and then incubated with secondary 

antibody. Antibody dilutions used were as follows: anti-Bcl-2 

(1/1,000), anti-Bcl-xL (1/500), anti-Bax (1/1,000), anti-XIAP 

(1/1,000), anticytochrome c (1/500), anti-PI3K (1/500), 

anti-Akt (1:500), anti-p-Akt (1/500), anti-MPR1 (1/1,000), 

anti-MPR5 (1/1,000), and anti-P-gp (1/500).

Xenograft assays in nude mice
Twenty-four male (5–6 weeks old) nude mice were purchased 

from the Animal Experiment Center of Guilin Medical 

University. The animal experimentation program was 

approved by the Medical Ethics Committee of Guilin Medical 

University. Lung cancer A549/CDDP cells were collected 
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in the logarithmic log phase. After washing with PBS, the 

cells were suspended in a serum-free medium. Subsequently, 

200 μL of the cell suspension (containing 2×107 cells) was 

injected subcutaneously into the right groin area of the 

mice. The mice were randomly divided into three groups 

of three mice each: control group (PBS injections weekly 

for 4 weeks), CDDP group (CDDP [2 mg/kg] injections 

weekly for 4 weeks), and CDDP + alpinetin group (CDDP 

[2 mg/kg] and alpinetin [50 mg/kg] injections weekly for 

4 weeks). After tumors formed, the mice were observed for 

the growth of tumors at 7 days, 14 days, 21 days, and 28 days. 

Tumor volumes were calculated using the following formula: 

tumor volume (μM3) =0.5× length (μM) × width2 (μM2). 

The mice were sacrificed by cervical vertebral dislocation 

4 weeks later. Tumors were excised and weighed to record 

the wet tumor weight. Subcutaneously transplanted tumor 

tissue was surgically removed under aseptic conditions for 

index analysis.

statistical analysis
Differences among the groups used as qualitative data 

were analyzed using a chi-square test. The quantitative 

data were expressed as the mean ± SD. A t-test was used to 

compare the averages between the two groups, and one-way 

analysis of variance was used to analyze the differences 

between multiple groups. The least significant difference 

method was used to identify the pairwise differences among 

the groups. All of the statistical analyses were conducted 

using SPSS 17.0 statistical software, and a value of P,0.05 

indicated that the difference was statistically significant.

Results
alpinetin inhibited lung cancer cell 
growth
We treated A549, SK-MES-1, and NCI-H292 cells and 

the multidrug resistant A549/CDDP cells with gradually 

increasing doses of alpinetin (0 μM, 50 μM, 100 μM, 

200 μM, and 400 μM) for 24 hours, 48 hours, and 72 hours. 

Cell survival was then evaluated by the MTT assay. The 

results showed that the proliferation of A549, SK-MES-1, 

and NCI-H292 cells was inhibited in a dose- and time-

dependent manner by alpinetin treatment (Figure 1). The 

antiproliferative effect of alpinetin increased gradually 

over time and became particularly apparent at 72 hours. 

And the inhibition effect was obvious at a concentration of 

200 μM. However, no growth inhibition was observed in 

the A549/CDDP cells. This result suggests that multidrug-

resistant lung cancer cells are also resistant to the direct 

growth-inhibitory effect of alpinetin in vitro. The A549 

and A549/CDDP cells were selected based on the goal 

of the experiment. To further investigate the mechanism 

of growth inhibition by alpinetin in these cells, A549 and 

A549/CDDP cells were treated with alpinetin at 0–200 μM 

concentrations for 72 hours.

Figure 1 cells in different groups were treated with various concentrations of alpinetin for different time.
Notes: (A) a549 cells, (B) sK-Mes-1 cells, (C) nci-h292 cells, and (D) a549/cDDP cells. Data were generated from three independent experiments. *P,0.05.
Abbreviations: cDDP, cis-diammined dichloridoplatium; OD, optical density.
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alpinetin induced lung cancer cell 
apoptosis and caspase activation
To determine whether the antiproliferative effects of alpinetin 

on A549 cells were a result of the induction of cell apop-

tosis, we treated A549 cells with various concentrations 

of alpinetin for 72 hours and evaluated cell apoptosis via 

annexin V-FITC/PI double staining coupled with flow cyto-

metric analysis (Figure 2). The results indicated that the cell 

apoptotic rate was apparently increased by increasing the 

treatment dose of alpinetin and reached statistical signifi-

cance at concentrations of 100 μM and 200 μM compared 

with the nontreated control group (P,0.05) (Figure 2A). 

In addition, the activation of caspase-3, -8, and -9 was 

examined (Figure 2B), and we observed that the activation 

of caspase-3 and caspase-9 was significantly increased in 

both the 100 μM and 200 μM alpinetin-treated A549 cells 

(Figure 2B) (P,0.05). In the 200 μM alpinetin-treated A549 

cells, caspase-8 activation reached statistical significance 

(P,0.05). These data suggest that alpinetin induced dose-

dependent A549 cell apoptosis via activating caspases and 

the caspase-dependent cell apoptotic pathway, thereby sup-

pressing A549 cell proliferation.

alpinetin regulated the expression of 
Bcl-2 family member XiaP and 
cytochrome c
To explore the mechanism underlying alpinetin-mediated 

inhibition of cell proliferation and induction of cell apop-

tosis, we measured the expression changes in the Bcl-2 

family member XIAP and cytochrome c in the cytosol 

and mitochondria in A549 cells treated with alpinetin for 

72 hours (Figure 3). The data suggest that the distribution 

Figure 2 cell apoptosis in a549 cells treated with various concentrations of alpinetin for 48 hours.
Notes: (A) Flow cytometric analysis of cell apoptosis in a549 cells treated with various concentrations of alpinetin for 48 hours and (B) histogram representing the levels of 
caspase-3, caspase-8, and caspase-9. (C) caspase-3, caspase-8, and caspase-9 protein expression. Data were generated from three independent experiments. *P,0.05.
Abbreviations: Pi, propidium iodide; OD, optical density.
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of cytochrome c was changed after alpinetin treatment, and 

the changes were significantly dose dependent. The changes 

of cytochrome c were significant at 200 μM, and cytochrome 

c protein expression was significantly decreased in the mito-

chondria (P,0.05) and increased in the cytosol (P,0.05) 

(Figure 3A and B). In addition, protein expression of the 

antiapoptotic proteins Bcl-2, Bcl-xL, and XIAP decreased 

in a dose-dependent manner by alpinetin treatment, whereas 

proapoptotic protein Bax increased in a dose-dependent 

manner in response to alpinetin. This difference reached 

statistical significance at 200 μM (P,0.05) (Figure 3C 

and D). These results indicate that alpinetin is able to acti-

vate the mitochondria-dependent cell apoptosis pathway and 

induce cell apoptosis and inhibit A549 cell proliferation via 

regulating the expression of the Bcl-2 family member XIAP 

and cytochrome c.

alpinetin regulated protein expression 
in the Pi3K/akt signaling pathway in lung 
cancer cells
To further examine the mechanism underlying the alpinetin-

mediated antiproliferative and proapoptotic effects, Western 

blot analyses were used to evaluate the expression of 

proteins in the PI3K/Akt signaling pathway in A549 cells 

treated with alpinetin for 72 hours. The data showed that 

alpinetin induced a dose-dependent decrease in PI3K and 

p-Akt expressions, and this decrease was significant at a 

concentration of 200 μM (P,0.05) (Figure 4). In contrast, 

the expression of Akt did not exhibit significant differences in 

response to alpinetin treatment (P,0.05). These results sug-

gest that alpinetin may reduce the antiapoptotic effects of the 

PI3K/Akt pathway through suppressing its activity, thereby 

inhibiting the cell proliferation of lung cancer cells.

alpinetin reversed the resistance 
of a549/cDDP cells toward the 
chemotherapeutic effects of cDDP
When the CDDP-resistant A549/CDDP cells were pretreated 

with 200 μM alpinetin for 72 hours, the CDDP treatment 

inhibited the proliferation of A549/CDDP cells (P,0.05), 

indicating that A549/CDDP cells regained their sensitivity 

in the CDDP treatment and achieved a reversal of CDDP 

resistance in these cells (Figure 5A). The results suggest that 

the therapeutic dosage of alpinetin could reverse the CDDP 

resistance of A549/CDDP cells. Western blot analyses were 

used to further examine the protein expression levels of 

Figure 3 The protein expression of cyto-cyt c and mito-cyt c and the protein expression changes of Bcl-2, Bcl-xl, Bax, and XiaP in a549 cells treated with different 
concentrations of alpinetin.
Notes: (A) The protein expression of cyto-cyt c and mito-cyt c in a549 cells treated with different concentrations of alpinetin; (B) the protein expression changes of 
Bcl-2, Bcl-xl, Bax, and XiaP in a549 cells treated with different concentrations of alpinetin; (C) histogram showing the protein expression levels of cytochrome c; and (D) 
histogram showing the protein expression levels of Bcl-2 family member XiaP. Data were generated from three independent experiments. *P,0.05.
Abbreviations: cyto-cyt c, cytosolic cytochrome c; mito-cyt c, mitochondrial cytochrome c.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug Design, Development and Therapy 2015:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

6124

Wu et al

MPR1, MPR5, and P-gp, which are known to mediate drug 

resistance in A549/CDDP cells. The results showed that 

alpinetin induced a significant decrease in MPR1, MPR5, 

and P-gp protein expressions (P,0.05) (Figure 5B and C), 

which is an important mechanism underlying the alpinetin-

mediated reversal of CDDP resistance in the A549/CDDP 

cells, in which the expression of drug resistance-related 

proteins was inhibited by alpinetin.

alpinetin inhibited transplanted tumor 
growth in nude mice
We found that the tumor volume of alpinetin (50 mg/kg) 

injections + CDDP (2 mg/kg) group mice was consistently 

smaller than that of the control group or the CDDP (2 mg/kg) 

group mice from 14 days after vaccination. Additionally, in 

comparison with the control group and CDDP group, the 

tumor sizes and weight obtained by surgery in the 28 days 

after vaccination were significantly decreased (Figure 5D–F). 

These findings strongly indicate that alpinetin obviously 

inhibits the progression of lung cancer and sensitizes 

drug-resistant lung cancer cells toward chemotherapeutic 

treatment.

Discussion
Despite the development of combinatorial therapies, 

approximately 80%–85% of patients will experience recur-

rence and metastasis. During the second-line treatment, 

chemotherapeutic efficacy usually declines because of the 

emergence of drug resistance in cancer cells. Most chemo-

therapeutic drugs present multidrug resistance and decreased 

sensitivities in cells.9 There has been evidence suggesting that 

combining traditional Chinese medicine with chemotherapies 

enhanced the overall antitumor efficacy with some combina-

tions having the potential to reverse cancer cell resistance to 

chemotherapy.10,11 Complex molecular mechanisms may be 

involved in the development of cisplatin resistance in cancer 

cells.12,13 Cisplatin-induced multidrug-resistant lung cancer 

cells have provided a representative model for character-

izing these mechanisms. As a traditional Chinese medicine, 

alpinetin has demonstrated potent antiproliferative activity 

toward certain tumors. However, little is known of its utility 

in treating chemotherapy-resistant cancer cells.

The purpose of this study was to investigate the antitumor 

efficacy and potential mechanism of alpinetin in lung 

cancer cells, including A549, SK-MES-1, NCI-H292, and 

A549/CDDP cells. The results suggest that alpinetin inhib-

ited the proliferation of A549, SK-MES-1, and NCI-H292 

cells. Although alpinetin did not exhibit apparent growth-

inhibitory effects in the multidrug resistant A549/CDDP 

cells, it restored the sensitivity of A549/CDDP cells toward 

the chemotherapy using CDDP by inhibiting the expression 

of drug resistance-related proteins. The flow cytometry analy-

sis suggested that after 72 hours of treatment, alpinetin dose 

dependently increased the percentage of annexin V-positive 

Figure 4 Protein expression of Pi3K, akt, and p-akt in a549 cells treated with various concentrations of alpinetin.
Notes: (A) Protein expression of Pi3K, akt, and p-akt in a549 cells treated with various concentrations of alpinetin and (B) histogram showing the protein levels of Pi3K, 
akt, and p-akt in a549 cells treated with various concentrations of alpinetin. Data were obtained from three independent experiments. *P,0.05.
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and PI-negative cells, indicating that the growth-inhibitory 

effect of alpinetin is through the induction of cell apoptosis 

but not necrosis.

Cell apoptosis is an essential self-regulatory mechanism,14 

which can be induced via two signaling processes: mito-

chondrial apoptotic pathway apoptosis and death receptor-

mediated extrinsic apoptosis.15 Bcl-2 family members 

are important mediators of this extrinsic pathway and regulate 

cell apoptosis through activating caspase or cytochrome 

c.16,17 Caspase-3 is a crucial member of the caspase family of 

proteases and plays an important role during cell apoptosis.18 

Caspase-8 usually occurs as an enzyme precursor and is acti-

vated during Fas-receptor- and TNFR-1-mediated apoptosis. 

Activated caspase-8 forms a dimer, which in turn activates the 

downstream effectors.19–23 Caspase-9 is an upstream regulator 

of the apoptotic pathway whose activation is regulated by 

phosphorylation.24–28 Following the mitochondrial release of 

cytochrome c, caspase-9 forms a complex with cytochrome c  

and Apaf-1 and becomes activated. Activated caspase-9 

then activates the key enzyme caspase-3, which is the most 

important step for initiating cell apoptosis and elicits the sub-

sequent apoptotic signals.29,30 Cytochrome c combines with 

the apoptotic factor Apaf-1, which activates the proapoptotic 

caspase-9 and initiates the caspase cascade reaction.31,32

In this study, alpinetin-treated lung cancer cells exhib-

ited a dose-dependent increase in apoptotic rate. Apoptotic 

Figure 5 Efficacy of alpinetin, cisplatin, and a combination of alpinetin and cisplatin on A549/CDDP cells.
Notes: (A) Histogram showing the antiproliferative efficacy of alpinetin, cisplatin, and a combination of alpinetin and cisplatin on A549/CDDP cells; (B) protein expression 
changes in the drug resistance-related proteins MPr1, MPr5, and P-gp; (C) histogram showing the drug resistance-related protein expression of MPr1, MPr5, and P-gp;  
(D) tumor tissue excised by surgery 28 days after vaccination; (E) graphs of the differences size; and (F) weight of tumors in control, cDDP, and alpinetin + cDDP group in 
the 28 days after vaccination. Data were obtained from three independent experiments. *P,0.05. **P,0.01.
Abbreviation: cDDP, cis-diammined dichloridoplatium.
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rates were observed at alpinetin potent concentrations of 

200 μM compared with the control group. Caspase-3, -8, 

and -9 were significantly activated, suggesting the success-

ful activation of caspase-dependent A549 cell apoptosis. 

Furthermore, we investigated the effect of alpinetin on 

the expression of the Bcl-2 protein family XIAP and cyto-

chrome c in A549 cells. A Western blot analysis suggested 

that alpinetin dose dependently reduced the expression of 

the Bcl-2 subfamily proteins,33 including Bcl-2, Bcl-xL, and 

mitochondrial cytochrome c, in A549 cells. However, the 

Bax subfamily protein bax34 and the cytosolic cytochrome c 

exhibited increased expression in response to alpinetin in 

a dose-dependent manner. These data further suggest that 

alpinetin inhibits lung cancer proliferation by regulating 

the expression of XIAP in the Bcl-2 family, the release of 

cytochrome c, and the activation of caspase, thereby induc-

ing cell apoptosis.

PI3K/Akt plays an important role in inhibiting cell 

apoptosis, possibly by regulating the activity of Bcl-2 fam-

ily members. PI3K-dependent Akt activation can stimulate 

the phosphorylation of Bcl-2-associated death promoter. 

Bcl-2-associated death then dissociates from Bcl-2 or 

Bcl-xL and forms a complex with the antiapoptotic protein 

14-3-3. The released Bcl-2 then exerts an antiapoptotic 

effect.35 In addition, the activation of the PI3K/Akt signaling 

pathway can increase the phosphorylation of Bax at Ser184, 

which renders Bax inactive and inhibits cell apoptosis.36 

This study suggests that the PI3K/Akt signaling proteins 

were dose dependently downregulated by alpinetin with 

changes that are similar to the changes in Bcl-2, Bcl-xL, 

and XIAP expressions.

Moreover, drug resistance has become an inevitable 

issue for chemotherapeutic treatments with MPR1, MPR5, 

and P-gp playing important roles.37,38 The level of MPR1 has 

become an effective marker for the chemotherapeutic efficacy 

and overall survival rate of non-small-cell lung cancer.38 The 

expression of the drug resistance-related proteins MPR1, 

MPR5, and P-gp was determined by Western blot analysis. 

We found that the therapeutic doses of alpinetin reversed the 

drug resistance of A549/CDDP cells to CDDP by inhibiting 

the expression of MPR1, MPR5, and P-gp and restoring 

the sensitivity to CDDP, indicating that this effect is medi-

ated by regulating the expression of drug resistance-related 

proteins.

Conclusion
In conclusion, this study demonstrated that alpinetin inhibited 

lung cancer cell proliferation by inducing the cell apoptotic 

response and reversed the drug resistance of A549/CDDP 

cells to CDDP.
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