
7492

Abstract. – OBJECTIVE: In recent decades, 
the death rate from lung cancer appears to be 
an increasing yearly trend, particularly for non-
small-cell lung cancer (NSCLC). Curcumin is a 
yellow pigment found in turmeric rhizomes, re-
ported to exhibit various anti-inflammatory, an-
ti-angiogenic, anti-proliferative, and antioxidant 
properties. Many reports have suggested that 
curcumin could induce apoptosis in malignant 
cells, and therefore, has great potential in tumor 
treatment. However, little is known about the ef-
fect of curcumin on NSCLC or its associated 
mode of action. Therefore, in this study, we ex-
plored curcumin’s effect on NSCLC and investi-
gated its associated mechanism. 

MATERIALS AND METHODS: The non-small-
cell lung cancer (NSCLC) cell line A549 was cul-
tured and subjected to MTT and clonogenic sur-
vival assays to assess cell proliferation. Re-
active oxygen species (ROS) levels were mea-
sured using a Fluostar Omega Spectrofluorime-
ter. Superoxide dismutase (SOD) and γ-glutam-
yl cysteine synthetase (γ-GCS) activity in A549 
cells were both determined by a commercial de-
termination kit. Expression levels of p-GSK3β 
(Ser9), c-Myc, cyclin D1, β-catenin α-tubulin, and 
proliferating cell nuclear antigen (PCNA) were 
analyzed by Western blot.

RESULTS: Results of the MTT and clonogenic 
survival assay indicated that curcumin reduced 
A549 proliferation. ROS levels and SOD and 
γ-GCS activities were detected. Curcumin de-
creased intracellular ROS levels and increased 
SOD and γ-GCS activity. Meanwhile, the ROS in-
hibitor N-Acetylcysteine (NAC) reversed the de-
crease in ROS levels and the increase in SOD 
and γ-GCS activity. These results indicate that 
oxidative stress is involved in the curcumin-in-
duced reduction of A549 viability. Curcumin al-
so strongly inhibited β-catenin and p-GSK3β 
(Ser9) protein expression, as well as the expres-

sion of downstream cyclin D1 and c-Myc. Sim-
ilarly, NAC reversed the inhibition of β-catenin 
and p-GSK3β (Ser9) protein expression, as well 
as the expression of downstream cyclin D1 and 
c-Myc.

CONCLUSIONS: We showed that curcumin in-
hibits NSCLC proliferation via the Wnt/β-caten-
in pathway.

Key Words:
Non-small-cell lung cancer cell line (NSCLC), Cur-

cumin, Proliferation, Oxidative stress, Wnt/β-catenin 
signaling pathway.

Introduction

Lung cancer is statistically one of the most 
common diseases worldwide, and presents a se-
rious threat to human health and life1,2. In recent 
decades, lung cancer death rates have increased 
yearly in an apparent trend, particularly non-
small-cell lung cancer (NSCLC)3. NSCLC is the 
most common type of lung cancer. At present, 
chemotherapy is one of the most common meth-
ods for NSCLC treatment4,5. However, many che-
motherapeutic drugs produce debilitating side 
effects on the human body, and hence, are limited 
in clinical application.

Recent attention has focused on phytochemi-
cals as anticancer agents. Curcumin is a yellow 
pigment found in turmeric rhizomes, reported to 
exhibit various anti-inflammatory, anti-angiogen-
ic, anti-proliferative, and antioxidant properties. 
More importantly, it was found to not induce 
cytotoxic effects in healthy cells6,7. Many re-
ports8,9 have suggested that curcumin may induce 
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apoptosis in malignant cells, indicating potential 
use in the treatment of tumors. Apoptosis is a 
programmed cell death process related to tumor 
malignancy, and is very important in embryonic 
development and tissue homeostasis. Little is 
currently known about the effects of curcumin 
on NSCLC, or the mechanism through which 
such effects would be induced. Therefore, in this 
study, we explored the effects of curcumin on 
NSCLC and investigated the associated mecha-
nisms.

Oxidative stress is one of the most common 
causes of cellular damage, mostly due to the 
build-up of reactive oxygen species (ROS) free 
radicals through impairments to antioxidative 
enzymes, such as superoxide dismutase (SOD). 
Dysregulated oxidative metabolism may lead to 
cell death, an important reason for increased 
proliferation, with several studies10-12 showing 
the involvement of oxidative stress in cell prolif-
eration. Therefore, we explored the relationship 
between oxidative stress and cell proliferation in 
curcumin-treated NSCLC cells.

The Wnt/β-catenin pathway determines the 
development of vertebrates and invertebrates by 
regulating cell destiny13. Wnt is a secreted glyco-
protein which binds to Frizzled receptors. β-cat-
enin, which is deregulated in many cancers, is 
a multifunctional adaptor protein/transcription 
factor. In the absence of Wnt binding (off-state), 
β-catenin is downregulated via a degradation 
complex including GSK-3, CK1, Axin, APC, and 
PP2A14,15. Previous studies have reported that the 
Wnt/β-catenin signaling pathway is abnormally 
active in hepatic carcinoma16. However, little is 
known about the mechanism of Wnt/β-catenin 
signaling in lung cancer cells.

In this study, we explored the effect of cur-
cumin on proliferation in NSCLC A549 cells and 
investigated its associated mechanism. Results 
indicated that curcumin could inhibit NSCLC 
proliferation induced by oxidative stress-medi-
ated upregulation of the Wnt/β-catenin pathway.

Materials and Methods

Materials
Dulbecco’s Modified Eagle Medium (DMEM) 

and fetal bovine serum (FBS) were obtained 
from GIBCO (Grand Island, NY, USA). Peni-
cillin/streptomycin, pancreatin, 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT), Dimethyl sulfoxide (DMSO) and 

Hoechst 33342 were purchased from Sigma-Al-
drich (St. Louis, MO, USA). The scavenger of 
ROS (N-acetyl-l-cysteine, NAC), BCA protein 
kit, Western lysis buffer and enhanced chemi-
luminescence kit were from Beyotime Biotech-
nology (Shanghai, China). β-catenin and Cy-
clin D1 antibodies were obtained from Abcam 
(Cambridge Science, London, UK). Antibodies 
for phosphor-GSK3β (Ser 9) and c-Myc were 
purchased from BBI (Sangon Biotech, Shanghai, 
China). α-tubulin and PCNA were from Sig-
ma-Aldrich (St. Louis, Mo, USA).

Cell Culture and Drug Treatments
Non-small-cell lung cancer cell line (A549) 

was purchased from the Institute of Biochemistry 
and Cell Biology (SIBS, CAS, Shanghai, China). 
A549 was cultured in DMEM medium (Grand 
Island, NY, USA). Media was supplemented with 
10% FBS (Grand Island, NY, USA) and 1% pen-
icillin/streptomycin (Solarbio, Beijing, China). 
Cells were incubated under a humidified atmo-
sphere with 5% CO2 at 37°C.

MTT Assay
Non-small-cell lung cancer cell line (A549) 

was seeded in 96-well plates at a density of 8000 
cells per well. After 24 h, the cells were treated 
with curcumin (2.5, 5, 10, 20, 40, 60, 80 μM) 
for 24 h. Control group was treated with phos-
phate-buffered saline (PBS) in medium. MTT 
(0.5 mg/mL in PBS, 20 μL) was added to each 
well and the plates were incubated for 4 h at 37°C. 
Then, the medium was removed and 150 μL di-
methyl sulfoxide (DMSO) was added to each well 
for 10 min to dissolve the purple formazan crys-
tals. Absorbance at 570 nm was measured using 
a microplate reader. The percentage of viability 
was determined based on the following formula: 
A570 Experiment/A570 Control × 100%. All 
assays were performed in three independent ex-
periments. 

Clonogenic Survival Assay
A549 was plated in 12-well plates (2000 cells 

per well). After 24 h, cells were treated with 
curcumin (5, 10, 20 μM) for 7 days. Control 
group was treated with phosphate-buffered saline 
(PBS) in medium. Then cells were fixed with 
200 μL methyl alcohol (−20°C) at 4°C for 5 min 
and stained with 200 μL 0.1% crystal violet. The 
plates were observed under a stereomicroscope 
(Olympus SZX16, Tokyo, Japan). The number of 
colonies (more than 50 cells each) was counted at 
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10 different microscopic fields. Colony formation 
rate was calculated based on the following for-
mula: Colony formation rate = (Colonies/Seeded 
cells) × 100%.

Measurement of ROS Generation
DCFH-DA is a cell-permeable, nonfluorescent 

probe. DCFH-DA is cleaved by intracellular es-
terase and then turns into a highly fluorescent 
dichlorofluorescein upon reaction with H2O2. The 
generation of ROS was determined by DCFH-
DA. A549 were seeded in 6-well plate at a density 
of 1×106 cells/well and treated with curcumin (5, 
20, and 60 μM) with or without NAC (5 mmol, 2 
h) for 24 h. Control group was treated with phos-
phate-buffered saline (PBS) in medium. Then, 
cells were stained with DCFH-DA (10 μmol/L) 
for 30 min at 37°C. The generation of ROS was 
determined by dichlorofluorescein fluorescence. 
Cells were collected and the fluorescence intensi-
ty in the cells was measured using a fluorescence 
microplate reader (Varioskan Flash, Thermo Sci-
entific, Waltham, MA, USA) with excitation 488 
nm and emission 525 nm.

Determinations of Oxidative 
Stress-Related Parameters

SOD activity and γ-GCS activity in cells were 
detected by commercial determination kit (Nan-
jing Jiancheng Bioengineering Institute, Nanjing, 
China). A549 were seeded in 6-well plate at a 
density of 1×106 cells/well and with curcumin (5, 
20, and 60 μM) with or without NAC (5 mmol, 2 
h) for 24 h. Control group was treated with phos-
phate-buffered saline (PBS) in medium. Cells 
were collected and dissolved in physiological 
solution. Then, cells were disrupted using ultra-
sound equipment and centrifuged at 6000 rpm 
for 10 min. The supernatants were used to deter-
mined enzyme activity. 

Western Blot Analysis
The treated A549 cells were lysed with West-

ern lysis buffer (containing 1% PMSF) at 4°C for 
10 min and centrifuged under a high speed refrig-
erated (Eppendorf, Germany) at 13000 rpm, 4°C 
for 15 min. The precipitate was collected. The 
concentration of protein was determined by bicin-
choninic acid (BCA) protein kit (Beyotime Bio-
technology, Shanghai, China). An equal amount 
of protein (60 μg) was loaded and resolved by 
12% SDS-PAGE (sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis) and transferred 
onto PVDF membranes (polyvinylidene difluo-

ride membranes). The membrane was blocked for 
1 h in Tris-buffered saline and Tween-20 (TBS, 
containing 5% milk and Tween-20). The mem-
brane was incubated with anti-p-GSK3β (Ser9), 
anti-c-Myc, anti-Cyclin D1, anti-β-catenin, an-
ti-α-tubulin, and anti-PCNA overnight at 4°C. 
After washing, the membrane was incubated with 
the appropriate HRP-conjugated secondary an-
tibody (Abcam, Cambridge, UK). For measure-
ment of β-catenin, the cytoplasmic protein and 
the nuclear protein were extracted and treated 
according to the instructions of the Nuclear and 
Cytoplasmic Protein Extraction Kit (Beyotime 
Biotech Inc., Nantong, China). Immune-reactive 
proteins were detected using Enhanced chemilu-
minescence (ECL) kit (Tottenhall, UK). 

Statistical Analysis
The results were carried out using SPSS 17.0 

software (SPSS Inc., Chicago, IL, USA). All 
data were derived from three independent ex-
periments and presented as the mean±SD. Then, 
the date was tested by ANOVA with Tukey’s 
multiple comparison tests. Comparisons between 
two groups were evaluated using Student’s t-test. 
A value of less than 0.05 (p < 0.05) and 0.01(p < 
0.01) were considered statistically significant and 
highly significant, respectively.

Results

Curcumin Reduces A549 
Cell Proliferation

To investigate the effect of curcumin on the pro-
liferation of an NSCLC cell line (A549), we used 
an MTT assay to measure cell viability after treat-
ment with curcumin (2.5, 5, 10, 20, 40, 60, 80 μM) 
for 24 h. Compared with the control group, cur-
cumin significantly decreased A549 viability in a 
dose-dependent manner (Figure 1A). Furthermore, 
the effect of curcumin on the ability of individual 
A549 cells to aggregate into viable colony clusters 
was determined by a clonogenic survival assay. 
As shown in Figure 1B, the colony formation rate 
of A549 was decreased after curcumin treatment 
when compared with the control group. Taken to-
gether, curcumin reduces A549 proliferation.

Oxidative Stress is Involved in A549 
Proliferation, and is Affected by 
Curcumin Treatment

Oxidative stress is reportedly involved in cell 
proliferation11,12. Therefore, we suggested that 
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increased oxidative stress may be involved in 
A549 proliferation, and reduced by curcumin 
treatment. ROS, which can regulate apoptosis 
and proliferation in tumor cells, is one of the 
most important factors in oxidative stress. SOD 
and γ-glutamyl cysteine synthetase (γ-GCS) are 
important antioxidant enzymes that are also in-
volved in oxidative stress. To detect the effect of 
curcumin on oxidative stress in A549, cells were 
treated with curcumin (5, 20, and 60 μM) with 
or without the ROS inhibitor N-Acetylcysteine 
(NAC) (5 mmol, 2 h) for 24 h. The control group 
was treated with phosphate-buffered saline (PBS) 
in medium. Results indicated that curcumin de-
creased the levels of ROS and increased the level 
of SOD and γ-GCS. After pre-treatment with 
NAC, the reduction in ROS and SOD and the in-
crease in γ-GCS were all reversed (Figures 2A, B 
and C). Meanwhile, the decrease in A549 viabil-
ity induced by curcumin was also reversed after 
NAC treatment (Figure 2D). These results indi-
cate that oxidative stress plays an important role 
in curcumin-induced reduction of A549 viability.

 
Curcumin Inhibits the Oxidative 
Stress-Mediated Wnt/β-Catenin Pathway

The Wnt/β-catenin pathway is reported acti-
vated in abnormal cells17. The previous results 
showed that curcumin inhibited the growth of the 
NSCLC cell line, A549. Therefore, we investi-
gated the relationship between the Wnt/β-catenin 
pathway and proliferation in curcumin-treated 
A549 cells. A549 cells were seeded in 60  mm 

dishes (1 × 106 cells/dish). After incubation for 24 
h, A549 cells were treated with 60 μM curcumin 
for 24 h. As shown in Figures 3A and B, curcum-
in strongly inhibited β-catenin and p-GSK3β (Ser 
9) protein expression. Meanwhile, the expression 
of downstream cyclin D1 and c-Myc were al-
so significantly decreased following curcumin 
treatment. These results indicate that curcumin 
inhibits the Wnt/β-catenin pathway. Over the 
last few decades, the Wnt/β-catenin pathway has 
been reported to be activated through ROS-me-
diated induction. The preceding data indicates 
that both the Wnt/β-catenin pathway and ROS are 
involved in curcumin-induced reduction of A549 
cell viability. Hence, we explored whether the 
curcumin-mediated inhibition of the Wnt/β-cat-
enin pathway was mediated by ROS. A549 cells 
were seeded in 60 mm dishes (1 × 106 cells/dish). 
After 24 h incubation, A549 cells were treated 
with curcumin (60 μM, 24 h) and NAC (5 mmol, 
2 h) in DMEM medium composite processing. 
Results showed that NAC significantly reversed 
the curcumin-induced reduction in β-catenin and 
p-GSK3β (Ser 9) proteins. Meanwhile, the reduc-
tion in downstream cyclin D1 and c-Myc protein 
was also reversed markedly after pre-treatment 
with NAC (Figure 3A and B). These results 
indicate the involvement of oxidative stress in 
curcumin-induced inhibition of the β-catenin 
pathway.

A hallmark event of active Wnt/β-catenin sig-
naling is the translocation of β-catenin into the 
nucleus18,19. Hence, we took one further step in 

Figure 1. Effect of curcumin on viability in A549 cells. A, A549 cells were seeded in 96-well plates at a density of 8000 cells 
per well and treated with curcumin (2.5, 5, 10, 20, 40, 60, 80 μM) for 24 h. The cell viability was determined by MTT assay; 
B, A549 cells were plated in 12-well plates (2000 cells per well). After 24 h, cells were treated with curcumin (5, 10, 20 μM) 
for 7 d. The ability of individual cells to aggregate into viable colony clusters was detected by a clonogenic survival assay. In 
(A) and (B), values are percent as the mean ± SD of three independent experiments. 0.01 < *p < 0.05 and **p < 0.01 vs. control.
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Figure 2. Effect of oxidative stress on curcumin-induced proliferation in A549 cells. A549 cells were seeded in 6-well plate at 
a density of 1×106 cells/well and treated with curcumin (5, 20 and 60 μM) with or without NAC (5 mmol, 2 h) for 24 h. Control 
group was treated with phosphate-buffered saline (PBS) in medium. A, Cells were stained with DCFH-DA (10 μmol/L) at 
37°C for 30 min. The generation of ROS was determined by dichlorofluorescein fluorescence; Meanwhile, cells were collected 
and dissolved in physiological. Then cells were disrupted using ultrasound epuipment and centrifuged at 6000 rpm for 10 min. 
The supernatants were used to determine γ-GCS activity (B) and SOD activity (C). D, The cell viability was determined by 
MTT assay. In (A), (B), (C) and (D), values are percent as the mean ± SD of three independent experiments. 0.01 <*p < 0.05 
and **p < 0.01 vs. control; 0.01 < #p < 0.05 and ##p < 0.01 vs. curcumin alone.

Figure 3. Curcumin inhibited the Wnt/β-catenin pathway mediated by oxidative stress. A549 cells were seeded in 60 mm dishes 
(1×106 cells/dish) and incubated overnight. After 24 h, A549 cells were treated with curcumin (5, 20 and 50 μM) with or without NAC 
(5 mmol, 2 h) for 24 h. A, The expression of β-catenin, phosphor-GSK3β (Ser9), c-Myc and Cyclin D1 were detected using Western 
blot. B, Ratio of values of β-catenin, phosphor-GSK3β (Ser9), c-Myc and Cyclin D1. In (A) and (B), values are percent as the mean ± 
SD of three independent experiments. 0.01 < *p < 0.05 and **p < 0.01 vs control; 0.01 < #p < 0.05 and ##p < 0.01 vs curcumin alone.
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exploring the effect of curcumin on β-catenin ex-
pression. Results indicated that curcumin inhibited 
β-catenin expression in both the nucleus and cyto-
plasm. Furthermore, curcumin-induced reduction 
of β-catenin in the nucleus and cytoplasm were both 
reversed significantly following pre-treatment with 
NAC (Figures 4A and B). These findings show that 
curcumin-mediated inhibition of the Wnt/β-catenin 
pathway is mediated by oxidative stress.

To further elucidate the role of the Wnt/β-cat-
enin signaling pathway in curcumin-induced 
inhibition of A549 viability, A549 cells were 
treated with β-catenin siRNA. As shown in Fig-
ure 5A, β-catenin siRNA reduced β-catenin ex-
pression and inhibited Wnt/β-catenin signaling. 
Meanwhile, β-catenin siRNA further aggravated 
the inhibition of A549 cell growth by curcumin 
(Figure 5B). These results were similar to our 
previous data, which showed the involvement of 
the Wnt/β-catenin signaling pathway in curcum-
in-mediated inhibition of A549 cell viability.

Discussion

Lung cancer is one of the most common cancer 
types, and is a leading cause of cancer-related 
death. The rate of decline in the NSCLC mortali-
ty rate still lags considerably behind that of other 
prevalent cancers such as breast, prostate, colon, 
and rectal, among others20,21. NSCLC accounts 

for more than 80% of all lung cancer cases. Cur-
cumin, which is a phyto-polyphenolic pigment, 
derives from turmeric (Curcuma longa L.). Cur-
cumin has been shown to have multiple antican-
cer effects including inhibition of proliferation, 
angiogenesis, DNA topoisomerase II, as well as 
induction of apoptosis8,22. Though curcumin is 
reported to inhibit cancer cell proliferation, its 
effect on NSCLC has not been widely investigat-
ed. Therefore, we studied the effect of curcumin 
on NSCLC proliferation and found that curcumin 
reduces NSCLC proliferation in a dose-depen-
dent manner.

Oxidative stress, mostly caused by the exces-
sive formation of free radicals, is reportedly in-
volved in cell proliferation12. An increase in oxi-
dative stress has been implicated in the aging pro-
cess and results from an imbalance between the 
generation and clearance of ROS23. The relation-
ship between oxidative stress and curcumin-in-
duced inhibition of cell proliferation is unknown. 
Hence, whether oxidative stress is involved in 
curcumin-induced inhibition of proliferation was 
researched in NSCLC cells. Results indicated that 
curcumin decreased the oxidative stress in A549 
cells. Meanwhile, NAC reversed the effect of 
curcumin on oxidative stress. Furthermore, NAC 
also reversed the curcumin-induced reduction of 
cell viability. Taken together, the inhibition of 
proliferation induced by curcumin is mediated by 
oxidative stress.

Figure 4. Curcumin inhibited the Wnt/β-catenin pathway mediated by oxidative stress in nucleus and cytoplasm. A549 cells 
were seeded in 60 mm dishes (1×106 cells/dish) and incubated overnight. After 24 h, A549 cells were treated with curcumin 
(5, 20 and 50 μM) with or without NAC (5 mmol, 2 h) for 24 h. A, The expression of β-catenin was detected using Western 
blot in nucleus and cytoplasm. B, Ratio of values of β-catenin. In (A) and (B), values are percent as the mean ± SD of three 
independent experiments. 0.01 <*p < 0.05 and **p < 0.01 vs control; 0.01 < #p < 0.05 and ##p < 0.01 vs. curcumin alone.
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The Wnt/β-catenin pathway has been reported 
to regulate cell density24,25. The Wnt/β-catenin 
pathway is active in abnormal cells26. Following 
treatment with curcumin, the level of β-catenin, 
p-GSK3β (Ser 9) and the downstream cyclin 
D1, c-Myc in A549 cells was detected. Results 
found curcumin inhibited Wnt/β-catenin signal-
ing pathway associated proteins. Furthermore, 
NAC reversed the effect of curcumin on the 
Wnt/β-catenin signaling pathway. All these il-
lustrate that curcumin inhibits the Wnt/β-catenin 
pathway, in a mechanism mediated by oxidative 
stress in A549 cells.

Conclusion

The effect of curcumin on the proliferation of 
the NSCLC cell line A549 was determined using 
the MTT and clonogenic survival assays. Both 
assays indicated that curcumin is an inhibitor of 
A549 cell growth. Furthermore, the results impli-
cated oxidative stress in the curcumin-induced re-
duction of A549 cell viability. The Wnt/β-catenin 
pathway is reportedly activated in abnormal cells. 
Hence, we explored the relationship between the 
Wnt/β-catenin pathway and curcumin-mediated 
proliferation. We observed that the Wnt/β-catenin 
pathway was involved in curcumin-induced A549 
proliferation. Simultaneously, the role of ROS in 
the Wnt/β-catenin pathway was also detected. 
We indicated that oxidative stress is involved in 

the curcumin-induced inhibition of the β-catenin 
pathway. Our data therefore proved that curcumin 
inhibits the Wnt/β-catenin pathway, which is me-
diated by oxidative stress, in NSCLC A549 cells. 
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