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Abstract Curcumin, a naturally occurring phenolic com-
pound, has a diversity of antitumor activities. It has
been previously demonstrated that curcumin can inhibit
the invasion and metastasis of tumors through activation
of the tumor suppressor DnaJ-like heat shock protein 40
(HLJ1). However, the specific roles and mechanisms of
curcumin in regulating the malignant behaviors of non-
small cell lung cancer (NSCLC) cells still remain un-
clear. In this study, we found that curcumin could
inhibit the proliferation and invasion of NSCLC cells
and induce G0/G1 phase arrest. Metastasis-associated
protein 1 (MTA1) overexpression has been detected in
a wide variety of aggressive tumors and plays an im-
portant role on cell invasion and metastasis. Our results
showed that curcumin could effectively inhibit the
MTA1 expression of NSCLC cells. Further research on
the subsequent mechanism showed that curcumin
inhibited the proliferation and invasion of NSCLC cells
through MTA1-mediated inactivation of Wnt/β-catenin
pathway. Wnt/β-catenin signaling was reported to play
a cri t ical cooperat ive role on promoting lung

tumorigenesis. Thus, these investigations provided novel
insights into the mechanisms of curcumin on inhibition
of NSCLC cell growth and invasion and showed poten-
tial therapeutic strategies for NSCLC.
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Introduction

Non-small cell lung carcinoma (NSCLC) is any type of epi-
thelial lung cancer other than small cell lung carcinoma
(SCLC), which accounts for 75~80% of all primary lung
cancer and has been a major public health problem worldwide
(Brognard et al. 2001; Ren et al. 2004). Despite major ad-
vances made in combination with intensive chemotherapy and
aggressive surgical techniques, the prognoses of NSCLC pa-
tients are still dismal due to invasion and metastasis (Hoffman
et al. 2000; Steeg 2006). As a class, NSCLCs are relatively
insensitive to chemotherapy. Thus, it is important to develop
more efficient chemotherapies to be used in advanced
(metastatic) NSCLC and prevent NSCLC progression and
improve patient survival rates.

Curcumin is a naturally occurring phenolic compound
shown to have a wide variety of antitumor activities in
many different cancers, such as gastric cancer, osteosar-
coma, and lung adenocarcinoma (Chen et al. 2008;
Prakobwong et al. 2011; Li et al. 2012). Its anticancer
effects involved in cell proliferation, invasion, metastasis,
apoptosis, and resistance to chemotherapy. Cai et al.
(2009) found that curcumin inhibited gastric cancer cell
growth by down-regulating the mRNA and the protein
expression of cyclin D1 and suppressing transition of the
cells from G1 to S phase (Prakobwong et al. 2011). Li et al.
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reported that curcumin caused osteosarcoma cell proliferation
inhibition through inactivation of Notch-1 signaling (Li et al.
2012). In lung cancers, many studies found that curcumin
induced apoptosis of non-small cell lung cancer cells and lung
adenocarcinoma cells (Chen et al. 2010; Pongrakhananon et al.
2010; Wu et al. 2010; Lee et al. 2011).

However, few studies focused on the function and mecha-
nism of curcumin on the cell proliferation and invasion of
NSCLC cells. Li et al. showed that curcumin inhibited
NSCLC A549 cell proliferation through regulation of Bcl-2/
Bax and cytochrome C (Li et al. 2013a). Chen et al. reported
that curcumin was able to transcriptionally regulate HLJ1
expression through the JNK/JunD pathway and inhibited lung
cancer cell invasion and metastasis by modulating E-cadherin
expression, and it could also suppress the metalloproteinase
(MMP) expression (Chen et al. 2008).

However, the specific roles and mechanisms of
curcumin in regulating the cell proliferation and inva-
sion of non-small cell lung cancer (NSCLC) cells still
remain unclear. In this study, we identified the anti-
proliferation and anti-invasion effects of curcumin on
NSCLC. Our results demonstrated that curcumin exhib-
ited inhibitory effects on cell proliferation and invasion
via suppression of cell cycle and MTA1 expression.
Overexpression of metastasis-associated protein 1
(MTA1) has been detected in a wide variety of human
aggressive tumors and plays an important role in the
malignant biological behaviors such as invasion, metas-
tasis, and angiogenesis (Zhu et al. 2012). Recent study
by Li et al. showed that MTA1 protein played an
important role in regulating the migration and invasion
of NSCLC, and down-regulation of MTA1 protein leads
to the inhibition of migration, invasion, and angiogene-
sis of non-small cell lung cancer cell line (Li et al.
2013b). Here, we conclude that inactivation of MTA1
by curcumin can be a potential targeted approach for
the prevention of tumor progression of NSCLC.

Materials and Methods

Cell culture and experimental reagents. The human NSCLC
cell lines 95D and A549 cells were purchased from the Cell
Bank of Chinese Academy of Sciences (Shanghai, China) and
cultured in DMEM supplemented with 10% fetal bovine
serum (Gibco, Gaithersburg, MD) at 37°C in 5% CO2. Pri-
mary antibodies for MTA1 were obtained from Cell Signaling
Technology (Beverly, MA). The small interfering RNA
(siRNA) targeting MTA1 gene and negative control siRNA
were chemically synthesized by GenePharma Co., Ltd.
(Shanghai, China). FuGENE HD was purchased from Roche.
Curcumin, MTT, and all other chemicals were obtained from
Sigma Chemical Company (St. Louis, MO).

MTT assay for cell viability. The MTT (3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay was
used to determine relative cell growth. Human NSCLC cell
lines 95D and A549 cells were plated at 5×103 cells per well
in 96-well plates with six replicate wells at the indicated
concentrations. After incubation for indicated time, the cell
proliferation assay was performed as the manufacturer’s in-
structions. The absorbance was measured at 450 nm using an
enzyme-linked immunosorbent assay plate reader. Each data
point represents the mean of a minimum of 6 wells. The
viability of untreated cells was assumed to be 100%.

Cell cycle analysis. After treatment, NSCLC cell lines 95D
and A549 cells were trypsinized and subsequently fixed with
ice-cold 70% ethanol for at least 1 h. After extensive washing,
the cells were suspended in Hank’s balanced salt solution
(HBSS) containing 50 μg/ml propidium iodide (PI, Sigma-
Aldrich) and 50 μg/ml RNase A (Boehringer Mannheim,
Indianapolis, IN) and incubated for 1 h at room temperature
for subsequent FACScan analysis (Becton-Dickinson, San
Jose, CA). Cell cycle analysis was performed by the ModFit
LT software.

Cell transfection efficiency analysis. Transfected cells were
digested with trypsin (0.25%), which was neutralized with
10% FCS, and the cells were pelleted and resuspended. After
centrifugation at 500×g for 5 min, the supernatant was
discarded. Then, cells were washed twice with phosphate-
buffered saline (PBS). After adjusting the cell density of 1×
106/ml, cell transfection efficiency was measured by flow
cytometry. Cells transfected with empty vector (no green
fluorescence) were used as negative control.

Real-time quantification by reverse transcription polymerase
chain reaction. The ABI 7300 HT Sequence Detection sys-
tem (Applied Biosystems, Foster City, CA) was used for real-
time reverse transcription polymerase chain reaction (RT-
PCR) assays. All the primers of MTA1 (sense primer 5′-
CAGCTACGAGCAGCACAACG-3′, antisense primer 5′-
TGTCCGTGGTTTGCCAGA-3′) and glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) endogenous controls
(sense primer 5′-GGTGGTCTCCTCTGACTTCAACA-3′,
antisense primer 5′-GTTGCTGTAGCCAAATTCGTTGT-3′)
for mRNA assays were purchased from Sangon Biotech
(Shanghai, China). The cycling conditions were as follows:
initial denaturation at 95°C for 30 s, followed by 40 cycles at
95°C for 5 s, 60°C for 30 s, and 72°C for 15 s. Relative gene
expression was calculated via a 2−ΔΔCt method.

Western blot analysis. To determine the levels of protein
expression, soluble proteins were isolated by lysis buffer
(137 mM NaCl, 15 mM EGTA, 0.1 mM sodium
orthovanadate, 15 mM MgCl2, 0.1% Triton X-100, 25 mM
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MOPS, 100 μM phenylmethylsulfonyl fluoride and 20 μM
leupeptin, adjusted to pH 7.2). One-dimensional sodium do-
decyl sulfate (SDS)-polyacrylamide gel electrophoresis was
performed with a corresponding gel concentration using the
discontinuous Laemmli buffer system (Bio-Rad Laboratories,
Richmond, CA). The electrophoresed proteins were trans-
ferred to a polyvinylidene difluoride membrane and subjected
to immunoblot analysis with antibodies to purified MTA1, β-
catenin, cyclin D1, and MMP7. The reaction was detected by
enhanced chemiluminescence (Amersham Life Science, Ar-
lington Heights, IL). The membranes were reprobed with a
GAPDH antibody (1:2000 dilution, Santa Cruz Biotechnolo-
gy, Dallas, TX) after washing as a gel loading control.

In vitro invasion assays. Transwell membranes coated with
Matrigel (BD Biosciences, San Jose, CA) were used to assay
the invasion of NSCLC cell lines 95D and A549 cells in vitro.
Transfected 95D and A549 cells were plated at 5×103 cells
per well in the upper chamber in serum-free medium. Then,
20% FBS was added to the medium in the lower chamber.
After 24 h, non-invading cells were removed from the top well
with a cotton swab while invading cells were also removed
from the bottom cells. Either of them were stained with 0.1%
crystal violet for 30 min at 37°C and then washed with PBS.
Stained 95D and A549 cells that migrated and cells that did
not migrate were assessed by absorbance at 570-nm wave-
length using a microplate reader separately, and the percentage
of cells that migrated compared to those that did not migrate
was calculated. Three independent experiments were per-
formed and used to calculate fold migration relative to a blank
control.

Statistical analysis. All tests were performed using SPSS
Graduate Pack 11.0 statistical software (SPSS, Chicago, IL).
Descriptive statistics, including the mean and SE, in addition
to one-way ANOVAs were used to determine significant
differences. P<0.05 was considered statistically significant.

Results

Curcumin inhibits the proliferation of NSCLC cell lines 95D
and A549 cells. Previous research has shown that the effects
of curcumin could be cytotoxic or cytostatic. In initial exper-
iments, the cytotoxic effect of curcumin on NSCLC cell lines
95D and A549 cells was analyzed by using MTT assays. As
shown in Fig. 1A, the cell viability of 95D and A549 cells
decreased in a concentration-dependent manner after treat-
ment with curcumin for 24 h. Data from MTT cell prolifera-
tion assay also revealed that the cell viability was about 53±
3.1 and 43±7.1, respectively, when 95D and A549 cells were
treated with 30 μM curcumin. Thus, we selected 30 μM
curcumin to treat 95D and A549 cells for 24, 48, and 72 h.

The results showed that 30 μM curcumin exhibited obvious
anti-proliferation which resulted in large number of cell death
in a time-dependent manner (Fig. 1B). Considering the cell
proliferation ability change always accompanying cell cycle
change, we analyzed the effects of curcumin on 95D and
A549 cell cycle distribution by using a flow cytometric assay.
Cell cycle distribution of 95D and A549 cells was treated with
0, 15, and 30 μM of curcumin for 72 h. As shown in Fig. 1C,
curcumin treatment resulted in an increased number of cells in
G0/G1 phase, indicating a curcumin-induced G0/G1 phase
arrest. These data suggest that the decreased proliferation in
curcumin-treated 95D and A549 cells is at least partially a
result of the cell cycle arrest in G0/G1 phase by curcumin.

Curcumin inhibits cell invasion of NSCLC cell line 95D and
A549 cells. To measure the effects of curcumin on 95D and
A549 cell invasiveness, a better indication of NSCLC migra-
tory and invasive properties in vivo, we employed a Transwell
invasion assay system. In order to avoid the impact of cell
proliferation inhibition on cell invasion, we calculated the
percentage of cells that migrated compared to those that did
not migrate. In this test, only invasive cells have the ability to
digest the Matrigel and migrate through the pores in the
membrane. Then, 95D and A549 cells were preincubated with
different concentrations of curcumin for 24 h and equal
amount of the cells was seeded into the upper part of transwell
chamber. After 24-h cultivation, the invaded cells were fixed
and stained with Hoechst. As shown in Fig. 2, the treatment of
95D and A549 cells for 24 h with 0, 15, and 30 μM of
curcumin resulted in a concentration-dependent inhibition of
cell invasion. Thus, our results strongly indicate that curcumin
plays an important role in decreasing the invasive potential of
NSCLC 95D and A549 cells.

Curcumin reduced MTA1 expression in NSCLC cell lines 95D
and A549 cells. The association between MTA1 protein and
migration potential of 95D cells was explored and verified by
Li et al. (Li et al. 2013b). To further understand whether the
molecular mechanism of curcumin-induced invasion inhibi-
tion was involved in MTA1 expression decease, the expres-
sion of MTA1 mRNA in 95D and A549 cells treated with 0,
15, and 30 μM curcumin for 48 h was assessed by real-time
RT-PCR analysis. As shown in Fig. 3A, mRNA levels after
curcumin treatment suggested that curcumin induced the tran-
scriptional inactivation of MTA1 in 95D and A549 cells.
Moreover, Western blot results also demonstrated that
MTA1 protein levels were deceased after curcumin treatment
in 95D and A549 cells (Fig. 3B). These results suggest that
curcumin regulated the transcription and translation of the
MTA1 gene.

Down-regulation of MTA1 protein induced proliferation and
invasion inhibition in NSCLC cell lines 95D and A549
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cells. To further confirm the role ofMTA1 on the proliferation
and invasion of 95D and A549 cells, we used the MTA1
siRNA to down-regulate the MTA1 expression. As shown in
Fig. 4A, Western blot showed that MTA1 siRNA significantly
reduced the expression of MTA1 protein compared with
MTA1 siRNAnc treatment. As shown in Fig. 4B, this down-
regulation of MTA1 significantly induced cell proliferation
inhibition on 95D and A549 cells. Moreover, the association
between MTA1 protein and invasion potential of 95D and
A549 cells was further analyzed by Transwell assay. Our
results demonstrated that the number of 95D and A549 cells
migrating through the pores in the membrane by MTA1
siRNAwas significantly less than that of 95D and A549 cells
treated with MTA1-siRNAnc (Fig. 4C). These findings dem-
onstrated that MTA1 was involved in cell proliferation and
invasion of NSCLC cell lines 95D and A549 cells.

Up-regulation of MTA1 reverses the antitumor effects of
curcumin on NSCLC cell lines 95D and A549 cells. We
further examined whether up-regulation of MTA1 counteracts

the antitumor effects of curcumin on NSCLC cell lines 95D
and A549 cells. As shown in Fig. 5A, after 48-h transfection,
MTA1 overexpressing vectors (short for MTA1 vector) (trans-
fection efficiency, approximately 83.7% for 95D cells and
87.1% for A549 cells; Fig. 5B) effectively abolished the
reduction of MTA1 repressed by curcumin. Cells were subse-
quently treated with 30 μM curcumin for 6 h. After that, cells
were washed with drug-free medium and then treated with
MTA1 overexpressing vectors for 48 h. The resulting up-
regulation of MTA1 levels rescued the proliferation and inva-
sion inhibition induced by curcumin (Fig. 5C, D). These
findings suggest that MTA1 repression may contribute to the
anti-proliferation and anti-invasion activity induced by
curcumin.

MTA1 downstream pathway was further confirmed after
curcumin administration. Wnt/β-catenin signaling is a
known oncogenic pathway that plays a well-defined role in
colon and skin cancers. Recent data showed Wnt/β-catenin
signaling could accelerate mouse lung tumorigenesis by

Figure 1 Effects of curcumin on the cell viability of NSCLC cell lines
95D and A549 cells. (A) 95D and A549 cells were treated with indicated
concentration of curcumin for 24 h. After that, cell viability of 95D and
A549 cells was measured by MTT assay. (B) 95D and A549 cells were
treated with 30 μMconcentration for 24, 48, and 72 h. Then, cell viability

of 95D and A549 cells was measured by MTT assay. C 95D and A549
were treated with 0, 15, and 30 μM of curcumin for 72 h. After that, the
cell cycle distribution of 95D cells was analyzed by a flow cytometric
assay. *P<0.05; **P<0.01.
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imposing an embryonic distal progenitor phenotype on lung
epithelium (Pacheco-Pinedo et al. 2011). Chen et al. found
that Wnt/β-catenin signaling, which induces MMP-7 expres-
sion in lung cancer cells, involved in lung cancer invasion
(Chen et al. 2014), while functional MTA1-Wnt1 signaling
resulted in nuclear translocation of β-catenin in breast tumor
progression and metastasis (Yan et al. 2012). However,
whether MTA1 could mediate Wnt/β-catenin signaling in
lung cancer was still unclear. Thus, we hypothesized that
MTAl and its downstream targets of Wnt (β-catenin, Cyclin
D1, and matrix metalloproteinase (MMP)-7) occurred

corresponding changes after curcumin treatment. To confirm
this hypothesis, MTA1 downstream pathway proteins were
further detected. 95D and A549 cells were treated with 30 μM
curcumin for 48 h, and then, the downstream Wnt/β-catenin
pathway of MTAl including β-catenin, Cyclin D1, andMMP-
7 proteins was detected by Western blot. The results showed
that β-catenin, Cyclin D1, and MMP-7 were significantly
down-regulated in 95D and A549 cells after curcumin treat-
ment (Fig. 6A). Further, 95D and A549 cells were co-treated
with curcumin and MTA1 overexpressing vectors, and our
results showed that exogenous expression of MTA1 could

Figure 2 Effects of curcumin on the cell invasion of NSCLC cell lines 95D and A549 cells. 95D and A549 cells were treated with curcumin for 24 h
with 0, 15, and 30 μM. After that, the cell invasion of 95D and A549 cells was analyzed by Transwell assay. **P<0.01.
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rescue alteration of β-catenin, cyclin D1, and MMP7 levels
induced by curcumin (Fig. 6B). Moreover, the cells were
transfected with MTA1 siRNA, and the data showed that
MTA1 knockdown had effects on β-catenin, cyclin D1, and
MMP7 protein levels similar to curcumin treatment in
NSCLC (Fig. 6C). These findings suggest that curcumin
represses 95D and A549 cells through the inactivation of
MTAl-Wnt/β-catenin pathway.

Discussion

The cell proliferation and invasion are two of the major causes
of therapeutic failure in patients with NSCLC. Inhibiting the
proliferation and invasion of NSCLC could help to suppress
the cancer progresses. However, the effective and safe drug

and its detailed molecular mechanisms on the proliferation
and invasion of NSCLC are still unclear. Thus, it is urgent to
find a drug to focus on and abolish the cell proliferation and
invasion of NSCLC.

Traditional medicines are generally free of the deleterious
side effects and usually inexpensive. Curcumin, a component
of turmeric, is one such agent that is safe, affordable, and
efficacious. Curcumin derived from the Indian spice turmeric
and possesses several active components. It is believed to
have anti-inflammatory, antioxidant, and perhaps even anti-
cancer properties. In fact, it could target ten causative factors
involved in cancer development. Curcumin alters cellular
signaling to enhance healthy control over cellular replication,
which tightly regulates the cellular reproductive cycle, helping
to stop uncontrolled proliferation of new tissue in tumors of
human lung carcinoma A-549 cells, acute promyelocytic

Figure 3 Effects of curcumin on the expression ofMTA1 in NSCLC cell
lines 95D and A549 cells. 95D cells and A549 cells were treated with 0,
15, and 30μMcurcumin for 48 h. (A) The expression ofMTA1mRNA in

95D and A549 cells was assessed using real-time RT-PCR analysis. (B)
The protein of MTA1 in 95D and A549 cells was assessed by using
Western blot analysis. **P<0.01.
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leukemia HL-60 cells, melanoma A375 cell line, and so on
(Ravindran et al. 2009). It is also reported to induce apoptosis

in rapidly reproducing lung adenocarcinoma cells without
affecting normal tissue (Zhang et al. 2010). In addition,

Figure 4 Effects of MTA1 siRNA on the proliferation and invasion of
95D and A549 cells. A 95D and A549 cells were transfected with MTA1
siRNA. After that, the expression of MTA1 was analyzed by Western

blot. B MTA1 siRNA inhibited the cell proliferation of 95D and A549
cells. CMTA1 siRNA inhibited the cell invasion of 95D and A549 cells.
**P<0.01.
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curcumin regulates tumor suppressor pathways and triggers
endoplasmic reticulum stress and mitochondrial dysfunction-
mediated death in hepatocellular carcinoma cells (Cheng et al.
2010). Recently, curcumin interferes with tumor invasiveness
and blocks molecules of kinds of cancer cells including breast
carcinoma cells, prostate cancer cells, colorectal cancer cells,
and lung cancer A549cells that would otherwise open path-
ways to penetration of tissue (Lin et al. 2009;Mudduluru et al.
2011; Kim et al. 2012; Cheng et al. 2013). However, there is
little knowledge of the bioactivity of curcumin on NSCLC.

In the present study, our results, for the first time, demon-
strated that curcumin could efficiently inhibit the proliferation
of NSCLC cell lines 95D and A549 cells and induce a signif-
icant G0/G1 cell cycle arrest in 95D and A549 cells by flow

cytometry analysis. Furthermore, we found that curcumin
could also inhibit the cell invasion of 95D and A549 cells.
To further elucidate the molecular mechanisms of cell inva-
sion inhibition by curcumin, we investigated the expression of
MTA1 in the cells treated with curcumin, which plays a key
role in the process of cell invasion and metastasis (Li et al.
2013b).

MTA1, a component of the nucleosome remodeling
and histone deacetylation (NuRD) complex, is widely
overexpressed in a variety of human cell lines (breast,
ovarian, lung, gastric, and colorectal cancer but not
melanoma or sarcoma) and cancerous tissues (breast,
esophageal, colorectal, gastric, and pancreatic cancer)
and plays a crucial role in cell survival, proliferation,
migration, and invasion (Cong et al. 2011). Nicolson
et al. has reported that experimental inhibition of MTA1
protein expression using antisense phosphorothioate oli-
gonucleotides resulted in inhibition of growth and inva-
sion of human MDA-MB-231 breast cancer cells
(Nicolson et al. 2003). Jiang et al. showed that down-
regulation of MTA1 by RNAi approach led to re-
expression of estrogen receptor (ER) alpha in ER-
negative breast cancer cell lines MDA-MB-231 and
reduced protein levels of MMP-9 and CyclinD1, as well

�Figure 5 Up-regulation of MTA1 reverses the antitumor effects of
curcumin on NSCLC cell lines 95D and A549 cells. (A) 95D and A549
cells were transfected with MTA1 overexpressing vectors or 30 μM
curcumin, and the expression of MTA1 was analyzed by Western blot.
(B) The transfection efficiency of 95D and A549 cells were observed
under a fluorescence microscope. (C) The cell viability of 95D and A549
cells upon transfection with curcumin and MTA1 overexpressing vectors
was measured by the MTTassay. (D) The cell invasion of 95D and A549
cells upon transfection with curcumin and MTA1 overexpressing vectors
was measured by Transwell assay. **P<0.01.

Figure 6 MTA1 downstream pathway proteins in 95D and A549 cells
after curcumin treatment. (A) After curcumin treatment for 48 h, Wnt/β-
catenin signaling including β-catenin, Cyclin D1, and MMP-7 proteins
were detected by Western blot. (B) After curcumin combined MTA1
overexpressing vectors treatment, Wnt/β-catenin signaling including β-

catenin, Cyclin D1, and MMP-7 proteins were detected by Western blot.
(C) After MTA1 siRNA treatment for 48 h, Wnt/β-catenin signaling
including β-catenin, Cyclin D1, and MMP-7 proteins were detected by
Western blot.
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as decreased tumor cell invasion and proliferation (Jiang
et al. 2011). Recently, Li et al. found that average
expression of the MTA1 gene in NSCLC primary car-
cinoma tissue and lymph nodes with metastasis was
remarkably higher than that in normal tissue and lung
innocence tissue, and the overexpression of the MTA1
gene correlates with invasion and metastasis of NSCLC
(Li et al. 2008). And inhibition of MTA1 protein pre-
vents the migration, invasion, and angiogenesis of
NSCLC (Li et al. 2013b). In this study, we used
MTA1 siRNA to knock down the expression of MTA1
in NSCLC cell lines 95D and A549 cells and our
results demonstrated that down-regulation of MTA1 pro-
tein led to cell proliferation and invasion inhibition of
95D and A549 cells. Further research by us showed that
overexpression of MTA1 could rescue the inhibition
effects of curcumin on cell proliferation and invasion
of 95D and A549 cells. Therefore, inhibition of MTA1
protein may have important therapeutic applications for
treating and preventing cell proliferation and invasion in
NSCLC, and curcumin inhibiting the proliferation and
invasion of NSCLC was at least in part through down-
regulating the expression of MTA1 protein. Wnt/β-
catenin alterations are prominent in human malignancies
including lung cancers (Stewart. 2014). Wnt signaling
was reported to be aberrantly activated by kinds of
mechanisms, and its main function was to inhibit the
proteolysis of β-catenin, and then, free β-catenin could
enter the nucleus to activate the target genes of Wnt
(Gao et al. 2014). Previous studies showed that nuclear
β-catenin expression leads to increase the transcription
of target genes, including c-myc, cyclinD1, and MMP7,
which affected the proliferation and invasion of tumor
cells (Lustig and Behrens 2003; Gao et al. 2014). And
Cyclin D1 was reported to mainly regulate G1 phase
progression to control tumor proliferation (Nigg 1995).
Grigoryan et al. reported that the Wnt signaling pathway
was highly active in lung cancer cells, which leads to
cell metastasis and proliferation (Grigoryan et al. 2008).
To confirm whether MTA1 could mediate Wnt/β-catenin
signaling in lung cancer, the expression of MTA1 was
knockdown by siRNA and detected the expression of
Wnt/β-catenin signaling. Our results showed that the
downstream Wnt/β-catenin pathway of β-catenin and
the subsequent Cyclin D1 and MMP-7 were significant-
ly decreased after MTA1 knockdown, and up-regulation
of MTA1 expression could rescue curcumin-induced β-
catenin, Cyclin D1, and MMP-7 decrease. These results
demonstrated that MTA1 and its downstream Wnt/β-
catenin pathway played an important role in the prolif-
eration and invasion of NSCLC.

Taken together, our study identifies MTA1-Wnt/β-catenin
as newmolecular targets of curcumin that may have important

clinical applications for NSCLC chemoprevention and thera-
py and provide an innovative therapeutic strategy for the
treatment of NSCLC.
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