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Abstract. Curcumin is an active component of the medicinal 
plant turmeric, which has been reported to have anti‑metastatic 
activities and induce autophagy in numerous cancer types. 
Bisdemethoxycurcumin (BDMC), one of the major active 
curcumin derivatives present in turmeric, was previously 
shown to trigger autophagy in highly metastatic large‑cell 
lung cancer 95D cells. However, the effects of the induction 
of autophagy by BDMC on the invasion and migration of 
95D cells has remained elusive. Therefore, the present study 
investigated the effects of BDMC on the invasion and migra-
tion of highly metastatic large‑cell lung cancer 95D cells. 
Meanwhile we observed the effect of autophagy induced by 
BDMC on the migration and invasion in 95D cells. Transwell 
assays showed that BDMC exerted an inhibitory effect on 
the migration and invasion of 95D cells. Furthermore, the 
expression of vimentin was downregulated, while E‑cadherin 
expression was upregulated in 95D cells treated with BDMC. 
In addition, blockage of autophagy through Beclin1‑targeted 
small interfering RNA attenuated the inhibition of BDMC 
on 95D-cell migration and invasion. These findings provided 
direct evidence that BDMC inhibits 95D-cell migration and 
invasion. Furthermore, the inhibition of 95D-cell migration and 
invasion was associated with the downregulation of vimentin 
expression and the upregulation of E‑cadherin expression. 
Autophagy was involved in the anti‑cancer effects of BDMC 
on 95D cells. The present study provided novel insight into the 
underlying mechanisms of the anti‑cancer effect of BDMC.

Introduction

Lung cancer is the leading cause of cancer-associated mortality 
worldwide. It was estimated that 226,160 novel cases and 
160,340 mortalities from cancer occurred in the United States 
in 2012 (1). Non‑small cell lung cancer (NSCLC) accounts for 
nearly 80‑85% of all lung cancer types. Approximately 40‑50% 
of patients with NSCLC present at an advanced stage, with 
metastatic or locally advanced disease (2). Despite all recent 
improvements in chemotherapy strategies and surgeries, the 
five‑year survival rate has remained <15% due to the emergence 
of serious adverse effects, cancer recurrence and resistance to 
conventional chemotherapy. Furthermore, among these patients 
with tumor recurrence, >70% present with distant metastasis (3). 
Cancer cell invasion and migration are critical processes 
determining the lethality of a malignancy, and >90% of cancer 
mortalities have been attributed to the metastatic spread of the 
disease rather than to the primary tumor. Tumor metastasis is 
the main obstacle on the treatment of lung cancer. Therefore, 
novel targeted therapeutic agents with high efficacy and low 
toxicity for inhibiting metastasis are urgently required.

Curcuminoids are the major active components of turmeric 
with significant derivatives including curcumin (Cur), deme-
thoxycurcumin (DMC) and bisdemethoxycurcumin (BDMC). 
Curcumin possesses a wide variety of biological activities, 
including anti‑proliferative, anti‑oxidant, anti‑inflammatory, 
anti‑angiogenic and anti‑tumor effects (4,5). It has been shown 
that curcumin exerts marked anti-cancer effects through 
modulating the expression of a variety of molecules involved 
in cancer progression (6). Curcumin has been demonstrated 
to suppress lung cancer cell invasion and metastasis through 
multiple signaling pathways, including DnaJ‑like heat shock 
protein 40 (HLJ1)  (7), matrix metalloproteinase‑2, metal-
loproteinase‑9, vascular endothelial growth factor  (8) and 
Janus kinase‑signal transducer and activator of transcrip-
tion 3 signaling pathway (9). However, the stability of natural 
curcumin is poor and it can be easily degraded in  vivo. 
Therefore, it is necessary to use other stable curcuminoids. 
BDMC is thought to be more stable than the other two 
curcuminoids (10). Previous studies have shown that BDMC 
has the highest anti‑metastatic potency in HT1080 human 
fibrosacroma among the three curcuminoids (11). However, 
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the underlying molecular mechanisms of BDMC on tumor 
invasion and migration have largely remained to be identified.

Autophagy is known to be a double‑edged sword in 
tumorigenesis and cancer development. Manipulation of 
autophagy has been reported to have the potential to enhance 
the anti-cancer effects of chemotherapeutics in the clinic (12). 
It has been reported that CLEFMA, a synthetic analog of 
curcumin, induced autophagy in lung adenocarcinoma H441 
cells (13). Furthermore, curcumin induced autophagy in A549 
cells  (14). However, little is known about the association 
between autophagy induced by curcumin and the migratory 
and invasive potential of NSCLC cells. 

The present study investigated the effects of BDMC on the 
proliferation, migration and invasion of 95D cells and explored 
the underlying molecular mechanisms by detecting vimentin 
and E‑cadherin expression. In addition, the role of autophagy 
in the invasion and migration of 95D cells was investigated.

Materials and methods

Reagents and antibodies. BDMC was purchased from 
Sigma‑Aldrich (St. Louis, MO, USA). BDMC (>98% pure) 
was dissolved in dimethyl sulfoxide (DMSO; Sigma-Aldrich) 
to prepare a 100-mM stock solution, which was diluted with 
medium to the required concentrations. The final concen-
tration of DMSO was not more than 0.01%. Polyclonal 
anti‑GAPDH antibody (cat. no.  G9545) was purchased 
from Sigma‑Aldrich and rabbit polyclonal antibody against 
vimentin (cat. no. sc-5565) was procured from Santa Cruz 
Biotechnology, Inc. (Dallas, TX, USA). Rabbit monolconal 
antibody against E‑cadherin (cat. no. 3195) was from Cell 
Signaling Technology (Beverly, MA, USA). Goat anti‑rabbit 
immunoglobulin  G horseradish peroxidase‑conjugated 
secondary antibody (cat. no. ZDR-5306) was from Zhongshan 
Golden Bridge Biotechnology (Beijing, China).

Cell lines, cell culture and transfection. The highly metastatic 
large‑cell lung cancer 95D cell line was obtained from the 
Chinese Academy of Science Cell Bank (Shanghai, China). 
Cells were cultured in RPMI 1640 medium (GE Healthcare 
Life Sciences, Logan, UT, USA) supplemented with 10% 
(v/v) fetal bovine serum (FBS; Gibco-BRL, Invitrogen Life 
Technologies, Carlsbad, CA, USA) in a humidified atmosphere 
at 37˚C with 5% CO2. Transient transfection was performed 
with green fluorescence protein‑Beclin  1 plasmid using 
Lipofectamine 2000 (Invitrogen Life Technologies) according 
to the manufacturer's instructions.

Cytotoxicity and cell proliferation assay. The cytotoxicity 
and proliferation of 95D cells after exposure to BDMC was 
measured using the cell counting kit  8 (CCK‑8) assay kit 
(Beyotime Institute of Biotechnology, Haimen, China). Briefly, 
4x103 cells in the logarithmic growth phase suspended in 100 µl 
complete medium were seeded into each well of a 96‑well 
flat‑bottomed plate (Nest Biotech Co. Ltd., Wuxi, China) and 
incubated at 37˚C in a humidified 5%-CO2 atmosphere over-
night. The cells were then treated with various concentrations 
of BDMC (0, 5, 10, 20, 40 or 80 µM) for 24 h. Subsequently, 
10 µl CCK8 reagent was added to each well containing 100 µl 
of culture medium, followed by incubation for 1 h at 37˚C. 

The optical density (OD) at 450 nm was measured using a 
microplate spectrophotometer (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA). All of the experiments were performed 
three times.

In vitro invasion assay. A total of 1x105 cells 95D cells in the 
logarithmic growth phase in 0.5 ml serum‑free RPMI 1640 
medium were seeded into 8 µm‑pore polycarbonate membrane 
chamber inserts in a Transwell plate (Corning-Costar, Corning, 
NY, USA) coated with Matrigel (BD Biosciences, Franklin 
Lakes, NJ, USA). 600 µl RPMI 1640 containing 20% FBS was 
added to the lower chamber. After the cells were incubated for 
12‑24 h, cells on the upper surface of the insert were removed 
by wiping with a cotton swab. Cells that transgressed through 
the membrane to the bottom surface of the insert were fixed 
in 100% methanol for 10 min, stained in 0.5% crystal violet 
(Sigma‑Aldrich) for 10 min, rinsed with phosphate-buffered 
saline and then subjected to microscopic inspection (magni-
fication, x100; Olympus CX22, Olympus Corporation, Tokyo, 
Japan). The invasion was quantified by counting five fields per 
membrane. Values are and expressed as the average of three 
independent experiments.

Cell motility assay. Cell migration assays were performed 
using Boyden chambers containing polycarbonate membrane 
inserts (8 µm pore size; Corning Costar) Briefly, 1x104 cells 
in 0.1 ml serum‑free RPMI‑1640 medium were seeded into 
the upper chamber. 600  µl RPMI‑1640 containing 20% 
FBS was added to the lower chamber as a chemoattractant. 
After the cells were incubated for 6, 12 or 24 h at 37˚C in a 
5%-CO2 incubator, the number of cells that had migrated to 
the lower surface was counted. The experiments were repeated 
a minimum of three times.

RNA interference of Beclin  1. 95D cells were seeded in 
24‑well plates (1.5x105 cells/well) and incubated overnight. A 
negative control random small interfering RNA (NC‑siRNA) 
and Beclin1‑targeted siRNA (1  µg/well) were purchased 
from Genepharma (Shanghai, China). NC‑siRNA and 
Beclin1‑siRNA were transfected using Lipofectamine 2000 
according to the manufacturer's instructions.

Figure 1. Cell counting kit 8 assay showing the effect of BDMC on the 
proliferation of 95D cells. The 95D cells were treated with up to 0-80 µM 
BDMC for 24 h. Values are expressed as the mean ± standard deviation (n=3). 
*P<0.05 vs. untreated cells. BDMC, bisdemethoxycurcumin.
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Western blot analysis. To determine the levels of protein 
expression, whole-cell lysate extracts of BDMC-treated cells 
(0, 1, 5 and 10 µM for 24 h and 10 µM for 0, 6, 12 and 24 h) 
were prepared and separated by 10% SDS‑PAGE. After elec-
trophoresis, proteins were electroblotted onto a polyvinylidene 
difluoride membrane (Millipore, Billerica, MA, USA), which 
was then incubated with the primary antibodies (anti-GAPDH, 
1:500; anti-E-cadherin, 1:1,000, anti-vimentin, 1:500). 
Subsequently, the blots were incubated with the secondary 
antibody (1:2,000 dilution) for 1  h at room temperature. 
Blots were visualized using an enhanced chemiluminescence 
western blotting system (BeyoECL Plus kit; Beyotime Institute 
of Biotechnology). The relative amount of protein on the blots 
was determined by densitometry using Image J software 1.49 
(National Institutes of Health, Bethesda, MD, USA).

Statistical analysis. All experiments were performed in trip-
licate. Values are expressed as the mean ± standard deviation. 
The Student's t test was used for paired comparisons, and 
the one‑way analysis of variance test was used for multiple 
comparisons. SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) was 
used to analyze the data. P<0.05 was considered to indicate a 
statistically significant difference.

Results

BDMC inhibits the proliferation of 95D cells. In order to 
investigate whether BDMC inhibits 95D-cell growth, the cells 
were incubated with increasing concentrations of BDMC (0, 

1, 5, 10, 20, 40 or 80 µM) for 24 h and subjected to the CCK8 
assay. As shown in Fig. 1, the viability of 95D cells treated 
with BDMC was not significantly reduced compared with that 
of the untreated control cells at BDMC concentrations of up 
to 10 µM, while the proliferation was significantly inhibited 
by BDMC at ≥20 µM. As treatment with BDMC at concentra-
tions of 0-10 µM for 24 h had no cytotoxic effect on the highly 
metastatic 95D cells, this concentration range was used in the 
subsequent experiments.

BDMC suppresses 95D-cell migration and invasion. The 
present study examined the effects of sub-cytotoxic concen-
trations of BDMC on the invasive and migratory potential of 
highly invasive 95D cells. A Boyden chamber assay showed 
that BDMC (1‑10 µM) reduced the migratory ability of 95D 
cells in a dose‑dependent manner (Fig. 2A). Similarly, the 
Transwell invasion assay showed that BDMC (1‑10  µM) 
decreased the invasive ability of 95D cells in a dose‑dependent 
manner (Fig.  2B). These results suggested that BDMC at 
1‑10 µM significantly suppressed the invasion and migration 
but not the viability of 95D cells.

Autophagy is involved in BDMC‑mediated suppression of 
95D-cell invasion and migration. At present, autophagy is an 
important field of cancer research. The effects of autophagy in 
the tumor are likely to vary depending on the context. Based 
on the positive regulatory effects of curcumin on autophagy, 
the present study hypothesized that BDMC suppressed 
95D‑cell invasion and migration via upregulating autophagy. 

Figure 2. BDMC inhibits (A) the migration and (B) the invasion of 95D cells. Boyden chamber/Transwell assays were performed to determine the effects of 
BDMC (1, 5 and 10 µM; 24 h) on the migration or invasion, respectively of 95D cells. Photomicrographs of migrated/invaded cells are representative of three 
independent experiments (magnification, x100; cells are stained with crystal violet). Values are expressed as the mean ± standard deviation (n=3). **P<0.01 vs. 
control group. BDMC, bisdemethoxycurcumin.

  A   B
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Figure 4. Effects of BDMC on the expression of vimentin and E‑cadherin in 95D cells. (A) Cells were treated with the indicated doses of BDMC (1, 5 or 10 µM) 
for 24 h. (B) Cells were treated with BDMC (10 µM) for 6, 12 or 24 h. Representative western blots of three independent experiments are shown, and bar graphs 
display the relative expression levels vimentin and E‑cadherin protein levels. GAPDH served as a loading control. Values are expressed as the mean ± standard 
deviation (n=3). **P<0.01 vs. untreated group. BDMC, bisdemethoxycurcumin.

Figure 3. Autophagy is involved in the suppression of 95D-cell invasion and migration by BDMC. Knockdown of Beclin 1 inhibited the suppressive effect 
of BDMC on (A) 95D-cell migration as assessed by a Boyden chamber assay and (B) 95D-cell invasion as assessed by a Transwell assay in vitro. Beclin 1 
siRNA‑ or control siRNA‑expressing 95D cells were treated with BDMC. Photomicrographs of migrated/invaded cells are representative of three independent 
experiments (magnification, x100; cells are stained with crystal violet). Values are expressed as the mean ± standard deviation (n=3). **P<0.01 vs. untreated 
group. BDMC, bisdemethoxycurcumin; siRNA, small interfering RNA.

  A   B

  A   B
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Accordingly, a decrease in autophagy is expected to reverse 
the effects of BDMC and facilitate invasion and migration. 
To test this hypothesis, 95D cells were transfected with 
Beclin 1‑siRNA in order to interfere with the formation of 
autophagosomes (15). Beclin 1 has an important role in the 
formation of autophagosomes. As shown in (Fig. 3), inhibition 
of autophagy by Beclin 1 knockdown attenuated the inhibitory 
effects of BDMC on 95D-cell migration and invasion. This 
result suggested that BDMC‑mediated suppression of 95D-cell 
invasion and migration proceeds via the autophagic pathway.

BDMC inhibits 95D-cell migration and invasion by modulating 
the expression of E‑cadherin and vimentin. To elucidate the 
possible underlying mechanisms of anti‑metastatic activities 
of BDMC on 95D cells, its effect on vimentin and E‑cadherin 
expression were assessed by western blot analysis. As shown in 
Fig. 4, BDMC treatment significantly decreased the expression 
of vimentin in a dose‑ and time‑dependent manner. Treatment 
with 1, 5 or 10 µM BDMC for 24 h decreased the protein expres-
sion of vimentin by 35.2, 66.3 and 84.7%, respectively, compared 
with that in the control group. In addition, 10 µM BDMC treat-
ment for 6, 12 and 24 h decreased vimentin protein expression 
by 26.7, 61.3 and 83.3%, respectively. Treatment with 1, 5 and 
10 µM BDMC for 24 h caused a 2.1‑, 3.3‑, 4.1‑fold increase 
in E‑cadherin expression, respectively. BDMC treatment at 
10 µM for 6, 12 or 24 h caused 1.4‑, 2.6‑ and 4.5‑fold increases 
in E‑cadherin protein expression, respectively. These findings 
suggested that downregulation of vimentin and upregulation of 
E‑cadherin may be involved in the inhibition of invasion and 
migration of 95D cells by BDMC.

Discussion

Accumulating evidence proved that curcumin has a potent 
anti-cancer effects in vitro and in vivo on a variety of cancer cell 
types, including breast cancer (16), prostate cancer (17), mela-
noma cells (18), ovarian carcinoma (19), pancreatic cancer (20), 
leukemia  (21), head and neck cancer  (22) and Burkitt's 
lymphoma (23). The anti‑cancer activities of curcumin are 
associated with multiple biological pathways involved in tumor 
growth, oncogene expression, cell cycle regulation, apoptosis, 
tumorigenesis and metastasis. Although multiple anti‑cancer 
mechanisms of curcumin have been elucidated, the underlying 
mechanisms by which curcumin inhibits tumor metastasis 
signaling have remained to be identified. Furthermore, the 
inhibitory effects of BDMC on the invasion and migration 
of 95D cells have not yet been investigated. Several studies 
have shown that curcumin inhibits lung cancer cell invasion 
and migration (7‑9). In agreement with these previous studies, 
the present study also observed marked inhibitory effects of 
BDMC on 95D-cell invasion and migration.

A recent study indicated that the induction of the 
epithelial-to-mesenchymal transition (EMT) has an important 
role in cancer progression (24). During EMT, epithelial cells 
lose cell‑cell contacts, cell polarity and epithelial markers, 
particularly E‑cadherin, while acquiring mesenchymal 
markers including vimentin and fibronectin; furthermore, 
the epithelial cells acquire mesenchymal phenotypes with 
increased motility and invasiveness (25). Therefore, loss of 
E‑cadherin expression and acquisition of vimentin are the 

major features of EMT. EMT is considered to be regulated by 
transcription factors, including Twist, Zeb2 (SIP1), Snail1 and 
Slug (Snail2) (26,27). E‑cadherin is a transmembrane protein 
mediating cell‑cell adhesion between epithelial cells, which 
has an important role in cell migration and is thus involved 
in tumor metastasis. Low E‑cadherin expression in NSCLC 
tumors has been reported to be associated with a more aggres-
sive behavior of tumor epithelial cells and with an unfavorable 
prognosis  (28). E‑cadherin expression is associated with 
tumor differentiation, lymph node metastasis and prognosis 
in patients with NSCLC (29). Vimentin is one of the markers 
of tumor differentiation and invasion in lung cancer, which 
predicts the occurrence of metastases in NSCLCs. Vimentin 
expression was found to be an independent prognostic marker 
for poor survival in resected NSCLC patients (30). Vimentin 
overexpression in cancer is correlated with accelerated tumor 
growth, invasion and poor prognosis (31,32).

In addition, it has been reported that death‑effector 
domain‑containing DNA‑binding protein activated autophagy 
and attenuated EMT by inducing the degradation of Snail and 
Twist in human breast cancer (33). Furthermore, the EMT 
has been associated with drug resistance and cancer cell 
metastasis (33). During EMT, the expression of E‑cadherin, a 
transmembrane protein essential for stable adherens junctions, 
is downregulated, while the expression of the mesenchymal 
molecules vimentin, fibronectin, and/or N‑cadherin is 
upregulated. In order to investigate the underlying molecular 
mechanisms of the inhibitory effects of BDMC on 95D-cell 
migration and invasion, the present study assessed the effects 
of BDMC on alterations in the protein levels of vimentin and 
E‑cadherin in 95D cells. It was observed that BDMC markedly 
decreased vimentin expression, while upregulating E‑cadherin 
expression in 95D cells in a dose‑ and time‑dependent manner. 
These results indicated that BDMC suppressed NSCLC cell 
invasion and metastasis through the inhibition of vimentin and 
the promotion of E‑cadherin expression.

Autophagy, a strategy of self‑adaption, has been regarded 
as a double‑edged sword in tumor metastasis. The role of 
autophagy in cell migration and invasion has been studied 
in depth (34). Autophagy is known to exert anti‑metastatic 
effects; however, it also has pro‑metastasis activity in certain 
cases (35). In the present study, autophagy was identified as a 
target of BDMC, via which its anti‑cancer effects, including 
the inhibition of invasion and migration in NSCLC, were 
mediated in vitro.

Interfering with the autophagic pathway may affect the 
migration and invasion of tumor cells. The present study 
was the first, to the best of our knowledge, to demonstrate 
that the inhibition of autophagy by knocking down beclin‑1 
significantly attenuated the inhibitory effects of BDMC on the 
migration and invasion of 95D cells, suggesting that autophagy 
was involved in BDMC‑mediated suppression of 95D-cell 
invasion and migration.

It was therefore hypothesized that BDMC inhibited the 
invasion and migration of 95D cells by inducing autophagy, 
which modulated the EMT process through promotion of the 
degradation of transcriptional factors, including Twist and 
Snail. The specific mechanisms require further study.

In conclusion, the present study was the first, to the best of 
our knowledge, to show that BDMC significantly suppressed 
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the invasion and migration of highly metastatic human lung 
cancer cells through downregulating vimentin and upregu-
lating E‑cadherin expression. Furthermore, autophagy was 
shown to be involved in the anti-tumor effects of BDMC in 
NSCLC. The mechanisms of action of BDMC are required to 
be addressed more systematically in further studies.
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