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Abstract 

Objective  To investigate the effects of bisdemethoxycurcumin (BDMC) on non-small cell lung cancer 
(NSCLC) cell line, A549, and the highly metastatic lung cancer 95D cells. 

Methods  CCK-8 assay was used to assess the effect of BDMC on cytotoxicity. Flow cytometry was used 
to evaluate apoptosis. Western blot analysis, electron microscopy, and quantification of GFP-LC3 
punctuates were used to test the effect of BDMC on autophagy and apoptosis of lung cancer cells. 

Results  BDMC inhibited the viability of NSCLC cells, but had no cytotoxic effects on lung small airway 
epithelial cells (SAECs). The apoptotic cell death induced by BDMC was accompanied with the induction 
of autophagy in NSCLC cells. Blockage of autophagy by the autophagy inhibitor 3-methyladenine (3-MA) 
repressed the growth inhibitory effects and induction of apoptosis by BDMC. In addition, BDMC 
treatment significantly decreased smoothened (SMO) and the transcription factor glioma-associated 
oncogene 1 (Gli1) expression. Furthermore, depletion of Gli1 by siRNA and cyclopamine (a specific SMO 
inhibitor) induced autophagy. 

Conclusion  Aberrant activation of Hedgehog (Hh) signaling has been implicated in several human 
cancers, including lung cancers. The present findings provide direct evidence that BDMC-induced 
autophagy plays a pro-death role in NSCLC, in part, by inhibiting Hedgehog signaling. 
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INTRODUCTION 

ung cancer is the leading cause of cancer 
related mortality worldwide. It has been 
estimated that more than 221,130 new 

cases and 156,940 deaths were reported in the 
United States in 2011[1]. About 600,000 people die of 
lung cancer each year and the annual lung cancer 
mortality rate may reach 1 million by 2025 in China[2]. 
Lung cancers are clinically divided into two major 

histologic categories, small cell lung cancer (SCLC) 
and non-small cell lung cancer (NSCLC). And NSCLC 
accounts for 80% of the cases, presenting as locally 
advanced disease in approximately 25%-30% of all 
cases. Despite recent improvements in 
chemotherapy and surgery, the 5-year survival rate 
remains less than 15%[1]. NSCLC continues to be a 
lethal cancer worldwide due to the emergence of 
drug resistance to conventional chemotherapy. The 
chemo-resistance of NSCLC largely results from the 
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failure of apoptotic and non-apoptotic cell death 
induced by anti-cancer treatments[3]. Therefore, 
there is an urgent need to identify additional 
compounds that might overcome the drug resistance, 
which limits the therapeutic effectiveness of 
conventional drugs. 

Autophagy is an evolutionarily conserved 
catabolic process in which a cell engulfs long-lived 
proteins and damaged organelles within the 
autophagosomes, a double-membrane vacuole, and 
delivers them to the lysosome for degradation. This 
promotes the maintenance of cellular homeostasis 
by sequestering cytosol and organelles[4]. In tumor 
cells, the role of autophagy may depend on the 
tumor type and the stage of tumorigenesis. 
Appropriate modulation of autophagy through the 
suppression of cytoprotective autophagy or the 
promotion of cyto-killing autophagy could augment 
the cytotoxicity caused by anticancer therapy in 
tumor cells. Thus, in addition to the apoptotic 
response, it might be beneficial to find antitumor 
agents that could induce autophagy. 

Curcumin (diferuloylmethane), one of the most 
well-known naturally occurring compounds, is 
subdivided into three components: Curcumin (Cur), 
Demethoxycurcumin (DMC), and Bisdemethoxy- 
curcumin (BDMC). Curcumin possesses a wide 
variety of biological activities. Curcumin was 
considered to have anti-inflammatory[5], anti- 
proliferative[6], anti-carcinogenic[7], anti-angiogenic[8], 
and anti-oxidant properties[9]. It has been shown 
that Curcumin exhibits strong anticancer efficacy by 
modulating a multiple of molecules involved in 
tumorigenesis of several cancers[10]. However, 
curcumin-stimulated autophagy has not been fully 
investigated in lung cancer. 

Recently, it has been reported that Curcumin 
can induce autophagy in hepatoma[11], colon cancer 
cells[12], osteosarcoma[13], chronic myeloid leukemia 
cell[14], and prostate cancer cells[15]. CLEFMA, a 
synthetic analog of Curcumin has been reported to 
induce autophagy of lung adenocarcinoma     
H441 cells[16]. These studies suggest that   
curcumin-induced autophagy might be a 
therapeutic strategy to suppress growth and induce 
apoptosis of lung cancer cells. However, little is 
known about the relationship between autophagy 
and BDMC in NSCLC. Therefore, we investigated the 
effects of BDMC on the proliferation and autophagy 
of NSCLC cells.  

The Hedgehog-Gli1 pathway is composed of the 
signal molecule Hh, membrane receptors patched 

(Ptch) and smoothened (SMO), and downstream      
nuclear transcription factor Gli, was considered as a 
highly conserved signaling pathway. Gli proteins are 
the effectors of hedgehog signaling. Gli target genes 
are involved in tumor cell growth, apoptosis, 
metastasis[17], and epithelial to mesenchymal 
transition[18-19]. 

The hedgehog signaling pathway has been 
implicated in the development of different human 
cancers including colon cancer, prostate cancer and 
lung cancer[20-21]. It has been reported that it is also 
involved in regulating autophagy[22]. In the present 
study, we investigated the potential effect of BDMC 
on 95D and A549 NSCLC cells. We observed that 
BDMC induced autophagy in NSCLC cells, and 
inhibition of autophagy could lead to suppression of 
BDMC-mediated cytotoxicity by decreasing the 
apoptotic activity. 

MATERIALS AND METHODS 

Reagents and Antibodies 

BDMC, Cyclopamine, 3-methyladenine (3-MA), 
anti-LC3 antibody, and anti-GAPDH antibody were 
purchased from Sigma-Aldrich (St. Louis, MO, USA). 
The purity of BDMC was over 98%, which was 
dissolved in dimethyl sulfoxide (DMSO) to make a 
100 mmol/L stock solution and was diluted with 
medium to the concentration as needed. The final 
concentration of DMSO was not more than 0.01%. 
Antibodies against Bcl-2, Bax, Caspase 3, SMO, and 
Gli1 were purchased from Santa Cruz Biotechnology 
(CA, USA). Goat anti-rabbit IgG horseradish 
peroxidase-conjugated secondary antibody was 
purchased from Zhongshan Golden Bridge 
Biotechnology (Beijing, China). Cell Counting Kit-8 
(CCK-8) was bought from Dojindo Laboratories 
(Kumamoto, Japan). AnnexinV/fluorescein 
isothiocyanate (FITC) Apoptosis Detection Kit was 
purchased from Beyotime (Jiangsu, China). Other 
reagents used in this study were obtained locally. 

Cell Lines, Cell Culture, and Transfection 

The NSCLC A549 cell line obtained from our 
laboratory and highly metastatic lung cancer cell line 
95D bought from Chinese Academy of Science 
Cellbank (Shanghai, China) were cultured in 
RPMI-1640 medium supplemented with 10% (v/v) 
fetal bovine serum (FBS) (GIBCO, USA) in a 
humidified atmosphere at 37 °C with 5% CO2. The 
lung small airway epithelial cells (SAECs) from 
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Clonetics (CA, USA) were maintained in SAGM 
supplemented with 10% FBS at 37 °C with 5% CO2. 
The green fluorescent protein (GFP)-tagged 
microtubule-associated protein 1 light chain 3 (LC3) 
expression vector was kindly provided by Dr. Jianhua, 
LI (Fudan University, Shanghai, China). Transient 
transfection was performed with GFP-LC3 plasmid 
using Lipofectamine 2000 (Invitrogen, CA, USA) 
according to the manufacturer’s protocols.  

CCK-8 Assay 

Cell viability was measured using the CCK-8. 
Briefly, 5×103 cells in the logarithmic growth phase in 
100 μL complete medium were seeded into a 96-well 
plate and incubated at 37 °C in a humidified, 5% CO2 
atmosphere overnight. The cells were then treated 
with various concentrations of BDMC (10-80 µmol/L) 
for 24 h, 48 h, and 72 h, into each well of the plate, 
10 µL of the CCK-8 reagent was added and incubated 
at 37 °C for 1 h. The optical density (OD) at 450 nm 
was measured using a microplate 
spectrophotometer (Bio-Rad, Segrate, Italy). Cell 
viability was calculated using the data and presented 
as percentage of the control. The 50% inhibitory 
concentration (IC50) values were calculated using 
probit analysis (SPSS software version 16.0).  

Quantification of GFP-LC3 Punctuates 

GFP-LC3-A549 and GFP-LC3-95D cells were 
cultured overnight. The cells were treated with    
35 μmol/L BDMC for 24 h, fixed with 4% 
paraformaldehyde for 1 h, and then examined under 
a confocal microscope. To quantify the autophagic 
cells after BDMC treatment, the number of 
autophagic cells demonstrating GFP-LC3 dots (≥10 
dots/cell) among 200 GFP-positive cells was counted 
as previously described[23]. 

Electron Microscopy  

A549 and 95D cells treated with or without 
BDMC were washed and fixed with 2.5% 
glutaraldehyde at 4 °C. The cells were then 
post-fixed in 1.5% osmium tetroxide for 1 h, 
dehydrated with cold acetone, and embedded in 
Durcupan resin. The fragment was cut into thin 
sections, which were then stained with lead citrate 
before being examined with the TECNAI 10 electron 
microscope (Philips, Holland) at 80 kV. 

Detection of Apoptosis by Flow Cytometry 

Cells were seeded in six-well plates and 

incubated overnight. The cells were treated with the 
indicated concentrations of BDMC in the presence or 
absence of 3-MA. After 24 h of treatment, the cells 
were harvested by trypsinization and washed twice 
in phosphate-buffered saline (PBS). After staining 
with the combination of Annexin V-FITC and 
propidium iodide (PI), the cells were immediately 
analyzed by flow cytometer (Becton Dickinson). 

Real-time Polymerase Chain Reaction 

Total RNA was extracted from NSCLC cells using 
the Trizol reagent (Invitrogen, Carlsbad, CA, USA) 
and reversely transcribed into cDNA using a 
PrimeScript RT Reagent Kit (Takara Biotechnology Co. 
Ltd, Dalian, China) according to the manufacturer's 
instructions. The following primers were used in this 
study: 5’-TCCATTCCCATTCCAGCTGT-3’ and 5’-TCCCT- 
GGTAACCTTTGGAACAC-3’ for Gli1, 5’-TGGCACACTT- 
CCTTCAAAGC-3’ and 5’-CTCCCTCAAACTCACCCCATL- 
3’ for SMO, 5’-CGGGAAATCGTGCGTGAC-3’ and 
5’-TGGAAGGTGGACAGCGAGG-3’ for β-actin. PCR 
was performed under the following conditions: 95 °C 
for 30 s, 40 cycles of 96 °C for 45 s, 57 °C (Gli1), 56 °C 
(SMO) or 54 °C (β-actin) for 40 s, and 72 °C for 1 min 
followed by 10 min at 72 °C. All the PCR reactions 
were repeated at least three times. β-actin was 
amplified as an internal control. The intensity of 
each band amplified by RT-PCR was analyzed using 
Image J software. 

Western Blot Analysis 

To determine the levels of protein expression, 
cells were lysed using RIPA buffer containing 
protease inhibitor. Briefly, the cells were lysed in 
RIPA buffer on ice for 30 min. The supernatant was 
collected after the cell lysates were centrifuged at 
12,000 g for 20 min. The protein concentrations 
were determined using the BCA Protein Assay Kit 
(Beyotime, Jiangsu, China). After separation by 
electrophoresis, the proteins were electroblotted 
onto a polyvinylidene fluoride (PVDF) membrane 
(Millipore, Bedford, MA). The membranes were 
blotted with the appropriate primary antibodies at  
4 °C overnight after blocking with 5% non-fat milk in 
Tris-buffered saline (TBS) for 1 h, and then incubated 
with Goat anti-rabbit IgG horseradish peroxidase- 
conjugated secondary antibody (diluted 1:2000) for 
2 h at room temperature. After washing with TBS 
containing 0.1% Tween-20, the protein bands were 
visualized using enhanced chemiluminescence 
Western blotting system (Beyotime, Jiangsu, China). 
The relative amount of protein was quantified by 
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densitometry using Image J software. GAPDH was 
used as the loading control. 

RNA Interference 

Double-stranded small interference RNA (siRNA) 
was obtained from Sangon Biotech Co. Ltd (Shanghai, 
China). The sequences for the control siRNA were 
5’-AACGUA-CGCGGAAUACAACGA-3’ and the GLi1 
siRNA sequence used was 5’-AACUC-CACAGG- 
CAUACAGGAU-3’, which were used with reference 
to an earlier study[18]. 

Statistical Analysis 

All experiments were performed in triplicate. 
Data are expressed as means±standard deviation 
(SD). The Student's t test was used for paired 
comparisons, and the one-way ANOVA test was used 
for multiple comparisons. P<0.05 was considered to 
be statistically significant. 

RESULTS 

BDMC Inhibited Cell Viability in NSCL Cells in a 
Dose- and Time-Dependent Manner 

To investigate the cytotoxic effect of BDMC on 
NSCLC cells, we treated 95D and A549 cells with 
different concentrations of BDMC (0, 10, 20, 40, and 
80 μmol/L) for various time points (24, 48, and 72 h) 
and followed by CCK-8 assay. As shown in Figure 1, 
the viability of 95D and A549 was reduced with with 
increasing BDMC concentration and longer 
incubation time. After being treated with       
35.7 μmol/L and 34.4 μmol/L BDMC for 24 h, 
respectively, the 95D and A549 cells viability 
declined to around 50%. We then treated 95D and 
A549 cells with 35 μmol/L of BDMC for increasing 
amounts of time. These results suggested that BDMC 
suppressed the growth of cells in a dose- and 
time-dependent manner. 

 

 

Figure 1. BDMC inhibited cell viability in 95D and A549 cells in a dose- and time-dependent manner. A, 
Schematic representation of the BDMC. B, 95D and A549 cells were treated with varying doses of 
BDMC (10, 20, 40, and 80 μmol/L) for different time points. Cell viability was measured by CCK-8 assay. 
C, 95D and A549 cells were treated with 35 μmol/L of BDMC for increasing amounts of time. Cell 
viability was determined using CCK-8 assay. *P<0.05, **P<0.01 vs. controls. 
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BDMC Induces Autophagy in NSCLC Cells 

To assess whether BDMC triggers autophagy in 
NSCLC cells, 95D and A549 cells were treated with 
BDMC (35 µmol/L) for 24 h and the levels of LC3-I 
and LC3-II were determined by Western blot analysis. 
We observed that BDMC significantly increased LC3-II 
conversion in 95D and A549 cells (Figure 2A). LC3-II 
conversion in BDMC-treated 95D and A549 cells was 
17-fold and 3-fold higher than vehicle (DMSO)-treated 
cells, respectively. To confirm autophagy induction in 
 

BDMC-treated cells, we assessed the formation of 
punctate LC3-GFP in LC3-GFP transgene-expressing 
95D and A549 cells. BDMC treatment caused a 
significant increase in LC3 punctate formation, which 
is indicative of autophagy in these cells (Figure 2B). 
Furthermore, the occurrence of autophagy by BDMC 
was confirmed by direct observation of the 
formation of autophagosomes by electron 
microscopy (Figure 2C). Taken together, these 
observations indicate that BDMC could stimulate 
autophagy in NSCLC cells. 

 

Figure 2. BDMC induces tumor cell autophagy. A, 95D and A549 cells were treated with BDMC (35 
μmol/L) for 24 h. LC3-I to LC3-II conversion was determined by Western blot analysis. GAPDH was used 
as loading control. Bar graphs indicate fold change of LC3-II (normalized to GAPDH) over untreated cells. 
B, Accumulation of LC3-II-GFP punctate. 95D and A549 cells transiently expressing LC3-GFP 
(95D-LC3-GFP) were treated with BDMC (35 μmol/L) for 24 h. Formation of punctate was determined 
by fluorescence microscopy, and the proportion of punctate-positive cells per field of view was 
determined. Representative pictures of untreated and BDMC-treated cells. C, 95D and A549 cells 
treated with or without BDMC for 24 h were analyzed on electron microscopy. Arrows indicate 
autophagosomes. Scale bar, 2 μm. Data are from three independent experiments. **P<0.01 vs. controls. 
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Autophagy Induced by BDMC Decreased Cell 
Viability 

To understand the impact of autophagy on 
BDMC-induced growth inhibition, we determined 
the effect of BDMC on lung cancer cells before and 
after the suppression of autophagy by 3-MA      
(3 mmol/L). While 3-MA alone had no significant 
effect on cellular proliferation, the growth inhibitory 
effect of BDMC was significantly lowered after 3-MA 
treatment (Figure 3), indicating that autophagy in 
response to BDMC treatment inhibited cancer cells 
growth.  

Inhibition of Autophagy by 3-MA Inhibits BDMC- 
induced Apoptotic Cell Death 

Apoptosis was detected using flow cytometry 
(Figure 4A). Compared with control group, cells 
treated with 3-MA group showed no change in the 
apoptotic rate. The apoptotic rate in the BDMC 
combined with 3-MA groups was significantly lower 
than that in the BDMC alone groups, which indicates 
that autophagy played a positive role in the process 
of promoting apoptosis by BDMC. To prove that 
inhibition of autophagy by 3-MA inhibits 
BDMC-induced apoptotic cell death. We performed 
Western blot analysis to analyze the expression of 
apoptosis related proteins Bcl-2, Bax, and Caspase 3 
(Figure 4B). These results indicate that autophagy 
positively regulated BDMC-induced apoptosis. 

BDMC Induces Cell Autophagy through Down- 
regulation of the Hedgehog-Gli1 Signaling Pathway 

We investigated the mechanisms underlying  
the inhibitory effects of BDMC on NSCLCS.      
The Hedgehog pathway is known to be an important 
 

regulator of carcinogenisis. Emerging data from 
many human tumors have suggested that aberrant 
activation of SMO and Gli1 are critical regulators of 
the Hedgehog-Gli1 pathway. As shown in Figure 5A, 
35 μmol/L BDMC significantly decreased the mRNA 
level of SMO by 60%, 65% and of Gli1 by 62%, 70% in 
95D and A549 cells compared with control, 
respectively, which was further confirmed with 
western blot analysis (Figure 5B). To investigate 
whether Gli1 and SMO are involved in autophagy, 
95D and A549 cells were treated with Gli1 small 
interfering RNA (siRNA) and cyclopamine (a specific 
SMO small molecule inhibitor) for 24 h, then LC3-II 
production was determined by Western blot analysis 
(Figure 6A). Cyclopamine induced a 2.3-fold increase 
in LC3-II in Cyclopamine-treated 95D and A549 cells. 
Down-regulation of Gli1 induced a 5-fold, 14-fold 
increase in LC3-II in Gli1 siRNA-treated 95D and A549 
cells, respectively. To confirm down-regulation of 
Gli1 and Cyclopamine can induce autophagy in 95D 
and A549 cells, we assessed the formation of 
punctate LC3-GFP in LC3-GFP transgene-expressing 
95D cells and A549 cells, which were modified by the 
presence of the SMO inhibitor and the siRNA of Gli. 
SMO inhibitor and Gli1 down-regulation by siRNA 
caused a significant increase in LC3 punctate 
formation. Collectively, these results showed that 
SMO loss and Gli1 down-regulation can initiate 
autophagy, and that SMO down-regulation is 
responsible, in part, for the BDMC-induced 
autophagy in lung cancer cells. 

DISCUSSION 

Lung cancer is one of the most common 
malignancies and remains the leading cause of cancer 

 

Figure 3. 3-MA desensitizes 95D and A549 cells to cytotoxic actions of BDMC. CCK-8 analysis of cell 
viability in cells treated with 35 μmol/L BDMC in the absence or presence of 3-MA (3 mmol/L, 
pretreated for 2 h). *P<0.05 vs. controls. 
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Figure 4. BDMC induced apoptosis in 95D and A549 cells in vitro. A, Apoptosis was detected by flow 
cytometry for Annexin V-FITC and PI dual labeling. 95D and A549 cancer cells were treated with a 0.1% 
DMSO control, 35 μmol/L of BDMC for 24 h in the absence or presence of 3-MA (5 mmol/L, pretreated 
for 2 h). The popula on of apopto c cell was calculated. ‘PI’ denotes propidium iodide staining. ‘B4’ 
denotes the apopto c rate, and ‘B2’ denotes the propor on of dead cells. B, Correla ve changes of 
molecules in apoptosis a er treatment with BDMC. Twenty-four hours a er BDMC treatment, Western 
blot analysis was performed for Bcl-2, Bax, and Caspase 3. **P<0.01 vs. controls. 
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Figure 5. BDMC inhibits Hedgehog-GLi1 pathway in vitro. A, Real-time polymerase chain reaction 
analysis of human SMO and GLI1 in 95D and A549 cells. The cells were incubated with BDMC       
(35 μmol/L) for 24 h. B, Protein levels of SMO and Gli1 were measured by Western blot analysis in 95D 
and A549 cells and accompanied by a quantitative bar chart. As an internal control, glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) was used for normalization. *P<0.05, **P<0.01 vs. controls. 

 

Figure 6. Gli1 down-regulation and cyclopamine induced autophagy. A, 95D and A549 cells were 
treated with cyclopamine (10 μmol/L) for 24 h. DMSO was used as the control group. The expression of 
LC3-II was determined by Western blotting. GAPDH was used as the loading control. B, 95D and A549 
cells were transfected with control siRNA or Gli1 siRNA for 24 h. The expression of LC3-II was 
determined by western blotting. GAPDH was used as the loading control. C, Accumulation of LC3-II-GFP 
punctate. 95D and A549 cells expressing LC3-GFP fusion protein were treated with Cyclopamine or 
transfected with siRNA of Gli1 for 24 h. Formation of punctate was determined by fluorescence 
microscopy, and the proportion of punctate-positive cells per field of view was determined, which are 
described in the Materials and Methods. *P<0.05, **P<0.01 vs. controls.
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related deaths worldwide[24]. Drug resistance often 
leads to the failure of chemotherapy. Autophagy, a 
lysosome-dependent degradation pathway in 
eukaryotic cells, has been implicated in many 
physiological and pathological processes[25]. In the 
cancer cells, autophagy plays a dual role, as a 
mechanism responsible for protecting or killing the 
cell[26]. That is, autophagy acts as a process which 
could result in both cell survival and cell death and 
its relationship with the lung cancer therapy has 
attracted increasing attention in cancer fields[25]. 
Disorder of autophagic regulatory mechanisms plays 
an important role in the development of malignant 
tumor. However, the specific function of autophagy 
in tumorigenesis and tumor development remains to 
be clarified. It has been demonstrated that 
autophagy can be modulated by many frontline 
anticancer agents including Paclitaxel[27], arsenic 
trioxide[28], tamoxifen[29], and imatinib[30] in tumors. 
Curcumin has been reported to induce apoptosis and 
inhibit cell growth by down-regulating proteins of 
the Shh pathway in medulloblastoma[31]. Moreover, 
curcumin inhibited prostate cancer cell growth 
through the Shh pathway[32]. Curcumin can induce 
autophagy in a majority of cancers including 
esophageal cancer[33], malignant gliomas[23], 
leukemia[34], and prostate cancer[35]. The 
mechanisms consist of inhibition of the Akt/mTOR/ 
p70S6K pathway and activation of the ERK1/2 
pathways[23], but other pathways may also be 
involved, which are yet to be identified. Autophagy is 
a catabolic process involving the degradation of 
long-lived proteins and organelles through the 
lysosomal machinery. The hedgehog (Hh) signaling 
pathway is an important therapeutic target in cancer 
and is implicated in a variety of cancers including 
basal cell carcinoma[36], medulloblastoma[37], and 
leukemia[38], and in gastrointestinal[39], breast[40], 
prostate[41], lung[18], and pancreatic cancers[42]. 
BDMC, as one of the derivatives of Curcumin, has a 
similar biological activity to Curcumin. The 
anticancer mechanisms of BDMC are complex and 
remain largely unknown. In this study, we showed 
that BDMC decreased the Hedgehog-Gli1 signaling 
pathway (Figure 5) and also inhibited it by siRNA Gli1 
or using cyclopamine induced autophagy (Figure 6). 
BDMC induced autophagy as well as apoptosis. And 
BDMC-induced cell death was selective for cancer 
cells because normal lung small airway epithelial 
cells (SAECs) were resistant to treatment with BDMC. 
Additionally, we found that inhibition of autophagy 
using 3-MA in combination with BDMC significantly 

decreased tumor cell viability compared with BMDC 
treatment alone. 

In our study, to clarify the contributions of 
autophagy in BDMC-induced cell death, we dissected 
the role of autophagy to the survival of 95D and 
A549 cells during BDMC-induced apoptosis using 
autophagy inhibitor 3-MA. As expected, 3-MA 
significantly inhibited BDMC-induced autophagy and 
attenuated BDMC-induced cell apoptosis in 95D and 
A549 cells. These data suggest that BDMC-induced 
autophagy might provide a self-destructive 
mechanism for cancer cells and inhibition of 
autophagy may diminish the therapeutic efficacy of 
BDMC in the treatment of cancer. Curcumin 
modulates multiple molecular pathways. The clinical 
application of Curcumin is currently compromised by 
its poor bioavailability. Meanwhile, the limitations in 
using BDMC in NSCLC therapy still need for further 
study and investigation. For example, depletion of 
specific modulators of autophagy through RNA 
interference studies is needed to further elucidate 
the mechanisms underlying BDMC-induced 
apoptosis. In addition, further studies in mouse 
models of cancer should also be performed. 

In the present study, we also demonstrated that 
BDMC significantly inhibited the growth of A549 and 
95D cells in a dose- and time-dependent manner, 
but had little effect on normal lung epithelial cell line 
SAEC (Figure 1). And BDMC can simultaneously 
induce autophagy and apoptosis in 95D and A549 
cells. Our results have shown that autophagic form 
of LC3-II was significantly increased after BDMC 
treatment in 95D and A549 cells. Meanwhile, we 
have also provided evidence that BDMC was able to 
increase the activity of double-membrane vacuole 
(named autophagosome). All these results indicate 
that autophagy was induced by BDMC. And currently 
results are consistent with the previous report that 
BDMC can suppress cancer cell growth. Although 
autophagy was able to induce apoptosis when cells 
are not viable, it is also a temporary survival 
mechanism under stress conditions[43]. In that study, 
we consider that autophagic cell death was induced 
rather than cell survival because administration of 
3-MA attenuated the reduction in cell viability. To 
our knowledge, the present study is the first report 
of induction of autophagy in lung cancer cells by 
BDMC. The effects of Curcumin may differ 
depending on cell types. Further studies in vivo and 
on the potential mechanisms of autophagy induction 
are necessary. More recently accumulating evidence 
demonstrated that the anti-cancer activities of 
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Curcumin are related to mul ple biological pathways 
involved in cell apoptosis[12], tumor growth[23], 
oncogene expression, cell cycle regula on, 
tumorigenesis[15], and metastasis[44]. Although 
mul ple a -cancer mechanisms of Curcumin are 
revealed, the underlying mechanism by which BDMC 
induced autophagy of lung cancers is not well 
understood. And the efficacy of BDMC on the 
autophagy has not been fully inves gated. Several 
studies have shown that Curcumin could induce cell 
autophagy in many cancers. In agreement with 
previous studies, we also observed BDMC induced 
autophagy in NSCLC cells. 

 There is emerging evidence that autophagy 
plays cri cal roles in the genera on of an neoplas c 
responses and mediates caspase-independent 
malignant cell death. On the other hand, autophagy 
represents a protec ve mechanism against 
apopto c cell death under starva on as well as 
contributes to resistance against therapy-induced 
apoptosis in cancer cells. It has been shown that 
autophagy is ac vated as a killing mechanism  
against BDMC-induced apoptosis, autophagy 
blockade desensi zes lung cancer cells towards 
BDMC, autophagy serves a killing role in BDMC 
mediated cell killing, and autophagy inhibi on 
a enuates the a cancer ac vity of the BDMC. In 
our study, 3-MA inhibits BDMC-induced autophagy 
and a enuated BDMC-induced cell apoptosis in 95D 
and A549 cells. These findings suggest that 
BDMC-induced autophagy might provide a 
self-destruc ve mechanism for cancer cells, and 
inhibi on of autophagy may diminish the 
therapeu c efficacy of BDMC in the treatment of 
cancer. In our study, we also analyzed the 
contri ons of autophagy to the survival of 95D 
and A549 cells during BDMC-induced apoptosis using 
autophagy inhibitor 3-MA.  

However, the mechanism of autophagy 
inhibi on desensi zes 95D and A549 cell to 
apopto c cell death induced by BDMC needs to be 
further inves gated. At present, evidence indicates 
that Hedgehog signaling pathway is an important 
regulators for autophagy and apoptosis[18-22]. During 
the process of chemotherapy, the apopto c rate 
would be increased when autophagy was inhibited 
to reduce the scavenging of damaged cells. 
Numerous documented studies have indicated that 
suppression of autophagy enhances the sensi vity of 
cancer cells to chemotherape c drugs[45]. Our 
results were contrary to the previous studies, which 
indicated that the chemotherapeu c drugs induce 

autophagy and inhibi on of autophagy weakens the 
effect of chemotherapy.  

Taken together, we demonstrate for the first 
me that BDMC induces autophagy in NSCLC cells 

95D and A549 in vitro, along with BDMC-induced 
apoptosis. And inhibi on of autophagy was able to 
a enuate the toxicity of BDMC. Therefore, 
autophagy is involved in the a tumor of BDMC in 
NSCLC. And the possible an -cancer mechanism may 
include the down-regula on of the Hedgehog-Gli1 
pathway. However, further study is required to 
determine whether autophagic enhancement could 
be u lized in vivo.  
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