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Figure 4. BDMC induced apoptosis in 95D and A549 cells in vitro. A, Apoptosis was detected by �Gow 
cytometry for Annexin V-FITC and PI dual labeling. 95D and A549 cancer cells were treated with a 0.1% 
DMSO control, 35 �…mol/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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