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Abstract. Curcumin can inhibit the growth of a variety 
of cancer cells; however, its poor bioavailability and 
pharmacokinetic profiles, which are attributed to its instability 
under physiological conditions, have limited its application in 
anticancer therapy. In the present study, we screened a double 
carbonyl analog of curcumin (A17) and analyzed its effects and 
mechanism of inducing apoptosis in human lung cancer H460 
cells. The results showed that A17 not only induced CHOP 
expression in human lung cancer H460 cells, but also induced 
the apoptosis of H460 cells in a dose-responsive manner, and 
this effect was related to corresponding activation of some 
important components in the endoplasmic reticulum (ER) 
stress-mediated apoptosis pathway. When CHOP was knocked 
down by specific siRNA, A17-induced cell apoptosis was 
attenuated, thereby further demonstrating that the apoptotic 
pathway is ER stress‑dependent. Our studies demonstrated that 
A17 has better stability and antitumor activity than curcumin 
in H460 cells via an ER stress-mediated mechanism. These 
results imply that A17 could be further explored as a potential 
anticancer agent for the treatment of human non-small cell 
lung cancer (NSCLC).

Introduction

Previous studies have shown that the perturbation of endo-
plasmic reticulum (ER) function causes ER stress, which has 
been linked to numerous diseases. Yet, prolonged ER stress 
can activate apoptotic pathways of damaged cells  (1). ER 
stress is related to the pathophysiology of cancer; therefore 
pharmacological interventions that effectively enhance tumor 
cell death by activating ER stress have attracted much atten-
tion for anticancer therapy (2,3). Various anticancer agents, 
such as paclitaxel  (4), farnesol  (5) and polyphyllin D  (6), 
can induce cancer cell apoptosis by ER stress. Curcumin, 
a yellow compound, is isolated from the rhizome of the 
herb Curcuma  longa. Over the last half-century, various 
bio‑functions of curcumin have been revealed through 
extensive research. A few clinical trials have demonstrated 
that curcumin possesses anticancer effect, but was proposed 
as a more native chemoprevention agent in pancreatic and 
colon cancer (7). Various studies suggest that curcumin may 
induce the apoptosis of several types of cancer cells via ER 
stress (8-11). Curcumin was also reported to display its pro-
apoptotic effects by inducing ER stress in acute promyelocytic 
leukemia (12), non-small cell lung cancer H460 cells (13) and 
human liposarcoma cells (14).

However, the instability and poor metabolic property 
of cucurmin have significantly limited its clinical appli-
cation  (15). Therefore, in the past few years, a series of 
curcumin analogs have been synthesized in our laboratory, 
in order to enhance its metabolic stability and pharmaco-
logical potency (1,16-22). Given that the β-diketone moiety 
of curcumin may lead to its instability and poor metabolic 
properties, by deleting this moiety, we designed many 
mono-carbonyl analogs of curcumin and three of them 
were discovered as the most efficient compounds against 
tumor cells with enhanced stability. Their chemical struc-
tures were respectively 06 [(1E,4E)-1,5-bis(2‑bromophenyl)
penta-1,4 -d ien-3 -one],  12   [(2E , 5E ) -2, 5 -bis(4 - (3 -
(dimethylamino) propoxy)benzylidene)cyclopentanone], and 
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19  [(1E,4E)‑1,5‑bis(2,3-dimethoxyphenyl)penta-1,4-dien-
3-one] (17). To further develop new analogs of curcumin which 
can enhance  stability and anticancer effects, we designed and 
screened novel double carbonyl analogs of curcumin. In the 
present study, we identified a novel double carbonyl analog 
of curcumin (named A17; Fig. 1), and described its stability 
and antitumor activity. The results showed that A17 has better 
stability and antitumor activity than curcumin.

Materials and methods

Chemicals and reagents. Curcumin was purchased from 
Sigma Chemical Co. (St.  Louis, MO, USA). As shown in 
Fig. 1A and B, curcumin analog A17 was synthesized and 
recrystallized by CH2C2/EtOH. Its structure was identified 
by MS and 1H‑NMR analyses and its purity (99.50%) was 
determined using HPLC. The CellTiter-Glo kit was purchased 
from Promega Corporation (Madison, WI, USA). FITC 
Annexin V Apoptosis Detection kit  I was purchased from 
BD Pharmingen (Franklin Lakes, NJ, USA). Nitrocellulose 
membranes and enhanced chemiluminescence reagents were 
obtained from Bio-Rad (Hercules, CA, USA). Antibodies 
including anti-cleaved PARP, anti-pro‑caspase-3, anti-Bcl-2, 
anti-BAX, anti-GAPDH, anti‑CHOP, anti-ATF-4, anti-XBP-1, 
anti-GRP78, goat anti-mouse IgG-HRP, goat anti-rabbit 
IgG-HRP and donkey anti-goat IgG-HRP were purchased 
from Santa Cruz Biotechnology (Santa Cruz, CA, USA), and 
anti-cleaved caspase-3 antibody was purchased from Cell 
Signaling Technology (Danvers, MA, USA). The Ambion 
RNAqueous kit was purchased from Applied Biosystems Inc. 
(Foster City, CA, USA). All other reagents and solvents used 
were of analytical grade.

Cell lines. Human lung carcinoma cell line NCI-H460 was 
purchased from the American Type Culture Collection (ATCC; 
Manassas, VA, USA). The B16-F10 (mouse B16-F10 malig-
nant melanoma cells), U251 (human glioma cell U251), and 
A549 cells were all purchased from the Shanghai Institute of 
Biosciences and Cell Resources Center (Chinese Academy of 
Sciences, Shanghai, China). B16-F10 and U251 were cultured 
in RPMI-1640 medium, whereas NCI-H460 and A549 were 
cultured in Dulbecco's modified Eagle's medium (DMEM) 
(both from Invitrogen, Carlsbad, CA, USA) with high‑glucose 
media; the four types of cells were supplemented with 10% 
heat-inactivated fetal bovine serum (FBS) (Atlanta Biologicals 
Inc., Lawrenceville, GA, USA) and 100 U/ml penicillin-strep-
tomycin (Mediatech, Inc., Manassas, VA, USA) and incubated 
at 37˚C with 5% CO2.

Stability test. To determine the optical density (OD) of A17 
and curcumin, 10 µl A17 or curcumin was added into each 
cuvette and then the absorbance was detected at once from 
200 to 600 nm. OD was measured once every 5 min, and three 
independent experiments were conducted.

Methyl thiazolyl tetrazolium (MTT) assay. MTT assay was 
conducted according to the basic specifications described by 
Ye et al (23), but with slight modification. Briefly, B16-F10, 
U251, H460 and A549 cells (100 µl/well) at the logarithmic 
phase were seeded and cultured in a 96-well plate at 37˚C. 

After 24 h, A17 was dissolved and diluted with dimethyl sulf-
oxide (DMSO) to a final concentration of 60, 12, 2.4, 0.48 or 
0.096 µg/ml, and directly added to the culture medium in a 
96-well plate and incubated for 72 h before the MTT assay. 
Curcumin was used as the positive control. MTT (5 mg/ml) 
dissolved in NaCl solution (0.9%) was added to each well of 
the plate. After incubation in a CO2 incubator for 3 h, the cells 
were dissolved in 100 µl of DMSO and then analyzed in a 
multi‑well plate reader at 570 nm.

Cell viability assay. Freshly resuspended H460 cells were 
seeded into 96-well plates at 5x103 cells/well overnight, and 
then the cells were treated with various concentrations of A17 
or curcumin. The compounds were dissolved in DMSO and 
added to the culture medium (final concentration of 1.25, 2.5, 
5, 10 and 15 µM) and incubation was carried out for 24 h in 
an incubator at 37˚C with 5% CO2. Cell viability was observed 
by microscopy and evaluated with the CellTiter-Glo kit at 
different time points. Absorbance was measured at 450 nm to 
determine the number of viable cells.

Colony formation assay. H460 cells were placed into a 6-well 
plate at 1x103 cells/well and cultured overnight. After starved 
cultivation for 24 h, the cells were treated for a week with 1 and 
5 µM of A17, 5 µM of curcumin and DMSO (were used as a 
control). The number of surviving colonies was counted after 
staining with crystal violet solution and then photographed. 
Each experiment was performed in triplicate wells 3 times.

Flow cytometric analysis. H460 cells were plated in a 6-mm 
plate for 6 h and then treated with A17 (1, 5 and 10 µM), 
curcumin (10 µM) or DMSO for 24 h, respectively. In addi-
tion, the cells were collected and stained with Annexin V and 
propidium iodide (PI) for 30 min at 37˚C when 100 mg/ml 
RNAse and 0.1% Triton X-100 were present. Flow cytometric 
analysis was performed using FACSCalibur (BD Biosciences, 
San Jose, CA, USA).

Western blot analysis. H460 cells were washed and collected 
with PBS after treatment, and lysed in lysis buffer containing 
50 mmol/l Tris-HCl (pH 7.4), 150 mmol/l NaCl, 1% NP40 and 
0.1% SDS. After the protein concentration was determined by 
BCA protein assays, protein samples were electrophoresed 
by 10% SDS-PAGE gel before proteins were transferred to 
nitrocellulose membranes. Each membrane was blocked with 
Tris-buffered saline (pH 7.6) containing 0.05% Tween-20 and 
5% non-fat milk for 1 h at room temperature. After being 
washed with TBS 3 times, the nitrocellulose membrane was 
probed with the specific primary antibody at 4˚C overnight 
followed by incubation with secondary antibodies conjugated 
with horseradish peroxidase and visualized using enhanced 
chemiluminescence reagents.

Construction of lentiviral siRNA for CHOP. To specifi-
cally target the nucleotides of CHOP, lentiviral siRNA for 
CHOP was constructed according to the basic specifications 
described by Liang et al (18). The sense sequence of the siRNA 
cassettes was designed with the siRNA target finder (Ambion, 
Austin, TX, USA), and the sequence of CHOP siRNA was 
5'-GCAGGAAATCGAGCGCCTGAC-3'.
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Statistical analysis. Student's t-test was employed to analyze 
the differences between data sets. The data analysis was 
performed using GraphPad Prism 4.0 (GraphPad, San Diego, 
CA, USA). Differences were considered to indicate a statisti-
cally significant result at p<0.05.

Results

Structures of A17 and curcumin and their activity against 
human tumor cell lines. Fig. 1A and B show the design and 
structural skeleton of the novel double carbonyl analogs of 
curcumin (A17). According to the characteristic absorption 
peak of A17 and curcumin in Fig. 1C and D, A17 is more 
stable than curcumin, and Fig. 2A shows that A17 exhibited 
good antiproliferative effect against B16-F10, U251, H460 and 
A549 cell lines, which were chosen for the present study. IC50 
values of A17 and curcumin against the above mentioned cell 
lines were determined by an MTT assay (Fig. 2A). Curcumin 
showed cytotoxicity against B16-F10, U251, H460 and A549 
cells with IC50 values of 15.9±3.2, 26.9±23.4, 23.5±4.1 and 
21.6±2.7 µM, respectively; by contrast, A17 displayed stronger 
cytotoxicity than curcumin, with IC50 values reaching 10.1±1.5, 
6.6±0.1, 4.8±2.1 and 6.3±0.8 µM, respectively.

H460 cell death is induced by A17. After H460 cells were 
treated with A17 or curcumin at different concentrations (0, 
1.25, 2.5, 5, 10 and 15 µM) for 24 h, cell viability was deter-
mined by the CellTiter-Glo kit assay. A17 at different doses, 
induced H460 cell death more effectively than curcumin 
at the same doses, as shown in Fig. 2B (p<0.01), and A17 
ranging from 1.25 to 15 µM dose-dependently decreased cell 
survival. As shown in Fig. 2B, after 24 h of treatment with 

A17 or curcumin at 10 µM, A17 significantly reduced H460 
cell viability (22.71%) when compared with curcumin (58.2%). 
Subsequently, the antiproliferative effect of H460 cells was 
identified by colony formation assay. The results showed 
that, compared with curcumin and DMSO, A17 significantly 
reduced the number of colonies formed by the H460 cells at 
5 µM (Fig. 2C). Flow cytometric analysis was used to assess 
the effects of A17 and curcumin on the induction of apoptosis 
in H460 cells. Fig. 3 showed that A17 increased H460 apoptosis 
in a dose-dependent manner after 6 h of treatment. After H460 
cells were treated with A17 at 5 µM or curcumin at 10 µM, 
only a cell apoptosis rate of 8% was detected in the curcumin 
group, whereas 33% H460 cell apoptosis was induced in the 
A17 group. We further investigated the A17-induced H460 cell 
death by western blot analysis. As shown in Fig. 4, cleaved 
PARP, procaspase-3, cleaved caspase-3, Bcl-2 and BAX are 
apoptosis-related proteins. A17 dose-dependently enhanced 
H460 cell apoptosis after 12-24 h of treatment by increasing 
the expression of BAX, cleaved caspase-3, and cleaved PARP 
while decreasing the expression of Bcl-2 and procaspase-3.

A17 causes ER stress in the H460 cells. Glucose-regulated 
protein/immunoglobulin heavy chain‑binding protein 
(GRP78) is the gatekeeper to the activation of ER stress (24). 
Thus, the protein expression of GRP78 was measured after 
A17 treatment. Fig. 5C and E show that the protein expression 
of GRP78 was increased at 3 h following treatment with 
A17 at 5 µM, whereas no significant increase was detected 
in the curcumin-treated group  (18). In addition, western 
blot analysis revealed that the protein expression of GRP78 
increased in a time-dependent manner at 1-12 h after the cells 
were treated with A17 at 5 µM. Thereafter, we also examined 

Figure 1. Chemical structures and characteristic absorption peaks of compound A17 and curcumin. (A and B) Design and skeleton of structurally stable double 
carbonyl analogs of curcumin. (C and D) Characteristic absorption peaks of (C) A17 and (D) curcumin.
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the expression levels of the downstream X-box binding 
protein  1 (XBP-1) and activating transcription factor  4 
(ATF-4) in H460 cells treated with 5 µM A17 or curcumin 
using western blot analysis. The time course results showed 
that the treatment with A17 at 5 µM induced the expression of 
ATF-4 (6 h after treatment) and XBP-1 (3 h after treatment) 
to peak (Fig. 5C and D), whereas no significant increase could 
be seen in the 5 µM curcumin-treated H460 cells (18).

CHOP induction may be most sensitive to ER stress 
response, and CHOP is regarded as a marker of the commit-
ment to ER stress-induced apoptosis (25). The transcription of 
the CHOP gene is induced by the unfolded protein response 
(UPR) including ATF-4 and XBP-1 pathways in the process of 
ER stress (26). In the present study, we demonstrated that A17 
obviously increased CHOP at the protein level. Fig. 5A and B 
indicated that A17 induced CHOP protein upregulation 

Figure 2. A17 and curcumin induce cell death in human cancer cell lines. (A) IC50 values of A17 and curcumin against B16-F10, U251, H460 and A549 cell 
lines. (B) Cell viability assay of H460 cells after treatment with A17 or curcumin. Data were calculated as the percentage of viability of the vehicle‑treated 
cells; *p<0.05, **p<0.02 and ***p<0.01 vs. the curcumin group. (C) The colony formation assay was used to identify the antiproliferative effects on H460 cells.

Figure 3. Flow cytometric assay of H460 cells after 6 h of incubation at the indicated concentrations (1, 5 and 10 µM) of A17, with 10 µM curcumin and DMSO 
as controls. Cells were stained with Annexin V and PI.
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in a dose-dependent manner. Similarly, CHOP expression 
was not detectable in curcumin-treated cells. As shown in 
Fig. 5C and E, the CHOP protein expression was noticeably 
increased after H460 cells were exposed to A17 for 6 and 12 h, 
and reached its peak at 12 h, but curcumin at 5 µM had no 
effect on CHOP protein levels.

All upstream signals finally result in caspase activation 
to finish the execution of ER stress-induced apoptosis (27). 
As shown in Fig. 4, we tested the downstream events of ER 
stress‑mediated apoptosis after A17-induced ER stress. The 
western blot analysis results showed that the cleavage of 
procaspase-3 was detected after A17 treatment for 24  h. 
However, caspase-3 was not able to be activated by curcumin at 
this concentration. These results demonstrate that the caspase 
signal is related to the ER stress-mediated apoptotic pathway 
induced by A17.

A17-induced H460 cell death is suppressed by reducing 
CHOP expression. To further prove that ER stress plays an 
important role in the process of A17-induced H460 cell 
apoptosis, we constructed a lentiviral vector that contained 
an siRNA targeting the CHOP gene and transiently trans-
fected it into H460 cells. We detected the titers by counting 
EGFP-expressing cells after 48 h via fluorescence microscopy. 
As a result, we found that over 67% of the H460 cells were 
transfected using the lentiviral siRNA. In addition, to verify 
that A17-induced H460 cell death was suppressed by reducing 

CHOP expression, CHOP siRNA-tranfected H460 cells were 
treated using A17 at the indicated concentrations (0, 2, 4, 6, 
8, 10 and 20 µM) for 24 h. Compared with the control group, 
cell apoptosis induced by A17 was markedly decreased when 
CHOP expression in H460 cells was silenced (Fig. 6A). CHOP 
is a key protein in ER stress, thus, these results suggest that 
A17-induced cell apoptosis is at least partially mediated by the 
ER stress pathway.

Discussion

Curcumin, also known as diferuloylmethane, is extracted 
from the root of Curcuma longa and has been widely used 
as a therapeutic agent for several different types of cancers 
in clinical trials  (19). However, numerous studies indicate 
that its poor bioavailability and pharmacokinetic profiles 
have limited its application in anticancer therapy (15,28,29). 
The chemical modification of curcumin is an effective way 
to obtain potential analogs with enhanced bioavailability and 
antitumor activity (16,18,19,30-34). Given that the β-diketone 
moiety of curcumin may cause its instability and poor meta-
bolic property, we previously deleted the moiety to design a 
series of mono-carbonyl analogs of curcumin (17). Through 
the analysis of cytotoxic screening experiment, we found that 
06, 12 and 19 of curcumin analogs showed enhanced toxic 
effects against human lung cancer H460 cells, and the IC50 
values were <10 µM (18). To further improve the stability and 

Figure 4. A17 and curcumin induce H460 apoptosis. (A) Apoptosis-related protein expression (cleaved PARP, procaspase-3, cleaved caspase-3, Bcl-2 and 
BAX) was examined by western blot analysis. GAPDH is shown as a control for equal loading. (B and C) Western blot results from (A) were calculated and 
represented as the percentage of control; *p<0.02 vs. the vehicle group.
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anticancer effect of curcumin, we designed a double carbonyl 
analog of curcumin (named A17; Fig. 1A and B). A17 had 
better stability and improved pharmacokinetic profiles than 
curcumin. Subsequently, an MTT assay for A17 against human 
lung cancer H460 cells was performed, and A17 was a more 
efficient compound than curcumin against H460 cells with 
IC50 <5 µM, thereby suggesting that A17 also has much higher 
activity than curcumin (Fig. 2A).

In rapidly growing tumors, when cancer cells are continu-
ously exposed to harsh microenvironments of hypoxia and 
nutritional deprivation, this leads to ER stress (35). The UPR 
pathways of most normal cells remain quiescent, since they do 
not undergo an active ̔ stress̓ response. The difference between 
normal cells and tumor cells allows for the agents that target 
ER stress to implement the specificity of cancer therapy. Some 
data from clinical trials support the hypothesis that the regula-
tion of ER stress may raise the curative effect of chemotherapy 
drugs and that ER stress-mediated apoptotic pathways may 
provide new targets for antitumor drugs (21). Previous studies 
have shown that curcumin induces the apoptosis of human non-

small cell lung cancer (NSCLC) H460 cells through ER stress 
and mitochondria-dependent pathways (13,27). Curcumin at 
>30 µM caused cytotoxicity in H460 cells via the induction of 
apoptosis, and apoptotic cell death was associated with the ER 
stress signaling pathway (18). In the present study, to develop 
novel antitumor agents via the ER stress-mediated mechanism, 
we tested the ability of A17 to increase the expression of CHOP, 
which is a hallmark of the ER stress-mediated apoptotic 
pathway. Fig. 5A shows that A17 induced CHOP overexpres-
sion in the H460 cells, thereby suggesting that A17 may have a 
different mechanism of antitumor action from that of the other 
analogs. Therefore, we revealed the exact molecular mecha-
nism by which A17 causes ER stress-mediated cell apoptosis, 
as explained below. GRP78 is a member of a glucose-regulated 
protein family and is the gatekeeper of the activation of ER 
stress  (24). ER has three transmembrane receptors: the 
PKR-like ER kinase (PERK), ATF-6 and IRE1. They usually 
combine with GRP78 and form a complex in the inactive state, 
respectively. However, in the process of UPR, once GRP 78 
is combined with misfolded proteins, these transmembrane 

Figure 5. A17 induces GRP78, ATF-4, XBP-1 and CHOP expression. (A) After H460 cells were treated with A17 at 1 and 5 µM for 6 h, CHOP expression 
was examined by western blot analysis. GAPDH is shown as a control for equal loading. (B) Western blot results from (A) were calculated and represented as 
the percentage of the control; *p<0.02 vs. the DMSO group. (C) Cells were treated with A17 at 5 µM for 0, 0.5, 1, 3, 6 and 12 h, and the expression of GRP78, 
ATF-4, XBP-1 and CHOP was examined by western blot analysis. GAPDH is shown as a control for equal loading. (D and E) Western blot results from (C) 
were calculated and represented as the percentage of the control; *p<0.02 vs. the 0 h group.
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receptors are released from complexes, and then they monitor 
their downstream molecules and regulate ER stress (36). In 
the present study, after H460 cells were treated with A17 for 
3 h, GRP78 protein expression was increased (Fig. 5C and E). 
Subsequently, we detected the A17-induced activation of 
PERK, ATF-6, and IRE1 by monitoring their downstream 
molecules: ATF-4, XBP-1, BAX and Bcl-2 (namely, p-JNK↑ 
→ p-c-JUN↑ → P53↑ → BAX↑ and Bcl-2↓) at 6-12 h after A17 
treatment, respectively (Figs. 4A and C; and 5C and D). These 
data indicate that the ER stress-dependent apoptotic pathway 
was triggered by A17.

After H460 cells were treated with A17 for 12 h, CHOP 
expression was also found to increase (Fig. 5A-C and E). In 
fact, CHOP is the common downstream activated protein in 
two signaling pathways of PERK and ATF-6; ATF-4 and 
XBP-1 activation lead to the upregulation of CHOP gene 
expression, thus triggering an ER stress-specific cascade for 
apoptosis. In addition, several members of the Bcl-2 family 
proteins, regarded as main regulators in the mitochondrial-
mediated apoptotic pathway, are important in the ER stress 
downstream pathway (26,38,39). The phosphorylation of c-Jun 

activates the transcription factor P53 and the latter regulates 
Bcl-2 family proteins (26,38,39). As shown in Fig. 4A and C, 
after A17 treatment of H460 cells for 12 h, A17 dose-depend-
ently increased the expression of BAX, but decreased the 
expression of Bcl-2.

Finally, caspase is activated by all of the upstream signals, 
which leads to the ordered and sequential dismantling of the 
cells until competion of the execution of ER stress-induced 
apoptosis (26,37). In different studies of ER stress-induced 
human cancer cell apoptosis, the cleavage and activation of 
caspase-3 has been observed (26,37,38,40). Fig. 4 suggests 
that A17 dose-dependently induced the cleavage and activa-
tion of caspase-3; the cleaved caspase-3 was able to cleave 
PARP (namely, the substrate of caspase-3), thereby resulting 
in the loss of PARP activity consequently leading to H460 cell 
apoptosis. In summary, our data confirmed the capacity of 
A17 to activate all key proteins at various phases of ER stress. 
Therefore, according to above relative results, we propose a 
signaling model of the development of ER stress-induced 
apoptosis induced by A17 (Fig. 6B).

The sensitivity of H460 cells to A17 treatment at concen-
trations ranging from 1.25 to 15 µM was further confirmed 
by the results of the cell viability and colony formation 
assays, and flow cytometric analysis, whereas curcumin did 
not display adequate activity at the indicated concentra-
tions (Figs. 2 and 3). The above mentioned data suggest that 
ER stress was related to A17-induced cell apoptosis. However, 
whether A17-induced cell apoptosis is ER stress-dependent 
remains unknown. The transfection of cells with CHOP 
or GRP78 siRNA has been reported to reduce ER stress-
mediated human colon cancer cell apoptosis  (41). CHOP 
knockdown by specific siRNAs attenuated γ-tocotrienol-
induced (42) and desipramine-induced ER stress-mediated 
apoptotic cascade (43). By comparing A17-induced ER-stress-
dependent and non-ER-stress‑dependent apoptosis, the role of 
ER stress in A17-induced apoptosis was verified using CHOP 
siRNA transfection. Fig. 6A also indicates that CHOP is a 
pro-apoptotic protein. More significantly, the results suggest 
that the A17-induced apoptosis is, at least in part, ER stress-
dependent. Despite the fact that our hypothesis was supported 
by the data, the A17-induced apoptosis may also involve other 
apoptotic mechanisms. In mitochondria-mediated apoptotic 
pathways, p53 phosphorylation and caspase-3 activation also 
play important roles (37,39). Moreover, it was reported that 
curcumin exerts anticancer effects by multi-targeting mecha-
nisms (13,44). However, the present study only focused on ER 
stress-mediated apoptosis. Thus, further studies are warranted.

In summary, novel compound A17 was found to have better 
stability and antitumor effects than curcumin against human 
lung cancer H460 cells via an ER stress-mediated mechanism. 
Therefore, based on these properties of A17, safe and effective 
agents could be further explored for the treatment of NSCLC.
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