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Abstract. Curcumin is known for its anti-proliferative effects 
in lung cancer cells. Studies have demonstrated that an increase 
in the levels of intracellular free calcium ([Ca2+]i) is involved 
in curcumin-induced apoptosis. In this study, we aimed to 
investigate the involvement of calcium overload in the anti-
proliferative effects of curcumin on lung cancer cells and the 
possible mechanisms involved. A549 and H1299 lung cancer 
cells were incubated with serial diluted curcumin. MTT assay 
was used to assess the cytotoxic effects of curcumin on the lung 
cancer cells; the inositol 1,4,5-trisphosphate receptor (IP3R, a 
key regulator of [Ca2+]i signaling) was blocked by its specific 
inhibitor, xestospongin C (XSC). Hoechst 33342, Fura-2/AM 
and rhodamine 123 fluorescence staining was employed to 
detect the apoptosis, the [Ca2+]i level and mitochondrial poten-
tial in the lung cancer cells. The expression levels of B-cell 
lymphoma-2 (Bcl‑2), cleaved caspase-3 and cleaved caspase-9, 
and the phosphorylation level of IP3R were evaluated by 
western blot analysis. Our results revealed that curcumin inhib-
ited cell growth, increased the [Ca2+]i level and increased the 
apoptosis of the lung cancer cells in a concentration-dependent 
manner. However, XSC attenuated the increase in the [Ca2+]
i level and apoptosis, and also reversed the curcumin-induced 
loss of mitochondrial potential potential. Treatment with 
curcumin downregulated the expression of Bcl-2, and elevated 
the phosphorylation level of IP3R in a concentration-dependent 
manner. However, this effect was not reversed by treatment 
with XSC. In conclusion, the cytotoxic effects of curcumin 
on lung cancer cells were induced by calcium overload, which 
involves Bcl-2 mediated IP3R phosphorylation.

Introduction

Lung cancer is the most common type of cancer of the respi-
ratory system, with a 5-year overall survival rate of <15% (1). 

Due to its malignant tendency and the high rate of recur-
rence and metastasis, the effects of surgical treatment are 
limited (2). Similar to other types of cancer cells, lung cancer 
cells are also characterized by the features of sustained prolif-
eration and resistance to cell apoptosis. Non-small cell lung 
cancer (NSCLC) is responsible for approximately 85% of the 
total lung cancer cases. The prognosis is pessimistic as NSCLC 
is not sensitive to the majority of conventional cytotoxic treat-
ments, such as chemotherapy and radiotherapy (3). Thus, the 
need for the identification of novel alternative therapeutic drugs 
for NSCLC is urgent and of significance.

Apoptosis, also known as programmed cell death, is believed 
to be triggered by multiple extra- and intracellular factors. 
Osmotic pressure imbalance, reactive oxygen species (ROS), 
mitochondrial damage and calcium overload have been shown 
to play an important role in the initiation and regulation of 
apoptosis (4). Calcium is one of the small signaling molecules 
regulating various biological functions in cells. Cell cycle regu-
lation and cell death have been suggested to closely correlate 
with the intracellular calcium ion ([Ca2+]i) concentration  (5). 
Under pathological conditions, such as ischemia-reperfusion 
injury and oxidative stress, the [Ca2+]i level has been reported 
to markedly increase in many types of cells. This condition 
is known as calcium overload, which eventually leads to the 
activation of pro-apoptotic factors, resulting in apoptosis (6,7).

The endoplasmic reticulum (ER) is considered the critical 
organelle participating in multiple cellular biological functions. 
Accumulating evidence indicates that in response to patho-
logical stimuli, the ER decides the cell fate by initiating cell 
defense or activating apoptosis (8,9). It has been reported that 
calcium is released from the ER to induce calcium overload, 
leading to cell death (10). Located in the ER membrane, the 
inositol 1,4,5-trisphosphate receptor (IP3R) has been suggested 
to be involved in the regulation of cellular calcium homeo-
stasis, playing a role as the main calcium release channel in 
the majority of cells (11). B-cell lymphoma-2 (Bcl-2) belongs 
to the family of anti-apoptotic proteins and is located in the 
ER. Accumulating evidence has indicated that the Bcl-2 
protein plays a role in regulating the phosphorylation status of 
IP3R. It appears that the phosphorylation of IP3R is reduced 
by Bcl-2 and thus the IP3R-induced calcium release (IICR) is 
impaired (12).

Curcumin has a long medical application history in 
Traditional Chinese Medicine (TCM) since the ancient times. 
Curcumin is extracted from turmeric (Curcuma longa L.) and 
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is known as 1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6‑hepta-
diene-3,5-dione in modern pharmacology. In several recent 
studies, the suppression of Bcl-2 expression has been suggested 
to be involved in the apoptosis-inducing effects of curcumin 
on NSCLC (13). Furthermore, curcumin has been reported 
to induce cell apoptosis by increasing the [Ca2+]i level (14). 
However, whether calcium overload-induced cell apoptosis is 
involved in the anti-proliferative effects of curcumin has not 
yet been elucidated. Thus, in the present study, we examined 
our hypothesis that curcumin exacerbates IICR by suppressing 
Bcl-2 expression, thus inducing the apoptosis of NSCLC cells.

Material and methods

Cell lines and treatment. The human lung cancer cell lines, 
A549 and H1299, were provided by American Type Culture 
Collection (ATCC; Manassas, VA, USA). The cells were 
cultured in RPMI-1640 medium (HyClone, Logan, UT, USA) 
supplemented with 10% fetal bovine serum (FBS; Gibco, 
Carlsbad, CA, USA), 250 ng/ml amphotericin B, 100 g/ml strep-
tomycin, 100 U/ml penicillin and 2 mmol/l glutamine (all from 
Sigma, St. Louis, MO, USA) in culture flasks (Corning Inc., 
Corning, NY, USA) which were maintained in a an incubator 
under a humidified environment with 5% CO2 and 95% fresh 
air. In order to determine the cytotoxicity of curcumin, the cells 
were treated with serially diluted curcumin (Sigma) at concen-
trations of 0, 10, 20, 30, 40, 50, 60, 70 and 80 µmol/l for 24 h. 
In order to examine the role of IP3R, a specific IP3R inhibitor, 
xestospongin C (XSC; Sigma) was used to pre-treat the cancer 
cells at a concentration of 10 µmol/l for 15 min to block IP3R.

Cell viability assay. The viabilities of the A549 and H1299 
cells were assessed by a colorimetric 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Briefly, 
1x105 cells were plated in a 96-well plate and then incubated 
with curcumin at different concentrations (0-80 µmol/l) for 
24 h. After being washed with sterilized phosphate-buffered 
saline (PBS; Bioss, Beijing, China), the cells were incubated 
with MTT solution (Sigma) at a concentration of 5 mg/ml 
for 4 h. The cells were then dissolved by dimethyl sulfoxide 
(DMSO; Sigma). The amount of formed formazan crystals 
was investigated by measuring the absorbance value at 540 nm 
using a plate reader (Bio-Rad, Hercules, CA, USA).

Measurement of cell apoptosis. Cell apoptosis was evaluated 
by Hoechst 33342 staining. The cells were collected, washed 
and fixed in 4% paraformaldehyde for 20 min. The cells were 
stained with Hoechst 33342 (Sigma) at a final concentration of 
10 µmol/l for 20 min in a dark chamber. The cells were then 
observed under a fluorescence microscope (Carl Zeiss, Jena, 
Germany). Captured images were analyzed using Image-Pro 
Plus software (Media Cybernetics, Rockville, MD, USA). The 
amount of Hoechst positively stained cells was used to indicate 
the percentage of apoptosis.

Determination of the [Ca2+]i concentration. The [Ca2+]i level 
in the A549 and H1299 cells was determined by Fura-2/AM 
fluorescence staining. Briefly, the harvested cells were incu-
bated with Fura-2/AM (Beyotime Institute of Biotechnology, 
Shanghai, China) at final concentration of 5 µmol/l at 30˚C 

for 30 min. A fluorescence microscope (Carl Zeiss) was then 
used to observe the cells. The [Ca2+]i level was represented 
by the mean fluorescence intensity (MFI) after the captured 
images were analyzed using Image-Pro Plus software (Media 
Cybernetics).

Evaluation of mitochondrial membrane potential (ΔΨm). In 
order to detect the ΔΨm, the collected cells were incubated 
with rhodamine 123 (Sigma) at final concentration of 10 mg/l at 
37˚C for 30 min in a dark chamber. The fluorescence of rhoda-
mine 123 was detected using a FACSCalibur flow cytometer 
(BD Biosciences, San Jose, CA, USA) at 530 nm. The fluores-
cence of rhodamine 123 represented the levels of ΔΨm.

Western blot analysis. The harvested cells were washed 
with PBS and lysed in RIPA buffer system (Santa Cruz 
Biotechnology, Inc. Santa Cruz, CA, USA) on ice. Following 
centrifugation at 12,000 x g at 4˚C for 10 min, the supernatant 
separated from the lysates was considered as the extracted total 
protein. The protein concentration was detected using the BCA 
kit (Thermo Scientific, Rockford, IL, USA) according to the 
manufacturer's instructions. A total of 20 µg of protein were 
loaded and separated by electrophoresis on 10-15% sodium 
dodecyl sulfate-polyacrylamide gels (SDS-PAGE) and then 
transferred onto PVDF membranes electronically. Non-specific 
binding was eliminated by incubation with 0.05% Tween-20 and 
5% defatted milk. Specific antibodies against IP3R (Abcam, 
Cambridge, MA, USA), phosphorylated (p-)IP3R (Ser1756; Cell 
Signaling Technology, Inc., Beverly, MA, USA), Bcl-2 (Abcam), 
cleaved caspase-3, cleaved caspase-9 (both from Santa Cruz 
Biotechnology, Inc.) and GAPDH (Invitrogen, Carlsbad, CA, 
USA) were used to incubate the membranes at 4˚C for 8-12 h. 
The immunoblots were detected by corresponding horseradish 
peroxidase-conjugated secondary antibodies (Invitrogen) using 
the enhanced chemiluminescence kit (Amersham Pharmacia 
Biotech, Piscataway, NJ, USA). The intensities of the immu-
noblots were analyzed by Image-Pro Plus software (Media 
Cybernetics).

Results

Curcumin inhibits the proliferation of A549 and H1299 cells. 
The inhibitory effects of crucumin on the growth of cancer 
cells were determined by MTT assay. As demonstrated in 
Fig. 1, curcumin suppressed the growth of the A549 and H1299 
cells in a concentration-dependent manner. Curcumin began 
to exert cytotoxic effects on the A549 cells at a concentra-
tion of 50 µmol/l, while the H1299 cells appeared to be more 
sensitive to curcumin, which began to exert cytotoxic effects 
at a concentration of 40 µmol/l. Thus, the concentrations of 
50, 60 and 70 µmol/l curcumin were selected to incubate the 
A549 cells, while the concentrations of 40, 50 and 60 µmol/l 
curcumin were selected to incubate the H1299 cells.

IP3R inhibitor impairs the curcumin-induced apoptosis of 
A549 and H1299 cells. Fig. 2 shows the captured images of 
Hoechst 33342 fluorescence staining of the A459 and H1299 
cells. Following incubation with serially diluted curcumin, 
the apoptosis of both the A549 and H1299 cells significantly 
increased in a concentration-dependent manner. However, 
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in the XSC pre-treated A549 and H1299 cells, the apoptosis 
induced by curcumin was significantly attenuated.

The [Ca2+]i concentration is elevated by treatment with 
curcumin, but this effect is reversed by pre-treatment with 
XSC in the A549 and H1299 cells. The images of Fura-2/AM 
staining of the A549 and H1299 cells are shown in Fig. 3. As 
a calcium indicator, the intensities of Fura-2/AM staining were 
used to determine the [Ca2+]i concentration. Trreatment with 
curcumin significantly elevated the [Ca2+]i levels in both the 
A549 and H1299 cells in a concentration-dependent manner. 
However, following pre-treatment with XSC, the curcumin-
induced increase in the [Ca2+]i level was impaired.

Protective effect of XSC on the curcumin-induced decrease in 
ΔΨm in the A549 and H1299 cells. The flow cytometric assess-
ment of rhodamine 123 staining was used to examine the ΔΨm 
level. The decrease in ΔΨm indicated the increased perme-
ability and impaired integrity of the mitochondrial membrane 

Figure 2. Effects of curcumin and xestospongin C (XSC) on the apoptosis of A549 and H1299 lung cancer cells; 0, 50, 60 and 70 µmol/l indicate A549 cells incu-
bated with curcumin at concentrations of 0, 50, 60 and 70 µmol/l, respectively for 24 h; 70 µmol/l + XSC indicates XSC-pre-treated A549 cells incubated with 
curcumin at 70 µmol/l for 24 h; 0, 40, 50 and 60 µmol/l indicate H1299 cells incubated with curcumin at concentrations of 0, 40, 50 and 60 µmol/l, respectively 
for 24 h; 60 µmol/l + XSC indicates XSC-pre-treated H1299 cells incubated with curcumin at 60 µmol/l for 24 h. (A) Captured fluorescence images of A549 
and H1299 cells stained with Hoechst 33342. White arrows indicate apoptotic cells. Columns in (B and C) indicate apoptotic the percentage of A549 cells and 
H1299 cells. a, Differences are significantly different when compared with 0 µmol/l; b, differences are significantly different when compared with 50 µmol/l 
(or 40 µmol/l for H1299 cells); c, differences are significantly different when compared with 60 µmol/l (or 50 µmol/l for H1299); d, differences are significantly 
different when compared with 70 µmol/l (or 60 µmol/l for H1299 cells).

Figure 1. Curcumin inhibits the growth of A549 and H1299 lung cancer cells. 
Line chart demonstrates the results from MTT assay. The blue line indicates 
the viable percentage of A549 cells incubated with serially diluted curcumin 
at concentrations of 0, 10, 20, 30, 40, 50, 60 70 and 80 µmol/l for 24 h. The 
red line indicates the viable percentage of H1299 cells incubated with serially 
diluted curcumin at concentrations of 0, 10, 20, 30, 40, 50, 60 70 and 80 µmol/l 
for 24 h. Values are presented as the means ± SD. Indicates that the difference 
is significant when compared with the previous concentration (*P<0.05).
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which was considered as a pro-apoptotic event. Treatment with 
curcumin decreased the ΔΨm in both the A549 and H1299 
cells in a concentration-dependent manner (Fig. 4). However, 
the XSC pre-treated A549 and H1299 cells showed a distinct 
resistance to the curcumin-induced decrease in ΔΨm.

Effect of curcumin on Bcl-2 expression and IP3R phosphory-
lation. Fig. 5 illustrates the immunoblots of Bcl-2, IP3R and 
p-IP3R in the curcumin-treated A549 and H1299 cells. We 
found that the expression of Bcl-2 was reduced by treatment 
curcumin in a concentration-dependent manner. We also 
found that the phosphorylation of IP3R was enhanced by treat-
ment with curcumin in a concentration-dependent manner. 
Pre-treatment with XSC failed to affect the changes in Bcl-2 
expression and IP3R phosphorylation in the curcumin-treated 
cells.

Curcumin initiates caspase cascade activation which is 
reversed by pre-treatment with XSC. Fig. 5 also demonstrates 
the immunoblots of cleaved caspase-3 and caspase-9 in 

the A549 and H1299 cells. It was found that treatment with 
curcumin stimulated the expression levels of cleaved caspase-3 
and caspase-9 in a concentration-dependent manner. The 
cleavage of caspase-3 and caspase-9 suggests the activation of 
caspase cascade, which is generally accepted as the indicator 
of mitochondrial-dependent apoptosis. However, in the XSC 
pre-treated A549 and H1299 cells, the activation of the caspase 
cascade was markedly attenuated.

Discussion

In the present study, we investigated the anti-proliferative effects 
of curcumin on NSCLC cells. Two NSCLC cell lines, A549 
and H1299, were used in this study. We found that curcumin 
significantly inhibited the growth of the A549 and H1299 cells 
in a concentration-dependent manner. The cytotoxic effects of 
curcumin on lung cancer cells were mediated by the induction 
of apoptosis. Thus, we further investigated the possible mecha-
nisms involved. For the first time, to the best of our knowledge, 
our results indicated that the phosphorylation status of IP3R 

Figure 3. Effects of curcumin and xestospongin C (XSC) on intracellular free calcium [Ca2+]i levels in A549 and H1299 lung cancer cells; 0, 50, 60 and 70 µmol/l 
indicate A549 cells incubated with curcumin at concentrations of 0, 50, 60 and 70 µmol/l, respectively for 24 h; 70 µmol/l + XSC indicates XSC-pre-treated 
A549 cells incubated with curcumin at 70 µmol/l for 24 h; 0, 40, 50 and 60 µmol/l indicate H1299 cells incubated with curcumin at concentrations of 0, 40, 50 
and 60 µmol/l respectively for 24 h; 60 µmol/l + XSC indicates XSC-pre-treated H1299 cells incubated with curcumin at 60 µmol/l for 24 h. (A) The [Ca2+]i level 
was detected by Fura-2/AM fluorescence staining. Positively stained calcium is shown as green zones in the captured images under a microscope. Columns in 
(B and C) indicate the mean fluorescence intensity of Fura-2/AM in A549 cells and H1299 cells. a, Differences are significantly different when compared with 
0 µmol/l; b, differences are significantly different when compared with 50 µmol/l (or 40 µmol/l for H1299 cells); c, differences are significantly different when 
compared with 60 µmol/l (or 50 µmol/l for H1299 cells); d, differences are significantly different when compared with 70 µmol/l (or 60 µmol/l for H1299 cells).
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Figure 5. Effects of curcumin and xestospongin C (XSC) on relative protein expression in A549 and H1299 cells; 0, 50, 60 and 70 µmol/l indicate A549 cells 
incubated with curcumin at concentrations of 0, 50, 60 and 70 µmol/l, respectively for 24 h; 70 µmol/l + XSC indicates XSC-pre-treated A549 cells incubated with 
curcumin at 70 µmol/l for 24 h; 0, 40, 50 and 60 µmol/l indicate H1299 cells incubated with curcumin at concentrations of 0, 40, 50 and 60 µmol/l, respectively for 
24 h; 60 µmol/l + XSC indicates XSC-pre-treated H1299 cells incubated with curcumin at 60 µmol/l for 24 h. The left panels in both (A and B) demonstrated the 
immunoblots of Bcl-2. Inositol 1,4,5-triphosphate receptor (IP3R), p-IP3R, cleaved caspase-3, cleaved caspase-9 and β-actin in A549 and H1299 cells. Columns 
on the right panels in both (A and B) indicate the ratio of Bcl-2/β-actin, p-IP3R/IP3R, cleaved caspase-3/β-actin and cleaved caspase-9/β-actin respectively. 
a, Differences are significantly different when compared with 0 µmol/l; b, differences are significantly different when compared with 50 µmol/ (or 40 µmol/ for 
H1299 cells); c, differences are significantly different when compared with 60 µmol/ (or 50 µmol/ for H1299 cells); d, differences are significantly different when 
compared with 70 µmol/ (or 60 µmol/ for H1299 cells).

Figure 4. Effects of curcumin and xestospongin C (XSC) on mitochondrial membrane potential (ΔΨm) in A549 and H1299 lung cancer cells; 0, 50, 60 and 
70 µmol/l indicate A549 cells incubated with curcumin at concentrations of 0, 50, 60 and 70 µmol/l, respectively for 24 h; 70 µmol/l + XSC indicates XSC-pre-
treated A549 cells incubated with curcumin at 70 µmol/l for 24 h; 0, 40, 50 and 60 µmol/l indicate H1299 cells incubated with curcumin at concentrations of 0, 
40, 50 and 60 µmol/l, respectively for 24 h; 60 µmol/l + XSC indicates XSC-pre-treated H1299 cells incubated with curcumin at 60 µmol/l for 24 h. Columns 
on the upper and lower panel show the mean fluorescence intensity of rhodamine 123 staining of A549 and H1299 respectively. Rhodamine 123 is usually used 
as an indicator stain of ΔΨm. Values are presented as the means ± SD. a, Differences are significantly different when compared with 0 µmol/l; b, differences are 
significantly different when compared with 50 µmol/l (or 40 µmol/l for H1299 cells); c, differences are significantly different when compared with 60 µmol/l (or 
50 µmol/l for H1299 cells); d, differences are significantly different when compared with 70 µmol/l (or 60 µmol/l for H1299 cells).
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played a crucial role in this mitochondrial-dependent apoptosis 
machinery.

Due to the inefficiency of conventional anticancer therapies 
and drugs, the prognosis of NSCLC remains poor. It is tremen-
dously costly and time-consuming and requires much effort 
to continuously seek for and develop new effective anticancer 
drugs, as has been over the past decades (15,16). Mother nature 
may provide promising solutions to this problem. To date, a 
number of natural products, such as curcumin, resveratrol (17), 
ginsenosides (18), matrine (19), baicalin (20) have been found 
to exert potent anticancer effects. Curcumin has been studied 
since the 1990s and has been shown to exhibit various biolog-
ical functions, including anti-inflammatory, anti-microbial, 
anti-fibrotic, antioxidant and anticancer activities (21). Previous 
studies have indicated that curcumin inhibits the proliferation 
of many types of human cancer cells (22,23). In this study, we 
found that significantly curcumin inhibited the proliferation of 
A549 and H1299 lunc cancer cells in a concentration-dependent 
manner.

The induction of apoptosis is the most common approach 
to inhibit the proliferation of cancer cells, which is also recog-
nized as the cytotoxic effect of anticancer reagents. At cytotoxic 
concentrations, above 50 µmol/l for A549 cells and 40 µmol/l 
for H1299 cells in the current study, curcumin induced cell 
apoptosis in a concentration-dependent manner which was 
evidenced by Hoechst staining. Mitochondrial-dependent 
apoptosis is known as one of the most common apoptotic 
pathways (24). At the early stage of apoptosis, there are several 
featured changes in the dysfunctioned mitochondria. The 
integrity of the mitochondrial membrane cannot be main-
tained and then several soluble proteins, such as cytochrome c 
are released into the cytosol due to increased permeability 
of the membrane (25,26). This change is characterized by 
loss of ΔΨm (27). In the present study, following incubation 
with curcumin, the ΔΨm in both the A549 and H1299 cells 
decreased significantly as the concentration of curcumin 
increased. After cytochrome c binds with pro-caspase-9 and 
apoptosis protease activating factor-1 (APAF-1), the apopto-
some is formed to cleave caspase-9, triggering the activation 
of the caspase cascade, resulting in cell apoptosis (28). In the 
present study, the expression levels of cleaved caspase-3 and 
cleaved caspase-9 increased significantly following treatment 
with curcumin, indicating that the curcumin-induced apop-
tosis was mitochondrial-dependent.

The intracellular calcium overload may be one of 
the initiators of mitochondrial-dependent apoptosis  (29). 
In cytosol, the excess accumulation of calcium leads to 
mitochondrial damage directly and indirectly. Formed 
calcium phosphate in the mitochondrial matrix interrupts 
the functions of the respiratory chain, leading to the loss of 
ΔΨm (30). Additionally, the activities of some enzymes, such 
as Mn-superoxide dismutase (MnSOD) and peroxidase are 
impaired by calcium accumulation, resulting in the excessive 
production of ROS, which compromises the integrity of the 
mitochondrial membrane (31). In the present study, we found 
that the [Ca2+]i concentration in both the A549 and H1299 
cells was significantly elevated following treatment with 
curcumin. This result suggested that the calcium overload 
induced mitochondrial-dependent apoptosis in the curcumin-
treated NSCLC cells.

In order to investigate the role of IP3R in curcumin-induced 
mitochondrial-dependent apoptosis, XSC, a specific inhibitor 
of IP3R, was used to pre-treat the cells in this study. As shown 
by our results, the XSC pre-treated A549 and H1299 cells 
were resistant to curcumin-induced apoptosis. Mechanically, 
XSC inhibited the increase in the [Ca2+]i level and apoptotic 
proteins, indicating that IP3R was involved in the calcium 
overload-induced mitochondrial-dependent apoptosis in the 
curcumin-treated cells. IP3R is a universal intracellular calcium 
release channel. The activation of IP3R is considered to be 
dependent on its phosphorylation status (32). In most cases, 
IP3R is activated by phosphorylation. IP3R is also believed 
to be located in the Golgi apparatus, the nuclear envelop and 
the mitochondrial-associated ER membranes (MAMs), which 
enables activated IP3R to mediate the direct calcium transfer 
from the ER to the mitochondria (33).

It is generally accepted that the Bcl-2 protein is anti-
apoptotic, which inhibits the accumulation and oligomerization 
of activated Bax and Bak, thus suppressing mitochondrial 
outer membrane permeabilization (34). Furthermore, Bcl-2 has 
been shown to play a role in the regulation of calcium release 
from the ER (35). In a previous study, it was suggested that 
Bcl-2 acts as a docking protein to facilitate the interaction of 
IP3R and calcineurin, which then dephosphorylates IP3R, 
decreasing the channel activity (36,37). In the present study, 
we found that in the curcumin-treated A549 and H1299 cells, 
the IP3R phosphorylation was enhanced and Bcl-2 expression 
was downregulated. The changes in IP3R phosphorylation 
and Bcl-2 expression were not affected by XSC. These results 
suggested that the downregulation of Bcl-2 upregulated the 
phosphorylation of IP3R, thus increasing the IICR following 
treatment with curcumin.

In the present study, we found that the curcumin-induced 
NSCLC cell apoptosis was associated with calcium overload, 
which further induced mitochondrial-dependent apoptosis. 
Mechanically, the calcium overload in the curcumin-treated 
NSCLC cells was mediated by IP3R. Bcl-2 may be involved in 
regulating the phosphorylation status of IP3R. In conclusion, 
our findings provide new insight, namely that curcumin induces 
the apoptosis of cancer cells through a calcium signaling-
mediated pathway.
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