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Abstract. Cinnamaldehyde has been shown to effectively 
induce apoptosis in a number of human cancer cells. In the 
present study, cinnamaldehyde derivative-induced apoptosis 
and its signaling pathways were assessed in p53-wild (SGT) 
and p53-mutant (YD-10B) human head and neck cancer 
cells. The cinnamaldehyde derivatives, 2'-hydroxycinnam-
aldehyde (HCA) and 2'-benzoyloxycinnamaldehyde (BCA), 
exhibited powerful anti-proliferative effects on SGT and 
YD-10B cells. The apoptotic effect induced by HCA or BCA 
was supported by caspase-3, -7, -9 and PARP activation, and 
confirmed by Annexin V-FITC/PI double staining. HCA 
induced the expression of p21 in both SGT and YD-10B 
cells. Furthermore, HCA induced the level of pro-apoptotic 
Bak1 expression while decreasing the level of anti-apoptotic 
Bcl-2 in both cell lines, suggesting that HCA induced the 
cell death pathway in a p53-independent manner. HCA also 
induced the expression of LC3B in SGT and YD-10B cells. 
Following pre-incubation with the autophagy inhibitor 3-MA, 
HCA-induced apoptosis was largely increased in SGT cells, 
while inhibited in YD-10B cells, suggesting that autophagy 
may actively contribute to HCA-induced apoptosis. Taken 
together, these observations suggest that HCA may be an 
effective therapeutic agent in the treatment of head and neck 
cancer regardless of p53 status.

Introduction

Cinnamaldehyde exhibits various cellular effects, including 
antitumor, anti-angiogenesis and anti-inf lammatory 

activities (1-3). Several studies have shown that the cinna-
maldehyde derivatives, 2'-hydroxycinnamaldehyde (HCA) 
and 2'-benzoyloxycinnamaldehyde (BCA), exhibit antitumor 
activities by inducing cell cycle arrest and the production of 
reactive oxygen species (ROS) in a variety of human cancer 
cells, including breast, leukemia, ovarian, lung and colon 
cancer  (4-8). In addition, HCA causes ER stress through 
the inhibition of the proteasome pathway and mitochondrial 
perturbation, which are associated with the induction of 
apoptosis in SW620 colon cancer cells  (9). Our previous 
study demonstrated the potential effects of HCA and BCA 
on SCC-15 and Hep-2 human oral cancer cells (10). BCA 
is a well-known derivative of HCA that induces the expres-
sion and nuclear translocation of EGR1 and the expression 
of its target genes, including activating transcription 
factor 3 (ATF3), NSAID-activated gene 1 protein (NAG-1), 
and growth arrest and DNA-damage-inducible protein α 
(GADD45A) in prostate cancer cells (11). BCA has shown 
therapeutic selectivity in a K-ras-transformed animal model 
through the downregulation of antioxidants (12). We have also 
shown that BCA mainly exerts its anti-inflammatory effects 
through the inhibition of the JNK pathway, thereby leading 
to AP-1 transcriptional activity (13). However, little is known 
about the mechanistic relationship between autophagy and 
cinnamaldehyde derivative-induced apoptosis.

Oral squamous cell carcinoma (OSCC) is an aggressive 
disease that is histologically characterized as hyperplasia, 
dysplasia, carcinoma in situ and invasive oral cancers (14,15). 
Patients with premalignant oral lesions have an increased 
risk of developing OSCC and molecular processes, such as 
tumor suppressor gene inactivation or oncogene activation, 
leading to progression of precancerous lesions to invasive 
oral cancers (14,16). Finding a novel pharmacologic agent that 
can effectively halt the process of oral carcinogenesis is one 
of successful oral cancer chemoprevention tools and a variety 
of agents are being tested to prevent progression to invasive 
cancer (14,16).

In the present study, we demonstrated that HCA- or 
BCA-induced apoptosis was independent of p53 status in 
p53-wild-type SGT cells and p53-mutant YD-10B cells. We 
also investigated the roles of autophagy in cinnamaldehyde 
derivative-induced apoptosis in human head and neck cancer 
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cells and showed autophagy participates in the regulation of 
cell death by enhancing apoptosis. These findings provide 
new information on the relationship between autophagy and 
apoptosis in HCA treated p53-wild-type and p53-mutant oral 
cancer cells.

Materials and methods

Cell culture and reagents. The salivary gland adenocarci-
noma cell line (SGT, p53-wild-type) and oral squamous cell 
carcinoma cell line (YD-10B, p53-mutant) were maintained in 
Dulbecco's modified Eagle's medium (DMEM) or RPMI‑1640 
medium, respectively. The YD-10B cell line contains a point 
mutation in p53 at codon 236 of exon 7, resulting in the change 
of codon 236 from TAC to TAA (17). Both cell lines were 
cultured in medium supplemented with 10% fetal bovine serum 
(FBS), 100 units/ml of penicillin, and 100 µg/ml of strepto-
mycin and were maintained at 37˚C in a humidified incubator 
with a 5% CO2 atmosphere. 2'-Hydroxycinnamaldehyde 
(HCA) and 2'-methoxycinnamaldehyde (MCA) were 
purchased from Santa Cruz Biotechnology (Santa Cruz, CA, 
USA). 2'-Benzoyloxycinnamaldehyde (BCA) and 2'-acetoxy-
cinnamaldehyde (ACA) were a generous gift of Dr S.H. Hong 
(Department of Microbiology, School of Dentistry, Kyungpook 
National University, Daegu, Korea).

Cell proliferation assay. The cells were seeded in 12-well 
plates at a density of 5x105 cells/ml. The cells were then 
cultured overnight and were treated with various concen-
trations of HCA or BCA for 24 h. The cell viability was 
measured using the MTT assay according to the previously 
described method (18). In brief, 24 h after treatment, the cells 
were washed twice with ice-cold PBS, and 0.25 ml of cell 
culture medium and 25 µl of 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide solution (5 mg/ml in PBS) 
was added. After 3 h of incubation, the medium was removed 
and 125 µl of acidisopropanol (0.04 mol/l HCl in isopropanol) 
was added. The absorbance was measured at a wavelength of 
570 nm, and the results were plotted as the means ± SD of 
three separate experiments.

Cell cytotoxicity assay. Cell cytotoxicity was evaluated by 
measuring the activity of lactate dehydrogenase (LDH) 
after treatment with HCA or BCA using a CytoTox96® 
Non-Radioactive Cytotoxicity Assay kit (Promega, Madison, 
WI, USA) according to the manufacturer's instruction. The 
optical density was assessed at a wavelength of 490 nm.

Western blotting. Cells were treated with various concentra-
tions of HCA or BCA for the indicated time periods. The cells 
were then washed with PBS and harvested in lysis buffer. 
Samples containing equal amounts of protein were loaded into 
each lane of an SDS-polyacrylamide gel for electrophoresis 
and were subsequently transferred onto a PVDF membrane. 
The membranes were blocked and then incubated with anti-
bodies. Antibodies against Bak1 (#3814), Bcl-2 (#2876), Bid 
(#2002), LC3B (#3868), caspase-7 (#9492) and p-p53 (#9284) 
were purchased from Cell Signaling Technology (Beverly, 
MA, USA). The p53 (sc-126), caspase-3 (sc-7148), caspase-9 
(sc-7885) and PARP (sc-7150) antibodies were from Santa 

Cruz Biotechnology and antibodies against β-actin (A1978) 
were purchased from Sigma-Aldrich (St. Louis, MO, USA).

Cell death evaluation. Apoptosis was measured using a cell 
death detection ELISA kit (Roche Molecular Biochemicals, 
Indianapolis, IN, USA). The relative apoptosis, which corre-
lates with absorption at 405 nm with a reference wavelength 
of 490 nm, was measured according to the manufacturer's 
instructions.

Annexin V-FITC/PI double staining. For the cell cycle 
analysis, cells were harvested and fixed with 70% ethanol for 
1 h at 4˚C. After washing with cold PBS, the cells were incu-
bated with DNase-free RNase for 30 min at 37˚C. The specific 
binding of annexin V-FITC/PI was performed by incubating 
the cells for 15 min at room temperature in a binding buffer 
(10  mM HEPES, pH  7.4, 140  mM NaCl, 2.5  mM CaCl2) 
containing saturated concentrations of annexin V-FITC and 
PI. Apoptotic cells were visualized with a Nikon Eclipse E800 
automated fluorescence microscope (Nikon, Tokyo, Japan). 
For the flow cytometric analysis, the cells were measured with 
a FACSCalibur flow cytometer (BD Biosciences, San Jose, 
CA, USA) using CellQuest software.

Quantification of acidic vesicular organelles. Autophagy was 
characterized by the formation of acidic vesicular organelles 
(AVOs). Cells were seeded in 6-cm2 plates at a density of 5x105 

cells/ml. After treatment with HCA for 24 h, acridine orange 
(1 µg/ml) was added to the living cells for 30 min, and the cells 
were removed from the plate with trypsin-EDTA and collected 
in phenol red-free growth medium. Approximately 1x104 cells 
were illuminated with blue (488 nm) excitation light, and the 
green (510-530 nm) and red (650 nm) fluorescent emissions 
were measured using a flow cytometer (Beckman Coulter, 
Inc., Brea, CA, USA).

MDC staining. To observe autophagy formation, cells were 
grown on glass coverslips for 24 h. After treatment with HCA 
for 24 h, the cells were treated with 0.05 mM monodansyl-
cadaverine (MDC; Sigma-Aldrich) at 37˚C in 5% CO2 for 
10 min. The cells were then fixed with 4% paraformaldehyde 
in PBS for 10 min. Following incubation, the cells were washed 
three times with PBS and were immediately analyzed under 
a fluorescence microscope (IX-71; Olympus, Tokyo, Japan). 
The fluorescence was measured at an excitation wavelength of 
380 nm with an emission filter at 530 nm.

siRNA experiment. The siRNA construct for Atg5 was 
obtained in the form of select validated siRNA (Bioneer 
Corp., Daejeon, Korea). The cells were transfected with 
20  nM siRNA using the Lipofectamine RNAi Max 
Transfection reagent (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer's instructions. The cells were 
harvested 24 h after the transfection. The total cell lysates 
were separated by SDS-PAGE and were analyzed by western 
blot analysis, as described above.

Statistical analysis. The statistical analysis was performed 
with data obtained from three independent experiments. 
The data are represented as the means ± SD. The ANOVA 
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and student's t-test were applied to determine the statistical 
significance. P-values <0.05 were considered to be significant.

Results

Effect of cinnamaldehyde derivatives on cell proliferation 
and cytotoxicity in p53-wild-type SGT and p53-mutant 
YD-10B cells. We investigated the cinnamaldehyde deriva-
tives (MCA, HCA, BCA and ACA) to develop a potential 
antitumor agent. To assess the growth-inhibitory effect of 
these cinnamaldehyde derivatives, we initially examined 
their effects on the proliferation of the SGT and YD-10B 
cells. As shown in Fig.  1, HCA and BCA showed more 
potent growth-inhibitory effects than the other tested cinna-
maldehyde derivatives (MCA and ACA) against SGT and 
YD-10B cells, with IC50 values ranging from 30 to 50 µM. In 
particular, HCA showed the most potent growth-inhibitory 
effect in YD-10B cells compared to all other cinnamalde-

hyde derivatives. Treatment with 50 µM of HCA reduced the 
cell viability by ~81% (Fig. 1B).

To evaluate the dose-dependent cytotoxic effects of HCA 
and BCA, the cells were incubated with varying concentrations 
of HCA or BCA for 24 h. As shown in Fig. 2A and B, HCA and 
BCA caused dose-dependent cell cytotoxicity compared to the 
untreated SGT cells. When the YD-10B cells were treated with 
HCA for 24 h, the cell cytotoxicity also increased in a dose-
dependent manner (Fig. 2C). A constant concentration of HCA 
(50 µM) was applied to SGT and YD-10B cells for different 
time periods, and the cytotoxicity was measured relative to 
untreated control cells. Fig. 2D showed that HCA induced high 
cytotoxicity between 12 and 24 h in both SGT and YD-10B 
cells. Similar effects were noted in the BCA-treated cells (data 
not shown).

HCA treatment leads to the upregulation of p53-independent 
p21 and Bak1. It has been reported that p53 modulates the 

Figure 1. Anti-proliferative effects of cinnamaldehyde derivatives on human head and neck cancer cells (HNCC). (A) SGT and (B) YD-10B cells were treated 
with the indicated concentrations of cinnamaldehyde derivatives for 24 h. The cell proliferation was estimated using the MTT assay. The data are expressed as 
the means ± SD of the results from three separate experiments.

Figure 2. The cytotoxic effects of HCA and BCA in SGT and YD-10B cells. (A and B) SGT and (C) YD-10B cells were treated with the indicated concentra-
tions of HCA or BCA for 24 h. (D) The cells were treated with 50 µM HCA for the indicated time periods. Cell cytotoxicity was measured using the LDH assay. 
The data were expressed as the means ± SD of the results from three separate experiments. *p<0.05 compared with HCA-untreated control cells.
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activation and oligomerization of Bax/Bak, which leads to 
mitochondria-mediated cell death  (19,20). To examine the 

importance of p53 in HCA- or BCA-induced cell growth inhi-
bition, we performed western blot analysis using anti-p53 and 

Figure 3. HCA and BCA induce the expression of p21 and Bak1. SGT and YD-10B cells were treated with 50 µM HCA or BCA for the indicated time periods. 
(A) Western blot analysis was performed to detect the expression levels of p53, p-p53 and p21 proteins. (B) The expression levels of cleaved PARP, Bak1, 
Bcl-XL, Bid and Bcl-2 were detected by western blot analysis. Actin was used as a loading control.

Figure 4. HCA and BCA induce apoptosis in SGT and YD-10B cells. (A) SGT and (B) YD-10B cells were treated with the indicated concentrations of HCA 
or BCA for 24 h. Total cell lysates were prepared and the expression levels of procaspase-9, caspase-9, procaspase-7, caspase-7, procaspase-3, caspase-3 and 
cleaved PARP were detected by western blot analysis. (C) SGT and YD-10B cells were pre-treated with 30 µM z-VAD-FMK for 16 h and then incubated with 
50 µM HCA for an additional 24 h. The levels of PARP and cleaved PARP were then monitored by western blot analysis. Actin was used as a loading control. 
(D) The cells were incubated in the presence or absence of z-VAD-FMK for 16 h and were then treated with HCA for 24 h. The cell cytotoxicity was measured 
using the LDH assay. The data were expressed as the means ± SD of three separate experiments.
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anti-p21 antibodies. Cells were treated with HCA or BCA for 
various time periods, and the cell lysates were prepared. As 
shown in Fig. 3A, HCA or BCA treatment caused significant 
p21 induction as well as p53 phosphorylation in SGT cells. 
p21 induction was also observed in YD-10B cells, whereas 
p53 phosphorylation was not detected. These results clearly 
showed that HCA and BCA can inhibit cell growth in YD-10B 
cells through the p53-independent induction of p21, suggesting 
that p53 does not play an essential role in cell growth inhibi-
tion in YD-10B cells.

Bcl-2 family proteins also play a critical role in the 
regulation of the mitochondria-dependent cell death 
pathway (21). To investigate whether HCA affects the levels 
of pro-apoptotic proteins (Bax and Bak1), BH3-only protein 
(Bid), and anti-apoptotic proteins (Bcl-2 and Bcl-XL), SGT 
and YD-10B cells were treated with HCA and western blot 
analysis was performed. We observed the time-dependent 
upregulation of Bak1 in SGT and YD-10B cells, while the 
level of anti-apoptotic protein Bcl-2 was decreased in the 
cells treated with HCA (Fig. 3B).

HCA induces caspase-dependent apoptotic cell death. To 
address whether HCA induces apoptosis in SGT and YD-10B 
cells, both cell types were treated with HCA for 24 h and 
then assessed for caspase activity. As shown in Fig. 4A, HCA 
reduced the level of procaspase-3, -7 and -9 in SGT cells in a 
dose-dependent manner. In YD-10B cells, the protein levels of 
procaspase-3, -7 and -9 were also decreased by HCA treatment 

(Fig. 4B). HCA largely increased the levels of cleaved PARP in 
both SGT and YD-10B cells (Fig. 4A and B).

To confirm the role of HCA in caspase-mediated apoptosis, 
SGT and YD-10B cells were treated with z-VAD-FMK (a pan-
caspase inhibitor) before exposure to HCA. Importantly, our 
data showed that z-VAD-FMK inhibited the HCA-induced 
PARP activation in both cell lines (Fig. 4C). Moreover, z-VAD-
FMK substantially protected the cells against HCA-induced 
cytotoxicity (Fig. 4D). Collectively, these findings suggest that 
HCA induces the mitochondrial caspase-dependent apoptotic 
pathway in SGT and YD-10B cells.

To confirm these results, apoptotic cells were quantified 
using the Annexin V-FITC/PI double staining assay. After 
treatment with 50 µM HCA for 24 h, apoptosis was observed 
by visualizing the green fluorescence in SGT and YD-10B 
cells using fluorescence microscopy. As shown in Fig. 5A, 
intense fluorescence was observed in the HCA-treated cells. 
After HCA treatment, a number of apoptotic cells were signifi-
cantly increased in both cell lines. An increased number of 
annexin V-positive cells (early apoptosis) was detected in the 
flow cytometric analysis after HCA treatment, indicating the 
onset of apoptosis in HCA-treated cells (Fig. 5B). In addition, a 
cell death detection ELISA clearly showed that treatment with 
50 µM HCA induced cell death in a time-dependent manner in 
both SGT and YD-10B cells (Fig. 5C).

HCA-induced autophagy regulates apoptosis. We next ques-
tioned whether HCA induces autophagy in SGT and YD-10B 

Figure 5. Evaluation of apoptosis in HCA-treated SGT and YD-10B cells. (A) The cells were treated with 50 µM HCA for 24 h and then stained with 
Annexin V-FITC/PI. Apoptosis was determined by fluorescence microscopy. (B) YD-10B cells were treated with 50 µM HCA for 24 h and then stained with 
Annexin V-FITC/PI. Apoptosis was detected by flow cytometry. (C) SGT and YD-10B cells were treated with 50 µM HCA for the indicated time periods. 
The relative apoptosis of cells was determined using a cell death detection ELISA kit as described in Materials and methods. The data are expressed as the 
means ± SD of three individual experiments. *p<0.05 compared with HCA-untreated control cells.
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cells. To address this issue, the cells were treated with 50 µM 
HCA for 24 h, and the level of LC3B, a marker for autophagy, 
was detected by western blot analysis. As shown in Fig. 6A, 
the levels of LC3B were increased in both HCA-treated cell 
lines.

To confirm the presence of autophagy, the HCA-treated 
cells were stained with acridine orange and the formation of 
characteristic acidic vesicular organelles (AVOs) was quantified 
by flow cytometry. As shown in Fig. 6B, the number of AVOs 
was increased in HCA-treated cells compare with untreated 

Figure 6. Induction of autophagy in HCA-treated cells. (A) The cells were treated with 50 µM HCA for 24 h and the expression level of LC3B was determined 
by western blot analysis. (B) After treatment with HCA for 24 h, cells were labeled with acridine orange (1 µg/ml) and autophagic cells were quantitated by 
flow cytometry. FL1 indicates green color intensity (cytoplasm and nucleus) and FL3 shows red color intensity (AVOs). (C) The cells were treated with HCA 
for 24 h and then stained with MDC for 10 min. The cells were fixed and monitored by fluorescence microscopy. 

Figure 7. Autophagy modulates HCA-induced apoptosis. (A and B) The cells were pre-treated with 3-MA (2 mM) or CQ (50 µM) for 1 h and then incubated 
with HCA (50 µM) for 24 h. The expression levels of LC3B and cleaved PARP were detected using western blot analysis. (C) The cells were transfected with 
either Atg5 siRNA or a non-silencing control siRNA for 24 h and then subsequently treated with HCA for 24 h. The levels of Atg5 and cleaved PARP were 
measured by western blot analysis. (D) YD-10B cells were pre-treated with autophagy inhibitors for 1 h and were then incubated with HCA for 24 h. The cells 
were stained with Annexin V-FITC/PI and observed by fluorescence microscopy. (E) The cells were transfected with plasmids expressing EGFP-LC3B or 
EGFP. The levels of EGFP, EGFP-LC3B, and cleaved PARP were detected by western blot analysis. Actin was used as a loading control.
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control cells. In the MDC staining assay, MDC-labeled 
vacuoles were weakly detected in the control cells. However, 
in the HCA-treated cells, the number of MDC-labeled cells 
was largely increased (Fig. 6C). Taken together, these results 
suggest that HCA induced autophagy in SGT and YD-10B 
cells.

We subsequently examined the relationship between 
apoptosis and autophagy in HCA-treated cells. To investigate 
potential cross-talk between HCA-induced autophagy and 
apoptosis, we examined whether HCA-induced apoptosis can 
be inhibited by an autophagy inhibitor. SGT and YD-10B 
cells were incubated with 50 µM HCA for 24 h in the pres-
ence or absence of the autophagy inhibitors, chloroquine (CQ) 
or 3-methyladenine (3-MA), and apoptosis was evaluated by 
detecting the level of cleaved PARP. As shown in Fig. 7A, 
HCA induced PARP cleavage in SGT cells. Notably, the 
HCA-induced PARP activation strongly increased with the 
addition of CQ or 3-MA, even though the level of LC3B 
decreased in the 3-MA treated SGT cells. In YD-10B cells, 
the HCA-induced LC3B level was also suppressed by the 
addition of 3-MA (Fig. 7B). However, unlike SGT cells, the 
HCA-induced PARP cleavage in YD-10B cells was inhibited 
by 3-MA treatment, indicating that autophagy induces apop-
tosis in these cells. A siRNA experiment against Atg5 was 
performed to inhibit the formation of the autophagosome. 
Fig.  7A and B show that Atg5 knock-down increased the 
levels of cleaved PARP in SGT cells and decreased the level of 
cleaved PARP in YD-10B cells (Fig. 7C). Taken together, these 
results suggest that autophagy might contribute to apoptosis in 
head and neck cancer cells treated with HCA. The inhibition 
of apoptosis by autophagy inhibitors was confirmed by visual-
izing the green fluorescence in YD-10B cells (Fig. 7D). We 
then examined whether the overexpression of LC3B affects 
HCA-mediated apoptosis. For this experiment, the cells were 
transfected with LC3B expressing vectors and the correlation 
between autophagy and apoptosis was assessed by detecting the 
levels of cleaved PARP. Notably, the overexpression of LC3B 
decreased the levels of cleaved PARP in SGT cells compared 
with the HCA-treated control. However, the overexpression of 
LC3B increased the levels of cleaved PARP in YD-10B cells 
(Fig. 7E). These results strongly suggest that autophagy may 
actively contribute to the HCA-induced apoptosis in YD-10B 
cells and negatively regulates HCA-induced apoptosis in SGT 
cells.

Discussion

In the present study, we showed that the cinnamaldehyde 
derivatives, HCA and BCA, have potent anti-proliferative and 
cytotoxic activity against p53-wild-type (SGT) and p53-mutant 
(YD-10B) head and neck cancer cells. We also observed that 
the HCA- and BCA-treated cells have apoptotic morpholo-
gies, reductions in the pro-forms of caspase-3, -7 and -9, and 
increased levels of PARP cleavage, implying the induction of 
apoptosis via the mitochondrial caspase-dependent signaling 
pathway. Our findings are consistent with other reports showing 
that HCA and BCA trigger apoptosis in MDA-MB‑231 breast 
cancer cells and SW620 colon cancer cells by activating 
caspase-3 and PARP while suppressing the expression of anti-
apoptotic proteins such as Bcl-XL and Bcl-2 (4).

Genetic defects and mutations in the tumor suppressor 
gene p53 have been observed in various types of human malig-
nancies (22). Many studies have demonstrated that p53 induces 
the expression of genes involved in cell cycle control, DNA 
repair, and apoptosis in response to DNA damage (22,23). We 
observed that HCA treated SGT cells (p53-wild-type) exhib-
ited p53 activation. Consistent with the role of p53 as a cell 
cycle regulator, we also observed the increased expression of 
p21 in SGT cells. Notably, p53 expression was not observed 
following HCA treatment in p53-mutant YD-10B cells; 
instead, the accumulation of p21 was observed. Although the 
cellular stress-induced upregulation of p53 has been used as an 
indicator of p53-dependent apoptosis in cancer cells (23,24), 
our data demonstrated that HCA and BCA exhibit similar 
cytotoxic effects in p53-wild-type SGT cells and p53-mutant 
YD-10B cells which suggests a p53-independent cytotoxic 
mechanism.

Bcl-2 family members and mitochondria are important 
targets of p53  (25). Generally, the apoptotic pathway is 
activated by changes in the balance between anti- and pro-
apoptotic members of the Bcl-2 family. Upon activation, Bak 
and Bax, the pro-apoptotic members of the Bcl-2 family, oligo-
merize and permeabilize the outer mitochondrial membrane, 
resulting in the release of cytochrome c, the activation of 
caspase-9 and subsequent PARP cleavage. Our data showed 
that HCA mediates apoptosis via a pathway involving the 
modulation of Bak1 and Bcl-2 as well as the initiator caspase 
proteins of the intrinsic pathway, caspase-3, -7 and -9. HCA 
induced the expression of Bak1 and decreased the expression 
of Bcl-2 in SGT and YD-10B cells. The levels of Bcl-XL 
and Bid remained unchanged. Previous studies have shown 
that phospho-p53 functionally re-organizes the Bak/Bcl-XL 
complex and activates Bak (20,24,25). We could not find any 
different activation patterns of Bcl-2 family members in either 
the p53-wild-type (SGT) or p53-mutant type (YD-10B) cells. 
Additionally, HCA showed growth-inhibitory activity as well 
as apoptosis induction in both cell lines, suggesting HCA is a 
potent anticancer agent that induces mitochondria-mediated 
apoptosis regardless of the p53 status.

Autophagy has been shown to engage in a complex inter-
play with apoptosis. It has been suggested that the autophagic 
response observed in cells treated with diverse cytotoxic agents 
is involved in protecting cells from apoptosis. Alternatively, 
autophagy may be associated with a mechanism contributing 
to apoptosis (26-28). Despite these studies, the relationship 
between autophagy and apoptosis in head and neck cancer 
cells remains poorly understood.

We found that HCA-induced autophagy leads to the regula-
tion of the apoptotic pathway. 3-MA, a specific inhibitor of 
the early autophagic process, strongly induced the activation 
of PARP in HCA-treated SGT cells. However, the suppression 
of LC3B by 3-MA blocked the HCA-induced PARP activa-
tion in YD-10B cells. In addition, HCA-induced apoptosis 
was inhibited by the overexpression of LC3B in SGT cells, 
while promoted in YD-10B cells. These findings suggest that 
the HCA-induced autophagy is associated with the mechanism 
contributing to apoptosis in SGT and YD-10B cells.

In conclusion, we demonstrated for the first time that 
HCA induces autophagy and apoptosis in head and neck 
cancer cells. Both HCA and BCA can trigger the intracellular 
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cell death pathway in a p53-independent manner. However, 
HCA-induced apoptosis was alternatively regulated by LC3B-
mediated autophagy, i) apoptosis in HCA-treated YD-10B 
cells was blocked by the addition of 3-MA, ii) HCA-induced 
apoptosis in SGT cells was increased by 3-MA. Therefore, our 
results suggest HCA as a potential therapeutic candidate for 
human head and neck cancer.
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