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Introduction

Human head and neck squamous cell carcinoma (HNSCC) 
develops from the mucosal epithelium in the oral cavity, 
pharynx, and larynx. The etiology of HNSCC, the sixth 

most common cancer type worldwide, is closely correlated 
with exposure to tobacco-derived carcinogens, excessive 
alcohol consumption, and human papillomavirus infection. 
Despite the incorporation of several therapeutic modalities 
such as surgery, radiation therapy, and chemotherapy, the 
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survival rate of HNSCC is still estimated to be less than 
60%. Furthermore, these clinical strategies may fail due 
to several pathological characteristics of HNSCC, such as 
rapid tumor growth and tumor progression, and also lead 
patients to permanent disability caused by several lesions, 
including the alteration of mechanical oral functions, 
dysfunction in swallowing, and malnutrition. Hence, clinical 
interventions with fewer side effects and minimal toxicity 
are urgently required for treating patients with HNSCC.

Natural and herbal products that have shown efficacy 
for cancer treatment in traditional folk medicine have been 
considered as potential chemotherapeutic agents due to 
their low adverse reactions and low toxicity. Among the 
121 drugs prescribed for cancer treatment, such as vinca 
alkaloids, taxanes, podophyllotoxin, and antra cyclins, which 
were approved by the FDA from 1984 to 1994, 90 drugs are 
derived from natural sources used in herbal medicine (1,2). 
Furthermore, some anti-cancer drugs isolated from herbs 
have been shown to induce apoptotic cell death, a process 
that is blocked in cancer cells (3). 

Curcumin, a phenolic compound derived from Curcuma 
longa, is a well-known herbal plant used in traditional 
medicine that has shown anti-cancer effects through 
inhibition of proliferation, angiogenesis, and metastasis 
in most cancers, including colorectal (4), breast (5), 
gastric (6), prostate (7), and oral cancer (8). Furthermore, 
demethoxycurcumin (DMC, CAS# 22608-11-3, C20H18O5) 
is a derivative of curcumin in which one of the methoxy 
groups is replaced by hydrogen (Figure 1). Similar to 
curcumin, it has shown anti-cancer effects in various cancers 
such as leukemia, breast, renal, lung, and oral squamous cell 
carcinoma. However, the anti-cancer effects of DMC have 

not yet been reported in FaDu cells. Therefore, the aim 
of this study was to verify the anti-cancer effects of DMC 
and its cellular signaling pathways associated with cancer 
cell death in FaDu cells. We present the following article in 
accordance with the MDAR reporting checklist (available 
at https://tcr.amegroups.com/article/view/10.21037/tcr-21-
2410/rc).

Methods

Cell culture

FaDu cells, a human pharyngeal squamous cell line, were 
obtained from the American Type Culture Collection 
(ATCC). Based on the ATCC instructions, FaDu cells 
were maintained in minimum essential medium (Life 
Technologies, Grand Island, NY, USA) containing 10% 
fetal bovine serum (FBS, Life Technologies) in a humidified 
incubator at 37 ℃ with 5% CO2.

Cell viability assay

To determine the cytotoxicity of DMC (Sigma-Aldrich, 
St. Louis, MO, USA), FaDu cells (1×105 cells/mL) were 
grown in 96-well culture plates and were stimulated with 
0, 1, 10, 20, 50, and 100 µM DMC for 24 h at 37 ℃. 
Afterwards, FaDu cells were cultured for an additional  
4 h in 20 µL of 5 mg/mL 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) (Life Technologies). 
To dissolve the MTT crystal, 200 µL of dimethyl sulfoxide 
(DMSO) was added, after the remove of supernatant. 
Thereafter, DMSO containing dissolved MTT crystal 
was measured at 570 nm by a spectrophotometer (Epoch 

Figure 1 Chemical structure of Demethoxycurcumin.
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microplate spectrophotometer, BioTek Instruments, 
Winooski, VT, USA). The experiments were performed 
independently three replicates. The mean OD ± standard 
deviation for each group of replicates was calculated. 

Live/Dead cell assay

To visualize both live and dead cells, we used the Live/Dead 
cell viability assay kit (Thermo Fisher Scientific, Waltham, 
MA, USA), which is composed of green calcein-AM to stain 
as a green fluorescence the cytosol of live cells and ethidium 
homodimer-1 to stain as a red fluorescence the nucleus of 
dead cells. FaDu cells (1×105 cells/mL) were grown in an 
8-well chamber slide (Nunc® Lab-Tek® Chamber SlideTM 
system, Sigma-Aldrich) and allowed to attach on the bottom 
of well for 24 h at 37 ℃. Thereafter, cultured FaDu cells 
were stimulated with 0, 10, or 20 µM DMC for 24 h at 
37 ℃ and stained by the Live/Dead cell viability assay kit, 
according to the instructions supplied from manufacturer. 
Stained cells were imaged by a fluorescence microscope 
(Eclipse TE2000; Nikon Instruments, Melville, NY, USA).

Hematoxylin and eosin (H&E) staining

FaDu cells (1×105 cells/mL) were grown in an 8-well 
chamber slide and allowed to adhere to the well for 
overnight. Cultured FaDu cells were then stimulated with 
0, 10, or 20 µM DMC for 24 h at 37 ℃. Thereafter, the 
FaDu cells were washed three times by phosphate-buffered 
saline (PBS) at 4 ℃ and fixed with 4% paraformaldehyde 
for 30 min at 4 ℃. H&E staining was then performed to 
investigate the morphological alteration of FaDu cells 
induced by DMC. The cells were observed and imaged 
by a microscope (Leica DM750, Leica Microsystems, 
Heerbrugg, Switzerland).

Nuclear staining
DAPI (4,6-diamidino-2-phenylindole dihydrochloride) 
staining was performed to investigate the chromatin 
condensation of FaDu cells stimulated with DMC. FaDu 
cells (1×105 cells/mL) were grown in an 8-well chamber 
slide and allowed to adhere to the well overnight. Cultured 
FaDu cells were stimulated with 0, 10, or 20 µM DMC for 
24 h at 37 ℃. Thereafter, the FaDu cells were rinsed three 
times by PBS at 4 ℃. The cells were stained with 1 mg/mL 
DAPI (Sigma-Aldrich) for 20 min. Nuclear condensation 
was observed and imaged by a fluorescence microscope 
(Eclipse TE200; Nikon Instruments).

Flow cytometry analysis (FACS)

FACS was performed by annexin V-FITC and propidium 
iodide (PI) (Cell Signaling Technology, Danvers, MA, 
USA) to investigate the alteration of apoptotic populations 
in the FaDu cells stimulated with DMC. FaDu cells  
(5 × 105 cells/mL) were grown on a 6-well culture plate for 
24 h and then stimulated with 0, 10, or 20 µM DMC for 
24 h. The cells were collected, washed with ice-cold PBS, 
and resuspended in 1× binding buffer (BD Biosciences, San 
Diego, CA, USA). Thereafter, annexin V-FITC and PI 
were added to the cells, followed by a 15-min incubation at 
37 °C. The apoptotic populations were analyzed by BD Cell 
Quest® version 3.3 (Becton Dickinson, San José, CA, USA).

Western blot

FaDu cells (5×105 cells/mL) were grown in a 6-well 
culture plate and stimulated with DMC. Thereafter, cell 
lysates were extracted by cell lysis buffer (Cell Signaling 
Technology), according to the manufacturer’s instructions. 
The concentration of total proteins extracted from each 
FaDu cells was determined by a bicinchoninic acid protein 
assay (Thermo Fisher Scientific). An equal concentration 
of each total proteins was electrophoresed using sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE), and then western blot was performed. The 
following antibodies were used and purchased from Santa 
Cruz Biotechnology Inc. (Dallas, TX, USA): antibodies 
against Fas Ligand (FasL, Cat No. sc-1968), caspase-3 (Cat 
No. sc-65497), caspas-8 (Cat No. sc-81656), caspase-9 (Cat 
No. sc-56076), B-cell lymphoma-2 (Bcl-2, Cat No. sc-
7382), B-cell lymphoma extra-large (Bcl-xL, Cat No. sc-
8392), Bcl-2-associated X protein (Bax, Cat No. sc-23959), 
Bcl-2 associated agonist of cell death (Bad, Cat No. sc-
8044), Poly(ADP-ribose) polymerase (PARP, Cat No. sc-
74470), β-actin (Cat No. sc-47778), phospho-nuclear factor 
kappa B (NF-κB, Cat No. Cat No. sc-135769), total NF-
κB (Cat No. sc-71675) and Lamin B1 (Cat No. sc-374015). 
The immunoreactive bands were visualized by the ECL 
System (Amersham Biosciences, Piscataway, NJ, USA) and 
exposed by MicorChemi 4.2 (Dong-iL SHIMADZE Crop., 
Seoul, Republic of Korea).

Caspase-3/-7 activity assay

FaDu cells (1×105 cells/mL) were grown in an 8-well 
chamber slide and allowed to adhere to the wells for 
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overnight. Cultured FaDu cells were stimulated with 
0, 10, or 20 µM DMC for 24 h at 37 ℃. The activity of 
caspase-3/-7 was assessed by the cell-permeable fluorogenic 
subs t ra te  PhiPhiLux-G 1D 2 (OncoImmunin  Inc . ; 
Gaithersburg, MD, USA), according to the instructions 
supplied from manufacturer. Thereafter, the activity of 
caspase-3/-7 was imaged by fluorescence microscopy 
(Eclipse TE200; Nikon Instruments).

Nucleus translocation

FaDu cells (1×105 cells/mL) were grown in an 8-well 
chamber slide and allowed to adhere to the wells for 
overnight. Cultured cells were stimulated with 0, 10, or  
20 µM DMC for 24 h at 37 ℃. Thereafter, FaDu cells were 
fixed with 1% paraformaldehyde, permeabilized in 0.2% 
Triton X-100, and extensively rinsed three times by PBS. To 
blockage non-specific signals, FaDu cells were stimulated 
with normal goat serum for 30 min at room temperature. 
After multiple washes, FaDu cells were incubated with 
rabbit anti-NF-κB antibody, followed by incubation with 
FITC-conjugated goat anti-rabbit IgG (Thermo Fisher 
Scientific) for overnight at 4 ℃. The stained FaDu cells 
were imaged by a laser confocal scanning microscope system 
(Leica Microsystems) at the Gwangju branch of the Korea 
Basic Science Institute (Gwangju, Republic of Korea).

Statistical analysis

The experimental data are expressed as the mean ± standard 
deviation from at least three independent experiments 
and were compared using analysis of variance (ANOVA), 
followed by Student’s t-test. A P value of less than 0.05 was 
considered statistically significant.

Results

DMC decreases the viability and survival of FaDu cells

FaDu cells were stimulated with 0, 1, 5, 20, 50, and 
100 μM DMC for 24 h. Thereafter, MTT assay were 
performed to verify the viability and survival of FaDu cells. 
The results of the MTT assay showed that relative cell 
viabilities were measured by 101.14%±0.6%, 85.7%±0.6%, 
68.2%±1.6%, 30.1%±2.3%, and 21.5%±3.2% in the in 
the HNSCC stimulated with 0, 1, 10, 20, 50, and 100 μM 
DMC, respectively, compared with un stimulated control 
(100%±0.2%), as shown in Figure 2A. Furthermore, the 
IC50 value of DMC in FaDu cells was estimated to be  
37.78±2 μM. As shown in Figure 2B, the results of Live/
Dead cell staining showed that DMC decreased the number 
of FaDu cells in a dose-dependent manner. Moreover, the 
number of dead cells stained with red fluorescence was 
increased in FaDu cells stimulated with DMC compared 

Figure 2 DMC decreased the viability and survival of FaDu cells. FaDu cells were stimulated with 1, 10, 20, 50, and 100 μM DMC for  
24 h. Thereafter, MTT assay (A) was performed to measure the cell viability of FaDu cells stimulated with DMC. To perform Live/Dead 
cell staining (B), FaDu cells were stimulated with 10 and 20 μM DMC for 24 h. Thereafter, live and dead cells were imaged by a fluorescence 
microscope (Eclipse TE2000; Nikon Instruments, Melville, NY, USA). (A) Cell viability was decreased by DMC in FaDu cells. (B) Cell 
survival was decreased by DMC in FaDu cells. DMC, demethoxycurcumin.

FaDu cells treated with DMC for 24 h, μM

0 10 20

10
×

20
×

DMC, μM

P<0.01

R
el

at
iv

e 
ce

ll 
vi

ab
ili

ty
, %

10 20 50 1000 1

140

120

100

80

60

40

20

0

A B



Lee et al. Demethoxycurcumin-induced FaDu cell apoptosis1068

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2022;11(5):1064-1075 | https://dx.doi.org/10.21037/tcr-21-2410

with that in the control, as shown in Figure 2B. These data 
demonstrated that DMC induced FaDu cell death through 
an increase in cytotoxicity. 

DMC-induced FaDu cell death has apoptotic characteristics

FaDu cells were grown in an 8 well-chamber slide and 
allowed to attach on the bottom for 24 h. Thereafter, FaDu 
cells were stimulated with 10 and 20 μM DMC to investigate 
morphological alterations and condensed chromatin by 
H&E staining and DAPI staining, respectively. As shown in  
Figure 3A, DMC not only decreased the number of FaDu 
cells, but also altered their morphology in a dose-dependent 
manner. Furthermore, DMC increased the number of 
FaDu cells with condensed chromatin, a representative 
characteristic of apoptotic cell death (Figure 3B). Sequentially, 
the caspase-3/-7 activity assay showed that DMC increased 
the activity of caspase-3 in FaDu cells, as shown in Figure 3C. 
Hence, these data consistently indicated that DMC-induced 
FaDu cell death was mediated by apoptosis.

DMC induces apoptosis of FaDu cells

FaDu cells were stimulated with 10 and 20 μM DMC 
for 24 h. To determine whether DMC induced FaDu 
cell apoptosis, FACS analysis was performed by PI and 
Annexin-V. As depicted in Figure 4, the results of FACS 
analysis showed that the apoptotic population was estimated 
to be 12.6% and 24.69% in FaDu cells stimulated with 10 
and 20 μM DMC, respectively, compared with the control 
(1.98%). Hence, these data consistently showed that DMC 
induced apoptosis of FaDu cells.

DMC-induced FaDu cell death was mediated by a cascade 
of caspase activation through death receptor-mediated 
extrinsic and mitochondria-dependent intrinsic apoptosis

Western blotting using specific antibodies associated with 
apoptosis was performed to determine the DMC-induced 
apoptotic pathway in FaDu cells, as shown in Figure 5.  
FasL expression was increased in the FaDu cells stimulated 
with DMC (Figure 5A). Furthermore, DMC upregulated 
the expression of pro- and cleaved caspase-8, a downstream 
target molecule of FasL, in FaDu cells, Sequentially, DMC-
induced cleaved caspase-8 induced the upregulation of cleaved 
caspase-3 through the cleavage of pro-caspase-3. Furthermore, 
cleaved caspase-3 increased the expression of cleaved PARP to 
induce FaDu cell death, as shown in Figure 5C. In addition, 

the expression of Bcl-2 and Bcl-xL, anti-apoptotic factors 
associated with the mitochondria-dependent intrinsic 
apoptosis pathway, was decreased in FaDu cells stimulated 
with DMC. In contrast, the expression of pro-apoptotic 
factors such as Bax, Bad, and cleaved caspase-9 was 
upregulated in FaDu cells stimulated with DMC, as shown 
in Figure 5B. Sequentially, cleaved caspase-9 increased the 
expression of cleaved caspase-3 and cleaved PARP to induce 
FaDu cell death by DMC in a dose-dependent manner 
(Figure 5C). These data consistently indicated that DMC-
induced FaDu cell death is not only mediated by the death 
receptor-mediated extrinsic apoptosis pathway, but also by 
the mitochondria-dependent intrinsic apoptosis pathway.

DMC induces apoptosis of FaDu cells through modulation 
of the NF-κB cellular signaling pathway

To investigate the cellular signaling pathways involved 
in DMC-induced apoptosis of FaDu cells, FaDu cells 
were stimulated with 10 and 20 μM DMC for 24 h. As 
shown in Figure 6A, DMC strongly suppressed NF-κB 
phosphorylation in FaDu cells. These data indicated that 
DMC inhibited the transition of NF-κB from the cytosol 
to the nucleus in FaDu cells. Hence, to verify the inhibition 
of NF-κB transition from cytosol to nucleus in FaDu 
cells, cytosolic and nuclear proteins were extracted from 
FaDu cells stimulated with 10 and 20 μM DMC for 24 h. 
As shown in Figure 6B, cytosolic NF-κB was increased in 
FaDu cells stimulated with DMC compared to the control 
cells. In contrast, NF-κB expression in the nucleus of 
FaDu cells stimulated with DMC was decreased by DMC 
in a dose-dependent manner. Furthermore, laser confocal 
scanning microscopic images showed that DMC inhibited 
the transition of NF-κB from the cytosol to the nucleus 
in FaDu cells (Figure 6C). Taken together, these data 
consistently indicated that DMC-induced apoptosis was 
mediated by the modulation of the NF-κB cellular signaling 
pathway in FaDu cells. 

Discussion

Curcumin, a representative phenolic compound derived 
from Curcuma species, not only inhibits carcinogenic 
events such as proliferation, angiogenesis, and metastasis in 
various types of cancers, but also acts as a chemosensitizer 
by increasing the activity of other anti-tumor factors in 
cancers with multi-drug and chemotherapy resistance (2,9). 
Furthermore, curcumin not only induces apoptotic cell 
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Figure 5 DMC-induced cell death was mediated by death receptor-mediated extrinsic and mitochondria-dependent intrinsic apoptosis 
pathways in FaDu cells. Cultured FaDu cells were stimulated with 10 and 20 μM DMC for 24 h. Thereafter, total proteins were extracted from 
FaDu cells for performing western blot using specific antibodies associated with pro- and anti-apoptotic factors. (A) DMC induces an extrinsic 
apoptosis pathway to upregulate the expression of FasL in FaDu cells. (B) DMC induces a mitochondria-dependent intrinsic apoptosis pathway 
through the decrease of anti-apoptotic factors and increase of pro-apoptotic factors in FaDu cells. (C) DMC induces the apoptotic cell death 
through the cleavage of caspase-3 and PARP, sequentially, by both cleaved capsase-8 and -9 in FaDu cells. DMC, demethoxycurcumin.
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Figure 4 Apoptotic population was increased in the FaDu cells stimulated with DMC. Cultured FaDu cells were stimulated with 10 and 
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death through the modulation of the caspase-dependent 
death receptor pathway and mitochondrial pathway (10,11), 
but also decreases the survival of cancer cells through 
the modulation of tumor suppressor pathways and other 
cellular signaling pathways such as p53, mitogen-activated 
protein kinase, PI3K/Akt, and NF-κB (12-15). In addition, 
it has been shown that a dose of 8,000 mg/day curcumin 
is not toxic to humans in phase II clinical trial studies (16). 
Hence, curcumin is a representative chemotherapeutic 
compound derived from herbal plants. However, it has low 
oral bioavailability due to its poor solubility in water at 
acidic or neutral pH and instability in alkaline solutions (17). 
The low oral bioavailability of curcumin leads to cellular 
efflux by p-glycoprotein and its rapid excretion from the 
body after oral administration (18,19). Hence, there is a 
need for curcumin analogs with similar pharmacological 
properties and better oral biocompatibility for effective 
cancer treatment.

DMC is a curcumin analog with a similar chemical 
structure that lacks the methoxy group bound to the 
benzene ring (Figure 1). It has similar therapeutic effects, 
low toxicity, and relative safety compared to those of 
curcumin (17,20). However, this minor chemical difference 
in DMC makes it not only more stable than curcumin, 
but also improves its chemical activity under physiological 
conditions, that is, pH >7.30 (17). In addition, recent 
studies have reported DMC-induced anti-cancer activities 
such as cell apoptosis, inhibition of proliferation, migration, 
and invasion in various types of cancers, including  
lung (21), skin (22), prostate (23), breast (24) and cervical 
cancers (25). Similar to these studies, our results showed 
that DMC induced anti-cancer effects in FaDu cells. 

In this study, DMC effectively decreased the survival 
of FaDu cells in a dose-dependent manner. Moreover,  
37.78±2 μM DMC in FaDu cells stimulated for 24 h 
was estimated to be IC50 value, as shown in Figure 2. 

Figure 6 DMC-induced apoptosis was mediated by the modulation of the NF-κB cellular signaling pathway in FaDu cells. Cultured FaDu 
cells were stimulated with 10 and 20 μM DMC for 24 h. Thereafter, total proteins, and cytosolic and nucleus protein fractions were extracted 
from FaDu cells for western blot using phospho- and total NFκB antibodies. In addition, β-actin and Lamin B1 were used for normalization of 
cytosolic and nucleus fractions, respectively. To perform a nucleus translocation, FaDu cells were stimulated with 10 or 20 µM DMC for 24 h 
at 37 ℃. After the treatments, FaDu cells were fixed, permeabilized, and incubated with anti-NFκB antibodies. Thereafter, stained cells were 
imaged by a laser confocal scanning microscope system (Leica Microsystems, Wetzlar, Germany). DMC-induced apoptosis was mediated by 
the inhibition of NF-κB translocation from cytosol to nucleus through the suppression of NF-κB phosphorylation in FaDu cells. (A) DMC 
suppresses the phosphorylation of NF-κB in FaDu cells; (B) the NF-κB extracted from nucleus of FaDu cells are reduced by the treatment of 
DMC; (C) DMC suppresses the nucleus transition of NF-κB from cytosol in FaDu cells. DMC, demethoxycurcumin.
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However, the IC50 values of DMC were estimated to be 
different depending on the type of cancer. For example, 
IC50 values of DMC were estimated to be 12, 54.5, and  
111.6 μM in human cervical cancer (HeLa cell) (26), human 
osteosarcoma cells (MG-63), and prostate cancer (PC3 
cells) (23), respectively. 

For over three decades, cancer therapy strategies have 
focused on cancer-specific targeted apoptosis, which is a 
programmed cell death process mediated by several cellular 
signaling pathways, to promote the effective elimination 
of cancer cells (27). Generally, hallmarks of apoptosis are 
DNA fragmentation, chromatin condensation, and cellular 
blebbing (28,29). In this study, DMC not only decreased 
the number of cells, but also increased the number of 
cells with cellular blebbing and condensed chromatin 
(Figure 3). Hence, FACS analysis to verify whether DMC-
induced FaDu cell death is mediated by apoptosis showed 
an increase in apoptotic populations in a dose-dependent 
manner (Figure 4). Taken together, these data consistently 
indicated that DMC-induced FaDu cell death is mediated 
by apoptosis. 

These apoptotic hallmarks are mainly two mechanisms 
that are extrinsic pathways triggered by the Fas death 
receptor and the intrinsic pathway, resulting in the release 
of cytochrome c from mitochondria (29,30). Furthermore, 
both pathways are dependent on the activation of caspases 
that cleave regulatory and structural molecules during cell 
death (31). Recent studies have reported that DMC induces 
apoptosis by activating caspase signaling in various types of 
cancers, including skin cancer cells (22), cisplatin-resistant 
non-small lung cancer cells (32), oral squamous cell 
carcinoma cells (33), and human glioma U87 MG cells (34). 
In the present study, apoptosis of FaDu cells stimulated 
with DMC was triggered by the upregulation of FasL, 
which activates caspase-8, an extrinsic apoptosis pathway  
(Figure 5A). Furthermore, the activation of caspase-8 in 
FaDu cells stimulated with DMC induced the cleavage 
of Bid to truncated Bid, an initiator of the mitochondria-
dependent intrinsic apoptosis pathway, to upregulate the 
expression of pro-apoptotic factors, including Bax and 
Bad, which form micropores in the mitochondrial outer 
membrane (Figure 5B). In contrast, anti-apoptotic factors 
such as Bcl-2 and Bcl-xL, which have a strong affinity for 
Bad, were decreased in FaDu cells stimulated with DMC. 
These events synergistically promoted the increase in 
mitochondrial outer membrane permeabilization (MOMP). 
Sequentially, cytochrome c, which activates caspase-9, 
was released into the cytosol from the mitochondrial 

outer membrane. Both activated caspase-8 and -9 
induced the cleavage of caspase-3, a crucial executor 
caspase that is essential for chromatin condensation and 
DNA fragmentation in apoptotic cell death. Thereafter, 
activated caspase-3 induced the cleavage of PARP, which 
is involved in lysis and cell death through ATP depletion, 
in an attempt to repair the damaged DNA (Figure 3C and  
Figure 5C). Taken together, these findings indicated that 
DMC-induced FaDu cell death was mediated by both the 
FasL-induced extrinsic and the mitochondria-dependent 
intrinsic apoptosis pathways.

Generally, NF-κB is closely associated with oncogenesis 
through the regulation of gene expression associated 
with the development and progression of cancer such as 
proliferation, migration and apoptosis (35). Hence, aberrant 
or constitutive activation of NF-κB has been detected in 
many human malignancies (36-38). Especially, NF-κB is 
closely associated with transcription of genes involved in the 
suppression of cell death by both death receptor mediated 
extrinsic and mitochondria dependent intrinsic apoptosis 
pathways. The phosphorylation of NF-κB may upregulate 
the expression of interfering proteins such as FLICE-
like inhibitory protein (FLIP) that prevent caspase-8 
recruitment to death-inducing signaling complex (35,39,40). 
Hence, the inhibition of NF-κB phosphorylation induces 
the death receptor mediated extrinsic apoptosis through 
the suppression of FLIP expression. Furthermore, NF-
κB induces the expression of anti-apoptotic factors such as 
the inhibitors of apoptosis (IAPs) and Bcl-2 family. IAPs 
such as c-IAP1, c-IAP2, and XIAP suppress apoptotic 
cell death through directing inhibition of caspases such 
as caspase-3 and caspase-9 (41-43). Bcl-2 family increase 
the mitochondrial outer membrane permeabilization 
(MOMP) through antagonize the function of pro-apoptotic 
factor such as Bad (44,45). These are indicating that the 
suppression of NF-κB phosphorylation is closely associated 
with the induction of apoptotic cell death that is mediated 
by the mitochondria dependent apoptosis pathway. 

Hence, the suppression of NF-κB phosphorylation has 
been considered as a strategy for cancer therapy. Several 
studies have reported that curcumin-induced apoptosis 
is mediated by the inhibition of the NF-κB cellular 
signaling pathway in various types of cancers (46-48). 
Similar to curcumin, recent studies have shown that DMC-
induced apoptosis is mediated by the inhibition of NF-
κB phosphorylation in various types of cancers (34,49,50). 
In the present study, DMC significantly inhibited the 
translocation of cytosolic NF-κB to the nucleus through 
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the inhibition of NF-κB phosphorylation in FaDu cells  
(Figure 6). Hence, these data indicated that DMC-induced 
FaDu cell apoptosis was mediated by the modulation of the 
NF-κB cellular signaling pathway.

In conclusion, as shown in Figure 7, DMC-induced 
cell death was mediated through the caspase-dependent 
apoptosis pathway involved in the inhibition of NF-
κB activation in FaDu cells. Therefore, DMC may have 
potential as a novel anticancer agent for the treatment of 
HNSCC.
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