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Fluoride has been accepted as an important material for 
oral health and is widely used to prevent dental caries in 
dentistry. However, its safety is still questioned by some. 
Autophagy has been implicated in cancer cell survival and 
death, and may play an important role in oral cancer. This 
study was undertaken to examine whether sodium fluoride 
(NaF) modulates autophagy in SCC25 human tongue 
squamous cell carcinoma cells. NaF demonstrated anticancer 
activity via autophagic and apoptotic cell death. Autophagic 
vacuoles were detectable using observed to form by 
monodansylcadaverine (MDC) and acridine orange (AO). 
Analysis of NaF-treated SCC25 cells for the presence of 
biochemical markers revealed direct effects on the 
conversion of LC-3II, degradation of p62/SQSTM1, 
cleavage formation of ATG5 and Beclin-1, and caspase 
activation. NaF-induced cell death was suppressed by the 
autophagy inhibitor 3-methyladenine (3-MA). NaF-induced 
autophagy was confirmed as a pro-death signal in SCC25 
cells. These results implicate NaF as a novel anticancer 
compound for oral cancer therapy.
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Introduction

Fluoride is extensively distributed in water, soils, and the 
atmosphere, causing constant exposure of human beings and 
animals to fluoride compounds [1]. The principal sources of 
ingested fluoride are drinking water or beverages produced 
with fluoride-containing dental products, and food [1,2]. 
Fluoride is widely used as a remedy to dental caries, although 
controversy remains about the safety. While long-term 
fluoride ingestion for the prevention of dental caries may lead 
to side effects asserious acute toxicity [3,4]. Nevertheless, 
fluoride has been considered as an important material for oral 
health care.

Autophagy is an evolutionary phenomenon, long-lived or 
damaged proteins and cellular organelles by internal and 
external stimuli are digested in lysosomes and it is reuse as 
energy or lead to death within cell [5,6]. However, autophagy 
also promotes cancer cell survival under conditions of stress, 
functioning as a defense mechanism in response to various 
anticancer drugs [7,8]. Therefore, the induction of autophagic 
cell death by anti-cancer reagents has been recognized to play 
an important role in cancer therapy [9-11].

Oral squamous cell carcinoma (OSCC) is the most common 
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and persistent malignant tumor of the oral cavity, with nearly 
500,000 patients suffering from this disease each year 
world-wide [12,13]. Three major treatment of oral cancer 
including surgery, radiation and chemotherapy are currently 
applied, but it is difficult to cure because successful treatment 
is not always achieved in patients [14]. Although the OSCC 
patients are treated with classical treatment modalities, 
noticeably high mortality rates are still observed [15-17]. 
Therefore, new therapeutic approaches are being investigated, 
with the use of natural agents being one of the most 
promising anti-cancer treatment options.

Treatment with sodium fluoride (NaF) has also been 
examined in the course of OSCC research, and was shown to 
cause the death of OSCC cells via apoptosis. However, no 
reports have yet examined the effects of NaF on autophagic 
cell death in the SCC25 human tongue squamous carcinoma 
cells. In the present study, we examined whether NaF can 
induces autophagic and apoptotic cell death in SCC25 cells, 
and established the molecular mechanism of association 
between autophagy and apoptosis.

Materials and Methods

Reagents
Acridine orange (AO), monodansylcadaverine (MDC), and 

3-[4,5-dimethylthiazol-2-yl]2,5-diphenyl tetrazolium bromide 
(MTT) were purchased from Sigma (St. Louis, MO, USA). 
3-methyladenine (3-MA) was obtained from Calbiochem (La 
Jolla, CA, USA). Antibodies against Beclin-1, caspase-3, 
caspase-8, and PARP were purchased from Cell Signaling 
Technology (Beverly, MA, USA). Antibodies against 
microtubule-associated protein 1 light chain 3 (LC3) (Sigma, 
MO, USA) were also used. The autophagy protein 5 (ATG5), 
caspase-9, GAPDH, and p62/SQSTM1 were purchased from 
Santa Cruz Biotechnology (Santa Cruz, CA, USA). The 
mouse anti-rabbit IgG antibody, and rabbit anti-mouse IgG 
secondary antibodies were purchased from Enzo Life Sciences 
(Farmingdale, NY, USA). All other chemicals and reagents 
were purchased from Sigma, unless otherwise specified.

Cell culture
The SCC25 human oral squamous cell carcinoma cell line 

was purchased from ATCC (Rockville, MD, USA) and 
maintained as monolayers in Dulbecco's Modified Eagle 

Medium: Nutrient Mixture F-12 (DMEM⁄F-12) with 
supplemented with 10% FBS and 100 µg/ml streptomycin at 
37˚C in a humidified atmosphere containing 5% CO2. 

Treatment of NaF
The stock solutions of NaF (100 mM) were dissolved in 

distilled water, and were prepared as needed. NaF stock 
solution was diluted to the working concentration with media 
where needed. Cells were cultured about 80% confluence in 
wells or plates, and then treated to various concentrations of 
NaF (0-2 mM) for 24 h. Cells grown in medium without NaF 
served as the control and Earle’s Balanced Salt Solution 
(EBSS) used as an autophagy-positive control.

MTT assay
SCC25 cells (1 × 104) were seeded and incubated for 24 

h in tissue culture-coated 96-well plate. Then, cells were 
treated with various concentrations of NaF (0-2 mM) for 
24-72 h. After treatment, thiazolyl blue tetrazolium bromide 
(MTT) solution (500 μg/ml) was added to the plates, and they 
were incubated at 37°C for 4 h. The medium was aspirated 
and 100 μl DMSO was added for dissolving the formazan 
crystals. Cell viability was measured by an ELISA reader 
(Tecan, Männedorf, Switzerland) at the excitatory emission 
wavelength of 570 nm.

Flow cytometer analysis
After drug treatment, cells (1 × 106) were harvested by 

trypsinization. For fix the cells, ice cold 95% ethanol and 
0.5% Tween 20 were added until a final ethanol concentration 
of 70%. The fixed cells were pelleted and then washed PBS 
in 1% BSA. Cells were resuspended in 1 ml PBS containing 
20 μg/ml RNase A, incubated on ice for 30 min, and finally 
added 10 μl propidium iodide (PI) stock solution (1 mg/ml). 
After incubation on ice for 2 min, DNA content was 
measured and analyzed on a CYTOMICS FC500 flow 
cytometry system (Beckman Coulter, FL, CA, USA) to allow 
simultaneous estimation of apoptosis. Induction of autophagy 
in cells, shows acidic vesicular organelles (AVOs), it can be 
orescentstained red and detected in FL3 red-fluorescence by 
acridine orange (AO). To find a ratio of NaF induced 
autophagy, cells were stained with AO (0.1 μg/mL) for 5 min, 
analyzed using a FACScan flow cytometer. For inhibition of 
autophagy, cells were pretreated with 1mM 3-MA for 1 h 
before incubation with NaF for 24 h.
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Fluorescence microscopy
5 × 104 cells were grown on coverslips in 24-well plate 

and treated with NaF. After treatment, cells were stained with 
monodansylcadaverine (MDC) (0.05 mM) for 30 min and 
acridine orange (AO) (0.1 μg/mL) for 15 min at 37°C. Acidic 
vesicular organelles (AVOs) stained with both MDC and AO 
fluorescent, and cells were observed using a fluorescence 
microscope (Axioskop, Carl Zeiss, Germany). EBSS was 
using as a positive control of autophagy.

Western blot analysis
2 x 106 cells were harvested using a cell scraper, washed 

twice with ice-cold PBS, and lysed ice-cold RIPA lysis buffer 
(Invitrogen, Carlsbad, CA, USA) and incubated on ice for 1 
h. The lysates were then centrifuged at 14,000 rpm for 15 
min at 4°C. Protein quantitation was measured using a 
Bradford protein assay (Bio-Rad, Richmond, CA, USA), and 
aliquots of the lysates (20 μg protein) were resolved by 10% 
SDS/PAGE. The gels were transferred on a to polyvinylidene 
fluoride (PVDF) membranes (Millipore, Billerica, MA, USA). 
The membranes were kept with 5% non fat dry milk blocking 
buffer, and incubated with primary antibodies and secondary 
antibodies for 1 h. Immunoblotting of potein was accomplished 
via the SuperSignal West Femto (Pierce, Rockford, IL, USA) 
improved chemiluminescence substrate, detected with an 
Alpha Imager HP (Alpha Innotech, Santa Clara, USA).

Statistic analysis
All results were representative of at least 3 independent 

experiments and are expressed as the mean ± SEM (standard 
error of the mean). Statistical analyses were performed by 
using the SPSS version 14.0 statistical software program 
(SPSS Inc., IL, USA). A one-way ANOVA for multiple 
comparison was used for statistical analysis.

Results

NaF induces apoptosis in SCC25
The cytotoxicity of NaF was investigated over a wide 

concentration range in SCC25 cells. Cells were treated with 
NaF (0-2 mM) for 24 h, after which viability was assessed 
using the MTT assay. NaF concentrations from 0 to 2 mM 
potently induced cell death in SCC25 cells (Fig. 1A). 
Treatment with 1 mM NaF resulted in decrease of cell viability 

Fig. 1. Cytotoxic effect of NaF on SCC25 cells. NaF treated 
cell viability was determined by MTT assay. (A) Cells were 
treated with various concentrations of NaF (0-2 mM) for 24 h. 
(B) To investigate cell viability according to the time variation, 
cells were treated with NaF (1 mM) for 24-72 hours. Data 
show mean±SEM of three independent experiments. *p < 0.05, 
**p < 0.01

Fig. 2. NaF induced apoptotic cell death in SCC25 cells. Cells 
were treated with NaF (0-2 mM) for 24 h, and the percent of 
apoptotic cells was determined by FACS.

in a time-dependent manner (Fig. 1B). Thus, the viability of 
SCC25 cells was decreased in both a dose- and time-dependent 
manner by NaF treatment. A flow cytometry assay was 
undertaken to test whether the induction of cell death was 
mediated via apoptosis. The percentage of sub diploid cells, 
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indicative of apoptotic cells, was found to increase in a 
dose-dependent fashion by NaF treatment (Fig. 2).

NaF induced autophagy in SCC25 cells
It was next investigated whether autophagy occurs in the 

SCC25 cells treated with NaF. When cells were stained with 
monodansylcadaverine (MDC), a selective marker of 
autophagic vesicles, the NaF-treated SCC25 cells exhibited 
staining autophagic vesicles as punctate compared to the 
control (Fig. 3A). The formation of autophagic vacuoles due 
to NaF was also confirmed by staining the acidic vesicular 
organelles (AVOs) with acridine orange (AO). The AVOs, 
which represent autophagic vacuoles, were clearly formed in 
the SCC25 cells (red fluorescence). As shown in Fig. 3B, 
red-stained AVOs were observed following treatment with 1 
mM NaF for 24 h. These findings indicate that treatment of 
NaF is sufficient to promote autophagic response in SCC25 
cells, as observed the autophagic vacuoles by MDC and AO 
staining.

NaF promotes the formation of autophagic and 
apoptotic molecules in SCC25 cells.

Herein, NaF was also examined for the ability to induce 
autophagy in SCC25 cells through observation of various 
autophagy markers, including ATG5, Beclin-1, p62/SQSTM1, 
and LC3. LC3, the only reliable marker of autophagosomes, 
was increased in the NaF-treated SCC25 cells in a 
dose-dependent manner. In contrast, the level of p62/SQSTM1, 
a protein degraded by autophagy, and Beclin-1 were reduced 

Fig. 3. NaF showed induction of autophagy in SCC25 cells. 
Cells were seeded in 24-well plates and NaF (1 mM) was 
treatment 24 h later. NaF induced autophagy was using MDC 
and acridine orange staining, it was analyzed by fluorescence 
microscopy. EBSS was used as a positive control of autophagy. 

Fig. 4. Autophagy and apoptosis-related proteins were activated 
by NaF treatement. NaF treatment were performed at various 
concentrations (0-2 mM) in SCC25 cells. Autophagy-related 
proteins such as p62/SQSTM1, LC3, ATG5, Beclin-1 and 
apoptosis–related proteins such as caspase-8, caspase-9, 
caspase-3, PARP were measured by western blot analysis.

in the NaF-treated SCC25 cells (Fig. 4A). The mechanism of 
NaF-induced cell death were further investigated by examining 
the levels of PARP cleavage and the cleavage of procaspase 
to active caspase-8, caspase-9 and caspase-3, markers of 
apoptotic activity in SCC25 cells. As shown in Fig. 4B, NaF 
induced the activation of caspase-8, caspase-9, and caspase-3, 
also producing 85 kDa processed PARP fragment.

3-MA inhibits NaF-induced apoptosis and autophagy 
The role of NaF-induced autophagy in SCC25 was further 

clarified by investigating the effects of treatment with 
3-methyladenine (3-MA) as known autophagy inhibitors, on 
the NaF-treated SCC25 cells. To confirm whether 3-MA can 
inhibit autophagy, we determined the cell viability of 
NaF-treated cell lines after pretreatment with 1 mM 3-MA for
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Fig. 5. NaF-induced autophagy was usually inhibited by 3-MA 
in SCC25 cells. (A) Cells were pretreated with 3-MA (1 mM) 
for 1 h, and then exposed to NaF (1 mM ) for 24 h. Cell 
viability were analyzed by the MTT assay. (B) Cells were 
stained with MDC (a) and acridine orange (b), observed with a 
fluorescence microscope. The ratio of red fluorescence was 
quantified using FACS flow cytometry (c). Data show 
mean±SEM of three independent experiments. *p < 0.05. 

1 h. Pretreatment with 3-MA slightly increased the viability 
of the NaF-treated cells (Fig. 5A). 3-MA also inhibited the 
induction of AVOs by NaF. This was confirmed by AO 
staining by measurement of the red-to-green fluorescence ratio 
by FACS (Fig. 5B). Therefore, NaF induced autophagy and 
3-MA inhibited this process, resulting in reduced cell death. 
In conclusion, these results suggest that NaF induces 
autophagy and regards death signals leading to apoptosis in 
SCC25 cells.

Discussion

Human beings and animals are constantly exposed to 
fluoride compounds, at greater levels than ever due to the 
increased use of fluorides in industry, medicine, and dentistry 
[1,18]. Sodium fluoride (NaF), the most widely used material 
of fluorides, showed no significant cytotoxicity in OSCC cells 

at a low dose in the present study. However, NaF has been 
reported to induce apoptosis via the intrinsic pathway in 
HL-60 cells at relatively high doses [19-21]. The possible 
connection between NaF-induced apoptotic cell death and 
glycolysis [22] or autophagy [23] has also been reported. 

Autophagy is widely known as an important process in cell 
physiology, for both cell survival and death [24]. It starts with 
the elimination of cytoplasmic organelles in a 
double-membrane vacuole, an autophagosome, after which 
they are delivered to a degradative organelle, the vacuole/ 
lysosome, for breakdown and eventual recycling of the 
resulting macromolecules. Because numerous recent studies 
have shown increased autophagic activity to be associated 
with cell death [10,25], autophagy is now considered as a 
type of cell death [26]. One of the recent studies reported that 
autophagy may play a critical role as a protective response in 
ameloblasts as a result of NaF-induced cell stress. Therefore, 
the necessity of performed more studies emerged, as the 
molecular mechanism between NaF-induced apoptosis and 
autophagy has not been clearly identified. 

Previous studies in our laboratory also showed that NaF 
induced cell death in SCC25 cells via apoptosis. The effect 
of NaF in the autophagic process of SCC25 has not yet been 
determined. The present data demonstrated that the 
NaF-treated SCC25 cells had decreased viability, and 
underwent cell death via apoptosis and autophagy (Fig. 1, 2). 
The autophagic effects of NaF in SCC25 cells were confirmed 
via AO and MDC staining. NaF induced the formation of 
cytoplasmic vacuoles and acidic vesicular organelles (AVOs) 
in the SCC25 cells (Fig. 3A, B).

The NaF-treated SCC25 cells were also analyzed for the 
presence of biochemical markers of autophagy, including 
p62/SQSTM1, LC3, ATG5-ATG12 complex and Beclin-1. 
NaF treatment directly affected the conversion of LC-3Ⅱ, 
degradation of p62/SQSTM1 and full-length Beclin-1, and 
cleavage formation of the ATG5-ATG12 complex (Fig. 4A). 
Several previous studies reported that a relationship may exist 
between LC3 and p62/SQSTM1, which is selectively 
degraded in cells undergoing autophagy [27-30]. Autophagy 
mediates a nonspecific bulk degradation pathway responsible 
for the degradation of the majority of long-lived proteins and 
some organelles. ATG5-ATG12 conjugation systems are 
necessary for the formation of the autophagosome [31]. 
Beclin-1 (Bcl-2-interacting protein-1) is a key protein in 
autophagy signaling, functioning with Vps34, UVRAG, 
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AMBRA-1, and Barkor to assemble the PI3KC3 complex 
during initiation of autophagosome formation [32-34]. Several 
studies using different cell types and stimuli recently 
described that caspase-mediated cleavage of Beclin-1 and 
ATG proteins enhances apoptosis [35-38]. The results 
obtained herein showed that NaF led to the degradation of 
caspase-8, caspase-9, and caspase-3, and assumed a decisive 
role on Beclin-1 (Fig. 4B). The role of autophagy in SCC25 
was further clarified by demonstration that the NaF-induced 
cell death was suppressed by 3-MA, an inhibitor of 
autophagy. This result strongly implies that NaF-induced 
autophagy is a pro-death rather than a pro-survival signal 
(Fig. 5A, B).

In the present study, we reported for the first time that 
treatment with NaF induced autophagic cell death in SCC25 
cells. NaF induced autophagy as a pro-death signal prior to 
apoptosis in SCC25, hence, treatment of oral cancer with NaF 
could be a potentially useful therapeutic strategy. Finding the 
molecular mechanisms behind autophagic cell death induced 
by NaF is expected to be useful information for the 
development possibility as a new therapeutic potential against 
malignant oral cancer.
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