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Abstract. The overexpression of histone deacetylases
(HDAC:) has been observed in many cancers and inhibition of
specific HDAC has emerged as a new target for cancer therapy.
The present study examined the expression of HDACS and the
inhibitory effect of HDACS in oral squamous cell carcinoma
(OSCC). The expression of HDACS8 was measured in human
OSCC tissues and OSCC cell lines using immunohistochem-
istry and immunoblotting. HDAC8 was knocked down in
OSCC cells by transfection with HDACS8 siRNAs and cell
proliferation was quantified. Apoptosis and autophagy were
measured using flow cytometry and immunoblotting. HDACS
were overexpressed in OSCC tissues and OSCC cells, mainly
localized in the cytoplasm. HDACS8 siRNAs effectively
reduced the level of HDACS expression and HDACS silencing
significantly inhibited the proliferation of OSCC cells.
HDACS knockdown induced apoptotic cell death through
caspases activation and pro-survival autophagy in OSCC cells.
Combination with HDAC silencing and autophagy inhibition
enhanced cell death by increasing apoptosis in OSCC cells.
This study suggests that inhibition of HDAC8 might become a
novel therapeutic strategy for OSCC.

Introduction

Oral cancers are the sixth most common malignancies and they
affect more than 300,000 new patients being diagnosed every
year worldwide (1,2). Of oral cancers 90% are oral squamous
cell carcinoma, the most common malignant neoplasm of the
oral cavity (1,3). In fact, in spite of the many advancements
made in the field of oral cancer prevention and multimodality
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treatments, the 5-year survival rate for OSCC remains at a
disappointingly stable level, almost unchanged over the past
20 years (4-6). The poor prognosis of OSCC is mainly due to a
low response rate to current therapeutic strategies.

Altered molecular expressions might be potential markers
for a diagnosis and prognosis of OSCC (7). The susceptibility
of an individual to oral cancer is mediated by genetic and envi-
ronmental factors (3,8). Epigenetics is another major player in
multistep carcinogenesis of oral cancers (4). Histone deacety-
lases (HDAC:S) play a key role in the epigenetic regulation of
genes by catalyzing the removal of acetyl groups. Eighteen
HDAC:S have been characterized in humans and are subdivided
into four groups based on their homology to yeast HDACs (9).
Class I HDACs are homologous to yeast Rpd3 and consist of
HDACI, 2, 3 and 8 (10). Class II HDACs are homologous to
yeast Hdal and have been subdivided into class ITa (HDAC4,
5,7 and 9) and IIb (HDACG6 and 10) based on domain orga-
nization (11,12). Class III HDACs is composed of the Sirtuins
(SIRT) proteins 1-7 and HDACI11 is classified separately as class
IV (11). Recently, overexpression of HDACs has been observed
in many cancers and inhibition of specific HDAC has emerged
as a new target for cancer therapy. Class | HDACs are the most
thoroughly investigated with respect to function and relevance
for tumor formation and progression (13). HDAC1, HDAC2
and HDAC3 expression were associated with advanced-stage
disease and poor prognosis (14,15). High HDACS8 expression
was also observed in advanced stage of neuroblastoma (16).
Previous studies showed that HDAC2 expression was overex-
pressed in paraffin-embedded biopsies from OSCC patients.
However, the correlation between HDACS expression and oral
cancer has not been reported. The present study examined the
expression of HDACS8 and the inhibitory effect of HDACS in
OSCC.

Materials and methods

Cell culture and reagent. The human OSCC YD-8 cells,
YD-10B cells and SNU-1076 cells were purchased from the
Korea Cell Line Bank (Seoul, Korea). The human OSCC
FaDu cells were purchased from the American Type Culture
Collection (ATCC; Rockville, MD, USA). YD-8, YD-10B and
SNU-1076 cell lines were incubated in RPMI-1640 medium
(Gibco, Rockville, MD, USA) containing 10% fetal bovine
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serum (FBS; Gibco) and 100 U/ml penicillin-streptomycin
(Invitrogen, Carlsbad, CA, USA). FaDu cell lines were
incubated in MEM medium (Gibco) containing 10% FBS
(Gibco) and 100 U/ml penicillin-streptomycin (Invitrogen).
Immortalized normal oral keratinocytes (INOK) was used for
normal control, as described in a previous study (17) and was
incubated in Dulbecco's modified Eagle's medium (DMEM)
containing 10% FBS (Gibco) and 100 U/ml penicillin-strepto-
mycin (Invitrogen). All cells were maintained as monolayers at
37°C in an atmosphere containing 5% CO,/air.

Tissue sample preparation. Tissue samples from patients were
collected during surgery or biopsy after obtaining informed
consents from patients in Wonkwang Dental Hospital.
Fourteen OSCC patients confirmed by pathological diagnosis
were included in the present study. Median age of these
patients was 57 years, 9 patients were male and 5 females.
Eight inflammatory gingival inflammatory hyperplasia or
fibrous hyperplasia of the buccal mucosa were examined as
benign controls. Median age of these patients was 53 years,
4 patients were male and 4 females. Samples were fixed in
10% buffered formalin and then embedded in paraffin. All
surgically resected specimens were sectioned for histopatho-
logical examination and immunohistochemical detections.
The protocol for the present study was approved by the ethics
committee of Wonkwang University, School of Dentistry.

Immunohistochemistry. Paraffin-embedded tissues were
used to identify HDACS expression. Deparaffinization was
achieved with xylene followed by a descending series of
ethanol concentrations. Antigen retrieval was carried out
in a microwave-heated citrate buffer (pH 6.0) for 20 min.
The endogenous peroxidases were blocked with 3% H,0,/
methanol for 15 min at room temperature. The non-specific
epitopes were blocked with 1% normal goat serum for 30 min
at room temperature. The tissue sections were incubated
overnight at 4°C with HDACS antibody (1:100; Abcam,
Cambridge, MA, USA). The immunoreactions were visual-
ized using a streptavidin-biotin complex method followed by
a diaminobenzidine reaction (Invitrogen). The tissue sections
were counterstained with hematoxylin in order to visualize
the nuclei. The immunoreactions were viewed under an
optical microscope (magnification, x400; Leica) and the
images recorded on a digital camera (Olympus Optical, Co.,
Ltd., Tokyo, Japan).

Trypan blue exclusion assay. The trypan blue exclusion assay
was based on the capability of viable cells to exclude the dye.
Five minutes later 0.4% trypan blue (Gibco) was added to
cells, they were loaded into a hematocytometer and counted
for the dye uptake. The number of viable cells was calculated
as the percentage of the total cell population.

siRNA transfection. The siRNA oligonucleotides for HDACS
were purchased from Genolution Pharmaceuticals (Seoul,
Korea), and the non-targeting control siRNA (NC. siRNA)
was used as the negative control. The human HDACS siRNA
sequences are as follows: HDACS siRNA #1, sense 5'-CGAG
UAUGUCAGUAUGUGU(UU)-3" and antisense 5'-ACACAU
ACUGACAUACUCG(UU)-3"; HDACS8-siRNA #2, sense
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5'-CAUAUGCACUGCAUAAGCA(UU)-3" and antisense
5'-UGCUUAUGCAGUGCAUAUG(UU)-3". The cells were
transfected with 100 nM siRNA for 24 h using Lipofectamine
RNAiIMAX reagent (Invitrogen). The cells were harvested
for protein analysis after 48 h. Western blot analysis was
used to validate the silencing of protein expression.

Western blot analysis. The cells were washed with phosphate-
buffered saline (PBS) and harvested in lysis buffer. Samples
containing equal amounts of protein were resolved on
SDS-polyacrylamide gel in a 6-15% gel, transferred to a poly-
vinylidene difluoride (PVDF) membrane (NEN Life Science,
Inc., Boston, USA), and probed sequentially with antibodies
against HDACS8 (Millipore, Bedford, MA, USA), cleaved
caspase-9, procaspase-7, procaspase-3, PARP, LC3B, Beclin-1,
ATGS, ATGI12, p62 (Cell Signaling Technology, Danvers, MA,
USA) and actin (Santa Cruz Biotechnology, Santa Cruz, CA,
USA). The blots were developed using an enhanced chemilu-
minescence (ECL) kit (Amersham, Cardiff, UK).

Apoptosis analysis by flow cytometry. The cells were fixed
in chilled 75% methanol and stained with a propidium iodine
(PI) solution (100 pg/ml RNase and 10 xg/ml PI in PBS) for
cell cycle analysis. The cells were stained to the Vybrant®
apoptosis assay kit (Molecular Probes, Eugene, OR, USA),
followed by labeling Alexa Fluor® 488 Annexin V and PI for
apoptosis analysis. Data acquisition and analysis was carried
out using Cell Llab Quanta™ SC flow cytometry (Beckman
Coulter, Inc., Miami, FL, USA) and software.

Detection of acidic vesicular organelles (AVOs). Autophagy
is characterized by the formation and promotion of AVO. To
detect the development of AVOs, the cells were stained with
acridine orange as previously described (18). In acridine
orange stained cells, the cells fluoresce bright green, whereas
acidic compartments fluoresce bright red. Briefly, the treated
cells were stained with acridine orange (1 pg/ml) for 15 min.
To quantify the development of AVOs, the stained cells were
analyzed using FACScan flow cytometer and CellQuest soft-
ware (Beckman Coulter, Inc.).

Statistical analysis. Data are expressed as the mean + SEM of
at least three individual experiments. Statistical comparisons
between groups were performed using two-tailed Student's
t-test (Microsoft Excel). Statistical significance was set at
“P<0.05, “P<0.01 and **P<0.001.

Results

Expression level of HDACS in OSCC tissues and OSCC
cell lines. To identify whether HDACS is highly expressed
in OSCC, we examined the expression of HDACS in benign
controls and tumor tissues using immunohistochemstry. As
shown in Fig. 1A, the level of HDACS expression was mark-
edly overexpressed in OSCC tissues compared to benign
control tissues. HDACS8 expression was mainly observed in
the cytoplasm of tissues, especially epithelial cells. To confirm
overexpression of HDAC8 in OSCC, we compared the levels
of HDACS expression between several human OSCC cell lines
and INOK cells using western blot analysis. Overexpression of
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Figure 1. Expression of HDACS8 in OSCC. (A) Immunohistochemistry by HDACS antibody in human OSCC tissues. (a-d) benign control tissues; (e-h) OSCC
tissues. The images were taken at magnification, x200. (B) Western blotting by HDACS antibody in INOK and OSCC cell lines. The amount of protein was
normalized to levels of actin. The representative bands from three independent experiments are shown.

HDACS were observed in several OSCC cell lines, whereas
there was no expression in INOK cells (Fig. 1B). Especially,
HDACS was highly expressed in YD-10B and FaDu cells than
other cell lines. Therefore, YD-10B and FaDu cell lines were
selected for the subsequent experiments.

HDACS8 knockdown inhibits the OSCC cell proliferation.
To determine whether the expression of HDACS is associ-
ated with cell proliferation in OSCC, HDACS was knocked
down in YD-10B and FaDu cells by transfection of HDACS
siRNAs. YD-10B and FaDu cells were transfected with two
different siRNAs specific for HDACS and the knockdown
effect of HDACS siRNAs was determined by western blotting.
Transfection with HDAC8 siRNAs reduced targeted HDACS
expression in both YD-10B and FaDu cells, whereas the non-
specific targeting control did not affect HDACS expression
(Fig. 2A). As shown in Fig. 2B, HDACS silencing significantly
inhibited the proliferation of OSCC cells by both HDACS
siRNA transfections. HDAC8 siRNA#2 was shown to more
efficiently silence HDACS expression and inhibit cell prolif-
eration than HDACS siRNA#1 in both OSCC cells. Therefore,
HDACS siRNA #2 was used for further HDACS knockdown
study. Furthermore, HDACS siRNA#2 supressed cell prolif-
eration in a time-dependent manner (Fig. 2C).

HDACS silencing induces apoptotic cell death. To assess
whether the growth inhibitory effects by HDACS8 knockdown
were associated with the induction of apoptosis, we first
examined Annexin V/PI staining by flow cytometry assay.
As shown in Fig. 3A, HDAC8 knockdown by HDACS siRNA

transfection significantly increased the number of Annexin V
positive apoptotic cells compared with the NC siRNA trans-
fected control. The expression of apoptosis-related proteins
was next measured to determine the mechanism of apoptosis
using western blot analysis. The transfection with HDACS
siRNA markedly induced the decrease of procaspase-3, -7
and the increase of cleaved caspase-9 in OSCC cells. HDACS8
knockdown also increased the level of PARP cleavage, a
known endogenous substrate for caspases (Fig. 3B). These
data indicated that HDAC8 knockdown induced apoptosis by
activating caspases, which cleaved PARP in OSCC cells.

Autophagy induction by HDACS silencing. We next deter-
mined whether HDACS silencing can induce autophagy in
OSCC cells. The levels of autophagy-related gene expression
were examined in HDACS siRNA trasfected OSCC cells.
As shown in Fig. 4A, the transfection with HDACS8 siRNA
markedly increased the levels of Beclin-1, ATGS and ATGI12
which are involved in the early stage of autophagosome
formation. The level of the microtubule-associated protein 1
light change 3 (LC3)-II, a marker for autophagic vesicles
was also increased in HDACS-silenced cells compared with
control cells. In addition, reduction of p62 as a marker for
autophagic flux was observed in HDACS8 siRNA transfected
cells. The autophagy response to HDACS silencing was next
confirmed by acridine orange staining with flow cytom-
etry assay. Acridine orange staining showed that HDAC8
knockdown significantly increased the number of AVOs, red-
positive cells, compared to control. Indicated cell percentage
over the line showed acidic red positive cell ratios (Fig. 4B).
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Figure 2. HDACS silencing on the proliferation in YD-10B and FaDu cells. (A) Immunoblot analysis of HDACS8 expression in HDACS8 siRNA tranfected
YD-10B and FaDu cells. Cells were transfected with HDAC8 siRNA for 24 h and harvested after 48 h. The total cell lysates were prepared and 30 pg of the
protein was subjected to SDS-PAGE followed by western blot analysis and chemiluminescent detection. Western blot analysis was performed with HDAC8
antibody. The protein levels were normalized by a comparison to the actin levels. The representative bands from three independent experiments are shown.
(B) Cell viability of HDACS silenced YD-10B and FaDu cells. Cells were transfected with HDAC8 siRNA for 24 h and harvested after 48 h. Cell viability was
determined using trypan blue exclusion assay after siRNA trasfection. The percentage of viable cells was calculated as the ratio of HDACS siRNA transfected
cells to the NC. siRNA transfected control cells. The data are reported as the mean + SD of three independent experiments. ““P<0.001 compared to untreated
control. (C) Time-dependent cell viability of HDACS silenced YD-10B and FaDu cells. Cells were transfected with HDACS siRNA #2 for 24 h and harvested
after 24 and 48 h. Cell viability was determined using trypan blue exclusion assay after siRNA trasfection. The percentage of viable cells was calculated as the
ratio of HDACS siRNA transfected cells to the NC. siRNA transfected control cells. NC. siRNA, non-targeting control siRNA. The data are reported as the
mean = SD of three independent experiments. ““P<0.001 compared to untreated control.
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Figure 3. HDACS8 siRNA transfection induces apoptosis in YD-10B and FaDu cells. Cells were transfected with HDACS8 siRNA for 24 h and harvested after
48 h. (A) Annexin V/PI staining for apoptotic cells. The apoptotic cells were detected using ApopTag In Situ Apoptosis Detection Kits and the flow cytometry
results are shown. The data are reported as the mean = SD of three independent experiments. "P<0.05, “P<0.01 compared to the NC siRNA transfected control.
(B) Expression of the apoptosis-related proteins in YD-10B and FaDu cells. The total cell lysates were prepared and the protein was subjected to SDS-PAGE
followed by western blot analysis and chemiluminescent detection. Western blot analysis was performed using a series of antibodies; procaspase-3, procas-
pase-7, cleaved caspase-9 and PARP. NC. siRNA, non-targeting control siRNA. The protein levels were normalized by a comparison with the actin levels. The
representative bands from three independent experiments are shown.
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Figure 4. Autophagy in HDACS silencing YD-10B and FaDu cells. Cells were transfected with HDACS siRNA for 24 h and harvested after 48 h. (A) Expression
of the autophagy-related proteins in YD-10B and FaDu cells. Cell lysates were subjected to western blot analysis using a series of antibodies against Beclin-1,
ATGS, ATG12, LC3B and p62. The protein levels were normalized by a comparison to the actin levels. The representative bands from three independent
experiments are shown. (B) Fluorescence-activated cell sorting analysis using acridine orange. The cells were stained with acridine orange (1 pg/ml) and
then subjected to flow cytometric analysis. FL1-H, green color intensity; FL3-H, red color intensity. Indicated cell percentage over the line show acidic red
positive cell ratios. The data are reported as the mean = SD of three independent experiments. ““P<0.001 compared to the NC siRNA transfected control. (C)
The cells were transfected with HDACS siRNA for 24 h and were harvested after 48 h incubation with or without chloroquine (CQ, 50 gmol/l). Cell viability
was determined by trypan blue exclusion assay. The representative results from three independent experiments are shown. ‘P<0.05, “P<0.01 compared to the
HDACS siRNA transfected cells. (D) Western blot analysis of PARP, procaspase-3 and LC3B expressions in HDAC8 siRNA transfected cells with or without
CQ (50 pmol/1). H8 siRNA, HDACS8 siRNA; NC. siRNA, non-targeting control siRNA. The protein levels were normalized by a comparison to the actin levels.

The representative bands from three independent experiments are shown.

To evaluate the function of autophagy by HDACS silencing,
specific autophagy inhibitor chloroquine (CQ) was co-treated
with HDACS siRNA in OSCC cells. We examined the cell
viability using trypan blue exclusion assay. Combined treat-
ment with HDAC8 knockdown and CQ significantly reduced
cell viability as compared to HDACS8 knockdown without CQ
in both OSCC cells (Fig. 4C). The expression levels of PARP,
caspase-3 and LC3B-II were next examined using western blot
analysis. The accumulation of LC3B-II by CQ was observed in
combined treatment compared to HDACS siRNA transfection
alone as expected. Furthermore, the level of PARP cleavage
was markedly increased and procaspase-3 expression was
decreased in combined treatment with HDAC8 knockdown
and CQ compared to HDAC8 knockdown alone, these results
indicated that inhibition of autophagy enhanced HDACS
silencing-induced apoptosis (Fig. 4D).

Discussion

Class I HDACs have been most widely studied in their
classical role as histone modifiers and transcriptional repres-
sors (19). The most frequently studied and best-characterized
human HDACs are HDAC1 and HDAC2. Also, HDACS

is most recently identified class I HDAC and the role of
HDACS in normal and cancer cells remains unclear (20,21).
The expression of HDACS has been determined in several
cancer tissues. Upregulation of HDACS was detected in colon,
urothelial, ovarian and endometrial cancers (13,20,22,23), and
high HDACS8 expression was associated with markers of poor
prognosis and poor overall survival in neuroblastoma (16).
Likewise, our results also showed that HDAC8 were mark-
edly upregulated in both OSCC tissues and OSCC cell lines.
However, there was no expression in INOK cells and weak
expression in benign control tissues. This study first deter-
mined the expression of HDACS in OSCC, therefore, HDACS
upregulation can be a diagnostic marker for OSCC and may be
associated with oral carcinogenesis.

HDACs were first identified as enzymes that func-
tion to remove acetyl groups from histones (24,25). To
exert their function, HDACSs need to be in the nucleus (26).
However, recent studies suggest that the primary substrates
of HDAC enzymes are not histone proteins, but non-histone
proteins (24,27). It could be demonstrated that the subcellular
localization of HDAC can be nuclear as well as cytoplasmic.
The class I HDACs are found primarily in the nucleus of
most cell types and form nuclear multiprotein complexes that
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interact with other chromatin modifiers and transcription
factors (10,20). Unlike other class I HDACs, the subcellular
localization of HDACS seems to vary with cell types (20,28).
Nakagawa et al (22) reported that HDACS8 expression was
detected in both the nucleus and the cytoplasm for gastric
adenocarcinoma, esophageal squamous cell carcinoma, pros-
tate carcinoma and breast papillotubular carcinoma, whereas
nuclear localization of HDACS was detected in non-cancerous
gastric, esophageal or prostate epithelium. However, cytosolic
expression of HDACS8 was described in differentiating smooth
muscle cells and prostate stromal cells (29,30). In this study,
the immunohistochemistry results showed that overexpressed
HDACS was mainly distributed in the cytoplasm of OSCC
tissues. Although the expression levels of HDACS were very
weak in benign control tissues, the localization of HDACS
was also observed in the cytoplasm. HDAC localization is
connected to modulate key cellular processes, including tran-
scriptional regulatory function (31). Previous studies reported
that HDACS8 knockdown did not affect global histone H4
acetylation (16,20), but induced cytoplasm protein a-tubulin
acetylation (20,32), which provided a strong indication for
the cytosolic localization of HDACS. The results indicated
that HDACS is localized in the cytoplasm of oral tissues
and, therefore, we carefully suggest that it may be associated
with regulating the non-histone protein response, rather than
histone deactylation function. Further study will be needed
to investigate the correlation of HDACS localization and its
function in OSCC.

HDAC appears to be important in the regulation of prolifera-
tion in cancer cells. However, the biological function of specific
HDACGC: is still unknown. Although the present study showed
upregulation of HDACS8 in OSCC, it is not sure that HDACS
inhibition might be a suitable therapeutic target for OSCC.
Therefore, we next examined whether siRNA-mediated HDACS8
knockdown induce cell growth inhibition in OSCC cells. The
results showed that HDACS siRNA markedly reduced the levels
of HDAC8 and HDACS knockdown significantly inhibited the
cell proliferation in both OSCC cell lines. Although there was the
same effect of HDACS8 knockdown-induced cell growth inhibi-
tion in several cancer cells, the apoptosis induction by HDACS
inhibition was different. HDACS inhibition by pharmacological
drug or siRNA induced apoptosis in human and murine-derived
maligant peripheral nerve sheath tumors and hepatocellular
carcinoma, whereas there was a limited induction of apoptosis
after either HDACS8 knockdown or pharmacological inhibitor
treatment in urothelical cancer cell lines (20,21,33). Consistent
with the former findings, the present study showed that HDACS
knockdown markedly induced apoptosis through caspases
activation in OSCC cells. The results implied that HDACS
might play an important role in regulating cell proliferation and
apoptosis in OSCC cells.

Apoptosis plays a major controling role in cancer cell
death, but recent reports have demonstrated that autophagy
is also an important molecular mechanism for cancer cell
death (34,35). While autophagy is constitutively important
for intracellular quality control and maintenance of cellular
homeostasis from the cytoplasm to lysosomes, autophagy is
frequently activated to much higher levels in cancer cells in
response to a variety of chemotherapeutic treatments (36-39).
In recent studies, HDACS6 is dispensable for starvation-induced
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autophagy and HDACS is degraded via autophagy and the
ubiqitin-proteasesome system in lung cancer cells (40,41). We
previously determined that HDAC inhibitor apicidin induced
both apoptosis and autophagy in OSCC cells (42), but the
correlation between autophagy induction and specific HDAC
inhibition has not been reported in cancer cells. In the present
results, HDACS silencing markedly increased the levels of
major autophagic related proteins and autophagic vesicles in
OSCC cells. In addition, autophagy inhibition by CQ increased
apoptotic cell death in HDACS8 siRNA transfected OSCC
cells, which means autophagy by HDACS8 knockdown have
pro-survival effect in OSCC cells. These results are similar
to our previous study for HDAC inhibitor apicidin-treated
OSCC cells (42). We wondered whether HDACS is decreased
in apicidin-treated OSCC cells. The expression of HDACS was
also markedly inhibited in apicidin treated OSCC cells (data
not shown). Overall, HDACS inhibition by siRNA or pharma-
cological drug may be highly related with autophagy induction
as a pro-survival function and inhibitors of autophagy could
increase the antitumor effect of HDACS inhibition in OSCC
cells.

In conclusion, HDACS overexpressed in OSCC tissues and
OSCC cell lines are mainly localized in the cytoplasm. HDACS
knockdown inhibited cancer cell proliferation and activated
both caspase-dependent apoptotic cell death and pro-survival
autophagy in OSCC cells. Moreover, combined treatment with
HDACS knockdown and autophagy inhibitor enhanced cell
death through apoptosis induction. Taken together, these find-
ings provide new and important information on the diagnosis
of OSCC and HDACS could be an effective molecular target
of antitumor therapy for patients with OSCC.
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