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a b s t r a c t

Objective: To explore whether inhibition of H3K9 Methyltransferase G9a could exert an antitumoral
effect in oral squamous cell carcinoma (OSCC).
Materials and methods: First we checked G9a expression in two OSCC cell lines Tca8113 and KB. Next we
used a special G9a inhibitor BIX01294 (BIX) to explore the effect of inhibition of G9a on OSCC in vitro. Cell
growth was tested by typlan blue staining, MTT assay and Brdu immunofluorescence staining. Cell
autophagy was examined by monodansylcadaverine (MDC) staining, LC3-II immunofluorescence stain-
ing and LC3-II western blot assay. Cell apoptosis was checked by FITC Annexin-V and PI labeling, tunnel
staining and caspase 3 western blot assay. Finally, the effect of inhibition of G9a on clonogenesis and
tumorigenesis capacity of OSCC was analyzed by soft agar growth and xenograft model.
Results: Here we showed that G9a was expressed in both Tca8113 and KB cells. Inhibition of G9a using
BIX significantly reduced cell growth and proliferation in Tca8113 and KB. Inhibition of G9a induced cell
autophagy with conversion of LC3-I to LC3-II and cell apoptosis with the expression of cleaved caspase 3.
We also found that inhibition of G9a reduced colony formation in soft agar and repressed tumor growth
in mouse xenograph model.
Conclusion: Our results suggested that G9a might be a potential epigenetic target for OSCC treatment.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

Oral squamous cell carcinoma (OSCC) represents more than 80%
of all forms of head and neck cancer, and during the past decade its
incidence has increased by 50% [1e3]. Although there have been
some progress in the treatment of OSCC, the five-year survival rate
of these patients is only 50% [4], which is still one of the lowest
among all major human cancers [5], and has not improved in the
past three decades [4]. In addition, a high percentage of patients
have a poor response to therapy and high recurrence rates [6].
Therefore it is particularly important to identify some new target
point for OSCC treatment.

Epigenetic mechanism plays an important role during carcino-
genesis. Epigenetics defines all meiotically andmitotically heritable
atology, Chongqing Medical
1147, PR China.
changes in gene expression that are not coded in the DNA sequence
itself [7]. Histone methylation is one of the main epigenetic
mechanism and linked to the silencing of a number of critical tumor
suppressor genes in tumorigenesis [8,9]. G9a, also known as
EHMT2, is a H3K9 methyltransferase that has a primary role in
catalyzing monomethylation and dimethylation of H3K9
(H3K9me1 and H3K9me2) in euchromatin [10e13]. Elevated levels
of G9a expression have been observed in many types of human
cancers, and are involved in proliferation and metastasis of various
cancer cells [14e16].

In this study, we investigated the role of G9a in OSCC growth
using a special G9a inhibitor BIX01294. The result showed that
inhibition of G9a could reduce growth and proliferation, and induce
autophagy and apoptosis in OSCC. We also found that inhibition of
G9a reduced colony formation in soft agar and repressed tumor
growth in a xenograft model. Our results provided experimental
support for the important role of G9a in regulation growth and
death in OSCC.
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2. Materials and methods

2.1. Cell culture

Human OSCC cell lines Tca8113 and KB were purchased from
Shanghai cell bank, Chinese Academy of Science. Both cells were
grown in RPMI 1640 supplemented with 10% fetal bovine serum
(FBS) and 1% antibiotics penicillin and streptomycin (P/S). The
growth media, FBS and antibiotics were purchased from Gibco. The
cells were cultured at 37 �C in a 5% CO2 humidified incubators.

2.2. Cell growth assay

G9a inhibitor BIX01294 (BIX, Sigma) was dissolved in sterile
water. Tca8113 and KB cells were seed in 6-well plate at 20,000 cell
per well for overnight. Then the cells were treated with BIX at
0.5 mM, 1 mM, 5 mM, 10 mM or 20 mM for 48 h. Micrographs of cell
morphology were taken by an inverted microscopy (Olympus).
Cells were collected and calculated by Trypan Blue assay.

Cell viability was further determined using MTT assay. Cells
were seed in 96-well plate at 1000 cell per well for overnight. Then
the cells were treated with 5 mM BIX. After indicated time period,
20 ml MTT (5 mg/ml, Sigma) was added to each well and incubated
at 37 �C for 4 h, and then removed the supernatant. 200 ml DMSO
was used to each well to dissolve the cell pellets. After shaking for
15 min, the absorbance was measured at a wavelength of 560 nm.

2.3. Brdu staining

Cells were grown on coverslips and treated with 5 mM BIX for
48 h. The BrdU (Sigma) stock solution at 10 mg/ml was diluted
1000� in the culture medium and incubated for 30 min. Cells were
washed with PBS, fixed in 4% paraformaldehyde (PFA) for 20 min,
and permeabilized with 2 M HCl for 15 min and 1% Triton X-100 for
15 min. The cells were blocked with 10% goat serum for 1 h, incu-
bated with a primary rat antibody against BrdU (1:300, Abcam,
ab6326) for 2 h, and then incubated with the secondary antibody
Alexa Fluor 488 goat anti-rat IgG (H þ L) (1:500, Invitrogen,
A11006) for 2 h. Incubation with 300 nM DAPI for 15 min was used
for counterstaining. Cells were examined using a Nikon microscope
with Image-Pro Plus software for image analysis, and BrdU uptake
was calculated in 10 microscopic fields.

2.4. MDC staining

Cells were grown on coverslips and treated with 5 mM BIX for
48 h. After treatment, monodansylcadaverine (MDC, Sigma) stock
solution at 10 mM was diluted 200� in the culture medium and
incubated for 30min. Then the cells werewashed with PBS, fixed in
4% PFA for 20 min, and examined using a Nikon microscope with
Image-Pro Plus software for image analysis.

2.5. Immunofluorescence staining

Cells were grown on coverslips. After treated with 5 mM BIX,
cells were washed with PBS, fixed in 4% PFA for 20 min, and per-
meabilized with 0.05% Triton X-100 for 15 min. Then the cells were
blocked with 10% goat serum for 1 h, incubated with a primary
antibody for overnight, and followed with the secondary antibody
for 2 h. Incubation with 300 nM DAPI for 15 min was used for
counterstaining. Cells were examined using a Nikon microscope
with Image-Pro Plus software for image analysis. The primary an-
tibodies rabbit anti-G9a (#3306, 1:200) and rabbit anti-LC3
(#4108S, 1:200) were purchased from Cell Signaling Tech. The
primary antibody mouse anti-a-tubulin (AT819, 1:500) was
purchased from Beyotime Biotech. The secondary antibodies Alexa
Fluor 488 donkey anti-rabbit IgG (H þ L) (1:2000, A21206) and
Alexa Fluor 594 donkey anti-mouse IgG (H þ L) (1:2000, A21203)
were purchased from Invitrogen.

2.6. Apoptosis assay

Cells were plated in 10 cm plates and treated with 5 mM BIX for
48 h. Then cells were collected and resuspended in 100 ml binding
buffer, incubated with 2.5 ml FITC Annexin-V and 5 ml PI (50 mg/ml)
for 15 min, and analyzed by flow cytometry with CellQuest analysis
software.

2.7. Tunel staining

Cells were grown on coverslips, treated with 5 mM BIX for 48 h
and stained with Click-iT plus tunel assay kit (Invitrogen). Cells
were washed with PBS, fixed in 4% paraformaldehyde (PFA) for
20 min, and permeabilized with 0.25% Triton X-100 for 15 min. The
cells were incubated with TdT reaction buffer for 10 min, then TdT
reaction mixture for 1 h, and then incubated with tunel reaction
cocktail for 30 min. Incubation with 300 nM DAPI for 15 min was
used for counterstaining. Cells were examined using a Nikon mi-
croscope with Image-Pro Plus software for image analysis.

2.8. Western blot assay

Cells were plated in 10 cmplates and treatedwith 5 mMBIX. After
48 h of treatment, cells were collected and proteins were extracted
with RIPA lysis buffer and PMSF (Beyotime). Protein concentrations
were determined with Enhanced BCA protein assay kit (Beyotime).
Seventy micrograms of proteins were separated in 10% SDS-PAGE
and transferred to PVDF membranes. After blocked with 5% nonfat
milk for 2 h, the membranewas washed in TBST and incubated with
primary antibody for overnight. Then the membrane was washed in
TBST and incubated with horseradish peroxidase (HRP)-labeled
secondary antibody for 2 h. The signal was visualized by the ECL
reagent (Beyotime) and captured by western blotting detection in-
struments (Clinx Science). The primary antibodies rabbit anti-G9a
(#3306, 1:1000) and rabbit anti-LC3 (#4108S, 1:1000) were pur-
chased from Cell Signaling Tech. The primary antibody rabbit anti-
H3K9me2 (ab32521, 1:500) was purchased from Abcam. The pri-
mary antibody rabbit anti-caspase 3 (sc-98785, 1:200) was pur-
chased from Santa Cruz. The primary antibodymouse anti-a-tubulin
(AT819, 1:1000) was purchased from Beyotime Biotech. The second
antibodies including HRP-labeled goat anti-mouse IgG (H þ L)
(A0216.1:5000), and HRP-labeled goat anti-rabbit IgG (H þ L)
(A0208.1:5000) were purchased from Beyotime Biotech.

2.9. Soft agar colony formation assay

The cells were mixed with 0.3% soft agar (Sigma) and culture
media, and seed in 6-well plates with a solidified bottom layer
consisting of 0.6% soft agar and culture media at 1000 cell per well.
After 20 days of treatment, the micrographs of cell colonies were
taken by an inverted microscopy. Then the cells were stained with
MTT and pictures were taken using a scanner (EPSON).

2.10. In vivo tumorigenic assay

Tca8113 cellswere trypsinized and collected.1�106 cells in 200 ml
culture mediawere injected subcutaneously into the flanks of severe
combined immune deficiency (SCID) mice. After 7 days of tumor
growth, themicewere administered intraperitoneal injections of BIX
(4mg/kg) or sterilewater once daily for 7 days. Tumordiameterwere
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Fig. 2. Inhibition of G9a induced autophagy in OSCC cells. A. After being treated with 5 mM BIX for 48 h, membranous vacuoles were found in Tca8113 and KB cells. B. After being
treated with 5 mM BIX for 48 h, autophagic vacuoles was examined by MDC staining. C. After being treated with 5 mM BIX for 48 h, autophagy-related protein LC3-II was examined
by immunofluorescence staining. Cells were stained with an antibody against LC3-II (green) and tubulin (red), and counterstained with DAPI (blue). D. After being treated with 5 mM
BIX for 48 h, the protein expression of LC3-II was examined by western blot assay. (For interpretation of the references to color in this figure legend, the reader is referred to the web
version of this article.)
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measured with digital calipers every day, and tumor volume was
calculated (volume¼ length�width2� 0.5236). After treatment, the
mice were sacrificed by CO2, and tumors were measured and
weighed. All animal experiments were pre-approved by the Institu-
tional Animal Care and Use Committee of our university.

2.11. Statistical analysis

Each experiment was repeated at least three times. The results
were presented as mean ± SD. The two-tailed Student's t-test was
performed for paired samples. p < 0.05 was considered statistically
significant.

3. Results

3.1. G9a is expressed in OSCC cells

Firstly to check G9a expression in OSCC cells, we performed
immunofluorescence staining and western blot assay of G9a in
Fig. 1. Inhibition of G9a reduced cell growth and proliferation in OSCC cells. A. G9a expres
stained with an antibody against G9a (green), and counterstained with DAPI (blue). B. G9a e
48 h, the protein expression of G9a and H3K9me2 in Tca8113 and KB cells was investigate
treatment for 48 h. **p < 0.01. ***p < 0.001. E. After being treated with 5 mM BIX, cell growth w
48 h, cell proliferation was evaluated by Brdu immunofluorescence staining. Cells were sta
percentage of Brdu positive cells was calculated from 10 randomly selected fields. **p < 0.01.
to the web version of this article.)
Tca8113 and KB cells. The result showed that G9a is commonly
expressed in both cells (Fig. 1A and B), which suggested that G9a
might play an important role in OSCC.

3.2. Inhibition of G9a reduced cell growth and proliferation in OSCC
cells

Next we examined the functional consequence of G9a high
expression in OSCC cells. Tca8113 and KB cells were treated with
BIX, a special inhibitor of G9a, at different concentration for 48 h.
The result showed that BIX at concentration higher than 5 mM led to
dramatically decrease in cell number compared with control
(Fig. 1D). Then we confirmed that G9a activity is actually repressed
after 5 mM BIX treatment through western blot assay of protein
expression of H3K9me2, which was reported as a major product in
G9a-mediated H3K9 methylation [13]. BIX treatment had no sig-
nificant effect on G9a expression in OSCC cells at all, but led to a
marked down-regulation of H3K9me2 (Fig. 1C). To further inves-
tigate the cytostatic effects of G9a inhibition, cell growth curve was
sionwas examined by immunofluorescence staining in Tca8113 and KB cells. Cells were
xpression was examined by western blot assay. C. After being treated with 5 mM BIX for
d by western blot assay. D. Cell morphologic observation and cell counting after BIX
as tested by MTT assay. **p < 0.01. ***p < 0.001. F. After being treated with 5 mM BIX for

ined with an antibody against Brdu (green), and counterstained with DAPI (blue). The
(For interpretation of the references to color in this figure legend, the reader is referred
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determined by MTT assay. The result showed that 5 mM BIX
dramatically inhibits cell growth in a time-dependent manner in
both cells (Fig. 1E). In addition, Brdu staining was employed to
detect the effect of G9a inhibition on DNA synthesis. After treated
with 5 mM BIX for 48 h, the Brdu-positive cells significantly
decreased in both cells compared with the control (Fig. 1F). All
together, these results showed that G9a inhibition could reduce
cells growth and proliferation in OSCC cells.
Fig. 3. Inhibition of G9a induced apoptosis in OSCC cells. A. After being treated with 5 mM B
PI labeling. **p < 0.01. ***p < 0.001. B. After being treated with 5 mM BIX for 48 h, cell apoptos
counterstained with DAPI (blue). C. After being treated with 5 mM BIX for 48 h, the protein
interpretation of the references to color in this figure legend, the reader is referred to the
3.3. Inhibition of G9a induced autophagy in OSCC cells

After inhibition of G9a with BIX, we found the appearance of
large membranous vacuoles in the cytoplasm in Tca8113 and KB
cells, which is a characteristic feature of cells undergoing auto-
phagy (Fig. 2A). So we performed MDC staining for autophagic
vacuoles. BIX-treated cells exhibited higher fluorescent density and
more MDC-labeled particles in Tca8113 and KB cells compared with
IX for 48 h, cell apoptosis of Tca8113 and KB cells was examined by FITC Annexin-V and
is was examined by tunel staining. Cells were stained with tunnel assay kit (green), and
expression of caspase 3 was examined by western blot assay. CASP3, caspase 3. (For

web version of this article.)
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controls (Fig. 2B). To further confirm that inhibition of G9a induces
autophagy in Tca8113 and KB cells, the expression of microtubule-
associated protein 1 light chain 3 (LC3) was examined. LC3 is the
first known mammalian protein that is specifically associated with
the autophagosomal membrane that exists as two forms, the
18 kDa cytosolic LC3-I and 16 kDa autophagosome membrane-
bound LC3-II. Under normal conditions, LC3-I is distributed uni-
formly throughout the nucleus and cytoplasm. In autophagic cells,
LC3-I is processed into the lower molecular form LC-II and trans-
locates into autophagosome membranes, appearing as bright
puncta [17]. As shown in Fig. 2C, the number and intensity of
punctate LC3 fluorescence increased after BIX treatment. The same
result was found in western blot assay of LC3. BIX treatment sig-
nificant increased the expression of LC3-II (Fig. 2D). These results
Fig. 4. Inhibition of G9a reduced colony formation in soft agar and repressed tumor gro
agar, the cell colonies of Tca8113 and KB cells were stained with MTT and pictures were ta
crographs of cell colonies were taken by an inverted microscopy. C. The photo of SCID mice x
treated with BIX. *p < 0.05. **p < 0.01. E. The xenograft tumor weight after being treated w
suggested that inhibition of G9a could induce autophagy in OSCC
cells.

3.4. Inhibition of G9a induced apoptosis in OSCC cells

Previous studies have demonstrated that coregulation of
apoptosis and autophagy can participate in mammalian cell death
[18]. In order to determine whether inhibition of G9a induced
apoptosis in Tca8113 and KB cells, we performed a flow cytometry
assay by FITC Annexin-V and PI staining. The results demonstrated
that 5 mM BIX obviously increased apoptotic cells proportion after
48 h treatment (Fig. 3A). The apoptosis cell proportion increased
from 5.56% to 29.5% in Tca8113 cells and from 3.34% to 73.24% in KB
cells. The cell apoptosis was further confirmed by tunel staining.
wth in mouse xenograph model. A. After being treated with 5 mM BIX for 20d in soft
ken with a scanner. B. After being treated with 5 mM BIX for 20d in soft agar, the mi-
enograft tumor after being treated with BIX. D. The xenograft tumor volume after being
ith BIX. **p < 0.01. F. The SCID mice body weight after being treated with BIX.
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After 48 h treatment of BIX, the tunnel-positive cells significantly
increased in both cells compared with the control (Fig. 3B). We also
examined the activation of caspase 3. After 48 h treatment of BIX,
the 17KD cleaved fragment of caspase 3 was clearly detected
(Fig. 3C). Taken together, these results showed that inhibition of
G9a also induced apoptosis in OSCC cells.

3.5. Inhibition of G9a reduced colony formation in soft agar and
repressed tumor growth in mouse xenograph model

To determine the effect of G9a inhibition on anchorage-
independent growth of Tca8113 and KB cells, we performed a soft
agar colony formation assay. After 20 days of treatment, 5 mM BIX
obviously inhibited the colony formation. The size and number of
colonies were dramatically decreased (Fig. 4A and B). These results
suggested that inhibition of G9a could inhibit colony formation
capacity in OSCC cells. We further examined the effect of inhibition
of G9a on tumor growth in mouse xenograph model. Tca8113 cells
were injected into SCID mice subcutaneously. After 7 days of tumor
growth, BIX was used for 7 days. The result showed that BIX
treatment inhibited tumor growth dramatically (Fig. 4CeE). In
addition, the injection of BIX did not affect the animal weight
(Fig. 4F) and behavior. These results suggested that inhibition of
G9a could inhibit OSCC growth in vivo.

4. Discussion

Overexpression of G9a has been observed in many types of
human cancers and is associated with poor prognosis [15,19,20].
Inhibition of G9a has been reported to reduce cell growth and
induce senescence in a variety of cancer types [21e23]. In this
study, we found that G9a was expressed in two OSCC cell lines
(Tca8113 and KB) and inhibition of G9a using a specific inhibitor BIX
obviously reduced the expression of H3K9me2, a major product in
G9a-mediated H3K9 methylation. So we investigated the effect of
G9a inhibition on OSCC growth in vitro and in vivo. The results
showed that G9a was important to cell proliferation, clonogenesis
and tumorigenicity. Inhibition of G9a significantly reduced cell
growth, colony formation and xenograph tumor growth. These
finding suggested that G9a might have oncogenic activity in OSCC
and change of epigenetic patterns regulated by G9a would be
helpful for OSCC treatment.

Autophagy is an evolutionarily conserved cellular catabolic
process that maintains cellular homeostasis with degrading and
recycling intracellular macromolecules and organelles in response
to cell stress [24,25]. Autophagy can be induced in several cir-
cumstances including hypoxia, aging, nutrient deprivation, as well
as chemical and radiation cancer therapy [26,27]. As an adaptive
response to cell stress, autophagy usually plays an important role in
removing damaged organelles and recycling of nutrients and en-
ergy [28]. On the contrary, excessive autophagy causing over-
consumption of critical cellular components is responsible for
autophagic cell death or type II programmed cell death which is
resembled to apoptosis [28,29]. It was reported that inhibition of
G9a could induce autophagy in breast and colorectal cancers [22],
pancreatic cancer [30], neuroblastoma [23,31], cervix cancer and
osteosarcoma [23]. In this study, we found that inhibition of G9a
induced cell autophagy in OSCC which was characterized by MDC
stainings of vesicle formation and the conversion of LC3-I to LC3-II.
Therefore, we speculated that autophagy might be one of the
mechanisms by which G9a epigenetically controlled cell growth in
OSCC.

Inhibition of G9a was also reported to promote apoptosis in
breast cancer [32], bladder and lung cancers [14]. In this study, we
also found that inhibition of G9a induced cell apoptosis in OSCC
which was confirmed by Annexin-v staining, tunnel staining and
the expression of cleaved caspase 3. Thus apoptosis might be
another mechanism by which G9a epigenetically controlled cell
growth in OSCC. Taken together, our result suggested that G9a
might control OSCC cell growth via multiple routes. Recently, it was
reported that inhibition of G9a induces autophagy not apoptosis in
two head and neck squamous carcinoma cell (HNSCC) lines (SAS
and FaDu) [33], which was different from our findings. Therefore, it
was particularly interesting to identify themolecular mechanism of
the regulation mediated by G9a in OSCC growth.

In summary, our result demonstrated that inhibition of G9a
could reduce growth and proliferation, and induce autophagy and
apoptosis in OSCC. It indicated that G9a might be a potential
epigenetic target for OSCC treatment.
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