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Proliferative effects of gamma-amino butyric acid
on oral squamous cell carcinoma cells are associated with
mitogen-activated protein kinase signaling pathways
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Abstract. Gamma-aminobutyric acid (GABA), the major
inhibitory neurotransmitter in the adult mammalian central
nervous system, has been reported to play an important physi-
ological role in peripheral non-neuronal tissues, such as tumors.
However, whether deregulated GABA is associated with oral
squamous cell carcinoma (OSCC) is currently unknown. In this
study, we investigated the effects of GABA on the proliferation
of the OSCC cell line, Tca8113. Immunohistochemical analyses
were performed to examine the expression of GABA A type
receptor pi subunit (GABRP) in human OSCC tissues, and
reverse transcription polymerase chain reaction, immunofluo-
rescence staining and western blot analysis were performed to
examine the expression of GABRP in Tca8113 cells. The
proliferative effects of GABA on Tca8113 cells were analyzed
by CCK-8 assay and flow cytometry. The activation status of
mitogen-activated protein kinases (MAPKSs) was examined by
western blot analysis. GABRP expression was observed in the
cytoplasm with a higher level in poorly differentiated OSCC
tissues. The mRNA and protein expression levels of GABRP
were detected in the Tca8113 cells. The addition of GABA and
the GABA A type receptor agonist, Muscimol, promoted cell
proliferation and inhibited cell apoptosis through the activa-
tion of the p38 MAPK and the inhibition of the INK MAPK
signaling pathways. These results imply a novel role of GABA
in OSCC.
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Introduction

Oral squamous cell carcinoma (OSCC) is one of the most
common malignant tumors of the oral and maxillofacial
region. Alcohol consumption, betel quid chewing and cigarette
smoking are the main accepted etiologies of OSCC thus far (1).
Despite advances in the main treatments of surgery and radio-
therapy, there have been relatively low 5-year survival rates.
The development of tumors is a complex developmental process
involving multiple factors, steps and signaling pathways,
including mitogen-activated protein kinase (MAPK), phospha-
tidylinositol 3-kinase (PI3K), Notch and signal transducer and
activator of transcription 3 (Stat3) (2-5). Numerous genes have
been shown to affect the development and progression of SCC,
thus suggesting various potential approaches with which to
prevent and treat SCC (6-8). This has evoked increasing interest
in tumor biological treatment that is able to predict prognosis.

Gamma-aminobutyric acid (GABA) is a non-protein
amino acid that acts as the major inhibitory neurotransmitter
in the adult mammalian central nervous system (CNS) (9).
GABA can inhibit excessive excitement in the CNS and has
a calming effect on the brain, thus promoting relaxation and
eliminate nervousness (10). In a previous study, it was reported
that GABA abolished the negative responses to nicotine, which
included the growth of pancreatic ductal adenocarcinoma
xenografts in mice (11). Owing to these physiological functions,
several functional foods have been manufactured. Natural
GABA was first found in potatoes and is widely obtained in
nature among microorganisms, plants and animals. A wide
range of traditional foods contain GABA, such as gammalone,
cheese, gabaron tea, green tea and shochu, in which GABA is
safe and eco-friendly, there are also possibility other products
containing GABA with health benefits. It has been suggested
that GABA has a variety of physiological functions, and GABA
is a type of functional food additive (12).

Moreover, it has been reported that GABA plays a role
in central and peripheral tumors, in addition to serving as an
inhibitory neurotransmitter through its receptor (13). According
to their pharmacological characteristics, GABA receptors have
been divided into 3 types, A, B and C. Among the 3 types of
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receptors, A type receptors have a variety of functions in a
number of peripheral non-neuronal tissues, such as the small
intestine, pancreas and liver, and have different functions with
respect to specific cell types (14-17). A typical GABA A type
receptor subunit, named pi (GABRP), was detected in several
peripheral tissues. It has been proposed that GABRP may play
an important role in GABA A type receptor functions in non-
neuronal tissues, including cancer cell proliferation in gastric
cancer through the MAPK signaling pathways, which are the
best known regulators of mammalian cell proliferation (18).

In clinical pharmacology, GABA is used considerably in
pharmaceutical agents to alleviate pain in cancer, acting upon
receptors of GABA and GABA ‘mimetics’ (e.g., gabapentin);
however, the safe use of GABA for patients with tongue cancer
has not yet been established (19). To data, and to the best of
our knowledge, no studies have examined the association
between GABA expression and OSCC, which may prove to be
of significance for an improved diagnosis and treatment.

To develop a promising method for the effective treatment
and prognosis of OSCC, it is necessary to obtain a better
understanding of the molecular mechanisms responsible
for the development of this disease. In the present study, we
investigated the expression of GABRP in OSCC using tongue
pathological sections and Tca8113 cells. Furthermore, we
examined whether the effects of GABA and GABA A type
receptor on Tca8113 cell proliferation and apoptosis are medi-
ated through the MAPK signaling pathways.

Materials and methods

Chemicals and antibodies. GABA, Muscimol (GABA A type
receptor agonist) and S106 (GABA A type receptor antagonist)
were obtained from Sigma-Aldrich (St. Louis, MO, USA).
GABRP polyclonal antibody was from Abcam (Cambridge,
MA, USA). Antibodies against MAPK were purchased from
Cell Signaling Technology (Danvers, MA, USA). The Cell
Counting Kit-8 (CCK-8) was obtained from Dojindo Molecular
Technologies, Inc., Shanghai, China. Other drugs used were of
reagent grade.

Tissue samples. From 2012 to 2014, we obtained 24 tongue
cancer samples (12 well-differentiated ones and 12 poorly differ-
entiated ones) and 12 fibroplasia samples. Tongue cancer samples
were obtained by tumor resection, while the fibroplasia samples
were obtained by biopsy. All the samples were obtained from
the Department of Pathology of Chongqing Medicial University
(Chongging, China) after obtaining the approval of the Ethics
Committee of the Medical Department of Chongqing Medicial
University. All patients provided written and signed consent prior
to donating their tissue samples for use in scientific research.
According to the WHO standard (1971), the differentiation of
the cancer cells was divided into high (well-differentiated), and
medium and low (poorly differentiated) levels.

Immunohistochemical staining of GABRP. All patho-
logical sections (4-6 um) were deparaffinized and rehydrated.
Endogenous peroxidase activity was blocked by incubating
the sections in 3% peroxide in methanol for 30 min at room
temperature. Following 3 washes in PBS, non-specific binding
was blocked in 10% normal rabbit serum in PBS for 1 h at room
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temperature followed by incubation with rabbit anti-GABA AR pi
primary antibody (1.2 pg/ml, ab26055; Abcam) overnight
at 4°C. Following 3 washes in PBS, the sections were subse-
quently incubated with horseradish peroxidase-conjugated goat
anti-rabbit IgG (sp-9001; Zhongshan Biotechnology, Beijing,
China) for 40 min at room temperature. The secondary antibody
was detected with 3,3'-diaminobenzidine solution (sp-9001;
Zhongshan Biotechnology). For some sections, the primary
antibody was replaced with normal rabbit IgG (2 ug/ml IgG;
Abcam) instead of anti-GABA primary antibody to serve as the
negative controls.

Cell culture. The Tca8113 cells were obtained from the Shanghai
Institute of Biochemistry and Cell Biology (SIBCB; Shanghai,
China) and cultured in RPMI-1640 medium (Gibco Life
Technologies, Carlsbad, CA, USA) supplemented with 10% (v/v)
fetal bovine serum at 37°C in a humidified atmosphere containing
5% CO,. A subcultivation ratio of 1:3 is recommended.

The Tca8113 cells, plated in cell culture dishes, were
randomly divided into different treatment groups when adhered
to the bottom of the dishes. We then selected the time points of
24 and 48 h after treatment for analysis. The treatment groups
were as follows: group 1, negative control without any treatment;
groups 2-4, addition of various concentrations of GABA (1, 10 or
100 M) in culture medium, respectively; groups 5-7, addition of
various concentrations of Muscimol (0.5, 5 or 50 yM) in culture
medium, respectively; and groups 8-10, addition of various
concentrations of S106 (0.5, 5 or 50 #M) for 30 min in advance
and then re-treatment with the optimal concentration of GABA
according to the results obtained from groups 2-4.

Reverse transcription polymerase chain reaction (RT-PCR).
Total RNA was isolated from the Tca8113 cells after the
addition of various concentration of GABA, Muscimol and
S106 at 24 and 48 h using TRIzol reagent (Invitrogen Life
Technologies, Carlsbad, CA, USA) according to the
manufacturer's instructions. The primer sequences of GABRP
were as follows: forward, 5'-ATGAGCTACAGCCTCTATTT
GGC-3'; and reverse, 5~ ACCACCGAAATTGGGCCTG-3'
and the amplicon size was 174 bp. The primer sequences of
GAPDH were as follows: forward, 5'-AGCCATGTACGTA
GCCATCC-3"; and reverse, 5'-CTCTCAGCTGTGGTGGT
GAA-3' and the amplicon size was 373 bp. Total RNA (2 pug)
was reverse transcribed in 20 ul of reaction mixture containing
4 ul MgCl,, 25 mM; 2 ul reverse transcription 10X buffer;
2 ul ANTP mixture, 10 mM; 0.5 ul recombinant RNasin®
ribonuclease inhibitor, 15 U AMYV reverse transcriptase (high
concentration), and 0.5 ug random primers (A3500; Promega,
Madison, WI, USA). PCR was performed in a total volume of
25 pul containing 12.5 ul GoTaq® Green Master Mix (M7122;
Promega), 0.5 uM primers and 1 ul cDNA and was carried out
over 25 cycles. The thermal cycling conditions were as follows:
94°C for 30 sec, 59-61°C for 30 sec, and 72°C for 30 sec.

Western blot analysis. As previously described, total
protein samples were isolated from the various treatment
groups, separated on a 15% sodium dodecyl sulfate (SDS)
polyacrylamide gel (50 ug protein/well), and transferred
onto a nitrocellulose membrane (Hybond™-C; Amersham
Biosciences, Piscataway, NJ, USA). The membranes were
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blocked with 5% non-fat milk in Tris-buffered saline
containing 0.1% Tween-20 at room temperature for 2 h and
were then incubated with the following primary antibodies
at 4°C overnight: rabbit anti-GABAAR pi primary antibody
(1:1,000sc-25708; Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA), rabbit anti-phospho-p44/42 MAPK (Erk1/2)
primary antibody (1:2,000, 4370s), rabbit anti-p44/42
MAPK (ERK1/2) primary antibody (1:1,000, 4695s), rabbit
anti-phospho-p38 MAPK primary antibody (1:1,000, 4511T),
rabbit anti-p38 MAPK primary antibody (1:1,000, 14451s),
rabbit anti-phospho-JNK primary antibody (1:1,000, 4668T),
rabbit anti-JNK primary antibody (1:1,000, 9252s), and goat
anti-rabbit GAPDH primary antibody (1:1,000, 2118S) (all
from Cell Signaling Technology). Following incubation with
the corresponding strain secondary antibodies (HRP-labeled
goat anti-rabbit IgG (H+L) (1:800, A0208) for 60 min at room
temperature, the membranes were subjected to enhanced
chemiluminescence (BeyoECL Plus, POO18) (both from
Beyotime Institute of Biotechnology, Haimen, China).

Immunofluorescence staining. The Tca8113 cells were cultured
for 24 h and fixed in 4% paraformaldehyde solution for 15 min
at room temperature. Following 3 washes in PBS, non-specific
binding was blocked in PBS with 5% BSA for 1 h at room
temperature, and the samples were then incubated with rabbit
anti-GABAAR pi primary antibody (3.6 ug/ml, ab26055;
Abcam) at 4°C overnight. Following 3 washes in PBS, the cells
were incubated with DyLight 594-conjugated goat anti-rabbit
IgG (H+L) (A23420; Abbkine, Redlands, CA, USA) at 37°C
for 1 h, and the nuclei were stained with DAPI staining solu-
tion (c1005; Beyotime Institute of Biotechnology) for 5 min.
Samples were viewed under a confocal laser scanning micro-
scope (Leica, Heidelberg, Germany). The primary antibody was
replaced with normal rabbit IgG (2 ug/ml IgG) instead of anti-
GABAAR pi primary antibody to serve as the negative controls.

CCK-8 cell proliferation assay. The effects of GABA, Muscimol
and S106 on the proliferation of the Tca8113 cells were deter-
mined using the CCK-8 reagent assay (Dojindo Molecular
Technologies, Inc.). Briefly, 5x10° cells/well were grown in
96-well plates with the addition of GABA or GABA A type
receptor agonist or antagonist and the treatment groups were as
described above. Follwoing treatment for 24 and 48 h, the appro-
priate amount of CCK-8 reagent (1:10, v/v) was added to each
well, and the cells were further incubated at 37°C for 1-4 h sepa-
rately. The absorbance at a wavelength of 450 nm was measured
using an enzyme-labeled instrument (ELx800; high-speed
8-channel filter-based absorbance; Chongqing Key Laboratory
of Oral Diseases and Biomedical Sciences, Chongqing, China).

Flow cytometric analysis of cell cycle distribution and apop-
tosis. The effects of GABA, Muscimol and S106 on cell cycle
distribution and the apoptosis of Tca8113 cells were measured
by flow cytometric analysis. The treatment groups (cells treated
with GABA or GABA A type receptor agonist or antagonist)
were as described above. Cells were collected by trypsinization,
washed twice in PBS at 24 and 48 h and an aliquot of the cells
was then fixed in ice-cold 70% ethanol for a minimum overnight
incubation, and other aliquots were re-suspended in PBS. The
cell cycle distribution and apoptosis were analyzed using a flow
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cytometer (FACSVantage SE; BD Biosciences, San Jose, CA,
USA).

Statistical analyses. Each experiment was performed at least
3 times. Analysis of variance (ANOVA) was performed and
the results are presented as the means + standard deviation.
Differences between the mean values of the individual groups
were assessed by one-way ANOVA and Duncan's multiple
range tests. The SPSS13.0 statistical software was used to
perform all statistical analyses. Values of P<0.05 were consid-
ered to indicate statistically significant differences and values
of P<0.01 were considered to indicate highly statistically
significant differences.

Results

In this study, we analyzed GABRP expression in OSCC tissues
using specific antibody (Fig. 1A-C). We found that GABRP
was strongly located in the cytoplasm of poorly differentiated
tumor tissue cells, particularly in the keratin pearl and also
exhibited positive staining in well differentiated tissue cells in
the cytoplasm. In benign fibroplastic tongue tissue, GABRP
expression was observed in the cell cytoplasm with a lower
expression level compared with the poorly differentiated OSCC
tissues. These results raise the question of whether GABA
expression is associated with OSCC.

RT-PCR and western blot analysis revealed that GABRP was
expressed atthe mRNA and protein level in the OSCC Tca8113 cell
line (Fig. 1D and E). The results of immunofluorescence
staining revealed that GABRP was located in the cytoplasm of
Tca8113 cells (Fig. 2). Thus, the Tca8113 cell line was correctly
used in this study to examine the function of GABA in vitro.

CCK-8 is a non-radioactive colorimetric assay used to
measure cell proliferation or toxicity with a high sensitivity. The
excessive proliferation of cells promotes tumor development.
It has been reported that GABA expression is associated with
tumor cell proliferation through its A receptor in neuronal or
non-neuronal cancer (18). In this study, to measure the effects
of GABA and the GABA A type receptor on Tca8113 cell
proliferation, we treated the cells with GABA or Muscimol for
24 and 48 h. We found that treatment with 1 xM GABA or 5 yM
Muscimol promoted Tca8113 cell proliferation at 24 and 48 h.
To confirm the importance of the GABA A type receptor in
the observed effects of GABA on Tca8113 cell proliferation, we
used S106, which is an antagonist of the GABA A type receptor,
to treat the Tca8113 cells in advance and then re-treated
the cells with 1 uM GABA. We found that the proliferative
effects of 1 uM GABA were blocked by treatment with 50 uM
S106 (Fig. 3; P<0.05), suggesting that GABA promotes Tca8113
cell proliferation through its A type receptor.

The cell cycle is tightly regulated at two particular check-
points, the G1-S and G2-M phases. Interestingly, we found that
treatment with 1 uM GABA or 5 pM Muscimol significantly
arrested the Tca8113 cells at the G2/M phase and shortened
the GO/G1 phase at 48 h. To confirm the importance of the
GABA A type receptor in the observed effects of GABA on
Tca8113 cell cycle distribution, we used S106, which is an
antagonist of the GABA A type receptor, to treat the Tca8113
cell in advance and then re-treated the cells with 1 xM GABA.
We found that the effects of 1 xM GABA on cycle distribution



308

Poorly differentiated

——

5 a I
v o ]
@ a &
= 3§ o

Well differentiated

MA et al: GAMMA-AMINOBUTYRIC ACID PROMOTES ORAL SQUAMOUS CELL CARCINOMA CELL PROLIFERATION
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Figure 1. Immunostaining of GABA A type receptor pi subunit (GABRP) in oral squamous cell carcinoma (OSCC) tissues and Tca8113 cells. According to
the standard of WHO (1971), the differentiation of cancer cells was divided into high (well differentiated), or medium and low (poorly differentiated) levels.
(A-C) Immunochemical determination of GABRP expression in the tumor area of (A) poorly differentiated and (B) well differentiated tongue squamous cell
carcinoma tissue and in (C) fibroplasia tissue. Scale bar, 75 pym. GABRP expression was stronger in the cytoplasm of tumor cells in poorly differentiated tongue
squamous cell carcinoma tissue, particularly in the keratin pearl and mild staining was observed in fibroplasia tissue. (D) Semi-quantitative RT-PCR analysis of
GABRP mRNA expression in Tca8113 cells. (E) Western blot analysis of GABRP protein expression in Tca8113 cells.

A B Cc

Figure 2. Immunofluorescence staining of GABA A type receptor pi subunit (GABRP) in Tca8113 cells. (A) Red signals represent GABRP staining and (B) blue
signals indicate nuclear staining. (C) Merged image of parts A and B. Scale bar, 25 pym.

on the Tca8113 cells were blocked by treatment with 50 uM
S106 (Fig. 4; P<0.05), suggesting that GABA disrupts the
Tca8113 cell cycle distribution through its A type receptor.

The apoptotic rate of Tca8113 cells was notably decreased
following the addition of 1 or 5 M Muscimol to the culture
medium. To determine the importance of the GABA A type
receptor in the observed effects of GABA on Tca8113 cell apop-
tosis, we used S106, which is an antagonist of the GABA A type
receptor, to treat the Tca8113 cells in advance and then re-treated
the cells with 1 xM GABA. We found that the effects of 1 uM
GABA on the apoptosis of Tca8113 cells were blocked by treat-
ment with 50 uM S106 (Fig. 5; P<0.05), suggesting that GABA
inhibits Tca8113 cell apoptosis through its A type receptor.

The MAPK signal transduction pathways are evolutionarily
conserved and are related to cell growth or survival (20). Thus,
in this study, the expression and activation of MAPKs were

examined by western blot analysis using specific antibodies.
To examine the activity of ERK, p38 and JNK, phosphorylated
ERK1/2 (p-ERK1/2), phosphorylated p38 (p-p38) and phos-
phorylated JNK1/2 (p-JNK1/2), specific antibodies were used
as described in the Materials and methods. As a control, total
ERK1/2, p38 and JNK1/2 protein was analyzed. GAPDH was
used as a loading control. The results of western blot analysis
revealed that treatment with 1 M GABA or 5 uM Muscimol
increased the levels of phosphorylated p38, whereas it decreased
those of INK1/2 compared with the blank (untreated) control.
However, to determine the importance of the GABA A type
receptor in the observed effects of GABA on the levels of
phosphorylated kinases, we used S106, which is an antagonist
of the GABA A type receptor, to treat the cells in advance and
then re-treated the cells with 1 uM GABA. We found that the
effects of 1 uM GABA on the levels of phosphorylated p38 and



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 38: 305-311, 2016

A 2 .

E 16 * B u Blank

3 * I - = 1 UM GABA
oY 12 I = 10 uM GABA
=3 : 100 uM GABA
> £ it O GABA+5106
o3 08
O%

2 04

0
24h 48 h 72h

B 2

£ . ¥ = Blank

g 1.6 . = 0.5 pM Muscimol

@ I : = 5 uyM Muscimol
2y 12 H 50 pM Muscimol
=
a8 o8
°3

£ 04

0 24n 48h 72h

Figure 3. (A) Effects of gamma-aminobutyric acid (GABA) on the proliferation
of Tca8113 cells. (B) Effects of GABA A type receptor agonist (Muscimol) on
the proliferation of Tca8113 cells. Cells were treated with 1, 10 or 100 xM GABA
and 0.5, 5, or 50 uM Muscimol separately and were then analyzed by CCK-8
assay, after which the absorbance was measured at a wavelength of 450 nm
using an enzyme-labeled instrument. Treatment with both 1 xM GABA and
5 uM Muscimol increased the absorbance values at 24 and 48 h compared
with the blank control (data are the means + SD of 3 independent experiments).
“P<0.05, as compared with the blank control. These result revealed that both
1 uM GABA and 5 M Muscimol stimulated Tca8113 cell proliferation.
Treatment with 50 uM GABA A type receptor antagonist (S106) blocked the
proliferative effects of 1 uM GABA at 24, 48 and 72 h which indicated that
GABA stimulated Tca8113 cell proliferation by through itsA type receptor.

JNK1/2 were blocked by treatmetn with 50 uM S106 (Fig. 6;
P<0.05), suggesting that GABA interferes with the activation of
MAPKSs in Tca8113 cells through its A type receptor.

Discussion

OSCC of the tongue is the sixth most common type of
human cancer worldwide, and >90% of oral malignancies are
SCCs (21). In this study, we found that GABRP was expressed
in benign tongue tissue samples, with a lower expression level
compared with the poorly differentiated OSCC tissue samples.
Previous studies have demonstrated that GABA promotes the
functions of cell proliferation and inhibits apoptosis through
its A type receptor in peripheral non-neuronal tissues (22,23).
These results prompted us to investigate the association between
GABA and the proliferation and apoptosis of OSCC cells.
Among its three receptors (A, B and C), GABA A type
receptor has been extensively investigated with regard to its
complex functions. Approximately 21 types of subunits have
been found in the GABA A type receptor and the functional
GABA A type receptor has 5 subunits assembled into 5 dimers.
The afy subunits widely exist in a variety of 5 dimers. The
pi subunit which is abundant in various peripheral tissues
plays an important role in the functions of GABA A type
receptor (24,25). Moreover, it has been demonstrated that the
expression of GABA is significantly increased in neoplastic
tissues,such asin colorectal carcinoma, hepatocellular carcinoma
and gastric cancer, as compared with normal tissues (18,26).
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Figure 4. Effects of gamma-aminobutyric acid (GABA) and the GABA A
type receptor on cell cycle distribution in Tca8113 cells. Tca8113 cells treated
with 1, 10 or 100 uM GABA and 0.5, 5 or 50 uM Muscimol separately were
analyzed by flow cytometry to determine the cell cycle distribution. (A-D) At
48 h, compared with the (A) control group, the (B) 1 uM GABA group and
the (C) 5 uM Muscimol group displayed an increased percentage of cells
in G2/M phase and a decreased percentage of cells in the GO/G1 phase,
whereas treatment with (D) 50 uM S106 reversed the effects of treatment with
1 uM GABA. (E) Statistical analysis of the cell cycle distribution in various
groups (data are the means + SE of 3 independent experiments). “P<0.05, as
compared with the blank control. These results revealed that treatment with
1 uM GABA or 5 uM Muscimol significantly arrested the Tca8113 cells in the
G2/M phase and shortened the GO/G1 phase at 48 h. Treatment with 50 uM
GABA A type receptor antagonist (S106( blocked the effects of 1 yM GABA
at 48 h, which indicated that GABA disrupted the Tca8113 cell cycle distribu-
tion through its A type receptor.

Therefore, we have reason to speculate that GABA plays
a role in on tongue cancer cell proliferation. CCK-8 assay
revealed that treatment with 1 M GABA or 5 uM Muscimol
promoted Tca8113 cell proliferation and arrested the cells in
the G2/M phase effectively. Flow cytometry was also used to
determine whether GABA affects cell apoptosis. We found that
the apoptosis of the Tca8113 cells was inhibited by treatment
with 1 uM GABA or 5 uM Muscimol. To confirm the role of
the GABA A type receptor in the observed effects of GABA on
Tca8113 cell apoptosis, we used S106, which is an antagonist of
the GABA A type receptor, to treat the Tca8113 cells in advance
and then re-treated the cells with 1 M GABA. We found that
the anti-apoptotic effects of 1 xM GABA were blocked by treat-
ment with 50 yuM S106, suggesting that GABA inhibits Tca8113
cell apoptosis through its A type receptor. The examination of
the proliferation and apoptosis of Tca8113 cells confirmed that
a lower concentration of GABA and a middle concentration of
Muscimol group promoted cell proliferation effectively but at
present, we are unable to explain this phenomenon.
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Figure 5. Effects of gamma-aminobutyric acid (GABA) and the GABA A type
receptor on the apoptosis of Tca8113 cells. Flow cytometric analysis of apop-
tosis of Tca8113 cells treated with 1, 10 or 100 xM GABA and 0.5, 5 or 50 uM
Muscimol separately. (A-D) At 48 h, the apoptotic rate of the cells treated
with (B) 1 uM GABA, (C) 5 uM Muscimol was decreased compared with
(A) the blank control group. (D) Treatment with 50 xM GABA A type receptor
antagonist (S106) blocked the apoptotic effects of treatment with 1 yM GABA
on apoptosis. (E) Statistical analysis of the cell apoptotic rate in the various
groups (data are the means + SD of 3 independent experiments). “P<0.05, as
compared with the blank control. Treatment with 50 M GABA A type receptor
antagonist (S106) blocked the effects of 1 yM GABA at 48 h, which indicated
that GABA inhibited Tca8113 cell apoptosis through its A type receptor.

The MAPK signal transduction pathways are stimulated
by the binding of mitogens, hormones, or neurotransmitters to
receptor tyrosine kinases, and the transduction of exogenous
signals is achieved through sequential phosphorylation, regu-
lating gene expression and cell proliferation, differentiation and
apoptosis. The kinases, MAPK kinase kinases (MAPKKKs),
can be phosphorylated by mall G-proteins leading to
double phosphorylation and activation of downstream
MAPKKSs (27,28). A recent study indicated that MAPK activa-
tion is an essential function of many anticancer drugs which
induce tumor cell apoptosis (20). ERK1 and ERK?2 are two key
transducers of proliferation, differentiation and survival signals
which exist in almost all tissues, mainly affecting the cells by
Gl-to S-phase progression. p38 MAPK activitation induces
cell proliferation in the majority of cancers, arresting cells at
the G2/M phase. There are some interactions between the INK
isoforms and p38 MAPK (27). It has been shown that JNK1
and JNK2 activation, and p38 MAPK inhibition are involved
in cisplatin-induced cell death (28). OSCC is one of the 10 most
common human malignant tumors, accouting for >80% of oral
and maxillofacial malignant tumors (29,30). Various factors,
such as growth factors, protein kinases and infammatory
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receptor on mitogen-activated protein kinase (MAPK) activation by western
blot analysis. As a control, total ERK, p38 and JNK protein was analyzed.
GAPDH was used as a loading control. (A) Treatment with 1 xM GABA and
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antagonist (S106). There were no changes in the total protein levels of ERK,
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3 independent experiments). ‘P<0.05.
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mediators contribute to tumor progression and the process may
involve crosstalk with different signaling pathways (31-35).
Theocharis et al reported ERK expression and activation in
47 mobile tongue SCC tissue samples and associations with
clinicopathological parameters and patient survival (36). In
this study, we found that treatment with GABA or Muscimol
activates p38 MAPK, but inhibits INK MAPK. Our results
demonstrated that treatment with GABA or Muscimol inhib-
ited the apoptosis of Tca8113 cells, promoted proliferation and
arrested the cells in the G2/M phase effectively, as shown by
flow cytometry. Our results are consistent with those of studies
on the role of the MAPK signaling pathway in tumors (37).

As the major inhibitory neurotransmitter in the adult
mammalian CNS, drugs acting upon receptors of GABA and
GABA ‘mimetics’ (e.g., gabapentin) are used to treat patients
with cancer. There is evidence indicating that the deregulation
of the GABA system can cause or contribute to the onset of
cancers, such as pancreatic ductal adenocarcinoma and gastric
carcinoma (19). However, the deregulation of the GABA system
has potential carcinogenic effects remains unclear. However,
the findings of our study suggest the necessity to proceed with
caution when using GABAergic drugs and GABA ‘mimetics’
in patients with tongue cancer.
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In conclusion, our study provide some lines of evidence that

GABA is actively involved in promoting OSCC Tca8113 cell
proliferation and suppressing apoptosis through GABA A type
receptors via the activation of p38 MAPK, but the inhibition
of the INK MAPK signaling pathways. This may confirm our
concerns regarding the use of GABAergic drugs and GABA
‘mimetics’ in patients with tongue cancer.
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