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Abstract
AIM: To investigate the �unction o� gamma-aminobutyr-
ic acid (GABA) and gamma-aminobutyric acid A receptor 
θ subunit (GABRQ) in hepatocellular carcinoma (HCC).

METHODS: Semiquantitative polymerase chain reac-
tion was used �or detecting the expression o� GABRQ re-
ceptor among HCC cell line HepG2, normal liver cell line 
L-02, non-malignant Chang’s liver cells, 8 samples o� 
HCC tissues and paired non-cancerous tissues. HepG2 
cells were treated with GABA at serial concentrations 
(0, 1, 10, 20, 40 and 60 μmol/L), and their proli�erating 
abilities were analyzed with the methyl thiazolyl tetra-
zolium assay, cell cycle analysis and tumor implanted in 
nude mice. Small inter�ering RNA was used �or knocking 
down the endogenous GABRQ in HepG2. Proli�erating 

abilities o� these cells treated with or without GABA 
were analyzed.

RESULTS: We identified the overexpression of GABRQ 
in HCC cell lines and hal� o� the tested HCC tissues. 
Knockdown o� endogenous GABRQ expression in HepG2 
attenuated HCC cell growth, suggesting its role in HCC 
cell viability. We studied the e��ect o� GABA in the proli�-
eration o� GABRQ-positive cell lines in vitro  and in vivo , 
and �ound that GABA increased HCC growth in a dose-
dependent manner. Notably, the addition o� GABA into 
the cell culture medium promoted the proli�eration o� 
GABRQ-expressing HepG2 cells, but not GABRQ-knock-
down HepG2 cells, which means that GABA stimulates 
HepG2 cell growth through GABRQ.

CONCLUSION: GABRQ play important roles in HCC 
development and progression and could be a promising 
molecular target �or the development o� new diagnostic 
and therapeutic strategies o� HCC.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common 
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primary liver cancer and one of  the most common ma-
lignancies in the world, accounting for approximately one 
million deaths per year[1,2]. Although liver resection and 
local ablation are regarded as potentially curative treat-
ment[3], its prognosis is poor. Most of  the patients are di-
agnosed with advanced disease at presentation for which 
palliative therapy forms the mainstay of  treatment[4].

To improve this situation, the development of  novel 
molecular therapies against effective targets is an ur-
gent issue. Toward this direction, we previously used a 
method combining an in silico screen and experimental 
verification to identify genes that are differentially ex-
pressed in cancers compared with their corresponding 
normal tissues[5]. Among genes that are overexpressed in 
HCC cells, we focused on the gamma-aminobutyric acid 
(GABA) gene. Gamma-aminobutyric acid A receptor θ 
subunit (GABRQ) is a subunit of  gamma-aminobutyric 
acid A (GABAA) receptors that may associate with other 
GABAA receptor subunits to form a functional chloride 
channel which mediates inhibitory synaptic transmission 
in the mature central nervous system (CNS). GABA pri-
marily functions as an inhibitory neurotransmitter in the 
mature CNS by activating the GABA receptor, but it can 
also modulate the proliferation, migration and differen-
tiation of  neuronal cells during CNS development[6-9] and 
the proliferation of  peripheral non-neuronal cells[10,11]. 
GABA and GABAA receptors are also present in periph-
eral tissues, including cancerous cells, but their precise 
functions are poorly defined.

This study demonstrates that GABRQ is overexpres-
sed in HCC and that GABA promotes the proliferation 
of  cancer cells through GABRQ.

MATERIALS AND METHODS
Cell lines
HCC cell line HepG2 and normal liver cell lines Chang’s 
liver and L-02 were maintained by our lab and cultured in 
Dulbecco-modified Eagle medium (DMEM, Gibco) sup-
plemented with 10% fetal bovine serum (FBS, Gibco). 
Cells were maintained at 37 ℃ atmosphere of  humidified 
air with 5% CO2.

Collection of tissues
All samples of  HCC tissues and paired non-cancerous 
tissues (5 cm away from tumor) were obtained during 
surgical resection from the Xiangya Hospital of  Central 
South University. Written consent was obtained from the 
patients, who agreed to the collection of  tissue samples. 
The resected tissue samples were immediately cut into 
small pieces and snapfrozen in liquid nitrogen until use. 
All tumor tissue and paired non-cancerous tissue samples 
were pathologically confirmed.

Semiquantitative polymerase chain reaction 
RNA isolated from cells was reverse-transcribed and am-
plified using the One-Step reverse transcription polymerase 
chain reaction (RT-PCR) System (Fermentas, Vilnius, Lithu-

ania). The sets of  primers for GABRQ receptor subunit are 
Sense 5’-TCGAGTTCTCCTCTGCTGTG-3’, Antisense 
5’-TATGCAGATCCAGGGACAA-3’ (465 bp); Sense 5’
-AATCCCATCACCATCTTCCA-3’ and antisense 5’- 
CCTGCTTCACCACCTTCTTG-3’ for glyceraldehyde-
3-phosphate dehydrogenase (GAPDH, 580 bp). After heat-
ing at 95 ℃ for 1 min, samples were exposed to 30 cycles 
(GAPDH, 25 cycles) of  95 ℃ for 30 s, 60 ℃ for 30 s and 
68 ℃ for 1 min 30 s with a final extension at 68 ℃ for 10 
min. Reaction products were separated on 1.5% agarose 
gels containing ethidium bromide and the level of  amplifi-
cation was analyzed using a Phosphor Imager.

RNA interference
To knockdown GABRQ expression, we used pGCsi-U6/
Neo/GFP vector encoding a small hairpin RNA directed 
against the target gene in HepG2.The target sequences 
for GABRQ were: 5’-taGCAAGGAGGTGTATTTCTA-3’ 
(Si-1), 5’-caGCTATGGTGTTCGCTTTAA-3’(Si-2), 5’- 
caGGCTGATGACAGTA TTATT-3’(Si-3), 5’-aaGGAT-
GCTTTCGTGCATGAT-3’(Si-3). As a negative control, 
we used shRNA vector without hairpin oligonucleotides 
(Si-Mock). 

Cell transfection 
Human HCC cell line HepG2 was plated onto 6-well 
plates, and transfected with these small interfering RNA 
(siRNA) expression vectors using FuGENE6 (Roche) ac-
cording to the instructions of  the manufacturer, followed 
by 800 μg/mL of  neomycin selection. The cells were 
harvested 10 d later to analyze the knockdown effect on 
GABRQ by RT-PCR using the primers shown above and 
by flow cytometry using rabbit anti-human polyclonal an-
tibody against GABRQ (Chemicon).

Impact of GABRQ-siRNA on the growth of hepatocellular 
carcinoma cells
HepG2/Si-1, HepG2/Si-Mock cells were seeded with se-
rum-free medium at a density of  103 cells/well in 96-well 
plates (n = 6), grown overnight, washed in phosphate-
buffered saline (PBS), and incubated with 10% FBS with 
or without 40 μmol/L GABA DMEM at 37 ℃, 5% CO2, 
for varying periods and exposed to fresh media every oth-
er day. During the last 4 h of  each day’s culture, the cells 
were treated with methyl thiazolyl tetrazolium (MTT, 50 
μg per well, Sigma, United States). The generated forma-
zan was dissolved in dimethyl sulfoxide (DMSO) and the 
ODs at 490 nm were measured for detecting the cell vi-
ability.

The effect of  GABRQ silencing on the colony forma-
tion of  HepG2 cells was analyzed by colony formation 
assay. HepG2/Si-1, HepG2/Si-Mock cells at 100 cells 
per well in 6-cm plates were incubated with serum-fee 
medium for 24 h, and then cultured in 10% FBS with or 
without 40 μmol/L GABA DMEM at 37 ℃, 5% CO2, for 
3 wk. The cell colonies were washed twice with PBS, fixed 
by 4% paraformaldehyde for 15 min and stained with 
Giemsa for 30 min. Individual clones with more than 50 
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cells were counted. Clone forming efficiency for individ-
ual type of  cells was calculated, according to the number 
of  colonies/number of  inoculated cells × 100%.

To evaluate the impact of  GABRQ silencing on the 
HepG2 cells and the effect of  GABA stimulation on the 
HepG2 cells, cell cycle was examined by flow cytometry 
analysis. HepG2/Si-1, HepG2/Si-Mock cells were incu-
bated with serum-fee medium for 24 h, and then cultured 
in DMEM with 10% FBS with or without 40 μmol/L 
GABA, then harvested at 70%-80% confluence and resus-
pended in fixation fluid at a density of  106/mL; 1500 μL 
propidium iodide (PI) solution was added, and the cell 
cycle was detected by FACS Caliber (Becton-Dickinson).

Effect of gamma-aminobutyric acid on the growth of 
hepatocellular carcinoma cells
To study the effect of  GABA on the proliferation of  GA-
BRQ-expressing HCC cells, cell proliferation was tested in 
vitro. In the MTT assay, HepG2 cells were seeded with se-
rum-free medium at a density of  103 cells/well in 96-well 
plates (n = 6), grown overnight, washed in PBS, and incu-
bated with GABA (Sigma-Aldrich) at serial concentrations 
(0, 1, 10, 20, 40 and 60 μmol/L) in appropriate medium 
supplemented with 1% FBS. The samples were tested 
every 24 h for 6 d. MTT was added (50 μg/well) for 4 h. 
Formazan products were solubilized with DMSO, and the 
optical density was measured at 490 nm.

In the flow cytometry assay, HepG2 cells were incu-
bated with serum-fee medium for 24 h, and then cultured 
in DMEM with 10% FBS and serial concentrations (0, 
1, 10, 20, 40 and 60 μmol/L) GABA for 48 h. Cells were 
harvested and resuspended in fixation fluid at a density 
of  106/mL, 1500 μL PI solution was added, and the cell 
cycle was detected by FACS Caliber (Becton Dickinson).

Tumor formation in nude mice
The influence of  GABRQ silencing and GABA stimula-
tion on the tumor development of  HCC in vivo was exam-
ined. Briefly, HepG2, HepG2/Si-Mock and HepG2/Si-1 
cells were treated with or without GABA (40 μmol/L) 
for 24 h first, and then the cells (3 × 106) were suspended 
in 0.2 mL of  extracellular matrix gel and injected subcu-
taneously in the left back flank of  the animals. The 8-wk-
old BALB/c nude (nu/nu) mice (Slac Laboratory Animal 
Center, Shanghai, China) were divided into six groups: (1) 
the mice were injected with HepG2 and treated with 0.9% 
NaCl injection (150 μL) into the implanted tumor (HepG2, 
n = 4); (2) the mice were injected with HepG2 and treated 
with GABA injections (40 μmol/L in 150 μL of  0.9% 

NaCl) into the implanted tumor (HepG2 + GABA, n 
= 4); (3) the mice were injected with HepG2/ Si-Mock 
and treated with 0.9% NaCl injection (150 μL) into the 
implanted tumor (HepG2/Si-Mock, n = 4); (4) the mice 
were injected with HepG2/Si-Mock and treated with 
GABA injections (40 μmol/L in 150 μL of  0.9% NaCl) 
into the implanted tumor (HepG2/Si-Mock + GABA, 
n = 4); (5) the mice were injected with HepG2/Si-1 and 
treated with 0.9% NaCl injection (150 μL) into the im-
planted tumor (HepG2/Si-1, n = 4); and (6) the mice 
were injected with HepG2/Si-1 and treated with GABA 
injections (40 μmol/L in 150 μL of  0.9% NaCl) into the 
implanted tumor (HepG2/Si-1 + GABA, n = 4). The 
same operator carried out the injections every other day 
starting from “day 0” when the tumors were implanted. 
Tumor variables were measured every 3 d by an electronic 
caliper, and tumor volume was calculated using a standard 
formula[12,13]: tumor volume = width2 × length × 0.5. At 
the end of  the experiment, all mice were sacrificed and 
individual tumor weights were measured.

Statistical analysis
All data were expressed as mean ± SD. Differences among 
groups were determined by analysis of  variance analysis 
and comparison between two groups was analyzed by the 
Student’s t test using the GraphPad Prism soft-ware ver-
sion 4.0 (GraphPad Software, Inc, San Diego, CA). A val-
ue of  P < 0.05 was used to indicate statistical significance.

RESULTS
Expression of GABRQ receptors
We documented GABRQ mRNA expression in HepG2, 
Chang’s liver and L-02 cell lines as well as in 8 pairs of  
HCC and adjacent non-tumor tissues. The results of  semi-
quantitative RT-PCR show GABRQ receptor subunit was 
detected in HepG2 and in Chang’s liver cells, but not in 
normal cell line L-02 (Figure 1A). GABRQ receptor sub-
unit was also detected in HCC tissues (6/8), but not in 
adjacent non-tumor tissues (Figure 1B).

Impact of GABRQ-siRNA on the growth of hepatocellular 
carcinoma cells
To investigate the biological significance of  GABRQ 
overexpression in HCC cells, we constructed four siRNA 
expression vectors (Si-1, Si-2, Si-3 and Si-4) specific to 
GABRQ transcripts and transfected them into HepG2 
cells that endogenously expressed high levels of  GA-
BRQ, as shown in Figure 1. A knockdown effect was 
observed by RT-PCR when we transfected Si-1, but not 
Si-2, Si-3, Si-4 or a negative control Si-Mock (Figure 2A). 
MTT assay (Figure 2B) revealed a drastic reduction in 
the number of  cells transfected with Si-1 compared with 
Si-Mock for which no knockdown effect was observed. 
Cell proliferation was detected by flow cytometry; results 
showed HepG2 cells with GABRQ siRNA blocked the 
cell cycle in G1 phase, which may inhibit the growth of  
HepG2 cells (Table 1). This result was consistent with the 
MTT analysis.

Table 1  Cell cycle of HepG-2/Si-Mock and HepG-2/Si-1 
(mean ± SD, n = 3)

Si-1 Si-Mock

G0/G1 (%) 53.95 ± 3.22 49.95 ± 3.56
G2/M (%) 22.38 ± 2.79 21.61 ± 3.83
S (%) 24.29 ± 3.32  28.74 ± 3.85a

aP < 0.05 vs Si-1.

Li YH et al . GABRQ in HCC
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A RT-PCR verified the knockdown effect on GAB-
RQ expression by Si-1, but not by Si-2, Si-3, Si-4 and a 
negative control Si-Mock in HepG2 cells. GPDH was 
used to quantify RNAs; Figure 2B illustrates MTT assay 
of  HepG2 cells transfected with Si-1 vectors to GABRQ 
and a negative control vector (Si-Mock). Y-axis: Average 
value of  absorbance at 490 nm, measured with a micro-
plate reader (n = 6, P < 0.05).

Effect of gamma-aminobutyric acid on the growth of 
hepatocellular carcinoma cells 
Results displayed in Figure 3A show the addition of  
GABA in the culture media enhanced the proliferation of  
HepG2 cells in a dose-dependent manner. The promot-
ing effect on HCC cell proliferation was more evident 
with the GABA concentration ranging from 1 μmol/L 
to 40 μmol/L. When the GABA concentration was in-
creased to 60 μmol/L, the promoting effect became in-
significant.

The promoting effect on HCC cell proliferation was 
also detected by flow cytometry analysis. After treating 
with GABA at serial concentrations, the G0/G1-phase 
fraction of  HepG2 cells significantly decreased; on the 
contrary, S-phase cells significantly increased, especially at 
the concentration of  20 μmol/L and 40 μmol/L (Figure 
3B, Table 2); this result was consistent with the results 
above.

In the nude mice implanted with tumors (injected 
with HepG2 cells), the development of  solid HCC tu-
mors was monitored for 40 d. As a result, a significant 
difference in tumor weight was found in GABA-treated 
(at the concentration of  40 μmol/L) mice compared with 
mice injected with 0.9% NaCl only (Figure 3C and D).

Effect of GABA on the growth of hepatocellular carcinoma 
cells after down-regulated expression of GABRQ
To examine the function of  GABRQ as a GABA receptor 
on the growth of  GABRQ-expressing HCC cells, we treat-

GABRQ

GAPDH

HepG-2          Chang         L-02

GABRQ

GAPDH

Ca    Ca     Ca      Ca    Ca    Ca    Ca     Ca     N      N    N      N     N    N     N     NA B

Figure 1  Expression of gamma-aminobutyric acid A receptor θ subunit in different cell lines, in liver cancerous tissues (Ca) and adjacent tissues of liver 
cancers (N) by reverse transcription polymerase chain reaction. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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Figure 2  The impact of gamma-aminobutyric acid A receptor θ subunit-siRNA on the growth of hepatocellular carcinoma cells. A: Reverse transcription poly-
merase chain reaction (RT-PCR) verified the RNAi effect on gamma-aminobutyric acid A receptor θ subunit (GABRQ); B: Methyl thiazolyl tetrazolium assay HepG2 
cells transfected with Si-1 and negative vectors to GABRQ. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

0 1 10 20 40 60

G0/G1 (%) 40.9 ± 2.92 39.6 ± 2.73 33.8 ± 2.79 31.7 ± 2.56 30.2 ± 2.17  47.2 ± 2.93
G2/M (%) 18.1 ± 0.84 19.8 ± 0.97 20.7 ± 0.85 21.3 ± 0.79 20.3 ± 1.18 18.5 ± 1.23
S (%)a 31.0 ± 1.89 30.6  ± 1.94 35.5 ± 2.28 37.0  ± 2.17 39.5 ± 2.34 34.3 ± 2.02

Table 2  Cell cycle of HepG-2 treated with gamma-aminobutyric acid at serial concentrations (mean ± SD, n  = 3, μmol/L)

aP < 0.05 vs HepG-2 treated with gamma-aminobutyric acid.
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ed HepG2/Si-1 and HepG2/Si-Mock cells with or with-
out GABA (40 μmol/L). The results are shown in Figure 
4A: GABA enhanced the growth of  HepG2/Si-Mock 
compared with the HepG2/Si-Mock without GABA.  
On the other hand, the proliferating ability of  HepG2/
Si-1, which did not express GABRQ, was not enhanced 
by GABA. In the nude mice injected with HepG2/Si-
Mock, the tumor weight of  the mice treated with GABA 
was much larger than that of  the mice treated without 
GABA, while the mice injected with HepG2/Si-1 did not 
present such differences (Figure 4C and D).

To further explore GABA stimulation of  HepG2 cell 
growth through GABRQ, we examined the effects of  
Si-1 and Si-Mock on cell cycle. After treatment with 40 
μmol/L GABA, the G0/G1-phase fraction of  HepG2/
Si-Mock cells significantly decreased; in contrast, S-phase 

cells significantly increased, but this event did not occur 
in HepG2/Si-1 cells (Table 3, Figure 4B).

The other illustration of  growth effect of  reduced 
GABRQ expression in HepG2 cells was achieved in a 
colony formation assay (Figure 4E and F). As a result, the 
average colony number of  Si-1 cells was decreased com-
pared with Si-Mock cells. After treatment with 40 μmol/L  
GABA, the numbers of  cell colonies of  HepG2/Si-Mo-
ck cells significantly increased, but this did not occur in 
HepG2/Si-1 cells. These data indicate that GABA stimu-
lates HepG2 cell growth through GABRQ.

DISCUSSION
In this study, we validated the overexpression of  GABRQ 
in more than half  of  the tested HCC tissues compared 
with the adjacent non-tumor liver tissues; GABRQ was 
expressed in malignant liver cell lines HepG2 and mod-
erately expressed in normal cell line Chang’s liver, but not 
in normal cell line L-02, implicating that GABRQ may be 
a good molecular target for the diagnosis of  HCC. Func-
tional analysis using siRNA of  GABRQ strongly support-
ed its involvement in the development and progression 
of  HCC. In our study, the proliferation rate of  HepG2 
cells after GABRQ knockdown was significantly reduced, 
whereas proliferation of  Si-Mock cells was not inhibited. 
This result indicated that GABRQ may increase the pro-

Table 3  Cell cycle of HepG-2/Si-Mock and HepG-2/Si-1 
treated with or without gamma-aminobutyric acid at concen-
tration of 40 μmol/L (mean ± SD, n = 3)

Si-Mock Si-Mock + GABA Si-1 Si-1 + GABA

G0/G1 (%) 49.95 ± 3.16 46.21 ± 2.98 53.95 ± 2.62 48.68 ± 2.49
G2/M (%) 21.61 ± 3.43 20.82 ± 2.43 22.38 ± 2.19 21.45 ± 2.26
S (%) 28.74 ± 3.35  33.64 ± 3.76a  24.29 ± 2.72b 27.43 ± 1.95

aP < 0.05, bP < 0.01 vs Si-Mock.
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Figure 3  The effect of gamma-aminobutyric acid on the growth of hepatocellular carcinoma cells. A: The effects of serial concentration gamma-aminobutyric 
acid (GABA) on proliferation of HepG-2 cells; B: Cell cycle measured by flow cytometry; C: Forty days after tumor cell injection, mice were sacrificed and tumor weight 
was recorded (n = 4, P < 0.01); D: Comparison of tumor weight (the left was tumor of mice injected with 0.9% NaCl only, the right was the tumor of mice treated with 
40 μmoL/L GABA).
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liferation ability of  hepatocytes. Primarily, GABA and 
GABA receptors function as an inhibitory neurotransmit-
ter in the mature CNS, but their precise functions in non-
neuronal cells or tumor cells are unknown. Joseph et al[14] 

reported that GABA could inhibit colon cancer migra-
tion associated with the norepinephrine-induced pathway. 
On the other hand, another report showed that GABA 
and GABAB receptor pathways could be involved in 
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Figure 4  The effect of gamma-aminobutyric acid on the growth of hepatocellular carcinoma cells after down-regulated expression of gamma-aminobutyric 
acid A receptor θ subunit. A: The effects of gamma-aminobutyric acid (GABA) on proliferation of HepG2/Si-Mock and HepG2/Si-1 cells; B: Analysis of cell cycles of 
HepG-2 cells by flow cytometry; C: Forty days after tumor cell injection, mice were sacrificed and tumor weight was recorded (n = 4, P < 0.01 for Si-Mock vs Si-Mock 
+ GABA; n = 4, P < 0.01 for Si-1 vs Si-1 + GABA); D: Comparison of tumor weight (the left two ones were tumor of mice injected HepG2/Si-Mock and HepG2/Si-1 with 
0.9% NaCl, the right two ones were the tumor of mice HepG2/Si-Mock and HepG2/Si-1 treated with 40 μmoL/L GABA); E and F: Colony formation assay (n = 3, P < 0.05 
for HepG-2/Si-Mock vs HepG-2/Si-Mock + GABA).
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prostate cancer metastasis or invasion through the regula-
tion of  metalloproteinase production[15]. Therefore, it is 
controversial whether GABA-associated pathways could 
act positively or negatively in the regulation of  cancer cell 
behavior. However, our findings in this study can clearly 
indicate evidence supporting the theory that GABA and 
GABAA receptor with GABRQ promote HCC cell pro-
liferation.

By comparing the proliferative activity of  the GA-
BRQ-knockdown HepG2 cells treated with GABA, we 
found that GABA stimulated HepG2 cell growth through 
GABRQ. The proliferating ability of  the cells treated with 
GABA was not enhanced compared with the cells without 
GABA treatment. Previous studies suggest that GABA 
stimulates collagen synthesis and proliferation of  human 
fibroblasts[16]. Biju et al[17] reported that, in N-nitrosodieth-
ylamine-induced neoplasia in the rat liver, GABAB recep-
tors were increased and that the GABAB receptor agonist 
baclofen increased epidermal growth factor-mediated 
DNA synthesis in hepatocytes. Thus, GABA-associated 
pathways also could act positively in the regulation of  can-
cer cell behavior. Our findings in this study also support 
the theory that GABA and GABRQ promote HepG2 
cell proliferation in vivo and in vitro. Interestingly, GABAA 
receptor antagonist bicuculline methiodide could also pro-
mote the proliferation of  HepG2 cells (data not shown), 
indicating that it might activate some other signal path-
ways[18].

Although GABA usually induces hyperpolarization in 
adult neurons, GABA has been shown to exert depolar-
izing responses in the immature CNS structures and CNS 
tumors[19,20]. In particular, GABA increased the prolifera-
tion of  immature cerebellar granule cells through the 
activation of  GABAA receptors and voltage-dependent 
calcium channels[21,22]. Takehara et al[23] reported that GA-
BA stimulated pancreatic cancer growth through GABRP 
by increasing intracellular Ca2+ levels and activating the 
mitogen-activated protein kinase/extracellular signal-
regulated kinase cascade. Also, Minuk et al[24] reported that 
human HCC tissues were depolarized compared with 
adjacent non-tumor tissues. From the results above, we 
deduce that GABA may promote the HepG2 cell prolif-
eration through GABRQ by voltage-dependent calcium 
channels. Interestingly, GABA inhibited the growth of  
the GABRQ-knockdown HepG2 cells. This indicates 
that GABA activates some other receptors to inhibit the 
proliferation without GABRQ, which is identical to some 
previous reports[25-27].

In conclusion, compared with adjacent non-tumor 
tissues, HCC tissues have increased GABRQ receptor ex-
pression. Knockdown of  GABRQ expression in recep-
tor-expressing malignant hepatocytes results in attenuated 
in vitro and in vivo tumor growth. Moreover, GABA pro-
motes hepatocyte proliferation through GABRQ. These 
findings highlight the importance of  elucidating the role 
of  GABAergic activity in the pathogenesis of  HCC. They 
also raise the potential for new therapeutic and diagnostic 
approaches to human HCC.
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