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Lysophosphatidic acid (LPA) is a bioactive phospholipid mediator, which elicits a
variety of biological functions mainly through G-protein coupled receptors. Although
LPA is shown to stimulate proliferation and motility via LPA receptors, LPAR1 and
LPAR3 in several cancer cell lines, but the role of LPA receptors in gastric cancer
cells is still being unknown. However, several researches reported that LPAR2 play
an important role in the carcinogenesis of gastric cancer, but there is no report to
show the LPAR3 involvement in the carcinogenesis. For this reason, we examined
LPA receptors (LPAR1, LPAR2 and LPAR3) in BGC-803 cells along with real time
PCR method. Real-time PCR analyses were used to evaluate the expression of LPA
receptors in BGC-803 cells. Among these receptors, LPAR3 was shown to be highly
expressed in BGC-803 cells, a human gastric cancer cell line. Transient transfection
with LPAR3 siRNA was observed to reduce LPAR3 mRNA in BGC-803 cells and
eliminate the LPA-induced cell migration. The results suggest that the LPAR3
regulates LPA-induced BGC-803 cell migration.
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Introduction

Lysophosphatidic acid (LPA), a bioactive
phospholipid with diverse physiological actions
involved in triggering tumor cell invasion and
metastasis, as well as malignant cell growth.
In recent years, also found that, LPA as an
intercellular messenger, could lead to a very wide
range of biological effects, and its significant
biological effects including the promotion of
cell proliferation, promote platelet aggregation,
aggregation and smooth muscle cells involved
in tumor cell infiltration (Damirin et al., 2007;
Komachi et al, 2009). Lysophosphatidic acid
(LPA) is a bioactive phospholipid mediator,
which elicits a variety of biological functions
mainly, through G-protein coupled receptors
(Shida et al, 2003; Aoki et al, 2002).
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Lysophosphatidic acid acts as an extracellular
signaling molecule by binding to and activating
at least eight known G-protein coupled receptors
(GPCRs): LPA1-LPA8 (Noguchi et al., 2009;
Komachi et al, 2009). The biological roles of
LPA are diverse and include developmental,
physiological, and pathophysiological effects
(Contos et al., 2000). This diversity is mediated
by broad and overlapping expression patterns
and multiple downstream signaling pathways
activated by cognate LPA receptors (Bandoh et
al., 1999; Hama & Aoki, 2010). LPA receptors
through different types of LPA showed a lot of
biological activity, including the mobilization of
Ca?", changes of cAMP accumulation in actin
rearrangement and combined changes in cell
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shape, motility, and it can also lead to various
types of cell proliferation (An et al, 1998;
Yamada et al., 2003). Lysophosphatidic acid and
their respective families of G protein-coupled
receptors have been implicated in progression
of gastric cancer, the second most common
cause of cancer related deaths. Binding of either
of these lysophospholipids to their cognate
receptors on gastric cancer cells transactivates
the epidermal growth factor receptor (EGFR)
(Ramachandran et al., 2010). The LPA1-3
receptors have been investigated in progression
of gastric cancer (Shida et al., 2004; Yang et al.,
2013). Here we investigated the roles of specific
LPA receptor subtypes in BGC803 cell migration
and on receptor-mediated signaling pathway.
Furthermore, our data indicated that LPA is an
important component for the motility of BGC803
cells through Ki-16425-sensitive LPA receptors,
especially LPA ..

Materials and Methods

Cell culture and reagents. The human gastric
cancer cell line BGC-803 was provided by
Institute of Zoology of China (Beijing, China).
The cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM; Gibco Carlsbad, CA,
USA) which was supplemented with 10% (v/v)
fetal bovine serum (Gibco) at 37°C in a humidified
atmosphere containing 5% CO2. 1-Oleoyl-sn-
glycero-3-phosphate (LPA), fatty acid-free BSA
and PTX were obtained from Sigma (St. Louis,
MO, USA). The Ki-16425 and YM-254890
were provided by Fumikazu Okajima (Gunma
University, Maebashi, Japan) as gifts.

Cell migration assays. Cell migration was
measured using 24-well Transwell plates
(Corning, Tewksbury, MA, USA) with 8 pm-pore
polycarbonate membranes. The Transwell plates
were coated with 1% gelatin and the serum-free
DMEM supplemented with LPA and 0.1% fatty
acid-free BSA in the lower chamber was used
as a lysophospholipid carrier. Cells (2 x 105/
ml) suspended in serum-free DMEM containing
0.1% fatty acid-free BSA were added to the upper
chamber and incubated for 12 h at 37°C. When
the effects of LPA antagonists were examined,
the cells were preincubated for 10 min with
antagonists before being loaded. Unmigrated
cells were removed from the top filter surface
with a cotton swab and fixed 100% methanol for

10 min. Migrated cells were observed to attach to
the underside of the transwell plates and counted
under a light microscope using a 200x objective
after staining with 0.2% crystal violet. The
experiments were repeated more than three times
for each condition and for each experiment , five
random fields were counted.

Quantitative RT-PCR. Total RNA was isolated
with a total RNA extraction reagent kit (Takara
Bio Inc) according to the manufacturer’s instruc-
tions. After PrimeScriptTM RT reagent Kit with
gDNA Eraser (Takara Bio Inc) treatment to re-
move possible traces of genomic DNA in the RNA
preparations, 1 ug total RNA was used in reverse-
transcription with SYBR® Green qPCR assay kit
(Takara Bio Inc). The primers used in the reac-
tion were: LPARI forward, 5’-TCCTGTCCC-
GCGCCAGGTACAC-37; LPARI1 reverse,
5’-GGTGGTGAACACGCCCCAGAACT-3’;
LPAR2 forward, 5’-ACCGCAGTGTGATGGC-
CGTG-3’; LPAR2 reverse, TAGGAGCGGCT-
GAGCAGGGG-3’; LPAR3 forward, 5’-GC-
CGTGGAGAGGCACATGTC-3°, LPAR3 re-
verse, 5’-TGGCGATGGCCCAGACAAGC-3’;
GAPDH forward, 5’-TCAAGTGGGGCGAT-
GCTGGC-3'; GAPDH reverse, 5’-TGGGGGCA
TCAGCAGAGGGG-3'. Quantitative RT-PCR
was performed using Light Cycler® Real Time
PCR Reagent kits (Takara Bio Inc.). The cycling
conditions were: 95°C for 30 sec, then 50 cycles
at 95°C for 5 sec and 60°C for 20 sec. The mRNA
level of the genes of interest of each sample was
normalized to that of the GAPDH mRNA and pre-
sented as unit values of 2[ Cp(GAPDH) - Cp(target
gene)]. Quantitative RT-PCR was performed in a
LightCycler®480 Instrument II (Roche Diagnos-
tics, Mannheim, Germany).

RNA interference. Cells (3x10°) were incubat-
ed in a six-well plate overnight. Transient shRNA
transfection was performed with LTX and Plus
Reagent (Invitrogen) according to the manufac-
turer’s instructions. Predesigned vectors express-
ing control shRNA or LPAR2-specific shRNA
and LPAR3-specific shRNA were purchased from
Inovogen (Inovogen, Beijing, China). The shRNA
oligonucleotide sequences of LPAR2 and LPAR3
were 5’-AGTACTTCCTACTGTTGGC-3’,
5’-GCTAATGAAGACGGTGATG-3". The trans-
fected cell clones were designated BGC-803/shL-
PAR2, BGC-803/shLPAR3 and BGC-803/shRNA
control. The LPAR2 and LPAR3 expression were
detected by quantitative real-time PCR (RT-PCR)
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in these transfected cell clones.

Statistical analysis. The student’s t-test
and one-way ANOVA using Graphpad Instat 5
software were used for the statistical analyses.

Results

LPA-induced migration of BGC-803 cells
was inhibited by Ki-16425. LPA is a natural
phospholipid, is able to modulate diverse cellular
responses through LPA receptors (LPARs). To
detect the role of LPA in cell migration, BGC-
803 cells were stimulated with LPA at 1 uM
concentration. LPA was observed to significantly
increase cell migration. However, Ki-16425 was
suppressing the LPA-induced migration of BGC-
803 cells. Antagonist for LPARs 1 and 3, Ki-
16425 affect the migration of BGC-803 cells. This
result suggests that the LPA-induced migration
may depend on LPAR1 and LPAR3 (Fig. 1).

Involvement of Gi and Gq proteins in LPA-
induced BGC-803 cell migration. To identify
which G protein is involved in LPA-induced
BGC-803 cell migration, pertussis toxin (PTX),
a specific Gi protein inhibitor and YM-254890,
a specific Gq protein inhibitor, were used in the
cell migration experiment. It was observed that
pertussis toxin (PTX) more reduced the LPA-
induced cell migration. The results indicate that
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Figure 1. LPA-induced migration of BGC-803 cells
was inhibited by Ki-16425 and pertussis toxin (PTX).
The LPA-induced migration of BGC-803 cells was
assayed after 30 min incubation with 0.lmM Ki-
16425 and100ng/mL PTX, as indicated. The values are
the average (£SE) of six repeats from three separate
experiments (**P < (.01). LPA, lysophosphatidic acid;
PTX, pertussis toxin; EGF, epidermal growth factor.

Gi appears to be involved more than Gq in LPA-
induced cell migration (Fig. 2).

LPAR3 is highly expressed in BGC-803 cells.
To evaluate the expression of LPARs 1-3 in the
BGC-803 cells, RT-PCR analysis was performed.
LPAR3 was shown to be highly expressed in
the BGC-803 cells. This result suggests that the
LPA-induced migration of BGC-803 cells may be
dependent on LPAR3 (Fig. 3).

Silencing LPAR2 and LPAR3 expression by
ShRNAs inhibits the LPA-induced cell migration
of BGC-803. As mentioned, LPAR3 was highly
expressed in the BGC-803 cells, suggesting that
LPAR3 may be important in LPA-induced cell
migration. To investigate the roles of LPAR2 and
LPAR3 in the LPA-induced cell migration, their
expression was silenced by LPAR2 and LPAR3-
specific ShRNAs in the BGC-803 cells. RT-PCR
analysis showed that LPAR3 expression was
decreased by 53 percent compared with the
control (Fig. 4). However, LPAR2 expression
was decreased less than LPAR3 (Fig. 5).
Migration experiments showed that silencing
LPAR3 expression significantly decreased
the LPA-induced migration of BGC-803 cells
compared with the control BGC-803 cells (Fig.
6). The results demonstrate that LPA-induced
migration of BGC-803 gastric cancer cells
requires LPAR3.
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Figure 2. Involvement of Gi and Gq proteins in LPA-
induced BGC-803 cell migration. BGC-803 cells were
pretreated with 50ng/ml PTX for 16 h and treated with
1uM of YM-254890 for 1 h. The cells were further
incubated with 1M LPA to measure the cell migration.
The values are the average (+SE) of six repeats from
two separate experiments (**P < (.01, ***P < 0.001).

LPA, lysophosphatidic acid; PTX, pertussis toxin.
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Figure 3. Expression of LPARI1-3 in BGC-803
cells. The total RNA was isolated using a total RNA
isolation kit. The mRNA level of LPARI-3 was
reverse transcribed, then assessed by real-time PCR.
The values for expression are presented relative to
GAPDH mRNA. The values are the average (+SE) of
three repeats from a representative experiment. LPAR,
lysophosphatidic acid receptor.
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Figure 5. LPAR2 expression was silenced by specific
shRNA in the BGC-803 cells. Total RNA was isolated
using a total RNA isolation kit. The mRNA level of
LPAR2 was reverse transcribed, then assessed by
real-time PCR. The values are relative to GAPDH
mRNA and are the average (+SE) of three repeats
from a representative experiment (*P < 0.05). LPAR2,
lysophosphatidic acid receptor 2.
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Figure 4. LPAR3 expression was silenced by specific
shRNA in the BGC-803 cells. Total RNA was isolated
using a total RNA isolation kit. The mRNA level of
LPAR3 was reverse transcribed, then assessed by real-
time PCR. The values are relative to GAPDH mRNA
and are the average (£SE) of three repeats from a
representative experiment (***P < (.001). LPARS3,
lysophosphatidic acid receptor 3.
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Figure 6. Silencing LPAR2-3 expression with shLPAR2
and shLPAR3 inhibits the LPA-induced cell migration
of BGC-803. LPA-induced BGC-803 cell migration
was assayed as described in the Materials and methods.
The values are the average (+SE) of six repeats from
two separate experiments (*P < (.05, ***P < 0.001).
LPAR2, lysophosphatidic acid receptor 2, LPAR3,
lysophosphatidic acid receptor 3.



Mongolian Journal of Biological Sciences 2013 Vol. 11(1-2)

29

Discussion

Associated mechanism between the LPAR
and G protein subtypes has not been analyzed in
detail for LPA-induced migration in tumor cells.
The LPAR1, LPAR2, and LPAR3 are belong to
the endothelial differentiation gene family (EDG)
of G protein-coupled receptors (Ohta et al., 2003;
Fang ef al., 2004). Through these receptors, LPA
is implicated in numerous cellular processes
including cell proliferation and migration (Murray
et al., 2008; Zhang et al., 2011; Ramachandran et
al., 2010). LPA-activated receptors predominantly
stimulate PTX-sensitive Gi/o type heterotrimeric
proteins in cells, a property described for all
three receptors, and stimulate the small GTP-ases
N-Ras, Rac and RhoA (Stahle et al., 2003). The
LPA receptors’ individual signaling pathways
have yet to be fully elucidated. LPAR expression
was previously unknown in BGC-803 cells and
the present study demonstrated that among the
three principle LPARs, LPAR3 is predominantly
expressed by BGC-803 cells.

Previous study indicated that the expression
of three LPA receptor mRNAs in nine gastric
cancer cell lines using Northern blot analysis. This
observation suggests that various gastric cancer cells
expressed variable levels of LPAR1, LPAR2, and
LPAR3 without a consistent pattern (Shida et al,
2004; Yang et al., 2013). LPAR3, in particular, has
been shown to be upregulated in a variety of cancer
types, including sarcoma, gastric, liver epithelial
and pancreatic cancer (Tanabe et al., 2012; Inoue et
al., 2013; Kato et al, 2012). The effect of LPA on
gastric cancer migration with and without LPAR3
knockdown was then evaluated and the effect of LPA
on migration was shown to be blocked in shLPAR3-
transfected BGC-803 cells. RT-PCR analysis
and migration experiments showed that silencing
LPAR3 expression significantly decreased the LPA-
induced migration of BGC-803 cells. The present
findings suggest that LPAR3 may be a potential
target for clinical treatment of gastric cancer. The
development of LPAR-specific antagonists might
have future therapeutic relevance in the treatment as
well as prevention of gastric cancer.
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