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G-protein Coupled Receptor 34 Knockdown Impairs the
Proliferation and Migration of HGC-27 Gastric Cancer Cells /n Vitro
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Background: Overexpression of G-protein coupled receptor 34 (GPR34) affects the progression and prognosis of human gastric
adenocarcinoma, however, the role of GPR34 in gastric cancer development and progression has not been well-determined. The current
study aimed to investigate the effect of GPR34 knockdown on the proliferation, migration, and apoptosis of HGC-27 gastric cancer cells
and the underlying mechanisms.

Methods: The expression of GPR34 in gastric cancer cell line HGC-27 was detected by quantitative real-time reverse transcription-polymerase
chain reaction (RT-PCR) and Western blotting. HGC-27 cells were employed to construct the stable GPR34 knockdown cell model in
this study. Real-time RT-PCR and Western blotting were applied to validate the effect of short hairpin RNA (ShRNA) on the expression
of GPR34 in HGC-27 gastric cells. The proliferation, migration of these cells were examined by Cell Counting Kit-8 and transwell. We
also measured expression profile of PI3K/PDK1/AKT and ERK using Western blotting.

Results: The ShRNA directed against GPR34 effectively inhibited both endogenous mRNA and protein expression levels of GPR34,
and significantly down-regulated the expression of PIK3CB (P < 0.01), PIK3CD (P < 0.01), PDK1 (P < 0.01), phosphorylation of
PDK1 (P <0.01), Akt (P < 0.01), and ERK (P < 0.01). Furthermore, GPR34 knockdown resulted in an obvious reduction in HGC-27
cancer cell proliferation and migration activity (P < 0.01).

Conclusions: GPR34 knockdown impairs the proliferation and migration of HGC-27 gastric cancer cells in vitro and provides a potential
implication for therapy of gastric cancer.
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investigate the tumorigenesis of gastric cancer and its novel
therapy targets.

INTRODUCTION

Gastric cancer is one of the most common epithelial

malignancies and the secondary leading cause of
cancer-related death in the world.[" There are about 952,000
new gastric cancer cases each year world-wide, 47% of
which are in China. Gastric cancer is ranked second in the
incidence of malignant tumors in China, and some 352,300
people in China die of gastric cancer each year, ranking third
in cancer mortality in the country.!

Despite the advances in treatment and research efforts over
the past few decades, the poor overall 5-year survival rate
of gastric cancer is largely because many gastric cancers
are fail to diagnosed at an early stage, tumor recurrence
and metastasis®l. Thus, it is necessary to further explore and
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G protein-coupled receptors (GPCRs) represent a large
family of proteins and regulate key biological functions
including cellular growth, motility, differentiation, and
gene transcription, and also appear to be involved in cancer
progression.”! GPCRs are one of the most important drug
targets for the pharmaceutical industry and >30% of all
marketed therapeutics act on them.) Additional, short
hairpin RNA (ShRNA)-mediated GPCR gene silencing has
promising therapeutic potential for gastric cancer therapy.”*!

G protein - coupled receptor 34 (GPR34) is a 7-transmembrane
receptor. Only a few studies have addressed elevated
expression levels of GPR34 in malignancies, including
metastatic melanoma™ and MALT lymphoma'®!'"! and its
essential roles in tumor development and progression. Our
previous studies have demonstrated that increased expression
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of GPR34 in the membrane of gastric cancer tissues was
likely associated with metastatic ability, as well as invasion
of NCI-N87 gastric cancer cells.l'” However, the relationship
between down-regulation of GPR34 and proliferation and
the underlying mechanism remains largely unknown.

In this study, we investigated the effects of down-regulation of
GPR34 by ShRNA on proliferation, apoptosis, and migration
of HGC-27 gastric cancer cells, as well as PI3K/AKT
and ERK expression, with the aim of evaluating whether
the expression of GPR34 may be linked to gastric cancer
progression, and exploring the underlying mechanisms.

MeTtHoDS

Cell culture

The human gastric adenocarcinoma cell line HGC-27 was
purchased from the American Type Culture Collection and
HGC-27 in DMEM (Gibco, USA) containing 10% fetal
bovine serum (FBS) (Hyclone, German) and penicillin/
streptomycin (10 pl/ml) (Gibco, USA) at 37°C in a
humidified atmosphere with 5% CO,.

Stable knockdown of GPR34

One MSCV-based retroviral vector containing-shRNA that
specifically target GPR34 transcript was purchased from
Open Biosystems (Huntsville, AL, USA). Sense sequence of
GPR34 shRNA is as follows: CAGTTTGGATCGCTATATA.
The expression of shRNAs was driven by the U6 promoter.
Amplification and purification of plasmid DNAs were
performed as specified by the manufacturer’s instructions.
Lipofectin 2000 was used to transfect MSCV-empty
vector (Clontech, USA)-or MSCV-ShRNA plasmids-into
HGC-27 gastric cancer cells according to manufacturer’s
instruction (Invitrogen, USA). The stable transformed clones
were selected by puromycin (2 mg/mL) (Invitrogen, USA)
and used for subsequent experiments.

Quantitative real-time reverse transcription-polymerase
chain reaction and Western blotting analyses
Quantitative real-time reverse transcription-polymerase
chain reaction (RT-PCR) was performed using an OPTICON
2 real-time PCR detection system (Bio-Rad, USA) using
human GPR34 primers!'? combined with SYBR Green
Master Mix (Applied Biosystems, USA). In brief, total
RNA was extracted from cells with the RNeasy mini
kit (Qiagen, USA) and cDNA was subsequently generated
with Super-Script I1I (Invitrogen, USA). The PCR reactions
began with 94°C for 2 min, followed by 40 cycles of 94°C
for 20 s, 59°C for 20 s, 72°C for 30 s, 74°C for 1 s.

(GADPH primers: Forward, 5°>-CTGGTAAAGT
GGATATTGTTGCCAT-3’, reverse, 5’-TGGAATCATA
TTGGAACATGTAAACC-3’; human GPR34 primers
(forward: 5’-CTCCCACAGAATGCGCTTTATA-3’,
reverse: 5’-CAACCAGTCCCACGATGAAAA-3).

Western blotting analyses were performed by conventional
protocols as described by Cui ef al."*! In brief, Cells were
lysed in ice-cold lysis buffer. Whole cell lysates were then

clarified by centrifugation at 16,000 xg for 30 min at 4°C
and mixed with loading buffer and boiled for 5 min. Samples
were resolved by 8% sodium dodecyl sulfate polyacrylamide
gel electrophoresis and proteins were transferred onto
Hybond™-N Nylon membranes (Pharmacia, UK).

Nylon membranes were then blocked with 5% skimmed
milk in tris buffered saline containing 0.1% Tween
20 (TBST), followed by an overnight incubation with
primary antibodies (1:1000) at 4°C. Membranes were
then washed with TBST and incubated with secondary
antibodies conjugated to HRP (Jackson, USA). Signals
were detected using the SuperSignal West Pico Trial
Kit (Thermo Scientific, USA). Images were acquired using
an Image Qluant 350 (GE HEALTHCARE, USA) and
analyzed by ImageJ software (NIH, USA). B-actin, (1:2000
dilution) (Proteintech, USA) PI3 Kinase Ab Sampler
Kit (#9655), P-AKT pathway Sampler Kit (#9916), and
ERK/P-ERK (#9102/#4370) (1:1000 dilution; CST, USA).

Cell proliferation assay

Cell proliferation assays were performed with Cell
Counting Kit-8 (CCK-8, Dojindo Rockville, USA)
according to the manufacturer’s instructions. The HGC-27
parental cells (HGC-27), the empty-vector transfected
HGC-27 cells (HGC-27-V), and GPR34-ShRNA transfected
HGC-27 cells (HGC-27-K) were seeded at 5 x 103 into each
well of a 96-well plate and cultured in 100 pl of DMEM
supplemented with 10% FBS. At the indicated time-points,
culture medium was exchanged for 110 pul of DMEM
supplemented with CCK-8 reagent (10 ul CCK-8 plus 100 pl
DMEM), and the cells were incubated for an additional 2 h.
Absorbances were measured for each well at a wavelength
of 450 nm, with a reference wavelength set at 600 nm. An
increase or decrease in absorbance values at 450 nm in the
experimental wells relative to the initial value indicated cell
growth or death respectively. Cell growth was monitored at
24 h,48 h, 72 h, and 96 h (and was repeated in replicates of
3 wells per time-point.

Apoptosis assay

Apoptosis was monitored using the Annexin V-FITC
Apoptosis Detection Kit (KeyGen Biotech, China). For
FACS analysis, 1 x 10° cells were co-stained with Annexin
V-and with propidium iodide (PI). Cells that stained negative
for both PI and annexin V were considered viable cells;
PI-negative and annexin V-positive stained cells were
considered early apoptotic cells; PI-positive and annexin
V-positive stained cells were considered primarily in the
later stages of apoptosis.

Migration assay

The activity of migration of cells was performed using
24-well transwell chamber (Corning, USA) with 8.0-um
pore polycarbonate filter inserts. Cells (5 x 10* cells/well)
suspended in serum-free DMEM containing 0.2% BSA were
overlaid in the upper chamber of each transwell. In each
lower chamber, 600 ul of DMEM supplemented with 10%
FBS was added. Then, the inserts were incubated at 37°C in a
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humidified atmosphere containing 5% CO, for overnight. The
cells that had not penetrated the filters were removed using
cotton swabs. The migrated cells attached to the bottom side
were fixed in 4% paraformaldehyde for 10 min and stained in
0.1% crystal violet for 30 min, rinsed in PBS and examined
under a bright-field microscope with x 100 magnification.
The value of migratory activity was expressed as the average
number of migrated cells per microscopic field over the
5 fields in each assay from three independent experiments.

Statistical analysis

Data from all quantitative assays are expressed as the
mean + standard deviation (SD) and were analyzed
statistically using one-way analysis of variance (ANOVA)
and the independent-samples ¢ test. Statistical calculations
were performed using SPSS 16.0 (SPSS Inc., USA). P<0.05
were considered as statistically significant.

ResuLts

Construction of HGC-27 GPR34 knock-down cell models
HGC-27, a low-phosphatase and tensin homolog gastric
cancer cell line, was selected and used as a cell model in vitro
to determine the correlation between GPR34 expression and
proliferation, apoptosis and migration of gastric cancer cells.
Both western blotting and real-time RT-PCR results indicated
that the GPR34 knockdown HGC-27 cell model (one clone)
was successfully constructed [Figure la-c].

GPR34 knockdown impairs the proliferation of HGC-27
gastric cancer cells

Significant up-regulation of GPR34 protein in gastric
cancer tissues suggested a potential oncogenic role of this
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Figure 1: Validation of GPR34 knockdown in HGC-27 cells.
(@) Knockdown of GPR34 expression in HGC-27 cells. The vertical
axis shows the GPR34 mRNA levels relative to that of GAPDH.
The data represent the mean = SD of triplicate experiments;
(b) Western blot validation of GPR34 knock-down p185YR cell model
construction; (c) Densitometry analysis of Western blotting of GPR34
in HGC-27 cells (Imaged) (*P < 0.01).

gene. To investigate the possible pro-proliferative effects
of GPR34 in vitro, a CCK-8 assay was performed and a
cell growth curve was generated. As shown in Figure 2,
the proliferation of HGC-27 cells transfected with GPR34
specific ShRNA was significantly suppressed [Figure 2].

GPR34 knockdown dose not induce apoptosis of HGC-27
gastric cancer cells

To further evaluate the effects of GPR34 on HGC-27 cells
apoptosis, the combination of annexin V-FITC and PI was
applied. We found that GPR34 knockdown did not induce
the apoptosis of HGC-27 gastric cancer cells [Figure 3].

GPR34 knockdown inhibits the migration of HGC-27
gastric cancer cells

To evaluate the function of GPR34 on HGC-27 cells
migration, transwell chambers were utilized. We found that
GPR34 knockdown led to a significantly decreased migratory
ability compared with the control group (P <0.01, Figure 4).

GPR34 knockdown suppresses the ERK and PI3K/PDK1/
AKT pathways

Combined with our previous study,!'* to understand
decreased expression of GPR34 in HGC-27 represents a
potential molecular mechanism by which HGC-27-K results
in the decreased abilities of proliferation and migration
any differently from that seen with HGC-27 parental cells
in vitro. We studied alterations in ERK, the class I PI3K
subunits (p110a, p110B, and p1105), and PDK1/AKT. When
compared with HGC-27 and HGC-27-V cells, both p110f and
p1108 were found to be down-regulated in HGC-27-K cells.
We did not observe any alteration in the expression of p110a.
and detect the expression of p110y in either cell-line [Figure 5].
Furthermore, low expression levels of p-PDK1, p-AKT, and
p-ERK were observed in HGC-27-K cells [Figure 5].

Discussion

The activation of oncogenes is currently thought as one of
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Figure 2: GPR34 knockdown impairs the proliferation of HGC-27 cells
in vitro. Proliferative assay by Cell Counting Kit-8. GPR34 knock-down
impairs the proliferative ability of HGC-27 cells. The proliferative
value is shown in vertical axis as the mean + SD of triplicate
wells (*P < 0.01 vs. controls, n = 3).
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Figure 3: GPR34 knockdown does not induce the apoptosis of HGC-27
cellin vitro. Cell apoptosis was assessed by Annextin V assay. (a) The
apoptotic cells in UR, LR, and total (T) were counted and expressed
as the percentage of total cells. There is significant difference between
HGC-27, HGC-27-V, and HGC-27-K (P > 0.05 vs. controls, n = 3);
(b) GPR34 knockdown did not induce the apoptosis in HGC-27 cells.
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Figure 5: GPR34 expression involved in gastric cell proliferation and
migration (HGC-27 cell) in vitro by ERK and PIK3/AKT pathways.
(a) Basal expression of p110 (o, B, and 8) as compared to HGC-27
and HGC-27-V. Only p110p was found to be significantly downregulated
in HGC-27-K (*P < 0.01). The phosphorylated PDK1, AKT, and
ERK were constitutively suppressed; (b) Densitometry analysis of
all tested proteins in Western blotting was performed using ImageJ
software (*P < 0.01).
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the most important factors in development and progression of
gastric cancer.'"* However, the critical underlying molecular
mechanism of its progression is largely unclear.

GPCRs act as cell-surface mediators of a diverse spectrum
of biological signals and are able to activate or inhibit PI3K
pathways. By regulating PI3K p110B, G protein-coupled
receptors are able to “examine” resulting biochemical
and physiological changes, such as cellular proliferation,
apoptosis, and migration.['>!9] Given the importance of
GPR34-mediated signaling in regulating the proliferation
and migration of HGC-27 cells, it is conceivable that GPR34
serves a novel, and potentially pathway in HGC-27 induced
increased proliferation and migration.

The PI3Ks have been linked to an extraordinarily diverse
group of cellular functions, including proliferation, apoptosis
and tumor cell migration.["¥ Many of these functions relate to
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Figure 4: The effect of GPR34 on migration of HGC-27 cells
In vifro. Migration assay was conducted using transwell chamber.
(@) The number of migrated cells that penetrated transwell chamber
was expressed as the mean number of cells in the 5 random fields
identified within (*P < 0.01 vs. controls). The results shown here were
for one representative experiment of three with similar results; (b) Cells
on the lower surface of the filter were photographed.

the activation of the PI3Ks upstream molecules like GPCRs,
the phosphoralation activation of ERK and the ability of
PI3K to activate its key downstream effector AKT.[7-1%]
Many studies have shown that PI3Ks/AKT and or ERK
activity are detectable in gastric cancer.['**! Our previous
study'? showed that up-regulation of GPR34 in primary
gastric cancer tissues/cell lines might play a critical role in
tumor progression and in determining patient prognosis.
Furthermore, alteration of GPR34 expression also involved in
the NCI-N87 invasion in vitro by PI3K/PDK1/AKT pathway.

In this study, our results revealed that both GPR34 mRNA
and protein were markedly inhibited in HGC-27 cell line
transfected with GPR34-ShRNA, which is consistent
with our studies showing in NCI-N87.1'2 Furthermore,
ShRNA-directed targeting of GPR34 in these cells
could reduce cellular proliferation and migration. More
importantly, a low level of p-ERK, p110p and p1103,
p-PDK1, p-AKT in the HGC-27-K group was detected
compared with HGC-27 and HGC-27-V control groups. The
above data indicate that knockdown of GPR34 may result
in a reduction in ERK-phosphorylation, decreased catalytic
activity of PI3K, subsequent low-phosphorylation of the
downstream effector AKT, and thus low activity or aberrant
inactivation of ERK and PI3K/AKT pathways in these cells.

Taken together, ShRNA targeting GPR34 effectively impairs
the proliferation and migration of HGC-27 cells and suppresses
the ERK and PI3K/Akt pathways, and would be expected to
become a potential strategy for the therapy of gastric cancer
regardless of GPR34. However, further studies will be required
to understand the detail molecular mechanism and develop
efficient approaches for the delivery of SNRNA into target cells.
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