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Background: Our previous study demonstrated that extracellular adenosine 50-triphosphate (ATP) stimulated prostate cancer cell
invasion via P2Y receptors. However, the purinergic receptor subtype(s) involved in this process remains unclear. Here we aimed to
determine whether P2Y2, one subtype of P2Y receptors, was involved in the invasion and metastasis of prostate cancer cells, and
elucidated the underlying mechanism.

Methods: RNAi was introduced to silence the expression of P2Y2. In vitro invasion and migration assays and in vivo experiments
were carried out to examine the role of P2Y2 receptor in cell invasion and metastasis. cDNA microarray was performed to identify
the differentially expressed genes downstream of ATP treatment.

Results: P2Y2 was significantly expressed in the prostate cancer cells. Knockdown of P2Y2 receptor suppressed cell invasion and
metastasis in vitro and in vivo. Further experiments identified that ATP could promote IL-8 and Snail expression and inhibit
E-cadherin and Claudin-1 expression. Knockdown of P2Y2 receptor affected the expression of these EMT/invasion-related genes
in vitro and in vivo.

Conclusion: P2Y2 receptor promotes cell invasion and metastasis in prostate cancer cells via some EMT/invasion-related genes.
Thereby, P2Y2 receptor could be a potential therapeutic target for the treatment of prostate cancer.

Prostate cancer is the most common cancer in men in Western
countries and a leading lethal tumour with increasing incidence
worldwide (Papatsoris and Papavassiliou, 2001). Tumour invasion
and metastasis remains the most lethal aspect of prostate cancer
(Jaeger et al, 2001). Interactions between tumour cells and host
organ microenvironments are required for tumour invasion and
metastasis. Most of these interactions are now known to be
receptor and ligand interactions (Cunha et al, 2003).

Extracellular adenosine 50-triphosphate (ATP) interacts
with purinergic receptors and mediates various biological
functions in tumours, including cell proliferation, differentiation
and death (Abbracchio and Burnstock, 1998). ATP acts via P2
receptors that are further divided into a P2Y family of G-protein-
coupled receptors (P2Y1, 2, 4, 6, 11, 12, 13 and 14) and a P2X
family of ligand-gated ion channel receptors (P2X1–7)

(Von Kugelgen and Harden, 2011). Unlike P2X receptors, for
which ATP is the unique ligand, a wide range of purine and
pyrimidine nucleotides act as the ligands of P2Y receptors. For
P2Y1, P2Y12 and P2Y13 receptors, the preferred ligand is ADP; for
P2Y4, uridine 50-triphosphate (UTP); for P2Y6, UDP; for P2Y11,
ATP; and for P2Y14 are sugar nucleotides such as UDP-glucose
and UDP-galactose; only for P2Y2 receptor, UTP and ATP are
equally active (Di Virgilio, 2012).

Our previous study found that ATP could enhance in vitro
invasion of human prostate cancer cells via P2Y receptors (Chen
et al, 2004). However, the purinergic receptor subtype(s) involved
in this process remains elusive. Different P2Y receptor subtypes
have been identified in a variety of cancer types, in both primary
samples of human cancer tissue and cell lines (Stagg and Smyth,
2010). As one of G-protein-coupled receptors, P2Y2 receptor can
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transactivate EGFR and increase mitogen-activated protein kinase
and phosphoinositide 3-kinase activity in many cancer cells
(Soltoff, 1998; Muscella et al, 2003). P2Y2 receptor exerts
contrasting effects on cell proliferation of different cancers. It is
reported that activation of P2Y2 receptor can lead to an increase in
cell growth in most types of cancer such as melanoma and lung
tumours (Schafer et al, 2003; White et al, 2005). But in some other
cancer types such as oesophageal cancer and colorectal cancer,
activation of P2Y2 receptor causes a decrease in cell proliferation
(Hopfner et al, 2001; Maaser et al, 2002). Some studies have
demonstrated that P2Y2 receptor is overexpressed in colon cancer
and pancreatic cancer (Kunzli et al, 2007; Nylund et al, 2007).
However, the role of P2Y2 receptor in tumour progression is still
poorly understood. Therefore, in this study, we aimed to
characterise the function of P2Y2 receptor in the regulation of
prostate cancer cell invasion and metastasis and tried to uncover
the underlying mechanisms.

MATERIALS AND METHODS

Chemicals and antibodies. ATP and UTP were obtained from
Sigma (St Louis, MO, USA). The antibodies of b-actin, E-cadherin
and P2Y2 were obtained from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). Snail antibody and Claudin-1 antibody were
purchased from Cell Signaling Technology (Danvers, MA, USA)
and Zymed Laboratories Inc. (San Diego, CA, USA), respectively.

Cell lines and culture conditions. Two subclones 1E8 and 2B4
were derived from PC-3M human prostate carcinoma cell line. 1E8
was highly metastatic, whereas 2B4 was non-metastatic (Liu et al,
2001). Other cell lines were purchased from American Type
Culture Collection (Manassas, VA, USA). All cells were cultured in
RPMI 1640 (GIBCO, Grand Island, NY, USA) supplemented with
10% fetal bovine serum in a humidified atmosphere containing 5%
CO2 at 37 1C.

RNAi and transfection. P2Y2 short interfering RNAs (siRNAs)
were purchased from Invitrogen (Carlsbad, CA, USA). Two
different P2Y2 siRNA oligonucleotides (siRNA1 and siRNA2)
were used with the sequence as follows:

P2Y2 siRNA1, 50-GUGCUAACAGUUGCCUUGA-30 and
P2Y2 siRNA2, 50-GCCCAAGAGAUGAACAUCU-30.
A fluorescence-labelled oligonucleotide was used to directly

observe siRNA transfection efficiency, and a scramble siRNA
oligonucleotide was used as control siRNA (NC). 2B4 and 1E8
cells were transfected with siRNAs using Lipofectamine 2000
(Invitrogen). Twenty hours after transfection, cells were split. After
an additional 12 h, cells were treated with or without 100 mM ATP
and used for the following experiments.

P2Y2 shRNA was designed and purchased from Genepharma
(Shanghai, China). Sequence targeting P2Y2 was inserted into
pGPU6 RNAi plasmid to generate P2Y2 shRNA. A scramble
sequence was inserted into pGPU6 RNAi plasmid and used as
control shRNA (NC). Cells were transfected with the P2Y2 shRNA
plasmid or control plasmid using Lipofectamine 2000 (Invitrogen).
Stable transfected clones were selected by G418 (GIBCO).

In vitro invasion assay and migration assay. In vitro invasion
assay was performed as described by Albini et al (1987), with some
modifications. Briefly, the polycarbonate filter was coated with
matrigel (BD, Franklin Lakes, NJ, USA) and incubated at 37 1C for
half an hour. The cells were harvested by typsinisation and
suspended in RPMI 1640 with 0.1% BSA at 5� 105 cells per ml.
Two hundred microliter cell suspensions were placed in the upper
chambers, and 600 ml NIH3T3-conditioned medium was filled in
the lower chambers. The cells were treated with or without ATP
and allowed to invade for 12 h at 37 1C. Then, the membranes were

fixed with 4% formaldehyde, and cells on the lower surface of the
membranes were stained with crystal violet. The invaded cells in
seven fields were counted under the microscope at � 200
magnification. Experiments were repeated at least three times,
and data were presented as a percentage of the number of cells
passing through filters in control.

In vitro migration assay was performed by using 24-well
Transwell chambers (Costar, San Diego, CA, USA), which
contained 6.5-mm polycarbonate filters (8-mm pore size). The
cells were prepared as described above. One million cells in 100 ml
of RPMI 1640 supplemented with 0.1% BSA was placed on the top
of the chambers. Six hundred microliter NIH3T3-conditioned
medium was added to the lower chamber. The cells were incubated
for 12 h with or without ATP at 37 1C in a humidified 5% CO2

atmosphere incubator and then stained and quantified as
mentioned in invasion assay.

Soft agar assay. Soft agar assay was performed to assess the effect
of P2Y2 on anchorage-independent growth as follows. DMEM
medium containing 0.6% agarose was poured into six-well culture
plate to form the bottom layer. Cells with or without ATP
treatment were suspended in DMEM containing 0.3% agarose and
plated as the top layer. Cells were plated in triplicate at the density
of 0.8� 103 cells per well. Colony numbers were counted after 14
days.

In vivo assay. For in vivo experiments, male BALB/c nude mice at
4 weeks of age were obtained and maintained in a pathogen-free
facility. All mice were handled according to the Guide for the Care
and Use of Laboratory Animals. All experimental procedures and
protocols were approved by the Institutional Animal Care and Use
Committee of Peking University (no. LA2011-72). Cells from two
1E8 cell clones stably expressing P2Y2 shRNA (shRNA1 and
shRNA2) and one stable clone expressing a control scramble
shRNA (NC) were suspended in PBS at the concentration of
5� 106 cells per ml and injected subcutaneously at the back of the
mice (n¼ 8 for each group), respectively. Eight weeks after
inoculation, mice were killed and dissected for collection of
primary tumours and organs, including livers and lungs. The
tumours were measured in volume. To identify the micrometas-
tasis, livers and lungs of the mice were fixed in 4% paraformalde-
hyde and embedded in paraffin. Then the tissues were sectioned
into 5 mm slices. Every slice was stained with haematoxylin and
eosin and viewed under a microscope with the Cellsens Standard
software (Olympus, Shinjuku, Tokyo, Japan). To detect the
expression of EMT/invasion-related genes in tumour tissues of
mice, some tumour tissues were lysed with RIPA lysis buffer and
the protein was extracted for western blotting and enzyme-linked
immunosorbent assay (ELISA), and some tumour tissues were
fixed in 4% paraformaldehyde, embedded in paraffin and sectioned
into 5 mm slices for immunofluorescence assay.

Immunofluorescence assay. After heated at 60 1C for 20 min, the
tumour tissue sections were deparaffinised in xylenes and
rehydrated in graded ethanol. Then, antigen retrieval was
performed in EDTA buffer (pH 9.0). The sections were blocked
for 30 min in a blocking solution (PBS, 5% goat serum and 0.05%
Tween-20) and incubated with primary antibodies at 4 1C
overnight. Slides were washed and incubated with Alexa
594-conjugated or FITC-conjugated antibodies (Sigma) for 1 h at
37 1C. After stained with DAPI for 5 min, the sections were
observed with confocal microscopy.

cDNA microarray and data analyses. 2B4 and 1E8 cells were
incubated with 100 mM ATP or without ATP (controls) for 6 or
12 h. Then poly (A)þmRNA was extracted from these cells and
used to generate fluorescently labelled cDNA. According to the
standard procedures, cDNA microarray was carried out on Human
HT-12 v4 BeadChip (Illumina, San Diego, CA, USA), which
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contained 47 231 cDNA probes. After the BeadChips were scanned
and analysed, data normalisation was performed using average
algorithm. Gene expression in ATP-treated cells was compared
against untreated cells at each time point. The Illumina Custom
algorithm was used to identify significantly differentially expressed
genes (detection of P-value o0.01 in each group and at least a
1.5-fold variation at one or more time points). The differentially
expressed genes were further classified through gene ontology
analysis and pathway analysis by using Web-based Gene Set
Analysis Toolkit (Zhang et al, 2005).

Reverse transcription and real-time PCR. Total RNA was
extracted using Trizol reagent (Invitrogen), and 2mg of total
RNA was reverse transcribed using M-MLV reverse transcriptase
(Promega, Madison, WI, USA), according to the manufacturer’s
instructions. Because of no introns in the subtypes of P2Y
receptors, DNase (Promega) was used to totally eliminate DNA
contamination in the total RNA before reverse transcription. Real-
time PCR was carried out using ABI StepOne Real-Time PCR
System (Life Technologies, Carlsbad, CA, USA). Forward and
reverse primers were listed in Supplementary Table 1. The
expression of the examined genes was normalised by b-actin.
Thermal cycle conditions were as follows: 10 min at 95 1C, and 40
cycles of 15 s at 95 1C and 1 min at 60 1C. The 2–DDCt method was
used for relative quantification as described previously (Livak and
Schmittgen, 2001; Zhang et al, 2010).

Cell lysis and western blotting. After rinsing with ice-cold PBS
twice, cells were lysed in cell lysis buffer (PBS (pH 7.4), 1% Triton
X-100, 10 mM sodium desoxycholate, 3 mM SDS and 1 mM EDTA
with protease inhibitors). Protein concentrations were determined
using a BCA protein assay. Then, equal amounts of protein were
separated by SDS–PAGE under reducing conditions and trans-
ferred onto nitrocellulose membranes (Bio-Rad, Hercules, CA,
USA). Blots were probed with E-cadherin (1 : 500), Snail (1 : 1000),
Claudin-1 (1 : 1000), P2Y2 (1 : 500) and b-actin (1 : 1000), respec-
tively. Immunoreactive bands were visualised by chemilumines-
cence (Applygen Technologies Inc, Beijing, China) and quantified
by densitometry analysis using Quantity One software (Bio-Rad).

Enzyme-linked immunosorbent assay. Cells were grown on the
25-mm dishes, and the supernatant was collected from ATP-
treated or untreated cells. After centrifuging at 10 000 g for 10 min
at 4 1C, the supernatant was stored at � 80 1C until assayed. IL-8

protein level was measured using the Quantikine IL-8 ELISA Kit
(Invitrogen), according to the manufacturer’s instructions. The
total protein concentration was then determined by absorbance
comparison with the standard curve. Samples were assayed in
duplicate, and the concentration of IL-8 protein was normalised to
total protein.

Statistical analyses. For all analysis, mean±s.d. of the measure-
ments was calculated and illustrated in the histograms. Student’s
t-test was used to determine whether there was a significant difference
between two means, and nonparametric ANOVA was performed for
comparison of multiple means. Unless stated otherwise, all experi-
ments were repeated at least three times. The data were analysed with
the software package SPSS 19.0 (SPSS Inc., Chicago, IL, USA). Any
P-value p0.05 was considered statistically significant.

RESULTS

P2Y2 receptor is significantly expressed in prostate cancer
cells. Prostate cancer cells express some of the P2Y receptor
subtypes simultaneously (Janssens and Boeynaems, 2001).
Previously, we demonstrated that P2Y receptors mediated extra-
cellular ATP-enhanced in vitro invasion of prostate cancer (Chen
et al, 2004). In this study, using real-time PCR, we found that 2B4,
1E8 and DU-145 cells predominantly expressed P2Y1 and P2Y2
mRNA (Figure 1A). The published data have shown that ATP and
UTP are both preferred ligands for P2Y2 receptor (Di Virgilio,
2012), and here we found that extracellular UTP also enhanced
invasion and migration of prostate cancer cells as ATP did
(Supplementary Figure 1A–C), all of which indicated that P2Y2
receptor activation may be involved in the regulation of prostate
cancer cell invasion and migration. Therefore, we focused our
study on P2Y2 receptor. Using western blotting, we demonstrated
that P2Y2 protein was significantly expressed in all the examined
prostate cancer cell lines (Figure 1B).

P2Y2 receptor is involved in ATP-promoted invasion and
migration of prostate cancer cells. To reveal the role of P2Y2
receptor in the ATP action, siRNA was designed to silence P2Y2
receptor in prostate cancer cells. Two different siRNAs
(siRNA1 and siRNA2) were used, and each siRNA achieved
prominent effect on knockdown of P2Y2 receptor in 2B4 and
1E8 cells (Figure 2A). ATP treatment increased the invasion
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Figure 1. P2Y2 receptor was significantly expressed in prostate cancer cells. (A) mRNA levels of P2Y receptor subtypes were detected by
real-time PCR in 2B4, 1E8 and DU-145 cells. The expressions of all P2Y receptor subtypes were normalised by b-actin, and mRNA expression of
P2Y1 receptor was defined as 1. (B) Protein level of P2Y2 receptor was measured using western blot analysis in prostate cancer cell lines. Results
were demonstrated by histograms to quantify the expression levels. Data were presented as mean±s.d. (vertical bars). Three independent
experiments were performed.
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and migration of prostate cancer cells in control siRNA cells.
After knockdown of P2Y2 receptor, this effect was significantly
inhibited, suggesting the involvement of P2Y2 receptor in the
ATP-promoted invasion and migration of prostate cancer cells
(Figure 2B and C).

P2Y2 receptor participates in invasion and metastasis of
prostate cancer cells in vivo. Next, we analysed the effect of
P2Y2 receptor on invasion and metastasis in vivo. Two 1E8 clones
stably expressing P2Y2 shRNA (shRNA1 and shRNA2) were
shown to express low levels of P2Y2 protein using western blotting,
and one stable clone expressing a control scramble shRNA (NC)
demonstrated similar level of P2Y2 protein as parental cells
(Figure 3A). These stable clones were used in the following
experiments. Tumours in mice that were injected with control cells
invaded into the neighbouring tissues, including the fat tissue
(Figure 3Di) and muscle (Figure 3Dii). However, tumours in mice
injected with P2Y2-silenced cells did not display apparent invasion
(Figure 3Diii–vi). Moreover, 50% of mice that were injected with
control cells exhibited obviously liver metastasis, whereas mice

receiving P2Y2-silenced cells did not show liver metastasis
(Figure 3E and F). Silencing of P2Y2 receptor in 1E8 cells resulted
in decreased tumour growth in nude mice compared with control
cells (Figure 3B and C), which is thought to be mainly due to
decreased anchorage-independent growth as shown by soft agar
assay (Supplementary Figure 2).

Extracellular ATP and UTP regulated EMT/invasion-related
gene expression in prostate cancer cells. Previously, we demon-
strated that extracellular ATP could enhance invasion of prostate
cancer cells (Chen et al, 2004). To identify the invasion/metastasis-
related genes downstream of ATP treatment, we performed a
comparative gene expression analysis using cDNA microarray
technology in 2B4 and 1E8 cells (Figure 4A). Interestingly, we
found that ATP could regulate the expression of IL-8, Snail,
E-cadherin and Claudin-1, which had significant roles in EMT and
metastasis. The result was further validated in 2B4, 1E8 and
DU-145 cells. Real-time PCR and ELISA assay both showed that
the expression of IL-8 was upregulated after ATP treatment
(Figure 4B and C). The expression of some EMT-related genes also
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showed significant changes after ATP treatment, including
increased expression of Snail (Figure 4D and E) and decreased
expression of E-cadherin (Figure 4F and G) and Claudin-1
(Supplementary Figure 3A, only significant at 12 h treatment),
which indicated that ATP could induce EMT in prostate cancer
cells. Consistent with ATP, UTP exerts similar effects on the
regulation of IL-8, Snail, E-cadherin and Claudin-1 expression at
both the mRNA and protein levels (Supplementary Figures 3B and 4).
These results imply that activation of P2Y2 receptor may have a
major role in mediating the expression of EMT/invasion-related
genes.

P2Y2 receptor mediated the expression of EMT/invasion-related
genes in vitro and in vivo. Using ELISA assay, we found that ATP
treatment significantly increased the expression of IL-8 in control
siRNA cells. But in P2Y2-silenced cells, this effect was significantly
attenuated (Figure 5A). Furthermore, after knockdown of P2Y2
receptor, ATP-mediated increase of Snail expression (Figure 5B),
as well as decrease of E-cadherin (Figure 5C) and Claudin-1
expression (Supplementary Figure 5), was suppressed. These data
support the notion that P2Y2 receptor is required for the
ATP-mediated expression changes of EMT/invasion-related genes
in prostate cancer cells.
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Then, we examined the expressions of Snail, E-cadherin,
Claudin-1 and IL-8 in the primary tumours of mice formed by
1E8 control shRNA cells and P2Y2 shRNA cells. The result showed
that after knockdown of P2Y2 receptor, the expression of Snail and
IL-8 was decreased, whereas the level of E-cadherin and Claudin-1
was increased in the tumour tissues, suggesting that P2Y2 receptor
regulated the expression of EMT/invasion-related genes in vivo
(Figure 6A–C).

DISCUSSION

There were early reports of the beneficial effect of ATP in the
treatment of cancer (Rapaport, 1983; Fang et al, 1992). However,
high concentration of ATP, in hundreds micromolar range, can be
observed at tumour sites in vivo, whereas it is basically

undetectable in healthy tissues, indicating that ATP may act as a
stimulus in the cancer progression (Pellegatti et al, 2008). Recent
studies have found that extracellular ATP can increase the
migration of C6 glioma cells and promote the invasion of breast
cancer cells (Jantaratnotai and Mclarnon, 2011; Jelassi et al, 2011).
Our previous study revealed that extracellular ATP enhanced
invasion of prostate cancer cells via P2Y receptors (Chen et al,
2004; Zhang et al, 2010). In this study, we proved that knockdown
of P2Y2 receptor repressed ATP-promoted invasion and migration
in vitro and suppressed in vivo invasion and metastasis of prostate
cancer cells. Using cDNA microarray, we identified that ATP could
increase the expression of IL-8 and Snail, as well as decrease the
expression of E-cadherin and Claudin-1. Knockdown of P2Y2
receptor attenuated ATP-regulated expression changes of EMT/
invasion-related genes. In addition, knockdown of P2Y2 receptor
affected the expression of these EMT/invasion-related genes
in vivo. Although multiple ATP receptor subtypes are ubiquitously
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expressed in prostate cancer cells, and the contribution of other
ATP receptor subtype(s) cannot be fully excluded, our data
strongly suggest that P2Y2 receptor is the major factor in
mediating the invasion and metastasis of prostate cancer cells.

Eight P2Y receptor subtypes have been identified in mammalian
cells. Among P2Y receptor subtypes (P2Y1, 2, 4, 6, 11, 12, 13 and 14),
P2Y2 receptor is overexpressed in colon cancer and pancreatic
cancer and acts as an oncogene in the carcinogenesis of colorectal
cancer (Hatanaka et al, 2007; Kunzli et al, 2007; Nylund et al,
2007). Using real-time PCR and western blotting, we found that
P2Y2 was significantly expressed in all the examined prostate
cancer cells. Some studies have shown that P2Y2 receptor is
involved in neutrophil chemotaxis and mediate the migration of
astrocytoma cells (Bagchi et al, 2005; Chen et al, 2006). In this
study, we demonstrated that knockdown of P2Y2 receptor
suppressed the ATP-promoted invasion and migration of prostate
cancer cells, indicating that activation of P2Y2 receptor could
promote the invasion and migration of prostate cancer cells.
Our results are also consistent with other studies that P2Y2
receptor has a strong transforming potential in vitro and in vivo
(Hatanaka et al, 2007). P2Y2 receptor has been reported to
participate in the metastasis of colorectal cancer cells in mice
model (Kunzli et al, 2011). In this study, complementary with
the in vitro data, we found that silencing of P2Y2 suppressed the
invasion and metastasis of prostate cancer cells in vivo, further
confirming the involvement of P2Y2 receptor in the regulation of
prostate cancer cell invasion and metastasis.

Tumour-derived IL-8 exerts profound effects on tumour cell
behaviour in tumour microenvironment, and increased IL-8 levels
are known to promote tumour metastasis in several kinds of
cancers including prostate, breast and ovarian cancers (Inoue et al,
2000; Lin et al, 2004; Shahzad et al, 2010). It has been reported that
extracellular ATP induces the expression of IL-8 through P2
receptors in eosinophils, and IL-8-induced neutrophil chemotaxis
requires a concurrent activation of P2 receptors (Idzko et al, 2003;
Kukulski et al, 2009). However, little study focuses on the effect of
ATP on IL-8 expression in cancer cells. In our experiments, using
real-time PCR and ELISA assay, we proved that IL-8 secretion in
prostate cancer cells was increased after activation of P2Y2
receptor by ATP or UTP. Using siRNA technology, we confirmed
that P2Y2 was the crucial receptor in the regulation of ATP-
mediated expression increase of IL-8. Furthermore, we identified
that P2Y2 receptor regulated IL-8 expression in vivo.

EMT is now thought to have a fundamental role in tumour
progression and metastasis formation (Christiansen and
Rajasekaran, 2006). During EMT, proteins that promote cell–cell
adherence such as E-cadherin and Claudin-1 can be decreased.
These proteins are regulated by a family of zinc finger regulatory
protein like Snail and Slug (Steeg, 2006). ATP has been shown to
participate in the EGF-induced EMT process in breast cancer cells
(Davis et al, 2011). In our study, we found that activation of P2Y2
receptor by ATP or UTP could upregulate the expression of Snail
and downregulate the expression of E-cadherin and Claudin-1 at
mRNA and protein levels in vitro. After knockdown of P2Y2
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receptor, the expression changes of ATP-induced EMT-related
genes were inhibited. We also found that knockdown of P2Y2
receptor decreased the expression of Snail and increased the level
of E-cadherin and Claudin-1 in the tumour tissues of mice. These
data implied that activation of P2Y2 receptor could induce EMT.
Some reports have proved that extracellular ATP stimulation
increases free cytosolic calcium in tumours such as prostate and
breast cancers (Fang et al, 1992; Davis et al, 2012). Calcium signal
is critical in the cancer progression, and recent study identifies that

calcium signal is required for the induction of EMT (Davis et al,
2013). Therefore, it is possible that activation of P2Y2 receptor
induces EMT via the calcium signalling pathway.

Claudin-1 is a tight junction protein, and it is involved in
cellular signalling affecting proliferation, motility and invasion
(Turksen and Troy, 2011). Reduced Claudin-1 expression was
shown to correlate with poor differentiation, acquisition of a
metastatic phenotype and poor patient survival in colorectal cancer
(Resnick et al, 2005). However, overexpression of Claudin-1 in
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normal liver cells induced EMT through activation of the c-Abl-
ERK signalling pathway, and thus demonstrated a pivotal role in
hepatocellular carcinoma metastasis (Suh et al, 2012). The role of
Claudin-1 in prostate cancer is not clear. Activation of P2Y2
receptor induced downregulation of Claudin-1 in prostate cancer,
probably through upregulation of Snail, because it has been shown
that Snail may downregulate the expression of Claudin-1 (Wu and
Zhou, 2010).

In summary, our in vitro data analysis demonstrated that
knockdown of P2Y2 receptor inhibited the ATP-promoted
invasion and migration of prostate cancer cells and attenuated
extracellular ATP-mediated expression changes of EMT/invasion-
related genes. Our in vivo experiment also showed that knockdown
of P2Y2 receptor could suppress invasion and metastasis of
prostate cancer cells and affect the expression of EMT/invasion-
related genes. Taken together, our study indicated that P2Y2
receptor promotes cell invasion and metastasis in prostate cancer
cells. Thus, P2Y2 receptor may act as a therapeutic target for the
treatment of prostate cancer.
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