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Activation of P2x7 Receptor
Promotes the Invasion and Migration
of Colon Cancer Cells via the STAT3
Signaling

Wen-jun Zhang, Ce-gui Hu, Hong-liang Luo and Zheng-ming Zhu*

The Second Affiliated Hospital, Nanchang University, Nanchang, China

The pathological mechanism of colon cancer is very complicated. Therefore, exploring
the molecular basis of the pathogenesis of colon cancer and finding a new therapeutic
target has become an urgent problem to be solved in the treatment of colon cancer.
ATP plays an important role in regulating the progression of tumor cells. P2 x 7 belongs
to ATP ion channel receptor, which is involved in the progression of tumors. In this
study, we explored the effect and molecular mechanism of ATP-mediated P2 x 7
receptor on the migration and metastasis of colon cancer cells. The results showed
that ATP and BzATP significantly increased the inward current and intracellular calcium
concentration of LOVO and SW480 cells, while the use of antagonists (A438079 and
AZD9056) could reverse the above phenomenon. We found that ATP promoted the
migration and invasion of LOVO and SW480 cells and is dose-dependent on ATP
concentration (100-300 wM). Similarly, BzZATP (10, 50, and 100 pM) also significantly
promoted the migration and invasion of colon cancer cells in a concentration-dependent
manner. While P2 x 7 receptor antagonists [A438079 (10 M), AZD9056 (10 wM)]
or P2 x 7 siRNA could significantly inhibit ATP-induced colon cancer cell migration
and invasion. Moreover, in vivo experiments showed that ATP-induced activation of
P2 x 7 receptor promoted the growth of tumors. Furthermore, P2 x 7 receptor
activation down-regulated E-cadherin protein expression and up-regulated MMP-2
MRNA and concentration levels. Knocking down the expression of P2 x 7 receptor
could significantly inhibit the increase in the expression of N-cadherin, Vimentin, Zeb1,
and Snail induced by ATP. In addition, ATP time-dependently induced the activation
of STAT3 via the P2 x 7 receptor, and the STAT3 pathway was required for the ATP-
mediated invasion and migration. Our conclusion is that ATP-induced P2 x 7 receptor
activation promotes the migration and invasion of colon cancer cells, possibly via the
activation of STAT3 pathway. Therefore, the P2 x 7 receptor may be a potential target
for the treatment of colon cancer.
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INTRODUCTION

Colon cancer is one of the common digestive system tumors,
which is easy to invade and metastasize, and seriously affects
human physical and mental health (Machala et al., 2019). The
treatment of colon cancer mainly includes surgery, chemotherapy
and radiotherapy, which increases the overall survival rate of
patients with colon cancer, but invasion and metastasis are still
the main cause of death of patients with colon cancer (Mehta and
Patel, 2019). Therefore, it is of great significance to explore the
relevant molecular basis and pathological mechanism affecting
the pathogenesis of colon cancer, to inhibit the migration and
metastasis of colon cancer, and to target the treatment of
colon cancer. ATP is not only an important energy information
substance, but also participates in the transmission of signals
in the body, which plays an important role in regulating the
life activities of cells including tumor cells (Ghosh et al., 2019;
Nesci et al., 2019). Tumor cells can release large amounts of ATP
into the microenvironment and play a role in regulating tumor
progression by acting on other signaling molecule (such as P2Y
and P2X receptors) (Lee et al, 2019). P2 x 7 receptor is an
important member of the P2X family, which is a kind of ATP
gated ion channel receptor. P2 x 7 receptor widely distributed
in human tissue structure (Kan et al.,, 2019). P2 x 7 receptor
is activated by ATP, which can open a pore for cations on the
cell membrane (sodium and calcium ions influx, potassium ions
outflow), allow molecules less than 900 Da to pass freely, affect
the stability of the cell membrane skeleton and cell membrane
fluidity, trigger intracellular molecular imbalance (Zhang et al.,
2020). Certainly, P2 x 7 receptor plays an important regulatory
role in tumorigenesis. Activation of P2 x 7 receptor can regulate
the growth, proliferation, apoptosis, metastasis and invasion of
tumor cells (Bergamin et al., 2019; Cao et al., 2019; Zhang
et al., 2019a). Studies have shown that ATP-induced activation
of P2 x 7 receptor can promote the migration and invasion of
tumor cells (Jelassi et al., 2011; Adinolfi et al., 2012). Studies
have also shown that reducing P2 x 7 receptor expression can
inhibit the migration of breast cancer cells (Jelassi et al., 2013).
According to reports on colon cancer research, some studies have
shown that high expression of P2 x 7 receptor in the tissues of
patients with colorectal cancer is closely related to the survival
and prognosis of patients (Zhang et al., 2019b; Calik et al., 2020).
Therefore, P2 x 7 receptor may become potential targets for
cancer treatment. However, the role and molecular mechanism
of P2 x 7 receptor in the migration and invasion of colon cancer
cells have remained unclear. Therefore, the purpose of this study
is to provide a new theoretical basis and data support for the
treatment of colon cancer by exploring the effect and molecular
mechanism of P2 x 7 receptor on the migration and invasion of
colon cancer cells.

MATERIALS AND METHODS

Cell Culture

LOVO and SW480 colon cancer cells were purchased from the
Cell Bank of the Chinese Academy of Sciences (Shanghai, China),

and cells were placed in a CO, incubator (37°C 5%CO,) for
cultivation. The next day, the culture dish was removed from the
incubator, the culture medium was discarded in the culture dish,
and washed it twice with sterile PBS. 2 ml of 0.25% trypsin was
added for digestion for about 5 min. Subsequently, the digestion
was terminated by adding an equal amount of DMEM medium
containing 10% FBS (Doctor DE Biological, Wuhan, China),
and the cell suspension was transferred to a centrifuge tube and
centrifuged at 1200 rpm/min for 5 min. The supernatant was
discarded in the centrifuge tube, 2 ml of medium was added to
resuspend the cells, and the cells suspension was added to the
new petri dish for cultivation. The liquid of the cells was changed
every 2-3 days, and the growth of the cells was observed under
the inverted microscope.

Cell Scratch Assay

A Marker pen was used to draw 6 horizontal lines behind each 6-
well plate (Doctor DE Biological, Wuhan, China). The horizontal
lines should pass through each hole at 1 cm intervals. The cell
suspension was added to each well (approximately 7 x 10 cells)
and placed the 6-well plate into CO; incubator (37°C, 5% CO;)
for cultivation. After observed that the cells covered the entire
hole, scratches were made with the sterile 10 pl gun head, and
then the cells was washed 3 times with sterile PBS. Added DMEM
medium containing 10% FBS and putted it in a CO; incubator for
cultivation. Cells were treated with or without P2 x 7 receptor
agonist (ATP or BzATP), P2 x 7 receptor antagonist A438079
or AZD9056, or ATP + P2 X 7 receptor antagonist (A438019 or
AZD9056) [These drugs are purchased from Glpbio (California,
United States)], observed and photographed under an inverted
microscope at 0 and 24 h, respectively, and the percentage of
wound healing between cell scratches was calculated.

Transwell Invasion Assay

Analysis of colon cancer cell invasion ability by using 24-well
Transwell chamber (Doctor DE Biological, Wuhan, China). The
filter of the upper insert was coated with Matrigel before used
and planted/200 l serum-free cell suspension (1 x 10° cells),
and the lower insert was added with 200 pl of DMEM medium
containing 10% fetal calf serum. After cells were treated with
or without ATP (100, 200, and 300 wM), BzATP (10, 50, and
100 M), A438079 (10 uM) or ATP + A436079 (10 uM) for
24 h, and the cells invaded by the Matrigel and flters were fixed
with methanol for 30 min. Subsequently, the cells were stained
with crystal violet and the cells were counted in five random fields
under the microscope.

Transwell Migration Assay

Analysis of colon cancer cell migration ability by using 24-well
Transwell chamber (Doctor DE Biological, Wuhan, China). The
upper inserts were seeded with 200 1 serum-free cell suspension
(1 x 10° cells), and the lower inserts were flled with DMEM
medium supplemented with 10% FBS as a chemoattractant. After
cells were treated with or without (100, 200, and 300 wM), BZATP
(10, 50, and 100 M), A438079 (10 wM) or ATP + A436079
(10 M) for 24 h, and the migrated cells were fixed with
methanol for 30 min. Subsequently, the cells were stained with
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crystal violet and the cells were counted in five random fields
under the microscope.

Western-Blotting

Total proteins were extracted from treated or untreated LOVO
and SW480 cells. Separating glue and stacking glue separately
were prepared, and then separating glue was added to the
glass plate, about 3/5 of the glass plate. After separating
glue was solidified, stacking glue was added and then the
comb was inserted. After the stacking glue was solidified,
the comb was pulled out, and then the gel was placed in
an electrophoresis tank containing 1 x TEA electrophoresis
solution (Boster Biological Technology, Ltd.). 3 ul marker (Boster
Biological Technology, Ltd.) was added to the first well, and
then 10 pl of samples were added to the subsequent wells
in the order of the groups. The power supply was installed
for electrophoresis about 90 min (voltage 120 V). After the
electrophoresis was completed, the glass plate was opened and
the gel was removed, and then placed in the transfer film
frame. The appropriate nitrocellulose filter membranes (Boster
Biological Technology, Ltd.) was putted on the surface of the
gel and clamped the transfer film holder, and then placed
into the electrophoresis tank containing transfer solution to
transfer the membrane (current 260 mA, about 90 min). After
the membrane transfer was completed, the membranes were
removed and placed in 5% skimmed milk powder for 90 min.
Subsequently, the membranes were placed in the primary rabbit
P2 x 7 polyclonal antibody (1:1000, Millipore, Bedford, MA,
United States); rabbit E-cadherin polyclonal antibody (1:1000,
Millipore, Bedford, MA, United States); rabbit STAT3 polyclonal
antibody (1:1000, Millipore, Bedford, MA, United States);
p-STAT3 (1:1000, Millipore, Bedford, MA, United States), rabbit
N-carherin polyclonal antibody (1:1000, Millipore, Bedford, MA,
United States), rabbit Vinmentin polyclonal antibody (1:500,
Millipore, Bedford, MA, United States), rabbit Zeb1 polyclonal
antibody (1:1000, Millipore, Bedford, MA, United States), rabbit
Snail polyclonal antibody (1:1000, Millipore, Bedford, MA,
United States), or rabbit B-actin polyclonal antibodies (1:1000,
Boster Biological Technology, Ltd.) and incubated overnight in
a 4°C refrigerator. The next day, the membranes were removed
and washed three times with TBST for 10 min each time. Then,
the membranes placed in goat anti-rabbit secondary antibody
(1: 3000, Boster Biological Technology, Ltd.) and incubated for
90 min, and then washed three times with TBST for 10 min each
time. Subsequently, the chemiluminescence reaction was carried
out. Grayscale analysis of the protein bands were carried out by
using Image Pro Plus version 6.0 image analysis software. The
relative band strength of the target protein was normalized with
internal parameters (B-actin).

RT-PCR

Total RNA were extracted from treated or untreated LOVO
and SW480 cells, and reversed transcription into cDNA.
Subsequently, the cDNA was further amplified (according to the
instructions of Afnity Company PCR reaction reagents (Afnity
company, United States) (reaction conditions: 94°C 5 min,
94°C 35 s, 56°C 30 s, 72°C 30 s, 72°C 10 min, 30 reaction

cycles), the total system of P2 x 7 receptor was 20 pl. 1%
agarose gel was made (weighed 0.6 g of agarose powder (Doctor
DE Biological, Wuhan, China) and added 60 ml of 1XTAE),
and then putted in the microwave oven and dissolved quickly.
2 pl of EB staining solution (Transgen, Beijing, China) was
added and mixed, and then poured into the plate and inserted
the comb. After the agarose gel was solidified, pulled out the
comb, removed the gel and placed into the electrophoresis
tank containing 1XTAE electrophoresis solution. 3 pl of marker
(Doctor DE Biological, Wuhan, China) was added to the first
well, and 10 pl of samples were added to the subsequent wells
in the order of the groups. The power supply was installed
and performed electrophoresis for about 40 min (voltage 120 V,
current 140 mA). After the electrophoresis was completed, the gel
was putted into the gel imaging system (Thermo Fisher Scientific,
Madison, WI, United States) for observation and photography.
The relative band strength of the target was normalized with
internal parameters (B-actin).

P2 x 7 receptor primers:

Upstream: 5'-CTTCGGCGTGCGTTTTG-3'

Downstream: 5'-AGGACAGGGTGGATCCAATG-3'

B-actin primers:

Upstream: 5'-TAAAGA CCTCTATGCCAACACAGT-3’

Downstream: 5'-CACGATGGAGGGGCCGGACTCATC-3'

RT-gPCR
Total RNA was extracted from treated or untreated LOVO and
SW380 cells, and then reversed transcription into cDNA by using
TagMan mRNA Reverse Transcription Kit (Doctor DE Biological,
Wuhan, China) for PCR amplification (reverse transcription
response system: 16°C 30 min, 42°C 30 min, 85°C 5 min).
Subsequently, cDNA as a template, and Takara qPCR Kit (Wuhan
Boshide Company, Wuhan, China Doctor DE Biological, Wuhan,
China) was used to configure a 20 pl system for PCR reaction
(reaction conditions: 95°C 30 s, 95°C 35 s, 60°C 1 min, 95°C 15 s,
40 reaction cycles). Each sample is set with three multiple wells,
and B-actin was used as internal control.

MMP-2 primers:

Upstream: 5'-CAGGACATTGTCTTTGATGGCATCGC-3’

Downstream: 5'-TGAAGAAGTAGCTATGACCACCGCC-3'

N-cadherin primers:

Upstream: 5'-TGTTGCTGCAGAAAACCAAG-3’

Downstream: 5'-TTTCACAAGTCTCGGCCTCT-3'

Vimentin primers:

Upstream: 5'-GAGAACTTTGCCGTTGAAGC-3'

Downstream: 5'-GCTTCCTGTAGGTGGCAATC-3’

Zeb1 primers:

Upstream: 5'-GCACAACCAAGTGCAGAAGA-3

Downstream: 5'-CATTTGCAGATTGAGGCTGA-3'

Snail primers:

Upstream: 5'-TTCTTCTGCGCTACTGCTGCG-3

Downstream: 5'-AGAAGGAGAGGTATGGACGGG-3

Small Interference RNA Transfection

P2 x 7 siRNA (siP2 x 7) (5-CCGAGAAACAGGCGAUAAU-
3) and a scramble sequence not targeting any known gene was
used as a control siRNA (siCtrl) (Doctor DE Biological, Wuhan,
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China). LOVO and SW480 colon cancer cells were seeded in 24-
well plates at a density of 1 x 10°/ml. After 6 h, the cells were
transfected with siP2 x 7 and siCtrl by using Lipofectamine 3000.
After 48 h of transfection, the real-time PCR was used to detect
the gene knockout efficiency.

Enzyme-Linked Immunosorbent Assay

After LOVO and SW480 cells were treated with or without
ATP or BzATP, the cell culture supernatant was collected and
centrifuged at 1200 rpm/min for 5 min. The concentration
levels of MMP-2 were measured by using an Enzyme-Linked
Immunosorbent Assay (ELISA) kit (Doctor DE Biological,
Wuhan, China). Subsequently, the test was carried out according
to the instructions of the ELISA kit.

Electrophysiological Recording

Whole-cell patch clamp recording used CEZ2400 magnifier
(BioLogic ~ Science Instruments, Claix, France), glass
microelectrode container was filled with intracellular fluid
to drive out excess bubbles, and adjusted the pH to 7.2. Adjusted
phase boundary potential compensation, potential resistance
was 2-4 Mn. Standard extracellular fluid was used to perfuse the
cells, forming a high-resistance seal between the electrode and
the cell, and sucking and breaking the cell membrane. Adjusted
capacitance and series resistance compensation, and membrane
potential was held at —60 mV. The membrane current was
applied with low-pass filtering (1 KHz), and experiments were
performed at room temperature (20~25°C). Agonists ATP
(100-300 M) or BzATP (10, 50, and 100 M) were externally
applied using a micromanipulator fast-flow delivery system
(BioLogic Science Instruments, Claix, France) for 10 s. Before
recording the effect of ATP, antagonists A438079 and AZD9056
were added to the water bath for 2 min. The experimental
results were recorded on the recorder. Origin 8.0 software was
performed to plot concentration-responses curves (MicroCal
Software Company).

Fluo-4AM Assay

Fluorescence indicator Fluo-4AM (Doctor DE Biological,
Wuhan, China) was used to measure the change of free internal
calcium concentration. Taken out the 24-well culture plate,
discarded the culture medium, and washed the cells three times
with HBSS, 5 min each time. Added 300 pwl I M Fluo-4AM
working solution and incubated at 37°C for 30 min, and then
washed 3 times with HBSS. Then, cells were incubated for an
additional 10 min in HBSS. A laser confocal microscope (Danmic
Global, LLC, San Jose, CA, United States) was used to detect the
Fluo-4 fluorescence signals, and averaged Fluo-4 fluorescence
signal was obtained from three separate experiments.

Cell Proliferation Assay

SW480 and LOVO cells were inoculated onto 24-well plates
and treated with or without ATP (300 wM), BzATP (10 uM),
A438079 (10 wM), AZD9056 (10 wM), ATP + A43B079 (10 wM)
or ATP + AZD9056 (10 pM) for 24 h. When the cell density
reaches 75-85%, added 200 pl of 10 M EDU working solution

to each well and incubated at 37°C for 2 h. After EDU labeling,
cells were fixed with 4% paraformaldehyde at room temperature
for 15 min. Then 50 pl 2 mg/ml glycine solution was added to
react for 5 min, and 0.3% TriX-100 PBS was added to incubate
for 10 min. Subsequently, Apollo and Hoechst staining solutions
were added to each well for staining, observation and photograph
were taken under a fluorescent confocal microscope (Danmic
Global, LLC, San Jose, CA, United States). The target emits red
light after successful dyeing.

In vivo Experiment

All animal experiments were approved by the Institutional
Animal Care of the Second Hospital Affiliated, Nanchang Chang
University, China [(No. 2017[028])]. BALB/c nude mice were
reared in an aseptic environment controlled by light and
temperature in the laboratory. LOVO cells were collected and
reconstituted in PBS (100 pl), and approximately 2 x 10° cells.
The cells were injected subcutaneously on both flank regions of
5-week-old male nude mice, and the xenografts were allowed
to grow. When the diameter of the tumor was close to 5 mm,
the mice were randomly divided into three groups with 8
mice in each group. The PBS (control), ATP (300 wM), or
ATP + AZD9056 (10 uM) were injected to xenotransplant tissue
at twice a week for 8 times. The tumor size was measured with
Vernier calipers, induced tumor volume = [length X width?]/2 for
about 1 month. Mice were monitored daily for signs of toxicity.

Statistical Method

Test of significance was done with Student ¢-test using SigmaStat
3.0 software (MD, United States). Alternatively, When the
homogeneity test of variance fails, Mann-Whitney rank sum
test is used. P-values of less than 0.05 were considered to have
significant statistical significance.

RESULTS

Functional Characteristics of ATP-Gated
lon Channel P2 x 7 Receptor in Colon

Cancer Cells

To investigate the function of P2 x 7 receptor in colon
cancer cells. We performed patch clamp and Fluo-4AM assays
to evaluate the functional role of this receptor in LOVO
and SW480 cells. The results showed that ATP (300 wM)
significantly increased the inward current and intracellular
calcium concentration. Similarly, ATP analog BzATP also
obtained similar results. Moreover, before recording the effect
of ATP, antagonists A438079 (10 wM) and AZD9056 (10 wM)
were used and found that antagonists could significantly inhibit
the inward current and intracellular calcium triggered by ATP
(Figures 1A-D).

Activation of P2 x 7 Receptor Promotes

the Proliferation of Colon Cancer Cells
To investigate the effect of P2 x 7R on the proliferation of
colon cancer cells. LOVO and SW480 cells were treated or
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FIGURE 1 | Characterization of ATP-gated P2 x 7 receptor functionality in colon cancer cell lines. (A,B): LOVO and SW480 cells were treated with ATP (0 M), ATP
(300 uM), BzATP (10 M), ATP + A438079 (10 wM) or ATP + AZD9056 (10 wM), inward current of electrophysiological recording. (C,D): LOVO and SW480 cells
were treated with ATP (300 M), BZATP (10 uM), ATP + A438079 (10 wM) or ATP + AZD9056 (10 wM). Fluo-4AM fluorescence technology was performed to detect
calcium changes in colon cancer cells. The data came from the average of three independent experiments. *P < 0.05, **P < 0.01.
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untreated with ATP (300 wM), BzATP (10 wM), A438079
(10 wM), AZD9056 (10 wM), ATP + A438079 (10 wM) or
ATP + AZD9056 (10 M) for 2 h. EDU assay was performed
to detect the effect of P2 x 7R on the proliferation of colon
cancer cells. The results showed that ATP significantly promoted
the proliferation activities of colon cancer cells. Similarly, BzZATP
also significantly promoted colon cancer cell proliferation.
Conversely, ATP + A438079 and ATP + AZD9056 obviously
inhibited ATP-induced proliferation of LOVO and SW480 cells.
However, in the absence of ATP, the use of antagonists had no
obvious inhibitory effect on cell proliferation (Figures 2A-D).

Extracellular ATP Promotes the

Migration of Colon Cancer Cells

To investigate the effect of P2 x 7 receptor agonists ATP,
BzATP and antagonists A438079, AZD9056 on the migration
of colon cancer cells. After the application of ATP or BzATP
to LOVO and SW480 cells, the migration abilities of LOVO
and SW480 cells was detected by cell scratch assay at 0 and
24 h, respectively. The results found that ATP (100-300 wM)
dose-dependently increased the healing abilities of LOVO and

SW480 cells. Similarly, ATP analog BzATP (10, 50, and 100 wM)
also significantly promoted the healing ability of LOVO and
SW480 cells in a dose-dependent manner (Figures 3A,B). These
data indicate that extracellular ATP or BzATP can promote the
migration of colon cancer cells.

To further determine the role of ATP-mediated P2 x 7
receptor activation in the migration of colon cancer cells. We
used P2 x 7 receptor antagonists ATP + A438079 (10 pM)
or ATP + AZD9056 (10 wM) to treat LOVO and SW480 cells
and found that ATP-induced migration of LOVO and SW480
cells was significantly inhibited. However, in the absence of ATP
induction, the inhibitory effect of antagonists on LOVO and
SW480 cell migration were not obvious (Figures 3C,D). These
data confirm that ATP-mediated P2 x 7 receptor activation
promotes the migration of colon cancer cells.

Effect of Extracellular ATP on the
Invasion and Migration of Colon Cancer
Cells

To investigate the effect of extracellular ATP on the invasion
and migration of colon cancer cells. We examined the effect of
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FIGURE 2 | Activation of P2 x 7 receptor promoted the proliferation of colon cancer cells. (A-D): LOVO and SW480 cells were treated with ATP (300 wM), BzATP
(10 wM), A438079 (10 uM), AZD9056 (10 M), ATP + A438079 (10 uM) or ATP + AZD9056 (10 wM) for 24 h. Edu assay was performed to detect the activity of
colon cancer cells, bar = 100 um, n = 3 independent experiments. **P < 0.05, **P < 0.01

different concentrations of ATP (100, 200, and 300 M) and
BzATP (10, 50, and 100 wM) on the invasion and migration
of colon cancer cells via Transwell invasion and migration
assay. The results showed that, after 24 h of ATP-treated LOVO
and SW480 cells, ATP produced a concentration-dependent
increases in the migration and invasion capacities of LOVO
and SW480 cells. Similarly, BzZATP also significantly promoted
the invasion and migration abilities of LOVO and SW480 cells
(Figures 4A-D). These data once again show that extracellular
ATP have a significant promotion effect on the invasion and
migration of colon cancer cells.

Effect of P2 x 7 Receptor Activation on

the Invasion and Migration of Colon
Cancer Cells

To determine whether P2 x 7 receptor activation can promote

the invasion and migration of colon cancer cells. On the basis
of ATP (300 wM) or without ATP induced the invasion and

migration of LOVO and SW480 cells, LOVO and SW480 cells
were treated with or without P2 x 7 receptor antagonist A438079
(10 pM) for 24 h. It was found that A438079 significantly reduced
the ability of ATP-induced invasion and migration of LOVO
and SW480 cells. However, in the absence of ATP induction,
the inhibitory effect of antagonists on LOVO and SW480 cell
migration and invasion were not obvious (Figures 5A-D).
Moreover, real time PCR and RT-PCR were performed to
detect the expression level of P2 x 7 receptor in LOVO
and SW480 cells, it was found that P2 x 7 receptor was
highly expressed in LOVO and SW480 cells (Figures 6A-
C). Therefore, we silenced P2 x 7 expression by siP2 x 7
transfection technology to investigate the effect of P2 x 7
knockdown on the invasion and migration of colon cancer
cells, and knockdown efficiency was examined by real-time
PCR and Western-blotting. It was found that knockdown
of P2 x 7 receptor expression significantly reduced ATP-
induced the invasion and migration of LOVO and SW480 cells
(Figures 6D,E). These data indicate that activation of P2 x 7
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receptor promotes the invasion and migration capabilities of ~We analyzed the expression of E-cadherin and MMP-2 after

colon cancer cells. LOVO and SW480 cells were treated with ATP (300 wM) or
BzATP (10 wM). The results showed that ATP and BzATP
ATP-Induced the Activation of P2 x 7 significantly reduced the protein expression of E-cadherin

. in LOVO and SW480 cells (Figures 7A,B). Moreover, We
Receptor Affects the Expression the analyzed the expression of MMP-2 mRNA by using real-

Expression of EMT-Related Genes time PCR in LOVO and SW480, ELISA was used to detent

E-cadherin and MMP-2 are key factors in tumor migration the concentration level of MMP-2 in LOVO and SW480 cell
and invasion (Padmanaban et al, 2019; Song et al., 2019). supernatant. The results found that ATP and BzATP significantly
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increased MMP-2 mRNA expression and concentration levels
(Figures 7C,D).

To further verify the above results, we used siCtrl/siP2 x 7
to transfect LOVO and SW480 cells, and found that the
expression level of E-cadherin protein was increased, while
the expression level of MMP-2 was reduced. In addition, in
order to better illustrate that the P2 x 7 receptor is involved
in the EMT process, we further measured the expression of
other EMT-related genes. Western-blotting and real-time PCR
were performed to measure the expression of N-cadherin,
Vementin, Zebl and Snail in siCtrl or siP2 x 7 LOVO and
SW480 cells. The results showed that knocking down the
expression of P2 x 7 significantly reduced their expression levels
(Figures 8A-F). These data further confirm that ATP-induced
P2 x 7 receptor activation promotes the migration and invasion
of colon cancer cells.

Effect of P2 x 7 Receptor Activation on

STAT3 Signaling in Colon Cancer Cells

STAT3 pathway plays an important role in the development
of tumor cells (Igelmann et al, 2019). While the role of
P2 x 7 receptor-mediated STAT3 signaling in colon cancer
has not been reported. Therefore, we investigated whether
ATP-mediated P2 x 7 receptor activation has an effect

on STAT3 signaling in colon cancer cells. Figures 9A,B
showed that ATP (300 uwM) increased the expression level
of p-ATAT3 protein in LOVO and SW480 cells in a time-
dependent manner (0, 30, 60, 90, 120 min), and the peak
of p-STAT3 expression was at 90 min. Moreover, siP2 x 7
was used to knockdown of P2 x 7 expression, and found
that p-STAT3 expression level was significantly reduced
(Figures 9C,D). These data indicate that P2 x 7 receptor is
involved in ATP-induced activation of STAT3 signaling in
colon cancer cells.

STAT3 Pathway Mediated the Role of
P2 x 7 in the Migration and Invasion of

Colon Cancer Cells

To determine whether activation of P2 x 7 receptor
promotes the invasion and migration of colon cancer cells
via STAT3 signaling. We used STAT3 specific inhibitor STA-
21 (ATP + STA-21 10, 30, and 50 wM) to treat LOVO and
SW480 cells for 90 min. Transwell invasion and migration
assay showed that STA-21 significantly inhibited ATP-
induced migration and invasion of LOVO and SW480
cells, and inhibition of cell migration and invasion was
concentration dependent on STA-21 (Figures 10A-D). These
data determine that P2 x 7-mediated STAT3 signaling
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plays an important role in the invasion and migration of

colon cancer cells.

Effect of P2 x 7 Receptor-Mediated
STAT3 Pathway on E-Cadherin and

MMP-2 Expression

To determine the effect of P2 x 7 receptor activation mediated
STAT3 signaling on E-cadherin and MMP-2 expression. ATP
(300 wM) or ATP + STATS3 inhibitor STA-21 (30 and 50 M)

was used to treat LOVO and SW480 cells. Figures 11A,B

showed that ATP significantly reduced the expression level of
E-cadherin protein, while STA-21 inhibited the ATP-induced

down-regulation of E-cadherin protein expression. Moreover,
real-time PCR and ELISA assay showed that ATP increased

the expression level of MMP-2, while STA-21 inhibited ATP-
induced up-regulation of MMP-2 expression (Figures 11C,D).

These data indicate that activation of P2 X 7 receptor
stimulates the STAT3 pathway and regulates MMP-2 and
E-cadherin expression.
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Activation of P2 x 7 Receptor Promoted
the Growth of Tumors in vivo

In vivo proliferative activity of P2 x 7 receptor on colon
cancer was measured, and a subcutaneous xenograft model
was created in nude mice. When the diameter of the tumor
was close to 5 mm. The PBS (control), ATP (300 wM), or
ATP + AZD9056 (10 pM) were injected to xenotransplant
tissue at twice a week for 8 times. The volume of induced
tumors was analyzed after the injection of PBS (control), ATP
(300 wM) or ATP + AZD9056 (10 M), induced tumor volume
was measured every week. It was found that the tumor cells
in the primary site invaded the surrounding tissues and found
distant metastasis. especially in the ATP treatment group, which
promoted the invasion and metastasis of tumor cells. Moreover,
ATP treatment group increased the growth and weight of tumors,
while ATP 4+ AZD9056 group inhibited ATP-induced tumor
growth and weight, and reduced the local invasion and distant
metastasis of tumor cells (P < 0.05, n = 8) (Figures 12A,B). These

data indicate that P2 x 7 receptor activation promotes the growth
of colon cancer in vivo.

DISCUSSION

The process of migration and invasion of tumor cells is
accompanied by a series of specific molecular events, such
as immune cells, inflammation-related factors, and ATP
(Morera et al., 2017; Zhang et al., 2019¢). After the body is
subjected to physiological and chemical stimulation (such
as mechanical injury, inflammatory stimulation, hypoxia,
acidosis, and tumor invasion), a large amount of intracellular
ATP is released into the extracellular matrix and participates
in cell biological activities (such as the survival, adhesion,
proliferation, differentiation, and migration of cells) (Lertsuwan
and Ruchirawat, 2017; Meurer et al, 2017). ATP plays an
important regulatory role in the development of tumor cells
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and has been recognized by different studies (Jones et al,
2019; Kumari et al, 2019). High concentration of ATP in
the tumor microenvironment can interact with other related
molecules to play a role in regulating tumor progression.
Previously, studies have found that extracellular ATP stimulation
slows the growth of tumor cells (Yang et al, 2014). Later
research found that ATP promotes the proliferation, migration

and invasion of tumor cells (Shi et al,, 2013). In this study,
we found that ATP and BzATP significantly increased the
inward current and intracellular calcium concentration
of LOVO and SW480 cells, while the use of antagonists
A438079 and AZD9056 could reverse the above phenomenon.
Moreover, ATP could induce the migration and invasion of
colon cancer cells in a concentration-dependent manner.
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Furthermore, BzATP could also promote the migration
and invasion of colon cancer cells, confirming that ATP
is involved in regulating the migration and invasion of
colon cancer cells.

ATP can activate the P2 x 7 receptor and open the ion
channels on the cell membrane, and affect the biological activities
of cells (De Marchi et al., 2019). In the early stage, the function
of P2 x 7 receptor was recognized mainly related to immune
and inflammatory response. With the exploration of the function
of P2 x 7 receptor, it was found that P2 x 7 receptor is
closely related to the development of tumors (Zhang et al., 2020).
Indeed, P2 x 7 receptor is expressed in a variety of tumor
cells, such as lung cancer, prostate cancer, liver cancer, non-small
cell cancer, and is closely related to the growth, proliferation,
apoptosis, migration and invasion of tumors (Gilbert et al., 2019;
Park et al., 2019). Studies have found that activation of P2 x 7
receptor activates PKC, ERK1/2, and JNK, and promotes the
growth, proliferation and migration of pancreatic cancer cells
(Choi et al., 2018). Activation of P2 x 7 receptor promotes
the migration of lung cancer cells through regulation of actin
cytoskeleton rearrangement (Takai et al., 2014). Studies have
shown that the activation of P2 x 7 receptors induced by ATP
and BzATP significantly promotes the migration and metastasis
of pancreatic cancer cells, while P2 x 7 receptor antagonist
(AZ10606120) can inhibit the proliferation of pancreatic cancer
cells (Giannuzzo et al., 2016). Moreover, some in vivo studies have
further shown that P2 x 7 receptor activation promotes tumor
growth, while antagonizing or knocking down P2 x 7 receptor
expression can inhibit tumor growth (Adinolfi et al, 2012,
2015; Brisson et al., 2020). However. studies have also shown
that inactivation of P2 x 7 receptor can inhibit inflammatory
bowel diseases, but it may increase the incidence of colitis-
associated cancer (Hofman et al., 2015). In this study, it was
found that P2 x 7 receptor was highly expressed in LOVO
and SW480 cells. P2 x 7 receptor agonists ATP and BzATP
could promote the invasion and migration of colon cancer
cells, while P2 x 7 receptor antagonists A438079 and AZD9056

could inhibit ATP-induced the invasion and migration of colon
cancer cells. Further transfection of LOVO and SW480 cells
with siP2 x 7 inhibited the invasion and migration of colon
cancer cells. Moreover, cell proliferation assay results found
that ATP and BzATP significantly promoted the proliferation
of colon cancer cells, while A438079 and AZD9056 could
inhibit ATP-induced the proliferation of colon cancer cells.
This result indicates that P2 x 7 receptor activation has a
promoting effect on the growth of colon cancer. Furthermore,
through in vivo models, it was found that P2 x 7 receptor
activation promoted tumor growth. These results obtained in
this study are consistent with the results of previous related
studies, indicating that P2 x 7 receptor activation can promote
tumor metastasis.

Epithelial-mesenchymal transition (EMT) is a necessary factor
for the invasion and metastasis of tumor cells. ATP plays an
important role in regulating tumor cell invasion and EMT (Yang
et al.,, 2019). It has been found that extracellular ATP could
modulate the MAPK signaling pathway to induce EMT and
promote colon cancer cell metastasis (Huang et al., 2019). This
study also found that ATP could induce EMT and promoted the
metastasis of colon cancer cells. E-cadherin is an important EMT-
related marker in tumors, which regulates cell-to-cell adhesion,
and is usually weakly expressed in tumor cells (Menezes et al.,
2019). Studies have shown that P2 x 7 receptor activation can
promote the migration and metastasis of breast cancer cells by
activating AKT signal and regulating the expression of MMP-
13 and E-cadherin expression (Xia et al., 2015). In vivo and
in vitro studies have shown that knocking down the expression of
P2 x 7 receptor significantly inhibits the ATP or BzZATP-driven
expression changes of EMT-related genes Snail, E-cadherin, and
MMP-3, and inhibits the migration and metastasis of prostate
cancer cells (Qiu et al., 2014). In this study, we found that ATP
and BzATP could down-regulate the expression of E-cadherin in
the LOVO and SW480 cells. Transfection of LOVO and SW480
cells with siP2 x 7 confirmed that ATP reduced the expression
of E-cadherin by activating P2 x 7 receptor. Moreover, MMP-2
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plays an role in the migration and invasion of tumor cells
(Ni et al, 2019). Different studies have shown that MMP-2
contributes to the migration and metastasis of colon cancer cells
(Ko et al., 2019; Pietrangeli et al., 2019). Studies have shown
that increased expression of P2 x 7 receptor can increase the
expression of MMP-2 and MMP-9 through NF-kB, ERK1/2
and Akt signals, and promote the migration of prostate cancer
and breast cancer cells (Tafani et al., 2011). However, other
studies have found that P2 x 7 receptor had no significant
effect on the expression of MMP-2, MMP-9, and EMT markers
(Choi et al., 2018). Here, we found that ATP-induced P2 x 7
receptor activation increased the expression of MM9-2 in colon
cancer cells. Furthermore, we also measured the expression of
other EMT-related genes, and the results showed that knocking
down the expression of P2 x 7 receptor significantly inhibited
the increase in the expression of N-cadherin, Vimentin, Zebl,
and Snail induced by ATP. These results suggest that ATP-
induced P2 x 7 receptor plays an important role in the EMT
process. Our experimental results are consistent with the results
obtained in some previous studies, indicating that P2 x 7
receptor can regulate the expression of MMP-2, E-cadherin,
N-cadherin, Vimentin, Zebl, and Snail, and affect the invasion
and migration of colon cancer cells. However, some other studies
have shown that ATP can affect the expression of EMT-related
genes (such as MMP-3, E-cadherin, and claudin-1) through other
P2 receptors (such as P2Y receptors) (Fang and Tian, 2017; Wang
et al.,, 2017). Related studies have shown that ATP stimulation
of P2Y2 receptors increases the expression of IL-8 and Snail,
down-regulates the expression of E-cadherin and Claudin-1, and
promotes the migration and metastasis of prostate cancer. While
knocking down the expression of P2Y2 can inhibit prostate
metastasis (Li et al., 2013). Other studies have also shown that
the high expression of P2Y6 receptor increases the expression of
vimentin in breast cancer cells and promotes the metastasis of
breast cancer. It is further found that patients with high P2Y6
expression have a lower overall survival rate (Azimi et al., 2016).
Therefore, our results only support that ATP-induced P2 x 7
receptor activation is involved in the progress of EMT, and more
research data are needed in the future to determine the effect of
P2 receptor on other EMT-related genes.

Many studies have reported that activation of P2 x 7 receptor
can activate different intracellular signaling pathways (Koch-
Nolte et al., 2019). Accordingly, activation of P2 X 7 receptor
can also participate in tumorigenesis by activating different
intracellular signals (such as NF-kB, ERK, AKT, and mTOR)
(Qiu et al,, 2014; Amoroso et al., 2015; Zhang et al., 2019a).
STATS3 is an important signaling pathway in tumor development
(Ashizawa et al., 2019). Studies have shown that TP53 missense
mutation (mutp53) promotes the growth of colon cancer by
driving Jak2/Stat3 signaling (Greten et al, 2018). However,
there is no report on the effect of P2 x 7 receptor-mediated
STATS3 signaling in colon cancer cells. Therefore, we investigated
whether the P2 x 7 receptor can affect STAT3 signaling. In
this study, we found that activation of P2 x 7 receptor up-
regulated the expression of p-STAT3 in LOVO and SW480
cells and a dose-dependent manner with ATP concentration.
While knocking down the expression of P2 x 7 receptor could

reduce the phosphorylation level of STAT3. This may be due to
knocking down the expression of the P2 x 7 receptor, resulting
in restricted opening of ion channels on the cell membrane,
thereby inhibiting STAT3 signaling. Moreover, blocking the
STAT3 pathway could attenuate the effect of ATP-induced the
invasion and migration of LOVO and SW480 cells. We further
confirmed that blocking the STAT3 pathway could inhibit P2 x 7-
mediated changes in the expression of E-cadherin and MMP-
2. The results indicate that the activation of P2 x 7 receptor
promotes the invasion and migration of colon cancer cells
by activating the STAT3 signaling. However, the molecular
mechanism that P2 x 7 receptor specifically affects STAT3
signaling requires more in-depth research and exploration. In
addition, studies have found that ATP can directly pass through
receptors other than P2 x 7 receptor (such as P2Y2 receptor)
(Schulien et al., 2020), or indirectly through stimulation to
induce the production of invasive molecules mediated by STAT3
(Yang et al., 2020), thereby promoting the diffusion of cancer
cells. Therefore, based on these factors, our results only provide
some data support for the role of ATP-mediated activation
of P2 x 7 receptors in promoting the metastasis of colon
cancer cells, but the molecular mechanism of ATP-mediated
P2 x 7 receptor in tumor progression needs more in-depth
exploration and mining.

From the experimental data obtained in this study, our
conclude is that P2 x 7 receptor activation promotes the
migration and invasion of colon cancer cells, while reducing
P2 x 7 receptor expression can inhibit the migration and
metastasis of colon cancer cell. The function of P2 x 7 receptor
may be triggered by activating the STAT3 pathway. Therefore,
P2 x 7 may be used as a new target for the treatment
of colon cancer.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The animal study was reviewed and approved by All
animal experiments were approved by the Institutional
Animal Care of the Second Hospital Affiliated, Nanchang
University, ~China. ~ Written  informed  consent
obtained from the owners for the participation of their
animals in this study.

was

AUTHOR CONTRIBUTIONS

WZ carried out the study of the whole experiment and drafted
the manuscript. CH and HL carried out western-blotting analysis
and collected relevant data. ZZ carried out the design of the study
and helped revise this manuscript. All authors read and approved
the final manuscript.

Frontiers in Cell and Developmental Biology | www.frontiersin.org

November 2020 | Volume 8 | Article 586555


https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

Zhang et al.

P2x7 and Colon Cancer

FUNDING

This study was supported by grants from the Natural Science
Foundation of Jiangxi Province (20202BABL206163 and
20202BABL206091), the Graduate Student Innovation Fund
Project of Jiangxi Province (YC2020-B047).

REFERENCES

Adinolfi, E., Capece, M., Franceschini, A., Falzoni, S., Giuliani, A. L., and Rotondo,
A. (2015). Accelerated tumor progression in mice lacking the ATP receptor
P2X7. Cancer Res. 75, 635-644. doi: 10.1158/0008-5472.can- 14-1259

Adinolfy, E., Raffaghello, L., Giuliani, A. L., Cavazzini, L., Capece, M., and Chiozzi,
P. (2012). Expression of P2X7 receptor increases in vivo tumor growth. Cancer
Res. 72, 2957-2969. doi: 10.1158/0008-5472.can-11-1947

Amoroso, F., Capece, M., Rotondo, A., Cangelosi, D., Ferracin, M., and
Franceschini, A. (2015). The P2X7 receptor is a key modulator of
the PI3K/GSK3B/VEGF signaling network: evidence in experimental
neuroblastoma. Oncogene 34, 5240-5251. doi: 10.1038/onc.2014.444

Ashizawa, T., lizuka, A., Maeda, C., Tanaka, E., Kondou, R., and Miyata, H. (2019).
Impact of combination therapy with anti-PD-1 blockade and a STAT3 inhibitor
on the tumor-infiltrating lymphocyte status. Immunol. Lett. 216, 43-50. doi:
10.1016/j.imlet.2019.10.003

Azimi, I, Beilby, H., Davis, F. M., Marcial, D. L., Kenny, P. A., and Thompson,
E. W. (2016). Altered purinergic receptor-Ca* signaling associated with
hypoxia-induced epithelial-mesenchymal transition in breast cancer cells. Mol.
Oncol. 10, 166-178. doi: 10.1016/j.molonc.2015.09.006

Bergamin, L. S., Capece, M., Salaro, E., Sarti, A. C,, Falzoni, S., and Pereira, M. S. L.
(2019). Role of the P2X7 receptor in in vitro and in vivoglioma tumor growth.
Oncotarget 10, 4840-4856. doi: 10.18632/oncotarget.27106

Brisson, L., Chadet, S., Lopez-Charcas, O., Jelassi, B., Ternant, D., and Chamouton,
J. (2020). P2X7 Receptor Promotes Mouse Mammary Cancer Cell Invasiveness
and Tumour Progression, and Is a Target for Anticancer Treatment. Cancers
12:E2342. doi: 10.3390/cancers12092342

Calik, I, Calik, M., Turken, G., and Ozercan, I. H. A. (2020). promising
independent prognostic biomarker in colorectal cancer: P2X7 receptor. Int. J.
Clin. Exp. Pathol. 13, 107-121.

Cao, Y., Wang, X,, Li, Y., Evers, M., Zhang, H., and Chen, X. (2019). Extracellular
and macropinocytosis internalized ATP work together to induce epithelial-
mesenchymal transition and other early metastatic activities in lung cancer.
Cancer Cell Int. 19:254. doi: 10.1186/s12935-019-0973-0

Choi, J. H,, Ji, Y. G., Ko, J. J., Cho, H. J,, and Lee, D. H. (2018). Activating
P2X7 Receptors Increases Proliferation of Human Pancreatic Cancer Cells via
ERK1/2 and JNK. Pancreas 47, 643-651. doi: 10.1097/mpa.0000000000001055

De Marchi, E., Orioli, E., Pegoraro, A., Sangaletti, S., Portararo, P., Curti,
A., et al. (2019). The P2X7 receptor modulates immune cells infiltration,
ectonucleotidases expression and extracellular ATP levels in the tumor
microenvironment. Oncogene 38, 3636-3650. doi: 10.1038/s41388-019-0684-y

Fang, W. G., and Tian, X. X. (2017). Identification of a new pro-invasion factor in
tumor microenvironment: progress in function and mechanism of extracellular
ATP. Beijing Da Xue Xue Bao Yi Xue Ban. 49, 188-195.

Ghosh, J. C, Seo, J. H., Agarwal, E., Wang, Y., Kossenkov, A. V., and Tang,
H. Y. (2019). Akt phosphorylation of mitochondrial Lonpl protease enables
oxidative metabolism and advanced tumor traits. Oncogene 38, 6926-6939.
doi: 10.1038/s41388-019-0939-7

Giannuzzo, A., Saccomano, M., Napp, J., Ellegaard, M., Alves, F., and Novak, L
(2016). Targeting of the P2X7 receptor in pancreatic cancer and stellate cells.
Int. J. Cancer 139, 2540-2552. doi: 10.1002/ijc.30380

Gilbert, S. M., Oliphant, C. J., Hassan, S., Peille, A. L., Bronsert, P., Falzoni, S., et al.
(2019). in the tumour microenvironment drives expression of nfP2X7, a key
mediator of cancer cell survival. Oncogene 38, 194-208. doi: 10.1038/s41388-
018-0426-6

Greten, F. R., Dobbelstein, M., and Moll, U. M. (2018). Therapeutic Ablation of
Gain-of-Function Mutant p53 in Colorectal Cancer Inhibits Stat3-Mediated
Tumor Growth and Invasion. Cancer Cell 34, 298-314.e. doi: 10.1016/j.ccell.
2018.07.004

ACKNOWLEDGMENTS

We thank WZ for writing this manuscript, the help of CH and
HL in the experiment, ZZ for his guidance and support, and
the molecular key laboratory and staff of the Second Affiliated
Hospital of Nanchang University.

Hofman, P., Cherfils-Vicini, J., Bazin, M., Ilie, M., Juhel, T., and Hébuterne, X.
(2015). Genetic and pharmacological inactivation of the purinergic P2RX7
receptor dampens inflammation but increases tumor incidence in a mouse
model of colitis-associated cancer. Cancer Res. 75, 835-845. doi: 10.1158/0008-
5472.can-14-1778

Huang, Y. J,, Jan, Y. H,, Chang, Y. C,, Tsai, H. F.,, Wu, A. T., Chen, C. L,, et al.
(2019). ATP Synthase Subunit Epsilon Overexpression Promotes Metastasis by
Modulating AMPK Signaling to Induce Epithelial-to-Mesenchymal Transition
and Is a Poor Prognostic Marker in Colorectal Cancer Patients. J. Clin. Med.
8:1070. doi: 10.3390/jcm8071070

Igelmann, S., Neubauer, H. A., and Ferbeyre, G. (2019). STAT3 and STAT5
Activation in Solid Cancers. Cancers 11:1428. doi: 10.3390/cancers1110
1428

Jelassi, B., Anchelin, M., Chamouton, J., Cayuela, M. L., Clarysse, L., and Li,
J. (2013). Anthraquinone emodin inhibits human cancer cell invasiveness by
antagonizing P2X7 receptors. Carcinogenesis 34, 1487-1496. doi: 10.1093/
carcin/bgt099

Jelassi, B., Chantome, A., Alcaraz-Pérez, F., Baroja-Mazo, A., Cayuela, M. L.,
and Pelegrin, P. (2011). P2X(7) receptor activation enhances SK3 channels-
and cystein cathepsin-dependent cancer cells invasiveness. Oncogene 30, 2108-
2122.

Jones, A. T., Yang, J., Narov, K., Henske, E. P.,, Sampson, J. R., and Shen,
M. H. (2019). Allosteric and ATP-Competitive Inhibitors of mTOR Effectively
Suppress Tumor Progression-Associated Epithelial-Mesenchymal Transition in
the Kidneys of Tsc2+/- Mice. Neoplasia 21, 731-739. doi: 10.1016/j.ne0.2019.
05.003

Kan, L. K., Williams, D., Drummond, K., O’Brien, T., and Monif, M. (2019).
The role of microglia and P2X7 receptors in gliomas. J. Neuroimmunol. 332,
138-146. doi: 10.1016/j.jneuroim.2019.04.010

Ko, J. H, Um, J. Y., Lee, S. G., Yang, W. M., Sethi, G., and Ahn, K. S. (2019).
Conditioned media from adipocytes promote proliferation, migration, and
invasion in melanoma and colorectal cancer cells. J. Cell Physiol. 234, 18249—
18261. doi: 10.1002/jcp.28456

Koch-Nolte, F., Eichhoff, A., Pinto-Espinoza, C., Schwarz, N., Schifer, T., and
Menzel, S. (2019). Novel biologics targeting the P2X7 ion channel. Curr. Opin.
Pharmacol. 47, 110-118. doi: 10.1016/j.coph.2019.03.001

Kumari, R, Deshmukh, R. S., and Das, S. (2019). Caspase-10 inhibits ATP-
citrate lyase-mediated metabolic and epigenetic reprogramming to suppress
tumorigenesis. Nat. Commun. 10:4255.

Lee, H. E., Lee, J. Y., Yang, G., Kang, H. C., Cho, Y. Y., Lee, H. S., et al. (2019).
Inhibition of NLRP3 inflammasome in tumor microenvironment leads to
suppression of metastatic potential of cancer cells. Sci. Rep. 9:12277.

Lertsuwan, J., and Ruchirawat, M. (2017). Inhibitory Effects of ATP and Adenosine
on Cholangiocarcinoma Cell Proliferation and Motility. Anticancer Res. 37,
3553-3561.

Li, W. H,, Qiu, Y., Zhang, H. Q,, Liu, Y., You, J. F,, Tian, X. X,, et al. (2013). P2Y2
receptor promotes cell invasion and metastasis in prostate cancer cells. Br. J.
Cancer 109, 1666-1675. doi: 10.1038/bjc.2013.484

Machala, M., Prochazkovd, J., Hofmanova, J., Krélikové4, L., Slavik, J., and
Tylichova, Z. (2019). Colon Cancer and Perturbations of the Sphingolipid
Metabolism. Int. J. Mol. Sci. 20:6051. doi: 10.3390/ijms20236051

Mehta, A., and Patel, B. M. (2019). Therapeutic opportunities in colon cancer:
Focus on phosphodiesterase inhibitors. Life Sci. 230, 150-161. doi: 10.1016/j.
1f5.2019.05.043

Menezes, S. V., Fouani, L., Huang, M. L. H., Geleta, B., Maleki, S., Richardson,
A., et al. (2019). The metastasis suppressor, NDRGI1, attenuates oncogenic
TGF-B and NF-kB signaling to enhance membrane E-cadherin expression
in pancreatic cancer cells. Carcinogenesis 40, 805-818. doi: 10.1093/carcin/
bgyl178

Frontiers in Cell and Developmental Biology | www.frontiersin.org

November 2020 | Volume 8 | Article 586555


https://doi.org/10.1158/0008-5472.can-14-1259
https://doi.org/10.1158/0008-5472.can-11-1947
https://doi.org/10.1038/onc.2014.444
https://doi.org/10.1016/j.imlet.2019.10.003
https://doi.org/10.1016/j.imlet.2019.10.003
https://doi.org/10.1016/j.molonc.2015.09.006
https://doi.org/10.18632/oncotarget.27106
https://doi.org/10.3390/cancers12092342
https://doi.org/10.1186/s12935-019-0973-0
https://doi.org/10.1097/mpa.0000000000001055
https://doi.org/10.1038/s41388-019-0684-y
https://doi.org/10.1038/s41388-019-0939-7
https://doi.org/10.1002/ijc.30380
https://doi.org/10.1038/s41388-018-0426-6
https://doi.org/10.1038/s41388-018-0426-6
https://doi.org/10.1016/j.ccell.2018.07.004
https://doi.org/10.1016/j.ccell.2018.07.004
https://doi.org/10.1158/0008-5472.can-14-1778
https://doi.org/10.1158/0008-5472.can-14-1778
https://doi.org/10.3390/jcm8071070
https://doi.org/10.3390/cancers11101428
https://doi.org/10.3390/cancers11101428
https://doi.org/10.1093/carcin/bgt099
https://doi.org/10.1093/carcin/bgt099
https://doi.org/10.1016/j.neo.2019.05.003
https://doi.org/10.1016/j.neo.2019.05.003
https://doi.org/10.1016/j.jneuroim.2019.04.010
https://doi.org/10.1002/jcp.28456
https://doi.org/10.1016/j.coph.2019.03.001
https://doi.org/10.1038/bjc.2013.484
https://doi.org/10.3390/ijms20236051
https://doi.org/10.1016/j.lfs.2019.05.043
https://doi.org/10.1016/j.lfs.2019.05.043
https://doi.org/10.1093/carcin/bgy178
https://doi.org/10.1093/carcin/bgy178
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

Zhang et al.

P2x7 and Colon Cancer

Meurer, F., Do, H. T., Sadowski, G., and Held, C. (2017). Standard Gibbs
energy of metabolic reactions: II. Glucose-6-phosphatase reaction and
ATP hydrolysis. Biophys. Chem. 223, 30-38.  doi: 10.1016/j.bpc.2017.
02.005

Morera, Y., Sdnchez, J., Bequet-Romero, M., and Selman-Housein, K. H. (2017).
Specific humoral and cellular immune responses in cancer patients undergoing
chronic immunization with a VEGF-based therapeutic vaccine. Vaccine 35,
3582-3590. doi: 10.1016/j.vaccine.2017.05.020

Nesci, S., Trombetti, F., Algieri, C., and Pagliarani, A. A. (2019). Therapeutic Role
for the FIFO-ATP Synthase. SLAS Discov. 24, 893-903.

Ni, Y. J., Lu, J., and Zhou, H. M. (2019). Propofol suppresses proliferation,
migration and invasion of gastric cancer cells via regulating miR-29/MMP-2
axis. Eur. Rev. Med. Pharmacol. Sci. 23, 8606-8615.

Padmanaban, V., Krol, L, Suhail, Y., Szczerba, B. M., Aceto, N., and Bader, J. S.
(2019). E-cadherin is required for metastasis in multiple models of breast
cancer. Nature 573, 439-444. doi: 10.1038/s41586-019-1526-3

Park, M., Kim, J., Phuong, N. T. T., Park, J. G., Park, J. H., Kim, Y. C,, et al. (2019).
Involvement of the P2X7 receptor in the migration and metastasis of tamoxifen-
resistant breast cancer: effects on small extracellular vesicles production. Sci.
Rep. 9:11587.

Pietrangeli, P., Seguella, L., Annunziata, G., Casano, F., Capuano, R., and Pesce,
M. (2019). Lathyrus sativus diamine oxidase counteracts histamine-induced
cell proliferation, migration and pro-angiogenic mediators release in human
colon adenocarcinoma cell line Caco-2. Phytother. Res. 33, 1878-1887. doi:
10.1002/ptr.6378

Qiu, Y., Li, W. H,, Zhang, H. Q,, Liu, Y., Tian, X. X,, and Fang, W. G. (2014). P2X7
mediates ATP-driven invasiveness in prostate cancer cells. PLoS One. 9:e114371.
doi: 10.1371/journal.pone.0123388

Schulien, I, Hockenjos, B., van Marck, V., Korcan Ayata, C., and Follo, M.
(2020). Extracellular ATP and Purinergic P2Y2 Receptor Signaling Promote
Liver Tumorigenesis in Mice by Exacerbating DNA Damage. Cancer Res. 80,
699-708. doi: 10.1158/0008-5472.can-19-1909

Shi, K., Queiroz, K. C., Stap, J., Richel, D. J., and Spek, C. A. (2013). Protease-
activated receptor-2 induces migration of pancreatic cancer cells in an
extracellular ATP-dependent manner. J. Thromb. Haemost. 11, 1892-1902.

Song, Z., Wang, J., Su, Q., Luan, M., Chen, X., and Xu, X. (2019). The role of MMP-
2 and MMP-9 in the metastasis and development of hypopharyngeal carcinoma
[published online ahead of print, 2019 Dec 10]. Braz. J. Otorhinolaryngol. 30145,
$1808-S8694.

Tafani, M., Schito, L., Pellegrini, L., Villanova, L., Marfe, G., and Anwar, T.
(2011). Hypoxia-increased RAGE and P2X7R expression regulates tumor cell
invasion through phosphorylation of Erk1/2 and Akt and nuclear translocation
of NF-{kappa}B. Carcinogenesis 32, 1167-1175. doi: 10.1093/carcin/bgr101

Takai, E., Tsukimoto, M., Harada, H., and Kojima, S. (2014). Autocrine signaling
via release of ATP and activation of P2X7 receptor influences motile activity of

human lung cancer cells. Purinergic. Sign. 10, 487-497. doi: 10.1007/s11302-
014-9411-x

Wang, X,, Li, L., Guan, R, Zhu, D., Song, N., and Shen, L. (2017). Emodin Inhibits
ATP-Induced Proliferation and Migration by Suppressing P2Y Receptors in
Human Lung Adenocarcinoma Cells. Cell Physiol. Biochem. 44, 1337-1351.
doi: 10.1159/000485495

Xia, J., Yu, X,, Tang, L., Li, G., and He, T. (2015). P2X7 receptor stimulates
breast cancer cell invasion and migration via the AKT pathway. Oncol. Rep. 34,
103-110. doi: 10.3892/0r.2015.3979

Yang, G., Zhang, S., Zhang, Y., Zhou, Q., Peng, S., Zhang, T., et al. (2014).
The inhibitory effects of extracellular ATP on the growth of nasopharyngeal
carcinoma cells via P2Y2 receptor and osteopontin. J. Exp. Clin. Cancer Res.
33:53. doi: 10.1186/1756-9966-33-53

Yang, H., Geng, Y. H., Wang, P., Yang, H., Zhou, Y. T., Zhang, H. Q., et al. (2020).
Extracellular ATP promotes breast cancer invasion and chemoresistance via
SOX9 signaling. Oncogene 39, 5795-5810. doi: 10.1038/s41388-020-01402-z

Yang, H., Geng, Y. H., Wang, P., Zhou, Y. T,, Yang, H., and Huo, Y. F. (2019).
Extracellular ATP promotes breast cancer invasion and epithelial-mesenchymal
transition via hypoxia-inducible factor 2o signaling. Cancer Sci. 110, 2456—
2470. doi: 10.1111/cas.14086

Zhang, J., Song, J., Wu, D., Wang, J., and Dong, W. (2019¢). Correction
to: Hesperetin induces the apoptosis of hepatocellular carcinoma cells via
mitochondrial pathway mediated by the increased intracellular reactive oxygen
species, ATP and calcium. Med. Oncol. 36:38.

Zhang, W.]., Hu, C. G., Zhu, Z. M., and Luo, H. L. (2020). Effect of P2X7 receptor
on tumorigenesis and its pharmacological properties. Biomed. Pharmacother.
125:109844. doi: 10.1016/j.biopha.2020.109844

Zhang, Y., Cheng, H., Li, W.,, Wu, H,, and Yang, Y. (2019a). Highly-expressed
P2X7 receptor promotes growth and metastasis of human HOS/MNNG
osteosarcoma cells via PI3K/Akt/GSK3p/f-catenin and mTOR/HIF1a/VEGF
signaling. Int. ]. Cancer 145, 1068-1082. doi: 10.1002/ijc.32207

Zhang, Y., Ding, J., and Wang, L. (2019b). The role of P2X7 receptor in prognosis
and metastasis of colorectal cancer. Adv. Med. Sci. 64, 388-394. doi: 10.1016/j.
advms.2019.05.002

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Zhang, Hu, Luo and Zhu. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Cell and Developmental Biology | www.frontiersin.org

19

November 2020 | Volume 8 | Article 586555


https://doi.org/10.1016/j.bpc.2017.02.005
https://doi.org/10.1016/j.bpc.2017.02.005
https://doi.org/10.1016/j.vaccine.2017.05.020
https://doi.org/10.1038/s41586-019-1526-3
https://doi.org/10.1002/ptr.6378
https://doi.org/10.1002/ptr.6378
https://doi.org/10.1371/journal.pone.0123388
https://doi.org/10.1158/0008-5472.can-19-1909
https://doi.org/10.1093/carcin/bgr101
https://doi.org/10.1007/s11302-014-9411-x
https://doi.org/10.1007/s11302-014-9411-x
https://doi.org/10.1159/000485495
https://doi.org/10.3892/or.2015.3979
https://doi.org/10.1186/1756-9966-33-53
https://doi.org/10.1038/s41388-020-01402-z
https://doi.org/10.1111/cas.14086
https://doi.org/10.1016/j.biopha.2020.109844
https://doi.org/10.1002/ijc.32207
https://doi.org/10.1016/j.advms.2019.05.002
https://doi.org/10.1016/j.advms.2019.05.002
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

	Activation of P2 х 7 Receptor Promotes the Invasion and Migration of Colon Cancer Cells via the STAT3 Signaling
	Introduction
	Materials and Methods
	Cell Culture
	Cell Scratch Assay
	Transwell Invasion Assay
	Transwell Migration Assay
	Western-Blotting
	RT-PCR
	RT-qPCR
	Small Interference RNA Transfection
	Enzyme-Linked Immunosorbent Assay
	Electrophysiological Recording
	Fluo-4AM Assay
	Cell Proliferation Assay
	In vivo Experiment
	Statistical Method

	Results
	Functional Characteristics of ATP-Gated Ion Channel P2 х 7 Receptor in Colon Cancer Cells
	Activation of P2 х 7 Receptor Promotes the Proliferation of Colon Cancer Cells
	Extracellular ATP Promotes the Migration of Colon Cancer Cells
	Effect of Extracellular ATP on the Invasion and Migration of Colon Cancer Cells
	Effect of P2 х 7 Receptor Activation on the Invasion and Migration of Colon Cancer Cells
	ATP-Induced the Activation of P2 х 7 Receptor Affects the Expression the Expression of EMT-Related Genes
	Effect of P2 х 7 Receptor Activation on STAT3 Signaling in Colon Cancer Cells
	STAT3 Pathway Mediated the Role of P2 х 7 in the Migration and Invasion of Colon Cancer Cells
	Effect of P2 х 7 Receptor-Mediated STAT3 Pathway on E-Cadherin and MMP-2 Expression
	Activation of P2 х 7 Receptor Promoted the Growth of Tumors in vivo

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


