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TRPM2 ion channel promotes
gastric cancer migration, invasion
and tumor growth through the AKT
e, signaling pathway
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. Transient Receptor Potential Melastatin-2 (TRPM2) ion channel is emerging as a great therapeutic

. target in many types of cancer, including gastric cancer — a major health threat of cancer related-

. death worldwide. Our previous study demonstrated the critical role of TRPM2 in gastric cancer cells
bioenergetics and survival; however, its role in gastric cancer metastasis, the major cause of patient
death, remains unknown. Here, using molecular and functional assays, we demonstrate that TRPM2
downregulation significantly inhibits the migration and invasion abilities of gastric cancer cells, with
a significant reversion in the expression level of metastatic markers. These effects were concomitant

. with decreased Akt and increased PTEN activities. Finally, TRPM2 silencing resulted in deregulation

. of metastatic markers and abolished the tumor growth ability of AGS gastric cancer cells in NOD/SCID

. mice. Taken together, our results provide compelling evidence on the important function of TRPM2 in

: the modulation of gastric cancer cell invasion likely through controlling the PTEN/Akt pathway.

Gastric cancer (GC) is one of the most aggressive types of cancer with a significant participation in cancer-related
. mortality worldwide. H-pylori infection, inappropriate dietary plans, poor sanitation, and smoking are the com-
© mon risk factors'. However, late diagnosis of the disease and metastasis spreading of gastric tumors remain the
: main reasons for GC mortality®. This makes understanding the basic cellular and molecular mechanisms of GC

metastasis of high priorities towards the development of new clinical approaches to improve GC therapy.

Longstanding investigations have demonstrated the central role for Akt pathway in the regulation of
numerous cellular phenotypes associated with cancer metastasis including migration, invasion and the
epithelial-mesenchymal transition (EMT) processes®®. Among several upstream regulators of Akt pathway,
PTEN (phosphatase and tensin homolog)”® and cytosolic calcium homeostasis’~'? have been shown to play

. major roles. PTEN function as a phosphatidyl inositol triphosphate (PIP3) phosphatase, opposing the activity of
. phosphatidylinositol-3-kinase (PI3K) and negatively regulates Akt'*!*. Calcium is a universal second messenger
* with a key role in regulating the Akt pathway® and calcium signaling have been shown involved in critical steps
. that favour the spread of tumor cells such as the EMT processes'®. However, the cellular basis and the underlying
© regulatory mechanisms by which cancer metastasis occur have not been fully documented.

We recently described the calcium-permeable Transient Receptor Potential Melastatin-2 (TRPM2) channel
as a prognsostic marker in a cohort of GC patients and demonstrated its role in the bioenergetics and survival of
GC cell lines!”. Here, we further investigate whether TRPM2 holds an important role in GC cells migration and
invasion. We demonstrated that TRPM2 contribute to the invasion and metastasis of GC via Akt-mediated EMT,
and suggested TRPM2 inhibition as a potential therapeutic approach to hamper GC metastasis and improve GC
treatment.
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Figure 1. TRPM2 is functionally expressed as a calcium channel in AGS gastric cancer cells. (A) Western
blot and RT-qPCR analyses of TRPM2 expression in both, AGS scramble and TRPM2-KD cells. (B) Calcium
imaging analysis of TRPM2 ion channel in AGS scramble and TRPM2-KD cells. I mM H,0, treatment
increased the cytosolic Ca?* level in scramble cells while this effect is significantly decreased in TRPM2-KD
cells. Quantification of intracellular Ca** peak values is expressed as mean + SD and represented as a bar
graph. (experiments have been done in triplicate and data are an average of three experiments, t-test vs. Scr.
w5p < 0,001; #*+p < 0.01; *p < 0.05).

Results

TRPM2 activation elicits cytosolic calcium elevation in AGS cells. TRPM2 is identified as a non-se-
lective cation channel, permeable to calcium!®. We recently demonstrated the functional expression of TRPM2
as a plasma membrane ion channel in GC cells'”. Here, we extended our investigation to the role of TRPM2 in
regulating intracellular calcium ([Ca?*],) levels. In the absence of specific inhibitors, the lentiviral-shRNA tech-
nique was used to generate two AGS cells in which TRPM2 was knocked down permanently (KD1 and KD2), and
the knockdown efficacy was examined using RT-qPCR and western blot analyses (Fig. 1A). Given that TRPM2 is
considered as the main sensor of oxidative-stress'*-?2, we have used H,0O, to stimulate TRPM2-mediated calcium
entry*-?, and monitored changes in cytoplasmic calcium using calcium imaging method. As well known, the
high concentrations of H,0, are toxic to human cells*; hence, we have used 1 mM of H,0, with the minimum
cytotoxicity to AGS cells under our experimental conditions. As expected, H,0O, perfusion induced a significant
elevation in [Ca?*]; in scrambled AGS cells. This increase in [Ca®*]; was significantly reduced in TRPM2-KD cells
(Fig. 1B). These data indicate the functional expression of TRPM2 as a calcium channel in AGS cells.

Genetic silencing of TRPM2 inhibits migration and invasion abilities of AGS cells.  We previously
have demonstrated the important role of TRPM2 in the survival and the bioenergetics of AGS cells'’. To evaluate
the potential role of TRPM2 in the migration and invasion abilities of GC cells, a gap closure assay was conducted
to compare the motility of AGS scramble and TRPM2-KD cells. The results showed a significant reduction in
the speed of gap filling in TRPM2-KD cells, suggesting a critical role of TRPM2 in the regulation of GC metas-
tasis (Fig. 2A). Therefore, we have investigated the TRPM2 involvement in AGS cell migration and invasion.
Our results showed that TRPM2-KD cells exhibited lower migration and invasion capabilities in comparison to
the scramble cells. Indeed, the number of the migrated and invaded TRPM2-KD cells in multi-well chemotaxis
chamber assay was significantly less than scramble cells (Fig. 2B,C). On the other hand, TRPM2 silencing led to a
significant decrease in the expression level of Epithelial-Mesenchymal Transition (EMT), migration and invasion
markers such as N-cadherin, snail, slug, integrins, and MMPs (Fig. 3), suggesting the reduced ability of these cells
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Figure 2. TRPM2 downregulation inhibits the migration and invasion abilities of AGS gastric cancer cells.

(A) Gap closure migration assay of AGS scramble and TRPM2-KD cells. Data were recorded at the 0-time point
and 24 hours later; results are presented as a bar graph. Quantification of cell motility is expressed as mean + SD
and represented as a bar graph. (B,C) Migration and invasion assays of AGS scramble and TRPM2-KD cells.
Numbers of migrated and invaded cells were analyzed 24 hours after cells have been seeded in the chamber and
data were summarized as bar graphs. The data are represented as the mean of three independent experiments
(t-test vs. Scr. ¥**p < 0.001; **p < 0.01; *p < 0,05).

to migrate and invade to the other tissues. Collectively, these data indicate that TRPM2 contribute to the migra-
tion and invasion capabilities of GC cell lines.

PTEN/Akt signaling pathway is required for TRPM2-mediated migration and invasion abili-
ties of AGS cells. It is widely recognized that Akt signaling is involved in the regulation of migration and
invasion of various tumors, including gastric tumors?”-*%. In order to explore the involved signaling pathways
in the TRPM2-mediated control of migration and invasion abilities of GC cells, the activation of Akt signaling
was compared between scramble and TRPM2-KD AGS cells. As shown in Fig. 4A, the phosphorylation of Akt
at Ser473 was markedly suppressed in TRPM2-KD cells, while the total Akt remained unchanged. This result
was concomitant with an increase in the protein level of phospho-PTEN, the direct upstream regulator of Akt,
without a change in the level of total PTEN, suggesting the involvement of PTEN/Akt pathway in TRPM2 medi-
ated GC migration and invasion. To investigate the effect of Akt pathway on TRPM2-mediated motility and
invasion, LY294002 (10 uM) was used to specifically inhibit the activation of the Akt in wildtype cells***°. Our
results demonstrated that 24 hours treatment of AGS scramble cells with 10 uM LY294002 decreases migration
and invasion abilities of these cells in both gap closure and multi-well chemotaxis chamber assays, support-
ing the hypothesis that Akt pathway is required for the TRPM2-mediated motility and invasion of AGS cells
(Fig. 4D,E). These results were concomitant with a significant decline in the expression of the EMT markers in
the presence of Akt pathway inhibitor LY294002 (Fig. 4C), suggesting the involvement of Akt pathway activa-
tion in the TRPM2-mediated upregulation of the EMT markers. To further investigate Akt involvement in the
TRPM2-mediated GC cell invasion, AGS cells in which TRPM2 was downregulated were treated with SC79 Akt
activator’!. As shown in Fig. 5, the treatment of TRPM2 KD AGS cells with the Akt-inducer SC79 caused an
increase in Akt phosphorylation (Fig. 5), rescued cell motility (Fig. 5), and restored the migration and invasion
capabilities of these cells (Fig. 5). Furthermore, SC79 treatment significantly upregulated EMT mRNA markers
(unshown data). Taken together, these results indicate that TRPM2-mediated GC cell migration and invasion is
likely by controlling the EMT processes through the control of PTEN/AKkt signaling pathway.
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Figure 3. Effect of TRPM2 silencing the expression of the EMT in AGS gastric cancer cells. (A,B) RT-qPCR
analysis of EMT markers, integrins and MMPs in both AGS control and TRPM2-KD cells (RT-qPCR was

done in triplicate, t-test vs. scr. **%*p < 0.001; **p < 0.01; *p < 0.05). (C) Cell lysates from AGS cells expressing
either control ShRNA, or ShRNA-TRPM2 were analysed by immunoblotting for the endogenous expression of
integrins.

TRPM2 silencing inhibits tumor formation ability of AGS cells in NOD/SCID mice. To validate
our in vitro data on the role of TRPM2 in AGS cell growth and invasion, we investigated the in vivo impact
of TRPM2 silencing on the AGS tumor xenograft growth in NOD/SCID mice*. Male NOD/SCID mice were
injected in the left flank with either scramble or TRPM2-KD AGS cells; tumor size was measured twice weekly for
six weeks. Our in vivo data demonstrated the negative impact of TRPM2 depletion on the tumor growth ability of
AGS cells, as reflected by the apparent differences in size between scrambled and TRPM2-KD tumors (Fig. 6A).
Indeed, tumors formed by TRPM2-KD cells were significantly smaller and lighter in comparison to scrambled
tumors (Fig. 6B-D). Furthermore, RT-qPCR analysis of mRNA samples extracted from both, scramble and
TRPM2-KD tumors verified that the expression level of many EMT markers drastically altered in TRPM2-KD
tumors. Indeed, the expression of an epithelial marker, E-cadherin increased, while the mRNA level of mesen-
chymal markers (N-cadherin, Twist, Zeb1, Vimentin, and Slug) significantly decreased in TRPM2-KD tumors
compared with scramble tumors (Fig. 6E-]). Overall, these data indicate that TRPM2 downregulation inhibits in
vivo gastric tumor growth and reverses the EMT process which further confirmed our findings on the role of a
TRPM2 ion channel in GC progression.

Discussion

GC counts as the fifth most prevalent cancer worldwide and causes about 700,000 deaths per year®*. The low
patient survival is mostly due to the late diagnosis of cancer at the metastasis stage. As known, tumor metas-
tasis limits the efficacy of available cancer therapies, suggesting the necessity of discovering new therapeutic
approaches®. In the last two decades, ion channels gained considerable attention in cancer therapy, and have been
used as both, molecular biomarker and therapeutic targets in various types of cancer®.

Among many ion channels, TRPM2 is emerging as a new potential therapeutic target in controlling cancer
progression®®. To date, the impact of TRPM2 activation on various signaling pathways in cancer cells survival has
been studied"-*2, We have previously demonstrated the functional expression of TRPM2 in GC bioenergetics
and survival'’. Here, we further show its role in controlling GC tumor progression and in vitro cell metastasis.
Our results indicated that TRPM2 is functionally expressed in GC cell lines to control cytosolic calcium home-
ostasis and to regulate PTEN/Akt pathway which, in turn, control the EMT process and, thus, cell motility and
invasion. In fact, TRPM2 silencing in AGS GC cells led to the deactivation of Akt through upregulation of PTEN,
and the reduction in phosphor-Akt level was associated with alteration of both migration and invasion. This is
consistent with many previous studies that demonstrated the importance of PTEN/Akt in cancer cell metastasis,
and the recognition that drugs targeting Akt function may have great clinical potential as a potent anti-cancer
agents?”*>*, Indeed, PTEN was found to be downregulated in gastric tumours and its expression profile is related
to GC stages, where loss of PTEN expression is highly correlated with advanced stage of GC*. Among different
mechanisms controlling PTEN activity in GC cells and tissues, the level of PTEN phosphorylation on Ser380
or a decrease in de-phosphorylation of the protein were identified as dominant regulators*. It is possible that a
similar mechanism activated in AGS cells upon TRPM2 depletion enhances PTEN phosphorylation or reduces
its proteasomal degradation?”*¢. Altogether, these data indicate a critical role of TRPM2 in GC cells motility and
invasion, likely through the regulation of the PTEN/Akt pathway.

TRPM2-mediated GC migration/invasion was also found associated with an alteration in the regulation of
EMT, an essential process during cancer metastasis**->2. Strikingly, we find that TRPM2 silencing significantly
reversed the expression of EMT markers such as E-cadherin, N-cadherin, snail, and Twist. These data are con-
sistent with previous studies demonstrating the key role of the EMT processes in cancer cells migration and
invasion®. For instance, the downregulation of Slug has been shown to inhibit tumor metastasis in many cancer
types®**, including GC®. Furthermore, our in vivo experiments revealed that TRPM2 depleted AGS tumors
have reduced growth in comparison to AGS control tumors which further confirmed our in vitro data. Stingingly,
analysis of EMT expression from TRPM2 depleted GC tumors revealed the inhibitory impact of TRPM2 silencing
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Figure 4. TRPM2 promotes cell migration and invasion through Akt-mediated EMT. (A) Western blot
analysis of the protein level of phospho-Akt (Ser473), total Akt, phospho-PTEN (Ser380/Thr382/383) and
total PTEN in AGS control and TRPM2-KD cells. (B) The protein level of phohpho-Akt before and 24 hours
after treatment with 10 uM LY294002, a PI3K inhibitor (C) mRNA level of EMT markers before and 24 hours
after Akt inhibition by LY294002 (D) Gap closure assay study of AGS wildtype cells at 0, 12 and 24 hours after
LY294002 treatment (10 uM). The average results of three independent experiments were summarized in the
corresponding bar graph. (E) In vitro analysis of migration and invasion ability of AGS cells with or without
LY294002 treatment (10 uM) after 24 hrs; the number of migrated and invaded cells from three independent
experiments are presented in bar graphs (¢-test vs. Scr. ¥¥*p < 0.001; **p < 0.01; *p < 0.05).

of on the EMT processes, suggesting its key role in GC tumor invasion and metastasis through the induction if
the EMT. However, one major limitation of our study is that only one, very aggressive GC cell line has been used
to TRPM2 role in GC migration and invasion. While AGS is one of the most common cell lines for cell signaling
and the xenograft modelling of GC, these cells do not encompass the complexity of GC, and alone may not be
representative of all GCs (e.g. androgen-dependent vs. -independent). Further investigations are required to char-
acterize TRPM2-mediated invasion in other GC cell lines.

Overall, we demonstrated a drastic impact of TRPM2 downregulation on in vitro invasion and in vivo
xerograph growth. The observed effect probably resulted from the reduced calcium influx and elevated PTEN
activity which led to the downregulation of the Akt signaling and reversion of the EMT processes. Given the
impact of TRPM2 on GC survival and metastatic capabilities, our research findings suggest TRPM2 as a valuable
alternative therapeutic target to improve the diagnostic of GC and TRPM2 inhibition as a potential strategy to
improve its treatment.
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Figure 5. Akt activation rescued the migration and invasions abilities of TRPM2 depleted gastric cancer cells.
(A) The protein level of phohpho-Akt (Ser473) before and 24 hours after treatment with Akt activator SC79

in AGS scramble and TRPM2-KD cells. (B) Gap closure assay study of TRPM2 depleted KD 1 and KD2 cells
at 0 and 24 hours after SC79 treatment (10 uM). The average results of three independent experiments were
summarized in the corresponding bar graph. (C) In vitro analysis of migration and invasion ability of TRPM2
depleted AGS cells with or without SC69 treatment (10 uM) after 24 hrs; number of migrated and invaded
cells from three independent experiments are presented in bar graphs (¢-test vs. Scr. ***p < 0.001; **p < 0.01;
*p<0.05).

Methods

Cell culture. AGSand HEK-293 cell lines were purchased from ATCC, and cultured in DMEM/F-12 medium
supplemented with 10% heat-inactivated Fetal Bovine Serum (FBS; Gibco, Life Technologies, 16000036) and
20 pg/ml penicillin/streptomycin antibiotic (Gibco; Life Technologies, 15070063). Cells were grown at 37 °C and
5% CO, incubator.

Real-time PCR assay. Cells were lysed with Trizol (Thermofisher scientific, 15596026) and mRNAs were
isolated using Invitrogen RNA Purification kit according to the manufacturer’s protocol. For the synthesis of com-
plementary DNA (cDNA), 2 ug of RNA was used according to the Super Script® II First-Strand Synthesis System
(Invitrogen). Gene expression was quantified by real-time PCR using the CFX96 touch real-time PCR instrument
(BioRad) and gene-specific primers (Table 1). The mRNA expression data were analyzed based on the Livak and
Schmittgen’s 2-24¢T method (3-phosphate dehydrogenase (GAPDH) was considered as a reference gene)*’.

Western blotting analysis. 1x RIPA buffer (20 mM Tris-HCI (pH 7.5), 150 mM NaCl, 1 mM Na2- EDTA,
1mM EGTA, 1% NP-40, 1% sodium deoxycholate, 2.5 mM sodium pyrophosphate, 1 mM (-glycerophosphate,
1 mM Na3VO4, 1 ug/ml leupeptin) was used to lyse cells and extract cellular proteins. The protein concentration
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Figure 6. TRPM2 downregulation inhibits GC tumor growth and reverses EMT process in SCID mice. (A)
Schematic presentation of scrambled and TRPM2-KD AGS tumors in male NOD/SCID mice. Mice were
subcutaneously injected with 4 million cells in the left flank. Tumor size was measured every 3 days, 2 weeks
post-injection, for 1.5 months. Resulted data are presented in corresponding graphs (B) Change in tumor
volume for three weeks post-injection. (C,D) Final tumors’ weight and volume. (E-H) RT-qPCR analysis of the
mRNA expression level of EMT markers in extracted tumors (¢-test vs. Scr. ***p < 0.001; **p < 0.01; *p < 0.05).

was quantified using the BCA assay protocol (Thermofisher Scientific). For western blot analysis, 20 g of each
protein sample was separated using SDS-gel electrophoresis and transferred onto a 0.45 pm nitrocellulose mem-
brane (BioRad). Membranes were incubated in blocking buffer (5% milk powder dissolved in 1x TBST (137 mM
NaCl, 2.7 mM KCl, 19 mM Tris-base, 0.1% TWEEN 20)) for 1 hr at room temperature. The membranes were
washed 3 times with 1x PBS and incubated with primary antibodies overnight in 4 °C (The list of primary anti-
bodies is provided in Table 2). A day after, blots were washed with 1x PBS and incubated with the secondary
antibody (1:5000; Goat-Anti-Mouse, Goat- Anti-Rabbit; Mandel Scientific) on the shaker for 1 hour at room tem-
perature. Li-Cor Odyssey 9120 infrared imager was used to scan membranes. The band’s intensities were quanti-
fied by Image] 1.48 v software.

Construction and infection of lentiviral vectors to knockdown TRPM2 expression.  TRPM2-specific
pLKO-shRNA clones were purchased from Dharmacon (TRCN0000044152: AAGTAGGAGAGGATGTTCAGG,
TRCN0000044154: ATCCTCATCCAGTATGTACTC). The pLKO.sh.hSC plasmid (Addgene 46896: GAGGGCCTA
TTTCCCATGATT) was used as the scrambled control. Transfection was performed according to the 3™ gen-
eration lentiviral packaging system protocol®®. Briefly, PPAX2 (6 ug), MD2G (3 pg) and pLKO-LV-gene-specific
(6 1g) plasmids were co-transfected into the HEK-293 cells in the presence of PEI transfection reagent
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GAPDH Forward | CTGAAGAGCTGCTTCACCAA
Reverse | ATGGTGCTGTCCTTGACAAC
TRPM: Forward | AAGTACGTCCGAGTCTCCCA
Reverse | CGGAAAATGCTCTTCAGCCG
E-Cadherin | Forward | GAAGGTGACAGAGCCTCTGGAT
Reverse | GATCGGTTACCGTGATCAAAATC
N-Cadherin | Forward | CCTTTCAAACACAGCCACGG
Reverse | TGTTTGGGTCGGTCTGGATG
Snail Forward | ACCACTATGCCGCGCTCTT
Reverse | GGTCGTAGGGCTGCTGGAA
Siu Forward | CTGGTCAAGAAGCATTTCAACGCC
g Reverse | AAAGAGGAGAGAGGCCATTGGGTA
Vimentin | Forward | TCTACGAGGAGGAGATGCGG
Reverse | GGTCAAGACGTGCCAGAGAC
JEBL Forward | GCACCTGAAGAGGACCAGAG
Reverse | TGCATCTGGTGTTCCATTTT
Twist Forward | CGGAGACCTAGATGTCATTGTT
wis Reverse | CTTCTATCAGAATGCAGAGGTG
MMP1 Forward | AGCTAGCTCAGGATGACATTGATG
Reverse | GCCGATGGGCTGGACAG
MMP2 Forward | CAAGGACCGGTTTATTTGGC
Reverse | ATTCCCTGCGAAGAACACAGC
MMPO Forward | TGACAGCGACAAGAAGTG
Reverse | CAGTGAAGCGGTACATAGG
Integrin 81 Forward | TGGCCTTGCATTACTGCTGA
g Reverse | TTGCACGGGCAGTACTCATT
Integrin3 | Forward | CGAGTGCCTCTGTGGTCAAT
8 Reverse | TAAAGGTGCAGGCATCTGGG
Integrin g5 | Forward | GTGGGGGTCACCTACAACTG
g Reverse | CACAGGTTCTGGTACACGCT
Interin oy | Forward | CCAAACTCGCCAGGTGGTAT
g Reverse | GCTCCCAGTTTGGAATCGGA
Integrin o5 Forward | CTATGAGGCTGAGCTTCGGG
8HN O | Reverse | GGAGAGCCGAAAGGAAACCA

Table 1. The list of primers and their sequences.

1 TRPM2 109, 191 A300-414A-2 BETHYL

2 | AKT 60 sc-46915 Santa Cruz Biotechnology
3 | phospho-AKT | 60 9271s Cell Signaling

4 | phospho-AKT | 60 4058's Cell Signaling

5 | GAPDH 37 5¢-365062 Santa Cruz Biotechnology
6 | B-Actin 45 3700 Cell Signaling

7 Integrin $1 115,135 9699 s Cell Signaling

8 | Integrin av 135,140 4711s Cell Signaling

9 | Integrin a5 150 4705s Cell Signaling

10 | pPTEN 54 9549 T Cell Signaling

11 | PTEN 54 9188 T Cell Signaling

Table 2. The list of antibodies.

(Sigma). The generated lentiviruses were collected and filtered (Millex-GS; 0.22 pm sterile filter) 24 and 48 hrs
post-transfection (the prepared virus can be used right away or stored at —80°C).

A day before transduction, 0.2 million of AGS cells were seeded in 6-well plates and grown for 24hours. On the
day of the experiment, cells medium was replaced with 2 mL of complete cell medium, containing 500 pL of len-
tivirus aliquot and 8 pg/mL of Sequebrene (Sigma). Seventy-two hours after transduction, the Puromycin-based
selection was performed with 1 pg/mL puromycin diluted in complete cell medium (concentration varied based
on the cell type) was used to select transduced cells. RT-qPCR and western blot analyses were performed to vali-
date the efficiency of Knockdown.

Calcium imaging analysis. TRPM2-mediated calcium entry was investigated by calcium imaging analysis
using the MetaFlour Olympus analyzer as previously described®. Briefly, AGS control and TRPM2-KD cells were
seeded in 35 mm bottom-slide plates (MatTek) and grown for 48 hours at 37 °C and 5% CO, incubator. An hour
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before calcium imaging experiment, cells were incubated with 3 pg/mL Fura-2AM diluted in 1x HBSS for 1h at
room temperature. TRPM2-mediated intracellular calcium elevation was recorded in response to the perfusion
of bath solution containing 1 mM H,0,. Data analysis was done using SigmaPlot12.3.

Gap closure or wound healing assay. The motility of AGS cells in 2D culture was examined by gap clo-
sure assay. Cells were seeded in 2-well culture inserts placed in p-Dish 35 mm (ibidi). A day after, cells were
treated with 10 pg/mL mitomycin (cell proliferation inhibitor) and incubated at 37°C in 5% CO, incubator for
2 hrs. The mitomycin containing medium was replaced with a complete cell medium, and cells were allowed to
recover in a 37 °C incubator for 6 hrs. Later, the inserts were removed, and the first microscopic picture was cap-
tured with a conventional 10x phase-contrast objective lens. The gaps were photographed every 6 hrs until they
have been filled in control cells. The percentage of gap-filled area in knockdown cells was calculated using the
Image]J software and normalized to control cells. Results were plotted in SigmaPlot12.3 software.

Cell migration and invasion assay. Cell migration and invasion assays were done using the A3BP48
Three-Tiered Chemotaxis Chamber (Neuro Probe). Cells were starved in FBS free medium 24 hours prior to
the experiment. The lower chamber was filled with 25 pL of complete cell-specific medium containing 10% FBS
(0% FBS medium was loaded in the negative control wells) and covered by 25 x 80 mm polycarbonate filters (8
pm pores). Fifty uL of the diluted cells (1 million cells per mL in 0% FBS medium) was loaded in each well of the
upper chamber. The chamber was wrapped with aluminum foil and incubated at 37 °C and 5% CO, overnight.
Next day, the unmigrated cells were removed from the top of the membrane by scraping followed by a wash with
1x PBS. The membrane was stained using the Diff-Quik ™ Stain kit (Siemens) and mounted on the slide using
a mounting buffer (Fisher chemical) and covered by a coverslip. Slides were imaged with a conventional 20x
phase-contrast objective lens and analyzed using Image] software. Invasion assay was differentiated from migra-
tion assay by coating the polycarbonate filters with 0.1% gelatin protein a day before the experiment.

Animal study. To determine the tumor formation ability of TRPM2-KD1 cells in comparison to AGS ShRNA
scramble cells, 4 million of cells were subcutaneously injected to the left flank of male SCID mice; 6 mice injected
with TRPM2 KD1 cells and 6 mice were injected with ShRNA scramble cells. Two weeks post-injection tumors
size were started to measure every three days for around 1.5 months. The tumor-bearing mice were sacrificed at
the end of the experiment, and tumors were extracted. Tumour growth rate and the final tumour volume and
weight were calculated, and data were plotted using GraphPad Prism 6 software. Animal Protocol was approved
by the Dalhousie University committee on laboratory animals (16-137) and all methods and protocols were per-
formed in accordance with Dalhousie institutional guidelines.

Reagents. Cell culture mediums, FBS, PBS, HBSS, and penicillin/streptomycin antibiotic were purchased
from Invitrogen/Thermofisher scientific. LY294002 (PI3K inhibitor) and SC79 (Akt activator) were bought from
Sigma-Aldrich.

Statistical analysis. All experiments were performed at least three times and one biological replicate was
represented in each figure. Statistical significance against the control samples (Student’s ¢-test) was calculated in
GraphPad Prism 5.0 (Asterisks represent the degree of significance: n.s=p >0.05, * p=0.01 to 0.05, **p=0.001
t0 0.01, ¥¥*p < 0.001).

References

1. Yang, D. et al. Survival of metastatic gastric cancer: Significance of age, sex and race/ethnicity. ] Gastrointest Oncol 2, 77-84, https://
doi.org/10.3978/j.issn.2078-6891.2010.025 (2011).

2. Riihimaki, M., Hemminki, A., Sundquist, K., Sundquist, ]. & Hemminki, K. Metastatic spread in patients with gastric cancer.
Oncotarget 7, 52307-52316, https://doi.org/10.18632/oncotarget.10740 (2016).

3. Fenouille, N. et al. The epithelial-mesenchymal transition (EMT) regulatory factor SLUG (SNAI2) is a downstream target of SPARC
and AKT in promoting melanoma cell invasion. Plos one 7, 40378, https://doi.org/10.1371/journal.pone.0040378 (2012).

4. Kang, M. H. et al. Inhibition of PI3 kinase/Akt pathway is required for BMP2-induced EMT and invasion. Oncology reports 22,
525-534 (2009).

5. Liu, J. et al. PI3K/Akt/HIF-1alpha signaling pathway mediates HPV-16 oncoprotein-induced expression of EMT-related
transcription factors in non-small cell lung cancer cells. Journal of Cancer 9, 3456-3466, https://doi.org/10.7150/jca.26112 (2018).

6. Okui, G. et al. AKT primes snail-induced EMT concomitantly with the collective migration of squamous cell carcinoma cells.
Journal of cellular biochemistry 114, 2039-2049, https://doi.org/10.1002/jcb.24545 (2013).

7. Fang, ], Ding, M., Yang, L., Liu, L. Z. & Jiang, B. H. PI3K/PTEN/AKT signaling regulates prostate tumor angiogenesis. Cellular
signalling 19, 2487-2497, https://doi.org/10.1016/j.cellsig.2007.07.025 (2007).

8. Gary, D. S. & Mattson, M. P. PTEN regulates Akt kinase activity in hippocampal neurons and increases their sensitivity to glutamate
and apoptosis. Neuromolecular medicine 2, 261-269, https://doi.org/10.1385/NMM.:2:3:261 (2002).

9. Chen, C. C, Ke, W. H,, Ceng, L. H., Hsieh, C. W. & Wung, B. S. Calcium- and phosphatidylinositol 3-kinase/Akt-dependent
activation of endothelial nitric oxide synthase by apigenin. Life sciences 87, 743-749, https://doi.org/10.1016/j.1fs.2010.10.014 (2010).

10. Cui, X, Yang, G., Pan, M., Zhang, X. N. & Yang, S. N. Akt signals upstream of L-type calcium channels to optimize insulin secretion.
Pancreas 41, 15-21, https://doi.org/10.1097/MPA.0b013e31822363a9 (2012).

11. Fujikawa, K. et al. Calcium/calmodulin-dependent protein kinase II (CaMKII) regulates tumour necrosis factor-related apoptosis
inducing ligand (TRAIL)-mediated apoptosis of fibroblast-like synovial cells (FLS) by phosphorylation of Akt. Clinical and
experimental rheumatology 27, 952-957 (2009).

12. Danciu, T. E., Adam, R. M., Naruse, K., Freeman, M. R. & Hauschka, P. V. Calcium regulates the PI3K-Akt pathway in stretched
osteoblasts. FEBS Lett 536, 193-197 (2003).

13. Minaguchi, T., Waite, K. A. & Eng, C. Nuclear localization of PTEN is regulated by Ca(2+) through a tyrosil phosphorylation-
independent conformational modification in major vault protein. Cancer research 66, 11677-11682, https://doi.org/10.1158/0008-
5472.CAN-06-2240 (2006).

SCIENTIFIC REPORTS | (2019) 9:4182 | https://doi.org/10.1038/s41598-019-40330-1 9


https://doi.org/10.1038/s41598-019-40330-1
https://doi.org/10.3978/j.issn.2078-6891.2010.025
https://doi.org/10.3978/j.issn.2078-6891.2010.025
https://doi.org/10.18632/oncotarget.10740
https://doi.org/10.1371/journal.pone.0040378
https://doi.org/10.7150/jca.26112
https://doi.org/10.1002/jcb.24545
https://doi.org/10.1016/j.cellsig.2007.07.025
https://doi.org/10.1385/NMM:2:3:261
https://doi.org/10.1016/j.lfs.2010.10.014
https://doi.org/10.1097/MPA.0b013e31822363a9
https://doi.org/10.1158/0008-5472.CAN-06-2240
https://doi.org/10.1158/0008-5472.CAN-06-2240

www.nature.com/scientificreports/

14.
15.
16.

17.

18.
19.
20.
21.
22.
23.
24.
25.
26.

27.

28.

29.

30.
31.
32.
33.

34,
. Litan, A. & Langhans, S. A. Cancer as a channelopathy: ion channels and pumps in tumor development and progression. Front Cell

36.
37.

38.

39.

40.

4

—_

42.

43.

44,

45.

46.

47.

48.

49.

50.

Bononi, A. & Pinton, P. Study of PTEN subcellular localization. Methods 77-78, 92-103, https://doi.org/10.1016/j.ymeth.2014.10.002
(2015).

Divolis, G., Mavroeidi, P., Mavrofrydi, O. & Papazafiri, P. Differential effects of calcium on PI3K-Akt and HIF-1alpha survival
pathways. Cell biology and toxicology 32, 437-449, https://doi.org/10.1007/s10565-016-9345-x (2016).

Davis, E. M. et al. Induction of epithelial-mesenchymal transition (EMT) in breast cancer cells is calcium signal dependent. Oncogene
33,2307-2316, https://doi.org/10.1038/0nc.2013.187 (2014).

Almasi, S. et al. TRPM2 channel-mediated regulation of autophagy maintains mitochondrial function and promotes gastric cancer
cell survival via the JNK-signaling pathway. The Journal of biological chemistry 293, 3637-3650, https://doi.org/10.1074/jbc.
M117.817635 (2018).

Perraud, A. L., Schmitz, C. & Scharenberg, A. M. TRPM2 Ca2+ permeable cation channels: from gene to biological function. Cell
calcium 33, 519-531 (2003).

Fonfria, E. et al. TRPM2 channel opening in response to oxidative stress is dependent on activation of poly(ADP-ribose) polymerase.
British journal of pharmacology 143, 186-192, https://doi.org/10.1038/sj.bjp.0705914 (2004).

Kuhn, E. ], Heiner, I. & Luckhoff, A. TRPM2: a calcium influx pathway regulated by oxidative stress and the novel second messenger
ADP-ribose. Pflugers Archiv: European journal of physiology 451, 212-219, https://doi.org/10.1007/s00424-005-1446-y (2005).

Ru, X. & Yao, X. TRPM2: a multifunctional ion channel for oxidative stress sensing. Sheng li xue bao: [Acta physiologica Sinica] 66,
7-15 (2014).

Takahashi, N., Kozai, D., Kobayashi, R., Ebert, M. & Mori, Y. Roles of TRPM2 in oxidative stress. Cell calcium 50, 279-287, https://
doi.org/10.1016/j.ceca.2011.04.006 (2011).

Kolisek, M., Beck, A., Fleig, A. & Penner, R. Cyclic ADP-ribose and hydrogen peroxide synergize with ADP-ribose in the activation
of TRPM2 channels. Mol Cell 18, 61-69, https://doi.org/10.1016/j.molcel.2005.02.033 (2005).

Naziroglu, M. New molecular mechanisms on the activation of TRPM2 channels by oxidative stress and ADP-ribose. Neurochem
Res 32, 1990-2001, https://doi.org/10.1007/s11064-007-9386-x (2007).

Wang, Q., Huang, L. & Yue, ]. Oxidative stress activates the TRPM2-Ca(2+)-CaMKII-ROS signaling loop to induce cell death in
cancer cells. Biochim Biophys Acta Mol Cell Res 1864, 957-967, https://doi.org/10.1016/j.bbamcr.2016.12.014 (2017).

Uhl, L., Gerstel, A., Chabalier, M. & Dukan, S. Hydrogen peroxide induced cell death: One or two modes of action? Heliyon 1,
€00049, https://doi.org/10.1016/j.heliyon.2015.e00049 (2015).

Kang, M. H,, Kim, J. S., Seo, J. E., Oh, S. C. & Yoo, Y. A. BMP2 accelerates the motility and invasiveness of gastric cancer cells via
activation of the phosphatidylinositol 3-kinase (PI3K)/Akt pathway. Exp Cell Res 316, 24-37, https://doi.org/10.1016/j.
yexcr.2009.10.010 (2010).

Kang, M. H. et al. Metastatic function of BMP-2 in gastric cancer cells: the role of PI3K/AKT, MAPK, the NF-kappaB pathway, and
MMP-9 expression. Exp Cell Res 317, 1746-1762, https://doi.org/10.1016/j.yexcr.2011.04.006 (2011).

Semba, S., Itoh, N, Ito, M., Harada, M. & Yamakawa, M. The in vitro and in vivo effects of 2-(4-morpholinyl)-8-phenyl-chromone
(LY294002), a specific inhibitor of phosphatidylinositol 3’-kinase, in human colon cancer cells. Clinical cancer research: an official
journal of the American Association for Cancer Research 8, 1957-1963 (2002).

Vlahos, C. J., Matter, W. E, Hui, K. Y. & Brown, R. E. A specific inhibitor of phosphatidylinositol 3-kinase, 2-(4-morpholinyl)-8-
phenyl-4H-1-benzopyran-4-one (LY294002). The Journal of biological chemistry 269, 5241-5248 (1994).

Zhang, D. et al. Akt Specific Activator SC79 Protects against Early Brain Injury following Subarachnoid Hemorrhage. ACS chemical
neuroscience 7,710-718, https://doi.org/10.1021/acschemneuro.5b00306 (2016).

Busuttil, R. A. et al. An orthotopic mouse model of gastric cancer invasion and metastasis. Sci Rep 8, 825, https://doi.org/10.1038/
$41598-017-19025-y (2018).

Bray, E. et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer ] Clin 68, 394-424, https://doi.org/10.3322/caac.21492 (2018).

Brown, C. Targeted therapy: An elusive cancer target. Nature 537, S106-108, https://doi.org/10.1038/537S106a (2016).

Neurosci 9, 86, https://doi.org/10.3389/fncel.2015.00086 (2015).

Blake, S. D., Tweed, C. M., McKamey, S. G. & Koh, D. W. Transient receptor potential, Melastatin-2 (TRPM2) blockade: perspectives
on potential novel clinical utility in cancer. Translational Cancer Research, $342-5347 (2017).

Sumoza-Toledo, A., Espinoza-Gabriel, M. I. & Montiel-Condado, D. Evaluation of the TRPM2 channel as a biomarker in breast
cancer using public databases analysis. Bol Med Hosp Infant Mex 73, 397-404, https://doi.org/10.1016/j.bmhimx.2016.10.001 (2016).
Bao, L. et al. Depletion of the Human Ion Channel TRPM2 in Neuroblastoma Demonstrates Its Key Role in Cell Survival through
Modulation of Mitochondrial Reactive Oxygen Species and Bioenergetics. The Journal of biological chemistry 291, 24449-24464,
https://doi.org/10.1074/jbc.M116.747147 (2016).

Cao, Q. E et al. TRPM2 mediates histone deacetylase inhibition-induced apoptosis in bladder cancer cells. Cancer Biother
Radiopharm 30, 87-93, https://doi.org/10.1089/cbr.2014.1697 (2015).

Sivaprasadarao, A., Abuarab, N. & Li, . TRPM2 channels in mitochondrial dynamics and cancer. Oncotarget 8, 84620-84621,
https://doi.org/10.18632/oncotarget.21391 (2017).

. Zeng, X. et al. Novel role for the transient receptor potential channel TRPM2 in prostate cancer cell proliferation. Prostate Cancer

Prostatic Dis 13, 195-201, https://doi.org/10.1038/pcan.2009.55 (2010).

Hirschler-Laszkiewicz, I. et al. The human ion channel TRPM2 modulates neuroblastoma cell survival and mitochondrial function
through Pyk2, CREB, and MCU activation. American journal of physiology. Cell physiology. 315, C571-C586, https://doi.
org/10.1152/ajpcell.00098.2018 (2018).

Ho, H. H. et al. Anti-metastasis effects of gallic acid on gastric cancer cells involves inhibition of NF-kappaB activity and
downregulation of PI3K/AKT/small GTPase signals. Food Chem Toxicol 48, 2508-2516, https://doi.org/10.1016/j.fct.2010.06.024
(2010).

OKi, E. et al. Akt phosphorylation associates with LOH of PTEN and leads to chemoresistance for gastric cancer. Int ] Cancer 117,
376-380, https://doi.org/10.1002/ijc.21170 (2005).

Zhu, X. et al. Loss and reduced expression of PTEN correlate with advanced-stage gastric carcinoma. Exp Ther Med 5, 57-64, https://
doi.org/10.3892/etm.2012.749 (2013).

Yang, Z. et al. Phosphorylation and inactivation of PTEN at residues Ser380/Thr382/383 induced by Helicobacter pylori promotes
gastric epithelial cell survival through PI3K/Akt pathway. Oncotarget 6, 31916-31926, https://doi.org/10.18632/oncotarget.5577
(2015).

Zhang, B. G. et al. microRNA-21 promotes tumor proliferation and invasion in gastric cancer by targeting PTEN. Oncology reports
27,1019-1026, https://doi.org/10.3892/0r.2012.1645 (2012).

Leslie, N. R. & Foti, M. Non-genomic loss of PTEN function in cancer: not in my genes. Trends Pharmacol Sci 32, 131-140, https://
doi.org/10.1016/j.tips.2010.12.005 (2011).

Correction. Diverse Targets of beta-Catenin during the Epithelial-Mesenchymal Transition Define Cancer Stem Cells and Predict
Disease Relapse. Cancer research 76, 6133, https://doi.org/10.1158/0008-5472.CAN-16-2415 (2016).

Bhangu, A. et al. Epithelial mesenchymal transition in colorectal cancer: Seminal role in promoting disease progression and
resistance to neoadjuvant therapy. Surgical oncology 21, 316-323, https://doi.org/10.1016/j.suronc.2012.08.003 (2012).

SCIENTIFICREPORTS| (2019) 9:4182 | https://doi.org/10.1038/s41598-019-40330-1 10


https://doi.org/10.1038/s41598-019-40330-1
https://doi.org/10.1016/j.ymeth.2014.10.002
https://doi.org/10.1007/s10565-016-9345-x
https://doi.org/10.1038/onc.2013.187
https://doi.org/10.1074/jbc.M117.817635
https://doi.org/10.1074/jbc.M117.817635
https://doi.org/10.1038/sj.bjp.0705914
https://doi.org/10.1007/s00424-005-1446-y
https://doi.org/10.1016/j.ceca.2011.04.006
https://doi.org/10.1016/j.ceca.2011.04.006
https://doi.org/10.1016/j.molcel.2005.02.033
https://doi.org/10.1007/s11064-007-9386-x
https://doi.org/10.1016/j.bbamcr.2016.12.014
https://doi.org/10.1016/j.heliyon.2015.e00049
https://doi.org/10.1016/j.yexcr.2009.10.010
https://doi.org/10.1016/j.yexcr.2009.10.010
https://doi.org/10.1016/j.yexcr.2011.04.006
https://doi.org/10.1021/acschemneuro.5b00306
https://doi.org/10.1038/s41598-017-19025-y
https://doi.org/10.1038/s41598-017-19025-y
https://doi.org/10.3322/caac.21492
https://doi.org/10.1038/537S106a
https://doi.org/10.3389/fncel.2015.00086
https://doi.org/10.1016/j.bmhimx.2016.10.001
https://doi.org/10.1074/jbc.M116.747147
https://doi.org/10.1089/cbr.2014.1697
https://doi.org/10.18632/oncotarget.21391
https://doi.org/10.1038/pcan.2009.55
https://doi.org/10.1152/ajpcell.00098.2018
https://doi.org/10.1152/ajpcell.00098.2018
https://doi.org/10.1016/j.fct.2010.06.024
https://doi.org/10.1002/ijc.21170
https://doi.org/10.3892/etm.2012.749
https://doi.org/10.3892/etm.2012.749
https://doi.org/10.18632/oncotarget.5577
https://doi.org/10.3892/or.2012.1645
https://doi.org/10.1016/j.tips.2010.12.005
https://doi.org/10.1016/j.tips.2010.12.005
https://doi.org/10.1158/0008-5472.CAN-16-2415
https://doi.org/10.1016/j.suronc.2012.08.003

www.nature.com/scientificreports/

51. Mahmood, M. Q., Ward, C., Muller, H. K, Sohal, S. S. & Walters, E. H. Epithelial mesenchymal transition (EMT) and non-small cell
lung cancer (NSCLC): a mutual association with airway disease. Medical oncology 34, 45, https://doi.org/10.1007/5s12032-017-
0900-y (2017).

52. Raimondi, C., Gianni, W., Cortesi, E. & Gazzaniga, P. Cancer stem cells and epithelial-mesenchymal transition: revisiting minimal
residual disease. Current cancer drug targets 10, 496-508 (2010).

53. Heerboth, S. et al. EMT and tumor metastasis. Clin Transl Med 4, 6, https://doi.org/10.1186/s40169-015-0048-3 (2015).

54. Zheng, M. et al. Snail and Slug collaborate on EMT and tumor metastasis through miR-101-mediated EZH2 axis in oral tongue
squamous cell carcinoma. Oncotarget 6, 6797-6810, https://doi.org/10.18632/oncotarget.3180 (2015).

55. Vernon, A. E. & LaBonne, C. Tumor metastasis: a new twist on epithelial-mesenchymal transitions. Curr Biol 14, R719-721, https://
doi.org/10.1016/j.cub.2004.08.048 (2004).

56. Chen, D. et al. SPOCK1 promotes the invasion and metastasis of gastric cancer through Slug-induced epithelial-mesenchymal
transition. Journal of cellular and molecular medicine 22, 797-807, https://doi.org/10.1111/jcmm.13357 (2018).

57. Livak, K. J. & Schmittgen, T. D. Analysis of relative gene expression data using real-time quantitative PCR and the 2(-Delta Delta
C(T)) Method. Methods 25, 402-408, https://doi.org/10.1006/meth.2001.1262 (2001).

58. Klages, N., Zufferey, R. & Trono, D. A stable system for the high-titer production of multiply attenuated lentiviral vectors. Mol Ther
2,170-176, https://doi.org/10.1006/mthe.2000.0103 (2000).

59. El Hiani, Y. et al. Extracellular signal-regulated kinases 1 and 2 and TRPC1 channels are required for calcium-sensing receptor-
stimulated MCE-7 breast cancer cell proliferation. Cell Physiol Biochem 23, 335-346, https://doi.org/10.1159/000218179 (2009).

Acknowledgements
This work was supported by Dalhousie Medical Research Foundation Capital Equipment Grant Competition
Research project and the Department of Physiology and Biophysics StartUp funds to Y.E.H.

Author Contributions

S.A. and Y.E.H. designed the study and wrote the paper; S.A. performed all experiments and analysed data.
W.F and D.W.H. provided assistance data in Figures 4 and 5. A.M.S. & D.R.C provided assistance with animal
experiments; PM. and S.G. commented the paper. Y.E.H. conceived the study and approved the final paper.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-019-40330-1.

Competing Interests: The authors declare no competing interests.

Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2019

SCIENTIFICREPORTS| (2019) 9:4182 | https://doi.org/10.1038/s41598-019-40330-1 11


https://doi.org/10.1038/s41598-019-40330-1
https://doi.org/10.1007/s12032-017-0900-y
https://doi.org/10.1007/s12032-017-0900-y
https://doi.org/10.1186/s40169-015-0048-3
https://doi.org/10.18632/oncotarget.3180
https://doi.org/10.1016/j.cub.2004.08.048
https://doi.org/10.1016/j.cub.2004.08.048
https://doi.org/10.1111/jcmm.13357
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1006/mthe.2000.0103
https://doi.org/10.1159/000218179
https://doi.org/10.1038/s41598-019-40330-1
http://creativecommons.org/licenses/by/4.0/

	TRPM2 ion channel promotes gastric cancer migration, invasion and tumor growth through the AKT signaling pathway

	Results

	TRPM2 activation elicits cytosolic calcium elevation in AGS cells. 
	Genetic silencing of TRPM2 inhibits migration and invasion abilities of AGS cells. 
	PTEN/Akt signaling pathway is required for TRPM2-mediated migration and invasion abilities of AGS cells. 
	TRPM2 silencing inhibits tumor formation ability of AGS cells in NOD/SCID mice. 

	Discussion

	Methods

	Cell culture. 
	Real-time PCR assay. 
	Western blotting analysis. 
	Construction and infection of lentiviral vectors to knockdown TRPM2 expression. 
	Calcium imaging analysis. 
	Gap closure or wound healing assay. 
	Cell migration and invasion assay. 
	Animal study. 
	Reagents. 
	Statistical analysis. 

	Acknowledgements

	Figure 1 TRPM2 is functionally expressed as a calcium channel in AGS gastric cancer cells.
	Figure 2 TRPM2 downregulation inhibits the migration and invasion abilities of AGS gastric cancer cells.
	Figure 3 Effect of TRPM2 silencing the expression of the EMT in AGS gastric cancer cells.
	Figure 4 TRPM2 promotes cell migration and invasion through Akt-mediated EMT.
	Figure 5 Akt activation rescued the migration and invasions abilities of TRPM2 depleted gastric cancer cells.
	Figure 6 TRPM2 downregulation inhibits GC tumor growth and reverses EMT process in SCID mice.
	Table 1 The list of primers and their sequences.
	Table 2 The list of antibodies.




