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Inflammation associated with incessant ovulation plays a key role in epithelial ovarian cancer (EOC) 
pathogenesis. Ion channels, such as acid-sensing ion channel-2 or ASIC2 are known to be upregulated 
in inflammatory conditions and may play a role in cancer cell invasion and metastasis. Previously we 
reported the role of phosphodiesterase 10A (PDE10) modulation of β-catenin in ovarian cancer, and 
are currently investigating its contribution to ovarian pathogenesis. Differential ASIC2 expression was 
noted with PDE10 modulation in both pre-malignant and ovarian cancer tissues. Hence, we presently 
report the potential role of ASIC2 in EOC development and progression as well as involvement with 
PDE10. ASIC2 protein is expressed across all EOC cell lines, primarily within the nucleus. Knockout 
of PDE10 decreased ASIC2. Conversely, ASIC2 inhibition decreased ASIC2 as well as PDE10 protein 
levels. ASIC2 inhibition via Diminazene also produced marked ovarian cancer death. While changes in 
extracellular pH did not impact ASIC2 expression, intracellular pH and calcium levels increased with 
ASIC inhibition. Calcium increases induced a decrease in oncogenic β-catenin. There may be a direct 
relationship between PDE10 and ASIC2 protein expression in EOC through convergence on a β-catenin 
mediated signaling pathway. This could potentially implicate ion channels, specifically ASIC2, as a link 
between the acidic tumor microenvironment and cancer cell signaling. It is also possible that ASIC2 
plays a crucial role in acidosis-mediated tumorigenesis in ovarian cancer.
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Epithelial ovarian cancer (EOC) presents at advanced stages in roughly 80% of patients1,2. Efforts at early 
detection to reduce mortality have been largely unsuccessful as the pathogenesis of EOC remains unclear2–4. It is 
now increasingly accepted that high-grade serous cancers may originate in the fallopian tube and may exfoliate 
to the adjacent ovary and surrounding structures5. The inflammatory microenvironment shared by the ovary 
and the distal fallopian tube (FT), particularly in the context of ovulation, can contribute to the development of 
EOC5,6.

Further evidence supporting this theory are the numerous studies that suggest that nonsteroidal anti-
inflammatory drugs (NSAIDs) have a preventive effect on the development of ovarian cancer7–9. Evolving 
literature suggests that the anticancer properties of NSAIDs are mediated in a cyclooxygenase (COX)-independent 
manner via the blockade of phosphodiesterases (PDEs)10. We previously reported on the expression of PDE10, 
an enzyme unique to the ovary11. PDE10 was shown to modulate a variety of oncogenic pathways to increase 
tumorigenesis of ovarian cancer in vivo and in vitro11. To understand the role of PDE10 in the inflammatory 
environment of ovarian cancer, it is essential to understand the role of ion channels which may be an integral 
component of the acidic tumor microenvironment12.

Acid-sensing ion channels (ASIC) are a group of transmembrane channels that allow for the influx of cations 
during inflammatory conditions13. There are at least eight ASIC subunit proteins, encoded by five genes that 
have been identified14,15. These channels have been shown to be sensitive to small or moderate pH reductions in 
the brain during both physiologic and pathologic conditions16. Activation of ASICs can induce neuronal injury 
during prolonged periods of acidosis such as brain injury or stroke17.
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ASICs have also recently been identified as important mediators in other inflammatory states such as cancer 
progression and metastasis18. ASICs have been shown to be upregulated in breast, pancreatic, gastric and 
hepatocellular carcinomas18–21. In colorectal cancer, ASIC2 was shown to induce proliferation and metastasis 
in vitro as well as in vivo through calcium increase and activation of nuclear factor of activated t-cells (NFAT) 
signaling21. In breast cancer, ASIC1 mediated primary tumor growth and was highly expressed in malignant 
tissues relative to control20. Furthermore, inhibition or genomic knock-out of ASIC-1 expression induced liver 
cancer cell apoptosis21. Additionally, ASIC-1 was shown to play an integral part in glioblastoma cell function in 
conjunction with epithelial sodium channels22.

Therefore, the goal of the present study was to investigate the role of ASIC2 in ovarian cancer, where 
inflammation and acidosis may be important mediators. We report ASIC2 expression in human ovarian cancer 
cell lines and its potential role in mediating intracellular calcium and cancer cell viability. We also investigate a 
potential relationship between PDE10 and ASIC2 in ovarian cancer and the role it plays in oncogenic β-catenin 
signaling.

Methods
Cell lines
Immortalized human epithelial ovarian cancer cell lines, ES2, OVCAR8 and SKOV3 were obtained from 
ATCC and were grown to sub-confluence in a 37 °C humidified incubator with 5% CO2. ES2 and SKOV3 
were maintained in McCoy’s media supplemented with 10% Fetal Bovine Serum (FBS) and 1% Penicillin-
Streptomycin (P-S). OVCAR8 was maintained in RPMI supplemented with 10% FBS and 1% P-S. All cell lines 
were determined to be free of mycoplasma and expanded into numerous aliquots upon receiving and stored in 
liquid nitrogen.

TCGA analysis
ASIC2 mRNA expression and clinical survival data for ovarian cancer patients was downloaded from The Cancer 
Genome Atlas (TCGA) using cBioPortal. The mRNA comparison tool in the cBioportal was used to compare 
TCGA ovarian tumors in TCGA, firehouse legacy dataset with a total of 617 samples. Initially, PDE10 mRNA 
expression was divided into quartiles and comparisons were made between the PDE10 High expression group 
and the PDE10 Low expression group. Within those subsets ASIC2 expression was analyzed and comparisons 
were made between ASIC2 expression in the PDE10 Low group and ASIC2 expression in the PDE10 High group.

Immunohistochemistry
Prior to plating cells in 8-well chambered coverglass, EmbryoMax 0.1% gelatin solution (Millipore) was added 
and allowed to incubate for a minimum of 10 min at room temperature (RT). Gelatin solution was removed 
and ovarian cancer cells (ES2, OVCAR8, and SKOV3) were plated at 15,000 cells per well and allowed to adhere 
overnight. Once cells reached 60–70% confluency, treatments were added as indicated and cells were then fixed 
in 4% formaldehyde for 10 min at RT. Cells were then washed in Phosphate Buffered Saline (PBS) X3 and 
permeabilized with Permeabilization Buffer (Biotium) for 10 min at RT. Cells were washed in PBS X3 and blocked 
with 2% bovine serum albumin (BSA) in PBS for 30 min at RT followed by incubation with primary antibody 
overnight at 4 °C. Primary antibodies were used to detect ASIC2 (ThermoFisher #PA5-26222), non-phospho-
β-catenin S45 (CellSignaling #19807, RRID: AB_2650576), non-phospho-β-catenin S33/37/T41 (CellSignaling 
#8814, RRID: AB_11127203), C-MYC (CellSignaling #5605, RRID: AB_1903938) IgG (abcam #ab171870, 
RRID: AB_2687657). The following day cells were washed in PBS X3 and incubated with AlexaFluor-488 anti-
rabbit (a11008 LifeTech) at 1:500 for 1 h at RT. Hoechst was then added as a nuclear stain at a dilution of 1:3,000 
for 15 min. Cells were then washed in PBS X3 and imaged.

Western blot analysis
Cell lysates (30 µg of protein per lane) were separated by polyacrylamide gel (10–15%) electrophoresis and 
transferred to nitrocellulose membranes. Membranes were then blocked with 5% milk in Tris-Buffered Saline 
(TBS) containing 1% Tween (TBS-T). Membranes were incubated overnight at 4 °C with the relevant primary 
antibody (ASIC2 pa5-26222 Life Tech 1:500; PDE10 ab227829 Abcam 1:500, RRID: AB_2927552; Actin a2228 
Sigma 1:10,000, RRID: AB_476697; GAPDH 2118 Cell Signaling 1:5,000, RRID: AB_561053). Membranes were 
washed with TBS-T and an HRP-secondary antibody was added for 1  h at room temperature on an orbital 
shaker. The membranes were then washed again with TBS-T three times prior to imaging. HRP-secondary 
antibodies were detected by incubating with WesternBright Sirius chemiluminescence.

Cell viability luminescence assay
Cells were plated in 96-well black-wall, clear-bottom tissue culture plates at a concentration of 1,000 cells/well 
and allowed to adhere overnight. Cells were then treated with ASIC inhibitors (Diminazine, Selleck Chemicals; 
Amiloride, Selleck Chemicals) for 72 h at 37 °C (5% CO2). Cell viability was measured with CellTiter-Glo Assay 
(Promega) as per manufacturer’s protocol. Luminescence reading was performed with the use of a Synergy 
H4 Hybrid Reader (Biotek). Cells were treated with vehicle control in parallel with inhibitors and data were 
normalized to vehicle control for all doses treated presented as percent (%) survival. Dose-response curves and 
IC50 values were calculated on GraphPad Prism 8.

pH studies
Global extracellular pH was changed with the use of hydrochloric acid (HCl) over various time points: 2 h, 4 h, 
8 h, 12 h and 24 h. Extracellular pH was measured with the use of a standard pH meter. The pH of cell media was 
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increased to 6.0 and 6.5. ASIC2 expression was subsequently measured via western blot. Intracellular pH was 
determined with the use of pH-sensitive pHrodo red dye kit (Life Technologies). Cellular pH was measured per 
the manufacturer’s protocol in cell lines at baseline and after treatment with 10 µM Diminazene over 30 min and 
2 h. Live cell imaging was utilized on a Nikon A1r confocal microscope.

Calcium studies
Intracellular calcium levels were measured with the use of a Fluo Calcium Indicator kit (ThermoFisher) per 
manufacturer’s protocol in cell lines at baseline and after treatment with 10 µM Diminazene over 30 min and 
2 h. Briefly, 15,000 cells were plated in chambered cover-slides and allowed to grow overnight at 37 °C (5% CO2) 
before initialization of experiments. Live cell imaging was utilized on a Nikon A1r confocal microscope.

Image acquisition and analysis
All images for confocal IHC and pH and calcium studies were acquired using a Nikon A1r scanning confocal 
microscope with a 20x objective. Gain settings for AlexaFluor-488 utilized for all primary antibodies was 
determined by examining imaging wells and selecting settings that limited saturation. These imaging settings 
were utilized across all cell lines to allow for direct comparison and analysis. For imaging analysis, the sum 
fluorescence intensity was exported for each respective channel. Data was plotted using GraphPad Prism 
software.

Statistics
Statistical analysis was performed with the use of GraphPad Prism software (La Jolla, CA). Comparisons between 
two samples were performed with an unpaired t-test. One-way ANOVA was utilized for comparison between 
more than two samples. A two-sided p-value of < 0.05 was utilized to indicate significance. All experiments were 
performed a minimum of three times each.

Results
Expression in ovarian cancer
To first characterize the expression of ASIC2 in ovarian cancer, we queried ASIC2 mRNA expression across 
617 ovarian tumors included in the TCGA database. Differentiating ASIC2 expression into quartiles and 
examining patient survival compared between low and high expression groups showed no significant change in 
survival. However, previous studies by our group have shown that overexpression of PDE10 in ovarian tumors 
did correlate with poor survival; therefore, we queried the expression of ASIC2 in the high PDE10 expression 
group compared to the PDE10 low group. As shown in Fig. 1A, as expected, PDE10 high expression confers a 
worse survival compared to PDE10 low consistent with previous work11. The significant difference (p < 0.0001) 
in expression between the PDE10 high and low groups is shown in Fig. 1B. Interestingly, ASIC2 expression was 
significantly higher in the PDE10 high group compared to the PDE10 low group (p < 0.01), Fig. 1C. We then 
measured baseline ASIC2 protein levels in human ovarian cancer cell lines by western blot as shown in Fig. 1D. 
Confocal IHC analysis confirmed that ASIC2 is expressed across ES2, SKOV3 and OVCAR8 cells, Fig. 1E–G. 
Furthermore, we observed ASIC2 expression appears to be localized primarily to the cellular nucleus in these 
ovarian cancer cells.

A potential role in ovarian cancer cell survival
In order to assess whether ASIC2 affected cancer cell viability, we performed growth assays by treating cells with 
known, non-specific ASIC ion channel inhibitors, Amiloride and Diminazene. Treatment of ES2, SKOV3 and 
OVCAR8 cells with Diminazene produced marked cell death with IC50 values as shown (Fig. 2A–C). However, 
SKOV3 cells were resistant to cell death despite treatment with Amiloride (Fig. 2B). Additionally, IC50 values in 
ES2 cells appear to be dramatically higher with Amiloride treatment than those with Diminazene (Fig. 2A), and 
slightly higher in OVCAR8 (Fig. 2C). Treatment of ES2, SKOV3, and OVCAR8 with ASIC2 inhibitors provoked 
a reduction in ASIC2 protein in all three cell lines as shown in Fig.  2D–F. Interestingly, this treatment also 
resulted in a reduction of PDE10 protein in ES2 cells, but not in SKOV3 or OVCAR8.

Previously generated PDE10-KO models11, 5H5, 2 F4, and 2 C10 were analyzed for ASIC2 expression. Across 
all four clones tested, knockout of PDE10 resulted in a simultaneous decrease in ASIC2 protein expression 
(Fig. 3A). This relationship is most readily apparent in clone 2 C10, where a low-level expression of PDE10 shows 
a corresponding low expression of ASIC2 relative to other clones and the empty vector. Confocal IHC validated 
this trend (Fig. 3B). Specifically, nuclear levels of ASIC2 were investigated and noted to be significantly decreased 
across all PDE10-KO clones relative to the empty vector control (Fig. 3C). Additionally, all clones were tested for 
growth inhibition against Diminazene. As shown in Fig. 3D, PDE10-KO clones showed a decreased sensitivity 
to ASIC inhibition than the control cells.

ASIC2 mediates intracellular calcium and pH
As ASIC2 is a proton-mediated ion channel, we sought to analyze intracellular calcium upon treatment with 
Diminazene. Assessment of intracellular calcium levels was performed through the use of a fluorescent calcium 
probe across various time points. At 30 min, calcium levels were noted to be significantly increased in SKOV3 
cells after ASIC2 inhibition, Fig. 4A,C. There was a small trend towards a similar increase in OVCAR8 cells, 
albeit this was not significant (Fig. 4A). As ASIC2 is proton gated and up-regulated in acidic conditions, we 
sought to determine if pH affected ASIC2 expression in ovarian cancer cell lines. Decreasing global extracellular 
pH to 6.0 and 6.5 across various time points from 2 to 24 h did not affect ASIC2 protein expression via western 
blot analysis (Supplemental Fig. 1). Therefore, we utilized a pH assay to determine intracellular changes in pH 
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Fig. 2.  Growth inhibition using ASIC2 inhibitors. Amiloride and Diminazene were analyzed for their ability 
to inhibit growth at multiple concentrations in (A) ES2, (B) SKOV3, and (C) OVCAR8. Cells were treated 
for 24 h with Diminazene (10 µM) and Amiloride (25 µM) and probed for expression of PDE10 and ASIC2. 
(D) PDE10 and ASIC2 are decreased with both diminazene and amiloride in ES2 cells. (E) PDE10 and ASIC2 
are decreased with diminazene and amiloride in SKOV3 cells. (F) ASIC2 but not PDE10 is decreased with 
diminazene and amiloride in OVCAR8 cells. Quantification of PDE10 and ASIC2 blots is shown in D–F.

 

Fig. 1.  ASIC2 correlation with PDE10. (A) Kaplan-Meier survival plot of PDE10 High and PDE10 Low mRNA 
expression in ovarian tumors from the TCGA. P-Value: 5.490e-3. (B) Expression of PDE10 mRNA in PDE10 
High and PDE10 Low ovarian tumors. **** P < 0.0001. (C) ASIC2 expression in PDE10 High and PDE10 
Low ovarian tumors. ** P < 0.01. (D) Western blot analysis of ASIC2 in ES2, SKOV3, and OVCAR8 cells. 
Quantification of ASIC2 is shown. β-ACTIN is used as a loading control. ASIC2 expression and localization in 
ovarian cancer cells. ASIC2 (Green, top left) or IgG control (top right) and merged with nuclei (Blue, bottom) 
for (E) ES2, (F) SKOV3, and (G) OVCAR8. Scale bar = 100 μm.
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associated with ASIC2 expression. Intracellular pH was noted to increase with ASIC2 inhibition via Diminazene 
treatment, represented by a decrease in fluorescence (Fig. 4B). There was a statistically significant increase in 
pH at 30 min in SKOV3 cells (Fig. 4B,D) and a trend in OVCAR8 that did not fully reach significance; however, 
there was no difference in intracellular pH via ASIC inhibition in ES2 cells (Fig. 4B). Both pH as well as calcium 
concentration were back to levels of the controls after 2 h of treatment in all cells (Supplemental Fig. 2 A and 2B). 
For confirmation of increases in intracellular calcium, we analyzed changes in nuclear NFAT through confocal 
microscopy and quantification in Fig. 4E,H (SKOV3), Fig. 4F,I (ES2), and Fig. 4G,J (OVCAR8). We confirmed an 
increase in nuclear NFAT due to an increase in intracellular calcium through Diminazene treatment in SKOV3 
cells (Fig. 4E,H) but not in ES2 (Fig. 4F,I) or OVCAR8 (Fig. 4G,J), respectively23,24.

Downstream oncogenic signaling
The relationship between calcium and the Wnt/β-catenin signaling cascade has been well established 
previously25. Additionally, our previous work has shown phosphodiesterase blockade can prevent β-catenin 
nuclear localization and induces degradation and eventually cell death11,26,27. Due to the relationship of ASIC2 
with PDE10, we next sought to determine if calcium signaling played a role in oncogenic β-catenin signaling in 
ovarian cancer cells. Treatment of SKOV3 cells with Diminazene showed a decrease in active S33/S37/T41 β-
catenin (non-phospho S33/S37/T41) as shown by immunofluorescence (Fig. 5A). After quantification, this was a 
significant decrease (Fig. 5D). However, no change was seen in OVCAR8 (Fig. 5B,E) or in ES2 cells (Fig. 5C–F). 
Interestingly, no significant change was noted in active S45 β-catenin (non-phospho S45) in any cell lines tested 
as shown in Supplemental Fig. 3.

Next, we analyzed PDE10-KO clones for expression of β-catenin at all phosphorylation sites. As seen in 
Fig. 6A, a decrease was seen in active S45 β-catenin that reached significance in all clones after quantification 
in Fig. 6C. Additionally, a decrease in active S33/S37/T41 β-catenin was seen in all clones (Fig. 6B), however 
significance was only seen in 2 C10 and 2 F4 after quantification (Fig. 6D).

β-catenin is known to act as a transcription factor along with TCF/LEF to induce the expression of the 
oncogene MYC28. PDE10-KO clones were analyzed for expression of C-MYC by immunofluorescence. As 

Fig. 3.  ASIC2 expression in PDE10 knockout cells. (A) Previously generated SKOV3 PDE10 knockout cells 
were analyzed for expression of ASIC2 by western blot. GAPDH serves as a loading control. Quantification 
of PDE10 and ASIC2 is shown. (B) ASIC2 expression was analyzed by confocal immunofluorescence and 
is shown on top in green and on bottom merged with nuclei in blue. Scale bar = 100 μm. (C) Quantitative 
nuclear fluorescence analysis of cells in B show a statistically significant reduced expression of ASIC2 in PDE10 
knockout cells. (D) PDE10-KO cells were analyzed for survival after treatment with Diminazene for 72 h. IC50 
values for each clone is shown.
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seen in Fig. 7A, PDE10-KO clones showed a decreased expression of C-MYC. Nuclear quantification showed a 
significant down regulation of C-MYC in two of the clones, Fig. 7B. We next analyzed the ASIC2 promoter for 
C-MYC binding sites as a transcription factor. As shown in Fig. 7C, the previously described ASIC2 promoter29 
contains two sites for MYC binding in the highlighted region. These two areas are consistent with previously 
published consensus sequences for C-MYC binding as a transcription factor (Fig. 7D)30. This work suggests that 
the interaction between ASIC2 and PDE10 in EOC may converge at β-catenin signaling.

Fig. 4.  Intracellular calcium and pH analysis. Fluo-5 F calcium indicator was used to analyze intracellular 
calcium levels. SKOV3 showed a significant increase in calcium when treated with Diminazene (10 µM) at 30 
min (A). pHrodo red pH indicator is inversely proportional to pH such that an increase in pH is represented 
by a decrease in fluorescence. SKOV3 showed a significant increase in pH when treated with Diminazene (10 
µM) at 30 min (B). C Representative images of SKOV3 cells treated with Diminazene vs. control showing an 
increase in fluorescence corresponding to calcium increase. D Representative images of SKOV3 treated with 
Diminazene vs. control showing a decrease in fluorescence of pHrodo-Red indicating an increase in pH. 
Fluorescence images of NFAT are shown for E SKOV3, F ES2, and G OVCAR8. Nuclear quantification of 
NFAT fluorescence is shown for H SKOV3 cells, I ES2, and J OVCAR8. Scale bar = 100 μm.

 

Scientific Reports |        (2025) 15:18633 6| https://doi.org/10.1038/s41598-025-03429-2

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Discussion
A poor understanding of the pathogenesis of ovarian cancer has limited our efforts at early detection and 
prevention. Recent data have shown that the inflammatory environment shared by the ovary and distal FT 
during ovulatory events is integral to the development of ovarian cancer31,32. Exposure of the FT to follicular 
fluid can induce cytokines, reactive oxygen species (ROS) and other growth factors leading to an increased risk 
for ovarian cancer32.

NSAIDs are suggested to have a benefit in decreasing the risk of EOC, further underscoring the importance 
of inflammation and the immune response32,33. The anticancer properties of NSAIDs may be COX-independent 
and act through the inhibition of PDEs, specifically PDE10 in the ovary. We recently showed that PDE10 
inhibition via ADT 061 treatment may interrupt or modify EOC tumorigenesis11. Here, we show that PDE10 
may also affect ASIC2, an ion channel that may be integral in the context of inflammation and extracellular 
acidification.

To date, most ASIC ion channel study has been in the context of the central nervous system. Ischemic injury, 
trauma and cancer are known to cause tissue acidosis and inflammation and thereby, activate ASIC receptors34. 
Activated channels then allow for the influx of cations with changes in pH levels16. For instance, ASIC1a can be 
activated during brain ischemia and increase neuronal injury by leading to calcium overload35.

While ASICs are well-studied with critical roles in acidosis and inflammation, little is known about ASIC 
channels in the acidic tumor microenvironment, particularly in ovarian cancer. Here, we report that ASIC2 is 
expressed in ovarian cancer, both in vitro and in vivo as assessed through the TCGA database. Our results further 
validate the findings of Zhou et al. who found that ASIC2 can promote growth and metastasis of CRC under 
acidic conditions21. The ASIC inhibitors used in our studies will inhibit ASIC1, ASIC2, and ASIC3. However, 
ASIC1 and ASIC2 both showed differential expression in the TCGA database when comparing PDE10 Low vs. 
PDE10 High, yet upon western blot analysis of ASIC1 we found no expression (Supplemental Fig. 9). ASIC3 
showed no significant differential expression in the TCGA analysis (Supplemental Fig. 9). For these reasons we 
focused on ASIC2 for our studies.

Interestingly, our results also show that the expression of ASIC2 is positively correlated with PDE10 in ovarian 
tumors. We further validated this interplay between ASIC2 and PDE10 by analyzing ASIC2 in a PDE10 genetic 
knock-down model. It appears that decreasing PDE10 also results in a decreased expression of ASIC2 in EOC 
cells. To the best of our knowledge, this relationship has not been previously reported in literature, particularly 
in the context of ovarian cancer.

While changing the global extracellular pH did not affect ASIC2 expression, intracellular pH and calcium 
levels were significantly altered by inhibiting the function of this ion channel. Notably, cytosolic calcium was 
increased likely due to the presence of ASIC2 on or around the nucleus as depicted in Fig. 7 whereby inhibition of 
ASIC2 shuts down the tightly regulated calcium flow within the cell36. This was most notably observed in SKOV3 

Fig. 5.  β-catenin signaling with ASIC inhibition. Cells treated with Diminazene were probed for non-phospho 
β-catenin at S33/37/T41 for (A) SKOV3, (B) OVCAR8, and (C) ES2. Quantification of fluorescence is shown 
for (D) SKOV3, (E) OVCAR8, and (F) ES2. Scale bar = 100 μm.
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and a similar trend was noted in OVCAR8 cells, albeit not statistically significant. This may be potentially due 
to the differences in basal ASIC2 expression and IC50 values needed to produce an effect between cell lines. 
Notably, SKOV3 cells were much more sensitive to Diminazene treatment at 10 µM than either OVCAR8 or ES2 
cells which required much higher concentrations to achieve the same cell growth inhibition. A consistent effect 
was seen for each cell line in response to the interventions used. Additionally, we found the influx of calcium 
to affect oncogenic β-catenin signaling at S33/37/T41, but not at S45. Other reports show calcium induces PKC 
activation which phosphorylates β-catenin at these sites leading to degradation37. However, the knockout of 
PDE10 not only showed a decrease in β-catenin at S33/37/T41, but S45 as well. This suggests the convergence 
of the two pathways, ASIC2 and PDE10, on β-catenin. Because of this and the promoter analysis in Fig. 7 we 
propose that MYC regulates the expression of ASIC2 in ovarian cancer, and can be modified through its activity 

Fig. 6.  β-catenin signaling in PDE10-KO cells. (A) SKOV3 PDE10-KO cells probed for non-phospho 
β-catenin at S45. (B) SKOV3 PDE10-KO cells probed for non-phospho β-catenin at S33/37/T41. (C) 
Quantification of fluorescence in (A) D Quantification of fluorescence in (B) Scale bar = 100 μm.
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(Fig. 7E). The results reported here demonstrate that there is a direct relationship between ASIC2 and PDE10, 
which appears to be critical for cancer cell viability. We hypothesize that ASIC2 may therefore play an integral 
role in acidosis-mediated cancer cell survival and progression through signaling from a potential acidic tumor 
microenvironment into the nucleus of cancer cells through a β-catenin mediated pathway.

Data availability
 The data generated in this study are available within this article and its supplementary data files.

Received: 28 January 2025; Accepted: 20 May 2025

Fig. 7.  Downstream ASIC signaling in ovarian cancer. (A) SKOV3 PDE10-KO cells were probed for 
expression of C-MYC. (B) Quantification of nuclear C-MYC expression from A. (C) Promoter region of ASIC2 
containing highlighted MYC binding sites. (D) Previously published consensus binding site of MYC29. (E) 
Proposed signaling pathway describing the relationship between ASIC2 and PDE10 through the convergence 
on β-catenin and mediated by MYC. Scale bar = 100 μm.
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