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Ovarian cancer (usually ovarian serous cystadenocarcinoma, or OV) is the fifth leading cause of cancer-related deaths in women, with more than 184,000 deaths reported worldwide annually, and is a highly malignant carcinoma. However, the mechanism of etiology remains unclear. The lack of prognostic and diagnostic biomarkers is a main limitation for clinical diagnosis and treatment. The transient receptor potential (TRP) channels play essential roles in the occurrence and development of cancers which may have the potential as a therapeutic target for OV. In our study, we used bioinformatic methods to study the potential effect and function of the TRP family in patients with OV. Differential expression analysis showed that the expression of TRPC7, TRPV4, and other TRP family members was significantly different between tumor and normal tissues. Through survival analysis, we screened out that the high expression of TRPC7, TRPV4, and TRPM (2,4,8) was negatively correlated with the prognosis of patients. In contrast, the low expression of TRPM3 was negatively associated with the prognosis. Cox regression analysis further indicated that TRPV4 was OV’s most likely therapeutic target. Finally, we conducted mRNA expression analysis, functional enrichment analysis, and immune infiltration analysis to confirm that TRPV4 was the most convincing therapeutic target of OV.
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INTRODUCTION
Ovarian cancer accounts for about 3% of cancers in women (Stewart et al., 2019). The most common histological subtype of ovarian cancer is ovarian serous cystadenocarcinoma (OV), accounting for about 90% of all ovarian cancers (Liu et al., 2020; Shi et al., 2021). In 80% of women, the disease is usually advanced once diagnosed, with a low five-year survival rate and a poor prognosis. The incidence of ovarian cancer fell by less than one percent in the last 2 decades, but the death rate remained unchanged (Stewart et al., 2019). Moreover, morbidity is on the rise in middle-income countries (Webb and Jordan, 2017). The detection of ovarian cancer at an earlier stage mainly relies on combining annual CA-125 tests with ultrasound imaging. The latest research suggested that developing targeted therapies for ovarian cancer patients based on understanding the biological pathways and targets involved in the development of the cancer process would provide excellent help for ovarian cancer diagnosis and treatment. For the lack of remarkable therapeutic targets and predictive biomarkers, the standard treatment for ovarian cancer is still surgery followed by combination chemotherapy (Stewart et al., 2019). Molecularly targeted therapies are revolutionized therapeutics, which interfere with specific molecules to block cancer growth, progression, and metastasis (Lee et al., 2018). Understanding the molecular and genetic changes in ovarian cancer leads to the development of targeted research on ovarian cancer (Grunewald and Ledermann, 2017). At present, several biomarkers of ovarian cancer have been found, such as COL11A1 and POSTN (Wu et al., 2014; Wu et al., 2021; Yue et al., 2021). COL11A1 mediates the upregulation of p-Sp1 and finally induces the increased release of TGF-β3 and interleukin-6, thus promoting the proliferation and migration of ovarian cancer cells (Wu et al., 2021). POSTN is highly enriched in fibroblasts, and its overexpression is related to the decrease in overall survival (OS) rate. POSTN can activate PI3K/AKT pathway to promote the proliferation and migration of ovarian cancer cells (Yue et al., 2021).
TRP non-selective cation channels constitute a superfamily (Pan et al., 2011). These channels respond to multiple types of stimuli and, in turn, allow cation entry (Moran, 2018). Recent studies have shown that TRP channels mediated intracellular Ca2+ regulation, and mutations in the TRP genes affected the temporal and spatial distribution of Ca2+, resulting in the dysregulation of various downstream effectors. In addition, TRPs mutation is also related to the pathophysiological features of cancers, including the enhanced ability of cancer cells to proliferate, survive and invade (Yang and Kim, 2020). The TRP superfamily comprises 28 cation osmotic channels in mammals, divided into six subfamilies based on the sequence homology of amino acids (Pan et al., 2011). The first studied subfamily of mammalian TRP channels is the TRPC subfamily or standard TRP channel. Twenty-five years ago, the first mammalian TRPC channel was cloned, opening the vast horizon of the TRPC field (Chen et al., 2020). TRPC1 is a non-selective cation channel for Ca2+ and Na+ and is associated with cancer cells adhesion and drug resistance. The upregulation of TRPC1 expression in breast cancer tissues and cells is associated with breast cancer metastasis (Zhang et al., 2020). TRPC3 expression varies between tissue and cell phenotypes in different developmental states (Tiapko and Groschner, 2018). TRPC3 plays a significant role in proliferating cells, vascular progenitor cells (Poteser et al., 2008; Hao et al., 2018), and differentiated cells (Li et al., 1999). TRPV channels can regulate the proliferation, apoptosis, angiogenesis, migration, and invasion of cancer cells during tumor progression. Up and down-regulation of TRPV expression have been reported depending on different stages of cancer; this may be due to the increased expression of active TRPV channels in the plasma membrane would contribute to the Ca2+-dependent proliferation response of cancer cells (Santoni et al., 2011). TRPV2 is regarded as a therapeutic target of leukemia for its inhibition directly leads to the apoptosis of cancer cells (Siveen et al., 2020). The TRPM family is the largest and most diverse subfamily of the TRP superfamily (Huang et al., 2020). TRPM4 has been extensively studied in the prostate and is over-expressed in benign and malignant prostate tissues. Using cDNA microarray technology, transcription of the TRPM4 gene was first associated with the malignant transformation of prostate intraepithelial neoplasia to invasive prostate cancer in 2004 (Gao and Liao, 2019). These findings suggested that TRP channels worked on cells in various ways and played a key role in cancer progression. TRP channels are also promising targets for drug discovery (Kaneko and Szallasi, 2014).
Many studies have been carried out on targeted therapy for OV, but it is still unclear whether TRPs can be regarded as a biomarker and therapeutic target for OV. In this study, we analyzed the TRP family by bioinformatics and finally found that the high expression of TRPV4 may be involved in the occurrence and poor prognosis of OV, and it could be used as the therapeutic target for OV. We hope to provide potential biomarkers for targeted therapy of OV through this research.
MATERIALS AND METHODS
Data Acquisition
TCGA (https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga) is a publicly available database covering more than 10,000 patient samples from various human cancer types, including clinical pathology and bioinformatic data (Hutter and Zenklusen, 2018). The clinical features of patients obtained from the TCGA database included gender, race, age, and pathological stage. A lot of information about OV patients used in this study came from this database.
Differential Expression Analysis
The RNA-Seq data of OV patients were downloaded from the TCGA database. The differential expression analysis was performed using R software for the Wilcoxon test, and a box diagram visualized the results.
Pathological Staging Analysis
GEPIA (http://gepia.cancer-pku.cn/index.html) is a web server for gene expression profiling and interactive analyses in cancer and normal tissues (Tang et al., 2017). We chose the “stage plots,” on this website and used the OV dataset to analyze the differential expression of the TRP family among pathological stages.
Kaplan–Meier Survival Analysis
The Kaplan–Meier plotter (https://kmplot.com/analysis/) is capable of assessing the effect of 54k genes (mRNA, miRNA, and protein) on survival in 21 cancer types including breast (n = 7,830), ovarian (n = 2,190), lung (n = 3,452), and gastric (n = 1,440) cancer. Sources for the databases include GEO, EGA, and TCGA. We selected the OV database on this website, input the candidate genes, and chose OS (RFS) to perform survival analysis. A statistically significant difference was considered when the p-value was less than 0.05.
Construction of Prognostic Risk Score Model
To determine the prognostic factors of OV by multivariate Cox analysis, we constructed a risk score (RS) model. The RS was calculated as follows: [image: image] (X: coefficients; Y: expression level of genes). Then, we figured the RS of each OV patient and divided all patients into high-risk and low-risk groups, with the median RS as the cut-off value. To evaluate the discrimination and predition ability of RS models, we used the Survival and SurvivalROC packages of R software to plot Kaplan-Meier (K-M) curves and receiver operating characteristic (ROC) curves and calculated the area under the curve (AUC). The R software version V4.0.3 (R Foundation for Statistical Computing, 2020) was used for the current analysis.
Gene Alteration Analysis
cBioPortal (www.cbioportal.org) is a comprehensive open network platform based on the TCGA database, integrating data mining, data integration, and visualization (Cerami et al., 2012). On this website, we chose the OV dataset to study the genetic alterations of the TRP family.
Gene Function Prediction
GeneMANIA (http://www.genemania.org) is used to predict the function of related genes and look for genes with similar functions. In this study, the functions of the TRP family were predicted using this database.
GO Enrichment and KEGG Pathway Analysis
DAVID (https://david.ncifcrf.gov) bioinformatic resources consist of an integrated biological knowledgebase and analytic tools to systematically extract biological meaning from large gene/protein lists (Huang et al., 2009a; Huang et al., 2009b). In this study, we performed the Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis on the TRP family. TRP family’s function and pathway terms were visualized using a mapping website called “bioinformatics (http://www.bioinformatics.com.cn/)”.
Immune Correlation Analysis
The TIMER (https://cistrome.shinyapps.io/timer/) web server is a comprehensive resource for systematical analysis of immune infiltrates across diverse cancer types (Li et al., 2016a; Li et al., 2017). We input the TRP genes and selected the OV dataset to analyze the relationship between the TRP family and immune cell infiltration.
Gene Correlation Analysis
UALCAN (http://ualcan.path.uab.edu/analysis.html) is an easy-to-use interactive portal for in-depth analysis of TCGA gene expression data (Chandrashekar et al., 2017). In this study, we entered “TRPV4” and selected the OV dataset to analyze genes related to TRPV4.
RESULTS
Expression Levels of TRPs in OV
First, we compared the expression of TRP genes between cancer and normal groups. The results showed that the expression levels of TRPC7, TRPV (4,5,6), and TRPM (2,4,5,8) in the OV group were significantly higher than those in the normal group. In comparison, the expression levels of TRPC (1,3,4,6), TRPV (1,2,3), and TRPM (3,7) in the OV group were significantly lower than those in the normal group (Figure 1). We also compared the relative expression levels of the TRP family in OV and found that among these TRP genes, the relative expression levels of TRPV2 (2.1), TRPV4 (1.5), TRPM2 (3.1), TRPM4 (3.7), and TRPM7 (2.5) were higher (Figure 2). Then, we evaluated the correlation between the expression of TRPs and the pathological stages of OV patients and found that the expression levels of TRPV1 (p = 0.0018), TRPV2 (p = 0.0448), and TRPV5 (p = 0.00161) were significantly correlated with the pathological stages of OV patients (Figure 3). Taken together, the expression levels of TRPV4, TRPM2, and TRPM4 in OV tissues were significantly higher than those in the adjacent normal tissues, and they were also relatively higher among all the TRP genes. Therefore, TRPV4, TRPM2, and TRPM4 may play an important role in the occurrence and development of OV.
[image: Figure 1]FIGURE 1 | Differential expression of TRP family in OV. Annotation: Box plot showed the differential expression of TRPs between cancer tissues and adjacent normal tissues in OV of TCGA database. Blue represented the expression level in cancer tissues, and red represented the expression level in normal tissues.
[image: Figure 2]FIGURE 2 | Relative expression of TRP family in OV (GEPIA). Annotation: Histogram showed the relative expression of TRPs in OV. The depth of color represented the level of relative expression and the numbers marked on the histogram represented the specific values of relative expression.
[image: Figure 3]FIGURE 3 | Correlation between TRP family and pathological stages of OV patients (GEPIA). Annotation: Violin plot showed the correlation between TRPs and pathological stages. The p values between different stages were shown for each TRP gene. A statistically significant difference was considered when the p-value was less than 0.05.
Prognostic Value of Individual TRP in OV Patients
To evaluate the prognostic value of the TRP family for OV patients, the Kaplan-Meier plotter was used to conduct a K-M survival analysis. The OS curves are shown in Figure 4. Among them, TRPC5, TRPC7, TRPV1, TRPV4, TRPV5, TRPM2, TRPM3, TRPM4, and TRPM8 were significantly correlated with OS of OV. The high expression of TRPC5, TRPC7, TRPV1, TRPV4, TRPM2, TRPM4, and TRPM8 indicated a shorter OS period, while lower expression levels of TRPV5 and TRPM3 showed poorer prognosis in OV. Furthermore, the recurrence-free survival (RFS) curves in Figure 5 showed that TRPC (1,3,5), TRPV (1,2,5), and TRPM (1,8) were significantly correlated with RFS of OV, in which the high expression of TRPC1, TRPC3, and TRPM8 suggested short RFS, and the low expression of TRPC5, TRPV1, TRPV2, TRPV5, and TRPM1 suggested short RFS. Combined considering the expression levels of TRP genes in the OV, we concluded that TRPC7, TRPV4, and TRPM (2, 4, 8) were up-regulated in OV and negatively related to the OS of patients. The TRPM3 was down-regulated in OV and showed a shorter OS in patients.
[image: Figure 4]FIGURE 4 | OS curves of TRPs expression in OV patients (Kaplan-Meier plotter). Annotation: The OS curves were performed using K-M Plotter database, with representations of different samples from low (black lines) and high (red lines) TRP expression group, respectively. + denoted censored observations. The log-rank test was used to compare the OS between groups, p < 0.05 was considered statistically significant.
[image: Figure 5]FIGURE 5 | RFS curves of TRPs expression in OV patients (Kaplan-Meier plotter). Annotation: The RFS curves were performed using K-M Plotter database, with representations of different samples from low (black lines) and high (red lines) TRP expression group, respectively. The log-rank test was used to compare the RFS between groups, p < 0.05 was considered statistically significant.
Univariate and Multivariate Cox Regression Analysis
Based on the above research, we focused our attention on the six genes of TRPC7, TRPV4, and TRPM (2,3,4,8). A RS model was constructed using these six genes, and the formula was shown as follows: RS = [TRPC7 expression×−0.031] + [TRPV4 expression × 0.1655] + [TRPM2 expression × 0.0775] + [TRPM3 expression × −0.0467] + [TRPM4 expression × 0.0564] + [TRPM8 expression × 0.1204]. According to this model, we calculated the RS value of each patient and divided the patients into a high-risk group and a low-risk group. It was shown that the high-risk group had a poor prognosis, indicating these six genes had the potential prognostic ability. Cluster analysis showed that TRPV4 performed the best (Figure 6A). The K-M curve showed that OV patients’ OS in the high-risk group was significantly shorter (Figure 6B). The one-year ROC curve was the most obvious among 1-, 3-, and 5-year analyses (Figure 6C). Taken together, TRPV4 provided a promising and rationale druggable target for OV in terms of the overall expression levels of TRPs, the pathological stage of OV, Cox analysis, and prognosis effect.
[image: Figure 6]FIGURE 6 | Univariate and multivariate Cox regression analysis of TRPs in OV patients. Annotation: (A) The riskscore, survival time and survival status of TCGA Ovarian Serous Cystadenocarcinoma dataset. The top scatterplot represented the riskscore from low (blue) to high risk (red). The scatter plot distribution represented the riskscore of different samples correspond to the survival time and survival status. The heatmap showed the gene expression (TRPM2, TRPM3, TRPM4, TRPM8, TRPV4, and TRPC7) from the signature. (B) Kaplan-Meier survival analysis of the risk model, comparison between high and low groups was made by log-rank test. HR represented the hazard ratio of the low-expression samples relative to the high-expression samples. HR> 1 indicated the gene was a risk factor, and HR < 1 indicated the gene was a protective factor. The median survival time (LT50) for different groups was also shown in years. (C) ROC curves for verification of the prognostic value of the prognostic model based on six genes [TRPC7, TRPV4, and TRPM (2,3,4,8)]. The higher values of AUC corresponded to higher predictive power.
Analysis of Gene Alterations, Co-Expression, and Protein/Gene Interactions in the TRP Family of OV Patients
Furthermore, we explored the genetic variation, the function of TRPs, and the correlation between TRP genes. The molecular characteristics of the TRP genes were comprehensively analyzed. First, genetic alterations of the TRP family were analyzed using cBioPortal. As a result, 7% TRPC1, 1.9% TRPC3, 3% TRPC4, 1.7% TRPC5, 5% TRPC6, 2.2% TRPC7, 1.4% TRPV1, 1.5% TRPV2, 2.4% TRPV3, 1.7% TRPV4, and 8% TRPV5, 8%TRPV6, 4% TRPM1, 4% TRPM2, 2.7% TRPM3, 1.4% TRPM4, 1.2% TRPM5, 2.6% TRPM6, 2.2% TRPM7, and 1.5% TRPM8 changed respectively (Figure 7A). Many studies have shown the relationship between TRP mutations and diseases. TRPM6 is very important for Mg2+ uptake; TRPM6P1017R mutation impairs channel activity of TRPM6/TRPM7 heteromers, which leads to hypomagnesemia (Chubanov and Gudermann, 2014). K914R mutation of TRPM4 is a Ca2+-activated nonselective cation channel linked to human cardiac diseases (Xian et al., 2020). TRPC6P112Q mutation can cause a kidney disease called focal and segmental glomerulosclerosis (FSGS) (Winn et al., 2005). Cantero-Recasens et al. found the loss-of-function TRPV1 variant I585V was associated with a lower risk for childhood asthma (Cantero-Recasens et al., 2010). Mutations for Gly573Ser and Gly573Cys in the TRPV3 gene displayed a hairless or pruritic dermatitis phenotype in rodents (Asakawa et al., 2006). Patients with Spinal Muscular Atrophy have several mutations in TRPV4, namely at R316C and R269H (Verma et al., 2010). GeneMANIA’s results showed that the functions of these TRP genes were mainly related to Ca2+ transmembrane transporter activity, ion channel complex, transmembrane transporter complex, transporter complex, and divalent inorganic cation transmembrane transporter activity (Figure 7B). By analyzing the protein interactions, we found that the correlation between TRPV4, TRPV2, and TRPM2 was higher (Figure 7C). We predicted that the higher the correlation of proteins (TRPV4, TRPV2, and TRPM2), the greater the possibility of forming an ion channel tetramer.
[image: Figure 7]FIGURE 7 | Genetic alterations, adjacent gene network and interaction analysis of TRP family in OV patients. Annotation: (A) The mutation status of TRPs in OV samples of TCGA. The mutation probability and mutation types of genes were shown, including missense mutation, splice mutation, truncating mutation, structural variant, amplification and deep deletion. (B) PPI network of TRPs. The genes associated with TRPs were shown in the network. (C) Protein correlation analysis. The values shown in the intersection of two genes on the axis indicated the correlation. The numbers and the depth of colors (red represented positive correlation and blue represented negative correlation) represented the correlation strength between different genes.
Functional Enrichment Analysis of the TRP Family in OV Patients
To further explore the functions and the probable mechanism that TRPs may play in OV, GO and KEGG pathway analysis was performed on the TRP family by DAVID6.8, and significant pathways were screened (p < 0.05), as shown in Figures 8A–D. In BP (biological process), the most significant enrichment of the top ten is temperature sensation, calcium ion transmembrane transport, detection of chemical stimulation related to pain sensation, tubule development in the middle kidney, manganese ion transport, detection of temperature sensation, upper limb development of the posterior kidney, tubule development in the central kidney, cellular response to temperature stimulation, perception of temperature stimulation. In CC (cell components), plasma membrane, components of the plasma membrane, overall components of the plasma membrane, neuron cell body, polycystic protein complex, receptor complex, active primary cilia, cilia, calcium channel complex, and cell surface are the most significant enrichment items. In MF (molecular function), the considerable enrichment is storage operation calcium channel activity, inositol 1,4,5 triphosphate binding, calcium channel activity, cation channel activity, actinin binding, calcium release channel activity, calcium-activated cation channel activity, sodium channel activity, ion channel activity, and voltage-gated ion channel activity. In KEGG pathway analysis, inflammatory mediator regulation and mineral absorption were significantly enriched in the TRP channel (Figure 8).
[image: Figure 8]FIGURE 8 | Functional enrichment analysis of the TRP family in OV patients (David6.8). Annotation: GO enrichment analysis and KEGG pathway of TRPs. (A) BP: biological processes. (B) CC: cell components. (C) MF: molecular function. The top ten enriched items were listed in the figure, and the most significant BP, CC and MF were “thermoception”, “polycystin complex”, and “store-operated calcium channel activity”, respectively. (D) KEGG pathways. The most significant KEGG pathway was “inflammatory mediator regulation of TRP channel”.
Analysis of TRPs and Immune Cell Infiltration in OV
The TRP family is involved in cancer-associated inflammation and immune cell infiltration, thereby influencing the clinical outcome of OV patients. Immune cell infiltration is considered an indicator of the immune microenvironment of OV. To explore the correlation between TRPs and immune response in OV, we systematically analyzed tumor-infiltrating immune/inflammatory cells in OV and evaluated their clinicopathological impact. First, we used TIMER to comprehensively analyze the relationship between the TRP family and immune cell infiltration. As shown in Figure 9, the expression of TRPV4 was significantly correlated with the infiltration of macrophages, myeloid dendritic cells, neutrophils, and CD4+ T cells. Cox proportional risk model was applied to analyze the relationship between the TRP family and six tumor-infiltrating cells and the clinical prognosis of OV patients. TRPV2 (p = 0.012) and TRPV5 (p = 0.003) were significantly correlated with the clinical prognosis of OV patients, while TRPV4 also trended in association with the clinical prognosis of OV patients, although they were not statistically significant (Table 1). The higher levels of tumor-infiltrating macrophages, myeloid dendritic cells, neutrophils, and CD4+ T cells with high TRPV4 expression were significantly associated with shorter survival. Tumor-associated macrophages (TAMs) are macrophages that infiltrate tumor tissues and are the most abundant immune cells in the tumor microenvironment. Studies have shown that TAMs could promote the growth and metastasis of tumor cells through multiple pathways (Li et al., 2020). Consistent with this, the TRPV4 was positively related to the macrophage infiltration in the immune microenvironment of OV. Neutrophils are divided into anti-tumor neutrophils and tumor-promoting neutrophils, called N1 and N2, respectively. N2 phenotype of neutrophils secretes molecules such as ROS, arginase, and peroxidase, which inhibit the function of T cells and NK cells and promote tumor growth. In our research, TRPV4 was positively associated with neutrophils, so it was possible that TRPV4 regulated tumor progression by affecting the function of neutrophils. Myeloid dendritic cells with immature phenotypes, abnormal distribution, and dysfunction in the tumor microenvironment are one of the important mechanisms of tumor-induced immune tolerance. TRPV4 may play an important role in regulating the mechanisms of myeloid dendritic cells. The infiltration of many T cells in the tumor microenvironment can also predict the efficacy of immunotherapy. In summary, TRPV4 may be involved in preventing and treating OV by regulating the tumor immune microenvironment. The expression of TRPV4 may be an important indicator of anti-tumor activity.
[image: Figure 9]FIGURE 9 | Relationship between TRPs and immune cell infiltration in OV (TIMER). Annotation: Correlation relationships between TRPs and immune cell infiltration. In the diagram, blue represented positive correlation, red represented negative correlation (*p < 0.05, **p < 0.01).
TABLE 1 | Cox proportional hazard model of TRPs and six tumor-infiltrating immune cells in OV (TIMER).
[image: Table 1]Identification and Establishment of TRPV4 Correlation in OV
To understand which TRPV4 related genes ultimately affects the occurrence of OV, we used UALCAN to study the genes related to TRPV4 in OV. The heat map of the top 25 genes showed that genes such as MME, P2RX5, SH3RF3, and CCDC64 were positively related to TRPV4 (Figure 10A), and TIMER was used for verification. The correlation coefficients of SH3RF3 (cor = 0.446), CHFR (cor = 0.498), ZBTB1 (cor = 0.418), and TRAFD1 (cor = 0.442) were high, which may have a good correlation with TRPV4 (Figure 10B). The aberrant expression of SH3RF3 was significantly associated with a higher probability of long-term survival in acute lymphoblastic leukemia (Wang et al., 2015). CHFR was considered a key element for NANOG mediated multi-resistance and stem-like phenotype in immune-edited tumor cells (Woo et al., 2018). ZBTB1, as a transcription factor, prevented DNA damage and p53-mediated apoptosis in replicating immune progenitors, affecting lymphoid development (Grosche et al., 2021). TRAFD1 was reported as a negative feedback regulator that controlled excessive immune responses in vertebrates (Takechi et al., 2016). TNFAIP3 was also proved that it involved in innate immune response (Doostparast Torshizi and Wang, 2017). While genes (SH3RF3, CHFR, ZBTB1, and TRAFD1) prioritized based on TRPV4 positively related genes are significantly up-regulated in the OV, commonly pointing to immune cell function.
[image: Figure 10]FIGURE 10 | Gene correlation analysis of TRPV4 in OV (UALCAN). Annotation: (A) The top 25 genes related to TRPV4 were shown in the heatmap. (B) Scatter plots illustrated the correlation between TRPV4 and SH3RF3, CHFR, ZBTB1, TRAFD1 respectively using the TIMER database.
DISCUSSION
Currently, the standard treatment for OV is aggressive surgery and platinum-based chemotherapy. Recurrence and chemotherapy resistance are two major factors leading to high mortality of OV (Li et al., 2016b). Therefore, it is necessary to find biomarkers and the targets for targeted treatment of OV. Our analysis showed that TRPC7, TRPV (4,5,6), and TRPM (2,4,5,8) were up-regulated in OV, while TRPC (1,3,4,6), TRPV (1,2,3), and TRPM (3,7) were down-regulated in OV. According to the prognosis analysis, the high expression of TRPC (5,7), TRPV (1,4), and TRPM (2,4,8) had a poor prognosis, while the low expression of TRPV5, TRPM3 had a poor prognosis. Then, by Cox regression analysis, we found that TRPV4 had a good correlation with the poor prognosis of OV patients, and the up-regulation of TRPV4 was considered to be a cause of OV. The follow-up research showed that TRPV4 might affect the generation of cancer by influencing gene expression or function of SH3RF3, CHFR, ZTB1, and TRAFD1.
At present, there have been many studies on TRPs as a cancer target. The expression of TRPV4 in hepatocellular carcinoma cells is significantly up-regulated, which leads to enhanced EMT and reduced cell apoptosis (Fang et al., 2018). TRPM2 has been proved to promote the growth of prostate cancer cells (Zeng et al., 2010). TRPM4 is up-regulated in breast cancer cells and influences breast cancer by potentially regulating estrogen receptor signal and EMT pathway (Wong and Hussain, 2020). TRPM8 is overexpressed in pancreatic cancer cells and influences on the proliferation and migration ability of pancreatic cancer cells (Yee, 2016). In these studies, the expression levels of TRPV4, TRPM2, TRPM4, and TRPM8 in cancer tissues are significantly increased, which is consistent with our OV research.
Currently, there are some targeted drugs for the OV treatment. Bevacizumab and olaparib, two drugs targeting angiogenesis and DNA damage response pathways, have been approved for the treatment of OV (Grunewald and Ledermann, 2017). Solid tumor growth and progression are reliant on neovascularization (Folkman, 1972). Angiogenesis is complex and regulated by several different endogenous pro-angiogenic and anti-angiogenic factors, such as vascular endothelial growth factors (Schmid and Oehler, 2015). Bevacizumab acts on vascular endothelial growth factors to treat OV (Burger et al., 2011). Actually, Olaparib is a poly ADP ribose polymerase inhibitor to effectively inhibit the body from automatically repairing the existing DNA damage.
Also, there are already some drugs that target TRPs to treat related cancers. For example, GSK2193874 is a TRPV4 blocker with an oral activity which inhibits the formation of the abdominal aortic aneurysm by reducing the activation of smooth muscle cells and the migration of neutrophils across cells (Shannon et al., 2020). In prostate cancer, D-3263 (an orally bioavailable small molecule that targets TRPM8) binds and activates TRPM8, induces Ca2+ to enter cells, causing the destruction of calcium ion homeostasis and cell death of tumor cells expressing TRPM8. At the same time, D-3263 can reduce the level of dihydro-testosterone to inhibit prostate cancer (Santoni and Farfariello, 2011).
In the review of this study, there were limitations in analyzing data using only bioinformatic methods, and the design of experimental methods was relatively simple. This study pointed out the TRP family may influence the generation and development of OV, especially TRPV4. The physiological functions of TRPV4 are thermosensation, mechanosensation, osmosensation, nociception, endothelium vasomotor control and shear stress sensor, modulation of cell migration, and control of adherens junctions in the skin (Yu et al., 2019). These functions, especially cell migration and adhesion, may be related to the poor prognosis of OV. However, few studies were on whether TRPV4 could be used as a therapeutic target for OV. Cheng et al. conducted Cox analysis and K-M survival analysis using TCGA’s pan-cancer dataset and proved that TRPV4 could be used as a prognostic marker of ovarian cancer (Wang et al., 2021). In our study, we analyzed the expression pattern, survival, and prognosis of the TRP family in OV patients, and also concluded that TRPV4 could be used as a prognostic marker and therapy target for OV. This further verified the great potential of TRPV4 in ovarian cancer. Still, we looked forward to further studies on the molecular mechanism of TRPs as a biomarker and therapeutic target for OV to provide a more valuable reference for targeted treatment for OV.
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