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Introduction

According to the latest estimates, ovarian cancer (OC) is the 7 th most common cancer worldwide and ranks 5 th as the cause of death from cancer in women leading to more deaths than any other gynecologic cancer. Most patients with OC lack disease-specific symptoms until they reach an advanced stage of the disease, increasing therefore, the risk of metastatic spread and early death; consequently, it is referred to OC as a "silent killer" [START_REF] Colombo | Newly diagnosed and relapsed epithelial ovarian carcinoma: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF]. Almost 90% of OC are Epithelial, which comprise several histological subtypes with different risk factors, genetic background, clinical course, sensitivity to chemotherapy, and prognosis.

In the first part of this review, OC and its heterogeneities as well as its clinical care options and outcomes are explored, with a particular consideration of the high-grade serous phenotype since it is the predominant epithelial ovarian cancer (EOC).

One of the most common aspects of advanced stage EOC is the formation of carcinomatosis/ ascites in which tumor-promoting factors and molecules of lipidic nature are found. Indeed, recent clinical data of EOC patients elucidated the presence of high concentrations of cancer-promoting mediators in ascites, in particular lysophosphatidic acid (LPA) [START_REF] Westermann | Malignant effusions contain lysophosphatidic acid (LPA)-like activity[END_REF][START_REF] Xu | Characterization of an ovarian cancer activating factor in ascites from ovarian cancer patients[END_REF], illustrated as a mediator of cancer cell invasion and chemoresistance [START_REF] Brindley | Role of the autotaxin-lysophosphatidate axis in cancer resistance to chemotherapy and radiotherapy[END_REF][START_REF] Mills | The emerging role of lysophosphatidic acid in cancer[END_REF][START_REF] Tsujiuchi | Lysophosphatidic acid receptors in cancer pathobiology[END_REF] and arachidonic acid (AA)-derived eicosanoids [START_REF] Obermajer | PGE(2)-induced CXCL12 production and CXCR4 expression controls the accumulation of human MDSCs in ovarian cancer environment[END_REF][START_REF] Punnonen | Fatty acid composition and arachidonic acid metabolites in ascitic fluid of patients with ovarian cancer[END_REF]. There is no doubt that the nutritional lipid environment has long been considered as an important contributor to cancer process, however, fat subclasses and lipids generated from phospholipid cleavage may also be involved in oncogenic mechanisms. Despite their essential roles in the tumor environment, the clinical relevance of these lipid mediators and their targets are only partially understood. In the second part of this review, we summarize the link between lipids and/or lipid metabolism and EOC.

It has been established that ion channels can act as novel and main regulators of specific pathways involved in cancer progression such as proliferation, migration or survival and were shown to be implicated in various types of cancers including breast [START_REF] Chantome | Pivotal role of the lipid Raft SK3-Orai1 complex in human cancer cell migration and bone metastases[END_REF][START_REF] Deliot | Plasma membrane calcium channels in cancer: Alterations and consequences for cell proliferation and migration[END_REF][START_REF] Zhang | Potassium channels and proliferation and migration of breast cancer cells[END_REF] prostate [START_REF] Kappel | Store-Operated Ca(2+) Entry as a Prostate Cancer Biomarker -a Riddle with Perspectives[END_REF][START_REF] Prevarskaya | Ion channels in death and differentiation of prostate cancer cells[END_REF][START_REF] Shapovalov | Calcium channels and prostate cancer[END_REF] and colon [START_REF] Fourbon | Ca(2+) protein alpha 1D of CaV1.3 regulates intracellular calcium concentration and migration of colon cancer cells through a non-canonical activity[END_REF][START_REF] Gueguinou | SK3/TRPC1/Orai1 complex regulates SOCE-dependent colon cancer cell migration: a novel opportunity to modulate anti-EGFR mAb action by the alkyl-lipid Ohmline[END_REF][START_REF] Villalobos | Calcium remodeling in colorectal cancer[END_REF]. Given the similarities that EOC shares with breast and prostate cancers [START_REF] Tung | Aggregation of ovarian cancer with breast, ovarian, colorectal, and prostate cancer in firstdegree relatives[END_REF], such as the involvement of the BRCA1 and BRCA2 tumor suppressor genes and in some cases, hormone sensitivity, it seems possible that ion channels expression may be modified and that environmental factors such as lipids, may affect their activity in EOC.

The emerging concept of ion channels as key regulators of cancer expansion and resistance to treatment has several implications, including the perspective of their lipids and/or their lipid mediators' modulation [START_REF] Jaffres | Alkyl ether lipids, ion channels and lipid raft reorganization in cancer therapy[END_REF][START_REF] Poveda | Towards understanding the molecular basis of ion channel modulation by lipids: Mechanistic models and current paradigms[END_REF][START_REF] Taberner | TRP channels interaction with lipids and its implications in disease[END_REF]. The role of lipids in biological membrane processes has long been unnoticed and only recently, lipids were referred to as "the silent partner that needs more attention" [START_REF] Naismith | Bacterial mechanosensitive channels--MscS: evolution's solution to creating sensitivity in function[END_REF]. There has been growing evidence of the effects of LPA, mediated by G-protein-coupled receptors (GPCRs) and of the AA on the activity of different types of ion channels, including potassium and calcium channels [START_REF] Hernandez-Araiza | Role of lysophosphatidic acid in ion channel function and disease[END_REF][START_REF] Jans | Lysophosphatidic acid promotes cell migration through STIM1-and Orai1-mediated Ca2+(i) mobilization and NFAT2 activation[END_REF][START_REF] Martin | Arachidonic acid activation of BKCa (Slo1) channels associated to the beta1-subunit in human vascular smooth muscle cells[END_REF][START_REF] Shuttleworth | Arachidonic acid, ARC channels, and Orai proteins[END_REF]. Calcium (Ca 2 + ) is involved in many fundamental physiological functions, such as cell cycle control, survival, apoptosis, migration and gene expression. Its homeostasis is highly regulated and for each cellular function, specific spatial and temporal characteristics are required. Thus, altered Ca 2 + signaling has been suggested as an important trigger of malignant phenotypes. A way to control the cytosolic Ca 2+ concentration is to regulate membrane Ca 2+ channels including store-operated Ca 2+ channels and secondary messenger-operated channels linked to GPCRs or tyrosine kinase receptors activation. The Orai channels, with or without their reticular STIM (Stromal interaction molecule) partners and Transient Receptor Potential (TRP) proteins, were considered to be the main Ca 2+ channels involved in epithelial cells [START_REF] Bodnar | STIM-TRP Pathways and Microdomain Organization: Ca(2+) Influx Channels: The Orai-STIM1-TRPC Complexes[END_REF][START_REF] Mignen | Constitutive calcium entry and cancer: updated views and insights[END_REF]. It is well accepted that, in response to cell stimulation, opening of these Ca 2+ channels contributes to Ca 2+ entry and the transient increase of the cytosolic Ca 2+ concentration involved in intracellular signaling. To reduce energy consumption and to finely regulate the Ca 2 + , Ca 2 + channels can also be associated to Ca 2+ -activated K + channels (KCa) as complexes and contribute to cancerassociated functions such as cell proliferation, cell migration and metastases development [START_REF] Gueguinou | KCa and Ca(2+) channels: the complex thought[END_REF]. KCa channels, through their high Ca 2 + sensitivity, play a role in the regulation of signaling pathways involving Ca 2 + . Their activation in non-excitable cells, such as epithelial/endothelial cells, promotes Ca 2 + entries through non-voltage gated Ca 2 + channels, by increasing the Ca 2 + driving force, leading to an elevated intracellular Ca 2 + concentration. In the third part of this review, we discuss about studies involving Ca 2 + and KCa channels in EOC and their potential regulation by lipids and/or lipid metabolites.

Epithelial ovarian cancer histotypes, therapeutics and outcomes OC originates in the upper genital tract, a site with no direct access for cellular sampling and screening, with nonspecific symptoms, hampering early detection. OC cells arise from three potential sites (the surface of the ovary, the fallopian tube or the mesothelium lining the peritoneal cavity (hereafter referred to as tubo-ovarian cancer). More than 70% of women with OC are announced at an advanced stage of the disease (stage FIGO (International Federation of Gynecology and Obstetrics) III-IV: after the disease has spread beyond the reproductive organs). EOC is the most predominant histologic subtype and characterized by five major histotypes that differ in origin, pathogenesis, molecular alterations, risk factors and prognosis [START_REF] Kurman | The origin and pathogenesis of epithelial ovarian cancer: a proposed unifying theory[END_REF]. The five main histotypes are: high-grade serous (HGSOC; 70%, with 90% of them being hereditary BRCA1/2), endometrioid (ENOC; 10%), clear cell (CCOC; 10%), mucinous (MOC; 3%) and low-grade serous (LGSOC; <5%) [START_REF] Kurman | The origin and pathogenesis of epithelial ovarian cancer: a proposed unifying theory[END_REF].

Stage at diagnosis varies widely by histotype. Most HGSOCs are diagnosed at stage III (50%) or IV (30%), reflecting the aggressiveness of this predominant subtype. In contrast, the majority (>60%) of ENOC, MOC, and CCOC are diagnosed at stage I. Consequently, the 5-year specific survival for HGSOC is 43%, compared with 82%, 71%, and 66% for ENOC, MOC, and CCOC, respectively.

EOC is further categorized as type I or type II based on clinicopathologic factors, with the primary distinguishing molecular factor of genetic instability in type II versus type I. Type I, with an indolent behavior in general, usually develops from extra ovarian benign lesions that embed in the ovary and subsequently undergo a series of mutations resulting in malignant transformation. Type II EOCs are high grade (primarily HGSOC) and characterized by the involvement of both ovaries, aggressive behavior, advanced stage at diagnosis and poor prognosis. Women with these cancers often turn up with extensive carcinomatosis and ascites.

Surgery is often the initial choice for treatment. Patients who are not candidates for a complete macroscopic resection should be considered for neoadjuvant chemotherapy (platinum-based) followed by interval surgery and further chemotherapy. Bevacizumab (antiangiogenic agent) added to platinum-based chemotherapy showed an overall survival benefit in poor prognosis patients [START_REF] Perren | A phase 3 trial of bevacizumab in ovarian cancer[END_REF]. More recently, the use of maintenance therapy with olaparib (PARP inhibitor) was beneficial in terms of progression-free survival including patients with BRCA1/2 mutations [START_REF] Moore | Maintenance Olaparib in Patients with Newly Diagnosed Advanced Ovarian Cancer[END_REF]. These treatments have increased the disease-free and overall survival. However, more than 70% of patients will experience relapse 2 years after the primary therapy. One of the most frequently documented predictors of response to chemotherapy in women with recurrent EOC is the platinum-free interval. However, some patients become increasingly resistant to platinum-based therapies over time, and some women respond to multiple lines of treatment [START_REF] Francis | Systemic therapy for recurrent epithelial ovarian cancer: a clinical practice guideline[END_REF]. The biology and the underlying cellular and molecular events that take place during the maintenance phase (variable platinum-free intervals) are far from being completely understood. Targeting the mechanisms that lead to cancer progression or tumor-initiating cells will allow EOC to be a chronic disease with less relapses.

Ovarian cancer and nutritional epidemiology (for summary see Table1).

In 1986, based on international data published by the United Nations, Rose et al., showed strong associations between the total fat intake in different countries and OC mortality rates; fats of animal origin were particularly pointed out [START_REF] Rose | International comparisons of mortality rates for cancer of the breast, ovary, prostate, and colon, and per capita food consumption[END_REF]. Since then, multiple nutritional epidemiologic studies, including few meta-analyses, explored the association between dietary fat, from animal or vegetal origin, or fat quality (saturated, monounsaturated or polyunsaturated fatty acids) and risk of OC. However, this led to inconsistent conclusions [START_REF] Genkinger | A pooled analysis of 12 cohort studies of dietary fat, cholesterol and egg intake and ovarian cancer[END_REF][START_REF] Hou | Dietary fat and fatty acid intake and epithelial ovarian cancer risk: evidence from epidemiological studies[END_REF][START_REF] Huncharek | Dietary fat intake and risk of epithelial ovarian cancer: a meta-analysis of 6,689 subjects from 8 observational studies[END_REF][START_REF] Merritt | Dietary fat intake and risk of epithelial ovarian cancer in the European Prospective Investigation into Cancer and Nutrition[END_REF][START_REF] Merritt | Nutrient-wide association study of 57 foods/nutrients and epithelial ovarian cancer in the European Prospective Investigation into Cancer and Nutrition study and the Netherlands Cohort Study[END_REF]. Residual confounding factors cannot be excluded as well as the limitation of self-reported assessment for food questionnaires, the failure to take into account the different subtypes of OCs, or the underestimation of the fat consumption range since high saturated fat dietary intake corresponded to 17 g/day in an European population compared to 24 g/day in North America [START_REF] Merritt | Dietary fat intake and risk of epithelial ovarian cancer in the European Prospective Investigation into Cancer and Nutrition[END_REF].

However, the interventional randomized controlled trial of Women's Health Initiative Dietary modification may suggest that the reduction of dietary fat to 20% associated to vegetable consumption significantly decreased the EOC risk [START_REF] Prentice | Lowfat dietary pattern and cancer incidence in the Women's Health Initiative Dietary Modification Randomized Controlled Trial[END_REF]. Two meta-analyses concordantly reported that total fat, fat from animal origin or saturated fat were associated to an increased OC risk [START_REF] Huncharek | Dietary fat intake and risk of epithelial ovarian cancer: a meta-analysis of 6,689 subjects from 8 observational studies[END_REF][START_REF] Qiu | Dietary fat intake and ovarian cancer risk: a meta-analysis of epidemiological studies[END_REF]. Taking into account subtypes, serous subtype seems to be more sensitive to fat quantity and quality variations (saturated fatty acids) compared to other phenotypes [START_REF] Qiu | Dietary fat intake and ovarian cancer risk: a meta-analysis of epidemiological studies[END_REF]. This link has not been found by another study [START_REF] Merritt | Dietary fat intake and risk of epithelial ovarian cancer in the European Prospective Investigation into Cancer and Nutrition[END_REF] or only for high saturated fat intake [START_REF] Genkinger | A pooled analysis of 12 cohort studies of dietary fat, cholesterol and egg intake and ovarian cancer[END_REF]. Associations between cholesterol intake [START_REF] Genkinger | A pooled analysis of 12 cohort studies of dietary fat, cholesterol and egg intake and ovarian cancer[END_REF][START_REF] Pan | A case-control study of diet and the risk of ovarian cancer[END_REF] or serum cholesterol levels remain contradictory [START_REF] Bjorge | Metabolic risk factors and ovarian cancer in the Metabolic Syndrome and Cancer project[END_REF][START_REF] Helzlsouer | Prospective study of serum micronutrients and ovarian cancer[END_REF][START_REF] Mandal | Is cholesterol a mediator of coldinduced cancer?[END_REF][START_REF] Melvin | Lipid profiles and risk of breast and ovarian cancer in the Swedish AMORIS study[END_REF]. However, cholesterol could support OC development since women who have taken statins have a decreased risk of the disease [START_REF] Akinwunmi | Statin therapy and association with ovarian cancer risk in the New England Case Control (NEC) study[END_REF].

Without being carcinogenic themselves, lipid or cholesterol excessiveness might clinically affect the patients by generating overweight, inflammatory factors or metabolic pathologies that may contribute to OC progression i.e. advanced FIGO stage, positive lymph node or poor tumor differentiation and shorter overall survival [START_REF] Chen | Case-control study of metabolic syndrome and ovarian cancer in Chinese population[END_REF]. A recent study classified overweight and obesity as "probable" factors increasing the risk of OC [START_REF] Latino-Martel | Alcoholic beverages, obesity, physical activity and other nutritional factors, and cancer risk: A review of the evidence[END_REF] and the mortality of OC patients with age > 50 years [START_REF] Bjorge | Metabolic risk factors and ovarian cancer in the Metabolic Syndrome and Cancer project[END_REF].

Fats and cholesterol might also increase the levels of circulating estrogen and/or progesterone hormones [START_REF] Armstrong | Diet and reproductive hormones: a study of vegetarian and nonvegetarian postmenopausal women[END_REF][START_REF] Goldin | Estrogen excretion patterns and plasma levels in vegetarian and omnivorous women[END_REF]. It cannot be excluded that a higher exposure of the ovarian epithelium to these hormones may contribute to increased risk of OC [START_REF] Fortner | Reproductive and hormone-related risk factors for epithelial ovarian cancer by histologic pathways, invasiveness and histologic subtypes: Results from the EPIC cohort[END_REF]. This would be in agreement with epidemiological data as early menarche, late age at menopause, number of menstrual cycle or parity are identified as potential OC risks [START_REF] Vecchia | Ovarian cancer: epidemiology and risk factors[END_REF]. Moreover, according to their proportion and classes (saturated versus polyunsaturated), integration of these lipids in cell membranes can regulate physical properties and alter protein activities, localization (in/out lipid raft) or the cell downstream signaling pathways [START_REF] Chauvin | Long chain n-3 polyunsaturated fatty acids increase the efficacy of docetaxel in mammary cancer cells by downregulating Akt and PKCepsilon/delta-induced ERK pathways[END_REF][START_REF] Chemin | Regulation of the Mechano-Gated K2P Channel TREK-1 by Membrane Phospholipids[END_REF][START_REF] Herrera | Singular Interaction between an Antimetastatic Agent and the Lipid Bilayer: The Ohmline Case[END_REF][START_REF] Patel | Lipid and mechano-gated 2P domain K(+) channels[END_REF][START_REF] Serini | Modulation of Ras/ERK and Phosphoinositide Signaling by Long-Chain n-3 PUFA in Breast Cancer and Their Potential Complementary Role in Combination with Targeted Drugs[END_REF].

Systemic cholesterol or triglycerides levels could constitute biological markers to evaluate fat exposure and might help interpreting epidemiological data. But contradictory data have been reported [START_REF] Melvin | Lipid profiles and risk of breast and ovarian cancer in the Swedish AMORIS study[END_REF][START_REF] Delimaris | Oxidized LDL, serum oxidizability and serum lipid levels in patients with breast or ovarian cancer[END_REF].

Concerning OC outcomes and lipid metabolism, links between systemic lipid levels and OC outcomes remain to be clarified. Using an integrative systemic and local metabolomics analysis (taking into account tumor metabolism, ascites and blood compositions), Pils's study performed systemic glycerophospholipids and amino acids analysis. The data pointed out a systemic vLDL decrease, particularly of polyunsaturated glycerophospholipids associated with a shorter overall survival for highgrade serous patients. They identified glycerophospholipids consumption as direct source of lipids for tumors [START_REF] Bachmayr-Heyda | Integrative Systemic and Local Metabolomics with Impact on Survival in High-Grade Serous Ovarian Cancer[END_REF]. This is in accordance with Zhu's study [START_REF] Zhu | The positive predictive value of lowdensity lipoprotein for recurrence-free survival in ovarian cancer[END_REF] but this is at odds with Li's study [START_REF] Li | Serum low-density lipoprotein levels correlate with survival in advanced stage epithelial ovarian cancers[END_REF]. Higher triglycerides levels were identified as systemic biomarkers for patients with more severe EOCs but HDL cholesterol levels were higher or lower [START_REF] Chen | Case-control study of metabolic syndrome and ovarian cancer in Chinese population[END_REF][START_REF] Zhang | Association of serum lipids and severity of epithelial ovarian cancer: an observational cohort study of 349 Chinese patients[END_REF]. Statins did not seem to improve overall survival in patients with advanced OC [START_REF] Chen | Statin as a Combined Therapy for Advanced-Stage Ovarian Cancer: A Propensity Score Matched Analysis[END_REF].

Lipid metabolism and prognosis or survival for ovarian cancer patients (for summary see table 2)

An increased lipid synthesis is a common and important mechanism in cancer cells to supply their energetic expenditure and membrane synthesis [START_REF] Buckley | Fatty acid synthase -Modern tumor cell biology insights into a classical oncology target[END_REF]. This may be also applicable to ovarian cancer cells and majority of studies were reported in the context of EOC (see table 2). A set of lipids associated to normal, borderline or high-grade serous carcinomas [START_REF] Sans | Metabolic Markers and Statistical Prediction of Serous Ovarian Cancer Aggressiveness by Ambient Ionization Mass Spectrometry Imaging[END_REF] has been identified and highlighted metabolic changes of membrane lipids. Moreover, functional impact of lipid metabolism changes was recently illustrated. Two studies showed increase of fatty acid transport proteins expression (CD 36 or FATP4) contributing to fatty acid influx was associated to tumor progression and metastasis [START_REF] Kim | High Membranous Expression of Fatty Acid Transport Protein 4 Is Associated with Tumorigenesis and Tumor Progression in Clear Cell Renal Cell Carcinoma[END_REF][START_REF] Ladanyi | Adipocyte-induced CD36 expression drives ovarian cancer progression and metastasis[END_REF] Fatty Acid Synthase (FAS) By increasing long chain fatty acid synthesis from citrate, the lipogenic enzyme FAS (Fatty acid synthase) has been associated with histologic grade and FIGO stage. Its overexpression is correlated to shorter overall survival [START_REF] Cai | Expressions of fatty acid synthase and HER2 are correlated with poor prognosis of ovarian cancer[END_REF][START_REF] Gansler | Increased expression of fatty acid synthase (OA-519) in ovarian neoplasms predicts shorter survival[END_REF][START_REF] Ueda | Expression of Fatty Acid Synthase Depends on NAC1 and Is Associated with Recurrent Ovarian Serous Carcinomas[END_REF]. In high grade serous carcinomas, FAS expression became more intense in recurrent ovarian carcinomas and was associated to shorter survival [START_REF] Ueda | Expression of Fatty Acid Synthase Depends on NAC1 and Is Associated with Recurrent Ovarian Serous Carcinomas[END_REF]. In OC cell lines, FAS expression was more likely associated to cell proliferation and the use of FAS inhibitor led to lipid profile change [START_REF] Veigel | Fatty acid synthase is a metabolic marker of cell proliferation rather than malignancy in ovarian cancer and its precursor cells[END_REF] and decreased receptor/PI3K/mTORC signaling pathway [START_REF] Wagner | Multi-level suppression of receptor-PI3K-mTORC1 by fatty acid synthase inhibitors is crucial for their efficacy against ovarian cancer cells[END_REF]. A positive cross talk has been suggested between FAS and HER-2 on breast and ovarian cancer cell lines [START_REF] Menendez | Inhibition of fatty acid synthase (FAS) suppresses HER2/neu (erbB-2) oncogene overexpression in cancer cells[END_REF] but no correlation was found between both markers on OC tissues [START_REF] Cai | Expressions of fatty acid synthase and HER2 are correlated with poor prognosis of ovarian cancer[END_REF]. Several studies proposed FAS inhibitors as a suitable therapeutic target [START_REF] Buckley | Fatty acid synthase -Modern tumor cell biology insights into a classical oncology target[END_REF] including for ovarian carcinomas [START_REF] Wagner | Multi-level suppression of receptor-PI3K-mTORC1 by fatty acid synthase inhibitors is crucial for their efficacy against ovarian cancer cells[END_REF][START_REF] Rahman | Fatty acid synthase expression associated with NAC1 is a potential therapeutic target in ovarian clear cell carcinomas[END_REF]. First clinical trials are being proceeded for tolerance and efficiency evaluation of TVB-2640 inhibitor in breast and colon cancers.

LysoPhosphatidic Acid (LPA) and LPA pathways

In the middle of 1990's, Yan Xu's team characterized LPA (lysophosphatidic acid) able to stimulate proliferation of cancer cells, increase Ca 2+ release and activate tyrosine phosphorylation with downstream signaling [START_REF] Xu | Characterization of an ovarian cancer activating factor in ascites from ovarian cancer patients[END_REF]. While alternative pathways exist for LPA synthesis (namely from phosphatidic acid), standard metabolic pathway involves phospholipase A2 (PLA2) enzyme which releases the fatty acid chain (mostly arachidonic acid, AA) from sn-2 position from the phosphatidylcholine (PC) to form lysophosphatidylcholine (LPC). LPC is then metabolized to LPA by the Autotaxin (ATX) enzyme which has a lysophospholipase D activity to remove the choline polar head (Figure 1). Palmitoyl, stearoyl, and oleoyl LPA (LPA with 16;0, 18;0, and 18;1 fatty acid chains linked by acyl bond, respectively) represented the major compounds but oleoyl LPA revealed a stronger activity on tumors cells [START_REF] Xu | Characterization of an ovarian cancer activating factor in ascites from ovarian cancer patients[END_REF]. It is important to notice that the fatty acid chain linkage on glycerol backbone can be chemically different as acyl-(preponderant form), alkyl-or alkenyls bonds have been described [START_REF] Reinartz | Cell type-selective pathways and clinical associations of lysophosphatidic acid biosynthesis and signaling in the ovarian cancer microenvironment[END_REF][START_REF] Xiao | Electrospray ionization mass spectrometry analysis of lysophospholipids in human ascitic fluids: comparison of the lysophospholipid contents in malignant vs nonmalignant ascitic fluids[END_REF].

LPA is largely detected in ascites of patients with OC with concentrations around 2-80 µM [START_REF] Reinartz | A transcriptome-based global map of signaling pathways in the ovarian cancer microenvironment associated with clinical outcome[END_REF] and to a lesser extent in serum [START_REF] Sedlakova | Lysophosphatidic acid (LPA)-a perspective marker in ovarian cancer[END_REF][START_REF] Xu | Lysophosphatidic acid as a potential biomarker for ovarian and other gynecologic cancers[END_REF][START_REF] Xue | Inhibition of Transient Receptor Potential Vanilloid 6 channel, elevated in human ovarian cancers, reduces tumour growth in a xenograft model[END_REF]. Fifteen years ago, a meta-analysis including 19 studies concluded that serum LPA levels should be used as a biomarker for the diagnosis of OCs [START_REF] Li | Plasma levels of lysophosphatidic acid in ovarian cancer versus controls: a meta-analysis[END_REF]. LPA levels in ascites did not seem to be associated to time before relapse [START_REF] Reinartz | A transcriptome-based global map of signaling pathways in the ovarian cancer microenvironment associated with clinical outcome[END_REF]. Nevertheless, Mills's team identified a molecular gene signature regulated by LPA in tumor cells. Only in tumor serous phenotype, LPA-signature responsive cluster presented a significantly shorter median for time to progression or overall survival [START_REF] Murph | Lysophosphatidic acid-induced transcriptional profile represents serous epithelial ovarian carcinoma and worsened prognosis[END_REF].

Linked to a very particular microenvironment for OC cells with a direct access to peritoneal cavity [START_REF] Barbolina | Molecular Mechanisms Regulating Organ-Specific Metastases in Epithelial Ovarian Carcinoma[END_REF][START_REF] Tan | Mechanisms of transcoelomic metastasis in ovarian cancer[END_REF], several cells contribute to LPA synthesis and, consequently to tumor progression [START_REF] Benesch | Lysophosphatidate Signaling: The Tumor Microenvironment's New Nemesis[END_REF], like tumor associated macrophages (TAM) or T cells [START_REF] Reinartz | A transcriptome-based global map of signaling pathways in the ovarian cancer microenvironment associated with clinical outcome[END_REF][START_REF] Worzfeld | The Unique Molecular and Cellular Microenvironment of Ovarian Cancer[END_REF], mesothelial cells [START_REF] Ren | Lysophosphatidic acid is constitutively produced by human peritoneal mesothelial cells and enhances adhesion, migration, and invasion of ovarian cancer cells[END_REF], adipose tissue [START_REF] Dusaulcy | Adipose-specific disruption of autotaxin enhances nutritional fattening and reduces plasma lysophosphatidic acid[END_REF][START_REF] Feist | Quantitative proteomic analysis of murine white adipose tissue for peritoneal cancer metastasis[END_REF][START_REF] Nieman | Adipocytes promote ovarian cancer metastasis and provide energy for rapid tumor growth[END_REF].

Autocrine production by ovarian tumor cells was only reported under LPA or EGF stimulation [START_REF] Eder | Constitutive and lysophosphatidic acid (LPA)-induced LPA production: role of phospholipase D and phospholipase A2[END_REF][START_REF] Snider | Epidermal growth factor increases lysophosphatidic acid production in human ovarian cancer cells: roles for phospholipase D2 and receptor transactivation[END_REF].

Cancer stem cells of EOC also produce LPA which increased their resistance to chemotherapy and ATX invalidation reserved chemoresistance and slowed down tumor progression in mice [START_REF] Seo | Autotaxin Regulates Maintenance of Ovarian Cancer Stem Cells through Lysophosphatidic Acid-Mediated Autocrine Mechanism[END_REF].

In addition, with venous thromboembolism phenomenon, activated platelets also contribute to LPA rates [START_REF] Gaits | Lysophosphatidic acid as a phospholipid mediator: pathways of synthesis[END_REF] and were correlated to tumor progression and poor survival [START_REF] Lin | Paraneoplastic thrombocytosis: the secrets of tumor self-promotion[END_REF][START_REF] Menczer | Preoperative elevated platelet count and thrombocytosis in gynecologic malignancies[END_REF][START_REF] Swier | Reciprocal links between venous thromboembolism, coagulation factors and ovarian cancer progression[END_REF][START_REF] Zhou | Clinicopathological and prognostic significance of platelet count in patients with ovarian cancer[END_REF]. The management of this ancillary pathology offers an interesting opportunity for future OC researches.

ATX enzyme is closely linked to OC development but serum ATX levels remained similar between OC patients and healthy controls excluding this enzyme as a suitable biomarker for OC diagnosis, to follow cancer progression [100] or for prognosis [START_REF] Reinartz | A transcriptome-based global map of signaling pathways in the ovarian cancer microenvironment associated with clinical outcome[END_REF]. ATX expression in ovarian carcinomas and solid metastasis was not associated to patient survival [101]. High levels of PLA2 enzyme's activity were reported in EOC [102] and a significant part of PLA2 synthesis would come from macrophages [START_REF] Reinartz | Cell type-selective pathways and clinical associations of lysophosphatidic acid biosynthesis and signaling in the ovarian cancer microenvironment[END_REF]. High PLA2G7 isoform protein levels in ascites and high mRNA of PLA2G4B isoform in tumors reduced time before relapse [START_REF] Reinartz | A transcriptome-based global map of signaling pathways in the ovarian cancer microenvironment associated with clinical outcome[END_REF].

LPA activities have been extensively described and shown to mediate Ca 2+ signaling, migration, proliferation and tumor aggressiveness [103, 104] (for details see lipid metabolites and calcium signaling section). LPAR1 (LPA receptor 1) was not clearly different between tumors and normal epithelial cells 

Cyclooxygenase 2 (COX-2) and Arachidonic Acid (AA) metabolism

The dysregulation of the arachidonic acid (AA) metabolism has long been known for its implication in chronic inflammation process and carcinogenesis [117]. OC does not seem to escape from this rule.

Considered as a major substrate for three enzyme classes, cyclooxygenases (COXs), lipoxygenases (LOXs) and cytochromes P450 (CYPs), AA generates eicosanoids distributed into three families with prostanoids (prostaglandins, prostacyclins, thromboxanes etc) formed via the COX pathway, leukotrienes, lipoxins and hepoxins formed via the LOX pathway and epoxyeicosatrienoic acid and hydroxy fatty acids (EETs, HETEs, HPETEs) formed via the CYP pathway [118] (Figure 1). Reductive estrogenic enzyme HSD17B12 may participate in the accumulation of AA since it seems to catalyze the elongation of fatty acid chain. High protein expression of HSD17B12 strongly reduced the overall survival in EOCs [128] (Figure 1).

In 2008, Rocconi et al., reported altered LOX pathway with higher LTB4R2 (leukotriene B4 receptor 2) expression in tumors with advanced stage and an association to platinum resistance without having an impact on patient survival [129]. High levels of AA and LTB4 (leukotriene B4) in ascites are associated to a shorter relapse-free survival [START_REF] Reinartz | A transcriptome-based global map of signaling pathways in the ovarian cancer microenvironment associated with clinical outcome[END_REF]. Among enzymes and receptors involved in eicosanoids metabolism and expressed by OC tumors, high mRNA amounts of PTGIS (Prostaglandin I2 synthase), PTGES (prostaglandin E synthase), LTB4R2 (leukotriene B4 receptor 2) and PTGER3 (prostaglandin E2 receptor 3) (Figure 1) led to adverse clinical outcome with shorter relapse-free survival [START_REF] Reinartz | A transcriptome-based global map of signaling pathways in the ovarian cancer microenvironment associated with clinical outcome[END_REF].

Ovarian cancer and calcium channels (For summary see Table 3).

In normal ovarian cell physiology, results obtained by several groups suggested that the rapid elevation of intracellular Ca 2+ after acute stimulation by various locally produced ovarian signaling molecules (e.g. acetylcholine, oxytocin, prostaglandins, ATP ) mainly arises from release of Ca 2+ from intracellular stores In pathology, membrane ion channels have been proposed to play a significant role in cancer process: from initial tumor development to metastasis and are considered as promising functional biomarkers and pharmacological targets for human cancers and may even correlate with the main hallmarks of the cancer process [136-139]. Among these ion channels, Ca 2+ channels have been widely studied in cancer research. Cytosolic Ca 2+ is highly regulated by a wide variety of Ca 2+ channels, pumps and exchangers 

Transient Receptor Potential Channels (TRP)

The concentration of cytosolic Ca 2+ is also controlled by other ion channels such as the TRP channels.

TRPs channels are novel class of Ca 2+ -permeable cationic channels [157] including seven subfamilies: the canonical (TRPC), the vanilloid (TRPV), the melastatin (TRPM), the ankyrin (TRPA), the "No mechanoreceptor potential (TRPN), the polycystin (TRPP) and the mucolipin (TRPML).

The TRP channels have been identified as protein Tyrosine Kinase or G protein-coupled Receptor Operated Ca 2+ channels (ROCs) or internal Ca 2+ Store Operated Channels (SOCs). TRP channels are expressed almost ubiquitously and contribute to a wide range of cellular functions [158]. Altered expression of some TRP channels (TRPV1, TRPV2, TRPV6, TRPM1, TRPM8, TRPC1 and TRPC6) has been implicated in various cancers [159,160]. In a study aiming to investigate whether the TRPs can act as potential therapeutic targets for OC, it has been shown that the mRNA levels of TRPCs were detected in human EOC [161]. They showed lower levels of TRPC1, TRPC3, TRPC4 and TRPC6 in undifferentiated ovarian cancer tissues (grade3) compared to well differentiated tissues (grade 1-2). In the same way, Liu et al., showed that the downregulation of TRPC1 is associated to drug resistance and high histological grade in OC [162]. In this study, they performed experiments on OC tissues using real-time quantitative polymerase chain reaction assays where they found that the expression of TRPC1 differs significantly between grades 2 and 3 tumors. Liu et al., also confirmed these results using bioinformatical techniques and microarrays databases. The analysis of the mRNA-microRNA interactions showed that 8 out of 11 major pathways enriched from 38 predominant microRNAs targeting TRPC1 were involved in the regulation of drug resistance in OC, and 8 out of these top 10 microRNAs were implicated in the drug resistance in ovarian and other cancers. Among the genetic interactions which were analyzed by the authors, and involving TRPC1, strong interactions between this channel and PIK3C3 and SPARKL1 were particularly interesting. The PIK3C3 protein was shown to play a critical role in the regulation of autophagy in vitro and in vivo [163] and SPARCL1 protein was shown to be involved in the regulation of drug resistance via several pathways, including autophagy [164]. Autophagy contributes to drug resistance in OC as proved when the induction of ERK-mediated autophagy conferred cisplatin resistance to ovarian cancer cells [165]. These results suggest that autophagy is a possible mechanism underlying TRPC1 in drug resistance suggesting that the lower expression of TRPCs could be considered as a negative prognostic biomarker for certain types of cancers, such as the undifferentiated type of OC. In vitro, Zeng B. et al., showed in SKOV3 EOC cell line that when TRPC channels were blocked using the non-selective 2-ABP and SKF-96365 compounds, the proliferation of EOC cell was decreased and these data were confirmed using siRNA sequences directed against TRPC1, TRPC3, TRPC4 and TRPC6; while the overexpression of TRPC1/3/4 and 6 increased the cancer cell colony growth [161]. However, these results have been obtained just on a single EOC cell line. We do not know about the expression level of TRPC between normal ovarian epithelial cell lines and other EOC cell lines. TRPC3 expression was also studied in human EOC [166]. EOC specimens contained more TRPC3 protein levels compared to normal tissues. Knocking-down TRPC3 expression in the SKOV3 and ES2 cell lines (respectively from serous cystadenocarcinoma and clear cell adenocarcinoma), reduced the proliferation and the Epidermal Growth Factor (EGF)-induced Ca 2+ entry, dephosphorylation of cdc2 and CAMKII and prolonged the progression of cells through the M phase of the cell cycle. In addition, size and weight of tumors formed by RNAi-transfected SKOV3 EOC cells in nude mice were significantly reduced indicating that TRPC3 would promote proliferation also in vivo. There is also evidence that TRPV6 mRNA and protein levels were elevated in biopsies of EOCs compared to normal tissues and inhibition of TRPV6 activity significantly reduces ovarian tumor growth [START_REF] Xue | Inhibition of Transient Receptor Potential Vanilloid 6 channel, elevated in human ovarian cancers, reduces tumour growth in a xenograft model[END_REF]. The mechanism for TRPV6 involvement in the progression and proliferation of OC is still unclear. A reasonable starting point to further investigate the involvement of TRPV6 is to check the status of anti-apoptotic events that could be active in OC like the NFAT/calcineurin pathway, as reported for prostate cancer [167]. If the proliferative and anti-apoptotic roles of this ion channel are proved in OC, the data from pre-clinical and clinical studies could support the potential therapeutic utility of targeting TRPV6 ion channels.

Voltage Gated Calcium Channels

Other Ca 2+ channels that have been proved to promote ovarian cancer progression are the T-Type VGCCs. Li et al., observed a decrease in the proliferation of HO8910 and A2780 (respectively from ovarian serous cystadenocarcinoma and endometrioid adenocarcinoma) cancer cells when the T-Type VGCC was blocked using NNC55-0396 and mibefradil [168]. The decrease of proliferation resulted from the arrest of cells at the G0/G1 phase of the cell cycle. It was also shown that the expression of the Ttype VGCC was higher in OC tissues compared to normal tissues. This Ca 2+ channel was not only implicated in OC cell proliferation, but also in OC cell migration. In OV207 and OVCAR-3 cancer cells (respectively from ovarian clear cell adenocarcinoma and serous epithelial ovarian cancer), the Ca 2+ entry via the VGCC was responsible for the activation of the MAPK signaling cascade as well as the ERK signaling pathway which increased cell migration [169] suggesting that targeting these pathways and their second messenger may offer new therapeutic options for the treatment of EOC.

Ovarian Cancer and Ca 2+ -activated K + channels (KCa) KCa channels can be divided into three subfamilies: big conductance (BKCa), intermediate conductance (IKCa) and small conductance (SKCa). SKCa, included SK1, SK2 and SK3 (KCNN1, 2, 3, KCa2.1, 2.2, 2.3 SK1, 2, 3), BKCa included KCa1.1 (KCNMA1) and IKCa is also named KCa3.1 or SK4 or IK1.

Studies focusing on KCa channels in OC are few but some of them showed that KCa channels could be potential markers of OC. Oeggerli et al., showed that the amplification of KCNMA1, analyzed by fluorescence-in-situ-hybridization, was restricted to a small but distinct fraction of OC with the highest prevalence in ovarian serous carcinoma (~7%) and in malignant müllerian mixed tumors (~25%) [170].

However, the authors did not test if this enhanced expression of KCNMA1 may be correlated with the grade, stage, progression-free survival or overall survival of OC. Zhao et al., identified that high expression of KCNN4 was associated to a high incidence of recurrence in optimally debulked serous ovarian carcinoma patients on both the mRNA and protein levels [171]. More recently, report showed that mRNA and protein expression of KCNN3 was considerably lower in OC tissues compared to normal tissues, and in drug-resistant OC tissues compared to sensitive OC tissues. Low KCNN3 expression consistently predicted shorter disease-free and overall survival [172].

Since Ca 2+ enters the cells through Ca 2+ channels and activates KCa channels, their association as complexes seems to be efficient for their mutual fine regulation. There is now evidence that KCa and Ca 2+ channels, alone or associated in complexes, play important roles in the proliferation and migration of cancer cells and metastatic development [START_REF] Gueguinou | KCa and Ca(2+) channels: the complex thought[END_REF]. As for OC, only one study showed an association between KCa and ATP-gated cationic channels. In 2017, Robles-Martínez et al., provided evidence that both KCa3.1 channel and P2Y2 (purinergic receptor) are expressed in SKOV-3 cells and in neoplastic cells of human ovarian tumor biopsies. They showed that Kca3.1 activation via P2Y2 receptors which mediate Ca 2 + entry, promotes human OC cell migration [173]. The formation of ion channel complexes between KCa and Ca 2+ channels, as found in breast and colon cancers [START_REF] Gueguinou | KCa and Ca(2+) channels: the complex thought[END_REF], must be highlighted in order to evaluate their potential role as cancer-specific targets and aim to develop targeted therapies.

Ovarian cancer chemoresistance and Ca 2+ /KCa channels

The standard treatment of advanced OC involves surgery followed by chemotherapy usually involving the use of a platinum-based drug (such as carboplatin) especially for high grade serous OC, associated to taxan such as paclitaxel. Although 40-60% of patients with advanced disease respond to treatment, most of them relapse after 18 months due to the appearance of drug-resistant tumors [174,175]. Drug resistance was responsible for treatment failure and death in more than 90% of OC patients with advanced disease [176,177].

A recent study showed that the inhibition of T-type Ca 2+ channels with a Ca 2+ channel blocker, mibefradil, increased the sensitivity to carboplatin of platinum-resistant tumors in a mouse model of peritoneal Taken together, these data strongly suggest that Ca 2+ and KCa channels could contribute to ovarian tumorigenesis, progression and could participate to resistance to treatment and might become potential drug targets or new prognostic markers for OC. However, further studies would be worthwhile extending to other components of Ca 2+ signaling including intracellular mechanisms.

Lipid metabolites and Calcium signaling (For summary see Graphical abstract).

Lipid molecules are able to selectively interact with specific sites on integral membrane proteins, and modulate their structure and/or function. LPA stimulates proliferation, migration and invasion of OC cells through regulation of vascular endothelial growth factor, matrix metalloproteinases, urokinase plasminogen activator, interleukin-6, interleukin-8, COX2, cyclin D, etc. As mentioned before (in section LPA and LPA pathways) LPA acts mainly via GPCRs from endothelial differentiation gene (Edg) family located in the cell membrane. The most studied in OC cell lines are LPAR1 (Edg-2), LPAR2 (Edg-4) and LPAR3 (Edg-7) receptors. LPA receptors differ in expression according to cell type, affinity to various LPA molecular species and their activation effects. LPAR1 and LPAR2 are coupled with Gi, Gq or G12/13 protein alpha subunits, whereas LPAR3 binds to Gi or Gq [182]. Activation of GPCRs by LPA initiates variety of signaling pathways [183]. Thus, the Gq protein activation by LPA can increase the cytosolic Ca 2+ concentration through the classic phospholipase C (PLC)-dependent pathway. The expression of LPAR2 and LPAR3 receptors is significantly higher in OC cell lines comparing to benign tumors and/or normal ovarian tissues [105, 109], whereas LPAR1 expression seems to be lower [105-107]. In OC cells, LPA is a prominent growth factor that contributes to tumor survival and proliferation. It has been reported that LPA induces proliferation and a transient increase of intracellular Ca 2+ concentration in HEY, OCC1 and OCC2 OC cell lines [START_REF] Xu | Characterization of an ovarian cancer activating factor in ascites from ovarian cancer patients[END_REF]. Recently Yu et al., showed that LPA induces OC cell migration in vitro and metastases development in vivo through LPAR1 [108] but no experiment was performed on intracellular Ca 2+ variations. The ability of LPA to increase cellular Ca 2+ would reside in the structure, linkage and location of the fatty acyl chain of LPA. For example, LPA with saturated fatty acids at the sn-1 position would be more active to induce Ca 2+ mobilization than LPA with unsaturated fatty acids or fatty acids at the sn-2 position [183]. In the same way, in the SKOV-3 OC cell line, LPA-dependent Ca 2+ mobilization responsible for cancer cell migration was attenuated by pre-treatment with carboxyl group-containing polyunsaturated fatty acids (PUFAs) omega-3 and omega-6 such as linoleic acid (LA), arachidonic acid (AA), α-linolenic acid (LNA) and eicosapentaenoic acid (EPA). However, ethyl linoleate (ELA), AA ethyl ester, α-ethyl linolenate (ELN) and eicosapentaenoic acid (EPA) ethyl ester which have the ethyl ester structure were not effective [184]. Furthermore, in the same study, the authors demonstrated that the blocking of Ca 2+ mobilization by the L-type Ca 2+ channel blocker, nifedipine, significantly blocked LPAinduced SKOV-3 cell migration and adhesion [184]. Today, the molecular characterization of ion channels involved in this LPA-induced Ca 2+ mobilization remains to be elucidated in OC. We can hypothesize that in ovarian cancers cells, LPA could i) modulate directly Ca 2+ channels through a binding site or ii) indirectly through the PLC/InsP3 pathway leading to a release of Ca 2+ from intracellular stores and thereby trigger SOCE through ORAI and/or TRP channels.

As for the G-protein-mediated PLC, the other product of PIP2 hydrolysis is diacylglycerol (DAG). DAG stays in the plasma membrane where it can activate protein kinase C (PKC), or be metabolized further.

Both PKC and DAG have been demonstrated to cause Ca 2+ influx distinct from SOCE in different cell types [185,186]. Furthermore, other messengers resulting from DAG metabolism, including AA and leukotrienes, activate non-store-operated Ca 2+ influx (for review [187]). AA resting concentration can be varied dynamically by either increases, via activation of G-protein coupled receptors and phospholipase A2, or decreases via AA degenerative pathways mediated principally by COX and LOX. A critical role for AA in the regulation of Ca 2+ entry during agonist activation of Ca 2+ signals has become increasingly apparent in numerous studies over the past 10 years. AA has been shown to induce Ca 2+ entry in a storeindependent manner through a direct activation of Arachidonate Regulated Ca 2+ (ARC) channels composed by Orai1/Orai3 subunits. Zhang et al., demonstrated that AA directly inhibits TRPC3 in mammary MCF-7 cells and is a potent mechanism for regulating Ca 2+ entry and cytosolic Ca 2+ concentration leading to a decrease of breast cancer cell migration/invasion [188]. TRPV4 has a critical role in the migration of tumor-derived but not 'normal' epithelial cells migration; and AA induces actin remodeling in endothelial cells derived from human breast carcinomas, resulting in a corresponding increase of TRPV4 expression in the plasma membrane [189]. Nevertheless, the authors did not show a direct activation of TRPV4 by AA. A recent study showed that AA treatment enhanced the migration of a gastro-enteropancreatic neuroendocrine tumor model and this migration could be abrogated by selective inhibition of the AA-induced Orai3-dependent Ca 2+ entry [190]. Dubois et al., showed in prostate cancer cells the Orai1/Orai3 protein redistribution as an oncogenic switch mechanism favoring the formation of store-independent Ca 2+ channels activated by AA leading to a more aggressive pro-proliferative phenotype [191]. Taken together, LPA, AA (and/or their metabolites) which are found at high concentrations in the ascites fluid of ovarian carcinomas could modify the expression and/or the activity of Ca 2+ channels promoting an aggressive behavior of ovarian carcinoma cells.

Conclusion

Ovarian cancer has the highest mortality rate among cancers in women. This is due to late-appearing and nonspecific symptoms as well as a lack of diagnostic, prognostic, and predictive markers. Therefore, additional investigations and establishment of specific nutritional recommendations may provide an opportunity to build a primary prevention strategy for OC. In this review, we listed the roles of lipids mediators and of some Ca 2+ channels and Ca 2+ -activated potassium channels in OC but unfortunately, the expression evaluation of these channels and their involvement in OC is still at its start and much work remains to be done in the field.

The literature about the role of lipids LPA and AA in the ovarian cancer progression becomes substantial but the link between LPA and/or AA and ion channels needs to be further investigated and characterized. Indeed, patients suffering from OC endure ascites formation which are enriched in tumor promoting factors including LPA and AA. These two agents were shown to activate specific and convenient pathways for cancer cells to progress in a Ca 2+ -dependent manner involving Ca 2+ channels and their potential KCa partners. Despite the research progress in the field of ion channels in cancer, many questions remain unanswered: since channels proteins are hijacked from their normal physiological function, could they form complexes in transformed malignant cells? Are these complexes different from those formed in a physiological context? Are they linked to particular membrane structures specifically associated to malignant transformation (e.g. nanodomains)? Or to the tumor microenvironment (e.g. lipids and other soluble molecules)? The possibility of the ion channel complex formation between lipid-sensitive KCa and Ca 2+ channels, as found in breast and colon cancers [START_REF] Gueguinou | KCa and Ca(2+) channels: the complex thought[END_REF], could provide significant advantages in order to develop targeted therapies.

Today, no study has stated a clear or a direct link between lipid intake, OC outcome and ion channels. In addition, the development of approaches for cancer-specific targeting of tumor promoting lipids would also be another good starting point. Some approaches consisting of blocking the synthesis of these lipids, their receptors or their metabolization are under development and some of them are currently being evaluated in clinical trials for ovarian cancer. For example, LPA degradation by the introduction of lipid phosphate phosphohydrolase-3 appears to be effective for the control of tumor growth in OC [192] and pharmacological targeting of LPA receptor LPA1 by the antagonist Ki16425, efficiently controls the migration and invasion of cancer cells [193].

Finally, characterizing the expression of ion channels in human EOC tissues associated with the lipid microenvironment of tumors or serum LPA levels is essential to carry out in order to place in vitro and in vivo studies in a clinical context. If the implication of these channels is confirmed in EOC, as it has been found in breast, colon or prostate cancers, they could be considered as functional biomarkers and could be novel therapeutic targets for EOC to control cell proliferation, migration, survival or chemotherapy resistance. PLC hydrolyzes phosphatidylinositol 4,5-bisphosphate (PIP 2 ) to diacyl glycerol (DAG) and inositol trisphosphate (IP 3 ). IP 3 binds to its receptor in the ER and initiates calcium release from stores. Ca 2+ depletion is sensed by STIM1 that interacts with ORAI channels at the plasma membrane inducing Ca 2+ entry. This Ca 2+ entry activates other channels of which the Ca 2+ activated potassium channels (KCa) and the Ca 2+ influx is therefore potentiated by hyperpolarization. STIM can also interact with other Ca 2+ channels such as TRPC1/4/5 channels. On the other hand, the DAG released from PIP 2 hydrolysis, can also participate in Ca 2+ entry via other TRP channels such as TRPC3/C6. DAG metabolism generates other messengers such as the Arachidonic Acid (AA) that has been proved to induce Ca 2+ entry in a store independent manner via other TRP channels or ORAI multimeric channels. Note that extracellular AA could also be easily imported into the tumor cell by the expression of fatty acid carriers such as CD36 and FATP4 that contribute to tumor progression and metastasis by modulating ion channels activity.

Deregulated Ca 2+ influx in the cancer cells is necessary for proliferation, survival and migration/invasion.

The precursor phospholipids can be converted to their corresponding lysophospholipids. This occurs via phosphatidylserine-specific phospholipase A1 (PLA 1 ) or secretory phospholipase A2 (PLA 2 ) activity.

Lysophospholipids are then converted to LPA via autotaxin (ATX) activity. In the second major pathway, phosphatidic acid (PA) is first produced from phospholipids through phospholipase D. PA is then converted directly to LPA by the actions of either PLA 1 or PLA 2 . -High FAS expression associated to shorter survival in high grade serous patients -162 HGSC [START_REF] Ueda | Expression of Fatty Acid Synthase Depends on NAC1 and Is Associated with Recurrent Ovarian Serous Carcinomas[END_REF] -No association between FAS expression and histological phenotypes.

-Positive association between FAS level and grade/ FIGO stages -64 serous, 14 mucinous, 
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  [105][106][107]. It was expressed in about 70% of EOC and was strongly associated with advanced stage[108]. The mRNA or protein levels of LPAR2 and LPAR3 were upregulated and their expression status is positively associated to the histological grade and/or clinical FIGO stage[105][106][107][108][109]. In high-grade serous carcinoma patients, high mRNA expression of LPAR1, LPAR2 and LPAR5 in post-chemotherapy effusions were associated to a shorter progression-free survival and overall survival (OS)[101]. On a thousand serous carcinoma patients, whose chemotherapy status was not specified, Reinartz's team showed that high LPAR3 expression significantly reduced time before relapse[START_REF] Reinartz | A transcriptome-based global map of signaling pathways in the ovarian cancer microenvironment associated with clinical outcome[END_REF]. A part of the LPA activity could be mediated through nuclear peroxisome proliferator-activated receptor gamma (PPARγ) [103, 104]. LPA accumulation in ovarian carcinomas may be due to lipid phosphate phosphatases failure [110] [111]. Moreover, LPA can be converted by lysophosphatidic acid acyltransferaseβ (LPAATβ) to PA (phosphatidic acid). In 70 epithelial carcinomas, high mRNA or protein amounts of LPAATβ were reported in high grade tumors and associated to shorter survival [112, 113] [114]. These results are in accordance with the fact that PA should not be considered as a simple LPA degradation metabolite or a synthesis intermediate but also as a bioactive phospholipid able to generate intracellular signaling pathway [115]. Several strategies are currently under development to control LPA synthesis or to antagonize LPA effects via its receptors [116]. All lipid products or enzymes, involved in LPA metabolism and showing expression associated with OC relapse or outcome were summarized in Figure 1 in red.
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  compounds metabolized from AA or linoleic acid via LOX and P450 cytochrome have been identified and associated with the increased risk of developing OC in the ensuing decade[119].In the largest immunohistological study (more than 400 serous carcinomas), COX-2 in tumor cells was overexpressed in high histological grade, positively associated with HER-2 expression, but not clearly associated with stage [120]. However, COX-2 overexpression was associated to FIGO stage in two metaanalyses and was significantly associated to a reduced survival in serous OC [120] [121, 122]. With the potential beneficial effects of a COX-2 inhibitor in preclinical models [123, 124], clinical trials have been initiated with promising activity [125]. However, toxicity of a COX-2 specific inhibitor, Celecoxib, cannot be eluded and efficiency trials targeting COX remain to be established for human OC [126, 127]. Several trials were going on with substitution inhibitors (acetylsalicylic acid, indomethacin or ketorolac) in OC including in prevention setting.

  [130-132]. However, no studies focused on plasma membrane Ca 2+ channels in ovarian epithelial cells and few studies focused on human ovarian endocrine cells. A study conducted by Agoston et al., showed that Ca 2+ influx from T and L-types Voltage Gated Calcium Channels (VGCCs) in human ovarian endocrine cells is necessary for steroidogenesis [133]. It has been also demonstrated by Lee et al., that ATP elicits changes in intracellular Ca 2+ concentration in human ovarian cells through P2-purinoreceptor activation and that these events are initiated by the release of Ca 2+ from cytosolic stores, and sustained by extracellular calcium influx [134]. Another work suggested that the plurality and co-expression of different Ca 2+ -activated K + channels (KCa) might allow differentiated responses to Ca 2+ signals over a wide range caused by various intra-ovarian signaling molecules (e.g. acetylcholine, ATP, dopamine) [135]. However, nature, regulation, and functional roles of ion channels of human ovarian endocrine cells are not very well known.

  [140]. However, in cancer, Ca2+ homeostasis is disrupted leading to cancer growth and progression[141].It is well known that Ca 2+ signaling is necessary for signaling cascades of tumorigenesis and neoplastic progression by controlling gene expression, DNA synthesis, cell cycle progression, apoptosis, proliferation, migration and survival[142][143][144][145][146].Store Operated Calcium ChannelsIn non-excitable cells, some of the mechanisms contributing to the regulation of cytosolic Ca 2+ concentration include Ca 2+ release from intracellular stores and subsequent activation of Store Operated Ca 2+ Entry (SOCE)[147]. The Ca 2+ enters the cells via the Ca 2+ Release-Activated Ca 2+ Channels (CRAC) formed by the Orai1, Orai2 and/or Orai3 channels as well as their regulators STIM1 and/or STIM2[148].The Orais and STIMs proteins were shown to be implicated in many cancer types such as prostate, colon and breast cancer[149, 150]. Few studies focused on the roles of these channels in OC. One work from Schmidt et al., showed that Orai1 and STIM1 are highly regulated in the A2780 cisplatin-resistant ovary carcinoma cells compared to A2780 non-resistant cells, leading to elevated SOCE[151]. In their work, they coupled 2-APB (2-aminoethoxydiphenyl borate) treatment (50 μM) to cisplatin in resistant cells and observed an increase of number of these cells in late apoptosis. This finding underlines a possible role of Orai channels in resistance to treatment but the authors did not carry on with functional assays in their study. One way to try to understand the implication of SOCE in resistance to apoptosis is to look at some actors that are calcium-dependent and involved in the cell cycle progression. Indeed, SOCE triggers oscillations that are required for cell cycle progression mostly during the S, M or G2/ M phases as shown in several types of cancers[152, 153]. This could help to better understand these channels' functions in OC cell survival and resistance to treatment. Most recently, Abdelazeem et al., showed in ovary carcinoma cells that the expression of both Orai1 and STIM1 is upregulated by placental growth factor enhancing SOCE as well as the expression of the Hypoxia Inducible Factor HIF1α[154]. The transcription factor HIF1α is known for its role in carcinogenesis. Its overexpression in human cancers causes genetic alterations such as gain of function mutations in oncogenes and loss of function mutations in tumorsuppressor genes. In addition, pharmacological inhibition of its activity reduces tumor growth by impacting the angiogenesis, glucose metabolism and cell survival[155]. Some studies focused on the direct link between SOCE and HIF1α of which, the work fromLi et al. in hepatocarcinogenesis [156]. Very interestingly, they found that the hypoxia-induced Ca 2+ transient was store operated and that HIF1α directly controls the transcription of STIM1, by binding to its promoter, and contributes to SOCE. On the other hand, STIM1-mediated SOCE is also required for HIF1α accumulation in hypoxic HCC cancer cells via activation of Ca 2+ /calmodulin-dependent protein kinase II (CAMKII) and p300. This direct link between STIM1 and HIF1α in hepatocarcinogenesis could give insights into what is happening in OC when expression and activity of ORAI1/STIM1 and HIF1α are elevated.

  metastasis [178]. In 2016, Samuel et al., demonstrated that the upregulation of miR-31 increased resistance, as did the knockdown or inhibition of BKCa channels suggesting that these genes directly modulate cisplatin response in ovarian carcinoma cells. Comparing the levels of miR-31 and BKCa to cisplatin resistance in the NCI60 panel or chemoresistance in cohorts of OC tumors, reveals correlations that support a role for partners in vitro and in vivo [179]. The anti-apoptotic proteins Bcl-xL and Mcl-1 have been identified to play a pivotal role in apoptosis resistance in OC. Ca 2+ signaling was reported to activate the signaling pathway controlling Mcl-1 expression. In this context, Bonnefond et al., showed that the carboxyamidotriazole, a Ca 2+ channel inhibitor used in clinical trials, inhibits SOCE and Mcl-1 translation through mTORC1 deactivation in OC cell lines (IGROV1-R10, OVCAR3 and SKOV3). Moreover, it sensitized ovarian carcinoma cells to Bcl-xL inhibitors as their combination elicited massive apoptosis. Its effect was mimicked by the SOCE inhibitor, YM58483, which also triggered apoptosis when combined with anti-Bcl-xL [180]. Schmidt et al., showed that Orai1 and STIM1 are highly regulated in cisplatinresistant ovary carcinoma cells comparing to non-resistant cells, leading to elevated SOCE and an enhanced Akt activity which contributes to therapy resistance in those cells [151]. According to previous observations, enhanced SOCE contributed to therapy resistance of OC cells. Pelzl et al., demonstrated that several isoforms of the Na + /Ca 2+ exchanger (NCX), responsible for Ca 2+ extrusion, are higher in therapy resistant than in therapy sensitive OC cells and pharmacological inhibition of NCX sensitizes resistant ovary carcinoma cells to cisplatin [181].

Figure 1 :

 1 Figure 1: Schematic summary of LPA and AA pathways including enzymes and lipids associated with the progression-free survival or overall survival of epithelial ovarian cancer (for references see Table2).

  ). Lipids and enzymes of interest are indicated in red. The enzymes are indicated in italic. AA (Arachidonic Acid), ATX (Autotaxin), COX (1 and 2) (CycloOXygenase), 5-LOX (5-LipOXygenase), HSD17B12 (Hydroxysteroid 17-β-Deshydrogenase 12), ELOVL5 (Fatty Acid Elongase 5), CYP (Cytochrome P450), FAS (Fatty Acid Synthase), LPA (LysophosPhatidic Acid), LPC (Lysophophatidylcholine), PA (Phosphatidic Acid), PC (PhosphatidylCholine), LCAT (Lecithin-Cholesterol AcylTransferase),LPAATβ (LysoPhosphatidicAcidAcylTransferase β, PLA2 (PhosphoLipase A2), PLD PphosphoLipase D), 5-HPETE (5-hydroperoxyeicosatetraenoic acid), TXA2 (Thromboxane A2), LTXY (Leukotriene XY), PGG2 (Prostaglandin G2), PGE2 (Prostaglandin E2), PGF2 (Prostaglandin F2), PGI2 (Prostacyclin I2), HETE (Hydroxyeicosatetraenoic acids ), PTGIS (ProsTaGlandin I2 Synthase), PTGES (ProsTaGlandin E Synthase), LTA4 hydrolase (Leukotriene A4 hydrolase), Leukotriene A4 hydrolase, PTGERX (prostaglandin E2 receptor x), LPARX (LysoPhosphatidic Acid Receptor x), LTB4RX (LeukoTriene B4 Receptor x).

Figure 2

 2 Figure 2 Graphical abstract: Possible links between Ca 2+ channels and Ca 2+ -activated potassium channels associated with cancer progression and the two major lipids, arachidonic acid (AA) and lysophosphatidic acid (LPA) implicated in ovarian cancer. LPA acts as a potent extracellular signaling molecule through its receptors: LPAR 1-5 are all coupled to G αq/11 activating the Phospholipase C (PLC).

4 endometrioids

 4 level as diagnostic marker of ovarian cancers -Meta-analysis (980 cancers-872 benign)[START_REF] Li | Plasma levels of lysophosphatidic acid in ovarian cancer versus controls: a meta-analysis[END_REF] -No association between LPA level in ascites and survival -28 HGSC[START_REF] Reinartz | A transcriptome-based global map of signaling pathways in the ovarian cancer microenvironment associated with clinical outcome[END_REF] -A molecular gene signature induced by LPA in tumor cells associated to shorter time to relapse or overall survival -75 patients including 65 serous, level is not suitable diagnosis -121 ovarian cancer patient compared to 102 healthy subjects [100] -mRNA ATX level not associated to progression-free survival or overall survival -146 samples HGSC with 70 effusions, 76 solid primary tumors or metastases [101] -High PLA2 G7 isoform protein level in ascites -High mRNA PLA2G4B isoform in tumors reduced protein: LPAR1 not clearly different between ovarian tumors and normal epithelium, LPAR2 and LPAR3 overexpression associated to grade and FIGO stage -134 epithelial ovarian cancers (70% EOC expressed LPAR1, 40% LPAR2, 17% LPAR3, LPAR1 associated with advanced stage and LPAR2 LPAR3 associated with poor differentiation -52 epithelial ovarian cancers (26 serous, 8 mucinous, 12 endometrioid, 6 clear cell) -High mRNA LPAR1, LPAR2 and LPAR5 expressions associated to a shorter progression-free survival and overall survival -43 effusions pre-chemotherapy and 44 effusions post chemotherapy of HGSC [101] -High LPAR3 expression reduced time before relapse in serous carcinomas -1638 serous tumors [78] -LPAATβ protein overexpression in tumors associated to shorter survival -LPAATβ protein overexpression in tumors associated to high grade and shorter overall survival -LPAATβ protein overexpression in tumors associated to high grade and shorter overall survival for <60 years patients -70 epithelial carcinomas (including 18 serous, 15 clear cells, 13 endometrioids, 17 mucinous) -125 epithelial carcinomas (including 81 seroous, 17 endometrioids, 15 clear cells) COX-2 proteins increased with grade and FIGO stage in serous tumors -48 serous, 4 mucinous, 33 endometrioids, 8 clear cells [195] -High LTB4R2 protein expression in tumors with advanced stage and association with platinum resistance without impact on survival -245 carcinomas (150 serous, 70 endometrioids, 21 mixed, 4 mucinous [129] -High AA and LTB4 levels in ascites associated to shorter progression-free survival -High mRNA expressions of PTGIS, PTGES, LTB4R2 and PTGER3 in tumors associated with shorter relapse-free survival

Table 1 :

 1 Nutritional epidemiology and ovarian cancer risk.

	Nutritional Factors	Ovarian cancer Risk	Reference(s)
	Total fat intake,	-Increased risk and mortality	[34]
	particularly from animal	(Based on United Nations data)	
	origin		
	Total fat intake, fat	-No association with ovarian cancer risk	[36]
	source, fat subtypes or	(Pooled studies published between 1983-2014 with 12,046	
	trans fats,	EOC cases and 1,105,946 non cases)	
	Total fat intake, fat	-No association with ovarian cancer risk except for saturated	[35]
	source, fat subtypes	fat intake associated with increased risk	
		(12 prospective cohorts with 523,217 women follow up, 2,132	
		cases of EOC with histological subtype distinction)	
		Increased Risk with total fat intake, saturated fat and animal-	[37]
		based fats	
		(Meta-analysis 8 studies with 2,529 EOC cases excluding	
		borderline subtypes and 4,160 non-cases)	
		-Risk of epithelial ovarian cancer tends to be increased with	[38]
		higher polyunsaturated fat intake. No association between	
		risk and other fat subgroups	
		(European prospective cohort-EPIC, 325,007 women with	
		1,191 EOC including 96 borderlines, separated analysis on	
		serous and endometrioid histologic phenotypes)	
		-Positive association between high saturated fat intake and	
		increased ovarian cancer risk	[39]
		-Increased risk with total and animal-based fats	
		(European prospective cohort-EPIC, 325,007 women with	
		1,095 EOC excluding borderline and Netherland cohort-	[194]
		NLCS-2,582 women with 383 EOC)	

Total fat intake, fat source, fat subtypes, trans fat

  

	Serum lipids (Cholesterol		-No association with ovarian cancer risk	[46]
	triglycerides)	(About Swedish 234,494 women including 808 ovarian
			cancer women)
	Serum lipids (Cholesterol	-Increased risk with high serum cholesterol level	[44]
	triglycerides)	(America, 35 cases whose 88% epithelial ovarian cancers-67
			control woman)
		-Increased risk with high serum level of cholesterol and	[48]
		triglyceride (China, 573 EOC and 1,146 controls)
	Serum cholesterol level		-Increased risk	[45]
			(166 countries)
		-Increased risk of epithelial ovarian cancers with mucinous	[43]
			phenotype
		(Austria, Norway and Sweden, 287,230 women 644 EOC
			including phenotype distinction)
		-High Total fat, saturated fat, animal-based fat, and trans-fat
		associated with increased risk for serous cancer phenotype	[41]
		-High saturated fat associated with increased risk for
			endometrioid ovarian cancers
		(Meta-analysis of 16 case-control studies and 9 cohorts with
			ovarian phenotypes distinction)
	Nutritional modification:		-Decrease of ovarian cancer risk	[40]
	Decrease of fat intake and	(American population whose three quarters were overweight
	increase vegetable	or obese, 29,294 women with usual diet and 19,541 women
	consumption		with low fat and vegetable enriched diet
	Cholesterol intake		-No association with ovarian cancer risk	[35]
		(12 prospective cohorts with 523,217 women follow up, 2,132
		cases of EOC with histological subtype distinction)
		-	Increased risk with high cholesterol intake	[42]
		(Canadian population, 442 cases-2,135 controls)

Table 2 :

 2 Lipids and enzymes of Lysophosphatidic Acid (LPA) and Arachidonic acid (AA) pathways associated with grade, stage, progression-free survival or overall survival in epithelial ovarian cancers.

	Lipids or Lipid	Association with grade, stage, progression-free survival	Population	Reference(s)
	pathway	or overall survival		
	Lipid metabolism -Alteration of membrane lipids, between normal epithelium, borderline and serous tumors	-15 normal tissues, 15 borderlines,	[66]
			48 HGSC	
	Fatty Acid	-High FAS expression associated with high grade and FIGO stage III/IV	-64 serous, 14 mucinous,	[69]
	Synthesis		17 endometrioids	

Table 3 :

 3 Summary of in vitro function of calcium channels expressed in ovarian cancer cells lines.

	Ion channel	Model(s)	Effect(s)	Mechanism	Reference(s)
	Orai1/STIM1	A2780cis	Therapy resistance	Elevated SOCE/AKT activity	[151]
		cisplatin-resistant ovary			
		carcinoma cells			
	TRPC1	Ovarian cancer tissues	Lower expression in		[161]
	TRPC3 TRPC4 TRPC6	cancer cell line SKOV-3 ovarian	undifferentiated OC Increased proliferation	-	
	TRPC3	Ovarian cancer		EGF-induced Ca 2+ entry	[166]
		specimens	Increased proliferation	Dephosphorylation of	
		SKOV-3 and ES2 cells		CDC2 and CAMKII	
				Progression through the M	
		Nude Mice	Tumor Growth	phase of the cell cycle	
	TRPC1	Ovarian cancer tissues	Downregulation		[162]
		and microarrays	correlated with drug	-	
			resistance and high		
			histological grade		
	TRPV6	OD/SCID xenograft	Tumor Growth		[81]
		mice with tumor-derived		-	
		from SKOV-3			
	T-Type Voltage-	HO8910 and A2780	Increased Proliferation	Block in G0/G1 phase of the	[168]
	Gated Calcium Channels	ovarian cancer cells		cell cycle	
		OV207 and OVCAR-3 ovarian cancer cells	Increased migration	signaling cascade as well as Activation of the MAPK	[169]
				the ERK signaling pathway	
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