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MEHP/ethanol co-exposure favors the death of steatotic hepatocytes, possibly through CYP4A and ADH involvement
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HIGHLIGHTS 1-MEHP/EtOH co-exposure leads to death of steatotic hepatocytes via oxidative DNA damage.

2-MEHP-activated

AhR would enhance ethanol metabolism by ADH in steatotic cells.

3-The toxicity by MEHP/EtOH co-exposure would rely on CYP4A activity

1-INTRODUCTION

Non-Alcoholic Fatty Liver Disease (NAFLD) is the most common form of chronic liver disease worldwide, with about 25% of the global population affected, reaching up to 80% in overweight or obese people (Younossi et al., 2016b;[START_REF] Chalasani | The diagnosis and management of nonalcoholic fatty liver disease: Practice guidance from the American Association for the Study of Liver Diseases[END_REF]. Moreover, its occurrence is steadily rising, along with obesity epidemics that represents the main risk factor for these diseases (Younossi et al., 2016b;[START_REF] Estes | Modeling the epidemic of nonalcoholic fatty liver disease demonstrates an exponential increase in burden of disease[END_REF]. NAFLD encompasses a large spectrum of hepatic lesions from fatty liver (steatosis) to Non-Alcoholic Steatohepatitis (NASH) that can exhibit different degrees of severity depending on fibrotic status [START_REF] Chalasani | The diagnosis and management of nonalcoholic fatty liver disease: Practice guidance from the American Association for the Study of Liver Diseases[END_REF][START_REF] Patel | Clinical Presentation and Patient Evaluation in Nonalcoholic Fatty Liver Disease[END_REF]. Steatosis is characterized by lipid accumulation in the liver, evidenced by the formation of triglyceride-containing lipid droplets in hepatocytes [START_REF] Sahini | Recent insights into the molecular pathophysiology of lipid droplet formation in hepatocytes[END_REF][START_REF] Sanyal | Endpoints and clinical trial design for nonalcoholic steatohepatitis[END_REF], while in NASH, this state is accompanied with death of hepatocytes and inflammation [START_REF] Sanyal | Endpoints and clinical trial design for nonalcoholic steatohepatitis[END_REF]. NASH is known to form a favorable ground to cirrhosis and hepatocellular carcinoma (HCC) development [START_REF] Ekstedt | Long-term follow-up of patients with NAFLD and elevated liver enzymes[END_REF][START_REF] Younossi | Association of nonalcoholic fatty liver disease (NAFLD) with hepatocellular carcinoma (HCC) in the United States from 2004 to 2009[END_REF]. Consequently, NAFLD has become a leading cause of HCC development and has been associated with an increased risk of mortality [START_REF] Younossi | Association of nonalcoholic fatty liver disease (NAFLD) with hepatocellular carcinoma (HCC) in the United States from 2004 to 2009[END_REF](Younossi et al., , 2016a)). In this context, whereas steatosis is not harmful by itself, it can be considered as a liver sensitizing stage to external aggressions inducing cell death and/or inflammation, thereby favoring pathological progression to NASH and more. Of note, about 10 to 20% of people with steatosis have been reported to develop NASH thereafter [START_REF] Estes | Modeling the epidemic of nonalcoholic fatty liver disease demonstrates an exponential increase in burden of disease[END_REF][START_REF] Siegel | Metabolic syndrome and hepatocellular carcinoma: Two growing epidemics with a potential link[END_REF]. However, the nature of these aggressions and the related molecular mechanisms are yet not fully known.

Hepatic steatosis has been associated with various etiological factors including obesity, alcohol and environmental contaminants [START_REF] Foulds | Endocrine-disrupting chemicals and fatty liver disease[END_REF]. Regarding these latter factors, several studies have indeed highlighted a potential implication of environmental chemicals in NAFLD development and progression, by altering lipid metabolism or inducing cell injuries in liver [START_REF] Foulds | Endocrine-disrupting chemicals and fatty liver disease[END_REF][START_REF] Heindel | Metabolism disrupting chemicals and metabolic disorders[END_REF]. This is in this context that NAFLD caused by environmental toxicants has been called TAFLD, for Toxicant-Associated Fatty Liver Disease, and TASH, for Toxicant-Associated Steatohepatitis [START_REF] Wahlang | Toxicant-associated steatohepatitis[END_REF][START_REF] Wahlang | Mechanisms of Environmental Contributions to Fatty Liver Disease[END_REF]. However, the impact on liver of combinations of various etiological factors is still scarcely evaluated despite the fact that it further mimics the real J o u r n a l P r e -p r o o f life. Thus, we have previously demonstrated that co-exposure to alcohol, a well-known lifestyle hepatotoxicant, and the environmental carcinogen benzo[a]pyrene (B[a]P), can drive the progression of a pre-established steatosis to a NASH-like state both in vitro and in vivo (Bucher et al., 2018a(Bucher et al., , 2018b;;[START_REF] Imran | Membrane Remodeling as a Key Player of the Hepatotoxicity Induced by Co-Exposure to Benzo[a]pyrene and Ethanol of Obese Zebrafish Larvae[END_REF][START_REF] Tête | Mechanisms involved in the death of steatotic WIF-B9 hepatocytes co-exposed to benzo[a]pyrene and ethanol: a possible key role for xenobiotic metabolism and nitric oxide[END_REF]. In these studies, we have notably demonstrated that B[a]P/ethanol co-exposure induced apoptotic death of steatotic hepatocytes through several mechanisms including changes in xenobiotic metabolism, oxidative stress notably leading to oxidative DNA damage and lipid peroxidation, and an AhR (Aryl Hydrocarbon Receptor)-dependent mitochondrial dysfunction (Bucher et al., 2018a;[START_REF] Tête | Mechanisms involved in the death of steatotic WIF-B9 hepatocytes co-exposed to benzo[a]pyrene and ethanol: a possible key role for xenobiotic metabolism and nitric oxide[END_REF]. In addition, we found that membrane remodeling was involved in liver steatosis progression in High Fat Diet (HFD)-fed zebrafish larvae [START_REF] Imran | Membrane Remodeling as a Key Player of the Hepatotoxicity Induced by Co-Exposure to Benzo[a]pyrene and Ethanol of Obese Zebrafish Larvae[END_REF].

Many other toxicants have been demonstrated or are suspected to be metabolism-disrupting chemicals, and therefore could also be involved in the development of NAFLD [START_REF] Al-Eryani | Identification of Environmental Chemicals Associated with the Development of Toxicant associated Fatty Liver Disease in Rodents[END_REF][START_REF] Heindel | Metabolism disrupting chemicals and metabolic disorders[END_REF][START_REF] Magueresse-Battistoni | Endocrine disrupting chemicals in mixture and obesity, diabetes and related metabolic disorders[END_REF]. Among these pollutants, phthalates and especially Di(2-Ethylhexyl) Phthalate (DEHP) are frequently cited [START_REF] Benjamin | Phthalates impact human health: Epidemiological evidences and plausible mechanism of action[END_REF][START_REF] Foulds | Endocrine-disrupting chemicals and fatty liver disease[END_REF][START_REF] Heindel | Metabolism disrupting chemicals and metabolic disorders[END_REF]. DEHP is commonly used as a plasticizer of Polyvinyl Chloride (PVC) industry and is ubiquitous in environment [START_REF] Benjamin | Phthalates impact human health: Epidemiological evidences and plausible mechanism of action[END_REF]. Human exposure to phthalates is mainly through diet because they can readily be leached from plastic packaging to foods and drinks since not chemically-bound to polymers [START_REF] Benjamin | Phthalates impact human health: Epidemiological evidences and plausible mechanism of action[END_REF][START_REF] Wang | A Review of Biomonitoring of Phthalate Exposures[END_REF]. In the organism, DEHP is rapidly metabolized in the gut to Mono(2-Ethylhexyl) Phthalate (MEHP); this metabolite that is considered as the active metabolite for metabolic disruption upon DEHP exposure, then goes to the liver [START_REF] Frederiksen | Metabolism of phthalates in humans[END_REF][START_REF] Keys | Quantitative evaluation of alternative mechanisms of blood and testes disposition of di(2-ethylhexyl) phthalate and mono(2-ethylhexyl) phthalate in rats[END_REF]. Thus, DEHP and/or MEHP have been reported as disturbing lipid metabolism both in vitro in human hepatic cells [START_REF] Bai | Mono-2-ethylhexyl phthalate induces the expression of genes involved in fatty acid synthesis in HepG2 cells[END_REF]Zhang et al., 2017b[START_REF] Zhang | Mono-2ethylhexyl phthalate (MEHP) promoted lipid accumulation via JAK2/STAT5 and aggravated oxidative stress in BRL-3A cells[END_REF] and in vivo in adult male zebrafish [START_REF] Huff | Systems Analysis of the Liver Transcriptome in Adult Male Zebrafish Exposed to the Plasticizer (2-Ethylhexyl) Phthalate (DEHP)[END_REF]. In these in vitro studies, MEHP was able to induce an oxidative stress, thereby affecting cell viability at high exposure concentrations ≥ 50 µM [START_REF] Bai | Mono-2-ethylhexyl phthalate induces the expression of genes involved in fatty acid synthesis in HepG2 cells[END_REF][START_REF] Zhang | Mono-2ethylhexyl phthalate (MEHP) promoted lipid accumulation via JAK2/STAT5 and aggravated oxidative stress in BRL-3A cells[END_REF]. Regarding the in vivo experiment in zebrafish, a low concentration of DEHP (5.8 nM) was tested, revealing modulations of expression of liver genes related to fatty acid metabolism and development of NAFLD [START_REF] Huff | Systems Analysis of the Liver Transcriptome in Adult Male Zebrafish Exposed to the Plasticizer (2-Ethylhexyl) Phthalate (DEHP)[END_REF]. DEHP was also demonstrated to exacerbate NAFLD in vivo, in rats fed with HFD [START_REF] Chen | Di(2-ethylhexyl) phthalate exacerbates non-alcoholic fatty liver in rats and its potential mechanisms[END_REF], while J o u r n a l P r e -p r o o f MEHP exposure was described as possibly related to NAFLD development in human [START_REF] Milošević | Could phthalates exposure contribute to the development of metabolic syndrome and liver disease in humans?[END_REF]. Regarding co-exposure of DEHP with ethanol, only the interaction of this phthalate with ethanol metabolism in liver was reported [START_REF] Agarwal | Interaction of di-(2-ethylhexyl) phthalate with the pharmacological response and metabolic aspects of ethanol in mice[END_REF], and a very recent study pointed to a synergistic effect of both molecules towards unsaturated fatty acid synthesis in liver [START_REF] Li | Hepatotoxicity study of combined exposure of DEHP and ethanol: A comprehensive analysis of transcriptomics and metabolomics[END_REF].

However, nothing has so far been reported regarding the pathological progression of prior liver steatosis upon such a co-exposure.

In the present study, we have therefore decided to analyze the impact of phthalate/ethanol coexposure on such a progression. To this aim, we have tested the effects of MEHP/ethanol co-exposure in vitro on pre-steatotic WIF-B9 hepatocytes, and of DEHP/ethanol co-exposure in vivo in HFD-fed zebrafish larvae. Our present in vitro data show that MEHP/ethanol co-exposure at low doses results in the apoptotic death of steatotic hepatocytes, notably through oxidative DNA damage and p53 activation. Cooperative mechanistic interactions between ethanol and MEHP metabolisms have been highlighted, involving not only an AhR-dependent activation of Alcohol Dehydrogenase (ADH) but also cytochrome P450 4A (CYP4A). Besides hepatocyte damage, DEHP/ethanol co-exposure of HFDzebrafish larvae leads to signs of inflammation. In conclusion, exposure to DEHP or MEHP in combination with ethanol could favor the pathological progression of NAFLD.

J o u r n a l P r e -p r o o f Antibodies used for immunofluorescence and western blotting experiments were as follows: mouse monoclonal anti-CYP4A (A1/A2/A3) (sc-53247) and mouse monoclonal anti-HSC70 (sc-7298) both purchased from Santa Cruz Biotechnology (Heidelberg, Germany) ; mouse monoclonal antiphospho-H2AX (Ser139) (05-636) antibody was acquired from Merck Millipore (Molsheim, France); mouse monoclonal anti-p53 (#2524S) and anti-phospho-p53 (Ser15; #12571), as well as caspase-3 (3G2) mouse antibody (#9668) were obtained from Cell Signaling Technology (Saint Quentin, France). Alexa Fluor FITC-conjugated secondary antibodies were purchased from Invitrogen (Cergy Pontoise, France) and secondary antibodies conjugated with horseradish peroxidase were from DAKO (Les Ulis, France).

2-MATERIAL AND METHODS

2.1-Chemicals and antibodies

Chlorzoxazone

(CZX), 1-Methyl-N-[2-methyl-4-[2-(2-methylphenyl) diazenyl]phenyl-1H- pyrazole-5-carboxamide (CH-

2.2-WIF-B9 cell culture and treatments

J o u r n a l P r e -p r o o f WIF-B9 hepatic hybrid cell line, obtained by fusion of Fao rat hepatoma cells and WI-38 human fibroblasts [START_REF] Decaens | Establishment of hepatic cell polarity in the rat hepatoma-human fibroblast hybrid WIF-B9. A biphasic phenomenon going from a simple epithelial polarized phenotype to an hepatic polarized one[END_REF] was a generous gift from Dr Doris Cassio (UMR Inserm S757, Université Paris-Sud, Orsay, France). WIF-B9 cells were grown in F-12 Ham medium with Coon's modification supplemented with 5% fetal calf serum (Eurobio, Courtaboeuf, France), 2 mM glutamine, 100 U/mL penicillin, 0.1 mg/mL streptomycin, 0.25 μg/mL amphotericin B, 0.22 g/L NaHCO 3 , HAT (10 μM hypoxanthine, 40 nM aminopterin, 1.6 μM thymidine) and incubated at 37 °C in an atmosphere constituted of 5% CO 2 . Before any treatment, cells were seeded at 12.5x10 3 cells/cm 2 and cultured for 7 days until reaching approximately 80% of confluence.

Exposure protocol is given in supplementary Fig. S1A. Briefly, prior to chronic treatments with toxicants, steatosis was induced by a 2-days treatment with medium containing a fatty acids (450 µM oleic acid/100 µM palmitic acid)-albumin complex, as previously described (Bucher et al., 2018b). Cells with or without prior fatty acid supplementation were then exposed to sub-toxic concentrations of toxicants (500 nM MEHP and/or 5 mM ethanol). In case of co-treatment with inhibitors, they were added to culture medium for 1h prior to co-treatments with toxicants.

2.3-Zebrafish Larvae Handling and treatments

Animals were handled, treated and killed in agreement with the European Union regulations concerning the use and protection of experimental animals (Directive 2010/63/EU). All protocols were approved by local ethic committee CREEA (Comité Rennais d'Éthique en matière d'Expérimentation Animale, Rennes, France; approval number R-2012-NP-01). Fertilized zebrafish embryos collected following natural spawning were obtained from the Structure Fédérative de Recherche Biosit (Inrae LPGP, Rennes, France). Embryos and larvae (sex unknown) were raised at 28 °C according to standard procedures and as previously described [START_REF] Podechard | Zebrafish larva as a reliable model for in vivo assessment of membrane remodeling involvement in the hepatotoxicity of chemical agents[END_REF]. Exposure protocol is given in supplementary Fig. S1B. Briefly, from 4 days post-fertilization (dpf) until 9 dpf, larvae were fed daily during 1 hour before medium renewal with a Standard Diet (SD) (10% of fat) (Tetramin, Tetra, Blacksburg, VA, USA), or with a High Fat Diet (HFD) (~53% of fat) (Sigma-Aldrich, St. Louis, MO, USA). Validation of the protocol to induce liver steatosis has been previously published (Bucher et al., 2018;[START_REF] Imran | Membrane Remodeling as a Key Player of the Hepatotoxicity Induced by Co-Exposure to Benzo[a]pyrene and Ethanol of Obese Zebrafish Larvae[END_REF]; of note, a clear lipid accumulation was detected as soon as 1 day of HFD.

J o u r n a l P r e -p r o o f

Based upon our exposure protocol (see supplementary Fig. S1B), one might thus expect all larvae to exhibit liver steatosis at the time of killing. Concerning toxicant exposure, at 5 dpf, larvae were treated with 2.56 nM DEHP and/or 43 mM ethanol directly added to the incubation medium. Regarding the choice of ethanol concentration, it was based on previous work estimating an internal dose of 10 mM following larvae exposure to 43 mM ethanol (data not shown). With respect to DEHP, the choice of concentration was based first on human exposure (2.54 and 2.85 µg/kg body weight per day for adult female and male, respectively; [START_REF] Wormuth | What are the sources of exposure to eight frequently used phthalic acid esters in Europeans?[END_REF], second on previous work on zebrafish showing modulation of fatty acid metabolism in liver with 2.26 µg/L (5.8 nM) DEHP [START_REF] Huff | Systems Analysis of the Liver Transcriptome in Adult Male Zebrafish Exposed to the Plasticizer (2-Ethylhexyl) Phthalate (DEHP)[END_REF]. As in vivo treatments were longer than in vitro, a lower concentration of DEHP compared to the in vitro MEHP concentration was thus tested on zebrafish larvae.

2.4-WIF-B9 viability, cell death and proliferation evaluation

In order to select MEHP concentration used for the experiments, a cell viability dose-response was assessed by MTT test with non steatotic WIF-B9. After exposure to different concentrations of MEHP, cells were incubated at 37 °C for 1 hour with a 0.5 mg/mL MTT solution (in a serum-free and DMSO-free medium). After washing, cells were then lysed with DMSO and absorbance at 540 nm was measured (POLARstar Omega microplate reader; BMG Labtech, ThermoFisher Scientific, France).

Apoptotic and necrotic cell death was assessed by fluorescence microscopic observation after

Hoechst/Sytox green staining, as previously described (see Tête et al., 2018, for details).

Measurement of caspase-3/7 activity assays were performed using Ac-DEVD-AMC tetrapeptide fluorogenic substrate, as previously described [START_REF] Collin | Cooperative interaction of benzo[a]pyrene and ethanol on plasma membrane remodeling is responsible for enhanced oxidative stress and cell death in primary rat hepatocytes[END_REF]. Briefly, after toxicant exposure, cells were lysed and 80 µg of protein were then incubated with 80 μM DEVD-AMC at 37 °C for 2 hours. Measurement of caspase-mediated cleavage of DEVD-AMC was assessed by spectrofluorimetry (Spectramax Gemini; Molecular Devices, San Jose, California, United States).

Cell proliferation was assessed by [ 3 H]-thymidine cell incorporation. During the last 48h of toxicant exposure, cells were cultured in a medium containing 1 μCi [ 3 H]-thymidine/ml. Following J o u r n a l P r e -p r o o f treatments, cells were scraped, and aliquoted for protein content determination and for [ 3 H]-thymidine incorporation measurement after precipitation in 30% trichloroacetic acid overnight at 4°C.

2.5-Histological analysis of liver toxicity in zebrafish larvae

Histological analysis was performed as previously described [START_REF] Podechard | Zebrafish larva as a reliable model for in vivo assessment of membrane remodeling involvement in the hepatotoxicity of chemical agents[END_REF]. Briefly, after toxicant exposure, larvae were washed in PBS and fixed in 4% paraformaldehyde in PBS at 4 °C before being embedded in paraffin. Then, 5 μm sections were stained with Hematoxylin, Eosin and Safran red (HES) and imaged on a Nanozoomer NDP (Hamamatsu Photonics K.K., Hamamatsu, Japan) (magnification ×400). Histological analysis of dead or damaged cells (visualized as cellular dropouts, ballooning cells, and vacuolated hepatocytes) was assessed from images (2 or 3 sections) of at least 3 larvae per condition.

2.6-DNA damage and nuclear p53 expression evaluation by immunofluorescence

Immunofluorescence was used to analyze DNA damage and nuclear p53 expression. DNA damage was assessed by analyzing the H2AX phosphorylation on Ser139 (γ-H2AX), as previously described [START_REF] Podechard | Zebrafish larva as a reliable model for in vivo assessment of membrane remodeling involvement in the hepatotoxicity of chemical agents[END_REF]. Cells were counted as positive for DNA damage when they exhibit more than 5 nuclear γ-H2AX foci (>100 cells were analyzed per condition). Briefly, after incubation of fixed cells with 1:1000 diluted anti-γ-H2AX or 1:500 diluted anti-p53 antibody for 2 h at room temperature, they were next incubated with Alexa Fluor FITC-conjugated secondary antibodies for 2 h. After washing with PBS, nuclei were counterstained with 300 nM DAPI for 5 min. Finally, cells were analyzed using an automated microscope Leica DMRXA2 (Leica Microsystems, Wetzlar, Germany) with a 63× fluorescence objective.

2.7-Analysis of gene mRNA expression by RT-qPCR

mRNA gene expression analysis was performed as previously described (see Bucher et al., 2018b;Imran et al., 2018, for further details). mRNA expression was normalized by rat β-actin mRNA expression for WIF-B9 cells, and by means of actb2 and gapdh mRNA levels as well as of 18s rRNA levels for zebrafish larvae. The 2 -ΔΔCt method was used to express the relative expression of J o u r n a l P r e -p r o o f each gene. Sequences of rat and zebrafish primers presently tested are provided in supplementary Tables S1 andS2, respectively.

2.8-Analysis of CYP4A protein expression by western blotting

After toxicant exposure, cells were harvested and sonicated on ice in RIPA buffer supplemented with a cocktail of protein inhibitors (Roche). After protein concentration determination, 30 μg of whole-cell lysates were then separated by sodium dodecyl sulfate-polymerase gel electrophoresis (SDS-PAGE). Gels were next electroblotted onto Amersham™ Protran® Western blotting membranes, overnight at 4°C. Membranes were next blocked with a Tris-buffered tween solution supplemented with 5% bovine serum albumin for 2 h and next hybridized with anti-CYP4A antibody overnight at 4 °C. They were then incubated with appropriate horseradish peroxidaseconjugated secondary antibodies for 1h, and immunolabeled proteins were visualized by chemiluminescence using the LAS-3000 analyzer (Fujifilm). For protein loading evaluation, a primary antibody anti-HSC70 was used. Images processing were performed using Multi Gauge software (Fujifilm). Note that similar protocols were applied for analyzing caspase-3 cleavage and p53 phosphorylation on Ser-15, with their respective antibodies.

2.9-Measurement of cytochrome P450s and ADH activities

CYP1, CYP2E1 and ADH activities were all assessed as previously described [START_REF] Tête | Mechanisms involved in the death of steatotic WIF-B9 hepatocytes co-exposed to benzo[a]pyrene and ethanol: a possible key role for xenobiotic metabolism and nitric oxide[END_REF]. Briefly, CYP1 activities were evaluated using the Ethoxyresorufin O-deethylase (EROD) assay, based on the conversion of ethoxyresorufin into resorufin by CYP1 enzymes. Regarding CYP2E1 activity, it was determined by analysis of the formation of chlorzoxazone O-glucuronide (OCZX) by a high-performance liquid chromatography (HPLC) method (see Tête et al., 2018, for details). To assess alcohol dehydrogenase (ADH) activity, measurement of the reduced form of β-nicotinamide adenine dinucleotide (β-NADH) stemming from ethanol oxidation in presence of the oxidized form β-NAD + was realized (see Tête et al., 2018, for details).

2.10-Detection of oxidative stress

J o u r n a l P r e -p r o o f 2.10.1-Determination of ROS production. Intracellular ROS production was assessed using dihydroethidium (DHE), a fluorescent probe sensitive to superoxide anion. The fluorescence of 2-OHethidium (2-OH-E+) was analyzed, as previously described [START_REF] Tête | Mechanisms involved in the death of steatotic WIF-B9 hepatocytes co-exposed to benzo[a]pyrene and ethanol: a possible key role for xenobiotic metabolism and nitric oxide[END_REF]. Results were given as fluorescence arbitrary units (F.A.U.)/mg protein.

2.10.2-Evaluation of lipid peroxidation.

Lipid peroxidation was assessed in culture media by measuring free malondialdehyde (MDA), a secondary end-product of lipid hydroperoxide decomposition. To this aim, an HPLC protocol was applied, as previously described [START_REF] Tête | Mechanisms involved in the death of steatotic WIF-B9 hepatocytes co-exposed to benzo[a]pyrene and ethanol: a possible key role for xenobiotic metabolism and nitric oxide[END_REF].

2.11-Analysis of oxygen consumption and extracellular acidification rates

WIF-B9 cells were seeded in Seahorse XF 24-well microplates (Seahorse Bioscience, Agilent Technologies) at 12.5x10 3 cells/cm 2 . On the day prior to the experiment, XF extracellular flux cartridge was hydrated with XF calibrant overnight. After the 5 days-treatment, the medium was changed to assay medium (unbuffered DMEM with 10 mM glucose, 2 mM glutamine, 2 mM pyruvate), and kept 1h in a non-CO 2 incubator at 37 °C. The mitochondrial function assay was then performed with consecutive injections of inhibitors of the electron transport chain: 1 μM oligomycin, 1 μM FCCP (Carbonyl cyanide-4-(trifluoromethoxy) phenylhydrazone), and a mix of 0.5 μM rotenone / 0.5 μM antimycin A. OCR (oxygen consumption rate) and ECAR (extracellular acidification rate) were measured and then normalized according to protein content. The individual parameters (basal respiration, maximal respiration, spare respiratory capacity, mitochondrial ATP production and proton leak) were all determined by calculating the area under the curves using the Seahorse Wave Desktop Software, as previously described by [START_REF] Dranka | Assessing bioenergetic function in response to oxidative stress by metabolic profiling[END_REF]. Five independent experiments were performed.

2.12-Triglyceride and free fatty acid measurement

Extraction of total lipids from cells was first performed according to the Folch method. Total lipids dissolved in ethanol were then used for triglyceride measurement with the LabAssay™ Triglyceride Kit (Wako Chemicals GmbH, Neuss, Germany); measurement of free fatty acids was J o u r n a l P r e -p r o o f realized using the NEFA-HR kit (Wako Chemicals GmbH, Neuss, Germany). The manufacturer's protocols were applied for both kits. A Spectrostar Nano microplate reader (BMG Labtech, Ortenberg, Germany) was used to monitor the absorbance.

2.13-Statistical analysis

All values were presented as means ± Standard Deviation from a minimum of three independent experiments. Statistical analyses were performed using one-way analysis of variance ANOVA followed by a Student-Newman-Keuls post-test. All statistical analyses were assessed using GraphPad Prism5 software (San Diego, United States). Significance was accepted at p<0.05.

J o u r n a l P r e -p r o o f

3-RESULTS

Co-exposing steatotic WIF-B9 hepatocytes to MEHP and ethanol enhances cell death, notably via activation of effector caspases and p53 pathway

The first set of experiments was carried out in order to test the impact of MEHP/ethanol coexposure on the death of WIF-B9 hepatocytes in the presence or not of a prior steatosis. To do so, the concentration of MEHP was set at 500 nM, based upon a viability assay (MTT test), showing no significant cell viability loss at this concentration in non-steatotic hepatocytes (Supplementary Fig. S2A). Regarding ethanol, the test concentration was set at 5 mM, i.e. a sub-toxic concentration, as previously reported (Bucher et al., 2018b). Following 5 days of treatment by either toxicant alone or in combination, the number of apoptotic and necrotic cells was evaluated using Hoechst 33342 and Sytox green staining, respectively. As illustrated in Fig. 1A andB, the number of both apoptotic and necrotic cells was significantly increased in all steatotic cells compared to non-steatotic counterparts. However, the most striking effect was observed upon co-exposing steatotic cells to MEHP and ethanol (ME), especially concerning apoptosis, with a 2-fold increase compared to steatotic control (C) cells (Fig. 1A). A significant increase in necrosis was also observed with MEHP/ethanol co-exposure under steatotic conditions compared to steatotic controls; however it was similar to that induced by MEHP alone. In order to further characterize the type of cell death involved, and as caspase activation was previously shown to play a role in the toxicity of MEHP in liver cells [START_REF] Yang | Mono(2-ethylhexyl) phthalate induces apoptosis in p53-silenced L02 cells via activation of both mitochondrial and death receptor pathways[END_REF], the broad caspase inhibitor zVAD (10 µM) was used to evaluate the possible role of effector caspases. Fig. 1C shows that following zVAD treatment, the number of cells with condensed/fragmented chromatin was significantly reduced under co-exposure conditions as well as upon treatment with MEHP alone.

Furthermore, an increase in caspase activity was detected upon treatments with either MEHP/ethanol or MEHP alone (Fig. 1D), but without any significant difference between these two conditions; this was associated with an increase in cleaved caspase-3 under both conditions (Fig. 1E). Note that coexposure significantly decreased cell proliferation, but no difference was detected between steatotic and non steatotic cells (Supplementary Fig. S2B). Moreover, no change in the regulation of gene J o u r n a l P r e -p r o o f expression related to inflammation was observed under our experimental conditions (Supplementary Fig. S3).

As MEHP was previously shown to induce DNA damage related to apoptosis in normal human liver cell line L02 [START_REF] Yang | Mono(2-ethylhexyl) phthalate induces apoptosis in p53-silenced L02 cells via activation of both mitochondrial and death receptor pathways[END_REF], we then tested the appearance of such a phenomenon; to do so, an analysis of γ-H2AX staining was performed (see eg. [START_REF] Tête | Mechanisms involved in the death of steatotic WIF-B9 hepatocytes co-exposed to benzo[a]pyrene and ethanol: a possible key role for xenobiotic metabolism and nitric oxide[END_REF]. As shown in Fig. 2A, a significant increase in DNA damage occurred in steatotic cells co-exposed to MEHP and ethanol as compared to steatotic control cells. Such DNA damage was confirmed when looking at the 53BP1 foci (i.e. a key regulator of Double Strand Break repair), whose area relative to nucleus was significantly enhanced upon co-exposure (Supplementary Fig. S4A andC); such an increase was also validated by western blotting (insert, supplementary Fig. S4A). Based upon the fact that an activation of the tumor suppressor protein p53 was previously shown to be related to MEHP-induced DNA damage and subsequent cell death [START_REF] Yang | Mono(2-ethylhexyl) phthalate induces apoptosis in p53-silenced L02 cells via activation of both mitochondrial and death receptor pathways[END_REF], we next decided to test the involvement of the p53 pathway under steatotic conditions. The effect of pifithrin-α (PFT; 10 µM), known to inhibit p53 activation, was then tested. As illustrated in Fig. 2B, PFT significantly reduced, though not fully, the number of apoptotic cells induced by MEHP/ethanol co-exposure or MEHP alone in presence of steatosis. We next looked for p53 activation by immunochemistry. Data from Fig. 2C and D clearly pointed to an increase in the nuclear p53 staining both upon MEHP alone and MEHP/ethanol co-exposure of steatotic cells; this was confirmed by western blotting indicating an increase in the phosphorylation state of p53 upon MEHP and co-exposure (Fig. 2E). This p53 activation upon co-exposure was paralleled by an induction (although not significant) by ∼50% of the gadd45 mRNA expression, with less effect on p21, that is, two well-known gene targets of p53 (Supplementary Fig. S5) [START_REF] Liamin | Benzo[a]pyrene-induced DNA damage associated with mutagenesis in primary human activated T lymphocytes[END_REF]. It is also worth emphasizing that co-exposure did not significantly change the parameters of mitochondrial respiration (Supplementary Fig. S6), nor cell metabolic phenotype (Supplementary Fig. S7) under steatotic conditions. Likewise, the free fatty acid content of steatotic cells remained unchanged upon co-exposure (Supplementary Fig. S8A), and also no change in triglyceride content was observed (Supplementary Fig. S8B). These data therefore ruled out mitotoxicity and lipotoxicity as possible causes of the apoptosis induced by co-exposure under our experimental conditions.

J o u r n a l P r e -p r o o f

Altogether, these first results demonstrated that the cell death induced by co-exposing steatotic WIF-B9 hepatocytes to MEHP and ethanol involved, at least in part, a caspase-dependent apoptotic pathway, that might result from a p53 activation triggered by DNA damage.

Involvement of ADH in the cell death induced by co-exposing steatotic WIF-B9 hepatocytes to MEHP and ethanol

We next tested the involvement of ethanol metabolism in the toxicity induced by co-exposure of steatotic cells, by using 4-methyl pyrazole (4-MP; 500 µM), a known inhibitor of both CYP2E1 and alcohol dehydrogenase (ADH; [START_REF] Cornell | The inhibition of alcohol dehydrogenase in vitro and in isolated hepatocytes by 4-substituted pyrazoles[END_REF][START_REF] Swaminathan | Inhibition of CYP2E1 leads to decreased malondialdehyde-acetaldehyde adduct formation in VL-17A cells under chronic alcohol exposure[END_REF]. As shown in Fig. 3A, 4-MP significantly inhibited the cell death induced by MEHP/ethanol co-exposure in steatotic cells. This therefore highlighted a role for ethanol metabolism in the toxicity induced by co-exposure under steatotic conditions.

The activity of CYP2E1 was then analyzed following 5 days of co-exposure to MEHP and ethanol, as an activation of this CYP has been previously suggested to be involved in steatosis progression [START_REF] Aubert | Increased expression of cytochrome P450 2E1 in nonalcoholic fatty liver disease: mechanisms and pathophysiological role[END_REF]. We found that this activity was rather significantly reduced in steatotic cells whatever the condition tested (Fig. 3B). As 4-MP can also inhibit ADH, the major enzyme system for metabolizing alcohol especially at low concentrations [START_REF] Bucher | Co-J o u r n a l P r e -p r o o f exposure to benzo[a]pyrene and ethanol induces a pathological progression of liver steatosis in vitro and in vivo[END_REF][START_REF] Crabb | Ethanol metabolism[END_REF], the activity of this enzyme was next studied (Fig. 3C). ADH activity was measured following 3 h of treatment based upon the fact that it is not increased following chronic alcohol consumption [START_REF] Crabb | Ethanol metabolism[END_REF]. We found that ADH activity was significantly enhanced by coexposure to MEHP and ethanol of steatotic cells, whereas no effect of MEHP or ethanol alone was detected (Fig. 3C). Note that no significant change in the mRNA expression of several ADH isoforms could be detected at that time under steatotic conditions (Fig. 3D). Knowing that AhR (aryl hydrocarbon receptor) was previously suggested to play a role in the regulation of liver ADH activity [START_REF] Tête | Mechanisms involved in the death of steatotic WIF-B9 hepatocytes co-exposed to benzo[a]pyrene and ethanol: a possible key role for xenobiotic metabolism and nitric oxide[END_REF], we decided to test the effect of CH-223191 (CH; 3 µM), an AhR specific antagonist, on ADH activity as well as DNA damage and cell death. Our data clearly showed that this AhR antagonist prevented not only the early increase in ADH activity elicited by co-exposing steatotic cells to both MEHP and ethanol for 3 h (Fig. 4A), but also the related DNA damage (Fig. 4B) and J o u r n a l P r e -p r o o f apoptosis induced after 5 days of treatment (Fig. 4C). Similar results regarding cell death were also obtained with another known AhR antagonist, i.e. α-naphthoflavone (αNF, 10 µM; Fig. 3C). Note that AhR antagonism by CH or αNF also prevented DNA damage and/or cell death induced by MEHP alone.

Altogether, these results therefore pointed to a role for an AhR-dependent ADH activation, in the toxic effects of the co-exposure to MEHP/ethanol under steatotic conditions.

Involvement of CYP4A in the cell death induced by co-exposing steatotic WIF-B9 hepatocytes to MEHP and ethanol

It has previously been reported that cytochrome P450 4A (CYP4A) could play an important role in the development of steatosis as well as in its progression towards steatohepatitis, notably via oxidative stress [START_REF] Park | Inhibition of CYP4A reduces hepatic endoplasmic reticulum stress and features of diabetes in mice[END_REF][START_REF] Ryu | Targeting CYP4A attenuates hepatic steatosis in a novel multicellular organotypic liver model[END_REF]Zhang et al., 2017a). Knowing that phthalates, especially MEHP, can induce the expression of those CYPs [START_REF] Bell | Induction of acyl-CoA oxidase and cytochrome P450IVA1 RNA in rat primary hepatocyte culture by peroxisome proliferators[END_REF], notably through PPAR activation [START_REF] Xu | Maternal di-(2-ethylhexyl)-phthalate exposure influences essential fatty acid homeostasis in rat placenta[END_REF], we next tested a possible involvement of CYP4s in the increase in the cell death induced by MEHP/ethanol co-exposure under steatotic conditions. First, the mRNA expression of several CYP4A isoforms (1 to 3) was evaluated (Figs 5A-C). As expected from previous work [START_REF] Park | Inhibition of CYP4A reduces hepatic endoplasmic reticulum stress and features of diabetes in mice[END_REF][START_REF] Ryu | Targeting CYP4A attenuates hepatic steatosis in a novel multicellular organotypic liver model[END_REF], this expression was found to be up-regulated upon steatosis, whatever the isoform tested. Regarding the impact of treatments, whereas a trend towards a further up-regulation could be observed with all treatments compared to steatotic controls, no significant difference appeared, likely due to rather large standard deviations. However, especially for CYP4A2 and 3, a 2-fold increase would be triggered by MEHP/ethanol co-exposure (Figs 5B andC).

Regarding CYP4A protein level (Fig. 5D and supplementary Fig. S9A), no further increase upon treatments could be detected when compared to steatotic controls, as confirmed by the densitometric analysis. Note that inhibiting AhR by CH did not affect the increase in CYP4A protein level induced by steatosis (supplementary Fig. S9A), and a rather similar mRNA expression of Pparα, a known regulator of CYP4A expression [START_REF] Ito | Expression of cytochrome P-450 4 enzymes in the kidney and liver: regulation by PPAR and species-difference between rat and human[END_REF], was observed whatever the condition tested (supplementary Fig. S9B).

J o u r n a l P r e -p r o o f

To evaluate a possible role for CYP4A activity in co-exposure-induced cell death, we used HET0016 (500 nM), a known inhibitor of these CYPs [START_REF] Park | Inhibition of CYP4A reduces hepatic endoplasmic reticulum stress and features of diabetes in mice[END_REF][START_REF] Seki | Cytochrome P450 4A isoform inhibitory profile of N-hydroxy-N'-(4-butyl-2-methylphenyl)-formamidine (HET0016), a selective inhibitor of 20-HETE synthesis[END_REF]. As shown in Fig. 5E, the increased number of apoptotic cells due to MEHP/ethanol co-exposure under steatotic conditions was fully inhibited. A similar inhibition was also observed upon MEHP treatment. Such an inhibition was paralleled by a prevention of the co-exposure-related DNA damage (Fig. 5F).

Taken together, our data indicated a role for CYP4A activity in the toxic effects of the coexposure to MEHP/ethanol under steatotic conditions.

Involvement of oxidative stress in the cell death induced by co-exposing steatotic

WIF-B9 hepatocytes to MEHP and ethanol

In order to get further insight into the intracellular mechanisms involved in the toxic effects of MEHP/ethanol co-exposure in steatotic hepatocytes, we tested a possible role for reactive oxygen species (ROS). Indeed, ROS production, via the induction of oxidative stress, is well recognized as a "second hit" for the pathological progression of NAFLD (see eg. [START_REF] Engin | Non-Alcoholic Fatty Liver Disease[END_REF][START_REF] Spahis | Oxidative Stress as a Critical Factor in Nonalcoholic Fatty Liver Disease Pathogenesis[END_REF] for reviews). Besides, they have previously been shown to be involved in the cell death induced by B[a]P/ethanol co-exposure in steatotic cells (Bucher et al., 2018a;[START_REF] Tête | Mechanisms involved in the death of steatotic WIF-B9 hepatocytes co-exposed to benzo[a]pyrene and ethanol: a possible key role for xenobiotic metabolism and nitric oxide[END_REF], and both ethanol and MEHP metabolisms are known to induce oxidative stress [START_REF] Kurose | Ethanol-induced oxidative stress in the liver[END_REF][START_REF] J O U R N A L P R E -P R O O F Liu | Mono-(2ethylhexyl) phthalate induced ROS-dependent autophagic cell death in human vascular endothelial cells[END_REF][START_REF] Park | Mono-(2-ethylhexyl) phthalate induces oxidative stress and lipid accumulation in zebrafish liver cells[END_REF][START_REF] Sergent | Role for membrane fluidity in ethanol-induced oxidative stress of primary rat hepatocytes[END_REF]. Using co-treatment with thiourea (6.25 mM; a scavenger of hydroxyl radicals, superoxide anion and hydrogen peroxide; [START_REF] Farmer | The ability of thiourea to scavenge hydrogen peroxide and hydroxyl radicals during the intra-coronal bleaching of bloodstained root-filled teeth[END_REF][START_REF] Kelner | Thioureas react with superoxide radicals to yield a sulfhydryl compound. Explanation for protective effect against paraquat[END_REF], we first found that cell death (Fig. 6A) induced by co-exposing steatotic cells to MEHP and ethanol was significantly blocked, thus suggesting a role for ROS in this toxicity; the effects of MEHP alone were also prevented. In order to test the occurrence of an oxidative stress, oxidative damage was next searched, notably with regard to DNA damage. Thus, using the co-treatment with thiourea, we found that the DNA damage induced by co-exposing steatotic cells to MEHP and ethanol was fully inhibited, thus pointing to DNA oxidation (Fig. 6B). Such a result was also suggested by immunolocalization data obtained with an antibody against 8-oxo-Guanine (8-oxoG; one of the most common DNA lesions resulting from ROS modifying guanine), even though these results would deserve further validation, due to large variability (Supplementary Fig. S4B andC). In addition to possible DNA J o u r n a l P r e -p r o o f oxidation, we also observed a trend towards an increased MDA concentration, that is, a sign of lipid peroxidation (Fig. 6C), thus confirming the occurrence of oxidative stress upon MEHP/ethanol coexpsoure. It is worth noting that, whereas MEHP significantly increased the superoxide anion production, it was not the case for co-exposure (Fig. 6D). As for B[a]P/ethanol co-exposure (Tête et al., 2018), one might then suppose a role for NO and hence peroxynitrite formation to induce oxidative damages.

Altogether, these results therefore demonstrated a role for oxidative stress in the cell death induced by co-exposing steatotic cells to MEHP and ethanol.

Co-exposure to DEHP and ethanol also elicits liver damage in vivo in HFD zebrafish larvae

Having shown that in vitro co-exposure to MEHP and ethanol can induce death of steatotic hepatocytes, we next tested whether DEHP, whose MEHP is the primary intermediate metabolite [START_REF] Tête | Mechanisms involved in the death of steatotic WIF-B9 hepatocytes co-exposed to benzo[a]pyrene and ethanol: a possible key role for xenobiotic metabolism and nitric oxide[END_REF][START_REF] Wang | A Review of Biomonitoring of Phthalate Exposures[END_REF], in combination with ethanol, could lead in vivo to a pathological progression of steatosis. To this aim, we used an in vivo zebrafish larvae model fed a high fat diet (HFD), that we previously used to test the impact of a co-exposure to B[a]P and ethanol (Bucher et al., 2018b;[START_REF] Imran | Membrane Remodeling as a Key Player of the Hepatotoxicity Induced by Co-Exposure to Benzo[a]pyrene and Ethanol of Obese Zebrafish Larvae[END_REF]. Following the onset of steatosis, larvae were exposed for 7 days to co-exposure or either molecule alone (Supplementary Fig. S1B), at concentrations shown to be non-toxic in larvae fed with a standard diet (SD): ethanol, 43 mM (see Bucher et al., 2018b;Imran et al., 2018); DEHP, 2.56 nM (supplementary Fig. S10; as no significant loss in larvae viability was observed even at 2.56 µM, the test concentration was chosen based on human oral exposure [1 to 10 nM]; ATSDR, 2019). In order to evaluate liver toxicity, a histological analysis was performed. We found that HFD markedly increased DEHP/ethanol co-exposure toxicity (Fig. 7A), with the appearance of ballooning and vacuolized hepatocytes as well as cellular dropouts (see [START_REF] Imran | Membrane Remodeling as a Key Player of the Hepatotoxicity Induced by Co-Exposure to Benzo[a]pyrene and Ethanol of Obese Zebrafish Larvae[END_REF], for typical figures). To further validate such effects, the mRNA expression of genes previously shown to be related to hepatotoxicity, namely zgc163022, tfa, tgfb and casp3 [START_REF] Imran | Membrane Remodeling as a Key Player of the Hepatotoxicity Induced by Co-Exposure to Benzo[a]pyrene and Ethanol of Obese Zebrafish Larvae[END_REF], was J o u r n a l P r e -p r o o f analyzed. As shown in Figs 7B-E, a trend towards an up-regulation was observed, with a significant effect regarding tfa, when compared to HFD control larvae (Fig. 7C). Despite the fact that we did not see any sign of inflammation in in vitro experiments (supplementary Fig. S3), we decided to look for such a phenomenon in vivo. To do so, the mRNA expression of several genes linked to inflammation was tested: il1b, crp, cp and nfkb (Fig. 8). Whereas a trend towards an up-regulation of the two former genes was observed upon DEHP/ethanol co-exposure in HFD larvae (Figs 8A andB), a significant induction occurred for cp (ceruloplasmin gene; Fig. 8C) and nfkb (Fig. 8D).

Altogether these results suggested that DEHP/ethanol co-exposure increased liver toxicity in HFD larvae, and that this was associated with a regulation of gene expression related to inflammation.

It is worth noting that a significant increase in the mRNA expression of AhR and cyp4t8 (i.e. the homolog gene of mammal CYP4A) was detected (Supplementary Fig S11B andD).

J o u r n a l P r e -p r o o f

4-DISCUSSION

The progression of liver steatosis has previously been suggested as partly relying on exposure to environmental contaminants [START_REF] Foulds | Endocrine-disrupting chemicals and fatty liver disease[END_REF][START_REF] Heindel | Metabolism disrupting chemicals and metabolic disorders[END_REF][START_REF] Wahlang | Mechanisms of Environmental Contributions to Fatty Liver Disease[END_REF]. In line with this, our previous work has demonstrated, both in vitro and in vivo, that co-exposure to the known carcinogen, B[a]P, and the lifestyle factor, ethanol, can favor the death of hepatocytes as well as the onset of inflammation in presence of prior steatosis (Bucher et al., 2018b;[START_REF] Imran | Membrane Remodeling as a Key Player of the Hepatotoxicity Induced by Co-Exposure to Benzo[a]pyrene and Ethanol of Obese Zebrafish Larvae[END_REF]Tête et al., 2018). The present study further emphasizes the fact that, on a background of liver steatosis (1 st hit), chronic co-exposure to multiple risk factors (2 nd hit) could promote the development of steatohepatitis. Indeed, our data show an increase in the death of steatotic hepatocytes when coexposed to ethanol and phthalates (DEHP or its main metabolite MEHP) both in vivo and in vitro, respectively. In addition, early signs of inflammation were detected in co-exposed-HFD zebrafish larvae, thus supporting the progression of steatosis towards a steatohepatitis-like state.

DEHP is a well-known obesogen, due to its impact on homeostatic metabolic pathways (Grün, 2010), thereby participating in the development of liver steatosis [START_REF] Foulds | Endocrine-disrupting chemicals and fatty liver disease[END_REF]. Nevertheless, to our knowledge, only one study has shown that this pollutant can exacerbate NAFLD in rats fed a highfat diet, especially when HFD animals received by gavage a daily dose of 500 mg/kg of DEHP for 8 weeks [START_REF] Chen | Di(2-ethylhexyl) phthalate exacerbates non-alcoholic fatty liver in rats and its potential mechanisms[END_REF]. Indeed, the authors found an increase in serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities as well as an increase in the serum content of the cytokines TNFα and IL6. In the present study, HFD zebrafish larvae were exposed to an environmentally realistic dose of DEHP (2.56 nM in bath water, that is, ∼1 ng/mL) for 7 days; note that human oral exposure has been reported to range from 3 to 30 µg/kg/day (ATSDR, 2019). Besides, in pregnant women, the mean DEHP concentrations detected in maternal and cord plasmas were 1.15 ± 0.81 and 2.05 ± 1.47 µg/mL, respectively; and the mean MEHP concentrations 0.68 ± 0.85 and 0.68 ± 1.03 µg/mL, respectively [START_REF] Latini | Exposure to Di(2-ethylhexyl)phthalate in humans during pregnancy. A preliminary report[END_REF]. DEHP alone did not appear to induce liver toxicity under our conditions (Fig. 7), as evaluated by histology analysis or expression of genes previously related to hepatotoxicity [START_REF] Imran | Membrane Remodeling as a Key Player of the Hepatotoxicity Induced by Co-Exposure to Benzo[a]pyrene and Ethanol of Obese Zebrafish Larvae[END_REF]. In contrast, when combined to 43 mM ethanol (corresponding to an internal dose of 10 mM; data not shown), this pollutant led to hepatotoxicity, and J o u r n a l P r e -p r o o f a significant increase in ceruloplasmin (cp) gene expression was detected. This protein, known to be mainly produced by liver, acts as an acute phase reactant in inflammation and tissue damage [START_REF] Gitlin | Transcriptional regulation of ceruloplasmin gene expression during inflammation[END_REF]. Regarding the other inflammation markers tested, i.e. interleukin-1β and C-reactive protein (CRP), the observation of a trend towards increase upon co-exposure, though not significant, might indicate further exacerbation of the inflammation with longer time treatments. The fact that DEHP, when given orally, is first metabolized into MEHP notably by intestinal lipases [START_REF] Albro | Metabolism of di(2-ethylhexyl)phthalate[END_REF], prompted us to test the impact of this metabolite on steatotic WIF-B9 hepatocytes in order to elucidate the intracellular mechanisms underlying the toxicity of co-exposure. An increase in cell death, especially apoptosis, was observed with MEHP (500 nM, 5 days-treatment) alone, but only in presence of steatosis; this was further exacerbated when combined to a low dose (5 mM) of ethanol, thus mimicking the in vivo effects. Note that the MEHP concentration of 500 nM (≈ 0.2 µg/mL) was in the same range as the MEHP concentrations measured in maternal and cord plasma samples [START_REF] Latini | Exposure to Di(2-ethylhexyl)phthalate in humans during pregnancy. A preliminary report[END_REF]. However, in contrast to what was observed with the in vitro effects of B[a]P/ethanol coexposure showing changes in the expression of several genes related to inflammation (Bucher et al., 2018b), no such changes were detected after 5 days of treatment. The difference between both types of co-exposure might be due to different xenosensor activities (eg. AhR, CAR, PPARα) and/or intracellular signaling pathways triggered by B[a]P and MEHP [START_REF] Foulds | Endocrine-disrupting chemicals and fatty liver disease[END_REF][START_REF] Wahlang | Mechanisms of Environmental Contributions to Fatty Liver Disease[END_REF].

Regarding the type of cell death induced by the MEHP/ethanol co-exposure under steatotic conditions, our data showed that it was apoptosis partly involving a p53 and a caspase-dependent pathway, likely resulting from an oxidative DNA damage. This was also the case regarding MEHP alone. It is worth noting that in non-steatotic liver cells HepG2 and L02, MEHP has been reported to activate a DNA damage-related p53 apoptotic pathway, but the effective concentrations in these studies were over 10 µM [START_REF] Yang | MEHP-induced oxidative DNA damage and apoptosis in HepG2 cells correlates with p53-mediated mitochondria-dependent signaling pathway[END_REF][START_REF] Yang | Mono(2-ethylhexyl) phthalate induces apoptosis in p53-silenced L02 cells via activation of both mitochondrial and death receptor pathways[END_REF][START_REF] Chen | Mono-2ethylhexyl phthalate induced loss of mitochondrial membrane potential and activation of Caspase 3 in HepG2 cells[END_REF], compared to 500 nM used in the present study. Interestingly, in CHO AS52 cells lacking Base Excision Repair (BER) system, a 1 mM concentration of MEHP was found to cause DNA-single strand breaks at a level similar to that found in regular AS52 cells exposed to 25 mM of MEHP [START_REF] Chang | Acute exposure to DEHP metabolite, MEHP cause genotoxicity, mutagenesis and carcinogenicity in mammalian Chinese hamster ovary cells[END_REF]. In this context, it would be J o u r n a l P r e -p r o o f interesting to evaluate the BER pathway under co-exposure to MEHP/ethanol in steatotic WIF-B9 cells. Indeed, a negative impact of steatosis on cell DNA damage repair capacity might explain why cell proliferation was similarly impacted by MEHP/ethanol in both steatotic and non-steatotic cells (supplementary Fig. S2B), whereas only a small increase in cell death was detected in these latter cells compared to the former ones (Fig. 1A). In line with this, Gao and coworkers (2004) Regarding the possible apoptotic mechanisms involved, it has previously been shown that in MEHPexposed HepG2 cells, the p53-dependent apoptosis was related to an enhanced protein level of the Bax/Bcl-2 ratio, thus supporting a role for a mitochondrial intrinsic pathway [START_REF] Chen | Mono-2ethylhexyl phthalate induced loss of mitochondrial membrane potential and activation of Caspase 3 in HepG2 cells[END_REF].

Similar effects, along with a decreased Bcl-XL protein content, another anti-apoptotic member of the Bcl-2 family, were also observed in the rat liver cell line BRL treated with 200 µM DEHP [START_REF] Ha | p53-dependent apoptosis contributes to di-(2-ethylhexyl) phthalate-induced hepatotoxicity[END_REF]. Moreover, an increased Bax (pro-apoptotic) and decreased Bcl-2 (anti-apoptotic) mRNA expression was reported for MEHP-induced apoptosis in human monocytic leukemia U937 cells [START_REF] Yokoyama | Induction of apoptosis by mono(2ethylhexyl)phthalate (MEHP) in U937 cells[END_REF], and a transcriptional regulation by p53 of these proteins was proposed. Here, no significant change in Bax and Bcl-2 mRNA expression was observed upon MEHP/ethanol coexposure, and so for Bcl-XL (supplementary Fig. S12). As NOXA and PUMA, two known BH3 domain-only proteins of Bcl-2 family regulated by p53, were previously reported to be up-regulated by MEHP in HepG2 cells [START_REF] Yang | MEHP-induced oxidative DNA damage and apoptosis in HepG2 cells correlates with p53-mediated mitochondria-dependent signaling pathway[END_REF], their expression would be worth testing in steatotic WIF-B9 hepatocytes co-exposed to MEHP and ethanol.

We have previously shown that co-exposing steatotic human HepaRG hepatocytes to B[a]P and ethanol led to AhR-dependent alterations of mitochondrial function. Indeed, reductions in mitochondrial respiratory chain activity, mitochondrial respiration, and mitochondrial DNA levels were detected in relationship with a ROS overproduction (Bucher et al., 2018a). In addition, it has been shown that: (1)-MEHP (100 µM) can alter the function of isolated rat liver mitochondria, notably by acting as an uncoupling agent and an inhibitor of the succinate dehydrogenase activity [START_REF] Melnick | Mitochondrial toxicity of phthalate esters[END_REF]; and (2)-chronic alcohol intake impaired hepatic mitochondrial oxidative J o u r n a l P r e -p r o o f phosphorylation [START_REF] García-Ruiz | NADPH oxidase is implicated in the pathogenesis of oxidative phosphorylation dysfunction in mice fed a high-fat diet[END_REF]. In this context, the impact of MEHP/ethanol co-exposure was tested on the mitochondrial respiration in steatotic WIF-B9 hepatocytes. Whatever the parameter evaluated, no significant change was detected (supplementary Fig. S6), and the metabolic phenotype remained quite similar in treated versus untreated steatotic hepatocytes (supplementary Fig. S7). A trend towards a "stressed" metabolic phenotype (as visualized by an increased OXPHOS and glycolysis), was nevertheless seen upon cell treatment with a highest test MEHP concentration (10 µM for 5 days). A role for mitochondrial dysfunction is claimed to be a general characteristic in the exacerbation of steatosis (García-Ruiz and Fernández-Checa, 2018), so that NASH has been considered as a mitochondrial disease [START_REF] Pessayre | NASH: a mitochondrial disease[END_REF]. However, this concept has been thereafter challenged by experimental data indicating that a moderate decreased mitochondrial respiration would prevent rather than promote steatohepatitis [START_REF] Pospisilik | Targeted deletion of AIF decreases mitochondrial oxidative phosphorylation and protects from obesity and diabetes[END_REF]. In this context, the fact that no alteration in mitochondrial oxygen consumption was observed upon MEHP/ethanol co-exposure despite the occurrence of an oxidative stress-dependent cell death might fit with the notion that the decrease in mitochondrial respiration would not be the triggering event underlying the transition of steatosis towards a more severe state. Considering that point, our data thus favor the hypothesis that the altered mitochondrial respiration usually related to the development of steatohepatitis would be a long-term consequence rather than a cause, likely resulting from oxidative stress.

Regarding the induction of oxidative stress under our experimental conditions, as DEHP has previously been reported to be able to localize in bovine heart muscle mitochondria [START_REF] Nazir | Isolation, identification, and specific localization of di-2-ethylhexyl phthalate in bovine heart muscle mitochondria[END_REF], one might propose that MEHP would also have this capacity, thereby favoring the generation of pro-oxidant species (O 2 .-/H 2 O 2 ). Such a mitochondrial oxidative stress without disruption of OXPHOS has recently been observed with MitoPQ (mitochondria-targeted paraquat) in adipocytes [START_REF] Fazakerley | Mitochondrial oxidative stress causes insulin resistance without disrupting oxidative phosphorylation[END_REF]. Another source of oxidative stress during NAFLD progression could relate to CYP2E1 activation by ethanol. Indeed, a higher hepatic CYP2E1 expression and activity has been reported in the context of obesity and NAFLD [START_REF] Aubert | Increased expression of cytochrome P450 2E1 in nonalcoholic fatty liver disease: mechanisms and pathophysiological role[END_REF]. In addition, such an increase has been found to lead to ROS production during metabolism of ethanol, and even in the absence of any J o u r n a l P r e -p r o o f substrate via incomplete reduction of oxygen [START_REF] Bucher | Co-J o u r n a l P r e -p r o o f exposure to benzo[a]pyrene and ethanol induces a pathological progression of liver steatosis in vitro and in vivo[END_REF][START_REF] Lieber | The discovery of the microsomal ethanol oxidizing system and its physiologic and pathologic role[END_REF][START_REF] Lu | CYP2E1 and oxidative liver injury by alcohol[END_REF]. However, this hypothesis can be ruled out under our experimental conditions since a decrease rather than an increase in CYP2E1 activity was observed, even in the presence of ethanol (Fig. 3B).

Note that no change in the cyp2y3 expression (CYP2E1 gene homolog in zebrafish; supplementary Fig. S11A) was observed in our in vivo experiments. Such an absence of CYP2E1 activation has previously been observed in steatotic hepatocytes (HepaRG or WIF-B9) upon B[a]P/ethanol coexposure (Bucher et al., 2018a;[START_REF] Tête | Mechanisms involved in the death of steatotic WIF-B9 hepatocytes co-exposed to benzo[a]pyrene and ethanol: a possible key role for xenobiotic metabolism and nitric oxide[END_REF]. Interestingly, it has been reported that repeated oral administration of DEHP in rats accelerates the clearance of ethanol from blood due to an increase in the activity of ADH [START_REF] Agarwal | Interaction of di-(2-ethylhexyl) phthalate with the pharmacological response and metabolic aspects of ethanol in mice[END_REF]. Furthermore, the in vivo effects of orally administered DEHP on ADH activity appeared to be reproduced upon MEHP exposure [START_REF] Lake | Studies on the hepatic effects of orally administered di-)2-ethylhexyl) phthalate in the rat[END_REF]. Since 4-MP (a known inhibitor of CYP2E1 and ADH) inhibited the cell death induced by MEHP/ethanol coexposure despite the decrease in CYP2E1 activity, ADH activity was naturally analyzed; besides, the primary pathway of ethanol metabolism in liver is known to involve this enzyme [START_REF] Thurman | Pathways of ethanol metabolism in perfused rat liver[END_REF]. Similarly to what was previously observed with the B[a]P/ethanol co-exposure [START_REF] Tête | Mechanisms involved in the death of steatotic WIF-B9 hepatocytes co-exposed to benzo[a]pyrene and ethanol: a possible key role for xenobiotic metabolism and nitric oxide[END_REF], we found here that MEHP/ethanol co-exposure, but not the chemicals alone, also induced an early (3h) increase in ADH activity. Under these conditions, one can thus expect an enhanced metabolism of ethanol. Of note, one consequence of the reaction of ethanol with ADH is ROS production, via fueling NADH to mitochondria [START_REF] Bailey | Acute and chronic ethanol increases reactive oxygen species generation and decreases viability in fresh, isolated rat hepatocytes[END_REF]. Regarding the origin of this activation, it seems that it is not due to a change in the mRNA expression of different ADH isoforms (Fig. 3D). Surprisingly, using a specific AhR antagonist, we found that this cytosolic receptor might be involved in the early increase in ADH activity (Fig. 4B), as previously reported for the B[a]P/ethanol co-exposure [START_REF] Tête | Mechanisms involved in the death of steatotic WIF-B9 hepatocytes co-exposed to benzo[a]pyrene and ethanol: a possible key role for xenobiotic metabolism and nitric oxide[END_REF]. Interestingly, it has previously been shown that phthalates can rapidly activate AhR either through non-genomic [START_REF] Tsai | Benzyl butyl phthalate induces migration, invasion, and angiogenesis of Huh7 hepatocellular carcinoma cells through nongenomic AhR/G-protein signaling[END_REF] or genomic [START_REF] Rusyn | Mechanistic considerations for human relevance of cancer hazard of di(2ethylhexyl) phthalate[END_REF][START_REF] Wójtowicz | Dibutyl Phthalate (DBP)-Induced Apoptosis and Neurotoxicity are Mediated via the Aryl Hydrocarbon Receptor (AhR) but not by Estrogen Receptor Alpha (ERα), Estrogen Receptor Beta (ERβ), or Peroxisome Proliferator-Activated Receptor Gamma (PPARγ) in Mouse Cortical Neurons[END_REF] pathways. The fact that no increase in AhR expression nor in CYP1A1 expression or activity, was observed upon MEHP/ethanol co-exposure (supplementary Fig. S13), might favor a non-genomic pathway. Another possible source of ROS upon MEHP/ethanol co-exposure might be NADPH oxidase. Indeed, activation of this enzyme has been previously found to favor the NAFLD progression in HFD mice [START_REF] García-Ruiz | NADPH oxidase is implicated in the pathogenesis of oxidative phosphorylation dysfunction in mice fed a high-fat diet[END_REF]. In line with this, it is J o u r n a l P r e -p r o o f noteworthy that an activation of NADPH oxidase could be detected under co-exposure, as visualized by an increase in the serine phosphorylation of p47 phox (supplementary Fig. S14; Reinher et al., 2005).

Despite oxidative damages (on DNA and lipids), the fact that no further increase (rather a decrease) in superoxide anion was observed upon co-exposure as compared to MEHP alone (Fig. 6D) would favor the hypothesis of a role for NO and peroxynitrite in such damages, as previously observed upon B[a]P/ethanol co-exposure [START_REF] Tête | Mechanisms involved in the death of steatotic WIF-B9 hepatocytes co-exposed to benzo[a]pyrene and ethanol: a possible key role for xenobiotic metabolism and nitric oxide[END_REF].

In addition to the role of ADH in the observed toxicity, our results obtained with HET0016 also point to an implication of CYP4A activity in the DNA damage and related cell death induced by MEHP/ethanol co-exposure; similar results were also obtained with MEHP alone. Whereas CYP4A has already been shown to play a role in the development of hepatic steatosis and its progression [START_REF] Park | Inhibition of CYP4A reduces hepatic endoplasmic reticulum stress and features of diabetes in mice[END_REF][START_REF] Ryu | Targeting CYP4A attenuates hepatic steatosis in a novel multicellular organotypic liver model[END_REF]Zhang et al., 2017a), to our knowledge, the present study is the first one describing a role for this CYP in the progression of steatosis upon exposure to environmental chemicals. The CYP4 family catalyzes omega-hydroxylation of saturated, branched chain, and unsaturated fatty acids [START_REF] Simpson | The cytochrome P450 4 (CYP4) family[END_REF][START_REF] Hardwick | Cytochrome P450 omega hydroxylase (CYP4) function in fatty acid metabolism and metabolic diseases[END_REF], but has also been shown to be involved in phthalate metabolism [START_REF] Choi | In vitro metabolism of di(2-ethylhexyl) phthalate (DEHP) by various tissues and cytochrome P450s of human and rat[END_REF]. In line with this, an increase in the activity of CYP4A1 has been reported in the liver of rats exposed to DEHP or MEHP [START_REF] J O U R N A L P R E -P R O O F Dirven | Microsomal lauric acid hydroxylase activities after treatment of rats with three classical cytochrome P450 inducers and peroxisome proliferating compounds[END_REF]. An induction of CYP4A expression has also been found in the liver of rodents with genetically induced-or dietinduced diabetes, both models exhibiting liver steatosis [START_REF] Vornoli | Drug metabolism enzymes in a steatotic model of rat treated with a high fat diet and a low dose of streptozotocin[END_REF]. Here, a significant increase in both mRNA expression and protein level of CYP4A was detected in control steatotic WIF-B9 hepatocytes compared to non steatotic counterparts; although not significant, a trend towards a 2 fold-induction of CYP4A mRNA expression was observed upon MEHP/ethanol co-exposure, but without any change in CYP4A protein level. Regarding our in vivo model, co-exposure to DEHP and ethanol also up-regulated the Cyp4t8 mRNA expression in HFD zebrafish larvae (supplementary Fig. S11B). In this latter case, it is noteworthy that the mRNA expression of ppara and pparb also tends to increase (supplementary Fig. S11E andF), knowing that these nuclear receptors are involved in the regulation of CYP4A expression [START_REF] Bell | Induction of acyl-CoA oxidase and cytochrome P450IVA1 RNA in rat primary hepatocyte culture by peroxisome proliferators[END_REF][START_REF] Hardwick | PPAR/RXR Regulation of Fatty Acid Metabolism and Fatty Acid omega-Hydroxylase (CYP4) Isozymes: Implications for Prevention of Lipotoxicity in Fatty Liver Disease[END_REF][START_REF] Ip | Central role of PPARalphadependent hepatic lipid turnover in dietary steatohepatitis in mice[END_REF].

Note also that a study previously reported an impact of MEHP (30 µM) on DNA methylation in J o u r n a l P r e -p r o o f Zebrafish embryos, with consequences on adipogenesis pathway, especially in link with PPAR regulation [START_REF] Kamstra | Differential DNA methylation at conserved nongenic elements and evidence for transgenerational inheritance following developmental exposure to mono(2-ethylhexyl) phthalate and 5-azacytidine in zebrafish[END_REF]. Thus, it would be worth analyzing in the future epigenetic alterations under MEHP/ethanol co-exposure. With respect to the role for CYP4A in toxicity, Park and coworkers (2014) have found that its inhibition by HET0016 or using a shRNA strategy in diabetic mice prevented hepatic ER stress, insulin resistance and apoptosis; similar results have recently been obtained in a novel 3D hepatic steatosis model [START_REF] Ryu | Targeting CYP4A attenuates hepatic steatosis in a novel multicellular organotypic liver model[END_REF]. Such an involvement of CYP4A in ER stress and related cell death would involve microsomal oxidative stress related to NAFLD, as previously suggested [START_REF] Leclercq | CYP2E1 and CYP4A as microsomal catalysts of lipid peroxides in murine nonalcoholic steatohepatitis[END_REF]. In this latter study, CYP4A enzymes were found to work as alternative catalysts for oxidative stress in the absence of CYP2E1. A similar pattern, i.e. a high CYP4A and low CYP2E1 expression, was observed in our study. In this context, CYP4A activity under our experimental conditions might play a role in co-exposure toxicity through the induction of oxidative damage. This is notably supported by our findings that both HET0016 and the antioxidant thiourea prevented the increase in DNA damage induced by MEHP/ethanol co-exposure. Considering the mechanisms described above, several pathways might thus be responsible for the oxidative stress induced by the co-exposure in steatotic hepatocytes.

5-CONCLUSION

The present study indicates that co-exposing steatotic hepatocytes to both MEHP and ethanol can lead to cell death, at least partly through activation of a p53-and caspase-dependent apoptotic process likely stemming from oxidative DNA damage (Fig. 9). Such an increase in hepatotoxicity also occurs in vivo in HFD-fed zebrafish larvae co-exposed to DEHP and ethanol alongside an upregulation of gene expression related to inflammation, thereby pointing to NAFLD exacerbation.

Cooperative mechanistic interactions between MEHP and ethanol appear essential, notably via an increase in ethanol metabolism by ADH, possibly depending on AhR activation by the phthalate, and via CYP4A activation, possibly involved in oxidative stress. Based upon the present data and previous work [START_REF] Tête | Mechanisms involved in the death of steatotic WIF-B9 hepatocytes co-exposed to benzo[a]pyrene and ethanol: a possible key role for xenobiotic metabolism and nitric oxide[END_REF], it therefore seems that AhR, via an early ADH activation, might be a key J o u r n a l P r e -p r o o f determinant in enhancing ethanol metabolism leading to the pathological progression of steatosis upon co-exposure to environmental pollutant and ethanol. In order to firmly validate this hypothesis, it will be interesting to test the effects of co-exposing steatotic hepatocytes to ethanol and other AhRactivating pollutants.

J o u r n a l P r e -p r o o f as well as CYP4A activation would result in oxidative stress, leading to DNA damage and hence a p53-dependent apoptotic cell death. In HFD-zebrafish larvae, DEHP/ethanol co-exposure would lead to liver injuries, reflected by alterations in hepatocytes as well as increased expression of genes related to hepatotoxicity or inflammation. In this context, a transition towards a NASH-like state might be put forward upon phthalate/ethanol co-exposure of prior liver steatosis. Regarding the mechanisms involved in the in vivo model, a possible role for cyp4t8 (homolog gene of CYP4A) mRNA expression might be proposed since an increase in this expression has been observed.

  223191), Di(2-ethylhexyl) phthalate (DEHP), N-acetyl-Asp-Glu-Val-Asp-7-amido-4-methylcoumarin (Ac-DEVD-AMC), 7-ethoxyresorufin, HET0016 (SLL2416), Hoechst-33342, Mono(2-ethylhexyl) phthalate (MEHP), 4-methylpyrazole (4-MP), (3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) (MTT), β-nicotinamide adenine dinucleotide (NADH), α-Naphthoflavone (αNF), pifithrine-α (PFT), salicylamide and thiourea were all obtained from Sigma-Aldrich (Saint Quentin Fallavier, France). Ethanol (EtOH; purity: 99.97%) used for treatment was purchased from Prolabo (Paris, France). N-benzyloxycarbonyl-Val-Ala-Asp-(O-Me) fluoromethyl ketone (zVAD-FMK) was acquired from Calbiochem (Millipore, Saint-Quentin Les Yvelines, France). Sytox® green was obtained from Invitrogen, (Cergy Pontoise, France). [ 3 H]thymidine was purchased from Amersham Biosciences (Buck, United Kingdom). 6-Hydroxy Chlorzoxazone (6-OH-CZX) and Chlorzoxazone O-Glucuronide (OCZX) were acquired from Toronto Research Chemicals (North York, Canada). Chlorzoxazone N-Glucuronide (NCZX) was obtained from Bertin Pharma (Montigny-le-Bretonneux, France).

  have previously demonstrated an inverse relationship between oxidative DNA damage and DNA repair enzyme expression (especially the MYH DNA glycosylase) in different murine models of fatty liver disease.
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