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and environmental pollutants [START_REF] Foulds | Endocrine-disrupting chemicals and fatty liver disease[END_REF]. With the growing epidemics of obesity, which predisposes in most cases to steatosis, and due to the number of metabolism-disrupting chemicals present in our environment, a further increase in the prevalence of steatosis and steatohepatitis, and hence related liver diseases (cirrhosis, cancers), is expected to occur in the near future [START_REF] Foulds | Endocrine-disrupting chemicals and fatty liver disease[END_REF][START_REF] Younossi | Global epidemiology of nonalcoholic fatty liver disease-Meta-analytic assessment of prevalence, incidence, and outcomes[END_REF][START_REF] Wong | Hepatocellular carcinoma in patients with non-alcoholic fatty liver disease[END_REF][START_REF] Bellentani | The epidemiology of non-alcoholic fatty liver disease[END_REF][START_REF] Le Magueresse-Battistoni | Endocrine disrupting chemicals in mixture and obesity, diabetes and related metabolic disorders[END_REF][START_REF] Puoti | Liver steatosis: The new epidemic of the Third Millennium. Benign liver state or silent killer?[END_REF]. Besides the well-known steatotic effect of alcohol [START_REF] Seitz | Alcoholic liver disease[END_REF], several studies have reported that environmental pollutants would also be involved in the development of fatty liver disease, the so-called toxicant-associated fatty liver disease (TAFLD) [START_REF] Foulds | Endocrine-disrupting chemicals and fatty liver disease[END_REF]. In this context, it has been suggested that the three major etiologies of steatosis as listed above, could interplay to favor the development of steatohepatitis, although this aspect remains largely underexplored [START_REF] Foulds | Endocrine-disrupting chemicals and fatty liver disease[END_REF]. In line with this, our previous work demonstrated that the presence of a prior steatosis enhanced the hepatotoxicity of a co-exposure to ethanol and the well-known environmental carcinogen benzo[a]pyrene (B[a]P), both in vitro and in vivo, and favored the appearance of a steatohepatitis-like state, with the development of inflammation [START_REF] Bucher | Co-exposure to benzo[a]pyrene and ethanol induces a pathological progression of liver steatosis in vitro and in vivo[END_REF]. In that study, B[a]P was chosen based upon the fact that this carcinogen is a widespread pollutant present in diesel exhaust particles, cigarette smoke and grilled and smoked food, among others [START_REF] Kazerouni | Analysis of 200 food items for benzo[a]pyrene and estimation of its intake in an epidemiologic study[END_REF][START_REF] Vu | Polycyclic aromatic hydrocarbons in the mainstream smoke of popular U.S. cigarettes[END_REF]. Even though a direct link between B[a]P exposure and non-alcoholic fatty liver disease (NAFLD) has been mainly evidenced in rodents [START_REF] Uno | Cytochrome P450 1A1 (CYP1A1) protects against nonalcoholic fatty liver disease caused by Western diet containing benzo[a]pyrene in mice[END_REF], different epidemiological studies indicate that high meat consumption, especially grilled meat, as well as cigarette smoking, that is, two major routes of B[a]P exposure, are associated with increased risk of NAFLD [START_REF] Akhavan Rezayat | Association between smoking and non-alcoholic fatty liver disease: A systematic review and metaanalysis[END_REF][START_REF] Hamabe | Impact of cigarette smoking on onset of nonalcoholic fatty liver disease over a 10-year period[END_REF][START_REF] Miele | A case-control study on the effect of metabolic gene polymorphisms, nutrition, and their interaction on the risk of non-alcoholic fatty liver disease[END_REF][START_REF] Zelber-Sagi | Nutrition and physical activity in NAFLD: an overview of the epidemiological evidence[END_REF]. Besides it is important to stress that, for nonsmokers in developed countries, human dietary exposure to B[a]P (0.5-320 ng/day) is generally larger than that by inhalation (0.15-25 ng/day), thus pointing to food ingestion as the main route of exposure to B[a]P for a large part of the general population [START_REF] Anderson | Dietary intake of heterocyclic amines and benzo(a)pyrene: associations with pancreatic cancer[END_REF]. In this context, liver appears as an evident target for B[a]P, as already reported notably with respect to liver cancer [START_REF] Erkekoglu | Hepatocellular Carcinoma and Possible Chemical and Biological Causes: A Review[END_REF][START_REF] Tian | Association of environmental benzo[a]pyrene exposure and DNA methylation alterations in hepatocellular carcinoma: A Chinese case-control study[END_REF]. Regarding the relevance for focusing on co-exposure to B[a]P and ethanol, it is noteworthy that tobacco smoking and alcohol consumption were found as interacting to favor liver cancer [START_REF] Kuper | Tobacco smoking, alcohol consumption and their interaction in the causation of hepatocellular carcinoma[END_REF][START_REF] Shih | Influences of tobacco and alcohol use on hepatocellular carcinoma survival[END_REF], thus supporting our choice for studying the effects of hepatocyte co-exposure to B[a]P and ethanol. However, although we have previously evidenced that such a co-exposure constitutes a second hit to favor the pathological progression of a prior steatosis, notably by increasing cell death [START_REF] Bucher | Co-exposure to benzo[a]pyrene and ethanol induces a pathological progression of liver steatosis in vitro and in vivo[END_REF], the intracellular mechanisms underlying this increase still remained to decipher, especially how B[a]P and ethanol might mechanistically cooperate in this particular context of prior steatosis.

Diverse studies have reported that steatosis could affect xenobiotic metabolism through alterations of the expression of various enzymes related to phases I, II and III [START_REF] Donato | Potential impact of steatosis on cytochrome P450 enzymes of human hepatocytes isolated from fatty liver grafts[END_REF][START_REF] Fisher | Hepatic cytochrome P450 enzyme alterations in humans with progressive stages of nonalcoholic fatty liver disease[END_REF][START_REF] Merrell | Drug metabolism alterations in nonalcoholic fatty liver disease[END_REF][START_REF] Cobbina | Non-alcoholic fatty liver disease (NAFLD) -pathogenesis, classification, and effect on drug metabolizing enzymes and transporters[END_REF], with expected consequences in terms of chemical toxicokinetics [START_REF] Cichocki | Impact of nonalcoholic fatty liver disease on toxicokinetics of tetrachloroethylene in Mice[END_REF]. Nevertheless, except for a proposed role for CYP2E1 and CYP4A in NAFLD, notably via an effect on reactive oxygen species (ROS) production [START_REF] Aubert | Increased expression of cytochrome P450 2E1 in nonalcoholic fatty liver disease: mechanisms and pathophysiological role[END_REF][START_REF] Song | Translational Implications of the Alcohol-Metabolizing Enzymes, Including Cytochrome P450-2E1, in Alcoholic and Nonalcoholic Liver Disease[END_REF][START_REF] Zhang | Ablation of cytochrome P450 omegahydroxylase 4A14 gene attenuates hepatic steatosis and fibrosis[END_REF], the involvement of xenobiotic metabolism in the pathological progression of liver steatosis is still poorly investigated. We recently demonstrated that B[a]P metabolism was globally reduced by coexposing steatotic HepaRG cells to both B[a]P (2.5 µM) and ethanol (25 mM) [START_REF] Bucher | Co-exposure to benzo[a]pyrene and ethanol induces a pathological progression of liver steatosis in vitro and in vivo[END_REF]. However, whether such a hampered metabolism could be responsible for the related cell death has not been tested yet.

Based upon the fact that our group previously found that co-exposing healthy rat primary hepatocytes to ethanol and B[a]P induced an apoptosis dependent on metabolism of both chemicals [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], the present study therefore aimed at evaluating the possible involvement of xenobiotic metabolism in the increased cell death detected in steatotic hepatocytes under co-exposure to these two chemicals. To do so, we decided to test the involvement of phase I metabolism of B[a]P and ethanol in the related cell death in steatotic hepatocytes of the WIF-B9 cell line. This cell line was chosen since a progression of steatosis towards a steatohepatitis-like stage was observed with B[a]P and ethanol even at very low concentrations (10 nM and 5 mM, respectively), which are close to those to which humans can be usually exposed [START_REF] Bucher | Co-exposure to benzo[a]pyrene and ethanol induces a pathological progression of liver steatosis in vitro and in vivo[END_REF]. Besides, it is known that depending on B[a]P concentration, different signaling pathways can be triggered [START_REF] Hockley | Time-and concentrationdependent changes in gene expression induced by benzo(a)pyrene in two human cell lines, MCF-7 and HepG2[END_REF][START_REF] Kalkhof | Pathway and time-resolved benzo[a]pyrene toxicity on Hepa1c1c7 cells at toxic and subtoxic exposure[END_REF].

In the present study, we demonstrated that the cell death induced by co-exposing steatotic WIF-B9 hepatocytes to B[a]P and ethanol resulted from a p53 activation triggered by a potentiated DNA damage. Furthermore, our results pointed to nitric oxide (NO) production as a possible important player in this process. First, it seemed to modify both B[a]P and ethanol metabolisms that thereafter might closely interplay via AhR and ADH to produce reactive oxygen species (ROS). Second, NO by reacting with superoxide anion, would form peroxynitrite with important consequences in terms of DNA damage and cell death. In total, our work suggests cooperative mechanistic interactions between B[a]P and ethanol, which would involve AhR, ADH and NO as key players, to favor oxidative damages and hence hepatocyte death in a context of a prior steatosis. Sigma-Aldrich (Diegem, Belgium), respectively. The quality "Dioxins, Pesti-S" was chosen for ethylacetate and cyclohexane, and the quality "ULC-MS" was selected for acetonitrile and water. All solvents were supplied by Biosolve (Dieuze, France).

2-MATERIAL AND METHODS

Chemicals, antibodies and reagents

WIF-B9 cell culture and treatments

WIF-B9 cell line was a generous gift from Dr Doris Cassio (UMR Inserm S757, Université Paris-Sud, Orsay, France). This hybrid hepatic cell line was 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]. WIF-B9 cells were cultured in F-12 Ham medium with Coon's modification (Sigma-Aldrich, Saint Quentin Fallavier, France) containing 5% fetal calf serum (Eurobio, Courtaboeuf, France), 0.22 g/L sodium bicarbonate, 100 U/mL penicillin, 0.1 mg/mL streptomycin, 0.25 μg/mL amphotericin B, 2 mM glutamine, and supplemented with HAT (10 μM hypoxanthine, 40 nM aminopterin, 1.6 μM thymidine), and were incubated at 37 °C in an atmosphere constituted of 5% CO 2 and 95% air. Cells were seeded at 12.5x10 3 cells/cm 2 and were cultured for 7 days until obtaining approximately 80% of confluence, before any treatment. Prior steatosis was then induced by a 2-days treatment of cells with a culture medium containing a mixture of fatty acid / albumin complexes, as previously described [START_REF] Bucher | Co-exposure to benzo[a]pyrene and ethanol induces a pathological progression of liver steatosis in vitro and in vivo[END_REF]. Steatotic or non-steatotic cells were exposed to toxicants (10 nM B[a]P with or without 5 mM ethanol) or dimethyl sulfoxide for control cultures, for 3 h up to 5 days depending on experiments. Exposure protocol was given in Bucher et al. [START_REF] Bucher | Co-exposure to benzo[a]pyrene and ethanol induces a pathological progression of liver steatosis in vitro and in vivo[END_REF]. In case of treatment with inhibitors, cultures were pre-treated for 1 h prior to co-exposure with toxicants.

Cell death and toxicity evaluation

Apoptosis and necrosis evaluation

Cells were tested for both apoptotic and necrotic cell death by fluorescence microscopic observation after Hoechst/Sytox green staining. After toxicant exposure, cells were stained with 50 μg/mL Hoechst 33342 and 93.5 nM Sytox green in the dark at 37°C for 30 min. Apoptotic and necrotic cells were then counted using a ZEISS Axio Scope A1 microscope. Cells with condensed and/or fragmented chromatin were counted as apoptotic and sytox green-stained cells were counted as necrotic cells.

More than 300 cells were analyzed per condition.

Measurement of caspases 3/7 activity

The caspase-3/7 activity assays were performed using Ac-DEVD-AMC tetrapeptide as 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].

Measurement of intracellular ATP levels

Intracellular ATP content was measured with the CellTiter-Glo ® Luminescent Cell Viability assay (Promega, Charbonnières, France), according to the manufacturer's instructions, as previously described [START_REF] Bucher | Co-exposure to benzo[a]pyrene and ethanol induces a pathological progression of liver steatosis in vitro and in vivo[END_REF].

Evaluation of mitochondrial ultrastructural changes

Ultrastructural changes of mitochondria were visualized by transmission electron microscopy. with a JEOL 1400 transmission electron microscope operated at 120 kV.

Immunofluorescence experiments

DNA damage analysis by γ-H2AX and 53BP1 immunostaining

DNA damage was assessed by analyzing the H2AX phosphorylation on Ser139 (called γ-H2AX) by immunocytochemistry, as previously described [START_REF] Liamin | Benzo[a]pyrene-induced DNA damage associated with mutagenesis in primary human activated T lymphocytes[END_REF]. After 5 days of treatments, cells grown on coverslips were fixed in 4% paraformaldehyde for 15 min, washed with PBS and then permeabilized in 0.5% Triton-X-100 for 10 min. After blocking unspecific binding sites, cells were then incubated with 1:1000 diluted anti-γ-H2AX antibody for 2 h. In some experiments, in order to test the nature of DNA damage, cells were also co-incubated with anti-53BP1 antibody (1:3000 dilution) which allows detection of double-strand breaks (Supplementary Fig. S1A).

After washing in PBS, cells were next incubated for 2 h with secondary Alexa fluor FITC-and Texas Red-conjugated secondary antibodies. After a last washing, nuclei were stained with 300 nM DAPI for 5 min. Slides were then viewed using an automated microscope Leica DMRXA2 (Leica Microsystems, Wetzlar, Germany) with a 63× fluorescence objective. Cells were counted as positive for DNA damage when the number of nuclear γ-H2AX foci was > 5. More than 100 cells were evaluated per condition of treatment. Example of negative and positive cells is shown in supplementary Fig. S1A.

p53 immunostaining

Same protocol as for γ-H2AX immunostaining was performed for analysis of p53. The dilution of anti-p53 antibody applied for these experiments was 1:500.

iNOS immunostaining

After 48 h of treatment, cells were fixed in 4% paraformaldehyde for 15 min, washed with PBS.

Following blocking of unspecific binding sites, cells were then incubated with anti-iNOS antibody overnight (1:50 dilution) at 4°C. After washing in PBS, cells were incubated for 2 h with secondary Alexa fluor FITC-conjugated secondary antibodies. After a further washing, nuclei were stained with 300 nM DAPI for 5 min. Slides were viewed using confocal fluorescence microscope LEICA DMI 6000 CS (Leica Microsystems, Wetzlar, Germany) with a 63× fluorescence objective. Quantification of green fluorescence (iNOS) was given relative to blue fluorescence (DAPI).

Analysis of gene mRNA expression

This analysis was realized as previously described [START_REF] Bucher | Co-exposure to benzo[a]pyrene and ethanol induces a pathological progression of liver steatosis in vitro and in vivo[END_REF]. Sequences of the rat primers presently tested are provided in supplementary Table S1. Note that a CT (Cycle Threshold) over 30 cycles was indicative of a low gene expression in WIF-B9 cells.

Western blotting

After 2 or 5 days of treatment, cells were harvested and sonicated on ice in RIPA buffer supplemented with protein inhibitors (1 mM orthovanadate, 1 mM phenylmethylsulfonyl fluoride, 5 µg/ml leupeptin, 0.1 µg/ml aprotinin, 0.5 mM dithiothreitol), or a cocktail of protein inhibitors (Roche). After determination of protein concentration, 30 to 100 μg of whole-cell lysates were heated for 5 min at 95°C, loaded in a 4.5% stacking gel, and then separated by sodium dodecyl sulfatepolymerase gel electrophoresis (SDS-PAGE). Gels were then electroblotted onto nitrocellulose membranes (Millipore) overnight at 4°C. Membranes were next blocked with a Tris-buffered saline solution supplemented with 2% bovine serum albumin for 2 h and then hybridized with primary antibodies overnight at 4 °C. Membranes were then incubated with appropriate horseradish peroxidase-conjugated secondary antibodies for 1 h. Immunolabeled proteins were then visualized by chemiluminescence using the LAS-3000 analyzer (Fujifilm). Image processing was performed using Multi Gauge software (Fujifilm). For protein loading evaluation, a primary antibody against HSC70 was used.

Measurement of cytochrome P450s' and ADH activities

CYP1 activity

Ethoxyresorufin O-deethylase (EROD) assay, used to estimate the CYP1 activity, is based on the conversion of ethoxyresorufin into resorufin by CYP1 enzymes. Briefly, after 5 days of treatment, cells were incubated in PBS supplemented with 1.5 mM salicylamide (used to inhibit phase IIconjugating enzymes) and 5 µM ethoxyresorufin. Fluorescence of resorufin ( excitation at 544 nm and  emission at 584 nm) was monitored for 30 min at 37°C using a microplate reader (EnSpire Multimode 2300 Plate Reader; Perkin Elmer, Waltham, United States). Readings were compared to a resorufin standard curve including blanks. EROD activity was expressed as pg resorufin per min and mg protein.

CYP2E1 activity

CYP2E1 activity is usually assessed by the measurement of the conversion of chlorzoxazone (CZX) to 6-hydroxychlorzoxazone (6-OH-CZX) in biological fluids and microsomes. However, as no 6-OH CZX was detected in WIF-B9 cells, CYP2E1 activity was determined by analysis of the formation of chlorzoxazone O-glucuronide (OCZX) by a high-performance liquid chromatography (HPLC) method [START_REF] Quesnot | Production of chlorzoxazone glucuronides via cytochrome P4502E1 dependent and independent pathways in human hepatocytes[END_REF]. Briefly, after 5 days of treatment, cells were washed in William's E medium without phenol red and then incubated with 500 µl of 300 µM chlorzoxazone (CZX) for 6 hours at 37°C. After possibly because of a high activity of UGT which converts it to OCZX [START_REF] Quesnot | Production of chlorzoxazone glucuronides via cytochrome P4502E1 dependent and independent pathways in human hepatocytes[END_REF]. CYP2E1 enzymatic activity was thus considered to correspond to the rate of formed OCZX, and was expressed as pmol/min/mg protein.

Alcohol dehydrogenase activity

Alcohol dehydrogenase (ADH) activity was assessed by measurement of the reduced form of βnicotinamide adenine dinucleotide (β-NADH) stemming from ethanol oxidation in presence of the oxidized form β-NAD+. Briefly, after washing with PBS, cells were sonicated in 0.1 M glycine buffer at pH 10. The 1 ml reaction mixture was constituted of 600 µl pH 10 glycine buffer, 100 µl ethanol, 100 µl -NAD (5mg/ml) and 200 µl cell lysate. Formation of β-NADH was monitored by measuring the absorbance at 340 nm for 30 min at 37°C using a microplate reader (EnSpire Multimode 2300

Plate Reader; Perkin Elmer, Waltham, United States). Specific ADH activity was expressed as units/min/mg protein, and the values were quoted relative to control cells.

Analyses of B[a]P metabolites and DNA adduct formation

Analyses of B[a]P and its metabolites in culture medium

Culture medium sample (400 µl) was firstly homogenized with 10 µl of glacial acetic acid (10 %) in order to reach a pH of 5.6, then 20 μl of the mixed internal standard solution (0.1 mg/l) were added.

Enzymatic hydrolysis was performed for 2 h at 37 °C using 20 μl of sulfatase (2.5 units/μl) and 5 μl of beta-glucuronidase (127 units/μl). The residue was applied onto a phree phospholipid removal column and 1200 μl of acetonitrile with formic acid (1 %) were added before centrifugation at 5000 g for 10 The latter steps were completed after 30 min at 60°C. One µl of each final extract was then injected into the GC-MS/MS system. Analyses were carried out with an Agilent 7890A gas chromatograph equipped with a HP-5MS capillary column (30 m, 0.25 mm i.d., 0.25 mm film thickness), coupled with an Agilent 7000B triple quadrupole mass spectrometer operating in electron impact ionization mode and an Agilent CTC PAL autosampler. Details of analytical conditions used for chromatography and MS/MS detection were previously described [START_REF] Grova | Gas chromatography-tandem mass spectrometry analysis of 52 monohydroxylated metabolites of polycyclic aromatic hydrocarbons in hairs of rats after controlled exposure[END_REF][START_REF] Staufenbiel | Determinants of hair cortisol and hair cortisone concentrations in adults[END_REF]. Calibration curves were performed using culture medium specimens supplemented with increased concentration levels of B[a]P and of their metabolites from 0.01 to 10 ng/ml of culture medium. Limits of quantification (LOQs) were evaluated at 0.079 pmol/ml of culture media for B[a]P, ranged from 0.19 to 0.79 pmol/ml for monohydroxylated-and evaluated at 0.07 pmol/ml for dihydroxylated forms of B[a]P.

DNA adduct measurements

Tetrahydroxylated-benzo[a]pyrene (tetra-OH-B[a]P) resulting from the hydrolysis of their respective diol-epoxide precursors, involved in DNA-adduct formation, have been analyzed in DNA samples using a previously published method [START_REF] Grova | Tetrahydroxylatedbenzo[a]pyrene isomer analysis after hydrolysis of DNA-adducts isolated from rat and human white blood cells[END_REF].

Detection of oxidative stress

Determination of ROS production

Intracellular ROS production was assessed using dihydroethidium (DHE), a fluorescent probe sensitive to superoxide anion. DHE has been shown to be oxidized specifically by superoxide to form 2-OH-ethidium (2-OH-E + ), but also unspecifically to form ethidium (E + ); both products are fluorescent with a significant spectrum overlap when excitation light in the range of 450-500 nm is used [START_REF] Zielonka | Detection of 2-hydroxyethidium in cellular systems: a unique marker product of superoxide and hydroethidine[END_REF][START_REF] Zielonka | Small-molecule luminescent probes for the detection of cellular oxidizing and nitrating species, Free Radic[END_REF].

Even though the applicability was not proven by a HPLC-based method in our model of WIF-B9 cells, we used the difference in the excitation spectra in the 350-450 nm range which was found to be more selective for 2-OH-E+ in human aortic endothelial cells [START_REF] Nazarewicz | Rapid and specific measurements of superoxide using fluorescence spectroscopy[END_REF]. Briefly, after 5 days of treatment, cells were exposed to DHE (25 µM) in HEPES buffer for 1 h. Then, fluorescence of 2-OH-E+ was recorded by a SpectraMax Gemini spectrofluorimeter (Molecular Devices, Sunnyvale, United States) (Ex 396 nm/ Em 580 nm). Results were given as fluorescence arbitrary units (AU)/mg protein.

Evaluation of lipid peroxidation

Lipid peroxidation was assessed in culture media by measuring free malondialdehyde (MDA), a secondary end-product of lipid hydroperoxide decomposition. Briefly, after 5 days of treatment, culture media were collected and filtered through a 1000-Da ultrafiltration membrane (Millipore, Saint-Quentin-les-Yvelines, France) in a 10-ml Amicon cell (Amicon, United States) pressurized at 3 bars with nitrogen gas. Two hundred fifty microliters of the filtrate were then analyzed by size exclusion chromatography, as previously described [START_REF] Morel | Kinetic evaluation of free malondialdehyde and enzyme leakage as indices of iron damage in rat hepatocyte cultures. Involvement of free radicals[END_REF]. The HPLC system [Agilent 1260 Infinity (Agilent, Nantes, France)] was equipped with a TSK-gel G1000 PW (7.5 mm x 30 cm) size exclusion column (TOSOH Bioscience, Tokyo, Japan). The eluant was composed of 0.1 M disodium phosphate buffer, pH 8 at a flow rate of 1 ml/min. The elution was monitored by a UV detector set at 267 nm.

Measurement of NO production

NO production was assessed by measuring dinitrosyl iron complex (DNIC) in cells. DNIC, corresponding to the binding of NO to iron-containing molecules, were directly detected in intact cells using electron paramagnetic resonance (EPR), according to a method previously described [START_REF] Sergent | Effect of nitric oxide on ironmediated oxidative stress in primary rat hepatocyte culture[END_REF].

Briefly, after 5 days of treatment, culture media were removed and cells were scraped, washed, resuspended in a buffer containing 50 mmol/l HEPES and 250 mmol/l sucrose at pH 7.5. Then, cells were transferred to quartz EPR tubes and frozen. EPR examination was performed at 100 K using a Bruker Elexsys E500 spectrometer with 10-G modulation amplitude, 100-kHz modulation frequency, 9.41-GHz frequency, and 20-mW microwave power. Intensity of DNIC spectra was estimated by double integration of both lines and expressed as arbitrary units (AU) normalized to total protein concentration.

Statistical analysis

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

3-RESULTS

Role for effector caspases and activation of the tumor suppressor p53 protein related to DNA damage in the cell death induced by co-exposing steatotic WIF-B9 hepatocytes to B[a]P and ethanol.

We previously demonstrated that co-exposure of pre-steatotic WIF-B9 to B[a]P (10 nM) and ethanol (5 mM) for 5 days led to a significant increase in the number of cells with condensed/fragmented chromatin along with a decrease in intracellular ATP [START_REF] Bucher | Co-exposure to benzo[a]pyrene and ethanol induces a pathological progression of liver steatosis in vitro and in vivo[END_REF]. In order to further characterize the type of cell death involved, and as caspase activation was previously shown to be involved in the toxicity of B[a]P/ethanol co-exposure detected in healthy primary hepatocytes [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], a role for effector caspases was tested using the broad caspase inhibitor zVAD (10 µM). As shown in Fig. 1A, following zVAD treatment, a significant decrease in the number of cells with condensed/fragmented chromatin was observed in the presence of B[a]P/ethanol co-exposure. Note that the cell death induced by B[a]P alone was also fully inhibited. Furthermore, an increase in caspase activity was detected upon co-exposure, which was significantly higher compared to B[a]P alone (Fig. 1B). It is important to stress that neither increased cell necrosis (Supplementary Fig. S1B) nor changes in cell proliferation (Supplementary Fig. S1C) were observed in steatotic cells whatever the treatment applied.

As DNA damage is usually related to B[a]P-induced cell death [START_REF] Holme | Different mechanisms involved in apoptosis following exposure to benzo[a]pyrene in F258 and Hepa1c1c7 cells[END_REF][START_REF] Hardonnière | Environmental carcinogenesis and pH homeostasis: Not only a matter of dysregulated metabolism[END_REF], we then looked for the appearance of such a phenomenon, by analyzing the phosphorylation of H2AX on Ser139, an H2A histone variant (called γ-H2AX once phosphorylated; [START_REF] Liamin | Benzo[a]pyrene-induced DNA damage associated with mutagenesis in primary human activated T lymphocytes[END_REF]). As shown in Fig. 1C, a marked increase in DNA damage was observed upon co-exposure to B[a]P/ethanol, especially in steatotic cells.

Activation of the tumor suppressor protein p53 is generally associated with B[a]P-induced DNA damage and subsequent cell death [START_REF] Hardonnière | Environmental carcinogenesis and pH homeostasis: Not only a matter of dysregulated metabolism[END_REF][START_REF] Solhaug | Role of cell signalling involved in induction of apoptosis by benzo[a]pyrene and cyclopenta[c,d]pyrene in Hepa1c1c7 cells[END_REF]. Therefore, the effect of pifithrin-α (PFT; 10 µM), known to inhibit p53 activation, was next tested. As illustrated in Fig. 1D, PFT significantly inhibited the number of apoptotic cells induced by B[a]P/ethanol co-exposure as well as following B[a]P treatment alone in presence of steatosis. Note that no effect of PFT on CYP1 activity was presently detected (data not shown). Whereas no marked increase was observed in total p53 protein content upon toxicant co-exposure or B[a]P alone as compared to control steatotic cells (Supplementary Fig. S1D), a clear nuclear translocation of p53 occurred upon both these treatments (Fig. 1E). This translocation of p53 to nucleus upon co-exposure was paralleled by an induction by 50% of the p21 mRNA expression (Fig. 1F), a well-known gene target of p53 [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 induced marked changes of mitochondria morphology, with cristae loss and swelling of the organelles (Supplementary Fig. S2A), without any change in the free fatty acid content of the cells (Supplementary Fig. S2B). This thus ruled out lipotoxicity as a possible cause of this co-exposureinduced cell death.

Altogether, these results demonstrated that the cell death induced by co-exposing steatotic WIF-B9 hepatocytes to B[a]P and ethanol was partly a caspase-dependent apoptosis, resulting from p53 activation triggered by marked DNA damage.

Involvement of B[a]P metabolism in the cell death induced by co-exposing steatotic WIF-B9

hepatocytes to B[a]P and ethanol.

In order to test the possible involvement of CYP1-dependent B[a]P metabolism, we used a known inhibitor of these CYPs, i.e. α-naphthoflavone (αNF; 10 µM). Our data clearly showed that cell treatment for 5 days with αNF prevented the cell death induced by co-exposure to B[a]P and ethanol of steatotic cells. Indeed, we found that the increase in the number of cells with condensed/fragmented chromatin (Fig. 2A) and the decrease in intracellular ATP (Fig. 2B) upon co-exposure, were both significantly prevented when αNF was present. The toxic effects of B[a]P alone were also inhibited (Fig. 2A,B). Furthermore, we observed that DNA damage, as evaluated by γH2Ax staining, induced by toxicant co-exposure or B[a]P alone, was fully blocked by αNF (Fig. 2C). These results therefore The next set of experiments was thus carried out in order to thoroughly look at B[a]P metabolism. As no difference was detected regarding CYP1B1 expression (and so for the expression of both CYP3A1 and epoxide hydrolases EPHX1 and EPHX2) between steatosis and non-steatosis conditions (Supplementary Fig. S3), and due to the fact that WIF-B9 cells constitutively express CYP1A1 [START_REF] Biagini | Cytochrome P450 expressioninduction profile and chemically mediated alterations of the WIF-B9 cell line[END_REF] which plays an important role in B[a]P metabolism [START_REF] Hardonnière | Environmental carcinogenesis and pH homeostasis: Not only a matter of dysregulated metabolism[END_REF], we decided to focus on the expression of this CYP. Data in Fig. 2D evidenced an increase in this CYP mRNA expression upon both B[a]P/ethanol co-exposure as well as B[a]P treatment alone, notably in steatotic cells. However, no difference was observed between both treatments. Furthermore, from the western blotting experiments, it was clear that no change in CYP1A1 protein level occurred upon toxicant co-exposure (Fig. 2E). With regard to the activity of CYP1 enzymes, analysis of EROD activity at 5 days showed a significant increase in EROD activity upon both B[a]P alone and B[a]P/ethanol co-exposure in nonsteatotic cells, with no difference between both treatments (Fig. 2F). However, in presence of steatosis, EROD activity was significantly decreased upon both treatments compared to non-steatotic counterparts. A similar trend was also observed following 48 h of treatments, although less marked for co-exposure (Supplementary Fig. S4A). As expected, αNF inhibited EROD activity detected in both non-steatotic and steatotic cells at 5 days of treatment (Supplementary Fig. S4B).

As steatosis hampered the activity of CYP1 enzyme upon toxicant co-exposure and B[a]P alone, we next studied metabolism of B[a]P under our experimental conditions. A gas chromatography tandem mass-spectrometry method dedicated to the analysis of B[a]P and its metabolites (both hydroxy and dihydroxy) was therefore applied to the culture media coming from cells exposed to all test conditions at 5 days (see Supplementary Fig. S5 and supplementary Table S2 for detailed results).

As shown in supplementary Fig. S5A, it appeared that the amount of B[a]P remaining in media was higher in presence of steatosis, which would fit well with the decrease of CYP1 activity. S2B), in line with the absence of detected DNAadducts regardless of the conditions of exposure (data not shown).

Involvement of ethanol metabolism in the cell death induced by co-exposing steatotic WIF-B9 hepatocytes to B[a]P and ethanol.

The next step was to test the involvement of ethanol metabolism in the toxicity induced by coexposure in steatotic cells. To do so, cells were co-treated with 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. 4A We next analyzed the expression and activity of CYP2E1 following 5 days of co-exposure to B[a]P and ethanol, based upon the fact that this CYP was reported to be increased in liver steatosis, although this point is still a matter of debate [START_REF] Merrell | Drug metabolism alterations in nonalcoholic fatty liver disease[END_REF][START_REF] Naik | Molecular interactions between NAFLD and xenobiotic metabolism[END_REF]. Our data clearly indicated that neither mRNA expression nor protein level was altered under co-exposure of steatotic cells (Supplementary Fig. S6A and B); note also that no change in Cyp2e1 mRNA expression was observed following 48 h of treatment (Supplementary Fig. S6C). Regarding the activity of this CYP, a decrease was rather observed in steatotic cells, whatever the condition tested (Fig. 4C). As 4-MP is also known to inhibit ADH, the major enzyme system for metabolizing alcohol especially at low concentrations [START_REF] Crabb | Ethanol metabolism[END_REF][START_REF] Cederbaum | Alcohol metabolism[END_REF], activity of this enzyme was next analyzed (Fig. 4D); this time, the activity was measured following only 3 h of treatment since it is known that chronic alcohol consumption does not result in increased ADH activity [START_REF] Crabb | Ethanol metabolism[END_REF]. Our data showed first that the ADH activity was markedly potentiated by coexposure to both B[a]P and ethanol of steatotic cells, whereas no effect of B[a]P or ethanol alone was detected (Fig. 4D). As AhR (aryl hydrocarbon receptor) has been previously shown to play a role in the regulation of liver ADH expression [START_REF] Attignon | Novel roles for AhR and ARNT in the regulation of alcohol dehydrogenases in human hepatic cells[END_REF] and based upon the fact that αNF, a known antagonist of AhR in addition to be a CYP1 inhibitor, prevented the cell death induced by co-exposure in steatotic cells (Fig. 2A), we decided to test a possible role for this B[a]P-activated receptor [START_REF] Hardonnière | Environmental carcinogenesis and pH homeostasis: Not only a matter of dysregulated metabolism[END_REF]. Fig. 4E showed that co-treatment with CH-223191 (CH; 3 µM), an AhR specific antagonist, fully inhibited the increase in ADH activity elicited by co-exposing steatotic cells to both B[a]P and ethanol for 3 h. Note that CH was also found to prevent the related cell death as well as that induced by B[a]P alone (Fig. 4F). In order to test whether the increase of ADH activity could be linked to an increase in mRNA expression, we looked at different ADH isoforms known to be expressed in rat liver, that is, ADH1, 4, 5 and 7 [START_REF] Edenberg | The genetics of alcohol metabolism: role of alcohol dehydrogenase and aldehyde dehydrogenase variants[END_REF]. A slight increase in mRNA expression, though not significant, was observed upon coexposure to B[a]P and ethanol of steatotic cells at 3 h especially regarding ADH7; however, due to large variability in our experiments, it was difficult to conclude about the effects of CH-223191 (Supplementary Fig. S7A andB). Regarding aldehyde dehydrogenase (ALDH) expression, note that, although some changes in ALDH3 expression occurred with a trend towards a decrease upon coexposure or B[a]P alone, the expression of this enzyme would be low in WIF-B9 cells (Supplementary Fig. S7C).

Altogether, these results therefore pointed to a role for ethanol metabolism, via an AhRdependent ADH activation, in the toxic effects of the co-exposure to B[a]P/ethanol under steatotic conditions.

Involvement of oxidative stress in the cell death induced by co-exposing steatotic WIF-B9 hepatocytes to B[a]P and ethanol.

In order to get further insight into the intracellular mechanisms involved in the toxic effects of B[a]P/ethanol co-exposure in steatotic hepatocytes, we tested a possible role for oxidative stress.

Indeed, this phenomenon 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 recent reviews). Besides, ethanol and B[a]P metabolisms are known to induce oxidative stress [START_REF] Hardonnière | Environmental carcinogenesis and pH homeostasis: Not only a matter of dysregulated metabolism[END_REF][START_REF] Kurose | Ethanol-induced oxidative stress in the liver[END_REF][START_REF] Sergent | Role for membrane fluidity in ethanol-induced oxidative stress of primary rat hepatocytes[END_REF][START_REF] Gorria | Protective effect of monosialoganglioside GM1 against chemically induced apoptosis through targeting of mitochondrial function and iron transport[END_REF]. Using co-treatment with thiourea (6.25 mM; a scavenger of hydroxyl radicals, superoxide anion and hydrogen peroxide [START_REF] Kelner | Thioureas react with superoxide radicals to yield a sulfhydryl compound. Explanation for protective effect against paraquat[END_REF][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]), we first found that cell death (Fig. 5A) induced by co-exposing steatotic cells to B[a]P and ethanol was significantly inhibited, thus suggesting a role for oxidative stress in this process; note that the effects of B[a]P alone were also prevented. In order to evidence the trigger of oxidative stress, oxidative damages were next searched.

This was performed by measuring the production of malondialdehyde (MDA), a main lipid peroxidation product. As shown in Fig. 5B, a marked increase in MDA content was detected upon coexposure compared to control under steatotic conditions; an increase, although less important, was also detected upon B[a]P alone. This increase upon co-exposure was inhibited by both αNF and 4-MP (Supplementary Fig. S8). It is worth noting that steatosis per se already led to a significant rise in MDA content when compared to control non-steatotic cells (Fig. 5B). In addition, using the cotreatment with thiourea, the DNA damage induced by co-exposing steatotic cells to B[a]P and ethanol was inhibited, thus suggesting DNA oxidation (Fig. 5C). Using vitamin E (100 µM), we found that lipid peroxidation could be partly involved in the toxic effects of co-exposure although these effects were less pronounced compared to thiourea (Supplementary Fig. S9). In order to elucidate the trigger mechanism of such an oxidative stress, we then decided to look for superoxide anion (O 2 .-

) production, since mitochondria were found to be markedly injured (Supplementary Fig. S2A). However, by using the fluorescent probe DHE, we were unable to detect any significant change of the fluorescence of 2hydroxyethidium (Fig. 5D) in steatotic cells co-exposed to B[a]P and ethanol compared to other treatment conditions.

These results therefore demonstrated a role for oxidative stress in the cell death induced by coexposing steatotic cells to B[a]P and ethanol. Due to the fact that no significant superoxide anion production could be detected upon coexposure (Fig. 5D) despite clear alterations of mitochondria (Supplementary Fig. S2A) and involvement of oxidative stress (Fig. 5A,C) in the related toxic effects, we then hypothesized that peroxynitrite anion might have been generated under our conditions. Indeed, it is well known that NO can very rapidly react with O 2 .

-to yield peroxynitrite (ONOO -), a highly reactive oxidant species with important consequences in terms of cytotoxicity and pathophysiology [START_REF] Wink | Chemical biology of nitric oxide: Insights into regulatory, cytotoxic, and cytoprotective mechanisms of nitric oxide, Free Radic[END_REF][START_REF] Laskin | Prooxidant and antioxidant functions of nitric oxide in liver toxicity[END_REF]. This could explain a lesser availability of O 2 .

-for its detection by DHE. Our first set of experiments was performed in order to test whether an increase in NO production could occur under our experimental conditions. As shown in Fig. 6A, a potentiation of this production was detected only upon co-exposure to B[a]P and ethanol in steatotic cells following 5 days of treatment compared to other treatments. Note that steatosis per se induced a significant increase in NO production compared to non-steatotic cells. To evaluate a possible role for NO in the toxicity of co-exposure, cells were then co-treated with the NO scavenger carboxy-PTIO (CPTIO; 25 µM). As illustrated in Fig. 6B, this molecule fully inhibited the cell death induced by B[a]P/ethanol co-exposure in steatotic cells; an inhibition was also observed when considering effects of B[a]P alone. As NO has been involved in DNA damage [START_REF] Thomas | Factors affecting the DNA damaging activity of superoxide and nitric oxide[END_REF], CPTIO was also tested versus this parameter. We found that when CPTIO was present, DNA damage was markedly inhibited for both toxicant co-exposure and B[a]P alone (Fig. 6C). As NO can favor lipid peroxidation, CPTIO was also tested towards MDA production. As shown in Supplementary Fig. S8, the presence of CPTIO fully prevented such a production. Altogether, these results pointed to NO as a key player in the toxic effects of B[a]P/ethanol co-exposure in steatotic cells.

The following set of experiments was performed in order to get further insight into a possible role for peroxynitrite anion in the cell death induced by B[a]P/ethanol co-exposure of steatotic cells.

To do so, the metalloporphyrin catalyst FeTPPS, which catalyzes peroxynitrite decomposition [START_REF] Misko | Characterization of the cytoprotective action of peroxynitrite decomposition catalysts[END_REF],

was then tested. Our data first showed a significant inhibition of the cell death induced by either toxicant co-exposure or B[a]P alone in the presence of FeTPPS (2.5 µM) under steatotic conditions (Fig. 6D). Besides, as peroxynitrite is known to induce DNA damage [START_REF] Szabó | DNA damage induced by peroxynitrite: subsequent biological effects[END_REF], FeTPPS was also tested towards this parameter. As shown in Fig. 6E, this catalyst fully prevented this damage induced by B[a]P/ethanol co-exposure or B[a]P alone. Thus, peroxynitrite appeared to play an important role in the potentiation of the cell death induced by B[a]P/ethanol co-exposure under steatotic conditions.

Then, another issue about the key role of NO in the cytotoxicity of B[a]P/ethanol co-exposure in steatotic cells was addressed concerning the reduction of CYP1 activity (Fig. 2F), leading to a decrease in B[a]P metabolism (Fig. 3; note that a change in B[a]P partitioning due to the presence of lipid droplets [START_REF] Plant | Cellular uptake and intracellular localization of benzo(a)pyrene by digital fluorescence imaging microscopy[END_REF][START_REF] Ali | Live cell imaging of the intracellular compartmentalization of the contaminate benzo[a]pyrene[END_REF] cannot as yet be ruled out with regard to this reduced metabolism). Indeed it is known that NO is capable of binding the heme of cytochrome P450s, thereby leading to their inhibition [START_REF] Wink | Chemical biology of nitric oxide: Insights into regulatory, cytotoxic, and cytoprotective mechanisms of nitric oxide, Free Radic[END_REF], thus suggesting a possible role for NO in the reduced activity in our model. Using CPTIO, we found a significant increase in EROD activity in steatotic cells, with a marked effect upon either B[a]P/ethanol co-exposure or B[a]P treatment alone; a similar activation was then observed upon these treatments between steatotic and non-steatotic cells (Supplementary Fig. S10A).

Interestingly, an increase in CYP2E1 activity in steatotic cells was also observed in presence of CPTIO, whatever the test condition (Supplementary Fig. S10B).

Role for the induction of iNOS expression via AhR and NFB activation in NO production.

In an attempt to identify the origin of NO, the activation of the inducible form of the nitric oxide synthase (iNOS) was analyzed. To do so, the induction of this enzyme was studied by immunofluorescence using a primary antibody specifically targeting the iNOS and a secondary fluorescent antibody. As shown in Fig. 7A andB 10µM), respectively. Our data showed that in presence of either inhibitor, activation of iNOS was significantly prevented in steatotic cells co-exposed to B[a]P and ethanol (Fig. 7A andC). We also found that Bay 11-7082 also markedly reduced the related toxicity (Supplementary Fig. S11A). Using thiourea (6.25 mM), we also found that ROS were involved in iNOS induction (Fig. 7A andC).

Whereas AhR activation was validated by the fact that CH-223191 inhibited EROD activity under our experimental conditions (Supplementary Fig. S4D), we wanted to confirm activation of the NFB pathway. As shown in Supplementary Fig. S11B, co-exposure to B[a]P and ethanol did induce a phosphorylation of the p65 subunit of NFB in steatotic hepatocytes following 24h of treatment, and this was associated with an increase of the intercellular adhesion molecule-1 (Icam-1) mRNA expression at 48h (Supplementary Fig. S11C), another known target of NFB [START_REF] Zhu | Expression and role of icam-1 in the occurrence and development of hepatocellular carcinoma, Asian Pac[END_REF]. Altogether, the data showed NFB activation. Having demonstrated an induction of iNOS under our experimental conditions, we then wanted to test its role in cell death induced by B[a]P/ethanol co-exposure by using a specific inhibitor of NOS, that is, L-NMMA. We found that the cell death induced by the coexposure in the presence of L-NMMA (500 µM) was significantly reduced (Fig. 7D) even though the effect appeared to be less marked than with CPTIO. Note that the B[a]P toxic effect was also inhibited by L-NMMA. Taken together, these data thus suggested that an AhR-and NFB-dependent iNOS activation might be partly responsible for the cytotoxicity of B[a]P/ethanol co-exposure in steatotic cells.

4-DISCUSSION

With the epidemics of obesity, NAFLD is becoming the most common chronic liver disease, notably in Western countries. NAFLD at the stage of simple steatosis can progress to more severe stages such as non-alcoholic steatohepatitis (NASH), notably upon exposure to environmental pollutants or to alcohol [START_REF] Foulds | Endocrine-disrupting chemicals and fatty liver disease[END_REF]. These factors are capable of interacting together to favor cell death and inflammation, that is NASH, as we previously demonstrated, both in vitro and in vivo, in the case of co-exposure of prior steatotic hepatocytes to both the carcinogenic pollutant B[a]P and ethanol [START_REF] Bucher | Co-exposure to benzo[a]pyrene and ethanol induces a pathological progression of liver steatosis in vitro and in vivo[END_REF].

Here we report for the first time in steatotic hepatocytes, that the cell death induced by such a coexposure might involve cooperative mechanistic interactions between the two xenobiotics, notably via AhR and NO, with consequences in terms of oxidative damages, notably induced by peroxynitrite.

Regarding activation of p53, B[a]P is known to favor such a signaling event following DNA damage, notably resulting from the formation of DNA adducts after metabolism of this pollutant into BPDE, a well-recognized carcinogenic metabolite (see eg. [START_REF] Hardonnière | Environmental carcinogenesis and pH homeostasis: Not only a matter of dysregulated metabolism[END_REF] for review). Therefore, we were not surprised to evidence a significant DNA damage following co-exposure to B[a]P and ethanol.

However, at first glance, what was puzzling was the fact that (i)-CYP1 activity was decreased upon steatosis, and (ii)-analysis of B[a]P metabolites clearly showed that metabolism of this xenobiotic in steatotic cells co-exposed to ethanol was significantly reduced. Regarding this latter point, it is worth emphasizing that upon steatosis, B[a]P metabolism mainly led to the production of monohydroxy metabolites (especially 3-OH-B[a]P) i.e. metabolites largely engaged in detoxification [START_REF] Nebert | Oral Benzo[a]pyrene: Understanding Pharmacokinetics, Detoxication, and Consequences-Cyp1 Knockout Mouse Lines as a Paradigm[END_REF][START_REF] Marie | A toxicokinetic study to elucidate 3-hydroxybenzo(a)pyrene atypical urinary excretion profile following intravenous injection of benzo(a)pyrene in rats[END_REF]), with a very faint production of dihydroxy metabolites (Fig. 3 and supplementary Fig. S5B) and no tetrolsresulting from the hydrolysis of DNA-adducts detected in cell media. This was in line with the absence of detection of BPDE-N 2 -dGuo DNA adducts, usually related to the production of the B[a]P metabolite trans-7,8-dihydrodiol, but mainly detected for higher concentrations of B[a]P than those presently tested [START_REF] Bucher | Co-exposure to benzo[a]pyrene and ethanol induces a pathological progression of liver steatosis in vitro and in vivo[END_REF][START_REF] Liamin | Benzo[a]pyrene-induced DNA damage associated with mutagenesis in primary human activated T lymphocytes[END_REF][START_REF] Holme | Different mechanisms involved in apoptosis following exposure to benzo[a]pyrene in F258 and Hepa1c1c7 cells[END_REF]. Note that the profile of expression for several phase II enzymes of xenobiotic metabolism was rather similar between steatosis and non-steatosis cells (Supplementary Fig. S12). Based upon our data obtained with the antioxidant molecule thiourea and the NO scavenger CPTIO, it appeared that, under our steatotic conditions, an oxidative stress and perhaps a nitrosative stress, might be the main, if not the sole, determinant of DNA damage induced by toxicant coexposure. Oxidative stress is a well-recognized "second hit" in the pathogenesis of NASH [START_REF] Rolo | Role of oxidative stress in the pathogenesis of nonalcoholic steatohepatitis[END_REF], and oxidative DNA damage has been previously detected in both rodent NASH models [START_REF] Daugherity | The DNA damage checkpoint protein ATM promotes hepatocellular apoptosis and fibrosis in a mouse model of nonalcoholic fatty liver disease[END_REF] and biopsies from patients with NASH [START_REF] Seki | In situ detection of lipid peroxidation and oxidative DNA damage in non-alcoholic fatty liver diseases[END_REF]. Indeed, an increase in the hepatic expression of 8-oxo-7,8-dihydro-2′deoxyguanosine (8-OHdG), associated with detection of ROS (H 2 O 2 , O

), lipid peroxidation products and induction of oxidative stress response genes, was reported in livers of HFD models or NASH patients [START_REF] Daugherity | The DNA damage checkpoint protein ATM promotes hepatocellular apoptosis and fibrosis in a mouse model of nonalcoholic fatty liver disease[END_REF][START_REF] Seki | In situ detection of lipid peroxidation and oxidative DNA damage in non-alcoholic fatty liver diseases[END_REF]. As the effect of vitamin E (Supplementary Fig. S9B) appeared to be only partial compared to thiourea or CPTIO (Fig. 6C), lipid peroxides would be only partially involved in DNA attack and might be secondary to the formation of peroxynitrite. Indeed, a marked inhibition of the increase in the γH2AX staining was observed when using the catalyst FeTPPS (Fig. 6E) which allowed peroxynitrite decomposition [START_REF] Misko | Characterization of the cytoprotective action of peroxynitrite decomposition catalysts[END_REF], thus pointing to this species as playing a key role in the detected DNA damage. In addition, a marked increase in NO cellular content was observed in steatotic cells co-exposed to B[a]P and ethanol (Fig. 6A). A role for peroxynitrite in damaging DNA, either directly or indirectly, is well known [START_REF] Szabó | DNA damage induced by peroxynitrite: subsequent biological effects[END_REF][START_REF] Pacher | Nitric oxide and peroxynitrite in health and disease[END_REF], and has already been reported in the case of NAFLD [START_REF] García-Ruiz | High-fat diet decreases activity of the oxidative phosphorylation complexes and causes nonalcoholic steatohepatitis in mice[END_REF], even though only few data exist regarding this latter pathology. In this context, our study might further support an important role for peroxynitrite in the pathological progression of steatosis and, to our knowledge, would be the first to evidence an impact on nuclear DNA of steatotic hepatocytes with consequences in terms of cytotoxicity. Indeed, data from Garcia-Ruiz and coworkers [START_REF] García-Ruiz | High-fat diet decreases activity of the oxidative phosphorylation complexes and causes nonalcoholic steatohepatitis in mice[END_REF] rather highlighted peroxynitrite-mediated alterations of mitochondrial DNA in HFD-fed mice.

As stated above, metabolism of B[a]P in steatotic cells co-exposed to ethanol was altered with a significant reduction in the sum of monohydroxy and dihydroxy metabolites produced; as a consequence, significantly more B[a]P was recovered when compared to non-steatotic conditions (Fig. 3; supplementary Fig. S5A). Such a global decrease in B[a]P metabolism was previously observed by our group following a 6h-treatment with 25 µM B[a]P of pre-challenged steatotic human HepaRG cells (i.e. after 14 days of co-exposure to B[a]P/ethanol at relatively high concentrations [2.5 µM and 25 mM, respectively]); however in this latter case, the detected amount of the dihydroxy metabolite B[a]P trans-7,8-dihydrodiol, which is the precursor of BPDE, was found to be enhanced when compared to total metabolites [START_REF] Bucher | Co-exposure to benzo[a]pyrene and ethanol induces a pathological progression of liver steatosis in vitro and in vivo[END_REF]. The differences might stem either from the higher concentrations of B[a]P used in that study or from the additional presence of CYP1B1 along with CYP1A1 in those cells. Indeed, it is worth noting that previous works have indicated that CYP1A1 would be involved in both the generation and degradation of BPDE, while CYP1B1 would only exhibit BPDE generating activity (see [START_REF] Shiizaki | Modulation of benzo[a]pyrene-DNA adduct formation by CYP1 inducer and inhibitor[END_REF] for review). Besides, a very recent work by Uno and coworkers [START_REF] Uno | Cytochrome P450 1A1 (CYP1A1) protects against nonalcoholic fatty liver disease caused by Western diet containing benzo[a]pyrene in mice[END_REF] that dealt with the effect of co-exposing Cyp1a1(-/-) mice to both Western diet and B[a]P evidenced the development of NAFLD and hepatic inflammation in these mice compared to wild-type mice, thus indicating a protective role of CYP1A1 against NAFLD pathogenesis; note that Cyp1b1 mRNA expression in Cyp1a1(-/-) mice was induced under these conditions, in contrast to what we observed (rather a decrease in Cyp1b1 expression in co-exposed steatotic cells compared to non-steatotic counterparts;

supplementary Fig. S3B). The fact that we presently found a decrease of CYP1 activity associated with an enhanced toxicity in exposed steatotic cells would be in line with a protective action of CYP1A1 activation. However, what was puzzling was the inhibition of cell death with αNF (Fig. 2).

In this context, B[a]P metabolism, even decreased, would appear as a necessary, albeit not sufficient, step in the observed toxicity. It is worth noting that αNF is also a known antagonist of AhR.

Interestingly, CH-223191, a specific antagonist of AhR, fully prevented the activation of the ethanol metabolism enzyme ADH, elicited by the co-exposure to B[a]P and ethanol of steatotic cells (Fig. 4E).

Ethanol metabolism via ADH would thus be essential to induce this toxicity, as evidenced by using the inhibitor 4-MP, thus further emphasizing the cooperative action of these two xenobiotics [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]. In order to reconcile all these data, one might postulate that, due to the fact that B[a]P was less metabolized in steatotic cells co-exposed to ethanol, there would be an increase of its level inside cells, thus favoring a more prolonged activation of AhR, as previously proposed [START_REF] Shi | Acidic cellular microenvironment modifies carcinogen-induced DNA damage and repair[END_REF], with consequences notably in terms of ethanol metabolism (Fig. 8). It should be remembered how important ethanol metabolism via ADH is for ROS production, especially superoxide anion, via mitochondria (notably through an effect of acetaldehyde) [START_REF] Nordmann | Implication of free radical mechanisms in ethanol-induced cellular injury[END_REF]. How AhR might regulate ADH activity under our conditions remained however to be determined. Such a regulation did not seem to involve a transcriptional regulation, in contrast to previous works showing a negative control of ADH mRNA expression upon AhR activation [START_REF] Attignon | Novel roles for AhR and ARNT in the regulation of alcohol dehydrogenases in human hepatic cells[END_REF].

Based upon the fact that ADH activity relies upon NAD + and since AhR can play a role in tryptophan and hence NAD + synthesis [START_REF] Tummala | Inhibition of de novo NAD(+) synthesis by oncogenic URI causes liver tumorigenesis through DNA damage[END_REF][START_REF] Novikov | An Aryl Hydrocarbon Receptor-Mediated Amplification Loop That Enforces Cell Migration in ER-/PR-/Her2-Human Breast Cancer Cells[END_REF][START_REF] Elhassan | Targeting NAD+ in Metabolic Disease: New Insights Into an Old Molecule[END_REF], one might then hypothesize that the AhR-dependent increase in ADH activity might rely on an effect on NAD + synthesis. This will have to be further investigated.

In the present study, no activation of CYP2E1, another ethanol metabolism enzyme, was detected in steatotic cells co-exposed to B[a]P and ethanol; a significant reduction was even observed in these cells compared to non-steatotic counterparts (Fig. 4C). Whereas CYP2E1 activation has been previously related to NAFLD [START_REF] Aubert | Increased expression of cytochrome P450 2E1 in nonalcoholic fatty liver disease: mechanisms and pathophysiological role[END_REF], such an activation might actually depend on the stage of NAFLD [START_REF] Orellana | Relationship between in vivo chlorzoxazone hydroxylation, hepatic cytochrome P450 2E1 content and liver injury in obese nonalcoholic fatty liver disease patients[END_REF]. As we found that both CY2E1 and CYP1A activities were significantly hampered in steatotic cells, a common mechanism to explain these results was then considered, that might involve NO.

Indeed, NO is known to react with heme-containing enzymes, including certain isoforms of CYPs, such as CYP2E1 and CYP1A1, thereby leading to a reduction of their activities [START_REF] Stadler | Inhibition of cytochromes P4501A by nitric oxide[END_REF][START_REF] Gergel | Inhibition of rat and human cytochrome P4502E1 catalytic activity and reactive oxygen radical formation by nitric oxide[END_REF][START_REF] Vuppugalla | Hepatic disposition and effects of nitric oxide donors: rapid and concentration-dependent reduction in the cytochrome P450-mediated drug metabolism in isolated perfused rat livers[END_REF]. Besides, as stated above, co-exposing steatotic cells to both B[a]P and ethanol elicited a marked increase in NO production. Using the NO scavenger CPTIO, a CYP1 activity similar to what was found in nonsteatotic cells upon co-exposure was recovered (Supplementary Fig. S10A). An increase in CYP2E1 activity was also observed in presence of CPTIO, whatever the test condition (Supplementary Fig. 10B). In this context, NO might play a pivotal role in cell death (i)-by reducing CYP1A1 activity, thereby possibly hampering B[a]P biotransformation, and inhibiting CYP2E1 activity, thus favoring ethanol metabolism via ADH and hence superoxide anion production by mitochondria; and (ii)-by reacting with this latter ROS species to form peroxynitrite, thereby promoting DNA damage and lipid peroxidation (Fig. 8).

Regarding the possible key role of NO, an origin for its production was looked for, leading us to identify iNOS as a source; indeed we evidenced an increase in iNOS expression using immunolocalization experiments (Fig. 7A) and found that the NOS inhibitor LNMMA significantly inhibited apoptosis (Fig. 7D), although to a lesser extent compared to the NO scavenger CPTIO (Fig. 6B). An induction of iNOS has already been associated in vivo with the pathogenesis of NASH [START_REF] Fujita | Nitric oxide plays a crucial role in the development/progression of nonalcoholic steatohepatitis in the choline-deficient, l-amino aciddefined diet-fed rat model[END_REF],

and has been suggested to be related to inflammation in this pathological situation [START_REF] Iwakiri | Nitric oxide in liver diseases[END_REF]. We previously demonstrated in rat liver epithelial F258 cells that B[a]P could induce iNOS expression through AhR activation [START_REF] Hardonnière | Benzo[a]pyrene-induced nitric oxide production acts as a survival signal targeting mitochondrial membrane potential[END_REF]. Using the AhR antagonist CH-223191, we found here that this receptor might also be involved in iNOS induction upon co-exposure to B[a]P and ethanol of steatotic cells. In parallel, a role for ROS and NFB might also be possible in our cell model. Activation of NFB by ROS is a wellknown process [START_REF] Kamata | Redox regulation of cellular signaling[END_REF], and such a phenomenon has been previously evidenced in NASH, notably using in vivo rodent models [START_REF] Park | Green tea extract suppresses NFκB activation and inflammatory responses in diet-induced obese rats with nonalcoholic steatohepatitis[END_REF][START_REF] Li | Green tea extract provides extensive Nrf2-independent protection against lipid accumulation and NFκB proinflammatory responses during[END_REF] and as AhR might be possibly involved in the very early (3h) activation of the ethanol-metabolizing enzyme ADH (Fig. 4E), the most likely hypothesis would then be that AhR activation would lead to a secondary NFB activation through ROS (Figure 8).

CONCLUSION

The present study suggests for the first time that the cell death induced by co-exposing hepatocytes with prior steatosis to both B[a]P and ethanol would involve a p53-and caspasedependent apoptotic process triggered by peroxynitrite-induced DNA damage and lipid peroxidation.

Cooperative mechanistic interactions between metabolism of both toxicants appeared essential, notably via an increase in ethanol metabolism by ADH possibly depending on AhR activation by B[a]P, likely leading to an increase in superoxide anion production by ethanol. Besides its involvement in DNA damage and lipid peroxidation by reacting with superoxide anion to form ONOO -, NO would also play a key role through modifying B[a]P metabolism, thus leading to a potential long-lasting activation of AhR, necessary to sustain cell death signaling (Fig. 8). Based upon our data, it would thus be interesting in the future to more thoroughly look at the role of NO in the S2 for values). Results are means ± SD for at least three independent cultures. 

  [a]pyrene (purity: ≥ 96 %), chlorzoxazone (CZX), 1-Methyl-N-[2-methyl-4-[2-(2methylphenyl) diazenyl]phenyl-1H-pyrazole-5-carboxamide (CH-223191), 2-4-carboxyphenyl-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide (CPTIO), 4′,6-Diamidine-2′-phenylindole dihydrochloride (Dapi), N-acetyl-Asp-Glu-Val-Asp-7-amido-4-methylcoumarin (Ac-DEVD-AMC), 7-ethoxyresorufin, Hoechst-33342, NG-Monomethyl-L-arginine acetate salt (L-NMMA), 4methylpyrazole (4-MP), β-nicotinamide adenine dinucleotide (NADH), α-Naphthoflavone (αNF), pifithrine-α (PFT), salicylamide, thiourea and α-tocopherol (vitamin E) were all purchased from Sigma-Aldrich (Saint Quentin Fallavier, France). Ethanol (EtOH; purity: 99.97%) used for cell treatment was obtained from Prolabo (Paris, France). N-benzyloxycarbonyl-Val-Ala-Asp(O-Me) fluoromethyl ketone (zVAD-FMK) was from Calbiochem (Millipore, Saint-Quentin Les Yvelines, France). NFκB inhibitor Bay 11-7082 was purchased from Promega (Charbonnières, France). Dihydroethidium (DHE) and Sytox® green were obtained from Invitrogen, (Cergy Pontoise, France). Fe(III)5,10,15,20-tetrakis(4-sulfonatophenyl)porphyrinato chloride (FeTPPS) was from Santa Cruz Biotechnology (Heidelberg, Germany). [ 3 H]thymidine was purchased from Amersham Biosciences (Buck, United Kingdom). 6-Hydroxy Chlorzoxazone (6-OH-CZX) and Chlorzoxazone O-Glucuronide (OCZX) were obtained from Toronto Research Chemicals (North York, Canada), and chlorzoxazone N-Glucuronide (NCZX) from Bertin Pharma (Montigny-le-Bretonneux, France). Concerning western blotting and immunocytochemistry experiments, mouse monoclonal antiphospho-H2AX (Ser139) (05-636) and rabbit polyclonal anti-CYP2E1 (AB1252) antibodies were purchased from Merck Millipore (Molsheim, France); mouse monoclonal anti-HSC70 (sc-7298) and mouse monoclonal anti-p65 (sc-8008) antibodies were obtained from Santa Cruz Biotechnology (Heidelberg, Germany); rabbit polyclonal anti-CYP1A1 (Ab79819) and rabbit polyclonal anti-iNOS (Ab3523) antibodies were purchased from Abcam (Paris, France); mouse monoclonal anti-p53 (2524S) and rabbit monoclonal anti-phospho-p65 (Ser536) (3033) were purchased from Cell Signalling Technology (Saint Quentin, France), while rabbit polyclonal anti-AhR (BML-SA550) and rabbit polyclonal anti-53BP1 (NB100-304) were obtained from Enzo life science (Villeurbanne, France) and Novus Biological (Abingdon, United Kingdom), respectively. The Alexa Fluor conjugates were acquired from Invitrogen (Cergy Pontoise, France), and secondary antibodies conjugated with horseradish peroxidase were from DAKO (Les Ulis, France). Concerning the chemicals used for B[a]P metabolite and DNA adduct analyses, benzo[a]pyrene-d 12 , 1-hydroxybenz[a]anthracene-13 C 6 , 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10-, 11-and 12-OH-benzo[a]pyrene, 4,5-di-OH-benzo[a]pyrene-trans, 4,5-di-OH-benzo[a]pyrene-cis, 9,10-di-OHbenzo[a]pyrene-trans, 7,8-di-OH-benzo[a]pyrene-cis and 7,8-di-OH-benzo[a]pyrene-trans, B[a]P-r-7,t-8,t-9-tetrahydrotriol, B[a]P-r-7,t-8,c-9-tetrahydrotriol, (±)-benzo[a]pyrene-r-7,t-8,t-9,c-10tetrahydrotetrol (B[a]PRTTC), (±)-benzo[a]pyrene-r-7,t-8,t-9,t-10-tetrahydrotetrol (B[a]P-RTTT), (±)benzo[a]pyrene-r-7,t-8,c-9,c-10-tetrahydrotetrol (B[a]P-RTCC), and (±)-anti-r-7,t-8-dihydroxy-t-9,10epoxy-7,8,9,10-tetrahydrobenzo[a]pyrene-d8 [(±)anti-B[a]PDE-d 8 ] were obtained from MRI-Global (Kansas City, MO, United States). (±) Benzo[a]pyrene-r-7,t-8,c-9,t-10-tetrahydrotetrol (B[a]P-RTCT) was obtained from Toronto Research Chemicals (North York, Canada). The purity of almost all the compounds investigated was more than 98 % and was taken into consideration for the preparation of the standard solutions. Thus, B[a]P standard, internal standards and standard stock solutions of B[a]P metabolites were prepared in acetonitrile at 10 mg/l. Working solutions were prepared in acetonitrile by successive ten-fold dilutions at concentration ranging from 1000 mg/l to 10 mg/l and were stored at -20°C. Phree phospholipid removal columns were purchased from Phenomenex (Utrecht, the Netherlands). The derivatization reagent MTBSTFA (purity 97% or greater) containing 1% tertbutyldimethylchlorosilane, sulfatase and beta-glucuronidase from Helix pomatia juice were supplied by Sigma-Aldrich (Bornem, Belgium). Ultrapure water was produced by means of an AFStrifluoroacetamide (MSTFA: purity 96% or greater) and N-methyl-Ntertbutyldimethylsilyltrifluoroacetamide (MTBSTFA: purity 97% or greater) containing 1% tertbutyldimethylchlorosilane were obtained from Macherey-Nagel (Filterservice, Eupen, Belgium) and

centrifugation ( 14

 14 000 g, 10 min) of culture media, 100 µl of the supernatant were injected onto a HPLC chromatograph [Agilent 1260 Infinity (Agilent, Nantes, france)]. CZX and its metabolites were resolved by a binary gradient on a Zorbax Eclipse plus C18 reversed phasecolumn (5 µm, 4.6 x 250 mm) (Agilent, Nantes, France) equipped with a C18 pre-column insert (2 µm, 4.6 x12.5 mm) (Zorbax reliance Cartridge guard, Agilent, Nantes, France) and set at 20 °C. Mobile phases A and B were respectively constituted of trimethylamine in acetic acid (0.1%) and acetonitrile. The total flow rate was 2.2 ml/min. The solvent program was as follows: 98 % mobile phase A from 0 to 3.5 min, a step gradient to 35.5 % B at 16 min, 90 % mobile phase B maintained from 18.5 to 27 min, followed by reequilibration with 98 % mobile phase A from 28 to 35 min. CZX and its metabolites were monitored at 287 nm with a variable wavelength UV detector. The retention times of OCZX, NCZX, 6-OH-CZX and CZX were approximately 8, 11.9, 12.4 and 17.8 mins, respectively. 6-OH-CZX was not detectable

  mins. The eluate was divided into two equal parts to allow the separated analysis of B[a]P and its metabolites. Concerning the analysis of B[a]P, 50 μl of pure water were added before the evaporation under a nitrogen stream at 37°C to avoid dryness. Then a Liquid-Liquid Extraction (LLE) was carried out twice with water-cyclohexane-ethyl acetate (50:25:25; v/v/v). The upper layer containing B[a]P was collected and dried until 25 μl. Pertaining to the analysis of metabolites, the residue was again divided in two equivalent parts and dried under a nitrogen flow at 37 °C. Derivatization of OH-PAHs was conducted by adding with 25 µl of MTBSTFA to the extract whereas for 25 µl of MSTFA were added to the second extract for the derivatization of di-OH-B[a]P, tri-OH-B[a]P and tetra-OH-B[a]P.

  pointed out a possible role for B[a]P metabolism, possibly via CYP1, in the toxic effects of B[a]P/ethanol co-exposure or B[a]P alone under steatotic conditions.

Fig. 3

 3 quotes the proportion of B[a]P relatively to total hydroxy-and total dihydroxy-metabolites of B[a]P detected for each treatment. Data from this figure confirmed that steatosis reduced B[a]P metabolism with a greater proportion of B[a]P detected (≥ 30%) in steatotic cells, as compared to non-steatotic counterparts treated by B[a]P alone (11%) or in combination with ethanol (17%). Another interesting observation is the fact that the relative proportion of diOH-metabolites upon B[a]P alone or B[a]P/ethanol co-exposure was markedly reduced in steatotic compared to non-steatotic counterparts (Fig. 3). Altogether, this thus evidenced a change in B[a]P metabolism towards less production of diol metabolites of B[a]P upon steatosis. Note that in media collected from B[a]P-treated steatotic cells coexposed or not with ethanol, the concentration of 7-8-diOH-B[a]P-trans, the precursor of B[a]P-diolepoxide, was barely detected (Supplementary Table

, 4 -

 4 MP significantly inhibited the cell death induced by B[a]P/ethanol co-exposure in steatotic cells. As ethanol metabolism was previously reported to induce DNA damage thereby triggering p53 activation [49], 4-MP was also tested towards co-exposure-induced DNA damage in steatotic cells. It was clear from Fig. 4B that the percentage of γH2AX-positive cells was significantly reduced upon 4-MP treatment, therefore highlighting a role for ethanol metabolism in the DNA damage induced by coexposure under steatotic conditions.

3. 5 .

 5 Role for nitric oxide in the cell death induced by co-exposing steatotic WIF-B9 hepatocytes to B[a]P and ethanol.

  , a marked induction of iNOS was observed upon co-exposing steatotic cells to B[a]P and ethanol for 48h, as visualized by the increase of the green fluorescence in the cytoplasm compared to control steatotic cells. As iNOS has been previously suggested to be regulated by AhR notably upon B[a]P [69] as well as by NFB [70], a possible role for the transcription factors AhR and NFB was tested using CH-223191 (3 µM) or Bay 11-7082 (

Fig 1 .

 1 Fig 1. Role for caspases 3/7 and DNA damage-related p53 activation in the cell death of steatotic WIF-B9 cells co-exposed to B[a]P and ethanol. Non-steatotic or steatotic hepatocytes were treated or not (C; treated with DMSO) with 5 mM ethanol (E), 10 nM B[a]P (B) or a combination of both toxicants (BE) for 5 days. Apoptosis was evaluated by counting cells with condensed/fragmented chromatin after nuclear staining with Hoechst 33342 in presence or not of a pan-caspase inhibitor zVAD (10 µM) (A) and by analyzing DEVDase activities of caspases 3/7 by spectrofluorimetry (B). DNA damage was evaluated by analyzing the phosphorylation of H2AX on Ser139 (γH2AX) by immunocytochemistry (C). Evaluation of p53 involvement in cell death was realized by testing the effect of the p53 inhibitor pifithrin α (PFT; 10 µM) on apoptosis (D). Fluorescence microscopy analysis of p53 expression and localization (E). mRNA expression of p21, a known gene target of p53, was evaluated by RT-qPCR. Data were given relative to mRNA level determined in control cells (F). All results are means ± SD for at least three independent cultures. *: Significantly different from condition without inhibitor (zVAD or PFT). a: Significantly different from corresponding control (with or without steatosis). b: Significantly different from B[a]P alone. #: Significantly different from condition without prior steatosis.

Fig 2 .

 2 Fig 2. Involvement of B[a]P metabolism in the cell death induced by B[a]P/ethanol co-exposure in steatotic WIF-B9 cells. Non-steatotic or steatotic hepatocytes were treated or not (C; treated with DMSO) with 5 mM ethanol (E), 10 nM B[a]P (B) or a combination of both toxicants (BE) for 5 days, in presence or not of inhibitor. The involvement of B[a]P metabolism was tested by analyzing the effects of the AhR/CYP1 inhibitor αNF (10 µM) on (A) apoptosis evaluated following Hoechst 33342 staining, (B) intracellular ATP content and (C) DNA damage evaluated by counting cells positive for γH2AX staining. (D) Cyp1a1 mRNA expression was evaluated by RT-qPCR, and given relative to mRNA level in control non-steatotic cells. (E) CYP1A1 protein level was evaluated by westernblotting analysis. Representative western blots and relative band density quantification are illustrated.

Fig 3 .

 3 Fig 3. Formation of B[a]P metabolites was altered by steatosis and upon ethanol co-exposure. Non-steatotic or steatotic hepatocytes were treated with 10 nM B[a]P alone or in combination with 5 mM ethanol for 5 days. B[a]P metabolites in culture media were analyzed by gas chromatography tandem mass-spectrometry. Results are quoted as proportion of B[a]P relatively to total OH-and total diOH-B[a]P metabolites detected under the different conditions (cf. Supplementary supplementary TableS2for values). Results are means ± SD for at least three independent cultures.

Fig 4 .

 4 Fig 4. Involvement of ethanol metabolism in the cell death induced by B[a]P/ethanol co-exposure in steatotic WIF-B9 cells. Non-steatotic or steatotic hepatocytes were treated or not (C; treated with DMSO) with 5 mM ethanol (E), 10 nM B[a]P (B) or a combination of both toxicants (BE) for 5 days (A-C, F) or 3 h (D,E), in presence or not of inhibitor. The involvement of ethanol metabolism was analyzed by testing the effect of the CYP2E1/ADH inhibitor 4-MP (500 µM), on (A) apoptosis after Hoechst 33342 staining, and (B) DNA damage evaluated by counting cells positive for γH2AX staining. (C) CYP2E1 activity was assessed by HPLC analyses (UV detection) of the formation of OCZX. ADH activity was evaluated by measuring the NADH production by spectrophotometry in the absence (D) or presence (E) of the AhR inhibitor CH-223191 (CH; 3 µM). This activity was given relative to control cells. (F) Involvement of AhR in apoptosis was evaluated after co-treatment with CH. Results are means ± SD for at least three independent cultures. *: Significantly different from condition without inhibitor (4-MP or CH). a: Significantly different from corresponding control (with or without steatosis). b: Significantly different from B[a]P alone. #: Significantly different from condition without prior steatosis.

Fig 5 .

 5 Fig 5. Involvement of oxidative stress in the cell death induced by B[a]P/ethanol co-exposure in steatotic WIF-B9 cells. Non-steatotic or steatotic hepatocytes were treated or not (C; treated with DMSO) with 5 mM ethanol (E), 10 nM B[a]P (B) or a combination of both toxicants (BE) for 5 days, in presence or not of antioxidant. The involvement of oxidative stress in toxicity was evaluated by testing the effects of the antioxidant molecule thiourea (6.25 mM) on (A) apoptosis after Hoechst 33342 staining, and (C) DNA damage evaluated by counting cells positive for γH2AX staining. (B) Lipid peroxidation was assessed by measuring the production of malondialdehyde (MDA) by HPLC. (D) The superoxide anion production was assessed by the measurement in fluorescence of 2-OH ethidium using DHE probe. Results are means ± SD for at least three independent cultures. *: Significantly different from condition without thiourea. a: Significantly different from corresponding

Fig 6 .

 6 Fig 6. Involvement of nitric oxide and peroxynitrite in the cell death induced by B[a]P/ethanol co-exposure in steatotic WIF-B9 cells. Non-steatotic or steatotic hepatocytes were treated or not (C; treated with DMSO) with 5 mM ethanol (E), 10 nM B[a]P (B) or a combination of both toxicants (BE) for 5 days, in presence or not of the NO scavenger CPTIO (25 µM). (A) NO production was assessed by EPR detection of dinitrosyl iron complex (DNIC) signal in cells (AU: arbitrary unit). The involvement of NO in toxicity was analyzed by testing the effects of CPTIO on (B) apoptosis after Hoechst 33342 staining and (C) DNA damage evaluated by counting cells positive for γH2AX staining. The involvement of peroxynitrite in toxicity was tested by analyzing the effects of FeTPPS (2.5 µM), a peroxynitrite decomposition catalyst, on (D) apoptosis after Hoechst 33342 staining, and (E) DNA damage evaluated by counting cells positive for γ-H2AX staining. Results are means ± SD for at least three independent cultures. *: Significantly different from condition without inhibitor. a: Significantly different from corresponding control (with or without steatosis). b: Significantly different from B[a]P alone. #: Significantly different from condition without prior steatosis.

Fig 7 .

 7 Fig 7. Effects of B[a]P/ethanol co-exposure on iNOS expression in steatotic WIF-B9 cells and role for AhR and NFB in these effects. Non-steatotic or steatotic hepatocytes were treated or not (C; treated with DMSO) with 5 mM ethanol (E), 10 nM B[a]P (B) or a combination of both toxicants (BE) for 2 (A-C) or 5 days (B), in presence or not of inhibitor. (A) iNOS expression was analyzed by immunofluorescence. AhR, NFκB and ROS involvement was tested by using CH-223191 (CH, 3 µM), Bay 11-7082 (Bay, 10 µM) or thiourea (6.25 mM), respectively. (B, C) Quantification of the fluorescence intensity corresponding to iNOS staining versus DAPI (nuclear) staining. (D) The involvement of iNOS in cell death was tested by using LNMMA (500 µM), a NOS inhibitor, after Hoechst 33342 staining. Results are means ± SD for at least three independent cultures. *: Significantly different from condition without inhibitor. a: Significantly different from corresponding control (with or without steatosis). b: Significantly different from B[a]P alone.

Fig 8 .

 8 Fig 8. Proposed signaling pathways involved in the cell death induced by B[a]P/ethanol coexposure in steatotic WIF-B9 cells. AhR activation by B[a]P would induce an increase in ADH activity leading to enhanced ethanol metabolism. This would then result in ROS-dependent NFκB activation, thus leading to increased iNOS expression and hence NO production. NO and superoxide anion would then form peroxynitrite, thus leading to oxidative damage to lipids (LPO) and DNA. Both could participate to the development of cell death, notably via the p53 pathway for DNA damage. In parallel, NO may inhibit CYP1A1 activity, which would decrease B[a]P metabolism, thus possibly favoring long-term activation of AhR, thereby increasing ADH activity.

  . Regarding the possible role for both AhR and NFB in iNOS activation, several hypotheses might be put forward; indeed, one might suppose either direct interactions between AhR and NFB (as already observed with the NFB subunit RelB; [94]) to regulate iNOS mRNA expression, a regulation of the mRNA expression of AhR by NFB by binding of RelA on AhR gene promoter [95], or an action of AhR on ROS production with consequences on NFB [96]. With respect to the presently reported effects, it is worth stressing that no change in mRNA expression of AhR was observed under our experimental conditions whatever the time of treatment applied (48 h or 5 days; data not shown and supplementary Fig. S4C), which would rule out any possible regulation of AhR gene expression by NFB. Since thiourea inhibited iNOS activation

  pathological progression of steatosis, notably upon xenobiotic exposure, since inhibition of NO biosynthesis might help to restore normal biotransformation capacity of the liver. nonalcoholic steatohepatitis in mice fed a high-fat diet, Mol. Nutr. Food Res. 60 (2016) 858-870. doi: 10.1002/mnfr.201500814. [94] C.F. Vogel, E. Sciullo, W. Li, P. Wong, G. Lazennec, et al., RelB, a new partner of aryl hydrocarbon receptor-mediated transcription, Mol. Endocrinol. 21 (2007) 2941-55. doi: 10.1210/me.2007-0211
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