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Introduction

Lysosomes are intracellular organelles essential for the occurrence of cell death processes triggered by various cellular insults. The lysosomal rupture in necrotic cells is considered to be followed by a massive leakage of proteases into the cytoplasm. Their role during apoptosis appears to rely upon a more gentle membrane destabilization, which leads to a limited release of lysosomal content possibly initiating the apoptotic cascade (for reviews, see [START_REF] Brunk | Lysosomal involvement in apoptosis[END_REF]; [START_REF] Ferri | Organelle-specific initiation of cell death pathways[END_REF]). Lysosomal leakage has been implicated in apoptosis induced by diverse stimuli which includes, drugs [START_REF] Paquet | Caspase-and mitochondrial dysfunction-dependent mechanisms of lysosomal leakage and cathepsin B activation in DNA damage-induced apoptosis[END_REF], TNFα [START_REF] Taha | Tumor necrosis factor induces the loss of sphingosine kinase-1 by a cathepsin B-dependent mechanism[END_REF], Fas ligation [START_REF] Brunk | Oxidative stress, growth factor starvation and Fas activation may all cause apoptosis through lysosomal leak[END_REF], as well as growth factor starvation, possibly mediated through oxidative stress [START_REF] Brunk | Oxidative stress, growth factor starvation and Fas activation may all cause apoptosis through lysosomal leak[END_REF] and/or p53 activation [START_REF] Yuan | Lysosomal destabilization in p53-induced apoptosis[END_REF]. Lysosomal disruption can then trigger apoptosis through the translocation of lysosomal proteases into the cytosol, leading to the cleavage of Bid [START_REF] Cirman | Selective disruption of lysosomes in HeLa cells triggers apoptosis mediated by cleavage of Bid by multiple papain-like lysosomal cathepsins[END_REF], cytochrome c release [START_REF] Zhao | Lysosomal enzymes promote mitochondrial oxidant production, cytochrome c release and apoptosis[END_REF][START_REF] Kessel | Determinants of the apoptotic response to lysosomal photodamage[END_REF] and formation of reactive oxygen species (ROS). Regarding this latter aspect, lysosomal destabilization has been recognized as a common feature of oxidative stress-induced cell damage [START_REF] Persson | Prevention of oxidant-induced cell death by lysosomotropic iron chelators[END_REF][START_REF] Zdolsek | Effect of reactive oxygen species on lysosomal membrane integrity. A study on a lysosomal fraction[END_REF]. Thus, lysosomal dysfunction is no longer considered as only a late event of destruction, but also as an initiator step in the apoptotic cascade. The specific leakage of lysosomal proteases may either directly activate caspases [START_REF] Vancompernolle | Atractyloside-induced release of cathepsin B, a protease with caspaseprocessing activity[END_REF][START_REF] Ishisaka | Participation of a cathepsin L-type protease in the activation of caspase-3[END_REF], or indirectly after the subsequent release of cytochrome c from mitochondria [START_REF] Vancompernolle | Atractyloside-induced release of cathepsin B, a protease with caspaseprocessing activity[END_REF]Zang et al., 2000). Furthermore, some lysosomal proteases, including cathepsins, can substitute for caspases in a number of apoptotic models, thereby eliciting caspase-independent apoptotic processes (reviewed in [START_REF] Turk | Apoptotic pathways: involvement of lysosomal proteases[END_REF]; [START_REF] Broker | Cell death independent of caspases: a review[END_REF]). Another cell death process which appears to require lysosomal proteases is autophagy [START_REF] Kroemer | Lysosomes and autophagy in cell death control[END_REF], although the relative impact of autophagy in cell death as such is still a matter of debate [START_REF] Baehrecke | Autophagy: dual roles in life and death?[END_REF][START_REF] Hait | A matter of life or death (or both): understanding autophagy in cancer[END_REF].

Whereas the involvement of lysosomes in cell death is now commonly accepted, the origin of their dysfunction and their role during cell death processes needs to be further characterized. ROS have been shown to induce lysosomal leakage [START_REF] Brunk | Photo-oxidative disruption of lysosomal membranes causes apoptosis of cultured human fibroblasts[END_REF][START_REF] Roberg | Lysosomal release of cathepsin D precedes relocation of cytochrome c and loss of mitochondrial transmembrane potential during apoptosis induced by oxidative stress[END_REF], possibly as a consequence of intralysosomal iron-catalyzed oxidative processes, more specifically lipid peroxidation [START_REF] Persson | Prevention of oxidant-induced cell death by lysosomotropic iron chelators[END_REF][START_REF] Dare | Methylmercury and H(2)O(2) provoke lysosomal damage in human astrocytoma D384 cells followed by apoptosis[END_REF]. It has been shown that an increase in lysosomal membrane fluidity may elicit both an increase in osmotic sensitivity [START_REF] Yang | Influence of membrane fluidity modifiers on lysosomal osmotic sensitivity[END_REF], an increase in proton permeability [START_REF] Wan | Influence of the physical states of membrane surface area and center area on lysosomal proton permeability[END_REF], and a decrease in potassium permeability [START_REF] Wang | Influence of membrane physical state on lysosomal potassium ion permeability[END_REF]. Thus, various stimuli can induce changes in lysosomal membrane fluidity [START_REF] Mozhenok | Effects of some biologically active compounds on phagosome-lysosome fusion in peritoneal macrophages of mice[END_REF][START_REF] Myers | Alterations in the structure, physicochemical properties, and pH of hepatocyte lysosomes in experimental iron overload[END_REF]; regarding that point, it is worth noting that some apoptotic insults can trigger changes in composition and fluidity of both plasma membrane and intracellular organelle membranes [START_REF] Singh | Apoptosis is associated with an increase in saturated fatty acid containing phospholipids in the neuronal cell line, HN2-5[END_REF].

Polycyclic aromatic hydrocarbons (PAHs) are important environmental pollutants, to which humans are largely exposed. In addition to their well-known carcinogenic effects, PAHs may also induce apoptosis in various cell types, which includes some hepatic cell lines [START_REF] Solhaug | Polycyclic aromatic hydrocarbons induce both apoptotic and antiapoptotic signals in Hepa1c1c7 cells[END_REF][START_REF] Huc | Identification of Na+/H+ exchange as a new target for toxic polycyclic aromatic hydrocarbons[END_REF]. Recently we showed that a low concentration of the prototype PAH, benzo[a]pyrene (B[a]P; 50 nM), induced an apoptosislike cell death in the rat hepatic epithelial F258 cell line, through multiple pathways. In addition to the activation of the p53 apoptotic pathway, we evidenced that H 2 0 2 produced during B[a]P metabolism was responsible for an early NHE1 activation which resulted in intracellular alkalinization. We further showed that both p53 and NHE1 pathways induced mitochondrial dysfunction, responsible for a late phase of ROS production and secondary intracellular acidification [START_REF] Huc | Identification of Na+/H+ exchange as a new target for toxic polycyclic aromatic hydrocarbons[END_REF][START_REF] Huc | Multiple apoptotic pathways induced by p53-dependent acidification in benzo[a]pyrene-exposed hepatic F258 cells[END_REF][START_REF] Huc | c-Jun NH2-terminal kinase-related Na+/H+ exchanger isoform 1 activation controls hexokinase II expression in benzo(a)pyrene-induced apoptosis[END_REF]. Interestingly, we also evidenced an acidification-and cathepsin B-dependent activation of the endonuclease LEI/L-DNase II [START_REF] Huc | Multiple apoptotic pathways induced by p53-dependent acidification in benzo[a]pyrene-exposed hepatic F258 cells[END_REF]. Furthermore, we found that membrane fluidization and iron uptake constituted two important events in this cell death process (Gorria et al., 2006a,b). Moreover, B[a]P per se has been described to directly interact with membranes [START_REF] Jimenez | The chemical toxic benzo[a]pyrene perturbs the physical organization of phosphatidylcholine membranes[END_REF], and the aryl hydrocarbon receptor (AhR), a key component of PAH-induced responses [START_REF] Billiard | The role of the aryl hydrocarbon receptor pathway in mediating synergistic developmental toxicity of polycyclic aromatic hydrocarbons to zebrafish[END_REF], may be a putative modifier of lysosomal permeability [START_REF] Caruso | Differential susceptibilities of murine hepatoma 1c1c7 and Tao cells to the lysosomal photosensitizer NPe6: influence of aryl hydrocarbon receptor on lysosomal fragility and protease contents[END_REF][START_REF] Caruso | Aryl hydrocarbon receptor modulation of tumor necrosis factor-alpha-induced apoptosis and lysosomal disruption in a hepatoma model that is caspase-8independent[END_REF]. We then decided to look for possible lysosomal changes upon B[a]P exposure in F258 cells, and to test their involvement in the related apoptosis-like cell death process. In the present study, our data clearly showed that B[a]P (50 nM) induced modifications of lysosomes and that these were involved in the cell death process, notably by regulating the activation of caspase-3 through an iron-and lactoferrin-dependent step.

Materials and methods

Chemicals. B[a]P, α-naphthoflavone (α-NF), 3-methyladenine (3-MA), bafilomycin A1 (BFM), oligomycin, and desferrioxamine (DFO) were all purchased from Sigma-Aldrich (Saint Quentin Fallavier, France). Deferiprone (DPO; 1,2-dimethyl-3-hydroxy-4-pyridone) was obtained from Acros (Acros Organics, Noisy Le Grand, France). Z-FA-FMK and Z-FY-CHO were purchased from Santa Cruz (Santa Cruz Biotechnology, Tebu-bio SA, Le Perray en Yvelynes, France). Leucine-Leucyl-O-Methyl HBr (LLoMe) was purchased from Bachem (St. Helens, UK). Cyclic pifithrin-alpha (PTF-α) was purchased from Calbiochem (France Biochem, Meudon, France).

Cell culture and treatment. As previously described [START_REF] Huc | Identification of Na+/H+ exchange as a new target for toxic polycyclic aromatic hydrocarbons[END_REF], F258 cells were grown in Williams' E Medium (Gibco Invitrogen Corporation, Paisley, Scotland, UK) supplemented with 10% fetal calf serum (FCS), 5 units/ mL of penicillin, 0.5 mg/mL streptomycin and 2 mM L-Glutamine in a humidified atmosphere, in 5% CO 2 at 37 °C. F258 cells, growing in exponential phase, were treated 24 h following seeding (at 2.5 × 10 3 cells/cm 2 ) with 50 nM or 5 µM B[a]P and/or the different inhibitors tested (applied to cells 2 h prior to B [a]P exposure) for various treatment times.

Cell ultrastructure. Cells were fixed by dropwise addition of glutaraldehyde and analysed according to standard conditions. After fixation, the specimens were rinsed several times with PBS followed by postfixation with 1% osmium tetroxide in phosphate buffer for 1 h. After a further rinsing with PBS for 15 min, the tissue specimens were dehydrated through a series of graded ethyl alcohols from 70 to 100%. Cells were then embedded in DMP30 Eponate for 24 h at 60 °C. Thin sections (70 nM) were collected onto cooper grids and counterstained with lead citrate before examination with a Philips transmission electron microscope.

Visualization of lysosomal morphology. After treatment, cells seeded on glass coverslips were labeled using the fluoroprobe LysoTracker (1 µM; Molecular Probes, St Louis), incubated in the culture medium, at 37 °C for 1 h. As positive control, cells were exposed to 1 µM LLoMe (a disrupting lysosome agent) 1 h prior to LysoTracker labelling. After labelling, the coverslips were observed using a fluorescence microscope (Olympus BX60), to detect the emission of red fluorescence (x40). Photographs are representative of three independent experiments.

Acridine orange (AO) lysosomal labelling. Lysosomal integrity was analysed using the lysosomotropic weak base acridine orange (AO, 5 µM; Molecular Probes), a metachromatic fluorophore that accumulates in normal lysosomes, turning red under blue excitation light. When AO-loaded lysosomes are damaged, AO is then released to the cytosol, turning green under blue excitation light. The amount of red (FL-3) fluorescence in AO-labeled cells reflects the amount (number and size) of intact lysosomes, while increased green (FL-1) cytosolic fluorescence reflects lysosomal damage [START_REF] Uchimoto | Mechanism of apoptosis induced by a lysosomotropic agent, L-Leucyl-L-Leucine methyl ester[END_REF].

After 48 or 72 h of treatment, cells, both adherent and floating, were collected and loaded with AO (5 µM) for 20 min at 37 °C. Positive control cells were treated with LLoMe (1 µM) for 1 h prior to AO labelling. After washing with ice-cold PBS, cells were finally analysed using a FACSCalibur flow cytometer (Becton-Dickinson, Franklin Lakes, NJ). The illustrated histograms are representative of at least three independent experiments.

Estimation of bulk and vesicular membrane fluidity. Bulk and vesicular membrane fluidity was analysed by a fluorescence polarization technique adapted from [START_REF] Illinger | The kinetic aspects of intracellular fluorescence labeling with TMA-DPH support the maturation model for endocytosis in L929 cells[END_REF], which uses the TMA-DPH (trimethylaminodiphenylhexatriene; Molecular probes) fluoroprobe.

After 72 h of treatment, cells were collected and labeled with TMA-DPH (1 µM) for 30 min at 37 °C. Labeled cells were then separated in two eppendorf tubes, centrifuged, harvested and the pellet was conserved on cold ice until polarization measurement. Just before measurement with a Perkin Elmer LS 50B spectrofluorimeter equipped for polarization, cells were resuspended either in icecold PBS to wash the probe present in plasma membrane (eppendorf 1: only intracellular vesicles [endosomes and lysosomes] were labeled), or ice-cold TMA-DPH 1 µM (eppendorf 2: both membrane and vesicles were labeled). The measurements were performed at 4 °C, using the following setups, λ exc = 360 nM; slit exc = 5 nM; λ em = 430 nM; slit em = 10 nM; polarization ratio r =(I VV -G⁎I VH )/ (I VV +G ⁎ I VH ) with G =I HV /I HH . Histograms show an experiment representative of three.

Measurement of lysosomal pH. Changes in lysosomal pH were analysed using the fluorescent probe LysoSensor Yellow/Blue DND-160 (Molecular Probes), which localizes exclusively within the lysosomes and shows a dual emission when excited under UV light (360 nM), sensitive to pH [START_REF] Lin | Human lactoferrin exerts bidirectional actions on PC12 cell survival via ERK1/2 pathway[END_REF]. After a 72 h-treatment, cells grown on coverslips were loaded with 1 µM LysoSensor for 5 min at room temperature, washed with PBS and observed under a fluorescence microscope. Under our experimental conditions, a shift of fluorescence to the yellow color corresponds to a change of pH towards more alkaline values, as confirmed upon an acute treatment with bafilomycin A1, a known inhibitor of lysosomal H + -ATPase [START_REF] Tapper | Bafilomycin A1 inhibits lysosomal, phagosomal, and plasma membrane H(+)-ATPase and induces lysosomal enzyme secretion in macrophages[END_REF]. Photographs are representative of three independent experiments.

Visualization of chromatin fragmentation. After treatment, both adherent and floating F258 cells were collected, centrifuged and incubated with the nuclear dye Hoechst 33342 (0.5 µg/mL; Molecular Probes, Leiden, Holland) in PBS, at room temperature for 15 min. The percentage of apoptotic cells was determined by UV fluorescence microscopy (Olympus BX60), counting nuclei with condensed or fragmented chromatin (i.e. morphology corresponding to late apoptotic cells) beyond a total of a minimum of 200 nuclei counted (normal and apoptotic). At least three independent experiments were performed per condition tested.

Measurement of effector caspase-3 activity. Caspase activity assay has been previously described [START_REF] Gilot | Liver protection from apoptosis requires both blockage of initiator caspase activities and inhibition of ASK1/JNK pathway via glutathione S-transferase regulation[END_REF]. Briefly, both adherent and floating F258 cells were lysed in the caspase activity buffer. 40 µg of crude cell lysate was incubated with 80 µM DEVD-AMC for 2 h at 37 °C. Caspase-mediated cleavage of DEVD-AMC was measured by spectrofluorimetry (Spectramax Gemini, Molecular Devices, Sunnyvale, CA, USA) at the excitation/emission wavelength pair of 380/440 mm. Three independent experiments, performed in triplicate, were carried out for each experimental condition.

Covalent-binding of B[a]P. The amount of B[a]P covalently bound to macromolecules was determined as previously described [START_REF] Solhaug | Role of cell signaling in B[a]P-induced apoptosis: characterization of unspecific effects of cell signaling inhibitors and apoptotic effects of B[a]P metabolites[END_REF]. In short, F258 cells were incubated with 50 nM 3 H-B[a]P (76 Ci/mmol, 5 mCi/mL, Isobio, Fleurus, Belgium) for 7 h in the absence or presence of either PFT-α (30 µM) or BFM (5 nM or 10 nM). The reactions were stopped by placing the dishes on ice. The cells were then scraped off and protein precipitated with trichloroacetic acid. The precipitates were washed sequentially with trichloroacetic acid, methanol and ethanol:ether (1:1). The amount of radioactivity covalently bound to macromolecules was determined by scintillation counting. Protein concentration was measured using a BioRad DC protein assay kit. Results, expressed as percent of vehicle control, are given as means of three independent experiments.

Reactive oxygen species (ROS) production. ROS production was detected using the oxidation-sensitive fluorescent probe dihydroethidium (DHE, Molecular Probes). After 48 or 72 h of treatment, cells, both adherent and floating, were collected and loaded with DHE (5 µM) for 20 min at 37 °C. Positive control cells were treated with menadione during the 20 min-incubation time with DHE. Cells were then washed with ice-cold PBS and analysed using a FACSCalibur flow cytometer. The illustrated histograms are representative of three independent experiments. Results are also given as a bar graph of the mean ± standard error of differences in fluorescence intensity between control and B[a]P-treated cells.

Analysis of lipid peroxidation. Lipid peroxidation was measured using the fluoroprobe C 11 -BODIPY 581/591 (4,4-difluoro-5-[4-phenyl-1,3-butadienyl] -4bora-3a,4a-diaza-s-indacine-3-undecanoic acid; Molecular Probes), as previously described (Gorria et al., 2006a). At least three independent experiments were performed per condition tested.

Measurement of pH i . The pH i of F258 cells cultured on glass coverslips was monitored using the pH-sensitive fluoroprobe, carboxy-SNARF-1 (carboxyseminaphtorhodafluor; Molecular Probes), as previously described [START_REF] Huc | Identification of Na+/H+ exchange as a new target for toxic polycyclic aromatic hydrocarbons[END_REF]. At least three independent experiments were performed per condition tested.

Transfection and small interfering RNAs (siRNA). siRNA oligonucleotides directed against Lactoferrin (SMART pool of 4 siRNA; M-081373-00) and Non Targeting siRNA (si control; D-001210-01) were purchased from Dharmacon (Perbio Science France, Brebieres, France). Transfections of siRNA were performed in 60 mm dishes on 90% confluent F258 cells, using TransFectin lipid reagent (BioRad, France). Per dish, 250 pmol siRNA and 12.5 µL TransFectin lipid reagent were applied in a final volume of 2 mL Opti-MEM for 4 h. Cells were then passaged in low-serum containing medium (i.e. Williams' medium complemented with glutamine, penicillin/streptomycin and 2% decomplemented FCS) in order to avoid lactoferrin supplementation by serum. Cells were treated with 5 µM B[a]P during exponential phase for 48 h, corresponding to the apoptotic steps observed at 72 h when treated with 50 nM B[a]P.

Reverse transcription-PCR. Total RNA was purified in Trizol™ (Invitrogen). The complementary DNA was synthesized from 5 μg total RNA using the designed oligo dT15V(GAC) (100 pmol/μL) and Superscript™ RNase H-Reverse Transcriptase kit (GIBCO-BRL, Paisley, UK). cDNA aliquots were amplified using the Master Mix (Promega, Madison, WI) and 0.1 mM of forward and backward gene primers. PCR was carried out with an automated heat block thermal cycler (GeneAmp PCR System 9700, Applied BioSystems, USA). After an initial denaturation at 95 °C, the following PCR profile was used: 30 s at 94 °C, 30 s at 56 °C, 1 min at 72 °C for 30 cycles followed by an elongation step for 7 min at 72 °C. The following primers were used for PCR: 18S sens GG-AAA-GCA-TTT-GCC-AAG-AAT and antisens AG-TCG-GCA-TCG-TTT-ATG-GTC; Lactotransferrin Quantitect ® Primers (QUIAGEN Cat No: TC118685). The specificity of PCR products was analysed by electrophoresis on 2% agarose gels and visualized by ethidium bromide. Illustrated gels are representative of three independent experiments.

Statistical analysis. All data are quoted as mean ± standard error of n independent experiments. Analysis of variance followed by Newman-Keuls test was used to analyse the statistical significance of differences between treatments. Differences were considered significant at the level of p b 0.05.

Results

Changes in cell ultrastructure and lysosomal morphology upon B[a]P exposure

The purpose of our initial experiments was to observe the appearance of degradation vesicles, such as autophagosomes, in F258 cells treated with B[a]P using electron microscopy. As shown in Fig. 1A, a 72 h-treatment with 50 nM of B[a]P induced the appearance of vesicles with a dense content possibly containing degraded cellular material. The observation that a double membrane was present in some of these vesicles was suggestive of autophagosomes [START_REF] Eskelinen | Maturation of autophagic vacuoles in mammalian cells[END_REF]. This led us to hypothesize that lysosomes might be involved in the deleterious B[a]P effects. To further test the possibility that lysosome size and/or integrity were affected in F258 cells treated with 50 nM of B[a]P for 24, 48 and 72 h, we first used the fluoroprobe LysoTracker. As illustrated in Fig. 1B,B[a]P induced an increase in lysosome size starting at 48 h, with marked effects at 72 h. The lysosomotropic agent LLoMe which induces a rupture of lysosomal membranes, is used as a positive control of loss of membrane integrity. A diffuse cell staining is visualized after acute treatment by LLoMe; whereas B[a]P-treated cells did not show this pattern, suggesting that B[a]P does not induce any loss of lysosomal membrane integrity.

Lysosomes were then analysed by flow cytometry after labelling with the lysosomotropic base acridine orange (AO), as described in Materials and methods. We observed that B[a]P (50 nM) induced an increase in FL-3 fluorescence following 48 and 72 h of treatment (rightward shift of fluorescent peak; Figs. 2A andB); this thus confirmed the increase in the size of lysosomal compartment upon B[a]P exposure. When looking at the FL-1 peaks, it was clear that B[a]P elicited only late effects i.e. after 72 h of treatment (Figs. 2A andB), also suggesting a near absent, early loss of lysosomal integrity. As shown by the dotted peak in Figs. 2A andB, the positive control LLoMe induced a leftward shift of FL-3 peak compared to control (i.e. a decrease in the amount of intact lysosomes), and a rightward shift in FL-1 (i.e. an increase in leakage of AO into the cytoplasm), as expected. Furthermore, using α-naphthoflavone (α-NF; 10 µM) to inhibit B[a]P metabolism via CYP1, we found that the effects of B[a]P on AO fluorescence were fully inhibited, thus indicating that B[a]P metabolism was involved in these effects.

We have previously shown that B[a]P (50 nM) increased bulk membrane fluidity (at the inner layer) from 48 h of treatment (Gorria et al., 2006b). In order to examine if fluidity of lysosome membrane was sensitive to B[a]P exposure, a protocol based on the use of TMA-DPH and polarization fluorescence measurement was applied to cells. This protocol allowed the determination of the outer layer fluidity of membranes from the whole cells on one hand and from only intracellular vesicles (endosomes and lysosomes) on the other hand. As shown in Fig. 2C,B[a]P did not induce any significant change in surface membrane fluidity, whatever the compartment tested; indeed the polarization ratio remained unchanged between control and B[a]P-treated cells in both cases.

Since no significant changes in physical properties (rupture or outer fluidization) of lysosomal membranes were observed following B[a]P treatment, we then wondered whether the lysosomal pH was affected. Using the LysoSensor Yellow/Blue DND-160 probe, we found that B[a]P (50 nM; 72 h) induced a dramatic shift in the color of emitted fluorescence between lysosomes in B [a]P-treated cells vs control (Fig. 2D); this change was already observed at 48 h, but not at 24 h (not shown). Interestingly, lysosomal pH in B[a]P-treated cells was very close to that detected in cells acutely treated with bafilomycin A1 (BFM; 10 nM), an inhibitor of the vacuolar H + -ATPase previously shown to alkalinize lysosomes [START_REF] Heming | Effects of bafilomycin A1 on cytosolic pH of sheep alveolar and peritoneal macrophages: evaluation of the pH-regulatory role of plasma membrane V-ATPases[END_REF].

Altogether, the present data clearly indicated that B[a]P treatment induced alterations of lysosomes in F258 cells, with an increase in the size of lysosomal compartment associated with an alkaline shift of its pH.

Lysosomes are involved in B[a]P-induced cell death

Since B[a]P induced lysosome alterations in F258 cells, we then looked for any possible role for these changes in the related cell death by using BFM, an inhibitor of the lysosomal pathway [START_REF] Bidere | Cathepsin D triggers Bax activation, resulting in selective apoptosis-inducing factor (AIF) relocation in T lymphocytes entering the early commitment phase to apoptosis[END_REF][START_REF] Boya | Mitochondrial membrane permeabilization is a critical step of lysosome-initiated apoptosis induced by hydroxychloroquine[END_REF]. We found that cotreatment with BFM (5 and 10 nM) and B[a]P (50 nM) significantly inhibited both the amount of cells exhibiting nuclear fragmentation (as detected by Hoechst staining; Fig. 3A) and caspase-3 activity (Fig. 3B), these effects being more pronounced at 10 nM BFM. As can be seen from the data presented in Fig. 3B, BFM used at 10 nM was capable of fully inhibiting B[a]P-induced caspase-3 activity. This suggested either a strong involvement of lysosomes in the activation of this protease, or a non specific effect of BFM (i.e. an inhibition of B[a]P metabolism, as already observed with other so-called specific inhibitors [START_REF] Solhaug | Role of cell signaling in B[a]P-induced apoptosis: characterization of unspecific effects of cell signaling inhibitors and apoptotic effects of B[a]P metabolites[END_REF]). However, analysis of radioactive B[a]P enabled us to conclude that the activation of B[a]P into reactive metabolites (covalently bound to macromolecules) was not inhibited by BFM, as no significant change was observed between B[a]P-treated and B[a]P + BFM-treated cells (Fig. 3C). In cells co-treated with PFT-α, an inhibitor of p53 previously shown to also inhibit the metabolic activation of B[a]P [START_REF] Solhaug | Role of cell signaling in B[a]P-induced apoptosis: characterization of unspecific effects of cell signaling inhibitors and apoptotic effects of B[a]P metabolites[END_REF][START_REF] Sparfel | Potent inhibition of carcinogen-bioactivating cytochrome P450 1B1 by the p53 inhibitor pifithrin alpha[END_REF], a clear inhibition of covalent binding was observed (about 50%; inset).

As BFM has previously been reported to prevent autophagy [START_REF] Kanzawa | Role of autophagy in temozolomide-induced cytotoxicity for malignant glioma cells[END_REF] and since autophagosome-like vesicles were detected upon B[a]P in our model (Fig. 1A), we decided next to further examine any possible role of autophagy. To this aim, we used 3-methyladenine, a known inhibitor of this process [START_REF] Jia | Inhibition of autophagy abrogates tumour necrosis factor alpha induced apoptosis in human T-lymphoblastic leukaemic cells[END_REF]. As illustrated in Fig. 3D, no decrease of the percentage of cells with nuclear fragmentation was detected.

Taken together, these results therefore point to the involvement of lysosomes in the cell death cascade induced by B[a]P, but apparently independent of an autophagic process.

Crosstalks between lysosomal compartment and mitochondrion during B[a]P-induced cell death cascade

It has been suggested that lysosomal alterations may occur upstream mitochondrial dysfunction [START_REF] Roberg | Lysosomal release of cathepsin D precedes relocation of cytochrome c and loss of mitochondrial transmembrane potential during apoptosis induced by oxidative stress[END_REF][START_REF] Yin | Lysosomal and mitochondrial pathways in H2O2-induced apoptosis of alveolar type II cells[END_REF]. In order to test this putative link in our model, we analysed the effect of BFM on two B[a]P-induced, mitochondria-dependent events, namely ROS production and intracellular acidification [START_REF] Huc | Identification of Na+/H+ exchange as a new target for toxic polycyclic aromatic hydrocarbons[END_REF]. As shown in Fig. 4A, mitochondrial ROS production induced by B[a]P (50 nM) was not inhibited by BFM (10 nM); indeed, co-treatment with BFM did not prevent the B[a]P-induced rightward shift of FL-2 DHE fluorescence, regardless of treatment time. Regarding mitochondria-related acidification detected following 72 h of treatment (Fig. 4B), BFM (10 nM) + B[a]P-treated cells still exhibited a significantly lower pH than BFM-treated cells, suggesting that BFM was not effective to inhibit acidification in B[a]P-treated cells. We also quantified the B[a]P-induced oxidative stress by measuring lipid peroxidation following a 72 h-treatment. As illustrated in Fig. 4C, co-treating cells with both BFM (10 nM) and B[a]P markedly inhibited lipid peroxidation, suggesting that lipid peroxidation was partly dependent on lysosomal damages.

To further study the possible crosstalk between mitochondria and lysosomes, we decided to test whether mitochondrial damage might result in lysosomal dysfunction. Oligomycin, an inhibitor of mitochondrial F 0 -F 1 H + -ATPase, has previously been found to block cell death in our model [START_REF] Huc | c-Jun NH2-terminal kinase-related Na+/H+ exchanger isoform 1 activation controls hexokinase II expression in benzo(a)pyrene-induced apoptosis[END_REF]. As seen in Fig. 4D, the addition of oligomycin prevented lysosomal alterations as evidenced by the inhibition of the B[a]P-induced rightward shift in FL-3 AO fluorescence. This suggested that mitochondrial dysfunction induced by B[a]P might be responsible for lysosomal alterations. 

Involvement of iron in caspase activation

Following the demonstration that lysosomes were important for B[a]P to induce cell death in F258 cells, we finally sought the mechanisms underlying such an implication. Lysosomes constitute the cellular compartment containing the largest fraction of low molecular weight iron [START_REF] Petrat | Subcellular distribution of chelatable iron: a laser scanning microscopic study in isolated hepatocytes and liver endothelial cells[END_REF]. Moreover, due to their acidic pH, these organelles exhibit the perfect environment for Fenton-type reactions leading to oxidative stress and lipid peroxidation [START_REF] Schafer | Acidic pH amplifies iron-mediated lipid peroxidation in cells[END_REF]. Chelating the lysosomal iron content may then be a way to decrease oxidative stress during cell death such as apoptosis [START_REF] Yu | Intralysosomal iron: a major determinant of oxidant-induced cell death[END_REF].

In this context, in order to evaluate the importance of the specific lysosomal iron content, two iron chelators with different intracellular localization were used: desferrioxamine (DFO), which is not capable of entering cells by passive diffusion and is hence mostly located within the late endosomes and lysosomes after endocytosis [START_REF] Glickstein | Intracellular labile iron pools as direct targets of iron chelators: a fluorescence study of chelator action in living cells[END_REF], and deferiprone (DPO). Our previous work showed that these two chelators significantly reduced the percentage of cells with fragmented nucleus as well as lipid peroxidation elicited by B[a]P exposure (Gorria et al., 2006a). After checking that DFO and DPO were ineffective on B[a]P metabolism (data not shown), we decided to further focus on the effects of these molecules on cell death, especially by looking at caspase-3 activity, (which was fully inhibited by BFM). As shown in Fig. 5A, both chelators inhibited the B[a]P-induced increase in caspase-3 activity. From this figure, it was noteworthy that DFO was more potent than DPO, with a near total inhibition of the increase; this therefore strongly suggested the involvement of the lysosomal iron pool in caspase-3 activation by B[a]P.

In order to get further insight into the role of this iron pool, we then tested its possible involvement in both the lysosomal and the mitochondrial dysfunction, as already observed by others [START_REF] Persson | Iron-dependent lysosomal destabilization initiates silicainduced apoptosis in murine macrophages[END_REF][START_REF] Persson | Prevention of oxidant-induced cell death by lysosomotropic iron chelators[END_REF]. However, using AO staining of lysosomes, we observed that neither DFO nor DPO inhibited the B[a]P-induced lysosomal dysfunction (Fig. 5C; no inhibition of the shift at 72 h of B[a]P treatment). Similarly, regarding mitochondrial dysfunction, the related acidification was also not prevented by the two chelators (Fig. 5B). These results therefore suggested that lysosomal iron was implicated in the cell death cascade downstream lysosomal alterations and mitochondrial dysfunction.

Involvement of lysosomal proteases in caspase-3 activation

Previous study has shown that B[a]P-induced acidification was essential for caspase-3 activation [START_REF] Huc | Multiple apoptotic pathways induced by p53-dependent acidification in benzo[a]pyrene-exposed hepatic F258 cells[END_REF]. Furthermore, based upon our results showing a role for lysosomes in B[a]P-induced cell death, and a strong inhibition of caspase-3 activation by both BFM and DFO, we finally hypothesized that a lysosomal protease was involved in caspase-3 activation. We focused first on the possible involvement of cathepsins, especially as our previous study has indicated the involvement of a cathepsin B-dependent activation of LEI/L-DNase II in our model [START_REF] Huc | Multiple apoptotic pathways induced by p53-dependent acidification in benzo[a]pyrene-exposed hepatic F258 cells[END_REF]. Using Z-FA-FMK (cathepsin B inhibitor) and Z-FY-CHO (cathepsin L inhibitor), we demonstrated that inhibiting these cathepsins led to a significant decrease of B[a]P (50 nM, 72 h)-induced cell death quantified by Hoechst staining (Fig. 6A), thus confirming the involvement of cathepsins in our model. However, no decrease in caspase-3 activation was detected under these conditions, whatever the inhibitor used (Fig. 6B). Therefore, caspase activation upon B[a]P exposure appeared not to depend on cathepsins.

Since iron seemed essential for caspase-3 activation in our model, we next focused on an iron-binding lysosomal protease recently shown to be involved in caspase-3 activation, namely lactoferrin (LFR) [START_REF] Katunuma | A novel apoptosis cascade mediated by lysosomal lactoferrin and its participation in hepatocyte apoptosis induced by D-galactosamine[END_REF][START_REF] Katunuma | New apoptosis cascade mediated by lysosomal enzyme and its protection by epigallo-catechin gallate[END_REF]. In order to test the involvement of LFR in the cell death induced by B[a]P, a transfection protocol with siRNA targeting LFR was applied to cells. As shown in Figs. 7A andB, silencing of LFR expression resulted in a significant decrease of B[a]P-induced cell death (by about 40%; Fig. 7A), as well as a near complete inhibition of caspase-3 activation (Fig. 7B). Fig. 7C clearly shows, by using RT-PCR, the efficiency of our protocol to inhibit LFR expression both in control and B[a]P-treated cells. Altogether, these results demonstrate the involvement of lactoferrin in caspase-3 activation upon B[a]P treatment.

Discussion

Although the involvement of lysosomes in cell death processes has long been ignored, an increased interest has recently appeared, with the demonstration of the role of these organelles in various models of necrosis and apoptosis, induced by stimuli as diverse as oxidative stress [START_REF] Brunk | Photo-oxidative disruption of lysosomal membranes causes apoptosis of cultured human fibroblasts[END_REF][START_REF] Roberg | Lysosomal release of cathepsin D precedes relocation of cytochrome c and loss of mitochondrial transmembrane potential during apoptosis induced by oxidative stress[END_REF], heavy metal accumulation [START_REF] Marchi | Mercury-and copper-induced lysosomal membrane destabilisation depends on [Ca2+]i dependent phospholipase A2 activation[END_REF], death receptor ligands [START_REF] Brunk | Oxidative stress, growth factor starvation and Fas activation may all cause apoptosis through lysosomal leak[END_REF][START_REF] Ono | Susceptibility of lysosomes to disruption is a determinant for plasma membrane disruption in tumor necrosis factor alphainduced cell death[END_REF] or direct lysosomal disruption [START_REF] Cirman | Selective disruption of lysosomes in HeLa cells triggers apoptosis mediated by cleavage of Bid by multiple papain-like lysosomal cathepsins[END_REF][START_REF] Zhao | Lysosomal enzymes promote mitochondrial oxidant production, cytochrome c release and apoptosis[END_REF].

Here, we show that lysosomes are also important for the development of B[a]P-induced cell death, by regulating both lipid peroxidation and caspase-3 activation. Our data notably demonstrates for the first time the existence of a lysosomerelated pathway for caspase-3 activation which is dependent on both iron and endogenous lactoferrin. The present results, together with the findings of our previous works on B[a]Pinduced cell death in F258 cell line, are summarized in Fig. 8.

Whereas alterations of lysosome morphology, more precisely an increase in compartment size, were expected based upon previous data obtained in B[a]P-exposed mussels [START_REF] Marigomez | Lysosomal enlargement in digestive cells of mussels exposed to cadmium, benzo[a]pyrene and their combination[END_REF], our data shows for the first time that these changes are related to B[a]P metabolism, since those effects are inhibited by α-NF. Furthermore, we found that B[a]P dramatically altered lysosomal pH, a parameter known to be important for the function of these organelles [START_REF] Palokangas | Active vacuolar H+ ATPase is required for both endocytic and exocytic processes during viral infection of BHK-21 cells[END_REF]; one must keep in mind that concomitant changes in lysosome morphology and pH have already been reported [START_REF] Myers | Alterations in the structure, physicochemical properties, and pH of hepatocyte lysosomes in experimental iron overload[END_REF]. As this change in pH was observed not earlier than 48 h of treatment, this suggested a requirement for metabolism of B[a]P. However, we were unable to further test this hypothesis due to effects of α-NF per se on lysosomal pH (not shown). Different mechanisms might explain this change in pH: 1) a direct inhibiting effect of B [a]P metabolites on the H + -ATPase, as already described for diverse xenobiotics [START_REF] Shiraishi | Effect of cisplatin on H+ transport by H+-ATPase and Na+/H+ exchanger in rat renal brush-border membrane[END_REF][START_REF] Simon-Plas | Cercospora beticola toxins (X. Inhibition of plasma membrane H+-ATPase by beticolin-1)[END_REF]; 2) a decrease in H + -ATPase gene expression; or 3) merely a change in H + permeability of lysosomal membrane resulting from alterations in physical characteristics, notably due to oxidative stress as observed in various models [START_REF] Zdolsek | Effect of reactive oxygen species on lysosomal membrane integrity. A study on a lysosomal fraction[END_REF]. Moreover, mitochondrial ROS production has been shown to induce lysosomal leakage, possibly because of intralysosomal iron-catalyzed oxidative processes [START_REF] Persson | Prevention of oxidant-induced cell death by lysosomotropic iron chelators[END_REF][START_REF] Dare | Methylmercury and H(2)O(2) provoke lysosomal damage in human astrocytoma D384 cells followed by apoptosis[END_REF]. In our model, using oligomycin, we found that lysosomal destabilization was indeed linked to mitochondrial dysfunction, thus favouring the hypothesis of a role for mitochondrial ROS production; however, iron would not be involved in these effects since iron chelators did not prevent lysosomal alterations as visualized by AO staining.

B[a]P, which is known to interfere with cellular membranes [START_REF] Jimenez | The chemical toxic benzo[a]pyrene perturbs the physical organization of phosphatidylcholine membranes[END_REF], and to induce bulk membrane fluidization (Gorria et al., 2006b), might induce changes in the lysosomal membrane physical state, which may then participate to lysosomal destabilization. We tried to quantify the membrane physical damages by measuring fluidity of either intracellular vesicles or bulk membrane using a polarization fluorescence technique and TMA-DPH. This probe is indeed useful to study vesicular fluidity in situ, since it localizes near the hydrophilic head of the membranes and is consequently easily removable from the plasma membrane, by simply washing the cells [START_REF] Illinger | The kinetic aspects of intracellular fluorescence labeling with TMA-DPH support the maturation model for endocytosis in L929 cells[END_REF]. However, in the present study, we were unable to detect any change in membrane fluidity using this probe, whatever the compartment considered, which suggested that membrane fluidity was not affected following B[a]P exposure. It is important to note that our previous study showed an increase in bulk membrane fluidity after B[a]P treatment (Gorria et al., 2006b); however, in contrast to TMA-DPH, the fluoroprobe used in that study (i.e. DPH) is known to localize within the lipophilic inner layer of membranes, thus indicating that the intramembrane space would be more sensitive to B[a]P-induced The fact that no general rupture of lysosomal membrane was observed upon B[a]P exposure (Fig. 1B), even at a treatment time with marked percentage of cell death, supported the hypothesis that lysosomes may play a role in the related cell death cascade. Using BFM, we did observe an inhibition of cell death. Interestingly, we found that BFM exerted a major effect on caspase-3 activity, thus strongly suggesting the involvement of lysosomes in the activation process of this protease. This observation was very important since under our experimental conditions, neither cytochrome c, nor any initiator caspase appears to be involved in the activation of caspase-3 [START_REF] Huc | Multiple apoptotic pathways induced by p53-dependent acidification in benzo[a]pyrene-exposed hepatic F258 cells[END_REF][START_REF] Holme | Different mechanisms involved in apoptosis following exposure to benzo[a]pyrene in F258 and Hepa1c1c7 cells[END_REF].

Recent studies on the involvement of lysosomes in cell death demonstrate that lysosomal destabilization occurs early in the apoptotic cascade, leading to protease leakage within the cytoplasm, thus participating to caspase activation and to mitochondrial dysfunction (reviewed in [START_REF] Brunk | Lysosomal involvement in apoptosis[END_REF]; [START_REF] Guicciardi | Lysosomes in cell death[END_REF]). In our model, it seems that, in B[a]P-treated cells, lysosomes would participate to lipid peroxidation (since inhibited by BFM), together with mitochondria [Gorria and Lagadic-Gossmann, unpublished data]; this thus pointed to the involvement of both lysosomes and mitochondria in the development of oxidative stress. However, B[a]P-induced mitochondrial alterations (as visualized by ROS production and intracellular acidification) does not seem to depend on lysosomal dysfunction, since not inhibited by BFM. At the opposite, our data suggested that lysosomal involvement in the apoptotic cascade might be dependent on mitochondria, since inhibited by oligomycin (Fig. 4D).

Puzzled by the fact that BFM partly inhibited lipid peroxidation apparently without inhibiting the mitochondria-dependent ROS production and having previously shown that iron was implicated in the occurrence of lipid peroxidation during B[a]Pinduced cell death (Gorria et al., 2006a), we further studied the involvement of iron in this cascade. Indeed, iron has been previously shown as capable of inducing lysosomal dysfunction [START_REF] Persson | Iron-dependent lysosomal destabilization initiates silicainduced apoptosis in murine macrophages[END_REF]. Using two iron chelators with different intracellular localization, we demonstrated first that mitochondrial and lysosomal dysfunctions were not linked to chelatable iron (Figs. 5B andC), and second that the lysosomal pool of iron was essential for caspase-3 activation (Fig. 5A). Two hypotheses might explain such a dependence: 1) a direct effect of iron on caspase activation, as shown for other ions [START_REF] Pelletier | Caspase-3 can be pseudo-activated by a Ca2+-dependent proteolysis at a non-canonical site[END_REF], or 2) its involvement in the activation of proteases implicated in the cleavage of caspase-3. Regarding the former hypothesis, it should be stressed that a recent study showed that caspase-3 in vitro was inhibited, rather than activated, by the presence of iron, which might explain why iron chelation by DFO induces apoptosis in some models [START_REF] Sliskovic | Reversible inhibition of caspase-3 activity by iron (III) Potential role in physiological control of apoptosis[END_REF]. On the other hand, an iron-dependent caspase-3 activation by a sublethal dose of H 2 O 2 has also been recently reported [START_REF] Kumar | Oxidative repression of NHE1 gene expression involves iron-mediated caspase activity[END_REF].

Based upon the fact that both mitochondria-related intracellular acidification [START_REF] Huc | Multiple apoptotic pathways induced by p53-dependent acidification in benzo[a]pyrene-exposed hepatic F258 cells[END_REF], lysosomal destabilization (Fig. 3B) and lysosomal free iron content (Fig. 5A) were all essential for caspase-3 activation in B[a]P-induced apoptosis of F258 cells, we then supposed that some acid requiring lysosomal proteases was involved in caspase-3 cleavage. As cathepsins have largely been shown to mediate caspase-3 activation [START_REF] Nagaraj | Cathepsin B mediates TRAIL-induced apoptosis in oral cancer cells[END_REF][START_REF] Johansson | Cathepsin D mediates cytochrome c release and caspase activation in human fibroblast apoptosis induced by staurosporine[END_REF][START_REF] Johansson | Role of lysosomal cathepsins in naphthazarin-and Fas-induced apoptosis in oral squamous cell carcinoma cells[END_REF], we first checked their implication in our model and proved that cathepsins were involved in B[a]P-induced apoptosis, but not through activation of caspase-3 (Fig. 6) [START_REF] Huc | Multiple apoptotic pathways induced by p53-dependent acidification in benzo[a]pyrene-exposed hepatic F258 cells[END_REF].

Since we did not find any studies suggesting a role for iron in cathepsin activation, and knowing that iron was essential for caspase-3 activation in our model, we focused on the lysosomal, iron-binding, transferrin protease named lactoferrin [START_REF] Hendrixson | Human milk lactoferrin is a serine protease that cleaves Haemophilus surface proteins at arginine-rich sites[END_REF]. Interestingly, endogenous lactoferrin has very recently been found to participate in apoptosis through caspase-3 cleavage in D-galactosamine-treated hepatocytes [START_REF] Katunuma | A novel apoptosis cascade mediated by lysosomal lactoferrin and its participation in hepatocyte apoptosis induced by D-galactosamine[END_REF]. With the aim of testing whether endogenous lactoferrin was involved in our model, we used a siRNA transfecting protocol in order to silence its expression. Our data clearly demonstrated the essential role of lactoferrin in the increase in caspase-3 activity upon B[a]P exposure (Fig. 7A). Compared to Katunuma's work [START_REF] Katunuma | A novel apoptosis cascade mediated by lysosomal lactoferrin and its participation in hepatocyte apoptosis induced by D-galactosamine[END_REF], our data further demonstrated that iron, besides lactoferrin, is essential for caspase-3 activation to occur in cells. If lactoferrin retains iron at a much lower pH than transferrin (pH 3-4, compared with pH 5-6) and has a very high affinity for Fe 3+ [START_REF] Baker | Molecular structure, binding properties and dynamics of lactoferrin[END_REF], in vitro experiments have nevertheless indicated that iron status would not have any influence on lactoferrin proteolytic activity [START_REF] Qiu | Human milk lactoferrin inactivates two putative colonization factors expressed by Haemophilus influenzae[END_REF]. Therefore, it remains to be understood how iron and lactoferrin could work together to activate caspase-3 in cells.

Conclusion

The present results demonstrate that, upon exposure to the prototype carcinogen B[a]P, both lysosomes and mitochondria are involved in creating an intracellular environment (acidification, iron leakage and oxidative stress) necessary for the occurrence of both caspase-dependent (via lactoferrin activation) and caspase-independent (via cathepsin activation) cell death pathways (Fig. 8). A role for endogenous lactoferrin in caspase-3 activation should deserve future attention in the different models where caspase-3 activation has been shown to occur independently of initiator caspases or cathepsins. [START_REF] Huc | Multiple apoptotic pathways induced by p53-dependent acidification in benzo[a]pyrene-exposed hepatic F258 cells[END_REF][START_REF] Huc | Identification of Na+/H+ exchange as a new target for toxic polycyclic aromatic hydrocarbons[END_REF]. Membrane fluidization upon B[a]P treatment is dependent on NHE1 activation and enhances iron uptake, probably through endocytosis (Gorria et al., 2006a, b). During B[a]P-induced cell death, lysosomal alterations, more likely through iron (Gorria et al., 2006a), participate to the development of oxidative stress, along with the ROS produced by mitochondria dysfunction [Gorria and Lagadic-Gossmann, unpublished results]. Besides this role, lysosomes appear to be determinant for the triggering of the multiple B[a]Pinduced cell death cascades, especially through the release of the proteases they contain; these are indeed involved in the activation of both caspase-dependent (lactoferrin, activating caspase-3) and caspase-independent (cathepsins, activating LEI/L-DNase II [START_REF] Huc | Multiple apoptotic pathways induced by p53-dependent acidification in benzo[a]pyrene-exposed hepatic F258 cells[END_REF]) pathways, which both require the mitochondriarelated intracellular acidification [START_REF] Huc | Multiple apoptotic pathways induced by p53-dependent acidification in benzo[a]pyrene-exposed hepatic F258 cells[END_REF].

Fig. 1 .

 1 Fig. 1. Effects of B[a]P on cell (A) and lysosomal (B) morphology in F258 cells. Cells were treated or not (control) with B[a]P (50 nM) for either 72 h (A) or for 24, 48 or 72 h (B). (A) After fixation, cells were analysed by electron microscopy. The right hand side images correspond to a higher magnification of the intracellular vesicles observed upon B[a]P treatment. White arrows: double membrane in vesicles; black asterisk: mitochondria. (B) After collection, cells were stained with the fluoroprobe LysoTracker and analysed by fluorescence microscopy. Punctuate red spots correspond to lysosomes with intact integrity. The red diffuse staining observed upon the positive control LLoMe (1 mM; 1 h) exposure, reflects total rupture of lysosomes.

Fig. 2 .

 2 Fig. 2. Characterization of lysosomal alterations in B[a]P-treated cells. (A, B) F258 cells were treated or not (control) with B[a]P (50 nM) in the presence (lower histograms) or not (upper histograms) of α-naphthoflavone (α-NF; 10 µM; to inhibit metabolism of B[a]P) for 48 (A) or 72 h (B). Cells were then stained with the fluoroprobe acridine orange (AO) and analysed by flow cytometry. LLoMe (1 mM, 1 h) was used as positive control. Histograms are representative of 3 independent experiments. (C) Fluidity of either bulk membranes [M(total)] or intracellular vesicles [M(ensosomes)] was determined from cells treated or not with B[a]P for 72 h using TMA-DPH and a polarization fluorescence technique. Data are given as mean ± S.E.M. of 3 independent experiments. (D) Lysosomal pH was analysed by fluorescence microscopy in cells stained with LysoSensor Yellow/Blue DND-160 following or not treatment with B[a]P (72 h).The inset correspond to cells treated with bafilomycin A1 (BFM; 10 nM, 30 min), a known inhibitor of vacuolar H + -ATPase. Photographs are representative of 3 independent experiments.

Fig. 3 .

 3 Fig. 3. Involvement of lysosomal alterations in B[a]P-induced cell death in F258 cells. (A, B) F258 cells were treated or not (control) with B[a]P (50 nM) in the presence (BFM) or not (vehicle: DMSO) of bafilomycin A1 (5 or 10 nM) for 72 h. (A) The percentage of cells with apoptosis-like features was analysed after Hoechst 33342 staining. ⁎⁎ p b 0.01. (B) Caspase activity was measured by spectrofluorimetry following a 72 h-treatment. ⁎ p b 0.05. F.A.U.: Fluorescence Arbitrary Units. (C) The effects of BFM (5 and 10 nM) were tested on B[a]P metabolism through determination of the amount of 3 H-B[a]P covalently bound to macromolecules. As positive control, pifithrin-α (PFT, 30 µM), a known inhibitor of B[a]P metabolism was tested (inset). (D) Cells were treated or not (control) with B[a]P (50 nM) in the presence (3-MA) or not (vehicle: DMSO) of 3-methyladenine (10 mM; a known inhibitor of autophagy) for 72 h. The percentage of cells with apoptosis-like features was analysed using Hoechst 33342 staining. N =3-4 independent experiments for all the protocols.

Fig. 4 .

 4 Fig. 4. Lysosomal alterations stem from mitochondrial dysfunction induced by B[a]P. (A, B, C) Effects of inhibiting lysosomal alterations by bafilomycin A1 (BFM, 10 nM) on mitochondrial dysfunction induced by B[a]P (50 nM). (A) The mitochondria-dependent O 2 Uproduction was recorded from F258 cells treated with B[a]P for 48 or 72 h in the presence or not of bafilomycin A1 using DHE and flow cytometry. A 20 min-treatment with menadione was used as positive control. Differences in DHE fluorescence between control and B[a]P-treated cells, in the presence (BFM) or not (vehicle) of bafilomycin, were calculated and are given in the bar graph. (B) Effects of BFM on the pH i decrease induced by B[a]P (50 nM) in F258 cells following 72 h of treatment. ⁎ p b 0.05, ⁎⁎ p b 0.01. (C) Effects of BFM on the lipid peroxidation from F258 cells treated with B[a]P for 72 h (results are expressed relatively to corresponding control, B[a]P-untreated cells for each condition). ⁎ p b 0.05. In panels (B) and (C), vehicle corresponds to DMSO-treated, BFM-untreated cells. (D) Effects of inhibiting mitochondrial dysfunction with oligomycin (8 µM; a known F 0 F 1 -ATPase) on lysosomal alterations induced by a 72 h-treatment with B[a]P (50 nM). Cells were stained with acridine orange (AO) and analysed by flow cytometry. N = 3 independent experiments for all the protocols tested.

Fig. 5 .

 5 Fig. 5. Effects of iron chelation on different steps of the apoptotic cascade induced by B[a]P in F258 cells. (A, B, C) F258 cells were treated or not (control) with B[a]P (50 nM) in the presence or not (vehicle: DMSO) of either deferiprone (DPO, 60 µM) or desferrioxamine (DFO, 4 µM) for 72 h. (A) Caspase activity was measured by spectrofluorimetry. ⁎ p b 0.05. F.A.U.: Fluorescence Arbitrary Units. (B) Effects of DFO or DPO on the pH i decrease induced by B[a]P (50 nM) in F258 cells following 72 h of treatment. ⁎ p b 0.05, ⁎⁎ p b 0.01. (C) Effects of DFO or DPO on lysosomal dysfunction as detected by acridine orange staining (AO) following 72 h of treatment. LLoMe (1 mM; 1 h): positive control. N = 3 independent experiments for all the protocols tested.

Fig. 6 .

 6 Fig. 6. Cathepsins B and L are involved in B[a]P-induced cell death cascade but not in the increase of caspase-3 activity. (A) F258 cells were treated or not (control) with B[a]P (50 nM) in the presence or not (vehicle: DMSO) of either Z-FA-FMK (1 µM; to inhibit cathepsin B) or Z-FY-CHO (1 µM; to inhibit cathepsin L) for 72 h. The percentage of apoptotic cells was analysed by Hoechst 33342 staining. ⁎ p b 0.05 (B) Cells were treated or not (control) with B[a]P in the presence or not (vehicle) of either Z-FA-FMK or Z-FY-CHO. Caspase activity was measured by spectrofluorimetry following a 72 h-treatment. F.A.U.: Fluorescence Arbitrary Units. N = 3 independent experiments for all the protocols tested.

Fig. 7 .

 7 Fig. 7. Lactoferrin is involved in the B[a]P-induced cell death via the control of caspase activation. (A, B, C) F258 cells were transfected or not (0 si) with siRNA targeting lactoferrin (siLFR) or with negative control siRNA (siNeg), and treated or not (control) with B[a]P (5 µM) for 48 h. (A) The percentage of apoptotic cells was analysed by Hoechst 33342 staining. ⁎ p b 0.05 (B) Caspase activity was measured by spectrofluorimetry. F.A.U.: Fluorescence Arbitrary Units. ⁎ p b 0.05. (C) RT-PCR were performed on LFR and ribosomal 18s genes in order to evaluate the efficiency of the siRNAs used. N = 3 independent experiments for all the protocols tested.

Fig. 8 .

 8 Fig. 8. Schematic summary of the multiple pathways involved in B[a]P-induced cell death in the F258 model, and showing the crosstalk which may exist between plasma membrane, mitochondria and lysosomes. B[a]P is a lipophilic molecule capable of passively crossing the plasma membrane. In the cytosol, B[a]P is metabolized by CYP1 into reactive metabolites and ROS, leading to p53 and NHE1 activation[START_REF] Huc | Multiple apoptotic pathways induced by p53-dependent acidification in benzo[a]pyrene-exposed hepatic F258 cells[END_REF][START_REF] Huc | Identification of Na+/H+ exchange as a new target for toxic polycyclic aromatic hydrocarbons[END_REF]. Membrane fluidization upon B[a]P treatment is dependent on NHE1 activation and enhances iron uptake, probably through endocytosis(Gorria et al., 2006a, b). During B[a]P-induced cell death, lysosomal alterations, more likely through iron(Gorria et al., 2006a), participate to the development of oxidative stress, along with the ROS produced by mitochondria dysfunction[Gorria and Lagadic-Gossmann, unpublished results]. Besides this role, lysosomes appear to be determinant for the triggering of the multiple B[a]Pinduced cell death cascades, especially through the release of the proteases they contain; these are indeed involved in the activation of both caspase-dependent (lactoferrin, activating caspase-3) and caspase-independent (cathepsins, activating LEI/L-DNase II[START_REF] Huc | Multiple apoptotic pathways induced by p53-dependent acidification in benzo[a]pyrene-exposed hepatic F258 cells[END_REF]) pathways, which both require the mitochondriarelated intracellular acidification[START_REF] Huc | Multiple apoptotic pathways induced by p53-dependent acidification in benzo[a]pyrene-exposed hepatic F258 cells[END_REF].
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