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INTRODUCTION

Air pollution by ambient air particulate matter is a serious issue due to its health impacts in many urban and industrialized zones. Due to its physical properties, airborne ultrafine particulate matter is having more attention. Ultrafine particles (UFPs) have an aerodynamic diameter of 100 nm or less. They enter the body through the lungs and can be translocated to extrapulmonary organs as liver, spleen, kidney, heart, and brain [START_REF] Oberdörster | Translocation of Inhaled Ultrafine Particles to the Brain[END_REF][START_REF] Kreyling | Size Dependence of the Translocation of Inhaled Iridium and Carbon Nanoparticle Aggregates from the Lung of Rats to the Blood and Secondary Target Organs[END_REF][START_REF] Schraufnagel | The Health Effects of Ultrafine Particles[END_REF]. Moreover, because of their higher specific area and surface reactivity, UFPs can absorb a significant amount of hazardous metals and organic compounds making them more threatening than larger PM [START_REF] Kwon | Ultrafine Particles: Unique Physicochemical Properties Relevant to Health and Disease[END_REF].

The principal source of UFPs emissions in urban environments is on-road vehicles, more specifically motor vehicles driven by diesel engines. Particles from diesel exhaust comprise of polyaromatics hydrocarbons which can diffuse easily through cell membranes because of their hydrophobic properties. Once in the cell, as free radicals, they cause oxidative damage to biological macromolecules including DNA [START_REF] Leikauf | Mechanisms of Ultrafine Particle-Induced Respiratory Health Effects[END_REF]. Studies show finer particle size increases the mutagenic and tumorigenic potential [START_REF] Pagano | Mutagenic Activity of Total and Particle-Sized Fractions of Urban Particulate Matter[END_REF]. In addition, UFPs induce inflammatory cytokines release such as IL-6, IL8. Therefore, organic compounds presented in UFPs represent a significant contribution to the toxicity and health effects.

Particle exposure of lung cells at the air-liquid interface (ALI) allows to study toxicity of particles in conditions close to the physiological ones. In this approach, cells are cultured on semi permeable membranes of a transwell insert in a culture well where medium is supplied only from the basal pole, then cells are exposed to an aerosol at the apical pole [START_REF] Bérubé | Human Primary Bronchial Lung Cell Constructs: The New Respiratory Models[END_REF][START_REF] Bhowmick | Cells and Culture Systems Used to Model the Small Airway Epithelium[END_REF]. Concerning the aerosol generation, several devices exist to carry controlled and repeatable cell exposures at relevant airborne concentrations. MiniCAST is a soot reference generator where soot particles, produced from a co-flow propane diffusion flame, are quenched, and quickly diluted to stabilize the soot particle stream and prevent water condensation. Depending on the operating conditions, particles characteristics as organic content, number and size distribution can be modified while maintaining a stable and repeatable source [START_REF] Moallemi | Characterization of Black Carbon Particles Generated by a Propane-Fueled Miniature Inverted Soot Generator[END_REF][START_REF] Moore | Mapping the Operation of the Miniature Combustion Aerosol Standard (Mini-CAST) Soot Generator[END_REF][START_REF] Jing | Standard Combustion Aerosol Generator (SCAG) for Calibration Purposes[END_REF]. Thus, MiniCAST soot generator depicts an adequate device for studying particles toxicity.

This work aims to show the toxicological effects of ultrafine particles with an important organic compounds content. Beas-2B model was exposed at the air-liquid interface and cell response was linked to the microphysical, chemical and morphological properties of miniCAST particles.

MATERIALS AND METHODS

Cell culture

BEAS-2B cell line (ATCC -CRL9609 TM ) derived from normal human bronchial epithelial cells were obtained from autopsy of non-cancerous individuals. BEAS-2B cell line was cultured in LHC-9 medium (GIBCO) supplemented with 100 U/ml penicillin and 100 mg/ml streptomycin in collagen pre-coated flasks to improve cell adherence until 75-80% of confluence. Then, they were seeded at a density of 90,000 cells per cm 2 on collagen-coated Transwell TM inserts. After 3 days, cells reached the confluence and medium is changed every 2 days. Culture is maintained in Liquid-Liquid interface for 7 days prior to exposure. Apical medium is removed, and Air-Liquid interface is carried during and after exposure. The cultures were maintained in 95% humidified air with 5% CO2 at 37°C.

Exposure system and cell exposure conditions

The exposure system is comprised of several main components: soot generator miniCAST (5201c), the Vitrocell® exposure system, and several devices for physical characterization (PPS, SMPS). The operating condition CAST3 was chosen for its high contents on organic carbon and for assuring a size distribution lower than 100 nm [START_REF] Bescond | Soot Optical Properties Determined by Analyzing Extinction Spectra in the Visible Near-UV: Toward an Optical Speciation According to Constituents and Structure[END_REF]). The Vitrocell® exposure system comprises two stainless steel modules (exposure module and air control module). Aerosols are delivered to the modules in parallel: the first module receiving the aerosol of study and the second module receiving filtered clean air as negative control. The modules are designed for simultaneous exposure of three independent replicates. Exposure module is equipped with electrodes for high voltage charging to increase particle deposition.

Prior to exposure, the exposure wells are filled with medium and heated at 37°C by a circulating water bath. During exposure, an electrical field (+1000 V) was used to increase the particle deposition efficiency. Aerosol is delivered to the system by the distribution/dilution column where is drawn by the trumpet pipe (isokinetic sampling) to each well. Here, aerosol passed over the apical pole of the cell layer cells at a flow rate of 10 ml/min/well covered by an external vacuum pump. Cells were exposed during 35 min and control samples were exposed for 35 min to ambient HEPA-filtered laboratory air through the Vitrocell System®. Each exposure condition was repeated on 2-3 separate days. We compared the response of soot-exposed cells with the response of control cells, 3 h and 24 h after exposure.

Characterization of PUFs

Number and particle size distributions were measured with Scanning Mobility Particle Sizer at a range of 12.2-552.3 nm immediately downstream of the Vitrocell® system after went through VKL dilutors. Mass emission was measured with the Tapered Element Oscillating Microbalance and controlled with the Pegasor Particle Sensor directly after VKL dilutors. Transmission electron microscopy (TEM) was used to examine the morphology of the miniCAST soot.

Toxicological endpoints

Cytotoxicity was measured by the MTT assay adapted to the exposures in transwell inserts. Gene expression. Total ARN was extracted from cells after exposure using TRI-REAGENT® (Sigma-Aldrich) and Direct-zol™ RNA MiniPrep (Ozyme). cDNA was prepared by reverse transcribing extracted RNA samples using Invitrogen™ Transcriptase inverse M-MLV. The expression of mRNA was determined by the quantitative real time polymerase chain reaction (qRT-PCR) using Brilliant III Ultra-fast SYBR Green QPCR Master Mix (Agilent Technologies). Expression profiles of Cyp1b1, Cyp1a1, NQO1, IL8 et IL6 were normalized to B2M.

RESULTS AND DISCUSSION

Aerosol characteristics

The size distribution by SMPS and transmission electron microscopy image are shown in Figure 1. The count median diameter (CMD) was 56.95 nm and total count concentration was 2.44E+08 N/cm 3 . Mass concentration during exposure was 57.85 mg/m 3 . Ratio of organic carbon (OC) and total carbon (TC) shows the organic content of particles and it was around 87±5 %. Estimated mass deposition during 35 min exposure was 1775 ng/cm 2 . These data are presented in Table 1. According to these data, CAST3 particles can be classified as ultrafine particles with a high content in organic compounds.

Cellular response to CAST3 particles

BEAS-2B were exposed to CAST3 particles during 35 min in Vitrocell® System. No cytotoxicity was observed at any condition (Figure 2.) nevertheless, gene expression, was modified. Expression of CYP1A1 and CYP1B1 were highly modified in both conditions and it was time dependent. Organic compounds as PAH's present in CAST3 can explain these results as they can induce cytochrome P450 (CYP) metabolic enzymes. Several studies have shown these enzymes play vital roles in oxidative stress and pro-inflammatory responses. IL8 and IL6 (inflammation markers) expression was reduced at 3 h and at 24 h was slightly increased. HO1, an antioxidant marker highly induced at 3 h but get back to the normal at 24 h. Finally, NQO1 another antioxidant marker was slightly induced in both conditions. The induction of NQO1 and IL8 after fine and ultrafine particles exposure has been shown in several studies [START_REF] Hawley | Time Course of Bronchial Cell Inflammation Following Exposure to Diesel Particulate Matter Using a Modified EAVES[END_REF][START_REF] Yuan | Ambient Fine Particulate Matter (PM2.5) Induces Oxidative Stress and pro-Inflammatory Response via up-Regulating the Expression of CYP1A1/1B1 in Human Bronchial Epithelial Cells in Vitro[END_REF][START_REF] Steerenberg | Diesel Exhaust Particles Induced Release of Interleukin 6 and 8 by (Primed) Human Bronchial Epithelial Cells (Beas 2b) In Vitro[END_REF][START_REF] Frias | Nrf2 Positively Regulates Autophagy Antioxidant Response in Human Bronchial Epithelial Cells Exposed to Diesel Exhaust Particles[END_REF]). Nrf2 has a protective role against atmospheric pollutants. Nrf2 induces the expression of NAD(P)H-quinone oxidoreductase (NQO1). This enzyme exerts cytoprotective, antioxidant and antiinflammatory effects in lungs [START_REF] Rubio | Essential Role of Nrf2 in Protection against Hydroquinone-and Benzoquinone-Induced Cytotoxicity[END_REF]. Table 2. Count Median Diameter (CMD), Count and Mass Concentration, ratio of organic carbon (OC) and total carbon (TC) and estimated mass deposition during exposure to CAST3 particles.

CONCLUSION

CAST3 particles induce several modifications in gene expression. Physicochemical properties as organic content and surface could explain these results. However, in this work, complete aerosol exhaust was used during cell exposures so the biological response cannot be attribute only to particles themselves but also to the gas phase. Further investigations are needed to better understand the contributions of particles alone in the toxic response. UFPs are presented in urban ambient air and physicochemical properties depend on emission source. These particles can reach many other organs than lungs causing several health effects. Study of UFPs in the last years had got more attention and become a new area of toxicology research.
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 2 Figure 2. : Cell viability determined by MTT test after 3 h and 24h exposure of CAST3 (+1000V) particles. The data was expressed as mean ± SD of 2-3 independent experiments.