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The release of pro-inflammatory cytokines is mediated via MAP-kinases rather than inflammasome signaling pathway in keratinocytes

Keywords: Keratinocytes, Toll like receptors, Inflammation, MAP kinase

Toll like receptors (TLRs) are expressed in the skin and airway epithelial tissues, which are the most important sites of host-pathogen interactions. TLRs recognize the three-dimensional structure of pathogen associated molecules and are thus useful markers of the innate immune response. Here, we investigated the role of lipopolysaccharides (LPS) and monosodium urate (MSU) crystals in the activation of the TLR and Nod Like Receptors (NLR) pathways in human keratinocytes. Analysis of the inflammasome compounds revealed that NLRP3 and TLR4, both of which are components of
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inflammasome complexes involved in the activation of IL-1β, were not expressed in keratinocytes.

Transcriptomic analysis showed that combination of both MSU and LPS priming do not elicit significant result compare to MSU treatment that induced the expression of TLR2, IL-6 and IL-8/CXCL8 in the keratinocyte cell line HaCaT. Furthermore, MSU promoted the phosphorylation of Erk1/2 and MAPK14/p38α MAP kinases. We concluded that MSU stimulates a pro-inflammatory response in keratinocytes via MAP Kinase pathway to induce production of IL-8/CXCL8 and TLR2.

Introduction

The skin is the first line of defense against invading pathogens [START_REF] Miller | Toll-like receptors in skin[END_REF] . Its epithelial tissue structure is mainly composed of keratinocytes, which form the largest surface of the body in contact with the outside. Keratinocytes play a prominent role in primary immunity. Moreover, the cross-talk between keratinocytes and fibroblasts is important for the inflammatory process of wound healing and control extracellular matrix homeostasis [START_REF] Grimaud | Matrix receptors to cytokines: from concept to control of tissue fibrosis dynamics[END_REF] .

The inflammatory process is associated with the activation of cell signaling pathways leading to the release of various mediators including cytokines and chemokines, which in turn leads to tissue remodeling, wound healing and skin repair. One intracellular signaling pathway associated with the inflammatory process is the NLRP3 inflammasome, which is characterized by the activation and the secretion of IL-1β [START_REF] Martinon | Gout-associated uric acid crystals activate the NALP3 inflammasome[END_REF][START_REF] Martinon | The inflammasome: a molecular platform triggering activation of inflammatory caspases and processing of proIL-beta[END_REF] .
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Toll-like receptors (TLR) are pattern recognition receptors (PRR) directed against highly conserved molecular patterns called pathogen-associated molecular patterns (PAMPs). Ten functional TLRs targeting specific structures (lipids, proteins, nucleic acids or crystals) have been identified in humans [START_REF] Miller | Toll-like receptors in skin[END_REF][START_REF] Kawai | The role of pattern-recognition receptors in innate immunity: update on Toll-like receptors[END_REF] . In monocytes, TLRs activate several signaling pathways such as MAP kinases, leading to the production of sever IL-1β, IL-6 and IL-8/CXCL-8. Keratinocytes express these cytokines constitutively in very low amounts in resting conditions and their production is increased upon stimulation [START_REF] Kawai | The role of pattern-recognition receptors in innate immunity: update on Toll-like receptors[END_REF] . TLR4 constitutes the main receptor of LPS [START_REF] Hoshino | Cutting edge: Toll-like receptor 4 (TLR4)-deficient mice are hyporesponsive to lipopolysaccharide: evidence for TLR4 as the Lps gene product[END_REF] . Several studies have found that TLR4 is expressed on keratinocytes [START_REF] Panzer | TLR2 and TLR4 expression in atopic dermatitis, contact dermatitis and psoriasis[END_REF] whereas others have not [START_REF] Baker | Normal keratinocytes express Toll-like receptors (TLRs) 1, 2 and 5: modulation of TLR expression in chronic plaque psoriasis[END_REF] . Others still have found that TLR4 expression depends on the stage of keratinocyte differentiation [START_REF] Pivarcsi | Differentiation-regulated expression of Toll-like receptors 2 and 4 in HaCaT keratinocytes[END_REF][START_REF] Köllisch | Various members of the Toll-like receptor family contribute to the innate immune response of human epidermal keratinocytes[END_REF] , which is correlated with the presence or absence of the inflammasome in keratinocytes.

Several inflammasome pathways have been described, including the canonical pathway which consists of three main effectors, namely NLRP3, the pro-caspase-1 and the apoptosis speck-like protein containing a CARD (ASC) adapter, the later bridging the interactions between NLRP3 and the pro-caspase-1. Assembly of the NLRP3 inflammasome leads to the cleavage of cytosolic pro-IL-1β into the mature pro-inflammatory cytokine IL-1β by activated caspase-1 [START_REF] Martinon | The inflammasome: a molecular platform triggering activation of inflammatory caspases and processing of proIL-beta[END_REF] . Monosodium uric (MSU) crystals activate the inflammasome via the ASC adapter protein, leading to the activation of caspase-1 by the complex, which cleaves the immature form of pro-IL-1β into an active form [START_REF] Martinon | Gout-associated uric acid crystals activate the NALP3 inflammasome[END_REF] .

We previously reported that the combination of MSU crystals with LPS activates the NLRP3 inflammasome in human macrophages and results in the production of IL-1β [START_REF] Gicquel | IL-1β production is dependent on the activation of purinergic receptors and NLRP3 pathway in human macrophages[END_REF] . In this study, we investigated the mechanisms of production of pro-inflammatory cytokines from keratinocytes activated with MSU, notably the involvement of NLR-inflammasome, TLR and MAP kinase pathways.
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Results

Synthesis of pro-inflammatory cytokines from keratinocytes stimulated with MSU and LPS

MSU treatment significantly increased the abundance of IL-1β, IL-6 and IL-8/CXCL8 mRNA in both HEK and HaCaT cells (Figure 1). Up-regulation of the pro-IL-1β gene suggests that keratinocytes may produce activated IL-1β through the inflammasome signaling pathway. To investigate the involvement of the inflammasome in keratinocytes, cells were stimulated by LPS, as TLR4 agonist, in association with MSU. Nevertheless, LPS priming before MSU stimulation or LPS alone did not resulted in IL-1β expression (data not shown), suggesting that keratinocytes are unable to produce IL-1β despite of the increase of mRNA transcript.

In contrast, MSU treatment significantly induced the production of IL-6 and IL-8/CXCL8 proteins in keratinocytes whereas LPS alone did not (Figure 2). Moreover, LPS priming before MSU treatment did not further boost IL-6 and IL-8/CXCL8 expression. The glucocorticoid dexamethasone significantly impaired the production of both IL-6 and IL-8/CXCL8 in MSU and LPS plus MSU-stimulated cells.

Investigation of TLR and NLR inflammasome pathways in keratinocytes

In order to identify signaling pathways involved, we further examined the mRNA expression of various Nod-like (NLRP1, NLRP2, NLRP3, NLRP6, NLRC4, AIM2) and toll-like receptors (TLR 1 to 10) in keratinocytes (Figure 3). We used THP-1 macrophages as a comparative positive control because these cells are described to express high levels of various TLR and NLR inflammasomes [START_REF] Martinon | The inflammasome: a molecular platform triggering activation of inflammatory caspases and processing of proIL-beta[END_REF][START_REF] Zarember | Tissue Expression of Human Toll-Like Receptors and Differential Regulation of Toll-Like Receptor mRNAs in Leukocytes in Response to Microbes, Their Products, and Cytokines[END_REF] .
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The expression of TLR2 was moderately expressed in both HEK and HaCaT but was significantly upregulated after MSU treatment. Others TLRs were moderately or not at all expressed in both HEK and HaCaT. For example, TLR4 is not expressed in primary keratinocytes and barely detectable in the HaCaT cell line.

We did not detect NLRP3 mRNA in keratinocytes suggesting that the NLRP3-inflammasome pathway is not involved in the activation of keratinocytes. NRLP6, NLRC4 and AIM2 mRNA were barely detectable whereas NLRP1 and NLRP2 mRNA were present at higher levels (Figure 3).

Involvement of the MAP kinase pathway in MSU stimulation

To investigate the signaling pathways associated with MSU activation, we used a proteome profiler array to analyze the status of 43 kinase phosphorylation sites in keratinocytes stimulated with MSU and in unstimulated control cells. MSU significantly induced the phosphorylation of ERK1/2 and MAPK14/p38α, both of which are involved in the MAP kinase pathway. In contrast, the phosphorylation of WNK1 kinase was significantly down-regulated by MSU) (Figure 4a).

Then, we also analyzed the time course of MAPK14/p38α phosphorylation in MSU-stimulated keratinocytes by western blotting, using unstimulated keratinocytes as a control. MAPK14/p38α phosphorylation appears to be maximum after 45 minutes of MSU treatment, whereas total MAPK14/p38α showed no variation (Figure 4b).
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Involvement of the MAP kinase pathway in the production of IL-8

To confirm the involvement MAPK14/p38α and ERK1/2 in HaCaT, we used selective inhibitors of these kinases (Figure 5). U0126 is a potent and selective inhibitor of MEK1 and MEK2 which blocks intracellularly the phosphorylation and activation of ERK [START_REF] Favata | Identification of a novel inhibitor of mitogen-activated protein kinase kinase[END_REF] and SB239063 is a MAPK14/p38α

inhibitor selective for the p38 α and β isoforms [START_REF] Underwood | SB 239063, a potent p38 MAP kinase inhibitor, reduces inflammatory cytokine production, airways eosinophil infiltration, and persistence[END_REF] . Both inhibitors (U0126 and SB239063) significantly reduced the production of IL-8/CXCL8 by HaCaT Cells stimulated with MSU (Figure 5).

Gene expression profiling of keratinocytes stimulated with MSU

To investigate the mecanisms involved in the inflammatory process in keratinocytes by MSU, we analyzed the gene expression profile of HaCaT cells incubated for 12 h with MSU at 1mg/ml (Figure 6). 12h was determined as an optimal time point for gene expression analysis by qPCR analysis (data not shown). We selected 12h rather than 24h to obtain a moderate inflammation response. 24h of MSU stimulation corresponds to the mRNA maximun expression of cytokines expression (IL-6 & CXL8/IL8) but could decrease other proteins of interests.

Gene expression analysis resulted in the modulation of 128 genes (P< 0.005, fold change > 2), including 91 up-regulated and 37 down-regulated genes.

Gene ontology analysis revealed that various family of genes up-regulated by MSU treatment were involved in inflammation, including cytokine of the CCL family (5 genes) and chemokines of the CXCL family (7 genes). Consequently of pro inflammatory conditions, keratinocytes response leads to keratinocytes differentiation by producing S100 proteins family (S100A8, S100A9, S100A12) and small proline-rich protein involved in cross-bridging proteins for the keratinocytes differentiation (SPRR1A, SPRR2A, SPRR2C, SPRR2D, SPRR2D, SPRR2E, SPRR2F) (Error! Reference source not found.).

Accepted Article

The second family of genes of interest is involved in response to MSU includes innate response genes as defensin (defensin, beta 4A) and gene associated to Fas-or tumor necrosis factor type alpha-induced apoptosis immediate early response genes (IER3). Of note, IERS and some other proteins including dual specificity phosphatase (DUSP6) are known to be involved in phosphorylation for ERK1/2 proteins [START_REF] Garcia | IEX-1: A new ERK substrate involved in both ERK survival activity and ERK activation[END_REF][START_REF] Oliveira | NRAS mutation causes a human autoimmune lymphoproliferative syndrome[END_REF] (Error! Reference source not found.).

Discussion

Keratinocytes are the main cellular constituents of the skin epidermis and are an important line of defense against pathogens. When activated, they participate of the inflammatory process through the increased production of several cytokines and/or chemokines [START_REF] Ozawa | Localization of IL-8 and complement components in lesional skin of psoriasis vulgaris and pustulosis palmaris et plantaris[END_REF] . In this study, we investigated how different signaling pathways related to innate immunity are involved in this production. We used the activation of HEK and HaCaT keratinocyte cells by MSU as an experimental model. Indeed, various studies showed that MSU is important for the induction of pro-inflammatory responses and monocyte recruitment, leading to the secretion of large amounts of IL-6 and IL-8/CXCL8 proteins [24-26].

LPS has been largely reported to be a potent activator for the production of IL-1β from macrophages
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In the present study, we found that LPS neither stimulates nor potentiates the production of IL-1β from keratinocytes. However, it is still unclear whether keratinocytes synthesize IL-1β. Some studies have detected IL-1β protein in these cells [START_REF] Feldmeyer | The inflammasome mediates UVB-induced activation and secretion of interleukin-1beta by keratinocytes[END_REF][START_REF] Dombrowski | Cytosolic DNA triggers inflammasome activation in keratinocytes in psoriatic lesions[END_REF] whereas others found that although keratinocytes express IL-1β, they do not produce its active form [START_REF] Mizutani | Human keratinocytes produce but do not process prointerleukin-1 (IL-1) beta. Different strategies of IL-1 production and processing in monocytes and keratinocytes[END_REF] . Given that the production of IL-1β depends on the NLRP3-inflammasome pathway, we further explored the involvement of this signaling pathway in keratinocytes stimulated with MSU. Interestingly, by investigating the expression of various NLRinflammasomes, we observed that NLRP3 was not expressed in keratinocytes, whereas NLRP1, NLRP2, NLRP6, NLRC4 and AIM2, were moderately expressed.
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To investigate why IL-1 β protein is not produced in keratinocytes and to gain insight into the role of the innate immune response and LPS, we analyzed the mRNA levels of the 10 functionally active TLRs in humans in the HaCaT cell line and HEK human keratinocyte progenitors stimulated with MSU.

TLR1, TLR2, TLR3 and TLR5 were expressed in both HaCaT and HEK cells. TLR4 and TLR10 were specifically expressed in HaCaT cells whereas TLR6 was specifically expressed in HEK cells. The remaining TLR transcripts were not detected in either cell types. These results suggest that TLR2 can form heterodimers with TLR1 to recognize triacyl lipopeptide, and to a lesser extent with TLR6 to recognize diacyl lipopteptide [START_REF] Takeda | Recognition of lipopeptides by Toll-like receptors[END_REF] , in keratinocytes. These heterodimers can recognize many lipopeptides from the cell wall of bacteria and homodimers of TLR2 can recognize bacterial peptidoglycan and some heat shock proteins [START_REF] Akira | Pathogen recognition and innate immunity[END_REF] . We found that TLR7, TLR8, and TLR9 are not expressed in keratinocytes, suggesting that these cells are not able to recognize single stranded RNA or CpG from bacteria or viruses [START_REF] Köllisch | Various members of the Toll-like receptor family contribute to the innate immune response of human epidermal keratinocytes[END_REF] . The function of TLR10 is still unclear. This receptor was only expressed in HaCaT cells and was significantly down-regulated by MSU stimulation. Nevertheless, our results confirm new observations linking the up-regulation of TLR2 to the anti-inflammatory properties of TLR10 [START_REF] Oosting | Human TLR10 is an anti-inflammatory pattern-recognition receptor[END_REF] . Our finding that keratinocytes express TLR3 confirms previous results

showing that these cells are able to sense genetic material from necrotic cells, including UVdamaged keratinocytes [START_REF] Borkowski | Activation of TLR3 in keratinocytes increases expression of genes involved in formation of the epidermis, lipid accumulation, and epidermal organelles[END_REF] . These results are consistent with previous in vivo observations showing that TLR2 is up-regulated in response to pro-inflammatory stimuli in psoriatic skin [START_REF] Panzer | TLR2 and TLR4 expression in atopic dermatitis, contact dermatitis and psoriasis[END_REF][START_REF] Begon | Expression, subcellular localization and cytokinic modulation of Toll-like receptors (TLRs) in normal human keratinocytes: TLR2 up-regulation in psoriatic skin[END_REF] . Recent studies imply a role for TLRs in wound healing and the maintenance of skin barrier homeostasis, and demonstrate that TLR2 stimulates the formation of tight junctions [START_REF] Kuo | Activation of epidermal toll-like receptor 2 enhances tight junction function: implications for atopic dermatitis and skin barrier repair[END_REF] . TLR3 and TLR4 may also promote wound healing [START_REF] Chen | Toll-like receptor 4 has an essential role in early skin wound healing[END_REF][START_REF] Suga | TLR4, rather than TLR2, regulates wound healing through TGF-β and CCL5 expression[END_REF][START_REF] Borkowski | Toll-Like Receptor 3 Activation Is Required for Normal Skin Barrier Repair Following UV Damage[END_REF] . These mechanisms remain poorly understood but may involve the hyperproliferation of keratinocytes associated with the up-regulation TLR2 in psoriatic skin [START_REF] Begon | Expression, subcellular localization and cytokinic modulation of Toll-like receptors (TLRs) in normal human keratinocytes: TLR2 up-regulation in psoriatic skin[END_REF] .
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Thus, we observed that the main components of the NLRP3-inflammasome and TLR4, are not expressed in primary keratinocytes and are moderately expressed in HaCaT cells. These data are consistent with the absence of the production of IL-1β from keratinocytes in our study and are not consistent with the proposal of the involvement of NLRP3-caspase 1 pathway in keratinocytes [START_REF] Feldmeyer | The inflammasome mediates UVB-induced activation and secretion of interleukin-1beta by keratinocytes[END_REF][START_REF] Watanabe | Activation of the IL-Accepted Article 1beta-processing inflammasome is involved in contact hypersensitivity[END_REF] .

We also clearly showed that following MSU stimulation, HEK and HaCaT cells release IL-6 and IL-8/CXCL8. Both proteins are strongly up-regulated in skin during pro-inflammatory disorders such as psoriasis, and lead to leucocyte migration and keratinocyte proliferation and differentiation in the upper level of the epidermis [START_REF] Gillitzer | Upper Keratinocytes of Psoriatic Skin Lesions Express High Levels of NAP-1/IL-8 mRNA In Situ[END_REF][START_REF] Nickoloff | Cellular localization of interleukin-8 and its inducer, tumor necrosis factor-alpha in psoriasis[END_REF] . Interestingly, the gene expression profiling showed that several cytokines were also up-regulated by MSU. A similar cytokine expression profile is observed in skin lesions, such as psoriatic skin, to which both Th2 and Th1 cells are frequently recruited [START_REF] Meyer | IL-32 is expressed by human primary keratinocytes and modulates keratinocyte apoptosis in atopic dermatitis[END_REF][START_REF] Suga | The role of IL-32 in cutaneous T-cell lymphoma[END_REF] .

It remains unclear how MSU is recognized by the cell and leads to cytokine release [START_REF] Ghaemi-Oskouie | The role of uric acid as an endogenous danger signal in immunity and inflammation[END_REF] . One study [START_REF] Liu-Bryan | Innate immunity conferred by Tolllike receptors 2 and 4 and myeloid differentiation factor 88 expression is pivotal to monosodium urate monohydrate crystal-induced inflammation[END_REF] suggests that TLRs are able to recognize the crystal structure of MSU. Based on the Proteome Profiler TM Array results, we found that MSU selectively leads to the phosphorylation of two MAPkinase proteins: MAPK14/p38α and ERK1/2. This observation suggests that these two kinases are involved in the recognition of the MSU and their activation leads to the up-regulation of TLR2 as occurs in several skin disorders for the recognition of microbial pathogens [START_REF] Kawai | The role of pattern-recognition receptors in innate immunity: update on Toll-like receptors[END_REF][START_REF] Yu | Serum amyloid A Induces IL-1β secretion from keratinocytes via the NLRP3 Inflammasome[END_REF] . This mechanism is similar to that reported for Poly(I:C), a TLR3 agonist that stimulates IL-8/CXCL8 production in keratinocytes [START_REF] Köllisch | Various members of the Toll-like receptor family contribute to the innate immune response of human epidermal keratinocytes[END_REF][START_REF] Borkowski | UVB Radiation Illuminates the Role of TLR3 in the Epidermis[END_REF] . We then used selective inhibitors to confirm the involvement of MAPK14/p38α and ERK1/2 in IL-8/CXCL8 expression. These inhibitors impaired IL-8/CXCL8 expression in response to MSU, suggesting the involvement of ERK1/2 and MAPK14/p38α in this process as described previously in monocytes [START_REF] Liu | Extracellular signalregulated kinase 1/extracellular signal-regulated kinase 2 mitogen-activated protein kinase signaling and activation of activator protein 1 and nuclear factor kappaB transcription factors play central roles in interleukin-8 expression[END_REF] . The inflammasome-independent pro-inflammatory NF-kB signaling pathways in keratinocyte proliferation and differentiation has been largely demonstrated [START_REF] Begon | Expression, subcellular localization and cytokinic modulation of Toll-like receptors (TLRs) in normal human keratinocytes: TLR2 up-regulation in psoriatic skin[END_REF][START_REF] Takao | Expression of NF-κB in epidermis and the relationship between NF-κB activation and inhibition of keratinocyte growth[END_REF][START_REF] Wullaert | NF-κB in the regulation of epithelial homeostasis and inflammation[END_REF] .
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Here we have demonstrated that alternative pathway involving the MAPkinase ERK1/2 or MAPK14/p38α are also involved in keratinocyte inflammatory response. Inhibition of MAPkinase ERK1/2 or MAPK14/p38α did not completely abolish IL-8 synthesis, which confirms the involvement of additional signaling pathway including NF-ƘB signaling. This data are in correlation with genes profile expression results, several genes coding for proteins involved in the ERK1/2 phosphorylation pathway including DUSP6 and IERS3 [START_REF] Garcia | IEX-1: A new ERK substrate involved in both ERK survival activity and ERK activation[END_REF][START_REF] Oliveira | NRAS mutation causes a human autoimmune lymphoproliferative syndrome[END_REF] are upregulated upon MSU stimulation.

In conclusion, we showed that MSU may induce the production of IL-6 and IL-8/CXCL8 proteins and up-regulates TLR2 in keratinocytes. However, we failed to detect IL-1β protein in keratinocytes, although MSU stimulated the production of IL-1β mRNA. MSU also up-regulated the phosphorylation of ERK1/2 and MAPK14/p38α proteins in the MAP Kinase pathway, which in turn stimulated the production of IL-6 and IL-8/CXCL8. Our results are consistent with in vivo observations in psoriasis [START_REF] Begon | Expression, subcellular localization and cytokinic modulation of Toll-like receptors (TLRs) in normal human keratinocytes: TLR2 up-regulation in psoriatic skin[END_REF] , this disease is associated to keratinocytes hyper proliferative activity, keratinocytes differentiation, cytokines expression, and TLR2 up-regulation.

Material and methods

Cell culture

Normal human keratinocytes (HEK) were obtained from Cellntec (Bern, Switzerland) and grown in CnT-57 PCT Epidermal Keratinocyte Medium supplemented with bovine pituitary extract (Cellntec, Bern, Switzerland). HaCaT cells were obtained from Cell Lines Service (Eppelheim, Germany) [START_REF] Boukamp | Normal keratinization in a spontaneously immortalized aneuploid human keratinocyte cell line[END_REF] , and were grown in DMEM (PAN biotech, Aidenbach, Germany) supplemented with 10% FBS (Life Technology, Grand Island, NY, USA), L-glutamine and non-essential amino acids. Cells and supernatant were harvested in 24-well plates after stimulation for 24 h with either lipopolysaccharide (LPS) tlrl-3pelps LPS from E. coli O111:B4 (Invivogen, Toulouse, France) at 1µg/ml

Accepted Article

or MSU (MonoSodium Urate) at 1mg/ml in endotoxin free conditions. MSU was obtained as described previously [START_REF] Martinon | Gout-associated uric acid crystals activate the NALP3 inflammasome[END_REF] and optimal concentration was determined at 1000µg/ml without cytotoxicity. Cells were also stimulated with dexamethasone at 10µM in serum-free conditions (Sigma, Saint-Quentin Fallavier, France). Signaling pathway inhibitors were tested in the HaCaT cell line. HaCaT were incubated for 2 h with either the MEK inhibitor U0126 monoethanolate (3μM, 5μM) or the MAPK14/p38α inhibitor SB239063 (20μM, 10μM), and were then incubated for 24 h with MSU at 1mg/ml [START_REF] Victoni | Roflumilast N-oxide prevents cytokine secretion induced by cigarette smoke combined with LPS through JAK/STAT and ERK1/2 inhibition in airway epithelial cells[END_REF] . THP-1 cells were purchased from American Type Culture Collection (Manasass, VA, USA.) and maintained in RPMI 1640 medium supplemented with 10% FCS, 50 UI/mL penicillin, 50 µg/mL streptomycin, 2mM L-glutamine and 1mM sodium pyruvate at 37°C and 5% CO 2 in a humidified incubator. THP-1 cells were differentiated by 10ng/ml of Phorbol-myristate-acetate (PMA) for 3 days, followed by 24 h without PMA in RPMI 1640 medium supplemented with 2% FCS.

RT-qPCR

Total RNA was extracted with the RNeasy Plus Mini Kit Qiagen and quantified with the nanodrop sytem (Wilmington, DE, USA). RT-PCR was performed with 1µg of RNA that had been reverse transcribed with the High-Capacity cDNA Reverse Transcription Kit (Life Technology, Grand Island, NY, USA). The SYBR Green PCR Master Mix from Life Technology (Grand Island, NY, USA) was used for all reactions. The expression of the gene of interest was normalized to that of the housekeeping gene GAPDH.

Gene expression profiling

Transcriptomic analysis was performed as described previously [START_REF] Coulouarn | Hepatocyte-stellate cell cross-talk in the liver engenders a permissive inflammatory microenvironment that drives progression in hepatocellular carcinoma[END_REF] . The cells were incubated with MSU (1mg/ml) for 12 h. RNA was extracted from cells at 80% confluence (n=3) with the QIAzol Lysis Reagent RNeasy kit (Qiagen) and 200ng of total RNA was transcribed and labeled in vitro using the Agilent Low-Input QuickAmp Labeling kit (Agilent Technologies) in the presence of Cy3-CTP
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according to the manufacturer's protocol. After purification using the RNeasy mini kit (Qiagen), the yield and specific activity of cRNA were determined using a NanoDrop Spectrophotometer (yield, 6.2±0.85μg cRNA; specific activity, 13.46±1.59 pmol Cy3/μg cRNA).

An equal amount (600ng) of Cy3-labeled cRNA was fragmented and subsequently hybridized for 18 h onto human SurePrint G3 8x60K pangenomic microarrays (Agilent Technologies), which were then washed and scanned according to the manufacturer's instructions (Agilent Technologies). Gene expression data were further processed using Feature Extraction (version 10.7) and GeneSpring (version 11.0) software (Agilent Technologies). Filtration of array data resulted in the selection of 24,198 non-flag positive and significant gene features. Inter-array normalization was performed using the 75th percentile signal value. The results of MSU-treated and control samples were compared with a t-test (p>0.05 and fold change FC>2). Modular and Singular Enrichment Analysis was performed from GeneCodis analysis [START_REF] Tabas-Madrid | GeneCodis3: a non-redundant and modular enrichment analysis tool for functional genomics[END_REF][START_REF] Nogales-Cadenas | GeneCodis: interpreting gene lists through enrichment analysis and integration of diverse biological information[END_REF][START_REF] Carmona-Saez | GENECODIS: a webbased tool for finding significant concurrent annotations in gene lists[END_REF] Microarray data are publicly available from the gene expression omnibus (GEO) database (www.ncbi.nlm.nih.gov/geo; GSE65931).

ELISA

Cytokines were quantified by ELISA with the Human DuoSet from R&D systems (Minneapolis, MN), for, IL-6 (DY206) and IL-8 (DY208) according to the manufacturer's protocol.

Western blotting

Cells were collected and washed with cold PBS. Phospho-p38α (#9211) antibody and total-p38α (#9212) antibody were purchased from Cell Signaling Technology (Beverly, MA, USA). Cells were harvested in lysis buffer (ref: 895561, R&D Systems, Minneapolis, USA). The Micro BCA Protein Assay 
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 2 Figure 2: Effects of dexamethasone on the production of IL-6 and IL-8/CXCL8 from HaCat cells treated with LPS and MSU and both LPS+MSU.HaCaT cells were treated for 24 h with LPS (1µg/ml), MSU (1mg/ml) or with LPS for 24 h followed by MSU and dexamethasone (10µM) for another 24 h. Cells were cultured in serum-free conditions. The mean ± STDV of three experiments is shown. IL-6 and IL-8/CXCL8 were measured by ELISA, * p<0.05 compared to control, α p<0.05 compared to MSU.

Figure 3 :

 3 Figure 3: Comparison of TLR and NLR gene expression in HEK and HaCat keratinocytes and THP-1 macrophages. a) The amount of mRNA detected by qPCR is indicated as follows: (-) no detectable expression or Ct value above 32, (+) normal expression between 28 and 32 Ct, and (++) under 28 Ct. RT-PCR for TLRs and NLRs in HaCaT and HEK, THP-1 was used as a positive control. b) HEK and HaCaT were stimulated for 24 h with MSU at 1mg/ml. The abundance of each TLR mRNA was quantified by qPCR and compared with that in control cells. Only detectable mRNA is shown on graphs. The mean ± STDV of three experiments is shown. * p<0.05 compared to control.

Figure 4 :

 4 Figure 4: Effect of MSU on the phosphorylation status of various kinases involved in key signaling pathways in HaCaT and kinetics of MAPK14/p38α phosphorylation. a) Cells were incubated for 45 min in serum-free medium with MSU (which corresponds to the time at which MAPK14/p38α phosphorylation is maximal). Human phosphoprotein arrays were then probed with cell extracts.The relative signal intensity is expressed as a percentage of the unstimulated control. b) Cells were incubated at different time points and activation was stopped in lysis buffer. MAPK14/p38α phosphorylation after MSU treatment was compared to that in control conditions and normalized to total MAPK14/p38α.The mean ± STDV of three experiments is shown. * p<0.05 compared to control.

Figure 5 :

 5 Figure 5: Inhibitors of MEK1/2 (U0126 monoethanolate) and MAPK14/p38α (SB 239063) significantly impair IL-8/CXCL8 production in response to MSU in HaCaT cells. Cells were incubated in serum-free conditions for 2 h in the presence of the MEK1/2 inhibitor U0126 or the MAPK14/p38α inhibitor SB 239063 and then incubated without MSU (Vehicle 1) or 24 h with MSU at 1mg/ml (vehicle 2). IL-8/CXCL8 was quantified by ELISA. The mean ± STDV of three experiments is shown. * p<0.05 compared to control. α p<0.05 compared to treatment.

Figure 6 :

 6 Figure6: Gene expression profiling of keratinocytes (HaCaT) incubated for 12 h with MSU (1mg/ml). a) Hierarchical clustering analysis of genes differentially expressed between MSU and control (CTRL) samples. Each column represents a gene. b) Gene ontology analysis classifies the differentially expressed genes according to their function. The categories containing the largest numbers of up-regulated genes are protein binding, receptor, chemokine and cytokine activity. Upregulated genes included TLR2 (included in protein binding and receptor activity categories), IL-8/CXCL8 (chemokine activity) and IL-1β (cytokine and growth factor activity). The pie chart shows the main families of up-regulated genes.

  

  

  

  

  

Table 1 : Deposition of Microarray Data

 1 

				Genes up-regulated by MSU in keratinocytes
	GeneSymbol	FCAbsolute	p-value	EntrezGeneID RefSeqAccession GeneName
	CCL2	13.43511	0.008603666	6347	NM_002982	chemokine (C-C motif) ligand 2
	STEAP1	2.6475887	0.0032068007 26872	NM_012449	six transmembrane epithelial antigen of the prostate 1
	ABCA12	2.4267173	0.0023810326 26154	NM_173076	ATP-binding cassette, sub-family A (ABC1), member 12
	ANKK1	3.1858988	0.0027284503 255239	NM_178510	ankyrin repeat and kinase domain containing 1
	BCL3	2.0136309	0.013269338	602	NM_005178	B-cell CLL/lymphoma 3
	BIRC3	5.319158	0.017337652	330	NM_001165	baculoviral IAP repeat containing 3
	CCL17	4.020964	0.011919154	6361	NM_002987	chemokine (C-C motif) ligand 17
	CD47	2.023733	5.98002E-4	961	NM_198793	CD47 molecule
	CD83	2.6760464	0.04108729	9308	NM_004233	CD83 molecule
	CH25H	2.6119664	0.004160655	9023	NM_003956	cholesterol 25-hydroxylase
						chemokine (C-X-C motif) ligand 1 (melanoma growth stimulating
	CXCL1	3.6461887	0.0015183772 2919	NM_001511	activity, alpha)
						chemokine (C-X-C motif) ligand 1 (melanoma growth stimulating
	CXCL1	4.473043	2.130726E-4	2919	NM_001511	activity, alpha)
	CXCL2	4.432413	0.002278508	2920	NM_002089	chemokine (C-X-C motif) ligand 2
	CXCL5	8.463041	0.010513073	6374	NM_002994	chemokine (C-X-C motif) ligand 5
	CXCL6	6.2538757	0.0051556756 6372	NM_002993	chemokine (C-X-C motif) ligand 6 (granulocyte chemotactic protein 2)
	CYB5R2	2.0837421	0.023170486	51700	NM_016229	cytochrome b5 reductase 2
	DEFB4A	2.678952	0.039558947	1673	NM_004942	defensin, beta 4A
	DUSP5	2.2878127	0.012084142	1847	NM_004419	dual specificity phosphatase 5
	DUSP6	2.4933317	0.0012751031 1848	NM_001946	dual specificity phosphatase 6
	FOSL1	2.4588754	0.0061446475 8061	NM_005438	FOS-like antigen 1
	GFPT2	8.238503	0.0051870644 9945	NM_005110	glutamine-fructose-6-phosphate transaminase 2
	GOLGA7B	2.2784798	0.00750335	401647	NM_001010917	golgin A7 family, member B
	HAS3	2.03934	0.01052052	3038	NM_005329	hyaluronan synthase 3
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Kit was purchased from Pierce (Rockford, IL, USA). Acrylamide gel NuPAGE® Novex® 4-12% Bis-Tris Midi Protein Gels (Life technology, Grand Island, NY, USA) and Nitrocellulose Trans-Blot® Turbo™ Mini membranes (Biorad, Hercules, CA, USA) were used.

Human Phosphoprotein Array

Cells were harvested at 10 7 cells/ml after 45 min incubation with MSU. Protein was quantified with the BCA Protein Assay Kit from Pierce (Rockford, IL, USA). A total of 700µg of whole cell lysate was applied to the phosphoprotein array according to the manufacturer's instructions (Proteome Profiler Human Phosphokinase Array kit, R&D Systems, Minneapolis, USA).

Statistical analysis

Experiments were performed in triplicate. Results are presented as the mean ± STDV. Comparisons between the experimental and control conditions were performed with a Mann Whitney test.

For transcriptomic analysis, comparisons were made with an unpaired t-test. The cut off fold change was 2 with a p value of 0.05.
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