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INTRODUCTION

The neurotrophins (NTs) nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), neurotrophin-3 (NT-3), and neurotrophin-4 (NT-4) are a family of secreted growth factors that exert a wide range of functions in the development and maintenance of the nervous system [START_REF] Dechant | Molecular interactions between neurotrophin receptors[END_REF]. The activities of NTs are mediated by two structurally unrelated classes of receptors, the common neurotrophin receptor p75 (p75NTR) [START_REF] Chao | Neurotrophins: to cleave or not to cleave[END_REF], a member of the tumor necrosis factor (TNF) receptor superfamily [START_REF] Chen | Multiple roles of the p75 neurotrophin receptor in the nervous system[END_REF], and the Trk family receptors tyrosine kinases [START_REF] Barbacid | The Trk family of neurotrophin receptors[END_REF]. While p75NTR binds all NTs with equal low affinity, TrkA preferentially interacts with NGF, TrkB with BDNF and NT-4, and TrkC with NT-3 [START_REF] Chao | Neurotrophins: to cleave or not to cleave[END_REF]. Trk receptor signaling and activities have been well characterized, and it is now widely accepted that the primary role of Trk is the control of neuronal survival and differentiation [START_REF] Lei | Transcriptional regulation of Trk family neurotrophin receptors[END_REF]. In contrast, the precise role of p75NTR has been slow to emerge. Recent findings suggest that p75NTR contributes to different signaling pathways. First, p75NTR is a positive modulator of Trkmediated functions, in that it acts as a co-receptor that refines Trk affinity and specificity for NT [START_REF] Chen | Multiple roles of the p75 neurotrophin receptor in the nervous system[END_REF]. On the other hand, p75NTR also controls Trk-independent activities. Numerous studies have demonstrated a pro-apoptotic role of p75NTR in the nervous system. Indeed, the p75NTR cytoplasmic tail contains several potential motifs for interactions with downstream signaling and, similar to other members of the TNF receptor superfamily, it comprises the so-called "death domain" [START_REF] Chapman | Modeled structure of the 75-kDa neurotrophin receptor[END_REF]. p75NTR can cooperate with many different protein partners and form multimeric receptor complexes to produce a number of cellular responses, including apoptosis [START_REF] Gentry | The p75 neurotrophin receptor: multiple interections and numerous functions[END_REF]. p75NTR signaling involves modulation of nuclear factor kappa B (NF-κB) and the phosphorylation of c-Jun N-terminal kinase (JNK), as well as increased production of ceramides [START_REF] Blöchl | A cell-biological model of p75NTR signaling[END_REF].

Moreover, the precursor form of NTs proNGF binds p75NTR, but not TrkA and is a potent inducer of p75NTR-dependent apoptosis. Sortilin, a 95kDa member of the Vps10p domain receptors acts as a co-receptor for p75NTR by binding the pro region of NGF [START_REF] Nykjaer | Sortilin is essential for proNGF-induced neuronal cell death[END_REF].

Human epidermis is a multilayered epithelium where the principal cell type is the keratinocyte. Proliferation takes place in the basal epidermal layer and differentiation begins as keratinocytes migrate through the suprabasal layers.

Keratinocyte stem cells (KSC) reside in the basal layer, govern the renewal of epidermis, and generate transit amplifying (TA) cells that terminally differentiate after a number of cell divisions [START_REF] Jones | Sic Transit Gloria: Farewell to the Epidermal Transit Amplifying Cell?[END_REF]. Human basal keratinocytes synthesize and secrete biologically active NGF, NT-3, BDNF and NT-4, and express NT receptors [START_REF] Pincelli | Expression and function of nerve growth factor and nerve growth factor receptor on cultured keratinocytes[END_REF][START_REF] Marconi | Expression and function of neurotrophins and their receptors in cultured human keratinocytes[END_REF]. K252a, an inhibitor of Trk phosphorylation, induces apoptosis in human keratinocytes, indicating that autocrine NGF protects these cells from programmed cell death through its high affinity receptor [START_REF] Pincelli | Nerve growth factor: its significance in cutaneous biology[END_REF]. On the other hand, the role of p75NTR in human keratinocytes remains to be elucidated. Considering that the balance between Trk and p75NTR seems to be crucial for cell survival or death [START_REF] Yoon | Competitive signaling between TrkA and p75 nerve growth factor receptors determines cell survival[END_REF], we wanted to investigate the role of p75NTR in human keratinocytes that express both NT receptors and undergo apoptosis upon various stimuli, including the inhibition of Trk [START_REF] Pincelli | Nerve growth factor: its significance in cutaneous biology[END_REF].

Hyperproliferation and a distorted differentiation process represent the most prominent features of psoriasis. Psoriasis is an immuno-inflammatory skin disease mediated by the release of Th1 and Th17 T cytokines, which in turn trigger the keratinocyte response [START_REF] Nickoloff | Immunopathogenesis of psoriasis[END_REF]. However, keratinocytes could carry themselves a defect leading to psoriasis formation [START_REF] Tschachler | Psoriasis: the epidermal component[END_REF]. In this regard, apoptosis is consistently reduced in psoriasis [START_REF] Heenen | Apoptosis in psoriatic epidermis[END_REF], and psoriatic keratinocytes are abnormally resistant to apoptosis [START_REF] Wrone-Smith | Discordant expression of Bcl-x and Bcl-2 by keratinocytes in vitro and psoriatic keratinocytes in vivo[END_REF]. If p75NTR played a proapoptotic role in keratinocyte, we hypothesized that it is also involved in the altered epidermal homeostasis typical of psoriasis.

We present evidence that p75NTR is predominantly expressed in TA cells and induces apoptosis in normal human keratinocytes either alone or in association with sortilin. We also show that, even in the presence of Trk, p75NTR can mediate apoptosis, thus overcoming Trk survival signals. Furthermore, we demonstrate that expression of p75NTR is almost absent in psoriatic lesions.

β-amyloid or BDNF induce apoptosis in normal, but not in psoriatic TA cells.

Finally, p75NTR infection restores susceptibility to apoptosis in psoriatic keratinocytes.

Results

p75NTR mediates apoptosis in human keratinocytes. While the presence of p75NTR mRNA in human keratinocytes has been previously reported, [START_REF] Pincelli | Expression and function of nerve growth factor and nerve growth factor receptor on cultured keratinocytes[END_REF][START_REF] Marco | Nerve growth factor binds to normal human keratinocytes through high and low affinity receptors and stimulates their growth by a novel autocrine loop[END_REF]) its function has never been elucidated. Given the pro-apoptotic activity of p75NTR in most cell systems, we investigated whether p75NTR could mediate cell death also in human keratinocytes. To this purpose, and in order to overcome binding to Trk, we needed a specific ligand for p75NTR, which could trigger Trk-independent functions. β-amyloid specifically binds p75NTR with an affinity close to that for NT and mediates apoptosis in neurons and 3T3 cells [START_REF] Yaar | Binding of beta-amyloid to the p75 neurotrophin receptor induces apoptosis. A possible mechanism for Alzheimer's disease[END_REF]. When β-amyloid was provided to human keratinocytes, survival was significantly affected, as compared to control (Figure 1a). In addition, βamyloid-induced apoptosis was significantly higher than control, as shown by flow cytometry (subG1 peak, Figure 1b). Caspase-3 is the executioner caspase responsible for the final step of the apoptotic machinery and its activation is a clear marker of cell death. To confirm p75NTR-mediated apoptosis in human keratinocytes, we evaluated the expression of p75NTR and active caspase-3 after addition of β-amyloid. β-amyloid, but not diluent alone induced the activation of caspase-3 in p75NTR positive cells only. In particular, while few p75NTR positive cells are caspase-3 negative, all caspase-3 positive cells express p75NTR (Figure 1c). We have shown previously that human keratinocytes express only the extracellular fragment of TrkB, thus lacking the functional high-affinity signaling domain for BDNF and NT-4 [START_REF] Marconi | Expression and function of neurotrophins and their receptors in cultured human keratinocytes[END_REF]. Therefore, we reasoned that BDNF and NT-4 must perform their activities through p75NTR. Indeed, both BDNF and NT-4 significantly induced apoptosis in human keratinocytes, in a time-dependent manner, as shown by TUNEL staining (Figure 1d). Moreover, the addition of anti-p75NTR neutralizing antibody prevented BDNF-induced cell death (Figure 1e). To definitely confirm the pro-apoptotic role of p75NTR, we present evidence that both BDNF and β-amyloid activated caspase-3 to a greater extent in keratinocytes infected with p75NTR retroviral vector, as compared to mock keratinocytes (Figure 1f,g).

p75NTR signals apoptosis in human keratinocytes Several p75NTR

interacting proteins have recently been identified. In particular, NRAGE has been shown to colocalize with p75NTR under physiological conditions and to play a role in p75NTR mediated cell death [START_REF] Salehi | a p75 neurotrophin receptor-interacting protein, induces caspase activation and cell death through a JNK-dependent mitochondrial pathway[END_REF]. We demonstrated that, in βamyloid treated human keratinocytes, p75NTR and NRAGE immunoprecipitates are more abundant than in keratinocytes treated with diluent alone (Figure 2a). Although, the signal transduction involved in p75NTR-mediated apoptosis is still to be completely defined, the critical role of JNK phosphorylation is widely accepted [START_REF] Costantini | Characterization of the signaling pathway downstream p75 neurotrophin receptor involved in beta-amyloid peptide-dependent cell death[END_REF]. We showed that in human keratinocytes, BDNF induced the phosphorylation of only JNK1 (Figure 2b), that, unlike JNK2, is essential for apoptosis induced by death receptors [START_REF] Liu | c-Jun N-terminal protein kinase 1 (JNK1), but not JNK2, is essential for tumor necrosis factor alpha-induced c-Jun kinase activation and apoptosis[END_REF]. On the other hand, the role of NF-κB in p75NTR signal transduction is still controversial. Here, we demonstrate that BDNF reduced the DNA binding activity of NF-κB. Reduction was more pronounced in p75NTR infected keratinocytes (Figure 2c). This suggests that in human keratinocytes, p75NTR exerts its proapoptotic activity also via the inhibition of NF-κB. p75NTR mediates apoptosis in TA cells While p75NTR-induced apoptosis was statistically significant, the low percentage of cells undergoing death remained to be explained. To better clarify this issue, we investigated the expression of p75NTR in human epidermis. We observed that only a subpopulation of basal keratinocytes expressed p75NTR, whereas no p75NTR expression was detected in suprabasal layers, as ruled out by the simultaneous staining with keratin 10 and transglutaminase I (Figure 3a). To better determine the subpopulation of basal keratinocytes expressing p75NTR, we isolated and characterized KSC and TA cells, as shown previously [START_REF] Tiberio | Keratinocytes enriched for stem cells are protected from anoikis via an integrin signaling pathway in a Bcl-2 dependent manner[END_REF]. p75NTR mRNA was significantly more expressed in TA cells than in KSC (Figure 3b). Moreover, p75NTR protein was strongly expressed in TA cells and nearly absent in KSC, while it was not detectable in postmitotic (PM) cells (Figure 3c).

If p75NTR is predominantly expressed in TA cells, we predicted that apoptosis would occur only in these cells. Indeed, both BDNF and β-amyloid induced apoptosis in TA cells, whereas they fail to cause cell death in KSC, as shown by the percentage of cells in subG1 peak by flow cytometry (Figure 3d). To confirm that p75NTR is responsible for apoptosis in TA cells, we silenced p75NTR (Figure 3e), and demonstrated that either BDNF or β-amyloid were not able to induce apoptosis in p75NTR siRNA treated TA cells (Figure 3f). It is interesting to note that, upon treatment with β-amyloid, the percentage of apoptosis was strikingly higher in TA cells than in the whole keratinocyte population (Figure 1b), as shown by subG1 peak. p75NTR mediates pro-NGF-induced keratinocyte apoptosis through its co-receptor sortilin Because sortilin acts as a co-receptor for p75NTR and mediates apoptosis in other cell settings [START_REF] Nykjaer | Sortilin is essential for proNGF-induced neuronal cell death[END_REF], we first evaluated sortilin expression in human keratinocytes. These cells contained levels of sortilin mRNA which were almost three fold the amount of p75NTR (Figure 4a).

Similarly, flow cytometry demonstrated that sortilin protein was expressed in a significantly higher number of cells than p75NTR (Figure 4b), consistent with the wide variety of functions of this protein. As p75NTR was predominantly expressed in TA cells, we examined the pattern of sortilin expression in the same subpopulation of keratinocytes. Consistently with p75NTR, sortilin was expressed mostly in TA cells, while KSC contained a slightly higher amount of sortilin than PM cells, both at the mRNA and at the protein level (Figures 4c andd). It has been proposed that proNGF binds p75NTR, whereas mature NT binds TrkA. Inhibiting sortilin in cells that normally express p75NTR, suppresses proNGF-mediated cell death [START_REF] Nykjaer | Sortilin is essential for proNGF-induced neuronal cell death[END_REF]. As sortilin and p75NTR were both predominantly expressed in TA cells, we wanted to evaluate the effect of pro-NGF in keratinocytes. Increasing doses of proNGF reduced keratinocyte viability (Figure 4e). Moreover, co-addition of proNGF and the Trk inhibitor k252a decreased the rate of cell survival to a greater extent as compared to proNGF or k252a alone (Figure 4f), indicating that simultaneous blockade of Trk signaling and binding of p75NTR is a strong proapoptotic stimulus. This was further confirmed by the TUNEL method, which demonstrated a significant rate of apoptosis induced by proNGF, which was significantly augmented by the addition of k252a (Figure 4g). To definitely confirm the proapoptotic role of p75NTR, we transfected HaCaT keratinocytes with a combination of pcDNA3-p75NTR and pcDNA3-sortilin (Figure 4h). While transfection alone failed to exert any proapoptotic effect, the addition of proNGF significantly promoted apoptosis to the same level as the positive control (Figure 4i). Taken together, these results indicate that p75NTR together with sortilin mediates the proapoptotic role of proNGF in human keratinocytes, even in the presence of Trk.

p75NTR is reduced in lesional psoriatic epidermis We had previously shown that psoriatic lesions express higher levels of NGF as compared to normal skin [START_REF] Fantini | Nerve growth factor is increased in psoriatic skin[END_REF], which accounts for the increased sprouting of p75NTR and TrkA positive terminal cutaneous nerves [START_REF] Raychaudhuri | Role of NGF and neurogenic inflammation in the pathogenesis of psoriasis[END_REF]. In the present study, we focused on the expression of p75NTR and Trk receptors in psoriatic keratinocytes. By immunohistochemistry, p75NTR was detected occasionally in few basal cells from non lesional psoriatic skin, expression being substantially reduced as compared to normal skin. Interestingly, p75NTR protein was completely absent in lesional psoriasis (Figure 5a). To better understand this finding, we evaluated p75NTR expression at the mRNA level. Both Northern Blot (Figure 5b) and Real Time PCR (Figure 5c) revealed that p75NTR mRNA was normally expressed in psoriatic epidermis. Yet, Western blotting on protein lysates from epidermis (Figure 5d) and flow cytometry (Figure 5e) on suspended cells confirmed the lack of p75NTR protein in psoriatic keratinocytes. On the other hand, TrkA protein levels were higher in non lesional and lesional psoriatic epidermis than in normal epidermis. While TrkB was slightly decreased in psoriatic skin, TrkC remained unchanged. Finally, sortilin was slightly increased in lesional psoriatic epidermis (Figure 5d).

Defective p75NTR renders psoriatic TA cells resistant to apoptosis

Because TA cells express the highest levels of p75NTR, we compared its expression in TA cells in normal and psoriatic keratinocytes by flow cytometry.

While no major variations were detected in KSC and PM cells between normal and psoriatic keratinocytes, TA cells from psoriatic keratinocytes presented a four-fold decrease in p75NTR expression as compared to TA from normal cells (Figure 6a). Because TA cells are more prone to cell death than KSC [START_REF] Tiberio | Keratinocytes enriched for stem cells are protected from anoikis via an integrin signaling pathway in a Bcl-2 dependent manner[END_REF] and reduced expression of p75NTR in TA cells seems to account for the low levels of p75NTR in psoriasis, we compared the rate of apoptosis in TA and KSC from normal and psoriatic skin. While percentage of apoptotic cells was similar in KSC from healthy and diseased skin, TA cells from psoriatic skin were statistically less susceptible to apoptosis than the same cells from normal skin, as shown by propidium iodide staining in situ (Figure 6b). As β-amyloid and BDNF induce apoptosis in normal keratinocytes, we analyzed their effect on TA cells from psoriatic and normal keratinocytes. While β-amyloid or BDNF significantly reduced viability and induced apoptosis (subG1 peak) in TA cells from normal epidermis, they failed to exert any effect on TA cells from psoriatic keratinocytes (Figure 6c,d).

Overexpression of p75NTR restores apoptosis in psoriatic keratinocytes

Because psoriatic epidermis is characterized by defective apoptosis [START_REF] Heenen | Apoptosis in psoriatic epidermis[END_REF] and reduced p75NTR, we wanted to investigate the function of this receptor in psoriatic keratinocytes. To this purpose, we infected psoriatic keratinocytes with p75NTR retroviral vector (Figure 7a) and treated cells with either βamyloid or BDNF. Both stimuli reduced viability in p75NTR infected psoriatic keratinocytes, but not in mock psoriatic cells (Figure 7b). 20% difference in viability roughly corresponds to the percentage of p75NTR infected cells (data not shown). Moreover, while infection with p75NTR increased the rate of apoptosis in untreated cells (cntrl), BDNF induced a significantly higher percentage of cells in subG1 peak in p75NTR infected, as compared to either mock keratinocytes or to infected keratinocytes treated with diluent alone (Figure 7c).

Discussion

NTs and their receptors are expressed in most human skin cells, constituting a network potentially responsible for multiple functions [START_REF] Marconi | Expression and function of neurotrophins and their receptors in cultured human keratinocytes[END_REF][START_REF] Botchkarev | Neurotrophins in skin biology and pathology[END_REF]. In this context, we detected p75NTR in basal keratinocytes, in agreement with previous reports. While those were mostly incidental observations in studies related to p75NTR expression in cutaneous nerve fibers or during skin pathologies (28), our work precisely addresses p75NTR localization in human epidermis. We detected p75NTR in basal, but not in suprabasal keratinocytes, as confirmed by the double staining with keratin 10 and transglutaminase I. This is in general agreement with p75NTR expression in other multilayered epithelial cells, including prostate and esophagus. On the other hand, while in other epithelia p75NTR appears to be evenly distributed, the localization pattern in human epidermis seems to be unique, in that only a subpopulation of the germinative basal layer expresses the receptor. We present evidence that p75NTR is almost exclusively expressed in TA cells, with little protein observed in KSC. Although several markers have been proposed, KSC and TA cells are still difficult to be clearly defined. TA cells have been shown to be more susceptible than KSC to apoptosis [START_REF] Marconi | Survivin identifies keratinocyte stem cells and is downregulated by anti-β1 integrin during anoikis[END_REF]. In fact, TA cells express higher levels of proapoptotic and lower levels of antiapoptotic markers, as opposed to KSC [START_REF] Tiberio | Keratinocytes enriched for stem cells are protected from anoikis via an integrin signaling pathway in a Bcl-2 dependent manner[END_REF]. Our finding of p75NTR being predominantly expressed in TA cells seems to be consistent with the proapoptotic role of this receptor in human keratinocytes. Keratinocytes also express Trk receptors [START_REF] Pincelli | Expression and function of nerve growth factor and nerve growth factor receptor on cultured keratinocytes[END_REF][START_REF] Marconi | Expression and function of neurotrophins and their receptors in cultured human keratinocytes[END_REF], and NTs activities strongly depend on the relative expression of the two receptors on the target cell population [START_REF] Lu | The yin and yang of neurotrophin action[END_REF].

When both receptors are expressed, NTs bind to Trk-p75NTR high-affinity complex and mediate survival signals in many cell settings [START_REF] Chao | Neurotrophins: to cleave or not to cleave[END_REF]. In this study, using specific ligands for p75NTR, we were able to induce apoptosis, thus counteracting the survival effects mediated by Trk. Indeed, β-amyloid specifically binds p75NTR and induces apoptosis only in keratinocytes expressing p75NTR, similarly to β-amyloid peptide-induced cell death in Alzheimer's neuronal cells [START_REF] Hashimoto | Molecular characterization of neurohybrid cell death induced by Alzheimer's amyloid-beta peptides via p75NTR/PLAIDD[END_REF] and in neuroblastoma [START_REF] Perini | Role of p75 neurotrophin receptor in the neurotoxicity by beta-amyloid peptides and synergistic effect of inflammatory cytokines[END_REF]. Because β-amyloid is not a physiologic ligand for p75NTR in human epidermis, we treated suggest that p75NTR has its own signaling pathway also in human keratinocytes.

In the neuronal system, proNGF binds to p75NTR and its co-receptor sortilin, but not to Trk, whereas mature NTs bind to Trk only, leading to the conclusion that the precursors and the mature NTs elicit opposing responses, that is cell death and survival, respectively [START_REF] Nykjaer | Sortilin is essential for proNGF-induced neuronal cell death[END_REF][START_REF] Teng | ProBDNF induces neuronal apoptosis via activation of a receptor complex of p75NTR and sortilin[END_REF]. Here we show that human keratinocytes express sortilin with a pattern similar to that of p75NTR. Indeed, sortilin is predominantly expressed in TA cells, which are more prone to apoptosis [START_REF] Tiberio | Keratinocytes enriched for stem cells are protected from anoikis via an integrin signaling pathway in a Bcl-2 dependent manner[END_REF]. This study also shows that proNGF induces keratinocyte apoptosis, while the simultaneous inhibition of Trk phosphorylation by k252a elicits an additive proapoptotic activity, further indicating that the two NT receptors exert opposing effects also in keratinocytes [START_REF] Pincelli | Nerve growth factor: its significance in cutaneous biology[END_REF]. While cotransfection of p75NTR and sortilin per se failed to induce apoptosis, addition of proNGF to transfected cells significantly stimulated caspase activation, consistent with the concept that also in keratinocytes, proNGF acts as a crosslinker, creating a ternary complex with sortilin and p75NTR [START_REF] Nykjaer | Sortilin is essential for proNGF-induced neuronal cell death[END_REF]. In substance, we have shown that p75NTR acts as a proapoptotic receptor in human keratinocytes either when it is ligated by proNGF or by mature NTs.

This latter mechanism is at variance with the view that, in the presence of Trk, p75NTR is a facilitator of Trk-mediated survival in the nervous system. A possible explanation relies on the following observations: 1. While in the neuronal system, high concentrations of mature NTs required to induce even modest levels of apoptosis are considered non-physiological [START_REF] Kim | Neurotrophin receptor immunoreactivity in severe cerebral cortical dysplasia[END_REF], in human epidermis, the NT-4, BDNF or other yet unidentified ligands could autocrinally and paracrinally be continuously released and in turn bind p75NTR, thus overcoming Trk functions. 2. Epithelial cells behave differently from neurons, as normal prostate and bladder cells express Trk [START_REF] Guate | Expression of p75(LNGFR) and Trk neurotrophin receptors in normal and neoplastic human prostate[END_REF][START_REF] Murray | Cyclophosphamide induced cystitis alters neurotrophin and receptor tyrosine kinase expression in pelvic ganglia and bladder[END_REF] and still undergo apoptosis via p75NTR binding [START_REF] Quann | The aryl propionic acid Rflurbiprofen selectively induces p75NTR-dependent decreased survival of prostate tumor cells[END_REF]. It has been recently shown that, under certain circumstances and stimuli, a Trk-to-p75NTR molecular switch occurs favoring cell death [START_REF] Costantini | A TrkA-to-p75NTR molecular switch activates amyloid beta-peptide generation during aging[END_REF].

p75NTR is nearly absent in psoriatic keratinocytes that are reportedly resistant to apoptosis. On the other hand, restoring p75NTR levels renders psoriatic keratinocytes again susceptible to cell death. This indicates that p75NTR plays a role in epidermal homeostasis and its deficiency accounts for the well-documented resistance of psoriatic keratinocytes to apoptosis.

Moreover, p75NTR alteration, coupled with the marked overexpression of NGF and TrkA that mediate survival signals, indicates that the imbalance of NGF receptors underlies the disturbed epidermal homeostasis in psoriasis. Early mathematical models describing cell renewal in psoriasis had demonstrated that the typical psoriatic tissue architecture is based not only on an increased turnover rate in the germinative cell, but also on a defect in cells transiting to the more differentiated state. More recently, Castelijins and co-workers, using kinetics parameters, have proposed that epidermal abnormalities in psoriasis are due to a defect in the transit-amplifying compartment, rather than to a reduction in the cell cycle time. TA cells in psoriasis are thought to be kept in a prolonged proliferative state, which would account for an increased number of cell division, with no reduction of cell cycle time [START_REF] Castelijns | Cell-kinetic evidence for increased recruitment of cycling epidermal cells in psoriasis: the ratio of histone and Ki-67 antigen expression is constant[END_REF]. Alternatively, the defect in TA could be due to a lack of differentiation/apoptosis. This has been recently confirmed by in-silico studies simulating psoriasis by altering TA cells [START_REF] Grabe | Simulating psoriasis by altering transit amplifying cells[END_REF]. The inherent malfunction in the behavior of this subpopulation is enforced by altered levels of a number of markers in TA from psoriatic lesions as compared to TA from normal skin [START_REF] Franssen | Phenotypical and functional differences in germinative subpopulations derived from normal and psoriatic epidermis[END_REF]. The present work demonstrates that the most remarkable reduction in p75NTR expression was detected in TA cells. This finding, together with the lesser susceptibility to apoptosis of psoriatic TA cells, strongly indicates that alteration of TA cells in psoriasis is partly based on a defect in p75NTR. While there seems to be a general agreement on the prominent role of TA cells in psoriasis, those works were mostly based on computational and expression data. Here we show that stimuli that induce apoptosis through p75NTR in TA cells from normal epidermis, fail to do so in psoriatic TA, providing the first functional insight into the defect of this keratinocyte subpopulation in the pathogenesis of psoriasis. If p75NTR mRNA is normally expressed in psoriatic keratinocytes, there must be some posttranslational alteration leading to the disappearance of the protein, possibly related to a calcium defect in psoriatic keratinocytes [START_REF] Mckenzie | Defective cyclic guanosine monophosphate-gated calcium channels and the pathogenesis of psoriasis[END_REF]. In conclusion, p75NTR acts as a proapoptotic receptor in human keratinocytes and plays a crucial role in epidermal homeostasis.

Materials and methods

Cell Culture

Normal human keratinocytes were obtained from foreskin and cultured in serum-free medium KGM (Clonetics, San Diego, CA) as described [START_REF] Marconi | Expression and function of neurotrophins and their receptors in cultured human keratinocytes[END_REF]. Freshly keratinocytes were also divided into three populations and plated onto plastic dishes, coated for 2 hours at 37°C with type IV collagen 100μg/ml (Sigma, St.

Louis, MO). They were first allowed to adhere to type IV collagen for 5 min, and the non-adherent cells were then transferred to fresh collagen-coated dishes and allowed to attach overnight. Finally, keratinocytes not yet attached after one night were plated onto type IV collagen to obtain a third population.

The three keratinocyte populations were characterized based on β 1 -integrin levels and colony forming efficiency, as previously described [START_REF] Tiberio | Keratinocytes enriched for stem cells are protected from anoikis via an integrin signaling pathway in a Bcl-2 dependent manner[END_REF]. This allowed to obtain a population enriched in KSC, a population consisting of TA cells and a third population of PM cells. Keratinocytes were then cultured in serum-free medium (KGM) and used for further experiments. The spontaneously transformed keratinocyte line HaCaT was kindly provided by Dr. N. Fusenig (DKFZ Heidelberg). Mavilio) with medium for keratinocytes [START_REF] Pincelli | Expression and function of nerve growth factor and nerve growth factor receptor on cultured keratinocytes[END_REF] without EGF. 48 hours later EGF was added to the cultures. 24 hours after infection cells were plated in KGM for MTT, PI or Western blot analysis.

Western blotting analysis

Cells

Infection of normal and psoriatic keratinocytes

Real Time PCR

RNA from cells separated into the three populations or from total keratinocytes or from healthy or psoriatic epidermis was extracted using TRI Reagent method performed as described by Sigma. To verify the quality of the RNA, we ran an agarose minigel in RNase-free conditions. Quantitative Real Time PCR was performed with an ABI 7500 (Applied Biosystems, Foster City, CA, USA) for p75NTR and sortilin. As an internal control, housekeeping gene β-actin mRNA expression was measured in a separated tube. H 2 O RNAse-free was used as a negative control. We performed three independent experiments, and each one was analysed in a triplicate PCR-reaction. Then, 1μg of RNA was subjected to retro-transcription and amplification in a 50μl reaction mixture for 45 min at room temperature, followed by incubation with anti-mouse alkaline phosphatase complex for 30 min (1:20, Dako). After three washes of 5 min in PBS, the slides were stained with Fast blue (Sigma). Negative controls were obtained by omitting primary antibody.

For single staining, cryosections (4μm) of normal, non lesional and lesional psoriatic human skin were acetone-fixed (10 min), rehydrated in phosphatebuffered saline (PBS). The slides were incubated with mouse anti-p75NTR

antibody (1:250, Lab Vision Corporation) for 1 hour and, after three washes of 5 min in PBS, incubated with secondary antibody anti-mouse (1:20, Dako) for 45 min at room temperature, followed by incubation with anti-mouse alkaline phosphatase complex for 30 min (1:20, Dako). After three washes of 5 min in PBS, the slides were stained with New fucsin (Sigma).

Confocal immunofluorescence

For double staining, keratinocyte cultures were washed in PBS buffer and fixed in situ in 4% paraformaldehyde for 20 min and air dried. 

Cell death analysis by Flow cytometry

72 hours after seeding, cells were treated with 40μM β-amyloid or 100ng/ml BDNF. 24 or 48 hours later, cells were trypsinized and resuspended (5x10 5 cells) in 1ml hypotonic fluorochrome solution: 50μg/ml propidium iodide containing 0.1% sodium citrate and 0.5% Tryton X-100 (Sigma). After 15 min, cells were analyzed using an Epics XL flow cytometer (Coulter Electronics Inc., Hialeah, FL, USA). Apoptosis was detected by evaluating the reduced fluorescence of the DNA binding dye PI in the apoptotic nuclei.

TUNEL assay

Cells after treatment were fixed in situ in paraformaldehyde (4% in PBS) and air dried. The slides were stained with the "In situ cell death detection kit" (Roche Diagnostics, Basel, Switzerland) as recomended by the manufacturer. 

Caspase Activity Measurements

The caspase-3-like protease activity in cell lysates was measured using a 

Northern blot

Northern Blot was performed using DIG Northern Starter Kit (Roche). Briefly, total cellular epidermal mRNA taken from biopsies of patient with or without psoriasis was isolated with 1 ml of TRI Reagent performed as described by Sigma. p75NTR DNA in pCEP4 vector was linearized at restrinction sites downstream of the cloned insert and purified. PCR of p75NTR vector using T7

RNA polymerase promoter sequences (FW:5'-CTCATCCCTGTCTATTGCTCCA-3';REV:5'-TAATACGACTCACTATAGGAGCTGGAGCATCGGTTGTC-3') was performed using Expand Figh Fidelity PCR System (Roche). Membrane was incubated with anti-digoxigenin-AP, Fab fragments (1:10000) in blocking solution) 30 min at room temperature. Membrane was washed, equilibrated for 5 min and covered with CDP-Star ready-to-use solution for 5 min at 20°C and signal imaging was developed. To perform actin control, membrane was stripped and hybridized with DIG-labeled actin RNA probe and detection was performed as described before.

Gel mobility shift assay

Nuclear proteins were isolated from the cellular pellets. Samples were suspended with hypotonic buffer (1.5 mM MgCl2, 0. Following electrophoresis, the gel was dried and autoradiographed. 

Legends

  keratinocytes with BDNF or NT-4 that bind p75NTR, in absence of TrkB. In fact, BDNF or NT-4 significantly increase the rate of cell death, and induce a high degree of caspase-3 activation in p75NTR overexpressing keratinocytes. The signaling pathways underlying the p75NTR-dependent apoptotic response involve a number of factors. NRAGE, a p75NTR-interacting protein disrupts p75NTR-TrkA complex, and induces cell death through JNK-dependent pathway[START_REF] Salehi | a p75 neurotrophin receptor-interacting protein, induces caspase activation and cell death through a JNK-dependent mitochondrial pathway[END_REF], thus contributing to p75NTR-dependent apoptosis. Consistent with these findings, we provide evidence that upon binding with a specific ligand, p75NTR interacts with NRAGE and phosphorylates JNK in human keratinocytes. While JNK activation was mostly demonstrated by overexpressing p75NTR or after serum withdrawal in the nervous system, the present study indicates that BDNF, released at the skin level, signals apoptosis, by phosphorylating JNK. p75NTR also activates NF-κB, which is mainly viewed as an anti-apoptotic signalling factor. On the other hand, in neonatal rat oligodendrocytes, activation of NF-κB was shown to be associated with apoptosis. Our findings indicate that in human keratinocytes, p75NTR signals apoptosis via the reduction of NF-κB anti-apoptotic function. Taken together, these results
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 6 cells from normal or psoriatic biopsies were plated on 75cm 2 flask over a feeder-layer of mitomycin C trated 3T3 fibroblasts (7x10 5 cells for 75cm 2 flask) and mitomycin C trated p75NTR-LNSN packaging cells (3.5x10 5 for 75 flask) or mitomycin C trated LNSN packaging cells (kindly provided from professor F.

( 1 : 10 ,

 110 Biomedical Technologies Inc, Stoughton, MA, USA) or with mouse anticytokeratin 10 antibody (1:50, Dako, Glostrup, Denmark) for 1 hour, then with secondary antibody anti-mouse biotinylated (1:3000, Dako) for 45 min and with a streptavidin-biotin peroxidase complex for 30 min. The reaction products were visualized with amino-methylene-carbazole. Double staining was continued incubating the slides with 1% goat serum. Then the slides were incubated with mouse anti-p75NTR antibody (1:250, Lab Vision Corporation, Neomarkers, Fremont, CA, USA) for 1 hour and, after three washes of 5 min in PBS, slides were incubated with secondary antibody anti-mouse (1:20, Dako)

  After a rehydratation in PBS, cells were permeabilized for 10 min with 0.5% Tryton X-100 in 0.1% sodium citrate, treated for 5 min with 50 mM NH 4 Cl and incubated with 1% bovine albumin serum for 20 min. Then cells were incubated for 1 hour with the mouse monoclonal anti-caspase-3 active antibody (1:100, R & D Systems, Minneapolis, MN, USA) and for 1 hour with RPE Cy5-conjugated anti-mouse (dilution 1:100, Dako). Then keratinocytes were washed in PBS, labelled with a mouse anti-p75NTR antibody (1:250, Lab Vision Corporation) for 1 hour and with FITC-conjugated anti-mouse antibody (dilution 1:100, Dako) for 45 min.

Fluorescent specimens were analyzed

  by a Confocal Scanning Laser Microscopy (Leica TCS SP2). MTT assay Keratinocytes or transfected HaCaT were plated in 96-well tissue culture plate (8000 cells/well). 72 hours after seeding, cells were treated with 40μM βamyloid (25-35) (Bachem, Bubendorf, Switzerland) or 100ng/ml BDNF or 100ng/ml NT-4 or different doses of proNGF (kindly provided from B. Hempstead) for 24, 48 and 72 hours. Proliferative cells were detected by incubating with MTT (Sigma-Aldrich) solution at 37°C for 4 hours. They were solubilizated with DMSO and the formazan dye formation was evaluated by scanning multiwell spectrophotometer at 540 nm. The results are expressed as optical density units (OD) or as viability percentage respect of control. Results are calculated as the mean ± SD of three different experiments. Student's Ttest was used for comparison of the means.

Fluorescent specimens were analyzed

  by Confocal Scanning Laser Microscopy (Leica TCS SP2) in conjunction with a conventional optical microscope (Leica DM IRBE). Results are calculated as the mean ± SD of three different experiments. Student's T-test was used for comparison of the means.

Figure 1 p75NTR

 1 Figure 1 p75NTR modulates apoptosis in normal human keratinocytes

Figure 2 p75NTR

 2 Figure 2 p75NTR induces apoptosis via JNK and NF-κB (a) Keratinocytes

Figure 3 p75NTR

 3 Figure 3 p75NTR-induced apoptosis in TA cells (a) Cryosections of normal

Figure 4

 4 Figure 4 ProNGF mediates apoptosis in human keratinocytes through

Figure 5 NT

 5 Figure 5 NT receptor expression in psoriasis. (a) Cryosections of healthy,

Figure 7 p75NTR

 7 Figure 7 p75NTR infection restores apoptosis susceptibility in psoriatic

  using the One-Step RT-PCR Master Mix Reagents kit (Applied Biosystems). For

	Immunohistochemistry
	For double staining, cryosections (4μm) of normal human skin were acetone-
	fixed, rehydrated in phosphate-buffered saline (PBS). Quenching of the
	endogenous peroxidase activity was obtained by treatment with 3% H 2 O 2 in

p75NTR, sortilin and β-actin were used Pre-Developed TaqMan Assay Reagents (MGB™ probes were FAM or VIC dye labelled, Applied Biosystems). Thermal cycling conditions for One-Step RT-PCR were: initial reverse transcription at 48°C for 30 min, then DNA Polymerase activation at 95°C for 10 min, followed by 40 cycles of denaturation at 95°C for 15 s, annealing/extension at 60°C for 1 min. Data from each sample were compared with a calibrator, using the Sequence Detection Software Version 1.2.3 according to the Relative Quantification Study method (Applied Biosystems). Results were obtained as the mean from three independent experiments. Double-sided Student's t-test was performed between samples and calibrator. PBS. Samples were incubated either with mouse anti-transglutaminase type I
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Detection of apoptotic cells by confocal microscopy

Cell were seeded on glass coverslips coated with poly-L-lysine 100mg/ml for 5 min, fixed in methanol:water (80:20) for 5 min, washed in phosphate-buffered saline (PBS) and subsequently stained with propidium iodide (Sigma, 5μg/ml in PBS) for 5 min. Coverslips and examined by laser-scanning confocal microscopy (Leica TCS-SP2) to identify apoptotic nuclei. Nuclei were scored and more than 400 nuclei were counted for each sample. The results are expressed as percentage of the number of apoptotic nuclei over the total number of nuclei examined.

FACS analysis

Keratinocytes were washed in PBS and incubated with mouse biotin-coniugated anti-p75NTR (20μl/1x10 6 cells, BD Biosciences Pharmingen) or rabbit polyclonal anti-sortilin antibody (1:2000, kind gift from Claus M. Petersen, Aarhus University, Denmark) for 20 min at 4 o C. For sortilin, after a brief washing in PBS, the cells were incubated with the biotinylated anti-rabbit antibody 1:500 (Dako, Glostrup, Denmark) for 20 min on ice. For both staining, the incubation with antibodies was followed by incubation with streptavidin/RPE-Cy5 1:50 (Dako) for 20 min on ice. After washing, cells were analyzed using an Epics XL flow cytometer.
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