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INTRODUCTION

Tumour angiogenesis has been considered as an attractive target for cancer therapy for more than forty years. However, clinical results using drugs targeting tumour angiogenesis are inconsistent and often disappointing [START_REF] Jayson | Antiangiogenic therapy--evolving view based on clinical trial results[END_REF].

Most anti-angiogenic therapies target the vascular endothelial growth factors (VEGFs) signalling pathways, in which VEGFs activate VEGF receptors (VEGFRs) on endothelial cells in order to regulate vascular growth in both developing tissues and growing tumours. Notch signalling is a major regulator of these processes. Four Notch receptors (Notch1-4) have been described in mammals. Notch receptors are singlepass type I transmembrane non-covalently linked heterodimer coded by a single precursor, which is cleaved by furins. The Notch pathway activation follows the binding of the transmembrane ligands of the Delta/Serrate/LAG-2 (DSL) family, Delta-like and Jagged to Notch receptors. In mammals, three Delta-like ligands (Dll1, Dll3 and Dll4) and two Jagged ligands (Jag-1 and Jag-2) have been identified. The well-described so-called "canonical pathway" depends on a strictly controlled proteolytic cascade induced by ligand binding: an S2 cleavage by metalloproteases followed by an S3 cleavage mediated by a presenilin--secretase complex. These proteolytic cleavages release the intracellular domain of the Notch receptor (NICD) which then translocates into the nucleus to mediate target genes activation [START_REF] Kopan | The canonical Notch signaling pathway: unfolding the activation mechanism[END_REF].

Notch signalling has been implicated in cancer, with observed genetic alterations in a large number of hematopoietic and solid tumours [START_REF] Ntziachristos | From fly wings to targeted cancer therapies: a centennial for notch signaling[END_REF]. As the presenilin--secretase complex activity is necessary for the activation of the canonical signalling pathway, -secretase inhibitors such as DAPT (N-[N- (3,5-difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester) derivatives have been proposed as targeted therapies for treatment of pathologies such as T-cell acute lymphoblastic leukemia. However, such therapeutic approaches have so far been limited due to intestinal toxicity [START_REF] Van Es | Notch/gamma-secretase inhibition turns proliferative cells in intestinal crypts and adenomas into goblet cells[END_REF]. Other approaches to inhibit the Notch canonical pathway are thus in development with strategies including antibodies raised specifically against individual Notch receptors [START_REF] Li | Modulation of Notch signaling by antibodies specific for the extracellular negative regulatory region of NOTCH3[END_REF][START_REF] Wu | Therapeutic antibody targeting of individual Notch receptors[END_REF].

Notch signalling is also a major regulator of angiogenesis as Dll4-mediated Notch activation controls the expression of the VEGFRs and therefore limits endothelial cells sprouting and proliferation [START_REF] Benedito | Notch as a hub for signaling in angiogenesis[END_REF][START_REF] Lobov | Delta-like ligand 4 (Dll4) is induced by VEGF as a negative regulator of angiogenic sprouting[END_REF]. However, whereas the role of Notch signalling is well described in developmental angiogenesis, its role in tumour angiogenesis is not clearly understood.

In vitro, Notch inhibition has been shown to induce endothelial cell death [START_REF] Patel | Up-regulation of delta-like 4 ligand in human tumor vasculature and the role of basal expression in endothelial cell function[END_REF] as well as vascular sprouting [START_REF] Hellstrom | Dll4 signalling through Notch1 regulates formation of tip cells during angiogenesis[END_REF]. In vivo, Notch inhibition using chemical inhibitors or Notch1 ectodomain is generally associated with endothelial cell death and reduced vascularisation [START_REF] Cook | Gamma secretase inhibition promotes hypoxic necrosis in mouse pancreatic ductal adenocarcinoma[END_REF][START_REF] Funahashi | A notch1 ectodomain construct inhibits endothelial notch signaling, tumor growth, and angiogenesis[END_REF]Paris et al., 2005b). In contrast, anti-ligand approaches such as anti-Dll4 treatments produces non-productive angiogenesis through increased endothelial cells sprouting [START_REF] Noguera-Troise | Blockade of Dll4 inhibits tumour growth by promoting non-productive angiogenesis[END_REF]. These paradoxical observations could suggest that the role of Notch in tumour angiogenesis cannot be completely explained by canonical Notch signalling. In contrast to other Notch receptors, Notch3 expression is restricted to the vasculature in physiological condition. Notch3 mutations are associated with CADASIL (Chabriat et al., 2009) 

(Cerebral Autosomal Dominant

Arteriopathy with Subcortical Infarcts and Leukoencephalopathy) and Notch3 knockout mice are more susceptible to ischemic stroke [START_REF] Arboleda-Velasquez | Linking Notch signaling to ischemic stroke[END_REF] whereas they are less susceptible to pulmonary hypertension [START_REF] Li | Notch3 signaling promotes the development of pulmonary arterial hypertension[END_REF]. These studies show that even if Notch3 mutant mice have no major phenotype in developmental angiogenesis, Notch3 is involved in pathological angiogenesis.

However, its role in tumour angiogenesis has never been studied. In the disorganised tumour vasculature, tumour endothelial cells show a different phenotype than normal endothelial cells [START_REF] St Croix | Genes expressed in human tumor endothelium[END_REF]. Interestingly, Notch3 has been shown to be upregulated in human lung cancer-associated endothelial cells [START_REF] Herbert | Endothelial cells gene expression[END_REF]) and this led us to evaluate the role of Notch3 in endothelial cell in cancer development. While analysing the importance of Notch3 in the stroma during tumour progression, we observed an unexpected pro-apoptotic activity of Notch3. We describe Notch3 as a novel dependence receptor in endothelial cells. Such receptors that include the netrin-1 receptors DCC and UNC5H (Mehlen et al., 2011) or the Hedgehog receptors Ptc and CDON (Delloye-Bourgeois et al., 2013; [START_REF] Thibert | Inhibition of neuroepithelial patched-induced apoptosis by sonic hedgehog[END_REF] share the ability to actively transduce a death signal in settings of ligand limitation, thus creating a state of cellular dependence to the presence of ligand for cell survival. This pro-apoptotic activity has been proposed to act as a negative constrain for tumour progression by controlling cancer cell death [START_REF] Castets | DCC constrains tumour progression via its dependence receptor activity[END_REF][START_REF] Krimpenfort | Deleted in colorectal carcinoma suppresses metastasis in p53-deficient mammary tumours[END_REF]. We propose here that Notch3 by acting as a dependence receptor in endothelial cells regulate tumour angiogenesis by regulating endothelial cell death.

RESULTS

Notch3 is expressed in tumour associated endothelial cells

We first investigated Notch3 expression in a small panel of human lung cancers by immunohistochemistry. In all the studied samples (11 adenocarcinoma (ADC) and 10 squamous cell carcinoma (SCC)), the expression of Notch3 was very strong in the vasculature (Supplementary Fig. 1a). Conversely, the cancer cell expression of Notch3 was very heterogeneous between patients but also within the same patient (Supplementary Fig. 1a). SCC showed the strongest Notch3 expression in the cancer cells, however, only a small fraction of patients showed nuclear expression (4/10 for SCC and 2/11 for ADC) (Supplementary Fig. 1a; Supplementary Fig. 1b). The role of Notch signalling and in particular Notch3 in the epithelial compartment of tumours and more specifically of non-small cell lung cancers has been extensively studied [START_REF] Ye | Notch3 overexpression associates with poor prognosis in human non-small-cell lung cancer[END_REF][START_REF] Zheng | A rare population of CD24(+)ITGB4(+)Notch(hi) cells drives tumor propagation in NSCLC and requires Notch3 for self-renewal[END_REF]. However, Notch3 implication in tumour vasculature has not been addressed. We thus focused on the vascular expression of Notch3 in these patients. In the patients for whom we could observe histological normal peritumoural tissue, we noticed that the expression of Notch3 was localized, as described previously [START_REF] Li | Notch3 signaling promotes the development of pulmonary arterial hypertension[END_REF], in the vascular smooth muscle cells or in the mural cells of smaller vessels (Fig. 1a). However, in the malignant part, we could observe Notch3 expression in the endothelial cells (EC) (Fig. 1a). This prompted us to investigate a possible role of this aberrant expression of Notch3 in tumour endothelial cells. To study this role, we first assessed whether this aberrant expression was also observed in mouse model of lung cancers. We first purified EC from lung adenomas in the Kras +/G12D hit and run mice model characterized previously [START_REF] Johnson | Somatic activation of the K-ras oncogene causes early onset lung cancer in mice[END_REF]. Endothelial cell fraction was verified on flow cytometry for CD45 negative staining and CD31/CD105 costaining (not shown). Whereas in wild-type mice or in the healthy part of lung from Kras +/G12D mice, no or little expression of Notch3 was detected in EC-enriched fraction, we observed an over-expression of Notch3 in the EC-enriched fraction from the tumour nodules (Fig. 1b). We next used the LacZ reporter to monitor Notch3 expression in the Notch3 LacZ knock-in mice described previously [START_REF] Arboleda-Velasquez | Linking Notch signaling to ischemic stroke[END_REF].

We confirmed, in this model, that the Notch3/LacZ mRNA fusion was expressed to a similar amount than the wild-type allele (Supplementary Fig. 2a). We also used an antiβ-galactosidase antibody to check the staining of the LacZ enzymatic reaction and confirmed expression in the smooth muscle cells in healthy lungs (Supplementary Fig. 2b). As described by others, we observed that the expression of Notch3 was restricted to mural cells and Notch3 was absent in endothelial cells in normal vasculature. Notch3 was indeed mostly associated to α-smooth-muscle actin (αSMA) expressing cells surrounding big vessels and to a lesser extend to NG2 (neural/glial antigen 2) expressing mural cells in smaller vessels as seen in lungs from Notch3 +/LacZ mice (data not shown). We then looked at Notch3 expression in the adenocarcinoma from Kras +/G12D -Notch3 LacZ/+ mice. We confirmed the data obtained by purifying tumour associated endothelial cells. Indeed, the LacZ staining is detected in the tumour and in healthy lung, the LacZ staining is not associated with ERG staining -i.e. ERG staining was reported to be strongly specific for EC [START_REF] Miettinen | ERG transcription factor as an immunohistochemical marker for vascular endothelial tumors and prostatic carcinoma[END_REF]. However, in the peri-tumoural part, we observed ERG staining in LacZ positive cells (red arrow) (Fig. 1c). We next injected LLC1 syngeneic lung cancers cells in Notch3 +/LacZ to assess expression of Notch3 in subcutaneous graft. We confirmed that Notch3 is expressed in the vasculature of the grafted tumours and as observed in the tumour nodules from the Kras +/G12D mice, we observed an aberrant expression of Notch3 in tumourassociated EC (Fig. 1d ande): Notch3 co-localizes with CD31 (endothelial cell marker platelet/endothelial cell adhesion molecule, PECAM-1) but not with mural cell markers αSMA or NG2 (Fig. 1d). We further confirmed the up-regulation of Notch3 mRNA in purified tumour associated endothelial cells from subcutanous injected LLC1 in Ve-Cadherin-tomato mice allowing FACS sorting of tumour-associated endothelial cells (Fig. 1e). The LLC1 model thus provides a good model to study the functional impact of Notch3 aberrant expression on tumour vasculature. Furthermore, co-culturing LLC1 cells with HUVEC was sufficient to induce an upregulation of Notch3 in the endothelial cells, showing that the epithelial cancer cells are sufficient to induce Notch3 expression in endothelial cells (Fig. 1f).

Stroma specific Notch3 silencing promotes tumour angiogenesis

We next assessed the role of this aberrant expression of Notch3 in tumour vasculature by establishing a model in which Notch3 is silenced only in the stroma but not in the tumour cells. As we started with observations in human lung carcinomas, we chose the murine lung carcinoma LLC1 syngeneic grafts in wild-type and in Notch3 LacZ/LacZ mice. As shown in Figure 2a, the absence of stromal Notch3 was associated with an increase of tumour growth. This suggests that the endothelial expression of Notch3 limits tumour angiogenesis. This observation was also true in another model of syngenic graft, the E0771 mammary gland tumour model, although to a lesser extend (Supplementary Fig. 3a). In line with a role of Notch3 in tumour associated endothelial cells, we observed an increase in CD31 and DLL4 expression in tumours from Notch3 LacZ/LacZ mice (Fig. 1b and supplementary Fig. 3b), but no change in αSMA or PDGFR (Beta-type platelet-derived growth factor receptor) two pericyte markers (Fig. 2b). As Notch3 has been reported to be expressed in certain immune cells [START_REF] Fung | Delta-like 4 induces notch signaling in macrophages: implications for inflammation[END_REF], we looked for the expression of CD11b and CD45 that remained unchanged (Fig. 2b). We next looked at the vascularisation of tumours grown in the absence of stromal Notch3 expression. CD31 staining of tumours grown in the wild-type mice or in the Notch3 LacZ/LacZ mice showed an increased vascularisation in the latter (Fig. 2c). Furthermore, expression of αSMA in these tumours was unchanged (Fig. 2c). This suggests that the aberrant expression of Notch3 in tumour endothelial cells could limit tumour angiogenesis whereas the absence of Notch3 in vascular smooth muscle cells has no effect. Furthermore, this effect seems to be independent of the normal role of Notch3 in smooth-muscle cells.

Notch3 behaves as a dependence receptor

In order to understand how the absence of Notch3 would impact the tumour vascularisation, we studied in vitro human umbilical vein endothelial cells (HUVEC).

As described previously [START_REF] Patel | Up-regulation of delta-like 4 ligand in human tumor vasculature and the role of basal expression in endothelial cell function[END_REF], these cells express a low level of Notch3 which is almost entirely cleaved into N3ICD as treatment with DAPT completely abolished the presence of a 75kDa band recognized by a C-terminal antibody (Supplementary Fig. 4a). We then asked what would be the consequence of an upregulation of Notch3 in these cells that would mimic the aberrant expression of Notch3 observed in lung cancers-associated endothelial cells. We first used electroporation in HUVEC cells (with 80% electroporation efficiency (Supplementary Fig. 4b)). As shown in Figure 3, Notch3 forced expression in HUVECs triggered cell death as evidenced by an increase of the sub-G1 cell population (Fig. 3a) and annexin-V positive cell population (Fig. 3b). This cell death is probably, at least in part, apoptosis as it is inhibited by general caspase inhibitor z-VAD-fmk (Fig. 3c). At this stage we cannot however exclude that Notch3-induced cell death is not only apoptosis as inhibition of cell death by caspase inhibitors is not complete. Interestingly, N3ICD did not induce cell death (Supplementary Fig. 4c). Furthermore, although Notch3 level is low in HUVEC under normal condition, knocking-down Notch3 in a setting of network formation in matrigel was sufficient to inhibit significantly apoptosis during network regression (Supplementary Fig. 4d). We further used the S1-Cter Notch3 construct (a truncated version of Notch3 (S1-Cter Notch3; aa1573 [furin cleavage site] to the Cterminus, Supplementary Fig. 4e) as it mimics the absence of ligands and also helps bypassing the possible effect of varying levels of ligand expression in different cellular models. S1-Cter Notch3 induced very low Notch transcriptional activity in comparison to N3ICD (Supplementary Fig. 4f). Whereas S1-CterN3 expression induced caspase-3 cleavage (Supplementary Fig. 4g), electroporation of N3ICD, or of CBF1-VP16 (which both activates canonical Notch signalling in HUVEC (Supplementary Fig. 4f)), or of DNMAML (Dominant negative Mastermind-like, which inhibits endogenous Notch signalling (Supplementary Fig. 4f)) had no effect on induction of cell death (Supplementary Fig. 4g andh), suggesting that canonical Notch signalling is not involved in this process. While S1-Cter Notch3 triggers apoptosis, this was not observed with both Notch1 and Notch2 (not shown). Of interest, S1-Cter Notch3 mutant, that fails to interact with the CBF1 transcription factor (S1-Cter WFP-LAA), is still able to induce caspase-3 cleavage (Supplementary Fig. 4h) supporting the view that the canonical Notch3 signalling pathway is not involved here. Such ability of a transmembrane receptor to trigger apoptosis in a setting of absence of ligand, recalls the behaviour of dependence receptors [START_REF] Mehlen | Dependence receptors: from basic research to drug development[END_REF]. Such receptors that include the netrin-1 receptors DCC and UNC5H [START_REF] Mehlen | The dependence receptors DCC and UNC5H as a link between neuronal guidance and survival[END_REF] or the Hedgehog receptors Ptc and CDON (Delloye-Bourgeois et al., 2013; [START_REF] Thibert | Inhibition of neuroepithelial patched-induced apoptosis by sonic hedgehog[END_REF] share the ability to actively transduce a death signal in settings of ligand limitation, thus creating a state of cellular dependence to the presence of ligand for cell survival. Most of these dependence receptors share the trait of being cleaved by caspase [START_REF] Mehlen | Dependence receptors: from basic research to drug development[END_REF]. We thus looked whether Notch3 could similarly be cleaved by caspases. Expression of S1-Cter Notch3 or an S2-Cter Notch3 (aa1631 to the C-terminus) in HEK293T cells allows the identification of a 60-65kD N-terminal fragment and a lower size 25-30kD Notch3 C-terminal reactive fragment (Supplementary Fig. 4i andj). These fragments were no longer detected upon incubation with z-VAD-fmk and more specifically with initiator caspase inhibitors IETDfmk and LEHD-fmk, supporting the view that a Notch3 fragment is released upon a caspase-like dependent cleavage (Supplementary Fig. 4i). To map more precisely the caspase-cleavage site in Notch3, systematic mutations of aspartic acid residues were performed. The specific mutations of the aspartic acid residues 2104 and 2107 into asparagine residues (D2104N-D2107N) fully blocked the detection of the Notch3 fragment without affecting canonical Notch signalling (Supplementary Fig. 4k). Thus, Notch3 is cleaved by a caspase-like protease at DSLD (2104-2107). Interestingly, this cleavage site is not present in other Notch receptors (not shown) but is conserved in Notch3 receptors (Supplementary Fig. 4i). Therefore, expression of Notch3 in vitro induces cell death of EC, and Notch3 is cleaved by caspase-like proteases. Another frequent characteristic of dependence receptors is their ability to recruit and activate the initiator caspase-9 (Forcet, 2001, Mille 2009, Fombonne 2012). We first observed that caspase-9 might be required for Notch-3-induced cell death as treatment with z-LEHD-fmk significantly inhibited cell death induced by Notch3 over-expression (Fig. 3c). We further confirm the importance of caspase-9 by analysing Notch3-induced cell death upon silencing of caspase-9. As shown in Figure 3d, silencing of caspase-9 strongly inhibits cell death induced by Notch3 (Fig. 3d). We then asked whether Notch3 could interact with caspase-9. Interestingly, we observed that S1-Cter Notch3, but not S1-Cter Notch1 or S1-Cter Notch2, was able to interact with caspase-9 when both Notch proteins and caspase-9 were ectopically expressed (Fig. 3e). We confirmed the interaction between Notch3 and caspase-9 by immunoprecipitation of endogenous caspase-9 (Fig. 3f). Interestingly N3ICD did not interact with caspase-9 under the same condition, suggesting that the interaction with caspase-9 needs the anchorage of Notch3 to the membrane. We also performed Proximity Ligation Assay (PLA) with endogenous caspase-9 upon Notch3 overexpression in HEK293T cells. We observed a clear interaction between Notch3 and caspase-9 whereas no interaction was observed with caspase-8 (Fig. 3g). Moreover, to explore whether the recruited caspase-9 could be activated, we performed caspase-9 activity assessment on Notch3 pull-down. As shown in Figure 3h, Notch3, but not N3ICD, is pulling down caspase-9 activity, supporting the view that Notch3 could trigger cell death similarly to other dependence receptors.

These observations prompted us to further investigate whether Notch3 could be a dependence receptor for tumour EC aberrantly expressing Notch3. As a dependence receptor, it is expected that Notch3 ligand blocks Notch3 induced endothelial cell death.

As Jag-1, a Notch3 ligand, has been shown to be associated with increased tumour angiogenesis [START_REF] Zeng | Crosstalk between tumor and endothelial cells promotes tumor angiogenesis by MAPK activation of Notch signaling[END_REF], we looked for the effect of Jag-1 expression on Notch3-induced cell death in tumour. For this purpose, HUVEC were co-cultured with two lung carcinoma cells expressing low or high levels of Jag-1, murine LLC1 cells and human H358 cells respectively (Supplementary Fig. 5a). We observed that overexpression of Jag-1 in LLC1 cells reduced endothelial cell apoptosis and therefore induced stabilisation of the endothelial network (Fig. 4a andb). Conversely, silencing Jag-1 in H358 cells led to an increase in endothelial cell apoptosis and earlier destabilization of the endothelial network (Fig. 4a andb). To confirm in vivo that tumour-derived expression of Jag-1 could increase angiogenesis, we established graft of LLC1 overexpressing Jag-1. As shown in Figure 4c, overexpression of Jag-1 in LLC1 cells induced a dramatic increase in angiogenic markers CD31 as seen both on mRNA level and on protein staining by immunohistochemistry (Fig. 4c). To go further and prove that Notch3 behaves as a dependence receptor, we then over-expressed Notch3 in HUVEC cells and co-cultured them with LLC1 cells expressing or not high level of Jag-1. Overexpression of Jag-1 in LLC1 cells rescued the HUVEC death induced by Notch3 (Fig. 4d). We also showed that in co-culture conditions, neither N3ICD nor DNMAML was able to induce cell death (Supplementary Fig. 5b). This further supports the view that Notch3 induces endothelial cell death independently of Notch canonical signalling pathway, and that the expression of Jag-1 by cancer cells can cell nonautonomously rescue endothelial cell death. Jag-1 is also frequently over-expressed in epithelial cancer cells (Santagata et al., 2004a;[START_REF] Sethi | Tumor-derived JAGGED1 promotes osteolytic bone metastasis of breast cancer by engaging notch signaling in bone cells[END_REF]. We observed that Jag-1 was over-expressed in a fraction of human lung cancers using the GSE7670 dataset (Fig. 4e) and confirmed Jag-1 over-expression in human clear cell renal cell carcinomas (Supplementary Fig. 5c). Of interest, Jag-1 expression was only poorly correlated with HES1, HEY1 and HEYL Notch target genes expression in this dataset as well as in the GSE10245 dataset (Supplementary Fig. 5d). This observation supports the hypothesis that Jag-1 could have a different role in the tumour than activating Notch canonical signalling. As Jag-1 was shown to have a paradoxical proangiogenic role regarding Notch activation [START_REF] Benedito | The notch ligands Dll4 and Jagged1 have opposing effects on angiogenesis[END_REF], we compared the expression of Jag-1 with the expression of CD31 among tumours that over-express Jag-1 in the GSE7670 dataset. In these patients, we observed a strong correlation with CD31 expression (Fig. 4e). We observed the same correlation in clear cell renal cell carcinoma (Supplementary Fig. 5c). By carrying out non-supervised clustering using the GSE10245 dataset, we observed a population in which Jag-1 and CD31 clustered together whereas Jag-1 did not cluster with Notch target genes (Supplementary Fig. 5e). In this population, we observed a strong correlation between Jag-1 and CD31 but not with Notch target genes (Supplementary Fig. 5f). Taken together these data support the view that Notch3 behaves as a dependence receptor in endothelial cells and that Jagged-1 expression in tumour may act as a pro-angiogenic mechanism by limiting Notch3 induced apoptosis in endothelial tumour cells.

Notch3 is required for γ γ-secretase-induced tumour regression

We then hypothesized that γ-secretase inhibitors, by blocking the N3ICD formation may mimic the absence of Notch3 ligand and thus induce Notch3-dependent tumour associated-endothelial cell death. The general view for the mode of action of γsecretase inhibitors as anticancer agents is the inhibition of cancer cell proliferation.

However, γ-secretase inhibitors treatments have been paradoxically associated with decreased angiogenesis [START_REF] Funahashi | A notch1 ectodomain construct inhibits endothelial notch signaling, tumor growth, and angiogenesis[END_REF]Paris et al., 2005b) and endothelial cell death [START_REF] Cook | Gamma secretase inhibition promotes hypoxic necrosis in mouse pancreatic ductal adenocarcinoma[END_REF] as opposed to anti-Dll4 antibody treatment which induces increase in non-productive angiogenesis [START_REF] Noguera-Troise | Blockade of Dll4 inhibits tumour growth by promoting non-productive angiogenesis[END_REF]. We first observed that, in vitro, DAPT treatment induced HUVEC cell death (Fig. 5a). Of interest, this cell death was rescued by silencing Notch3 (Fig. 5b) but not by silencing Notch1 or Notch2 which had no effect on DAPT induced cell death (Supplementary Fig. 6a).

We confirmed that tumour-associated endothelial cells were sensitive to DAPT treatment by purifying endothelial cells from tumours of Kras G12D/+ mice (Fig. 5c).

Further confirming the role of Notch3 in DAPT-induced cell death, we also showed that tumour-associated endothelial cells of tumours purified from Notch3 LacZ/LacZ ; Kras G12D/+ mice were not sensitive to DAPT treatment (Fig. 5c). We then asked whether this effect could also be seen in vivo. We therefore treated wild-type mice bearing LLC1 tumours with DAPT. Whereas DAPT had no effect on LLC1 cells in vitro (Supplementary Fig. 6b), DAPT treatment in wild-type mice was associated with tumour growth inhibition (Supplementary Fig. 6c). As described by others [START_REF] Cook | Gamma secretase inhibition promotes hypoxic necrosis in mouse pancreatic ductal adenocarcinoma[END_REF][START_REF] Funahashi | A notch1 ectodomain construct inhibits endothelial notch signaling, tumor growth, and angiogenesis[END_REF]Paris et al., 2005b), this reduction was associated with a regression of the tumour vasculature as seen here by a decrease of CD31 staining and of the collagen IV/CD31 co-staining which shows a regression of pre-existing vessels (Supplementary Fig. 6d). This tumour growth inhibition induced by DAPT treatment would classically be attributed to canonical Notch signalling inhibition. However, we report here that the tumour growth inhibitory effect of DAPT treatment was no longer observed in Notch3 mutant mice (Fig. 5d). Because Notch3 is only silenced in stromal cells, this phenotypic rescue can only point out an effect of DAPT treatment on the stroma and cannot be easily explained by a difference in the canonical pathway (i.e. if DAPT is inhibiting tumour angiogenesis by blocking the canonical pathway induced by Notch receptors, knocking down Notch3 should only add more tumour angiogenesis inhibition). In line with this, HeyL mRNA expression was not affected in both wild type and Notch3 mutant mice in presence of DAPT (Supplementary Fig. 6e). We further purified tumourassociated endothelial cells and treated these cells with DAPT. In this setting, we saw no significant down-regulation of Notch target genes HeyL, Hes1 and Hey1 (Supplementary Fig. 6f). In agreement with an effect on vasculature, we observed an increase in necrotic area in wild-type mice treated with DAPT but not in Notch3 mutant mice (Fig. 5d). Confirming Cook et al. [START_REF] Cook | Gamma secretase inhibition promotes hypoxic necrosis in mouse pancreatic ductal adenocarcinoma[END_REF] data obtained in a different model, we observed increased endothelial cell death in wild-type mice treated with DAPT (Fig. 5e). In contrast, no effect was seen in Notch3 mutant mice (Fig. 5e). This indicates that the apoptotic pathway mediated by Notch3 accounts, at least in part, for the regression of the tumour vasculature following DAPT treatment.

DISCUSSION

We uncovered here an unexpected function of Notch3 expression in tumour vasculature. Whereas Notch3 is normally expressed in smooth-muscle cells surrounding large vessels, Notch3 is up-regulated in tumour endothelial cells. We have observed this ectopic expression in human lung cancer samples regardless of the expression of Notch3 in the cancer cells (Fig. 1 and Supplementary Fig. 1). This expression was also observed in mice predisposed to develop lung cancers (Kras +/G12D ) as well as in lung cancer cells grafted subcutaneously (Fig. 1). These results are on line with the transcriptomic analysis data obtained by others [START_REF] Herbert | Endothelial cells gene expression[END_REF].

Interestingly, although Notch3 has been shown to be involved in different pathological settings affecting the vasculature, its role in tumour vasculature has never been addressed. Here, we showed that Notch3 behaves as a novel dependence receptor, regulating tumour angiogenesis. As for the other dependence receptors, this new function is independent on the canonical Notch signalling pathway. Indeed, activation or inhibition of the canonical Notch signalling by expression of a dominant version of Mastermind-like or a constitutive active CBF-1 do not induce cell death as does Notch3.

Furthermore, mutating the residues necessary for the interaction between N3ICD and CBF-1 did not abrogate the ability of Notch3 to induce cell death. Interestingly, we showed here that Notch3 was the only receptor of the Notch family to present this function. This is also described for other dependence receptors: for example, TrkA and We also observed that Notch3 was, at least in part, responsible for the antiangiogenic effect of γ-secretase inhibitors described by others [START_REF] Cook | Gamma secretase inhibition promotes hypoxic necrosis in mouse pancreatic ductal adenocarcinoma[END_REF].

Indeed DAPT treatment induced a reduced vascularisation associated with a reduced tumour growth. Importantly, this effect of DAPT is not because of inhibition of the canonical Notch signalling pathway as the effect of DAPT can be reversed by deletion of Notch3. If the effect of DAPT was a consequence of inhibition of Notch signalling, Notch3 deletion should either not have any effect or exasperate the effect of DAPT). Furthermore, inhibition of the canonical Notch pathway, would lead to a hypersprouting of endothelial cells as observed upon anti-Dll4 treatment which could be associated with decreased growth but not decrease vascularization. In contrast, Notch3-induced apoptosis in tumour-associated endothelial cells following DAPT treatment could explain at least partly the anti-angiogenic effect followed by tumour growth inhibition.

In Notch3 mutant setting, DAPT cannot trigger Notch3-induced apoptosis and thus angiogenic effect. It may thus be of interest to take this unexpected function of Notch3 into account when evaluating the anti-tumour efficacy of γ-secretase inhibitors. This new function of Notch3 is not in contradiction with the well-described oncogenic canonical Notch3 signalling in epithelial cells (Hu et al., 2006;[START_REF] Zheng | A rare population of CD24(+)ITGB4(+)Notch(hi) cells drives tumor propagation in NSCLC and requires Notch3 for self-renewal[END_REF]. In fact, as other dependence receptor, the availability of ligands would impact on the role of Notch3. We showed here that Jag-1 expression by cancer cells is important to limit the dependence receptor function of Notch3. Furthermore, the function we describe here in tumour angiogenesis could account for some paradoxical observations regarding Notch3. In fact, while it may play a role in the epithelial tumour cells as an oncogene through its canonical signalling, it may also represent a constraint for tumour progression by acting as a cellular sentinel for endothelial cell death. The Notch3 receptor may therefore act as a regulator of tumour angiogenesis depending on the context such as the heterotypic interactions between the tumour and the stroma or the availability of the ligands in the tumours. Jag-1 has been shown to be very important in signalling from the endothelium to the cancer cells [START_REF] Cao | Angiocrine factors deployed by tumor vascular niche induce B cell lymphoma invasiveness and chemoresistance[END_REF][START_REF] Lu | Endothelial cells promote the colorectal cancer stem cell phenotype through a soluble form of Jagged-1[END_REF].

Together with the present data, it shows how reciprocal interactions between the tumour vasculature and the tumour are important. The data presented here also raises the question of targeting Notch to regulate tumour angiogenesis. We propose that targeting Jag-1 in tumour angiogenesis might therefore be an original approach and targeting more specifically the Notch3-Jag-1 interaction could be advantageous Oil/Ethanol (9/1) at 1mg/ml. 10μl/g was injected intraperitoneally to reach a 10mg/kg concentration. Experiments were all conducted on male and female littermate of 4-7 weeks of age. Animals were treated according to their identification number (even = untreated; odd=treated, this was arbitrary choosen for each experiment). Tumour dissection, fixation, and immunochemistry analysis were performed simultaneously.

Cell Culture and cell transfection

Human umbilical vein endothelial cells (HUVEC) were obtained from Promocell (Heidelberg, Germany) and maintained in Endothelial Cell Growth Medium 2, supplemented with Endothelial Cell Growth Medium 2 Supplement Mix and 1% penicillin/streptomycin. H358 and LLC-1 were obtained from the ATCC maintained in RPMI Medium 1640 (1x)+ GlutaMAX TM -I, supplemented with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin (PS) and in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% FBS and 1% PS, respectively. E0771 cells were obtained from our lab and culture in DMEM as described previously.

For electroporation, 1x10 6 HUVEC cells were harvested by trypsinization and electroporated either with 10nM siRNA (si Notch3, Sigma SASI_Hs01_00101286, Sigma SASI_hs01_00100441, si negative control Sigma #SIC001) or 5μg DNA plasmids with Neon kit (Invitrogen). 24 hours later, transfection efficiency was verified by RT quantitative PCR. LLC-1 or H358 cells were seeded at 0.25x10 6 cells in 6 wellsplates one day before transfection. Transfections were performed with lipofectamine TM reagent (Invitrogen) following the manufacturer's instructions.

For caspase inhibitors treatment, HUVEC cells were pre-incubated 2 hours with 5μM caspase inhibitors (BioVision, Caspase-9 Inhibitor Z-LEHD-FMK, MerkMillipore, Z-VAD-FMK ) or DMSO for 2 hours. Cells were then transfected with empty vector or Notch3 and incubated for 24h with 5μM caspase inhibitors or DMSO.

Endothelial cells purification

Lung from 16 weeks-old KrasG12D mice were dissected and tumour nodules extracted under a binocular before being digested in 1mg/ml collagenase Type 1 (Invitrogen) for 1 hour. Cell suspension was then incubated with magnetic beads (Dynabeads® Sheep Anti-Rat IgG, Invitrogen) incubated overnight with CD31 antibody (clone MEC13.3, Pharmingen).

β β-galactosidase staining

After dissection, organs from Notch3 LacZ/+ mice were fixed for 20 min before being washed three times in 0.2% NP-40, 0.01% NaDOC, 2mM MgCl2 in PBS. Organs were then incubated for 1 hour in 25mM K3Fe(CN6), 25mM K4Fe(CN6) Wash Buffer. X-gal reaction was then performed in 25mM K3Fe(CN6), 25mM K4Fe(CN6), 1mg/ml Xgal in Wash Buffer at 37°C.

Co-culture experiments

HUVEC were incubated with a CellTracker™ Green CMFDA at 1.25μg/ml (Molecular probes, Life technologies, C7025) for 30 minutes. Afterwards, cells were washed two times with PBS. 60μL of Basement Membrane Matrix (Matrigel, BD Bioscience) was added to a 96-wells plate, followed by 30 minutes incubation at 37°C. HUVEC were harvested by trypsinization and 15x10 3 HUVEC were added into each Matrigel coated well and incubated at 37°C for two hours. LLC1 or H358 transfected one day before were then added to wells containing HUVEC. Each condition was carried out in triplicate. After 9h of co-culture, cells were fixed with 4% paraformaldehyde for 30 minutes at room temperature and rinsed 3 times with PBS for 10 minutes at room temperature. Fixed cell culture plates were stocked at 4°C.

Immunofluorescence staining

Immunofluorescence analysis was performed on tumours obtained from littermates. 

Proximity ligation assay

10 5 HEK293T cells (stably selected to carry a Doxycycline-inducible plasmid for Notch3 or N3ICD) were seeded in lab-tek chamber (Thermo scientific, 4-well, 177399). After 24 hours, cells were treated with 1μg/ml Doxycycline. After 24 hours induction, cells were fixed with 4% PFA and PLA assay (Sigma, Duolink® In Situ PLA) was performed according to the manufacturer's instructions. Anti-HA (sigma, H6908) and anti-caspase 9 (Santa cruz, sc-73548) were used for primary antibodies.

Cell death assay

TUNEL assay: Detection of DNA fragmentation, a terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick-end labeling (TUNEL) assay was performed by following the protocol of the TUNEL assay kit (Roche). Briefly, fixed cells or tissue samples were permeabilized with 0.2% TX-100 in PBS (30 minutes at room temperature), washed with PBS, incubated with 300U/ml TUNEL enzyme and 6μmol/L biotinylated deoxyuridine triphosphate (Roche Diagnostics, Mannheim, Germany). The extremities of the biotin coupled DNA were revealed by using Cy-3-coupled streptavidin (1:1000 in PBS, Jackson Immunoresearch). The slides were washed with PBS, DAPI-stained, then washed with PBS and finally, mounted with Fluoromount G (SouthernBiothec). Images were acquired with Zeiss Axiovision fluorescence microscopy and NIS element AR 4.20.01 Nikon fluorescence microscopy. Caspase 3 activity assay: Cells were first harvested by scraping. Cell pellets were obtained by centrifugation at 4°C and lysed. The caspase 3 activity assay was performed according to the manufacturer's instructions (Biovision caspase-3 colorimetric assay kit). Total protein concentrations were measured with the BCA assay kit using BSA as a standard (Pierce Biotechnology, Rockford, IL, USA). Absorbance readings were done on a TECAN infinite F500.

Immunohistochemistry analysis

Immunohistochemistry was performed on 4-μm-thick sections of formalin-fixed, paraffin-embedded and heat-treated (for antigen retrieval) tissues (DakoCytomation).

Sections were stained with hematoxylin-eosin-safran and tumour endothelium was stained with an anti-CD31 antibody (1:50 Abcam, ab28364). Diaminobenzidine was used as chromogen. Images were acquired with a Zeiss Axiovert. The whole slide was scanned automatically with the Histolab 6.2.0 MICROVISION Instrument system. Necrotic and CD31 positive areas were quantified by Histolab 6.2.0 or ImageJ angiogenesis plugin. Staining of human sample was performed with the cell signaling anti-Notch3 antibody (D11B8).

Co-culture images analysis

Images of co-culture experiment were acquired with Zeiss Axiovision fluorescence microscopy. 8-12 images were acquired for each well at 5X magnification. Images were analyzed by Image J angiogenesis plugin (Gilles Carpentier, Faculté des Sciences et Technologie, Université Paris Est Creteil Val-de-Marne, France). Briefly, channels were split automatically. On the GFP channel, total tube length, branches number and total length of branches were acquired by Analysis HUVEC Fluo program. Each condition was carried out in triplicate.

Tumour section CD31 fluorescent images Analysis

Whole slides were scanned to acquired total images at 10x magnification with a Zeiss Axiovision fluoresces microscopy. CD31 expression areas were analysis by Image J.

Briefly, The image was converted into RGB stack format. CD31 staining was quantified by choosing threshold program and adjusting the threshold parameters. Once the threshold parameter was adjusted, it was always the same for each image and CD31 expression areas were measured automatically. TUNEL positive and CD31 positive cells were counted manually. For blinded quantification, images were organized in folder identified by letters by one person and quantified by another.

Western Blot

Cells were lysed in SDS buffer (2% SDS, 150mM NaCl, 50mM Tris-HCl, pH 7.4). Cell extract was next centrifuged at 2,500g for 5 minutes. Protein concentration was measured with the BCA assay kit using BSA (?) as a standard (Pierce Biotechnology, Rockford, IL, USA) according to manufacturer's instructions. The following antibodies 

Flow cytometry analysis of Sub-G1 and Annexin V staining

For the Sub-G1 experiment, cells were harvested cells by trypsinization and counted.

Cells were first washed once with PBS followed by the addition of cold 70% ethanol, vortexed, and then resuspended at 4°C for 30 minutes. Samples were stocked at -20°C. Ethanol was removed and the pellet washed with PBS. Staining solution (40μg/ml propidium iodide, 2mg/ml RNAse in PBS) was added.

For the Annexin V experiments, cells were harvested by trypsinization and counted.

Afterwards, 100μl of a 1x10 6 cells solution was incubated with 5μl Annexin V allophycocyanin conjugated (Life technologies, A35110) and 2μl Propidium Iodide (Life technologies, V13242, for 15 minutes at room temperature.

For the CD31/CD105 staining, cells were detached in PBS/EDTA (5mM) and 10 6 cells were re-suspended for 20 min on ice in 100μl PBS with anti-mouse-CD31-FITC (Ebioscience) and Anti-CD105 antibody [MJ7/18] (Phycoerythrin) (Abcam) before analysing with the flow cytometer. Data acquisition and analysis were performed on a FACSCalibur using CellQuestPro software (BD Bioscience, San Jose, USA).

Statistical analysis

For tumour growth analysis, a two-way ANOVA was realized to test for effect of time and treatment. For analysis of in vitro experiments, a normality test was realized when number of samples was sufficient (Shapiro-Wilk or KS Normality test). Similarity of variance was tested before application of any statistical test using graphpad. If samples followed a Gaussian distribution, a t-test was applied, either paired-ratio or unpaired depending on the experimental data. When samples did not pass the normality test, non-parametric test was applied (Mann-Whitney for unpaired samples and Wilcoxon signed-rank test for paired samples). * : p<0,05; ** : p<0,01; *** : p<0,001.

Quantitative RT PCR

mRNA were extracted with the NucleoSpin RNA kit (Machery-Nagel) according to manufacturer's instructions. cDNA were generated with the iScript cDNA Synthesis kit (BIO-RAD) according to the manufacturer's instructions. Real-time quantitative RT-PCR was performed using a LightCycler 480 (Roche Applied Science) and the FastStart TaqMan ® Probe Master Mix (Roche Applied Science).

Primers and taqman probes used were the following: area that was quantified on each image using the ImageJ angiogenesis plugin (mean +/-SEM, unpaired t-test).

ABSTRACT

Notch signalling is a conserved signalling pathway that has been involved in many aspects of mammary gland biology. Among the four Notch receptors, Notch3 is expressed in the vascular system and in the mammary luminal progenitors.

Paradoxical data describe the involvement of Notch3 in human breast cancer and in mouse mammary gland tumours. While an activated form of Notch3 induces mammary gland tumour in mice, Notch3 expression is lost in human breast cancers and can induce senescence. We decided to study this dual role of Notch3 in the mammary gland. Immunohistochemistry analysis showed that Notch3 is lost human breast cancers epithelial cells when compared to healthy adjacent tissue, while being maintained in the tumour vasculature. We also showed in a TMA of 120 patients that Notch3 expression at the membrane was of good prognostic value whereas nuclear Notch3 had no prognostic value. Furthermore, by combining in vitro and in silico analysis, we showed that Notch3 promoter methylation correlates with Notch3 mRNA expression in human breast cancer tissue and cell lines. In line with this, by using demethylating agent, we could restore Notch3 expression in cells that do not express Notch3. We further show that Notch3 limits growth in soft agar of basal-like breast cancer cell lines MDA-MB-231.

INTRODUCTION

Notch signalling is a highly conserved signalling pathway involved in development and in tumourigenesis [START_REF] Ntziachristos | From fly wings to targeted cancer therapies: a centennial for notch signaling[END_REF] We indeed showed that in absence of its ligands, Notch3 could induce cell death in tumour-associated endothelial cells. We therefore asked, if the paradoxical data concerning Notch3 as an oncogene or as a tumour suppressor in Breast cancers could be at least in part explained by a dependence receptor function in this context as well. We indeed confirm by immunohistochemistry that Notch3 was lost in breast cancers. More interestingly, we showd in TMAs that Notch3 membrane expression was a good prognostic marker. We further show that Notch3 is lost by methylation of its promoter and that Notch3 expression inhibits growth in soft agar, especially when the interaction with ligands is abrogated by specific mutations. We are currently investigating this putative tumour suppressor function for Notch3 in vivo.

RESULTS

As Notch3 has been suggested to be downregulated in breast cancers (Cui et al., 2013) at mRNA level, we wanted to assess expression of NOTCH3 protein by immunohistochemistry. We looked in a small cohort of 21 infiltrating adenocarcinoma for which we had paired samples with normal adjacent tissue and cancer tissue. We could observe a clear downregulation of Notch3 in the epithelial compartment whereas Notch3 was still strongly expressed in vascular system Figure 1A. This show that assessing Notch3 expression on mRNA from bulk tumours probably underestimate the loss of Notch3 in the tumour compartment since the stroma can still contribute to a strong Notch3 mRNA expression. We next looked at Notch3 expression in a TMA of Interestingly, we could show that Notch3 expression at the membrane was associated with a good prognosis whereas Notch3 expression in the nucleus had no prognostic value (Figure 1B). We further looked in the TCGA breast cancer datasets. We looked for paired samples of normal and tumor tissue and observed a normal distribution of Notch3 in these samples (Supplementary Figure1A). This is slightly in contradiction with the GSE3165 dataset in which, the expression of Notch3 mRNA is decreased in tumour samples when compared with pooled normal samples (Cui et al., 2013) and also when compared with classification of patients according to PAM50 classification (Supplementary Figure 1B). Notch3 was significantly downregulated in each subgroup when comparing to normal but there was no significant difference in between the different subgroups. However, the TCGA dataset has the advantage to contain paired samples, which is not the case in the GSE3165 dataset. We also looked in the TCGA data set for expression of Notch3 in the PAM50 classification. Notch3 was slightly more expressed in basal-like tumours (Supplementary Figure 1C). In order to understand how Notch3 is lost in Breast Cancers we first looked at methylation of the Notch3 promoter in breast cancer cell lines. We used the GSE44837 and GSE44836 datasets that combine Methylation array and expression array dataset to assess correlation between Notch3 promoter methylation and Notch3 mRNA expression. We identified CpG probes in Notch3 promoter and looked for methylation in breast cancer cell lines.

We could observe a clear correlation between Notch3 promoter methylation in most of these probes and Notch expression (Supplementary Figure 2A). We then confirmed these data in the TCGA breast cancer patients. Indeed we observed a clear correlation between Notch3 methylation and Notch3 expression (Figure 2A). Furthermore, when we looked in paired sample, we could observe an increase in Notch3 methylation in the tumour part when compared with the normal tissue for the same patients (Figure 2B). We also looked in the different clusters published by the TCGA consortium for methylation status (Cancer Genome Atlas, 2012). We observed that Notch3 was higher in the cluster 5, cluster in which methylation is low further reinforcing the correlation between methylation and Notch3 expression (Figure 2C). Furthermore, even if this data set we saw no diminution of Notch3 expression in paired samples (Supplementary Figure1A), we saw that methylation was increased in patients in which expression wasdecreased (Figure 2D). We then looked for the methylation of Notch3

promoter by sequencing of bisulfite treated DNA of two cell lines that expresses high level of Notch3 (MCF7 and T47D) and two cell lines that express low level of Notch3 (MDAMB-231 and HS578T). We could identify methylated CpG sites in MDA-MB-231 and T47D that were not methylated in MCF7 and HS578T (Figure 2E, data showed for MDA-MB-231 cells and for MCF7 cells). Furthermore, treatment with decitabine induced a demythelation of these sites (Figure 2E) together with increased expression of Notch3 (Figure 2F). As we have recently shown that Notch3 could induce apoptosis of tumour associated endothelial cells in absence of ligands (Lin et al., under revision), we reasoned that if Notch3 would have a tumour suppressor function, it would be in absence of its ligands. We therefore assessed the prognostic value of Notch3 in the TCGA dataset in the population in which ligands were low. It was interesting to note that Notch3 was of good prognosis in the population of patients that had a low expression of Jagged-2 (Figure 3A). In order to study the effect of Notch3 in relation with ligands, we mutated Notch3 on a site that would abrogate interaction with Jagged ligands and we engineered another mutant that abrogates the interaction with Deltalike ligands (Figure 3B). We mutated the valine 304, which correspond to the valine terminal end buds we saw expression of Notch3 in almost all cells, that may therefore be clonal (Figure 4A). We next looked at expression of Notch3 in MMTVNeu tumour from Notch3LacZ/+. We observed that Notch3 was not expressed anymore. This is interesting to not that Notch3 has been described to be expressed in hyperplasia in the same mouse model (Pradeep et al., 2012). However, in this study, expression of Notch3 was not assessed in the tumours. We are currently, the putative tumour suppressive function of Notch3 by looking at tumour-free survival in MMTV-Neu mice expressing or not Notch3 (MMTVneu/Notch3+/+ versus MMTVNeu/ Notch3LacZ/LacZ) (Figure 4B).

DISCUSSION

Notch3 has first been thought to behave as an oncogene in mammary gland tumour.

Indeed, expression of the N3ICD transcriptionally active fragment under the control of the MMTV promoter, as does expression of the N1ICD fragment, induces mammary gland tumours in mice (Hu et al., 2006). However, expression of N3ICD under the control of the Notch3 promoter has not any effect on tumour formation, but instead limit luminal progenitor expansion (Lafkas et al., 2013). Interestingly, we observed in a TMA that Notch3 expression at the membrane was associated with a good prognosis whereas Notch3 expression in the nucleus has no impact (Figure 1). This shows that the transgenic model expressing N3ICD cannot account for some of the effect of Notch3 in mammary gland tumour. Furthermore, we observed that Notch3 expression was of good prognosis in patients that express a low level of Jagged-2 ligand. This would point out to a signalisation of Notch3 in absence of ligands that would limit tumour progression. We recently described a pro-apoptotic function of Notch3 in tumour-associated endothelial cells (Lin et al., under revision). In this study, we showed that Notch3 could induce cell death in endothelial cells under aberrant expression.

Jagged-1 expressed by tumour cells was shown to inhibit cell death induced by Notch3.

This shows that Notch3 behaves as a dependence receptor in the context of aberrant expression of Notch3 in endothelial cells. However, we observed no significant induction of cell death upon expression of Notch3 in MDA-MB-231 cells. MDA-MB-231 cells express no Jagged-2 but express Jagged-1. We have not seen any benefit for Notch3 prognosis value in Jagged-1 low patients as we did for Jagged-1. Still, we could explain, this absence of cell death induction by the presence of Jagged-1 in this cell line. We therefore produced mutants of Notch3 receptor that cannot bind either Jagged ligands, either Delta-like ligands.

These mutations have no effect on the absence of cell death induced by Notch3.

However, these mutations increase the inhibition of Notch3 of soft agar colony formation (Figure 3). This observation point toward a possible tumour suppressive function of Notch3 in absence of ligands. We are currently investigating how Notch3 could limit growth in soft agar, by performing anoïkis experiments. Regarding the molecular mechanism we also saw no major differences between mutants for Jagged 

MATERIAL AND METHODS

Cell culture

The 

TCGA data analysis

TCGA datasets were analysed using R software and TCGA2STAT packages.

RNAseqV2 data were used and RPKM value was imported. The Tumor/Normal match function was used to study matched normal and tumour samples.

Soft agar assay

A single-cell suspension of 30.000 MDA-MB-231-pitr1-Kremen1 cells selected for high expression of GFP by flow cytometry in 1,5 ml 0.45% agarose (Sea Plaqur Agarose Lonza, 50100, lot 0000287875) was seeded into 6-well plates containing a 0.9% agarose base. Treatments were added in the cell suspection and at every medium change. Medium was thereafter changed every 3-4 days. After incubation for 8 weeks, the media was removed and after a PBS was, the colonies were fixed in 4%PFA and 0,005% crystal blue for an hour. The sample were washed 3 times in PBS for 10 minutes each and visualized by microscopy. Images were acquired with Zeiss Axio microscopy and colonies were counted.

Bisulfite assay

DNA extraction from cells was done with the DNA kit (Machery-Nagel) according to manufacturer's instruction. The bisulfite reaction was done with the EpiTect Bisulfite kit (Qiagen) according to manufacturer's instruction. A PCR was done in a hightlyenriched region of Notch3 promoter and its sequencing was analysed. 

  TrkC behave as dependence receptors whereas TrkB does not[START_REF] Nikoletopoulou | Neurotrophin receptors TrkA and TrkC cause neuronal death whereas TrkB does not[END_REF][START_REF] Tauszig-Delamasure | The TrkC receptor induces apoptosis when the dependence receptor notion meets the neurotrophin paradigm[END_REF]. Interestingly, Notch3 has been shown to arose from the second duplication of Notch1[START_REF] Theodosiou | Evolutionary scenarios of Notch proteins[END_REF]. As hypothesized for other dependence receptors, the dependence receptor function of Notch3 is thus probably a late acquisition during evolution. In line with this, the caspase cleavage site, present only in Notch3, has likely appeared during Notch3 differentiation after duplication from Notch1. Notch4 has been proposed to derive from Notch3[START_REF] Kortschak | Evolutionary analysis of vertebrate Notch genes[END_REF], however, this has been questioned more recently[START_REF] Theodosiou | Evolutionary scenarios of Notch proteins[END_REF] and due to its rapid evolution, it is not clear from which Notch gene it actually derives.This new function appears in a context in which Notch3 is aberrantly expressed in the pathological tumour vascularisation where Notch3 limits tumour angiogenesis through an unexpected pro-apoptotic activity. Of note, tumour associated endothelial cells have been described to have an aberrant expression of DR5 which render them more susceptible to apoptosis induced by TRAIL[START_REF] Wilson | Proapoptotic activation of death receptor 5 on tumor endothelial cells disrupts the vasculature and reduces tumor growth. Cancer cell 22, 80-90[END_REF]. It would be of interest to study whether this function is conserved in other pathological situations where Notch3 is aberrantly expressed in non-endothelial cells, for example in cancer cells in which Notch3 and its ligands have been shown to be expressed.

  allowing targeting of both the canonical Notch signalling in epithelial cells and Notch3induced apoptosis in endothelial cells. EXPERIMENTAL PROCEDURES Mice experiments Notch3 mutant mice have been characterized previously (Arboleda-Velasquez et al., 2008). Mice were constantly bred into C57Bl/6 mice and experiments have been conducted in agreement with the local ethic comity (CECCAPP, Comité d'Evaluation Commun au PBES, à AniCan, au laboratoire P4, à l'animalerie de transit de l'ENS, à l'animalerie de l'IGFL, au PRECI, à l'animalerie du Cours Albert Thomas, au CARRTEL INRA Thonon-les-Bains et à l'animalerie de transit de l'IBCP). LLC1 cells were purchased from ATCC and were tested for mycoplasmas and murine viruses (Murine essential panel, Charles River) before being implanted in mice. For subcutaneous engraftment, 5x10 5 LLC1 cells were implanted into the left flank of wild-type C57Bl/6 mice or Notch3 LacZ/LacZ C57Bl/6 littermate. Standard variation was established in control experiment before establishing groups of 4-12 animals with homogenous tumour size were selected to obtain equal variance between genotype. No randomization method was applied. Tumour size was measured every day from day 10 when the tumours are palpable until day 14 or 21 by two different persons for each measure without knowing the genotype of animals. Animal showing prostation or obvious sign of suffering were exluded. Sub-cutaneous engraftment with E0771 cells was performed as described previously. The measurements of tumours were begun from day 14 to day 25. When the measures were too different, the point could be excluded. Measurement of the tumours was carried out without knowing the genotype of the animals. Mice were sacrificed before the end of the experiment if necessary according to animal care guidelines. For DAPT treatment, DAPT was diluted in Corn

Fixation

  and staining were performed simultaneously. Paraffin embedded tissue samples were deparaffinized and heat-induced antigen retrieval was performed. Cells or tissue samples fixed with 4% PFA were permeabilized with PBS-0.2% Triton X-100 (TX-100) for 30 minutes at room temperature. Samples were then washed 3 times with PBS for 5 minutes. Samples were blocked in PBS with 4% bovine serum albumin (BSA), 2% normal donkey serum and 0.2% TX-100 for one hour. Samples were then washed 3 times with PBS for 5 minutes. Primary antibodies were diluted in the blocking solution: 1:500 dilution for anti-cleaved caspase 3 (Cell signaling Asp175 5A1E Rabbit mAb), 1:100 dilution for anti-CD31 (Abcam, anti-CD31 ab28364), 1:100 dilution for anti-collagen IV (Abcam anti-collagen IV ab19808). Alexa-conjugated secondary antibodies (Alexa555-donkey anti rabbit, Alexa488-donkey anti rabbit) were used at 1:1000 dilution. DAPI (0.5μg/ml) was added at the end to stain nuclei. Images were acquired with Zeiss Axio fluorescence microscopy, NIS element AR 4.20.01 Nikon fluorescence microscopy and confocal microscopy.

  were used: anti-Notch3 (1:1000 dilution, Cell Signaling #2889), anti-Jagged1 (1:1000 dilution, Santa Cruz C-20 sc-6011), anti-cleaved caspase 3 (1:1000 dilution, Cell signaling Asp175 5A1E Rabbit mAb), anti-CBF-1 (1:1000 dilution, Cell signaling #5313P), anti-GFP (1:2000 dilution, Molecular probes A11122), anti-Myc (1:2000 dilution, sigma, M5546) and anti-HA (1:5000 dilution, Sigma H4908).
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  361 of Drosophila Notch that has been shown to discriminate between Delta and Serrate binding(Yamamoto et al., 2012). This mutant is supposed not to interact with Jagged ligands. We also mutated threonine 446 (Homolog of threonine 466 in Notch1), which prevents the 0-Fucosylation and therefore impairs Delta-mediated activation (Ge and Stanley, 2008). We next engineered a stable cell line expressing inducible version of the different mutants of Notch3 in MDA-MB-231 cells. We saw no clear effect in induction of cell death by expression of the different Notch3. Interestingly, however, we saw an inhibition of soft-agar colony formation, which was higher for both mutants, showing that either Delta-like or Jagged mutant could be involved in the inhibitory effect of Notch3 (Figure3C). We next sought to confirm the tumour suppressor function of Notch3 in vivo. In order to reveal the dependence receptor function of Notch3 we looked for a model in which Notch ligand Jagged-2 was weakly expressed. We looked for transcriptomic comparison in mouse models of mammary gland. As the MMTV-Neu was among the model expressing the less Jagged-2 (Pfefferle et al., 2013), we decided to look for the effect of knocking-down Notch3 in this model. We used the LacZ knockin model for Notch3 loss of function that has previously been described (Arboleda-Velasquez et al., 2008) and MMTV-Neu mice in a Balb/C genetic background (Boggio et al.,1998). We first observed that Notch3 was indeed expressed in a sub-population of luminal mammary gland cells in (Figure 4) confirming previously published lineage tracing experiments (Lafkas et al., 2013). We could observe the expression of Notch3 in more cells than what has been published in the previous mentioned study as in some

  ligands and mutants for Delta-like ligands. It is therefore possible that all Notch ligands can inhibit the dependence receptor function of Notch3. Although we focused on Jagged-1 in our previous study (Lin et al., under revision), it is highly possible that all Notch ligands are involved in inhibiting Notch3 induced cell death. An aspect we still need to assess, is the effect of cis-ligand in such signalisation. In order to study the in vivo relevance of Notch3 dependence receptor function, we decided to use the MMTV-HER2 (Neu) mouse model, previously characterised (Boggio et al., 1998). Crosstalk between Notch signalling and Her2 signalling is controversial in published data. Notch3 has been suggested to be necessary for HER2induced growth of MCF10A non-transformed cells in soft agar (Pradeep et al., 2012). However, Her2 signalling has been shown to inhibit Notch signalling (Osipo et al., 2008), pointing toward clinical interest to inhibit both Notch and Her2 signalling (Pandya et al., 2011). In contrast to a role of Notch in MCF10A transformation, Notch3 has also been shown in vitro to be more relevant in HER2 negative cells (Yamaguchi et al., 2008). Pradeep and collegues observed that Notch3 was expressed in Hyperplasia in MMTV-Neu mice. Surprisingly, we observed that Notch3 was not expressed in MMTV-Neu tumour in mice (Figure4). This is in agreement with our observation that Notch3 is lost in human breast cancer (in HER2 positive as in other group of breast cancers). This raises the question whether Notch3 is lost in the transition between hyperplasia and breast cancers. In order to answer this question, we crossed MMTVNeu mice with Notch3 LacZ knock-in mice previously described[START_REF] Arboleda-Velasquez | Linking Notch signaling to ischemic stroke[END_REF]. To our knowledge, there is no published data on mammary gland tumours in mice knock-out for Notch receptors or ligands. We have also recently shown that Notch3 plays an important role in controlling tumour angiogenesis (Lin et al., under revision). It would be interesting in the MMTVNeu model to assess the relative contribution of Notch3 expressed in the stroma and Notch3 loss in the epithelial compartment. Indeed, in this model, we suppress Notch3 expression both in the vascularisation and in the tumour cells.

  human MDA-MB-231 cell line is derived from pleural effusion metastatic site of a breast cancer. MDA-MB-231 cell line were stably transfected using the Tet-pITRpuro GFP plasmid empty as a control or containing the full length of Notch3-WT and mutated Notch3-T446V or Notch3-V304M which encode for Notch3-HA-tag fused proteins. This plasmid allows the establishment of stable cell lines through the sleeping beauty transposase mediated insertion of the cassette containing the tetresponsive promoter, the puromycin resistance gene, the GFP under the control of a constitutive promoter (PGK) and the tet repressor sequence. Cell lines were maintained in Dulbecco's modified Eagle's media (DMEM media) complemented with 10% heat inactivated fetal bovine serum (FBS), 1% penicillin/streptomycin (P/S) and 4% gentamycin. Cells are cultured at 37°C and 5% CO2. Notch3 and mutated Notch3 expression were induced 24 hours after the plating by Doxycycline (Dox) at 0.1, 0.5, 1, 2 and 5 g/mL concentration. A total of 200 000 cells and 5 000 cells were respectively plated in 6wells plate and 96-wells plate. MDA-MB-231 cell pellets were harvested by centrifugation at 4°C.
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 412 Figure 4. Notch3 is expressed in luminal cells of the mammary gland and lost in MMTV-Neu driven tumours.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  . Although Notch signalling has first been associated with oncogenic properties it is now well established that Notch receptors can act as tumour suppressors in different contexts (Klinakis et al., 2011). Another complexity of Notch signalling consists in the existence of four paralogs in mammals, Notch1 to 4, which may have different effects on tumourigenesis. For example in mice model of pancreatic cancers, Notch1 behaves as a tumour suppressor (Hanlon et al., 2010) whereas Notch2 is required for progression (Mazur et al., 2010). In the mammary gland, Notch3 has recently been shown to be expressed in the luminal progenitors of the mammary gland (Lafkas et al., 2013). With regards to mammary tumours, the identification of the Mouse Mammary Tumour Integration site has revealed an oncogenic role of Notch signalling in mouse mammary tumours that has been confirmed in human breast cancers (Stylianou et al., 2006). Nevertheless, Notch canonical signalling may not be necessary for Notch induced mammary tumours in mice (Raafat et al., 2009). Thus Notch signalling role in mammary gland tumorigenesis is still unclear. In particular, regarding Notch3, it has been described to be oncogenic (by overexpressing N3ICD under the control of the MMTV promoter) (Hu et al., 2006).

	But this view has been more recentlychallenged by describing that Notch3 is able to
	induce senescence and that Notch3 mRNA is decreased in some breast cancer
	datasets (Cui et al., 2013). Notch3 has also been shown to be a good prognostic
	marker in breast cancers (Xu et al., 2015). However, Notch3 has also been shown to
	collaborate with ErbB2 both in vitro and in vivo (Pradeep et al., 2012; Yamaguchi et al.,
	2008). More recently, Notch3 has also been shown to be involved in maintenance of
	CD133 stem cells and resistance to endocrine therapy (Sansone et al., 2016). We
	recently showed that Notch3 could in some contexts, behave as a dependence
	receptor (Lin et al., under revision).
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