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Central Message

P2Y11-like receptor stimulation by its specific agonist NF546 protects against hypoxia/reoxygenation injuries, improves allograft survival and decreases rejection lesions.

3

Perspective statement

As current immunosuppressive regimens are still associated with multiple complications, including cancer, opportunistic infections, diabetes mellitus, kidney failure and hypertension, short-term P2Y11-like receptot targeting at the time of transplantation may prove to be valuable in the clinical setting by promoting cardiac transplant tolerance and preventing rejection lesions.

Central Picture Legend : Therapeutic potential of P2Y11 receptor in heart transplantation During cardiac transplantation, myocardial ischemia reperfusion is a major cause of cell injury and is responsible for increased graft rejection.

The P2Y11-like receptor (P2Y11R) is a G-protein coupled receptor of the P2Y receptor family. Our data suggest a beneficial role of P2Y11-like receptor stimulation in cardiac allograft conditioning through three main mechanisms: protection against oxidative stress, modulation of the inflammatory response and reduction of apoptosis.

ABSTRACT Objective

Myocardial ischemia reperfusion is a major cause of cell injury during cardiac transplantation and is responsible for increased graft rejection. Several in vitro studies demonstrated the protective effect of P2Y11-like purinoreceptor stimulation in the context of myocardial ischemia reperfusion. In this study, we hypothesized a possible cardioprotective role of P2Y11R stimulation against ischemia/reperfusion lesions and validated its clinical effect in vivo in a heart transplantation model.

Methods

We subjected H9c2 rat cardiomyocytes cell line to 5h hypoxia/1h reoxygenation. P2Y11R

selective agonist NF546 and/or antagonist NF340 were added at the onset of reoxygenation.

Cell injuries were assessed by MTT reduction and intracellular ATP level.

Clinical effect of P2Y11R stimulation was further investigated in vivo. Hearts from BALB/c mice were transplanted intraabdominally into allogenic C57BL/6 mice (n=104). Recipient mice were injected with P2Y11R agonist. Mice in the sham group were injected with saline solution. In the control group, hearts from C57BL/6 were transplanted into syngeneic C57BL/6 mice.

Rejection lesions were investigated using histology and immunohistochemistry at days 3, 5 and 7 after transplantation. We measured caspase activities to quantify apoptosis. Production of proinflammatory and anti-inflammatory cytokines was investigated.

Results

Introduction

Heart transplantation is often the ultimate therapy for young patients with end-stage refractory heart failure. Its long-term outcomes, including chronic graft rejection, can be dramatically impaired by procedure related myocardial Ischemia/Reperfusion (I/R) injuries [START_REF] Reimer | The wavefront phenomenon of ischemic cell death: myocardial infarct size vs duration of coronary occlusion in dogs[END_REF]. Ischemia related cellular stress is known to lead to irreversible tissue injuries [START_REF] Yellon | Myocardial Reperfusion Injury[END_REF]. While shortening ischemia duration is mandatory to preserve organ function (3), sudden and massive reintroduction of oxygen and nutrients at the time of reperfusion further increases cell injuries

and cardiomyocytes death through several mechanisms involving excessive oxidative stress [START_REF] Burnstock | Introduction to Purinergic Signalling in the Brain[END_REF]. Cytoplasmic membrane rupture consecutive to I/R injuries leads to damage-associated molecular patterns (DAMPs) release within the extra cellular space that will activate immune cells and initiate an inflammatory response to I/R. Among DAMPs, extracellular purines (ATP, ADP, adenosine) and their purinergic receptors are important cardiovascular regulators [START_REF] Erlinge | P2 receptors in cardiovascular regulation and disease[END_REF]. They may influence I/R injuries by several different mechanisms including neutrophil migration [START_REF] Alkayed | P2Y11 Purinoceptor Mediates the ATP-Enhanced Chemotactic Response of Rat Neutrophils[END_REF], inflammasome activation [START_REF] Parzych | Differential role of pannexin-1/ATP/P2X7 axis in IL-1β release by human monocytes[END_REF][START_REF] Karmakar | Neutrophil P2X7 receptors mediate NLRP3 inflammasome-dependent IL-1β secretion in response to ATP[END_REF] and dendritic cells maturation [START_REF] Wilkin | The P2Y11 receptor mediates the ATP-induced maturation of human monocyte-derived dendritic cells[END_REF][START_REF] Chadet | Hypoxia/Reoxygenation Inhibits P2Y11 Receptor Expression and Its Immunosuppressive Activity in Human Dendritic Cells[END_REF]. So far, ADP receptor P2Y12 antagonists, that predominantly inhibit platelet aggregation, are the only used in clinic. In patients with acute coronary syndrome without ST-segment elevation, treatment with clopidogrel thus reduces the risk of myocardial infarction and recurrent ischemia [START_REF] Yusuf | Effects of clopidogrel in addition to aspirin in patients with acute coronary syndromes without ST-segment elevation[END_REF]. However, several other P2 receptors may be possible drug targets.

The P2Y11 receptor (P2Y11R) is a G-protein coupled receptor of the P2Y receptor family.

Binding of its ligand adenosine triphosphate (ATP) activates both adenylyl cyclase and phospholipase C via Gs and Gq coupling, a unique feature for a member of the P2Y receptor family [START_REF] Communi | Cloning of a human purinergic P2Y receptor coupled to phospholipase C and adenylylcyclase[END_REF][START_REF] Communi | Pharmacological characterization of the human P2Y11 receptor[END_REF]. P2Y11R is present in the myocardium and endothelium. [START_REF] Forrester | Release of adenosine triphosphate from isolated adult heart cells in response to hypoxia[END_REF][START_REF] Williams | Possible source of adenosine triphosphate released from rat myocytes in response to hypoxia and acidosis[END_REF] While several in vitro studies have suggested a potential cardioprotective effect of P2Y11R stimulation, in the context of myocardial infarction [START_REF] Djerada | Intracellular NAADP increase induced by extracellular NAADP via the P2Y11-like receptor[END_REF], little is known in the setting of heart transplantation.

In this study, we hypothesized that P2Y11R stimulation may decrease ischemia/reperfusion lesions associated to heart transplantation. We demonstrated in vitro its beneficial effect on cell death in the rat cardiomyoblasts cell line H9c2 and further validated its clinical effect in vivo on rejection lesions using a murine heterotopic heart transplantation 

In vivo experiment

Animals

BALB/c and C57BL/6 mice (n=208; 6 weeks-old females) were purchased from Janvier LABS (France). All animal experiments were performed according to the 2010/63/UE directive on the protection of animals used for scientific purposes and accepted by the French Ministry of Agriculture. Sample size was calculated based on power analysis, using an alpha risk of 5% and a power of 80%.

Mouse heterotopic heart transplantation

Hearts from BALB/c mice were transplanted intraabdominally into allogenic C57BL/6 mice as previously described by Niimi [START_REF] Niimi | The technique of heterotopic cardiac transplantation in mice: experience of 3000 operations by one surgeon[END_REF]. Mice were anesthetized with a combination of ketamine (100mg/kg) and xylazine (10mg/kg) injected intra-peritonealy. Briefly, donor ascending aorta and pulmonary trunk from the heart graft were anastomosed end-to-side to the recipient abdominal aorta and inferior vena cava, respectively, using 11-0 sutures. NF546 10 µM or vehicle (DPBS) was retro-orbitally injected in transplanted mice before starting the anastomoses. Graft survival, a surrogate marker of rejection, was evaluated by subcutaneous heartbeat palpation and left ventricular contractility assessed by echocardiography. Syngeneic transplantation (C57BL/6 mice) was used as control.

Cardiac histology and Immunohistochemistry

Rejection lesions were investigated using histology and immunohistochemistry analysis (CD3, CD11c, CD45) in 36 allografts at days 3, 5 and 7 after transplantation.

Cardiac grafts were fixed in 10% paraformaldehyde, embedded in paraffin, cut into 5 µm sections, and stained with hematoxylin and eosin. For each slide, the mean number of inflammatory cells in five infiltrate foci (high-powered field) was measured using a x40 objective.

Rejection lesions were also classified by two blinded experimented cardiac pathologists according to International Society of Heart Lung Transplantation guidelines (ISHLT) [START_REF] Berry | The 2013 ISHLT working formulation for the standardization of nomenclature in the pathologic diagnosis of antibody-mediated rejection in heart transplantation[END_REF].

For immunohistochemistry, harvested grafts were immediately frozen in optimal cutting temperature compound. Cryostat sections were fixed with acetone and stained with the following primary antibodies: anti-CD3 (ABCAM), anti-CD11c (Anti-Mouse CD11c HL3 RUO, BD Biosciences)), and anti-CD45 (CD45 Antibody 30-F11, BIOTECHNE).

Western blot

H9c2 cells and cardiac grafts were lysed with RIPA lysis buffer containing 1% Triton X-100 and proteases inhibitors cocktail (Sigma-Aldrich) for 1h at 4°C. Samples (20 µg proteins)

were loaded to Bolt™ 4-12% Bis-Tris Plus gels (Invitrogen) and transferred to Amersham™ Hybond™ PVDF membranes (GE Healthcare Life Sciences). The primary antibodies (see [START_REF] Djerada | Intracellular NAADP increase induced by extracellular NAADP via the P2Y11-like receptor[END_REF][START_REF] Dreisig | A critical look at the function of the P2Y11 receptor[END_REF][START_REF] Balogh | Phospholipase C and cAMP-dependent positive inotropic effects of ATP in mouse cardiomyocytes via P2Y11-like receptors[END_REF]. We immunodetected a slightly below 30 kDa band in H9c2 protein lysates using anti-P2Y11 antibody, further supporting the existence of a P2Y11R-like protein in this rodent-derived cell line (n=3) (Fig1B). Treatment of H9c2 cells with P2Y11 selective agonist, NF546 (10µM), at the time of reoxygenation significantly increased cell viability (+17.3% [IQR 12.1%-23.2%]; p<0.01; n=7) while co-treatment with P2Y11 antagonist, NF340 (10µM), abolished this effect (Fig1C).

P2Y11-like receptor stimulation increases allograft survival time in a murine model of heterotopic heart transplantation.

A total of 208 mice were used in the present study, allowing 104 transplantations.

Hearts from 32 BALB/c mice were transplanted intraabdominally into C57BL/6 recipients.

Survival of allograft in P2Y11R agonist-treated recipients (treated group: 9.6±1.9 days, n=16)

were significantly prolonged compared with that of vehicle-treated recipients (sham group: 8.2±1.4 days, n=16; p=0.04). This represents a 17% increase in survival time.

Syngeneic grafts (control group) from C57BL/6 mice (n=8) showed no sign of rejection when recipients were sacrificed at 6 weeks after transplantation. (Fig2)

P2Y11-like receptor stimulation decreases rejection lesions

Conventional histology allowed identification of acute graft rejection in 36 allografts (Fig3). did not result in significant inflammatory cells infiltration.

As depicted in

P2Y11-like receptor stimulation decreases cardiac apoptosis

At day 5, caspase-3 activity was significantly increased in allogeneic grafts, compared to syngeneic grafts and isolated retro-orbital injection of vehicle, cleaved caspase-3/HSC70 ratio averaging 0.3 [IQR 0.2-0.5] vs 0 and 0, respectively (p<0.05 vs syngeneic grafting; p<0.05 vs isolated retro-orbital injection of vehicle). In allografts of P2Y11R agonist-treated recipients, this increased activity was significantly attenuated (p<0.05 vs non-treated recipient allografts) (Fig5A).

Similarly, caspase-9 activity was increased at day 5 in allogeneic grafts, compared to respectively (p<0.05 vs syngeneic grafting; p<0.05 vs isolated retro-orbital injection of vehicle). In allografts of P2Y11R agonist-treated recipients, this increased ratio was significantly attenuated (p<0.05 vs vehicle-treated allografts) (Fig6C).

P2Y11-like receptor stimulation decreases inflammation following heart transplantation

At day 5, the group treated with P2Y11R agonist (n=6) demonstrated significantly lower proinflammatory cytokines IFNγ and IL-12 serum levels, and significantly higher antiinflammatory cytokine IL-10 level, compared to the vehicle-treated group (n=6) (p<0.05).

IL-4, IL-5, IL-6, IL-13, IL-17A, IL-17F, IL-22, IL-33 and TNFα protein levels were not different among the experimental groups. (Table2, supplemental material) Discussion

In the present study, we demonstrated that P2Y11-like receptor stimulation decreased ischemia/reperfusion lesions associated to heart transplantation. We investigated in vitro its beneficial effect on cell survival in the rat cardiomyoblasts cell line H9c2 and further validated its clinical effect in vivo on rejection lesions using a murine heterotopic heart transplantation model.

P2Y11-like receptor stimulation protects against oxidative stress

The cardioprotective role of P2Y11R against myocardial I/R injuries had already been suggested in several in vitro studies. Balogh et al reported a positive inotropic effect in murine cardiomyocytes [START_REF] Balogh | Phospholipase C and cAMP-dependent positive inotropic effects of ATP in mouse cardiomyocytes via P2Y11-like receptors[END_REF], while Amisten et al demonstrated that a P2Y11R polymorphism (Ala-87-Thr) was associated with an increase in both serum inflammation and risk of myocardial infarction [START_REF] Amisten | Increased risk of acute myocardial infarction and elevated levels of C-reactive protein in carriers of the Thr-87 variant of the ATP receptor P2Y11[END_REF]. More recently, Djerada et al also reported effective cardioprotection with P2Y11R pharmacological preconditioning in rodent Langendorff hearts [START_REF] Djerada | Intracellular NAADP increase induced by extracellular NAADP via the P2Y11-like receptor[END_REF]. We first confirmed these ex vivo data by studying H/R injuries in H9c2 cardiomyocytes and showed that H/R defined as oxygen-nutrients deprivation/resupply decreased H9c2 viability compared to control cells. Activation of cell death programs induces the release of DAMPs, among which eATP (released during I/R by suffering cardiomyocytes [START_REF] Forrester | Release of adenosine triphosphate from isolated adult heart cells in response to hypoxia[END_REF][START_REF] Williams | Possible source of adenosine triphosphate released from rat myocytes in response to hypoxia and acidosis[END_REF] and endothelial cells [START_REF] Bodin | Synergistic effect of acute hypoxia on flow-induced release of ATP from cultured endothelial cells[END_REF]) is an important regulator of immune system activation through purinergic receptors (P2R) stimulation [START_REF] Rubartelli | Inside, outside, upside down: damage-associated molecularpattern molecules (DAMPs) and redox[END_REF][START_REF] Riteau | Extracellular ATP is a danger signal activating P2X7 receptor in lung inflammation and fibrosis[END_REF][START_REF] Iyer | Necrotic cells trigger a sterile inflammatory response through the Nlrp3 inflammasome[END_REF]. Using NF546, a specific non-nucleotide agonist of P2Y11(26), we showed for the first time that stimulation of P2Y11-like receptor at the onset of reoxygenation protected rat cardiomyoblasts H9c2 against H/R injuries. Our data are in keeping with those in a rat Langendorff model showing that NAADP pharmacological preconditioning was cardioprotective through P2Y11R activation [START_REF] Djerada | Intracellular NAADP increase induced by extracellular NAADP via the P2Y11-like receptor[END_REF]. In addition, an increased risk of myocardial infarction together with increased levels of inflammatory markers was observed in patients carrying P2Y11R polymorphism Ala-87-Thr. The proposed mechanism was a change in the three-dimensional structure of the receptor interfering with ligand binding and signalling [START_REF] Amisten | Increased risk of acute myocardial infarction and elevated levels of C-reactive protein in carriers of the Thr-87 variant of the ATP receptor P2Y11[END_REF].

As for the mechanisms involved in the cardioprotection mediated by P2Y11R against oxidative stress, preliminary data from our group suggested that its stimulation has a direct effect on ROS production and cell resistance to inflammation and apoptosis [START_REF] Lefort | Stimulation of P2Y11 receptor modulates cardiac fibroblasts secretome toward immunomodulatory and protective roles after Hypoxia/reperfusion injury[END_REF]. For example, PKCe is known to be activated by phospholipase C/diacyl glycerol pathway subsequent to Gq protein-coupled receptors stimulation (e.g. P2Y11R), leading to its translocation to mitochondria [START_REF] Balogh | Phospholipase C and cAMP-dependent positive inotropic effects of ATP in mouse cardiomyocytes via P2Y11-like receptors[END_REF]. This may be considered as a valuable target in cardioprotection due to its ability to interact with mitochondrial ATP-sensitive K + channels subsequently modifying mitochondrial permeability transition [START_REF] Baines | Protein kinase Cepsilon interacts with and inhibits the permeability transition pore in cardiac mitochondria[END_REF].

P2Y11-like receptor stimulation increases allograft survival and decreases rejection lesions following heart transplantation

Late graft failure is the leading cause of late morbidity and mortality in heart-transplant recipients. The International Society of Heart and Lung Transplantation registry in 2017 stated that 5 years after cardiac transplantation, late graft failure accounted for 24% of deaths [START_REF] Lund | for the International Society for Heart and Lung Transplantation. Registry of the International Society for Heart and Lung Transplantation: Thirty-fourth Adult Heart Transplantation Report-2017; Focus Theme: Allograft ischemic time[END_REF]. To our knowledge, the present study is the first to describe a cardioprotective effect of P2Y11R stimulation in vivo, in a model of heart transplantation. Among animal transplantation models used to study I/R injuries, the mouse is preferred because of the high degree of similarity between the mouse H-2 major histocompatibility complex and the human leukocyte antigen system (HLA), which provides clinically relevant mechanistic insights [START_REF] Erickson | Mouse models of human genetic disease: which mouse is more like a man?[END_REF].

Using the specific non-nucleotide agonist NF546, we showed for the first time that conditioning with P2Y11R stimulation at the time of heart transplantation significantly increased allograft survival. Our histologic studies revealed that, 5 days after transplantation, P2Y11R-agonist treated mice demonstrated less rejection lesions, e.g. less foci of mononuclear cells (lymphocytes/macrophages) and less myocytes damages, resulting in lower ISHLT standardized cardiac biopsy grade.

Regarding the mechanisms involved in P2Y11R-mediated cardioprotection against rejection lesions, several reports demonstrated the role of eATP as an important regulator of immune system activation through P2Rs stimulation [START_REF] Rubartelli | Inside, outside, upside down: damage-associated molecularpattern molecules (DAMPs) and redox[END_REF][START_REF] Riteau | Extracellular ATP is a danger signal activating P2X7 receptor in lung inflammation and fibrosis[END_REF][START_REF] Iyer | Necrotic cells trigger a sterile inflammatory response through the Nlrp3 inflammasome[END_REF]. It was shown that activating P2Rs by eATP upregulates maturation markers in dendritic cells and triggers a shift in cytokine production upon either LPS or CD40L stimulation [START_REF] Sala | Extracellular ATP induces a distorted maturation of dendritic cells and inhibits their capacity to initiate Th1 responses[END_REF]. Indeed, we and others previously reported that eATP modulated dendritic cells response through a P2Y11R-dependent maturation towards a tolerogenic phenotype in decreasing pro-inflammatory cytokine release [START_REF] Wilkin | The P2Y11 receptor mediates the ATP-induced maturation of human monocyte-derived dendritic cells[END_REF][START_REF] Chadet | Hypoxia/Reoxygenation Inhibits P2Y11 Receptor Expression and Its Immunosuppressive Activity in Human Dendritic Cells[END_REF]. Consistent with previous published data from our laboratory, we found that P2Y11R stimulation drove a decrease of IL-12 and IFNγ production, while increasing the production of IL-10 (10).

In addition to the modulation of the inflammatory response, our data suggest a novel cardioprotective role of P2Y11R through a reduction of apoptosis. We showed that conditioning with P2Y11R specific agonist NF546 decreased the production of IL-33 while, at day 5 post-transplant, caspase-3 activity and Bax/Bcl-2 ratio were attenuated compared to control. These data are consistent with several reports suggesting that multiple P2 receptors on macrophages may be involved in the modulation of apoptosis as dying cells are known to release nucleotides and other DAMPs [START_REF] Erlinge | P2 receptors in cardiovascular regulation and disease[END_REF][START_REF] Elliott | Membrane phosphatidylserine distribution as a non-apoptotic signalling mechanism in lymphocytes[END_REF][START_REF] Koizumi | UDP acting at P2Y6 receptors is a mediator of microglial phagocytosis[END_REF][START_REF] Sakaki | Autocrine Regulation of Macrophage Activation via Exocytosis of ATP and Activation of P2Y11 Receptor[END_REF]. Elliott et al reported that P2X7 receptor stimulation resulted in "flipping" of membrane phosphatidylserine from the inner to the outer leaflet, so that it was exposed at the cell surface of lymphocytes. This modified lipid distribution altered the activity of at least three distinct membrane proteins and resulted in apoptosis downregulation [START_REF] Elliott | Membrane phosphatidylserine distribution as a non-apoptotic signalling mechanism in lymphocytes[END_REF]. More recently, P2Y6 activation by UDP was implicated in phagocytosis of apoptotic bodies in microglial cells [START_REF] Koizumi | UDP acting at P2Y6 receptors is a mediator of microglial phagocytosis[END_REF]. Even if P2Y11 receptor is expressed in macrophages [START_REF] Sakaki | Autocrine Regulation of Macrophage Activation via Exocytosis of ATP and Activation of P2Y11 Receptor[END_REF], its precise function in modulating apoptosis remains to determine.

Recent evidence suggests that extracellular nicotinic acid adenine dinucleotide phosphate (NAADP) signaling at the P2Y11-like receptor affords significant cardioprotection against ischemia/reperfusion injury and induces prosurvival protein kinases activation [START_REF] Djerada | Intracellular NAADP increase induced by extracellular NAADP via the P2Y11-like receptor[END_REF].

Study limitations

A recent review provided criticism of publications focusing on P2Y11R expression and function. Indeed, the lack of a P2Y11 gene orthologue in the murine genome prevents the generation of knockout mice, which have been so helpful for defining the roles of other P2Y receptors. According to recommended methods (20), we assessed P2Y11 receptor expression by western blot, and function using specific agonist and antagonist. We found in our in vitro work that the use of P2Y11R agonist NF546 provides H9c2 cell protection, similar to that observed in human cardiomyocytes [START_REF] Lefort | Stimulation of P2Y11 receptor modulates cardiac fibroblasts secretome toward immunomodulatory and protective roles after Hypoxia/reperfusion injury[END_REF], which was abolished by the specific antagonist NF340. These results, consistent with those found by others [START_REF] Djerada | Intracellular NAADP increase induced by extracellular NAADP via the P2Y11-like receptor[END_REF][START_REF] Balogh | Phospholipase C and cAMP-dependent positive inotropic effects of ATP in mouse cardiomyocytes via P2Y11-like receptors[END_REF] support the existence of a P2Y11-like receptor in rodent.

Future directions

Our results confirm the beneficial role of P2Y11-like receptor stimulation in cardiac allograft conditioning through three main mechanisms: protection against oxidative stress, modulation of the inflammatory response and reduction of apoptosis (Additional figure). As current immunosuppressive regimens are still associated with multiple complications, including cancer, opportunistic infections, diabetes mellitus, kidney failure and hypertension [START_REF] Lund | for the International Society for Heart and Lung Transplantation. Registry of the International Society for Heart and Lung Transplantation: Thirty-fourth Adult Heart Transplantation Report-2017; Focus Theme: Allograft ischemic time[END_REF], we think that short-term P2Y11R targeting at the time of transplantation may prove to be valuable in the clinical setting by promoting cardiac transplant tolerance and preventing rejection lesions. In addition, P2Y11R should be non-thrombogenic. It was reported that stimulation of human coronary artery endothelial cells by UTP/ATP increased the mRNA level of tissue factor. This tissue factor upregulation was inhibited by suramin or P2Y2 receptor silencing with siRNA, but not by NF157, a P2Y11-selective antagonist. These data suggested a role of P2Y2 receptor, and not P2Y11 receptor, in mediating tissue factor expression [START_REF] Ding | The P2Y2 nucleotide receptor mediates tissue factor expression in human coronary artery endothelial cells[END_REF] In conclusion, our results suggest a novel cardioprotective role of P2Y11R in the setting of cardiac transplantation. P2Y11-like receptor stimulation by its specific agonist NF546 protects against hypoxia/reoxygenation injuries, improves allograft survival and decreases rejection lesions. These data suggest that therapeutic interventions using pharmacological conditioning with P2Y11R agonists could provide beneficial effects after cardiac transplantation in human and improve patients' outcomes. Graft rejection was not observed in syngeneic grafts (green curve). Survival of P2Y11R agonist treated allografts (9.6±1.9 days, n=16; blue curve) were significantly prolonged compared with that of non-treated hearts (8.2±1.4 days, n=16; p=0.04; red curve). * p<0,05 

  Fig3A, at postoperative day 3, only discrete cardiac allograft infiltration was observed in both P2Y11R agonist-treated and vehicle-treated recipients, with a number of inflammatory cells count that averaged 76 [IQR 67-89] and 81 [IQR 76-94] cells respectively (p=0.21). In contrast, at postoperative day 5, number of inflammatory cells count was significantly lower in the treated group (122 [115-134] vs 196 [181-215] in the vehicle-treated group; p<0.05). All allografts in non-treated recipients (n=15) exhibited histological evidence of grade 3R acute rejection (ISHLT classification) while allografts in P2Y11R-treated recipients (n=15) were classified 1R or 2R (Fig3B and Fig4). As expected, syngeneic grafts (n=3) showed no sign of rejection. Similarly, isolated retro-orbital injection of vehicle (n=3)

  syngeneic grafts and isolated retro-orbital injection of vehicle, cleaved caspase-9/HSC70 ratio averaging 0.4 [IQR 0.3-0.5] vs 0.3 [IQR 0.2-0.4] and 0.3 [IQR 0.2-0.4] respectively (p<0.05 vs syngeneic grafting; p<0.05 vs isolated retro-orbital injection of vehicle). However, this increased activity was not significantly attenuated by P2Y11R agonist treatment (Fig5B). Expression level of Bax was not significantly increased in allogeneic grafts, compared to syngeneic grafts and isolated retro-orbital injection of vehicle (Fig6A) while Bcl-2 expression was significantly decreased in allogenic grafts, compared to syngeneic grafts and isolated retro-orbital injection of vehicle, relative Bcl-2/HSC70 ratio averaging 0.2 [IQR 0.1-0.2] vs 1.0 [IQR 0.8-1.3] and 1.0 [IQR 0.8-1.2] respectively (p<0.05 vs syngeneic grafting; p<0.05 vs isolated retro-orbital injection of vehicle). Bax expression was not significantly modified by P2Y11R agonist-treatment (Fig6B). Bax/Bcl-2 ratio was increased at day 5 in allogeneic grafts, compared to syngeneic grafts and isolated retro-orbital injection of vehicle, averaging 10.5 [IQR 7.3-13.5] vs 1.1 [IQR 0.3-1.5] and 1.0 [IQR 0.3-1.5]

Figure legends: Figure 1 :

 1 Figure legends: Figure 1: Cardioprotective effect of P2Y11-like receptor stimulation against

Figure 2 :

 2 Figure 2: Graft survival in days after heart transplantation.

Figure 3 :

 3 Figure 3: Acute graft rejection.
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 45 Figure 4: Acute rejection grading using ISHLT classification.

Figure 6 :

 6 Figure 6: Quantification of apoptotic markers.

Table 1 )

 1 were incubated overnight at 4°C. Membranes were further incubated for 1h at room temperature with appropriate secondary antibodies. Proteins were detected with Amersham™ ECL™ Prime reagent (GE Healthcare Life Sciences) using a PXi/PXi Touch gel imaging system and quantified by densitometric analysis using Fiji software (distributed by ImageJ) The Shapiro-Wilk test was used to determine whether a continuous outcome was well modeled by a normal distribution. The t-test was used for analyzing normally distributed continuous variables, and the Mann-Whitney U-test was used for non-normally distributed

	variables. Survival curves were compared using the log-rank test. A p-value<0.05 was
	considered significant.

[START_REF] Schindelin | Fiji: an open-source platform for biological-image analysis[END_REF]

.

Serum levels of cytokines

At day5 post transplantation, serum levels (pg/mL) of IFNγ, IL-4, IL-5, IL-6, IL-10, IL-12(p70), IL-13, IL-17A, IL-17F, IL-22, IL-33 and TNF-α were assessed using LEGENDplex™ Custom panel assay kit according to the instructions of the manufacturer (BioLegend®). Samples were acquired on a flow cytometer (FACSCanto, BD Biosciences) and analyzed using LEGENDplex™ Data Analysis Software provided by the manufacturer (BioLegend®).

Primary and secondary endpoints

Primary outcome was graft survival (in days). Secondary endpoint was graft rejection lesions, classified according to ISHLT guidelines and quantified using the mean number of inflammatory cells per field.

Statistical analyses

Continuous data are presented as mean values ± standard deviation or medians with interquartile ranges. Statistical analyses were performed using GraphPad Prism 5.0f for Mac OS X.

Results

1. Specific stimulation of P2Y11-like receptor decreases H/R injuries in rat cardiomyocytes

H/R significantly decreased H9c2 cells viability compared to normoxic CTL (-34.7% [IQR 25.1%-43.2%]; p<0.001; n=7) (Fig1A). Despite the lack of rodent P2Y11R gene orthologous to human, many reports in the literature support the existence of a P2Y11-like receptor in these species
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