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Abstract:

Objective: Macrophages play a critical role in the initiation and progression of abdominal aortic aneurysm (AAA) and they are classically distinguished into M1 "pro-inflammatory" and M2 "anti-inflammatory" macrophages. Topic application of elastase associated with TGFβ systemic neutralization reproduce main human AAA pathological features, offering a new model to investigate their role. The aim of this study was to investigate: 1-whether macrophages contribute to the expression of canonical M1/M2 markers in the aorta in the AAA model induced by elastase and systemic blockade of TGFβ; 2-if blocking TGFβ activity would impact macrophages phenotype and the expression of the M2 marker arginase-1 (ARG1).

Methods: C57Bl/6J male mice (6-8 weeks old) were randomly assigned to 3 experimental groups: mice which had local application of heat-inactivated elastase (IE) or elastase (E), and mice which had elastase application and received injection of anti-TGFβ (E + anti-TGFβ).

Monocyte/ macrophage depletion was achieved in E + anti-TGFβ group using liposome clodronate. Macrophage phenotype was characterized using quantitative polymerase chain reaction (qPCR), flow cytometry and immuno-histochemistry. Human infrarenal AAA tissues (n= 10) were obtained to analyze ARG1 expression.

Results: Analysis of gene expression in the infrarenal aortic wall revealed that after 14 days, no significant difference for the expression of CCL2, NOS2 and Ym1/2 was observed in the E group compared to E + anti-TGFβ group whereas the expression of ARG1, IL1β and IL6 was significantly increased. Macrophage depletion in E + anti-TGFβ group led to a significant decrease of IL1β, IL6, ARG1 and Ym1/2 gene expression. Immunofluorescent staining confirmed that TGFβ neutralization significantly enhanced ARG1 protein expression in the aneurysmal tissue. Flow cytometry analysis revealed an increase of macrophages expressing

Introduction

Abdominal aortic aneurysm (AAA) is considered as a major health concern and is associated with extremely high rates of mortality in case of aortic rupture [START_REF] Reimerink | Systematic review and meta-analysis of population-based mortality from ruptured abdominal aortic aneurysm[END_REF] . The main pathophysiological mechanisms leading to aortic dilation include the degradation of the extracellular matrix (ECM) components such as collagen and elastin fibers, the impairment of vascular smooth muscle cells (VSMCs) homeostasis as well as the infiltration of inflammatory cells in the media and the intima. Even if the main features leading to aortic wall weakness and rupture have been identified, no pharmacological treatment is currently available to prevent or limit AAA development, underlining the real need to develop clinical and fundamental research. To explore cellular and molecular pathways involved in AAA development, several experimental models of aneurysms have been developed over the past decades 2,3 . Among them, chemically-induced aneurysms are the most commonly used and are classically divided into two categories.

Dissecting AAA models usually induce a medial dissection, leading to intramural hemorrhage and secondary rupture [START_REF] Senemaud | Translational Relevance and Recent Advances of Animal Models of Abdominal Aortic Aneurysm[END_REF] . Even if dissecting AAA models reproduce main pathophysiological features of human disease including ECM degradation and inflammatory cell infiltration, medial dissection is not frequently observed in human AAA. Non-dissecting AAA animal models, generated mainly through application of elastase or calcium chloride on the aortic wall, lead to ECM alteration, inflammation and dilatation of the aorta but do not induce aortic rupture.

Recently, we showed that systemic blockade of TGFβ activity in non-dissecting elastase induced-AAA model sustained aneurysmal growth, lead to aortic rupture and reproduced main human disease characteristics such as ECM degradation, intraluminal thrombus formation and leukocyte infiltration including T cells, neutrophils and macrophages [START_REF] Lareyre | TGFbeta (Transforming Growth Factor-beta) Blockade Induces a Human-Like Disease in a Nondissecting Mouse Model of Abdominal Aortic Aneurysm[END_REF] . Elastase application is mandatory to initiate the aortic dilatation as TGFβ neutralization alone does not induce vascular disease [START_REF] Wang | TGF-beta activity protects against inflammatory aortic aneurysm progression and complications in angiotensin II-infused mice[END_REF] . Depletion of macrophages in this model led to a complete inhibition of AAA rupture [START_REF] Lareyre | TGFbeta (Transforming Growth Factor-beta) Blockade Induces a Human-Like Disease in a Nondissecting Mouse Model of Abdominal Aortic Aneurysm[END_REF] .

Over the past decades, several studies addressed the role of macrophages during AAA development and revealed interesting potential applications for clinical practice as biomarkers and potential therapeutic targets [START_REF] Raffort | Monocytes and macrophages in abdominal aortic aneurysm[END_REF] . In vitro, two main macrophage phenotypes can be distinguished: -LPS-induced M1 macrophages, characterized by the expression of proinflammatory proteins such as CCL2, CCL5, NOS2, IL6 and IL1β; and -IL4-induced M2 macrophages, characterized by the expression of pro-healing proteins such as FIZZ1, MGL2, arginase-1 (ARG1), Ym1/2, TGFβ or IL10. In vivo, the distinction between M1 and M2 macrophages is not clear cut as markers that distinguish them are not specific and stimuli that activate each subset can be co-expressed within aortic tissue [START_REF] Raffort | Monocytes and macrophages in abdominal aortic aneurysm[END_REF][START_REF] Murray | Macrophage activation and polarization: nomenclature and experimental guidelines[END_REF][START_REF] Martinez | The M1 and M2 paradigm of macrophage activation: time for reassessment[END_REF] . It has been suggested that macrophage subsets in aneurysmal tissue rather corresponds to a spectrum of activation characterized by a combination of markers which play differential roles in the initiation, progression, and healing of AAA [START_REF] Raffort | Monocytes and macrophages in abdominal aortic aneurysm[END_REF][START_REF] Murray | Macrophage activation and polarization: nomenclature and experimental guidelines[END_REF] . While the role of several cytokines highly produced by macrophages such as IL6, IL1β, IL10 or TGFβ has been well investigated in mouse models of aortic aneurysm [START_REF] Lareyre | TGFbeta (Transforming Growth Factor-beta) Blockade Induces a Human-Like Disease in a Nondissecting Mouse Model of Abdominal Aortic Aneurysm[END_REF][START_REF] Mallat | The Pathogenic Transforming Growth Factor-beta Overdrive Hypothesis in Aortic Aneurysms and Dissections: A Mirage?[END_REF][START_REF] Tieu | An adventitial IL-6/MCP1 amplification loop accelerates macrophage-mediated vascular inflammation leading to aortic dissection in mice[END_REF][START_REF] Ait-Oufella | Natural regulatory T cells limit angiotensin IIinduced aneurysm formation and rupture in mice[END_REF] , the role of other proteins such as ARG1 has been poorly investigated.

ARG1 catalyzes the final step in the urea cycle, converting arginine into urea and ornithine and several studies have supported its role in would healing and tissue remodeling [START_REF] Morris | Arginine metabolism: boundaries of our knowledge[END_REF] . An association between ARG1 expression in macrophages and atherosclerosis resistance was found, suggesting its potential role in cardiovascular diseases [START_REF] Teupser | Identification of macrophage arginase I as a new candidate gene of atherosclerosis resistance[END_REF] . However, its expression in AAA is still poorly known. The aim of our study was to investigate: 1-whether macrophages contribute to the expression of canonical M1/M2 markers in the aorta in the AAA model induced by elastase and systemic blockade of TGFβ; 2-if blocking TGFβ activity would impact macrophages phenotype and ARG1 expression in vivo.

Material and methods

Experimental animal model

Experiments were approved by the Home Office (United Kingdom) and were performed under PPL PA4BDF775. C57Bl/6J mice (6-8 weeks old) were provided by Charles River (UK). Only males were used for all the experiments. Inhaled isofluorane anesthesia was used for all operative procedures. AAA was created using topic application of elastase on the infrarenal region of the abdominal aorta as previously described [START_REF] Bhamidipati | Development of a novel murine model of aortic aneurysms using peri-adventitial elastase[END_REF][START_REF] Busch | Extra-and Intraluminal Elastase Induce Morphologically Distinct Abdominal Aortic Aneurysms in Mice and Thus Represent Specific Subtypes of Human Disease[END_REF] . Retroperitoneal exposure was achieved via laparotomy and type I pancreatic porcine elastase (6UI/mg, Sigma Aldrich®) was locally applied for 5 minutes. Abdominal muscle and fascia were sutured using separate stitches of Polysorb TM , Covidien® 6.0 and cutaneous separate stitches were performed using Prolène TM , Ethicon® 6.0. TGFβ neutralization was performed using repeated intraperitoneal injection of 250 µg of the mouse anti-mouse TGFβ (BioXcell, clone 1D11.16.8), 3 times per week starting on the day of the surgery. Mice were randomly assigned to 3 experimental groups: mice which had local application of heat-inactivated elastase (IE) as a control group, elastase group (E), and mice which had elastase application and received injection of anti-TGFβ (E + anti-TGFβ).

Monocyte/ macrophage depletion was achieved in E + anti-TGFβ group using 150 µl of liposome solution (PBS or clodronate) injected intravenously in the tail vein 24 hours before culling mice.

Mice were weighted every day and euthanized 7, 10 or 14 days after the application of elastase.

Blood was taken through intracardiac puncture using EDTA filled syringe. Spleens were harvested. Aortas were perfused with cold PBS to remove the blood outside the vessel.

Infrarenal abdominal aortic portions were cleaned from surrounding tissue. The evaluation of AAA severity was adapted from previous published reports dependent on the appearance of the aortic tissue [START_REF] Wang | TGF-beta activity protects against inflammatory aortic aneurysm progression and complications in angiotensin II-infused mice[END_REF][START_REF] Manning | Abdominal aortic aneurysms: fresh insights from a novel animal model of the disease[END_REF] . Aneurysms were scored based on the following scale. Grade II: dilated aorta with remodeled tissue. Grade III: a pronounced bulbous form of type II that contains thrombus.

Grade IV: rupture.

Human infrarenal abdominal aortic tissue

Aortic biopsies were collected from patients with infrarenal AAA undergoing elective open AAA repair at the University Hospital of Nice, France. Healthy abdominal aortic tissue was obtained from patients in a state of brain death. The study was approved by the local Ethic Committee of the University Hospital of Nice (Comité de Protection des Personnes Sud Méditerranée V). Written informed consent was obtained from all individual participants included in the study. The aortic tissues were fixed in 10% buffered formalin, embedded in paraffin, and serially sectioned into 4-Κm-thick sections. Antibody used for immunohistochemistry is anti-ARG1 (clonality: D4E3M XP rabbit, manufacturer: Ozyme SAS, dilution: 1/100). Computer-assisted analysis (Image-J) was used to quantify the staining area in aortic layers by the same blinded observer. The measurements were performed by manual selection of stained pixel thresholds and presented as density (number of ARG1 positive cells reported to the area).

Histologic and immunofluorescence staining

Mouse abdominal aortas were fixed overnight in 4% paraformaldehyde solution at 4°C, then incubated 12 hours in 30% sucrose solution, embedded in OCT and stored at -80°C.

Cryosections of 10 µm were dried and stained with hematoxylin and eosin (Sigma Aldrich®).

For immunofluorescence staining, cryosections were dried for 30 minutes, rehydrated in PBS, permeabilized in aceton 30 minutes at -20°C and dried 10 minutes at room temperature. They were washed in PBS and then incubated with the blocking solution (PBS with containing 2.5% BSA, 2 mM EDTA, 0.01% azide and 5% serum of secondary antibody species) for 30 minutes.

The sections were incubated with the primary antibodies overnight at 4°C. After washing in PBS, the slides were incubated with the secondary antibody for 4 hours. After washing with PBS, the nuclei were stained with Hoechst 33342 (Invitrogen) and slides were mounted with CC mount TM (Sigma Aldrich®). Antibodies used are listed in Table I. We performed each staining on a single slide (3 sections for each staining) from the same level of the abdominal aorta at the site of maximal dilatation. Computer-assisted analysis (Image-J) was used to quantify the staining area by the same blind observer. The measurements were performed by manual selection of stained pixel thresholds and presented as density (percent of positive area reported to the entire adventitial area).

RNA extraction and quantitative real time polymerase chain reaction (qPCR)

Abdominal aortas were snap frozen in liquid nitrogen, then pulverized using beads and shaker.

RNA was extracted using RNAeasy mini kit (Qiagen) and reverse transcribed using QuantiTect Reverse transcription kit (Qiagen). qPCR was performed using Syber Green qPCR mix (Applied Biosystems) on a 7900HT Fast Real-Time PCR System (Applied Biosystems). Primers sequences are listed in Table II. Fold changes of gene expression were calculated according to the method of ۷ ۷ Ct.

Flow cytometry

Mouse abdominal aortas were enzymatically digested (Elastase 1 mg/ml, Worthington; Collagenase D, 0.2 mg/ml, Roche; Dispase I, 0.2 U/ml, Stemcell; DNAse I, 0.2 mg/ml, Roche; in RPMI 1640) for 45 minutes at 37°C. Enzymatic activity was stopped by washing with PBS at 4°C. Blood and spleen suspension were prepared after lysing red blood cells. Single cell suspensions were meshed on a 70 µm cell strainer. Cell suspension were incubated with Fc block solution (ebiosciences, clone 93, dilution 1/200) for 10 minutes at 4°C and stained with fluorophore-conjugated antibodies for 30 minutes at 4°C. Acquisition was performed on LSRII Fortessa (BD biosciences) flow cytometer. FACSDiva Software 6.0 (BD Biosciences®) and FlowJo (TreeStar®) softwares were used for the analysis.

Macrophages were identified as CD45+ CD115+ CD11b+ cells, neutrophils as CD45+ Ly6G+ cells. To study ARG1 expression in the aorta, macrophages were gated as CD45+ Ly6G-CD11b+ CD64+ F4/80 + cells. Antibodies used are listed in Table III.

Statistical analysis

Results are expressed as mean ± standard error mean. Differences between the groups were analyzed using non-parametric tests including Mann-Whitney test (2 groups), Kruskal-Wallis followed by Dunn's test (3 groups) or two-way ANOVA followed by Tukey post-hoc (3 groups over time). Statistical significance was defined a two-sided P-value <0 .05.

Results

Kinetics of M1/M2 marker expression in the mouse aorta after elastase application and effect of TGFβ neutralization.

It was previously published that TGFβ neutralization significantly enhanced the aneurysmal dilatation induced by elastase [START_REF] Lareyre | TGFbeta (Transforming Growth Factor-beta) Blockade Induces a Human-Like Disease in a Nondissecting Mouse Model of Abdominal Aortic Aneurysm[END_REF] . In this study, detailed analysis of aortic diameters were assessed by serial in vivo ultrasound imaging (at day 0, 7 and 14) and ex vivo direct caliper measurements of the external diameter of the aorta at day 14. Synchrotron-based ultrahigh resolution ex vivo imaging of aortic tissues was used to fully characterize aortic diameter, medial aortic perimeter and adventitial thickness. At day 7, both the elastase and elastase + anti-TGFFβ group had a significant increase of aortic diameters compared to controls. The mean aortic diameters at day 7 were respectively 1.03 mm +/-0.02 and 1.2 +/-0.09 vs 0.66 +/-0.06. Between day 7 and day 14, TGFβ neutralization significantly aggravated aortic dilatation induced by elastase. The mean aortic diameters at day 14 were respectively 1.06 mm +/-0.04 and 1.51 +/-0.19 in the elastase and elastase + anti-TGFβ group vs 0.68 +/-0.04 in the inactivated elastase group. TGFβ blockade led to a fatal aortic rupture between 50% to 80% of cases [START_REF] Lareyre | TGFbeta (Transforming Growth Factor-beta) Blockade Induces a Human-Like Disease in a Nondissecting Mouse Model of Abdominal Aortic Aneurysm[END_REF] . This was associated with an increased infiltration of inflammatory cells including macrophages [START_REF] Lareyre | TGFbeta (Transforming Growth Factor-beta) Blockade Induces a Human-Like Disease in a Nondissecting Mouse Model of Abdominal Aortic Aneurysm[END_REF] .

To validate our experimental conditions, we analyzed the size of the aorta on cross sections and the infiltration of phagocytes using LAMP2 staining (Supplemental figure 1). Our results confirmed that elastase induced a dilatation of the aorta with an infiltration of phagocytic cells, an effect which was potentiated by TGFβ neutralization.

We then analyzed the gene expression of M1 (CCL2, NOS2 and CCL5) and M2 markers (ARG1, Ym1/2, FIZZ1, MGL2) at day 7 and 14 after elastase application in the aorta of mice, with or without neutralization of TGFβ, as compared to the application of inactivated elastase After 7 days, the expression of CCL2, NOS2, CCL5, ARG1 and Ym1/2 were significantly increased compared to mice treated with inactivated elastase whereas the expression of FIZZ1 was decreased, and the inhibition of TGFβ activity had no additional effect (Figure 1). At day 14, the expression of CCL2 and NOS2 remained increased after elastase application compared to mice treated with inactivated elastase. Remarkably, the expression of ARG1 in the aorta of mice treated with elastase + anti-TGFβ was strongly sustained at day 14, as compared to the mice treated with inactive or active elastase (Figure 1B). The expression of FIZZ1 and MGL2 at day 14 was significantly decreased in mice treated with elastase + anti-TGFβ. We had previously investigated the expression of IL1β and IL6 which were found to be increased at day 7 and day 14 in the E + anti-TGFβ group compared to mice treated with elastase only [START_REF] Lareyre | TGFbeta (Transforming Growth Factor-beta) Blockade Induces a Human-Like Disease in a Nondissecting Mouse Model of Abdominal Aortic Aneurysm[END_REF] . It is interesting to note that even if the combination of elastase + anti-TGFβ induces extreme inflammatory response in the aorta, it seems that the expression of the classically IL4 induced gene ARG1 is over-expressed when TGFβ is neutralized.

Macrophage depletion in E + anti-TGFβ model leads to a significant decrease of IL1β, IL6, ARG1 and Ym1/2 gene expression

In order to determine if the expression of the genes analyzed was due to the presence of monocyte/macrophages infiltrated in the aorta, we specifically depleted monocyte/macrophages using clodronate liposomes, or control PBS-liposomes (n= 6 per group). Mice were treated with Elastase + anti-TGFβ, and after 7 days, 1 iv injection of liposomes was performed and the aorta, blood and spleen were harvested after 24h. To confirm that monocytes/macrophages were efficiently depleted by clodronate-liposomes, flow cytometry was performed on the blood, spleen and aorta (Figure 2A). Compared to mice that received liposome-PBS, a significant decrease of both Ly6B high and Ly6B low monocytes (defined as CD45+, CD115+ cells) was observed in blood. In addition, clodronate-liposomes significantly reduced macrophages in the spleen and aorta, whilst neutrophils and dendritic cells were not affected.

We then investigated whether monocyte and macrophage depletion had an effect on the expression of the M1 and M2 markers in the aorta (Figure 2B). Macrophage depletion significantly reduced IL1β, IL6, ARG1 and Ym1/2. This suggests that macrophages mainly account for the expression of these markers in the aneurysmal aortic tissue.

TGFβ neutralization enhances ARG1 protein expression by macrophages in the aneurysmal tissue

While the role of IL1β and IL6 has been well investigated in mouse models of aortic aneurysm [START_REF] Lareyre | TGFbeta (Transforming Growth Factor-beta) Blockade Induces a Human-Like Disease in a Nondissecting Mouse Model of Abdominal Aortic Aneurysm[END_REF][START_REF] Tieu | An adventitial IL-6/MCP1 amplification loop accelerates macrophage-mediated vascular inflammation leading to aortic dissection in mice[END_REF][START_REF] Johnston | Genetic and pharmacologic disruption of interleukin-1beta signaling inhibits experimental aortic aneurysm formation[END_REF] , the expression of ARG1 during AAA development has been so far poorly investigated. In order to confirm the gene expression data on ARG1, we analysed the expression of the ARG1 protein using immunofluorescent stainings on aneurysm cross sections from mice treated with inactivated elastase, elastase and elastase + anti-TGFβ. First, we confirmed that the expression of ARG1 protein was significantly increased at day 14 in the aorta of mice treated with both elastase + anti-TGFβ, as compared to the 2 other groups (Figure 3A). Stainings using F4/80 to identify macrophages confirmed that ARG1 expression co-localized with macrophages in this mouse model of aneurysm (Figure 3B). To further confirm these data, we analyzed the phenotype of macrophages expressing ARG1 by flow cytometry (Figure 3C-3F). Macrophages were gated within the aortic cell suspension (Figure 3C). Macrophages expressing ARG1 in the aorta of mice treated with elastase + anti-TGFβ at day 14 have a very specific phenotype CD45 + Ly6G -F4/80 high CD64 high CD11b high Ly6B intermediate , completely different from monocytes (CD45 + Ly6G -F4/80 low CD64 int CD11b high Ly6B int/high ) (Figure 3D). ARG1 positive cells were F4/80+, CD64+ to CD64 high , CD11b+ to CD11b high , Ly6B+ to Ly6B high , corresponding mainly to a heterogeneous population of macrophages (Supplemental figure 2). Compared to mice treated with elastase alone, TGFβ neutralization significantly enhanced the proportion of macrophages expressing ARG1 in the aorta (Figure 3D). The severity of the AAA was characterized in the elastase + anti-TGFβ group according to the macroscopic grade and neutrophil content (Figure 3E). We found that the more inflammatory the AAA was (high content in neutrophils and macroscopic classification as Grade IV), the more ARG1+ macrophages were present (Figure 3F).

ARG1 protein expression is increased in human aneurysmal tissue

To investigate the relevance of our findings to human disease, we investigated ARG1 protein expression in human infrarenal aortic tissues using immunohistochemistry staining. Although no ARG1 staining was observed in healthy abdominal aorta obtained from patients in a state of brain death (data not shown), we were able to identify ARG1 positive cells in human aneurysmal aortas (Figure 4A). The ARG1 positive cells were mainly located in the adventitia (Figure 4B).

Discussion

Macrophages play a critical role in AAA pathogenesis from initial development to growth and occurrence of rupture through regulation of ECM remodeling, inflammatory response, oxidative stress and tissue repair [START_REF] Raffort | Monocytes and macrophages in abdominal aortic aneurysm[END_REF] . Given their role in AAA, targeting macrophages could lead to the development of innovative therapeutic strategies. We aimed at studying the phenotype of macrophages in elastase/ anti-TGFβ induced-AAA model, as well as define which genes in the aorta can be attributed to macrophages infiltration by using focused and meaningful strategy of depletion/qPCR and flow cytometry. We found that TGFβ neutralization after elastase injury on the aorta induced changes in the expression of M1 and M2 markers and led to an increase of macrophages expressing ARG1. Interestingly, the proportion of macrophages expressing ARG1 increased with aneurysmal dilatation in mice.

Over the past few years, several studies have addressed macrophage phenotype in experimental models such as angiotensin II-induced AAA. A first study investigated macrophage phenotype using flow cytometry to identify M1 and M2 macrophages and qPCR analysis for expression of NOS2 and Ym1/2. The authors found an increase of M1/M2 ratio in the supra-renal aorta of Apoe-/-mice from 7 days after angiotensin II infusion and this effect was maintained during the 28 days of the experiment [START_REF] Qin | Angiotensin II-induced TLR4 mediated abdominal aortic aneurysm in apolipoprotein E knockout mice is dependent on STAT3[END_REF] . A second study revealed that infusion of angiotensin II for an additional 56 days lead to AAA expansion and rupture, which was associated with an increase of macrophage infiltration in the AAA wall [START_REF] Rateri | Prolonged infusion of angiotensin II in apoE(-/-) mice promotes macrophage recruitment with continued expansion of abdominal aortic aneurysm[END_REF] . The authors used CD68 and MOMA2 immunostainings to identify macrophages and found that the expression of the M2 marker CD206 in the AAA wall was more commonly found than the M1 marker NOS2, suggesting that advanced aneurysm may be associated with a shift toward M2 polarization. Given the role of macrophages in tissue healing, it has been hypothesized that this shift toward M2 polarization might result from a compensatory mechanism to prevent AAA expansion [START_REF] Raffort | Monocytes and macrophages in abdominal aortic aneurysm[END_REF] . The mechanisms underlying macrophage polarization during AAA are not completely understood. A recent study pointed the role of SIRT1, a member of the class III deacetylase family [START_REF] Zhang | Mouse macrophage specific knockout of SIRT1 influences macrophage polarization and promotes angiotensin II-induced abdominal aortic aneurysm formation[END_REF] . In this study, global deletion and macrophage specific deletion of SIRT1 exacerbated the severity of AAA induced by angiotensin II perfusion. Interestingly, this was associated with an increase of the NOS2 and a decrease of the ARG1 in the aorta, suggesting the role of SIRT1 into a shift toward M2 polarization.

In our study, analysis of gene expression in the infrarenal abdominal aorta revealed an increase of M1 markers (CCL2, NOS2, CCL5) whereas M2 markers were whether increased (ARG1, Ym1/2) or decreased (FIZZ1, MGL2) during the different time points of aneurysm development in elastase and elastase + anti-TGFβ models. The expression of M1 and M2 markers over time is variable underlining the interest to perform kinetic experiment when characterizing macrophage phenotype. Note that M1 and M2 markers are not cell specific and for some of them, macrophages do not mainly account for their expression in the aneurysmal wall. In addition, clodronate depletes circulating monocytes and aortic monocyte-derived macrophages but does not affect vascular-associated resident macrophages (Ensan 2016 26642357). This could explain, at least partly, why the expression of the M1 markers CCL2, NOS2 and CCL5 and the M2 markers including FIZZ1 and MGL2 did not significantly vary after injection of clodronate liposomes. Our results indicate that TGFβ blockade in elastase-induced AAA does not strictly induce a shift toward M1 or M2 polarization but rather modulate macrophage phenotype into a complex spectrum of activation. The strict paradigm of M1/M2 activation has been revisited recently, highlighting a more complex and broader repertoire for macrophages [START_REF] Martinez | The M1 and M2 paradigm of macrophage activation: time for reassessment[END_REF][START_REF] Nahrendorf | Detection of macrophages in aortic aneurysms by nanoparticle positron emission tomography-computed tomography[END_REF] .

Even if the angiotensin II perfusion model reproduces main features of human aneurysm including ECM degradation, leukocyte extravasation and concomitant presence of atherosclerosis, it is associated with medial dissection and intramural hematoma [START_REF] Senemaud | Translational Relevance and Recent Advances of Animal Models of Abdominal Aortic Aneurysm[END_REF] . In addition, the AAA usually develops in the suprarenal or the ascending aorta, whereas the most frequent localization in human involves the infrarenal aortic region. The topic application of elastase associated with the systemic neutralization of TGFβ has the advantage to induce AAA in the infra-renal region of the abdominal aorta and to be associated with a high percentage of AAA rupture within 14 days [START_REF] Lareyre | TGFbeta (Transforming Growth Factor-beta) Blockade Induces a Human-Like Disease in a Nondissecting Mouse Model of Abdominal Aortic Aneurysm[END_REF] . This model produces features of human-like AAA including ECM degradation, immune cell accumulation in the aorta, loss of VSMCs, intraluminal thrombus formation and adventitial neo-angiogenesis [START_REF] Lareyre | TGFbeta (Transforming Growth Factor-beta) Blockade Induces a Human-Like Disease in a Nondissecting Mouse Model of Abdominal Aortic Aneurysm[END_REF] . In this model, AAA development was precisely characterized by serial in vivo ultrasound imaging and Synchrotron-based ultrahigh resolution ex vivo imaging at different time points (day 0, 7, 14 for ultrasound and day 0, 3, 5, 7, 10 and 14 for synchrotron imaging) [START_REF] Lareyre | TGFbeta (Transforming Growth Factor-beta) Blockade Induces a Human-Like Disease in a Nondissecting Mouse Model of Abdominal Aortic Aneurysm[END_REF] . Ultrasound analysis revealed that at day 7, the aortic dilatation was increased in both the elastase and elastase + anti-TGFβ groups compared to controls. Between day 7 and day 14, the aortic dilatation significantly progress in the elastase + anti-TGFβ, but not in the elastase alone group. Hence, differences between these two groups were more marked between day 7 and day 14. In addition, Synchrotron-based ultrahigh resolution ex vivo imaging in the elastase + anti-TGFβ group revealed more marked changes in aortic perimeters and adventitial thickness after day 7 [START_REF] Lareyre | TGFbeta (Transforming Growth Factor-beta) Blockade Induces a Human-Like Disease in a Nondissecting Mouse Model of Abdominal Aortic Aneurysm[END_REF] . Based on these findings, we hypothesized that changes of macrophage phenotype in the aortic tissue would be preferentially observed from day 7 to day 14. Note however that while the model offers the opportunity to study aortic rupture, it should be kept in mind that the survival rate of mice receiving elastase + anti-TGFβ is estimated at between 50 to 80% at day 14 [START_REF] Lareyre | TGFbeta (Transforming Growth Factor-beta) Blockade Induces a Human-Like Disease in a Nondissecting Mouse Model of Abdominal Aortic Aneurysm[END_REF] . Analysis performed at day 14 may thus potentially lead to select animals that better resist to rupture, underlining the real interest to perform kinetics and analysis at different time points in this model.

Our results showed that in elastase-induced AAA, TGFβ neutralization finely tunes macrophage phenotype. Note that several studies have already addressed the role of M1 markers such as IL6 and IL1β or M2 markers including IL10 or TGFβ [START_REF] Lareyre | TGFbeta (Transforming Growth Factor-beta) Blockade Induces a Human-Like Disease in a Nondissecting Mouse Model of Abdominal Aortic Aneurysm[END_REF][START_REF] Mallat | The Pathogenic Transforming Growth Factor-beta Overdrive Hypothesis in Aortic Aneurysms and Dissections: A Mirage?[END_REF][START_REF] Tieu | An adventitial IL-6/MCP1 amplification loop accelerates macrophage-mediated vascular inflammation leading to aortic dissection in mice[END_REF][START_REF] Ait-Oufella | Natural regulatory T cells limit angiotensin IIinduced aneurysm formation and rupture in mice[END_REF] . The expression and the role of ARG1 in AAA have been so far poorly investigated and this is the reason why we focused on this M2 marker. We investigated ARG1 protein expression in human infrarenal AAA tissue and showed the presence of ARG1 positive cells located mainly in the adventitia, whereas no staining was observed in healthy aortic tissue. ARG1 is an enzyme which converts arginine to produce urea and ornithine [START_REF] Morris | Arginine metabolism: boundaries of our knowledge[END_REF] . Ornithine can serve as a precursor for the production of proline, an amino-acid which can be used for the synthesis of proline-rich proteins, such as collagen. Collagen represents a main component of the ECM, which is vastly degraded during AAA development.

Several studies have demonstrated that arginine supplementation increases collagen deposition in rodent and human and favors wound healing [START_REF] Barbul | Intravenous hyperalimentation with high arginine levels improves wound healing and immune function[END_REF][START_REF] Barbul | Arginine enhances wound healing and lymphocyte immune responses in humans[END_REF] . In addition, ARG1 promotes VSMCs proliferation and in vitro studies revealed that ARG1 over-expression in SMCs suppressed LPSinduced TNFα release and inhibited monocyte chemotaxis and migration [START_REF] Wei | Elevated arginase I expression in rat aortic smooth muscle cells increases cell proliferation[END_REF][START_REF] Wang | Arginase I attenuates inflammatory cytokine secretion induced by lipopolysaccharide in vascular smooth muscle cells[END_REF] . Hence, ARG1 could potentially play roles in pathways relevant for AAA disease such as ECM remodeling, VSMCs homeostasis and regulation of inflammatory response. While ARG1 expression increased with AAA progression, further experimental approaches using ARG1 deficient mice are required to determine whether the increase of ARG1 has a pathogenic or a protective compensatory role on AAA development. At last, AAA is frequently associated with atherosclerosis [START_REF] Nordon | Pathophysiology and epidemiology of abdominal aortic aneurysms[END_REF] and several studies have addressed the role of ARG1 in the disease. A first study revealed a higher expression of ARG1 in macrophages in rabbits with genetically determined low-atherosclerotic response compared to those with high-atherosclerotic response, suggesting its role in atherosclerosis resistance [START_REF] Teupser | Identification of macrophage arginase I as a new candidate gene of atherosclerosis resistance[END_REF] . Besides macrophages, ARG1 can also be detected in endothelial cells and VSMCs [START_REF] Pernow | Arginase as a potential target in the treatment of cardiovascular disease: reversal of arginine steal?[END_REF] . Intriguingly, a study revealed that even though ARG1 specific deletion in hematopoietic cells increased foam cell formation, no significant effect was identified on atherosclerosis including plaque size and stability as well as plaque macrophage content in the aortic root [START_REF] Ren | Hematopoietic arginase 1 deficiency results in decreased leukocytosis and increased foam cell formation but does not affect atherosclerosis[END_REF] . To determine whether the global increase of ARG1 or the increase of the macrophage subtype that expresses ARG1 play a role in AAA, it would be useful to use mice that specifically lack ARG1 in macrophages. Taken together, these results highlight a complex role of ARG1 which may differ depending on cell subsets. Further studies using genetic models of ARG1 deletion would be of interest to better understand its role during AAA formation and progression.

Conclusion

In this study, we showed that TGFβ neutralization finely tunes macrophage phenotype in elastase-induced AAA and leads to an increase in ARG1 gene and protein expression in the aortic wall. In human, ARG1 protein expression was increased in aneurysmal aortic tissue compared to controls and was mainly expressed by cells infiltrating the adventitia. Further studies are required to elucidate the role of ARG1 during the different stages of AAA development and address its potential interest as a prognostic or therapeutic target in aneurysmal disease.
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Figure 1 :

 1 Figure 1: Kinetic of M1/M2 marker expression in the mouse aorta after elastase application and effect of TGFβ neutralization. Relative gene expression of M1 and M2 markers in the infrarenal aortic wall (day 7 and day 14). Results obtained from 3 independent experiments (n=4 to 15 mice per group). (A) Relative mRNA expression of M1 markers. (B) Relative mRNA expression of M2 markers IE: inactivated elastase group E: elastase group E + anti-TGFβ: elastase associated with anti-TGFβ group D7: day 7 D14: day 14 * P<0.05 vs inactivated elastase group $ P<0.05 vs elastase group

Figure 2 :Figure 3 :

 23 Figure 2: Macrophage depletion in E + anti-TGFβ model leads to a significant decrease of ARG1 gene expression Results obtained from 6 mice per group treated with elastase associated with anti-TGFβ, injected with clodronate or PBS liposomes and sacrificed at day 7. (A) Quantification by flow cytometry of neutrophils, dendritic cells, monocytes and macrophages in the blood, spleen and infrarenal abdominal aorta. (B) Relative mRNA expression of pro-inflammatory and prohealing genes in the infrarenal aortic wall. DCs: dendritic cells macro: macrophages mono: monocytes neutro: neutrophils * P<0.05 ** P<0.01

Table I :

 I Antibodies for immunofluorescence staining (mice samples)

	Gene	Forward primer	Reverse primer
	36B4	TCTCCAGAGGCACCATTGAAA	CTCGCTGGCTCCCACCTT
	CCL2	Clonality GCCAACTCTCACTGAAGCC	Dilution GCTGGTGAATGAGTAGCAGC Manufacturer
	Anti-Lamp2, purified NOS2 TTGGGCCTGGTACGGGCATTG Rat monoclonal	1/200 CAAGCTCATGCGGCCTCCTTT Santa Cruz Biotech
	Arg1	(M3/84) CATGGGCAACCTGTGTCCTT	CGATGTCTTTGGCAGATATGCA
	Anti-arg-1 Ym1/2	Goat polyclonal IgG TGGCCCACCAGGAAAGTACA	1/50 GACCTCAGTGGCTCCTTCATTC Santa Cruz Biotech
	IL1β	Secondary antibody ACAAAATACCTGTGGCCTTGG CTTGGGATCCACACTCTCCAG
	Anti-rat IgG (Alexa IL6 CCAGAGATACAAAGAAATGATGC ACTCCAGAAGACCAGAGGAAAT Goat polyclonal 1/200 Thermo fisher scientific/
	Fluor® 488) CCL5	GTGCCCACGTCAAGGAGTAT	Invitrogen CCCACTTCTTCTCTGGGTTG
	Chicken anti-goat (Alexa FIZZ1 GGAACTTCTTGCCAATCCAG Chicken polyclonal	1/200 ACACCCAGTAGCAGTCATCCC Life Technologies
	Fluor® 488) MGL2	AGCGGGAAGAGAAAAACCAG	ACCAGTAGCAGGAGGCTGAG

Table II :

 II Primers for qPCR (mice samples)

	Antigen	Fluorochrome	Clone	Dilution	Manufacturer
	Anti-CD45	eFluor® 605NC	30-F11	1/200	eBioscience
	Anti-Ly6B	Alexa Fluor® 647	7/4	1/200	Abserotec
	Anti-F4/80	PE-Cy7	BM8	1/200	eBioscience
	Anti-CD11b	Alexa Fluor® 700	M1/70	1/200	eBioscience
	Anti-Ly6G	Pacific BlueTM	1A8	1/200	Biolegend
	Anti-CD115	PE	AFS98	1/200	Tonbo biosciences
	Anti-Arg1	PE	Polyclonal sheep IgG	1/200	RnDsystem
	Anti-CD64	APC-Vio770	REA286	1/200	milteny

Table III :

 III Antibodies for flow cytometry (mice samples)

ACCEPTED MANUSCRIPT

Clinical relevance paragraph (100 word)

Abdominal aortic aneurysm (AAA) is associated with an infiltration of inflammatory cells including macrophages. However, their role in the disease is not fully understood and they could represent interesting therapeutic target. This study characterized macrophage phenotype and explored the expression of arginase-1, a marker of "anti-inflammatory" macrophages during AAA initiation and progression. Arginase-1 expression was increased in the aneurysmal wall in both animal and human samples, suggesting its potential interest as a new prognostic or therapeutic target in aneurysmal disease.