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disease with altered glomerular filtration barrier, podocytes loss, and sclerotic scarring of glomeruli is well established. [START_REF] Huby | Restoration of podocyte structure and improvement of chronic renal disease in transgenic mice overexpressing renin[END_REF] Chronic infusion of AngII in mice provokes arterio-nephrosclerosis, with pathology in the terminal branches of the interlobular arteries, together with global glomerulosclerosis without FSGS. [START_REF] Strupler | Second harmonic microscopy to quantify renal interstitial fibrosis and arterial remodeling[END_REF][START_REF] Crowley | A role for angiotensin II type 1 receptors on bone marrow-derived cells in the pathogenesis of angiotensin II-dependent hypertension[END_REF][START_REF] Crowley | Stimulation of lymphocyte responses by angiotensin II promotes kidney injury in hypertension[END_REF] Glomerular hypertension results in glomerular capillary stretching, endothelial damage, and elevated glomerular protein filtration causing glomerular collapse and/or FSGS. [START_REF] Huby | Restoration of podocyte structure and improvement of chronic renal disease in transgenic mice overexpressing renin[END_REF][START_REF] Nijenhuis | Angiotensin II contributes to podocyte injury by increasing TRPC6 expression via an NFAT-mediated positive feedback signaling pathway[END_REF][START_REF] Casare | Renovascular remodeling and renal injury after extended angiotensin II infusion[END_REF][START_REF] Rennke | How does glomerular epithelial cell injury contribute to progressive glomerular damage?[END_REF][START_REF] Johnson | Pathogenesis of essential hypertension: Historical paradigms and modern insights[END_REF] Moreover, the endothelium itself is a main player in the pathophysiology of hypertensive CKD [START_REF] Kang | Role of the microvascular endothelium in progressive renal disease[END_REF] because it plays a main role in the regulation of vascular tone, inflammatory cell recruitment, delivery of oxygen, and tissue repair. During hypertension, the induction of vasoconstrictors, [START_REF] Johnson | Pathogenesis of essential hypertension: Historical paradigms and modern insights[END_REF] increased oxygen consumption due to elevated sodium transport, [START_REF] Welch | Renal oxygenation defects in the spontaneously hypertensive rat: Role of AT1 receptors[END_REF] and AngII-induced oxidative stress [START_REF] Welch | Roles of oxidative stress and AT1 receptors in renal hemodynamics and oxygenation in the postclipped 2K,1C kidney[END_REF][START_REF] Welch | Angiotensininduced defects in renal oxygenation: Role of oxidative stress[END_REF] result in lower renal oxygenation, [START_REF] Adler | Impaired regulation of renal oxygen consumption in spontaneously hypertensive rats[END_REF] thus suggesting that the hypoxia-inducible factor (HIF) pathway could play a role in nephropathy.

Furthermore, several studies correlate cortical hypoxia measured by magnetic resonance imaging [START_REF] Inoue | Noninvasive evaluation of kidney hypoxia and fibrosis using magnetic resonance imaging[END_REF][START_REF] Yin | Noninvasive evaluation of renal oxygenation in diabetic nephropathy by BOLD-MRI[END_REF] and activation of hypoxia-response genes with CKD in humans. [START_REF] Rudnicki | Hypoxia response and VEGF-A expression in human proximal tubular epithelial cells in stable and progressive renal disease[END_REF] Loss of peritubular capillaries [START_REF] Kang | Role of the microvascular endothelium in progressive renal disease[END_REF] and activation of hypoxic responses are common features found in many kidney diseases and in experimental models of CKD. [START_REF] Eckardt | Role of hypoxia in the pathogenesis of renal disease[END_REF] HIF is a heterodimeric transcription factor composed of an oxygen-sensitive a subunit and a constitutively expressed b subunit (also referred to as aryl hydrocarbon receptor nuclear translocator subunit). [START_REF] Gunaratnam | HIF in kidney disease and development[END_REF] HIF activates the transcription of a variety of genes promoting erythropoiesis, angiogenesis, glycolysis, and cell survival. [START_REF] Schofield | Oxygen sensing by HIF hydroxylases[END_REF] To date, three isoforms of HIF have been reported: HIF-1, HIF-2 (also known as epithelial cells and endothelial PAS domain-containing protein 1 [EPAS1]), and HIF-3. In the kidney, EPAS1 is expressed essentially in the endothelial cells, in particular in the glomerular endothelium, [START_REF] St John | LacZ transgenic mice and immunoelectron microscopy: An ultrastructural method for dual localization of betagalactosidase and horseradish peroxidase[END_REF][START_REF] Steenhard | Deletion of von Hippel-Lindau in glomerular podocytes results in glomerular basement membrane thickening, ectopic subepithelial deposition of collagen alpha1alpha2alpha1(IV), expression of neuroglobin, and proteinuria[END_REF] as well as in interstitial fibroblasts and podocytes. [START_REF] Rosenberger | Expression of hypoxia-inducible factor-1alpha and -2alpha in hypoxic and ischemic rat kidneys[END_REF] Increased expression of HIF-1a and EPAS1 were found in both acute and chronic kidney injury. [START_REF] Nangaku | Regulation of hypoxia-inducible factor in kidney disease[END_REF][START_REF] Tanaka | Anthracycline inhibits recruitment of hypoxia-inducible transcription factors and suppresses tumor cell migration and cardiac angiogenic response in the host[END_REF] Recent studies have shown that endothelial EPAS1, and not HIF-1a, confers protection during ischemic AKI and ischemiainduced oxidative stress in mice. [START_REF] Hill | Inhibition of hypoxia inducible factor hydroxylases protects against renal ischemia-reperfusion injury[END_REF][START_REF] Tanaka | Hypoxia and expression of hypoxia-inducible factor in the aging kidney[END_REF][START_REF] Kapitsinou | Endothelial HIF-2 mediates protection and recovery from ischemic kidney injury[END_REF] In humans, EPAS1 single nucleotide polymorphisms (SNPs) have demonstrated an association with performance-related blood parameters (e.g., alterations in erythropoietin, hemoglobin, and hematocrit), adaptation to high altitude, [START_REF] Beall | Natural selection on EPAS1 (HIF2alpha) associated with low hemoglobin concentration in Tibetan highlanders[END_REF][START_REF] Jeong | Admixture facilitates genetic adaptations to high altitude in Tibet[END_REF][START_REF] Gale | Autosomal dominant erythrocytosis and pulmonary arterial hypertension associated with an activating HIF2 alpha mutation[END_REF][START_REF] Thompson | Hypoxia-inducible factor 2a regulates key neutrophil functions in humans, mice, and zebrafish[END_REF] and elite endurance performance. [START_REF] Henderson | The EPAS1 gene influences the aerobicanaerobic contribution in elite endurance athletes[END_REF] However, the role of EPAS1 in the pathogenesis of renal diseases has not been not completely elucidated.

Here, we hypothesized that endothelial EPAS1 could drive protection against AngII-induced hypertension and glomerular injury leading to CKD. To understand the role of endothelial EPAS1 during hypertensive nephropathy, we used a genetic approach to abrogate EPAS1 expression from endothelial cells in AngII-induced hypertension in mice. We found that endothelial EPAS1 protects from glomerular injury induced by chronic hypertension. We also observed that endothelial EPAS1 abrogation aggravates podocyte and parietal epithelial cell (PEC) injury in a BP-independent manner, and impairs renal local vasoreactivity to AngII. Our study suggests that endothelial EPAS1 dysfunction could be a susceptibility factor for hypertension-associated FSGS lesions and CKD progression.

RESULTS

Endothelial-Specific Deletion of Epas1 Does Not Modify BP and Kidney Structure and Function

To determine the role of endothelial EPAS1 during hypertensive CKD, we generated endothelial-specific Epas1 knockout mice by mating Epas1-floxed mice (Epas1 lox/lox ) [START_REF] Gruber | Acute postnatal ablation of Hif-2alpha results in anemia[END_REF] with mice expressing Cre recombinase under the control of the VE-cadherin promoter Cdh5 (Figure 1A). [START_REF] Oberlin | Definitive human and mouse hematopoiesis originates from the embryonic endothelium: A new class of HSCs based on VE-cadherin expression[END_REF] Characterization of Cdh5.Cre activity in glomerular endothelial cells in vivo was previously described. [START_REF] Lenoir | Endothelial cell and podocyte autophagy synergistically protect from diabetes-induced glomerulosclerosis[END_REF] By using the ROSA mt-Tomato/ mt-GFP reporter strain, we confirmed a 75%-80% rate of CRE excision in the microvasculature in Cdh5.Cre mice (Supplemental Figure 1). RT-PCR analysis on isolated glomeruli and lung extracts from Cdh5.Cre-Epas1 lox/lox mice showed a significant reduction in Epas1 mRNA expression when compared with control animals (Epas1 lox/lox ) (Figure 1, B and C), thus demonstrating efficient endothelial Epas1 deletion in Cdh5.Cre-Epas1 lox/lox mice. Of note, other cell populations in the lungs and glomeruli may express EPAS1, [START_REF] Ema | A novel bHLH-PAS factor with close sequence similarity to hypoxiainducible factor 1alpha regulates the VEGF expression and is potentially involved in lung and vascular development[END_REF][START_REF] Wiesener | Widespread hypoxia-inducible expression of HIF-2alpha in distinct cell populations of different organs[END_REF] thus demonstrating that Epas1 mRNA is still present in lungs and glomeruli from Cdh5.Cre-Epas1 lox/lox mice. Similarly, we confirmed endothelial EPAS1 deficiency by Western blotting on isolated glomeruli (Figure 1, D and E), and by immunofluorescence analysis on kidneys (Supplemental Figure 1). Cdh5. Cre-Epas1 lox/lox mice were born at a Mendelian ratio and were indiscernible from their Epas1 lox/lox control littermates in weight and size, up to 40 weeks of age. Moreover, adult Cdh5.Cre-Epas1 lox/lox mice had normal cardiac and renal function and normal BP (Figures 2,3, and 4, A-H, Supplemental Table 1) when compared with control Epas1 lox/lox littermates. These results show that endothelial EPAS1 is dispensable for mouse development and renal and cardiac function in the basal state.

As endothelial EPAS1 deficiency has been previously associated with altered vasoreactivity and local hypertension in the lung, [START_REF] Kapitsinou | The endothelial prolyl-4hydroxylase domain 2/hypoxia-inducible factor 2 axis regulates pulmonary artery pressure in mice[END_REF] we investigated the role of endothelial EPAS1 in renal vascular response to vasoconstrictors and vasodilators. We administered an intravenous bolus of vasoconstrictors (norepinephrine and AngII) and vasodilators (acetylcholine and sodium nitroprusside) to Cdh5.Cre-Epas1 lox/lox mice and their control littermates. Of note, in the basal state we did not observe any difference between Cdh5.Cre-Epas1 lox/lox mice and controls in mean arterial pressure (Figure 2A), renal artery blood flow (RBF) (Figure 2C), and renal vascular resistance (RVR) (Figure 2E). Interestingly, vasoconstrictor-induced hypertension and vasodilator-induced hypotension were similar in both groups (Figure 2B). However, endothelial Epas1 deficiency was associated with a marked decrease in renal 2 vascular response to AngII in Cdh5.Cre-Epas1 lox/lox mice. Indeed, the decrease in RBF and corresponding rise in RVR elicited by acute injection of AngII were significantly attenuated in Cdh5.Cre-Epas1 lox/lox mice (Figure 2, D and F). We observed no significant difference in renal artery vasoreactivity when using norepinephrine or vasodilators, thus suggesting that endothelial Epas1 abrogation induces a specific altered response to AngII. To confirm such an AngII-specific effect of EPAS1-mediated vasoconstriction, we evaluated the effect of the AngII receptor antagonist losartan, which normalized BP, RBF, and vascular resistance in AngII-treated Cdh5.Cre-Epas1 lox/lox and Epas1 lox/lox mice. Taken together, these experiments suggest that EPAS1-mediated vasoconstriction is specific to AngII (Figure 3), and that EPAS1 functionally influences the renal endothelium in normal mice and is involved in the vasoconstriction response to AngII in the kidney.

We then examined the effect of endothelial EPAS1 deficiency during hypertension. To this end, AngII was infused in Cdh5.Cre-Epas1 lox/lox mice and Epas1 lox/lox control littermates for 6 weeks. Interestingly, EPAS1 expression was significantly more upregulated in glomeruli from Epas1 lox/lox mice than those from Cdh5.Cre-Epas1 lox/lox mice after 6 weeks of chronic AngII infusion (Figure 1, D and E), suggesting that EPAS1 is, at least partly, overexpressed by glomerular endothelial cells on hypertensive stimuli.

Endothelial Epas1 Gene Deletion Aggravates AngII-Induced Albuminuria in a BP-Independent Manner In both groups, AngII infusion induced a similar gradual increase of systolic and diastolic BP (Figure 4, A andB). Importantly, heart rate, cardiac function, and cardiac parameters were similar between the two groups. Interestingly, during the first week of AngII infusion, Cdh5.Cre-Epas1 lox/lox mice showed impaired response to AngII perfusion, as shown by a delay in hypertension development associated with lower heart rate. This difference in kinetics of hypertension induction was compensated after 7 days of AngII infusion (Figure 4, A-C). Hypertensionassociated interventricular septum hypertrophy and decrease of cardiac output were observed in both groups after 6 weeks (Figure 4,C,G, and H, Supplemental Table 1). After 6 weeks of AngII infusion, when compared with hypertensive controls, the selective Epas1 endothelial deletion was associated with a significant increase in albumin-tocreatinine ratio (Figure 4E) and kidney hypertrophy estimated by kidney-to-body weight ratio (Figure 4F), whereas the renal function, as estimated by BUN levels, was similarly altered between the two groups (Figure 4D). Interestingly, albumin-to-creatinine ratio was significantly increased in Cdh5.Cre-Epas1 lox/lox mice as early as 7 days of AngII infusion (Supplemental Figure 2), before the development of histologic damage. Dysfunction of the glomerular filtration barrier was associated with a more profound increase in the glomerular surface in EPAS1-deficient mice (Figure 4I) with a similar nephron number (not shown) in both groups. Taken together, these results indicate that EPAS1 protects the glomerular filtration barrier integrity and may modulate glomerular capillary pressure during AngII-induced hypertension. 

Deletion of Epas1 Specifically in Endothelial Cells Favors Hypertension-Induced Glomerulosclerosis

We then performed histologic analysis of kidneys from hypertensive Cdh5.Cre-Epas1 lox/lox mice and Epas1 lox/lox hypertensive littermates. As expected, 6 weeks of AngII infusion revealed the presence of common hypertensive lesions in all renal compartments, such as interstitial inflammatory infiltrates (Supplemental Figure 3), glomerulosclerosis (Figure 5, A, B, andD), and tubular dilation (Figure 5F). As Cdh5.Cre mouse strains are known to induce off-target gene deletion in hematopoietic cells, we evaluated the effect of putative off-target Epas1 deletion in hematopoietic cells in our model. We did not observe any change in EPAS1 expression in spleen and bone marrow-derived macrophages (BMDM) from Cdh5.Cre-Epas1 lox/lox mice (Supplemental Figure 4). Correlating with no detectable EPAS1 deficiency in hematopoietic cells, BMDM from Epas1 lox/lox mice and Cdh5.Cre-Epas1 lox/lox mice similarly expressed M1/M2 differentiation markers and had a similar response to LPS stimulation (Supplemental Figure 4). Flow cytometry analysis on blood and splenic leukocytes from hypertensive Epas1 lox/lox mice and Cdh5.Cre-Epas1 lox/lox mice showed no difference in leukocyte populations between the two genotypes (Supplemental Figure 5). Finally, blood counts were identical in hypertensive Epas1 lox/lox mice and Cdh5.Cre-Epas1 lox/lox mice (Supplemental Table 2). These results support the fact that off-target Epas1 deletion in hematopoietic cells does not occur at a detectable level in the present model.

Cdh5.Cre-Epas1 lox/lox mice demonstrated more severe glomerular injury. Glomerular sclerotic lesions increased two-to three-fold compared with hypertensive Epas1 lox/lox mice (Figure 5, A, B, andD). Particularly, Cdh5.Cre-Epas1 lox/lox hypertensive mice displayed glomerular podocyte-PEC bridges and FSGS that were rarely observed in hypertensive Epas1 lox/lox controls (Figure 5, A andB). By contrast, both hypertensive groups displayed similar interstitial fibrosis and interstitial and perivascular collagen IV deposition (Figure 5, C and E, Supplemental Figure 6). These results indicate that endothelial EPAS1 strongly influences the type of glomerular injury induced by AngII. Importantly, the increased glomerulosclerosis observed in hypertensive Cdh5.Cre-Epas1 lox/lox mice was accompanied by an equivalent increase in renal arterial diameter and mesangial cell density than that measured in hypertensive Epas1 lox/lox mice, as quantified by GATA3 nuclear staining (Supplemental Figures 6 and7). Interestingly, despite similar inflammatory infiltrates and fibrosis, hypertensive Cdh5.Cre-Epas1 lox/lox mice showed increased staining for the tubular injury marker KIM1 (Supplemental Figure 8), thus suggesting that glomerular injury mediates tubular injury.

Endothelial EPAS1 Deficiency Promotes Hypertension-Induced Endothelial Damage

The endothelium plays a key role in the glomerular filtration barrier and endothelial intercellular junctions modulate glomerular permeability. We observed that endothelial Epas1 abrogation was associated with decreased CD31/PECAM-1 protein expression in glomeruli (Figure 6A) from hypertensive Cdh5. Cre-Epas1 lox/lox mice when compared with hypertensive control littermates. Furthermore, hypertension-associated capillary rarefaction in the tubular interstitium was more pronounced in Cdh5.Cre-Epas1 lox/lox mice than in Epas1 lox/lox mice (Figure 6, B and C). Interestingly, ultrastructural analyses revealed more severe endothelial alterations, as shown by the loss of fenestrations, cytoplasmic thickening, and vacuolization, in hypertensive Cdh5.Cre-Epas1 lox/lox mice than in hypertensive controls (Figure 6D), confirming increased endothelial injury in glomeruli with an endothelial Epas1 deficiency. Thus, endothelial EPAS1 promotes renal endothelial survival and maintenance during hypertensive nephropathy.

Endothelial Epas1 Deletion Accentuates Podocyte Dedifferentiation and Loss, Glomerular PEC Activation, and Extracellular Matrix Deposition Mimicking FSGS Lesions during AngII-Induced Hypertension

We then investigated the role of endothelial EPAS1 in podocyte and PEC structure and phenotype after AngII infusion. Immunofluorescence analysis showed that the abundance of the slit diaphragm proteins NPHS2/podocin and NPHS1/nephrin, and of PODXL/podocalyxin, were strongly reduced in glomeruli from hypertensive Cdh5.Cre-Epas1 lox/lox mice, whereas the expression of these proteins was only slightly decreased in hypertensive control mice when compared with nonhypertensive mice (Figure 7A). WT1 immunohistochemistry demonstrated that AngII infusion induced podocyte loss to the same extent in both groups. Thus, endothelial EPAS1 deficiency promotes podocyte injury on AngII-induced hypertension (Supplemental Figure 9). Ultrastructural observations revealed more intense podocyte foot process broadening and effacement in hypertensive Cdh5.Cre-Epas1 lox/lox glomeruli (Figure 7, B and C). Cdh5.Cre-Epas1 lox/lox hypertensive glomeruli also displayed more glomerular podocyte-PEC bridges and FSGS than hypertensive controls (Figure 7D).

Unexpectedly, endothelial Epas1 deletion also specifically affected glomerular PECs during hypertensive CKD. In FSGS lesions, we observed an increased activation of PECs in glomeruli from hypertensive Cdh5.Cre-Epas1 lox/lox mice when compared with hypertensive controls, as measured by CD44 immunohistochemistry (Figure 8, A andD). CD44 expression was associated with downregulation of claudin-1 expression in activated PECs, which were surrounded by fibronectin deposition (Figure 8A, Supplemental Figure 10). Two distinct fibronectin deposition patterns were observed after AngIIinduced hypertension. First, basal mesangial fibronectin staining was expanded after AngII infusion in every group, and that increase was more intense in Cdh5.Cre-Epas1 lox/lox mice than in controls (Figure 8, A and B). Second, we observed a different fibronectin peripheral deposition pattern following the parietal layer of the Bowman's capsule associated with CD44 expression and FSGS lesions. This latter pattern was significantly more frequently observed in glomeruli from Cdh5.Cre-Epas1 lox/lox hypertensive mice than in hypertensive controls (Figure 8, A-D). Altogether, these data indicate that endothelial EPAS1 deficiency exhibits global disturbance of glomerular cell homeostasis, promoting hypertension-associated secondary FSGS.

DISCUSSION

In this study, we used a genetic approach to elucidate the role of endothelial EPAS1 during AngII-induced hypertensive nephropathy. This model shows that endothelial EPAS1 mediates glomerular protection against hypertensive injury and AngII elevated levels, with no effect observed on systemic BP. We further found that endothelium-specific EPAS1 abrogation aggravated not only hypertension-induced endothelial injury but also glomerular epithelial damage, leading to FSGS lesions. Hypertension is the second leading cause of ESRD in the United States after diabetes and is also a consequence of CKD progression. [START_REF] Foley | End-stage renal disease in the United States: An update from the United States renal data system[END_REF][START_REF] Collins | Who should be targeted for CKD screening? Impact of diabetes, hypertension, and cardiovascular disease[END_REF] Hypertensive nephrosclerosis is a common disorder associated with hypertension and is characterized by vascular, glomerular, and tubulointerstitial lesions. [START_REF] Freedman | The link between hypertension and nephrosclerosis[END_REF] However, independent of BP levels, many studies show that individual susceptibility, such as the one conferred by APOL1 gene variants, is involved in the diversity of observed kidney lesions. Glomerular lesions are composed of both global and FSGS. [START_REF] Harvey | Renal biopsy findings in hypertensive patients with proteinuria[END_REF][START_REF] Thadhani | Preliminary description of focal segmental glomerulosclerosis in patients with renovascular disease[END_REF] Global sclerosis is thought to be related to ischemic injury, and focal lesions are classically associated with hyperfiltration from nephron loss [START_REF] Keller | Nephron number in patients with primary hypertension[END_REF][START_REF] Marcantoni | A perspective on arterionephrosclerosis: From pathology to potential pathogenesis[END_REF] and a rise in intracapillary pressure. [START_REF] Thadhani | Preliminary description of focal segmental glomerulosclerosis in patients with renovascular disease[END_REF][START_REF] Keller | Nephron number in patients with primary hypertension[END_REF][START_REF] Marcantoni | A perspective on arterionephrosclerosis: From pathology to potential pathogenesis[END_REF][START_REF] Kriz | Progression of glomerular diseases: Is the podocyte the culprit?[END_REF] However, local glomerular factors promoting or protecting from glomerular injury during hypertension are poorly understood. In the glomeruli, there is a close interaction between endothelial cells and epithelial cells (podocytes and parietal cells), which are separated only by the glomerular basement membrane. Hypoxia is a key mediator in CKD progression and is induced by hypertension and particularly by elevated levels of AngII. [START_REF] Neusser | Human nephrosclerosis triggers a hypoxia-related glomerulopathy[END_REF][START_REF] Zhu | Silencing of hypoxia-inducible factor-1a gene attenuated angiotensin II-induced renal injury in Sprague-Dawley rats[END_REF] However, it is likely that the glomerular endothelium is not hypoxic, and that other pathways are involved in the constitutive endothelial EPAS1 expression. [START_REF] St John | LacZ transgenic mice and immunoelectron microscopy: An ultrastructural method for dual localization of betagalactosidase and horseradish peroxidase[END_REF][START_REF] Steenhard | Deletion of von Hippel-Lindau in glomerular podocytes results in glomerular basement membrane thickening, ectopic subepithelial deposition of collagen alpha1alpha2alpha1(IV), expression of neuroglobin, and proteinuria[END_REF] The protective role of endothelial EPAS1 during acute ischemic kidney injury has been suggested to be linked to an antiinflammatory effect because EPAS1 deficiency was associated with increased adhesion molecule expression and leukocyte recruitment that may have occurred secondary to accentuated injury. Nevertheless, even if aggravated endothelial injury and decreased PECAM1 expression were observed in the hypertensive Cdh5.Cre-Epas1 lox/lox mice, we did not observe any significant difference in the recruitment of macrophages and T cells or in interstitial fibrosis, suggesting a local glomerular role of endothelial EPAS1 deficiency.

Our data support a role for EPAS1 in the endothelial protection against hypertensive kidney injury. Interestingly, this protection does not act through an effect on BP. A recent study showed that endothelial EPAS1 deficiency sensitized mice to hypoxia-induced pulmonary hypertension, likely via increased expression of vasoconstrictor molecule endothelin-1 and a concomitant decrease in vasodilatory apelin receptor signaling. [START_REF] Kapitsinou | The endothelial prolyl-4hydroxylase domain 2/hypoxia-inducible factor 2 axis regulates pulmonary artery pressure in mice[END_REF] These data may not be applicable to the renal microcirculation because we measured blunted vasoconstrictive acute response to AngII in the kidney. Moreover, telemetry measurements of BP and hemodynamic ultrasound studies showed that chronic elevation of BP and AngII-induced cardiac hypertrophy are not affected by endothelial EPAS1 deficiency.

However, peritubular capillary rarefaction is aggravated in Epas1 knockout hypertensive mice and, consistently, RBF is diminished, indicating a crucial role of the EPAS1 pathway in the maintenance of the renal microcirculation, in glomeruli, and in the interstitium under AngII-induced stress conditions. This may be consistent with a defect of angiogenic signals produced by EPAS1/HIF-2a-deficient endothelial cells in these settings. For example, Skuli et al. [START_REF] Skuli | Endothelial HIF-2a regulates murine pathological angiogenesis and revascularization processes[END_REF] found that hypoxic induction of the Dll4/Notch pathway target gene expression was blunted in EPAS1-deficient cultured endothelial cells.

One of the main findings of our study is that EPAS1 deficiency in endothelial cells not only accentuated glomerular injury and proteinuria but also caused a different kind of glomerular damage in hypertensive mice. FSGS is still a complex and only partially understood disease. A unifying pathophysiologic concept has not been identified and might not even exist. Elegant genetic tracing studies have shown that PECs participate in the formation of sclerotic lesions. [START_REF] Smeets | Parietal epithelial cells participate in the formation of sclerotic lesions in focal segmental glomerulosclerosis[END_REF] Here, we showed that endothelial EPAS1 response could be a key factor linking endothelial injury and epithelial glomerular cell activation. Whereas wild-type mice displayed classic angiosclerosis and glomerulosclerosis, with mesangial deposition of sclerotic glomeruli, (E) the percentage of cortical Sirius Red staining, and (F) the tubular casts per section in renal cortex from 20-week-old Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice after 6 weeks of AngII infusion and from untreated Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice. Data represent means6SEM of at least six mice. *Same genotype, different treatment; #different genotype, same treatment. *P,0.05; **P,0.01; ### ***P,0.001.

fibronectin and few CD44-expressing PECs, endothelialspecific Epas1 knockout mice exhibited de novo CD44 expression in PECs, PEC-to-glomerular tuft bridges, and extensive fibronectin deposition in these FSGS lesions. FSGS lesions are often observed in some patients with hypertension but the mechanisms associating high BP with glomerular lesions are still elusive. The glomerular endothelial cell is not typically considered to play a major role in the development of FSGS. At early stages, even in glomeruli with extensive foot process effacement, endothelial injury is not prominent. However, at later stages of disease, often associated with hyalinosis and sclerosis, endothelial injury becomes more obvious, but is usually considered a secondary phenomenon. The mechanisms leading to endothelial injury in FSGS are not well defined and J Am Soc Nephrol 28: ccc-ccc, 2017 Endothelial Epas1 and FSGS endothelial-derived factors may contribute to podocyte injury. It should also be recognized that diseases that cause primary glomerular endothelium injury, such as thrombotic microangiopathy or ANCA-associated vasculitis, can lead to segmental thrombosis or glomerular injury with the development of fibrotic segmental lesions with features that fulfill the criteria for FSGS. [START_REF] Noone | The new histopathologic classification of ANCAassociated GN and its association with renal outcomes in childhood[END_REF][START_REF] Jefferson | The pathogenesis of focal segmental glomerulosclerosis[END_REF] This serves to highlight that FSGS is a morphologic pattern of injury that can be derived from a diverse range of initiating insults and on different glomerular cell types. Three main mechanistic hypotheses may explain our results. First, endothelial EPAS1 could have a direct effect on endothelial-dependent vasoreactivity and modulate glomerular pressure. Mechanical stress is believed to play a role in the progression of FSGS. [START_REF] Hostetter | Hyperfiltration and glomerulosclerosis[END_REF][START_REF] Nyberg | Glomerular volume and renal function in children with different types of the nephrotic syndrome[END_REF] This hyperfiltration results in hypertrophy of glomeruli. The hypertrophy exacerbates the mismatch between the glomerular basement membrane and the decreased numbers of podocytes, resulting in further mechanical stress and injury. We have ruled out a difference in nephron number between the two groups (not shown). Interestingly, hemodynamic studies unraveled an impaired vasoconstrictive response of the renal circulation after AngII bolus injection, suggesting that endothelial EPAS1 modulates local vasoreactivity. If such altered capability to increase the RVRs affected the preglomerular circulation, one could speculate that the glomerular capillaries would then be exposed to higher hydrostatic pressure, a risk factor for podocyte mechanical stress and shedding, leading to secondary FSGS. Unfortunately, we could not measure single-nephron GFR and the glomerular capillary pressure in our mice. In fact, the kidney biopsy findings of glomerulosclerosis and larger glomerular volume were independently associated with a higher single-nephron GFR in living kidney donors, [START_REF] Denic | Single-nephron glomerular filtration rate in healthy adults[END_REF] and hypertensive Cdh5.Cre-Epas1 lox/lox mice also displayed significantly increased glomerular area compared with controls, which supports a difference in capillary pressure. Likewise, this hypothesis may be consistent with the significant early increase in albuminuria in the Cdh5.Cre-Epas1 lox/lox group at day 7 after AngII infusion, before the development of histopathologic damage.

Endothelial EPAS1 deficiency may also impair defense against AngII-induced endothelial dysfunction, promoting loss of endothelial permselectivity and dysfunction of the glomerular filtration barrier. Likewise, endothelial EPAS1 has been previously associated with intercellular junction integrity [START_REF] Gong | HIF2a signaling inhibits adherens junctional disruption in acute lung injury[END_REF] and vascular permeability 57 in the lung. In fact, EPAS1 deficiency accentuated AngII-induced capillary rarefaction not only in glomeruli but also in the interstitium of the kidney cortex. This finding suggests that EPAS1-driven control of interstitial changes in the renal specimen may have contributed to progression of global kidney disease in addition to glomerular features. Finally, we cannot exclude that EPAS1 abrogationinduced endothelial dysfunction may influence secretion of endothelial-secreted factors acting on epithelial glomerular cells, causing podocyte injury and recruitment of pathogenic fibrogenic PECs.

Whereas gain-of-function mutations in EPAS1 are associated with paragangliomas and pheochromocytomas, [START_REF] Amorim-Pires | Hypoxia pathway mutations in pheochromocytomas and paragangliomas[END_REF] several genetic polymorphisms in EPAS1 and its negative regulator EGLN1, leading to downregulation of EPAS1, were described in Tibetan native highlanders, conferring adaptation to high altitude. Indeed, a gain-of-function haplotype of EGLN1, conferring lower levels of EPAS1, ten specific SNP haplotypes of EPAS1, and a 3.4-kb copy number deletion near EPAS1, was found to be significantly enriched in high-altitude Tibetans and correlated with lowered hemoglobin in this population, thus allowing adaptation to high altitude-associated hypoxia. [START_REF] Lou | A 3.4-kb copy-number deletion near EPAS1 is significantly enriched in high-altitude Tibetans but absent from the Denisovan sequence[END_REF][START_REF] Tashi | Gain-offunction EGLN1 prolyl hydroxylase (PHD2 D4E:C127S) in combination with EPAS1 (HIF-2a) polymorphism lowers hemoglobin concentration in Tibetan highlanders[END_REF][START_REF] Xu | Two functional loci in the promoter of EPAS1 gene involved in high-altitude adaptation of Tibetans[END_REF][START_REF] Van Patot | Hypoxia: Adapting to high altitude by mutating EPAS-1, the gene encoding HIF-2a[END_REF] EPAS1 SNPs were also associated with elite endurance performance. [START_REF] Voisin | EPAS1 gene variants are associated with sprint/power athletic performance in two cohorts of European athletes[END_REF] If no direct evidence associates EPAS1 downregulation with renal disease in humans, it is interesting to note the extremely high prevalence of CKD in the population of Tibet, [START_REF] Chen | Prevalence and risk factors of chronic kidney disease: A population study in the Tibetan population[END_REF] although specific factors linked to high-altitude adaptation, such as hyperuricemia and high hematocrit, are likely to be involved. Consequently, it would be of interest to study if a correlation exists between EPAS1 and EGLN1 SNP haplotypes and CKD in these two specific populations. Also, modulation of the EPAS1 cascade by yet to be identified, connected pathways may play adaptive roles in the kidney microcirculation.

In conclusion, the murine AngII-induced hypertension model developed in this study revealed a protective role of endothelial EPAS1 maintaining glomerular integrity during the hypertensive chronic insult. Interestingly, endothelial Epas1 gene deficiency promoted podocyte damage and PEC activation and segmental sclerosis, supporting proof of principle that endothelial-derived signaling can trigger FSGS. This also suggests that endothelial EPAS1 dysfunction may be a susceptibility factor for hypertension-associated FSGS lesions and CKD progression, with endothelial Epas1 functional variants or interacting pathways being potential key modifiers to understanding secondary FSGS lesions.

CONCISE METHODS

Animals

Mice with an endothelial-specific disruption of the Epas1 gene (Cdh5. Cre-Epas1 lox/lox ) were generated by crossing Cdh5.Cre mice [START_REF] Oberlin | Definitive human and mouse hematopoiesis originates from the embryonic endothelium: A new class of HSCs based on VE-cadherin expression[END_REF] with Epas1 lox/lox mice. [START_REF] Gruber | Acute postnatal ablation of Hif-2alpha results in anemia[END_REF] Mice were bred on C57Bl/6J genetic background. Littermate Epas1 lox/lox mice with no Cre gene were used as controls in all studies. Characterization of Cdh5.Cre activity in glomerular endothelial cells in vivo was previously described, showing a Cre efficiency of around 70% in endothelial microvascular cells. [START_REF] Lenoir | Endothelial cell and podocyte autophagy synergistically protect from diabetes-induced glomerulosclerosis[END_REF] 

AngII-Induced Hypertension

The hypertensive model was induced by subcutaneous infusion of AngII (Sigma-Aldrich) at a dosage of 1 mg/kg per minute for 42 days, via osmotic minipumps (Model2006; Alzet Corp.) in 12-to 14-week-old males. Pumps were implanted subcutaneously on the back between the shoulder blades and hips. Control mice were sham operated. Mice received salt supplementation (3%) in food and were euthanized 6 weeks after implantation of minipumps.

Telemetry BP Measurement

Mice were anesthetized with isoflurane and a BP telemeter (model TA11PA-C10; Data Sciences International) was implanted in the left femoral artery. A single dose of amoxicillin (20 mg/kg administered interperitoneally, Clamoxyl; SmithKlineBeecham) and ketoprofen (5 mg/kg administered intraperitoneally, Profenid; Aventis) was administered after the surgery. Mice were adapted for 1 week, and BP values from the last 3 days of the adaptation period were averaged to define the basal BP. On the morning of day 1, AngII-filled osmotic minipumps (Alzet Corp.) were implanted subcutaneously, as described.

Assessment of Renal Function and Albuminuria

BUN concentrations were quantified spectrophotometrically by colorimetric methods. Urinary albumin excretion was measured with a specific ELISA assay (BIOTREND Chemikalien GmbH). Concentrations of plasma and urine electrolytes, urea and creatinine were determined with an AU 400 Chemistry Analyzer (OLYMPUS, Rungis, France).

Histopathology and Immunohistochemistry

Kidneys were immersed in 10% formalin and embedded in paraffin. Sections (4-mm thick) were processed for histopathology study or immunohistochemistry. Sections were stained with hematoxylin and eosin, Masson trichrome, or Sirius Red. For immunohistochemistry, paraffin-embedded sections were stained with the following primary antibodies: rat anti-PECAM1 (1:50; Dianova), rat anti-CD44 (1:100; Abcam), rabbit anti-CLAUDIN-1 (1:50; Abcam), rabbit anti-FIBRO-NECTIN (1:1000; Dako), rabbit anti-CD3 (1:200; Dako), rat anti-F4/ 80 (1:500; AbD Serotec), rabbit anti-COL4A (1:500; Abcam), goat anti-PODXL (1:500; R&D Systems), goat anti-NPHS2 (1:100; Santa Cruz Biotechnology), rabbit anti-WT1 (1:50; Abcam), rabbit anti-GATA3 (1:500; Abcam), goat anti-KIM1 (1:500; R&D systems), rabbit anti-EPAS1 (1:100; Abcam), and goat anti-NPHS1 (1:200; R&D Systems). CD3, F4/80, CD44, COL4A, KIM1, WT1, and FIBRONECTIN staining were revealed using Histofine reagent (Nichirei Biosciences). For immunofluorescence, the following secondary antibodies were used: rabbit anti-goat IgG AF594-conjugated antibody (1:400), donkey anti-rabbit AF594-conjugated (1:400), donkey anti-goat IgG AF488-conjugated antibody (1:400), rabbit anti-vWF (1:10; Dako), donkey anti-rat AF594-conjugated (1:400), and donkey anti-rat IgG AF488-conjugated antibody (1:500), all from Invitrogen. The nuclei were stained with DAPI. Photomicrographs were taken with an Axiophot Zeiss photomicroscope.

ImageJ software (National Institutes of Health) was used for assessment of capillary area, FIBRONECTIN deposition in glomeruli, KIM1 expression, WT1-positive nuclei per glomerular area, glomerular area, and Sirius Red staining.

The proportion of sclerotic glomeruli, CD44-and FIBRONECTINpositive glomeruli, and GATA3-and WT1-positive nuclei per glomerular section was evaluated by examination of at least 50 glomeruli per cortical section for each mouse, by an examiner (Y.L.) who was blinded to the experimental conditions. Sclerotic glomeruli were defined as glomeruli with FSGS-like lesions, including podocyte-PEC bridges evaluated on kidney sections stained by Masson trichrome. The proportion of tubular casts was measured on kidney sections stained with Masson trichrome, evaluating at least five mice per condition.

Glomerular mean surface was evaluated on Masson trichromestained kidney sections by examination of at least 30 glomeruli per animal, for at least five different animals per condition.

Isolation of Glomeruli

Decapsulated glomeruli were isolated as described previously. [START_REF] Bollée | Epidermal growth factor receptor promotes glomerular injury and renal failure in rapidly progressive crescentic glomerulonephritis[END_REF][START_REF] Henique | Nuclear factor erythroid 2-related factor 2 drives podocyte-specific expression of peroxisome proliferatoractivated receptor g essential for resistance to crescentic GN[END_REF] Briefly, freshly isolated renal cortex was mixed and digested by collagenase I (2 mg/ml; Gibco) in RPMI 1640 (Life Technologies) for 2 minutes at 37°C, then collagenase I was inactivated with RPMI 1640 +10% FCS (Abcys). Tissues were then passed through a 70-mm cell strainer and 40-mm cell strainer (BD falcon) in PBS (Life Technologies)+0.5% BSA (Euromedex). Glomeruli, adherent to the 40-mm cell strainer, were taken from the cell strainer with PBS+0.5% BSA injected under pressure, then washed twice in PBS. Isolated glomeruli were then picked up in radioimmunoprecipitation assay extraction buffer containing phosphatase and proteinase inhibitors (Roche) and frozen at 280°C for protein extraction, or picked up in RLT extraction buffer (Qiagen) and frozen at 280°C for total RNA extraction.

Western Blot Analyses

Proteins were extracted in radioimmunoprecipitation assay buffer with protease and phosphatase inhibitors. Equal amounts of proteins were loaded onto SDS-PAGE NuPAGE 4/12% electrophoresis gels (Invitrogen and BioRad) under reducing conditions for separation and transferred onto poly(vinylidenedifluoride) membranes. The membranes were blocked with milk and probed with different antibodies: anti-EPAS1 (1:500; Novus Biologic), anti-IL1b (1:1000; Abcam), anti-phospho-NFkB (1:1000; Cell Signaling Technology), anti-TUBA/Tubulin (1:10,000; Abcam), and anti-GAPDH (1:50,000; Sigma-Aldrich). The membranes were then probed with horseradish peroxidase-conjugated secondary antibodies (1:5000; Amersham and Cell Signaling Technology) and the bands were detected by enhanced chemiluminescence using ECL Plus (Amersham and BioRad). A PXi (Syngen) imaging system was used to reveal bands and densitometric analysis was used for quantification.

Quantitative RT-PCR

Total RNA extraction of mouse glomeruli and lung tissue was performed using an RNeasy Microkit (Qiagen). Total RNA extractions of BMDM were performed using Qiazol (Qiagen), according to manufacturer's recommendations. RNA reverse transcription was performed using the Quantitect Reverse Transcription kit (Qiagen) according to the manufacturer's protocol. The Maxima SYBR Green/ Rox qPCR mix (Fermentas; Thermo Fisher Scientific) was used to amplify cDNA for 40 cycles on an ABI PRISM thermo cycler. The J Am Soc Nephrol 28: ccc-ccc, 2017 Endothelial Epas1 and FSGS comparative method of relative quantification (2 -DDCT ) was used to calculate the expression level of each target gene, normalized to Ppia for glomeruli and lungs, and B2m for BMDM. The oligonucleotide sequences are available upon request. The data are presented as the fold change in gene expression.

Electron Microscopy

Small pieces of renal cortex were fixed in Trump fixative (EMS) and embedded in Araldite M (Sigma-Aldrich). Ultrathin sections were counterstained with uranyl acetate and lead citrate, and examined with a transmission electron microscope (JEM 1011; JEOL).

Noninvasive Ultrasound Study of Cardiac and Renal Hemodynamics

Cardiac output, cardiac morphometry parameters, and renal hemodynamics at basal state and after AngII chronic infusion were obtained by noninvasive ultrasound technique as previously described. [START_REF] Sabaa | Endothelin receptor antagonism prevents hypoxia-induced mortality and morbidity in a mouse model of sickle-cell disease[END_REF] Detailed methods are described in Supplemental Material.

Renal Hemodynamics and Renal Vasoreactivity Experiments

Experiments were performed on 2-month-old male Cdh5.Cre-Epas1 lox/lox and Epas1 lox/lox mice. Animal surgery and RBF measurements were performed according to previously established methodology. [START_REF] Boulos | Notch3 is essential for regulation of the renal vascular tone[END_REF] Briefly, after anesthesia by pentobarbital sodium (50-60 mg/kg body wt Nembutal, administered intraperitoneally), animals were placed on a servo-controlled table kept at 37°C. The left femoral artery was catheterized for measurement of arterial pressure, and a femoral venous catheter was used for infusion of volume replacement. Bovine serum albumin (4.75 g/dl of saline solution) was infused initially at 50 ml/min to replace surgical losses, and then at 10 ml/min for maintenance. Arterial pressure was measured via a pressure transducer (Statham P23 DB); RBF was measured by a flowmeter (0.5v probe TS420; Transonic Systems). RBF values were controlled for zero offset determined at the end of an experiment after cardiac arrest. Data were recorded, stored, and analyzed using DataTranslation analog-to-digital converter and the IOX software (EMKA Technologies). RBF and BP were measured at basal state and during intravenous bolus injections of AngII (0.5, 1, and 2 ng) (Sigma-Aldrich), norepinephrine (2, 4, 10, and 40 ng) (Sigma-Aldrich), acetylcholine (1, 5, and 25 ng) (Sigma-Aldrich), and sodium nitroprusside (100 and 200 ng) (Sigma-Aldrich). Maximum changes in arterial pressure, RBF, and RVR produced by vasoconstrictors and vasodilators compared with the basal state of each mouse were recorded.

Statistical Analyses

Data are expressed as mean6SEM. Statistical analyses were calculated with the Prism software (GraphPad). Comparison between two groups was performed with a two-tailed t test. Comparisons between multiple groups were performed with one-way ANOVA followed by Newman-Keuls test. A P value ,0.05 was considered statistically significant.

Figure 1 .

 1 Figure 1. Generation of mice with a selective endothelial EPAS1 deficiency. (A) Schematic representation of the generation of mice with EPAS1-deficient endothelial cells obtained by mating mice expressing the CRE recombinase under the VE-cadherin promoter (Cdh5.Cre mice) with mice expressing Epas1 alleles with loxP sites flanking exon (Epas1 lox/lox mice). (B) qPCR analysis of Epas1 mRNA expression in glomeruli extracts from 12-week-old Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice. Data represent means6SEM of six mice. # P,0.05. (C) qPCR analysis of Epas1 mRNA expression in lung extracts from 12-week-old Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice. Data represent means6SEM from six mice. # P,0.05. (D) Western blot analysis of EPAS1 expression in glomeruli isolated from 20-week-old Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice treated or not with AngII for 42 days. GAPDH is used as loading control. (E) Quantification of Western blot bands for EPAS1 normalized to GAPDH band intensity (means6 SEM of three to six mice per group). # P,0.05; #different genotype, same treatment.

Figure 2 .

 2 Figure 2. Endothelial EPAS1 deficiency is associated with a blunted renal vascular response to AngII with a similar hypertensive effect. (A) Mean arterial pressure, (C) RBF, and (E) RVR at basal state in pentobarbital-anesthetized 10-to 12-week-old Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice. Maximum changes in (B) mean arterial pressure, (D) RBF, and (F) RVR produced by 2, 4, or 10 ng norepinephrine; 0.5, 1, or 2 ng AngII; 1, 5, or 25 ng acetylcholine, or 100 or 200 ng sodium nitroprusside in 10-to 12-week-old Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice. Data represent mean6SEM of n=10-15 mice. *Epas1 lox/lox genotype compared with basal state; jCdh5.Cre-Epas1 lox/lox genotype compared with basal state; #different genotype, same treatment. * j# P,0.05; ** jj## P,0.01; *** jjj P,0.001.

Figure 3 .

 3 Figure 3. Effect of losartan on vascular resistance shows that EPAS1induced vasoconstriction is specific to AngII. Maximum changes in (A) mean arterial pressure, (B) RBF, and (C) RVR produced by 2 ng AngII or 40 ng norepinephrine in 10-to 12-week-old Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice. Mice were pretreated with 20 mg losartan 5 minutes before AngII or norepinephrine treatment. n=5 mice per group. Data represent mean6SEM. *Epas1 lox/lox genotype AngII+losartan compared with AngII; jCdh5.Cre-Epas1 lox/lox genotype AngII+losartan compared with AngII; #different genotype, same treatment. * j P,0.05; ## P,0.01; *** jjj P,0.001.

Figure 4 .

 4 Figure 4. Endothelial EPAS1 deficiency aggravates AngII-induced albuminuria in a BP-independent manner. (A) Systolic BP, (B) diastolic BP, and (C) heart rate were recorded by radiotelemetry over 35 days in Epas1 lox/lox (n=9) and Cdh5.Cre-Epas1 lox/lox (n=7) mice at baseline and under AngII subcutaneous infusion (1 mg/kg per minute). For all panels, data correspond to the 12-hour night period. Data represent mean6SEM. # P,0.05. (D) BUN concentration, (E) urinary albumin excretion rate, and (F) kidney-to-body weight ratio in 20-week-old Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice after AngII infusion for 6 weeks and from untreated Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice. (G) Cardiac output measured by noninvasive ultrasound method in Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice at baseline and after 5 weeks of AngII subcutaneous infusion. (H) Heart-to-body weight ratio and (I) glomerular mean surface variation (percentage) in kidney cortexes from 20-week-old Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice after 6 weeks of AngII infusion compared with untreated Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice. Data represent mean6SEM of n=10-15 mice for (D-H), and of n=7 mice for (I). *Same genotype, different treatment; #different genotype, same treatment. # *P,0.05; ## P,0.001; ***P,0.001.

Figure 5 .

 5 Figure 5. Deletion of EPAS1 specifically in endothelial cells favors hypertension-induced glomerulosclerosis. Representative images of (A) hematoxylin and eosin-stained sections, (B) Masson trichrome-stained sections, and (C) Sirius Red staining of renal cortex from 20-week-old Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice after 6 weeks of AngII infusion, and from untreated Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice. Images are representative of at least six mice per group. Scale bar, 50 mm. (D) Quantification of the percentage of

Figure 6 .

 6 Figure 6. Endothelial EPAS1 deficiency promotes hypertension-induced endothelial damage. (A) Representative images of the expression of PECAM1 by immunofluorescence (red) in glomeruli and (B) renal cortexes (white) in 20-week-old Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice after 6 weeks of AngII infusion and from untreated Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice. Nuclei in (A) were counterstained with DAPI stain (blue). Scale bar, 50 mm. (C) Quantification of PECAM1 staining in renal cortex from 20-week-old Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice after 6 weeks of AngII infusion and from untreated Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice. Data represent means6SEM of at least five mice per group. *Same genotype, different treatment; #different genotype, same treatment. # P,0.05; *P,0.01. (D) Representative photomicrographs of transmission electron microscopy sections of glomeruli from 20-week-old Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice after 6 weeks of AngII infusion and from untreated Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice showing disappearance of endothelial fenestration, subendothelial inclusions (*), aggravated endothelial swelling, and cytoplasmic vacuolization (arrows) in endothelial cells from Cdh5.Cre-Epas1 lox/lox mice after AngII infusion. Scale bar, 0.5 mm. Images are representative of at least six mice.

Figure 7 .

 7 Figure 7. Endothelial EPAS1 deletion accelerates podocyte dedifferentiation, glomerular PEC activation, and extracellular matrix deposition mimicking FSGS lesions during AngII-induced hypertension. (A) Representative images of the expression of NPHS2/podocin (white, upper panel), PODXL/podocalyxin (white, middle panel), and NPHS1/nephrin (white, lower panel) by immunofluorescence in glomeruli from 20-week-old Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice after 6 weeks of AngII infusion and from untreated Epas1 lox/lox

Figure 8 .

 8 Figure 8. Endothelial EPAS1 deficiency promotes hypertension-induced podocyte and glomerular PEC ultrastructural alterations. (A) Representative images of CD44 (brown, upper panel), and fibronectin (brown, lower panel) expression in glomeruli from 20-week-old Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice after 6 weeks of AngII infusion and from untreated Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice showing increased PEC activation and glomerular peripheral fibronectin deposition in Cdh5.Cre-Epas1 lox/lox AngII mice. Scale bar, 50 mm. (B) Quantification of the percentage of fibronectin staining per glomerular area, (C) the percentage of glomeruli with peripheral fibronectin staining, and (D) the percentage of CD44-positive glomeruli in renal cortex from 20-week-old Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice after 6 weeks of AngII infusion and from untreated Epas1 lox/lox and Cdh5.Cre-Epas1 lox/lox mice. Data represent means6SEM of at least six mice. *Same genotype, different treatment; #different genotype, same treatment. # *P,0.05; **P,0.01.

  Experiments were conducted according to the French veterinary guidelines and those formulated by the European Community for experimental animal use (L358-86/609EEC), and were approved by the Institut National de la Santé et de la Recherche Médicale and local University Research Ethics Committee (file 12-62, Comité d'Ethique en matière d'Expérimentation Animale, Paris Descartes). Mice were submitted to sanitary control tests to ensure proper pathogen-free status and were housed in the same animal facility before any experiments.
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